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Beet western yellows virus (designated in this study as BWYVNZ) was shown to occur in New Zealand and cause yellowing in beet

(Beta vulgaris L.) and turnip (Brassica rapa L.) crops in Canterbury.
Subterranean clover red leaf virus (SCRLV) transmitted by

Aula-

corthum solani (Kalt.) and implicated as a cause of yellowing in beet,
could not be isolated from beet showing leaf yellowing.

This virus

was shown, however, to be capable of infecting beet in the glasshouse.
The host range of BWYV-NZ (natural and experimental) consisted of at least 44 species in 16 plant families.

Symptoms induced

in hosts consisted mainly of plant stunting, marginal or interveinal
yellowing or reddening, and thickening of infected leaves.

Myzus persicae (Sulzer) was an efficient vector of BWYV-NZ,
having an acquisition threshold period of 5 min, an inoculation
threshold period of 3 min and a latent period of 12-30 h.
aphid retained the virus for at least 17 days.

Aulacorthum

This
solani~

Acyrthosiphon pi sum (Harris), Macrosiphum euphorbiae (Thomas) and
Lipaphis erysimi (Kalt.) were also vectors of BWYV-NZ.
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An experiment in aphid-proof cages showed that infection of
turnip cv. Green Globe with BWYV-NZ decreased total dry weight by 24%.
Plants were inoculated at the 2nd-4th leaf stage and harvested 3 months
later.
Aphid flight patterns and the spread and incidence of BWYV-NZ
and SCRLV were examined, during 1981-82, using bait plants.

Plants

became infected with both viruses from September to December and from
March to May.

Infection with BWYV-NZ was 8 times as frequent as

infection with SCRLV.

Myzus persicae was the most numerous aphid on

the bait plants.
From November to December 1981,
abundant aphid on beet.
turnip were

M. persicae was the most

From March to June 1982, the main aphids on

M. persicae and Brevicoryne brassicae (L.).

In 1981-82,

incidence of yellowing in beet and turnip crops, presumably attributable
to BWYV-NZ, reached 50-100%.
An isolate of SCRLV was purified from

Pisum sativum L. and

an isolate of BWYV-NZ was purified from

Crambe abyssinica Hochst. using

cellulase to assist in virus extraction.

Yields of 0.3-3.0 and 0.2-

1.5 mg/kg tissue were obtained forSCRLV and BWYV-NZ, respectively.
Particles of both viruses were isometric of a diameter of 27 nm and a
sedimentation coefficient of 114 S.

Purified preparations were infect-

ious when fed to aphids through Parafilm M membranes.

Electro-

phoresis of disrupted virions in gradient polyacrylamide gels revealed
a single polypeptide of each virus of a molecular weight of about
22 200 for SCRLV and 23 250 for BWYV-NZ.

Serologically, SCRLV was

shown to be very closely related to soybean dwarf virus

(SDV) and less

closely to BWYV-NZ, bean leaf roll (BLRV), legume yellows

(LYV) ,

Indonesian soybean dwarf (ISDV), potato leaf roll (PLRV), tomato yellow
top (TYTV) and BWYV (isolate RY-I-R3 from California).

BWYV-NZ was
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shown to be closely related to BWYV (RY-I-R3) and less closely to
BLRV, LYV, ISDV, SCRLV, SDV, PLRV and TYTV.

SCRLV and BWYV-NZ were

detected in infected plant tissue by enzyme-linked immunosorbent
assay.
Properties of SCRLV and BWYV-NZ are consistent with their
being definitive members of the luteovirus group.
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CHAPTER 1

GENERAL INTRODUCTION

The luteoviruses are one of the economically most important
plant virus groups (Rochow and Israel 1977;

Duffus 1977a).

They

cause yellowing and stunting of a wide range of agricultural and
horticultural plants.

According to Rochow and Duffus (1981), these

viruses are confined to the phloem tissue of their hosts and are only
transmitted by aphids in a persistent manner.

There is no evidence

for virus replication within the vector except for one report by
Stegwee and Ponsen (1958) concerning potato leaf roll virus (PLRV).
The virions are isometric with a diameter of about 25 nm, each containing one molecule of single-stranded RNA with a molecular weight of
about 2.0 x 10

6

and a single coat polypeptide with a molecular

weight of about 24 000 (Matthews 1981).
Although the viral nature of some yellows diseases, such as
barley yellow dwarf virus (BYDV} and beet western yellows virus (BWYV)
was early assumed (Oswald and Houston 1951;

Duffus 1960), luteoviruses

were not approved as a plant virus group until September 1975 (Shepherd

et al. 1976).

The reasons for this were the limitations

placed on research of luteoviruses by their biological properties.
These included the need to use aphid vectors for virus transmission,
the low concentration of virions in infected plants, probably because
they are confined to the phloem tissue, and problems in extraction and
purification.

Evidence for the viral nature of BYDV, the type member

of the luteovirus group, was not available until Rochow and Brakke
(1964) successfully purified and characterised the virus.

2

Rochow and Duffus (l98l), in a review of luteoviruses,
listed 35 definitive, probable and possible members of the luteovirus group {Table l.ll.

Probable and possible members are viruses

which have not been completely characterised.

They also noted that

all these viruses are probably not distinct, as similar viruses may
have been described from different crops in different places.

For

example, isolates of turnip yellows virus (TuYV) and beet mild
yellowing virus (BMYV) from Europe were shown by Duffus and Russell
(1972, 1975) to be serologically indistinguishable from BWYV isolates
from the United states, and could all therefore be considered as
strains or groups of strains of BWYV (Duffus 1973).
viruses have been shown to be serologically related.

Most luteoThe information

in Table 1.1 is subject to change as more information is obtained on
the properties of members of the group and their relationships.
Potato leaf roll virus (PLRV) was excluded from earlier lists of
luteoviruses (Shepherd

et al. 1976;

Matthews 1979;

Matthews 1981),

because virus replication in the aphid vector was reported by Stegwee
and Pons en (1958), and two isolates of PLRV were found by Sarkar (1976)
to contain DNA.

However, more recently, PLRV isolates were reported

to contain RNA (Takanami and Kubo 1979b;
and Stace-Smith 1979) .
evidence (Roberts

Mehrad

et al. 1979;

Rowhani

In addition, there is now serological

et al. 1980;

waterhouse and Murant 1981) that PLRV

is related to luteoviruses and should therefore be considered a luteovirus.
In New Zealand, plants showing typical

symptcms of PLRV,

BYDV and bean (pea) leaf roll virus (designated in this study as
BLRV-NZ) have been known since 1929, 1953 and 1959, respectively
(smith, H.C. 1966).
H.C.

These three diseases were considered by Smith,

(1966) to be the most important virus diseases in crops, PLRV

causing significant loss in potatoes (Solanum tuberosum L.);

BYDV in
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Table 1.1:

Members and likely members of the luteovirus group with an
important vector for each (Rochow and Duffus 1981,
except (a) which is according to Iwaki et al.
1980).

Virus in category shown

Vector

Members
Barley yellow dwarf
PAV isolate
MAV isolate
RPV isolate
RMV isolate
SGV isolate
Beet mild yellowing
Beet western yellows
Legume yellows
Malva yellows
Bean (pea) leaf roll
Potato leaf roll
Rice giallume
Solanum yellows
Soybean dwarf
Tobacco necrotic dwarf
Turnip (mild) yellows

Rhopalosiphum padi and others
Macrosiphum aVenae
Rhopalosiphum padi
Rhopalosiphum maidis
Schizaphis graminum
Myzus persicae
Myzus persicae
Acyrthosiphon pisum
Myzus persicae
Acyrthosiphon pisum
Myzus persicae
Rhopalosiphum padi
Myzus persicae
Aulacorthum solani
Myzus persicae
Myzus persicae

Probable members
a
Indonesian soybean dwarf
Milk-vetch dwarf
Subterranean clover red leaf
Subterranean clover stunt

Aphis glycines
Aphis craccivora
Aulacorthum solani
Aphis craccivora

possible members
Banana bunchy top
Beet yellow net
Carrot red leaf
Celery yellow spot
Cotton anthocyanosis
Filaree red leaf
Groundnut rosette assistor
Physalis mild chlorosis
Physalis vein blotch
Raspberry leaf curl
Strawberry mild yellow edge
Tobacco vein distorting
Tobacco yellow net
Tobacco yellow vein assistor
Tomato yellOW net
Tomato yellow top

Pentalonia nigronervosa
Myzus persicae
Cavariella aegopodii
Hyadaphis phoeniculi
Aphis gossypii
Acyrthosiphon pelargonii
Aphis craccivora
Myzus persicae
Myzus persicae
Aphis ruhicola
Chaetosiphon fragaefolii
Myzus persicae
Myzus persicae
Myzus pers'tcae
Myzus persicae
Macrosiphum euphorhiae
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wheat

(:I'riticum aestivum L.), barley (Hordewn vulgare L.'- and oats

(Avena sativa L.l;

and BLRV-NZ in peas

(Piswn sativwn L.l.

The

annual loss caused by these three viruses was estimated to be $2.6
million (Smith, H.C. 1966).

wilson and Close (1973) reported another

important virus from peas, subterranean clover red leaf virus (SCRLV),
which was first recorded in Victoria, Australia (Anon. 1968).

This

virus causes yellowing and stunting in many hosts, mainly legumes
including peas, dwarf beans

(Phaseolus vulgaris L.), broad beans

(Vicia faba L.), lentils (Lens esculenta L.) and lupins (Lupinus
angustifolius L.) (Kellock 1971;

Ashby

et al. 1979b).

Johnstone

and Munro (1980) found that SCRLV could infect sugar beet

(Beta

vulgaris L.) and cause yellowing of this host in the glasshouse.
They presumed that the same virus was responsible for yellowing symptoms
observed in field beet in Tasmania.
ently by

The virus is transmitted persist-

Aulacorthum solani (Xalt.) (Kellock 1971).

On the basis of

the type of symptoms produced and mode of transmission, SCRLV was
classified as a probable luteovirus member (Matthews 1979, 1981;

Rochow

and Duffus 1981).
Although Duffus (1977a) reported that BWYV infects crops in
many places around the world including North America, Europe, Russia
and New Zealand, by 1980 there was no known record of this virus in
New Zealand.

Beet western yellows virus causes yellowing and stunting

in a wide range of crops including brassicas

(Brassica spp.), beet

(Beta vulgaris L.), spinach (Spinacia oleracea L.), lettuce (Lactuca
sativa L.) and legumes.

Duffus

(~977a)

stated that BWYV "is emerging

as the world's most economically important virus".
vector of BWYV is

The principal

Myzus persicae (Sulzer) (Duffus 1973).
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For over a century, brassicas and different forms of beet
have been grown in New Zealand as forage crops (Claridge 1972).
During the 1970s interest in sugar beet and fodder beet arose, due to
the potential of these crops as sources of ethanol for use as a
liquid transport fuel

(Kardos and Mulcock 1977) .

Although there

have been records in New Zealand of mosaic viruses in turnip

(Brassica

rapa L.) (Chamberlain 1936) and beet (Matthews 1945), there has been
no record of any virus causing yellowing in these crops.

However,

during the last decade, yellowing was observed in beet and turnips in
Canterbury (Ashby, J.W. and Close, R.C. 1980, pers. comm.).
occurrence of BWYV in these crops was then suspected.

The

subterranean

clover red leaf virus, which is widespread in Canterbury (Ashby

et al.

1979b), and was presumed to be the cause of yellowing of beet in
Tasmania (Johnstone and Munro 1980), may also be a cause of beet
yellowing.
Research was initiated to investigate the possible occurrence
of BWYV in New Zealand, and the association of either BWYV or SCRLV
or both of these viruses with the yellowing of beet and turnip
In May 1980, when virus-free

crops.

M. pers&cae were fed on apparently

infected turnip leaves and then transferred to

Crambe abyssinica

Hochst. test plants, virus symptoms developed in the inOCUlated plants.
The symptoms (marginal reddening of lower leaves and plant stunting)
resembled those produced in the same species by BWYV in the United States
and in Europe (Duffus 1975;

Ashby

et al. 1979a).

The symptoms in

C. abyssinica suggested the presence of BWYV in New Zealand.

For ease

of reference, the virus has been termed BWYV-NZ.
The objectives of the research were to:
1.

Determine the host range of BWYV-NZ, describe symptoms in
hosts and investigate whether either BWYV-NZ or SCRLV or
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both of these viruses are a cause of yellowing of beet
and turnips.
2.

Determine the effect of BWYV-NZ on the yield of turnips.

3.

Study the mode of transmission of BWYV-NZ.

4.

Study aspects of the epidemiology of BWYV-NZ and SCRLV in
beet and turnip crops.

5.

Extract and purify SCRLV and BWYV-NZ from infected plant
tissues for characterisation of the two viruses.

6.

Establish serological relationships of SCRLV and BWYV-NZ to
other luteoviruses.

The results from each of these investigations are reported in
a separate chapter, in which the relevant literature is also reviewed.
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CHAPTER 2

SYMPTOMATOLOGY AND HOST RANGE STUDIES

2.1

REVIEW OF LITERATURE ON SYMPTOMATOLOGY AND HOST RANGE
OF LUTEOVIRUSES

External Symptoms

2.1.1

The main systemic symptoms produced by luteoviruses are
stunting of growth and yellowing of foliage.

These viruses obtained

their group name from the yellowing they induce in hosts (Latin

Zuteus

= yellow) .

plants.
purpling.

Stunting is characteristic of most infected

Yellowing may be replaced or accompanied by reddening or
Another symptom of infection is thickening and brittle-

ness of leaves, in some cases accompanied by leaf rOlling.
Symptoms appear mainly on the lower and intermediate leaves and
develop acropetally.

However, some grain legumes may first show

symptoms at the top of the plant.

Symptom expression varies with

host species and cultivar, age and physiological condition of host
at time of infection, environmental conditions and virus strain.
Time of symptom appearance varies between one week (Tamada 1970) and
10 weeks (Johnstone and Munro 1980) after inoculation.

2.1.1.1

Variability of Symptoms in Species, Cultivars and Biotypes

Oswald and Houston (1953) showed that barley yellow dwarf
virus (BYDV) induced stunting in all host cereals as well as a
brilliant leaf yellowing in barley, chlorosis in wheat, and reddening
in oats.

The barley and oat cultivars tested were put into four
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groups according to symptom severity:

highly resistant, tolerant,

intermediate and extremely susceptible.

Smith, P.R.

(1966) reported

that, among dwarf bean cultivars, there was variability in reaction
to subterranean clover stunt virus (SCSV).

According to Duffus

(1964), beet western yellows virus (BWYV) induced chlorosis and leaf
curl in a Californian biotype of

Capsella bursa-pastoris (L.) Medic.,

whereas it induced chlorosis, reddening and leaf curl in a European
biotype.

A variable reaction to BWYV among

was also reported by Ashby

2.1.1.2

C. bursa-pastoris biotypes

et al. (1979a).

Host Age and Symptom Severity

Symptom severity is often affected by the age of the host
plant at the time of inoculation.

Oswald and Houston (1953) found

that wheat plants infected with BYDV as seedlings were chlorotic and
severely stunted, about 1/3 to 1/2 of normal size.

When plants were

infected after tillering, the first and usually only indication of the
disease was bright yellowing of the tips of newly formed leaves.
Susceptible oat cultivars reacted to infection at the seedling stage
with a red discolouration of leaves and severe stunting and failed to
head at all;

when infected later, the only evidence of infection was

reddening of the uppermost leaves.
ceptibility of soybean

Tamada (1975) reported that sus-

(Glycine max CL.) Merr.) to soybean dwarf virus

(SDV) decreased with increasing plant age.

2.1.1.3

Effect of Environmental Conditions

Temperature and light play an important part on symptom
expression.

Jensen (1968b) studied symptom development of BYDV in

barley plants at four different temperatures:

0

la, 15, 21 and 27 C

o
At la C, symptoms developed slowly but were eventually more severe.
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o
0
At 15 C and 21 C, leaf yellowing developed rapidly, but stunting
o
was not as severe as at 10 C.
mild or completely masked.
symptoms of

0

At 27 C symptoms were either very
Toh (1973) studied the development of

Trifolium subterraneum L. (subterranean clover) infected

either with subterranean clover red leaf virus

(SCRLVl or with bean

000

0

leaf roll virus-NZ (BLRV-NZ) at 15 C, 20 C, 25 C and 30 C.
0

Symptoms induced by both viruses were severe at 20 C and completely
o
masked at 30 C.

plants infected with BLRV-NZ developed symptoms

0

0

faster at 20 C and slower at 15 C.
Murphy (l923) showed that rolling of potato foliage infected
with potato leaf roll virus (PLRV) was prevented by keeping plants in
the dark.

wilson (1955) also reported that shading decreased symptom

severity of potato plants infected with PLRV.

Rochow and Duffus

(1981) noted that "high light intensity is critical for symptom
development not only for test plants in the greenhouse but also for
plants infected by yellows in the field".

They gave an example from

the Salinas Valley of California where beet, lettuce and spinach
plants, infected with BWYV, remained green in areas where they were
shaded by giant eucalyptus trees in contrast to adjacent unshaded
areas in which plants developed typical yellowing symptoms.
Oswald and Houston (.1953), costa

et al. (l959) and Russell

(1965a) reported that plants infected with BYDV, malva yellows virus
(MYV) , and beet mild yellowing virus (BMYV), respectively, showed
milder symptoms in the glasshouse than in the field.

Increased

symptom severity in the field may be caused by higher light intensity
and lower water supply.

with respect to the latter, Vanderwalle

(1950) noted that turnip plants infected with turnip yellows virus
(TuYV) showed more severe symptoms during years of drought than in
years of high rainfall.
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Nitrogen may be another factor involved in symptom development.

Wilson (19551 found that nitrogen deficiency hastened develop-

ment and increased severity of PLRV symptoms in potato plants.

2.1.1.4

Virus strains and Symptom Expression

Symptoms may vary In plants of the same cultivar.

Some of

this variation may result from the occurrence of strains of a virus.
Duffus (1964) showed that there were several strains of BWYV.

All

strains induced chlorosis and leaf curl in C. bursa-pastoris~ but they
produced a range of symptom severities in this host.

It was noted by

Duffus (1964, 1977a) that a virus strain producing severe symptoms in
one host could produce mild symptoms in another.
virus (Costa

Malva yellows

et al. 1959), BMYV (Bjorling and Nilsson 1966) and TuYV

(Duffus and Russell 1972) all produced similar symptoms in the common
hosts C.

bursa-pastoris and Senecio vulgaris L.

However, the three

viruses differed in symptom severity and host range.

As a result of

this, and because they were isolated in different places, these
viruses were considered to be distinct.

Later experimental evidence

(Duffus 1977a) showed that MYV, BMYV and TuYV were all strains of BWYV.
Tamada (1973, 1975) differentiated two strains of SDV on the basis of
symptoms produced in soybean cv. Shirotsurunoko and differences in host
range:

the dwarfing strain (SDV-DS) which produced plant stunting

in soybean and infected red clover

(Trifolium pratense L.) but did not

infect dwarf bean, and the yellowing strain (SDV-Y) which produced
yellowing in soybean and infected dwarf bean.
Evidence regarding cross-protection among luteovirus strains
is contradictory.

Harrison (1958) and Duffus and Gold (1969) showed

that infection of

Physalis floridana Rydb. with a mild strain of PLRV
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protected the plants from infection with a severe strain.

However,

Duffus (1964) showed that there was no cross-protection among strains
of BWYV in C.

bursa-pastoris.

The addition of a severe strain always

resulted in more severe symptoms.
results with the two strains of SDV.

Tamada (1975) reported similar
Soybean plants inoculated with

both strains showed more severe symptoms than when inoculated with
either strain alone.
isolates of SDV-DS.

Cross-protection, however, occurred among two
Infection of plants with a mild isolate protected

them from infection with a severe isolate.

As noted by Duffus and

Gold (1969), failure to demonstrate cross-protection does not necessarily
indicate unrelatedness, although complete protection usually indicates
that the isolates are related.

2.1.2

Internal Symptoms

Luteoviruses appear to be confined to the phloem tissue of
infected plants and cause degeneration of this conductive tissue.
External symptoms are an indirect result of this phloem degeneration
(Rochow and Duffus 1981).
As early as 1913, Quanjer (cited by Wilson 1955) reported
phloem necrosis in potato plants infected with PLRV.

Sheffield (1943)

described in detail phloem necrosis in several potato cultivars
infected with PLRV.

Her work led to development of the Igel-Lange

test for detecting PLRV in seed potato tubers (De Bokx 1972).
Esau (1957), using light microscopy, showed that BYDV caused
necrosis and accumulation of gum-like material in the sieve elements
of the phloem tissue of leaves and roots of infected grasses and
cereals.

In later stages of infection, the necrosis extended to

parenchyma cells located near the sieve elements, and in highly susceptible varieties it also involved the xylem.
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Gill and Chong

(~975,

1976, 1979a, 1979b) studied ultra-

structural changes within cells of oat leaves infected with six strains
of BYDV.

They studied the development of infection by examining

samples taken from inoculated leaves at different times after inoculation.

The BYDV strains were subdivided into two subgroups on the basis

of the following criteria:

1)

nuclear alterations, 2)

occurrence of virus progeny in the cell, and 3)
inclusions in the cytoplasm.

site of first

type of membranous

Subgroup A included the strains MAV,

SGV, PAV (Table 1.1) and a strain transmitted nonspecifically by
several aphid species.
(Table 1.1).

Subgroup B included the strains RPV and RMV

In subgroup A,the nucleus showed distortion and abnormal

aggregation of heterochromatin, virus particles appeared first in the
cytoplasm and then in the nucleus, and single membrane-bound vesicles
containing fibrils were present in the cytoplasm.
nucleus was normal in
tegrated;

In subgroup B, the

outline, but heterochromatin slowly disin-

virions appeared first in the nucleus around the nucleolus

and later in the cytoplasm, and double membrane-bound vesicles with
fibrils occurred in the cytoplasm.

The outer membrane seemed to have

originated from the rough endoplasmic reticulum.

with all the strains

of BYDV examined, the infected cells identified were:

sieve elements,

phloem parenchyma and companion cells.
Esau and Hoefert (1972b) studied infection of sugar beet
with BWYV by examining, with the electron microscope, successively
older leaves of the host.

They observed virus particles first in

mature sieve elements and later in phloem parenchyma connected by
plasmodesmata to virion-containing sieve elements.

Cytopathological

alterations and inclusions induced by BWYV resembled those induced by
the subgroup B of BYDV strains.
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The subdivision of BYDV into two subgroups on the basis of
cytopatho1ogical evidence is in agreement with serological evidence
for five strains of BYDV (Rochow and Carmichael 1979).

The cyto-

logical similarities between infections caused by BWYV and by the subgroup B of BYDV strains also agree with the close serological relationship between BWYV and the RPV strain of BYDV (Duffus and Rochow 1978;
Rochow and Duffus 1978).

2.1. 3

Host Range

Some luteoviruses are restricted to plant species in one
family, Some infect species in a few families, whereas others infect
a wide range of plants in several families.
Barley yellow dwarf virus infects only plants in the Gramineae.
Over 100 species in this family have been found to become infected
(Rochow and Duffus 1981).
The hosts of BLRV (Quantz and Yolk. 1954;
Hubbeling 1955;

Cockbain and Gibbs 1973;

SCSV (Grylls and Butler 1959;

De Fluiter and

Thottappi11yet

al. 1977),

Smith, P.R. 1966), SDV (Tamada 1970,

1975) and legume yellows virus (LYV)

(Duffus 1979) appear to be

restricted to the Leguminosae.
Subterranean clover red leaf virus infects mainly legumes
(Kellock 1971), but it has

~lso

been found to infect species in the

Geraniaceae and polygonaceae (Ashby

et al.

1979b) .

Johnstone and

Munro (1980) extended the host range of SCRLV by adding sugar beet as
a new host of this virus.
potato leaf roll virus seems to be restricted mainly to the
Solanaceae, but it also infects plants in the Amaranthaceae and
Nolanaceae (Natti et

al.

1953).

There have been reports that it

infects members of the Cruciferae and Chenopodiaceae (Salaman and
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Wort1ey 1939;

Mackinnon 1965).

However, Duffus (1981). discussed

the possibility that these isolates could have been BWYV and not
PLRV.
If TuYV, BMyV and MYV are considered as strains or groups of
strains of BWYV (Duffus 1973), then BWYV has an extremely wide host
range.

The host range of TuYV was studied by Burckhardt (1960),
The host range of

Heinze (1967) and Duffus and Russell (1972).

BMYV was recorded by Russell (.l965a) and Bjorling and Nilsson (1966),
whereas that of MyV was studied by Costa

et al. (1959).

The host range

of BWYV isolates from the United states was studied by Duffus (1960,
1964,1981) and by Wallis (l967b).

The host range of all strains of

BWYV has been summarised by Duffus (1973), 146 species in 23 families
being listed.
L.

It is noted that one host species,

(recorded by Wallis

Erigeron canadensis

1967b), was missing from the list.

1973 there were 147 reported hosts of BWYV.
(1977) added soybean as another host.

Thus in

Duffus and Mi1brath

In addition, 13 other host

species of a BWYV isolate from potato were determined by Duffus (1981).
All these species belong to dicotyledonous families and include hosts
of economic importance such as sugar beet, spinach, lettuce, cauliflower

(Brassica oleracea L. var. botrytis L.), cabbage (B. oleracea var.
capitata L.), radish (Raphanus sativus L.), turnip, mustard (Sinapis
alba L.), rape (B. napus L.), pea, broad bean, cucumber (Cucumis
sativus L.), melon (Cucurbita moschata Dcne.), watermelon CCitruZZus
vulgaris Schrad.), pepper (Capsicum annuumL.), tomato (Lycopersicon
lycopersicum (L.) Karst. ex. Farw.) and potato.

Duffus (1977 a)

mentioned unpublished data in which oat was recorded as another host
of the same virus, which indicates that the host range of BWYV extends
also to monocoty1edonous families.

Therefore, the total number of

recorded hGsts Gf BWYV includes 162 species in 24 families.
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2.1.4

Interaction

between Luteovirus-Infections and Other

Diseases

Plants infected with 1uteoviruses may often be more susceptible to attack by other pathogens.
chocolate spot

Tinsley (l959) noted that

(Botrytis fabae Sardina) was more severe on broad beans

infected with BLRV.

Russell (1966) reported that infection with BMYV

increased the susceptibility of sugar beet plants to

Alternaria species.

Peas infected with BLRV or SCRLV have been found to be more susceptible
to root rot fungi

2.1. 5

(Ashby, J.W. 1981, pers. comm.).

Agents Inducing Luteovirus-like Symptoms

Symptoms caused by luteoviruses may be confused with those
induced in plants by nutrient deficiencies or other environmental
factors.
causes In

According to Grylls and Butler (1959), infection with SCSV

T. subterraneum symptoms similar to those induced in the same

plant by zinc, molybdenum, manganese and calcium deficiencies as described by Millikan (1953).

Infection with SCRLV causes symptoms which

may be confused with magnesium deficiency in
1971) .

T. subterraneum (Kellock

Oswald and Houston (1953) reported that nitrogen deficiency,

cold weather or saturated soil may induce chlorosis of barley which
can be confused with BYDV symptoms.

Bjorling and Nilsson (1966)

noted that high light intensity, extreme temperatures and excess irrigation may induce in

Claytonia perfoliata Donn. symptoms similar to those

caused by BMYV-infection.
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2.2

SYMPTOMATOLOGY AND HOST RANGE OF BWYV-NZ

2.2.1

Introduction

In this section, the isolation of beet western yellows virus
in New Zealand (BWYV-NZ) from turnip and beet crops and from several
other plant species is reported.

The experimental host range of a

virus isolate from turnip, BWYV-NZ et-I) is presented.
hosts are described.

Symptoms in

The relationships of BWYV-NZ to other BWYV

isolates and to some other luteoviruses on the basis of symptomatology
and host range are discussed.

Most of the results of this investi-

gat ion have already been published (Kyriakou

2.2.2

Materials and Methods

2.2.2.1

Aphid Vector

Myzus

pers~cae,

et al. 1983).

which is known to be the principal vector of

BWYV (Duffus 1973), was used as the vector for determining the natural
and experimental host range of BWYV-NZ.
reared on radish cv. Stoplight.

Non-viruliferous aphids were

Plants, used for aphid colonies,

were grown in 20 cm pots and were covered with individual aphid-proof
cages, while

being raised in glasshouses, to ensure freedom from

contaminating aphids.

Colonies were initially started from the off-

spring of a single aphid collected at Lincoln and were renewed monthly
to minimize the possibility of accidental infection with virus.

To

renew the colonies, 10-15 adult apterae were placed on healthy radish
leaves and 24 h later their offspring were transferred to the appropriate radish plants.

Each week about 20 aphids from each colony were

transferred in groups of 5 to test plants (Section 2.2.2.2) to ensure
the aphids were free from virus.
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2.2.2.2

Test Plants

The diagnostic species used were

Trifolium subterraneum

cv. Bacchus Marsh (Wilson and Close 1973) and
Hochst.

(Ashby

et al.

1979a).

They were grown in 10 cm pots.

Because of occasional natural infestation of

persicae,

Crambe abyssinica

C. abyssinica

with

M.

this plant was always protected before use by covering with.

individual aphid-proof cages (Fig. 2.1).

Both test plants were

always inoculated at the 2nd-4th true leaf stage.

2.2.2.3

Virus Isolation and Natural Host Range

Non-viruliferous

M. pers1.-cae

were fed for 72 h on detached

leaves of field-collected samples, on moistened filter paper in
plastic petri dishes.

Aphids were transferred in groups of 5-10 in

small individual leaf clip cages (Fig. 2.2) to two test plants for
each sample tested and allowed an inoculation access period of 72 h.
Virus isolates from beet and turnip plants were tested on
either of the two species of test plants.
were tested only on

Samples from other plants

C. abyssinica.

At the end of each inoculation access period, aphids were
killed by spraying with 0.1% mevinphos (Phosdrin).

Test plants were

o
kept in glasshouses with temperatures of 20-26 C and a photoperiod of
16 h

(daylight plus 400 W mercury vapour lamps spaced at 1.5 m apart

at a height of 1 m) .

Glasshouses were fumigated weekly with dich-

lorvos (Vapona).

2.2.2.4

Experimental Host Range

The isolate of BWYV-NZ (t-l) used for these studies was
obtained in May 1980 from a turnip plant cv. Green Globe at the
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Figure 2.1:

Aphid-proof · cages u sed to protect Crambe
abyssinica seedlings from aphids before their
use as test plants.

Figure 2 . 2:

Leaf c lip cages us ed to confine aph ids on
p lants, either for virus acquisition or
ino cu l a tion .
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Lincoln College Ashley Dene Farm, and was maintained in
The host range of the isolate was determined by using
reared on infected

C. ahyssinica.

M. persicae

C. abyssinica and transferring them to possible

host species in groups of 5-10 aphids per plant.

After 72 h the

aphids were killed as before (Section 2.2.2.3).

The plants were

observed for 6-8 weeks for symptom development.

Each plant was

back-tested at 3-4 weeks after inoculation by allowing 10-20 nonviruliferous aphids, confined in 2-3 leaf cages, to feed for 72 h
before transferring them to two test plants.

Ten or more seedlings

of each plant species were used for the host range studies.

Each

test included 8-10 control plants which had not been inoculated with
virus.

Host plants were inoculated at the 2nd-4th true leaf stage.
At the end of each inoculation period the aphids were killed

as before and plants were kept under conditions noted in section
2.2.2.3.

2.2.3

Results

2.2.3.1

Virus Isolation, Natural Host Range and Field Symptoms

An isolate (BWYV-NZ

(t-l»

of what appeared to be beet

western yellows virus was first obtained in May 1980 from an apparently
infected turnip plant grown at Ashley Dene.

Similar virus isolates

were subsequently obtained from several samples taken from turnip and
beet crops grown in Canterbury during 1980, 1981 and 1982.

The virus

was also isolated from other crop and ornamental species and several
weeds.

All the natural hosts of BWYV-NZ, the field symptoms in brief

and virus incidence among the samples tested are shown in Table 2.1.
Detailed information on the virus symptoms in the two main crops from
which BWYV-NZ was isolated is presented below.
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Field Symptoms in Turnip - In 1981 and

~982,

symptoms appeared

in turnip cv. Green Globe in late March to early April, 3-4 weeks after
the beginning of the autumn flights of

M.

pers~cae

(Section 5.2.3).

Symptoms were noticed initially along the edges of the fields.
Plants infe8ted at an early stage became severely stunted with bright
interveinal yellowing and intense marginal reddening of lower and
intermediate leaves (Fig. 2.6) which were thick and brittle.

Plants

which were infected at a later stage showed only some marginal
reddening of the lower and intermediate leaves.
Yellowed leaves appeared more susceptible to frost damage
than healthy ones.

After the first few frosty nights of late May

1981, some of the yellowed leaves died and by mid-June they were all
dead and thus there was hardly any evidence of the disease.

Vander-

walle (1950) reported a similar effect of frost damage on foliage of
turnip infected with TuYV.
Turnip plants with symptoms of cauliflower mosaic virus
(CaMV) showed also severe symptoms of BWYV-NZ (Fig. 2.8).

When 15 of

these plants were tested, they were all shown to be infected with CaMV
and BWYV-NZ, indicating that both viruses can multiply together in the
same plant.

Infection with CaMV was confirmed by sap-inoculation to

C. abyssinica seedlings (using the method described in Section 4.3.2.2),
and by purification of the virus by Musgrave, D.R.

