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Abstract. Boot yellows virus (BYV) was mechanically transmitted by sap from sugar-boot plants, 
infected with BYV, to the plants of Chenopodium quinoa WILLD. and of Ghenopodium foliosum 
(Mo~.~c~) AscH. Mechanical transmission of BYV to the plants of Tetragonia expansa Mum~. 
failed. Infectious material was homogenized in phosphate buffer with veronal and EDTA, pH 7-8. 
Experimental plants were darkened three days before infection and kept at a temperature of 5 ~ C. 
Plants of C. quinoa WI~D. were decapitated. Back transmissions from C. quinoa WX~LD. and 
C. foliosum (MoE~cH) Ascm infected with BYV, to sugar-beet plants were carried out by the 
aphid Myzuspersicae SULZ. These transmissions were positive. Filamentous particles of BYV, of an 
average length 1275 nm, were found in plants of C. quinoa W~D. and C. Foliosum (MoENc~) 
Ascm, infected with BYV. 

Beet  yellows virus is difficult to be t r a n s m i t t e d  mechanical ly .  H o w e v e r  
mechanical  t ransmiss ion of  this virus is especially i m p o r t a n t  when  its s t rains  
are studied.  The main  impor t ance  belongs to the indica tor  p lants  reac t ing  to  
mechanica l  infection by  B Y V  with  fo rma t ion  of  local lesions. B Y V  was 
mechanica l ly  t r a n s m i t t e d  to beet  for the  first t ime b y  KASSA~m (1949) who 
had  used an  abrasive to facil i tate the  t ransmission.  He  also made  use of  the  
BAWDEI~'S and  P~OBERT'S (1948) knowledge,  n a m e l y  t h a t  the  sensi t iv i ty  of  
plants  kep t  in the  da rk  before inocula t ion  increases. COSTX and  BENNETT 
(1955) t r ansmi t t ed  B Y V  mechanica l ly  to sugar  beet  p lants  and  to Chenopodium 
murale L. react ing with bo th  local and  sys temic  infection,  lV[tr~DRy and  
ROHMER (1958) t r an sm i t t ed  B Y V  mechanica l ly  to Chenopodium foliosum 
(MOENCH) ASCH. which reac ted  with local lesions and  somet imes  with sys temic  
infection. Expe r imen t s  wi th  mechanical  t ransmiss ion  of  B Y V  to  Chenopodium 
murale L., MURR., Chenopodium amaranticolor COSTE et REY~r., Chenopo- 
dium capitatum (L.) Ascii .  and  sugar  beet  p lants  were carr ied ou t  in USA 
on a large scale by  BEnnETT (1960). All the  n a m e d  species reac ted  to the  me- 
chanical  infection with B Y V  b y  the  fo rma t ion  of  local lesions,rarely by  
sys temic  symptoms .  
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In our experiments, we succeeded in t ransmit t ing of BYV mechanically to 
Chenopodium foliosum (MoE~cH) Ascm and for the first time to Chenopodiun* 
quinoa WILLD. 

Material and Methods 

Virus and Plant  Materials 

We worked with a very virulent virus isolate of BYV found in the sur- 
roundings of Praha. This isolate was manifested even in the field by severe 
clearing of veins -- chlorotic netting and severe yellowing, freckling and 
necrosis on lower leaves. The indicator plants, Chenopodium quinoa WILLD., 
Chenopodium foliosum (MoE~Ctt) ASCH. and Tetragonia expansa MURR. were 
darkened during three days before inoculation and kept at  a temperature 
of 5 ~ Plants of C. quinoa WILLD. were decapitated. 

Virus Transmiss ion  

In our previous experiments, we tried to t ransmit  BYV mechanically by 
the inoculation of both upper and lower side of the leaves of sugar-beet 
seedlings with crude sap (expressed from sugar-beet plants infected with 
BYV). The results were negative. For this reason, we made use of MUNDRY'S 
and ROHMER'S (1958) knowledge. These authors had modified the preparation 
of the phosphate buffer using veronal and EDTA, for mechanical transmission 
according to LIND~ER et al. (1955). The sugar-beet leaves with severe symp- 
toms of yellows were homogenized at  a temperature of 2--4 ~ in a mortar 
with the respective phosphate buffer in the ratio 1 ml of the buffer to I g of 
the leave tissue. Composition of the applied buffer: phosphate buffer, pH 7-8, 
0-007 M; EDTA 2.6 g/l, 0.007 M; veronal (sodium diethylbarbiturate) 2.22 g/l, 
0.01 M. The ready solution was adjusted with some drops of 1 M NaOH 
to pH 7.8. A small quant i ty  of Celite was added to the sap obtained by 
expressing the homogenate through a silon cloth. The sap was immediately 
used for inoculation of the leaves of experimental plants. 12 plants of C. quinoa 
W/LLD. (4 leaves on each plant), 16 plants of C. foliosum (MolocH) ASCH. 
and 20 plants of T. expansa MURR. were inoculated. As control, additional 6, 
8 and 10 plants of C. quinoa, C. foliosum and T. expansa respectively were 
inoculated with sap obtained in the same way from heal thy sugar-beet plants. 

