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TWO NEW NATURAL HOSTS OF TURNIP MOSAIC 
VIRUS IN HUNGARY 

By 

N . J U R E T I C , J . H O R V Á T H , D . M A M U L A , W . H . B E S A D A , L . B E C Z N E R 

I N S T I T U T E O F B O T A N Y , U N I V E R S I T Y O F Z A G R E B , Z A G R E B 
R E S E A R C H I N S T I T U T E F O R P L A N T P R O T E C T I O N , B U D A P E S T 

The present paper gives an account of t he spontaneous occurrence of t u r n i p 
mosaic virus (TuMV, syn.: cabbage black ring virus , * / * : * / * : E : E : S/Ap) in t u r n i p 
(Brassica rapa L. var. rapa) and cabbage (Brassica oleracea L. va r . capitata) in H u n -
gary. The virus was identified on the basis of t es t p lant reaction a n d host range, sero-
logy, electron microscopy, phid transmissibil i ty, inclusion bodies and physical p rop-
erties. The two investigated tu rn ip mosaic v i rus isolates (HS and K30) seem to be 
similar in host reactions to TuMY-JN a n d T u M V - A l l reported f r o m cauliflower and 
garlic mustard in Hungary (HORVÁTH et al. 1975). Electron microscopy revealed f lexuous 
f i lamentous part icles averaging 730 nm in length. T h e virus was readi ly t ransmit ted by 
Myzus persicae Sulz. in a non-persistent manner . Bo th HS and K 3 0 isolates of t u r n i p 
mosaic virus produced granular cytoplasmic X-bodies of oval or i r regular shape, o f t en 
containing crystalline needles. T h e y had the following physical proper t ies : thermal in-
activation point 56— 58 °C, di lut ion end point 2 x l 0 - 3 — 2 x l 0 ~ 4 , longevity in vitro 
2—3 days. The two virus isolates were serologically related to the Yugoslav s t ra in 
of turnip mosaic virus isolated f rom cabbage. 

I n t r o d u c t i o n 

T h e f i r s t r e s u l t s of e x p e r i m e n t s w i t h t u r n i p m o s a i c v i r u s a r e l i n k e d w i t h 

t h e n a m e of S C H U L T Z ( 1 9 2 1 ) . A c c o r d i n g t o t h e i n v e s t i g a t i o n s m a d e d u r i n g 

t h e p a s t h a l f c e n t u r y t h e t u r n i p m o s a i c v i r u s i s s p r e a d al l o v e r t h e w o r l d a n d 

h a s n u m e r o u s n a t u r a l a n d a r t i f i c i a l h o s t p l a n t s ( S M I T H 1 9 3 5 , T O M P K I N S 1 9 3 7 , 

T O M P K I N S et al. 1 9 3 8 , L A R S O N W A L K E R 1 9 3 9 , W A L K E R et al. 1 9 4 5 , B R O A D -

B E N T 1 9 5 7 , U S C H D R A W E I T V A L E N T I N 1 9 5 7 , B H A R G A V A Y O S H I I 1 9 6 0 , 

A R N O L D — B A L D 1 9 6 0 , S T E F A N A C U D J B I N A C et al. 1 9 6 3 , S H U K L A S C H M E L -

Z E R 1 9 7 0 , 1 9 7 2 , 1 9 7 3 , F E L D M A N — G R A C I A 1 9 7 2 , W E A T H E R S et al. 1 9 7 2 , 

P o N T i s 1 9 7 3 , S C H M E L Z E R - S C H M E L Z E R 1 9 7 4 ) . I n t h e c o u r s e o f s t u d i e s i n c r u c i -

f e r o u s p l a n t s i n H u n g a r y t h e o c c u r r e n c e o f t u r n i p m o s a i c v i r u s h a s j u s t 

r e c e n t l y b e e n e x p e r i m e n t a l l y p r o v e d (HORVÁTH et al. 1975) n a t u r a l h o s t s b e i n g 

c a u l i f l o w e r (Brassica oleracea L . v a r . botrytis ( L . ) A l e f . ) a n d g a r l i c m u s t a r d 