(1981, pers. comm.).

Field Symptoms in Beet - In 1981-1982 yellowing symptoms first
appeared in sugar beet cv. Amazon and fodder beet cv. Trestel in midto late December (4-6 weeks after infestation with

M. persicae), but

became more evident during January and February (Section 5.2.3.5).
Symptoms began as chlorosis of the tip of the lower leaves.

This was

followed by interveinal yellowing or interveinal chlorotic spotting of
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Table 2.1:

Natural host range of BWYV-NZ as determined by aphid
transmission using Myzus persicae and either Crambe
ahyssinica (+) or Trifolium suhterraneum cv. Bacchus
Marsh (++) test plants a .
Asterisks indicate new host
records for BWYV.

Plant family and species,
location of samples,
and time of sampling

Symptoms shown
by plants in the
field

Virus
..
b
lnCldence

Boraginaceae

*Myosotis alpestris
Schrnidt (forget-me-not-)
Lincoln, Oct. 1982

Marginal purpling and
interveinal yellowing
of lower and intermediate
leaves (Fig. 2.3)

Caryophyllaceae

Stellaria media (L.)
viII. (chickweed)
Lincoln, Dec. 1981

Yellowing of lower leaves,
marginal yellowing of
intermediate leaves

Chenopodiaceae

Beta vulgaris L. cv.
Amazon (sugar beet)
Lincoln, Jan.-Feb. 1981

Bright interveinal
yellowing of lower and
intermediate leaves.
Yellowing usually more
intense at the tips.
Interveinal yellowing often
replaced by chlorotic spotting.
Lower and intermediate
leaves thickened and
leathery in texture.
Plants stunted in comparison
to adjacent apparently
healthy ones (Fig. 2.4)

B. vulgaris cv. Monoire

Similar to symptoms in cv.
Amazon

(sugar beet)
Temp1eton, Dec. 1981

B. vulgaris cv.
Trestel (fodder beet)
Lincoln, Dec. 1981Feb. 1982

Chenopodium album

L.
(fathen)
Lincoln, Jan.-Feb. 1981

Similar to symptoms in cv.
Amazon, but milder
(Fig. 2.5)

14/40++

56/79+

Mild leaf yellowing

~irus-free aphids were fed for 72 h on detached leaves of fieldcollected samples.
They were then transferred in groups of 5-10 to
two test plants for each sample tested and allowed an inoculation
access period of 72 h.
b

Number of plants from which virus was isolated out of the number of
plants tested.
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Table 2.1

cont'd ..•.

Compositae

Cirsiwn arvense CL.) Scop. Interveinal chlorosis of
(Californian thistle)
Lincoln, Jan. 1982

*Chrysanthemum indicwn L.
(chrysanthemum)
Lincoln, Nov. 1981

*Hypochoeris radicata L.
(catsear)
Ashley Dene, May 1981

Lactuca sativa L.
(lettuce)
Christchurch, Jan. 1982

*Senecio jacoboea L.
(ragwort)
Lincoln, Dec. 1981

S. vulgaris L.
(groundsel)
Christchurch, Feb. 1982

Taraxacum officinale
Weber (dandelion)
Ashley Dene, Nov. 1981

lower leaves

Marginal reddening and
interveinal chlorosis of
lower leaves
Marginal reddening of
lower leaves

Interveinal chlorosis of
lower and intermediate
leaves
Interveinal yellowing and
thickening of lower
leaves
Bright marginal purpling
of lower and intermediate
leaves
Bright marginal purpling
of lower leaves, more
intense at the tips.
Some interveinal chlorosis

Cruciferae

Brassica napus L.
(rape)
Timaru, Jan. 1982

B. oleracea L.
var. botrytis L.
(cauliflower)
Lincoln, Jan. 1982

B. oleracea var.
itaZica L.
(broccoli)
Lincoln, May 1982

Marginal reddening and
interveinal yellowing in
association with reddening
of lower leaves
Marginal reddening and
interveinal yellowing of
lower leaves in association with leaf thickening
Interveinal yellowing of
lower leaves. Purple
to bronze colouration of
lower and intermediate
leaf margins
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Table 2.1

cont'd .••.

B. rapa L. (turnip)
cv. Green Globe
Ashley Dene, May 1980

Yellow to orange colouration and thickening of lower
leaves. Marginal reddening
and interveinal discolouration of intermediate leaves.
stunting when infected at an
early growth stage (Fig. 2.6)

Ashley Dene, March-May,
1981

21/29+

Lincoln, March-May, 1981

14/20+

B. rapa cv. York Globe
Lincoln, March-May, 1982

Capsella bursa-pastoris
(L.) Medic.
(shepherd's purse)
Ashley Dene, March-May
1981

Marginal purpling of lower
and intermediate leaves
and stunting when infected
at an early growth stage
Chlorosis, downward rolling
and brittleness of lower
leaves.
In some plants
chlorosis was associated
with reddening

Lincoln, Dec. 1981
Lincoln, Aug. 1982

"'Coronopus didymus

CL.)

Srn. (twin cress)
Lincoln, Nov. 1981

Matthiola incana (L.) R.
Br. (stock)
Lincoln, Nov. 1982
Geraniaceae

Erodium cicutarium L.
(storksbill)
Ashley Dene, March-May
1981

"'E. moschatum (L.)
L'Herit (musky
storksbill)
Lincoln, Aug. 1982

Yellowing and occasionally
slight reddening of lower
leaves starting
acropetally
Interveinal yellowing of
lower and intermediate
leaves (Fig. 2.7)
Yellowing of leaves starting
acropetally.
In some
plants yellowing was
associated with reddening

Light or intense acropetal
reddening in association
with interveinal yellowing of leaves

Labiatae

Lamium amplexicaule L.
(henbit)
Lincoln, Dec. 1981

Interveinal reddening and
yellowing of lower leaves

15/22+
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Table 2.1

cont'd ....

Leguminosae

Cicer arietinum L.
(chick pea)
Lincoln, Jan. 1982

Lens esculenta L.
(lentil)
Lincoln, Oct. 1982

*Phaseolus vulgaris L.

Severe stunting, yellowing
of foliage, leaf
reduction
Severe yellowing and
reduction of leaf size,
stunting

(dwarf bean)
Lincoln, Jan. 1982

Bright interveinal
yellowing and thickening
of lower leaves

Trifolium repens L.

No symptoms

(whi te clover)
Lincoln, March 1982

Trifolium subterraneum
L. (subterranean
clover)
Ashley Dene, MarchMay 1981

Vicia faba L. (broad
bean)
Lincoln, Dec. 1981

Leaf reddening, more
intense on the adaxial
surface

Chlorosis of lower leaves.
Interveinal yellowing of
intermediate leaves.
Thickening of lower and
intermediate leaves.
Upward rolling of upper
leaves

Polygonaceae

*Polygonum aviculare
agg. (wireweed)
Lincoln, Dec. 1981

*P. convoZvulus L.

Yellowing of older
leaves

(cornbind)
Lincoln, Dec. 1981

Bronze to purple colouration
of margins of lower
leaves

Rumex crispus L.

Leaf reddening

(curled dock)
Lincoln, Nov. 1981

*R.

obtusifolius L.
(broad-leaved dock)
Templeton, Oct. 1981

Reddening of lower and
intermediate leaves,
mainly interveinal

Portulacaceae

*Calandrinia menziesii
(Hook.) Torrey and A.
Gray (calandrinia)
Lincoln, Jan. 1982

Bright leaf reddening

4/4+
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Table 2.1

cont'd ...•

Primulaceae

AnagaZZis arvensis L.
(scarlet pimpernel)
Lincoln, Jan. 1982

Bronze to purple colouration
of leaf margins, more
intense at the tips

Scrophulariaceae

(Veronica persica Poir.
(scrambling speedwell)
Lincoln, Dec. 1981

Reddening of lower leaves

Solanaceae

Capsicum annuum L.
(pepper)
Lincoln, Jan. 1982

SoZanum tuberosum L.
(potato) cv. Ilam Hardy

Mild interveinal chlorosis
of lower leaves

The plants were infected with
secondary potato leaf roll
virus and showed inward
rOlling of the lower
leaves in association with
leaf thickenina

cv. Rua
cv. Wha
Lincoln, Jan. 1982
Urticaceae

Urtica urens L.
(nettle)
Ashley Dene, May 1982

~ronze

to purple colouration
of lower leaf margins

Violaceae

*VioZa arvensis Murr.
(field pansy)
Lincoln, Dec. 1981

Marginal purpling of leaves,
particularly the lower
ones, more extensive at
the tips
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Figure 2.3:

Myosotis alpestris naturally infected with
BWYV-NZ.
leaves.

'.

Note purpling and yellowing of
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Figure 2.4:

Beta vulgaris cv. Amazon (sugar beet)
naturally i nfec ted with BWYV-NZ.
Note interveinal yellowing of lower and
intermediate leaves.

Figure 2.5:

Beta vuZgaris cv. Trestel (fodder beet)
naturally infec ted with BWYV-NZ. Note
inte rveinal ye llowing of lower leaves.
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Figure 2.6:

Brassica rapa (turnip) cv. Green Globe naturally
infected with BWYV-NZ.
Note yellowing and
reddening of lower and intermediate leaves.
Scale in cm.

Figure 2.7:

MatthioZa incana ( s tock) naturally infecte d
with BWYV-NZ.
Note interveinal yellowing
of lower le aves .
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Figure 2.8:

Brassica rapa (turnip) cv. Green Globe naturally
infected with cauliflower mosaic virus (CaMV)
and BWYV-NZ.
Note distortion and reduced size
of young leaves (CaMV) and yellowing of older
leaves (BWYV-NZ).
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lower and intermediate leaves.

Young leaves remained green.

Yellowing was brighter in cv. Amazon (Fig. 2.4) than Trestel (Fig.
2.5) .

Lower discoloured leaves were thick, had a leathery texture

and were often infected with

2.2.3.2

Alternaria leaf spot.

Experimental Host Range and Glasshouse Symptoms

Beet western yellows virus-NZ (t-l) induced mainly plant
stunting and marginal or interveinal leaf reddening or yellowing in
association with thickening and brittleness of leaves.

In most

hosts the lower and occasionally the intermediate leaves were more
severely affected than the upper ones.
legumes

(pea, broad bean and groundnut

more apparent on the upper leaves.

Symptoms in three grain

(Arachis hypogaea L.»

were

Glasshouse symptoms particularly

in turnip and beet were milder than field symptoms.

Discolouration,

leaf thickening and stunting were more severe in field plants,
infected at the seedling stage, than in glasshouse plants inoculated
at the same age.
The time of symptom appearance varied between 10 days and 8
weeks depending on the host species.

It was shorter during the

warmer months of the year and under higher light intensities.
The experimental hosts of BWYV-NZ (t-l) , virus symptoms
in brief and virus incidence are shown in Table 2.2.

Detailed

description of symptoms in the two test plants is given below.

Symptoms in

Crambe abyssinica - Symptoms appeared on

infected plants at 12-19 days after inoculation as a purple discolouration of the margin of the lower leaves.

Three to 4 weeks after

infection the middle leaves showed interveinal purpling and
chlorosis, whereas the upper leaves were of a lighter green colour
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Table 2.2:

a
Experimental host range of BWYV-NZ .
Inoculated
plants were back-tested by aphid transmission using Myzus
persicae and either Crambe abyssinica (+) or Trifolium
subterraneum cv. Bacchus Marsh (++) test plants b .

Plant family
and species

Symptoms in glasshouses with
16 h photoperiod and
temperatures of 20-26 o c.
Time of symptom appearance
after inoculation in
parentheses.

Virus
.,
c
lncldence

Caryophyllaceae

steUaria media

Yellowing of lower leaves
(.5-6 weeks)

Chenopodiaceae

Beta vulgaris
cv. Monoblanc
(fodder beet)

B. vulgaris
cv. Yellow Daeno
(fodder beet)

Chlorosis of lower leaves,
more intense at the tips.
Interveinal yellowing of
lower and intermediate leaves
(6-8 weeks)
Similar to symptoms in cv.
Monoblanc (6-8 weeks)

11/34++

7/23 ++

Compositae

Lactuca sativa cv.
Buttercrunch

Interveinal chlorosis and
reddening in association with
downward rolling and leathery
texture of lower leaves.
Mild stunting (2-3 weeks)

Senecio vulgaris

Marginal purpling of lower
leaves (5-6 weeks)

Taraxacum officinale

Marginal purpling of lower
leaves 0-8 weeks)

9/10+

Cruciferae

Brassica napus

yellowing of lower leaves,
marginal purpling of lower
and intermediate leaves.
Mild stunting (4-5 weeks)

a The virus isolate (BWYV-NZ (t-l» was obtained from an infected turnip
plant cv. Green Globe, in May 1980.
bAphids reared on infected C. abyssinica were transferred to host species
m groups of 5-10 per plant and allowed an inoculation access period of
72 h.
Each plant was back-tested 3-4 weeks after inoculation by allowing virus-free aphids to feed for 72 h before transferring them to two
test plants.
cNumber of plants from which virus was recovered out of the number of
plants inoculated and back-tested.
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Table 2.2

cont'd .•..

B. oZeracea var.
botrytis

Bright yellowish purple
colouration of lower leaves
in association with leaf
thickening.
Leathery texture
of lower and intermediate
leaves (4-5 weeks)

B. oZeracea var.
capitata L. (cabbage)

Same as for B. oZeracea
var. botrytis

B. pekinensis (Lour.)

Interveinal yellowing of
older leaves starting
acropetally.
Some upward
rolling of inner leaves.
Mild stunting (6-7 weeks)

Rupr. (Chinese
cabbage)

B. rapa cv. Green
Globe

B. rapa cv. Green
Kapai

CapseZZa bursa-pastoris
plants from seed ex
Holland

C. bursa-pastoris
plants from seed ex
Lincoln

7/10+

Interveinal yellowing and
thickening of lower leaves.
In some plants marginal and
interveinal reddening of
intermediate leaves.
Mild
stunting (4-5 weeks)

15/21++

Marginal reddening of lower
leaves (5-6 weeks)

12/20++

Chlorosis and reddening of
lower leaves in association with leaf brittleness and some downward leaf
roll.
Mild stunting
(3-4 weeks)
Leaf reddening, severe leaf
roll and stunting (2-3
weeks)

Crambe abyssinica

Marginal purpling of lower
and intermediate leaves,
stunting (Fig. 2.9) (1219 days)

30/30+

Raphanus sativus L.

Interveinal yellowing of
lower leaves.
Mild
stunting C4-5 weeks)

17/25+

Same as for cv. French
Breakfast (4-5 weeks)

20/25+

Interveinal yellowing of
lower leaves, severe
stunting (3-4 weeks)

23/25+

(radish) cv.
Breakfast

French~

R. sativus cv.
Stoplight

R. sativus cv. White
Icicle
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Table 2.2

cont'd ....

Sinapis alba

L.

(white

mustard)

Geraniaceae

Reddening of the margins and
the adaxial surface of the
lower leaves.
Interveinal
yellowing and some downward
leaf roll.
Stunting (4-5
weeks)
Marginal chlorosis of lower
leaves.
Mild stunting
(3-5 weeks)

Erodium cicutarium

16/22+

Leguminosae

*Arachis hypogaea

L.

(groundnut) cv.
Valencia Senegal

pisum sativum

L. cv.

Puget

Lighter green foliage in
comparison to non-inoculated
plants, chlorosis and green
vein banding in association
with some rugosity of upper
leaves.
Thickening of
lower leaves.
Stunting
(Fig. 2.10) (4-5 weeks)
Chlorosis, green vein banding and reduction of upper
leaves.
Downward rolling
of upper and intermediate
leaves.
Yellowing and
thickening of lower leaves
(4-5 weeks)

Trifolium repens

No symptoms

Trifolium subterraneum

Leaf reddening. Mild to
severe stunting (3-5
weeks)

cv. Bacchus Marsh

Vicia faba cv. Evergreen

Lighter green foliage in
comparison to noninoculated plants. Upward
rolling of upper leaves.
Thickening of lower leaves.
Mild stunting (Fig. 2.11)
(6-7 weeks)

Malvaceae

Hibiscus esculentus L.
(hibiscus)

Interveinal leaf chlorosis
(3-4 weeks)

0/10+

Portulacaceae

Claytonia perfoliata
Donn.

*New

host record for BWYV.

Bright reddening of the older
leaves, more intense at the
tips. Shortened internodes
of inner leaves, shortened
flowering branches (Fig.
2.12) (10-15 days)

10/14+
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Table 2.2

cont'd ....

Solanaceae

Lycopersicon
No symptoms
lycopersicum (L.) Karst.

0/10+

ex Farw. (tomato) cv.
Money Maker

Physalis floridana
Rydb.

Solanum nigrum L.
(black nightshade)

S. tuberosum
cv. Sebago

Mild interveinal chlorosis
of lower and intermediate
leaves. Mild stunting
(4-5 weeks)
Some marginal purpling of
lower leaves (2-3 weeks)
Lighter green foliage in
comparison to noninoculated plants.
Mild
chlorosis and -J:.hickening of
lower leaves (4-5 weeks)

7/11+
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Figure 2.9:

Figure 2.10 :

Healthy (left) and infected (right) Crambe
abyssinica S weeks after inoculation with
BWYV-NZ.
Note stunting and purpling of
lower leaves of infected plant.

Healthy (left) and infected (right) Arachis
hypogaea (groundnut) cv. Valencia Senegal
8 weeks after inoculation with BWYV-NZ .
Note s tunti ng and ch l orosis of infected plant .
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Figure 2.11:

Plate 2.12:

Infected (left) and healthy (right) Vicia f aba
(broad bean) cv. Evergreen 9 weeks after
inoculation with BWYV-NZ.
Note rolling of
upper leaves of infected plant.

Healthy (left) and infe cted (right) Claytonia
perfoliata 6 weeks after inoculation with
BWYV-NZ.
Note stunting and leaf reddening
of in fected p l a nt.
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than those of the healthy plants.

All leaves, particularly those

with purple symptoms, became thick and brittle.

Plants were stunted

(Fig. 2.9).

Symptoms in Trifolium subterraneum cv. Bacchus Marsh Three to 5 weeks after inoculation plants usually showed reddening of
the leaf blades and stunting.

However, there was a considerable

variation in the degree of stunting, from severe to non-apparent.
Reddening started from the middle of the leaf and radiated out along
the midrib vein, being more apparent on the adaxial leaf surface.
Reddening appeared only under high light intensities and became faint
or disappeared completely when plants were not given supplementary
lighting during winter months.

2.2.4

Discussion

2.2.4.1

Identification of BWYV-NZ and its Relationship to Other
Isolates of BWYV on the Basis of Symptomatology and Host Range

Symptoms produced by BWYV-NZ in hosts were typical of
luteoviruses (Rochow and Duffus 1981).

They consisted mainly of
e.."Y\

stunting, acropetal and interveinal yellowing or reddfng and thickening or brittleness of lower leaves.

Symptoms in turnip were identical

to those caused by TuYV as described by Vanderwalle (1950).

Symptoms

in C. perfoliata closely resembled symptoms induced in the same species
by BMYV as described by Russell (1962, 1965a).

Symptoms produced in

beet, C. bursa-pastoris and S. vulgaris were identical to those of
American isolates of BWYV.

As noted earlier (Section 2.1.1.4), TuYV

and BMYV may be considered as strains of BWYV (Duffus 1973, 1977a).
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The wide host range of BWYV-NZ (natural and experimental)
in which 16 plant families and 44 species were involved (Tables 2.1
and 2.2), is largely in agreement with the host range of BWYV as
recorded by Duffus (1973, 1981).

Seventy-five per cent of the hosts

of BWYV-NZ have been recorded as hosts for BWYV.
Symptomatology and host range strongly suggest that the
virus isolated is BWYV.

Eleven plant species, not previously

recorded as hosts of BWYV, were found to be naturally infected with
the New Zealand isolate (Table 2.1).

One of these

(Viola arvensis)

belongs to a family (Violaceae) which had not been included in the

Arachis

earlier records of BWYV.
mentally by BWYV-NZ

hypogaea~

which was infected experl-

is also a new host for BWYV.

other isolates, the New Zealand one did not infect

In contrast to

Hibiscus

esculentus or L. lycopersicum.
It is likely that BWYV-NZ has several other weed and crop
hosts and that these remain to be recorded.

2.2.4.2

Relationships of BWYV-NZ to Luteoviruses other than BWYV on
Lhe Basis of Symptomatology and Host Range

Beet western yellows virus-NZ has host range and symptom
similarities to definitive or probable luteovirus members which are
restricted mainly to the Leguminosae including BLRV (PeLRV), LYV,
SCSV and SCRLV.
Symptoms produced by BWYV-NZ in pea and broad bean were
similar to those produced by BLRV in these plants in the Netherlands
(De Fluiter and

H~beling

1955), in England (Tinsley 1959;

Heathcote

and Gibbs 1962), in New Zealand (Wilson 1968) and the United States
(Thottappilly

et al. 1977).

Symptoms in

T. subterraneum were similar

but not identical to symptoms produced in the same species by SCSV in
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Australia (Grylls and Butler 1959), BLRV in England and the United
States (Cockbain and Gibbs 1973;

Thottappilly

in the United states (Duffus 1979)..
of BLRV in New Zealand (BLRV-NZ)
difference:

et al. 1977) and LYV

They closely resembled symptoms

(Wilson and Close 1973) with one

the severe symptoms of BLRV-NZ in

T. subterraneum result-

ing in drastic stunting and death of the plant were never encountered
during this study.

However, this species, when infected with BWYV-NZ,

showed a marked variation in symptom expression.

Future research

could investigate the reason for this variation and the possible
occurrence of more than one strain of BWYV-NZ.

Host range and

symptom similarities of BWYV-NZ with SCRLV are discussed in Section
2.3.4.2.

2.2.4.3

BWYV-NZ, a Cause of Yellowing of Beet, Turnip and other
Crops in Canterbury

During 1980, 1981 and 1982 BWYV-NZ was isolated from several
samples of beet (78/129) and turnip (58/81). with yellowing symptoms.
The same virus occurred also in other crops including lettuce, rape,
cauliflower, broccoli, chick pea, dwarf bean, broad bean, pepper,
potato, and in several weed species.
The significance of BWYV-NZ in the yellowing of beet and turnip
crops in Canterbury is further discussed in Chapter 5, in which data
are presented about the incidence of yellowing in these crops during
1981-82.
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2.3

STUDIES ON SCRLV IN BEET AND OTHER HOST PLANTS

2.3.1

Introduction

The host range of SCRLV in New Zealand has already been
recorded by Ashby

et al. (1979b).

They found that the virus infects

legumes including pea, dwarf bean, broad bean, lentil, lupin, soya
bean, a wide range of clovers

(Trifoliwn spp.)_ and the non-leguminous

Rumex obtusifolius and Erodiwn spp.

species:

Johnstone and Munro

(1980) found that SCRLV could infect beet in the glasshouse producing
yellowing.

However, the virus was recoverable only with extreme

difficulty from beet plants which had been infected for longer than
3 months, and it was never isolated from beet in the field.
Section, information is presented on:
from beet with yellowing,

In this

(1) attempts to isolate SCRLV

(2) glasshouse tests to determine if beet is

an experimental host of SCRLV and the transmissibility of the virus
back to test plants,

(3) some experimental hosts of

cross-protection tests between SCRLV and BWYV-NZ.

SCRL~

and (4)

The relationship

'''--t ~> ~Q.YI
~

SCRLV and BWYV-NZ on the basis of symptoms in common hosts is

discussed.

2.3.2

Materials and Methods

2.3.2.1

Vector

Aulacorthwn solani, the specific vector of SCRLV (Kellock
1971), was used throughout the study of this virus.

Non-virulifer-

ous aphids were reared on healthy potato or geranium plants

gonium domesticum Bailey) .
at 20-24

o

c

with a 16 h

(Pelar-

The colonies were kept in growth cabinets

photoperiod.
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2.3.2.2

Test Plant

The diagnostic host plant used for the study of SCRLV was

Trifolium subterraneum cv. Bacchus Marsh (Wilson and Close 1973).
It was inoculated at the 2nd-4th true leaf stage.

2.3.2.3

Virus Isolation

The methods used were the same as those used for BWYV-NZ
(Section 2.2.2.3).
The beet samples tested during the period October to December
1981 were obtained from plants on which there was evidence that

solani had fed.

A.

(It is known that when this aphid feeds on beet, it

produces yellow markings due to the injection of a substance into the
leaf tissues.)
testing.

These samples were not showing symptoms at the time of

However, in late February to early March the crops from

which they were taken showed 85-l00% yellowing (Section 5.2.3.5;
Pearson J. 1981, pers. comm.).

In 1981 A. solani flights started in

mid-October, peaked in late November and ended in mid-December (Fig.
5.2) .

2.3.2.4

Experimental Hosts

An isolate of SCRLV was obtained from a white clover (Trifolium

repens) plant at Lincoln in March 1980 and maintained in pea cv. Puget,
on which viruliferous A. solani were reared.

The procedure for

determining experimental hosts of SCRLV was the same as that used for
BWYV-NZ (Section 2.2.2.4).
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2.3.2.5

Transmissibility of SCRLV from Beet Plants at Intervals
after Inoculation

Fifty-seven fodder beet plants cv. Yellow Daeno (in 20 cm
pots) were inoculated with SCRLV when they were at the 2nd-4th true
leaf stage.

Inoculation of each plant was by means of 7-15 viruliferous

A. solani confined in leaf cages for 72 h.

Plants were then sprayed

with 0.1% mevinphos and were kept in glasshouses with temperatures of
o
20-26 C and a photoperiod of 16 h.
The inoculated plants were back-tested at the 1st, 2nd, 3rd,
5th, 7th and 9th month after inoculation.

For every back-test, 30-40

non-viruliferous aphids, confined in leaf cages, were allowed to feed
on each plant.

After an acquisition access period of 72 h, the aphids

were transferred to healthy

T. subterraneum seedlings.

Each fodder

beet was back-tested to two or three test plants, depending on the number of aphids which survived the acquisition period, using 7-15 aphids
per test plant.

Fodder beet plants, on which the aphids had died during

acquisition, were regarded as non back-tested and therefore were not
included in the estimate of the percentage of virus recovery.

The

aphids were allowed an inoculation access period of 72 h on the test
plants and were killed as before.

2.3.2.6

Cross-protection Tests

Cross-protection between SCRLV and BWYV-NZ was tested in the
host species:

fodder beet cv. Yellow Daeno, pea cv. Puget and

T. sub-

terraneum cv. Bacchus Marsh.
Twenty to 30 seedlings of each species at the 2nd-4th true leaf
stage were inoculated first with one virus and 3 weeks later with the
other virus.

One month after the second inoculation, they were back-
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tested for both viruses.

Myzus persicae was the vector and C.

abyssinica the test plant for BWYV-NZ, A. solani the vector and T.
subterraneum the test plant for SCRLV.

Transmission and inoculation

periods, number of aphids and number of test plants used were as
before (Section 2.2.2.4).

Beet and pea plants were first inoculated

with SCRLV and later with BWYV-NZ.

Trifolium subterraneum was first

inoculated with BWYV-NZ and later with SCRLV.

2.3.3

Results

2.3.3.1

Virus Isolation from Beet

Eighty-three attempts to isolate SCRLV from field samples of
beet were unsuccessful (Table 2.3) .

Virus symptoms in this plant

were the same as described earlier (Section 2.2.3.1).

2.3.3.2

Transmissibility of SCRLV from Beet at Intervals after
Inoculation

The percentage of beet plants from which SCRLV was isolated
during each back-test is shown in Table 2.4.

2.3.3.3

Experimental Hosts and Glasshouse Symptoms

The experimental hosts of SCRLV, virus symptoms and virus
incidence are set out in Table 2.5.

Of the non-leguminous species

inoculated with SCRLV only beet became infected.

Symptoms in the

diagnostic host species are described in detail below.
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Table 2.3:

Attempts to isolate SCRLV from sugar beet and fodder
beet (Beta vulgaris) by aphid transmission using Aulacorthum
solani and Trifolium subterraneum cv. Bacchus Marsh test
plants a .

Beet cv.

Amazon

c

(sugar beet)

Monoire

Location of Samples

Time of Sampling

Virus
incidence b

Lincoln

March-April 1980

0/42

Lincoln

Feb.-April 1981

0/18

Templeton

Oct.-Dec. 1981

0/8

Lincoln

Nov.-Dec. 1981

0/15

d

(fodder beet)

Amazon

d

~irus-free aphids were fed for 72 h on detached leaves of fieldcollected samples.
They were then transferred in groups of 5-10
to two test plants for each sample tested and allowed an inoculation
access period of 72 h.
b

Number of plants from which virus was isolated out of the number
of plants tested.

c With yellowing symptoms at the time of testing.
dWithout symptoms at the time of testing.
Samples were obtained
from plants on which there was evidence that A. solani had fed.
In Feb.-March 1982, 85-100% of the plants in the crops from which the
samples were obtained showed yellowing.

45

Table 2.4:

a
b

Transmissibility of SCRLV from fodder beet (Beta vulgaris)
plants cv. Yellow Daen~ at intervals after inoculation,by
means of Aulacorthum solani to Trifolium subterraneum cv.
Bacchus Marsh a .

Month after
inoculation

Transmissibility
of virus b

Percent transmissibility of virus

1st

36
c
47

77

2nd

16
27

59

3rd

29
51

57

5th

13
46

28

7th

14
51

27

9th

17
57

30

See text (Section 2.3.2.5) for details.
Number of plants from which virus was transmitted to test plants
out of the number of plants tested.

CA total of 57 plants were available, but not all were back-tested

at each time (except at the last back-test), because of accidental
death of aphids or test plants during back-testing.
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Table 2.5:

a
Effect of inoculating some hosts with SCRLV
Inoculated plants were back-tested by aphid transmission
using Aulacorthum solani and Trifolium subterraneum cv.
Bacchus Marshb .

Plant family
and species

Symptoms in glasshouses with
16 h photoperiod and
temp2ratures of 20-26 o C.
Time of symptom appearance
after inoculation
in parentheses

Virus
incidence c

Chenopodiaceae

Beta vulgaris
cv. Yellow Daeno

Yellowing of lower leaves.
In later stages yellowing of
intermediate leaves, more
extensive at the tips.
Thickening and leathery
texture of lower and intermediate leaves. Mild
stunting (6-8 weeks)

36/47

Cruciferae

Crambe abyssinica

No symptoms

0/14

Lighter green foliage in
comparison to non-inoculated
plants. Mild chlorosis and
rugosity of upper leaves.
Some stunting (Fig. 2.l3}
(3-4 weeks)

6/10

Leguminosae

Arachis hypogaea
cv. Valencia Senegal

Pisum sativum
cv. puget

Trifolium subterraneum
cv. Bacchus Marsh

Yellowing, reduction of size
and green vein banding of
upper leaves. Downward
leafroll.
Chlorosis and
thickening of lower leaves.
stunting (3-4 weeks}

33/40

Reddening of margins and
interveinal yellowing of
lower leaves. Stunting
(Fig. 2.14) (l7-25 days)

24/25

a The virus isolate was obtained from an infected white clover plant
in March 1980.
bAphids reared on infected peas were transferred to host species
in groups of 5-10 per plant and allowed an inoculation access period
of 72 h.
Each plant was back-tested 3-4 weeks after inoculation by
allowing virus-free aphids to feed for 72 h before transferring them
to two test plants.
CNumber of plants from which virus was recovered out of the number of
plants inoculated and back-tested.
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Table 2.5

cont'd •...

Vicia faba
cv. Evergreen

Lighter green foliage in
comparison to noninoculated plants.
Mild
rolling of uppper leaves.
Some stunting (6-7 weeks)

8/10

No symptoms

0/22

No symptoms

0/12

Portulacaceae

CZaytonia perfoZiata
Solanaceae

Lycopersicon
Zycopersicwn cv.
Money Maker
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Figure 2.13:

Healthy (left) and infected (right) Arachis
hypogaea (groundnut) cv. Valencia Senegal
8 weeks after inoculation with SCRLV.
Note stunting and mild chlorosis of infected
plant.

Figure 2.14:

Healthy (left) and infected (right) Trifolium
subterraneum cv. Bacchus Ma r sh 5 weeks aft er
i nocu l ation with SCRLV .
Note s tunting a nd
margina l redden i ng of leaves of infected
plan t.
Sca l e in cm.
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Symptoms in

TrifoZium subterraneum cv. Bacchus Marsh -

Symptoms appeared 17-25 days after inoculation with SCRLV, usually
showing on the 21st day.

They started as mild reddening of the

margin of the lower leaves in association with some interveinal
chlorosis.

In later stages, reddening became more extensive and

intense and was associated with marginal leaf necrosis and plant
stuntinq (Fig. 2.14).

2.3.3.4

Discolouration persisted even under shading.

Cross-protection between SCRLV and BWYV-NZ

Both viruses were recovered from all three host species.
Virus incidence is shown in Table 2.6.
Symptoms in beet and pea plants inoculated with both viruses
were not different from symptoms produced in the same species by either
virus alone.

However,

T. subterraneum was more severely affected than

when inoculated with either SCRLV or BWYV-NZ.

It was severely stunted

with intense reddening of the leaf margins.

2.3.4

Discussion

2.3.4.1

Is SCRLV a Cause of yellowing of Beet in Canterbury?

Subterranean clover red leaf virus infected beet in the
glasshouse producing yellowing of leaves, as reported by Johnstone and
Munro (1980).

