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ABSTRACT

A survey of the virus diseases of chrysanthemums in the
Manawatu revealed that tomato aspermy virus (TAV) and chrysanthemun
stunt were present in most cultivars grown for cut-flowers, often
resulting in unnarketable flowers. Latent infection of both
viruses was revealed in most cultivars tested by sop or graft

indexing to suitable indicator plants.

Rod~shaped particles of the lecaf mottle group were observed
in leaf-dip electron microscopic examinations from most cultivars

examined, although leaf symptoms were not widespread.

Cheracterisation of TAV revealed that the virus could be sap
and graft transmitted and was aphid transmitted in a stylet-~borne
manner. Host range and in vitro properties of TAV did not differ
sufficiently from oversezs reports to warrant the designation of =2
new strain of TAV. The addition of DIECA to chrysanthemum triturates

narkedly increased the infectivity of TAV in chrysanthemum sap.

Graft indexing for chrysanthemwn stunt, using the cultivar
"WMistletoe'! was found to be more reliable than sap inoculation to
either 'llistletoe' or cineraria, or the storch local lesion test.
Defoliation of the 'Mistletoe'! scions reduced the latent period of

chrysanthemun stunt from 4 to 2 months.

The presence of rod-shaped particles ca. 690 x 15 nm in leaf-
dips from many chrysanthemums, and from inoculated petunia leaves
showing yellow local lesions suggested the presence of one or more
of the lcaf mottle viruses. Graft indexing with 'Good News'
chrysenthemums gave symptoms of mosaic infection similar to those
described in the U.S.A., suggesting a relationship between the
mosaic and leaf mottle groups. The leaf mottle virus infecting

chrysanthemums in the Manawatu was found to be aphid transmitted



and of thc non--persistent or stylct-borne type. Brratic sympton

cxpression in Petunia hybrida Vilm. ncecessitated the use of leaf-

dip cxeminations wo dctermine the presence of virus particles in
the inoculnated petunia leaves during the assessment of the in vitro

propcriics of the lecaf mottle group.

Suggested control measures include indexing to obtain virus-
tested chrysmnthenun stock plants, and the prevention of re-infection
fromn outside sources by the aphid vectors. Preliminery investigations
showed that neristen-tip culture is feasible for climination of TAV
and viruses of the leaf nottle group froa totally infected
chrysanthernun cultivars, but that treoatment during "hardening off"

is critical for plantlet survival.



CHAPTER 1.,

TUTRODUCTION

Chrysanthenuns arc onc of the riost populaer ornamental crops
grown. The cultivatced chrysanthemum grown for cut-flower production

belongs to thc species Chrysanthenmum morifolium Ram. but most

cultivars have been cxtensively hybridisced with Chrysanthcmun

indicw: L. =and Chrysanthenun nipponicuz: Hort. The intensive

culturc of chrysanthermuns has resulted in increcased flower numbers
and better quality flowers, and attcntion is now being given to

virus discascs and their cffect on flower quality and plant vigourp.

There are at present some 20 viruscs or virus-like agents
known to infeet chrysanthemuns, and some of these arc reviewed in

the following section.

oy 4L REVIEW OF THE LITERATURE ON VIRUSES RECORDED I CHRYS/ANTHEMUMS

j Lster Yellows Group ¥/¥:%/¥:%/¥:5/Mh

One of thc first reports of a discase of chrysenthomums
attributcd to a virus or virus-like agent, was by Nelson (95).
He described syuptoms appcaring in chrysanthemums, similar to
those described for aster yellows, and concluded that one of the
yellows-type infcetious agents was present. He called this
discase chrysanthciun yellows. Kunkel (83) denonstrated that
the caus: agent of aster yellows was also present in some
chryéanthcmuu cultivars and appeared to causc syuptoms similar
to thosc described by Nelson (95). These included the production
of small grcen.flowors and weak spindly lateral shoots, while thin
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weak basal shoots with shortened internodes were shown to be signs
of infection in plants which flowered normally. The infected
plants usually died within a few months, but cuttings from recently
infected plants often exhibited weak terminal growth and shortened

internodes (15).

Similar symptoms have been reported in England by Hollings (51),
where green flowers developed on infected 'Balcombe Perfection'
chrysanthemums, together with spindly growth and root necrosis.

Graft transmission of the causal agent was possible, but Hollings
reported no leaf-hopper transmission. When symptoms of flower
distortion did not appecar on grafting infected plants to 'Blazing
Gold', Hollings concluded that the symptoms were typical of the
aster yellows group rather than flower distortion and called the

disease chrysanthemum green flower (51).

In recent years aster yellows appears to have disappeared
from commercial crops, possibly because of efficient control of
the leaf-hopper vector, and the self-eliminating tendency (through

unsuccessful propagation) of the infected cuttings.

The causal agents of 'yellows-type' discases have long been
thought to be viruses, but now there is considerable evidence
casting doubt on this. In 1967, Doi et al (33) in Japan, and
subsequently workers in other countries, reported mycoplasma-like
organisms (MLO) in the phloem of plants exhibiting a variety of
symptoms, including yellowing. There are numerous reports of MLO
being associated with aster yellows and with the leaf-hopper vector
(after feeding on diseased plants) (5, 88). Symptoms of aster
yellows are reported to regress if plants are treated with certain
tetracycline antibiotics. Similar reports have been made for a

number of other diseases where MLO have been implicated (71).

It would be surprising if chrysanthemum yellows (sensu Nelson)
and chrysanthemum green flower (sensu Hollings) do not prove to

belong to this category too.



1:12 American Flower Distortion */*:%/%:%/*:A/Au

Symptoms of flower distortion, attributed to a virus infection.
were recorded in England by Bewley and Richards (4) and Prentice
(101), and later in the U.S.A. by Brierley (11).

In England, the organism causing this distortion of flowers
was shown in most cases to be a strain of tomato aspermy virus (TAV)

usually in association with at least one other virus (46).

In the U.S.A., however, Brierley (11) compared symptoms
expressed in chrysanthemums infected with TAV, chrysanthemum
mosaic, and those showing flower distortion symptoms, and he
reported that the presence of flower distortion symptoms was not
always related to infection with TAV and consequently attributed
these symptoms to a flower distortion virus. Further work by
Brierley (12) demonstrated that the pathogen causing flower
distortion was transmissible by grafting and by dodder. Root
necrosis, symptomatic of 'yellows-type' diseases, generally
resulted in death of the infected plants, and Brierley proposed
that this American flower distortion was in fact caused by one of

the 'yellows-type' organisms.

Grafting infected plants to the chrysanthemum 'Blazing Gold'
was shown to be the best means of identification of flower
distortion. Symptoms of tight rosetting and deformation of the
younger leaves appeared within 2 months and small distorted flowers

were produced (21).

1.1.3 Tomato Aspermy Virus R/I:¥*/*:5/S:S/Ap

This virus (TAV) causes distinctive symptoms in tomatoes
including apical chlorosis, leaf mottling and distortion, the
development of a bushy habit, a reduction in fruit numbers, and

as the name of the virus implies, poor seed development (109).

Blencowe and Caldwell (6) demonstrated that these symptoms
in tomatoes could be caused by a virus also present in
chrysanthemums. Bewley and Richards (4) and Skillman (106)



described synptoms of lcaf mottling, flower distortion and cclour-
breaking in chrysanthemuns fnd nawmed the discasc chrysanthenunm
rosaic. However, Prentice (101) showcd that nosaic synaptons were
not always associated with distortcd flowers and suggested that a
better name for this discase would be chrysanthemun flower

distortion.

Hollings (46) indexed scveral hundred chrysanthenuns with
various flower and lcaf abnormalitics and showed that many were
infected with TAV, oftcn in conjunction with other viruscs. He
naned the discasc asperny flower distortion to distinguish it from
the fnacerican flower distortion, and suggested that chrysanthemum
nosaic (pensu Bewley and Richards) was in fact coused by = combined

infection of TAV and onc or morc viruses of the leaf mottle group.

Srith (109) has called the virus involved in the production of
asperny flower distortion, chrysenthenun asperiy virus, and this is

rogardcd as o strain of TAV (63).

Symptoms attributed to TLV in chrysanthemuns include a
reduction in flower size, untidy distorted flowcrs, and colour

break in sone of the darker flowered cultivars (97,108).

Several workers (23,37,46) have reportcd that Myzus pcersicae

Sulz., togcther with other aphid specics, in particular

lulacorthun solani Kltb. anéd Macrosiphoniclla sanborni Gill.,

transmittcd TLV from chrysanthemuna to chrysanthenun.

The nost satisfactory mcans of identification of TAV is the

use of indicator plants, such as Pctunia hybrida and Nicotiana

glutinosa L. (46).

The propertics of TAV in crude plant sap have been recorded

oversecas by scveral workers (23,37,46,97,99).

The results of studies on TLV present in chrysanthemums in

the Manawatu are shown in chapter 3.



[ Toriato Spotted Wilt Virus R/*:¥/¥:5/5:S/Th

This virus, first rcported in New Zealand in 1946 by
Chamberlain (25), has becn reported overscas as infecting

chrysanthenuns (1,18,80).

Syaptoms in young chrysanthemun cuttings include pale
chlorotic arcas on the lcaf tips, later spreading and turning

bronzc and ncerotic (15).

Ie (69) described tonato spotted wilt virus (TSWV) as being
an isometric partiele 70-90 nm in diameter, with a thermal
inactivation point of 40-46 C, = longevity in vitro of only a

2“10'3. He also reports

few hours and a dilution end point of 10~
that TSWV has a widc host range and is niechanically transmissible,

although difficult to purify.

Spread of TSWV in the ficld can occur by ncens of the thrips
vector (109), although efficicent insecet control and roguing of
young infeeted cuttings could account for the virtual disappearancce

of this virus in commcrcial chrysanthemun cerops in the Manawatu.

1ulsb Leaf Mottle Group

In 1952 HNoordan (97) rcported the presence of chrysanthemun
virus B (CVB) infecting chrysanthenums in Holland, which gave

chlorotic local lesions when sap inoculated to Petunia hybrida.

Electron microscopic examination rcvcaled the presence of
rod-shaped particles ca. 600 x 30 nri. Symptoms observed in
infected chrysanthcruns includced both flower and leaf abnormalities.
Later work by Brierlcy and Smith (19) in the U.S.A. showed the
presence of a similar virus which also gave chlorotic lesions on
P.hybrida. They concluded that Noordam's virus B was present in

a nunber of cultivars and was responsible for causing a disease

they called chrysanthenum mosaic.

The flower symptoms attributced by licordam to virus B were
also obscrved by Hollings (46) in England but the presence of

TLV in nost plants studied nade the effeet of virus B on



chrysanthemun flowers difficult to determine. Subsequently,
Hollings (48) reported that virus B was seldom isolated from TAV-
free chrysanthemuwsas with flower abnormalities. In these few
instances he attributes the flower distortion to cold weather
during bud openingz rather than virus B infection. The leaf
symptoms in many cultivars prompted Hollings (48) to suggest the

namec mild mosaic for thc disease caused by virus B.

During studies on chrysanthemum virus B Hollings identified
a further virus, chrysanthemum vein mottle which gave chlorotic
lesions on P.hybrida and of similar particle size to that later
accepted for chrysanthemum virus B (ca. TO0 = 17 nm). However,
vein mottle was distinguished from virus B on the basis of host
range and the failure of virus B strains to afford cross
protection (48)° Chrysanthemun vein mottle also differed from
CVB in that graft inoculation to the CVB-infected chrysanthemums
'"English Blazing Gold', 'Pink Mistletoe', 'Penrod', 'Balcombe
Perfcetion' and 'Imperial Pink', gave severe leaf mottle symptoms
after 4-11 weeks, and no local lesions developed on Vicia faba L.

when inoculated with chrysanthemum vein mottle (48).

The justification for such a distinction on these bases could
be questioned, at lecast until further characterisation is conducted

and serological studics made.

In 1958 Brierley and Smith (22) distinguished 8 mosaic viruses
in the U.S.A. on the basis of slight difference in lesion development
on P.hybrida, symptom expression on the grafted 'Good News',
'"Mistletoe'! and 'Dynamo' chrysanthemums, and aphid transmission

characteristics.

Similar differences in symptom expression in naturally infected
chrysanthemums and in inoculated plants led Hollings (57) to suggest
the formation of a leaf mottle group, comprised of chrysanthemum
virus B, chrysanthemum vein mottle, chrysanthemum necrotic mottle,
and chrysanthemun dwarf mottle, all of which had rod-shaped
particles ca. 700 nm long and gave chlorotic lesions on P.hybrida.

The possible inclusion in this leaf mottle group of Brierley and



Smith's mosaic viruses and Keller's virus Q (78), which also gives
chlorotic local lesions on P.hybrida (19) could result in up to
13 diseases of chrysanthemums being attributed to viruses of the

leaf mottle group.

Studies have shown thet "chrysanthemum virus B", i.e. onc of
the 1leaf mottle group, is scrologically related to the carnation
latent virus and potato viruses S and If (42), and serologica
tests have boen used by several workers to detect 'CVB! in

chrysanthemums (40,99).

The variability of the symptom expression in naturally
infected chrysanthemnums (48)5 test cultivars (22) and in inoculated
P.hybrida (48) makes the possibility of these leaf mottle viruses
being reclated to, or even strains of chrysanthemum virus B, a
feasible proposition. For the purposes of this study, the viruses
in this group were considered as one entity and no attempt was made

to distinguish the constituent components of the leaf mottle group.

In 1970,Hollings and Stone (61) reported unusual leaf symptoms
in 'Golden Sundancc' chrysanthemums. These included leaf flecking
and chlorotic gpotting, the latter areas becoming necrotic and
falling out, causing a "shot-hole" effect. On graofting to
'"Mistletoe' and 'Good Hews', severc vein mottle symptoms developed.
Electron microscopic examination revealed rod-shaped particles

ca. 700 nm in length, of the vein mottle type.

The relationship of this "chrysanthemum shot-hole" virus to
chrysanthemun vein mottle is not known, but it is possible that
the symptoms expressed in infected 'Golden Sundance'! could be due
to a hyperscasitive rcaction to chrysanthemum vein mottle, or
that vein mottle is onc constitucnt of a mixture of viruscs

acting to produce these symptoms.
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Tl Chrysanthemum Virus Q

Another virus infecting chrysanthemums and causing symptoms
on P.hybrida similar to the vein mottle group,; is chrysanthemum
virus Q. This virus was originally reported by Keller (78) and
was first seen in the cultivar 'Blanche', where symptoms of severe
leaf distortion end white leaf flecking were induced when symptomless
'Blanche' was grafted to stunt-infected chrysanthemums. Grafting
stunt-infeeted chrysanthemums to 'Blanche! gave more severe stunt
symptoms and suggestcd the possibility of a symptomless virus in
'Blanche' which acted synergistically with stunt to cause the leaf

distortion and flccldng symptoms.

Brierley and Smith (19) and Miller (89) compared CVB and virus Q.
and concludad that cither CVB was a mild form of virus Q, or virus Q

was a complex involving CVB as one of its constituents.

1157 Chrysanthemum Stunt %/% % /%% /.8 /%

The first report of chrysanthemun stunt was by Dimock (29) in
the U.S.4. in 1947, The disease was first thought to be a
physiological aifect of continuous vegetative propagation resulting
in degeneration and debilitation. A Deuteromycete fungus was also
suggzested as the causal organism, but further investigations revealed
no relationship between the fungus and stunt symptoms (79). In 1949
Brierley and Smith (16,17) reproduced the stunt syndrome through
graft and mechanical transmission from chrysanthemum to chrysanthemun
and suggested that stunt was caused by a virus. Studics by Keller
(79) showed that althouzh stunt was highly infectious there were no
satisfactory local lesion hosts. The most reliable indexing
method involved grafting to 'Mistlctoe' chrysanthemums, where
distinctive white spots and flecks (measles) developed after
6-8 weeks.

Symptoms of chrysanthemum stunt have been reported in several
countries including Holland (97), England (51) end Canada (80) and
the disease is undoubtedly present in most countries where

chrysanticouns ore growi.
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The symptoms of chrysanthemum stunt can vary with the cultivar
infected and time of ycar, with symptoms being more easily
recognised during periods of rapid growth - in the summer and
spring (109). Three diagnostic features of stunt infection in

chrysanthemums have been described (51,79,80).

The whole plant can be up to half the normal sizc, with
caves and internodes proportionally smaller. The plant
does not appcar deformed, meresly reduced in size., This
difference in sizc is particularly noticcable during
rapid forcing of the plants, in comparison with healthy

plants.

Flowers on infectcd plants develop 7-10 days earlier than

on healthy plants.
The flowers arc smaller than usual.

Other flower symptoms, including bleaching of darker flowered
cultivars, have becn reported although the bleaching is usually
entire rather than streaked as is often the case with TAV-infected
flowers (18). In some instances, particulerly with winter
glasshousc crops, stunted plants may fail to flower because of
their reduced vigour (15).

Some chrysanthemum cultivars have bcen found to give distinctive

el

leaf symptoms when infected with stunt, and these have becn used as

test plants.

"Wibrant' and 'Seagull' give light pin-point flecking 1 month
after graft--inoculation, and 2-3 months after sap-inoculation with
stunt (79).

'Blazing Gold' gives a diffusc yellow veining in the young
leaves, 6-8 weeks after graft-inoculation (15).

'Mistletoc!' produces distinctive chlorotic leaf flecking when

infected with chrysanthemum stunt (18).

Virus Q-infected 'Blanche' gives pronounced leaf distortion
when infected with chrysanthemum stunt, and was used by Keller (79)

-in his studies of chrysanthemum stunt. He found that the latent
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period in 'Blanche' could be reducced from 3-5 months tc 2 months

by removing most of the leaves above the graft union.

Hollings (51) reported that symptoms similar to those
described by Keller (79) had been observed in chrysanthemums in
England since 1952. However, the causal agent of stunt in these
plants was less infectious than that described in America.
Furthermore, Hollings was able to eliminate stunt from the English
chrysanthemuns by heat treatment. a result he was unable to achieve
with "fAmerican' stunt. He also reported an increase in the
incidence of the "lmerican" stunt in England and attributed this
to the increase in popularity of chrysanthemum cultivars bred in

fmerica (51).

