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A LEK SA N D ER  KIVILAAN ABSTRACT

Stem  r o t  d e v e lo p m e n t  in  P e la rg o n iu m  h o r to r u m  B ailey  v a r i e t i e s  in o c u ­

la te d  w ith  X an th o m o n as  p e la r g o n i i  (Brown) S t a r r  e t B u r k h . , w as  found to be 

s ig n if ic a n t ly  a f fe c te d  by t e m p e r a t u r e ,  n u t r i t io n a l  f a c to r s ,  a n d  c e r t a i n  p r e ­

v io u s ly  u n d e s c r ib e d  v i r u s  d i s e a s e s .  L a c k  of know ledge about m a n y  a s p e c t s  

of d i s e a s e  d e v e lo p m en t  m a d e  c e r t a in  e x p lo r a to r y  e x p e r im e n t s  n e c e s s a r y  

b e fo re  the  above  f a c to r s  co u ld  be s tud ied .

F a c t s  about e tio logy  and  d i s e a s e  d ev e lo p m en t  w e re  e s ta b l i s h e d .  X. 

p e la r g o n i i  w as  found to have  a  n a r r o w  h o s t  r a n g e  in the  G e ra n iu m  fam ily .  

S y s te m ic  in v a s io n  of the  h o s t  o c c u r r e d  th ro u g h  r o o ts  and  s te m s ,  but not 

th ro u g h  le a v e s ,  w h e re  lo c a l iz e d  le a f sp o ts  w e re  fo rm e d .  T h e  o rg a n is m  can  

be p r e s e n t  in v e s s e l s  w ithou t c a u s in g  v is ib le  e f fe c ts ;  it p ro b a b ly  c a u s e s  s te m  

r o t  on ly  w hen b r e a k s  a l lo w  in v a s io n  of p a re n c h y m a .  T h e  pH of h ea l th y  p la n t  

sap  w as  w e ll  below the  ra n g e  w hich  a l lo w ed  g ro w th  of the  p a th o g en  in c u l tu re ,  

but in fe c t io n  r e s u l t e d  in  a s u b s ta n t ia l  d e c r e a s e  in a c id i ty .  S t r a in s  of the  

p a th o g e n  w e re  found w hich  d i f f e r e d  in t h e i r  a b i l i ty  to c a u s e  d i s e a s e  in h o s t  

p la n ts .

S tem  in o c u la te d  ro o te d  c u t t in g s  (v a r .  B e t te r  T im e s )  f ro m  s t e m - r o t -  

f r e e  s to c k  p la n ts  w e re  kept a t  10°, 16°, 21°, an d  27° C n igh t t e m p e r a t u r e s .  

D i s e a s e  d e v e lo p m en t  in c r e a s e d  l in e a r ly  with in c r e a s in g  n ight t e m p e r a t u r e s



d u r in g  th e  f i r s t  f ive  w e ek s  fo llow ing  in o cu la t io n .  S y m p to m s  w e re  a lm o s t  

a b s e n t  a t  10°C  n igh t t e m p e r a t u r e ,  d ev e lo p e d  s low ly  a t  16® C and  a t  21° C, 

an d  ra p id ly  k i l le d  p la n t s  a t 27® C. D u r in g  the  l a t t e r  p a r t  of e x p e r im e n t s ,  

p la n ts  a t  10°C  a ls o  show ed  s e v e r e  d i s e a s e  d ev e lo p m en t,  p ro b a b ly  b e c a u s e  

of a d e le t e r io u s  e ffe c t  of low t e m p e r a t u r e  on h o s t  p la n ts .

M in e r a l  n u t r i e n t  c o n c e n t r a t io n s  below  and  above  op tim u m  fo r  h o s t  

g ro w th  e n h a n c e d  d i s e a s e  d e v e lo p m en t.  R oo ted  c u tt in g s ,  v a r .  R ic a rd ,  w e re  

g ro w n  in s a n d  c u l tu r e s  with c o n c e n t r a t io n s  0 .1 ,  0. 5, 1 , 2, an d  3 t im e s  th a t  

of the  b a s a l  (op tim um ) s a l t  so lu tion . P lan ts  w e re  in o c u la te d  a f t e r  30 d a y s '  

g ro w th  in t h e i r  r e s p e c t iv e  n u tr ie n t  s o lu t io n s .  D is e a s e  d ev e lo p m en t w as 

s ig n if ic a n t ly  h ig h e r  in so lu t io n s  0. 1, 0. 5, and  3, than  in 1 a n d  2. C o m p a r is o n  

of d i s e a s e  in d ic e s  in in o c u la te d  p la n t s  w ith  a v e r a g e  w e ig h ts  of c o n tro l  p la n ts  

in n u t r i e n t  s o lu t io n s  show ed  an  in v e r s e  r e la t io n s h ip .

R oo ted  c u t t in g s  in o c u la te d  w ith  p e la r g o n i i  w e re  g ro w n  in san d  and  

w a te r e d  w ith  n u tr ie n t  so lu t io n s  w ith  low, o p tim u m , and  h igh le v e l s  of N, P, 

a n d  K. V e ry  low, low an d  o p tim u m  le v e l s  of Ca w e re  u s e d  in a n o th e r  e x p e r i ­

m e n t .  D is e a s e  d ev e lo p ed  m o r e  r a p id ly  in p la n ts  in low K an d  in h igh  P an d  N 

th an  in  t h e i r  h igh  o r  low c o u n te r p a r t s .  As Ca w as i n c r e a s e d  in  n u t r i e n t  s o lu ­

tio n s ,  d i s e a s e  d e c r e a s e d .  In u n b a lan c e d  Ca an d  K so lu tio n s ,  d i s e a s e  d e v e lo p ­

m e n t  d e c r e a s e d  a s  g ro w th  of p la n t s  in c r e a s e d ,  w hile  d i s e a s e  i n c r e a s e d  w ith



i n c r e a s i n g  p la n t  g ro w th  in u n b a la n c e d  N an d  P so lu t io n s .  T h e  N an d  P e f fe c ts  

a r e  un ique  in th a t  a l l  o th e r  f a c t o r s  w hich  fa v o r  p e la rg o n iu m  g ro w th  a ls o  r e ­

t a r d  d i s e a s e .  P o s s ib le  e x p la n a t io n s  a r e  th a t  X. p e la r g o n i i  i s  f a v o re d  by high 

o rg a n ic  N, an d  in high P th e  p la n ts  m a tu r e  m o r e  q u ick ly  an d  soon lo s e  r e s i s ­

ta n c e .

S e v e ra l  g r a f t - t r a n s m i s s a b l e  co n d it io n s  of p e la rg o n iu m  w e re  found. 

T h e s e  r e a c t i o n s  a p p a r e n t ly  w e re  of v i r u s  o r ig in  an d  in c lu d ed  n e c r o s i s ,  r in g -  

spot, n e c r o t ic  r in g sp o t ,  c r in k le  an d  m o t t le .  A t te m p ts  to t r a n s m i t  the  v i r u s ( e s )  

m e c h a n ic a l ly  an d  by d o d d e r  w e re  not s u c c e s s fu l .  D ev e lo p m en t of s tem  ro t  

w as  s lo w e s t  in v i r u s - f r e e  p la n ts ,  f a s t e s t  in th o se  e x p r e s s in g  m o tt le ,  c r in k le ,  

a n d  n e c r o t i c  r in g s p o t  sy m p to m s ,  and  in te r m e d ia te  in p la n t s  w ith  r in g s p o t .

C o m m e r c ia l  s to c k s  of s ix  co m m o n  p e la rg o n iu m  v a r i e t i e s  (R ic a rd ,

R adio  Red, O lym pic  Red, Irv in g to n  Beauty, E n c h a n t r e s s  S u p rem e , and  F ia t)  

w e re  found to c a r r y  X. p e la r g o n i i  and  v i r u s  d i s e a s e s  in la ten t  f o r m s .  T w en ty -  

s ix  p e r  c en t  of 600 p la n t s  c a r r ie d _ X . p e la r g o n i i  an d  62 p e r  c en t  c a r r i e d  so m e  

fo rm  of v i r u s  d i s e a s e .  N ight t e m p e r a t u r e  of 27° C fo r  2 w eek s  w as  u s e d  to 

f o r c e  s tem  r o t  sy m p to m s  in  la te n t ly  in fe c te d  p e la rg o n iu m  s to c k  p la n ts .  V e n e e r  

g r a f t in g  to p e la r g o n iu m  s e e d l in g s  an d  to v i r u s - f r e e  s e e d l in g  c lo n e s  w as  u s e d  to 

d e te c t  la te n t  v i r u s e s  an d  to index  s to ck  p la n ts  fo r  v i r u s  d i s e a s e s .  V iru s  a s s a y s  

t o g e th e r  w ith  h igh t e m p e r a t u r e  t r e a tm e n t  to e l im in a te  la te n t  b a c t e r i a l  in fe c t io n s  

h a s  m a d e  p o s s ib le  the  d e v e lo p m en t of d i s e a s e - f r e e  p ro p a g a t in g  s tock .
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INTRODUCTION

P e la rg o n iu m s  w e r e  th e  le a d in g  p o t te d  p la n t  in  th e  U n ited  S ta te s  in  1949, 

w hen  m o r e  th an  25 m i l l io n  u n f in ish e d  p la n ts  an d  c u t t in g s  w e r e  p ro d u c e d  ( 6 ). 

P e la r g o n iu m s  once  w e r e  c o m p a r a t iv e ly  f r e e  of d e s t r u c t i v e  p e s t s  an d  d i s e a s e s ,  

bu t in  r e c e n t  y e a r s  s e r io u s  l o s s e s  have  r e s u l t e d  f r o m  b a c t e r i a l  l e a f  sp o t  a n d  

s te m  ro t ,  c a u s e d  by X an th o m o n as  p e la r g o n i i  (Brown) S t a r r  e t  Burkh. T h e s e  

d i s e a s e s  have  b e en  known fo r  m a n y  y e a r s  an d  in  r e c e n t  y e a r s  have  b e c o m e  a 

l im i t in g  f a c to r  in p ro d u c t io n .  T h i s  s i tu a t io n  i s  t r u e  in  M ich ig an  a s  w e l l  a s  in 

o th e r  p a r t s  of the  w o r ld .

A lthough  s te m  r o t  an d  le a f  spo t a r e  th e  only  d i s e a s e s  of e p id e m ic  p r o ­

p o r t i o n s ,  o th e r  d i s e a s e s  a r e  w ell known. T h e  Index  of P lan t D i s e a s e s  in  

U .S .A .  (21) l i s t s  two n e m a to d e  d i s e a s e s ,  fo u r  b a c t e r i a l  d i s e a s e s ,  s ix te e n  

d i s e a s e s  c a u s e d  by fungi, one p h y s io lo g ic a l  d i s o r d e r ,  a n d  fo u r  d i s e a s e s  of 

v i r u s  o r ig in ,  on P e la rg o n iu m  d o m e s t ic u m  Bailey, P. g r a v e o le n s  L / H e r . ,

P. h o r to r u m  Bailey, a n d j \  p e l ta tu m  Ait. T h e  know ledge of v i r u s  d i s e a s e s  

of p e la r g o n iu m  i s  scan t ,  a n d  the  eco n o m ic  im p o r ta n c e  of th is  g ro u p  i s  u n ­

known. C ro w n -g a l l  a n d  le a f y -g a l l  a r e  of m in o r  im p o r ta n c e  a m o n g  b a c t e r i a l  

d i s e a s e s .  F ung i,  c a u s in g  r o o t - r o t s ,  le a f sp o ts ,  an d  o th e r  d i s e a s e s ,  have
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b e e n  of lo c a l  im p o r ta n c e .  L e a f  n e m a to d e s  a n d  ro o t  n e m a to d e s  h av e  b e en  r e ­

p o r t e d  o c c a s io n a l ly .  S tem  r o t  h a s  b e en  c o n s id e r e d  th e  l im i t in g  f a c to r  in  

p e la r g o n iu m  p ro d u c t io n ,  t h e r e f o r e  th e  p r e s e n t  w o rk  s t a r t e d  a s  an  a t t e m p t  to 

s tu d y  th e  c a u s e  a n d  e v a lu a te  th e  r o le  of so m e  f a c to r s  a f fe c t in g  d i s e a s e  d e v e l ­

o p m e n t .  O u r  own o b s e r v a t io n s ,  a s  w e ll  a s  th o se  of o th e r s ,  have  in d ic a te d  

th a t  c e r t a i n  e n v i ro n m e n ta l  an d  g e n e t ic  f a c to r s  a l s o  m a y  a f fe c t  the  o c c u r r e n c e  

a n d  d e v e lo p m en t  of s te m  ro t  in p e la rg o n iu m  p la n ts .  At f i r s t  the  s tudy  w as 

c o n c e r n e d  p r i m a r i l y  w ith  b a c t e r i a l  s te m  ro t,  but a s  the  p r o g r a m  d ev e lo p ed  

i t  b e c a m e  a p p a r e n t  th a t  th i s  co u ld  not be s e p a r a te d  e n t i r e ly  f ro m  v i r u s  

d i s e a s e s .

T h e  n a tu r a l  h a b i ta t  of p e la rg o n iu m  i s  in  th e  G r e a t  K aro o  r e g io n  in 

South A f r ic a .  S i lu r ia n  so il ,  r i c h  in c a lc iu m  and  p o ta s s iu m ,  m o d e r a te ly  h igh 

a l t i tu d e  w ith  cool n ig h ts  an d  hot days, a n d  low r a in f a l l  a r e  the  m a in  c h a r a c t e r ­

i s t i c s  of the  e n v i ro n m e n t  in  w hich  th e  genus o r ig in a te d .  Such f a c to r s  sh ou ld  

be ta k e n  in to  a c c o u n t  in  a  c o n s id e r a t io n  of e n v i ro n m e n ta l  e f fe c t s  on d i s e a s e s .  

C u l t iv a te d  p e la r g o n iu m s  (P. h o r t o r u m , _P. z o n a le  A i t . , JP. p e l t a tu m , a n d  P. 

d o m e s t ic u m ) a r e  undoub ted ly  the  r e s u l t  of long  h y b r id iz a t io n  an d  m u ta t io n .  

