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I N V E S T I G A T I O N S  O N  C E R T A I N  A C T I N O S I Y C E T E S  

T H A T  C A U S E  P O T A T O  SCAB.  1) 

INTRODUCTION 

I n  a d d i t i o n  to  Xctinomyces scabies ( T H A T . )  GUSS. o t h e r  s p e c i e s  of 
Actinomyces (WOLLENWEBER, 30;  ~¢IILLARD a n d  BURR, 22) m a y  c a u s e  
p o t a t o  Scab .  S t ress  is l a id  on  t h e  g r e a t  v a r i a b i l i t y  a m o n g s t  t h e  A c t i n o -  
m y c e t e s .  On  a c c o u n t  of  t h i s  c h a r a c t e r ,  a n d  also of  t h e  v e r y  la rge  n u m b e r  
of  spec ies  b e l o n g i n g  to  t h i s  g r o u p ,  i t s  t a x o n o m y  is v e r y  i n c o m p l e t e .  I n  
t h e  e x p e r i m e n t s  desc r ibed ,  no  e f fo r t s  were  m a d e  to  c lass i fy  t h e  s t r a i n s  
i s o l a t e d ;  t h e s e  a re  i n d i c a t e d ' b y  l e t t e r s  a n d  n u m b e r s  on ly .  

EXPERIMENTAL METHODS 

Tile  b a c t e r i o l o g i c a l  p l a t i n g  o u t  m e t h o d  was  u s e d  for  o b t a i n i n g  p u r e  
c u l t u r e s .  E a c h  i so l a t i on  was  p l a t e d  a t  l e a s t  twice ,  a n d  t h o s e  m y c e l i a  
w h i c h  c o u l d  be  r e g a r d e d  as h a v i n g  d e v e l o p e d  f r o m  s ingle  h y p h a e  w e r e  
u s e d  as  i nocu la .  I s o l a t i o n s  were  m a d e  e i t h e r  f r o m  S c a b  les ions  on  p o t a t o  
t u b e r s  t r e a t e d  w i t h  co r ros ive  s u b l i m a t e  or  f r o m  m y c e l i a  p r e s e n t  o n  t u b e r s  
j u s t  l i f t ed  a n d  st i l l  moi s t .  T h e s e  m y c e l i a  were  w a s h e d  r e p e a t e d l y  in  s t e r i l e  
w a t e r  a n d  t h e n  p l a t e d .  T h e  l a s t  m e t h o d  g a v e  v e r y  s a t i s f a c t o r y  r e s u l t s ,  
e s p e c i a l l y  w i t h  r e - i so la t ions .  

All  e x p e r i m e n t s  were  m a d e  in  a g r e e n h o u s e .  T h e  p o t s  a n d  soil  we re  
s t e r i l i s ed .  A m i x t u r e  of  e q u a l  p a r t s  o f  p o o r  s a n d y  soil a n d  l e a f - m o u l d  was  
u s e d  as  p o t t i n g  soil. T u b e r s  t h e m s e l v e s  were  n o t  p l a n t e d ,  b u t  o n l y  g r e e n  
s p r o u t s  t h a t  h a d  d e v e l o p e d  on  t u b e r s  p r e v i o u s l y  t r e a t e d  w i t h  c o r r o s i v e  
s u b l i m a t e .  

T h e  A c t i n o m y e e t e s  u s e d  for  i n o c u l a t i o n  were  c u l t i v a t e d  on  s t e r i l i s e d  
g r e e n  rye ,  or  g rass ;  t h i s  m a t e r i a l  a l l owed  u n i f o r m  d i s t r i b u t i o n  o f  t h e  
f u n g u s  in  t h e  t u b e  a n d  a good  m i x t u r e  a f t e r w a r d s  w i t h  t h e  soil. T h o r o u g h  
m i x i n g  o f  t h e  i n o c u l u m  w i t h  t h e  soil  is a f u n d a m e n t a l  c o n d i t i o n  f o r  suc-  
cessfu l  r e su l t s ,  a n d  w i t h  t h e  m e t h o d  e m p l o y e d  n o  d i f f e r ence  in n u m b e r  
o f  m y c e l i a  p r e s e n t  a r i ses  b e t w e e n  t h e  f o r m s  w i t h  a n d  w i t h o u t  s p o r e s .  I n  
m o s t  cases  t h e  c o n t e n t s  of  6 t u b e s  we re  u s e d  for  i n o c u l a t f n g  e a c h  p o t ;  
a p r e l i m i n a r y  e x p e r i m e n t  p r o v e d  t h a t  t h e  c o n t e n t s  of  e v e n  3 t u b e s  suf-  
f ice,  as  n o  d i f fe rence  was  o b t a i n e d  w h e n  t h e  c o n t e n t s  of  e i t h e r  3 or  6 we re  
e m p l o y e d  (fig. 1). H o w e v e r ,  to  a v o i d  t h e  p o s s i b i l i t y  t h a t  n e g a t i v e  r e s u l t s  
m i g h t  be  due  to  too  l i t t l e  i n o c u l u m ,  t h e  c o n t e n t s  of  t h e  l a r g e r  n u m b e r  
of  t u b e s  were  g e n e r a l l y  a d d e d .  