The virus could be recovered to test plants from 77%

of the inoculated beet plants one month after infection.

These

results are in close agreement with those of Johnstone and Munro that
SCRLV was isolated from 78% of the plants 3 weeks after inoculation.
The transmissibility of SCRLV from beet declined with time (Table 2.4),
but virus was recoverable from 30% of the plants even 9 months after
inoculation.

This was in contrast to Johnstone and Munro's findings

50

Table 2.6:

Cross protection tests; re-isolation of SCRLV and
BWYV-NZ from three plant species one month after the
second inoculation a .
Re-isolation of SCRLV
by means of

Plant species

Aulacorthum solani

Re-isolation of
BWYV-NZ by means of
Myzus persicae to

to Trifolium subterraneum
cv. Bacchus Marshb

Crambe abyssinicab

28
30

-23
30

18
20

14
20

Beta vulgaris cv.
Yellow Daeno

Pisum sativum cv.
Puget

Trifolium subterraneum
cv. Bacchus Marsh

aBeta vulgaris and P. sativum were inoculated first with SCRLV and
three weeks later with BWYV-NZ, whereas T. subterraneum
was inoculated first with BWYV-NZ and three weeks later with SCRLV.
b

Each host plant was back-tested to two test plants.

c Number of plants from which virus was re-isolated out of the number
of plants tested.
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that SCRLV could be recovered from infected beet only with extraordinary difficulty 3 months after infection.

Reasons for this

disagreement may be the larger number of aphids and test plants used
in the present work (30-40 aphids were used for each back-test in
contrast to 10 aphids used by Johnstone and Munro), different glasshouse conditions, and possibly the small size of pots which limited
the size of plants.
growing.

Three months after inoculation the plants ceased

perhaps the concentration of SCRLV falls as the beet plants

develop and this makes transmission by aphids difficult.
Subterranean clover red leaf virus was not isolated from
field beet with yellowing collected during February to April 1980 and
1981, 3-4 months after presumed natural infection by viruliferous

solani.

A.

The virus was not isolated even when beet samples were

tested 1-3 months after the

A.

solani flights during spring 1981.

There was no cross-protection between SCRLV and BWYV-NZ in
the common hosts beet, pea and
risin~

T. subterraneum.

This was not sur-

as Duffus (1964) and Tamada (1973) could not demonstrate cross-

protection between strains within the same luteovirus member.

The

implication is that, if a beet plant in the field was infected with
SCRLV and BWYV-NZ, it would be possible for both viruses to be
isolated simultaneously.
the population of

As shown in Chapter 5, during spring 1981,

A. solani, the specific vector of SCRLV (Kellock

1971), was negligible in comparison to the population of
the main vector of BWYV (Duffus 1973).
during the peak of the aphid flights

In a beet crop at Lincoln

(late November to early December

1981), 100% of the plants became heavily infested with
whereas

A. solani

M. persicae,

M.

pers~cae~

was found on only 16 individual plants during

weekly aphid counts from November 8 to December 27.

Since SCRLV

infects beet in the glasshouse and the virus is widespread in Canter-
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bury (Ashby

et al. 1979b), it is reasonable to assume that it could

infect beet in the field.

However, the relative frequency of the

two aphid vectors suggests that the incidence of SCRLV would be
negligible.

If the difficulties of detecting SCRLV in beet by aphid

transmission are also considered, then there would be only a low possibility of isolating this virus from naturally infected beet.

2.3.4.2

Relationship among SCRLV and BWYV-NZ on the Basis of
Symptomatology and Host Range

Symptoms produced by either SCRLV or BWYV-NZ in the common
hosts beet, pea, broad bean and groundnut were similar.

However,

pea plants appeared to be more severely affected when inoculated with
SCRLV, whereas groundnut plants seemed to be more severely affected
when inoculated with BWYV-NZ.

The two viruses could be differentiated

on the basis of the symptoms produced in
Marsh.

T. subterraneum cv. Bacchus

This cultivar reacted uniformly to infection with SCRLV with

regard to symptom expression and time of symptom appearance.

During

the early stages of infection (.3 weeks after inoculation), SCRLV was
manifested by reddening of the margin of the lower leaves in contrast to
BWYV-NZ which usually produced reddening in the middle of the leaf
blade.

In later stages of infection (5-12 weeks after inoculation),

symptoms of SCRLV persisted as extensive dark reddening of the leaf
margins, whereas symptoms of BWYV-NZ, if they persisted, consisted
mainly of plant stunting.
able to infect

Subterranean clover red leaf virus was not

C. abyssinica.

For this reason and because C.

abyssinica reacts to infection with BWYV-NZ readily, uniformly, and
with easily discernible symptoms, this species is recommended as a
diagnostic host for BWYV-NZ.

It was earlier found by Ashby

(1979a) as a good indicator of a BWYV isolate from Holland.

et al.
Trifol-

ium subterraneum cv. Bacchus Marsh is a good indicator of SCRLV.
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CHAPTER 3

EFFECT OF BWYV-NZ ON THE YIELD OF TURNIPS

3.1

Introduction

Best western yellows virus-NZ (BWYV-NZ) has been shown to
occur in high incidence and to cause yellowing and reddening of
plants in turnip crops in Canterbury (Sections 2.2 and 5.2.3.8).
In Europe, Vanderwalle (1950) and Burckhardt (1960) noted the severe
effect of turnip yellows virus (TuYV) on the yield of turnips.
On the basis of serological evidence (Duffus and Russell

1972),

TuYV was considered by Duffus (1973, 1977a) as a strain of beet
western yellows virus (BWYV).

Vanderwalle (1950) estimated the

root yield loss caused by TuYV in nature to be 75%.

Burckhardt

(1960) found that, in glasshouse experiments, when turnip plants were
infected 5 weeks after sowing and harvested 4 months after infection,
root weight was reduced by 83% and leaf weight by 67%.
In this Chapter, the author describes a field experiment,
conducted in aphid-proof cages, to determine the effect of BWYV-NZ
on the yield of turnip cv. Green Globe.

3.2

Materials and Methods

3.2.1

Sowing and Transplanting

Turnip plants cv. Green Globe were sown on December 30,
1981, in a wooden tray 50 x 39 x 8 cm in a glasshouse with 16 h
0

photoperiod and temperatures of 20-26 C.

On January 6, 1982, the
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seed~lngs

(at the cotyledon stage) were transplanted to aphid-proof

cages (described in Section 3.2.2).

One week later, plants which

had failed to establish were replaced.

3.2.2

Cages, Locality, Soil Type and Arrangement of Experiment

Two 3.6 x 3.0 x 1.8 m cages (Fig. 3.1) were erected 6.0 m
apart on a Wakanui sandy silt loam, 500 m south of Lincoln College.
Each cage cover consisted of grey fibreglass, 20 x 30 grade mesh
insect screencloth, and was buried in the ground to a depth of 12 cm,
so that complete protection against insects was ensured.

Light

intensity inside the cages was reduced by 55-60%.
In each cage there were 4 plots, each plot consisting of
Spacing between plants was 14 cm

5 rows of plants, 8 plants per row.

and between rows 28 cm, so that there were 40 plants per plot covering
2
an area of 1.1 m .

There were 2 treatments:

BWYV-NZ and non-inoculated or control plants.

plants inoculated with
Two plots in each

cage, diagonally spaced, were inoculated, whereas the other 2 plots
remained as controls.

The cages were treated as blocks.

Therefore,

there were 2 blocks, with 2 replicates of each of the 2 treatments, in
a block, in total 4 replicates of each treatment.

3.2.3

Virus Isolate and Inoculation

The virus isolate used for inoculating the turnip plants was
BWYV-NZ (t-l)

(Section 2.2.2.4).

3rd-4th instar apterae of
groups of 5-7 per plant.
true leaf stage.

On January 28, 1982, viruliferous

Myzus persicae were transferred to plants in
At inoculation plants were at the 2nd-4th

Aphids were confined in individual leaf clip cages

(Fig. 2.2) and were allowed an inoculation access period of 3 days.
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Figure 3.1:

Cages, 3.6 x 3.0 x 1.8 m, erected in the
field to protect turnip (Brass ica rapa )
plan~ from aphids.
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They were then removed or killed mechanically and all plants,
inoculated and controls, were sprayed with 0.1% mevinphos.

Two

weeks later, plants were inspected for presence of aphids, and though
no aphids were detected, spraying was repeated.

3.2.4

Cage Removal and Irrigation

Cages were removed on March 5, 1982, and plants were
protected against the wind by a 1.5 m high net which was placed around
each block.
Flood irrigation was applied weekly f'(oY'li J·yct'{\$f'IOL'nfl'-vl~ +0

3.2.5

Assessment of Infection

After cage removal, plants were inspected every second week
for symptom development.

In addition, on March 19, 1982, 5 plants

in each plot were selected at random and tested for the presence of
BWYV-NZ by aphid transmission to

Crambe abyssinica using the method

described in Section 2.2.2.3.

3.2.6

Harvesting

Plants were pulled by hand on May 3, 1982.

After washing,

they were placed in crates and allowed to stand overnight for drainage
of water.

3.2.7

Fresh Weight and Dry Matter Percentage Determination

Leaves (laminae plus petioles) were separated from roots by
cutting at the base of petioles.

The total fresh weight of leaves
2

and roots of plants (40) in each plot (1.1 m ) was obtained.

A sub-

sample of 12 plants was selected at random in each plot for determining
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dry matter content.

The leaves were cut into approximately 4 cm

pieces and mixed thoroughly.
0

at 75 C for 48 h.

2

Subsamples of 1000 g were oven-dried

Roots were shredded and the pieces were further

ground in a meat mincer (Barry's Meatmaster Junior) to enSUre a fine
mashed granular pUlp.

Duplicate subsamples of about 200-250 g were

0

oven-dried at 75 C for 72 h.

3.2.8

Data Analysis

Fresh weights and dry matter percentages were analysed and
processed by VAX 11-780 Computer, using "Genstat", a general statistical package.
The L.S.D.

The Genstat program gave an analysis of variance.

(least significant difference) test was used to compare

treatment means.

3.3

Results

3.3.1

Plant Establishment and Survival of Introduced Aphids

Fourteen plants failed to establish and were replaced.
At the end of the inoculation access period, when the leaf
clip cages were removed, it was noticed that not less than 3 aphids
survived on every plant.

3.3.2

Assessment of Infection

When cages were removed, 36 days after inoculation, plants
were free of symptoms.

Two weeks later, all inoculated plants showed

interveinal yellowing and purple colouration of the margin of lower
leaves.

At this time controls were free of symptoms.

Four weeks

after cage removal, in addition to discolouration, plants in inoculated
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plots showed stunting.

At the same time, virus symptoms consisting

mainly of purpling of margins and some interveinal chlorosis of lower
leaves, were evident in 8.8% (14/160) of the control plants.

Using

aphid transmission tests, BWYV-NZ was isolated from 90% (18/20) of a
random sample of inoculated plants and from 5% (1/20) of a random
sample of non-inoculated plants.

3.3.3

Fresh Weights and Dry Matter Percentages

Fresh weights of roots and leaves were reduced by infection
by 34.7% and 29.9% respectively (Table 3.1), whereas dry matter contents
of roots and leaves were increased by 1.26% and 0.61% respectively
(Table 3.2).

Calculated root and leaf dry weights of infected plants

were reduced by 24.1% and 24.2% respectively, in relation to the controIs (Table 3.2).

3.4

Discussion

Infection with BWYV-NZ significantly decreased the yield of
turnip cv. Green Globe.

Total fresh and dry weights were reduced by

32.2% and 24.1% respectively.

Reduction in dry weight was lower than

the reduction in fresh weight as a result of an increase in dry matter
content of the infected leaves and roots.

Infection with yellows

viruses is known to increase percentage dry matter of foliage
and watson 1953;

Watson and Wilson 1956;

Burckhardt 1960;

(Watson
Jensen

1968a) as a result of carbohydrate accumulation (Watson and watson
1953;

Burckhardt 1960;

Orlob and Arny 1961;

Teh 1978).

Increase

in dry matter content of roots was reported by Burckhardt (1960) for
glasshouse-grown turnips infected with TuYV.

Burckhardt found a dif-

ference of 0.94% in dry matter content between infected and healthy
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Table 3.1:

2
Mean fresh weights, g/m , of turnip (Brassica rapa)
cv. Green Globe.

Treatment

Inoculated with BWYV-NZ

a

Control (non-inoculated)

Roots

Leaves

Total

6 773

7 600

14 373

10 377

10 841

21

21~

L.S.D.

0.05

1 869

2 191

2 189

0.01

2 931

3 436

3 434

12.0

13.1

CV %

6.8

a The virus isolate (BWYV-NZ (t-l» was obtained from an infected
turnip plant cv. Green Globe in May 1980.
Plants were
inoculated at the 2nd-4th true leaf stage by means of viruliferous apterae of Myzus persicae in groups of 5-7 per plant.
They
were harvested approximately 3 months after inoculation.
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Table 3.2:

Mean dry matter percentages (% DM) and calculated mean
dry weights (DW), g/m 2, of turnip (Brassica rapa) cv.
Green Globe.
Roots

Treatment

%

DM

Leaves
DW

%

DM

Total
DW

%

DM

DW

Inoculated with
BWYV-NZ a

8.88

600

8.37

637

8.63

1 237

Control (noninoculated)

7.62

790

7.75

839

7.69

1 630

0.05

0.73

152

0.31

164

0.44

197

0.01

1.14

239

0.49

257

0.69

308

CV %

4.8

12.1

2.1

12.2

3.0

L.S.D.

a

Same as footnote a, Table 3.1.

7.5
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roots as compared to a difference of 1.26% in the current experiment.
In addition, the same author, analysing the chemical composition of
infected roots, found that sugar content decreased by 31.2%, whereas
soluble and protein nitrogen increased by 124.2% and 111.8% of root
fresh weight, respectively, compared to controls.

A large increase

in nitrogen content might explain the higher dry matter content noted
in infected roots.
Vanderwalle (1950) estimated that TuYV caused 75% reduction
in turnip root yield in the field.

Burckhardt found that the same

virus reduced total fresh weight of infected turnips by 74.8%.

The

damage caused by BWYV-NZ in this experiment was considerably lower
(32.3% reduction in total fresh weight).

Differences in plant culti-

vars and virus isolates may account for some of this variation.
Bennett and MacFarlane (1967) found that the root yields of 6 sugar beet
cultivars were reduced differently by infection with either BWYV or
beet yellows virus (BYV) , in field tests at Davis, California.

(BYV

is a closterovirus (Matthews 1979) causing yellowing of beet in Europe
and the United states (Duffus 1973».

According to Bennett and

McFarlane (1967), 7 isolates of BWYV from various parts of the Western
united states caused a reduction in root yield of the sugar beet cv.
US75 ranging from 0.6% to 23.3%.

Another factor which possibly

decreased the yield loss attributable to BWYV-NZ is the shading effect
of cages.

Watson (1942) found that shading of sugar beet plants with

muslin decreased yield loss caused by "virus yellows"
bination of BWYV and BYV) by 14%.

(possibly a com-

Shading may have also affected

the yield of the healthy turnip plants.

watson (1942) showed that

shading decreased the yield of healthy sugar beet plants by 63%.

In

an effort to minimize the effect of shading, the cages were removed
5 weeks after inoculation, on March 5, 1982, during the beginning of
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the autumn flights of

M. persicae (Section 5.2.3).

This

resulted in some natural infection, as 8 .. 8% of the non-inoculated
plants showed virus symptoms.

The assumption, that infection of

controls was by alate aphids present in March and not by

M. persicae

which escaped from inoculated plants, is based on the time of symptom
appearance.

Inoculated plants showed symptoms two weeks after they

were uncovered, whereas controls showed symptoms two weeks later.
Because of the late stage of growth of the controls at the time of
infection, and the low incidence of the disease, it has been assumed
that there was no significant effect on their overall yield.
The present experiment, despite the limitations involved,
does indicate that BWYV-NZ is a potential cause of serious yield
loss in turnip crops.
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CHAPTER 4

TRANSMISSION OF BWYV-NZ

4.1

INTRODUCTION

Survival of a virus largely depends on its ability to spread
effectively from one host to another.

According to Matthews (1981),

plant viruses may be spread by one or more of the following methods:
mechanically, by vegetative propagation, through seed, by dodder, by
fungi and by invertebrate vectors.

The invertebrate vectors,

namely nematodes, mites, ticks and insects, provide the main method
of spread for many economically important plant viruses (Matthews
1981).

Aphids are the most important insect vectors

Maramorosch 1977).

(Harris and

Study of virus transmission provides the basis

for an understanding of the ecology and epidemiology of an aphidtransmitted virus.
The aim of the investigation was to determine the mode of
transmission of BWYV-NZ.

A review of literature, regarding virus-

aphid relationships and the transmission characteristics of BWYV, is
provided.

4.2

REVIEW OF LITERATURE

4.2.1

Terminology

The following terms, describing virus-vector relationships,
are used in this study.
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Acquisition access period:

the time for which an initially

virus-free vector actually feeds on a virus source (Gibbs and Harrison
1976) •

Acquisition threshold period:

the minimum time that a virus-

free vector needs to acquire an infective charge of virus from a virus
source (Sylvester 1949).

Inoculation access period:

the time for which a viruliferous

vector is allowed access to a virus-free plant, and could feed on it
(Gibbs and Harrison 1976).

Inoculation feeding period:

the time for which a viruliferous

vector appears to be feeding on a virus-free plant (Gibbs and Harrison
1976) •

Inoculation threshold period:

the minimum time necessary for

a viruliferous vector to transmit the virus to a virus-free plant
(Sylvester 1949).

Latent period:

the time that must elapse before a vector can

be demonstrated to be infective, after surpassing the acquisition
threshold (Sylvester 1949).

Persistence or retention period:

the time for which a vector

remains infective after leaving a virus source (Gibbs and Harrison
1976) .

Incubation period:

the time from inoculation of a plant

until symptoms develop (Swenson 1967).
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4.2.2

Types of Virus-Aphid Relationships

Aphid-borne viruses are separated into three groups, on
the basis of virus-vector relationships:

non-persistent, semi-

persistent and persistent (Sylvester 1958).

These groups are briefly

discussed with much information derived from Sylvester (1969) and
Watson and Plumb (1972), who reviewed virus transmission by aphids.

Non-persistent:
stylet-borne (Kennedy

These viruses have also been termed

et al. 1962), as they were thought to be carried

on the stylets of the aphid.

However, as noted by Matthews (1981),

it is not certain that all non-persistent viruses are carried on the
stylets, and therefore the term non-persistent is preferred.
Acquisition and inoculation threshold periods are short, being
expressed in periods of seconds (Sylvester 1969).

The probability

of acquisition of virus is increased by preliminary fasting of the
aphid and is negatively correlated with the duration of the acquisition
feeding period (Sylvester 1969).

Ability of the vector to transmit

virus is rapidly lost and the retention period is usually less than
one hour (Watson and Plumb 1972).
In general, non-persistent viruses have a low level of
vector specificity (Sylvester 1969).

However, the efficiency of

transmission by different aphid species may vary (Bradley and Rideout
1953;

Sylvester 1969).
Many aphid-borne viruses belong to the non-persistent group

which includes such common viruses as potato virus Y (PVY), alfalfa
mosaic virus (AMV) and cucumber mosaic virus (<:MV)
1972) .

(Watson and Plumb
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Semi-persistent:

For the viruses of the semi-persistent

group the probability of virus transmission increases with increasing
acquisition and inoculation feeding periods.

There is no latent

period and preliminary fasting of aphids has no effect on efficiency
of transmission.

Retention period is measurable in periods of hours.

There is no evidence that the virus is transmitted through the moult
of the vector (Sylvester 1969;

Watson and Plumb 1972).

Beet yellows virus (BYV) , a c1osterovirus (Matthews 1979), is
a typical member of the group.

Attempts to determine the mechanism

of transmission of BYV were not successful (Sylvester 1969).
Cauliflower mosaic virus (CaMV) was reported by Chalfant and
Chapman (1962) to be transmitted by

Brevicoryne brassicae (L.) in a

non-persistent and in a semi-persistent manner (bimodal transmission).

Persistent:
viruses (Kennedy

These viruses have also been called circulative

et al. 1962).

This term refers to the mechanism of

transmission and was first applied by Black (1959) to certain leafhopper-borne viruses.

The persistent or circulative viruses enter

the alimentary tract of the aphid, pass through the gut wall, reach
the haemolymph and finally pass into the salivary secretions in which
they are transmitted into the plant tissues during feeding (Rochow
1969) .
According to Syl vester (1969), persistent virus-aphid
relationships have the following features:
through a moult;

(1) infectivity is retained

(2) increase in the duration of both the acquisition

and the inoculation access periods results in an increase in the probability of virus transmission;

(3) there is a latent period;

(4) the retention period is long, measurable in days;

and (5) the

ability of virus transmission is limited to a few aphid species.
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Rochow (1969) separated persistent viruses into two types
on the basis of their relationship with the host plant.

The first

type includes virus diseases which are also sap-transmissible,
apparently because of the susceptibility of many plant tissues,
including epidermis, to infection.
necrotic yellows virus (LNYV)
mosaic virus (PEMV)

Members of this type are lettuce

(Crowley

et al. 1965) and pea enation

et al. 1966).

(Gibbs

The second type includes

viruses which are transmissible only by aphids, apparently because
they are restricted to the phloem tissue of their host plants.
Members of this type are

sowthistle yellow vein virus (SYVV)

(Duffus

1963), and the luteoviruses including barley yellow dwarf (BYDV)
(Oswald and Houston 1953;
1955), beet western yellows

Rochow 1961), potato leaf roll (PLRV)
(BWYV)

(Duffus 1960), bean leaf roll (BLRV)

(Quantz and Volk 1954), soybean dwarf (SDV)
clover red leaf (SCRLV)

(Day

(Tamada 1970), subterranean

(Kellock 1971) and carrot red leaf (CRLV)

(Elnagar and Murant 1978).
The term propagative has been used by Smith (1965) and
Sylvester (1969) to denote the persistent viruses which mUltiply in
their vectors.

Stegwee and Ponsen (1958) produced substantial evidence

for multiplication of PLRV in the vector

Myzus persicae.

In serial

transmission experiments, in which injection of haemolymph was
practised, PLRV was carried through 15 successive aphid to aphid passages.

However, Eskandari

et al. (1979), using the same method and

working with two isolates of PLRV and two clones of

M. persicae, failed

to obtain evidence for propagation of the virus in its aphid vector.
They concluded that, either haemolymph injection is an inefficient
method, or rare propagative strains of PLRV do exist, or there are
aphid biotypes in which the virus can multiply.

Rochow (1969) reported

that attempts to transmit BYDV serially from aphid to aphid were not
successful.

He suggested that virus synthesis in aphids might occur
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in salivary glands.

Such multiplication might not be detected by

haemolymph injections because of dilution.
that SYVV is propagative in the vector

Duffus (1963) suggested

Hyperomyzus Zactucae (L.), on

the basis of the length of the latent period and its sensitivity to
temperature.

Sylvester and Richardson (1969) confirmed this by serial

passages of the virus from viruliferous to virus-free aphids.

4.2.3

Transmission of BWYV

Much of the information on transmission of BWYV was summarised
by Duffus

4.2.3.1

(1973).

Vectors

Myzus persicae was shown to be the major vector of strains or
groups of strains of BWYV (Vanderwalle and Roland 1951;
1959;

Duffus 1960;

Russell 1962).

by 11 other species, namely:
1979),

Costa

et aZ.

The virus was also transmitted

Acyrthosiphon pisum (Harris) (Duffus

AuZacorthum soZani (Heinze1967), Aphis gossypii (Glov.) (Costa

et aZ. 1959), Brachycaudus heZichrysi (Kalt.) (Duffus 1960),
Brevicoryne brassicae (Burckhardt 1960), Macrosiphum avenae (Frabricius)
(Duffus 1960),

Macrosiphum dirhodum (Walker) (Duffus 1960), Macrosiphum

euphorbiae (Thomas) (Heathcote and Cockbain 1966), Myzus ascaZonicus
(Done.)

(Burckhardt 1960),

Myzus ornatus (Laing) (Duffus 1960) and

RhopaZosiphoninus staphyZeae (Koch) (Heathcote and Cockbain 1966).

4.2.3.2

Virus-vector Relationships

Duffus (1960) studied the relationships of BWYV with the
vector

M. persicae.

He reported an acquisition threshold period of
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5 min, and an inoculation threshold period of 10 min.

Transmission

efficiency increased with a longer acquisition or inoculation access
period.

The latent period was 12-24 h.

to transmit virus after moulting.

Aphids retained the ability

Persistence of infectivity was over

Serial transfers indicated a 70% transmission efficiency of

50 days.

M. persicae.

The virus was not transmitted to the progeny of the

insects.

4.3

EXPERIMENTAL

4.3.1

Objectives

The objectives of the investigation regarding transmission
of BWYV-NZ were;
1.

To find out if the virus is mechanically transmissible.

2.

To determine vectors other than M. persicae.

3.

To study virus-vector relationships for M. persicae.

4.3.2

Materials and Methods

4.3.2.1

Virus Source

The isolate of BWYV-NZ used for transmission tests was
BWYV-NZ (t-l) , the same used for the experimental host range study
(Section 2.2.2.4).

4.3.2.2

Mechanical Transmission

Mechanical transmission of the virus was attempted by
grinding infected Crambe abyssinica in 0.03 M phosphate buffer, pH 7.0,
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containing 0.5% bentonite, and rubbing the inoculum on to test
plants dusted with carborundum powder (600 mesh).

4.3.2.3

Aphid Cultures

Colonies of

M. persicae were started and maintained as

indicated in Section 2.2.2.1.
Non-viruliferous colonies of
tained on

Vicia faba cv. Evergreen.

Acyrthosiphon pisum were mainAulacorthum solani were kept on

Acyrthosiphon kondoi (Shinji) were reared on

Pelargonium domesticum.

Trifolium subterraneum cv. Bacchus Marsh.
were collected at Lincoln.

All of the above species

Brevicoryne brassicae and Capitophorus

elaeagni (Del Guer.) originally came from Ashley Dene and were maintained on

4.3.2.4

Crambe abyssinica and Capsella bursa-pastoris, respectively.

Testing Aphids, other than

Late instar apterae of

M.

pers~cae~

Aulacorthum

as Vectors

solani~

B. brassicae and

C. eZaeagni were fed for 48 h on infected C. abyssinica and then transferred in groups of 5 to healthy
48 h.

Similarly,

C. abyssinica seedlings for another

A. pisum and A. kondoi were fed on infected T. sub-

terraneum plants and then transferred in groups of 5 to healthy T. subterraneum seedlings.
at inoculation.

Test plants were at the 2nd-4th true leaf stage

Their maintenance before and after inoculation was

as described in Sections 2.2.2.2 and 2.2.2.3.

4.3.2.5

Virus-vector Relationships

Virus-vector relationships were examined only for
Tests were during the period mid-January to mid-April 1982.
0
.
h ouse temperature ranged at t h at tlme from 20 to 26

c.

M.

pers~cae.

Glass-

Test plants
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were C. abyssinica seedlings and at inoculation were at the 2nd true
leaf stage.

At the end of each inoculation, aphids were killed by

spraying with 0.1% mevinphos, unless otherwise stated.

plants were

maintained as indicated in Sections 2.2.2.2 and 2.2.2.4.
Methods for determining acquisition feeding period, inoculation feeding period, latent period and retention period were essentially
those described by Duffus (1960).

All

M. persicae used for these

tests were late instar apterae, unless otherwise noted.

Acquisition feeding period - Non-viruliferous apterae were
transferred to detached infected C. abyssinica lower leaves (plants
had been infected 4 weeks earlier) and were allowed an acquisition access
period ranging from 3 min to 24 h.

They were then transferred in

groups of 5 to healthy test plants on which they were allowed to feed
for 48 h.

Inoculation feeding period - Aphids, reared on infected
abyssinica~

C.

were transferred in groups of 5 to healthy test plants on

which they were allowed an inoculation access period ranging from 90
sec to 6 h.

Latent period - Groups of 5 aphids were allowed an acquisition
access period on infected C. abyssinica over the range of 3 to 24 h.
They were then transferred to healthy test plants on which inoculation
access period was similarly varied over the range of 3 to 24 h.

Retention period - Aphids, reared on infected C. abyssinica~
were used singly in daily serial transfers to healthy test plants.
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Passage through the moult - Viruliferous late instar apterae
of M. persicae, which had been reared on infected C. abyssinica, were
transferred to healthy detached radish leaves.

After moulting, the

alate aphids were transferred singly to healthy test plants, on which
they were allowed an inoculation access period of 48 h.

Efficiency of apterae and alatae in virus transmission Adult apterous and alate M. persicae, which had been reared on infected

C. abyssinica, were transferred singly to healthy test plants and
allowed a 48 h inoculation access period.

Availability of the virus to the vector after inoculation of
the host plant - To determine how soon after inoculation, M. persicae
could recover the virus from infected plants, C. abyssinica seedlings
were inoculated, each with 5 viruliferous aphids.

After 24 h, all

the viruliferous aphids were removed mechanically and replaced by
virus-free aphids.

Twenty-four h later, these aphids were transferred

in groups of 5 from each plant to new test seedlings and were replaced
by more virus-free aphids.

This was repeated for 10 consecutive days.

The aphids were allowed an inoculation acceSs period of 48 h.

Thus

each of the original inoculated plants was back-tested to a new healthy

C. abyssinica seedling on a daily basis.

4.3.3

Results

4.3.3.1

Mechanical Transmission
Attempts to mechanically transmit BWYV-NZ to test plants were

not successful.
used:
Marsh.

Twenty of each of the following plant species were

C. bursa-pastoris, C. abyssinica and T. subterraneum cv. Bacchus
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4.3.3.2

Vectors

Acyrthosiphon pisum and A. solani were shown to be vectors
of BWYV-NZ.

Acyrthosiphon

kondoi~

B.

brassicae~

and

c.

elaeagni

failed to transmit (Table 4.1).

4.3.3.3

Virus-vector Relationships

Acquisition feeding period - Apterae of

M. persicae were able

to acquire BWYV-NZ in 5 min, but transmission of the virus increased
with longer acquisition access period, reaching nearly 100% with a
24 h acquisition access period (Table 4.2).

In general, plants

inoculated by aphids which had an acquisition access period

~6

h

developed more severe symptoms and more quickly than plants inoculated
by aphids with a shorter acquisition access period.

Inoculation feeding period - Viruliferous apterae of

M.

persicae were capable of transmitting BWYV-NZ after a 3 min inoculation
access period.

However, transmission increased with increasing

inoculation access period, reaching 100% at 3 h

(Table 4.3).

Inoculation feeding period did not appear to have any effect on
symptom severity or time of symptom appearance.

Latent period - The minimum latent period of BWYV-NZ in

persicae was about 12 h.
period of about 30 h

M.

Transmission reached 100% after a latent

(Table 4.4).

Retention period - In daily transfers of 20 single apterae
of

M.

persicae~

BWYV-NZ was retained by the aphids for at least 17

days, the longest period during which one of the insects survived.
The results with 8 of the aphids, those with the highest survival
rate, are set out in Table 4.5.

Table 4.1:

Transmission of BWYV-NZ by five aphid species.
out of 10 inoculated with 5 apterae per plant.

Aulacorthum
solanib

Number of plants infected

Acyrthosiphon
pisum a

1

o

4

2

o

o

2

o

6

7

o

o

aTrifolium subterraneum was the source and the test plant.
b Cram b e

..
ab yss~n~ca
was the source and the test plant.

Brevicoryne
brassicae b

Capitophorus
elaeagni b

Acyrthosiphon
kondoi a

Test
number

Table 4.2:

Transmission of BWYV-NZ by Myzus persicae to Cram be abyssinica
seedlings after different acquisition access periods.
Acquisition access period a

Test
number

3
min

5
min

10
min

20
min

30
min

1 h

3 h

6 h

12 h

24 h

1

Ob
15

1
15

3
15

2
15

1
15

5
15

8
15

11
15

2

0
10

0
10

1
10

1
10

3
10

4
10

6
10

-

10

8
10

-10

0

4

16

12

16

36

56

72

68

96

Total percent
transmission

aAphids were fed on detached lower leaves of C.

7

9

15

14
15

10

abyssinica four weeks after infection.

bRatios indicate the number of plants infected out of the number of plants tested
(5 apterae per plant).

Table 4.3:

Transmission of BWYV-NZ by Myzus persicae
different inoculation access periods.

cl

to

Crambe abyssinica seedlings after

Inoculation access period
Test
number

1

90
sec

3
min

5
min

10
min

20
min

30
min

1 h

3 h

Ob

2
15

-

10
15

-13

15

14
15

15
15

15
15

-15

-

10

0
10

2
10

2
10

4
10

6
10

9
10

12
12

13
13

o

8

48

60

72

84

92

100

100

15
2

Total
percent

0

transmission

aViruliferous aphids were reared on infected C.
b

Same as footnote

b

,Table 4.2.

abyssinica.

15

6 h

15
15

Table 4.4:

Latent period of BWYV-NZ determined by using Myzus persicae
seedlings.

~
. a
access perlod
(h)
Inoculation
access period (h)

Number of plants tested
(5 apterae/plant)

and Crambe abyssinica

3/3 3/6 6/3 6/6 3/9 9/3 9/6 12/3 12/6 9/12 18/3 3/24 24/3 6/24 12/18 24/24

10

20

10

10

10

20

10

10

10

10

10

10

10

Number of plants
infected

0

0

0

2

0

2

1

0

2

5

6

5

4

Percent transmission

0

0

0

20

0

10

10

0

20

50

60

50

40

a same as footnote a

Table 4.2.