Serological studies (51,79) have shown 2 lack of serological
activity of preparations from stunt-infected plants and this fact
combined with work on purification of the causal agent of stunt
(52,67) have lcd Hollings to hypothesise that the causal ageant is
not a virus, although many propertics suggest this (113). sing
extraction procedures similar to thosc used by Diener and Rayner
(28) in their characterisation of potato spindle tuber, Hollings
and Stone (61) have succceded in cxtracting infcctious material
similar in properties to potato spindle tuber (28). Incubation
of the infectious extract with ribonuclease destroyed infectivity,
the infective principle was not precipitated with 8% polyethylene
glycol plus 2% NaCl, and no virus-like pacticles could bc seecn in
electron microscope cxaminations of infective preparations.

These results support the possibility that chrysanthemum stunt

'virus' is an uncoated nucleic acid (61).

L Other "Viruses'" Infecting Chrysanthemunms

Most of the other reports of virus-like diseases of
chrysanthemums involve the occurrence of symptoms in a few
chrysenthemum cultivars, and much still remains to be established
on the distribution, prevalencc and characteristics of the causal

agents.
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Factors influencing the identification of these causal
organisms as viruses, include the variability of symptom
expression in different chrysanthemum cultivars, e.g. "shot-hole"
symptoms in 'Golden Sundancz', the possibility of strains of a
virus giving different rcactions on test plants, e.g. TAV, amd
the presence of 2 or mnmore viruscs acting together to give
distinctive symptoms different to those caused by the constitucnt
viruses,; ¢.g. chrysanthemum stunt mottle.

Until the conditions of Koch's Postulates are satisfied as
far as is possible with obligate parasites. the identification of
thesc organisms must remain in doubt.

Some of thesc viruses or virus-like organisms reported to
infect chrysanthemums but about which little is known, ore

reecorded below,

Chrysanthemum stunt mottle */%:% /%% /%.g5/%

Symptoms in chrysanthemum of vein mottling. vein clearing
and occasional lcaf distortion. accompanied by plant stunting
vere described by Vielsh (115). He also showed that the causal
agent could be graft transmitted and proposed that the lack of
carly flowering symptoms, together with leaf mottling symptoms,
distinguished thc disesase from chrysanthemua stunt, and he
proposed the name chrysanthcmum stunt mottle. Smith (109)
however, lists chrysanthemum stunt mottle as a synonym for
chrysanthemun stunt, and it is possible that the presencc of
one of the leaf mottling group, together with chrysanthemum stunt

could give thc symptoms described by Welsh.

Chrysanthemun latent "virus" */* */% % /% g/*

This "virus" is apparently rarc in chrysanthemuns in England
and has not beecn recorded in the U.S.A. or Europe. Symptoms on
P.hybrida arc similar to thosc cxpressed by TAV, but the "virus"
does not go systemic. Latent "virus" differs from the leaf
mottle group in host range, physical properties, and is not
aphid transmitted (48).
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Chrysanthemun ringspot fvirus® ¥/% */% % /x g/*

This was first reported by Brierley and Swdth (20) in the
U.S.L. when sone cultivars developed large, chlorotic ring
patterns. The causzl agent was shown to be graft transmitted
but not aphid-borne. Grafting infected plants to 'Good News'
resulted in yellow spots developing after € wecks and yellow
blotching with lesf distortion after 6 montus. Symptons on

Senecio crucntis D.C, included severe dwarfing, but attempts to’

seperate thce causal agent from that of chrysanthemum stunt failed -~
the two were always found together -~ and it is possible that
symptoms on S.cruentis wcre the result of a mixcd infection (20).

Jo vector for chrysanthemum ringspot has been reported (102)

Hollings (50) has reported similar symptors in a few
chrysanthemuns in England and he hes called the causal agent

chrysenthemun ringpattern "virus',

Chrysanthemum "vipus" ¢ %% % /x #/x g/%

This "virus" has been reported in Holland by Hoordam (97)
but was found in only one plant and no further reports have been
made. The infected plant showed mottling and circular spotting
on the lcaves, with slight distortion of the flowers. Sap

inoculation to P.hybrida gave grey necrotic spot charactcristic

'/
of TLV, and 2lso concentric ring lesions. Systemic symptoms

included ringspots and yellow-white line patterns.

Chrysanthemum "virus" D ¥/* */% %/ g/*

Symptoms of flower distortion on chrysanthemums, similar to
those causcd by TALV, wcere reported by Prentice (102). Inoculation

to Chenopodium amaranticolor Coste. & Reyn. gave distinetive

chlorotic and ring local lesions after 3 weeks. Later work by
Hollings (51) showed that chrysantherums infected with a mixture
of "virus" D and vein mottlec, when grafted to 'Good News'; gave
symptoms of lecaf mottling, flowecr distortion and floret necrosis
within 6-8 wecks. In New Zealand, chrysanthcemum "virus" D has
been recorded in the chrysanthemum cultivars 'Pcach Blossom'

and 'lLetress', by Thompson (113).
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Chrysanthemum "virus E %/#* ¥ /% % /% g/x

This "virus" has bcen reported in England by Hollings (46)
ané causcs symptoms similar to those induced by virus D, including
reduction in flower size and short tangled florets often tightly
packed in the centre. Flowers can be bleached and may fail to
open. Grafting to 'Blaging Gold', 'Good Mews' and "Mistletoe!
all give sinilar symptoms of lcaf mottling, and no vectors have

been reported for this virus (105),

Chrysanthemum rosettc group */% */% %/% g/*

Brierley and Smith (22) reported the presence of a group of
"viruses" iafecting chrysanthemuns which, when grafted to the
cultivars 'Good lews' and 'Golden Mistletoe! gave yellow mottling

and leaf dwarfing, somctimes accompanied by rosetting.

The first disease in this group was observed in the cultivar

'Tvory Scagull' end the causnl agent could be re-isolated to

chrysant

‘rom inoculated S.cruentis plants which remained
symptonless (13). Temp (80) reported a disease similar to
Ivory Seagull rosette in the cultivaor 'Wilsons White

The other discasc in this group, Yellow Rayonantc rosette,
was first obscrved in the cultivar 'Yellow Rayonante! by Bricrley
and Smith (22): They considered thnt Yellow Rayonantc rosette
differed from Ivory Seagull rosctte in that re-isolation from

inoculated cineraria plants was not possible.

Chrysanthenum chlorotic nottle

Chlorotic mottle, first reported in the cultivar 'Yellow
Delaware! in 1967 by Dimock and Geissinger (30) caused mild
mottling of the young lecaves, often followed by geheral
chlorosis and dwerfing. Delayed flower development was also
noted. Frequently these symptoms were only transient. The
causal organism was shown to be graft transmissible, and
electron microscopic examination of infected sap failed to

show any virus-like particles (30,31).
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Sowbanc nosaic virus

Hollings, Stone and Bouttclli (64) have reported the presence
of a virus serologically relatcd to sowbane mosaic virus and
carnation 689 virus in 26 out of 29 English chrysaonthernun
cultivars, and suggest that pollen tronsnission of the virus

a
nay occur (58).

Inother virus, similar to sowbone mosaic virus hos been
reported in the chrysanthenwi cultivar 'Rose Haorrison' which had
undergone heat treatiient and nmeristen-tip culturc. Purificd
preperations of this virus contained isonctric particles 25-30 nn
diamcter, and gave local lusions followed by systeuic mottling

and distortion symptoms in Chenopodium quinoa Willd. This virus

was not found to be scrologically rclated to sowbane mosaic virus,
but exhibited the saie property of being difficult to transmit in
crude sap, froa chrysanthorun to Chenopodiuwt spp, butbt in partiazlly

purificd and concentrated preparations transmission to Chenopodium

spp was possiblc (58).

The salient featurcs of this rcview nre listed in tables

1 and 2.

Table 1 is a sunmary of virus or virus-like organisns occurring
naturally in chrysanthcnuns, including synonyns, methods of

transiiission, and therapy of infccted plants.

Teble 2 is a sunnary of the propertics of the three nain virus
or virus-likc discases occurring naturally in chrysontheiuns,
viz. tomato asperny virus, chrysanthemun stunt and viruses of

the lcaf nottle group.
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Viruses cnd virus-like organisms occurring naturally

in chrysanthemums; synonyms, ricthods of transmission,

and therapy of infected plants.

T

Virus or Virus Group Transmission® | Therapy**
- Synoryiis

YELLOWS GROUP
lnericon flower distortion (11) | &. (12) | H. (21)
Lster yellows virus (83) |G.. L. (15) {H. (109)
- Chrysanthenun yellows virus (95)
~ Chrysenthomnu) green flower virus (51) |G (51) (111)

ELF MOTTLE GROUP
i virus B (97) 16.8.4 (97) | M. (41)
i mild mosalc virus (48)
vaonthemum virus B (48)
1 g mottle (57) G5 (61)
1 nosaice virus group \22) & oBudis (22) He (22)
2 neerobtic mottle (48) | 6.5, (61)
~ Chrysanthe.un "ghot-hole" (61 G. (61)
Chrys-mthenus vein mottle (48) |G.S.h.  (48)

CHRY SLNTHELIN VIRUS C (o1) | s. (97)

CHRYS/INTHENUM VIRUS D 102 | 6.8, (51)

CHRYS LITIIELULL VIRUS B (51) {c. (109)

CHRYS/NTHEMUM LATENT VIRUS (43) S. (48)

CHRYSJITHEMUM RINGSPOT VIRUS (20) |&.5. (20) | =. (55)
~ Chrysanthemwa ringpatiern virus (50)

CHRYS/NTHEMUIM ROSETTE GROUP
Ivory Scagull rosctte virus (18) | G.s. (22)

Yellow Rayonante rosettec virus (22) G.S. (22)

CHRY SLNTHENTI! STUNT (29) | G.s. (79) | E + 1 (60)
- Marnor chrysantheni sp.nov. (79) (62)
Chrysmthemum stunt mottle (115) | G.s. (1093
Chrysanthemun chlorotic mottle (30) Ge (31

TGHATO ASPERMY VIRUS (6) |¢.8.4. (63)] H.M. (14)

- Chrysanthenum mosaic virus (4) ég?g
- Lycopersicon virus 7 (6)
Chrysanthemua aspermy virus (109) | G.S.4.  (46)
- Ispermy flower distortion (46)
- Cucumis virus 1 strain chrys. (97)
~ Chrysanthemnun virus 4L (97
Chrysanthemun mild mottle (114) | c.s.48. (114)
TOMATO SPOTTED WILT (18) S.m. (69)| H. (109)

* G, = graft transmission
S. = sap transmission
Th. = thrips transmission.
** H. = hot air treatment

L.

M.

leaf-hopper trensmission

aphid transmission

neristem-tip culture.
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Some characteristics

leaf mottle group.

of chrysanthcmum stunt, tomato aspermy virus

and viruscs of the

Characteristic

Chrysantherun stunt

Tomato asperiy virus

Leaf mottle group

Cryptogran

Symptoms on
chrysanthenums

Diagnostic
specics

Physical
propcrties

Particle
characteristics

Control

* R OK SRR RS K

Stunting, carly flowering,
blcaching in darker flowers

(51,79)

"Mistlctoe' — yellow leaf fleck

2-8 months after grafting

(79)

TIP - 96-100 C
-2 =

DEP - 10 "=10

LIV - 55 days @ 21 C

3

(79)

Possible uncoated RNA
particle

(60,51)

Heat ~ 14=37 weeks @ 35 C
hen meristen-tip culture

R/1 */*¥ s/S S/Lkp

Plower distortion
(46,97,108)

Veglutinosa~leaf mottle
C.amoranticolor-dot lcsions
P.hybrido~lcaf mottle
37,46,63)

TIP — 50-60 C
DEP - 10"% 10"
LIV - 2-6 days

(63)

RUA - single stranded (?)
isomctric 25-30 nm diam.
(42,65 114)

5

Heat - 4 weeks @ 37 C
or meristem~tip culturec
(14,55,91)

*/% */% E/E S/Lp

Occasional leaf mottle
or leaf fleck
(19,48,57,97)

P.hybrida-yellow local
lcsions
a-yellow lesions

~—r

TIP — 65-70 C
DEP - 1072-10"

LIV - 24 hours
(48,97)

A

Rod-shaped particles
ca,"TOO x 17 nnm
(48.61)

Heat - 8 weeks @ 37 C
or nmeristen-tip culture
or both

(41)

‘8l
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a2 CHRYSANTHEMUI! VIRUS SITUATION TIf W ZEALAND

There is very little information published on the viruses
prescnt in chirysanthemums in New Zealeand. Tomato aspermy virus
has been recorded in tomatoes in New Zeeland (113) and Dingley (32)
lists TAV as infecting chrysanthemums in New Zealand. ‘fiomson
(113) has reportcd the development of symptoms attributed to

chrysanthenun virus D on sap inoculated C.amaranticolor leaves.

These resulis were obtained with inoculations from two chrysanthemum

cultivars, 'Peach Blossom' and 'Actress'.

Thc introduction of cultivars from overseas, and the prevalence
of virus infection reported overseas, (54?97,99) particularly of TAV,
chrysanthemum stunt and viruses of the‘leaf mottle group, suggest
that these viruses in particular could be prescnt in cultivars

t

grown in thce danawatu.

OSJECTIVES OF STUDY

—
.
W

A study of viruses naturally infecting chrysanthemums was

undertaken to determine:

a) the incidence of viruses in chrysanthemums grown commercially
for cut-flowers in the Manawatu;

b) the identity and charactcristics of thc more commonly occurring
viruses in chrysanthemums in the lanawatu;

c) approaches to control of the viruses found in chrysanthemums
in the Manawatu, based on the general methods of chrysanthemum
virus control outlined in chapter 6 and the virus characteristics

determined in this study.
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CHAPTER 2.

GENERAL SURVEY OF CHRYSANTHEMUM VIRUSES

INVFECTING CHRYSANTHEMUMS IN THE NMAVAWATU

2,1 TOMATO ASPERMY VIRUS

2elis] Visual Surve

Examination of a number of chrysanthemum cultivars was made
to determine the incidence of symptoms attributed by overseas
workers to virus infcction. The plants examined were grown as
a commercial cut-flower crop and the chrysanthemums were planted
in blocks of 4 rows at a spacing of 6" x 6", This gave = plant

population of ca. 1000 plants/40 yard block.

The results of the visual survey of chrysanthemums made to
determine the incidence of flower distortion symptoms attributed

to TAV arc shown in table 3.

el Indexing for TAV

An indexing mogram was undertaken to determine the extent
of symptomless TAV infection (46) and to confirm that the causal
organism was TAV not American flower distortion, which gives

similar flower distortion symptoms in chrysanthemums.

The plants to be indexed were selected by using a table of
random numbers (93) to determine the distance (in yards) between
samples. From each sample plant, 5 leaves were taken from
various positions on the plant to eliminate the influence of any

erratic virus distribution within the plant (46,99).
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TABLE 3. Incidence of TAV in chrysanthemums in the Manawatu as

determined by symptom cxpression.

Chrysanthemum cultivar Number of plants with flower
distortior symptoms (per 1000 plants)

'Madame E. Rogers! 76
'Shantung' 75
'"Fred Shoesmith! 68
'Alec Bedscr! 30
'Sunburst Mefo! 24
'Golden Favoritec' 23
'Rivalry! 22
'Snowshine! 21
'Dark Dawn' 16
'Red Kitchener! 16
'Sussex Amber! 16
'Sussex Pink! 16
'"Pink Pride! 15
'Toula' 15
'Apricot Pride! 14
"Mauve Dawn' 15
'Bessic Rowe! 12

'"Wiolet Kitchener!
'"Yellow Madonna!
'Durhan Glow!'
"Purple Mayflower!
'Regalia!
'Gloriettal

'"White Dawn'
'Bronze Shoesmith'
'Ethyl Edmonds'
'Festival®
'Kathlcen Dowd'

' Amber Perfection'
'Macstro!
'Sampford!

'"Yellow Dawn'
'Beige!

'Copper Queen'!
'January Gold'
"Mistletoc!
'Nightingale'

OO0 O0OOWEAPUIONOONOYII O ®WW
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Eight samples were tested from each cultivar. Leaf discs were

triturated in 0.033M HnZHPO + 0.05 DIECA (sodium diethyl-

4
dithiocarbamate), PE 7.4, and rubbed onto carborundum-dusted

lcaves of 2 plants each of H.zlutinosa, C.amaranticolor and

P.hybrida 'Rose of Heaven'.

The presence of TAV was shown by the development of small

yellow-white local lesions on C.ameranticolor after 4-6 days

(47,49), diffuse chlorotic lesions on N.glutinosa after 7-10 days
followed by systemic mottling and leaf distortion after 2 weeks
(46), and diffuse chlorotic-grey local lesions within 1 week on
P.hybrida followed by systemic mottling and distortion (46).
These symptoms distinguish TAV from American flower distortion.

Results are shovm in tables 4 and 5.

TABLE 4. Incidence of TAV in chrysanthemums in the Manawatu as

dctermined by indexing to selected indicator hosts.

Chrysanthenum Visual Indicator hosts

Sl alren AR ROS Ce.amaranticolor WN.glutinosa P.hybrida
'Madame E. Rogers! 2 2% 2 1
'Shantung! 1 2 2 1
'"Pred Shocsmith! 1 2 2 0
'Sussex Pink! 1 2 2 2
'Sussex Amber! 1 1 1 1
'Dark Dawn' 1 2 2 2
'Pink Pride! 1 2 2 1
'"Mauve Dawm' 0 1 1 1
'Apricot Pridc! 1 2 2 1
'Regalial 1 2 2 2
'White Dawn' 0] 2 2 1
'"Pestival! 0 1 0 0
'Ethyl Bdmonds' 0 2 2 2
"NMistletoe! 0 1 1 0
'Nightingale! 0 1 1 0
'Copper Queen! 0 0 0 0

¥  Pigures are plant numbers/8 samplos.
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TABLE 5. Comparison of symptom cxpression and indexing tests

for dctermining the incidence of TAV in chrysanthcmuns

in the Manawatu.

Chrysanthemua Symptoms Indexing tests
cultivar of TAV for TAV
'Shantung' 4= 5
'"Madame E. Rogers' 2

'"Apricot Pride! 1 3

* Figures are pl-nt nunbers/2C sanples.