T h e  soil  was  i n o c u l a t e d  be fo re  t h e  p l a n t i n g  of  t h e  s p r o u t s ,  as t h i s  g a v e  
r i se  to  a l a r g e r  n u m b e r  of  a f f e c t e d  t u b e r s  t h a n  w h e n  i t  was  i n o c u l a t e d  
d u r i n g  t h e  d e v e l o p m e n t  of  t h e  c rop  ( T a b l e  I) .  All  e x p e r i m e n t s  w i t h  
d i f f e r e n t  s t r a i n s  were  m a d e  in  t h e  s a m e  g r e e n h o u s e ,  b u t  i n f e c t i o n  f r o m  
n e i g h b o u r i n g  p o t s  was  n o t  o b s e r v e d .  I t  m a y  be  s t a t e d ,  h o w e v e r ,  t h a t  
t h e  t u b e r s  of  t h e  c o n t r o l s  were  n o t  a l w a y s  q u i t e  f ree  f r o m  scab  ; i n f e c t i o n  
f r o m  t h e  a t m o s p h e r e  t o o k  p lace  to  a c e r t a i n  e x t e n t .  Th i s  occurs  i n  al l  
p o t a t o  e x p e r i m e n t s  a n d  c a n n o t  r e a d i l y  be  a v o i d e d .  

1) T h a n k s  a re  due  to  D r  G. H .  P e t h y b r i d g e  for  his  k i n d n e s s  in  c o r r e c t i n g  
t h e  E n g l i s h  s u m m a r y .  
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CONTI%0L W I T H  C H E M I C A L S  

T h e  p u r p o s e  of  con t r o l  m e a s u r e s  is e i t h e r  to  d e c r e a s e  t h e  n u m b e r  of  
Actinomycetes n a t u r a l l y  p r e s e n t  in  t h e  soil, or  to  p r e v e n t  t h e  i n t r o d u c t i o n  
o f  o t h e r s  p r e s e n t  o n  a f f ec t ed  s eed  t u b e r s .  A n  e x p e r i m e n t  was  m a d e  w J h i c h  
p r o v e d  t h a t  Actinomyces c a n  r e m a i n  a l ive  on  t h e  p o t a t o  sk in  for  a p e r i o d  
of  8 m o n t h s ,  i.e. b e t w e e n  d i gg i ng  a n d  p l a n t i n g .  D i s i n f e c t i o n  of  a f f e c t e d  
s eed  t u b e r s  m a y  r e d u c e  a t t a c k  a r i s i n g  f r o m  th i s  source .  To c o n t r o l  t h e  
p a r a s i t e  in  t h e  soil i t  m a y  e i t h e r  be  k i l l ed  or  t h e  c o n d i t i o n s  for  i t s  g r o w t h  
m a y  b e  m a d e  u n f a v o u r a b l e .  To t h i s  e n d  m a n y  c h e m i c a l s  were  t r i , ~ d  in  
p o t s  w i t h  i n o c u l a t e d  soil, a l r e a d y  u s e d  for  o t h e r  e x p e r i m e n t s .  T h e  o n l y  
s u b s t a n c e  w h i c h  g a v e  s a t i s f a c t o r y  r e s u l t s  was  FeC1s, as c a n  be  s e e n  in  
T a b l e s  I I  a n d  I I I  a n d  in fig. 2. T h e  p l a n t s  su f f e r ed  a good  dea l  i f  m o r e  
t h a n  10 g p e r  p o t  was  used .  A t  t h e  e n d  of  t h e  e x p e r i m e n t  ~he p H I  of  
t h e  soil  of  some  po t s  was  d e t e r m i n e d ,  a n d  t h e  r e s u l t s  m a y  be  s e e n  in 
T a b l e  IV .  T h e  d i f fe rence  b e t w e e n  t r e a t e d  a n d  u n t r e a t e d  soil is n o t  so 
g r e a t  as  to  a c c o u n t  for  t h e  l a rge  d e c r e a s e  of  Scab.  T h e  p H  m a y  l ~ a v e  
b e e n  m u c h  lower  a t  t h e  m o m e n t  of  t h e  t r e a t m e n t ,  w h i c h  EICHINGESa (9) 
cal ls  , , s au re  R e a k t i o n s s t o s z ' .  No  p r a c t i c a l  r e s u l t s  h a v e  b e e n  o b t a i n e d ,  
as  t h e  use  of  FeC13 in t h e  f ie ld  w o u l d  h a v e  m a n y  d i s a d v a n t a g e s .  N o n e  of  
t h e  o t h e r  c h e m i c a l s  t r i e d  d e c r e a s e d - t h e  a t t a c k  of  Scab  r e a l l y  s a t i s f a c t o r i l y ,  
a l t h o u g h  t h e y  d id  so to  v a r y i n g  degrees .  