(Alliaria petiolata ( M . B . ) C a v a r a e t G r a n d e ) . D u r i n g o u r f u r t h e r i n v e s t i g a t i o n s 

i n t o t h e d i s t r i b u t i o n of t h e t u r n i p m o s a i c v i r u s i n H u n g a r y w e f o u n d t w o 

a d d i t i o n a l n a t u r a l h o s t p l a n t s , i . e . c a b b a g e a n d t u r n i p . I n t h i s p a p e r i d e n t i f i -

c a t i o n of v i r u s i s o l a t e s f r o m t h e s e t w o p l a n t s i s r e p o r t e d . 
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Material and Method 

lu the autumn of 1973 among the turnip plants (Brassica тара L. var. rapa) breed in 
the experimental field of the Research Institute for Beet Growing at Sopronhorpács (Hun-
gary) we found some which with respect to symptoms differed f rom those plants f rom which 
radish mosaic virus and tu rn ip yellow mosaic virus had earlier been isolated in Hungary 
(MAMULA et al. 1972, HORVÁTH et al. 1973, JURETIC et al. 1973). The diseased turn ip plants 
were characterized by systemic vein clearing, vein yellowing, severe mosaic with light and 
dark green patches or blisters and severe distortion and stunting (Fig. 1 A). In the same au tumn. 

Fig. 1. Symptoms of the spontaneously infected Brassica rapa L. var. rapa (A) and Brassica 
oleracea L. var . capitata p ants (B) with turnip mosaic virus 

at the Variety Testing Stat ion a t Tordas (Hungary) our at tention was attracted by cabbage 
plants (Brassica oleracea L. var . capitata) showing typical greyish brown necrotic ring-shaped 
spots. These spots were part icularly conspicuous when looked a t f rom the abaxial pa r t of the 
leaf (Fig. IB). From the leaves of the diseased turnip and cabbage plants separate samples 
were collected. The sample collected from tu rn ip plants was marked with the symbol HS, 
while that taken from cabbage plants with K30. 

The two isolates (HS and K30) were t ransmit ted from turnip and cabbage, respectively, 
to Brassica rapa var. rapa and then to other test plants by the conventional technique of 
grinding young leaves in 0.15 M phosphate buffer at pH 7.0. In serological experiments im-
mune sera were used against radish mosaic virus, turnip yellow mosaic virus and turnip 
mosaic virus. The tests performed by the f irst two sera were done by means of the double 
d i f f u s i o n t e c h n i q u e (VAN REGENMOIÎTEL 1 9 6 6 , W E T T E R — L U I S O N I 1969 , MATTHEWS 1970) . 
Slide precipitin tests were used in case of turnip mosaic virus antiserum application. All sera 
were kindly supplied by the Inst i tute of Botany, University of Zagreb (Yugoslavia). Infected 
plant sap of turnip was examined by the dipping-method with a Siemens Flmiskop I. 

For the aphid transmission studies of HS and K30 isolates, fasted, non-viruliferous 
aphids were used. Myzus persicae Sulz. aphids, s tarved for 3 hours in glass tubes, were allowed 
to feed on diseased turnip leaves for 5—10 minutes, and then ten of them were transferred 
to each single healthy tu rn ip plant. In the transmission studies 30 turnip plants were used 
for each of the HS and K30 isolates. 
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The light microscope examinations of inclusion bodies were only performed with 
living cells of tu rn ip plants. The inclusion bodies were studied in tissue sections taken f rom 
the midribs of the turnip leaf. Only epidermis cells were investigated. The physical properties 
(thermal inactivation point, longevity in vitro, di lution end point) of the two isolates were 
determined in the sap of the infected leaf material of the turnip as source. Nicotiana tabacum 
L. cv. Xanthi-nc and Chenopodium amaranlicolor Coste et Reyn. were used as test p lan t s 
( H O R V Á T H e t a l . 1 9 7 5 ) . 