T h e r e  i s  a l a r g e  n u m b e r  of c u l t iv a te d  v a r i e t i e s  of w o r ld -w id e  d is t r ib u t io n ,  but 

a l l  p r e f e r  a n  e n v i ro n m e n t  r e s e m b l in g  th a t  of the  o r ig in a l  h ab ita t .



3

REV IEW  OF L IT E R A T U R E  

D is t r ib u t io n  of the  D is e a s e

B a c te r ia l  p a th o g en s  have  been  r e p o r t e d  r e p e a te d ly  on c u l t iv a te d  

p e la r g o n iu m s  a s  c a u s in g  s tem  ro t,  l e a f  spot, o r  both. L eq u e t  (26) r e ­

p o r t e d  in  1888 the  o c c u r r e n c e  of b a c te r i a l  s tem  r o t  of p e la r g o n iu m s  in 

F r a n c e ;  th is  r e p o r t  w as  l a t e r  v e r i f i e d  by P r i l l ie u x  an d  D e la c ro ix  (43). 

G a llow ay  (15) n o t ic e d  the  d i s e a s e  in the  U nited  S ta te s  two y e a r s  l a t e r .  

S tone a n d  S m ith  (52) o b s e r v e d  le a f  spo t on le a v e s  of s e v e r a l  p e la rg o n iu m  

v a r i e t i e s  g ro w in g  out of d o o rs  d u r in g  the ra in y  s u m m e r  of 1897 in  M a s s a ­

c h u s e t t s .  T h e y  a s s u m e d  th a t the  d i s e a s e  w as  c a u s e d  by a b a c te r iu m ,  a l ­

though they  cou ld  not i s o la te  b a c te r i a  f ro m  le a f  sp o ts .  F u r t h e r  r e p o r t s  

f ro m  New Z e a la n d  by K irk  in 1907 (24), f ro m  S w itz e r la n d  by T u in m an n  

in 1927 (55), f ro m  H o lland  by van  P o e te re n  in 1932 (41), f ro m  Ita ly  by 

P a s s a la c q u a  in 1933 (36), f ro m  the  U. S. S. R. by V e rg o v sk y  and  V odolaghin  

in 1938 (56), f ro m  H u n g a ry  by K re n n e r  in 1941 (25), f ro m  B raz il  by R obbs 

in  1946 (44), an d  f ro m  D e n m a r k  by H e l lm e r s  in 1952 (19), in d ic a te  the  

w ide g e o g ra p h ic a l  d is t r ib u t io n  of the  d i s e a s e .
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S y m p to m s

X. p e la r g o n i i  a t t a c k s  le a v e s  a n d  s t e m s  on P. h o r to r u m  v a r i e t i e s .  

L e a f  sp o t  is  c o m m o n ly  r e p o r t e d  on g re e n h o u s e  p la n ts ,  e s p e c ia l l y  d u r in g  

th e  w in te r  m o n th s ,  an d  on c e r t a in  v a r i e t i e s .  O ften  the  a p p e a ra n c e  of 

b a c t e r i a l  le a f  spo t c a n  be c o r r e l a t e d  w ith  o c c u r r e n c e  of e d e m a  (19).

T h i s  m a y  be due to i n c r e a s e d  e a s e  of in fec t io n  th ro u g h  e d em a  p u s tu le s  

o r  b e c a u s e  the  s a m e  e n v iro n m e n ta l  co n d it io n s  c a u s e  p u s tu le s  an d  fa v o r  

b a c t e r i a l  in fec tion .

In an  e a r ly  s ta g e  of b a c t e r i a l  in fec t io n  sp o ts  on u p p e r  s u r f a c e s  

of l e a v e s  a r e  d a r k e r  g re e n  than  u n invaded  t i s s u e .  T he  deep g r e e n  i n ­

fe c te d  a r e a  h a s  a w a te r - s o a k e d  a p p e a ra n c e .  A f te r  t h r e e  to f ive  d ay s  the  

sp o ts  b e c o m e  b ro w n ish ,  n e c ro t ic ,  c i r c u l a r  in shape , w ith  d e p r e s s e d  

e p id e r m is ,  s u r ro u n d e d  by p a le  ye llow  z o n es  (19, 28). T he  s iz e  of le a f  

s p o ts  m a y  v a r y  g re a t ly ,  but i s  m o s t  co m m o n ly  five te n th s  to five  m m  

in d ia m e te r .  H e l lm e r s  (19) a n d  M unnecke  (28) have o b s e r v e d  th a t  in 

a d v a n c e d  s ta g e s  of the  d i s e a s e  the  le a f  a r e a  be tw een  sp o ts  m a y  a ls o  tu rn  

b ro w n  an d  d ie . In y o u n g e r  l e a v e s  the  d i s e a s e  m ay  c a u s e  so m e  w rin k l in g  

of le a f  b la d es ,  r e s e m b l i n g  so m ew h a t  th e  " le a f  c u r l ” c a u s e d  by v i r u s  i n ­

fe c t io n  (19). H ow ever, the  sp o ts  of le a f  c u r l  d if fe r  f ro m  b a c t e r i a l  sp o ts



in  th a t  th e  f o r m e r  a r e  m o s t ly  i r r e g u l a r  an d  in d is t in c t  in  ou tline , la c k  the  

y e l lo w ish  r i m s  a n d  a r e  n e v e r  n e c r o t i c  (19). Both w o r k e r s  c i t e d  above  

o b s e r v e d  th a t  sp o ts  r a r e l y  c o a le s c e ,  but th e  w hole  a t ta c k e d  le a f  in e x t r e m e  

c a s e s  m a y  b e c o m e  w i th e re d  an d  f la c c id .  A c o n t r o v e r s y  e x i s t s  c o n c e rn in g  

b a c t e r i a l  p e n e t r a t i o n  f ro m  in v ad ed  la m in a  into th e  s te m  th ro u g h  the  p e t io le .  

H e l lm e r s  (19) b e l ie v e s  th a t  such  p e n e t r a t io n  r a r e l y  ta k e s  p la c e ,  but 

M u n n eck e  (28) th in k s  the  b a c t e r i a  c an  s p r e a d  th ro u g h  the  v a s c u l a r  s y s te m  

of the  p e t io le  dow nw ard  to the  s te m  an d  b eco m e  s y s te m ic  f ro m  the  o r ig in a l  

le a f  spot.

C o n s id e ra b ly  l e s s  a t te n t io n  h a s  been  p a id  to s te m  ro t  th an  to le a f  

spot, d e sp i te  the  m uch  g r e a t e r  d a m ag e  c a u s e d  by the  f o r m e r .  A s the  f i r s t  

sy m p to m  of s te m  r o t  o r  " b la c k  r o t" ,  the  le a v e s  of a f fe c te d  p la n ts  tu r n  dull 

g re e n ,  in d ic a t in g  im p r o p e r  fu n c tio n in g  of v e s s e l s .  A p p e a ra n c e  of a n g u la r  

o r  v - s h a p e d  sp o ts  on th e  le a v e s ,  w il t in g  of so m e  le a v e s ,  an d  o c c a s io n a l  

n e c r o s i s  of g ro w in g  p o in ts  a lo n e  o r  a l l  c o m b in e d  a r e  the  next e x te r n a l  s ig n s  

of s te m  r o t  (19, 28). T h e s e  s y m p to m s  a r e  l a t e r  a c c o m p a n ie d  by d i s c o l o r a ­

tio n  of the  s te m ; b row n c o lo r  fo llow ed  by b la ck e n in g  is  the  m o s t  p o s i t iv e  

c h a r a c t e r i s t i c  of s te m  ro t .  C r o s s  s e c t io n s  of d i s c o lo r e d  s t e m s  show  th a t  

v a s c u l a r  a n d  f ib ro u s  t i s s u e s  a n d  e p id e r m is  a r e  the  only u n d a m ag e d  p a r t s ,  

w ith  m e d u l la  an d  c o r t e x  p a r e n c h y m a  b e c o m in g  a d a rk  n o n v isco u s  m a s s  (19). 

In s t i l l  l a t e r  s ta g e s  the  d i s e a s e d  s te m  b e c o m e s  a  d ry  hollow  c y l in d e r .
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T h e  P a thogen

T h e  c a u s a l  o rg a n is m  c a n  be i s o la t e d  e a s i l y  f ro m  d i s e a s e d  p la n t s .

S tem  is o la t io n s  u su a l ly  y ie ld  p u r e  c u l tu r e s .  S m ith  in  v o lu m e  2 of "B a c te r ia  

in R e la t io n  to P la n t  D is e a s e s "  (48) s t a t e d  th a t  a  y e llo w  o rg a n is m  w ith  a  p o l a r  

f la g e l lu m  w as  i s o la t e d  f ro m  p e la r g o n iu m  le a f  sp o ts  an d  th e  d i s e a s e  w a s  r e ­

p ro d u c e d  on in o c u la t io n .  L e w is  (27) p ro b a b ly  w as  the  f i r s t  to  d i s c o v e r  the  

c a u s a l  o r g a n i s m  in  le a f  sp o ts  of E ro d iu m  a n d  P e la r g o n iu m ; he  n a m e d  it  

B a c te r iu m  e r o d i i . L a t e r  Brown (5) s tu d ie d  th e  l e a f  sp o t  o rg a n is m  an d  m a d e  

in o c u la t io n  t e s t s .  S ince h e r  i s o la te  b e h av e d  d i f f e r e n t ly  in  b io c h e m ic a l  an d  

in o c u la t io n  t e s t s  f ro m  th o se  d e s c r ib e d  by L ew is ,  she  s u g g e s te d  th e  n a m e  

B a c te r iu m  p e la r g o n i i  fo r  the  c a u s a l  o rg a n is m .

Dodge an d  Swift (10) in 1932 in o c u la te d  p e la r g o n iu m  p la n ts  w ith  

b a c t e r i a  i s o la t e d  f ro m  le a f  sp o ts  a n d  p ro d u c e d  s te m  ro t .  A lthough they  d id  

not co n c lu d e  th a t  th e  s a m e  o rg a n is m  w as  c a u s in g  both  le a f  spo t a n d  s tem  

ro t ,  t h e i r  w o rk  s u g g e s ts  su ch  a  c o n c lu s io n .  On th e  b a s i s  of c o m p re h e n s iv e  

b a c te r io lo g ic a l  a n d  p la n t  p a th o lo g ic a l  s tu d ie s ,  H e l lm e r s  (19) show ed  th a t  

le a f  sp o t  a n d  s te m  r o t  w e r e  two p h e n o m e n a  of a  s in g le  d i s e a s e  c a u s e d  by 

X an th o m o n as  p e la r g o n i i  (Brown) S t a r r  e t Burkh. M unnecke  (28) in  1954, 

w o rk in g  w ith  le a d in g  A m e r ic a n  p e la r g o n iu m  v a r i e t i e s ,  c o n f i rm e d  H e llm e rs*
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f in d in g s .  S t a r r  e t  a l  (51) m a d e  c o m p a r a t i v e  b io c h e m ic a l  a n d  c u l tu r a l  d e t e r ­

m in a t io n s  a n d  c r o s s  in o c u la t io n  t e s t s  w ith  a u th e n t ic  c u l tu r e s  o f  X. p e la r g o n i i  

a n d  X.  g e r a n i i  a n d  sho w ed  th a t  th e s e  two s p e c ie s  w e r e  id e n t ic a l  a n d  s u g ­

g e s t e d  th a t  th ey  sh o u ld  be c o m b in e d  a s  X a n th o m o n as  p e la r g o n i i  (Brown)

S t a r r  e t  Burkh.

L e w is  (27), Brown (5), H e l lm e r s  (19), an d  S t a r r  e t  a l  (51) have  d e s ­

c r i b e d  th e  o rg a n is m  in de ta i l ,  a lo n g  w ith  r e s u l t s  of b io c h e m ic a l  a n d  in o c u la ­

t io n  t e s t s .  T h e  o rg a n is m  is  a  r o d - s h a p e d ,  g r a m  n e g a t iv e  b a c te r iu m  w ith  

ro u n d e d  ends , m e a s u r in g  1. 0 to 1. 5 by 0. 5 to  0 .7yu. No s p o r e s  a r e  fo r m e d .  

It i s  m o t i le  by m e a n s  of one p o l a r  f la g e l lu m . In c u l tu r e  i t  i s  u s u a l ly  b o rn e  

s ing ly , in  p a i r s ,  o r  o c c a s io n a l ly  in  c h a in s  of 2 -1 6  c e l l s .  Brown found th a t  

c e l l s  f r o m  a g a r  c u l tu r e s  w e re  s l ig h t ly  s m a l l e r  th an  th o s e  f ro m  d i s e a s e d  

p la n t  m a t e r i a l s .  T he  o rg a n is m  w as  found to  be a e r o b ic  by L ew is  (27) a n d  

Brow n (5). H e l lm e r s  (19) found th a t  th e  b a c t e r i a  s u r v iv e d  t h r e e  m o n th s  a t  

m in u s  7 °C . O p tim a l t e m p e r a t u r e  w a s  abou t 27® C, an d  th e r m a l  d e a th  p o in t 

w a s  5 1 -5 2 °C . C e l ls  r e s i s t e d  d ry in g  a t  ro o m  t e m p e r a t u r e  f o r  s ix  days  (5, 27) 

a n d  d id  not g ro w  in  n u t r i e n t  c u l tu r e s  below  pH  5. 7 an d  above  pH 8 .7  (5).

X. p e la r g o n i i  g ro w s  on a  w ide  v a r i e ty  of n u t r i e n t  m e d ia ,  m a k in g  e s ­

p e c ia l ly  good g ro w th  on two p e r  c e n t  p o ta to  d e x t ro s e  a g a r  a n d  on a u to c la v e d  

p o ta to  p lu g s  (19). At f i r s t  th e  d i r ty -w h i te  c o lo n ie s  a r e  c i r c u l a r ,  convex,
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sh iny , w ith  e n t i r e  m a r g i n s .  On a u to c la v e d  p o ta to  p lu g s  c r e a m y  to  ye llow  

c o lo n ie s  a r e  fo r m e d .  G e la t in  i s  l iq u e f ie d  s low ly  (19, 51).