10
9-

90

10

10

10

10

100

100

Table 4.5:

Aphid
number

Crambc abyss/inica seedlings infected ( +) and non-infected (-) in daily serial transfers with
single apterae of Ml/zus per'sicae reared on C. abyssinica infected with BWYV-NZ.
Successive daily transfers
1

2

3

4

5

6

1

+

+

+

+

+

+

2

+

+

+

+

+

+

+

+

+

3

8

7

9

10

11

12

13

14

15

16

17

18

+

+

d

d

+

d
d

4

+

+

+

+

+

5

+

+

+

+

+

6

+

+

+

+

+

+

7

+

+

+

+

+

8

+

+

+

+

+

+

+

+

+

d

+

d

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

d
d

+

+

daphid died.

-J

co
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Passage through the moult - Twenty-two out of 25 aphids in
one test and 20 out of 22 in another transmitted the virus to

C.

abyssinica seedlings after moulting.
Efficiency of apterae and alatae in virus transmission Apterae and alatae of
BWYV-NZ.

M.

pers~cae

were equally efficient vectors of

Ninety per cent of apterae and 93% of alatae transmitted

the virus to

C. abyssinica. seedlings (Table 4.6).

Availability of the virus to the vector after inoculation
of the host plant - Apterae of
from infected

M. persicae were able to acquire BWYV-NZ

C. abyssinica 4 days after completion of the initial

24 h inoculation access period of the viruliferous aphids (Table 4.7).
Transmission reached a maximum on the 8th day.

Symptoms on plants

infected by the 4th day transfers were mild and appeared 17-20 days
after inoculation.

Symptoms on plants infected by the 7th day trans-

fers and onwards, and on the original source plants, were more severe
and appeared 12-16 days after inoculation.

4.3.4

Conclusions and Discussion

The transmission tests showed that BWYV-NZ is not saptransmissible and that it is a persistent aphid-borne virus.

Myzus

pers~cae

was a highly efficient vector of BWYV-NZ (90%

of apterae and 93% of alatae transmitted the virus) .

This aphid, in

relation to BWYV-NZ, had an acquisition threshold period of 5 min, an
inoculation threshold period of 3 min, and a latent period of 12-30 h.
The virus was able to pass through the moult of viruliferous

M.

persicae and was retained by this vector for as long as 17 days.
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Table 4.6:

Efficiency of apterous and alate Myzus persicae in
transmitting BWYV-NZ to Crambe abyssinica seedlings.

Test
number

Apterae

a

Alatae

a

13

1

15

2

Percent
transmission

13
15

15
15

90

93

aViruliferous aphids were reared on infected

C. abyssinica.
bRatios indicate the number of plants infected
out of the number of plants tested (1 aphid
per plant) .

Table 4.7:

Availability of BWYV-NZ to virus-free Myzus persicae at
intervals following a 24 h inoculation access period on

Crambe abyssinica.
Days after 24 h inoculation access period

Number of
infected C.

1

2

3

4

5

6

7

8

9

10

0

0

0

5

7

10

10

13

13

13

0

0

0

38

54

77

77

100

100

100

abyssinica
seedlings
of 13

out

Percent
transmission
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Virus-vector relationships of BWYV-NZ closely resembled
those of an American isolate of BWYV (Duffus 1960) as reviewed in
the literature (Section 4.2.3), with some minor variations.
The New Zealand isolate had a shorter inoculation threshold period (3
min) than the American isolate (10 min) .

Myzus persicae used in

these experiments appeared to be more efficient in transmitting the
New Zealand isolate (about 90%) than those used with the American isolate
(70%)

As Rochow (1969) noted, differences in virus-

(Duffus 1960).

vector relationships may result from variations either in the virus
isolate or in the aphid.

Exchange of isolates or aphid cultures

would be required to determine where the difference lies.

In addit-

ion, differences in source and test plants used may have caused
differences between tests by Duffus (1960) and the present transmission
tests.

Radish and

C. bursa-pastoris were used as source and test

plant, respectively, for the American isolate, whereas

C. abyssinica

was used as the source and test plant for the New Zealand isolate.
In addition to

solani and A. pisum.

M.

persicae~

BWYV-NZ was transmitted by

A.

Both of these aphids were reported as vectors

of previous strains or isolates of BWYV (Heinze 1967i

Duffus 1979) .

Brevicoryne brassicae, which was reported as vector of a BWYV strain
from Europe (Burckhardt 1960), failed to transmit the isolate being
studied.
In the course of the tests for determining virus-vector
relationships, it became evident that, in

C. abyssinica test plants,

severe symptoms were usually associated with a short incubation period of
virus in the plant and vice versa.

Increasing the acquisition access

period resulted in an increase in symptom severity and a decrease in incubation period.

If virus dosage is a function of acquisition access
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period (Sylvester 1969), then these results suggest that symptom
severity is positively and incubation period negatively correlated
with virus dosage.

This suggestion was confirmed by inoculating

C.

abyssinica seedlings with aphids fed through membranes on two-fold
dilutions of partially purified BWYV-NZ (Section 6.3.3.2).

Aphid

transmissions of purified preparations of either SCRLV or BWYV-NZ
showed also that per cent virus transmission was positively correlated with virus concentration, and that there was a minimum virus
concentration below which transmission failed to occur (Tables 6.7
and 6.10).

Non-viruliferous

M. persicae acquired BWYV-NZ from

inoculated plants not earlier than 4 days after a 24 h inoculation
access period.

Per cent transmission increased from then onwards,

reaching a maximum on the 8th day, 4 days before symptom development.
During the first 3 days, the virus concentration in the plants was
probably low and thus not available to the vectors.

It is likely

that it increased thereafter, reaching a relatively high level on the
8th day.

Application of a sensitive and quantitative serological

technique, such as the enzyme-linked immunosorbent assay (ELISA),
would be able to verify this assumption and give an estimate of actual
virus concentration at various intervals after inoculation.
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CHAPTER 5

STUDIES ON THE EPIDEMIOLOGY OF LUTEOVIRUSES
AFFECTING BEET AND TURNIPS
IN THE LINCOLN AREA

5.1

REVIEW OF LITERATURE

5.1.1

Introduction

Epidemiology is defined by the Federation of British Plant
pathologists (Anon. 1973) as "the study of the factors affecting the
outbreak and spread of infectious diseases".

The major factors

involved in the epidemiology of luteoviruses are reviewed.

These

relate to the virus, host, vector, environmental conditions and the
effects of time, which, according to Zitter (1977), are the main
variables affecting the epidemiology of aphid-borne viruses.

5.1. 2

Viruses Causing Yellowing of Beet and Turnips

The main viruses reported to cause yellowing of beet in
Europe are beet yellows virus (ByV)
yellowing virus (BMYV)

(Watson 1940) and beet mild

(Russell 1958).

Before the two viruses were

distinguished, yellowing of beet was attributed to a disease agent
termed "virus yellows" (Petherbridge and stirrup 1935, cited by
Duffus 1973).

In the United states, the main yellowing viruses

reported from beet are ByV (Coons and Kotila 1951), malva yellows
virus

(MyV)

(Costa

et al. 1959) and radish yellows virus, also known

as beet western yellows virus (BWyV)

(Duffus 1960, 1961).

In
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Australia, subterranean clover red leaf virus (SCRLV) was implicated
as the virus causing yellowing of beet (Johnstone and Munro 1980),
but subsequently BWYV was found important (Johnstone, G.R. 1982,
pers. comm.).

Beet yellows virus was not detected (Johnstone and

Munro 1980).
In Europe, a virus causing yellowing of turnips, turnip
yellows virus (TuYV), was described from Belgium (Vanderwalle 1950),
Germany (Burckhardt 1960) and England (Duffus and Russell 19721.
Beet yellows virus is a closterovirus (Matthews 1979)
with filamentous particles of a diameter of 10 nm and an approximate
length of 1250 nm (Duffus 1973).

According to Duffus (1973), it is

transmitted in a semipersistent manner by
(Scopoli) and 20 other aphid species.

Myzus

persicae~

Aphis fabae

Beet mild yellowing virus,

MYV, BWYV and TuYV are all luteoviruses (Matthews 1979) and are known
to be transmitted efficiently by
serological evidence, Duffus

M. persicae.

On the basis of

(1973, 1977al considered these as strains

or groups of strains of BWYV.

Subterranean clover red leaf virus

has been classified as a tentative luteovirus member (Matthews 1979,
Table 1.1), but differs from BWYV mainly in that it is transmitted
efficiently only by

Aulacorthum solani (Kellock 1971).

Thus in Europe and the United States, yellowing of sugar beet
is caused mainly by BYV and or BWYV, in Australia, by BWYV and or SCRLV.
In Europe, BWYV also causes yellowing of turnips.

5.1.3

Aphid Species on Beet and their Relationship

to Yellowing

Viruses

In England, during 1960, 1961 and 1962, the following aphid
species were found by Heathcote

et al. (1965) on beet:

Macrosiphum
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euphorbiae~

MYzus

and Aphis fabae.

persicae~

Myzus

ascaZonicus~

AuZacorthum soZani

In general, A. fabae and M. euphorbiae were the most

numerous alate aphids.

Myzus persicae was the predominant apterous

species, reflecting the ability of this aphid to colonise beet.

AuZacorthum soZani was rare and M. ascaZonicus occurred only during
1961.

Myzus persicae was found to be more important than A. fabae in

the spread of yellowing viruses in beet (Watson et aZ. 1951i
cote 1974).

Two reasons may be suggested for this:

Heath-

Aphis fabae was

unable to transmit BMYV (Russell 1963), and was shown to be less
efficient than M. persicae in transmitting BYV (Heathcote and CockOf the other species recorded on beet, M. ascaZonicus was

bain 1964).

reported to be a vector of BMYV (Heathcote and Byford 1975) and

M.

euphorbiae an inefficient vector of the same virus (Reathcote and Cockbain 1966).
According to Wallis (1967a), in the Pacific Northwest,

M.

persicae is the predominant species on beet, and A. fabae the next most
abundant species.

Acyrthosiphon
(Gilette) .

pisum~

Other aphids found occasionally were: M. euphorbiae~

A. heracteZZa (Davies) and MyzocaZZis robiniae

Attempts to raise these four species on beet in the

glasshouse were unsuccessful.

Aphis fabae was found to colonise

individual plants and infest only small areas of a field, in contrast
to M. persicae which spread evenly over the fields.
found that M. persicae is an efficient vector of BWYV.

Duffus (1960)
Bennett (1960)

(cited by Wallis 1967a) reported that, in the United States, A. fabae
is an inefficient vector of yellowing viruses of beet.
In New Zealand, Pearson and Goldson (1980) reported that the
two main aphid species caught in pitfall and wind-vane traps in a
beet crop, during the growing season of 1979-80, were A. soZani and

M. persicae.

Numbers of A. soZani were about twice as high as numbers
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of

M. persicae.

Since

A. solani is the principal vector of SCRLV

(Kellock 1971), the above evidence supported the assumption made by
Johnstone and Munro (.19801 that SCRLV may be a cause of yellowing of
beet.

However, during the subsequent year

M.

pers~cae

was the pre-

dominant aphid on beet (Pearson, J. 1983, pers. comm.).

5.1.4

Aphid Species on Turnips and their Relationship to TuYV

cottier (1953) noted that two aphid species infest turnips
in New Zealand:

M. persicae and Brevicoryne brassicae.

reported three aphid species on brassica crops:

brassicae and Lipaphis erysimi.

M.

persicae~

B.

From numbers of aphids trapped over 8

years at two sites in Canterbury, Lowe concluded that
the most numerous and

Lowe (1968)

L. erysimi the third numerous.

B. brassicae was
In Europe,

M.

persicae and B. brassicae were both shown by Burckhardt (1960) to be
vectors of TuyV.

5.1.5

Virus Source Plants

Virus sources constitute the primary inoculum of the disease,
and thus their number and abundance are directly related to virus
spread.
Similar or different crops may serve as a major virus source.
In England, mangold clamps

(Beta vulgaris}, sugar beet seed crops,

garden crops of silver beet

(B. vulgaris var. cicla), spinach, and

related plants (Hull 1952;

Ribbands 1962) were shown to be sources of

virus yellows.

In the western United States, overwintering sugar

beets and winter-grown broccoli, cauliflower, radish and spinach were
reported by Duffus (1973) to serve as overwintering sources of BWYV.
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Volunteer plants carried over from the previous season constitute another important virus Source.

In the Pacific Northwest,

volunteer beets and beets discarded in the reject soil at the beet
company were found to be an important overwintering source of BWYV
(Wallis 1967b;

Howell and Mink 1971).

Weed hosts are a third main source of virus.

Duffus (1971)

reviewed the role of weeds in the epidemiology of virus diseases.
In the beet-growing areas of California, BWYV was found to overwinter
on weed hosts including

s.

Wats.,

Brassica spp., Atriplex lentiformis (Torr.)

A. semibaccata R. Br., Capsella bursa-pastoris and Malva

parviflora L. (Duffus 1964).

In the Pacific Northwest, the same virus

was shown to overwinter in several fall-sprouted annual or perennial
weeds including

Stellaria media (L.) Cyr., Cirsium arvense (L.) scop.,

Lactuca serriola L. and Oenothera biennis L. (Wallis 1967b).

In New

Zealand, SCRLV was found to overwinter on weeds and perennial crops
such as

Trifolium

repens~

Rumex obtusifolius and Erodium spp. (Ashby

et al. 1979b).

5.1.6

Aphid Populations and Role of Apterae and Alatae in
Virus Spread

Swenson (.1968), who reviewed the role of aphids in the ecology
of plant viruses, stated that "all other things being equal, virus
spread in any season would be related to the number of aphid vectors".
Entomologists and plant pathologists have used various
methods to assess aphid numbers and species involved in virus spread.
Early workers (Davies 1932, 1934;

Loughnane 1943) used the plant

counting method in potato crops.

This method provided information

on the species and number of apterae (wingless aphids) and alatae
(winged aphids) infesting a crop.

However, virus spread was not
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always directly related to aphid infestations of plants.

Doncaster

and Gregory (1948) suggested that this was because alate aphids were
more important than apterae in the spread of potato viruses.
Different types of traps have been devised for estimating
winged aphid populations.

Broadbent (1950) used sticky traps in

potato crops and found that spread of potato leaf roll virus
was highly correlated with the number of alate

M. persicae trapped.

Virus spread was less correlated with the maximum count of
per 100 leaves.

(PLRV)

M. persicae

watson and Healy (1953), using sticky traps and the

plant-counting method, found a similar relationship for spread of
virus yellows in beet.

They developed a mathematical model to predict

spread of virus by knowing the initial percentage of infected plants
and the total number of alate

M. persicae caught on sticky traps 3-4

weeks preceding the time of initial infection (assuming that 3-4 weeks
elapse between infection and symptom appearance) .

The calculated

values closely fitted the observed values for 95 sugar beet crops and
accounted for 82% of the variation between fields.

Heathcote (1974),

on the basis of data obtained from sticky traps, established that

M.

persicae is more important than A. fabae as a vector of virus yellows
of beet.

Numbers of

M. persicae caught on traps from 1961 to 1972

accounted for 91% of the variation in virus incidence, whereas numbers
of

A. fabae accounted for only 77% of the variation.
Although sticky traps have provided valuable information on

number, activity and aphid species involved in spread of crop viruses,
they have disadvantages.

Their catching capacity varies according to

the wind speed and they fail to provide information on proportion of
viruliferous alatae.

Johnson (1950) devised a suction trap which is

more efficient in calm conditions.

The disadvantage of this trap is

the need to have a supply of electricity.

Ashby

et aZ. (197gb) used
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wind-vane traps (Ashby 1976) to collect live alate aphids, which
were subsequently placed on indicator plants to determine the proportion of viruliferous vectors.
soZani~

It was found that 41% of alate

A.

during a period of four years, carried SCRLV and 0.3% of alate

M. persicae carried bean leaf roll virus-NZ (BLRV-NZ).

These

results were comparable to those obtained by Wilson and Close (1973)
who collected live alate aphids directly from plants in the field.
Although alatae have been considered more important than
apterae in virus spread (Broadbent 1950;

Watson and Healy 1953),

the role of apterae cannot be overlooked altogether, for as Watson
and Heathcote (1966) remarked, apterae are capable of transmitting
virus when they move from infected to healthy plants.

Conditions

encouraging movement of apterae are favourable weather, passage of
agricultural machinery or people and high aphid populations on plants
(Watson and Heathcote 1966).
Recently, Ashby (1980) used bait plants to study the
role of aphids in the epidemiology of legume viruses in Canterbury.
The advantage of this method is that it provides information not only
on aphid numbers but also on virus transmission and on the activity
and host preferences of both apterae and alatae.

Time of Aphid Flights

5.1.7

According to Swenson (1968) and Zitter (1977), the time of
aphid flights may be equally or even more important than aphid numbers.
There are two reasons for this:

plants are more susceptible to virus

infection by aphid transmission at a young growth stage (swenson
1969)

I

and plants infected early in the season are a better virus

source for secondary spread than those infected later (Swenson 1968).

90

Heathcote (l966) showed that the incidence of virus yellows
in sugar beet crops, in England, was higher in years when flights of

M. persicae occurred early.

He found that during 1960 and1963,

the mean percentage infection of sugar beet with virus yellows was
26.8 and 5.2, respectively, although the total number of aphids trapped
was almost twice as high in 1963 as in 1960.

The reason for the

apparent discrepancy were tne early flights during 1960.

5.1.8

Aphid Source Plants

In any season, the number of aphids, proportion of
viruliferous aphids, and the time of aphid flights, greatly depend
on the number and type of aphid source plants.
According to Swenson (1968) and Duffus (1971), some aphid
species are host-alternating.

They overwinter in the egg stage on the

primary host which is always a woody plant.

In spring, eggs hatch

to produce alatae which fly to the secondary hosts, on which colonies
of apterae are established by parthenogenetic and viviparous reproduction.

In autumn, migratory forms return to the primary host on which

the life cycle is completed by the laying of overwintering eggs.
Some aphid species may overwinter both. as eggs on primary hosts and
as viviparae on secondary hosts.

Lowe (1967) reported that, in New

Zealand, most aphids overwinter on secondary hosts, but that

M.

pers&cae may overwinter on both primary and secondary hosts.
Swenson (1968) and Duffus

(l971) noted that overwintering

on secondary hosts results in earlier aphid migrations which also last
longer than migrations from primary hosts.

As was discussed in the

previous Section, early migrations may cause more severe disease.
In addition, spring migrants developing on primary hosts are generally
virus-free, whereas alatae developing on secondary hosts are more
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likely to be viruliferous, as secondary hosts of aphids may serve also
as sources of virus (Duffus 1971).
According to Wallis (1967b), in the Pacific Northwest,

M.

persicae overwinters on peach trees in the egg stage and on weeds in
In beet fields situated near drainage

drainage ditches as apterae.

ditches, in 1964, BWYV incidence was 7.8%, whereas in fields near
peach orchards it was 5.6%, although there were 25 times fewer aphids
near drainage ditches.

The main reason for the difference was the

higher proportion of viruliferous aphids reaching the crops from the
weeds which were also sources of virus as was shown by Wallis (1967b).
In England, mangold clamps were shown to be important overwintering sources of both aphids and beet viruses (Broadbent
1949;

Heathcote and Cockbain 1966).

et al.

Sugar beet seed crops and

particularly weeds were found by Heathcote and Byford (1975) to harbour
beet yellowing viruses and their vectors.

From 1963 to 1972, 40% of

weed samples collected in Southern England, in early spring, were
infested with aphids, mainly

Myzus ascalonicus and M.

that aphid-infested samples of

Stellaria

media~

pers~cae,

and

Senecio vulgaris and C.

bursa-pastoris were cOlnmonly infected with beet yellowing viruses.
In New Zealand, white clover, an important source of SCRLV
(Ashby

et al. 1979b), was found by Ashby (1980) to be also an over-

wintering source of

5.1.9

Aulacorthum solani, the principal vector of SCRLV.

Virus-aphid Relationships

Luteoviruses are carried over greater distances and are more
widespread than nonpersistent or semipersistent viruses, because of
their persistent relationship with their aphid vectors (Section 4.2.2).
Russell (1965b) studied the spread of three beet viruses from an infected
rnangel field in Essex, England, to neighbouring sugar beet fields.

He
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found that the incidence of beet mosaic virus (BMV), a nonpersistent
potyvirus (Matthews 1979), decreased rapidly with increasing distance
from the virus source and no infection was observed

~

mile away.

The incidence of BYV, a semipersistent virus (Sylvester 1969),
decreased less rapidly with increasing distance from the source,
and plants infected with BYV were rare in fields more than one mile
away.

Although the incidence of BMYV decreased with increasing

distance from the source, plants infected with BMYV were common in
crops more than 2 miles distant.

Duffus (1973) noted that, in beet

growing areas, BWYV has a much wider distribution and a greater
abundance than any of the other beet yellowing viruses.
reasons for this:

He gave two

the persistence of BWYV in the aphid vectors, and

the abundant crop and weed sources of the virus.

5.1.10

Meteorological Conditions

Weather, particularly temperature, influences virus spread
by affecting the overwintering aphid sources (Swenson 1968) and therefore aphid populations and the time of aphid flights.
Jacob (l941) reported that, in North Wales, years in which
there was high incidence of viruses in potatoes were preceded by mild
winters with high survival of apterous viviparae of
brassica crops.

Watson

M. persicae on

et al. (1951) also found that, at Rothamsted,

low incidence of virus yellows in beet in 1940-42 was preceded by hard
winters with an average of nearly 40 days of frost in January and
February.

Hurst (1965) established that, in England, the mean daily

air temperature in February was the main meteorological factor affecting
virus spread in sugar beet and that the effect of temperature could be
improved by including the average temperatures of March and April.
Watson (1966) developed a more refined relationship between temperature
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and incidence of virus yellows in beet.

~he

concluded that virus spread

could be predicted from the number of days in January, February and March

o

when temperatures fell below 0 C and from the mean weekly temperatures in
April.

Watson

et al. (1975) designed a nomogram to provide predicted

values for incidence of virus yellows in beet crops in individual factory
areas of England each year, by knowing the number of frost days and the
mean April temperatures.

5.1.11

Conclusions

Beet western yellows virus has a world wide distribution causing
yellowing in beet and turnips.

Myzus persicae is the most important

vector of BWYV found on these crops.

Macrosiphum euphorbiae and B.

brassicae known to infest beet and turnips, respectively, were also
reported as vectors of BWYV.

Beet yellows virus was reported to cause

yellowing of beet in Europe and the United states.

Subterranean clover

red leaf virus was implicated as a cause of yellowing of beet in Tasmania.

Aulacorthum solani, the principal vector of SCRLV, was reported as the
most numerous aphid on beet in Canterbury during the 1979-80 season.
Luteoviruses and therefore BWYV and SCRLV, due to their persistent relationship with their aphid vectors, have a wider distribution
than semipersistent and nonpersistent viruses.
Virus spread in crops in a season is related to the number of
aphid vectors, the abundance of virus and aphid sources and the time of
aphid flights.

Alternate crops and weeds often serve as sources of

yellowing viruses and their vectors.

Mild winters may allow survival of

large numbers of aphids on secondary hosts leading to early and longlasting aphid flights which result in high disease incidence.
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5.2

EXPERIMENTAL

5.2.1

Introduction

During 1980, 1981 and 1982, in Canterbury, beet western yellows
virus-NZ (BWYV-NZ) was isolated from several samples of beet (78/129)

and

turnips (58/81) with yellowing symptoms, using aphid transmission tests
and indicator plants (Section 2.2.3.1).
virus

Subterranean clover red leaf

(SCRLV), which is widespread in Canterbury (Ashby

et aZ. 1979b), was

not isolated from beet with yellowing (Section 2.3.3.l).
During 1981-82 a programme was undertaken in association with
Dr Farrell, J.A.K., Entomology Division, DSIR, to study aspects of the
epidemiology of BWYV-NZ and SCRLV in beet and of BWYV-NZ in turnips.
The objectives of the investigation were:

1.

To study flight patterns of potential aphid vectors of BWYV-NZ.

2.

To determine the period during which beet and turnip crops are
exposed to viruliferous aphid vectors, and the relative
incidence of BWYV-NZ and SCRLV.

3.

To examine aphid populations in beet and turnip crops and
find out which species are natural vectors of BWYV-NZ and
SCRLV.

4.

To determine incidence of yellowing in beet and turnip crops.

Alate aphids from a suction trap and from the bait plants were
collected, identified and counted by Dr Farrell, J.A.K.
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5.2.2

Materials and Methods

5.2.2.1

Suction Trap

Alate aphids were monitored with a suction trap which was
operated at 7.5 m above ground at DSIR, Lincoln.

Alatae were collected

and identified daily.

5.2.2.2

Bait Plants

Crambe abyssinica was selected as the indicator plant for
BWYV-NZ and

TrifoZium subterraneum cv. Bacchus Marsh as the indicator

for SCRLV.

Six

C. abyssinica were transplanted in one half of a

50 x 36 x 8 cm seedbox and 6

T. subterraneum in the other half, when

plants were at the cotyledon stage.

These plants were raised in aphid-

free conditions and were placed in the field when they were at the
2nd-4th true leaf stage.
In order to examine the influence of local vegetation on
aphids and viruses, four sites within a 10 km radius of DSIR, Lincoln,
were chosen:

Cl) DSIR Research Farm, in an area of long established

grass/white clover sward;

(2) Lincoln College Mixed Cropping Farm,

in a wheat crop and bordering a sugar beet crop in spring, and in a
turnip crop in autumn;
near to home gardens;

(3) Tai Tapu horticultural area, in blackcurrants,
(4) Ashley Dene Farm, in newly-established lucerne

ex turnips.
At each site, four boxes of plants were sunk in a rectangular
pit, so that the soil inside the boxes was level with the surrounding
soil (Fig. 5.1).
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Figure 5.1:

Crambe abyssinica and Trifolium subterraneum
bait plants exposed in four 50 x 36 x 8 cm
boxes, at each of four sites for studying
flight patterns of aphids and incidence of
BWYV-NZ and SCRLV.
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The first set of plants was placed in the field on September
1, 1981, and replaced weekly up to January 19, 1982.

During autumn-

winter, plants were exposed between March 9 and July 6.

Alate aphids

were removed from the bait plants three times a week and identified and
counted in the laboratory.
Plants brought from the field were fumigated with dichlorvos.
o
They were kept in glasshouses with temperatures of 20-26 C and 16 h
photoperiod (daylight plus 400 W mercury vapour lamps placed 1 m above
the plants at 1.5 m spacing) for 6 weeks.
and numbers of

Plants were examined weekly

C. abyssinica infected with BWYV-NZ, or T. subterraneum

infected with SCRLV, were recorded on the basis of symptoms (described
in Chapter 2).

Viruses, other than luteoviruses, which showed symptoms

on the bait plants were also recorded, and identified by sap-inoculation
to suitable test plants using the method described in Section 4.3.2.2.

Pisum sativum, cv. Victory Freezer, was used as the test plant for bean
yellow mosaic virus

(BYMV)

(Ashby, J.W., pers. comm.), and

C. abyssinica

as the test plant for cauliflower mosaic virus (CaMV).

5.2.2.3

Beet Crop

The crop was situated in field A13 of the Mixed Cropping Farm
of Lincoln College.

It consisted of several trials sown between September

30 and October 21, 1981.

Sowing rates varied between 75 000 and 300 000
LV·

plants/ha.
tV.

beet{ Amazon.

There were 6 ha of

fodder beet/ Trestel, and 4 ha of

sugar
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5.2.2.3.1

Aphid counts and Incidence of Yellowing in Beet

Aphids were counted on plants of Trestel at weekly intervals
between November 8, 1981 and January 3, 1982.
counted on 100 plants selected at random.
species was recorded only for alatae.

Alatae and apterae were

However, the number of each

Species of apterae were noted

but were not counted separately, as it was often difficult to differentiate visually between nymphs of

M. persicae and M. euphorbiae.

For

identification, 10-20 alatae and late instar apterae of each species
were initially collected, brought to the laboratory and examined under
a binocular microscope.

The rest of the aphids were identified visually

in the field.
Incidence of yellowing (symptoms were described in Section
2.2.3.1) was assessed in each cultivar on December 26, 1981,
February 13 and March 17, 1982.

January 16,

plants with symptoms were counted in row

lengths of 100 plants, selected at random in 10 different areas of the
field.

On February 13, the incidence of plants showing symptoms of

BMV was also assessed.
J.D.

(pers. comm.)

Willd.

C5

Beet mosaic virus was identified by Fletcher,
samples) by sap-inoculation to

Chenopodium

qu~noa

After March, disease incidence could not be assessed as a result

of heavy infection of Trestel plants with rust

(Uromyces betae (Pers.)

Tul.).

5.2.2.3.2

Testing Aphids Collected from Beet for Transmission of
BWYV-NZ and SCRLV

Late ins tar apterae and alatae were collected from Trestel
beet plants during November 1981, before the plants showed any yellowing.
The aphids were placed in leaf clip cages by means of a moistened camelhair brush and were brought to the glasshouse.

Myzus persicae and M.
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euphorbiae were transferred singly to C. abyssinica, whereas A. soZani
were transferred singly to

T. subterraneum and each insect was allowed to

feed on the test plants for 48 h.

Aphids were then killed by spraying

with 0.1% mevinphos and test plants were kept in glasshouses as noted in
section 2.2.2.3.

Proportion of viruliferous aphids was assessed on the

basis of symptoms produced in test plants.

5.2.2.4

Turnip Crop

The crop was situated 5 km northwest of Lincoln College and
covered an area of 4.5 ha.

Plants cv. Green Globe were sown on January

10, 1982, at a rate of 1.5 kg/ha.

5.2.2.4.1

Aphid Counts and Incidence of Yellowing in Turnips

Aphids were counted weekly between March 14 and July 25,
1982, on 100 plants randomly selected.

On August 8, aphids were counted

on only 30 plants, as part of the crop had been grazed by that date.
Alatae and apterae were counted separately and species identified.
Individual aphids, whose identity was doubtful, were brought to the
laboratory and identified as noted in Section 5.2.2.3.1.
The incidence of yellowing (symptoms described in Section
2.2.3.1) was assessed on April 5, April 25 and May 10, 1982.

plants

with symptoms were counted in 10 samples of 100 plants selected
randomly in different areas of the field.
CaMV was also assessed.

On May 10, incidence of

After May, virus incidence could not be

assessed as a result of plant senescence and frost damage.
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5.2.2.4.2

Testing Aphids Collected from Turnips and Weeds for
Transmission of BWYV-NZ

During April and May 1982, late instar apterae were collected
from apparently infected turnip plants and

Myzus persicae from turnips were

occurring as a weed in the crop.
transferred singly to
turnips,

C.

Capsella bursa-pastoris

abyssinica~

whereas

B. brassicae from

L. erysimi and Capitophorus elaeagni from C. bursa-pastoris

were transferred in groups of 5 to

C. abyssinica.

The method of aphid

collection, inoculation period and test plant maintenance were the same
as in section 5.2.2.3.2.

5.2.3

Results

5.2.3.1

Alate Aphids Trapped (data from Farrell, J.A.K.)

During the period September 1, 1981, to August 31, 1982,
34 aphid species were caught in the suction trap.

Myzus persicae was

the second-most abundant species (839 aphids) after

C. elaeagni (874

aphids) .
and

The weekly numbers of

persicae~

M.

A. solani are shown in Fig. 5.2.

L.

erysimi~

M. euphorbiae

These are the species likely to

be of most importance in the spread of either BWYV-NZ or SCRLV to the
bait plants and the crops considered in this study.

All of the above

four species have been shown to be vectors of BWYV-NZ (Sections 4.3.3.2,
4.3.3.3, 5.2.3.6 and 5.2.3.9) and
SCRLV (Kellock 1971).
erysimi~

A. solani is the principal vector of

The number of

M. persicae exceeded those of L.

M. euphorbiae and A. solani by 2.6, 15.5 and 19.5 times,

respectively (Appendix l) •

All four species began flying late September

or early October and their numbers peaked during the last week of November or first week of December.
much higher than in autumn.

The number of alatae in spring was
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Weekly suction trap catches of alate aphids, at DSIR
Research Farm, Lincoln, from September I, 1981 to
August 31, 1982 (trap malfunctioned on November 10 and
24).
Data were obtained from Farrell, J.A.K.
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5.2.3.2

Alate Aphids on Bait plants (data from Farrell, J.A.K.)

sixteen alate aphid species were recorded on bait plants
(Appendix 2) .

Myzus persicae was the most numerous aphid on both

plants, but it showed a greater preference for
times as numerous on this species as on
to

M.

persicae~

frequency were

solani.

C.

abyssinica~

T. subterraneum.

being 3.3

In addition

potential vectors of BWYV-NZ in decreasing order of

L.

erysimi~

M.

euphorbiae~

Acyrthosiphon pisum and A.

The weekly numbers of the three most frequently found vectors

are shown in Fig. 5.3.

The numbers of

were very low (Appendix 2);

A. solani

on

T. subterraneum

none was recorded at the Mixed Cropping

Farm site, Lincoln College, and only one at each of the other three sites
during November or early December.
Alatae were first detected on plants during the second week
of October and their numbers peaked at all sites during the first or
second week of December.
bers of

At the horticultural site, Tai Tapu, the num-

M. persicae and most other aphid species were considerably higher

than at the other sites (Appendix 2).