A widc variation in the severity of symptom expression was
observed in this survey of TAV infccted chrysanthemums and this is
in agreement with overseas reports (37,46). A conservative
estinate of the incidence of flower symptoms attributcd to TAV
(97,108) is shovm in table 3. The presence of TAV in chrysanthemuns
showing thesc flower distortion symptoms was confirmed by indexing
tests (tablc 4) and synptoinless TAV infection was observed in 15
of the 16 cultivars tested, again confirming overseas results
(46,69). The low sample number (8 plants per cultivar) was
nccessitated by the lack of glasshouse spacc, and table 5 shows
the results of further TAV indexing tests using a larger sanmple
size (20 plants) and rcducing the number of cultivars selected.
These results showed that 10% of the plants tested were

symptomless carriers of TAV.
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Pl Vigual Survey

m
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The results of the visual cxamination of chrysanthemums,

at flowering time, to determine the incidence of plant stunting

and early flowering symptoms attributed to chrysanthemum stunt,

arc shown in table 6.

TABLE 6. Incidence

the Manawa

of chrysanthemun stunt in chrysanthemums in

termined by symptom expression.

Chrysanthenun

cultivar

Number of plants showing

stunt symptoms (p\r 1000 plants)

'Shantung'
WM&&GE.R@;;'
'Fr&“d Shoesni mith 1!
'Bronze Shocsmith!
'Lpricot Pride’
'Alec Bedser!
'Durhon Glow!
'Pink Pride!
"Mauve Dawn'
'Sussex Pink!
'Ethyl Edmonds'
'Bessie Rowe!
'Kathleen Dowd!
'Golden Favorite!
'Red Kitchener!
'Rivalry!

'"Yellow Dawn'
'Violet Kitchener!
'Regalial

! Amber Perfection!
'Snowshinc!
'"Yellow Madonna!
'Sunburst Mefo!
'"Maestro!
'Sampford!

'"Purple Mayflower!
'Copper Qucen!

40
28
32
24
2
20
20
17
16
16
14
12

10
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2e242 Indexing for Chrysonthemum Stunt

Although the stuanting and early flowering symptoms are
indicative of stunt infection, indexing for chrysanthemum stunt
was undertaxen to confirm the precence of the causal organism,
and to determine the incidence of symptomless infection of stunt
in chrysanthemums in the Manawatu. Four plants were selected
from each cultivar, using random number tables and these were
cut back to 3-4 buds on eazach lateral shoot. The plants were
then transferred to the glasshouse where they were grown in
9" Iplanter' bags. Two further plants, showing symptoms of

stunting and carly flowering werc also sclected.

Several methods of grafting have been used in indexing for
chrysanthemnun stunt, including approach or inarch grafting (67)

end splice grafting (15).

In this study a modification of Brierlcy and Olsen's
technique was uscd (15). Virus-tested® 'Mistletoc' scions were
grafted to scveral of the young developing lateral shoots to
provide rcplication. The splice-grafts were made closc to the
lateral tips, beforc sccondary thickening developed and the scions
were held in place with grafting tapc ensuring that the cambial
layers of the scion =2nd the stock coincided (fig. 9). A1l cuts
werce nade with 2 flamed scalpel to minimise cross-infection.
Grafted plants wcre then placed under mist for 10-14 days before

being transferred to the glasshouse.

The presence of chrysanthermum stunt was shown by the
development of chlorotic-white flecking on the young 'liistletoe!
leaves within 6-14 weeks (79) (fig. 10). The results are shown
in tables 7 and 8.

* The source of the virus-tested 'lfistletoc' chrysanthemums was:
The Nuclear Stock Association (Ornamentals) Ltd.,
Littlchampton, England.
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TABLE 7. Incidence of chrysanthemum stunt in chrysanthemums in the

Manawatu as determined by graft-—indexing to 'Mistletoe!

Chrysanthcrium Visual stunt Stunt symptoms Huaber of symptom-
cultivar symptonms on 'Mistletoe! less plants
'Shantung' 2% 5 1
'Madane E. Rogcrs' 2 3 1
'"Pred Shoesiith! 2 2 0
'Apricot Pride' 2 3 1
Pink Pride! 2 2 0
'Ethyl Edmonds' 2 3 1
'Bessic Rowe! 2 2 0
'Kathleen Dowd' 2 2 0
'Regalial 2 4 2
'Copper Quesn' 0 3 1

* Figures are plant nuabers/6 samples.

TABLE 8. Comparison of symptorl expression and indexing tests for

determining the incidence of chrysanthemus stunt in

chrysanthemums in the Manawatu.

Chrysanthenun

Nunber of plants with

Nunmber of plants with

cultivar stunt symptoms chrysanthemum stunt
'Shentung' 2% 13
'Madane E. Rogers' 11
'Apricot Pride! 8

* Figures arc the number of plants/20 samples.
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Chrysanthcemun stunt symptoms described by Keller (79) and
Hollings (51) were observed in 22 of the 27 cultivars cxamined
(tablo 6). There was 2 wide variztion between cultivars in
the inecidenee of stunt symptoms, with up to 4% of some cultivars
showing synptoiis. Graft-indexing with 'Mistletoc' confirmed
the prescnce of chrysanthenun stunt in plants showing syrnptons
and showed that symptomless infection occurrecd in 6 of the 10
cultivars exanined (table 7). The incidence of symptonlcss
chrysantheru stunt infection is shown in tablc 8, where a
larger number of plants (60) werc indexed from 3 cultivars.
Fifty per cent of the indexed plants gave a positive reaction
for chrysanthenun stunt, although stunt synptoms werc observed

in only 13%% of the indexed plants.

23 LEAF MOTTLE VIRUSES

e Visual Survey

Symptoms of leaf mottling were observed in chrysanthemums in
the Manawatu, but only in very low number and in a few cultivars

(6 out of 20) (figs. 11.12).

TABLE 9. Incidence of leaf mottling symptoms in chrysanthenums

in the Manawatu.

Chrysanthemun Leaf symptoms Number of plants
cultivar showing symptoms
'Shantung' vein clearing 6
'Loula! chlorotic mottle 1
'Daily Mirror! chlorotic nottle 2
'Rivalry! chlorotic mottle 1
'"Waltz Tine! chlorotic mottle 2
'William Duckham' chlorotic mottle 2
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The variable nature of these symptoms (table 9), seen mainly
in young plants or young growth, cast doubts on the effectiveness
of symptom cxpression as a means of determining the incidence of

the leaf mottle group in chrysanthenum crops.

2052 Indcxing for Leaf Mottle Viruses

Elcctron microscopic examination of sap from tac leaves

showing leaf mottle symptoms rcvealed the presence of rod-shaped
particles ca. 700 x 15 nm, typical of the leaf mottle group
(fig. 13) (40,44,48).

Electron microscopic examination of lecaf-dip senples from o
nunber of chrysanthenun cultivars was used to determine the
inecidence of the leaf mottle group of viruses in chrysantheniuas

.

in the Manawatu.

Randon selection of 10 leaves per cultiver was nade using
the method outlined in chapter 2.1.2. Sap was expressed from
each leaf into 2-3 drops of 1% phosphotungstic acid (PTA),
using a spotting plate as a mortar and a small glass rod
(2 mn diamcter) a2s a pestle. A drop of "extract" wa
transferred with capillary tubing to an clectron microscope
grid. Ifter the excess liquid had been removed with filter;
paper strips, the grid was dried and ecxamined using a Philips
EM 200* microscope, at a megnification of 18,000 X.

If no particles were observed within 2 minutes, the leaf

was assuzied to, be free from viruses of the leaf mottle group (40).

Results are shown in table 10.

* Trade nanme.



TI/BLE 10. Incidence of the leaf mottle viruses in
chrysanthemuns in the Manawatu as dctermined

by lcaf-dip clectron microscopy.

Chrysanthemnua Number of plants with rod

cultivar particles present

'"Madame E. Rogers!
'Pred Shoesmith!
'Shantung'

'Sussex Pink!
'Sussex Amber!
'Rivalry!

'Ethyl Ednonds'
'"Dark Dawn!

! Lpricot Pride!
'"Pink Pride!
'Bessie Rowe!
'Regalial

'Golden Favorite!
'"Wightingalc!
'Bronzc Shoesmith!
'fdec Bedser!
'Gloriettal

'"Waltz Time'!
'"William Duckham!
'Imber Perfection!
'Snowshine!
'"Violet Kitchener!
'Kathleen Dowd!
'Toula!

'Daily Mirror'
'"Mauve Dawn'
'Yellow Davm!

QOMNMMMNONWWWRBDREBRBUIVIUVOOGO~J~1~3~1~3® m(p(ﬁ

* Figures are plant numbers/10 samples.
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Sap inoculation to P.hybrida from sclected chrysanthenun

cultivaers known to contain rod-shaped particles of the leaf mottle
group, using 0.033I1 NQZHPOA + 0,051 DIECL, pH 7.4, gave the
i o1

results presented in table 11,

T/BLE 11. Confirnation of the identity of rod-sheped particles

2]

scen in chrysantheouwn lcaves by inoculation to

P.hybrida.

Chrysanthernun Presence (P) or absence (&) Syrptons on
; of rod-shaped particles X
% axr - P. a
el in chrysanthemu cultivers¥® £dybeida
B B 3
1She o1
Shantung L2 0
'Fred Shoesmith! i 2 g
P 6 2
1Pesaldal
Hegaldl L 4 0
P 8 5
' Madam 7 Rocrpal
Madanc E, Rogors L 2 0
P B 1
1 np A
Sussex Pink L 2 0
* Sanple nusber of 10 plants/cultivar.

Synptons of leaf mottling, attributed to viruses of the leaf
mottle group (48,97), werc obscrved in only a few plants (table 9)
suggesting that viruses of the lcaf nottle group are present in
chrysanthenuns in the Manawatu. Llectron microscopic leaf-dip
examinations revealed the presence of rod-shaped particles
ca., 700 x 15 nn of the leaf mottle group (57) in 24 of the 27
cultivars exanined (table 10), with several cultivars being

heavily infected.
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P.hybrida inoculated with chrysanthenun sap containing rod-
shaped particles, dcveloped chlorotic local lesions after 2-5 wecks.
Symptoms did not dcvelop in thosc P.hybrida inoculated with sap
fron chrysanthemunis wihacre rod-shaped particles were not observed
(table 11). These results confirmced that the rod-shaped particles
were infective virus particles of the leaf mottle group. The
crratic developuent of chlorotic local lesions on inoculated
P.hiybrida, due to thc adverse conditions under which the plants
were grown, @nd the occasional development of mottling caused by
TLV infcetion,made lecaf-dip examinations for the presence of rod-
shapcd leaf mottle particles a more cfficicnt method of indexing
for viruses of the leaf mottle group. Hakkaart (40) has also
shown that clectron microscopy is adequate for leaf mottle
indexing. Howecver, one drawback of this technique is that
differentiation betwecn the various leaf nottle viruses - vein
nottlc, dworf mottle, necrotic mottle =and virus B -~ is not possible,
but for routine indexing, this is not important becausec of the

similar propertice of the viruses in the leaf nottle group.

Rod~shoped particles were obscrved in & number of
chrysantheruns showing flower distortion symptoms but in all
cases, TAV was also present; and although Noordan (97) describes
flower abnormalitics in chrysanthenuns infeeted with chrysanthemun
virus B, indications arc that viruses of thc leaf mottle group
found in the Manawatu do not cause significant flower

abnormalities, confirming overseas results (48).

2.4 OTHER CHRYSANTHEMUM VIRUSES

Idthough most attention was given to the major virus or
virus-likec organisms infecting chryseanthcemums, i.e. TAV,
chrysanthenun stunt and the leaf mottle group, tests were also
undertaken to determine the prescnce of other chrysanthenun

viruses in chrysanthemuns grown in the Monawatu.
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Those plants grafted with 'Mistletoe! to index for
chrysantherun stunt were also graefted with the cultivar 'Good News'*
in ordcr to test for the presence of scveral other viruses or
virus-like orgonisns. Llthough yellow lcaf spot symptoms developed
in 18 of the 60 plants grafted with 'Good licws' the presence of
rod-shapcd particles of the leaf nottle group precluded any
diegnosis of either chrysantihcmnum virus Q (78) or chrysanthenun
ringspot virus (20). Symptoms of chrysanthenum rosette (18)
and chryseantheaun virus E (51) werc not observed on any of the

'Good Ncws! scions.

Sap inoculation of 178 plants from 16 cultivars to P.hybrida
failed to show syuptoms of chrysonthenuwa virus C (97), tomato
spotted wilt (109), or chrysenthenun latent virus (48), and

routinc screening for TAV by sop inoculation to C.aneranticolor

ar
failed to show thc prescnce of chrysanthenun virus D (47,113)
or tomato spotted wilt (49).

Visual cxamination of the chrysenthenuns failed to reveal
synptons of the aster yellows group (15), tomato spotted wilt (109),

chrysanthenul ringspot virus (20)ﬁ or chrysanthenuwa virus C (97).

2.5 MIXED VIRUS INFECTION

The prescnce of more than onc virus in chrysanthenunms was
observed in nany cases, particularly the combination of TAV and
viruses of the leaf mottle group. In all cases, flower
distortion symptoms wecre observed but no differcnce was observed
between these symptoms and those cexpressed in plants infected
only with TAV. In no plant howcver did TAV and viruses of the

lecaf mottle group occur without symptom expression.

* Virus-free plants obtained from the Nuclear Stock Lssociation.



Stunted plants with distorted flowers shown to be infected
with both chrysanthenun stunt and TAV were observed in only 6

plants.

Electron microscopic examination of chrysanthemnuwas infected
with chrysanthenun stunt revealed the prescnce of leaf nottle
type particles in 18 of the 60 plonts examined but no difference
in sympton cxpression was obscrved when conpared to plants

infected with chrysantherun stunt 2lone.

33
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IAPTER 3.

TOMATO LSPERMY VIRUS

3.1 SYMPTOMS O CHRYS/ANTHELULMS

Selal Natural Infcction

Flower synptons varicd from slight distortion of the florcts,
giving and untidy appearance, to sevcre floret tubing, twisting
and a reduction in flower size (fig. 2} Often the floret
distorticn was found to bc nore pronounced on onc side of the
flower, producing an almost kidney-shapcd flower. Indexing to
H.glutinosa and P.hybrida gave symptoms diagnostic of TAV

(chapter 2.1.2).

Leaf symptoms, including nmottling and flecking, were also
observed in some plants showing flower distortion,; but subsequent
electron-nicroscopic exanination revealed the presence of rod-
shaped particles typical of the leaf nottle group of viruses,
suggesting that TAV does not play an inportant part in the

production of leaf sbnornalities (46).

Lo e Sap Inoculation

Virus—free 'Mistletoe' and 'Good News' chrysanthemuns were

inoculated with sap from Nicotiana tabacum L. 'Samsun!. plants

infected with TAV originally isolated from the chrysanthenum
'"Madane E. Rogers' showing severe flower distortion symptoms.
It was found that only 4 plants out of the 10 inoculated
becane infected with TAV but no flower distortion symptoms

were observed. Back inoculation to 'Samsun', N.glutinosa and
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P.hybrida gavce synptons diagnostic of TAV (figs. 3,4,5,6).
Rod-shaped porticles characteristic of the leaf mottle group

were not obscrved.

%13 Graft Transmission

Scions from virus-free ''istletoe! and 'Good lews' were
graftcd onto stocks of chrysanthemunms showing symptoms of flower
distortion and giving symptons diagnostic of TAV on l.glutinosz
and C,anaranticolor. [fter threc nonths, sap inoculation fron

the 'WMistletoe! and 'Good News'! scions to W.glutinosa and

C.amaranticolor showed that TAV was present in 17 out of the 20

scions tested.

542 SEPLRATTIOR

The results of the indexdng survey carried out on chrysanthenunms
in this study showed that in nany plants TAV was present as part of
a mixed infection, particularly with viruses of the leaf nottle

group (chapter 2).

Isolates of TLV alone werce obtainmed from 'Samsun' previously
inoculated with sap from chrysanthcruns showing flower distortion
syaptons (48,63,79).

Electron-microscopic cxamination of sap from those 'Samsun'
plants showing leaf mottling and distortion confirmed the absence
of any leaf mottle group viruses,; while inoculation to N.glutinosc
and C.amaranticolor and P.hybrida ensured that TLV was present.
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Hisi) HOST RLNGE AND SYMPTOMS

Randorily selected leaf dises from the inoculated 'Sansun'
(chapter 3.2) were triturated with 0,033 NagHPO4 + 0.5M DIECA,
PH T.4. The trituratec was then rubbed with cotton wool pads
onto carborundur: dusted lcaves of the test plants. 211 the
tests plants were raised from seed (oppondix IV) and inoculated
at the 4-8 leaf stege when most plants were 3~9" high.
Controls, inoculated with buffer solution only, were also

included.

The following symptons were observed on plants inoculated

with T4V, Re-inoculation to N.glutinosa and C.amaranticolor

confirned the presence of TAV., IHomenclature bascd on:
Bailey, L.H. Manuol of Cultivated Plants (1949).

Intirrhinun najus L. 'Tom Thumb'!  (snapdragon).

Chlorotic spots after 3 weeks, later necrotic.

T

Cellistephus chincnsis Fees. 'IHixed Colours' (aster).

Systemic leaf nottle and flower distortion.

Capsicun frutescens L. 'Yolo Wonder' (sweet pepper).

Mild nottle followed by vcinal necrosis and leaf distortion.

Celosia argentea L. 'Painted Ostrich! (celosia).

Paint diffuse chlorotic lesions.

Chenopodium amaranticolor Coste. & Reyn.

Snall discretc yellow lesions on inoculated leaves after
4-5 doys (fige. 7).

Chenopodiuwn gquinoc Willd.

Small diseretec yellow lesions on inoculated leaves after

1 week.

Cucunis sativus L. 'Moneymaker! (cucumbor).

Local chlorotic-ncerotic lesions on young inoculated

cotylcdons after 2 weeks.
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Gomphrena globosa L.

Local red-brown necrotic lesions after 3-4 weeks followed

by faint systemnic mottle.

Helichrysun bracteatun fndr. (strawflowcr).

Systemic leaf mottle and distortion.

Iycopersicon esculentun Mill. 'Potentate’ (tomato).

Severe leaf mottle, slight distortion; inhibition of

apical growth resulting in a bushy plant.

Hicotiana clevelandii Gray.

Yellow necrotic lesions after 7 days followed by interveinal

chlorosis and subsecquent general leaf chlorosis.

Nicotiana glutinosa L. x Nicotiana clevelandii Groy.

