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A b s t r a c t .  Red clover mot t le  vi rus  isolated in Czechoslovakia was  s tudied in relation to it8 
reaction to vary ing  t empera tu re  on p r i m a r y  French  bean  leaves (Phaseolus vulgaris L.) o n  
which it forms local necrotic lesions. The p lants  were kept  24 or 48 h before, or 24 or 48 h af te r  
inoculation at  the  t empera tu re s  23, 25, 27, 30, 33 and 36 ~ C. After  such exposures  the French  
beans  were kept  a t  a cons tan t  t empera tu re  of 25 ~ C. The lesions were counted  at  var ious in- 
tervals.  I n  the exper iment  the opt imal  t empera tu re  for the  m a x i m u m  n u m b e r  of lesions s e e m s  
to  be 36 ~ C 48 h before inoculation. The t empera tu re  above  25 ~ C applied 24 h af ter  inoculat ion 
seems to have a decreasing effect upon  the n u m b e r  of lesions formed b y  I~CMV on p r i m a r y  
leaves of French beans  and  the lesions appeared  several hours  later, especially a t  30, 33 and  
36 ~ C. The t empera tu res  27, 30 and 33 ~ C applied 48 h after  inoculat ion have  a fu r ther  decreasing 
effect on the  n u m b e r  of  lesions. The t empera tu re  of 36 ~ C applied 48 h af ter  inoculation has  
an  inact ivat ing effect upon  RCiV[V inoculated on French  bean leaves and  no lesions appeared  
5 days  after  inoculation. 

The effect of temperature on the susceptibility of French bean leaves to 
infection with red clover mottle virus (RCMV) was studied by SI~HA (1960b) 
in England, where this virus was discovered in red clover plants for the first 
time (SI~EA 1960a). Since tha t  time a distinctive strain of this virus was 
isolated from red clover in Holland (Bos and MAAT 1965). MusIT, (1966) in 
Czechoslovakia isolated the same virus from red clover. Later  MUSIL and 
MATISOVi (1967) reported this virus from various localities in Czechoslo- 
vakia. MusIL and LE~KOV~_ (1969a, b) studied the course of infection of this 
virus in some host plants and the effects of temperature upon this virus in 
r ive  and in vitro. Because this isolate has many properties in common with 
the Dutch isolate of RCMV, the aim of our investigation was to s tudy in 
more detail the reaction of the Czechoslovak strain of this virus to tem- 
perature on the French bean cv. PerliSka of Czechoslovak origin, with 
special regard to the lesion formation and their number. The temperature 
seems to be one of the most important  factors tha t  affect the initiation 
and development of viruses in plants as stated by many authors (KAssA~m 
1952, 1957, FRIDLUI~G 1959, NZENHAUS 1957, YARWOOD 1958a, b, BODNkR 
and KVi6ALA 1968). 

* Address: lVIlynskgL Deliria 1, Bra t i s lava  9, Czechoslovakia. 
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Material and Methods 

Red clover mottle virus, an isolate from Western Slovakia was kindly 
given by Dr. Musil of our Inst i tute  and is marked in the collection as 
TpM25. In our experiments the original isolate was propagated in broad 
bean plants (Faba vulgaris MOEI~Ctt.) at weekly intervals. For infection as- 
says and quanti tat ive work the primary leaves of French bean (Phaseolus 
vulgaris L. cv. 1)erliSka) were used. The methods used for inoculation and 
handling of plants were the same as described by BoD~$a and KVi~AL~ 
(1968), only the counting of lesions was made at different intervals due to 
generally late appearance of the first lesions of RCMV on the inoculated 
pr imary leaves of French beans. Constant temperatures were provided in 
glass incubators. The lesions were counted 49, 52, 55, 69, 71, 91, 94 h and 
in certain cases after 5 days. In each experiment 6 plants (12 pr imary 
leaves) were inoculated and the experiment was repeated 5 times at weekly 
intervals. Altogether 30 plants (60 primary leaves) were used in each ex- 
periment. 

For each experiment the same number of control plants were taken from 
the greenhouse with daily temperature variations from 17 to 30 ~ C and after 
inoculation they  were kept at 25 ~ C. The number of lesions in the control 
was lower than  in the experiments. In the majori ty of experiments the final 
counting of lesions was 69 h after inoculation; only in some cases when the  
lesions did not appear by this time the observation time was prolonged up 
to 5 days. Lesions after 4 or 5 days usually coalesced, further counting was 
therefore not possible. 