The next highest aphid population

was noted at the Ashley Dene Farm and the lowest at the Mixed Cropping
Farm, Lincoln College.

At the latter site,

M. persicae numbers were only

3.5% of the numbers of the same species at Tai Tapu (Appendix 2, Fig.
5.3) .

As in the suction trap, all species were far more numerous in

spring than in autumn·

5.2.3.3

Virus Incidence in Bait plants

During spring-summer, infection of

C. abyssinica with BWYV-NZ

began in late September and reached a maximum in the period late November
to early December (Fig. 5.4).

At the three sites, other than Tai Tapu,

infection ceased by early January.

The highest incidence of BWYV-NZ was
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July 6,1982.
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to January 26, and from March 9 to July 6, 1982.
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noted at Tai Tapu and the lowest at Lincoln College with 46.3% and 22.6%
of the indicator plants infected, respectively (Table 5.1).
Infection of

T. subterraneum with SCRLV, during spring-

summer, began in late September, reached a peak in mid-October to early
Novembe~

a second peak in late November to early December and ceased

by ffiid-December (Fig. 5.5).

The highest incidence of SCRLV was noted

at the DSIR Research Farm and the lowest at Lincoln College with 11.1%
and 2.0% of the indicator plants

infecte~

respectively (Table 5.1).

During autumn-winter, infection of

C. abyssinica with BWYV-NZ

peaked in late March to early April and ceased at all sites by early
June (Fig. 5.4).

The highest incidence (15.5%) was again noted at

Tai Tapu (Table 5.2).

terraneum

During the same period, infection of

T. sub-

with SCRLV, at all sites, was very low (0.0 - 0.3%) as shown

in Table 5.2, and occurred in March.
In addition to infection with the two luteoviruses, some

C.

abyssinica plants became infected with CaMV, and a few T. subterraneum
plants with BYMV (Table 5.1).

These infections occurred during Nov-

ember and December 1981.

5.2.3.4

Aphid Species and Numbers on Beet

The alate aphid species recorded on beet were:

M.

euphorbiae~

A. soZani and C. eZaeagni.

counts are given in Appendix 3.
prised 74.6% and

23.0~

Myzus persicae and M. euphorbiae com-

respectively of the total alate population.

C. eZaeagni were rare.

Myzus persicae

pers~cae~

Results of weekly aphid

Their weekly numbers are shown in Fig. 5.6.

apterae and nymphs of

M.

AuZacorthum soZani and

Apterous aphids consisted mainly of adult

M.

pers~cae and immature forms of

was the most numerous species.

M. euphorbiae.

Macrosiphum euphorbiae
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Table 5.1:

Virus incidence in the bait plants Crambe abyssinica and
Trifolium subterraneum exposed at four sites in a radius
of 10 km from the DSIR, Lincoln, at weekly intervals from
September 1, 1981, to January 26, 1982.

T. subterraneum

C. abyssinica plants

plants
infected with

infected with

Site
BWYV-NZ
DSIR,

128
-486

Lincoln

CaMV

BWYV-NZ + CaMV

SCRLV

BYMV

-

-

-56
-

-

a

504

(26.3%)b

(11.1%)

-

113
-

Lincoln
College

500

- -2

-10
-

(0.4%)

(2.0%)

(0.4%)

-

-15
-

-

500

(22.6%)

504

2
504

--

I
Tai Tapu

Ashley
Dene

I

215
-

2
--

504

464

464

(46.3%)

(0.4%)

186
-

-

(3.0%)

-

464

(3.2%)

-642
-

2
-1914

2
-1914

- 97
-

(33.5%)

(0.1%)

(0.1%)

(4.8%)

1914

-

504

(40.1%)
Total

16

--

2016

-2
2016
(0.1%)

aNumber of plants infected out of the total number of plants exposed.
24 plants were exposed weekly per site.
Variations are due to death
of some plants.
b

Percent

plants infected.

CaMV

cauliflower mosaic virus

BYMV

bean yellow mosaic virus
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Table 5.2:

Virus incidence in the bait plants Crambe abyssinica and
Trifolium subterraneum exposed at four sites in a radius
of 10 km from the DSIR, Lincoln, at weekly intervals,
from March 9 to July 6, 1982.

Site

DSIR, Lincoln

C. abyssinica plants

T. subterraneum plants

infected with
BWYV-NZ

infected with
SCRLV

24
337

a

(7.1%)b

Lincoln
College

Ashley Dene

(0.2%)

26

1

330

384

(7.9%)

Tai Tapu

1
408

(0.3%)

56
361
(15.5%)

19
384
(5.0% )

Total

125
1412

1608

(8.9%)

(0.1%)

a b
a
b
, Same as footnotes
and , Table 5.1.

2
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usually occurred on the older leaves, whereas

M. persicae occurred on the

older and the young leaves, often forming dense colonies on the innermost
young foliage.

Twenty-three adult apterous

on 16 plants during the November counts.
and 67

A. soZani were encountered

Five apterous

Aphis craccivora

Lipaphis erysimi were present on 2 and 10 plants, respectively, on

December 6.

The frequency of apterae at weekly intervals from November

8 to December 20 is shown in Fig. 5.7.
Numbers of both apterae and alatae declined rapidly

after

December 13 and no aphids were present by January 3 (Fig. 5.6).

At the

time of the peak aphid population, aphid parasites and predators, mainly
ladybirds

(CoccineZZa undecimpunctata L.) and lacewings (Micromus

tasmaniae Walker) were active.

On December 20 and 27 each plant was

infested with no less than two predators and on January 3, when there were
no aphids, large numbers of ladybirds and lacewings were still present.

Virus Incidence in Beet

5.2.3.5

Symptoms of BWYV-NZ appeared in mid-December.

The symptoms

in cv. Amazon were more striking than in cv. Trestel (Figs. 2.4 and 2.5).
This is reflected in the higher incidence of yellowing in Amazon (Fig.
5.8) .

The incidence of BMV on February 13 was 9.9% in Trestel and 6.5%

in Amazon.

5.2.3.6

Aphids Collected from Beet as Vectors of BWYV-NZ and SCRLV

Crambe abyssinica plants inoculated with either M. persicae
or

M. euphorbiae readily showed symptoms of BWYV-NZ (Table 5.3).

of

T. subterraneum plants inoculated with A. soZani (17 plants were

None

inoculated with apterae and 4 with alatae) showed symptoms of SCRLV.
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Table 5.3:

Proportion of aphids, collected from beet
(Beta vulgaris) cv. Trestel, carrying BWYV-NZ.

Aphid
species

Myzus pers1.-cae

Macrosiphwn
euphorbiae

Number
of viruliferous
aphids a

Aphid
form

Number of
aphids collected

apterae

71

46

(65)

alatae

65

47

(72)

3

1

(33 )

31

15

(48)

apterae
alatae

aAphids were transferred singly to Crambe abyssinica seedlings
on which they were allowed an inoculation access period of
48 h.
In parentheses,
percent viruliferous aphids.
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5.2.3.7

Aphid Species and Numbers on Turnips

The aphid species encountered on turnip plants were:
persicae~

brassicae~

B.

M.

euphorbiae~

M.

L. erysimi and C. eZaeagni.

Their weekly numbers are shown in Appendix 4.
represented by both apterae and alatae.

All five species were

Two apterous

Acyrthosiphon

pisum were present on a single plant on July 11.
Apterae and alatae of

M. euphorbiae

were few.

Lipaphis

erysimi and C. eZaeagni were rare on turnips, although numerous on C.
bursa-pastoris, a weed in the crop.
were the predominant species.

Myzus persicae and B. brassicae

Weekly numbers of these aphids are shown

B. brassicae exceeded those of M.

persicae~

in Fig. 5.9.

Alatae of

but apterae of

M. persicae were 2.6 times as numerous as those of B.

brassicae, indicating the higher ability of M. persicae to colonise
turnips.

Numbers of alatae of both species peaked simultaneously on

March 28, about 2-3 weeks before numbers of alate

M. persicae peaked in

the suction trap (Fig. 5.2) and on the bait plants (Fig. 5.3), indicating
that turnips may constitute a major source of
autumn.

Apterae and even a few alatae of

till July 25.
one alate

M. persicae flying in

M. persicae were present

On August 8, on 30 plants, there were 25 apterous and

M. persicae but no B. brassicae.
Aphid parasites, ladybirds and lacewings were present

throughout the season during which aphids were counted.

Predator

numbers peaked on May 2, with 14 ladybirds and 6 lacewings per 100 plants.

5.2.3.8

Virus Incidence in Turnips
Symptoms of BWYV-NZ appeared in turnips in early April.

On

May 10, BWYV-NZ had an incidence of 50% (Fig. 5.8), and 11.7% of the
plants appeared infected with CaMV.

Infection with the latter virus

was almost restricted to the eastern side of the field.

Infection with
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BWYV-NZ was also more severe at the eastern side but widespread throughout the field.

5.2.3.9

Aphids Collected from Turnips and

C. bursa-pastoris as

Vectors of BWYV-NZ

Results of aphid transmission tests are shown in Table 5.4.
Seventy-one per cent of apterous
transmitted BWYV-NZ.
pastoris~

Lipaphis

M.

persicae~

erysimi~

collected from turnips,

collected from

C. bursa-

was shown to be a vector of the virus, whereas

from the same host failed to transmit.

C. eZaeagni

Brevicoryne brassicae from

turnips transmitted BWYV-NZ only to 2 out of 29 test plants inoculated.
Both of these plants had become simultaneously infected with CaMV,
as apparently the source plants were infected with both viruses.
In glasshouse tests,
BWYV-NZ (t-l)

C. eZaeagni and B. brassicae failed to transmit

(Section 4.3.3.2).

One of three explanations could be given

for the low natural transmission efficiency of
there are

B. brassicae:

virus isolates which are transmitted by

B.

either

brassicae~

or

BWYV-NZ is transmitted by this aphid only in the presence of CaMV, or
simply,

B. brassicae is an inefficient vector of BWYV-NZ.

These pos-

sibilities have not been further investigated.

5.2.4

Discussion

5.2.4.1

Sources of BWYV-NZ and its Vectors

It has been shown (Section 2.2.3.1) that BWYV-NZ has a wide host range
in Canterbury.
pastoris~

It was isolated from common weeds including

Erodium spp., Rumex spp., Senecio

Urtica urens and Veronica persica.

vuZgaris~

C. bursa-

SteZZaria

media~

AchiZZea miZZefoZium L. and MaZva

spp. were also found to be hosts of the virus (Farrell, J.A.K., 1982, pers.
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Table 5.4:

Proportion of Crambe abyssinica plants infected with
BWYV-NZ after inoculation with aphids collected from
apparently infected turnip (Brassica rapa) and

CapseZZa bursa-pastoris.
Aphid
. a
specles

Number
of plants
inoculated

Number
of plants
infected

Myzus pers1-cae

28

20

Brevicoryne brassicae

29

2

( 7)

Lipaphis erysimi

38

22

(58)

Capitophorus eZaeagni

12

0

( 0)

(71) b

a All aphids were adult apterae.
Myzus persicae from turnip were
transferred to C. abyssinica singly, whereas B. brassicae from
turnip,
L. erysimi and C. eZaeagni from C. bursa-pastoris were
transferred in groups of 5.
Inoculation access period was 24 h.
b

In parentheses, percent

plants infected.
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comm.) .

All these weeds grow in Canterbury throughout the year.

Therefore they could serve as overwintering and over summering sources
of BWYV-NZ.

The winter of 1981 was mild.

According to the Ministry

of Transport - New Zealand Meteorological Service, at the Lincoln
College Station, during June, July and August there were only 26 days
o
on which the air temperature dropped below 0 C and the lowest minimum was
o
-4.3 C.

Such

weather would allow a large survival rate of aphids on

secondary hosts (Watson
found

et al. 1951).

Farrell, J.A.K. (1982, pers. comm.)

M. persicae and M. euphorbiae overwintering as viviparous apterae

on weeds including
album~

u.

(L.) Scop.

urens~

C. bursa-pastoris 3 Malva neglecta Wallr., Chenopodium

Senecio vulgaris 3 Stellaria media and Sisymbrium officinale

As most of these weeds may also serve as virus sources,

alatae developing on these plants could be viruliferous and could spread
disease early in the spring.

This may explain the early infection (late

September) of BWYV-NZ noted in

C. abyssinica plants exposed during spring.

5.2.4.2

Effect of Surrounding Vegetation on Aphids and Viruses

There was a variation in aphid numbers recorded on bait plants
at the different sites and virus incidence varied accordingly.

The

highest aphid population and incidence of BWYV-NZ (Figs 5.3 and 5.4)
occurred at the horticultural area at Tai Tapu.
the result of a combination of factors.

This appeared to be

Several weeds, which are

likely to serve as overwintering and oversummering sources for both
BWYV-NZ and its vectors, were present on the banks of a stream running
near the area.

Home gardens in the vicinity provided additional

sources of aphids and virus.
The second highest aphid population and incidence of BWYV-NZ
were recorded at the Ashley Dene Farm.

Several crops growing in this

area as winter feed, particularly brassicas, could have provided sources
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for both aphids and virus.
The highest incidence of SCRLV in

T. subterraneum bait plants

was at the DSIR Research. Farm, the white clover site (Fig. 5.5).

This

was expected, as white clover is the main overwintering host of SCRLV
and

A. solani (Ashby et al. 1979b;

Ashby 1980).

The high incidence

of SCRLV at this site, despite the low number of alate
recorded on

T. subterraneum (only 1), may be explained by the high mobil-

ity of the apterous form of this aphid (Ashby

5.2.4.3

A. solani

et al. 1982).

Aphids and Virus Incidence in Beet
The predominant aphid species recorded on beet at Lincoln

during spring-summer 1981-82 was
second most numerous.
Appendix 3).
report that

M. persicae 3 with M. euphorbiae as the

Numbers of

A. solani were insignificant (Fig. 5.6,

This finding differs from Pearson and Goldson's (1980)

A. solani and M. persicae were the first and second most abund-

ant species, respectively, trapped in a beet crop at Templeton during the
1979-1980 season.

Lowe

(1968), who trapped aphids for 8 years at two

sites in Canterbury, found that
much higher than those of
numbers of

A. solani numbers during spring were always

M. persicae.

However, during 1981-82, the

M. persicae caught in a suction trap, operated at Lincoln,

were about 19 times as nUmerous as numbers of A.

soZani (Fig. 5.2).

The

same trend was evident on the bait plants (Appendix 2).
The main aphid species found on beet were similar to those
that occurred on the same crop in England (Heathcote
the Pacific Northwest (Wallis 1967a) .

However,

et al. 1965), and

Aphis fabae

3

a common

aphid on beet in these places, does not occur in New Zealand (Ashby,
J.W., 1983, pers. comm.).

What is surprising about the infestation of

beet at Lincoln were the high numbers of apterae, mainly of
7 312 aphids per 100 plants at the peak of the population.
peaks of

M. persicae,
In England,

M. persicae occurred when the population reached 200-300 aphids
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per 100 plants (Watson

et al. 1951).

plots (6 400 aphids per 100 plants)

At Temp1eton, numbers on unsprayed
(Goldson and Pearson (1982) were

comparable to the aphid numbers at Lincoln.
The numbers of both apterae and alatae decreased rapidly after
they peaked.

The decline can be attributed to the cessation of the aphid

flights and the high activity of parasites and predators whose population
peaked two weeks after the peak of the aphid numbers.

Watson

et al. (1951)

noted a similarly sudden decline for the aphid infestations of beet in
England.
The widespread distribution of BWYV-NZ, the early aphid flights
and the massive infestation of beet with vectors resulted in high incidence
of the virus in the crop (Fig. 5.8).

Beet western yellows virus-NZ was the

only yellowing virus isolated from beet.

Aulacorthum solani, although

present on some beet plants, did not transmit SCRLV when transferred from
these plants to

T. subterraneum test plants.

Beet mosaic virus, being

nonpersistent and having a restricted host range (Bennett and Leach 1971),
had a lower incidence than BWYV-NZ.
pers. comm.) to detect

5.2.4.4

Several attempts by Ashby J.W.

(1983,

BYV were not successful.

Aphids and Virus Incidence in Turnips

Myzus persicae and B. brassicae were the predominant species
on turnips.

The aphid numbers on this crop were much lower than on

beet as a result of the lower number of alatae during the autumn of 1982
(Fig. 5.2).

In contrast to the rapid decline of the population on

beet, aphid numbers on turnips declined slowly and never dropped to zero
(Fig. 5.2).

Apterae and even a few alatae of

M. persicae were present

on the plants till August, indicating their ability to overwinter on this
crop.

Turnips have a low growth habit and possess crinkly leaves,

conditions which offer shelter to the overwintering aphids (Jacob 1941).
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The incidence of BWYV-NZ in turnips was lower than in beet
(Fig. 5.8) as a result of the lower population of

M. persicae.

Brevicoryne brassicae did not seem to play a significant role in the
spread of BWYV-NZ, although it has been reported as a vector of TuYV in
Europe (Burckhardt 1960).

Another virus in the turnip crop studied,

in addition to BWYV-NZ, was CaMV.

It occurred in lower incidence than

BWYV-NZ because of its restricted host range (Broadbent 1957) and its
semipersistent or nonpersistent relationship with its aphid vectors
(Chalfant and Chapman 1962).

5.2.5

Conclusions

In this Chapter, some experiments have been described that
aimed at elucidating some of the factors involved in the incidence and
spread of BWYV-NZ and SCRLV in Canterbury during 1981-82.

Both

viruses occurred at four sites in which bait plants were exposed.
Subterranean clover red leaf virus was 8 times less frequent than BWYV-NZ,
as indicated by its incidence in the bait plants.
the low numbers of

This was because of

A. soZani, the principal vector of SCRLV.

Beet

western yellows virus-NZ was the only yellowing virus isolated from beet
and turnips with yellowing symptoms.
crops examined reached 50-100%.

Incidence of yellowing in the

The apparently high incidence of

BWYV-NZ in the indicator plants exposed and the crops studied was a
(a) the large

result of a combination of factors.

These included:

numbers of its principal aphid vector

M. persicae> (b) the transmission

of the virus by four other aphid species,
virus sources,

(c) the abundant aphid and

(d) the mild winter of 1981 which allowed survival of

aphid vectors on secondary hosts, and (e) the early migration of aphids
in spring and its continuation till late December.
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The main aphid species found on beet were

M. euphorbiae.
and

B. brassicae.

M. persicae and

The main aphid species on turnips were

M. persicae

Myzus persicae and M. euphorbiae were shown to be

vectors of BWYV-NZ, whereas

B. brassicae did not seem to play an import-

ant role in the transmission of this virus.

Lipaphis erysimi was found

to be a vector of BWYV-NZ, but this aphid was rare on beet and turnips.
However, it may have a role in the spread of the virus among other
cruciferous crops and weeds including

C. bursa-pastoris.
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CHAPTER 6

PURIFICATION AND PROPERTIES OF SCRLV AND BWYV-NZ

6.1

PROPERTIES OF LUTEOVIRUSES

Luteoviruses, being confined to the phloem elements of their
hosts, occur in low concentration in infected plants (Rochow and
Duffus 1981).

This has created difficulties in their extraction and

delayed the characterization of luteovirus members.

Another handicap

to the purification of these viruses is the difficulty of making
infectivity assays, because these viruses cannot be transmitted to
plants mechanically.
Virus yield, which was not more than 100
for purified barley yellow dwarf virus (BYDV)
Rochow

~g/kg

source tissue

(Rochow and Brakke 1964;

et al. 1971), was later improved by extracting tissue in liquid

nitrogen (Brakke and Rochow 1974) and by using freeze-dried tissue
(Paliwal 1978).

Takanami and Kubo (1979a) used the enzyme Driselase

(Kyowa Hakko KOgyo Co. Ltd, Tokyo) in the purification of two luteoviruses, and obtained

yields of 4.7 mg/kg and 1.3 mg/kg for tobacco

necrotic dwarf virus (TNDV) and potato leaf roll virus (PLRV),
respectively.
The problem of infectivity assays was partly overcome by three
methods.

One was based on the acquisition of virus from liquid

preparations by aphids feeding through membranes (Rochow 1960).

The

second was to inject aphids with virus preparations using a fine glass
needle (Rochow and Brakke 1964).

Kubo and Takanami (1979) and Takanami

and Kubo (1979a) used a third method;

they inoculated cultured plant

mesophyll protoplasts with purified preparations of PLRV and TNDV and
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assessed infection by determining the percentage of living protoplasts
which were stained with fluorescent antibody to TNOV.
Virions of luteoviruses are isometric with icosahedral
symmetry (Rochowand Israel 1977).
the method of preparation.

The reported diameters vary with

Thus Rochow and Brakke (1964) reported a

diameter of 30 nm for BYDV in shadowed preparations, whereas Gill and
Chong (1976) reported a diameter of 23-26 nm for the same virus in thin
sections of infected plants.

The diameter of PLRV was reported to be

25-28 nm in preparations negatively stained with phosphotungstic acid
(Kojima

et aZ. 1969) and that of soybean dwarf virus (SDV) to be 25 nm

in similarly stained preparations (Kojima and Tamada 1976).

Bean

leaf roll virus (BLRV) was shown to have a diameter of 27 nm in
preparations stained with urany1 acetate (Ashby and Huttinga 1979).
Sedimentation coefficients range from 104 S for carrot red
leaf virus (CRLV)

(Waterhouse and Murant 1981) to 115-118 S for BYDV

(Rochow and Brakke 1964) and 127 S for PLRV (Rowhani and Stace-Smith
1979), where S denotes 1

Svedberg unit and is equal to 1x10

-13

sec

(Lehninger 1970).
The absorbance ratio A260nm:A280nm is high, ranging from 1.62
for CRLV (Waterhouse and Murant 1981) to 1.96 for the dwarfing strain
of SDV (SDV-DS)

(Kojima and Tamada 1976).

High A260nm:A280nm ratios

suggest a high nucleic acid content (Gibbs and Harrison 1976) .
Reported buoyant densities were 1.39 g/cm

3

(in CsC1) for

BYDV (Pa1iwa1 1978) and PLRV (Rowhani and Stace-Smith 1979), 1.32 g/cm
(in CS S0 ) for BLRV (Ashby and Huttinga 1979) and 1.4 g/cm
2 4

3

(in CsC1)

for CRLV (Waterhouse and Murant 1981).
On the basis of buoyant density, Pa1iwa1 (1978) and Rowhani
and Stace-Smith (1979) estimated the nucleic acid content of BY DV and
PLRV to be 28% of the virion.

Studies on the nucleic acid content

3
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of luteoviruses revealed a single-stranded RNA with a molecular weight
of about 2xl0

6

(Brakke and Rochow 1974;

Rowhani and Stace-Smith 1979).

Ashby and Huttinga 1979;

The few 1uteoviruses studied have a

single protein subunit of a molecular weight of about 24 000.

Scal1a

and Rochow (1977) estimated the molecular weight of the protein
subunit of the MAV strain to be 23 500 and that of the RPV strain to
be 24 450.

Tamada and Kojima (1977) reported a value of 22 000 for

the protein subunit of SDV and Rowhani and Stace-Smith (1979) found that
the molecular weight of the protein subunit of PLRV was 26 300.
Purified luteovirus particles are reasonably stable.

Thermal

inactivation points reported for partially purified preparations were
o
0
65-70 C for BYDV (Heagy and Rochow 1965), 65 C

for BWYV (Duffus 1972)

o
and 45-50 C for SDV (Kojima and Tamada 1976) .

Longevity

in vitro was

0

16 days for BWYV at 25 C (Duffus 1972) and 20 days for SDV at 15
(Kojima and Tamada 1976).

0

c

The viruses studied were shown to survive

freezing and thawing and to be stable in the presence of organic
solvents such as chloroform and n-butanol (Rochow and Duffus 1981).
However, freezing of plant tissue decreased the yield of PLRV (Rowhani
and Stace-Smith 1979) and the use of chloroform and n-butanol reduced
infectivity of LYV (Duffus 1979) and BWYV (Duffus, unpublished data,
cited by Rochow and Duffus 1981).

6.2

PURIFICATION AND PROPERTIES OF SCRLV

6.2.1

Introduction

Subterranean clover red leaf virus is transmitted by

Aula-

corthum solani in the persistent manner (Kellock 1971) and causes
yellowing and stunting of several legumes (Ashby

et al. 1979b).

On

the basis of symptoms and transmission characteristics, SCRLV has been
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classified as a tentative member of the 1uteovirus group (Matthews
1979, 1981;

Rochow and Duffus 1981, Table 1.1).

Vector specificity

and host range suggest a relationship of SCRLV to SDV (Tamada 1970)
Recently, Jayasena et al.

which is a definitive luteovirus member.

(1981) reported the occurrence of isometric particles of a diameter
of about 23 nm in phloem cells of Trifolium subterraneum infected with
SCRLV.
The objectives of the investigation

were to purify SCRLV and

to determine its properties for the definitive classification of
the virus.

The results of this investigation have been published

(Ashby and Kyriakou 1982).

6.2.2

Materials and Methods

6.2.2.1

Virus Propagation

The isolate used in this study was obtained by aphid transfer
from white clover and was maintained in T.

subterraneum cv. Bacchus

Marsh or in peas cv. Puget (it was the same isolate used for host range
studies, Section 2.3.2.4).

Pea plants were used as the source of virus,

o
being grown in a glasshouse at 20-26 C without supplementary illumination.

They were inoculated with viruliferous A. solani prior to unfold-

ing of the first true leaves and were harvested 2-3 weeks after
inoculation.

Virus was purified separately from roots and shoots.

Trifolium subterraneum was tested as a source of virus.

It was

inoculated at the 2nd-4th true leaf stage and harvested 5-6 weeks after
inoculation.

Infected material was used for purification either

o
immediately after harvest or after storage at -20 C.
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6.2.2.2

Purification

The method used was essentially that of Takanarni and Kubo
(1979a) except that the enzyme Driselase, used initially, was later
replaced by cellulase (Sigrna, Type I).
Source tissue was homogenized with 0.1 M citrate buffer
(2 ml/g), pH 6.0, containing 1.0% Driselase or cellulaseandO.l%
thioglycollic acid in a 4

Z Waring

blender for 3 min.

The homogen-

o

ate was incubated at 28 C for 3 h with shaking (80 strokes/min).
It was then emulsified with 0.5 volume of 1:1 (v/v) mixture of chloroform and n-butanol for 30 min using a magnetic stirrer.

The

emulsion was broken by centrifugation at 3 000 g for 15 min.
polyethylene glycol, MW 6 000,

Solid

(PEG) and sodium chloride were added

to the aqueous phase to final concentrations of 8% (w/v) and 0.4 M,
respectively.

After mixing with a magnetic stirrer for 30 min, the

solution was kept for a further 30 min at room temperature.

The

precipitate was then collected by centrifugation at 10 000 g for
15 min and resuspended in 0.01 M phosphate buffer (Na HP0 -KH P0 ),
2 4
4
2
pH 7.6.

This buffer was used throughout for suspending virus,

unless otherwise noted.

The suspension was kept overnight at -20 o C.

It was thawed the following day, and clarified by centrifugation at
8 700 g.

The clarified supernatant fluid was subjected to two cycles

of differential centrifugation (78 000 g for 2.5 h;
mini

90 000 g for 2.5 h).

8 700 g for 15

The final pellets following differential

centrifugation were re suspended in buffer.

Usually two pellets

were obtained from 500 g source tissue and each pellet was re suspended
in 0.25 ml buffer.

Each virus suspension was floated on a linear

gradient of 10-40% (w/v) sucrOSe in 0.01 M phosphate buffer, pH 7.6, (28 ml
of sucrose solution per tube and centrifuged for 3.5 h at 20 000 rev/min
in a Beckman SW25 rotor at l5

0

c.

GY'adients were scanned by passing
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through a flow cell in a pye Unicam SP8-100 spectrophotometer.
Fractions containing virus were centrifuged at 90 000 g for 2.5 h
to pellet the virus and re suspended in buffer.

Virus concentrat-

ions were determined by spectrophotometry, assuming an extinction
coefficient of 7.3.

This value was calculated from the average of

A260nm:A280nrn ratio of the virus preparations according to the
formulae of Gibbs and Harrison (1976), given in Appendix 5.

The

virus suspensions were kept at 4 0 C if to be used the following day,
otherwise they were stored at -20 o C.

6.2.2.3

Electron Microscopy

Virus, purified through two sucrose gradients, was placed on
an electron microscope grid and washed with 30 drops of distilled
water and then with 5 drops of 2% aqueous uranyl acetate.

The grid

was examined in an HU-IIB Hitachi or in a JEOL JEM 100 B electron microscope.
Tobacco mosaic virus (TMV) was used as an internal calibration standard
with some preparations (Bos 1975).

6.2.2.4

Infectivity Assay

The infectivity of virus preparations was tested by feeding
aphids on virus preparations through membranes (Rochow and Brakke
1964) .

Non-viruliferous apterae of

vials of a diameter of 2.5 cm.

A. soZani were placed in plastic

The opening of each vial was topped

with two stretched Parafilm M membranes.

A drop (30 ul) of virus

suspension, adjusted to 25% sucrose (being mixed with an equal volume of
50% sucrose in phosphate buffer, pH 7.6) was held between the membranes.
o

Following an acquisition access period of 24-40 h at 20-24 C, aphids were
transferred to

T. subterraneum test plants (grown in a glasshouse at 20-25 0 C

and a 16 h photoperiod)

in groups of 5-10 per plant, and were
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allowed an inoculation access period of 48 h.

The colonies of

A.

soZani were tested monthly on 7-10 T. subterraneum seedlings to ensure
their freedom from SCRLV.

In no instance, during these tests, virus

contamination was detected in the colonies.

6.2.2.5

Longevity

in vitro, Thermal Inactivation point and Dilution

End Point

The methods used for these tests were essentially those described by Noordarn (1973) except that purified virus was used instead
of plant sap.

Infectivity assays were by the membrane feeding method

described in the previous Section.
For determining longevity ~n

vitro, virus preparations of con-

0

centration 180 ~g/ml were kept at 20 C and were assayed daily for
infectivity for a period of 29 days.
ion point, aliquots of 125

~l

For determining thermal inactivat-

of a preparation containing 180 ug/ml

virus were put into 4 ml glass test tubes.

The tubes were covered with

parafilm and immersed in a water bath for 10 min at 40, 45, 50, 55 and
o
60 C.

After cooling in cold tap water, the preparations were immed-

iately assayed for infectivity.

For dilution end point determination,

two-fold dilutions of a virus preparation of concentration 87 down to
0.68

~g/ml

6.2.2.6

were assayed for infectivity.

Effect of Freezing and Thawing on Infectivity

A virus preparation of concentration about 200 ug/ml was
assayed for infectivity before being frozen.

Samples were then kept

o
in glass tubes at -20 C and were thawed and refrozen three times at
48 h intervals, assayed for infectivity at each time of thawing.

130

6.2.2.7

Effect of Desiccation of Source Tissue on Virus Stability

The method used for this test was similar to that described
by Duffus (1975).
were kept over caC1

Whole infected pea plants (fresh weight of 28 g)
0

2

(calcium chloride) at 4 C for three months and

then ground in 28 ml of 0.01 M phosphate buffer, pH 7.6.

The

homogenate was centrifuged at 8 700 g for 15 min and 0.5 ml of the
supernatant was centrifuged through a 10-40% sucrose gradient for 3.5 h
at 20 000 rev/min in a Beckman SW25 rotor.

The virus zone at 20-25 mm

from the top of the gradient was directly fed to aphids through membranes.

6.2.2.8

Stability in Presence/Absence of Metallic Ions and of
Diethyl Ether

Samples of about 50 Ug of SCRLV in 150
separately with an equal volume of 2 M

CaC~,

~l

buffer were treated

0.2 M EDTA (ethylene-

diaminetetra-acetic acid) at pH 7.0 and with diethyl ether for 1 h at
4

o

c.

A similar virus sample was treated with 0.01 M phosphate buffer,

pH 7.6 as a control.
CaC1

2

The control and the preparations treated with

or EDTA were centrifuged through 10-40% linear sucrose gradients

for 3 h at 20 000 rev/min in a Beckman SW25 rotor.

The preparation

treated with diethyl ether was diluted in buffer, pelleted, and
re suspended before running on a sucrose gradient.

After fractionat-

ion, the virus was recovered by centrifugation at 90 000 g for 2.5 h.
The pellets were re suspended in 25% sUCrose in 0.01 M phosphate buffer,
pH 7.6 and virus was assayed for infectivity by membrane feeding.

131

6.2.2.9

Sedimentation Coefficient

The sedimentation coefficient of SCRLV was determined with a
Beckman model E analytical ultracentrifuge equipped with an AN-D rotor
using Schlieren optics.
0

The sample was centrifuged at 30 000 rev/min

.

0

at 2 0 C wlth a bar angle of 20 .

Calculations were made using

Markham's (1960) graphical method.

6.2.2.10 Coat Protein

The molecular weight of coat protein subunits of SCRLV was
determined in 10-20% gradient polyacrylamide slab gels using a discontinuous buffer system (Appendix 6).

The method for gel preparation

and electrophoresis was essentially that of Laemmli (1970) as modified
by Musgrave, D.R.
1.5 mm thick.

(1982, pers. comm.).

