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Abstract. The transmission of the carrot mosaic virus (CMV) by the aphids Acyrthosiphon 
piaum HARRIS, Cavariela aegopodii SeeP. and 2~Jyzus persicae SuLz was proved experimentally. 
I t  was observed simultaneously that CMV has a non-persistent character. CMV can be transmitted 
already 2 min after acquisition feeding by the aphids 2tlyzus persicae SuLz and Cavariella aego- 
podii ScoP. When the time of acquisition feeding is prolonged to 4 rain, CMu is transmitted also 
by aphid Aeyrthosiphon pisum HAm~is. 'Ihe host range of the investigated virus was also de- 
termined and 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 d~arf virus, the Api~m virus 1 
ROLAI~D and CMV. The experiments showed that preliminary starving of the aphids for 1 h 
increases their ability to transmit the virus by 3"3~o. 

I n  the  s tudies  concerning the  ca r ro t  mosaic  vi rus  (CM-V) i t  was  necessary  
to  clar i fy the  p rob l em  of  the  vi rus  vec to r  to  a t t e m p t  a t  dif ferent ia t ing in th is  
w a y  the  s tudied  v i rus  f rom the  o the r  vi ruses  which occur  in car ro ts  a n d  are  
b y  the i r  s y m p t o m s  close to  the  v i rus  inves t iga ted .  

B y  studies o f  the  s y m p t o m s ,  the  proper t ies  of  the  virus ,  i ts  t r ans fe r  b y  the  
sap  to var ious  hos t  p lan t s  and  b y  inves t iga t ing  the  v i rus  wi th  the  e lec t ron 
microscope we h a v e  been  able in the  preceding p a p e r  to  di f ferent ia te  th i s  
h i the r to  undesc r ibed  v i rus  f rom the  A p i u m  virus  1 ROLAI~D, the  C u c u m i s  
virus  1 DOOLITLE, SMITH, the  ca r ro t  mosa ic  v i rus  descr ibed in Belg ium b y  
R o I ~ D  (1961) a n d  the  ca r ro t  d w a r f  disease v i rus  (Co~v .Rs ,  SAVlLV. 1947) 
(CHoD 1964, 1965). 

Mater ia l  and  Methods  

The  CMV t r ansmis s ion  expe r imen t s  were p receded  b y  analys is  o f  the  
e n t o m o f a u n a  in cul tures  of  the  seed genera t ion  and  in the  first  yea r  of  ca r ro t  
cul t ivat ions .  R e p e a t e d  t r app ings  were carr ied out  in the  middle  of  June ,  a t  
the  end  of  J u l y  and  in the  second ha l f  of  Augus t  in two  localit ies - -  L i to l  
nea r  Lyss  n a d  L a b e m  and  Ruzyn~.  We  a t t e m p t e d  to  comprise  a t  l eas t  50/o 
of  the  to t a l  a rea  of  i nves t iga t ed  ca r ro t  cul tures  in the  t rapp ings .  
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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 aeffopcdii SeeP. In  order to exclude that  the Australian carrot 
dwarf virus is concerned, the aphid My'~us persicae S~LZ 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 Legu- 
minosae pea and spring ketch mized and in order to test the possibility of 
their natural infection they were allowed to feed on the plants Vigna sinensis L. 
E~DLm~.R, which proved suitable as test plants in the virus transmission 
by  the sap. No symptoms of mosaic or spots appeared on these plants after 
tl~e 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 
Ma/terial 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 SeeP. and Acyrthosiphort 
pis~tm HARRIS. The aphids were then transferred with a hair brush into Petri 
dishes, 10 aphids into each dish. Th~n they were transferred to heal thy 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. Th~ 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 h~bitua] mosaic vi- 
rus symptoms. In these informative experiments each species of aphids was 
t ransmit ted to 20 plants and each experiment was repeated twice. The 
aphids were allowed to feed on the young carrot plants for 24 hr, then they 
were killed with phosphothion. 

The experiments were carried out in silon tissue isolators. The 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 exper iment  showed that  the aphids Cavariella ae~o- 
podii SeeP. and Acyrthosipho~ pisun HARRIS are able to transmit th~ CMV. 
The first species of aphids transmitted the CMV in a higher percentage t h i n  
the second. In the case of Cavariella aegopodii SeeP., positive CMV transmis- 
sion was achieved with 75% of the plants, in the case of Acyrthosiphon pisu~ 
HARRIS only with 55% 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 obtainc~ 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  the 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 

Transmiss ion  abili ty for car ro t  mosaic virus of  aphids  (Cavariella aegopodii SeeP. and  Aeyrtho. 
~iphon pisum I-I~,aRm) after  var ious feeding periods on the infected p l a n t - w i t h o u t  previous  
s ta rv ing  

Time of feeding on the source of infection 
Species of  aphids 

tes ted 15 min  30 min  60 min  

N u m b e r  of  p lants  
in the exper iment  

A cyrthosiphon 
pisum 

Cavariella 
aegopodii 

U * 

i 

20 

10 

20 

16 

% 

50 

80 

U 

i 

20 

8 

20 

5 

% % 

40 20 25 

5 

25 20 15 

3 

*) Note:  u -- n u m e r a t o r ~  used 
i -- denomina tor  ~ 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 turgot. 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  ~ C. The 
aphids exposed to this temperature were then transferred to the source of 
infection (CM~ infected leaves) and were mostly feeding in one place and 
did not move. 

