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Abstract. The transmission of the carrot mosaic virus (CMV) by the aphids Acyrthosiphon
pisum Hargrfs, Cavariela aegopodii Scop. and Myzus persicae SurLz was proved experimentally.
It was observed simultaneously that CMV has & non-persistent character. CMV can be transmitted
already 2 min after acquisition feeding by the aphids Myzus persicae SurLz and Cazariella aego-
podii Scop. When the time of acquisition feeding is prolonged to 4 min, CMV is transmitted also
by aphid Acyrthesiphon pisum Haxrris. The host range of the investigated virus was also de-
termined an its transmission to 8 plant species, belonging to 4 families, was achieved. On the
basis of studies of the vector.virus relationship and of the host range, further proof was given
for the different character of the Australian Carrot motley dwarf virus, the Apium virus 1
Roranp and CMV. The experiments showed that preliminary starving of the aphids for 1 h
increases their ability to transmit the virus by 3-3%.

In the studies concerning the carrot mosaic virus (CMV) it was necessary
to clarify the problem of the virus vector to attempt at differentiating in this
way the studied virus from the other viruses which occur in carrots and are
by their symptoms close to the virus investigated.

By studies of the symptoms, the properties of the virus, its transfer by the
sap to various host plants and by investigating the virus with the electron
microscope we have been able in the preceding paper to differentiate this
hitherto undescribed virus from the Apium virus 1 RoranDp, the Cucumis
virus 1 DoovritLe, SMITH, the carrot mosaic virus described in Belgium by
Roranp (1961) and the carrot dwarf disease virus (CONNERS, SAVILE 1947)
(CHOD 1964, 1965).

Material and Methods

The CMV transmission experiments were preceded by analysis of the
entomofauna in cultures of the seed generation and in the first year of carrot
cultivations. Repeated trappings were carried out in the middle of June, at
the end of July and in the second half of August in two localities -— Litol
near Lysd nad Labem and Ruzyné. We attempted to comprise at least 5%,
of the total area of investigated carrot cultures in the trappings.

* Address: Praha-Ruzyns, é. 507.
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After evaluating the analysis of the entomofauna, the species of aphids
which predominated in the carrot cultures were taken into the experiment.
The following aphids were employed: Acyrthosiphon pisum HARRIS and
Cavariella aegopedit Scop. In order to exclude that the Australian carrot
dwarf virus is concerned, the aphid My:us persicae Surz which does not
transmit this virus was also included in the virus transmission experiment.

The species of aphids used for CMV transmission were taken from Leju-
minosae pea and spring ketch mized and in order to test ths possibility of
their natural infection they were allowed to feed on the plants Vigna sinensis L.
ExpLicHER, which proved suitable as test plants in the virus transmission
by the sap. No symptoms of mosaic or spots appeared on these plants after
the assumed incubation time (14—18 days), the aphids were, therefore, con-
sidered non-infectious and were included in the further tests.

Results

1) Transmission of CMV by aphids

Material and Methods. From the mosaic infected carrot plants of the seed
generation the aphids were shaken off onto filter paper and classified into two
groups according to the species Cavariella aegopodii Scop. and Acyrthosiphon
pisum HARRIS. The aphids were then transferred with a hair brush into Petri
dishes, 10 aphids into each dish. Th2n th=y were transferred to healthy carrot
plants 3—5 cm high, cultivated from seeds in the isolator made of silon tissue.
On each plant 10 female aphids without wings were placed. Ths control, so
far not tested for their state of health, were aphids from carrot plants of the
first year of carrot cultivations which did not have any habitual mosaic vi-
rus symptoms. In these informative experiments each species of aphids was
transmitted to 20 plants and each experiment was repeated twice. The
aphids were allowed to feed on the young carrot plants for 24 hr, then thoy
were killed with phosphothion.

The experiments were carried out in silon tissue isolators. Ths plants with
the aphids were covered with small isolators made of silon tissue, the ex-
perimental sites were protected from direct sunlight.

Results. A preliminary experiment showed that the aphids Cavariella aejgo-
podit Scop. and Acyrthosiphon pisun HARRIS are able to transmit ths CMV,
The first species of aphids transmitted the CMV in a high>r percentage than
the second. In the case of Cavariella aegopodii Scop., positive CMV transmis-
sion was achieved with 75%, of the plants, in the case of Acyrthosiphon pisum
Harris only with 559, of the plants. The first mosaic symptoms appeared
after an incubation time of 8—14 days. The control carrot plants, to which
virus infected aphids had been transmitted remained free of symptoms.