Gels were 180 mm wide and

The stacking gel was 20 mm, the separation gel was

150 mm long.
0

Purified virus was disrupted by incubating at 37 C for 3 h in
0.01 M phosphate buffer, pH 7.6, containing 1% sodium dodecyl sulphate
(SDS) and 1% 2-mercaptoethanol (Ashby and Huttinga 1979).

Prior to

electrophoresis, 20% of the following sample buffer was added to the
virus suspension:

tris-hydrochloric acid 0.01 M, pH 8.0, containing

0.001 M EDTA, 1% SDS, 5% 2-mercaptoethanol, 15% ficoll (MW 400 000,
Sigma Type 400) and 0.1% bromophenol blue.
SCRLV containing about 2-4
slot of the gel.

~g

Samples of 2.5-5 ul of

of virus were loaded in the 5 mm wide

The following molecular weight marker mixture (Sigma

MW-SDS-70) was used as a standard:

bovine serum albumin, MW 66 000;

ovalbumin, MW 45 000; b_lactoglobulin native, MW 36 800;
MW 34 700;

pepsin,

trypsinogen, MW 24 000; b-lactoglobulin subunit, MW 18 400;

lysozyme, MW 14 300.

Tubular particles purified from

T. subterraneum
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infected with SCRLV (Ashby and Kyriakou 1982, Section 6.2.3.1), and the
giruses alfalfa mosaic (AMV)
~osaic

(two isolates, AMVl and AMV ), cauliflower
2

(CaMV), tobacco mosaic (TMV), beet western yellows (BWYV-NZ) and

tomato yellow top (TYTV) were co-electrophoresed on the same gel.
Purified preparations of AMV and CaMV were provided by Dr Musgrave,
D.R., Plant Diseases Division, DSIR.

Tobacco mosaic virus was purified

from infected tobacco plants by the method of Gooding and Hebert (1967).
Tomato yellow top virus was purified from infected tomato (Ashby and
Kyriakou 1983) and BWYV-NZ from

Crambe abyssinica (Section 6.3.2.1) by

the same method described for SCRLV.
tubular particles from

All virus samples and the

T. subterraneum were disrupted, prior to electro-

phoresis, being treated the same way as SCRLV.

The molecular weight
0

marker mixture was incubated in a waterbath at 90 C for 5 min.
Electrophoresis was for 14 h at 120 V at room temperature
o
(20-23 C) and was stopped when the bromophenol blue migrated 120 mm
in the separation gel.

The proteins were fixed in the gel with 50%

trichloroacetic acid (TCA) for 30 min.

Bands were located by staining

overnight in 0.2% Coomassie brilliant blue in a solution of 10% acetic
acid and 40% methanol and destaining by repeated washing with a sol ution of 7% acetic acid and 30% methanol.

Molecular weights were

determined by plotting mobility of the standard proteins against the
logarithm of their molecular weight (Weber and Osborn 1969).

6.2.3

Results

6.2.3.1

Virus purification

The

yield of virus using cellulase exceeded that obtained

using Driselase in 3 out of 4 comparative experiments (Table 6.1).
No virus was obtained when the same procedure was used without the
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Table 6.1:

a
Yields of SCRLV purified from infected peas (Pisum
sativum) cv. Puget using two different enzymes at a
concentration of 1% (w/v) , in comparative experiments.
Experiment
number

1

Plant part

roots

cellulase
Driselase

2

3

4

shoots

shoots

shoots

b
Virus yield
~q/~

Enzyme

c

480

d

375

cellulase

420

Driselase

394

cellulase

1 721

Driselase

1 900

cellulase

1 100

Driselase

769

a For details of the purification procedure, see text,
Section 6.2.2.2.
bvirus yield was determined by spectrophotometry
assuming an extinction coefficient of 7.3.
c Slgma,
.
Type I .
d

Kyowa Hakko Kogyo Co. Ltd, Tokyo.
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addition of the enzyme.

Better yields of virus were obtained from shoots

than from roots (Table 6.2) of peas.

Virus yield from plants grown

during the hot summer months was only about 300-400

~g/kg

source tissue,

whereas during the cooler part of the year (April to October) it was
about 700-3 000
infected

~g/kg

Average yield from shoots of

(Table 6.3).

T. subterraneum

(two experiments) was only 133

~g/kg

tissue.

Purified preparations of SCRLV formed a single light scattering
and ultraviolet absorbing zone in sucrose density gradient at 22-24 mm
below the top of the gradient.
(~

In preparations of high virus yield

1 mg/kg), a smaller and faster migrating uv-absorbing zone was

detected at 29-31 mm below the top of the gradient (Fig. 6.1a).

When

examined in the electron microscope, fractions from the light scattering
zone contained isometric virus particles with a mean diameter (100
particles) of 27 nrn (Fig. 6.2a).

Fractions from the faster migrating

zone contained mainly virus dimers.

purification of virus from

T.

subterraneum gave a small uv-absorbing zone at the same position in the
gradient as the major peak obtained from peas, and fractions from this
zone contained virus particles.

A broad and faster migrating uv-

absorbing band was also obtained from

T. subterraneum

(Fig. 6.1b).

Fractions from this zone, when examined in the electron microscope,
were found to contain a high concentration of tubular particles about
17 nm wide and of variable length (Fig. 6.2b).
were also found in

6.2.3.2

These tubular particles

T. subterraneum plants free of SCRLV.

Spectrophotometry
Virus preparations, purified by two sucrose density gradients,

had a mean A260nm:A280nrn ratio of 1.85 suggesting a nucleic acid content
of about 28% (Gibbs and Harrison 1976, Appendix 5).
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Table 6.2:

a
Yields of SCRLV purified from roots and shoots of
infected peas (Pisum sativum) cv. Puget in
comparative experiments.

Experiment
number

1
2
3
4
5

a, b

c
c
c
d
d

.
. Idb
Vlrus
Yle
llg/kg
Shoots

Roots

1 265

759

1 385

963

2 058

1 125

508

400

1 430

595

Same as footnotes

a, b

in Table 6.1.

cVirus was purified using 1% (w/v) Driselase.
dVirus was purified using 1% (w/v) cellulase.
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Table 6.3:

Effect of season of growth of source plant on yield
of SCRLV from shoots of infected peas (Pisum sativum)
cv. Puget grown in a glasshouse at 20-26°C without
supplementary illumination.

Harvest date

a

Virus yieldb
llg/kg

Virus purified using 1% (w/v) Driselase
sept. 9, 1980

1 265

Sept. 16, 1980

1 385

Sept. 23, 1980

1 520

Oct. 14, 1980

2 058

Oct. 21, 1980

1 600

Oct. 28, 1980

825

Virus purified using 1% (w/v) cellulase
Dec. 8, 1980

420

Jan. 9, 1981

430

Jan. 15, 1981

327

April 17, 1981

965

May

7, 1981

708

May 30, 1981

716

June 6, 1981

1 430

June 15, 1981

1 721

Aug. 14, 1981

1 100

Sept. 24, 1981

2 980

Oct. 14, 1981

921

Oct. 30, 1981

1 220

aplants were harvested 2-3 weeks after inoculation.
They were inoculated prior to unfolding of the first
true leaves.
b

Same as footnote

b

,Table 6.1.
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Figure 6.1:

Sedimentation profile (left to right) of
SCRLV purified (a) from 250 g pea (Pisum
sativum) shoots, V = virus, D = dimers,
and (b) from 250 g Trifolium subterraneum,
V = virus, T = tubular particles.
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(a)

(b)

Figure 6.2:

Partially purified preparation of Ca) SCRLV
from peas CPisum sativum) , and Cb) tubular
particles from Trifolium subterraneum.
stain: 2% aqueous uranyl acetate.
Bar represents 100 nm.
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6.2.3.3

Infectivity
The infectivity of fractions containing virus particles either

as monomers or dimers was high, with 90-100% of test plants becoming
infected by aphids fed on purified preparations with a
tration of 85-220

6.2.3.4

Longevity

~g/ml

~n

concen-

(Table 6.4).

vitro, Thermal Inactivation and Dilution

End Point

Virus purified by one density gradient was infectious for 14
days at 20

0

c

o
(Table 6.5), had a thermal inactivation point of 55-60 C

(Table 6.6), and a dilution end point of 1.36-2.72

6.2.3.5

~g/ml

(Table 6.7).

Effect of Freezing and Thawing on Infectivity

After freezing and thawing on three successive occasions,
infectivity of virus preparations was reduced by about 15% (Table 6.8).

6.2.3.6

Effect of Desiccation of Source Tissue on Virus Stability
Virus extracted from dried tissue was found to be infectious.

Five out of 35 (14.3%)
inoculated with

T. subterraneum plants became infected when

A. soZani fed through membranes on drops of sucrose

obtained from the virus-containing zone in a gradient.

6.2.3.7

Effect of Metallic Ions and Diethyl Ether on Virus Stability
The proportion of test plants infected by aphids fed through

membranes on virus preparations treated with CaC1 , EDTA, and diethyl
2
ether were 6/14 (42.8%), 11/12 (91.6%) and 9/12 (75.0%), respectively.
Untreated virus in buffer was transmitted to 9/10 test plants.

None of
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Table 6.4:

Infectivity of partially purified preparations of
SCRLV from peas (Pisum sativum) cv. Puget containing
monomers or dimers.

Experiment
number

state of virus
particles in
preparation

Virus
a
concentration
]Jg/ml

.. b
In f ectlvlty

Percent
infectivity

1

monomers

220

10/10

100.0

dimers

100

10/10

100.0

monomers

180

10/11

90.9

85

10/10

100.0

monomers

190

9/10

90.0

dimers

100

12/13

92.3

2

dimers

3

aVirus concentration was determinated by spectrophotometry assuming
an extinction coefficient of 7.3.
bNumerator indicates the number of TrifQZium subterraneum plants
infected; denominator indicates the number of plants inoculated
with groups of 5-10 AuZacorthum soZani which were fed through
membranes on virus preparations which were mixed with an equal
volume of 50% sucrose in 0.01 M phosphate buffer, pH 7.6.
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Table 6.5:

Longevity in vitro of partially purified preparations of
SCRLV (180 ~g/rnl in 0.01 M phosphate buffer, pH 7.6).
Number of days virus
was at 20° C

Infectivitya

Percent
infectivity

Ob

10/10

100.0

1

13/13

100.0

2

13/16

81.2

3

7/11

63.6

4

8/11

72.7

5

7/12

58.3

6

8/13

61.5

7

6/12

50.0

8

4/12

33.3

9

2/12

16.7
Not Tested

10
11

2/12

16.7

12

0/13

0.0

13

2/13

15.4

14

1/11

'1.1

15

0/12

0.0
Not Tested

16
17
18-29

c

0/11

0.0

0/12

0.0

a sarne as footnote b, Table 6.4
bVirus was assayed soon after purification.
CTested each day, but all tests were negative.
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Table 6.6:

Thermal inactivation point of partially purified
preparations of SCRLV (180 ~g/ml in 0.01 M phosphate
buffer, pH 7.6).
Temperature a
°C

., b
In f ectlvlty

Percent
infectivity

40

10/10

100.0

45

18/19

94.7

50

9/12

75.0

55

1/14

7.1

60

0/15

0.0

aVirus preparation was heated for 10 min
at temperature indicated.
b

Same as footnote

b

,Table 6.4.

143

Table 6.7:

Dilution end point of partially purified preparations
of SCRLV in 0.01 M phosphate buffer, pH 7.6.
Virus concentrationa
]Jg/ml

Infectivity

87.00

l2/16

75.0

43.50

ll/15

73.7

21.75

5/12

41.7

10.87

3/13

23.1

5.43

2/15

13.3

2.72

1/16

6.2

1.36

0/15

0.0

0.68

0/15

0.0

a,b

Table 6.8:

Same as footnotes

a,b

b

Percent
infectivity

in Table 6.4.

Effect of freezing (at -20°C) and thawing on partially
purified preparations of SCRLV (200 ]Jg/ml in 0.01 M
phosphate buffer, pH 7.6).

a

a

Percent
infectivity

Number of successive
48 h intervals

Infectivity

ob

17/18

94.4

1

18/18

100.0

2

16/18

88.9

3

19/24

79.2

Same as footnote

b

,Table 6.4

bVirus preparation was assayed soon after purification,
before freezing.
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the treatments had an effect on the density gradient scanning pattern.

6.2.3.8

Sedimentation Coefficient
particles of SCRLV (450

~g/ml)

sedimented as a single component

(Fig. 6.3) with a sedimentation coefficient of 114 S (in 0.001 M phosphate buffer, pH 7.6).

6.2.3.9

Coat Protein

In polyacrylamide gel electrophoresis, dissociated SCRLV coat
protein migrated as a single band slightly faster than trypsinogen,
the 24 000 marker (Fig. 6.4).

The experiment was repeated three times

and the molecular weight of SCRLV coat protein subunit had an average
value of 22 200 (Fig. 6.5).

A single band was also obtained for dis-

T. subterraneum for which the estimated

sociated tubular particles from
molecular weight was 53 300.

The values obtained for the molecular

weights of the coat protein subunits of AMV , AMV2, CaMV and TMV were
l
25 000, 25 000, 36 500, and 18 800, respectively.

The values reported

in literature for the coat protein subunits of AMV, CaMV and TMV are
24 280 (Jaspars and Bos 1980), 42 000 (Matthews 1981), and 17 000 18 000 (Matthews 1981), respectively.

The values obtained for the

molecular weight of coat protein subunits of BWYV-NZ and TYTV were
23 250 and 23 800, respectively.

These molecular weights are further

discussed in Section 6.3.3.4.

6.2.4

Discussion
The use of cellulase was essential to obtain satisfactory

yields of SCRLV.

Enzyme treatment has also proved important in the

purification of other luteoviruses (Takanami and Kubo 1979ai

Waterhouse
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Figure 6.3:

Sedimentation pattern of partially purified
SCRLV at a concentration of 450 ~/ml in
0.001 M
phosphate buffer, pH 7.6, at 20°C.
The photograph was taken 8 min after reaching
a speed of 30 000 rev/min with a Schlieren
bar angle of 20°.
Sedimentation is from
left to right.
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Figure 6.4:

Electrophoresis of SCRLV, BWYV-NZ and TYTV in 10-20% gradient
polyacrylamide gels (Laemmli 1970).
Migration
was from top to bottom.
Electrophoresis was for
.
0
14 h at 120 V at 20-23 C.
Bands were located by
staining overnight in 0.2 % Coomassie brilliant blue in
a solution of 10% acetic acid and 40% methanol and
destaining by washing with a solution of 7% acetic
acid and 30% methanol.
From top to bottom, markers
are: bovine serum albumin, ovalbumin,b-lactoglobulin
native, trypsinogen,b-lactoglobulin subunit, and
lysozyme.
Abbreviations are: AMVl,2 :r alfalfa
mosaic virus, isolates 1 and 2; SCRLV, subterranean
clover red leaf virus; BWYV-NZ, beet western yellows
virUS-NZ; TYTV, tomato yellow top virus; CaMV,
cauliflower mosaic virus;
tub, tubular particles
from Trifolium subterraneum; TMV, tobacco mosaic
virus.
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5.0
4.9
4.8
4.7
4.6

~
~

0

H

4.5

oTYTV
4.4

~BWYV-NZ

4.3
4.2
4.1

0.2

0.4

0.6

0.8

1.0

Relative mobility

Figure 6.5:

Determination of the molecular weight of coat
protein subunits of SCRLV, BWYV-NZ and TYTV
by electrophoresis in 10-20% gradient
polyacrylamide slab gels (Laemmli 1970).
The
log of molecular weights of marker proteins is
plotted against their migration distance.
Abbreviations are: BSA, bovine serum albumin
(MW 66 000); OA, ovalbumin (MW 45 000);
B(N),6-1actoglobulin native (MW 36 800);
P, pepSin (MW 34 700); T, trypsinogen (MW 24 000);
B(S), b-lactoglobulin subunit (MW 18 400);
L, lysozyme (MW 14 300); Tub, tubular particles
from TrifoZium subterraneum; TYTV, tomato yellow
top virus;
BWYV-NZ, beet western yellows virus;
SCRLV, subterranean clover red leaf virus.
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and Murant 1981;

D'Arcy

et al. 1983).

Virus yield from shoots of infected pea plants was higher and
preparations were purer than from roots.

This was in contrast to

findings concerning BLRV purified also from peas (Ashby and Huttinga
1979) and BYDV purified from oats (D'Arcy

et al. 1983).

The reason

for this may rest with the different purification procedures used.
Pea plants grown during the cooler months of the year yielded
2 - 6 times

more virus than plants grown during the warmer months

(Table 6.3).

This was in agreement with results reported for the

purification of BYDV from oats (Rochow

et al. 1971;

D'Arcy

et al.

1983) •
The tubular particles obtained when purifying virus from

T.

subterraneum were also obtained from plants not infected with SCRLV and
it is concluded that they are not related to infection with SCRLV.
They do not appear to contain nucleic acid (A260nm:A280nm = 0.69) but
are composed of a single polypeptide of molecular weight of about
53 300.

It is possible that they are an aggregated form of a major

leaf protein, ribulose biphosphate carboxylase.
The size (27 nm), morphology (isometric), sedimentation
coefficient (114 S), high RNA content (A260nm:A280nm = 1.85),
molecular weight of the single coat protein polypeptide (22 200),
o
thermal inactivation point (55-60 C) and stability to repeated freezing and thawing are all consistent with SCRLV being a typical member
of the luteovirus group (Rochow and Duffus 1981).

Resistance to

desiccation of source tissue, has been also reported for BWYV (Duffus
1969) ,
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6.3

PURIFICATION AND SOME PROPERTIES OF BWYV-NZ

6.3.1

Introduction

Several American isolates of BWYV have been purified by
chloroform-butanol clarification, density gradient centrifugation
and density gradient electrophoresis (Duffus and Gold 1965;

et al. 1966;

Gold and Duffus 1967).

Recently, D'Arcy

Smith

et al. (1983)

reported improved yields (1.1 mg/kg) of a BWYV isolate from

Capsella

bursa-pastoris by grinding source tissue in liquid nitrogen and by
using 1.5% Rohament-p, a macerating enzyme (Fermco Biochemics Inc.,
Elk Grove Village, IL 60007) •
Beet western yellows virus was reported by Duffus (1969) to
o
have a thermal inactivation point of about 65 C, a dilution end point
in unconcentrated sap of 1:8, longevity

in vitro of at least 16 days

o
(at 24 c), stability to freezing and thawing, and resistance to
o
desiccation (at 4 C) for at least 3 years.

According to Esau and

Hoefert (1972a), virions are isometric with a diameter of about 26 nm
in thin sections of host tissue.

An isolate of BWYV was found by

Falk and Duffus (unpublished results, cited by Rochow and Duffus 1981)
to contain a single RNA species of a molecular weight of about
1.9 x 10

6

and a single coat protein subunit of an estimated molecular

weight of 24 000.

D'Arcy

et al. (1983) reported an A260nm:A280nm ratio

of 1.65 for purified BWYV.
The following £tudy provides information on the purification
and partial characterization of an isolate of BWYV-NZ obtained from
turnip.

Attempts to purify BWYV-NZ from naturally infected beet are

also reported.
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6.3.2

Materials and Methods

6.3.2.1

Virus Propagation and Purification
The isolate of BWYV-NZ used for purification and character-

ization of the virus was BWYV-NZ (t-l) which was obtained from a
turnip plant.

It was the same isolate used for determination of the

experimental host range (Section 2.2.2.4) and for studying the mode of
transmission of BWYV-NZ (Chapter 4).

It was maintained in

abyssinica by transfer with Myzus persicae.

Infected

turnip or radish were used as virus source plants.

Crambe

C. abyssinica.

They were grown

o
in glasshouses at 20-26 C and were harvested 5-7 weeks after inoculation.

They were used fresh or after freezing at -20

o

c.

The method of purification of BWYV-NZ was the same as that
used for purification of SCRLV (Section 6.2.2.2), except that the volume of the extracting buffer (0.1 M citrate, pH 6.0) was increased to
3 ml/g tissue.

The enzyme cellulase (1% (w/v»

the study of BWYV-NZ.

was used throughout

The concentration of the purified virus

preparations was determined assuming an A260nm of 7.3 for 1 mg/ml
concentration, as for SCRLV.
The infectivity of virus preparations was tested by the membrane feeding method as described in Section 6.2.2.4, using

M.

persicae or A. solani and C. abyssinicatest plants, unless otherwise
stated.

Each test included at least 5

C.

abyssinic~,

each inoculated

with 10 aphids which were not fed on virus preparations, to ensure
freedom of aphid colonies from virus.

In all instances during these

tests, aphid colonies were proved to be free of BWYV-NZ.
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6.3.2.2

Electron Microscopy

Virus, purified through two sucrose gradients, was placed
on an electron microscope grid and was washed and stained as before
(Section 6.2.2.3).

It was examined in an HU-IIB Hitachi electron

microscope.

6.3.2.3

coat Protein

The molecular weight of coat protein subunits of BWYV-NZ
was determined simultaneously with that of SCRLV and TYTV (Section
6.2.2.10) .
1.5

~g

Samples of 15

~l

of BWYV-NZ or TYTV containing about

of virus were loaded on the gel.

6.3.2.4

Virus Extraction from Naturally Infected Beet Plants

During February and March 1981, virus extraction was attempted
from roots and shoots of freshly harvested sugar beet and fodder beet
plants showing typical symptoms of BWYV-NZ (described in Section
2.2.3.1) .

Final preparations were resuspended in 0.01 M phosphate

buffer, pH 7.6, and were assayed for infectivity using either

M.

persicae and C. abyssinica test plants, or A. soZani and T. subterraneum test plants.

6.3.3

Results

6.3.3.1

Virus Purification and Electron Microscopy

The virus yield from C. bursa-pastoris and C. abyssinica
was 500-1 500
was 250-500

~g/kg

~g/kg,

tissue, whereas that from turnips and radishes

when the plants were grown under comparable condit-
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ions.

Higher yields of virus were obtained from

C. abyssinica plants

grown during October and November 1981 in glasshouses in which daylight was supplemented with mercury vapour lamps than in glasshouses
without artificial illumination (Table 6.9).
Virus preparations purified by two sucrose density gradients
had a mean A260nm:A280nm ratio of 1.65.
Purified virus preparations contained isometric particles
of a diameter of about 27 nm (Fig. 6.6).

6.3.3.2

Dilution End Point

partially purified preparations of BWYV-NZ had a dilution
end point of 7.80-15.62 ~g/ml when assayed with

abyssinica test plants, and 0.06-0.12

~g/ml

when assayed with

persicae and the same test plants (Table 6.10).
inoculated with virus concentrations

~

8

A. soZani and C.

~g/ml

M.

Symptoms on plants
appeared earlier and

were more severe than symptoms on plants inoculated with lower virus
concentrations.

This proves that in

C. abyssinica symptom severity

is positively and time of symptom appearance is negatively correlated
with virus dosage.

6.3.3.3

Sedimentation Coefficient

In five parallel sucrose gradient centrifugation tests with
SCRLV and BWYV-NZ, no differences in sedimentation rate were detected.
After the two preparations were centrifuged through the sucrose
gradients at 20 000 rev/min in a Beckman SW25 rotor for 3.5 h, they
both formed a single light scattering and ultraviolet absorbing zone
at 22-24 mm below the meniscus.

It was concluded that since SCRLV had

a sedimentation coefficient of 114 S (Section 6.2.3.8), BWYV-NZ also has
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Table 6.9:

Yields of BWYV-NZ purified from Crambe abyssinica grown
in a glasshouse at 20-26°c with (+) and without (-)
supplementary illumination by mercury vapour lamps
during October-November, 1981.

Virus yield
llg/kg
Experiment
number

a

Supplementary illumination

+

1

880

735

2

720

620

3

810

680

aVirus yield was determined by spectrophotometry
assuming an extinction coefficient of 7.3.
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Figure 6.6:

Partially purified preparation of BWYV-NZ
from Crambe abyssinica.
stain: 2% aqueous uranyl acetate.
Bar represents 100 nm.
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Table 6.10:

Dilution end point of partially purified preparations
of BWYV-NZ in 0.01 M phosphate buffer, pH 7.6, using
two aphid vectors.

Virus concentration
]Jg/ml

.. b
In f ectJ..vJ..ty

a

Aulacorthwn
solani

Myzus
persicae

125.00

6/12 (50.0%)

10/12 (83.3%)

62.50

4/12 (33.3%)

8/12 (66.7%)

31.25

3/12 (25.0%)

9/15 (60.0%)

15.62

1/12

8.3%)

6/15 (40.0%)

7.81

0/11

0.0%)

6/12 (50.0%)

3.91

0/12

0.0%)

7/14 (50.0%)

1.95

0/13

0.0%)

3/12 (25.0%)

0.97

0/11

0.0%)

3/12 (25.0%)

0.49

0/12

0.0%)

2/12 (16.7%)

0.24

0/12

0.0%)

1/12

8.3%)

0.12

0/12

0.0%)

1/14

7.1%)

0.06

0/12

0.0%)

0/12

0.0%)

aVirus concentration was determined by spectrophotometry
assuming an extinction coefficient of 7.3.
bNumerator indicates the number of C. abyssinica plants
infected; denominator indicates the number of plants
inoculated with groups of 5-10 aphids fed through membranes
on virus preparations which were mixed with an equal volume
of 50% sucrose in 0.01 M phosphate buffer, pH 7.6.
In parentheses, percent of plants infected.
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a sedimentation coefficient of 114 S.

6.3.3.4

Coat Protein

As already discussed (Section 6.2.3.9), polyacrylamide gel
electrophoresis revealed a single protein subunit of a molecular
weight of about 23 250 which was higher than the molecular weight of
SCRLV (22 200) and lower than the molecular weight of TYTV (23 800)
(Figs 6.4 and 6.5).

In three experiments, the band corresponding to

the protein subunit of SCRLV always migrated faster than the band
corresponding to the protein subunit of BWYV-NZ which migrated slightly
faster than the band corresponding to the coat protein subunit of TYTV.

6.3.3.5

Virus Extracted from Naturally Infected Beet Plants

Two attempts to extract virus from roots of beet plants were
unsuccessful.

However, a low virus yield (35-80

~g/kg)

was obtained

in each of five attempts from shoots of sugar beet cv. Amazon and
fodder beet cv. Monoblanc.

Fractions from these preparations, when

examined in the electron microscope, contained isometric particles
similar to those extracted from infected

C. abyssinica (Fig. 6.6).

When virus preparations were assayed for infectivity, they were infectious with 16 out of 33
BWYV-NZ.

No symptoms were produced on any of 30

inoculated with

6.3.4

C. abyssinica plants showing typical symptoms of
T. subterraneum plants

A. solani fed On these virus preparations.

Discussion

Beet western yellows virus-NZ has been shown to be morphologically indistinguishable from SCRLV.

Both viruses have isometric

particles of a diameter of about 27 nm.

No differences were detected
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in the sedimentation rate of the two viruses, both having a sedimentation coefficient of about 114 S.

Takanami and Kubo (1979a) found no

differences in either the morphology or the sedimentation coefficient
of the two luteoviruses PLRV and TNDV.

Similarly, Rochow

et al.

(1971) detected no differences in the sedimentation rate of three
strains of BYDV.

Recently, Johnstone

et al. (1982) reported that

the sedimentation rate of a Tasmanian isolate of SCRLV (SCRLV-T) was
indistinguishable from that of Tasmanian isolates of BWYV.
The yield of BWYV-NZ obtained from

C. abyssinica (500-1 500

~g/kg)

was comparable to the yield of an

American isolate of BWYV purified from
~g/kg)

C. bursa-pastoris and

using 1.5% Rohament-p (D'Arcy

C. bursa-pastoris (900-1 200

et al. 1983).

The absorbance ratio A260nrn:A280nrn obtained for BWYV-NZ
was lower (1. 65) than the A260nrn: 280nrn ratio obtained for SCRLV
(1. 85) .

The reason for this difference may have been the lower

state of purity of preparations of BWYV-NZ as compared to those of
SCRLV.

This was perhaps the result of differences in source tissue

used for the two viruses.

During purification, it was noticed that

high virus yield of either SCRLV or BWYV-NZ was usually associated
with a high A260nrn:A280nrn ratio, indicating that preparations of
higher virus yield were also purer.

The A260nrn:A280nrn ratio of

BWYV-NZ was the same as that obtained by D'Arcy

et al. (1983) for an

American isolate of BWYV.
During tests of infectivity of two-fold dilutions of
partially purified preparations of BWYV-NZ, using two vectors,

M.

persicae was found capable of transmitting virus 130 times more dilute
than

A. solani (Table 6.l0).

efficient than
parations.

This shows that

M. persicae is more

A. solani in transmitting BWYV-NZ from purified pre-

In glasshouse tests it was shown that

highly efficient vector of BWYV-NZ from

M. persicae was a

C. abyssinica (Section 4.3.2.5).
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The efficiency of

A. soZani in transmitting the same virus was not

tested in comparative experiments.
showed that

However, preliminary tests

A. soZani was less efficient than M. persicae in trans-

mitting BWYV-NZ from

C. abyssinica (Table 4.1).

The molecular weight of the coat protein subunit of BWYV-NZ
(23 250) was found to be higher than the molecular weight of the coat
protein subunit of SCRLV (22 200) and lower than that of TYTV (23 800).
Scalla and Rochow (1977) similarly found different molecular weights
for the coat protein subunits of two strains of BYDV, when they
electrophoresed both on the same gel.

They obtained the values of

23 500 and 24 450 for the coat protein polypeptides of MAV and RPV,
respectively.

Differences in molecular weights of coat protein sub-

units of different luteoviruses or luteovirus strains imply differences
in coat protein composition.

Variations in coat protein composition

form the basis for serological differences (discussed in Chapter 7)
and also for differences in vector specificity among luteoviruses
(Rochow 1969).
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CAAP~R7

SEROLOGICAL RELATIONSHIPS OF SCRLV AND BWYV-NZ
TO OTHER

7.1

LU~OVIRUSES

REVIEW OF LITERATURE ON IMMUNOLOGY OF LUTEOVIRUSES

The study of luteoviruses has been hindered by the low virus
concentration in infected plants.

However, this problem has been

partly offset by the fact that these viruses are highly immunogenic
when injected into rabbits (Rochow and Duffus 1981).

Thus serology

can be used for diagnostic purposes, for the study of relationships
among members of the group and for assaying plants and aphids for virus.

7.1.1

Serological Procedures

At least seven serological procedures have been applied to
luteoviruses.

Thes@ and the viruses to which they have been applied

are briefly discussed.

1.

Neutralization of infectivity.

This procedure was developed

by Gold and Duffus (1967) for beet western yellows virus (BWYV) and is
used in two different ways.

Partially purified virus preparations

are mixed with equal volumes of antisera and after incubation, aphids
are allowed access to the mixture through membranes.

In the second

technique, the virus-antiserum mixtures, after incubation, are subjected
to density gradient centrifugation and the zone, at which the virus
normally bands, is used for aphid transmission tests.
on serological blocking of aphid transmission.

Reaction is based

The first technique is

simpler, but the second is preferable for BWYV, because

Myzus persicae
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does not feed well on virus-antiserum mixtures

(Gold and Duffus 1967).

Neutralization of infectivity was successfully used for detecting the
presence of BWYV in Europe (Duffus and Russell 1970) and for establishing close serological relationships between BWYV from America and England
and turnip yellows virus (TUYV) from England and Germany (Duffus and
Russell 1972), and also between BWYV from America and beet mild yellowing
virus

(BMYV)

from Europe (Duffus and Russell 1975).

at least two other luteoviruses, barley yellow dwarf
Ball 1967) and soybean dwarf (SDV)

It was applied to
(BYDV)

(Kojima and Tamada 1976).

(Rochow and
Neutral-

ization of infectivity is sensitive, specific and reliable, but i t is
tedious and time-consuming.

Analysis of antigen-antibody reactions by density gradient

2.

centrifugation or iromunodensity gradient (IG) tests (Rochow and Ball
1967;

Ball and Brakke 1969).

Equal volumes of purified virus and a

chosen antiserum dilution are mixed, and after incubation, the mixtures
are layered on sUCrose gradients.

After ultracentrifugation, the grad-

ients are scanned and the unreacted virus is measured photometrically.
The procedure was used to detect serological relationships among three
strains of BY DV (Rochow and Ball 1967), among BWYV, BYDV and SDV (Duffus
1977b) and among BLRV and other luteoviruses

(Ashby and Huttinga 1979).

Recently, i t has been used for establishing relationships of carrot red
leaf virus

(CRLV) to antisera of several luteoviruses

Murant 1981).

(Waterhouse and

The procedure is specific and sensitive, permitting

quantitative studies of samples containing as little as 2 ~g of virus
(Waterhouse and Murant 1981).

If antiserum dilution and initial virus

concentration are standardized, the method can be used for comparing
serological results in different laboratories.
disadvantages.

However, i t has certain

It is laborious and the number of samples which can be

tested simultaneously is limited by the need to use an ultracentrifuge.
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Micro agar gel diffusion test.

3.

Antiserum and virus solutions

are added to wells in agar or agarose gel in a petri dish.

Antibodies

and virus diffuse and where they meet precipitation zones develop (Noordam
1973) .

This procedure has been used for studying relationships among

three strains of BYDV (MAV, PAV and RPV)
two strains of SDV (SDV-Y and SDV-DS)

(Aapola and Rochow 1971), among

(Kojima and Tamada 1976) and

relationships of CRLV to several luteovirus antisera (Waterhouse and
Murant 1981).

The procedure is simple and rapid.