D I F F E R E N T  T Y 2 E S  OF S C A B .  

Deep, tumulus, cerumen a n d  super]icial or russet Scab a re  d i s t i n g u i s  b e d .  
WOLLEIN~%VEBEI~ (30), I~¢[ILLARD and Burr (22) and DE BRUYN (4) are of 
o p i n i o n  t h a t  e a c h  t y p e  is c a u s e d  b y  a d i f f e r e n t  Actinomyces, w h i l e  o n  
t h e  c o n t r a r y  SCHLUMBE~GER (26, 1929),  BE~K_~ER (2), GOSS (13) a n d  
AFAN.~SlEV (1) be l i eve  t h a t  degree  of  s e v e r i t y  of  a t t a c k  t o g e t h e r  w i t h  t h e  
e x t e r n a l  c o n d i t i o n s ,  are  r e s p o n s i b l e  for  t h e  d i f f e r e n t i a t i o n  of  t h e  v a r i o u s  
t y p e s .  G o s s  m a k e s  a n  e x c e p t i o n  for  r u s s e t  Scab .  

T h e  b e g i n n i n g  of  t h e  d e v e l o p m e n t  of  all  t y p e s  is a l ike ,  viz.  a s r n a l l  
b r o w n  s p o t  o n  t h e  sk in  of  t h e  p o t a t o ;  d i f f e r e n t i a t i o n  occu r s  a f t e r w a r d s .  
D u r i n g  t h i s  p rocess  t h e  s t age  of  a n o t h e r  t y p e  m a y  be  p a s s e d ;  t h e r e f o r e  
c o n c l u s i o n s  s h o u l d  be m a d e  c a r e f u l l y  a n d  are  poss ib l e  o n l y  for  e x p e r i -  
m e n t s  w i t h  p u r e  c u l t u r e s  m a d e  u n d e r  s i m i l a r  c o n d i t i o n s .  I n  a d d i t i o n  to  
the fact that severe or light attack is inherent in the particular strain 
used, the type of Scab eventually produced is due to the partiexdar 
Actinomyces i n v o l v e d .  

E x p e r i m e n t s  w i t h  p u r e  c u l t u r e s  in  p o t s  a g a i n  s t r o n g l y  s u p p o r t e d  t h e  
a b o v e  t h e o r y .  F r o m  a t u b e r  h a r b o u r i n g  b o t h  deep  a n d  supe r f i c i a l  ( r u s s e t )  
S c a b s ,  t h e  p a r a s i t e  was  i so l a t ed  s e p a r a t e l y  f r o m  b o t h  t y p e s  of  l e s i o n s .  
T w o  d i f f e r e n t  Aetinomyces r e s u l t e d ,  a n d  b y  i n o c u l a t i o n  b o t h  t y p e s  ~,~ere 
r e p r o d u c e d  (fig. 3). T he  r e s u l t s  of  i n o c u l a t i o n s  w i t h  m a n y  o t h e r  i s o l a t i o n s ,  
a n d  r e - i so l a t i ons ,  t e n d  in  t h e  s a m e  d i r e c t i o n .  