Results 

1. In  the preliminary experiment primary leaves of French beans 9, 11, 
13, 15, 17 and 19 days after germination were inoculated with red clover 
mottle virus and kept at  the constant temperature of 25 ~ C. After 48 h all 
inoculated leaves showed distinct necrotic local lesions. The number of  
lesions increased with the length of time after inoculation. 69 h after in- 
oculation the total number of lesions on 16 leaves of 8 inoculated plants 
for each age group was 133, 266, 567, 892, 720 and 423. The average num- 
ber for each leaf was 8.3, 16.6, 35.4, 55.7, 45.0, and 26.4. Leaves of 15 days  
old plants showed the greatest amount  of lesions, therefore, in further ex- 
periments only this age group of plants was used. Tests were made from 
June  to September. These preliminary experiments confirm the results of 
SI~r (1960b) and clearly show tha t  the susceptibility of bean plants to 
infection by RCMV is influenced by physiological stage and age of plants. 

2. The influence of varying temperature before and after inoculation on 
the infection of French bean leaves by RCMV. 

The plants were kept at 23, 25, 27, 30, 33 and 36~ 24 or 48 h before 
or after inoculation. After this period they  were kept for observation of 
symptoms in the greenhouse box at  25 ~ C. The first local lesions appeared 
on the leaves of control and experimental plants 48 h after inoculation. 
Experiment  shows tha t  the exposure to the varying temperature ranging 
from 23 to 36 ~ C 24 h before inoculation increased the number of local lesion 
on leaves, i.e. increased the susceptibility of plants to infection. 



R E D  CLOVER MOTTLE V I R U S  275 

The  s ta t i s t ica l  e v a l u a t i o n  of  resul ts  us ing t - tes t  shows no s ignif icant  differ- 
ences be tween  the  final n u m b e r  of  lesions a t  the  t e m p e r a t u r e s  of  23 and  25 ~ C, 
and  23 a n d  27 ~ C, h ighly  s ignif icant  differences (P  = 0.01) a t  the  t e m p e r a t u r e s  
of  23 a n d  30 ~ 23 and  36 ~ 
and  s ignif icant  differences (P  
= 0.05) a t  the  t e m p e r a t u r e s  of  23 
and  33 ~ C. I n  c o m p a r i s o n  to  the  
contro l  p l an t s  the  differences  
be tween  the  final n u m b e r s  of  le- 
sions are no t  s ignif icant  a t  23 and  
33 ~ C, h ighly  signif icant  a t  25 and  
30 ~ C, and  on ly  s ignif icant  a t  25 
a n d  36 ~ C. 

Inc reas ing  the  l eng th  of  pre-  
inocu la t ion  t r e a t m e n t  to  48 h 
fu r t he r  increased  the  n u m b e r  of  
lesion (Fig. 2). The re  are no signifi- 
can t  differences in the  n u m b e r  of  
lesions are a t  the  t e m p e r a t u r e s  of  
23 and  25 ~ C, 23 a n d  27 ~ C, 25 and  
27 ~ C, 30 and  33 ~ C, 33 and  36 ~ C, 
bu t  h ighly  s ignif icant  differences 
(P  ~ 0.01) a t  the  t e m p e r a t u r e s  
of  23 and  30 ~ C, 23 and  33 ~ C, 23 
a n d  36 ~ C, 25 a n d  36 ~ C, 27 and  
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Fig. 1. The increase in n u m b e r  of lesions on the  
inoculated p r ima r y  leaves of French  beans  (Pha- 
seolus vulgaris L.) wi th  RCIVIV a t  var ious  t ime in- 
tervals  and  tempera tures .  Ordinate  gives the mean  
n u m b e r  of  lesions on 12 leaves, abscissa the t ime 
intervals  of observat ion.  P lants  were exposed to 
the given t empera tu res  24 h before or 24 h af ter  
inoculation. 