M o s t  c h a r a c t e r i s t i c  b io c h e m ic a l  p r o p e r t i e s  of the  o r g a n is m  a r e  the  

f o r m a t io n  of a c id  f ro m  a  w ide  v a r i e t y  of c a r b o n  c o m p o u n d s  w ithout g a s  

p r o d u c t io n  (T ab le  I), u t i l iz a t io n  of m an y  o rg a n ic  a c id s ,  so m e  l ip o ly t ic  an d  

p e c t in o ly t ic  a c t iv i ty ,  b reak d o w n  of p e p to n e s  an d  o th e r  c o m p le x  n i t ro g e n o u s  

co m p o u n d s  p ro d u c in g  a m m o n ia ,  p ro d u c t io n  of h y d ro g en  su lf ide , an d  i n ­

a b i l i ty  to r e d u c e  n i t r a t e s .  S ince  a l l  w o r k e r s  do no t a g r e e  e n t i r e ly  a s  to 

b io c h e m ic a l  r e a c t io n s ,  c o m p a r a t iv e  d a ta  a r e  g iven  in  T a b le  I.

T h e  D is e a s e

Brown s t a t e s  th a t  p e la r g o n iu m  le a f  sp o t  in e a s t e r n  U n ite d  S ta te s ,  is  

a  g re e n h o u s e  d i s e a s e  o c c u r r in g  l e s s  f r e q u e n t ly  out of d o o rs .  She l i s t s  h igh 

t e m p e r a t u r e ,  h igh  hum id ity , an d  a l l  o th e r  f a c to r s  w h ich  w eak en  the  h o s t  a s  

f a c t o r s  w h ich  p r o m o te  d i s e a s e  d ev e lo p m en t.  U n le s s  the  p h y s ic a l  c o n d it io n  

of th e  p la n t  i s  w eakened , th e  d i s e a s e  i s  not s e r io u s .  She a ls o  m a k e s  a  

g e n e r a l  s ta te m e n t  " f ro m  a l l  th e  e v id en c e  g a th e r e d  the  o rg a n is m  s e e m s  to 

be  one  h a r b o r e d  in  th e  s o i l" .  B row n’s op in ion  w as th a t  i n s e c t s  d id  not p la y  

a n  im p o r ta n t  p a r t  in  the  t r a n s m i s s i o n  of the  d is e a s e ,  an d  th e r e f o r e  s p l a s h ­

ing, c o n ta m in a te d  w a te r  d ro p s  w e re  th e  m a in  m e a n s  of d i s s e m in a t io n .
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TABLE I

COMPARISON OF BIOCHEMICAL REACTIONS OF X. PELA RG ON II

S u b s t r a te  o r   P ro d u c ts  F o r m e d  A c c o rd in g  To______
R e a c t io n  H e l lm e r s  (19) S t a r r  e t  a l (51)

C a rb o n  C om pounds: 
x y lo se  
d e x t r o s e  
g a la c to s e  
m a n n o se  
s u c r o s e  
la c to s e  
m a l to s e  
s t a r c h  
d e x tr in  
g ly c e ro l  
m a n n ito l  
s o rb i to l  
s a l i c in

O rg a n ic  A c id s :  
a c e t ic  
c i t r i c  
f o r m ic  
la c t ic  
m a l ic  
m a lo n ic  
p y ru v ic  
h ip p u r ic  
t a r t a r i c

R ed u c tio n  of NO^ 
F o r m a t io n  of NH 3  

F o r m a t io n  of H^S 
A ction  on l i tm u s  m i lk  
F o r m a t io n  of in d o le  
V o g e s - P r o s k a u e r  r e ­

a c t io n  
L ip o ly t ic  a c t iv i ty  
P ec tinoL  a c t iv i ty

acid , no g a s
t f

no acid , no g a s  
no h y d ro ly s is

ac id , no g a s  

no ac id , no gas

no re d u c t io n  
a m m o n ia  fo r m e d  
h y d ro g en  su lfide  fo r m e d  
p e p to n iz ed  
none

. ,a ba c id  , no gas
♦ T 11

no ac id , no g a s  
no h y d ro ly s is  
no acid , no g a s  
acid , no gas  
so m e  acid , no g a s  
no acid , no gas

f T f t

a lk a l in e  r e a c t io n

not u t i l iz e d
r f

no re d u c t io n

h y d ro g en  su lf id e  f o r m e d  
p e p to n iz e d

n eg a tiv e  
s l ig h t ly  p o s i t iv e  
s low

a O rg a n ic  a c id s  fo r m e d  f ro m  c a rb o n  co m p o u n d s .

^ P o s i t i v e  f o r  g a s  in d ic a te s  p ro d u c t io n  of C 0 2  f ro m  c a rb o n  co m p o u n d s .



JO

H e l l m e r s  found th a t  l e a v e s  w e r e  a t t a c k e d  f i r s t ,  bu t in  th e  p r e s e n c e  

o f  m o i s t u r e  th e  b a c t e r i a  co u ld  a t t a c k  w ounded  s t e m s  a n d  p e t io l e s  a s  w ell.

He d id  no t f in d  e v id en c e  to  in d ic a te  th a t  th e  o r g a n i s m  in v ad ed  s t e m s  f ro m  

le a f  sp o ts  v ia  p e t io l e s .  T h e r e f o r e ,  he  w a s  c o n v in ce d  th a t  s p r e a d  of b a c ­

t e r i a  to o k  p la c e  f ro m  le a f  sp o ts  by m e a n s  of c o n ta m in a te d  w a te r  d ro p s  o r  

by i n s e c t s .  In th is  way le a f  sp o ts  w e r e  a  s o u r c e  of p r i m a r y  in o cu lu m  f ro m  

w h ich  so i l  w a s  in f e s t e d  a n d  th e  s te m  r o t  s ta g e  in i t ia te d .  In fec tion  took  

p la c e  e i t h e r  th ro u g h  the  s to m a ta  a n d  h y d a th o d es  of the  leaf , o r  th ro u g h  

w ounds a n d  le a f  s c a r s  on th e  s te m .  H e l lm e r s  a l s o  c o n s id e r e d  s p r e a d  of 

d i s e a s e  th ro u g h  c u t t in g s  a s  an  im p o r ta n t  f a c to r .

B row n’s an d  H e l l m e r s ’ s t a t e m e n t s  w e re  b a s e d  m o s t ly  on o b s e r ­

v a t io n s  r a t h e r  th an  on c o n t r o l le d  e x p e r im e n t s .  M unnecke  (28) h a s  p r e s e n t e d  

e x p e r im e n ta l  e v id en c e  on so m e  of the  p r o b le m s .  H is  e x p e r im e n t s  in c lu d e d  

d e te r m in a t io n  of h o s t  ra n g e ,  v a r i e t a l  s u sc e p t ib i l i ty ,  s u rv iv a l  of the  o r ­

g a n is m  in  so il ,  c a r r y  o v e r  of the  b a c t e r i a  in c u tt in g s ,  a n d  d i s s e m in a t io n .

He d e m o n s t r a t e d  th e  s u s c e p t ib i l i ty  ofJP^ d o m e s t i c u m , P. h o r t o r u m , an d  P. 

p e l ta tu m ,  th u s  c o n f i r m in g  the  r e s u l t s  of H e l lm e r s  (19). S t a r r ,  V o lcan i 

a n d  M u n n eck e  (51) found th a t  G e ra n iu m  m a c u la tu m  L. , G_. san g u in eu m  L. ,

G . p r a t e n s e  L . , G. s y lv a t icu m  L . , a n d G .  y e d o en se  F r a n c h .  e t Sav. w e re  

s u s c e p t ib le  to le a f  in o c u la t io n s  by th e  o r g a n i s m .  H ow ever, th e  d e g r e e  of 

s y m p to m - e x p r e s s io n  by d i f f e r e n t  s p e c ie s  v a r ie d .
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In a  f ie ld  t r i a l  by M u n n eck e  (29) h e av y  lo a m  so il  w as  in f e s te d  by 

p lo w in g  u n d e r  p e la r g o n iu m  p la n t s  p r e v io u s ly  in o c u la te d  w ith  p u r e  c u l tu r e  of 

X. p e l a r g o n i i . A p o r t io n  of the  f ie ld  w a s  p la n te d  im m e d ia te ly  w ith  R ad io  

R ed  r o o te d  c u t t in g s  a n d  o th e r  p o r t i o n s  w e re  p la n te d  a t  i n t e r v a l s  of one, two 

a n d  12 m o n th s  t h e r e a f t e r .  T h e  n u m b e r  of d i s e a s e d  p la n t s  d e c r e a s e d  r a p id ly  

a s  th e  in te r v a l  a f t e r  p lo w in g  i n c r e a s e d .  T h e  p e r c e n ta g e  of in fe c te d  p la n ts  

p la n te d  im m e d ia te ly  a n d  a t  i n t e r v a l s  of one, two, an d  1 2  m o n th s  w as  found 

to be 100, 20, 11, a n d  0 r e s p e c t iv e ly .  F r o m  th e s e  d a ta  M unnecke  c o n ­

c lu d e d  th a t  s u rv iv a l  of_X_. p e la r g o n i i  in so il  d ep en d ed  upon the  r a t e  of d e ca y  

of in fe c te d  p la n t  m a t e r i a l  an d  w as  p r e s u m a b ly  nil a f t e r  s ix  m o n th s .

C a r r y - o v e r  of b a c t e r i a  in c u t t in g s  w as  t e s t e d  by ta k in g  c u t t in g s  

f r o m  s te m  in o c u la te d  p la n t s  of five v a r i e t i e s  b e fo re  ino cu la t io n ,  an d  a t  

in t e r v a l s  of one, th r e e ,  nine, 23 a n d  35 days  a f t e r  in o c u la t io n  (28).

D is e a s e  w as found to be t r a n s m i t t e d  f ro m  s y m p to m le s s  s to c k  p la n ts  ev en  in 

e a r l y  s ta g e s  a f t e r  in o c u la t io n .  A p p ro x im a te ly  20 p e r  cen t  of a l l  th e  c u t ­

t in g s  w e re  in fe c te d  r e g a r d l e s s  of the  t im e  in te r v a l  a f t e r  in o c u la t io n .

In d is s e m in a t io n  t e s t s  M unnecke  (28) p r o v e d  th a t  c a u s a l  b a c t e r i a  

w e r e  s p r e a d  f ro m  d i s e a s e d  c u t t in g s  to a d ja c e n t  h ea l th y  c u t t in g s  th ro u g h  

the  r o o t in g  m e d iu m , by c o n ta m in a te d  c u t t in g -k n iv e s ,  an d  by r a in  o r  o v e r ­

h e a d  w a te r in g .
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E n v i ro n m e n ta l  F a c t o r s

No r e p o r t s  a r e  known d e a l in g  w ith  th e  e f fe c t  of e n v i ro n m e n ta l  

f a c t o r s  on d e v e lo p m e n t  of b a c t e r i a l  b ligh t in  p e la r g o n iu m s ,  e x c e p t  g e n e r a l  

s t a t e m e n t s  f r o m  Brown (5) a n d  P o s t  (42). Brown s t a t e d  th a t  " th e  d i s e a s e  

is  not a  s e r io u s  one u n le s s  the  p h y s ic a l  co n d it io n  of the  p la n t  i s  w e ak en ed  

by too r a p id  g ro w th  an d  too m o is t  o r  too w a rm  an  a t m o s p h e r e ” . P os t  

g iv e s  h igh t e m p e r a t u r e  a s  the  so le  r e a s o n  fo r  f a i lu r e  of p e la rg o n iu m  c u l ­

t u r e  in  th e  s o u th e rn  s t a t e s .

V i ru s  D i s e a s e s

Som e in fo rm a t io n  is  a v a i la b le  c o n c e rn in g  p e la r g o n iu m  v i r u s  d i s ­

e a s e s .  S e e l ig e r  (46) in  1926, a n d  P ape  (33, 34) in 1927 an d  1928, r e p o r t e d  

a n d  d e s c r ib e d  a v i r u s  d i s e a s e  s p r e a d in g  r a p id ly  on c u l t iv a te d  p e la r g o n iu m s  

in G e rm a n y .  P ape  n a m e d  i t  " K r d u s e lk r a n k h e i t ” ( le a f  c u r l ) .  V e rp la n c k e  (57) 

in 1932 r e p o r t e d  le a f  c u r l  in Belgium, P e th y b r id g e  an d  S m ith  (37) in E ngland, 

a s  a  v e r y  co m m o n  d is e a s e ,  B lattny (3) in 1933 in C ze c h o s lo v a k ia ,  Jones  (22) 

in 1938 in  the  U nited  S ta te s ,  B e rk e ley  (2) in C anada , C alv ino  (9) in Italy , 

P a r ie v s k a y a  (35) in 1948 in the  U. S. S. R . , an d  S c h r e i e r  in  1953 (45) in 

A u s t r i a .  T h e  Index of P lan t  D i s e a s e s  in  the  U nited  S ta te s  (21) l i s t s  c u r ly  

top on P. d o m e s t ic u m  an d  P. h o r to r u m  in C a l i fo rn ia ;  le a f  c u r l  on P. h o r to r u m
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in M in n e s o ta ,  New J e r s e y ,  Ohio, P e n n sy lv an ia ,  a n d  W ash in g to n ;  m o s a ic  

on_P_. d o m e s t i c u m , a n d  I \  g r a v e o le n s  in  C a l i fo rn ia  an d  T e x a s .  Jo n es  (23) 

l a t e r  r e p o r t e d  m o s a i c  on P_. h o r to r u m  v a r i e t i e s  in  W ash in g to n . It i s  not 

known th a t  th e s e  d i s e a s e s  a r e  c a u s e d  by s in g le  v i r u s e s ;  r a t h e r  t h e r e  is  

e v id e n c e  to  in d ic a te  th a t  in m a n y  c a s e s  v i r u s  c o m p le x e s  m a y  be invo lved . 

B lattny (3), P a r i e v s k a y a  (35), an d  o th e r s  s u p p o r t  th i s  v iew  on the  b a s i s  

of c o m p le x  s y m p to m - e x p r e s s io n .  S u c c e s s fu l  t r a n s m i s s i o n  of c e r t a in  

v i r u s e s ,  in c lu d in g  s o u th e rn  c e l e r y  v i r u s  (62) a n d  l i ly  r o s e t t e  v i r u s  (49) 

to p e la r g o n iu m  p la n t s  u n d e r  s p e c if ie d  co n d it io n s  a l s o  in d ic a te  th a t  

p e la r g o n iu m s  m a y  h a r b o r  m an y  v i r u s e s .