THE TYPES OF SCAB IN SOME POTATO VARIETIES 

S o m e  s t r a i n s  were  i n o c u l a t e d  on d i f f e r e n t  p o t a t o  v a r i e t i e s  w i t h  t h e  
r e s u l t  t h a t  t h e  t y p e s  of  Scab  p r o d u c e d  b y  one  a n d  t h e  s a m e  s t r a i n  w e r e  
n o t  a l ike .  A s t r a i n  f o r m i n g  r u s s e t  S c a b  on  B i n t j e  a n d  I n d u s t r i e  w a s  
e n t i r e l y  n o n - p a t h o g e n i c  to  5 o t h e r  p o t a t o  va r i e t i e s .  S t r a i n  3a, p r o d u c i n g  
d e e p  S c a b ,  d i d  so on  5 p o t a t o  v a r i e t i e s ;  on  J u b e l ,  h o w e v e r ,  l es ions  w e r e  
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v e r y  sha l l ow ,  wh i l e  on  A l p h a  a t y p e  was  f o r m e d  w h i c h  m i g h t  b e  c a l l e d  
e i t h e r  r u s s e t  or c o m m o n  Scab ,  m o s t  of  t h e  les ions  b e i n g  of  t h e  r u s s e t  t y p e  
(fig. 4). M a n y  o t h e r  s t r a i n s  of  Actinomyces were  t r i e d  on  t h e  v a r i e t i e s  
B i n t j e  a n d  E i g e n h e i m e r ;  all r u s s e t - f o r m i n g  s t r a i n s  a t t a c k e d  B i n t j e  -~ t h e r  
s eve re ly ,  wh i l e  t h e  sk in s  of  all  E i g e n h e i m e r  t u b e r s  r e m a i n e d  s o u n d  ( f ig .  5). 
E i g e n h e i m e r  is, h o w e v e r ,  n o t  r e s i s t a n t  to  Scab  in  gene ra l ,  for  m a n y  d e e p -  
f o r m i n g  s t r a i n s  a t t a c k e d  t h i s  v a r i e t y  e v e n  m o r e  s e v e r e l y  t h a n  B i n t j e  
(fig. 6, 8). 

T h u s ,  p o t a t o  v a r i e t i e s  a re  n o t  e q u a l l y  s u s c e p t i b l e  to  a t t a c k  b y  d i f f e r e n t  
s t r a i n s  of  Actinomyces a n d  d i f f e r e n t  v a r i e t i e s  r e a c t  d i f f e r e n t l y  to  t h e  s a m e  
s t r a i n .  

PATHOGENICITY 

I n  a d d i t i o n  to  v a r i a b i l i t y  in  c u l t u r a l  c h a r a c t e r s ,  g r e a t  v a r i a b i l i t y  of  
t h e  s t r a i n s  was  o b s e r v e d  w i t h  r e g a r d  to  v i ru l ence .  WOLLENWEBEg (30) 
a n d  AF.~N.aSIEV (1) s u g g e s t e d  loss of  v i r u l e n c e  a f t e r  g r o w t h  in  p u r e  cul-  
t u r e  for  a c e r t a i n  pe r iod ,  a l t h o u g h  t h i s  loss d id  n o t  o c c u r  in  al l  c a s e s .  
T h e  u se  o f  d i f f e r e n t  m e d i a  m a y  h a v e  h a d  some  i n f l u e n c e  on  t h i s  p h e n o -  
m e n o n .  

I n  t h e  e x p e r i m e n t s  d e s c r i b e d  here ,  dec rea se  in v i r u l e n c e ,  as w e l l  as  
c o n s t a n c y ,  a n d  e v e n  inc rease ,  was  n o t e d .  T a b l e  V g ives  t h e  h i s t o r y  of  
s t r a i n  5; dec rea se  of  v i r u l e n c e  f i r s t  s t a r t e d  a f t e r  g r o w t h  for  1½ y e a r s  in  
p u r e  c u l t u r e .  R e - i s o l a t i o n  p r o d u c e d  a r e n e w e d  s t r o n g  p a t h o g e n i c  s t r a i n ,  
w h i c h  w e a k e n e d  in  v i r u l e n c e  a g a i n  a f t e r  some  t i m e  ( T a b l e  VI ) .  