R e s u l t s 

T h e e x p e r i m e n t s a i m e d a t e s t a b l i s h i n g t h e h o s t r a n g e of t h e HS a n d 
K 3 0 i s o l a t e s i n c l u d e d 35 s p e c i e s of e i g h t p l a n t f a m i l i e s . G e n e r a l l y , t e s t p l a n t 
r e a c t i o n s t o i s o l a t e s HS a n d K30 c o r r e s p o n d e d t o t h o s e p r o v o k e d b y t u r n i p 
m o s a i c v i r u s ( T a b l e 1, F i g s 2 a n d 3). T h e s e d a t a s u g g e s t e d t h a t o u r i s o l a t e s 
c o u l d b e l o n g t o t u r n i p m o s a i c v i r u s . T h e s y m p t o m s p r o d u c e d b y i s o l a t e s HS 
a n d K30 w e r e s i m i l a r t o e a c h o t h e r in all p l a n t s w i t h t h e e x c e p t i o n of Brassica 

Fig. 2. Symptoms of turnip mosaic virus on various test plants. A and B: Systemic symptoms 
of the K30 isolate; C, D and E: Local symptoms of the K30 isolate (C and D), and HS isolate 
(E). A and B; Brassica rapa L. var. тара, С: Chenopodium amaranticolor Coste et Reyn., D: 

Nicotiana tabacum L. cv. Samsun, E: Nicotiana tabacum L. cv. Xanthi-nc 
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oleracea var ie t ies and Nicotiana glutinosa L . (Table 1). I n t h e last two p l a n t s 
isolate K30 p rovoked m u c h s t ronger s y m p t o m s than i so la te HS. The p l a n t s 
t h a t were r e s i s t an t to t h e t w o isolates d u r i n g the host r a n g e inves t iga t ions 
h a d been also res is tant t o t w o isolates of t h e turnip mosa ic virus descr ibed 
b y H O R V Á T H et al. ( 1 9 7 5 ) . O u r supposi t ion based on t e s t p l a n t reactions t h a t 
t h e HS and K30 isolates be long to the t u r n i p mosaic v i r u s was later u n a m -

Fig. 3. Heal thy flower of Petunia hybrida hört, ex Vilm. (A) and colour flower breaking (B) 
of the diseased plant inoculated with the K30 isolate of tu rn ip mosaic virus 

biguously confi rmed by serological r eac t ions ; in all serological t e s t s bo th 
HS and K 3 0 isolates r e a c t e d positively w i t h immune s e r u m of tu rn ip mosaic 
virus (homologous t i ter 1/256). These exper iments showed , moreover , t h a t 
isolates HS and K30 were serologically re la ted to a Yugoslavian i so la te of 
th is virus which was i so la ted from c a b b a g e (MiLiCié et al. 1958, 1963). The 
lack of posi t ive reaction b e t w e e n the t w o isolates and ant i sera agains t rad ish 
mosaic and t u rn ip yellow mosaic v i ruses showed t h a t isolates HS a n d K30 
were free f r o m these v i ruses . 
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Table 1 

Reaction of several plants to the HS and K30 isolates of turnip mosaic virus* 

AIZOACEAE 
Tetragonia echinata Ait. I: Chlorotic spots Tetragonia echinata Ait. 

II : Not infected 
T. tetragonoides (Pall.) I: Chlorotic spots 

0 . Ktze II Not infected (sometimes secondary spots on the 
non-inoculated leaves) 

AMARANTHACEAE 
Gomphrena globosa L. I: Gray local lesions with pink border 

II: Not infected 

CHENOPODIACEAE 
Atriplex nitens Schk. I: Local chlorotic or necrotic spots Atriplex nitens Schk. 

II: Sometimes secondary spots on the non-inoculated 
leaves 

Chenopodium amaranticolor I: Chlorotic local lesions tha t turn into necrotic lesions 
Coste et Reyn. (Fig. 2C) 

II : Not infected 
Ch. foliosum Aschers. I: Chlorotic and necrotic lesions 

II: Not infected 
Ch. murale L. I: Minute necrotic lesions 

I I : Not infected 
Ch. quinoa Willd. I: Chlorotic local lesions Ch. quinoa Willd. 