L e a f  c u r l  (M a r m o r  p e la rg o n i i  H o lm es , P e la rg o n iu m  v i r u s  

1 K. M. S m .)  a  co m m o n  v i r u s  d i s e a s e ,  has  v a r i a b le  sy m p to m  e x p r e s s io n  

on p e la r g o n iu m s .  C o llo q u ia l  n a m e s  like  d ro p sy ,  m e a s l e s ,  c r in k le  an d  

l e a f  ro l l ,  in d ic a te  th e  v a r i a b i l i ty  in  sy m p to m s .  I r r e g u l a r  to c i r c u l a r  

c h lo r o t ic  a r e a s ,  f iv e - te n th  to  five  m m  in d ia m e te r ,  o f ten  c a u s in g  ru ffling , 

c r in k l in g ,  m a l fo rm a t io n ,  a n d  d w a rf in g  of the fo liage , a r e  m o s t  f r e q u e n t ly  

m e n t io n e d  a s  c h a r a c t e r i s t i c  sy m p to m s  (4, 23). T h e  c e n t e r s  of c h lo ro t ic  

s p o ts  m a y  b e co m e  b ro w n  w ith a  c h lo ro t ic  b o r d e r  (23) o r  e longated , co rky , 

r a i s e d  n e c r o t i c  a r e a s  m a y  develop  on the  p e t io le s  an d  s t e m s  (23). In 

o th e r  c a s e s  p a le  sp o ts  on y o u n g e r  le a v e s  m a y  ex p an d  in to  rounded , s te l l a te
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o r  d e n d r i t i c  b lo tc h e s  o f  a  b r ig h t  y e llo w  c o lo r ,  s o m e t im e s  s u r r o u n d e d  by 

one  o r  m o r e  c o n c e n t r i c  r i n g s  of a  l ig h te r  sh ad e  (37, 38, 39). T e m p o r a r y  

r e c o v e r y  i s  a  s t r i k in g  f e a tu r e  of the  d i s e a s e .

M o sa ic  (in p a r t  M a r m o r  c u c u m e r i s  H o lm es ,  C u c u m is  v i r u s  1 

K. M. S m . , in p a r t  u n iden tif ied )  i s  c h a r a c t e r i z e d  by m o t t l in g  of the  fo l iag e  

w ith  l i g h t - g r e e n  a n d  d a r k - g r e e n  a r e a s .  The  l i g h t - g r e e n  in te rv e in a l  a r e a s  

a r e  s u r r o u n d e d  by d a r k - g r e e n  a r e a s  a lo n g  the  v e in s  (23). T h e  le a v e s  a r e  

s m a l l  a n d  b r a n c h e s  sh o r te n e d ,  the  w hole  p la n t  a p p e a r in g  d w arfed .  T he  

c h lo r o t ic  a r e a s  of a f fe c te d  le a v e s  a r e  thin, p a l l i s a d e  c e l l s  b e in g  sh o r te n ed ,  

i s o - d i a m e t r i c a l ,  w ith  c o m p a c te d  m e so p h y l l .  G ig an te  (16) found th a t  c h lo r o -  

p l a s t s  in  d i s c o lo r e d  a r e a s  a r e  p a le ,  i r r e g u l a r ,  o r  la ck ing . M o sa ic  s y m p ­

to m s  a r e  m a s k e d  d u r in g  th e  s u m m e r  m o n th s  a n d  b e c o m e  m o s t  ev id en t  in 

w in te r  o r  s p r in g  (23).

C u r ly  top (C h lo ro g e n u s  e u te t t ic o la  H o lm es ,  Beta v i r u s  1 S. M. S m .)  

i s  c h a r a c t e r i z e d  by c l e a r i n g  of the  v e in s ,  in w a rd  r o l l in g  of the  le a v e s ,  a n d  

c h lo r o s i s  of l e a v e s  a n d  s t e m s  (13, 23, 47).

T r a n s m i s s i o n  of p e la r g o n iu m  v i r u s e s  h a s  b een  an  i n t e r e s t i n g  

p r o b le m  s in c e  m o s t  of th e  s t a n d a r d  m e th o d s  have  fa i led .  V e rp la n c k e  (57) 

in 1932 p ro b a b ly  w as  f i r s t  to find  th a t  le a f  c u r l  w as  not t r a n s m i s s i b l e  f ro m  

d i s e a s e d  to  h e a l th y  p e la r g o n iu m  by wounding, rubb ing , o r  ro o t  c o n ta c t .
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O nly  g r a f t i n g  w as  s u c c e s s f u l .  P e th y b r id g e  an d  S m ith  (37) r e p o r t e d  a l s o  th a t  

on ly  g r a f t  t r a n s m i s s i o n  w a s  p o s s ib l e .  S ince th e n  g r a f t in g  h a s  b een  th e  m a in  

t r a n s m i s s i o n  m e th o d  in  v i r u s  w o rk  w ith  p e la rg o n iu m ,  a l th o u g h  t h e r e  have  

b e en  m a n y  a t t e m p ts  to t r a n s m i t  v i r u s e s  to  p e la r g o n iu m  p la n ts  by o th e r  m e a n s .  

F r e i t a g  a n d  S e v e r in  (13) s u c c e e d e d  in  t r a n s m i t t i n g  c u r ly  top of s u g a r  b e e ts  

to p e la r g o n iu m  by le a f  h o p p e r s  (E u te t t ix  t e n e l lu s ) ; W e llm an  (62) t r a n s m i t t e d  

s o u th e r n  c e l e r y  v i r u s  by a p h id s  (A ph is  s p . ) and  S m ith  an d  B r ie r le y  (49) 

s im u la te d  l i ly  r o s e t t e  s y m p to m s  by feed in g  in ju r y  of foxg love  a p h id s  (M yzus 

c o n v o lv u li) . T h e r e  i s  e v id e n c e  th a t  so m e  v i r u s e s  m a y  be  t r a n s m i t t e d  

th ro u g h  r o o t s .  S m ith  (50) w o rk in g  w ith  to b acco  n e c r o s i s  found th a t  the  i n ­

fe c t iv e  p r in c ip l e  o c c u r r e d  in  r o o t s  of p e la rg o n iu m  p la n ts  w ithout show ing  

e x te r n a l  s y m p to m s  of in fec t io n .  T h e  in fec t iv e  p r in c ip le  w as  though t to be  

s o i l - b o r n e .  S z i r m a i  (53, 54) r e p o r t e d  th a t  to b a cc o  ro o t  n e c r o s i s  on p e l a r ­

gon ium  c a u s e d  l ig h t  n e c r o t i c  l e s io n s  on the  b a sa l  l e a v e s  a t  low t e m p e r a ­

t u r e s  a n d  u n d e r  p o o r  l ig h t  co n d i t io n s  in the  g re e n h o u s e .

In an  a t te m p t  to  e x p la in  the  m ode  of a c t io n  of to b a cc o  m o s a i c  

v i r u s  in  v a r io u s  p la n ts ,  H i r th  (20) found th a t  s u c c e s s  in  sap  t r a n s m i s s i o n  

w a s  d ep en d en t on ta n n ic  a c id  c o n c e n t r a t io n  an d  on pH of v i r u s  su sp e n s io n  

u s e d .  G e ra n ia ta n n ic  a c id s  e x t r a c t e d  f ro m  p e la rg o n iu m  le a v e s  w e r e  shown 

to in h ib it  th e  v i r u s  a t  h ig h e r  c o n c e n t r a t io n s .  F u r t h e r  e x p e r im e n t s  d e m o n ­
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s t r a t e d  th a t  th e  t a n n in - v i r u s  co m p lex , r e s u l t i n g  f ro m  a c o m b in a t io n  w ith  

th e  p r o t e i n  f r a c t io n  of the  v i r u s ,  c a n  be d i s s o c ia te d  a t  pH 8 . 2, a l lo w in g  

th e  v i r u s  to r e g a in  i t s  o r ig in a l  a c t iv i ty .

No r e p o r t s  a r e  a v a i la b le  d e a l in g  w ith  in te r a c t io n s  of v i r u s  d i s ­

e a s e s  a n d  p e la rg o n iu m  s te m  ro t .  H ow ever, t h e r e  have  been  r e p o r t e d  

s o m e  in s ta n c e s  w h e re  p a th o g en ic  o r g a n i s m s  w e re  a s s o c i a t e d  w ith  s a p r o ­

p h y te s ,  a n d  e v en  w ith  v i r u s e s  in n a tu re .  In so m e , th e  p r e s e n c e  of the  

s a p ro p h y te  in te n s i f ie d  the  v i ru le n c e  of the  p a th o g en  ( s y n e rg is m )  a s  in the  

b a c t e r i a l  d i s e a s e  of ivy (7); w h ile  in o th e r s ,  the  r e v e r s e  h ap p en ed  ( a n ta ­

g o n ism ) a s  in ha lo  b ligh t of b e an s  in A u s t r a l i a  (1). H ed g es  (17, 18) i n ­

v e s t ig a t in g  the  a s s o c ia t i o n  of c o m m o n  bean  m o s a i c  w ith  the  b e a n -w i l t  

p a th o g en , show ed  th a t  the  v i r u s  not only  m a s k e d  the  e f fe c ts  of the  b a c te r iu m ,  

but a l s o  c a u s e d  it to b e co m e  l e s s  v i ru le n t .  S im i la r  s y n e r g i s t i c  an d  a n t a ­

g o n is t ic  a s s o c ia t i o n s  b e tw een  v i r u s e s  and  m ic r o o r g a n i s m s  a r e  known 

f r o m  a n im a l  pa th o lo g y  ( 1 1 ).
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M A T E R IA L S AND M ETHODS

P e la rg o n iu m  h o r to r u m  v a r i e ty  R ic a r d  w as  u s e d  in  m o s t  e x p e r im e n t s  

s in c e  it  w as  found to  be h igh ly  s u s c e p t ib le  to b a c t e r i a l  b ligh t. B e t te r  T im e s  

a n d  R ad io  R ed  v a r i e t i e s  a n d  P. h o r to r u m  s e e d l in g s  w e re  u s e d  in so m e  e x ­

p e r i m e n t s .  In o r d e r  to  e l im in a te  p la n ts  w ith  la te n t  b a c t e r i a l  in fec t io n s ,  

ro o te d  c u t t in g s  g ro w in g  in t h r e e - i n c h  p o ts  w e re  kep t fo r  two w e ek s  a t  27° C 

n igh t t e m p e r a t u r e .  D u r in g  the  p r e - e x p e r i m e n t a l  p e r io d  a l l  p la n t s  w e re  

t r e a t e d  u n ifo rm ly .  T h e y  w e re  w a te r e d  d a ily  w ith  d i s t i l l e d  w a te r  an d  fed  

w eek ly  w ith  the  b a s a l  n u t r ie n t  so lu t io n  equal to one H oag land  (14).

X a n th o m o n as  p e la r g o n i i  i s o l a t e s  w e re  o b ta in e d  f ro m  n a tu r a l ly  

in fe c te d  p e la r g o n iu m  s te m s .  In m o s t  of the  e x p e r im e n t s  i s o la te  182 w as  

u sed .  S tock  c u l tu r e s  w e r e  kept u n d e r  r e f r i g e r a t i o n  on a u to c la v e d  p o ta to  

p lu g s  f ro m  w hich  f r e s h  p o ta to  d e x t ro s e  b ro th  c u l tu r e s  w e re  p r e p a r e d  fo r  

in o c u la t io n s .  P a th o g e n ic i ty  of c u l tu r e s  w as  c h e c k e d  a t  in t e r v a l s .  I s o la te s  

m o s t  f r e q u e n t ly  u s e d  w e re  kept a ls o  in  s to c k  p la n ts  fo r  r e i s o la t io n s  when 

need ed . F if ty  m l of p o ta to  d e x t r o s e  b ro th  in  250 m l E r l e n m e y e r  f la s k s  

w e re  in o cu la ted ,  kept fo r  48 h o u r s  u n d e r  c o n s ta n t  sh ak in g  an d  u s e d  a s  in o c u ­

lu m . In so m e  c a s e s  b a c t e r i a  w e re  th ro w n  down by c e n t r i fu g in g  a t  4400 t im e s  

g ra v i ty  (R. C. F . ) f o r  30 m in u te s ,  w a sh e d  w ith  p h y s io lo g ic a l  fluid, f i l t e r e d  

th ro u g h  s i n t e r e d  g l a s s  f i l t e r ,  r e s u s p e n d e d  in p h y s io lo g ic a l  fluid , an d  u s e d  a s  

in o cu lu m .
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F o r  in o cu la t io n ,  s t e m s  of t e s t  p la n t s  w e re  p u n c tu r e d  w ith  a n e e d le  

a n d  a s m a l l  co t to n  p lu g  d ip p ed  in  b a c t e r i a l  s u s p e n s io n  w as  i n s e r t e d  a n d  le ft  

in  the  wound. In so m e  c a s e s  l e a v e s  w e r e  in o c u la te d  by s p ra y in g  b a c t e r i a l  

s u s p e n s io n  on the  l e a v e s  w ith  a g l a s s  a to m iz e r ,  k e ep in g  the  p la n t s  t h e r e ­

a f t e r  fo r  48 h o u rs  in a  fog c h a m b e r .

C o m p o s i t io n  of so lu t io n s  u s e d  in e x p e r im e n t s  to d e te r m in e  the  

e f fe c t  of m in e r a l  n u t r i t io n  on d i s e a s e  d ev e lo p m en t  is  g iven  in T a b le s  II an d  

III. T h e  s a l t  c o n c e n t r a t io n  of the  b a s a l  n u t r i e n t  so lu t io n  ( 1 H), w h ich  w as 

id e n t ic a l  to  th a t  u s e d  by G a lleg ly  a n d  W a lk e r  (14) w as  r e d u c e d  to o n e - te n th  

(. 1H) a n d  o n e -h a l f  (. 5H) an d  i n c r e a s e d  tw ice  (2H), an d  th r e e  t im e s  (3H).