Since the highest percentage of positive transmissions was at tained 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 styler 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 SULZ. The results obtained are 
given in Tab. 2. 
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Table 2 

Transmission ability for carrot mosaic virus c f  aphids (Myzus persicae, AcyrthosiThon pisum 
and CavarieUa aegopodii) without previous starvation and after 1 hr  pre~-ious starvation 

Species of 
aphid 

Myzus persicae 

Acyrthosiphon 
pisum 

Cavariella 
aegopodii 

Time of 
previous 
starving 

Time of feeding on the source of infection 

l m i n  [ 2 m i n  4 m i n  ] 5 m i n  

Number of plants in the experiment 

u/i* 

10 

10 

10 

% 

u/i 

10/4 

10 

lO/3 

% 

40 

30 

u/i 

lO/6 

10/a 

10/5 

% 

60 

30 

50 

u/i 

10/6 

10/3 

10]a 

% 

60 

30 

50 

Myzu8 persicae 

Acyrthosiphon 
pisum 

Cavariella 
aegopodii 

1 hour 

10 

10 

10 

10/6 

lO 

10/3 

60 

30 

10/8 

10/4 

lO/0 

S0 10/8 

40 10]3 

60 10/5 

80 

30 

50 

*) Note: u --  n u m e r a t o r ~  used 
i --  denominator ~ infected 

�9 I t  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. 

Results. 
a) CMV was found to be transmissible by the aphids Myzus persicae SULZ 

and Acyrthosiphon pi6um HARRIS and Cavariella aegopodii ScoP. 
b) 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 t ransmit  the 
virus by 3.3%. 

c) CMV was found to be transmissible already 2 min after acqvisition feeding 
of the aphids Myzus persicae SULZ. and Cavariella aegopodii ScoP. When 
the time of acquisition feeding is prolonged to 4 min, CMV is t ransmit ted 
also by the aphid Acythosiphon pi,~um HARRIS. When the time of acquisi- 
tion feeding is prolonged to 15 min, the ability to transmit  the virus by 
aphids increased, at 30 rain, 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 rain, 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., 
Petroseli~um hortense HOFFM., Apiura graveolens L., Chenopodiura quinoa 
W~LD, Chenopodium capitatum (L.) AscH., Chenopodium ambrosioides L., V~g- 
na sinensis L. ENDLICHER, .Medicago sativa L. and Datura stramoniura L. 

I t  was not possible to transmit CMV by aphids to Sola~u~ lycopersicum L., 
Chenopodiura ~nurale L., Amaranthus retro/iezus L., Cu~umis sativus L., Ane- 
thum graveolens L., Nicotiana tabacum L., ~Vicotiana gIutinosa L. and Pha- 
seolus vulgaris 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 SVLZ two apb_jds were 
sufficient for one plant. Symptoms on the test plants caused by CMV after 
transfer by aphids: 

Daucus carota L., variety Stupick~. 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~ the mosaic is often masked. 

Petroselinum hortense ttOFF~., variety Han~cks 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. rapaceum 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 ram. At temperatures above 18~ 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. AscH. 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 t~all off 
too early and the plant dies. 

Che~opodium 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. ENDLICHER. 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 Kagticks 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 stramoniurn 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. I t  was difficult to transmit thv CMV from Datura to carrots (positive 
back transmission was attained only with 60% of th~ plants), only a fine 
mosaic was formed after back-infection, however, th3 carrot leaves did not 
distort. 'Ihe presence of CMV in carrot leaves wa~, therefore, investigated 
with the electron microscope. The filamentous CMV particles were found. 

Discussion 

Transfer of CMV by the aphids A. cyrthosiphon pisura I-I~a~RIS, Cavariella 
aegopodii StoP. and Myzus persicae SuLz was achieved to 9 plant species from 
4 families, i.e. Daucus carota L., Petroselinum hortense HOFFM., Apium gra- 
veolens L., Chenopodium q~dnoa WILLD., Chenopodium capitatum L. AS~H., 
Chenopodium ambrosioides L., Vigna sinensis L. ENDLICHER, Medicago sa- 
tiva L. and Da',u"a stramordura L. 

Studies of lh~ vector-virus relationship indicate that CMV belongs to the 
group of non-peristent viruses (styler - -  borne type), differing thus from the 
Australian Carrot motley dwarf virus, which h~s a persistent character and 
is transmitted by th~ CMV transferring a]~hid CavarieUa aegopodii StoP. The 
Australian Carrot motley dwarf virus differs from CMV also by th~ impos- 
sibility of transmitting the former by the aphid Myzus persicus SCLZ 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. 