II: Not infected 
Obione sibirica (L.) Fisch. I: Chlorotic local lesions Obione sibirica (L.) Fisch. 

I I . Not infected 

CRUCIFERAE 
Brassica campestris L. I: Not infected 

II: Systemic vein clearing, mosaic with light and dark 
green patches or blisters 

Br. carinata A. Br. I: Not infected 
II : Systemic vein clearing and mosaic 

Br. oleracea L. var. I Not infected 
capitata II : Isolate K30 ; pale green rings, mottling, black 

necrotic rings 
Isolate HS; weak pale green rings and mottl ing 

Br. oleracea L. var. botrytis I: Not infected Br. oleracea L. var. botrytis 
II Isolate K 3 0 ; pale green rings, mottling, black 

necrotic rings 
Isolate HS; weak pale green rings and mottl ing 

Br. rapa L. var. rapa 1: Chlorotic and sometimes necrotic local lesions Br. rapa L. var. rapa 
II : Systemic vein clearing and veinal flecking, developing 

into severe mosaic with light and dark islands 
Severe distortion and stunting (Fig. 2A and B) 

Bunias orientális L. I: Not infected 
II : Systemic mosaic spots 

Cherianthus cheiri L. I: Not infected 
I I : Systemic leaf distortion, mottl ing and colour breaking 

of flower 
Lunaria annua L. I : Not infected 

II : Mosaic and leaf deformations 
I: Not infected 

Matthiola incana (L.) R. Br. I I : Mild mottling 

* I, denotes rubbed leaves (local symptoms); I I , denotes leaves developed after inoculation 
(systemic symptoms) 
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Table 1 

( continued) 

CUCU RUIT ACEAE 
Bryonia alba L. 

B. dioica Jacq. 

Cucumis sativus L. 

Cucurbita pepo L. convar. 
patissonina Greb. f. radiata 
Nois. 

LEG UMINOSA E 
Phaseolus vulgaris L. 

cv. Red Kidney 

SOLANACEAE 

Capsicum annuum L. 

Datura stramonium L. 

Nicotiana chinensis Fisch. 

N. clevelandi A. Gray 

N. glutinosa L. 

N. megalosiphon Heurck. 
Muelj. 

N. occidentalis Wheeler 

N. tabacum L. cv. Bei 61 10, 
Samusn, Whi te Burley, and 
Xanthi-nc 

Petunai hybrida hört, ex 
Vilm. 

Solanum capsicastrum Lk. 

S. ochroleucum Bast. 

I: Not infected 
I I : Not infected 

I : Not infected 
I I : Not infected 

I: Not infected 
I I : Not infected 

I : Not infected 
I I : Not infected 

I: Not infected 
I I : Not infected 

I: 
I I : 

1: 
I I : 

I : 
I I : 
I : 

I I : 
I: 

I I : 

I; 
II : 

I: 
II; 

I 
II: 

Not infected 
Not infected 
Not infected 
Not infected 
Local chlorotic spots 
Not infected 
Necrotic local lesions 
Necrosis on top leaves 
Not infected 
Isolate K30 ; conspicuous systemic mottling and leaf 
distortion 
Isolate HS; systemic mottling and leaf distortion 
(sometimes erratic reaction) 
Not infected 
Systemic mott l ing 
Local necrotic lesions 
Systemic mosaic, sometimes necrotic spots 
Local necrotic lesions (Fig. 2D—E) 
Not infected 

I: Black necrotic local lesions 
I I : Systemic vein clearing, mottl ing and colour 

breaking of flower (Fig. 3) 
I: Not infected 

II : Not infected 
I: Not infected 

II: Not infected 

UM BELLI FERAE 
Ammi majus L. 