Paint chlorotic spots ~fter 1 weeck followed by sevcre

systenic nottle and leaf distortion.

Hicotiana glutinosa L.

Diffuse local chlorotic lesions after 2 weeks followed by
systemic mottle, severe lcaf distortion and tendril-like

leaves (figs. 394).

Nicotiana tabacun L. 'Samsun' (tobaceco).

Local chlorotic lesions after 1 week followed by systeric

leaf nottle and distortion (fig. 5).

Nicotiana tabacum L. 'White Burlcy!' (tobacco).

Local chlorotic lesions efter 1 weck, followed by systemic

lecaf nmottle and distortion.

Potunia hybride ver. nona compacta Vilm. 'Rose of Heaven' (petunia).

Diffusc grey chlorotic lesions after 2 weeks followed by

systemic nottle and bleached flowers (fig. 5).

Primwla obconica Hancce.

Systemic leaf mottle after 3 weeks.

Prinula nalacoides Franch.

Systenic leaf mottle after 3 weeks.
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Senceio cruentis D.C. 'Yates Large Flowered! (cineraria).

FPeint pink tinge appearing 2long the main leaf veins and
slight plant dwarfing. Some flowers showed petal

distortion.

Togetes erecte L. 'Orange Mum' (merigold).

Local chlorotic lesions after 10 days.

Tetragonia expansa Murr. 'Everlasting! (¥.2. spinach).

Discrete local chlorotic/white lesions after 2-3 wecks.

Vigna sincensis Endl. 'Black-eye! (cowpca).

Local rcd-necrotic lesions after 3-7 days but no TAV was

recovered from infected leaves.

Zinnia elegans var. dahliiflora Jacq. (zinnia).

Faint systemic leaf nottle after 2 weeks.

No symptons were obscrved, nor was TAV re-isolated from the

Tfollowing inoculatcd specics:

Brassica oleracea var. capitata L. 'Succession!

'Drunhcad!

'Flower of Spring' (cabbage).

Brassica oleracea var. botrytis L. 'Deep Heart!

'Phenomenal 4 Month' (cauliflower).

Brassica pekinensis Rupr. 'Chi Hi ILi! (chinese cabbage).

Cheiranthus cheiri L. 'Paris ilorket' (wallflower).

Dahlia pimnata Cav. 'Unwins Ideal' (dahlia).

Dianthus barbatus L.

Helianthus annus L. (sunflower).

Lactuca sativa L. 'Great Lokes!

'Inperiel Triunph!
Yatesdale! (lettuce).
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Tupinus polyphyllus Iindl. 'Russcll Mixed' (lupin).

Pisum sativus L. 'Green Feast' (pea).

Vicia faba L. 'Atlas Early!
'Coles Early!

'Exhibition Longpod! (broad bean).

Studies on the host range of TAV have been undertaken by
several workers (23,37,46,97) and wminor discrepancies have been

recorded. Govier (37) reported that Antirrhinum majus,

Senecio cruentis and Vigna sinensis were not susceptible to

TLV, but results of this study show that the three species give
symptons similar to thosc described by Hollings (46), end were
also recorded as susceptible to TAV by Bricrley et al (23).

In this study, however, TLV could not be re-isolated from thc
inoculated V.sinensis plants and only 1 of the 3 S.cruentis
plants gave gymptoas of TAV infection. Brierley et al (23)

reported that Lactuca sativa was susceptible to TAV, but no

symptons were observed in this study, nor could TAV be re-isolated
from the inoculuted plants. In gencral, however, the host range
of TAV determined in this study agrces with overscas reports for
T4V, with small differenccs attributable to either the influence
of environmcnt and thce variation in susceptibility between
cultivars, as suggested by Govier (37), or the occurrence of
different strains of TAV as suggested by scveral workers (63,70,
104). Such biological variants have also becen reported to

other plant viruscs (26,27).
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3.4 APHID TRANSMISSION

N.glutinoga inoculated with infected 'Samsun' sap was uscd as
a source of TAV for the determination of the aphid transmission
characteristics. Green pcach aphid

(M.persicae) were reared on

S
Brassica pckinensis (chincse cabbe;e) seedlings in aphid cages,

and the procedures used in determining the aphid transmission
characteristics of TAV werc based on those outlined by Bos,
Hagedorn and Quontz (7). The results of these tests are shown
in tables 12, 13 =2nd 14.

3.4.1 Acquisition Threshold

This ig the minimum time nccessary for a vector to feed upon,

or have access 10,2 virus source in order to transmit the virus.

ter two hours starvation, aphids werc given access o
infected source plants for periods of half a minute to 60 minutes
and transferred (B/plant) to healthy N.glutinosa plante for an
inoculation-access period of 30 minutes. The aphids were then
kKilled by spraying thc plante with a 2.2 g/litre solution of

'Lannate! ¥

TABLE 12. Lffcet of virus acquisition-access period on

transmission of TAV by M.persicae.

Ne.glutinosa Acquisition-access period (minutes)

plants 0.5 1 5 30 60

Infected 0 2 4 5 4
/ﬁxposed /10 /10 /5 /5 /5

These results showed that M.persicac required an acquisition-
access period of between 0.5 and 1 minute to transmit TAV from

N.glutinosa to ll.glutinosa.

*¥  Trade name for Methomyl.
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3 eds2 Inoculation Threshold

Following 2 hours starvation, aphids were given an acquisition-
access period of 2-5 minutes on N.glutinosa infected with TAV, and
then transferred (5/plant) to healthy H.glutinosa for inoculation

W

periods of between 1 and 120 minutes before being killed,

TABLE 13, Effect of virus inoculation-access period on

transmission of TAV by M.persicac.

N.elutinosa Inoculation-access period (minutes)

planta 1 5 30 60 120

Infected 0 % 4 5 4
/Bxposed /10 /10 /5 /5 /5

Thesc results showed that after acquiring TAV from N.glutinosa,

required an inoculation-azcccss period of between 1 and 5

minutes in order to transmit TAV to II.glutinosa.

S5l Effect of Pre-—-acquisition Starvation

To determine the cffect of starvation on the acquisition of
TAV by l.persicac the aphids were starved for periods of 0-8 hours
before being transferred (B/plant) to infected FM.glutinosa for
acquisition-access pcriods of 1 and 5 minutes. An inoculation-
access period of 30 minutes was permittcd before the aphids

were killed.
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TABLE 14. Effect of pre-acquisition starvation on transmission
of TAV by M.persicae.

Acquisition-access N.glutinosa Starvation Period (hours)
period (minutes) plants 5 1 5 L 8
Infected 0 2 1 2 2
L /Exposed /10 /10 /5 /5 /5
Infected 5 6 4 5 4
(=
g /ﬁxposed /10 /10 /5 /5 /5

Thesc results showed that starvation of M,persicae for 1-2 hours
increascd thc efficiency of TAV transmission as determined by the

number of H.glutinosa plants developing symptoms of TAV infection.

Beded Trengmission to Chrysanthemun

Using infected H.glutinosa as a source of TAV, aphids, after
starvation for 2 hours, were given an acquisition-access period of
2-5 minutes before being transferred to healthy 'Mistletoe!
chrysanthemums for an inoculation-access period of 2 hours.
Indexing the chrysanthemums showed that 3 out of 8 plants becanme

infceted with TAV.

Aphid transmission tests, using M.persicac confirmed that TAV
is non-persistoent or stylct-borne, in that transmission occurred
after an acquisition-accecgs period of less than 1 minute (table 12)
and after 5 minutes inoculation-access feeding (table 13),with no
apparent latent period characteristic of persistent or circulative
viruses (81). Aphid transmission to chrysanthemum, using
M.persicae, under cxperimental conditions, occurred but with less
than 50% efficiency. Similar results have been obtained
overseas (23,37,46).
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345 PROPERTIES I VITRO

The assay host usced in the determination of the in vitro

properties of TAV was C.amaranticolor. In 21l experiments,

4 rcplicates were used, and control inoculations of buffer

were also included. Random tissue samples were token from the
sourcc plante with a 5 mm cork borer. The tissue samples were
triturated with 2 phosphate buffer at o ratio of 1 : 1 and
rubbed with cotton wool pads onto carborundum dusted half-lecaves

of C.,amaranticolor. Local lesions were counted after 6-8 days.

Several sources of TAV and several buffer solutions were used to

determine their effect on the physical property determinations.

5 Thermal Inactivation Point

The conventional method of determining the thermal
inactivation point of TAV was followed using 0.033M BazHPO4,
PH 7.3, viz. two 1 ml aliquots of triturated tissue were taken
for each temperature-trcatment and these were exposed to the
appropriate temperature for 10 minutes in thin-walled test-tubes,
and then cooled in iced water. The treated sap was subsequently

assayed for TAV infectivity.

TABLE 15. Effect of diffcrent source plants on the thermal

inactivation point of TAV.

—  — —— ———}
0
R Temperature (~C)
20 50 55 60 65 70 i 80
! Samsun'! 40% 110 84 45 38 1
N.glutinosa 53 176 148 81 54
'Mistletoe! 264 2i 183 92 49 2 0

¥  PFigures are mean lesion counts/half-leaf.
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Infectivity was lost when the triturate was heated to 70 C
but not 65 C. The source of the virus did not appear to

influence the thermal inactivation point.

Py Dilution End Point

The dilution end point of TAV was determined by diluting
infective sap with a phosphate buffer until no infection

(i.e. no local lesions on C.amaranticolor) were observed (fig. 7).

TABLE 16. Effect of different source plants and buffer solutions

on the dilution end point of TAV.

Buffer Dilution
Sourcc (ndjusted to -
ad - " - = g =
i 7.2) 1:1 1070 1072 1072 10~ 1070 107°
' Sansun! 0.0511 K2HPO4 39% 14 192 4 o) 0 0
0.03%%1 SOrensen
Buffer 398 258 183 9 4 1 0
0,0%31] SOrenscn
Buffer 504 69 2 0 0
"Mistletoe! 0.05M KZHPO4 40 26 15 o 0 0 0
0.033M SOrensen
Buffer 178 86 57 2 2 0 0

¥  Pigurcs arc mean lesion counts/half-leaf.

The dilution cnd point of TAV in tobacco sap was found to be
between 10™% and 10—59 regordless of which buffer solution was used
N 2
it JaH2P04)
gave a more distinct drop in lesion numbers towards the end point.

3

as a diluent, but the SOrensen phosphate buffer (NaZHPO

In chrysanthemum sap the dilution end point occurred between 10~
and 10-4 when young tissue was used. L sharp drop in lesion
numbers was noted in all treatments at 10-3, with relatively fewer

lesions appearing at higher dilutions.
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5453 Longevity in vitro

This experiment was designed to determine the infectivity of
TAV in chrysanthemun and tobacco tissue triturates. The inclusion
of DIECL in the triturate was made to determine the effect of a

chelating agent on TAV infectivity.

T/BLE 17. Effeet of different source plants and buffer solutions

on the longevity in vitro of TAV,

Buffer Time (hours)
Source (adjusted to

pH 7.3) 0 2 6 12 24 48 96 192 384
'Samsun' 0.033M KH,PO, 100% 98 83 42 34 10 0 0 0

0.0331 KH,PO,+

0.0511 DIECA 152 301 307 286 302 212 156 0 0
"Wistletoe'| 0.033H KH,PO, 64 12 6 0 0

0.03311 KH,PO,+

0.05M DIECA 66 30 21 6 5 0 0

¥  Pigures are mean local lesion counts/half-leaf.

In tobacco sap TAV lost its infectivity after 48 hours when
stored at room tenmperature while the presence of DIECAL extended the

longevity in vitro to 96 hours.

In chrysanthenun sap TAV lost its infectivity after 12 hours
at room tcmperature while DIECA extended the infective period to

48 hours.
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The results of these tests on the in vitro properties of TAV
are suwmmarised and compared with overseas reports in table 18,
11 though differcnt phosphate buffer solutions had no effect on the
results of these tests, the addition of DIECA significantly
incrcascd the longevity in vitro of TAV in chrysanthemum sap
(table 17). This suggcsts the presence of o virus ianactivator in
chrysanthenui sap. The difference in dilution end points
observed betwcen 'Samsun' and chrysenthemun sap (table 16) also
suggests the presence of such an inactivator in chrysanthemum sap,
while the lack of inactivation in the heat treated sap (table 15)
could be explained by the heat denaturation of the virus
inactivator, suggesting the involvement of an enzymc in the
inactivation process. Thesc results are confirmed by overseas
work on virus inactivators and the effeet of DIECA on virus
infectivity. It is thought that DIECA acts by chelating the
copper necessary for the quinone-producing polyphenoloxidase
activity, and that the quinones inactivate the virus by

combining with the viral protein coat (77,82,86).



TABLE 18.

Propertics of TAV in vitro

Source Hoordamn Hollings Govier Bricrlcy Ocrtcl Hollings & Lunn
(97) (46) (37) (13) (99) Stonc (63)
Dilution end point

= —4 =5 - = =% = -
Chrysenthomum 10 3-‘IO & 10 510 10™2-10=2 102104

- o - o = - - - & - - - . o =
' Sesun! 107221072 107-10™t 10702107 1072107t 1072107t 107107 107hl107?

Longevity in vitro (days)
Chrysanthcerunm Lcss than } 1
'Samsun' =14 2 3-6 6-12 2-6 2-8
Thermal inactivation point (OC)

Chrysanthemum 65-70
'Samsun' 65-70 65-T0 65-T0 65-70 55-60 50-60 65--70
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3.6 INFECTIVITY

Boiie 1 Buffer Solution

A number of phosphate buffers have been used overseas in
the study of TAV, and these are often not elaborated on, other
than to cite 'Phosphate buffers! (38,50,114). Experiments
were therefore undertaken to determine the effect of different
phosphate buffers on the infectivity of TAV in 'Samsun' and
chrysanthenum 'Mistletoe' sap, as determined by local lesion

development on C.amaranticolor half-leaves.

The four buffer solutions tested were:

i) disodium hydrogen phosphate (NazHPO4)
ii) dipotassium hydrogen phosphatc (KZ}IPO 4)
iii) sodiun dihydrogen phosphate (“;\TaHzPO 4)
iv) SGrensen's phosphate buffer (1 : 1 E‘IQZHPO4 : KH2PO4)

The results of the physical property determinations (chaptor 3.5)
indicated thc presence of a virus inactivator in chrysanthemum sap
and DIECA was therefore included in this experiment, the results

of which are shown in table 19.

In chrysanthemun sap, very little difference was observed
in lesion counts betwecn the various phosphate buffers or between
the different concentrations of any one buffer solution but the
addition of DIECA markedly increased the infectivity of the
chrysanthemum triturate; confirming the presence of a virus
inactivator of the phenol type in chrysanthemum sap. Small
differences werc obscrved between the various buffer solutions
when DIECA was present, with 0.033M HaZHPO4 + 0.0511 DIECA,
PH 7.4, giving the highest number of local lesions.
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TABLE 19. Effect of different buffer solutions on infectivity

of TAV in 'Mistletoe! and 'Samsun' sap.

Buffer Lesion Counts
"Mistletoe! 'Samsun'

Water 14% 17
0.06611 K, HPO, pil 7.2 20 24
0.033M SOrensen buffer pH 7.2 24 85
0.0331 NazH:POzr pH 7.2 26 138
0.05M1 NaZHPO4 pH T.4 32 165
0.066M NaQHPO4 PH T.3 36 155
0.033M KH2P04 pH T.3 32 109
0.066M SOrcnsen buffer + 0.05M DIECA pH 7.4 29 124
0.03%3M NaZHPO4 + O0.05M DIECA pil T.4 1883 361
0.05H o, HPO Lt 0.05 DIECA pH 7.4 148 307
0.06611 IfthPO4 + 0.05M DIECA pH 7.3 152 216
0.033M KHZPOAr + 0,051 DIECA ph 7.3 139 182

& Figures are mecan lesion counts/C.amaranticolor half-leaf.

In 'Semsun' sap the effect of DIECA was less marked but more
variation was observed between the different phosphate buffers

with NazHPO4 giving the best results. The veriation in infectivity

between the different NaZHPO4 buffers used could be due to the

different pH values,for those NaQHPO buffers with pH values of 7.4

4
showed higher lesion counts than did those with pH values of 7.2 or

7-3'
The phospiaate buffer giving the best results in terms of
lcsion nuibers on C.anaranticolor was 0.033M -I?i':izHPO4 + 0,05M DIECA,

PH 7.4, and unless otherwise stated, this was used for 2ll sap

inoculations in this study.
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%6642 Prc-—-inoculation Dark Period

There are numerous reports of increased susceptibility of
plants to mechanically inoculated virus, following a pre-inoculation
period in darknecss (3). The effect of darkness on TAV lesion
developuent was determined by comparing the dilution end points of
TAV in 'Samsun' sap using 0.03%3il SOrensen buffer, pH 7.2; as

~

determined by local lesion number on C.amaranticolor with, =nd

without pre-inoculation dark periods (tablc 20).

TABLE 20. Effect of a prec-inoculation dark period on the dilution
cnd point of TAV,

Pre-inoculation Dilution

= i P o -/ P =
dark period 1072 5%10° 102 s5x107% 107%  sx107?
24 hours light 450% 113 51 9 1
24 hourg dark 544 81 68 4 2

* Figures arc mean lesion counts/C.amaranticolor half-leaf.

L1 though no differcnce was observed in the dilution end point
of TAV following a pre-inoculation dark period, the lesions
developed 1 day earlier in the dark-trecated plants, confirming
reports that such treatment influcencecs the susceptibility of the
inoculated plant rather than the infectivity of the tissue
triturate (3).
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Ba 'l MULTIPLICATI ON

The rate of virus incrcase in N.glutinosa and the chrysanthemum

'Mistletoe! was determined by inoculation to C.amaranticolor at

various intervals and the results arc showvn in table 21.

TABLE 21, The rate of TAV increase in N.glutinosa and

chrysantherum 'Mistletoc!.

Source Time \dgys)
R 54% 58 121 181 186 207 226 205 320 531 478
H.glutinosa 30 15 24 40 65 74 123 164 195 221 251

* Pigurcs are mean local lesion counts/half-leaf.

These results indicate that TAV increascs at o faster rate in

chrysanthemum than in N.glutinosa plants.