However, it requires

a relatively high virus concentration which depends on the titre of the
antiserum and the particular techniques used.
~

A virus concentration of

80 ~g/ml was required for the gel diffusion tests applied to SDV

(Kojima and Tamada 1976).

4.

Precipitin ring test.

Antiserum is placed in a small glass

vial tube (internal diameter measurable in mm), and is overlaid with the
virus solution.

Antibodies diffuse into the virus solution and virus

diffuses into the antiserum.

At the region of the boundary a zone of

specific precipitate develops (Matthews 1981).

This test was applied to

SDV (Kojima and Tamada 1976) and potato leaf roll virus (PLRV)
and KOjima 1974).

(Murayama

It is about 4-5 times as sensitive as the gel diffus-

ion test.

5.

Latex agglutination test.

The globulin fraction of an anti-

serum is adsorbed on latex particles and these are then used in agglutination experiments (Bercks 1967, cited by Aapola and Rochow 1971).

This

procedure was applied to three strains of BYDV (Aapola and Rochow 1971).
It is at least 100 times as sensitive as the gel diffusion test.
However, as with the other four tests, it requires the use of partially
purified virus.
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6.

Serologically specific electron microscopy (SSEM) or

immunosorbent electron microscopy (ISEM).

This procedure employs

antiserum-treated electron microscope grids which selectively adsorb
virus particles.

D@rrick and Brlansky (1976) and Paliwal (1977) used

ISEM to detect particles of BYDV in sap of infected plants.

Roberts

and Harrison (1979), using the same procedure, successfully detected
particles of PLRV in extracts of potato leaves or tubers and in single
viruliferous aphids.

Roberts

et al. (1980), by ISEM,

established

relationships of a Scottish isolate of PLRV to antisera of three other
PLRV isolates and sev@ral other luteoviruses.

An apparent disadvantage

of ISEM is the need to use an electron microscope.

7.

Enzy.me-linked immunosorbent assay (ELISA).

was first applied to plant viruses by Voller

The procedure

et al. (1976a).

Clark

and Adams (1977) described some characteristics of this procedure and
their methods were quickly adopted for the detection of plant viruses.
ELISA is a serological assay which uses an immunoglobulin (antibody), to
which an enzyme has been chemically linked,to detect the presence of an
antigen (virus) against which the immunoglobulin has been produced.
There are various forms of ELISA, the most common being the "double
antibody sandwich" (Voller

et al. 1976b).

In this form a solution of

antiserum y-globulin is added to the wells of a microtitre plate.
After incubation, unadsorbed antibodies are washed from the wells and
samples are added, one sample per well.

If any of the samples contain

antigen similar to the one against which the antibody was prepared,
the antigen will bind to the antibody adsorbed to the plate.

After

incubation and washing, the enzyme-y -globulin conjugate is added.
conjugate will bind to the adsorbed antigen.
are supplied with a suitable enzyme substrate.
enzyme activity is measured.

The

After washing, the wells
After incubation, the

The amount of hydrolysis is directly
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proportional to the amount of antigen present.

The most widely used

enzyme system is the alkaline phosphatase with its substrate p-nitrophenyl
phosphate.
ELISA has been applied to several luteoviruses.

Casper

(1977) used the procedure to compare relative amounts of PLRV in different plant parts.

Tamada and Harrison (1980a), using ELISA, detected

PLRV in potato foliage at concentrations as low as 10 ng/ml.
authors

The same

(1980b) used the procedure to detect PLRV in tubers of six

cultivars, and suggested that ELISA could be applied as a routine method
for indexing tubers for PLRV.

Lister and Rochow (1979), using ELISA,
Rochow (1979a) made parallel tests

detected BYDV in oat leaf extracts.

for BYDV in 81 field-collected samples of small grains by ELISA with
four antisera and by aphid transmission tests with four vector species.
The ELISA tests revealed isolates in 27% of the samples not detected in
parallel aphid transmission tests.

Only in 1% of the samples did aphid

transmission tests reveal an isolate not clearly identified in the ELISA
test.
ELISA has advantages of sensitivity, simplicity and reliability.
Furthermore, the procedure enables the simultaneous and rapid testing of
a large number of samples.

Therefore, it shows much promise for future

use in identification of luteoviruses.

However, Rochow and Duffus (1981)

have noted that exclusive use of the ELISA procedure for virus identification would reduce the possibility of identifying new and unknown
luteoviruses or luteovirus strains.

Parallel biological and serological

tests would provide a more thorough basis for diagnosis than either procedure alone.
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7.1. 2

Relationships among Luteoviruses

During the last decade, research in various laboratories
including those of J.E. Duffus and W.F. Rochow in the United States, T.
Tamada and S. Kubo in Japan, G. Belli in Italy, J.W. Ashby in New Zealand and G.R. Johnstone in Tasmania, has shown that most luteoviruses
(shown in Table 1.1) are serologically related.
There is some controversy regarding the relationship of PLRV
to luteoviruses.

Duffus and Gold (1969) found no close relationship

between PLRV and antiserum against BWYV, using infectivity neutralization
tests.

Murayama and Kojima (1974) and Kojima and Tamada (1976), using

precipitin ring and gel diffusion tests, detected no reaction between
PLRV antiserum and SDV antigen or PLRV antigen and SDV antiserum.
These findings were supported by a report by Sarkar (1976) that particles
of two German isolates of PLRV contained DNA and not RNA, the nucleic
acid of BYDV (Brakke and Rochow 1974), the type member of the luteovirus
group.

As a result of this information, PLRV was thought to be atypical

of the luteovirus group.

However, more recently, Takanami and Kubo

(1979b) and Rowhani and Stace-Smith (1979) found that particles of Japanese and Canadian isolates of PLRV contained RNA, suggesting an affinity
of PLRV to luteoviruses.
by Roberts

Meanwhile, Kubo and Takanami (1977)

(cited

et al. 1980) showed that PLRV is closely related serologically

to tobacco necrotic dwarf virus (TNDV), a luteovirus member (Matthews
1979) .

Roberts

et al. (1980), using ISEM, found that PLRV is Closely

related to TNDV, less closely to bean leaf roll virus (BLRV), SDVand
the RPV strain of BYDV, and distantly related to BWYV and the MAV strain
of BYDV.

Duffus (unpublished data, cited by Roberts

et al. 1980)

detected a reaction between BWYV antigen and PLRV antiserum in infectivity neutralization tests.

waterhouse and Murant (1981), using ISEM,

gel diffusion and IG tests, detected a relationship between PLRV anti-
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serum and CRLV, a tentative luteovirus member (Matthews 1979;

Rochow

and Duffus 1981), and now considered to be a definitive member of the
group <Waterhouse and Murant 1981) .
Kyriakou and Fletcher

Ashby and Kyriakou (1983) and

(unpublished data) found, by gel diffusion

tests, a close serological relationship among PLRV and tomato yellow
top virus (TYTV), a tentative luteovirus member.

These results confirm

that PLRV is a typical luteovirus.

7.2

EXPERIMENTAL

7.2.1

Objectives

In the following study, information is presented on:
l.

the production of antisera to SCRLV and BWYV-NZ;

2.

the relationship of SCRLV to antisera of some luteoviruses

by IG tests;
3.

the reaction of SCRLV and BWYV-NZ to several luteovirus

antisera by gel diffusion tests;

4.

the detection of SCRLV and BWYV-NZ, by ELISA, in purified

preparations and in extracts of infected plants using homologous and
heterologous antisera.

The possible applications of the ELISA procedure in future
research are briefly outlined.

A discussion of the serological relation-

ships among luteoviruses with implications for the evolution of members
of the group is also included.
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7.2.2

Materials and Methods

7.2.2.1

Virus Isolates

The isolates of SCRLV and BWYV-NZ and the purification
procedures were as described in Chapter 6

(Sections 6.2.2.1, 6.2.2.2 and

6.3.2.1).

7.2.2.2

Production of Antisera

The virus injected into the rabbits was purified by two
cycles of sucrose gradient centrifugation.

For intramuscular inj ections i"

virus was emulsified with an equal volume of Freund's complete adjuvant.
The rabbits used were New Zealand white.
Antiserum to SCRLV was produced in a rabbit using an intravenous injection followed by two intramuscular injections and then another
intravenous.

The first three injections were at weekly intervals with

the second intravenous injection one month later.
virus was administered on each occasion.

About 150-200 Wg of

The rabbit was bled at weekly

intervals for 6 weeks, beginning one week after the final injection, and
all sera were pooled.
Antiserum to BWYV-NZ was produced by injecting a rabbit with a
total of approximately 400 Wg of purified virus given in three injections.
The first injection was intravenous, the second was intramuscular and the
third was intravenous.

They were administered at two-weekly intervals.

The rabbit was bled two weeks after the final injection.
o
were stored at _20 C.

Antisera
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Gel Diffusion Tests

7.2.2.3

Tests were done in disposable plastic petri plates of diameter
8.5 cm containing 15 ml of 0.75% (w/v) agarose, 0.85% (w/v) sodium
chloride, and 0.02% (w/v) sodium azide in 0.01 M phosphate buffer,
pH 7.6.

The test patterns in the agarose gel consisted of four

peripheral wells (2.5 mm diameter) around a central well (2.5 mm
diameter) with 2.5 mm between the closest edges of the central and
peripheral wells.

For determining serum titres, purified virus, of an

approximate concentration of 500

~g/ml,

was placed in the central

well and serial two-fold dilutions of the antisera in the peripheral
wells.

Plates were incubated in a humid environment at room temperat-

ure for about 16 h.

The precipitin titres of the antisera were

determined as the highest two-fold dilutions that produced visible lines
of precipitation, as viewed on a dark ground illuminator similar in
construction to that described by Glazier (1966).
Antisera to the following viruses with quoted homologous
titres in parentheses (determined by gel diffusion unless otherwise
stated) were kindly supplied by the named workers:
M.F. Clarkj

BLRV (1:512), J.W. AshbYj

BWYV isolate RY-I-R3 (1:625

in infectivity neutralization tests), J.E. Duffusj
P.M. Waterhousej
Iwaki j

PLRV (1:256), D.Z. Maatj

7.2.2.4

CRLV (1:512),

Indonesian soybean dwarf virus (ISDV)

legume yellows virus (LYV)

strain (SDV-DS)

BYDV (1:256),

(1:64), M.

(1:2048 in IG tests), J.E. Duffusj

PLRV (1:512), R. Stace-Smithj

(1:1024), T. Tamadaj

SDV dwarfing

TYTV (1:256), J.W. Ashby.

Titre of Antigens

The lowest concentration of SCRLV or BWYV-NZ antigen to
react with the homologous antiserum in gel diffusion tests was
determined by preparing two-fold dilutions of virus preparations, start-
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ing with two concentrations of each virus, 600 and 400

~g/ml.

The

antigen dilutions were tested against an antiserum dilution of 1:32.

7.2.2.5

Immunodensity Gradient (IG) Tests

This procedure was used to determine the extent of the
reaction of SCRLV with the homologous antiserum and with antisera to
SDV, BLRV and an American isolate of BWYV (RY-l-R3).
The method was essentially that of Rochow and Ball (1967).
The buffer used for virus or antiserum dilutions and suerose gradients
was 0.01 M phosphate buffer, pH 7.6.

Twelve

~g

of SCRLV in 125

~l

buffer was mixed with an equal volume of the selected dilution of each
antiserum and incubated at 37 0 C for 30 min.

After storage overnight

o
at 4 C, the virus-antiserum mixtures were centrifuged at 8 700 g for
15 min to remove any precipitate, and were then layered on 10-40%
linear sucrose gradients.

Gradients were centrifuged for 3 h at

20 000 rev/min in a Beckman SW25 rotor and scanned with a
SP8-l00 spectrophotometer using the 0.2 A260nm scale.

Pye

Unicam

Control grad-

ients consisted of virus in buffer plus normal serum diluted 1:8.
Areas under the virus peaks on the density gradient profiles were
measured with a LI-COR Model 3100 area meter.
repeated twice.

Each experiment was

The AD50 value for each antiserum, i.e. the antiserum

dilution estimated to remove 50% of the virus particles (Ball and
Brakke 1969;

Waterhouse and Murant 1981) was determined by plotting

average area under the virus peak, expressed as percentage of the control area, against the logarithm of the reciprocal of the antiserum
dilutions.

According to Ball and Brakke (1969), the ADSO values depend

on the amount of virus used.
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7.2.2.6

Enzyme-linked Immunosorbent Assay (ELISA)

The methods used were essentially those of Clark and Adams
(1977) as modified by Musgrave, D.R.

(1982, pers. comm.).

A list of

the solutions and reagents used is given in Appendix 7.

7.2.2.6.1

Gamma-globulin Purification

samples of 1.5 ml of SCRLV and BWYV-NZ antisera were diluted
with 5.5 ml of sterile distilled water.

A solution of 7.0 ml of

saturated ammonium sulphate was added dropwise.
allowed to stand for 1 h at room temperature.
fuged at 4 340 g.

The samples were
They were then centri-

The precipitate was resuspended in 1.5 ml half-

strength phosphate buffer saline (PBS, Appendix 7) and dialysed overnight against half-strength PBS (two changes of 2

Z each).

The

globulin was fUrther purified by passage through a DE23 cellulose column
(Whatman Ltd).

The unadsorbed fraction was collected.

The SCRLV

and BWYV-NZ y-globulin fractions had an A280nm of 2.35 and 1.75, respectively.

Assuming an A280nm = 1.4 for 1 mg/ml protein (Clark and Adams

1977), the concentration of the SCRLV y-globulin was 1.68 mg/ml and
that of BWYV-NZ was 1.25 mg/ml.

At this concentration, the y-globuljns

o
were stored at -20 C in silicone-treated glass vials.

7.2.2.6.2

Enzyme Conjugation of y-globulin

One mg of each sample was mixed with 2 mg of alkaline phosphatase (Sigma Type VII-S) and the mixtures were dialysed overnight
against half-strength PBS (two changes of 2

Z each)

o
at 4 C.

Aqueous

25% glutaraldehyde (BDH 36080, electron microscopy grade) was then added
to the samples to a final concentration of 0.06% (v/v)
and the preparations were incubated at room temperature

(Avrameas 1969),
0

(20-23 C) for 4 h.
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They were then dialysed overnight against half-strength PBS (two
o
changes of 2 l each) at 4 C, and bovine serum albumin (BSA) was added
to a concentration of 0.5% (w/v).
o
were stored in the dark at 4 C.

The enzyrne-y-globulin conjugates
References to the use of the

conjugates are in terms of concentration of y-globulin, assuming
that all Y-globulin originally present in solution was conjugated to
the enzyme.

The enzyrne-Y-globulin conjugate will be subsequently

referred to simply as conjugate.

7.2.2.6.3

Preparation of Samples

Purified virus was diluted in PBS buffer containing 0.05%
(v/v) Tween 20 (PBS-T) to concentrations ranging from 10
0.01

~g/ml.

~g/ml

to

Healthy and infected leaf samples were homogenized with

PBS-T containing 2% (w/v) pOlyvinyl pyrrolidone (PBS-T-PVP)
leaves/ml buffer) using a mortar and pestle.

(0.5 g

The homogenate was

filtered through a cheesecloth and clarified by centrifugation at
Plant material,

4 000 g for 2 min in a BTL micro-angle centrifuge.

infected with either SCRLV or BWYV-NZ, was from single plants known by
aphid transmission tests to be infected.

Aphid species, test plants

and aphid transfer methods were as described in Chapter 2.

Myzus

persicae~

Apterae of

virus-free or viruliferous with BWYV-NZ were reared

on healthy radish and infected Crambe

abyssinica~

respectively.

The

aphids were homogenized in PBS-T-PVP (0.25 g/ml) with a mortar and
pestle.

7.2.2.6.4

Extracts were not clarified.

The ELISA Procedure

The tests were carried out in polystyrene Nunc-Immuno plates
with flat bottom wells (plate I, Product No. 2-39454,
Kamstrupvej 90, Kamstrup, DK-4000 Roskilde, Denmark).

~/S

Nunc,

The coating
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Y-globulins were diluted in 0.5 M sodium carbonate coating buffer,
pH 9.6, containing 0.02% sodium azide (Appendix 7).
sensitized with 200

~l

of coating antibody.

Each well was

Plates were covered with

o
Parafilm M membrane and incubated overnight (16 h) at 4 C.

Non-

adsorbed antibody was rinsed from wells by three 3 min washes in PBS-T.
(All subsequent washings followed the same rinsing procedure.)
volume of 200
each well.

~l

A

of sample, prepared as specified above, was added to

Three wells were used for each sample.

Controls

included wells with buffer (PBS-T), with plant extract from healthy
plants and virus-free aphid extract in PBS-T-PVP.
o
as before and incubated overnight (16 h) at 4 C.
and 200

~l

Plates were covered
Wells were washed

of diluted conjugate was added per well.

The conjugate

had been diluted in PBS-T-PVP containing 0.2% (w/v) ovalbumin (PBS-TPVP-ovalbumin, Appendix 7).
0

at 4 C for 10 h.
200

~l

Plates were again covered and incubated

Unreacted conjugate was rinsed from the wells and

substrate solution was added per well.

The substrate was

p-nitrophenyl phosphate (Sigma, st. Louis, Mo) and was prepared at
0.75 mg/ml in 10% (v/v) diethanolamine substrate buffer, pH 9.8
(Appendix 7).

The reaction was incubated at room temperature for

45 min for the SCRLV antibody and 2 h for the BWYV-NZ antibody, and it
was stopped by adding 50

~l

per well of 3 M sodium hydroxide.

The

quantity of enzyme-substrate reaction product was determined by measuring the absorbance at 405 nm using a Bio-Tek Eia reader (Model L 307).
The mean A405nm value for each sample was calculated and was divided
by the mean A405nm value of the control to obtain the ELISA index (Musgrave, D.R. 1982, pers. comm.).

The reaction was considered to be

positive when the ELISA index for a particular sample was equal to or
higher than 1.20.

For samples of purified virus, for infected plant

extracts and for extracts of viruliferous aphids, controls were wells
with buffer (PBS-T), healthy plant extract and virus-free aphid extract,
respectively.
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7.2.3

Results

7.2.3.1

Gel Diffusion Tests

The reactions of SCRLV and BWYV-NZ with antisera to several
luteoviruses are summarised in Table 7.1.

Listed are the quoted

homologous titres and the serological differentiation indices termed
SDI (van Regenmortel and von Wechmar 1970).

Serological different-

iation index is defined as the number of two-fold dilution steps
separating homologous and heterologous titres.
The homologous titres of antisera to SCRLV and BWYV-NZ
were 1:256 and 1:128, respectively.

Antiserum to BWYV-NZ also reacted

to normal plant material at a dilution of 1:4 indicating the presence
of antibodies to Fraction 1 plant protein.
Serological differentiation index values indicated that
SCRLV was very closely related to SDV and distantly related to the
other luteoviruses tested (Table 7.1).

The relationships of the

various antisera to SCRLV have the following descending order:
SDV > BWYV-NZ > BLRV = ISDV > PLRV

TYTV.

Beet western yellows

virus-NZ was very closely related to the Californian isolate of BWYV
(RY-I-R3), closely related to BLRV, PLRV (isolate from Holland) and
perhaps LYV, and less closely to the other luteoviruses.

In descend-

ing order the relationships of the various antisera to BWYV-NZ was as
follows:

BWYV(RY-I-R3) > BLRV

TYTV > PLRV (ex Canada)

=

ISDV

SDV > CRLV.

PLRV (ex Holland) > SCRLV =
The degree of relationship of

SCRLV and BWYV-NZ to antisera of BWYV (RY-I-R3) cannot be accurately
determined, as the titres of these antisera were determined by methods
other than gel diffusion and the SDI values given in parentheses in
Table 7.1 are likely to be overestimated.

The New Zealand isolate of

Table 7.1:

Reactions of SCRLV and BWYV-NZ to luteovirus antisera in gel diffusion tests.
Homologous titres were determined by gel diffusion, unless otherwise noted.
Gel diffusion tests

Antiserum

BYDV (NZ)
BLRV (Holland)
BWYV-NZ (t-1)
BWYV (RY-1-R3)
(California)
CRLV (Scotland
ISDV (Indonesia)
LYV (California)
PLRV (Holland)
PLRV (Canada)
SCRLV (NZ)
SDV-DS (Japan)
TYTV
(NZ)

a

Homologous
titre
(reciprocal)

Titre
to SCRLV
(reciprocal)

a
SDI with
SCRLV

256
512
128
625 b

nr
16
8
2

nr
5
4
(8) d

512
64
2048 c
256
512
256
1024
256

nr
2
4
4
8
256
512
4

nr
5
(9)
6
6
0
1
6

Titre to
BWYV-NZ

SDI with
BWYV-NZ

<- '<'E.C\ ?Oc.oJ)
nr
64
128
128

nr
3
0
(2)

1
8
64
32
16
16
32
16

9
3
(5)
3
5
4
5
4

SDI, serological differentiation index, the number of two-fold dilution steps separating
homologous and heterologous titres (van Regenmortel and von Wechmar 1970).

bTitre determined by infectivity neutralization tests.
CTitre determined by immunodensity gradient tests.
Virus abbreviations are: BYDV, barley yellow dwarf virus; BLRV, bean leaf roll virus;
BWYV, beet western yellows virus; CRLV, carrot red leaf virus;
ISDV, Indonesian soybean
dwarf virus; LYV, legume yellows virus;
PLRV, potato leaf roll virus; SDV-DS, soybean
dwarf virus, dwarfing strain;
SCRLV, subterranean clover red leaf virus. TYTV, tomato
yellow top virus.
d

Value not accurate as homologous titre was determined by means other than gel

nr = no reaction.

diffusion.
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BYDV did not react with either SCRLV or BWYV-NZ.

Antiserum to CRLV

did not react with SCRLV and reacted with BWYV-NZ only when used
undiluted.

7.2.3.2

Titre of Antigens

The lowest concentrations of SCRLV and BWYV-NZ that reacted,
in gel diffusion tests, with the homologous antiserum (dilution 1:32)
were 75 and 100

~g/ml,

respectively.

The most visible reactions for

both viruses were observed with an antigen concentration of 300

7.2.3.3

~g/ml.

Immunodensity Gradient Tests

The highest dilution of the homologous antiserum to SCRLV
that caused a decrease of the virus peak was 1:1024.
to 1:128 completely removed the virus zone (Fig. 7.1).

Dilutions down
The highest

dilutions of antisera to SDV, BLRV and BWYV which reacted with SCRLV
in IG tests were 1:2048, 1:64

~ig.

7.1), and 1:32, respectively.

When the areas under the virus peaks in the density gradient profiles
were plotted as a percentage of the control area against the logarithm
of the antiserum dilutions, the straight lines obtained had a similar
slope (Fig. 7.2), indicating that the kinetics of the reactions were
the same.

Waterhouse and Murant (1981) obtained similar results when

they tested CRLV against several luteovirus antisera.
The AD50 values obtained for the antisera to SCRLV, SDV,
BLRV and BWYV (RY-I-R3) were 1:408, 1:675, 1:44 and 1:13, respectively
(Fig. 7.2).

The order of relationship of the four antisera to SCRLV,

as indicated by their AD50 values, corresponds to the order of relationship indicated by the titres of the antisera to SCRLV in gel diffusion
tests (Table 7.1).
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SCRLV

+

SCRLV + SCRLV antiserum

BLRV antiserum

1: 16

~~:~4

______--------------

1: 32

~~:~1~28~____-------

1: 64

o

1.0
N

!:S
1:128

1:256

Depth
Figure 7.1:

Immunodensity gradient tests.
Absorption profiles
(left to right) given by mixtures of 125 ~l 0.01 M
phosphate buffer, pH 7.6, containing 12 ~g SCRLV
with 125 ~l of the indicated dilutions of antisera
to BLRV, left and SCRLV, right.
Abbreviations
are: BLRV, bean leaf roll virus; SCRLV, subterranean clover red leaf virus; NS, normal serum.

---

176

100

80
,..;
0

~

.jJ

I=:
0

u 60

4-1
0
dP

..

III
<1l
~

40

III

.!<:

III
<1l
III

20

4

8

16

32

64

128

256

512

1024

2048
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Figure 7.2:

Immunodensity gradient tests.
Plot of areas
under SCRLV peaks as a percentage of area under
control peak (SCRLV + normal serum diluted 1: 8) against
the reciprocal of the dilutions of different
antisera (log scale).
~, beet western
yellows virus (RY-1-R3) antiserum;.
• , bean
leaf roll virus antiserum; ~ , SCRLV antiserum; ~, soybean dwarf virus antiserum.
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7.2.3.4

Enzyme-linked Irnmunosorbent Assay

7.2.3.4.1

Detection of SCRLV

When anti-SCRLV Y-globulin and conjugate were used at concentrations of 1

~g/ml

and 2

~g/ml,

respectively, homologous antigen

in purified preparations was detected to a level of 0.01
7.3, Appendix 8), the lowest concentration tested.

~g/ml

(Fig.

ELISA absorbance

values had an essentially linear relationship to virus concentration
(log scale) over the range of 2.5 to 0.1

~g/ml.

Absorbance of healthy sap did not differ significantly from
the absorbance shown by buffer (PBS-Tween)

(Table 7.2), indicating

negligible reactivity of the anti-SCRLVy-globulin with normal plant
Subterranean clover red leaf virus was effectively detected

protein.
in infected

Trifolium subterraneum cv. Bacchus Marsh andPisum sativum

cv. Puget (Table 7.2).

Comparisons with ELISA absorbance values for

tests of a range of concentrations of virus in purified preparations
(Fig. 7.3) indicated

that SCRLV was present in extracts from

terraneum and P. sativum at about 0.075 and 1.5

~g/g

T. sub-

fresh weight,

respectively.

7.2.3.4.2

Detection of BWYV-NZ

Beet western yellows virUS-NZ in purified preparations was
detected by ELISA to a level of 0.1

~g/ml

(Fig. 7.4, Appendix 9) with

homologous y-globulin and conjugate concentrations of 2.5
3.0

~g/ml,

respectively.

Over the range of 10 to 0.5

~g/ml

~g/ml

and

purified

virus, A405nm values had nearly a linear relationship to virus concentration (log scale) .
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Figure 7.3:

0.1

1.0
~g/ml

0.01

(log scale)

ELISA absorbances of different concentrations
of purified SCRLV •
• and BWYV-NZ 0 - - 0 ,
using anti-SCRLV coating y-globulin and conjugated y-globulin at concentrations of 1 ~g/ml
and 2 ~g/ml, respectively.
Purified virus was
diluted in PBS-Tween (Appendix 7).
Bars represent
95% confidence intervals (3 wells per treatment).
Dotted line represents absorbance of buffer (PBS-Tween).
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Table 7.2:

Detection by ELISA of SCRLV with coating y-g1obu1in
at 1 ~g/ml and conjugated y-globulin at 2 ~g/ml.

Sample

A405nm ± 95%
confidence
interbal b

a

Buffer
(PBS-Tween)

Approximate
virus concentration
~g/g fresh weight C

0.080 ± 0.011

Pisum sativum
0.085 ± 0.010

cv. Puget, healthy

Pisum sativum
cv. Puget, infected

d

0.965 ± 0.020

1.500

0.150 ± 0.015

0.075

TrifoUum
subterraneum cv.
Bacchus Marsh,
infected d

aplant sap extracted by homogenizing leaves with PBS-T-PVP
buffer (Appendix 7) (0.5 g/m1) using a mortar and pestle
and clarified by low-speed centrifugation.
b

Mean A405nm value of 3 wells, absorbance read 45 min after the
addition of substrate (0.75 mg/ml).

cVirus concentration estimated by comparison with ELISA
absorbances for tests of a range of concentrations of virus
in purified preparations (Fig. 7.3).
dLeaf material from single plants;
by aphid transfer to test plants.

infection with SCRLV verified
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Absorbance shown by healthy plant sap was higher than that
3hown by buffer (PBS-Tween)

(Table 7.3), an indication of reactivity of

the anti-BWYV-NZ Y-globulin with normal plant protein.

This result

Nas consistent with gel diffusion tests in which antiserum to BWYV-NZ
~eacted

to plant sap diluted 1:4.

No reaction occurred between virus-

free aphid extracts and anti-virus Y-globulin.

Beet western yellows

virus-NZ was detected by ELISA in 5 out of 6 infected plant species
and also in viruliferous apterae of

was not detected in infected

M. persicae (Table 7.3).

Vicia faba cv. Evergreen.

Virus

Virus

concentration in extracts of the 5 plant species, estimated from Fig.
7.4, ranged from 0.9 to 3.8
aphids was about 7. 3 ~g / g

~g/g

fresh weight, and in viruliferous

(Table 7.3).

As reacti vi ty occurred between

anti-virus y-globulin and plant protein, virus concentrations in
plant extracts have been likely overestimated.

7.2.3.4.3

Cross-reactivity among SCRLV and BWYV-NZ

Cross-reactivities among anti-SCRLV y-globulin and BWYV-NZ
preparations and among anti-BWYV-NZ y-globulin and SCRLV preparations
were low (Figs 7.3 and 7.4), when compared to the homologous
reactions.
(Koenig 1978;

This is in agreement with results of other workers
Lister and Rochow 1979) that ELISA tests differentiated
i _J
~\~

between serologically closelyAviruses.
gel diffusion tests

It was earlier noted that, in

<-Table 7.1), considerable cross-reactivity occurred

among either SCRLV or BWYV-NZ and their heterologous antisera.
Antigens of BWYV-NZ and SCRLV were detected by their heterologous
Y-gIGbulins at concentrations of

5

~g/ml

and

1

~g/ml,

respectively

(Figs 7.3 and 7.4, Appendices 7 and 8), shGwing that anti-BWYV-NZ
Y-gIGbulin was less specific than anti-SCRLV y-globulin.

The lower

specificity of the anti-BWYV-NZ y-glGbulin might be a result of the
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Table 7.3:

Detection by ELISA of BWYV-NZ with homologous coating
y-globulin at 2.5 ~g/ml and conjugated y-globulin at
3 ~g/ml.

Sample

A405nm ± 95%
confidence
interval b

a

Buffer (PBS-Tween)

0.096 ± 0.004

Pisum sativum cv.

0.122 ± 0.006

Approximate
virus concentration
~g/g fresh weightC

Puget, healthy

Pisum sativum cv.

0.265

± 0.027

3.00

Arachis hypogaea,

0.187 ± 0.024

1.49

Puget, infectedd

cv. Valencia Senegal,
infectedd

Vicia faba, cv. Ever-

0.120 ± 0.016

Myosotis aZpestris,

0.258 ± 0.029

3.24

Crambe abyssinica,

0.300 ± 0.011

3.77

0.171 ± 0.050

0.89

green, infected d
infectedd

infected d

MatthioZa

infected d

Myzus

incana~

persicae~

0.093 ± 0.090

virus-free e

Myzus persicae ~

0.323 ± 0.015

viruliferous e

a
b

Same as footnote

a

7.31

,Table 7.2.

Mean A405nm value of 3 wells, absorbance read 2 h after the
addition of substrate (0.75 mg/ml).

cVirus concentration estimated by comparison with ELISA absorbances
for tests of a range of concentrations of virus in purified
preparations (Fig. 7.4).
d

Leaf material from single plants;
infection with BWYV-NZ
verified by aphid transfer to test plants.

eAphid extract homogenized in PBS-T-PVP (0.25 g/ml) with a mortar
and pestle.
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higher concentration of coating antibody (2.5

~g/ml)

incubation period of the substrate added to the

and the longer

anti-B~~V-NZ

y-globulins (2 h), as compared to the concentration of anti-SCRLV coating
antibody (1

~g/ml)

and the incubation period of the substrate added to

the anti-SCRLV y-globulins (45 min)

(Koenig 1978).

The necessity to

use different test conditions for the two anti-virus y-globulins was
imposed by the lower efficiency of the anti-BWYV-NZ y-globulin.
However, virus was not detected with the heterologous y-globulin in
plants infected with either BWYV-NZ
SCRLV

(C. abyssinica and P. sativum) or

(P. sativum) (Appendices 7 and 8) .

7.2.4

Discussion

7.2.4.1

Advantages and Disadvantages of Gel Diffusion and
Immunodensity Gradient Tests

Immunodensity gradient tests provided reliable results
which were comparable to those from gel diffusion tests.

The virus

concentration required for IG tests was 5-6 times lower than that
required for gel diffusion.

However, IG tests were not used to com-

pare the reactions of all available antisera to SCRLV and BWYV-NZ, as
the procedure was found tedious and time-consuming.
a much simpler and more rapid procedure.

Gel diffusion was

Concentrated virus,

required by gel diffusion, was obtained by resuspending the final
virus pellets in a small amount of buffer (50-100

~l).

Difficulties

in comparing closeness of relationship among luteoviruses were
encountered, because homologous titres of some antisera were determined
by methods other than gel diffusion.

Even titres obtained in differ-

ent laboratories by gel diffusion may not be strictly comparable, as
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techniques used often vary in medium composition, pattern of wells
and virus concentration.

Despite these problems, gel dif,fusion was

found satisfactory for comparing relationships among luteoviruses.
Standardization by scientists of the procedures for determining homologous titres of antisera, and of the gel diffusion techniques, would
eliminate some of the difficulties and would allow more readily
comparable results.

7.2.4.2

Identity of SCRLV and BWYV-NZ

Gel diffusion and IG tests showed that SCRLV was closely
related to SDV.

A relationship between these two viruses had been

suggested earlier by Ashby
vector

et aL

(Aulacorthum solani)

(1979b) on the basis of the common

of the two viruses and the similarities

in host range and symptomatology.