H igh n i t ro g e n ,  h igh p h o s p h o ru s ,  an d  h igh p o ta s s iu m  s o lu t io n s  w e re  p r e p a r e d  

by in c r e a s i n g  th e  a m o u n ts  of th e  r e s p e c t iv e  io n s  c o n ta in e d  in the  b a sa l  s o lu ­

tion  by th r e e  t im e s .  S o lu tions  fo r  low n itro g en , p h o s p h o ru s ,  an d  p o ta s s iu m  

w e r e  p r e p a r e d  by d e c r e a s i n g  the  a m o u n ts  of th e s e  io n s  co n ta in ed  in b a sa l  

so lu t io n  to o n e - th i r d  of n o rm a l .  A ll o th e r  c o n s t i tu e n ts  w e r e  kep t a t  1H le v e l .  

O sm o tic  p r e s s u r e  of the  so lu t io n s  w e r e  kept on the  s a m e  le v e l  by add ing  

c a lc u la te d  a m o u n ts  of N a C l  to the  s to c k  so lu t io n s .  All so lu t io n s  c o n ta in ed  

the  s a m e  a m o u n t  of m i c r o e l e m e n t s  (T ab le  II). Basal (1H) so lu t io n  w as c o n ­

s i d e r e d  a s  h igh  c a lc iu m  le v e l .  F o r  the  m e d iu m  lev e l  C a w as  r e d u c e d  to one- 

fif th  an d  f o r  the  low le v e l  to o n e - s e v e n te e n th  the  Ca le v e l  of the  n o rm a l  s o lu ­

t io n  (T ab le  III).
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TABLE II

COMPOSITION OF HOAG LAND'S SOLUTION USED FOR STUDYING HOST NUTRITION IN 
R E L A T IO N  TO D E V E L O PM E N T  OF BACTERIAL BLIGHT OF PELA RG ON IU M a

S tock  S o lu tion Ml of S tock  Solu tion  p e r  10 1. of N u tr ie n t  S o lu tion^
(1 M) B asal High N Low N High P Low  P High K Low  K

C a ( N 0 3) 2. H 20 50 50 50 50 50 50

KNO 3 50 50 15 50 50 50

k h 2 p o 4 1 0 1 0 1 0 1 0 1 1 0 - -

M g S 0 4 . 7H20 2 0 2 0 2 0 2 0 2 0 2 0 2 0

C a C l2 . 2H20 50

N aNG 3 300 50

KC1 -- 35 9 1 2 0 6

N aH 2 P 0 4 . H20 - - 2 0 1 0

N aC L C 300 - - 300 270 304 180 292

a A f te r  G a lleg ly  and  W a lk e r  (14)

^One m l  of m in o r  e le m e n t  s to c k  so lu tio n  (H 3 BO3 , 2. 818 g. ; C uC l2 . 2 H 2 O, 0. 042 g. ; 
Z n C l2 , 0. 0434 g. ; M n C l2 . 4H 2 0 ,  1 . 815 g. ; F e C l3 . 6 H2 O, 5. 0 g. ; d i s t i l l e d  H 2 0 , 
1 0 0 0  m l)  a d d ed  to one 1 . of n u t r i e n t  so lu tion .

0
U se d  only in s tu d ie s  w ith  u n b a lan c e d  so lu t io n s  fo r  a d ju s t in g  o s m o t ic  v a lu e s  
eq u a l  to th a t  in the  high N so lu t io n s .
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TABLE III

COMPOSITION OF HOAG LAND'S SOLUTION USED FO R  STUDYING Ca 
NUTRITION OF HOST IN R E L A T IO N  TO D E V E L O PM E N T  

OF BACTERIAL BLIGHT OF PELARGONIUM

Stock  Solu tion
M l of S tock  Solu tion  p e r  10 1. of N u tr ie n t  S o lu tiona

High Ca M edium  Ca Low  Ca

C a ( N 0 3)2 . H 2 0 50 1 0 3

k n o 3 50 50 50

k h 2 p o 4 1 0 1 0 1 0

M g S 0 4 . 7H20 2 0 2 0 2 0

N a N 0 3 80 94

One m l of m in o r  e le m e n t  s to c k  so lu tio n  (see  T a b le  II) w as  a d d ed  to 
one 1 . of n u t r i e n t  so lu tio n .
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Sodium  s e q u e s t r e n a te ,  w hich  is  o ften  u s e d  a s  a s o u r c e  of iro n ,  

w as  found to be v e r y  to x ic  to p e la r g o n iu m s .  F o r  th i s  r e a s o n  F e C l^ .  6 H 2 O 

(s e e  T a b le  II) w as  u s e d  a s  the  i ro n  s o u rc e .

F o r  n u t r i t io n  e x p e r im e n t s ,  c u t t in g s  (v a r .  R ic a rd )  w e re  s e le c te d  

fo r  u n i fo rm i ty  an d  w e re  g ro w n  u n d e r  u n ifo rm  c o n d it io n s  p r e c e d in g  in o c u la ­

t ion . R o o ts  w e r e  w a sh e d  an d  the  p la n t s  w e re  se t  in c le a n  w hite  s i l i c a  s an d  

(g ra d e  no. 4) in e ig h t inch  v a r n i s h e d  c lay  p o ts .  E a c h  p o t w as  p ro v id e d  

w ith a s iphon  fo r  d ra in a g e  in su ch  a way tha t about 250 m l of u n d ra in e d  

sp a c e  w as  le f t  in th e  bo ttom , a s  w as d e s c r ib e d  by G a l le g ly  an d  W a lk e r  (14). 

F o u r  ro o te d  c u t t in g s  w e re  p la n te d  p e r  pot. A f te r  fo u r  w eek s  of feed in g  

da ily  w ith  h a lf  H o ag land  b a la n c e d  n u t r i e n t  so lu t io n  an d  w eek ly  f lu sh in g  w ith  

d i s t i l l e d  w a te r ,  p la n ts  w e re  once  m o r e  s e le c te d  fo r  u n i fo rm i ty  an d  n u m b e re d .  

S c io n s  w e re  ta k en  f ro m  e ac h  p la n t  fo r  v i r u s  indexing , an d  p la n t s  w e re  a r ­

r a n g e d  fo r  t e s t s  on the  g re e n h o u s e  bench. A f te r  30 days  of fe ed in g  s e p a r ­

a te ly  a t  the  v a r io u s  n u tr ie n t  l e v e l s  a l l  p la n ts  w e re  s te m  in o c u la te d  with 

i s o la t e  182. In a l l  n u t r i e n t  e x p e r im e n t s  p la n ts  w e re  fed  d a ily  an d  w a te r e d  

once  a  w eek  w ith  d i s t i l l e d  w a te r  to m in im iz e  the  p o s s ib le  s a l t  a c c u m u la t io n  

in  p o ts .  D i s e a s e  r e a d in g s  w e re  ta k en  10, 20, 30, 40, 50 and  110 days  a f t e r  

in o cu la t io n .

T h e  e x p e r im e n ta l  d e s ig n  u s e d  w as a r a n d o m iz e d  b lock  w ith  t h r e e
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to s e v e n  r e p l i c a t i o n s  d ep en d in g  on th e  n u m b e r  of t r e a t m e n t s .  E a c h  t r e a t ­

m e n t  th u s  c o n ta in e d  n ine  to 15 p o ts ,  w ith 36 to 60 p la n ts ,  a n d  th e  d i s e a s e  

r e a d in g s  w e r e  s u b je c t  to s t a t i s t i c a l  a n a ly s i s .  D i s e a s e  r e a d in g s  ta k e n  50 

d ay s  a f t e r  in o c u la t io n  w e re  a n a ly z e d  s t a t i s t i c a l ly .  T h e s e  r e a d in g s  w e r e  

b a s e d  on th e  fo llow ing  c la s s i f ic a t io n :  0 , h ea lth y ;  1 0 , s l ig h t  but p o s i t iv e  

s y m p to m s ;  2 0 , s l ig h t  d a rk e n in g  of s tem , o c c a s io n a l  p a r t i a l  w il t in g  of 

le a v e s ;  40, b la c k e n in g  of s te m ,  sh ed d in g  of lo w e r  le a v e s ;  60, b la ck  s te m  

r o t  w ith  o c c a s io n a l  tip  n e c r o s i s ;  80, s e v e r e  s te m  ro t ;  1 0 0 , dead.

T h e  p r e s e n c e  of v i r u s e s  in e x p e r im e n ta l  p la n ts  w as  d e te r m in e d  

by g r a f t in g  to v i r u s - f r e e  s e e d l in g  p la n ts .  Sc ions w e re  ta k en  f ro m  p la n ts  

u n d e r  q u es t io n ,  i n s e r t e d  into s t e m s  of s e e d l in g  p la n ts  by v e n e e r  g r a f t s  

a n d  bound  w ith  la te x  b andage . Tw o s e e d l in g s  w e re  g r a f te d  in e a c h  c a s e  

a n d  e a c h  a s s a y  w as  r e p e a t e d  two o r  t h r e e  t im e s .  V iru s  in fec t io n s ,  if 

p r e s e n t ,  c a u s e d  s y m p to m s  on new ly  fo r m e d  le a v e s  of u n d e r s to c k s  abou t 

20 to  40 days  a f t e r  g ra f t in g .
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E X P ER IM E N T A L  R ESU L TS 

E t io lo g ic a l  a n d  D is e a s e  F a c t o r s

In o cu la t io n  M eth o d s

S e v e ra l  m e th o d s  of in o c u la t io n  w e re  t r i e d  to find  th e  m o s t  r e l i a b l e  

m e th o d  fo r  f u r t h e r  e x p e r im e n ta l  w ork . P. h o r to ru m  s e e d l in g s  and  R ic a r d  

r o o te d  c u t t in g s  and  b a c t e r i a l  i s o la te  182 w e re  u sed .  S tem  p u n c tu re ,  le a f  

s p ra y ,  le a f  in jec t io n ,  in o cu la t io n  th ro u g h  the le a f  s c a r s ,  th ro u g h  u n in ju re d  

e p id e r m is ,  an d  th ro u g h  d e c a p i ta te d  s te m  w e re  t r i e d .  T en  s e e d l in g s  an d  

te n  R ic a r d  ro o te d  c u t t in g s  w e re  u s e d  fo r  e ac h  in o cu la t io n  m e th o d . S tem  

p u n c tu re  an d  le a f  s p r a y  te c h n iq u e s  w e re  d e s c r ib e d  in a p r e v io u s  s ec t io n .

F o r  le a f  in je c t io n  the  b a c t e r i a l  s u sp e n s io n  w as  fo r c e d  in to  the  m a in  v e in  of 

the  le a f  th ro u g h  a hollow  g la s s  m ic ro n e e d le .  In o th e r  m e th o d s  la te x  bandage  

w as  u s e d  to a t ta c h  s m a l l  p i e c e s  of r u b b e r  tu b ing  f i l led  w ith  b a c t e r i a l  s u s p e n ­

sion , o v e r  le a f  s c a r s ,  o v e r  the  e p id e r m is  a t in te rn o d e s  o r  o v e r  f r e s h ly  d e ­

c a p i t a te d  s t e m s .  Only s te m  in o c u la t io n  gave  u n ifo rm ly  p o s i t iv e  r e s u l t s .

L e a f  s c a r  and  d e c a p i ta te d  s te m  in o c u la t io n s  o c c a s io n a l ly  p ro d u c e d  s te m  ro t  

s y m p to m s  50 d ay s  a f t e r  in o cu la tio n ,  but le a f  sp ra y ,  le a f  in jec t io n ,  an d  u n ­

in ju r e d  e p id e r m is  f a i le d  to p ro d u c e  s y m p to m s  (T ab le  IV).
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TABLE IV

E F F E C T  OF INOCULATION M ETH O D  ON D E V E L O PM E N T  OF STEM  ROT IN
PELARGONIUM

In o cu la t io n  M eth o d
P e r c e n ta D is e a s e d  P la n ts  in

S eed lin g s R ic a r d  P la n ts

S tem  in o c u la t io n 1 0 0 1 0 0  '

L e a f  s p r a y 0 0

L e a f  in je c t io n 0 0

L e a f  s c a r 30 2 0

U n in ju re d  e p id e r m is 0 0

D e c a p i ta te d  s te m 0 2 0

P e r c e n t  of to ta l  p la n ts  d ev e lo p in g  d i s e a s e .
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H o st  R ange  S tu d ie s

T h e  m a in  p u r p o s e  of t h e s e  e x p e r im e n t s  w as  to t e s t  the  p o s s ib le  

s u s c e p t ib i l i ty  of c o m m o n  f lo w e rs ,  v e g e ta b le s ,  and  w eed s ,  which m ig h t  h a r ­

b o r  th e  o r g a n i s m  a s  a  s o u r c e  of inocu lum  fo r  p e la r g o n iu m .  H e l lm e r s  (19), 

M unnecke  (28), and  S t a r r  e t a l  (51) have  p r e v io u s ly  d e te r m in e d  the  h o s ts  in 

th e  G e ra n iu m  fa m ily  an d  found s u s c e p t ib i l i ty  of v a r io u s  d e g r e e s  in the  f o l ­

low ing  sp e c ie s :  P e la rg o n iu m  h o r to r u m Bailey, P. d o m e s t ic u m  Bailey, P. 

p e l ta tu m  A it. , G e ra n iu m  m a c u la tu m  L. , G. san g u in eu m  L. , G. p r a t e n s e  L . , 

G. sy lv a t ic u m  L . , an d  G. y e d o en se  F ra n c h ,  et Sav.

P la n ts  of 93 s p e c ie s  be long ing  to 40 f a m i l ie s  w e re  s te m  in o c u la te d  

an d  r e - i s o l a t i o n s  w e re  m ad e  a f t e r  one to two m o n th s .  In o cu la t io n s  w e re  

m a d e  to g re e n h o u s e  p la n ts  an d  to o u t - o f - d o o r  p la n ts  in m id - s u m m e r .  When 

g r a m - n e g a t iv e  o r g a n i s m s  w e re  r e c o v e r e d  by r e - i s o l a t i o n s ,  p a th o g en ic i ty  

w as  t e s t e d  by in o c u la t io n  to s t e m - r o t - f r e e  R ic a r d  p la n ts .  At l e a s t  t h r e e  

p l a n t s  o f  e a c h  s p e c ie s  in the  f lo w e r in g  s ta g e  w e re  in o cu la ted .  None of the  

in o c u la te d  p la n ts  d ev e lo p ed  d i s e a s e  sy m p to m s ,  n o r  w e re  p a th o g en ic  i s o la t e s  

r e c o v e r e d .  T h e  fo llow ing  s p e c ie s  w e r e  te s te d :

G ra m in a c e a e :  Z e a  m a y s  L . , D ac ty l is  g lo m e r a ta  L.