Eleetronmieroseopy 

Electron microscopic examination of experimental plants was carried out 
on a Tesla BS 242 electron microscope. Preparations were made according 
to the BRA~DES'S deeping method (1957) from leaves of C. foliosum (MoE~c~) 
ASCH. systemically infected with BYV and from local lesions which appeared 
after infection of C. quinoa WILLD. leaves with BYV. Shadow casting was 
carried out on a PP Mikro apparatus with pure Au at  an angle of 30 ~ The 
length of particles was measured in comparison with latex (DOW) particles 
of an average length 796 nm. 

Abbreviations used: BYV - -  beet yellows virus 
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Results and Diseussion 

Minute local lesions appeared on the leaves of C. quinoa WI~LD. plants 
inoculated with BYV after 20 to 23 days. Local lesions of a diameter 1 to 2 mm 
were chlorotic at first and were getting successively necrotic from the centre 
(Fig. 1). At the end phase, the whole leaf became yellowish and necrotic dry 
and fell off from the stem. Primary infection did not spread and systemic 
infection did not occur in any case. Local lesions appeared on the leaves 
of all inoculated plants. We succeeded in transmitting BYV from these 
lesions by the aphid Myzus persicae SULZ, to the sugar-beet seedlings of the 
variety Dobroviek~ A. Typical symptoms of yellows appeared in the course 

of 12 days after transmission. So, 
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Fig. 2. Distr ibut ion of the particle length of BYV. 

transmission of BYV to C. quinoa 
WILLD. was proved in this way. 
At the same time, 200 particles 
from local lesions on the C. quinoa 
W I L L D .  leaves were measured in 
an electron microscope and the 
average length was found to be 
1275 nm. The distribution of the 
lengths of particles is given in 
Fig. 2, the form of particles is 
evident from the electron micro- 
gram (Fig. 3). The form and the 
length of particles correspond 
with the data given by B~ANDES 
and ZIMMER (1955), viz 1250 nm 
for BYV. 

Plants of C. foliosum (MoENCH) ASCH. did not manifest the primary symp- 
toms. Systematic symptoms appeared in the course of 25 to 29 days after 
infection. Veins of the top leaves became clear (Fig. 4), newly growing leaves 
remained dwarf, sometimes deformed, later a necrosis of veins and leaf 
tissue appeared and decline and dying of the top took place (Fig. 5). 25% of 
the whole number of infected plants exhibited these symptoms. BYV 
was transmitted from the diseased plants of C. foliosum (MOENCH) ASCH. by 
the aphid Myzus persicae SuLz. back to sugar-beet seedlings of the variety 
Dobrovick~ A. The symptoms of yellows appeared in the course of 12 days 
after transmission. When the diseased plants of C. foliosum (MOENC~) Ascm 
were examined in an electron microscope, particles corresponding with BYV 
according to their form and length were found. 

The plants of Tetragonia expansa MuRk. did not show any symptoms after 
mechanical inoculation with BYV even after 55 days. Transmission by 
the aphid Myzus persicae SuLz. from these plants to sugar-beer seedlings 
of the variety Dobrovick~ A failed. 

Plants of C. quinoa WILD., C. foliosum (MO]Z~CH) ASCH. and T. expansa 
MuRk. inoculated with the sap from healthy sugar-beet plants did not show 
any symptoms in the course of 55 days after infection. 

Mechanical transmission of BYV to the indicator plant C. quinoa WmLD. 
has not yet been described. But this plant is mentioned by ROLAND and TAHON 
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(1961) in the survey of 115 plant species sensitive to BYV. Systemic 
symptoms on C. quinoa WILED. after transmission by the aphid Myzus 
persicae SuLz. were described by GSTWE (1958). In  our experiments, only 
primary symptoms appeared on C. quinoa WILLD, after mechanical inocu- 
lation with BYV. 

MU~DRr and ReHeaR (1958) using mechanical transmission of BYV to 
C. foIiosum (Mov,~CH) Asc}~. obtained primary symptoms (local lesions), 
while systemic infection appeared sporadically. On the other hand, primary 
symptoms were not manifested in our experiments, This difference can be 
explained by diverse external conditions during mechanical transmission 
of BYV and by different isolates of BYV. 