The current serological results

together with the similarities between the two viruses in properties of
purified preparations (Section 6.2.3, Kojima and Tamada 1976) confirm
the above suggestion and further suggest that SCRLV may be regarded as
an isolate of SDV.

(Phaseolus vulgaris),
ium pratense

L.)

since all isolates of SCRLV infect dwarf beans
but only some isolates infect red clover

(Trifol-

(Ashby, J.W. 1982, pers. comm.), it seems that SCRLV

has a closer similarity to the yellowing rather than the dwarfing
strain of SDV (Tamada 1973).
Antigen of BWYV-NZ reacted strongly with antiserum to a
Californian isolate of BWYV.
(Section 2.2 and Chapter 4)

This confirms earlier suggestions
that, on the basis of host range, symptomatol-

ogy and transmission characteristics, BWYV-NZ is actually an isolate of
BWYV.
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7.2.4.3

Relationships of SCRLV and BWYV-NZ to Several Luteoviruses

The reactions of SCRLV and BWYV-NZ to BLRV antiserum in
IG or gel diffusion tests were consistent with results of reciprocal
tests in which BLRV reacted with antisera to SDV and BWYV (Ashby and
Huttinga 1979).

Antiserum to CRLV did not react with SCRLV in gel

diffusion and reacted with BWYV-NZ only when used undiluted.

Similar

results were observed in reciprocal tests in which antisera to BWYV
(Californian isolate) and SDV were tested against CRLV (Waterhouse
and Murant 1981) •

Subterranean clover red leaf virus reacted with

antiserum to ISDV only when the latter was used at a dilution of 1:2.
This result was not surprising, because in earlier work (Iwaki

et al.

1980), antiserum to ISDV did not react with SDV, and antiserum to SDV
did not react with ISDV.
mitted by

Indonesian soybean dwarf virus is trans-

Aphis glycines (Matsumura), whereas SDV (including SCRLV) is

transmitted by

Aulacorthum solani.

Antisera to two isolates of PLRV, one from Canada and one
from Holland, reacted, in gel diffusion tests, with both SCRLV and
BWYV-NZ antigens.

Murayama and Kojima (1974) and Kojima and Tamada

(1976) failed to detect any reaction between PLRV antiserum and SDV
antigen or SDV antiserum and PLRV antigen.

The reason for these fail-

ures might have been the low antigen concentration used.

Murayama and

Kojima used an antigen concentration of 80 Wg/ml, whereas in the present study the antigen concentration was about 500 Wg/ml.

The react-

ions of PLRV antisera to BWYV-NZ antigen are in agreement with results
obtained recently by Duffus and Stace-Smith (unpublished, cited by
Rochow and Duffus 1981), according to which an antiserum to the Canadian
isolate of PLRV reacted with a Californian isolate of BWYV.

The

present results regarding the relationship of PLRV antisera to SCRLV
and BWYV-NZ are in agreement with reciprocal tests by Roberts

et al.
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(1980), in which PLRV antigen was shown in ISEM tests to react with
antisera to SDV and BWYV (Californian isolate).

In recent gel diffus-

ion tests (Kyriakou and Fletcher, unpublished data), a New Zealand
isolate of PLRV reacted in gel diffusion tests with antisera to both
SCRLV and BWYV-NZ.
An antiserum to TYTV, a virus very closely related to PLRV
(Ashby and Kyriakou 1983), reacted to SCRLV and BWYV-NZ antigens
similarly to the PLRV antisera.

In reciprocal tests (Ashby and

Kyriakou 1983) TYTV antigen reacted with antisera to SCRLV and BWYV-NZ.
Neither SCRLV nor BWYV-NZ reacted with antiserum to a New
Zealand isolate of BYDV.

Unfortunately the vector specificity of

this BYDV isolate was not known.

Beet western yellows virus was

shown to be closely related serologically to the RPV strain of BYDV
but more distantly related to the MAV and PAV strains (Duffus and
Rochow 1978;

Rochow and Duffus 1978).

Soybean dWarf virus was shown

to be serologically related to the RPV and MAV strains of BYDV (Duffus
1977b;

Rochow and Duffus 1981).
subterranean clover red leaf virus reacted to the BWYV-NZ

antiserum perhaps more strongly than to the BWYV

(RY-l~R3)

antiserum.

In reciprocal tests, BWYV-NZ reacted with antisera to SCRLV and SDV.
These results are in agreement with tests of other workers in which
SDV antiserum reacted with BWYV antigen and BWYV antiserum reacted with
SDVantigen (Rochow and Duffus 1981).
The present results supplement and extend the findings of
other workers that members of the luteovirus group are serologically
related and that they may therefore have arisen from a common ancestor.
The serological relationships among luteoviruses

as known from literat-

ure today, including the results of the present study, may be presented
as in Table 7.4, with SCRLV being regarded as an isolate of SDV and
BWYV-NZ as an isolate of BWYV.

Table 7.4 includes also data recently

Table 7.4:

Serological relationships among luteoviruses

a

.

positive (+) or negative (- ) reaction
in tests with antiserum for virus shown
Virus as antigen

:>

~
IX!

Beet western yellows (BWYV)
Beet mild yellowing (BMYV)
Malva yellows (MYV)
Turnip yellows (TuYV)
RPVof barley yellow dwarf
MAVof barley yellow dwarf
PAV of barley yellow dwarf
Rice giallume (RGV)
Soybean dwarf (SDV)
Legume yellows (LYV)
Bean leaf roll (BLRV)
Solanum yellows (SYV)
Tobacco necrotic dwarf (TNDV)
potato leaf roll (PLRV)
Carrot red leaf (CRLV)
Indonesian soybean dwarf (ISDV)
Tomato yellow top (TYTV)
a

+
+
+
+
+

+
+
+
+
+
+
+*

:>

:>

~
IX!

:>
:2;

::l
E-<

+
+
+
+
+

+
+
+
+
+

+
+
+
+
+

:><

:><

+

+

+
+

+

+

+

:>

~

+
+
+
+
+

+
+
+

+
+

~

~P-I

+
+
+
+

+
+
+
+

+
+
+
+

+
+

~

+
+

~

:>

~

H
P-I

~U

5

~

H

E-<

+

+

+*

+*

+*

+*
+

+*
+
+

+*

-*

+*

+*

+
+
+

+*

+
+

+
+
+

+*
+

+*

+*

+*

+*

+*

+*

-*

+
+*

+*

:>

:>

~

H
IX!

+
+
+
+
+
+

+
+
+
+

+
+
+

Cl

U)

~
U)

Cl

Z
E-<

U)

:><

+
+

+
+

:>

+
+
+

The data other than those marked with an asterisk were obtained from Rochow and Duffus (1981) .
Additions and changes are according to Roberts et aZ. (1980) , Iwaki et aZ. (1980) and
Waterhouse and Murant (1981) .
Data marked with an asterisk include those presented in Table 7.1
(SCRLV :: SDV, BWYV-NZ :: BWYV) , data obtained by Ashby and Kyriakou (1983) and by Kyriakou and
Fletcher (unpublished) •
f--'
00
-....J
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obtained and regarding serological relationships of New Zealand
isolates of TYTV and PLRV to other luteoviruses (Ashby and Kyriakou
1983;

Kyriakou and Fletcher, unpublished data) •
The SDI values of the various antisera with BWYV-NZ were

in general lower than the corresponding SDI values with SCRLV
(Table 7.1), indicating that BWYV is more closely related to other
luteoviruses than SCRLV.

When antigens of TYTV and PLRV were tested

in gel diffusion tests against the same group of antisera, most SDI
values were

~6,

showing that, TYTV and PLRV were more distantly related

to the other luteoviruses than either SCRLV or BWYV-NZ.

Thus, of

the four luteoviruses, BWYV was the most closely related to the various luteovirus antisera tested.

The close serological relationship

of BWYV to other members of the group, together with its widespread
distribution, its extremely wide host range and the numerous aphid
vectors, suggest that BWYV may be regarded as the ancestral stock from
which the other luteoviruses arose.

Since luteoviruses are trans-

mitted only by aphids and members of the group differ mainly in aphid
specificity and host range, it is possible that different strains or
viruses may have arisen by host/vector selection and adaptation.

As

mixed infections are common in nature (Falk and Duffus 1981), heterologous encapsidation, as outlined by Rochow (1972), may be one mechanism
by which strains or new viruses developed from plants infected with
more than one virus.

7.2.4.4

Use of ELISA in the Study of Luteoviruses

Evidence has been presented that antisera to SCRLV and BWYV-NZ
can be effectively used in ELISA tests to detect and assay these luteoviruses in leaf and aphid extracts.
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ELISA, being simple, rapid and suitable for large-scale
tests, has a great potential in simplifying surveys for epidemiological
studies of luteoviruses.

The procedure has been successfully used by

Rochow (1979b) for diagnosis of BYDV in field collections.

It is

believed that ELISA can also be used for surveys of beet viruses,
replacing to a great extent the laborious and time-consuming aphid
transmission tests.

At the time the ELISA tests were performed, no

infected beet samples were available for testing.

However, BWYV-NZ

and SCRLV were successfully detected in 5 out of 6 and 2 out of 3 other
plant species tested, respectively.

The antiserum to BWYV-NZ used

for ELISA had a relatively low titre in gel diffusion tests (1:128)
and contained antibodies to normal plant protein.

As a result,

the sensitivity of anti-BWYV-NZ Y-globulin was low and nonspecific
reactions reduced the effectiveness of ELISA tests.

Production of a

new BWYV-NZ antiserum, more specific and with a higher titre, would be
required for sensitive tests and more satisfactory results.
The ELISA procedure may also find important applications in
quantitative assays for determining the type of plant tissue or plant
host that is the best source for virus extraction and the optimal conditions for obtaining a high virus yield from infected plants.

The

present ELISA results regarding the concentration of SCRLV in P.

sativum and T. subterraneum (Table 7.2) were in agreement with results
from purification of virus from the two hosts (Section 6.2.3.1).
concentration of BWYV-NZ in extracts of viruliferous apterae of

persicae was surprisingly high (7.3

~g/g).

extracts of any plant host (Table 7.3).

The

M.

It was higher than in
If indeed virus concentration

is higher in the vector than in the host, this would indicate that
BWYV-NZ muttiplies in its principal vector.

Stegwee and Ponsen (1958)

gave evidence that PLRV multiplies in its vector

M. persicae.
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However, there is no evidence for multiplication in the vector of
any other luteovirus (Rochow and Duffus 1981).

There is a possibility

that the apparently high concentration of BWYV-NZ in aphid extracts
resulted from the greater ease with which virus is released from aphid
tissues as compared with virus released from plant tissue3.

Further

research would be required to elucidate this.
Concerning the detection of BWYV-NZ by ELISA in infected
samples, a difficulty might arise from the specificity of the procedure
and the existence of more than one strain of BWYV-NZ.

Koenig (1978)

found that ELISA could differentiate among closely related virus
strains and Lister and Rochow (1979) showed that the procedure could
discriminate between MAV and PAV, two closely related strains of BYDV.
The present study demonstrated that ELISA effectively differentiated
between SCRLV and BWYV-NZ, two serologically related luteoviruses (Figs
7.2 and 7.3).

However, nothing is known about strains of BWYV-NZ

and whether ELISA could discriminate between them.

The present study

was limited to only one isolate of BWYV-NZ (t-l).
wide host range (Section 2.2) and numerous vectors

As BWYV-NZ has a
(Chapter 4), i t is

likely to exist in more than one strain, as is the case with BWYV in
the United States (Duffus 1964, 1973).

Extensive research would be

required to determine strains, produce strain-specific antisera and
then test cross-reactivities among strains by ELISA.

If the procedure

is shown to discriminate between strains, use of more than one antiserum would be required for testing field collections for BWYV-NZ.
However, as Rochow and Duffus (1981) pointed out, aphid transmission
tests cannot be abandoned altogether, for

excl~sive

fail to detect new strains or new related viruses.

use of ELISA would
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CHAPTER 8
GENERAL CONCLUSIONS AND DISCUSSION

An aphid-transmitted virus, which was termed beet western
yellows virus-NZ (BWYV-NZ), was isolated from beet and turnip
plants with yellowing.

Symptoms in hosts, its persistence in the

aphid vector and properties of purified preparations, including
morphology (isometric particles of a diameter of about 27 nm),
sedimentation coefficient (114 S) and molecular weight of the
single coat protein subunit (23 250), suggested that the virus is
a member of the luteovirus group (Rochow and Duffus 1981).
host range of BWYV-NZ, its efficient transmission by

The

Myzus persicae

and its close serological relationship to an isolate of beet
western yellows virus (BWYV) from California indicated that the
virus may be considered as an isolate of BWYV.
Some marked similarities in biological properties exist
between BWYV-NZ and bean (pea) leaf roll virus-NZ (BLRV-NZ) (Wilson 1968;
wilson and Close 1973).
stunting in

They both infect legumes and produce

Trifolium subterraneum cv. Bacchus Marsh.

addition, they are both efficiently transmitted by

In

M. persicae.

Aphid acquisition and inoculation threshold periods of BLRV-NZ
(Wilson 1968) were higher than those of BWYV-NZ (Section 4.3.3.3).
However, this difference may be the result of variation in sensitivity of the test plant to the virus.

Pisum sativum was used as

indicator plant in the study of BLRV-NZ, whereas
was used in -the study of BWYV-NZ.

Crambe abyssinica

It is possible that the two

viruses are closely related or even identical, but in the absence
of a recorded host range or antiserum of BLRV-NZ, the relationship
cannot be verified.
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The wide host range of BWYV-NZ (not less than 44 species in
16 plant families), its high incidence in bait plants (Fig. 5.4) and
in beet and turnip crops during

1981-82 (Fig. 5.8) are indications

that the virus is not new to New Zealand.

It may seem surprising

that it was not detected earlier, particularly in turnips which
constitute one of the major forage crops of this country (Claridge
1972) •

The reason must rest with the appearance of luteovirus

symptoms, which are often mistaken as being induced by natural factors
including moisture and temperature conditions, plant senescence and
nutrient excess or deficiency (Duffus 1977a).
Wlth the hosts determined for BWYV-NZ, the host range of
BWYV, which previously included 162 species in 24 plant families
(Section 2.1.3), may now be extended to 173 species in 25 families.
Beet western yellows virus-NZ was the only yellowing virus
isolated from beet with yellowing by aphid transmission.

The same

result was obtained when virus was purified from foliage of plants
with symptoms and was assayed for infectivity by aphids feeding
through membranes.

Subterranean clover red leaf virus (SCRLV),

which was shown to infect beet in the glasshouse, may cause yellowing
in this crop during years in which
vector of SCRLV, is prevalent.

The numbers of

In 1981-82, the numbers of

A. solani

M. pers&cae was numerous on beet (Fig.

were insignificant, whereas
5.6) .

Aulacorthum solani, the principal

M. persicae, caught in a suction trap at

Lincoln from September 1981 to August 1982, were 20 times higher
than those of

A. solani.

(Lowe

Pearson and Go1dson 1980) that alate

1968;

These results differ from earlier reports

canterbury outnumbered alate

M. persicae.

A. solani in

It seems that the re1at-

ive aphid popu1ations of the two species during the last 2-3 years
have changed dramatically.

According to Ashby, J.W.

(1983, pers.
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comm.) , one possible explanation of this is that the methods used
to control

Acyrthosiphon kondoi have also reduced the population of

A. solani.

It is interesting that beet yellows virus (BYV) was not

detected in repeated attempts in New Zealand (Ashby, J.W., 1983, pers.
comm.) , and the same results were obtained in Tasmania (Johnstone and
Munro 1980).
In experiments conducted in aphid-proof cages, BWYV-NZ
reduced total fresh weight of turnip cv. Green Globe by 32%.

Con-

sidering the extensive acreage cultivated with this crop in New
Zealand (in 1980 a total area of 53 576 ha was sown with turnips),
the yield loss would be serious during years in which BWYV-NZ affects
the crop in epidemic proportions.

The effect of the virus on the

yield of beet was not investigated in this study.

However, Goldson

and Pearson (1982), who controlled yellowing of beet in Canterbury
by the use of insecticides in open field experiments, found that
virus suppressed root fresh weight by 21-32%.
In addition to beet and turnip, other crops, including members of the

Brassica oleracea group, lettuce, several legumes and

potato, were shown to become infected with BWYV-NZ.

The role of

the virus in the yellowing of these crops awaits investigation.
Duffus (1981) reported that there are BWYV isolates which infect
potato plants and induce symptoms which might easily be confused
with those produced by potato leaf roll virus (PLRV).

The isolate

of BWYV-NZ, used to inoculate potato plants in the glasshouse, did
not induce leaf roll.

However, this isolate may affect yield, and

it is possible that other BWYV-NZ isolates may induce in potato
symptoms similar to those caused by PLRV.

These possibilities

should be considered when indexing potatoes for virus, especially
in the production of pathogen-tested stocks of potato cultivars.
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Five aphid species,
pisum~ Macrosip~~

transmit BWYV-NZ.

M.

euphorbiae
Of these,

pers~cae,

and

A. solani, Acyrthosiphon

Lipaphis erysimi

L. erysimi

has not been reported as a

vector of other isolates or strains of BWYV.
vectors other than

M. persicae

were shown to

The efficiency of

has not been studied.

Beet western

yellows virus-NZ, having a wide host range, is likely to occur in
several strains and some aphid vectors may be strain-specific or may
transmit some strains more efficiently than others, as is the case
with barley yellow dwarf virus (BYDV)

(Rochow 1969).

Beet western

yellows virus in the United States was shown by Duffus (1964) to
occur in many strains differing in host range and symptom severity
in certain hosts.

Variability within a virus needs to be considered

when breeding crop cultivars for tolerance or resistance.

It may

also be important in detecting virus in field samples by serological
means, as for example by ELISA.

Problems may be encountered as a

result of the specificity of this method (Koenig 1978;

Lister and

Rochow 1979).
The biological properties of SCRLV have been determined in
Australia by Kellock (1971) and in New Zealand by Teh (1978).
Attempts by Teh (1978) to purify this virus had failed.

In this

study, the success in purifying SCRLV and obtaining sUfficient
quantities for determination of some of its properties and the production of an antiserum, may be attributed to the use of enzymes.
Takanami and Kubo (1979a) used Driselase for the purification of
PLRV and tobacco necrotic dwarf virus

(TNDV).

Cellulase, which is

about three times cheaper than Driselase, was shown to be equally
effective for the purification of SCRLV.
Properties of the virus showed that SCRLV may be classified as a definitive member of the luteovirus group.
tests confirmed earlier suggestions by Ashby

et al.

Serological
(1979b) that
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SCRLV is closely related to soybean dwarf virus (SDV).

The

strong reaction of SCRLV with antiserum to SDV in gel diffusion
(Table 7.1) and irnmunodensity gradient tests (Fig. 7.2) showed that
the two viruses may well be identical.

Tamada, T. and Ashby, J.W.

(pers. cornm.) are intending to exchange purified preparations of
the two viruses for conducting parallel tests to confirm this suggestion.

It is interesting that the value obtained for the molecular

weight of the coat protein subunit of SCRLV (22 200) is close to the
value obtained for the molecular weight of the coat protein subunit
of SDV (22 000)

(Tamada and Kojima 1977).

Coelectrophoresis of

the two viruses on the same gel would indicate whether the molecular
weight of their coat protein sUbunits is identical.

Coelectrophoresis

of SCRLV and BWYV-NZ showed that the molecular weights of the protein subunits of these two viruses have different values
BWYV-NZ, 22 200 for SCRLV).

(23 250 for

This was in agreement with their

distant serological relationship and their differences in biological
properties.

This was the second report in which more than one

luteovirus were run on the same gel for comparative determination
of their protein molecular weight.

The first report was by Scalla

and Rochow (1977) who determined the molecular weight of the coat
protein subunits of two strains of barley yellow dwarf virus.
They obtained the values of 23 500 for the protein molecular weight
of the MAV strain and 24 450 for that of the RPV strain.
two strains are known to differ in vector specificity.

These
Simultaneous

tests with viruses which have close similarities, like the members
of the luteovirus group, are necessary for accurate comparative
studies.

Coelectrophoresis of two or more luteoviruses would be

necessary for comparing not only molecular weights of their coat
protein subunits, but also molecular weights of their ribonucleic
acids.

While testing for infectivity of purified preparations of
BWYV-NZ, using two aphid species and different concentrations of
purified preparations, i t was found that

M. persicae was able to

transmit virus about 130 times more dilute than
6.10) .

A. soZani (Table

These results may be a reflection of the ability of aphids

to acquire virus from source tissue with a low or high virus concentration.

The technique may be useful in comparing the efficiency of

several aphid species in transmitting luteoviruses such as BWYV.
All species should be tested for their ability to. feed equally well
through membranes on sucrose solutions, before making any valid conclusions regarding their efficiency as virus vectors.
Subterranean clover red leaf virus and BWYV-NZ were shown
to be serologically related to each other and to several other luteoviruses, including PLRV (Table 7.1).

These findings support and

extend other workers' results that most luteoviruses are serologically
related (Rochow and Duffus 1981).

It is of particular interest that

BWYV-NZ was shown to be more closely related to the other luteoviruses than SCRLV (Table 7.1), tomato yellow top virus (TYTV)

(Ashby

and Kyriakou 1983), and PLRV (Kyriakou and Fletcher, unpublished
data) .

These results indicate that BWYV, having a wide host range

and numerous vectors, may be considered as the ancestral stock from
which other luteoviruses arose.
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Appendix 1:

Numbers 0.£ four aphid species trapped in a suction
trap at a height of 7.5 m, at DSIR Research Farm,
Lincoln, from september 1,1981 to August 31,1982.
Data were obtained from Farrell, J.A.K.
Numbers of alatae of

Period

sept. 1 to
Jan. 31
Feb. 1 to
Aug. 31

Myzus
pers'[,cae

Lipaphis
erysimi

Macrosiphum
euphorbiae

AuZacorthum
soZani

779

317

51

42

60

6

3

1

Appendix 2:

a
Numbers of alate aphids collected from Crambe abyssinica and Trifolium subterraneum bait plants exposed
b
weekly at four sites from September 1, 1981 to January 26 (S-S), and from March 9 to July 6, 1982 (A-W).
Data were obtained from Farrell, J.A.K.

Aphid species

Myzus persicae
Lipaphis erysimi
Acyrthosiphon kondoi
Acyrthosiphon pisum
Macrosiphum euphorbiae
Capitophorus eLaeagni
Brachycaudus helichrysi
Brevicoryne brassicae
Aphis craccivora
Aphis nerii
Aulacorthum solani
Rhopalosiphum padi
Myzus cerasi
Acyrthosiphon pelargonii
Hyperomyzus lactucae
Cavariella aegopodii
a

Total number of alatae at each
site on both plant hosts
Lincoln
Tai Tapu
Ashley Dene
DSIR, Lincoln
College
S-S
A-W
S-S
A-W
S-S
A-W
S-S
A-W

33
18
49
11
1

1

4
3

1

22
6

1

1

625
282

48

44

8

70
57
46
29
17
11

3

1
2

1

1

3

1

3
1
3
2

7

1

1

6
6

15

1
1
3

1
1

138
125
33
18
17
3
5
12
10
3
3
1
2
2

3

Total number of
alatae on

C. abyssinica
S-S
628
369
33
26
60
42
13
24
1
10
8
9

4

5
3
2

1

1

4

A-W
22
1

T. subterraneum
S-S
190
62

141

5

1
1

81
18
12
26
6
20
3
3
1
3
2
2
1

A total of 24 plants of each species were exposed weekly per site, and alatae were collected three times per
week from the plants.

b For details about vegetation at each site, see Text, Section 5.2.2.2.

A-W
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Appendix 3:

Aphids on beet (Beta vulgaris) cv. Trestel (6 ha) , at
Lincoln, at weekly intervals from November 8, 1981 to
January 3, 1982.
Plants were sampled at random.

Number of apterae per
100 plants

Date

Number of alatae per 100 plants
Mp

Me

As

Ce

Total

Nov. 8

210

7

2

3

0

12

Nov. 15

450

16

3

3

0

22

Nov. 22

1 993

41

19

0

0

60

Nov. 29

5 300

119

52

0

2

173

Dec. 6

7 312

130

36

0

4

170

Dec. 13

5 185

123

21

0

0

144

Dec. 20

340

14

5

1

1

21

Dec. 27

6

0

1

0

0

1

Jan. 3

0

0

0

0

0

0

22 044

450

139

7

7

603

Total

Mp

Myzus persicae

He

Macro sip hum euphorbiae

AS

Aulacorthum solani

Ce

Capitophorus elaeagni
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Appendix 4:

Aphids on turnips (Brassica rapa) cv. Green Globe (4.5 ha),
at Lincoln, at weekly intervals from March 14 to July 25,
Plants were sampled at random.
1982.

of apterae/lOO plants

Number

Date

Le

Ce

Total

Bb

March 14

89

57

146

March 21

275

105

380

March 28

137

212

April 4

229

147

4

2

April 11

134

107

6

4

April 18

69

32

April 25

73

May 2

Mp

Bb

Le

Me

Ce

Total

19

19

17

15

32

349

24

58

82

382

8

13

253

9

13

2

103

4

41

8

122

1

95

13

4

112

May 9

61

50

6

117

4

May 16

92

9

2

103

3

3

May 23

79

4

1

85

2

2

May 30

96

4

100

4

4

June 6

109

15

2

126

June 13

105

2

1

108

3

3

June 20

110

12

1

134

5

June 27

93

1

94

8

8

81

5

5

102

4

4

50

3

3

24

2

2

3 2970

106

a

98

1

July 18

48

2

July 25

24

July 11

11

81

July 4

Total
2097
number
of aphids

814

1

22

Mp

Myzus pers&cae;

Le

Lipaphis erysimi;

Ce

Capitophorus eZaeagni

a

Me

Mp

Number of alatae/lOO plants

33

2

1

1
2

24

1

25

4

2

10

3

1

5
1

2

2

127

1
6

2

7

Bb = Brevicoryne brassicae;
Me

2

= Macrosiphum euphorbiae;

On that date, two apterous Acyrthosiphon pisum were also present.

7

3

245
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Appendix 5:

Mathematical formulae by Gibbs and Harrison (1976)
for determining the extinction coefficient
.
' fled
.
( E 2 60 0.1%) (
deflned
furt h er on) 0 f
purl
preparat1 cm
ions of virus particles, and the RNA content of those
particles.

0.1%
1 cm

1.

E260

2.

A260nrn
A280nm

1.531 + 0.205 (RNA %)

0.9320 + 0.0454 (RNA %) - 0.0006 (RNA %)2

Extinction coefficient of a virus, E260 0.1% , is
1 cm
the optical density at 260nrn of a 1 cm layer of a
1 mg/ml virus preparation.
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Appendix 6:

1.

Gradient polyacrylamide gels for determining protein
molecular weight (Laemmli 1970).

Gradient separation gels:
Gel concentration
10%

2.

Distilled water

8.1 ml

1.6 ml

1.5 M Tris-HCl buffer, pH 8.8

5.0 ml

5.0 ml

Acrylamide/N, N'-bis-methylene
acrylamide, 30 g/0.8 g in 100 ml
distilled water (stock solution)

6.5 ml

13.0 ml

Ammonium persulphate, 10%

0.2 ml

0.2 ml

Sodium dodecyl sulphate (SDS) , 10%

0.2 ml

0.2 ml

Tetramethyl-ethylenediamene (TEMED)

10 111

10 111

Stacking gel, concentration 59<·
o.
Distilled water

3.

20%

14.125 m1

0.5 M Tris-HCl buffer, pH 6.8

6.125 ml

Acrylamide/Bis, stock solution

4.125 ml

Ammonium per sUlphate , 10%

0.500 ml

SDS, 10%

0.250 ml

TEMED

50 111

Electrode buffer:

0.025 M Tris-HC1, 0.192 M glycine, 0.1% SDS, pH 8.3.
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Buffers used in enzyme-linked immunoassay (ELISA) tests.

Appendix 7

1.

Phosphate-buffered saline (PBS), 0.15 M, pH 7.4.
NaCl

8 g

KH Po
2 4

0.2 g

Na HPo
4
2

1.4 g

NaN

0.2 g

3

Distilled
1 .Q,
water

2.

3.

PBS-Tween
PBS

1.Q,

Tween
20

0.5 rnl

PBS-Tween-PVP

PBS

1 .Q,

Tween
20

0.5 rnl

Polyvinyl

4.

pyrrolidone (BDH, MW 44000)

20 g

PBS-Tween-PVP-Ovalbumin
Ovalbumin (Sigrna, grade V), is added at 0.2% (w/v) to
PBS-Tween-PVP.
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5.

Coating buffer, pH 9.6

Na C0
2 3

1.59 g

NaHCo

2.93 g

NaN

3

3

0.2 g

Distilled
1 Q,
water

6.

Alkaline phosphatase substrate buffer

Diethanolarnine (Anhydrous, MW 105.1), 97 ml
0.2 g
Distilled
water to 1 Q,
HCI to pH 9.8

7.

Stop solution 3M NaOH
NaOH

120 g

Distilled
water
1 Q,
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Appendix 8 :

Results of ELISA tests with anti-SCRLV coating y-globulin
and conjugated y-globulin at concentrations of 1 ~g/ml and
2 ~g/ml, respectively.
Absorbances were read 45 min
after the substrate (0.75 mg/ml) was added.
Mean A405nm
a
± 95% confidence interval

Sample
SCRLV, purified, 10 ng/ml
SCRLV, purified, 25 ng/ml
SCRLV, purified, 50 ng/ml

b

0.129 ± 0.024

b

0.149 ± 0.006

b

0.198 ± 0.029

SCRLV, purified, 100 ng/ml
~g/ml

SCRLV, purified, 1.0

SCRLV, purified, 10.0

~g/ml

BWYV-NZ, purified, 10 ng/ml

BWYV-NZ, purified, 5.0

1.252 ± 0.045
1.585 ± 0.053
b

1.689 ± 0.090

b

BWYV-NZ, purified, 100 ng/ml
BWYV-NZ, purified, 1.0

0.273 ± 0.050

b

b

~g/ml

SCRLV, purified, 2.5

b

0.085 ± 0.005
b

0.085 ± 0.008

~g/mlb
~g/ml

BWYV-NZ., purified, 10.0

0.095 ± 0.011

b

~g/ml

0.116 ± 0.012
b

0.139 ± 0.046

TrifoZium subterraneum, SCRLV-infected
Pisum sativum,SCRLv-infected

C

C

0.956 ± 0.020

Crambe abyssinica, BWYV-NZ-infected
Pisum sativum, BWYV-NZ-infected

0.150 ± 0.015

C

C

0.085 ± 0.008
0.096 ± 0.008

PBS-Tween

0.080 ± 0.011

Pisum sativum, healthy

0.085 ± 0.010

aThere were 3 wells per sample.
bpurified virus was diluted in PBS-Tween.
CSingle plants; infection was verified by aphid transfer to test plants.
Sap was extracted by homogenizing leaf material in PBS-T-PVP (0.5 g/ml)
using a mortar and pestle.
It was clarified by low-speed centrifugation.
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Appendix 9:

Results of ELISA tests with anti-BWYV-NZ coating y-globulin
and conjugated y-globulin at concentrations of 2.5 ~g/ml
and 3 ~g/ml, respectively.
Absorbances were read 2 h
after the substrate (0.75 mg/ml) was added.
a
Mean A405 nm
± 95% confidence interval

Sample
BWYV-NZ, purified, 10 ng/ml
BWYV-NZ, purified, 50 ng/ml

b

BWYV-NZ, purified, 100 ng/ml
BWYV-NZ, purified, 500 ng/ml
~g/ml

BWYV-NZ, purified, L 0

BWYV-NZ, purified, 10.0

0.115 ± 0.004
b

0.266 ± 0.079
0.503 ± 0.109

SCRLV, purified, 5.0

b

0.615 ± 0.063

b

0.098 ± 0.013

SCRLV, purified, 100 ng/ml
SCRLV, purified, 1.0

0.195 ± 0.035

b

~g/ml

SCRLV, purified 10 ng/ml

0.121 ± 0.004

b

b

~g/ml

BWYV-NZ, purified, 5.0

0.105 ± 0.008

b

b

0.096 ± 0.016

~g/mlb
~g/ml

SCRLV, purified, 10.0

0.138 ± 0.006

b

~g/ml

0.183 ± 0.016
b

0.217 ± 0.023

Pisum sativum, BWYV-NZ-infected

C

Arachis hypogaea, BWYV-NZ-infected
Vicia faba, BWYV-Nz-infected

0.265 ± 0.027
C

0.187 ± 0.024

C

0.120 ± 0.016

Myosotis aZpestris, BWYV-NZ-infected

C

Crambe abyssinica,

C

BWYV-Nz.infected

MatthioZa incana, BWYV-NZ-infected
Pisum sativum, SCRLV-infected

0.258 ± 0.029
0.300 ± 0.011

C

0.171 ± 0.050

C

Myzus pers~cae, viruliferous with Bwyv

0.093 ± 0.009
d

PBS-Tween

0.096 ± 0.004

Pisum sativum, healthy
Myzus
a,b,c

0.323 ± 0.015

.

pers~cae,

virus-free

Same as footnotes

a,b,c,

0.122 ± 0.006
d

0.093 ± 0.009

in Appendix 7.

dAphid extract homogenized in PSB-Tween-PVP
mortar and pestle.

(0.25 giml) with a