Results of TAV infectivity tests by Grogan, Uyemoto and Kimble
(38) show that the infectivity titre of TAV in N.glutinosa, as
determined by lesion development on V,sinensis (cowpea), inecreases
to a maximum after 10 days and then falls rapidly until after 14 days
only a few local lesions are produced. Al though the results of
this study (table 21) show that the virus titre increcascs after
17 days, the two results need not conflict because of the diffcrence
in sampling mcthods. In this experiment, randon lcaf discs were
talten from inoculated and un-inoculated leaves in order to obtain
an assessment of the virus multiplication in the plant in toto.
This would mask any localised particle increase (or decrease) in
the inoculated lcaves. Ml though it is not stated, Grogan et al
(38) probably sampled tissue only from inoculated N.glutinosa lecaves.
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CHRY SLNTHEMUM  STUHT

4.1 SYMPTOMS Ol CHRY SAIUTHEMUIS

Chrysanthemungs shown to be infected with chrysanthemun stunt
by graft indexing with 'Mistletoe! were often stunted in growth.
The infected plants showing these symptoms were usually up to
two-thirds the size of healthy chrysanthenmums. The other
distinctive fenture of chrysanthenum stunt infection was the
carly developnicnt of flowers in the stunted plants. Flowering
occurrcd up to 10 days earlier than in healthy plants, and they
werc often smaller in size (fig. 8). Flower distortion in
stunted plants was observed in scveral plants but indexing tests

showed the presence of TAV in these cases.

fata Graft Transmission

The lack of a suitable local lesion host for chrysanthemum
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stunt has necessitated the use of grafting as a means of detecting

the presencc of chrysanthemum stunt in chrysanthemums. Several
experiments were undertaken to determine a more efficient and

more rapid method of graft indexing for chrysanthemum stunt.

l. comparison was made between the grafting technique
described in chapter 2.2.2 and the reciprocal method uscd by
Keller (79) and Brierley and Olsen (15), where infected scions

were grafted to virus-tested indicator stock plants.
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There was no difference in the number of successful grafts or
in symptom development, for in both cases infected plants gave
symptons within 6-8 weeks when the leaves above the graft union

werc renoved.

Ao 12 Defoliation

The latent period for chrysanthemum stunt in grafted
chrysanthemuns can be from 2-10 months (51), but Keller (79)
has shown that in '"Blanche! this latent period can be shortened
to 6-8 wecks by removing most of the leaves from the grafted

scion (fig. 9).

By removing nost of the leaves from one of the two
"Mistletoe'! scions graftcd to cach infected plant, the effect
of defoliation on thi latent period of chrysanthenum stunt was
determined. Three cultivars, 'Shantung'!, 'Madsme E. Rogers!

and 'Kathlcen Dowd! (5 plants/cultivar) werc used (table 22).

TLBLE 22. Effcet of defoliation on the latent period of

chrysanthemun stunt in 'Mistletoe' scions.

Scion Latent period (weeks)
Treatnent 4 B 6 i 8 9 10 12 14 16

Number of scions with symptoms

Defoliation 2 5 2 5 1 0 0 0 0 0
Mo defoliation 0 0 0 1 1 1 %

The threc cultivars usecd, showed no obvious differences in
symptom expression, and these results showed that removing the
scion leaves (exccpt for the top 2-3 young developing 1eaves)
considerably rcduced the latent period of chrysanthecmun stunt

in 'Mistletoe! scions.



Dcfoliation was therefore used in all tests where graft

indexing for chrysanthenun stunt was undertaken (chapter 2.2.2).

4.1.3 Aphid Transmission

Brierley and Smith (16) reported that Rhopalosiphum

rufomaculatum Wilson was a vector for chrysanthemum stunt, with

an efficiency of 30%, and that occasional transfer by 4 other
aphid species could occur, Howevcr, in later studies they

reported that thesc results were the result of contamination of

the control and test plants (the nature of which was not discussed)

and that aphid tronsmission of chrysenthemum stunt was not known
(79). lo other vector has been reported for chrysanthemun
stunt (15).

In this study, becausc R.rufomoculstum aphids werc not

available, M.pcrsicee was used to determine thce aphid
transmiseibility of chrysanthenum stunt. Ifter starvation

for 2 hours, green pcach aphids were given an acquisition-access
period of 5 minutes on stunt infected 'Madame E. Rogers'. The
aphids were then transferrcd to 'Mistletoc! plants for an
inoculation-access period of 30 minutes. No symptoms of stunt
developed on the 'Mistletoe! plants and these were discarded
after 6 months.

4.1.4 Sep Transmission

Keller's work on the properties of chrysanthemum stunt has
shown that symptom expression following mechanical transmission
to virus Q-infected 'Blanche' was sufficiently reliable to be
used in determining the physical properties of chrysanthemum
stunt (79). Sap transmission of stunt to the cultivars
'Seagull! and 'WMistletoe! has also been reported (10,67).
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In this study, the cultivar 'Mistletoe' was selectcd because
of the distinctive fleck symptoms produced whcn inoculated with

chrysanthemnwi stunt.

Plants were partially dcfoliated above the inoculated leaves
in order to rcduce the latent period of stunt (79). Three
chrysantheruia cultivars, kmown to be infected with stunt, were
used as source plants, and random discs of leaf tissuc were
taken to minimise the effecet of any uncven distribution of stunt
particles within the plant. The leaf tissuc was triturated with
0.03311 NazHPO4 + 0.05M DIEC/L, pH 7.4, and rubbed onto carborundum
dusted 'Mistlctoe' leaves (table 23).

TABLE 23. Sympton expression in 'Mistletoe! after sap-inoculation
fron stunt-infected chrysanthemuns.
Latent period (wecks)
EPEA 4 6 8 10 12 14 16 18 20
Humber of plants with symptoms

'Madane E. Rogers! 0 1 2 1 1 0 0 0 0
'Shantung' 0 1 2 0 1 1 0

'Kathleen Dowd' 0 1 0 1 1 0 0 0 0

Since only 13 out of the 36 'Mlistletoc' plants inoculated with
chrysanthenw: stunt, developed faint symptoms, the experiment was
repeated using lecaf tissuc from 'Mistletoe'! scions showing leaf
fleck symptors. In this experiment, 15 out of 36 'Mistletoe'
plants developed symptoms. This low incidence of symptomn
development in sap-inoculated 'Mistletoe' leaves could be
attributed to the unsatisfactory growth conditions under which

the indicator plamts were grown.
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4.2 HOST RANGE AND SYMPTOMS

The long latent period shown by chrysanthemunm stunt in
grafted 'Mistletoe'! has led to atteunpts at discovering a
satisfactory local lesion host. Host raenge studies have been

reported by several workers (9,10,79).

In this study, sap from stunt-infeected 'Fred Shoesmith'
and 'Shantung' was triturated with 0.033M I\TQZHPO4 + 0.05M DIECA,
pH 7.4, buffer. Inoculations were then made to carborundun

dusted lcaves of threc plants of the following:

Antirrhinua majus L. 'Tom Thumb' (snapdragon).

Callistephus chinensis Hees. 'Mixed Colours! (china aster).

Capsicun frutescens L. !'Yolo Wonder! (sweet pepper).

Celosia argentea L. 'Painted Ostrich' (cclosia).

Cheiranthus cheiri 'Paris Market'! (wallflower).

Chenopodium amaranticolor Costc. & Reyn.

Chenopodiwi quinoa Willd.

Cucumis sativus L. 'Moncymaker' (cucumber).

Dehlia 'Unwins Ideal' (dahlia).

Gomphrena globosa L.

Helianthus annuus L. (sunflower).

Helichrysum bracteatun Andr. (strawflower).

Lactuca sativa L. 'Great Lakes!

'"ITmperial Triumph!
'Yatcsdale' (lettuce).

Tupinus polyphyllus Lindl. 'Russell Mixed' (lupin).

Iycopersicon esculentum Mill. 'Potentate! (tomato).

Nicotiana clevelandii Gray.

Nicotiana glutinosa L.
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Nicotiana glutinosa L. x N.clevclandii Gray.

Wicotiana tabacum L. 'Samsun' (tobacco).

Petunia hybrida Vilm. var. nana compacta 'Rose of Heaven! (pctunia).

Pisum sativus L. 'Green Feast!' green pea).

Prinula obconica Hance.

Primula malacoides Franch.

Senecio cruentis D.C. !'Yates Large Flowcred! (cincraria).

Tagetes erecta L. 'Orange Mum' (african mnrigold).

Tetragonia expansa Murr. 'BEverlasting' (Ncw Zealand spinach).

Vicia faba L. 'Coles Early!
'Exhibition Longpod!
'Atlas Early! (broad bean).

Zinnia clegans Jacq. var. danliiflora (zinnia).

Keller (79) reported S.cruentis and Dahlia as giving symptons
when inoculated with stunt but in this study only S.cruentis
developed symptons (faint chlorotic-white lesions) after 5 wecks
in 1 of the 4 plants inoculated. The failure of Dahlia to
develop symptoms could be due to the differences in the Dahlia

cultivars uscd or the unsuitable environmental conditions.

Further inoculations to S.cruentis showed that 4 plants out

of 10 developed symptoms of chrysanthecmum stunt.

4.3 STARCH LOCLL LESION TEST

Lawson (85) uscd S.cruentis (cineraria) to test the starch
local lesion method for detecting chrysanthemum stunt. Such a
technique has the advantage of reducing the long delay involved
in graft indexing to a systemic host and could provide a

valuable assay nmethod.
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Inoculation was made to 12 S.cruentis (‘Yates Lerge Flowered')
when the leaves were 5-6 cm in width, with sap from each of 5

chrysanthemuna cultivars known to be infected with stunt.

The inoculated plants were exposed to 24 hours darkness after
11 days and the leaves harvested. Leaves werc boiled in ethyl
alcohol for 2-3 minutes until blcachcd and then steined with a
solution of 0.5% iodine and 2% potassiwa iodide. Af ter washing
and drying, the leaves were examined using back-illunination to

highlight stained starch deposits.

The experinent was repeated using half-leaf inoculations
and the leaves were harvested at different intervals in an attempt
to rcduce the anount of non-specific starch which obscured the
local legiongs in the first experiment. The results are shown in
table 24.

TABLE 24. Chrysanthemun stunt infectivity in S.cruentis as

determined by starch local lesions.

Number of Number of half-lecaves showing
Source half-lcaves local lesion symptons

inoculated 11 days 15 days total
'Mauve Dawn! 30 4 5 9
'Sussex Pridc! 30 3 2 5
'Madame E. Rogers! 30 5 6 11
'Sussex Pink! 30 4 3 ¥
'Sussex fmber! 30 5 5 10
Total 150 21 21 42
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These results showed that the prescnce of non-specific starch
deposits obscured the dectermination of loccl lesions caused by
chrysanthenun stunt. No difference in the amount of non-specific
starch accwaulation was observed between the lecaves harvested

11 days after inoculation and those harvested after 15 days.

Of thc indexing nethods for chrysanthemun stunt cexamined in
this study the most reliable still appears to be graft inoculation

using 'Mistletoe!, although this is far from ideal.

4o PROPERTIES IN VITRO

The unrelisbility of 'Mistletoc! as an indicator for stunt
when sap inoculation is used and the glasshouse spacc required to
keep sufficient 'Mistletoe' plants to meke any results significant,
precluded eny attenpt at determining the physical properties of

chrysanthemun stunt in New Zenland chrysanthemuns.

Overscas reports indicate the following properties in vitro

for chrysanthenui stunte.

TABLE 25. Properties in vitro of chrysanthemum stunt in

chrysanthenum sap.

———

Keller 1953 (79)  Brierley 1953 (13)

Thermal inactivation point 96-100 C 96-98 C
Dilution end point 10721072 10’5
Longevity in vitro at 21 C 55 days 49-56 days
at 3C 100+ days
at 0C 1 year +

Longevity in dired tissue 2 yecars +




60.

CHAPTER 5.

VIRUSES OF THE LEAF MOTTLE GROUP

5.1 SYMPTOMS OIf CHRYSANTHEMUIIS

5elall Natural Infection

Visual obsecrvation of 20 chrysanthenun cultivars revealed
isolated instances of leaf nottling symptoms in 7 cultivars
(chapter 2.3.1). Electron microscopic examiination of samples
from these plants showed the presence of rod-shaped particles
of the lcaf rnottle type (fig.13). Symptorless infection was
also obsecrved in 22 cultivars through the eclectron microscopic

exarnination of leaf-dips.

Hiella? Sap Inoculation

Sap inoculations were made to 'Good News'! from 'Shantung'
showing symptoris of vein mottling, and from 'Rivalry' showing
symptoms of chlorotic nottling. Synptors characteristic of the
lcaf mottle group (yellow vein banding, mottling and distortion
(11) ) failed to develop although rod-shepcd particles of the
leaf nottle type were observed in all cases. The lack of
sympton expression could be due to the unsatisfactory conditions
under which the indicator plants were grown, for inoculations

nade in the winter also failed to produce symptoiis.
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ST P Graft Transmission

Grafting plants of 'Shantung' and 'Regalia' with 'Good News!
resultcd in the production of diffuse chlorotic leaf mottle
symptons after 2 months (fig 11). Ifo observablc differences
in sympton expression were observed between the 'Shantung' and
'Regalia' plants with leaf nottle symptoms, and those infected
with rod-shaped particles but not showing synptoms. However,
when these two plants - 'Shantung' and 'Regalia' - werc indexed
for TAV infection by sap inoculation to N.glutinosa and
C.amaranticolor; symptoms of TAV developed, making further

screening neccssary in order to obtain plants for determination

of the charactcristics of the leaf mottle group of viruses.

5.2 SEPARATION

Ifter sereening 26 chrysanthemuns for stunt by grafting
with 'Mistletoe'! and for TAV by inoculation to N.glutinosa and

C.amaranticolor, two plants were obtained showing the presence

of rod-shaped particles of the leaf nottlc-type, but free from
both TAV and chrysanthenun stunt. These plants - 'Shantung'
showing faint vein nottle symptoms aond 'Ethyl Edmonds' showing

no symptoms - were used as sources of leaf nottle virus.

Grafting with 'Good News' gave symptoms similar to those
described in the previous section (5.1.3) showing that the
presence of TAV did not affect the development of leaf mottle
symptoms in 'Good News' grafted to stocks infected with viruses
of the leaf nottle group.



62.

543 HOST RANGE AND SYMPTOMS

'Shentung'! chrysanthemun was uscd as 2 source of the leaf
nottle virus (chaptcr 5.2). Infeeted sop was triturated with
0.033M HQZHPOA + 0.,05M DIECL, pH 7.4, buffer and inoculated to
carborundurn dusted leaves of the test plants.

The following results wcre obtained when 3 plonts of cach
test specics woere inoculated. Leaf-dip examinations confirmed
the prescncc of rod-shaped particles of the leaf mottle group.

Noncneclature bascd on: Bailcy, L.H. Manual of Cultivated
Plonts (1949).

Mntirrhinun najus L.  'Ton Thuab! (snapdragon).

Yellow-brown scend-necrotic lesions after 2 weeks.

No systcnic infection was obscrved by leaf-dip tests.

Helichrysum bractcatwz lndr. (strﬁwflowcr).

Black ncerotic spots ofter 2 weeks in 1 plant of the 3

inoculated. o systemic infection observed by lcaf-dip tests.

Hicotiona glutinosa L.

o symptoms but rod-shaped prrticles observed in leaf-dip

tosts.

Pctunia hybrida var. nana compacte Vil 'Rosc of Heaven'! (petunia).

Chlorotic local lesions after 2-5 wecks in 2 of 6 plants

inoculated and lesions spreading along nidrib in one leaf.

Scnecio crucntis D.C. 'Yates Large Flowercd! (cineraria).

No synptoms obscrved but rod-shaped particles observed in
lcaf-dip tests.

Tetragonia cxpansa Murr. 'Everlasting! (N.Z. spinach).

Few chlorotic lesions after 2 weeks. No systemic

infection was observed by lcaf-dip tests.
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o symptons werc observed in each of 3 plants of the following

species when inoculations werce made with infected 'Shantung' sap.

Brasgica oleraccn var. capitata L. 'Succession! (cabbage) .

Brassica oleracca ver. botrytis L. 'Decp Heart'! (cauliflower).

Brassica pekincngis Rupr. 'Chi Hi Id! (chinese cabbage).

)

Callistephus chinensis Hees. 'ifixed Colours' (aster).

Capsicun frutescens L. 'Yolo Wonder! (swcet peppcr).

Cheiranthus cheiri L. 'Paris Market! (wallflower).

Celosia argenteo L. 'Painted Ostrich! (cclosia).

Chenopodiun anaranticolor Coste., & Reym.

Chenopodiun quinoz Willd.

Cucunis sativus L. 'Honcynaker' (cucumber).

Dahlia pinnoto Cav. 'Unwins Ide=al! (danlia).

Dianthus barbatus L.

Gomphrena globosn L.

Helianthus annuus L. (sunflowor).

Lupinus polyphyllis Lindl. ‘Russell Mixed! (lupin).

Lactuca sativa L. 'Great Lakes! (lcettuce).

Lycopersicon csculentun Mill. 'Potentate! (tomato),

Nicotiana tcbacun L. 'Samsun' (tobacco).
Pisun sativun L. 'Green Feast' (pea).

Prinula nalacoides Franch.

Tagetes erecta L. 'Orange Mun' (narigold).

Vicia faba L, 'Atlas Early!
iColes Early!
'Exhibition Longpod' (broad bean).

Vigna sinensis Endl. 'Black-cye' (cowpea).

Zinnie elegans ver, dehliiflora Jacq. (zinnia).
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The synptons developed in Mntirrhinun majus and Helichrysum

bractcatun ngrec with Noordam's results for chrysantherun virus B
(97). Hollings (48) however, attributes these symptoms to
chrysanthemun lotent virus, which also gives symptons on

Chenopodiun amaranticolor, Gomphrena globosa, Celosia argentes,

Hicotiana glutinosa ond Nicotiana tabacun, none of which gave

syiaptons in this study. Ho syuptous developed on Callistephus

1

chinensis (nor were rod--shaped pearticles observed in leaf-dip
tosts) which has been rccorded by Hoordan (97) as a host for
chrysanthenurn. virus B, Hollings (48) records Vicia faba as a
host for chrysanthemun virus B but not for chrysenthenun vein
nottle, and no infection wag observed on Vicia faba in this study.
These results suggest that the host range of the leaf mottle virus
present in the two cultivars exawminced is comparable to that
reported for chrysanthemun virus B, but the lack of sympton
cxpression in V.foba suggests a relationship with Hollings!

chrysanthemun vein nottle.