C y p e r a c e a e : C a r e x  sp.

L i l i a c e a e :  L i l iu m  r e g a le  W i l s . , L. c a n a d e n se  L.

H o s te a  sp. , H e m e r o c a l l i s  sp.



A m a r y i l i d a c e a e : N a r c i s s u s  p o e t ic u s  L.

I r id a c e a e :  I r i s  k a e m p f e r i  Sieb. , G la d io lu s  h y b r id u s  H o r t .  

S a l ic a c e a e :  S a lix  bab y lo n ica  L. , Popu lus  a lb a  L.

U r t i c a c e a e : U r t ic a  g r a c i l i s  A it. , U lm us  a m e r i c a n a  L. , 

C an n ab is  s a t iv a  L.

P o ly g o n a c e a e : R u m e x  a c e to s e l l a  L. , Polygonum  p e r s i c a r i a  L . , 

F a g o p y ru m  e sc u le n tu m  G a e r tn .

C h e n o p o d ia c e a e : C henopodium  a lbum  L . , A tr ip le x  p a tu la  L. ,

Beta v u lg a r i s  L .

A m a ra n th a c e a e :  A m a ra n th u s  sp. , C e lo s ia  G olden  F le e c e  

N y c ta g in a c e a e : M i r a b i l i s  n y c tag in ea  M ac M.

C a ry o p h y l la c e a e :  D ian thus  sp.

P o r tu la c a c e a e :  P o r tu la c a  o le r a c e a  L.

R an u n cu laceae :  D e lph in ium  sp. , A conitum  n a p e l lu s  L. ,

P aeo n ia  o f f ic in a l is  L„ , N ige lla  s p . , T h a l ic t r u m  

P a p a v e r a c e a e :  C h elidon ium  m a ju s  L . , E s c h s c h o l tz ia  c a l i f o r - 

n ica  C h am .,  P a p a v e r  o r i e n ta le  L.

C r u c i f e r a e :  B r a s s ic a  o le r a c e a  L. , B a rb a re a  v u lg a r i s  R. Br.

C r a s s u l a c e a e :  Sedum  s p e c ta b i le  Boreau

S a x i f r a g a c e a e :  R ib e s  sp. , H e u c h e ra  s p . , H y d ran g ea  sp.
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R o s a c e a e : M a lu s  sp. , R o sa  sp. , F r a g a r i a  sp.

L e g u m in o s a e : R obina  p s e u d o a c a c ia  L. , L u p in u s  p o ly p h y llu s  

L ind l.  , V ic ia  faba  L.

E u p h o r b ia c e a e : E u p h o rb ia  p u l c h e r r i m a  W illd .

B a ls a m in a c e a e : Im p a t ie n s  s p . , B a lsam  sp.

M a lv a c e a e : A lth aea  r o s e a  Cav. , A butilon  T h e o p h r a s t i M ed ic . , 

H ib is c u s  sp.

L y t h r a c e a e : L y th ru m  s a l i c a r i a  L.

O e n a g ra c e a e :  O e n o th e ra  sp.

U m b e l l i fe ra e :  D au cu s  c a r o t a  L.

A p o cy an aceae :  V inca  r o s e a  L. , V. m in o r  L.

A sc le p ia d a c e a e :  A s c le p ia s  s y r i a c a  L.

C o n v o lv u la c e a e : C onvo lvu lus  a r v e n s i s  L.

P o le m o n ia c e a e :  Phlox sp.

B o rag in aceae :  C y n o g lo ssu m  sp.

L ab ia ta e :  M o n a rd a  d idym a L. , S a lv ia  sp. , L e o n u ru s  c a r d i a c a  L. 

V e rb e n a c e a e :  V e rb e n a  sp.

S o la n a c e a e : P e tu n ia  h y b r id a  H o rt.  , N ico tian a  sp. , Solanum  

tu b e ro s u m  L. , L y c o p e r s ic o n  sp.

S c r o p h u la r i a c e a e : A n t i r rh in u m  m a ju s  L.

P la n ta g in a c e a e :  P lan tago  la n c e o la ta  L.
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D i p s a c a c e a e : S ca b io sa  sp.

C u c u r b i t a c e a e : C u c u m is  s a t iv u s  L.

C a m p a n u la c e a e : C am p an u la  sp.

C o m p o s i ta e : L a c tu c a  s c a r io l a  L. , C i r s iu m  la n c e o la tu m  L . , 

A m b ro s ia  a r t e m is i f o l i a  L. , E r ig e r o n  s p . ,

A rc t iu m  lappa  L. , A ch i l le a  m il le fo l iu m  L. ,

C o s m o s  F i r e s t i c k ,  Z in n ia  P e p p e rm in t  Stick, 

C a len d u la  s p . , D ah lia  sp. , D im o rp h o th ec a  sp. , 

T a g e te s  sp. , G a i l l a r d ia  sp. , C e n ta u re a  sp. ,

G e r b e r  a Ja m e so n i  Bolus. , C h ry s a n th e m u m  m a x im u m  

R a m . , R udbeck ia  la c in ia ta  L. , E ch in o p s  R i t ro  L. , 

an d  H e l io p s is  sp.

B a c te r ia l  S t r a in s

O b s e rv a t io n s  of v a r io u s  i s o la t e s  of X an th o m o n as  p e la r g o n i i  in d ic a te d  

th a t  t h e r e  w e re  d i f f e r e n c e s  in a b i l i ty  to p ro d u c e  s te m  ro t  o r  le a f  spot. T h e r e ­

f o r e  s in g le  co lony  i s o la t e s  99, 138 a n d  182 w e re  c o m p a r e d  fo r  r e l a t i v e  a b i l i ty  

in c a u s in g  s te m  ro t  in  R adio  Red, R ic a rd ,  and_P. h o r to ru m  se e d l in g s .  

S e v e n ty -f iv e  p la n ts ,  25 of e a c h  h o s t  v a r ie ty ,  w e re  s te m - in o c u la te d  w ith each  

of th e  t h r e e  i s o la t e s .

R e s u l t s  tak en  fo u r  w eek s  a f t e r  in o cu la t io n  show ed i s o la te  182 to be
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th e  m o s t  v i r u le n t ,  w h ile  i s o l a t e  99 w a s  th e  l e a s t  p a th o g e n ic  of th e  t h r e e  ( F ig u r e  1). 

A f te r  s e v e r a l  s u c c e s s iv e  d i lu t io n  p l a t e  s in g le -c o lo n y  r e - i s o l a t i o n s ,  th e  l e a f  in o ­

c u la t io n  t e s t s  w e r e  u s e d  on th e  s a m e  h o s t  v a r i e t i e s .  I s o la te  182 a g a in  p r o v e d  

to  be  th e  m o s t  p a th o g e n ic  of th e  th r e e ,  c a u s in g  l e a f  spot on a l l  t h r e e  h o s ts .

I s o la te  99 w a s  not c a p a b le  of c a u s in g  le a f  spo t on an y  of th e  t h r e e  (T ab le  V). 

V a r ia b i l i ty  in  p ro d u c in g  l e a f  sp o t  w as  m o r e  s t r ik in g  th a n  v a r i a b i l i ty  in  c a u s ­

in g -s te m  r o t .  Such  v a r i a b i l i ty  in d ic a te s  th a t  X.  p e la r g o n i i  c o n s i s t s  of s e v e r a l  

s t r a i n s .

E f fe c t  of A ge of C u l tu r e s  on V iru le n c e  of P a th o g en

P la n t  p a th o g e n ic  b a c t e r i a  a r e  known to  lo s e  v i r u le n c e  in  c u l tu r e  (8, 11, 19) 

m a k in g  d e s i r a b l e  a  t e s t  o f  th is  p o s s ib i l i ty  in  i s o la t e  182. S tock  c u l tu r e s  in  

p o ta to  d e x t r o s e  b ro th  w e r e  kep t a t  9°C  f o r  one, th r e e ,  s ix  an d  12 m o n th s .

F r e s h  p o ta to  d e x t r o s e  b ro th  c u l tu r e s  w e re  o b ta in e d  f ro m  the  s to c k  c u l tu r e s  of 

d i f f e r e n t  a g e s  a n d  s te m  in o c u la t io n s  w e re  m a d e  in  R ic a r d  p la n t s .  T e n  p la n ts  

w e r e  in o c u la te d  w ith  e a c h  c u l tu r e .  A ll  in o c u la te d  p la n ts  d ev e lo p ed  s te m  r o t  

r e g a r d l e s s  of th e  ag e  of b a c t e r i a l  s to c k  c u l tu r e s  u sed . W hen th e  s a m e  c u l tu r e s  

w e r e  u s e d  f o r  l e a f  in o cu la t io n ,  h o w ev er ,  t h e r e  w as  a n o t ic e a b le  d e c r e a s e  in 

r e a c t io n  w ith  i n c r e a s i n g  ag e  of b a c t e r i a l  s to c k  c u l tu re .  P la n ts  in o c u la te d  w ith  

b a c t e r i a l  s u s p e n s io n s  f ro m  o n e -  a n d  th r e e - m o n th  o ld  c u l tu r e s  d ev e lo p ed  ty p ic a l  

b a c t e r i a l  l e a f  spot, w h e r e a s  th e s e  in o c u la te d  w ith  s u s p e n s io n s  f ro m  s ix -  a n d  12- 

m o n th  o ld  c u l t u r e s  s e ld o m  d id  so.



TABLE V

ABILITY OF ISOLATES TO CAUSE L E A F  SPOT

Is o la te  No.
P e la rg o n iu m  h o r to r u m

R ad io  R ed R ic a r d S eed lings

99 a - -

138 ++ +

182 +++ ++ +

a -, no le a f  sp o ts  fo rm e d .

+ , v e r y  few le a f  sp o ts  fo rm ed .  

++, m o d e r a te  le a f  spo t fo rm a t io n .  

+++, heavy le a f  spo t fo rm a t io n .



pH E f fe c t  on G ro w th  in C u l tu re

T h e  e f fe c t  of pH on g ro w th  in  p o ta to  d e x t r o s e  b ro th  w as  d e te r m in e d  

by ad d in g  a s e r i e s  of p h o s p h a te  b u f f e r s  to the  b ro th .  Buffers  w e re  u s e d  a t  

pH 4 . 6 , 4 .8 ,  5 .0 ,  5 .2 ,  5 .4 ,  5 .6 ,  6 .0 ,  7 .0 ,  8 .0 ,  8 .2 ,  8 .4 ,  8 . 6 , 8 . 8 , and  

9. 0. T h e  c r i t e r i o n  of g ro w th  w a s  tu rb id i ty  of c u l tu r e s  a s  m e a s u r e d  w ith  a 

K le t t - S u m e r s o n  tu r b i d i ty m e te r .  Iso la te  182 w as  found not to g ro w  in p o ta to  

d e x t r o s e  b r o th  be low  pH 5. 6  a n d  above  pH 8 . 4, w hich  a g r e e s  c lo s e ly  w ith  

p r e v io u s  f in d in g s  (5). A lthough  the  b a c te r iu m  i s  s e n s i t iv e  to ac id , it  s t i l l  

g ro w s  in  p e la r g o n iu m  p la n ts  w ith  a sap  pH w ell  below  the lo w e r  l im i t  fo r  

b a c t e r i a l  g ro w th  in c u l tu r e  (T ab le  VI). A ll pH v a lu e s  of sap  w e re  below  the 

lo w e r  l im i t  f o r  g ro w th  of the  c a u s a l  o rg a n is m  in c u l tu re  m e d ia  (T ab le  VI), 

a lthough  th e r e  w as  so m e  v a r i a t io n  f ro m  p a r t  to p a r t ,  f o r  ex am p le  sap  f ro m  

le a f  s a m p le s  a lw ay s  show ed  lo w e r  pH re a d in g s  th an  sap  f ro m  s te m s .  L o w e r  

p a r t s  of s t e m s  w e r e  l e s s  a c id  th an  top p a r t s  of s te m s .  P ith  sap h ad  lo w e r  

pH  th a n  c o r t e x  sap, w h ich  m ay  be c a u s e d  by the  h ig h e r  c e l l  sap  c o n ten t  in 

th e  f o r m e r .  In sp i te  of the  u n fa v o ra b le  ac id i ty ,  the  b a c te r iu m  w as ab le  to 

g row , a n d  d e te r m in a t io n s  show ed  th a t  sap  of d i s e a s e d  p o r t io n s  w as  a lk a l in e .

T i s s u e s  Invaded  a n d  M o v em en t of B ac te r ia  in P la n ts

T h e r e  i s  con fu s io n  in th e  l i t e r a t u r e  w h e th e r  _X. p e la r g o n i i  i s  a s y s ­

te m ic  p a th o g e n  o r  a p a r e n c h y m a  in v a d e r .  L e a f  spo t i s  b e l ie v e d  to invo lve  

s t r i c t l y  p a r e n c h y m a  in v a s io n  (19), but f o r  s te m  r o t  so m e  a u th o r s  b e l ie v e  th a t
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TABLE VI

pH VALUES IN SAP OF PELARGONIUM  SP.

S p e c ie s T i s s u e s  a n d  P lant P a r t s  U se d A v e ra g e  pH

P. h o r to r u m D is e a s e d  s te m  

H ea lth y  p la n ts :

8 . 0

L e a f  b lad e 3. 9

Top s tem 4. 8

M iddle  s tem 5. 0

Bottom of s tem 5. 6

C e n te r  of s tem :

P ith 4. 8

X ylem 5. 1

C o r te x 5. 3

P. m e l i s s im u m L e a v e s 3. 3

18- m o n th - o ld  s e e d l in g s  w e re  u sed .
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th e  p a th o g e n  is  m a in ly  v a s c u l a r  (28). S ince  th e  q u e s t io n  h a s  so m e  im p o r ta n c e  

in  a  s tu d y  of n u t r i t io n a l  r e l a t i o n s h ip s  of d i s e a s e  d ev e lo p m en t,  a  few  e x p l o r a ­

t o r y  t e s t s  w e r e  m a d e .