T h e  b e h a v i o u r  of  a l a rge  n u m b e r  of  s t r a i n s  a n d  t h e i r  r e - i s o l a t i o n s  was  
s t u d i e d  d u r i n g  1937 a n d  1938 (see T a b l e  V I I ) .  S t r a i n  B 2 was  t h e  o n l y  o n e  
w i t h  i n c r e a s e d  v i r u l e n c e  a f t e r  g r o w t h  in p u r e  c u l t u r e  (fig. 5). S t r a i n s  Hay 
and H a remained constant (fig. 6); all other strains decreased in patho- 
genicity, although to different degrees. With B~ a total loss of pathogeni- 
city occurred (fig. 7). Strain Haa showed greatly decreased pathogenicity 
(fig. 8), while Ha, from which it originated, remained constant (fig. 6). 

The virulence of all weakened strains was increased through re-isolation, 
but in different degrees; e.g. Hera remained a weak parasite. 

It might be supposed that certain substances absent in artificial media 
were the cause of the change. Some weakened strains were therefore 
cultivated on sterile pieces of cut living potato and carrot. Growth was 
good, but virulence did not return. As re-isolation gave increased patho- 
genicity, the necessary substances may be present only in the living 
growing cells of the potato tuber. 

LOSS OF PATHOGENICITY IN THE FIELD 

Lately, cases have been mentioned in the literature suggesting change 
of  p a t h o g e n i c i t y  of  A c t i n o m y c e t e s  in  t h e  f ield,  e.g. LUT~AN, LIVIN@STON 
a n d  SCHMIDT (19). T h i s  t h e o r y  is in  a g r e e m e n t  w i t h  t h e  r e s u l t s  o f  t h e  
e x p e r i m e n t s  d e s c r i b e d  here .  T h e y  also s t r e n g t h e n  t h e  i dea  of  t h e  e x i s t e n c e  
of  a s t r o n g  c o r r e l a t i o n  b e t w e e n  v i r u l e n c e  a n d  p r e s e n c e  of  t h e  h o s t .  T h i s  
is c o n f i r m e d  b y  t h e  m o r e  seve re  a t t a c k s  of  Scab  fo l lowing  c o n t i n u o u s  
p o t a t o  c r o p p i n g  m e n t i o n e d  b y  M . ~ T I N  (20), DIPPEN~AR (6), BS~ING a n d  
WA.LLNER (3), SCHLUMBERGEP* (26, 1930 a n d  1936) a n d  RODE (23) ,  as  
wel l  as  b y  t h e  c h a n g e  of  p a t h o g e n i c i t y  f o u n d  b y  c rop  r o t a t i o n  as r e c o r d e d  
b y  CAIRNS, G~EEVES a n d  MUSKE~T (5) a n d  G o s s  (11). I n  t h e  l a s t  c a s e  
other factors may also play a part. 

The change of type of Scab mentioned by LUCIAN e.s. and by Goss, 
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viz. russet Scab taking the place of deep Scab, may  be explained ~ i t h e r  
by  loss of  virulence, especially of the strain causing deep Scab, o r  by  
change of  conditions promoting growth  of russet-forming strains. 

More a t t en t ion  should be paid to the influence of rotat ion,  no~ only 
of  different  crops, but  also of different pota to  varieties,  as suscept i lb i l i ty  
to different  strains being not alike in all varieties,  even the preserLce of 
cer ta in  po ta to  varieties may,  for some Actinomyces, be equ iva l e l a t  to 
absence of host. 

S U S ~  ~¢£A_R Y 

1. Of various chemicals tr ied in pots FeC13 was the only one w h i c ] l  de- 
creased Scab. 

2. The different  types of Scab on the same pota to  var ie ty  are ce~used 
by different strains of Actinomyces. 

3. One strain of Actinomyces may  cause different types of Scab on (iiffe- 
ren t  po ta to  varieties;  the type  is specific for each variety.  

4. One strain of Actinomyces may  be virulent  for certain potato  v a r i e t i e s  
and non-pathogenic  to others, the lat ter ,  however,  may  behave qu i te  
different ly  wi th  other strains. 