I t  is of interest that on Chenopodium quinoa W~LD 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 



T R A N S M I S S I O N  OF  C A R R O T  MOSAIC V I R U S  5 9  

these cells, whereas the virus is introduced into the deeper phloem tissue by 
ieeding 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 considera~io~ that  they 
can be present in the pt~loem 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 ( I - IoLLINGS 
1956). 
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Expe r imemen t s  by l  p rok~zhn  p~enos v i ru  m o z a i k y  m r k v e  (VMM) m~icemi,  a to  m~ici: 
Acyrthosiphon pisum H ~ l s ,  Cavariella aegopodii SeeP. a Myzus persicae SULZ. Zhrovefi  bylo 
zji~t~no, ~o VMM m ~  nepe rz i s t en t n i  p o v a h u .  VMM je p~enosn:~ ji~ po 2 min .  nab~ 'vaclho s~ni  
m~icemi Myzus persicae SULZ a Cavariella aegopodii Sooe.,  p~i prodlou~.eni d o b y  nab~ 'vac iho  
s~r~i n a  4 min .  jo VMM pi~enh~on i mw Acyrthosiphon pisum I-I~R~s.  U s t u d o v a n 6 h o  v i ru  by l  
dale  vyw163 jeho hostitelsk:~ o k r u h  a poda~ilo se he  p~an6st n a  9 druhf i  ros t l in ,  poeh~zoj ic ich 
zo 4 5elodl. N a  z~klad~ s t u d i a  v z t a h u  v e k t o r - - v i r u s  a hos t i t e l sk6ho  o k r u h u  byl  pod~n  dalai 
d h k a z  odli~eni VMM od v i ru  aus t r a l sk6  zakrs los t i  m r k v o  (Carrot  m o t l e y  d w a r f  virus} a od v i ru  
m o z a i k y  celeru (Apium v i rus  1 ROLAND). P~i pokusooh  bylo zji~t6uo, ~o p~ 'edb~n6  h ladov~n i  
n~ i c  po d o b u  1 hod.  zvy~ujo je j ieh  s c h o p n o s t  p~oa6s~ v i rus  o 3,3 %.  

I/I. Xo~I, I lenTpa~bHhI~ HayqHo-I~CCZm~IORaTe,~bCKHfi HgeT~TyT pacTeItgeBOJICTna, H p a r a -  
P y a ~ H e :  H e p e n o c  BHpyca MoaaH~H MopKoBH WaXMm - -  Bio l .  P l a n t .  7 : 5 3 - - 5 9 ,  i96~L 

O~('nepnMeHTaJi],nHM nyTeM Jloga3aH nepeHoc BHpyca Moaa~K~ MopKoBH (BMM) T~gM~, 
a IIMeItHO TJIHMg: Acyrthosiphon pisum HARIS, Cavariella aegopodii SeeP . ,  Myzus persicae 
Sulz .  "u T aK~e ,  qTO B M M  Henepc~cTeHTHOfi npapo~b , .  BMM nepeHoc~Ma y m e  
noc~e  2-MHHyTJmro coca~H~ TJI~IMPI Myzus persicae SULZ H Cavariella aegopodii SeeP . ,  

c ~ y ~ a e  y ~ I ~ a e H ~  BpeMeHu c o c a ~ u  Ha 4 MUll. B.V[~ nepe~oc~Ma ~ w~Iefi Acyrthosiphon 
pisum H~R~s. Y ~ayqaeMoro  ~ p y c a  ~ c c ~ e ~ o n a ~  w a n ~ e  o ~ p y r  e r e  pacweHHfi - -  
x o a ~ e e  H y h a ~ o c ~  e r e  n e p e a e c T ~  Ha 9 pacwe~gfi  Ha 4 ceMefl~WB. H a  OC~OBa~HH ~ a y q e H g g  
OTHOmeHHII h e , T o p  - -  n~pyc ~ o~yra  pacweffgff - -  xoa~ee  up~ece~o ~la~bHefiu~ee 
~oKaaaweJ~b('TBO ~ g  OWaI~ItletIl~g B M M  OT BHpyca ancwpa~uf~-nof i  Rap~Iff~OBOCTH MopgoBIt 
(Ca r ro t  m o t l e y  d w a r f  v i r u s )  ~ OT n~py( ' a  ~ o a a ~ n ~  ce~b;~epeu (Apium ~ p y c  I ROLASD). 
B onHwax y c T a n o n ~ e e o ,  qWO n p e ~ B a p ~ T e ~ u o e  ro~o~IaH~e Wr B w e u e ~ e  i u a c a  n o B ~ m a e v  
~ x  CnOCO6~OCT~ nepeHoc~v~ eHpyc  Ha 3 , 3 % .  