A. visnaga (L.) Lam. 

I: Not infected 
II : Not infected 

I: Not infected 
I I : Not infected 

E l e c t r o n m i c r o s c o p e a n a l y s i s of t h e s a p o f i n f e c t e d t u r n i p p l a n t s r e v e a l e d 
t h a t ou r i s o l a t e s h a d f l e x u o u s f i l a m e n t o u s p a r t i c l e s of a b o u t 730 n m l e n g t h . 
I t m u s t b e p o i n t e d o u t t h a t o n l y s e v e r a l p a r t i c l e s w e r e m e a s u r e d . T h e HS a n d 
K30 i s o l a t e s w e r e eas i ly t r a n s m i t t e d b y Myzus persicae a p h i d s f r o m o n e t u r n i p 
p l a n t t o a n o t h e r in a n o n - p e r s i s t e n t m a n n e r . I n v e s t i g a t i o n s c o n c e r n i n g t h e 
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cell inclusion bodies showed t ha t K30 and HS isolates produced X - b o d i e s in 
the cy top lasm of infected p lan ts . The bodies were o v a l or of i r regular shape, 
wi th a g ranu la r s t ruc tu re (Fig. 4). At a la ter stage of t h e infection numerous 

Fig. 4. Inclusion bodies (X-bodies) in epidermal cells of Brassica rapa L. var. rapa leaf (midrib 
region) inoculated with the K30 isolate of turnip mosaic virus 

minu te crystal l ine needles were usually seen in the X - b o d i e s . The X-bod ie s 
of our isolates were in every respect similar t o those descr ibed for turnip mosa ic 
v i rus b y R U B I O ( 1 9 5 6 ) , M I L I C I Ó ( 1 9 5 6 ) , M I L I C I C et al. ( 1 9 6 3 ) and S T E F A N A Ó — 

M I L I C I É ( 1 9 6 5 ) . Inclusion bodies were observed in the cells of Brassica rapa 
v a r . rapa, Nicotiana glutinosa, N. megalosiphon Heurck. e t Muell. and Petunia 
hybrida ho r t . ex Villm. W h e n examining t h e physical p roper t i e s of t h e two 
isolates we found t h a t t h e y were slightly d i f fe rent f rom e a c h other (see T a b l e 
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2 ) . A d d i t i o n a l l y , HS a n d K30 i s o l a t e s d i f f e r e d a l s o s l i g h t l y i n p h y s i c a l p r o p -

e r t i e s f r o m t w o i s o l a t e s of t u r n i p m o s a i c v i r u s f o u n d e a r l i e r i n H u n g a r y 

( H O R V Á T H et al. 1 9 7 5 ) . 

Table 2 

Physical properties of the HS and K30 isolates of turnip mosaic virus 

Physical properties* 
Isolates of turnip 

mosaic virus TIP 
(in °C) DEP Liu 

(in days) 

HS 58 1 0 ~ 3 — 2 x 10 -* 3 

K30 56 2 x 1 0 - 3 2 

* TIP, the rmal inactivation p o i n t ; DEP, dilution end point; Liu, longevity in vitro 

O n t h e b a s i s of d i f f e r e n c e s i n p h y s i c a l p r o p e r t i e s , a n d e s p e c i a l l y w i t h 

r e s p e c t t o t h e d i f f e r e n t r e a c t i o n o f Brassica oleracea v a r i e t i e s a n d Nicotiana 
glutinosa t o i s o l a t e HS a n d K 3 0 , i t is l i k e l y t h a t t h e t w o i s o l a t e s b e l o n g t o 

d i f f e r e n t s t r a i n s o f t u r n i p m o s a i c v i r u s . A c c o r d i n g l y , i s o l a t e HS s h o u l d b e 

a t t a c h e d t o t h e ordinary strain, a n d K 3 0 i s o l a t e t o t h e cabbage strain o f t h i s 

v i r u s ( c o m p . Y O S H I I 1 9 6 3 ) . I n t h i s r e s p e c t i s o l a t e HS is s i m i l a r t o t h e T u M V -

A l l i s o l a t e , a n d K 3 0 t o t h e T u M V - J N i s o l a t e of t u r n i p m o s a i c v i r u s f o u n d 

e a r l i e r i n H u n g a r y ( H O R V Á T H et al. 1 9 7 5 ) . 
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