5. The virulence of many  strains decreased in pure culture;  of SO,he it 
remained  constant ,  with one it increased. 

6. The reduced virulence was increased through development  on gro-wing,  
l iving pota to  tubers. 

7. More a t t en t ion  should be paid to the influence of ro ta t ion o~cl the 
occurrence of  Pota to  Scab. 

Labo~ato~ium voor Myc~logie 
en Aardappelonderzo~k 

Wageningen, September  1938. 

Fig. 1. 

`Fig. 1. 

Fig.  2. 

Fig. 2. 
Fig. 3. 

,Fig. 3. 

Fig. 4. 
Fig. d. 
Fig. 5. 

Fig. 6. 

V E R K L A R I ~ G  D E R  F I G U R E ~  

( Explanation o/figures) 

Bint je  geinoculeerd met  s tam 5; links met  3 buizen p e r  pot,  
rechts met  6 buizen per pot.  
.Bintje inoculated with strain 5; left, contents of 3 tubes pe~" pot, 
right of 6 tubes per pot. 
Bintje ,  gegroeid in besmet ten  grond en in denzelfden g r o ~ d  be- 
handeld  met  FeCI 3. 
JBint]e grown in infected soil and in the same soil treated with .FeCl s 
Bint je ,  Hnks geinoculeerd met  s tam van diepe schurft  en r e c h t s  
met  s t am van oppervlakkige schurft,  beide oorspronkelijk voor-  
komende op denzelfden knol. 
Bint{e, left inoculated with strain causing deep Scab and rig]~$ with 
strain causing superficial (russet) Scab, both originally occ~rri~g 
on the same tuber. 
Inoeulat ies  van stare 3a op versehillende aa rdappe lva r i~ t~ i t en .  
Inoculations of st,~ain 3a on different potato varieties. 
Boven:  Bint je  geinoculeerd met  s tare B2 1937; onder:  E i g e n -  
heimer  en Bint je  geinoeuleerd met  s tare B 2 1938. O p p e r v l a k k i g e  
schurft,  virulent ie  voorui tgegaan,  Eigenheimer  immuun.  
Above: Bint~e inoculated with strain B a 1937; below: Bint~e and 
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Fig. 6. 

.Fig. 6. 

Fig. 7. 

I~ig. 7. 

:Fig. 8. 

JFig. 8. 

Eigenheim~r, inoculated with strain B 2 1938. Super/icial (russet) 
scab, increase o~ virulence, Eigenheimer immune. 
Boven:  Bint je  geinoculeerd met  stare H3 1937; onder:  B i n t j e  
en Eigenheimer geinoculeerd met  s tam H3 1938. Diepe schurf t ,  
virulent ie  gelijk, Eigenheimer sterker aangetast .  
Above : Bint/e inoculated with strain H 3 1937; below: Bint /e  and 
Eigenheimer inoculated with strain H 3 1938. Deep scab, the same 
virulence, Eigenheirner more severely attacked. 
Boven:  Bint je  geinoculeerd met  stare B 7 1937; onder:  B i n t j e  
geinoculeerd met stare B 7 en met  her-isolatie B~b 1938. Opper-  
vlakkige schurft, virulentie geheel verloren, versterkte v i ru len t ie  
door her-isolatie. 
Above : Bint/e inoculated with strain B~ 1937; below : Bint]e inocu- 
lated with strain B~ and with re-isolation t~b 1938. Super/ icial  
(russet) Scab, total loss o/ virulence, increased virulence th~'ough 
re -isolation. 
Boven:  Bint je  geinoculeerd met  stare Haa 1937; midden:  B i n t j e  
en Eigenheimer geinoculeerd met  stare I~3a 1938; onder:  B i n t j e  
en Eigenheimer geinoculeerd met s tam H3ab (her-isolatie va n  H3a). 
Diepe schurft, virulentie verzwakt,  versterkte virulent ie  door 
herisolatie, Eigenheimer sterker aangetast .  
Above: B i n t #  inoculated with strain H3a 1937; middle: Bint /e  
and Eigenheimer inoculated with strain H3a 1938; below : Bint ie  
and Eigenheimer inoculated with strain H3ab (re.isolation o/ Haa ) 
1938. Deep Scab, decrease o/virulence, increased virulence through 
re-isolation, attack on Eigenheimer more severe. 
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