Results of the host range study indicated o low incidence
of symptoris developing in P.hybrida, which has been used oversca
as a loccl lesion host (19,40,48,97,99) and several P.hybrida
cultivars were tested for their susceptibility to virusecs of the

leaf nottle group.

5.4 SYMPTQIIS Ol P.hybrida

Initial sap inoculation tests from 'Shantung' to the P.hybrida
cultiver 'Firc Chief'! showed that symptom cxpression of chlorotic
local lcsions cheracteristic of the leaf mottle viruses was
erratic in development, particularly during sumer. Consequently
several othcer petunia cultivars werce tested for their reaction to
leaf mottle infection (table 26).
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T/BLE 26. Symapton development on several cultivars of P.hybrida

inoculated with leaf mottle virus.

S ™ ove mMe!
e ‘ Synpton development
Swaer Winter

| » Heaven! i 5
Ros¢ of Heaven /10 /10
'Fire Chicf! 1/1O
'Colorana! O/1O 1/10
1 7 i 0
Rosy Morn' /10
(P.multiflora)

*  TNumber of plants developing lesions/total number inoculated.

Hollings (48) has recported better synpton development in the
winter than in the suwmmer and this was confirmed in these studies,
when o total of 5 out of 40 plants developed symptoris compared
with 1 out of 20 in the swmer. The petunia cultivar 'Rose of
Heaven' gave the best symptom development although only 3 plants
out of 10 developed symptoms. Leaf-dip examinations of inoculated
leaves frou these 10 plants showed the presence of rod-shaped
particles in 7 plants, suggesting = variation in the susceptibility
of P.hybrida to viruses of the leaf mottle group. This variation
in synpton expression and the difficulty in transmission during
the sumner have been reported overscas (48) but not to such an

extent.
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55 JPHID TRANSMISSION

Several species of aphid have been reported as vectors for

leaf nmottle viruscs, including Myzus persicac, Myzus solani Kltb.
9 (=} 9

Macrosiphuri cuphorbiae Ths., Rhopalosiphum rufomaculatum and

Macrosiphoniclla sanborni, although the efficlency of transmission

is gencrally below 30% (19$48,89).

In this study, 2 expcrinents were undertaken nt different times
of the ycar to determine the transmission characteristics of the
leaf nottle virus infecting ‘Shantung' and 'Ethyl Edmonds'

chrysanthenuins.

Lifter starvation for 2 hours, M.persicae werc given an
acquisition--access period of 5 ninutes on the infected plants
beforec being transferred (10/plant) to 'Good News' end P.hybrida
test plants for ar inoculation-access period of 30 minutes
(table 27).

T/BLE 27. Transmission of the luod wottle virus fron 'Shontung'

and 'Ethyl Ednonds' by M.persicae.

Test plant
Source
'Good Hcws' P.hybrida
Winter Sunmer Winter Surmer
'Ethyl Edmonds' 1% 0 1 0
'Shantung' 1 0 2

¥  Figures are nunber of plants developing symptons on

P.hybrida/27 plants exposed.
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No symptoms werce observed in any of the 'Good News' plants
inoculatcd although sap inoculation to P.hybrida from 'Good News'
inoculated in the winter, gave synptoms diagnostic of leaf mottle

viruses from 2 of the chrysanthemum plants.

Thrce of the P.hybrida test plants developed chlorotic local
lesions when aphid transmission tests were carried out in the

wintcr,

5.6 PROPERTIES IN VITRO

The low incidence of symptom expression in P.hybrida made
the determination of the physical propertics of the leaf mottle
virus fron fShantung' solely on the development of lesion
production a difficult matter. Sonic of these propertics were
deternined by sap inoculation to P.hybrida and leaf-dip
examination of the inoculated leaves to confirm the presence
of rod-shapecd particles of the leaf nottle typec. This nethod,
although not as accurate as lesion assessment,; in that the
failure to observe rod-shaped particlcs may not nean the plant
is frec from infection (40)9 gave an indication of the dilution
end point (toble 28) and the longevity in vitro (table 29) of

the leaf nottle wvirus.

5641 Dilution End Point

Using young 'Shantung' lcaves as a source of the lecaf mottle
virus, 5 P.hybrida plants were inoculated with sap diluted with
0.033M NaQHPO4, pH 7.3, buffer. After 5 weecks, 2 leaf-dips
were nade from the inoculated leaves of each plent and these

were examined for rod-shaped particles (table 28).
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TABLE 28. Dilution cnd point of the lecaf mottle virus from

'Shantung' .

Dilution
P.hybrida
S o s
1 107 1072 1072
¥
Lesion developrient 1/_ O/A O/ 2 -
2 5 o >
Presence of rod-particles 3 o O/5
& Figures arc the number of plants developing lesions or

showing thc prescnce of rod-shaped particles/nunber of
plants inoculated or obscrvid.

5 ) . : 3 -2
These results suggests a dilution end point of between 10

wrd 1072,

Bie B o2 Longevity in vitro

Young 'Shantung'! leaves were triturcted with 0,033 HHQHPOA;
!

pH 7.3, =2nd stored at roon temperature. Inoculations to P.hybrida

leaves were nnde at various intervals. Ifter 5 weeks thesc

inoculated lcaves were exanined for rod-shaped particles (table 29).

TABLE 29. Longevity in vitro of the lcaf mottle virus from

'Shemtung' .

P, hybrida Tine (hours)
0 1 6 12 24 36
o : D% 1 0 0 0 0
Lesion developnent /5 /5 /5 /5 /5 /5
Presence of rod-particles 1/1 9/5

¥  Pigures arc the number of plants infceted/number inoculated

or tested.

Thesc results suggest an infective life in vitro of between

12 and 24 hours for the leaf mottle virus infecting 'Shantung'.
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5T P/RTICLE MORPHOLOGY

The dimensions of the rod-shaped particles found in
chrysanthenun sap were neasurcd from photographs taken of
leaf-dips from several chrysanthemun cultivars infected with
viruses of the lcaf nottle group, after negotive staining with

P74 (fig. 13).

The dinensions of thesc rod-shaped particles were compared
with thosc of tobacco mosaic virus (TMV) observed in leof-dips
from infected tonato plants. The TV poarticles were assuned

to ca. 280 nm in length (109).

TIBLE 30. Dinengions of rod--shaped particles of the leaf mottle

type from infected chrysonthenun cultivars.

— — ——

Hunber of nean length adcan diancter
Cultivar particles (nm) (nn)
ncasured
'Golden Favorite! 25 700 15
(670-740)
'"Yellow lMadonna' 18 690 15
(670-710)
"Madaic R, Rogers! 25 690 15
(680-700)
'Shantung' 25 700 15
(680-740)

Results indicate that the rod-shaped particles obscrved in
this study (ca. 700 x 15 nn) ngree with overseas reports for
viruscs of the lcaf mottle group (40,48,61). Noordanm's report
(97) of particles ca, 600 x 30 nn appcar to differ from later
reports, particularly in the particle diameter measurcment but

Hollings (48) considered the difference insignificant.
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CHAPTER 6.

VETHODS FOR COHTROLLING VIRUS DISEASES

OF CHRY S ANTHENMUMS

6.1  INTRODUCTION

The intensive culturce of mony horticultural crops, and the
rapid vegetative propagation methods uscd today, have resulted
in the widcspread dissemination of a largc number of pests and
discases. Chemical methods of control have been used successfully
to combat many of these inscct pests, fungal and bactcrial diseases.
Virus discases however have proved morc difficult to control.
This is becausc virus particles have an intinate association with
plant cclls, and any chemicals which inactivated plant virusecs
havc had a detrimental effect on thc host. Becausc of this,
most of the control measures used at prcesent involve sonme form
of prevention, designcd to reducc the sources of infection, and

to limit the introduction and spread of the virus (fig. 1).

6.2 REMOVAL OF INFECTION SOURCES

Theoretically, if a crop is virus-free when initiated and
there is no source of infection in or near the crop; there should
be no virus problem. Consequently, by removing any sources of
infection it is possible to minimise the incidence of virus

disecasese.
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Sources of virus infection include:

perennial weed hosts;
perennial ornamental plants or unrelated crops;
voluntecr plants renaining from o previous crop;

infected plants in a crop.

In chrysantheaun crops, the effcctivencss of removing sources
of infection varies with the virus concerned. Elimination of
TAV by this memns, for example, is almost impossible because of
the wide host range of the virus. The major problem with most
chrysanthenum virus diseases is that they arc present to a
greater or lesser extent in the chrysanthemum stocks of most
cultivars grown commcrcially, and often symptoms are expressed
too latc to enable roguing to bc an effective means of control.
Chrysanthemun stunt, for examplc, can remain symptomless for up
to 15 months, and during this time propagation and other cultural
activities can sprcad the virus. Consequently, removal of
infection sources is relatively incffective and uneconomic until

the stock plants used are known to be free from virus infection.

6+3 COKNTROL OF VIRUS VECTORS

If therc is a known vector for a particular virus disease,
elimination of this vector can reducc the incidence of the virus

in the crop. Aphids, particularly M.persicae and M.ecuphorbiae,

are vectors of TLV and several viruses of the leaf mottle group.
Other insect vectors include leafhoppers and thrips which are
vectors for aster yellows and tomato spotted wilt rcspectively
(46,48,69,109).

For effective control of insect-borne viruses however,
the elimination of the vector should be complete, since a
relatively few individuals can result in rapid spread of the

virus.
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Insecticides are regularly used in commcrcial chrysanthemum

crops for aphid control, but these materials usually kill the
aphids after they have succecded in transmitting the virus,
since the ophid-borne chrysenthemun viruses are stylet-borne.
Lis a result the usc of insccticides docs not prevent infection
with these viruscs but nay reduce the incidence of the discase
within thc crope.

Oil sprays have been shown by Bradley (8) to rcduce aphid
transmission of the stylet-borne potato virus Y, but these have
not been tested on chrysanthenums, possibly because of
phytotoxicity problcms.

Non chenical nethods of preventing or minimising aphid

movenlent have been investigated:

Barricr crops of barlcy for cxample, have been shown by

Broadbent to rcducc the incidencce of aphid-borne viruses in
cauliflower seedlings (87). There is the possibility that
naize shelter-belts, which are often planted in outdoor
chrysanthenun crops, could recduce aphid sprcad, but this would

need to be investigated before any conclusions could be madc.

Muninium foil has been shovm to repel aphids in scveral

L B Py

crops, with varying degreces of success. The incidence of
cucunber nosgaic virus in gladiolus crops was reduced by two-thirds
when 2luminiun foil was placed between the rows (107). In
chrysenthernuns, however, Hakkaart (39) demonstrated that although
aphid populations were reduccd, the rcduction was not sufficient

to give effcctive virus control.

Parasites and predators of aphids could become nore important

in the future if more specific chemical materials are introduced
for controlling aphid populations. Howcver, the nature of this
biological control is such that the aphids can never be entirely
eliminated and consequently the use of parasites and predators
for aphid control does not appecar to bc compatible with the

high level of aphid control required to eliminate virus infection.
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6.4 VIRUS~-TESTED PLANTING MATERIAL

Vegetative propagation of nany horticultural plants has
resulted in some cultivars becoming totally infected with virus.
In such casco a method of treatment is required whereby healthy
plants can bc obtained, the number of which need only be minimal.
In other cases however, it is possible to index sufficient plants
until one or two uninfected plants arc discovercd and these are

then used tn propagate further healthy plants.

Indexing nethods for the najor virus diseases infceting

chrysanthemuns are discussed in chapter 2.

Two nain approaches have been utilised for obtaining

virus—frec planting material.

Baitel Erratic Virus Distribution

a) Utilisation of the erratic distribution of viruses WITHIN
4 CROP

This approach is the basis for the dctailed indexing of
sufficient plants, in order to obtain one or two that are virus-
free. In this context the term 'virus-free! means free fron
the known and specified viruses for which tests have been made.

Ln cquivalent term is Tvirus-tested'.

b) Utilisation of the erratic distribution of viruses WITHIN
L. PLAIT

It has becen found with some viruses that the final
distribution of virus particles in the plant is not always
uniforn and in sone cascs, particularly in woody perennials,
propagation of non-infccted parts of the plant can result in
virus-free material which can then be used as mother plants (36).
The use of "mini-cuttings" (1-2 cm) for example, has resulted in

the production of chrysanthemums free from TAV (45).
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Meristemn-tip culture is a specialised application of the

principle of erratic virus distribution. The term neristen~-tip
has bcen used roather indiscriminantly for various pieccs of
tissue ranging from 0.1-10 mm in size, The most commonly used
tissue unit consists of the meristen dome, plus one or two leaf
primordia, ond this 0.1-0.5 mm section is referred to by Hollings
and Stone (59) as the meristem-tip. L longer, but morphologically
more corrcet tern, used by Jacobs, Bornmen snd Allen (72), is
'shoot apicel meristen'. This teri includcs the tissue piéce
fron immediately below the last node upwards, thus consisting of
the apical initials, their derivatives, and one or two leaf
primordia. This eliminates any confusion between shoot or root
neristen-tips. Jacobs et 2l 2lso reserved thce term shoot tip
(which was uscd by Parke (100) to describe the shoot apical
meristem), for thc shoot apical ncristem plus variable lengths

of shoot proximal to thc apex.

The techniquc for obtaining virus-free propagative naterial
was pioneercd by Morel (92), when he denonstrated that virus-free
dahlias and potatoes could bc obtained by the aseptic culture of
sniall piceces of meristenatic tissuc cut from shoot tips of
infectcd plants. The success of this technique is attributed
to the inability of some viruscs to infect or survive in the
actively dividing meristcmatic tissue of the host plant (53).

Several hypothescs have been proposed to explain the drop
in virus concentration shown to exist towards the neristematic

zone, including the following:

i) the rate of cell division is greater than the rate of virus
nultiplication and therefore the most recently formed cells are
free from viral perticles;

ii) there is a mechanical blockage to virus invasion;
iii) the biochemical state of the dividing cells inhibits virus

replication.

Until more is known about the host/virus relationship, these

hypotheses must remain as such.
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Il though meristem-tip culturc has been used to eliminate
viruses from many infected host species (68), the application of
this technique, on its own, to chrysanthemun virus climination

has only bcen used occasionally (53).

In 1956, Holues (45) used a method similar to meristen-tip
culturc to eliminate TLV fronm infected chrysanthemums. He
succeeded in obtaining 13 plants free from TLV, by grafting scions
(4-8 rm in length) from infected plants to 244 healthy stock
plants. Since thcn Hollings (66) has reported the elimination
of several viruses of the leaf nottle group (chrysanthemum virus B
and chrysanthenum vein mottle), and Monsion, Huchet and Dunez (91)

have succecded in climinating TAV from infected chrysanthemums.

Bed 2 Heat Trecatnent

The other approach to the problen of obtaining virus-free

planting material involves the use of heat treatment.

Early workers showed that heat treatuent, using hot water
in the casc of sugar canc sctts (Kobus 1889), and hot air in the
case of pecach trees (Kunkel 1936), was successful in controlling
diseases now knovn to be causcd by viruses (sugar cane sereh) or

virus-like organisms (peach yellows) (53,75,84,98).

In 1957, Kassonis (74) concluded that over half the viruses
infecting horticultural plants could bec eliminated by heat
treatnent while in 1965, Hollings (53) listed over 90 viruses
that have been elinminated from at lecast one host plant by heat
treatnent,. Four years later this number had risen to 120 (98)
and crops as diverse as apples, chrysanthemums, peaches,
mushroons, potatocs and strawberries have now been successfully
heat treatcd,

Heat treatment of plants to obtain healthy propegating
material can be considered in two categories, depending on the
temperature used and the exposure tinme of the plant to this

temperature. "
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(a) Hizgh tenperature-short tine

This type of treatment generally involves the usc of
tenperatures ranging froa 35-55 C, for relatively short periods
of time (6 rinutes to 36 hours). Hot watcr is recommended
becausc it seeiis to give a more ¢ven heat distribution during

the short tines involved, than does hot air (98).

The successful use of hot water is dependent on the ability
of the plant material, usually dormant, to withstand temperatures
high cnough to inactivate the virus. Hot water treatment has
becen used successfully for over 25 viruses infecting more than
16 different plent species, including peach, sugarcanc, potato,

strawberry, cherry and hops (53,74,98).

(b) Low tempcroture~long time

Exposure of infected plonts to lower temperatures (35-38 C)
but for considerably longer periods of time (1-8 nonths) hos also
shown to be offective in climinoting viruscs from mony plants.
In this more comionly used method of hent treatnent, adr is the
heating nediua and in general, plant survival and the chances of
virus-frec propagative material being obtained are better than
with hot watcr. Sonic of the crops for which this method has
been used successfully include carnation, chrysanthemun, strawberry,

mushroorn, apple, potato, lemon and lucerne (53,74,98).

It is generally believed that heot treatment is successful
when the ratc of virus degradation within the plant, excecds

the ratc of virus nultiplication (76).

The tinec-temperature regime chosen varies depending on the
heat tolerance of the plant and the hecat susceptibility of the
virus. By subjecting plants to a gradual rise in temperature,
the heat tolerancc of the plant can be increased (53). There
are also reports of plant survival being increased by the use

of intermittent temperatures (98).
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Following the heat treatment of the non-dorment plants,
portions of the plant, usually tip cuttings, are propagated.
However, beccausc heat treatment is not infallible as a method of
obtaining virus-frec matericl, it is essential that the materie
chosen for propogation is indexed to ensure virus elimination
hes occurrecd. Hollings (53) stresses the importance of adequate
indexing of treated material in order to eliminate the possibility
of an "attenuated" form of the virus being prescnt, such as that
seen in heat-treated carnations, and to identify any delayed
resurgence of virus infection which has been reported in heat-

trcated plants such as carnations (56).

Heat trcatment alone hag enabled virus-free clones of many
horticultural crops to be produced, and similar successes have

becn reported using neristen-tip culturc.