N in e ty  R i c a r d  c u t t in g s  (a v e ra g e  w e igh t 15 gm each) f ro m  s te m  r o t  

f r e e  a n d  v i r u s  f r e e  s to c k  p la n ts  w e re  a l lo w ed  to tak e  up b a c t e r i a l  s u sp e n s io n s  

(100, 000 c e l l s  p e r  m l) of i s o la te  182 by t r a n s p i r a t i o n a l  p u ll  f o r  24 h o u rs ,  

a f t e r  w h ich  th ey  w e re  p la c e d  in s t e r i l e  san d  in  t h r e e - i n c h  p o ts .  A n o th e r  g roup  

of 45 c u t t in g s  w e r e  kep t a s  u n in o c u la te d  c o n t r o l s .  I so la t io n s  f ro m  t r e a t e d  

c u t t in g s  im m e d ia te ly  a f t e r  in o c u la t io n  show ed  th a t  b a c t e r i a  w e re  in v e s s e l s .

A w e ek  a f t e r  t r e a t m e n t  h a lf  the  in o c u la te d  c u t t in g s  w e r e  p e r f o r a t e d  a t  th e  

2. 5 a n d  5 cm  le v e l s  above  the  so i l  l in e .  F iv e  w eek s  l a t e r  t h i r t y - e ig h t  in o c u ­

la te d ,  but unw ounded  p la n ts  show ed  b a s a l  s te m  ro t ,  but no r o t  a t  o th e r  p l a c e s .  

In th e  w ounded  p la n ts ,  35 out of 45 c u t t in g s  had  b u t t - e n d  ro t ,  21 out of 45 h ad  

ro t  a t  th e  2. 5 cm  wound, an d  e igh t out of 45 h ad  r o t  a t  the  5. 0 cm  wound. A ll 

i s o la t io n s  f r o m  the  v e s s e l s  of t r e a t e d  c u t t in g s  w e re  p o s i t iv e .  M ic r o s c o p ic  

e x a m in a t io n s  of d i s e a s e d  c u t t in g s  sho w ed  d e te r io r a t io n  f r o m  p a re n c h y m a  in 

p i th  a n d  c o r te x .  A ll 45 c h e c k  p la n ts  fo r m e d  r o o t s  an d  w e re  n o rm a l .

In a n o th e r  t e s t  two g ro u p s  of 25 c u t t in g s  e ach  (v a r .  R ic a rd )  w e re  

a l lo w e d  to ta k e  up b a c t e r i a l  s u s p e n s io n s  fo r  24 h o u rs .  B asal e n d s  of c u t t in g s  

in  one  g ro u p  w e r e  w ash ed , s u r f a c e  s t e r i l i z e d  w ith  m e r c u r i c  c h lo r id e  (1 : 1 0 0 0 ),
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a n d  p la c e d  in  t h r e e - i n c h  p o ts  c o n ta in in g  s t e r i l i z e d  so i l .  T he  o th e r  g ro u p  of 

25 c u t t in g s  s e r v e d  a s  in o c u la te d  c o n t r o l s .  A f te r  f ive  w eek s ,  s e v e n  c u t t in g s  

f r o m  th e  g ro u p  t r e a t e d  w ith  m e r c u r i c  c h lo r id e  had  ty p ic a l  b a s a l  s te m  r o t  

an d  18 w e r e  n o r m a l ,  w h ile  16 p la n ts  f ro m  the  c o n t ro l  g roup  h ad  s te m  r o t  

an d  n in e  w e r e  n o r m a l .  H o w ever , th e  p a th o g e n  w as p r e s e n t  in  the  sy m p to m  - 

l e s s  p la n t s ,  a s  d e te r m in e d  by i s o la t io n s .  T h e s e  t e s t s  s u g g e s t  th a t  even  

though  X. p e la r g o n i i  i s  p r e s e n t  in  v e s s e l s ,  it  m u s t  be in c o n ta c t  w ith  p a re n c h y m a  

b e fo re  s y m p to m s  r e s u l t .

T h e  d i s t r ib u t io n  of b a c t e r i a  in v e s s e l s  fo llow ing in o cu la t io n  w as  d e ­

t e r m i n e d  by i s o la t io n s .  C u t t in g s  f ro m  known s te m  ro t  f r e e  p la n ts  (v a r .  R ic a rd )  

ab o u t 15 cm  long, w e r e  a l lo w ed  to tak e  up b a c t e r i a  f ro m  s u sp e n s io n s  by 

t r a n s p i r a t i o n a l  p u l l .  A f te r  ta k in g  up inocu lum  fo r  six , 12 a n d  24 h o u rs ,  i s o ­

la t io n s  w e r e  a t t e m p te d  f ro m  s te m s ,  p e t io le s ,  an d  le a v e s .  In m o s t  c a s e s  

b a c t e r i a  w e r e  p r e s e n t  in  the  s te m  v e s s e l s  a f t e r  the  c u t t in g s  w e re  le f t  fo r  s ix  

h o u r s  in  b a c t e r i a l  s u sp e n s io n .  In a  few c a s e s  the  p a th o g en  w as  found in 

p e t io le s  of lo w e s t  l e a v e s  a f t e r  s ta y in g  in s u s p e n s io n  fo r  24 h o u rs ,  but i t  w as  

n e v e r  found in  le a f  b la d e s .

In a n o th e r  t e s t  th e  m o v e m e n t  of b a c t e r i a  in s te m - in o c u la te d  p la n t s  

(v a r .  R ic a rd )  w as  d e te r m in e d .  I so la t io n s  w e re  m ad e  50 and  100 days  a f t e r  

in o c u la t io n  w ith  the  r e s u l t s  i l l u s t r a t e d  in  F ig u r e  2. T he  p a th o g en  m o v e d  in 

s te m  v e s s e l s  in d ep en d e n t ly  of s te m  r o t  sy m p to m  e x p re s s io n ,  a n d  w as  found 

w e ll  above  r o t .  P e t io le s  w e r e  s e ld o m  invaded .
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A tte m p ts  to  i s o la t e  th e  o r g a n i s m  f r o m  p e t io le s  of le a v e s  w ith  sp o t-  

in fe c t io n s  w e r e  not s u c c e s s f u l .  X. p e la r g o n i i  s e e m s  unab le  to m ove  f ro m  

l e a f  sp o ts  in to  th e  s te m  th ro u g h  p e t io le s .  In a s e c o n d  a t te m p t  a n o th e r  87 

i s o la t io n s  w e r e  m a d e  f ro m  g r e e n  le a f  t i s s u e  s u r ro u n d in g  b a c t e r i a l  l e a f  sp o ts  

a n d  123 i s o la t io n s  w e r e  m a d e  f r o m  p e t io le s  of h eav ily  sp o t te d  le a v e s .  In a l l  

c a s e s  r e s u l t s  w e r e  n e g a t iv e ,  show ing  th a t  X. p e la r g o n i i  d o es  not b e co m e  

s y s te m ic  f r o m  le a f  sp o ts .

R oot In o cu la t io n  T e s t s .

P. h o r to r u m  s e e d l in g s  w e re  g ro w n  in  t h r e e - i n c h  p o ts  so th a t  the  

m a in  r o o t  p e n e t r a t e d  th ro u g h  the  hole  of the  po t (F ig u re  15, C). R oo ts  of 

25 su ch  p la n t s  w e r e  in o c u la te d  by d ipp ing  the  r o o t s  in a  b a c t e r i a l  s u s p e n ­

s io n  (100, 000 c e l l s  p e r  m l)  in  h y a c in th  fo r c in g  f la s k s .  R oo ts  of 25 c o n t ro l  

p la n t s  w e r e  t r e a t e d  l ik e w ise ,  e x ce p t  th a t  no b a c t e r i a  w e re  p u t  in  the  f la s k s .  

S e v en teen  p la n ts  d ev e lo p e d  p o s i t iv e  s te m  r o t  s y m p to m s  a s  a  r e s u l t  of ro o t  

in o cu la t io n .

E f fe c t  of P e la rg o n iu m  D e b r i s  on S u sc e p t ib i l i ty  of P la n ts  to Stem  Rot

One p a r t  of f r e s h  s te m  a n d  le a f  chopp ings  f ro m  s te m  r o t  f r e e  

P. h o r to r u m  s e e d l in g s  w as  m ix e d  w ith  100 p a r t s  (by w eight) of p a s t e u r i z e d  

so il ,  a n d  25 t h r e e - i n c h  p o ts  w e re  f i l le d  w ith  th e  so i l  m ix tu r e .  A n o th e r
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g ro u p  of 25 p o ts  w e re  f i l le d  w ith  p a s t e u r i z e d  so i l  an d  u s e d  a s  c o n t r o l s .  A ll 

p o t s  w e r e  p la n te d  w ith  R ad io  R ed  r o o te d  c u t t in g s  a n d  two w eek s  l a t e r  w e re  

s te m  in o c u la te d  w ith  i s o l a t e  182. F o u r  w eek s  a f t e r  in o c u la t io n  p la n t s  in p o ts  

w ith  p e la r g o n iu m  d e b r i s  sh o w ed  s te m  r o t  in  a d v a n c e d  s tage , w h e r e a s  c o n t r o l s  

in s o i l  w e r e  no t ye t show ing  p o s i t iv e  sy m p to m s  (F ig u re  15, B). T h is  co u ld  have 

r e s u l t e d  f ro m  a d e le t e r io u s  e f fe c t  of p e la r g o n iu m  d e b r i s  in so il  on g ro w th  of 

p e la r g o n iu m  p la n ts .

E n v i ro n m e n ta l  F a c t o r s  

R e la t io n  of N ight T e m p e r a t u r e s  to D is e a s e  D ev e lo p m en t

F r e q u e n t  o b s e r v a t io n s  in d ic a te d  th a t  c u l t iv a te d  p e la r g o n iu m s  a t  

o u r  la t i tu d e  s u f f e r  f ro m  s te m  ro t  m o s t ly  d u r in g  the  s u m m e r  m o n th s  (e. g.

July an d  A u g u st)  w hen n igh t t e m p e r a t u r e s  a r e  a t  t h e i r  p e ak .  L a te r ,  w ith  

d e c l in in g  t e m p e r a t u r e s  th e  d i s e a s e  is  s lo w ed  down a lso , an d  the  g e n e ra l  

a p p e a r a n c e  of th e  p la n t s  i s  c o n s id e ra b ly  im p ro v e d .  T h e s e  o b s e r v a t io n s  

in d ic a te  th a t  t e m p e r a t u r e  h a s  a  d e c is iv e  in f lu en ce  on d i s e a s e  deve lo p m en t.  

E x p e r im e n t s  w e re  d e v is e d  to g a th e r  m o r e  ex ac t  d a ta  on th is  in te r a c t io n .

In an  e x p lo r a to r y  t e s t  25 Ih h o r to r u m  s e e d l in g s  in  t h r e e - i n c h  p o ts  

w e re  kept a t  27CC n igh t t e m p e r a t u r e ,  an d  a n o th e r  g roup  of 25 p la n ts  a t  

21°C  n igh t t e m p e r a t u r e .  A f te r  fo u r  w e ek s  of t r e a tm e n t ,  the  g e n e r a l  a p ­

p e a r a n c e  a n d  g ro w th  of the  p la n ts  w e re  c o m p a re d .  P la n ts  a t  the  h ig h e r  

n igh t t e m p e r a t u r e  show ed  c o n s id e r a b ly  l e s s  g ro w th  an d  d ev e lo p ed  c h lo ro t ic
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l e a v e s  ( F ig u r e  13, C) s i m i l a r  to i r o n  d e f ic ie n c y  sy m p to m s ,  w h e r e a s  p la n ts  

kep t a t  21® C w e r e  n o r m a l  in a p p e a r a n c e .

In a  s e c o n d  te s t ,  30 p la n ts  (v a r .  R ic a rd )  in f iv e - in c h  p o ts  w e r e  

kep t a t  27®C n igh t t e m p e r a t u r e ,  a n d  a n o th e r  eq u a l  g ro u p  a t  21 °C n igh t t e m ­

p e r a t u r e .  A f te r  fo u r  w e ek s  of t r e a tm e n t ,  both  g ro u p s  w e re  s t e m - in o c u la te d  

an d  kep t a t  21° C n igh t t e m p e r a t u r e .  F o u r  w eek s  a f t e r  in o cu la t io n  the  a v e r ­

ag e  d i s e a s e  in d ex  f o r  th e  f i r s t  g ro u p  w as  42, an d  fo r  th e  s e c o n d  g roup  19, 

show ing  th a t  p la n t s  p r e d i s p o s e d  by h igh  night t e m p e r a t u r e  w e re  m o r e  s u s ­

c e p t ib le .

B ased  on th is  in fo rm a t io n  fo u r  g ro u p s  of ro o te d  c u t t in g s  (v a r .  B e t te r  

T im e s )  25 p l a n t s  each ,  w e re  s t e m - in o c u la te d  w ith  i s o la te  138, and  e x p o se d  

to n igh t t e m p e r a t u r e s  a f t e r  in o c u la t io n  a t  10® C, 16° C, 21® C and  27° C.

F o u r  o th e r  g ro u p s  of 25 p la n ts  e ac h  w e re  s te m  p u n c tu re d  an d  the  w ounds 

w e re  t r e a t e d  w ith  s t e r i l e  p o ta to  d e x t r o s e  b ro th .  T h e s e  fo u r  g ro u p s  w e re  

u s e d  a s  c o n t ro l  a t  th e  fo u r  t e m p e r a t u r e  le v e l s .  D is e a s e  r e a d in g s  w e re  

ta k e n  one, two, th r e e ,  fou r ,  f ive  an d  11 w e e k s  a f te r  in o c u la t io n  ( F ig u re  3, 

T a b le  VII). P la n ts  kep t a t  27®C show ed  f i r s t  sy m p to m s  s e v e n  days  a f t e r  

in o cu la t io n ,  a n d  a l l  w e r e  d e a d  in  fo u r  w e e k s .  In c o n t r a s t ,  p la n ts  a t  16®C 

r e q u i r e d  t h r e e  w e ek s  f o r  s y m p to m s  to  show. At 10° C d i s e a s e  d ev e lo p m en t 

w as  s t i l l  s lo w e r  a t  the  beg inn ing , but i n c r e a s e d  r a p id ly  a f t e r  the  fif th  w eek. 