3 0  ~ C, 27 and  36 ~ C, 30 and  36 ~ C. I t  shows on ly  s ignif icant  (P  = 0.05) 
differences a t  the  t e m p e r a t u r e s  of  25 and  30 ~ C, 25 and  33 ~ C, 27 and  33 ~ C. 
C o m p a r i n g  the  final n u m b e r  of  lesions on p l an t s  t r e a t e d  48 h before inocu- 
la t ion  wi th  the  final n u m b e r s  of  lesions in the  control  p l an t s  the  differen- 
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Fig. 2. The increase in n u m b e r  of  lesions on the  
inoculated p r imary  leaves of  F rench  beans  (Pha- 
seolus vulgaris L.) wi th  RCM'V a t  var ious t ime in- 
tervals  and  tempera tures .  Ordinate  gives the  mean  
n u m b e r  of  lesions on 12 leaves, abscissa the t ime 
interva]s of observat ion.  P lan ts  were exposed to 
the  given t empera tu res  48 h before or 48 h af ter  
inoculation. 

t e m p e r a t u r e  of  23 ~ C, b u t  h ighly  
significant  (P  ---- 0.01) a t  t e m -  
p e r a t u r e s  of  25, 27, 30, 33 a n d  
36 ~ C. 

W h e n  the  inocu la t ed  p l an t s  
were  k e p t  a t  the  t e m p e r a t u r e  
v a r y i n g  f r o m  23 to  36~ 24 h 
a f t e r  inocula t ion ,  the  n u m b e r  of  
lesions decreased  r a p i d l y  when  
the  t e m p e r a t u r e  was increased  
a b o v e  25 ~ C. Only  few lesions 
deve loped  on leaves  k e p t  for  24 h 
a f t e r  inocula t ion  a t  36 ~ C. The  
e x p e r i m e n t  c lear ly  shows t h a t  
24 h t r e a t m e n t  a f t e r  inocu la t ion  
a t  the  t e m p e r a t u r e s  30, 33 a n d  
36 ~ C r a p i d l y  decreased  the  n u m -  
ber  of  lesions a n d  de l ayed  the i r  
appea rance .  The  first coun tab le  
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lesions in the experiment with these temperatures appeared 71 h after in- 
oculation (Table 1", Fig. 1). 48 h t rea tment  of the inoculated plants at 30 
and 33 ~ C further decreased the number of lesions and their first appearance 
came after 91 h. No lesions appeared on plants kept 48 h after inoculation 
a t  the temperature of 36 ~ C (Table 1). In  the experiments using 24 h post- 
inoculation t rea tment  in various temperatures,  there were no significant dif- 
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Fig.  3. T h e  inf luence of  va r i ous  t e m p e r a t u r e s  
(abscissa)  before  a n d  a f te r  i nocu la t ion  on  t h e  
n u m b e r  o f  local lesions (ordinate)  on  t h e  in-  
ocu l a t ed  p r i m a r y  l eaves  of  F r e n c h  b e a n s  (Pha- 
seolus vutgaris  L.) w i t h  RCiVfV. T h e  n u m b e r  
.of les ions  is t h e  f inal  ave rage  o u t  o f  5 exper-  
mer i t s  a f t e r  69, 74 or 94 h .  
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Fig.  4. The  inf luence o f  v a r y i n g  t e m p e r a t u [ e  
(abscissa) before a n d  a f te r  i nocu la t ion  on  t hv  
n u m b e r  of  local les ions  (ordinate)  on  t he  in- 
ocu la t ed  p r i m a r y  leaves  o f  F r e n c h  b e a n s  (Pha- 
seolus vulgaris L.) w i t h  R C M V  in  re la t ion  t~  
t h e  n u m b e r  of  les ions  in con t ro l  p lan t s .  The  
final n u m b e r  lesions a f t e r  69 or 74 or  94 h is 
g iven .  

ferences between the numbers of lesions in plants kept at  23 and 27 ~ C, 
23 and 30 ~ C, 23 and 33 ~ C, 23 and 36 ~ C, 27 and 36 ~ C, 30 and 33 ~ C, 30 
and 36 ~ C, 33 and 36 ~ C, but  highly significant differences at 27 and 33 ~ C. 
Comparing the final number of lesions in this experiment with final number 
of lesions in the control plants the differences are not significant at  23 and 
27 ~ C, but highly significant at 30, 33 and 36 ~ C. 

48 h post-inoculation t rea tment  in the given temperatures showed no 
statistically significant reductions in numbers of lesions at  the temperatures 
o f  23 and 27 ~ C, 30 and 33 ~ C, and highly significant differences in numbers 
of lesions at 23 and 30 ~ C, 23 and 33 ~ C, 27 and 30 ~ C, 27 and 33 ~ C. Com- 
paring results of this experiment with the control plants there were no 
significant differences between the numbers of lesions at  23 and 27 ~ C, but 
highly significant differences at 30 and 33 ~ C. 