However, there are some viruses that have so far resisted
all atternpts to climinate then cithcer by hent treatuent or
neristen-tip culturc. Several of these have now been successfully
eliminated by o coubination of heat trcatnent followed by neristen-—
tip culture of the resultant shoot tip. Chrysanthenum stunt,
for cxample, has been successfully eliminated from a few cultivars
by such n procedure (62). This combination of heat treatment
and neristem-tip culture also incrcased the efficiency of virus B
climination fron infected chrysanthemuns, from 5% when meristem-
tip cultured and 40% when heat treated, to 95% when o combination

of heat treatment and ncristem-tip culture was used (59).
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CHAPTER 7.

MERISTEM-TIP CULTURE FOR THE

BLIMIJATION OF T4V MWD LELF MOTTLE

VIRUSES FROM CHRY SLANTHEMUNMS

7.1 THE USE OF MERISTEM-TIP CULTURE

The incidence and properties of the viruscs cxonined in this
study influence the choice of nethods available for the control
of virus discascs of chrysantherungs. The prescnce of symptomless
infection of the threc viruses obscrved in chrysanthenums in the
Manawatu, nekes their control by the roguing of plants showing
syrptonis a relatively inefficient proccss. Further, their
ability to be frinsmitted by aphid vectors - with the exception
of chrysanthenun stunt which has been shown to be trensmitted
during cultural operations such as disbudding =nd picking (79) -

enables the sprecad of the viruses through the crop from infected

The nost satisfactory method of control is the propagation
fron 'virus-frec'* stock plants, and the prevention of
rc-infection from outside sources or from infected volunteer

plants by aphid vectors.

'"Wirus-free'! stock plants can be identified by sap

inoculation to N.glutinosa, C.amaranticolor 2nd P.hybrida to

index for TAV and viruses of the leaf mottle group, and by

¥ In this context, 'virus-frece'! means free from TAV,

chrysanthemun stunt ond viruses of the leaf mottle group.
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grafting with 'Mistletoe' to index for chrysanthenun stunt
(chaptcr 2.2.2). The availability of on electron microscope
would facilitate the indexing procedure in that the lack of

synptons on C.anaranticolor and the failure to observe rod-shaped

particlcs of the leaf mottle group could indicate, within 1 week,
the absence of TAV and leaf mottle viruscs. Such plants could
then be indexed for chrysanthemur gtunt, while further indexing
for TLAV could be undcrtaken. This would rcduce the number of
graft-indexing tests required, =mnd rcsults could bc obtained

within 3 nmonths.

However, if no 'virus-free! plants cre found because of the
conplete infection of the cultivor, a situation which was not
observed in this study, virus elimination by heat treatment,
Heristen~tip culture, or a combination of both, can be used.
Overseag reports indicate that both TAV and some of the leaf
mottle group have been eliminated by heat treatment and by
meristem—tip culture, with more scotisfactory results being
obtained with the culturc of meristen-tips from heat treated
plante (ﬁﬂblu 31), This nethod =2lso shows promige for the
climinntion of chrysonthemwy stunt which has not been eliminated

fron chrysanthenuns by meristen-tip culture alone (62).

In this study, the fensibility of meristem-tip culturc to

eliminate TAV and viruscs of the lecaf nottlc group was determined.

T/BLE 31. Elinination of viruscs frou infected chrysanthemuns.
T Heat lleristen-tip Heat + Meristen-
Treatnent culture tip culturc

Flower distortion  (21)*

Green flower (66) (66)
Ringspot (55)

Rosette (22)

Leaf mottle group  (14,41) (53,66) (41,103)
Tomato Aspermy (55) (91)

Stunt (62)

*  References reporting successful virus climination.
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T.2 VIRUS STATUS OF SELECTED CHRY SANTHEMULLS

Stunt-frce chrysantherums were selected on the basis of
graft indexing results with 'Mistlctoe!. After 3 months no
symptons of stunt infection were observed in 19 of the 50
chrysanthenuns tested, end these were asscssed for TAV infection

by sap inoculation to N.glutinosa and C.amaranticolor; and for

viruscs of the leaf mottle group by elcctron microscopic examination
(table 32). Shoot tips were then harvested from the stunt-

free chrysanthcnmums and the meristem-tips cultured (Appendix I).

TABILE 32, Results of indexing for TAV and lcaf mottle viruses

in chrysanthemums selected for meristen-tip culture.

Number of Number of neristemn-tips cultured

Source plants free m At s
TV Teaf mottle Lo T leat

fron stunt mottle

I Shantung! 7/ 8 10 7
' 20
8

'Madame E. rers!
Mad anc Roger /20 4 4 3
'Ethyl Ednonds' 2/5 3 0 7
'Regalia! 2/5 3 0 4
Total 18 14 21

Te3 SURVIVAL OF MERISTENM-TIPS

Ifter 13 weeks, of the 8 surviving plantlets, 1 was large
enough to be transplanted to a mini-pot (Appendix 3); 2 had
developcd stems and were ca. 1 cm high; the remaining 5 plantlets

had developed roots but had not initiated stem growth (tablc 33).
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TLBLE 33. Survival of meristem~-tips from chrysanthenum

infected with TAV and lecaf mottlc viruses.

e e e - ———— — ———

Meristen~tip survival (after 13 wecks)
Sourcc :
TAV  Leaf nottle TAV + leaf nottle Total
3 1% 2% 2
'Shantung! /8 /1o /7 5/25
"Madame E. Rogers! 1/4 1/4 C)/3 2/11
'Ethyl Edmonds' O/3 L /7 ! /1 o
'Regalia! O/3 O/4 O/7
a 2 L. 3 8
R, /18 /14 /1 /53
* Surviving meristem-tips/total number cultured.

Ted INDEXINIG FOR 'VIRUS-FREE' STATE

Indexing the 'Shantung' plant which was lorge enough to
transplont** (tablc 33) failcd to reveal the presence of rod-shaped
leaf mottle partiecles in 4 leaf-dip examinations, and tentatively
the plant was assumed to be free from viruses of the lecaf mottle

group.

Both the surviving plantlets cultured from TAV-infected
plants were triturated with 0.0C33! NL2HPO4 + 0,051 DILCA, PH T.4,
and inoculated to N.glutinosa and C.amaranticolor. In neither

case did symptome of TAV develop. The slower development of the
remaining 4 plantlcts; 3 of which were from chrysanthemuns
infected with both TAV and viruses of the leaf mottle group,

precluded ony determination of their virus content.
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These results indicate that using the methods outlined in
this study (Appendix I), the elimination of TALV and viruses of
the leaf mottle group from infected chrysanthemums is feasible,
although further indexing to confirm the virus-free state of the

plantlets is required beforc definite conclusions can be reached.

These results also indicate that the development of the
neristen~tips could be influenced by thic prescnce of one or more
viruses in the sourcc plants, in that those meristem-tips taken
from plants infected with both TAV and lcaf mottlc viruscs
developed at a slower rate than thosc infected with either virus.
However, the cffect of virus presencc and the effect of different
cultivars on the development of the meristen-tips coannot be
determined with any accuracy until further experiments are

undertaken.

Meristen-tip culture, cither alone or in conjunction with
heat treatment, can be used to the best advantage where indexing
of existing chrysanthecnuns has failed to show the presence of
naturally occurring virus-free plents which can be used for
propagation purposcs. Results of the survey underteken in this
study (chaptor 2) indicate that this is not yet the case in

New Zcaland.
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CHAPTER 8.

CONCLUSI QNS

Results of surveys based on visual cxamination and indexing
tests confirn that TAV, chrysanthemum stunt and leaf nottle
group viruses are widespread in chrysanthemuns grown in the
Manawatu. Reliance on sympton expression is not a satisfactory
nethod for determining the virus-infected state of chrysanthemunms.
Many plents which were free of obvious synptoms were subscquently
denonstrated to contain one or more of the above viruses. No
other viruses recported overseas as infecting chrysanthemuns were

observed in this study.

Characterisation of TAV on the basis of symptoms in
chrysanthenuns, host range, physical properties and stylet-borne
aphid transmission indicete the isolate tested conforms in
general to overscas isolates of TAV. The typc of buffer
solution used with tissue triturates did influence physical
properties of TAV, with DIECL causing a narked increase in
longevity in vitro and the infectivity of TAV from chrysanthemum
sap. The beneficial effects of DIECA indicete the possibility
that this substance prevented virus inactivation during sap

inoculations.

The lack of a suitable local lesion host for chrysanthemum
stunt hanpered characterisation and sap inoculation to 'Mistletoe!
gave erratic synpton development. Graft transmission to
"Mistletoe! resulted in chlorotic-white lcaf spots ('measles!)

within 2 months if leaves above the graft were removed.
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The cincraria starch local lesion test for detection of

chrysanthenun stunt proved unsatisfactory.

Viruses of the leaf mottle group were identified on the
basis of their rod-shaped particles (ca. 700 x 15 nn), and the
local lesion reaction of P.hybrids when inoculated with sap
containing particles of this morphology. The erratic reaction
of P.oybrida, however, necessitated cleetron microscopic
crapinations of negatively stained leaf-dip preparations. This
was found to be the nost reliable indexing method for lcaf nottlc
group viruses. Graft transmission to 'Good Lews' rcsulted in
symptons similar to thosc attributed to the mosaic group of
viruses in the U.S. 4. Host range was similar to chrysanthemun
virus B of Loordam but differed from that described by Hollings
for virus B in that he attributed symptoms on antirrhinum

(lntirrhinun majus) md strawflower (Helichrysum bractcatum) to

chrysonthcmus latent virus which was not recognised in this study.
Aphid trensmission of the leaf mottle virus was shown to bec of
the stylet~borne typc, but sympton development in 'Good News'! and
P,hybride was errctic.

-

Nonc of thwe cultivars excmined were found to be completely
infected with cither TAV, chrysonthenun stunt, or viruscs of the
lecef nottle group. Consequently, the most satisfactory method
for controlling these viruscs is the propagation of virus-tested
plants, obtained by using the indexing proccdures outlined in

this study, combined with measures to prevent re-infeetion fronm

outsidc sourccs.

If no such virus-frce plants can bc obtained using this
method, meristen~-tip culture, heat treatment or prcferﬁbly a
combination of both must be rcsorted to. Prelininary work in
this study demonstrated that elimination of both TAV and viruses
of the leaf mottle group is feasible in ew Zealand but the
treatnent of the neristen-tips during culturc and over the
"hardening off" procecss, is critical for the survival of the
plantlets.
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APPENDIX T.

IERISTEM-TIP CULTURE TECHNIQUES

Until recently most work on the aseptic culture of plant
tissuc had becn performed with callus tissue and undifferentiated
tissues., Little of the information obtained was directly
applicablc to meristem-tip culturc, where root and shoot
development is more inportant than growth rcsponses of tissue
blocks., In the last 10 to 15 years however, considerable
advances have bceen nade in this ficld and several factors have
becn shown to influencc the success of meristem-tip culturec.

These factors can be swmarised as follows:

(a) Lscptic conditions to prevent contamination of the sensitive

neristen-tips.

(b) fdequate culturc nedia to provide the neccssary minerals and

growth substances for meristen-tip growth.

(c) Physical growth factors such as light and temperature to
ensurc optinum growth of the plantlcts and to facilitate

their trensfer from aseptic to more normal growing conditions.

During this study the following procedure, based on that used
by Hollings nand Stone (59), was used to determine the feasibility

of meristen~tip culture as a method of eliminating TAV and viruses

of the leaf mottle group from cultivars of Chrysanthemuthorifolium

grown comnercially in New Zealaond.

Details of equipment, media, and techniques are presented

in the following sections (1 to 10).



1 CULTURE CABINET

To prevent contamination of the meristem~tips during
dissection and transfer to the culture bottles, a wooden cabinet
(4" x 3" x 2'6") with 2 sloping perspex front ond sliding glass
doors was used (fig. 14). The sloping front had a six-inch
hole cut in it and this was sealed with o sponge-rubber gasket

through which the microscope ceyepieces protruded.

The cabinet was placed in the laboratory where air movemcnt
was mininal and the surrounding air was spraycd with alcohol
before the cabinet was used. This renoved the necessity for a
complete airtight seal and obviated thc necessity for surgical
gloves which would hanmper the opcrator's dexterity. Lseptic
conditions were achieved within the cabinet by using an ultra-
violct germicidal lanp (Hytex T.U.V. 15 watt*) pernenently
installed insidc the cabinet. Twenty-four hours exposurec to
the ultra-violet light, plus the thorough sproying of the cabinet
and the operator's hands with alcohol kept contamination of the

nmeristem~tip cultures to a low level.

2. MICROSCOPE

87.

A binocular dissccting microscope (Olympus Zoom Stereoscopic,

SZIII*) with a magnifying power ronging from 7 x to 40 x, was used

inside the cebinet.

The initial exposure of the ncristen-tips by the removal of
the young leaves was made under low power (10 x), whilc the

final disscctions were nade at higher negnifications of 25-30 x.

S DISSECTING INSTRUMENTS

L fine tipped drewing pcn proved satisfactory for the initial

rcmoval of young leaves and exposure of meristen-tips, since it

* Trade names.
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caused o nmininun of damage. The removal of the nmeristen-tip was
donc with triangular scetion of razor blades (0.5 to 1.0 em long),
nounted in Lsh No. 4% ncedle holdcrs. 7-0-clock® blades proved

to be sotisfactory for 8 to 10 dissections (Fig. 15). Instruments
were sterilised under ultra-violet light before usc and when not

in use they were kept in alcohol.

4. CULTURE TUBES

Various typces of tubes and bottles have been used for
culturing neristca-tips, the nmost common being pyrex tubes
(ca. 7.5 x 2.0 cn) with sluminun cops to prevent contamination {110},
In this study, McCartney bottles (8.0 x 2.5 cm) with metal serew-
tops proved both convenient and satisfactory. Bottles werc

thoroughly washcd and boilcd in distilled water beforc use.

5e CULTURE 1IEDIL

The composition of media used in neristen-tip culturc varics
in complexity from the elaborate used by Kassanis (73) and Quak
(103), to the nuch sinpler nedia preferrcd by Baker and Philips
(2) and Stone (110).

Ll though thce nmedin mey differ considerably they all contain
the standord major and minor elements, glucosc or sucrose as o

carbon source, and 2 number of vitamins and growth substances.

A conparison of several media showed that under the
conditions described here, Murashige and Skoog's mediun (94)

gave the best results (Appendix II).

Various stock solutions were prepared with double-distilled
water. Thesc werc then diluted as required ond combined to

give the final culture medium.

* Trade nanes.



"Major Blement" stock solution (g/litre)

NH,HO 16.
LH4 3 5
K70, 19.0
2
CﬁClz.ZHZO Teir
MgSO, . TH,0 3.7
KH2P04 TaT
l/h’lso . Lr)._2 20 23
ZnSC 752 0.86
H_BO 0.62
il ;
KT 0,083

"Iinor Elcuent" stock solution (g/litre)

Na MoO, .2H .0 0.25
2 4 2
boc12.0520 0025
Cuso, ,58 .0 0. 02
3 2

"Iron Chelate" solution

89.

NaQEDTA* 15.0 g boiled in 200 ml distillcd water

FeSO, 12,5 g boiled -in 200 ml distilled water

Thesc two ingredients werc mixed together whilce bolling and

rnade up to 500 ml with double distilled water.

* disodiun cthylenediaminctetrazcetate.

"Growth Factor" stock solution (g/100 ml)

Nicotinic acid 0.05
Pyridoxin HC1 0.05
Thiamine HC1 0.01
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The culturc medium wag made up Ly:
1) Digsolving 30 g sucrose in 600 nl of double distilled water.

2)  Adding: 100 ml of the "Major Element" stock solution
1 ml of the "Iinor Element'" stock solution
1 ml of the "Iron Chelate" solution
1 1l of the "Growth Pactor" stock solution.
%) Ldding: 0.1 g seso-inositol

0,002 gz glycine.
4)  Adding, if required, 0.005 g indoleacctic acid (IAL).
5) Ldjusting the solution tc a pH of 5.5 - 6.0,
6) Making the solution up to 1 litre with double-distilled watcr.
Five nls of this solution wos then placed in each culture

bottle, together with o filter-poper bridge, and autocloved at

15 psi for 10 ninutes.

The meso-inositol and glycince were 2dded to the zolution
separately becausc when stored ot 5 C in stock solutions they did

not renain in solution,

6. SUPPORT IEDIUL

Most of the early culturc work wos done with ager supplemented
by thc verious nutricnt solutions, but in & comparison with filter-
papcr bridges Heller (43) found thot agar gave less root formation,
was norc difficult to recmove from the plontlet roots without
damage, and was pronec to dessication (34). Stonc (110) reported
a four-fold increase in cornation neristen-tip growth with filter-

paper bridges compared with growth on agar,
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Te CONTAMIITATION

lost necristem-tips, particulerly those of chrysanthcemun,
were found to be well protected by o wrapping of Ysterile'
leaves and lcaf halrs, which protected the meristem-tips fron
infection. rovided the dissccting tools were kept sterile by
the use of on alcchol bathy, it was pessible to remove the
meristen~-tips ond trensfer then aseptically to the culturc

bottles with 1little or no contamination.

Sonc workers (24,96) have suggested the use of a nmercuric
chloride or silver nitrate rinse to surfoce sterilise plant tips
before digscetion but this was not found to be necessory with
chrysanthenums., Llliott (34) found that cxposure of sweet potato

Iponoea batotas L. Poir. to tenperatures of approximately 38 C

for 2 weccks before disscetion, reduced contamination in neristem-

tip cultures, but again in this study this was unneccssary.

Hollings cnd Stone (59) showed with chrysanthcenwic that
apical meristen-tips gave better results in terms of virus-frece
plants than lateral buds (32% success as opposed to 18% from

latcra buds).

Shoot tips approximately 5 cn in length werc token, the
larger leaves removed by hand, and the tips then placced in sterile
pectri dishes containing moist filter-papcr pads to prevent

dessication (fig. 16).

Each disscction was performed on separate sterile rubber pads
insidc the sterile cabinet. The remaining protective lcaves
were pecled back, using the finc-tipped drawing pen, to cxpose
the shiny meristem dome and leaf primordia (fig. 16). Care
was taken to ensurc that the dissection tools werc frece from
alcohol before use. The meristen dome - including the first

two leaf primordia - was then rapidly dissected out with a
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razgor-blade lmifc and transferred to the filter-paper bridge
inside an autoclaved culture bottle. The screw top was then

replaced, the bottle labellecd, and placed under o light-bank.