2) Classification of CMV according to the vector-virus relationship

Material and Methods. The preliminary results obtained were the basis of
detailed studies of the properties of virus, especially of the vector-virus re-
lationship. For this purpose it was necessary to start a culture of aphids free
of virus which were grown on plants of the family Brassica assumed not to
be the host of the investigated virus. In ths experiment various acquisition
feeding times were tested. For this purpose 3 combinations of acquisition
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feeding times were chosen. It was observed that the highest percentage of
positive transmissions was attained with short acquisition feeding times.
Detailed data is given in Tab. 1.

Table 1

Transmission ability for carrot mosaic virus of aphids (Cavariella aegopodii Scop. and Acyrtho-

siphon pisum HARrRIS) after various feeding periods on the infected plant.without previous
starving

. . Time of feeding on the source of infection
Species of aphids
tosted 15 min 30 min 60 min
Number of plants u * % u % u %
in the experiment N i .
Acyrthosiphon 20 50 20 40 20 25
pisum 10 8 5
Cavariella 20 80 20 25 20 15
aegopodii 16 5 3
*) Note: u — numerator = used
i — denominator — infected

The leaves used as the source of infection were cut from mosaic infected
carrot plants shortly before the start of the experiment in order to prevent
any essential decrease of the turgor. When the acquisition feeding time was
prolonged to 2 hr, only few positive virus transmissions were attained. In
order to intensify feeding during virus acquisition by the aphid, a preliminary
starvation period was inserted with the aphids tested.

With regard to the intensive movement of aphids in the period of acquisi-
tion feeding the insects were transferred to Petri dishes 30 min after the
termination of the chosen starvation period, the dishes were covered by silon
tissue and placed in the refrigerator at a temperature of about 4-4°C. The
aphids exposed to this temperature were then transferred to the source of
infection (CMV infected leaves) and were mostly feeding in one place and
did not move.

Since the highest percentage of positive transmissions was attained at short
periods of acquisition feeding below 5 min, the effect of the period of acquisi-
tion feeding on the transmission ability of the aphids was investigated in
detail. The time of acquisition feeding was measured with a stop watch from
the moment of the insertion of the aphid stylet into the plant tissue. Feeding
of individual aphids was observed. For infectious feeding carrot plants in the
stage of the first leaves were used in this experiment; 6 aphids were placed
on each plant. In the experiment the time of acquisition feeding was also
investigated with the aphid Myzus persicae Surz. The results obtained are
given in Tab. 2.
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Table 2

Transmission ability for carrot mosaic virus cf aphids (Myzus persicae, Acyrthosirhon pisum
and Cavariella aegopodii) without previous starvaticn and after 1 hr previous starvation

Time of feeding on the source of infection
1 min 2 min 4 min 5 min
Species of Time of
aphid previous Number of plants in the experiment
starving
u/i* ufi ufi ufi
% % % %
Myzus persicae 10 - 10/4 40 10/6 60 10/6 60
Acyrthosiphon
pisum 0 10 —_ 10 - 10/3 30 10/3 30
Cavariella
aegopodii 10 - 10/3 30 10/5 50 10/5 50
Myzus persicae 10 — 10/6 60 10/8 80 10/8 80
Acyrthosiphon
pisum 1 hour 10 — 10 — 10/4 40 10/3 30
Cavariella
aegopodii 10 — 10/3 30 10/6 60 10/5 50
*) Note: u — numerator — used

i ~— denominator == infected

It follows from the results that CMV can be classified into the group of

non-persistent viruses. The tests for the acquisition feeding times were carried
out on 10 plants for each species of aphids.

a)

b)

Results.

CMV was found to be transmissible by the aphids Myzus persicae Sviz
and Acyrthosiphon pisum Harris and Cavariella aegopodii Scop.

The ability for virus transmission by aphids was proved to increase when
aphids are used which were allowed to starve previously, and decreases
with the increasing feeding period on the source of infection. Previous
starvation of the aphids for 1 hr increases their ability to transmit the
virus by 3-39%,.

CMV was found to be transmissible already 2 min after acquisition feeding
of the aphids Myzus persicae Surz. and Cavariella aegopodii Scor. When
the time of acquisition feeding is prolonged to 4 min, CMV is transmitted
also by the aphid Acythosiphon pisum Harris. When the time of acquisi-
tion feeding is prolonged to 15 min, the ability to transmit the virus by
aphids increased, at 30 min, however, it shows a decreasing tendency.
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d) The incubation time of the appearance of the CMV symptoms varies, the
CMV symptoms appeared first after the transfer of virus by the aphid
Myzus persicae SULZ.

For transmission of CMV to another host 20 plants of identical size were
chosen from each tested plant species, the same number of plants was used
in the controls. On each plant 6 female aphids without wings and on the
control plants the same number of non-infectious aphids was placed. The
time of acquisition feeding was 5 min, the time of preliminary starving of
the aphids was 1 hr, the time of infectious feeding was 18—24 hr. After the
termination of infectious feeding, the aphids on the plants were killed with
phosphothion. The plants tested were observed for a period of 3—4 weeks
in isolators made of silon tissue. From all plants to which the virus was trans-
mitted successfully, back-transmissions were made to the initial plant of
carrots.