The absolute number of lesions gradually increased with the length of 
t ime after inoculation (Fig. 3). The number of lesions gradually increased 
with increasing temperatures in which the plants were kept 24 or 48 h 
before inoculation. On the contrary post-inoculation t rea tment  at  the same 
temperatures gradually decreased the rather low number of lesions. In  the 
experiment  of 48 h post-inoculation t rea tment  at  36 ~ C no lesions appeared, 
even after 5 days. The number of lesions in all experiments in relation to 
the  number of lesions on the control plants is given in Table 1 and Fig. 4. 

* Tab le  1 see a t  t he  end  of  th~  iSsue. 
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Discussion 
The pre-inoeulation t rea tment  at  the temperature ranging between 23 

and 36 ~ C for 24 or 48 h increased the susceptibility of French bean leaves 
to RCMV and the highest number of lesions was obtained when the plants 
were exposed to 36~ for 48 h. In the experiments of SINHA (1960b) the 
pre-inoculation t rea tment  at  36~ for 24 h increased the susceptibility of 
plants to infection, but  keeping them for 48 h at  this temperature returned 
it to the level of unheated plants. This is the only discrepancy with our 
experiments where the highest susceptibility measured by the number of 
lesions was obtained in keeping plants 48 h at  36 ~ C, before inoculation with 
RCMV. Our results concerning the post-inoculation t rea tment  at  36~ for 
24 or 48 h are in accordance with SINHA'S (1960b) experiments. No lesions 
were obtained when the plants after inoculation with RCMV were kept at 
36 ~ C for 48 h and then at  25 ~ C for further 5 days. The lesions took longer 
to appear when the plants were kept at  30, 33 or 36 ~ C 24 h after inoculation 
with RCMV. The same holds for 30 and 33~ and 48 h post-inoculation 
treatment.  The much lower number of lesions in control plants in compari- 
son with the plants kept 24 or 48 h before inoculation at the temperature 
of 25~ may be explained by the fact tha t  the control plants before in- 
oculation were kept in the greenhouse with varying temperature ranging 
from 17 to 30 ~ C. The susceptibility of French beans to infection with RCM 
increased less rapidly when plants were kept 24 or 48 h before inoculation 
in the temperature between 23 and 27~ (no significant differences) and 
more rapidly between 27 and 36~ (highly significant differences), as 
seen in Figs. 3 and 4. The susceptibility due to the post-inoculation treat- 
ment  at  various temperatures decreased more rapidly between 23 and 30 ~ C 
(statistically highly significant) and less rapidly between 30 and 36~ (not 
significant). MUSIL and LE~KovA (1969a) noted tha t  the number of lesions 
on the inoculated leaves of beans by RCMV depended on the virus concentra- 
tion, the age of plants, and on the environmental conditions, which agrees 
with our results. MCSIL and LE~KOVA (1969b) moreover found with the same 
isolate of RCMV tha t  it multiplies better and to high concentration in bean 
leaves at about 25 ~ C and tha t  at 20 and 30 ~ C its concentration was lower. 
In our experiments temperatures above 27~ applied after inoculation 
lowered considerably the number of local lesions produced by this virus on 
bean leaves. 

There are some differences in the reaction of various viruses to higher 
temperatures. BODI~AI% and KVi~AL~ (1968) working with AMV (lucerne 
mosaic virus), found the highest number of lesions on French bean leaves 
in the pre-inoculation exposure to the temperature of 27~ for 48 h or 
30 ~ C for 24 h. The number of AMV lesions in plants t reated 24 or 48 h at 
27 or 30 ~ C are not significantly different. With RCMV the pre-inoculation 
t rea tment  at  high temperatures between 27 and 36 ~ C for 48 hours produced 
more lesions than  the t rea tment  at the same temperature for 24 h; however, 
the differences are not significant. The appearance of the first local lesions 
on the inoculated primary leaves of French beans varied considerably ac- 
cording to the virus used. With AMV it is 24 h, with RCMV usually 48 h. 
The post-inoculation t rea tment  at  high temperatures for 24 h seems to have 
a similar effect on both these viruses causing locM lesions in French bean 
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leaves. With AMV the total  number  of lesions is very low at 36 ~ C and they  
took longer to appear. With RCMV similar results were obtained; however, 
the lesions appeared some hours later. 
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