Referenees 

BAWDEN, F. C., RO~ERTS, F. M.: Photosynthesis and predisposition of plants to infection with 
certain viruses. -- Ann. appl. Biol. 35 : 418--428, 1948. 

BENI~ETT, C. W.: Sugar beet yellows disease in the United States. -- Agrie. Res. Service U.S.D.A., 
Technical Bulletin No. 1218 : 1--63, 1960. 

BRA.NDES, J., ZIMMER, K.: Elektronenmikroskopische Untersuchungen fiber die virSse Vergil- 
bungskrankheit  der Riibe (beet yellows). -- Phytopath.  Z. 24 : 211--215, 1955. 

BRANDES, J. :  Eine elektronenmikroskopische Sehnellmethode zum Nachweis faden- und st~b- 
chenfSrmiger Viren, insbesondere in Kartoffeldunkelkeimen. --  1Nachrbl. deutseh. Pflschutzd., 
Braunschweig, 9 : 151--152, 1957. 

BR~K,  J. : Identifikace vir~* ~loutenky a mozaiky ~epy elektronovj~m mikroskopem a biologic- 
k-3~ai metodami. [Identification of yellows virus and beet mosaic virus by means of electron 
microscope and biological methods.]  -- Listy cukrov. 80 : 281--287, 1964. 

COSTA, A. S., BENNETT, C. W.: Studies on mechanical transmission of the yellows virus of sugar 
beet. - -  Phytopathology 45 : 233--239, 1955. 

GSTTE, W. : Ghenopodium quince WILLI~. als Testpflanze fiir das Riibenmosaikvirus und andere 
Viren. --  Z. Pflanzenkrankh. (Pflanzenpath.} Pflanzensehutz 65 : 18--20, 1958. 

KASS~NIS, B.: The transmission of sugar beet yellows virus by mechanical inoculation. -- Ann. 
appl. Biol. 36 : 270--272, 1949. 

LINI)NER, R. C., KIRPATRICK, ]:I. C., WEEKS, T. "E.: Some factors affecting the purification of 
a stone fruit virus. -- Phy..topathology 45 : 574--576, 1955. 

MUNDRY, K. W. ROHMER, I. : Uber die mcehanische ~ber t ragung des Vergilbungsvirus der R~iben. 
Phytopath.  Z. 3! : 305--318, 1958. 

ROLAND, G., TAIIOhT, J. : Quelques considerations sur les virus de la betterave. -- Revue Agrieult. 
14 : 869--895, 1961. 

,]-. POLiK, O. KL:~R, ~st~edni v~zkumn:~ dstav rostlirm~ v~roby, Praha:  Meehaniek~ p~enos 
viru ~lontenky ~epy na Chenopodium quinoa W I L L D .  a Chenopodium folio$um ( M O F - A q C H )  

A S C H .  - -  Biol. Plant.  11 : 366-- 369, 1969. 
Virus ~.loutenky ~epy (beet yellows virus--  d~le BYV) byl p~enesen mechanieky ~f~vou z r0stlin 

eukrov6 ~epy, infikovan:~ch BYV, na rostliny Chenopodium quinoa WILLD. a Chenopodium foliosum 
(MOENCH) ASCH. Na rostliny Tetragonia expansa MuP~a. so BYV nepoda~ilo mechanicky p~en6st. 
Infek6nl materis byl homogenizovs ve fosfs pufru s veronalem a EDTA o pI-I 7,8. 
Pokusn6 rostliny byly p~ed infekci 3 dny zatemn6ny p~i teplot6 5 ~ C. Rostliny Chenopodium 
quinoa WmT.D. byly dekapitov~ny. Z rostlin Chenopodium quinoa WILLD. a Chenopodium foliosum 
(MoENC~) ASeH., infikovan:~eh BYV byly provedeny zp6tn6 p~enosy na rostliny ~epy eukrov6 
rt~icl Myzus persicae SuLz. Tyto p~enosy byly pozitivni. V rostlin~ch Ch. quinoa WIym•. a Ch. 
foliosum (MoENCH) Ascm infikovan:~ch BYV byly zjiw vls 6~stice BYV prSm6rn6 
d61ky 1275 nm. 

The plates will be found at the end of the issue. 
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Fig. 1. Local lesions on the leaf of Chenopodium quinoa WILLD. after mechanical infection 
with BYV. 

Fig. 3. Electron microgram of BYV particles isolated from Chenopodium quinoa WILLD, (Magni- 
fication: 26 000 • .) 
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Fig. 4. Systemic symptoms on Chenopodium foliosum (I~OENCH) Ascm leaves after mechanical 
infeotion with BYV. 

Fig. 5. Decline of the top and dying of the Chenopodium ]oliosum (MoENCH) ASCH. plant after me- 
chanical infection with BYV. 