3) Host plants for CMV Results. Positive transfer of CMV by all species
of aphids tested was achieved to the following plants: Daucus carota L.,
Petroselinum hortense Horrm., Apium graveolens L., Chenopodium quinoa
WiLLp, Chenopodium capitatum (L.) AscH., Chenopodium ambrosioides L., Vig-
ne sinensis L. ENpLICHER, Medicago sativa L. and Dalura stramonium L.

It was not possible to transmit CMV by aphids to Solanum lycopersicum L.,
Chenopodium murale L., Amaranthus retrofieaus L., Cucumis sativus L., Ane-
thum graveolens L., Nicotiana tabacum L., Nicotiana glutinosa L. and Pha-
seolus rulgaris L.

In the experiments the effect of the number of aphids per plant on the
appearance of infection was also investigated. Two, 4, 6 and 10 aphids were
placed on one plant. Optimum results of infection were attained with 6 aphids
per plant, for infection with the aphid Myzus persicae SuLz two aphids were
sufficient for one plant. Symptoms on the test plants caused by CMV after
transfer by aphids:

Daucus carote L., variety Stupickd. Seven to ten days after infection
a fine mosaic appears on the central leaves. The external leaves remain without
symptoms. Later, the internal leaves begin to distort slightly. At temperatures
above 18° C the mosaic is often masked.

Petroselinum hortense HoreM., variety Handcka. Fine yellowish spots appear
on the leaves after about 10 days, later the spots merge and the margins of
the leaves turn yellow, the yellowing passes somewhat into the surrounding
tissue. The mosaic infected plants show a growth depression.

Apium graveolens, var. rapacewm DC, variety Nerez. Within 10—12 days
dispersed small spots appear, which gradually spread over the whole lamina;
the spots merge occassionally. The spots have no sharp margin, their diameter
at the start is about 1—2 mm. At temperatures above 18° C the symptoms
are frequently masked.

Chenopodium quinoa WiLLD. After 10—14 days the nervature becomes
transparent and gradually turns yellow. The surrounding tissue does not
change colour initially, then the yellow spreads systemically over the whole
plant, the leaves begin to distort. The infected plants show growth depression
(Fig. 1 and 2).

Chenopodium capitatum L. Asca. Within 14—18 days all the leaves start
turning yellow, the lamina becomes transparent, the nerves remain green,
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the leaves begin to distort 18—20 days after infection. The leaves fall off
too early and the plant dies.

Chenopodium abrosioides L. The leaves begin to turn yellow after 21 days,
the colour change proceeds from the base of the lamina, the leaves begin to
dry and to fall off. The plants die early due to infection.

Vigna sinensis L. ENpLICHER. Dispersed yellowish spots, 2—3 mm in dia-
meter, without sharp margin appear on the leaves within 12—16 days. Later
the spots merge, then the whole lamina turns yellow. The spots appear on
all leaves.

Medicago sativa L., variety Kastickd. Fine yellowish spots, 1 mm in dia-
meter, appear on the youngest leaves within 10—14 days. The external leaves
are without symptoms. The spots are unequally distributed over the lamina,
at higher temperatures the mosaic is often masked.

Datura stramonium L. After 10—12 days the lamina begins to turn yellow,
the colour change spreads from the base of the leaf, the nervature remaining
green. The leaves become fragile, within about 21 days all the leaves become
completely yellow and fall off (Fig. 3).

Results of back-transmission. From all species of test plants to which CMV
was transmitted, back transmission of CMV to carrots was carried out success-
fully. It was difficult to transmit ths CMV from Dafura to carrots (positive
back transmission was attained only with 609, of ths plants), only a fine
mosaic was formed after back-infection, however, thz carrot leaves did not
distort. The presence of CMV in carrot leaves was, therefore, investigated
with the electron microscope. The filamentous CMV particles were found.

Discussion

Transfer of CMV by the aphids Acyrthosiphon pisum Harris, Cavariella
aegopodii Scopr., and Myzus persicae SULZ was achieved to 9 plant species from
4 families, i.e. Daucus carota L., Petroselinum hortense Horrm., Apium gra-
veolens L., Chenopodium quinoa WiLLD., Chenopodium capitatum L. As>H.,
Chenopodium ambrosioides L., Vigna sinensis L. ENDLICHER, Medicago sa-
tiva L. and Da'u-a stramonium L.