9. MERISTEL-TIP GROWTH

Tubes conteining the meristen-tips were placed 15-20 cn
below o light-bonl: consisting of two 40 watt 'Grolux'* fluorcscent
tubes and onc 40 watt 'Deluxe warn white!* tube, -nd given 22

hours illunination per day (112).

In aversge tcamperaturc of 24 C was naintained by placing the
culturc tubcs in 2o small roon within the laboratory, which reduced
the tenperature fluctuations to + 3 C. Hollings and Stonc (59)
recormmcnd 22-24 C as the optinun temperature for chrysanthenun

neristen~tip growth.

Once grcen leaves developed the neristem-tips were transferred
to fresh culturc tubes, identical to the initial ones except for
the onission of 1AL, and returncd to the growth roon for a further
6-8 wecks to allow the already initiated roots to devclop (ilb. 17)
During the transfer opecrations ascptic conditions were maintained,

and carc was taken not to danege the root initials.

10. "HARDENING OFE"

Once plantlets werc 1 to 2 cm high, they were transferred to
ninipots and gradually exposed to more 'normal' conditions
(fig. 19).

Difficultics were cxpericnced in preventing contanination
during thc hardening off process, and finally a method based on
a combinotion of that used by Hollings and Stone (59) and the
proccdure rccormended by Elliott(34) proved satisfactory
(Appendix TIT ),

* Trade nanes.



In this ncthod, plantlets were transferred to mini-pots
containing peat/perlite and 20 mls of Hurashige and Skoog's
nutricnt solution (less IAL) which had been autoclaved for
10 minutes a2t 15 psi insidc pint prescrving jers coveresd with
petri-dish lids (fig. 18).  After 2-3 days the lids 'were
replaced by plastic bags and thesc were gradually cut open to
"harden off" the ploantlets.

The plantlets werce then indexed for TAV and viruses of the
leaf mnottle group to determine the success of the meristem-tip

culture in elininating thesc two viruscs.

93.
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LPPENDIX 1T,

COMPARISON OF TFIVE TISSUE CULTURE UEDIL

FOR GROWTH OF CHRYSANTHEINUM MERISTEM-TIPS

s MEDILA TESTED

On thce basis of couposition the five nedia sclected for

testing can be grouped into two sections:

Traal High Salt Mcdia

a) Murashizc and Skoog's mediwa which is a nodification

of White's nediua (24) and has been used with success

in the bioassay of tobacco culturcs (94).

b) Elliott's modification of White's mediwi which has becn

successfully uscd for the culture of kumara (New Zealand

sweet potato) meristem-tips (34).

c) Miller's nedium, uscd in the cultivation of soybean
(Glycine max. 'hAcme') for the assay of zeatin (90)
and also used in the study of soybean protoplast

growth and devclopment (35).

a2 Low Salt Mcdia

a) Geutherct's mediwm, which was devised by one of the
carlicr workers in this field and since thcn has been
uscd succcssfuily in the culturc of several different
plant meristem-tips, notably grapes, sequoias and
Perilla (24).

b) Hollings' ﬁodification of Neergaard's mediwa which has

been used successfully in England for growth of

carnation and chrysanthemun meristem-tips (110).



culturc of chrysanthemums (toble 35).

Conponents of nutricnt medic

tested for meristen-tip

-_.—.——‘-——_—-—T'Murashigc & Elliott- Giles Gauthercet | Hollings

A Sicoog (94) (76) (35) (24) (110)
g/litre g/litre | g/litre g/litre | g/litre

IH, Mo,/ 0,,, « 45,0 1,00x10™%

TH, 110, 1.6 1.65 1.00 . .

KO, 1.90 . 1.90 . 1.00 1.25x107" [1.25%10

CaCl,. 21,0 4.40x10 4440%10

,5304.7;20 3.70x1o:1 3.70x10:] 7.15x10:f 1.25x10:1 1.25x10:1

KH2POA 1.70x10 1. T0x10 3.00x10 1.:.25%10 1.25x%10

Pella EDTA 2.00x107% | 2.00x1072 | 1.32%1072

30, 6.20x107° | 6.20x1077 1.60x10-z 2,50%1072 2.50x1o‘f

IS0, « 41,0 2.25x10_f 2.23x10—? 1.40x1o'f 1,00x1072 1.00x1o‘f

¥I ' 8.30x10™% | 8.30x10™% | 8.00x10™* | 2.50x10™* | 2.50x107

2180, . TI,0 8.60x10™° | 8.60x10™ | 3.80x10™ | 5.00x10™% | 5.00x10™"

KC1 6.5Ox10_2

o, 00, . 21,0 2.50x10 ] i

0uS0, . 5,0 2.50x10—? 2.50x10™ 2.50x107 | 2.50x107

CoC1,,.6H,0 2,50x107° | 2,50x107° 2,50x107 2.50x10—?

11, . 61,0 2.50x10~2 2.50x107

FGZ(SO[r)5 2,50x107° | 2.50x10™ °

I-T_2SOI+ 1.0 L 1.0 #al

Ca(HOB),.4HﬁG 5.0 omo“1 5.00x1o'1 5.00x1o'1

Cu(ﬂog) «3H,0 3.50x107"

Sucrogc 30 30 30

Glucose | 40 0

AMdeninc 8.00};1.0'-’5

Tak 5.,00x1072

WAL 1.00x107> | 2,00x10™>| 1.00x1072 | 1.00x10™>

Meso-inositol | 1.00x10”7 |1.00x10”" |1.00x107" 1,00x107°

Ficotimic acid | 5.00x10~% |5.00x10™* |5.00x10™%

Pyridoxin HC1 | 5.00x10™% | 1.00x10™% |1.00x107%

Thiamine HC1 1,00x10™% 1,00x10~%

Glycine 2.,00x10™° | 2,00x107> 1,00x10™> | 1.00x107>
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2. SOURCE PLANTS

The chrysenthemum cultivers used were 'Mistletoe! and 'Good
News', both of which were virus-tested for TAV, stunt and the leaf
mottle group. These cultivars were uscd to minimise the possible
effect of virus infection on the growth of the meristem-tips as
Hollings and Stone (62) have reported that chrysanthenwa stunt can
incrcase the developrmient time of the meristem-tips. They =lso
rcport that the sizc of the airisten~-tip can influence not only
the developrient time, but also the percentage of virus-frec
plantlets obtained. For thesc rcasons; efforts werc made to
selcet meristen-tips of approximately the same sizce (0.25 = 05 ﬁm)
and at the sae stage of developrient, i.c. vegetative tips, not

flower bud prinordia.

TABLE 35. Effeet of nedia composition on chrysanthemun

neristen-tip growth andé developrient.

Nunmber of Shoot Growth Root & Shoot
Mediun reristems after 6 wecks**  Growth (12 weeks)**
used (with IAA) (without IAA)
Murashige & Skoog 50 15% 6
Elliott 50 6 1
Giles 50 3 0
Gauthcrct 50 10 2
Hollings 20 10 1

* Nuntber of neristen-tips.

* Pige 17,

After 12 wecks the plantlets were transferred to nini-pots

for "hardening off" (Appendix III).
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3 DISCUSSION

xaniination of the meristceia~tips after 6 weeks showed that
shoot development occurrcd nost rapidly in Murashige and Skoog's
high-salt mediwa, while those grown in Elliott's mediwi,
differing only in the type of hormonc usced, devcloped at a
considerably slower rate. Hollings' nediwi, shown in England
to be adequate for chrysanthenun and carnation meristen~tip
growth, was found in this study to bec infcrior for shoot

development to Murashige and Skoog's wediun.

Latcr assessiment of meristem-tip growth was made prior to
transferring the plantlets to rdni-pots, and it was apparent
that the high-salt mnediun of Murashige and Skoog gave the best
results in tcerns of root and shoot growth, whilc Hollings'
low-salt mediun also showed significant improvemcnts over the

other medin tested.

It thereforc scems that under the conditions described in
this study, Murashig: and Skoog's modification of White's medium,
using IAA 2s = growth hornone gave better recsults in terms of
root and shoot growth and developnent than did the other media
tested.

There was no significant differcnce in neristen-tip growth
and deveclopiment between the two chrysanthemun cultivaers

"WHstletoc! and 'Good News!.
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APPENDIX  III.

COLP/RISON OF SEVERAL IETHODS. OF

"HARDENING OFF" PLANTS DERIVED FROM

CHRYSANTHEMUM MERISTEM-TIPS

15 INTRODUCTION

The treatment of chrysanthenmun plantlets derived from
neristen-tip culture, during the transition from aseptic
conditions in the culture bottles to the more "normal' growth

conditions in the glasshousc, proved to be crucial.

The "hardening off"™ or gradual cxposure of the plantlets
to normal glasshouse conditions was studied and several rethods

tested to determine the most suitable.

Thrce factors werec considercd:

2. SUPPORT MEDIUM

Various supporting nedia have been used by different workers
in the growth of chrysantherun and carnation plantlets, including
peat (59), soil (112) and a mixture of pcat/sand/soil (110).
Vermiculite has becn shown to be satisfactory for the growth

of sweet potato (Ipomoea batatus) plantlets (34).

The media tested in this study were perlite, vermiculite,

and a nixture of pcat and perlite.
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3 NUTRIENT STLTUS

Sincc the three media selected for testing contained little
or no nutrient; a nutrient solution was also required to cnsure

adequate plentlet growth.
Scveral autrient combinations were tested:

Hoagland's nutricnt solution which Elliott (34) found sotisfactory

in combination with vermiculite for the growth of swee

potato plantlcts (s;b Lppendix V).

North Carcolina nutricnt solution which is used os o general

nutricnt for plants grown in the controllcd clinmate
laboratory of the¢ Plant Physiology Division of the D.S.I.R.
(soc Appondix V).

Murashige and Skoog's mcristem—-tip culture nutricnt solution which

was used to culture the neristen~-tips up to the "hardening off"

stagc (see Appendix I).

"Chrysenthcaun" potting mix used in this study for general plant

growth (sec Appendix IV).

4 CONTAMINATION

Two approachces to this problcn were studied to determine the

nost cffective procedure in terms of plantlet growth (toble 36).

The first approach, used by Sutton and Taylor (112) in the
cultivation of carnation meristem~tips, was to transfer the
plantlets to mini-pots, hold them under mist for 18-24 hours,

then move the pots to a shaded arca in the glasshouse.

The othcr, more gradual approach, was based on the
"mini-cloche" principle used by Elliott (34) in the culture
of sweet potato plantlets. With this technique plantlcts
were transferrcd to mini-pots which had bcen autoclaved inside

pint preserving jers covered with petri-dish lids (fig. 18).

LIBRARY
MASSEY UNIVERSITY
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After 2-3 days the lids were rcplaccd by plastic bags and the
bags werc gradually cut open to "harden off" the plantlets.
The pots were then renoved from under the light-bank and grown

in the glasshouse.

T/BLE 36. Treatment used to "harden off" plantlcts derived

from chrysantheiun meristen-tip culture.

Support nediumn Nutrient status Pla?tlUt
environnent
Verniculite Hoaglands solution nist
Verniculite North Carolina solution 'nmini-cloche!
Verniculite North Carolina solution mist
Perlitec Hoaglands solution 'imini-cloche'
Perlite North Carolina solution "mini-cloche!
Perlite Murashige & Skoog's solution mist
¥Peat/perlite Murashige & Skoog's solution 'mini-cloche'!
Peat/perlite “Chrysonthenwa" potting nix mist
Peat/perlitc Murashigec & Skoog's solution nist

5. RESULTS AD CONCLUSIONS

Success in plantlet survival was achicved in the ¥ treatment
including the pcat/perlit¢ mediun with Murashige and Skoog's
nutrient solution wherc the plantlet was initially protected by

a 'mini-cloche!.,

This succcss nay be attributed to the gradual transition
from aseptic to normal growth conditions, combinecd with an
initial nutrient status approxinating that under which the

neristem~tips had becen grown.
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In all trcaticnts involving the use of mist, contamination
by saprophytic fungi causcd the death of the plantlets, even
when a 0.25 g/litre phenyl-mercuric-chloride drench was applied

at the onset of the fungal invasion.

The plantlets grown in perlite failed to develop, although
no saprophytic fungi could be observed. Since the perlite
particles were rother coarsc it is probable that root dessication

or root damoge during transfer was at fault.

) The lack of growth observed in thosce plantlets grown in the
North Carolina nutrient solution, in both vermiculite and perlite,
could be attributed to the relatively low soluble salt level

(in compsrison with Murashige and Skoog's nutricnt solution)

becausc in ncither case could saprophytic fungi be observed.

These results show that to obtain plants from meristen-tip
culturc the initial procedures of dissection and culturing of
the neristen-tips ~rce important but also the procedures used in

"hardening off" thc plantlets are critical.
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APPENDIX IV.

T INTRODUCTION

211 the plants grown for use as indicator hosts, cither for
indexing purposes or for host range studies, werc grown fron
sced - with the cxception of the virus-tested '"Mistletoe! and
'Good Hews' chrysanthcermunms which werc token as cuttings from
stock plants - and wcre isolated from virus infected plents to

prevent contanination.

The sceds were cither sown in secdling trays (6" x 4")
containing gradc # 2 vernmiculite, and pricked out into 4" plastic
pots, or direct sceded into the 4" pots containing a layer of

vermiculite over the potting mix.

The plants were hose-watercd up to twice a day during the

hot weathcr @and on demand during the winter.

2. POTTIIG ITIX

A1 : 1 ratio of peat/perlitc was uscd as an inert support
ncdiun throughout this study, and several fertiliscr combinations
were tested to obtain the best results in terms of soft, rapidly

growing plants.

Several of the fertiliscr combinations gave relatively
high soluble salt readings and unsatisfactory pH readings. The
fertiliser combination used for most of this study, was based on
that used in the commercial production of pot chrysanthemums in

the Manawatu,.
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TABLE 37. Fertiliser combination used in conjunction with

peat/perlite potting mix.

— —— -

Material Quontity g/bushel
Osnocote (18.5.12.) 165.0
Dolord te 82.5
Supcrphosphate Ll.2
Agricultural limo £1.2
Dricd blood 2 0
Sulphatc of potash 103
Urca 6.4
Iron checlates 0.45
Borax 0.45
Bl TEMPERATURE

Initial problens were encountered with the cooling systern
in the glasshousc, and during the sumacr, teaperaturcs of up to
36 C wcre recorded. Thesc high tenperatures, combinced with
unsuitable fertiliscrs, resulted in the production of "hard"
growth in many plants, particularly P.hybrida seedlings and

' stletoc! cuttings.

4a PEST AD DISEASE CONTROL

Inscct control was achicved by the application of Lemnate L.*
(1.1 g/500 r11) sprays when required, to kill aphids, and
Kelthene** (1.1 g/500 ml) for mite control.

* Trade nane for methouyl.

**  Trade name for dicopol.



SUPPLEIENTARY

NUTRIEUT

LPPENDIX V.

SOLUTIOMS

HOLGLAIDS NUTRIENT SOLUTION (34)

Ca(N03)2

X0,
e,

XH PO,
< 7

H_BC
He )5

l»InSU/r o411 20
Felin EDTA
ZnSOL,r o (8 2O
KT,
11321-107024 s
CuSOﬂr . 51“1’20

CoCl2

41,0

(g/1itre)
4,10 = 10

2:52 x 10

—
.
w
(o)
™
-—
(@]

8.60 x 1072
8.30 x 10

2.50 x 10

i
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2, TORTH CAROLINA NUTRIENT SOLUTION (pers. comm.)
(g/ll.tr\:)

T AT —1
CQ(HOB)Q.-;AEO 3,18 x 10
Wi HO., 1.50 x 107

e

l
K0 1,2 10

3 T X
Na SO, 7,10 % 10™°

2 i
1gS0, . TH,0 6.16 x 107%

& z
HoFe  chelate¥® 5,96 x 10"2
%P0, 5,50 % 167°
‘ -2
K,P0, 1.10 x 10
1.BO. .00 x 10™4
D 7
MnC1,, 5.20 x 107
2SO, . TH,0 5.00 x 1077
L .
CusS0, . 511,0 2.00 x 10
(plI = 6.5)
_X<

Geigy %30 Fe chelates
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FIG. 2. Flower distortion symptoms on TAV-infected
'Madame E. Rogers'. Top. Non-infected flower;
Lower. Obverse and reverse aspects of distorted

flowers. Note smaller size.
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FIG. 3. Leaf distortion and 'bootlace' symptoms on

TAV-infected Nicotiana glutinosa, 4 months

after inoculation.
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FIG. 4. Enations on the undersurface of TAV-infected

Nicotiana glutinosa (see Fig. 3).

FIG. 5. Leaf mottle and distortion in TAV-infected

Petunia hybrida 'Rose of Heaven' 2 months

after inoculation.
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FIG. 6. Leaf mottle symptoms on TAV-infected Nicotiana

tabacum 'Samsun'. Left. Healthy control plant.

FIG. 7. Chlorotic local lesions on TAV-infected Chenopodium

amaranticolor. L. to R. Water and NazHPO4 (pH 7.3)

controls; infected chrysanthemum sap diluted with

phosphate buffer to 1 : 1 and 1 : 100.
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8.

Top. Flower from chrysanthemum stunt-infected

'Shantung', note small size. Lower., Flower

from healthy control plant free of stunt symptoms.



FIG.

9.

Indexing for chrysanthemum stunt - 'Mistletoe!

scion grafted to 'Madame E. Rogers'.

1



10.

FIG.

Leaf fleck symptoms of chrysanthemum stunt on
'Mistletoe' scion leaves. Top. Healthy

control leaves.,

112
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FIG. 11. Symptoms of leaf mottle virus infection.
L. to R. Control, 'Rivalry', 'Waltz Time',

and 'Good News' scion on 'Rivalry!'.



FIG.

12.

Chlorotic leaf mottling on 'Rivalry' leaf

infected with virus of the leaf mottle group.

114
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FIG. 13. Electron micrograph of rod-shaped particles

of the leaf mottle group from 'Shantung'.
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FIG. Meristem=-tip culture cabinet.

.

FIG. 15. Dissection equipment for meristem-tip culture.

L. to R. Dissecting knives, dissecting pad,

drawing pens used for leaf removal.



FIG. 16. Chrysanthemum shoot tip (15x) and meristem-tip (20x).

FIG. 17. Chrysanthemum meristem-tip after 6 and 12

weeks growth in culture bottle (5x).
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FIG. 18, Chrysanthemum plantlet after transfer from

culture bottle, prior to 'hardening off'.
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