Studies of th> vector-virus relationship indicate that CMV belongs to the
group of non-peristent viruses (stylet — borne type), differing thus from the
Australian Carrot motley dwarf virus, which his a persistent character and
is transmitted by th2 CMV transferring aphid Cavarielle aegopodii Scop. The
Australian Carrot motley dwarf virus differs from CMV also by th: impos-
sill{)ﬁifty of transmitting the former by the aphid Myzus persicus SuLz as against
CMV. .

It can be seen from the investigated plant host range that CMV is not
highly specific for the family Daucaceae as in the case of Apium virus 1,
thus differing from this virus.

It is of interest that on Chenopodium quinoa WiLLD and Datura stramo-
nium L. inoculated with infectious sap, lesions appeared, the virus infection
localized in these and did not proceed further, whereas a systemic infection
became manifest on both plants in the case of transfer by aphids. One possible
explanation of this phenomenon is damage only to the parenchymatic cells
during inoculation with the sap, the virus spreads only very slowly through
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these cells, whereas the virus is introduced into the deeper phloem tissue by
teeding the aphid and thus spreads throughout the plant. This explanation
is in agreement with the observation of BENNET (1940) who placed the in-
fectious sap of a cucumber mosaic virus strain on sugar beet leaves and ob-
served that local lesions are formed whereas a systemic infection appeared
on transfer by aphids.

With mosaic viruses the fact has to be taken into consideration that they
can be present in the phloem as well as in the parenchymatic tissue. In the
family Chenopodiaceae the temperature and illumination during infection
has also a certain influence on the character of the symptoms (HorLLINGS
1956).
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Experimementélng byl prokdzan pienos viru mozaiky mrkve (VMM) msicemi, a to msSici:
Acyrthosiphon pisum HARRIS, Cavariella aegopodii Scop. a Myzus persicae SurLz. Zaroven bylo
zjisténo, ze VMM mé neperzistentni povahu. VMM je pfenosny jiz po 2 min. nabyvaciho séni
maicomi Myzus persicae Surz a Cavariella aegopodic Scop., pii prodlouzeni doby nabgvaciho
sani na 4 min. je VMM plendSen i msici Acyrthosiphon pisum Harris. U studovaného viru byl
dale vysetfovéan jeho hostitelsky okruh a podafilo se ho pfenést na 9 druhi rostlin, pochézejicich
ze 4 Celedi. Na zaklad® studia vztahu vektor—virus a hostitelského okruhu byl podin dalsi
dikaz odliseni VMM od viru australské zakrslosti mrkve (Carrot motley dwarf virus) a od viru
mozaiky celeru (Apium virus 1 Rovuanp). P#i pokusech bylo zjitdno, %e predbdiné hladovéni
msic po dobu 1 hod. zvy3uje jejich schopnost prenést virus o 3,3 %.

. Xop, UenTpanpHbil HayYHO-HCCIEIOBATEIBCKAN AHCTUTYT pacrenmeBoncTsa, Ilpara-
Pyanme: Ilepenoc Bupyca MO3aBEM MOpKOBH Tiasamu. — Biol. Plant. 7 : 53—59, 1966.

IK(TIePUMeHTaJIbHEIM NyTeM JOKA3AH NePeHOC BUpyca Mo3aukuw Mopkosn (BMM) rasamm,
a IMeHHO TaAMU: Acyrthosiphon pisum Hawris, Cavariella aegopodii Scor., Myzus persicae
Sulz. Ycranorneno raroxe, uro BMM BenepcmereHtHofl mpupoast. BMM nepenocuMa yixe
mocjie 2-MUHYTHOTO cocaHuA taaMu Myzus persicae Sviz m Cavariella aegopodii Scop.,
B cJIyyae YVAJIMHEHHsA BPEMCHH cocaHus Ha 4 mua. BMM nepenocuma u 1ieit Acyrthosiphon
pisum Haris. Y n3ydaeMoro BHApyca MCCJeJOBAaH TaKKe OKpPYr ero pacTeHwid —
X03M1eB M YAAJIOCh ero nepedects Ha 9 pacrexuil us 4 ceMeiictB. Ha ocHOBaHUE H3y4eHAH
OTHOIIEHNH BEKTOD -— BHPYC M OKOyra pacteHmii — X03deB NPUHEceHO [ajibHelliee
NOKa3aTeJIbCTRO [t oTamueHnA BMM ot BApyca aBcTpaluiloKOH KADJIMKOBOCTH MOPKOBH
(Carrot motley dwarf virus) m or Bupyca mosauru cenviepen (4pium Bapyc 1 Roranp).
B onmitax ycTanoBieHo, 910 NpegBapuTesIbHOe rojofjanue Tiaell B rededue 1 9aca NOBHIIIaeT
ux cnocobHOCTh MepeHOCHTs BUpyc Ha 3,3%.