No c o n t ro l  p la n t s  b e c a m e  d is e a s e d .
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A lthough  p l a n t s  a t  1CTC n igh t t e m p e r a t u r e  w e re  s low  to show in i t ia l  

s y m p to m s ,  th e  d i s e a s e  l a t e r  d e v e lo p e d  r a p id ly  (T ab le  VII), p ro b a b ly  b e c a u s e  

of an  u n fa v o ra b le  t e m p e r a t u r e  fo r  p la n t  g row th . A v e ra g e  w e ig h ts  of p e l a r g o n ­

ium  p la n t s  a t  the  e n d  of th e  fif th  and  e le v e n th  w e ek s  of g ro w th  a t  th e  s e v e r a l  

t e m p e r a t u r e  l e v e l s  sho w ed  th a t  16* to  21° C w as  o p tim u m  fo r  g ro w th  (T ab le  

VIII). On the  o th e r  hand, th e  c a u s a l  o rg a n is m  w as  found to g ro w  b e s t  on 

p o ta to  p lu g s  a t  24* to 26* C (T ab le  IX).

R e la t io n  of N u t r ie n t  C o n c e n t ra t io n  to D is e a s e  D ev e lo p m en t

T h i s  g re e n h o u s e  e x p e r im e n t  l a s t e d  f ro m  June to N o v em b er ,  1955. 

C u tt in g s  (v a r .  R ic a rd )  w e r e  r o o te d  in  p a s t e u r i z e d  sand, an d  s e le c te d  fo r  

u n i fo rm i ty .  P la n ts  w e r e  th en  p r e - t r e a t e d  by g ro w in g  in  san d  c u l tu r e  a t  the  

0. 5 H o ag lan d  n u t r i e n t  le v e l  f o r  30 days , a f t e r  w hich  th ey  w e re  ag a in  s e le c te d  

f o r  u n ifo rm ity ,  a n d  a r r a n g e d  in  r a n d o m iz e d  b lo ck s  w ith  five  n u t r ie n t  le v e l s  

a s  t r e a t m e n t s .  A f te r  g ro w in g  in  the  t e s t  n u t r i e n t  le v e l s  fo r  30 days, they  

w e r e  s te m  in o c u la te d  w ith  i s o la te  182. N u tr ie n t  le v e l s  w e re  b a la n c e d  

Hoagland* s s o lu t io n s  a t  o n e - te n th ,  f iv e - te n th s ,  one, two a n d  th r e e  t im e s  

n o r m a l .  U n in o c u la ted  p la n t s  g re w  b e s t  a t  th e  one and  two H le v e ls ,  and  

p o o r e s t  a t  th e  o n e - te n th  H le v e l  (T ab le  X) a s  d e te r m in e d  by w eigh t a t  the  

t im e  of in o c u la t io n  a n d  50 d ay s  l a t e r .

F in a l  d i s e a s e  in d ic e s  ta k e n  50 days  a f t e r  in o cu la t io n  show th a t
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TABLE VII

E F F E C T  OF N IGHT T E M P E R A T U R E  ON STEM  RO T D E V E L O PM E N T  IN 
IN O C U LA TE D  PLANTS (VAR. BET TER  TIMES)

W eek s  A f te r  
In o cu la t io n

A v e ra g e  D is e a s e  In d ic e s 3  At
10*C 16° C 21° C 27° C

1 0 0 0 18

2 0 0 2 37

3 2 3 8 84

4 3 1 0 1 2 1 0 0

5 8 19 59 1 0 0

1 1 62 58 83 1 0 0

a D is e a s e  in d ic e s :
0 , h ea lthy ; 1 0 , in o c u la t io n  p o s i t iv e ;  2 0  s l ig h t d a rk e n in g  of s tem , 
o c c a s io n a l  p a r t i a l  w il t in g  of le a v e s ;  40, b la ck e n in g  of s tem , 
sh ed d in g  of lo w e r  le a v e s ;  60, b la ck  s te m  ro t  with o c c a s io n a l  
t ip  n e c r o s i s ;  80, s e v e r e  s te m  ro t ;  1 0 0 , dead.
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TABLE VIII

E F F E C T  OF NIGHT T E M P E R A T U R E  ON GROW TH OF PELARGONIUM, 
VAR. B E T T E R  TIM ES, FO R  5 AND 11 W EEKS 

(V a lu es  a r e  a v e r a g e  f r e s h  w eigh t in g r a m s  of ten  p lan ts )

Night T e m p e r a tu r e s
W eeks  ------- -------------------------------------------------------------------------------

10°C 16° C 21°C 27° C

5 1 6 .3  62 .1  5 4 .7  2 8 .9

11 1 9 .7  8 6 .3  7 3 .2  3 7 .5

TABLE IX

E F F E C T  OF T E M P E R A T U R E  ON GROW TH OF X. PELARGONII ISOLATE 182 
ON A U TO CLA V ED  POTATO PLUGS FO R 20 DAYS

T e m p e r a t u r e E s t im a te  of G ro w th

12° C v e r y  w eak

16° C w eak

20*C m o d e ra te

24* C good

2 6 * 0 abundant

28° C good

32* C w eak

37* C v e ry  w eak
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d i s e a s e  d e v e lo p e d  m o s t  r a p id ly  a t  n u t r i e n t  le v e l s  be low  o p t im u m  f o r  g row th , 

s o m e w h a t  m o r e  s lo w ly  a t  l e v e l s  ab o v e  o p tim u m , a n d  s lo w e s t  a t  one  an d  two H 

le v e l s .  In o th e r  w o rd s ,  d i s e a s e  d e v e lo p m e n t  i n c r e a s e d  w hen p la n t  g ro w th  

d e c r e a s e d ,  a n d  b e c a m e  l e s s  s e v e r e  w ith  c o n d i t io n s  fa v o r in g  grow th . T h is  

i n v e r s e  c o r r e l a t i o n  of g ro w th  an d  d i s e a s e  d ev e lo p m en t  i s  shown in  F ig u r e  

13, A a n d  B. T h e r e  w e r e  no s ig n if ic a n t  d i f f e r e n c e s  be tw een  d i s e a s e  in d ic e s  

a t  o n e - t e n th  a n d  f iv e - t e n th s  H le v e ls ,  and  be tw een  one an d  two H le v e ls .  

A v e ra g e  p la n t  w e ig h t  a t  f iv e - te n th s  H le v e l  i s  c o n s id e ra b ly  h ig h e r  th an  at 

o n e - te n th  H, bu t d i s e a s e  index  is  in s ig n if ic a n t ly  lo w er .

R e la t io n  of N u t r ie n t  B alance  to D is e a s e  D e v e lo p m e n t

T h e  e f fe c t s  of low, n o r m a l  an d  h igh  le v e l s  of n i tro g en , p h o s p h o ru s  

an d  p o ta s s iu m  on s te m  r o t  d e v e lo p m e n t  w e r e  s tu d ie d  in  one e x p e r im e n t ,  and  

the  e f f e c t s  o f  t h r e e  d i f f e r e n t  c a lc iu m  le v e l s  w e re  d e te r m in e d  in  a  second .

T h e  N, P a n d  K e f fe c t s  w e re  d e te r m in e d  in the  g re e n h o u se  f ro m  

J a n u a ry  to  M ay, 1956. H igh an d  low N, P a n d  K le v e l s  w e re  c o m p a r e d  w ith  

one H so lu t io n  a s  d e s c r i b e d  in  " M a te r i a l s  an d  M e th o d s" .  P la n ts  w e re  g ro w n  

f o r  30 d ay s  in  t h e i r  r e s p e c t i v e  t r e a t m e n t s  b e fo re  be in g  in o cu la ted .  N ight 

t e m p e r a t u r e  in  the  g re e n h o u s e  d u r in g  th e  p r e - in o c u la t io n  p e r io d  w as  kept 

abou t 21° C, a n d  w a s  r a i s e d  an d  h e ld  a t  24® C fo llow ing  in o cu la t io n .  A v e ra g e  

w e ig h t  o f  p l a n t s  a t  the  t im e  of in o c u la t io n  w as  29, 22, 19, 28, 26, 28, a n d  22
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TABLE X

W EIG H T O F U N IN O G U LA TED  CO N TRO L PL A N T S A T  TIM E O F INOCULATION 
AND A T  T H E  EN D  OF T H E  N U T R IE N T  C O N C E N T R A T IO N  E X P E R IM EN T

N u tr ie n t  L e v e l s A v e ra g e  W eigh t in  G r a m s  a t  
In o cu la t io n  T im e  F if ty  D ays  A f te r  In ocu la tion

0. 1 H 1 2 .8 39. 1

0. 5 H 2 0 . 3 74. 8

1 H 3 3 .2 85. 3

2 H 30. 3 85. 0

3 H 26. 0 65. 0

TABLE XI

R E L A T IO N  OF N U T R IE N T  CO N C EN TR A TIO N  TO  D E V E L O P M E N T  OF 
B A CTERIA L BLIGHT IN PELARGONIUM

N u tr ie n t  L e v e ls A v e ra g e  D is e a s e Ind ice  sa  50 D ays A f te r  Inocu la tion

0. 1 H 8 1 .2

0. 5 H 80. 0

1 H 51. 2

2 H 53. 1

3 H 6 2 .4

L . S . D .  19:1 3. 3

99:1 4 .6

a D is e a s e  in d ic e s  a r e  e x p la in e d  in  T a b le  VII. T hey  w e re  ta k en  50 d ay s  
a f t e r  in o c u la t io n .
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g r a m s  f o r  p la n t s  g ro w in g  in  b a sa l ,  h igh  N, low  N, h igh  P, low P, h igh K and  

low  K r e s p e c t iv e ly .  A v e ra g e  w e ig h ts  of u n in o c u la te d  c o n t ro l  p la n t s  110 days 

a f t e r  in o c u la t io n  day  w e r e  136 g r a m s  f o r  b a s a l  so lu tion , 123 fo r  h igh  n i t r o ­

gen, 107 fo r  low  n i t ro g e n ,  123 fo r  h igh  p h o s p h o ru s ,  120 fo r  low  p h o s p h o ru s ,  

125 fo r  h igh  p o ta s s iu m ,  a n d  115 fo r  low p o ta s s iu m .  D is e a s e  in d ic e s  w e re  

r e c o r d e d  50 d a y s  a f t e r  in o c u la t io n  when f i r s t  p la n ts  in so m e  of the  t r e a t m e n t s  

r e a c h e d  a  d i s e a s e  r a t i n g  of 100. T h e  e x p e r im e n t ,  h o w ev er ,  w as  c o n tin u ed  

to o b s e r v e  th e  d i s e a s e  d e v e lo p m e n t  to  i t s  f ina l s tag e ,  an d  to r e - in d e x  v i r u s  

d i s e a s e s  in  p la n t s  show ing  s low  s te m  r o t  d ev e lo p m en t.  F in a l  d i s e a s e  r e a d ­

in g s  a n d  s c io n s  f o r  v i r u s  r e - in d e x in g  w e re  ta k en  110 days  a f t e r  in o cu la t io n .

S ta t i s t i c a l  a n a ly s i s  of d i s e a s e  in d ic e s  50 days  a f t e r  in o cu la t io n  

sho w ed  s ig n if ic a n t  d i f f e r e n c e s  b e tw een  b a la n c e d  an d  u n b a lan c e d  t r e a tm e n t s  

(T ab le  XII), w ith  d i s e a s e  d ev e lo p in g  m o r e  s low ly  in p la n ts  w ith  the  b a la n c e d  

n u t r i e n t s .  Of th e  u n b a la n c e d  so lu tio n s ,  h igh n i t ro g e n  an d  low p o ta s s iu m  

c a u s e d  h ig h e s t  d i s e a s e  d e v e lo p m e n t  a t  th i s  po in t, fo llow ed  by low n i t ro g e n  

an d  h igh  p h o s p h o ru s  ( F ig u r e s  5, 6, 7 an d  8). H igh p o ta s s iu m  an d  low p h o s ­

p h o r u s  w e re  no t s ig n if ic a n t ly  d i f f e r e n t  a n d  show ed  the s lo w e s t  d i s e a s e  d e v e l ­

o p m en t of a l l  th e  u n b a la n c e d  t r e a t m e n t s .  S ixty  days  l a t e r  (110 days  a f t e r  

in o cu la t io n )  a l l  p l a n t s  w e r e  d e ad  in  h igh  n i t ro g e n  an d  h igh  p h o s p h o ru s  t r e a t ­

m e n ts ,  w h e r e a s  th o s e  of b a sa l ,  h igh  p o ta s s iu m ,  low p h o s p h o ru s ,  an d  low 

n i t r o g e n  w e r e  s t i l l  a l iv e  ( F ig u r e  14, A, B, C). D u r in g  the  s e c o n d  h a lf  of the
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TABLE XII

R E L A T IO N  OF N, P, AND K BALANCE TO  ST EM  ROT D E V E L O PM E N T IN 
PELARGONIUM  (VAR. RICARD) PLANTS 

(V a lu es  a r e  the  In d ic e s  of D i s e a s e a R a t in g s  T a k e n  50 D ays A f te r  Inocula tion)

T r e a t m e n t s
R e p l ic a t io n s

M ean
1 2 3 4 5 6 7

Basal 2 2 . 8 23. 4 18. 9 27. 2 23. 8 20. 4 26. 0 23. 2

High N 46. 5 46. 6 46. 7 47. 2 55. 5 38. 5 49. 5 47. 2

Low N 40. 1 41. 7 40. 6 31. 1 42. 0 45. 0 47. 2 41. 1

High P 41. 1 41. 0 36. 2 46. 7 42. 5 38. 5 44. 5 41. 5

Low  P 36. 5 36. 6 33. 0 4 0 .4 35. 0 4 0 .0 32. 6 36. 3

High K 32. 4 32. 8 33. 0 34. 0 30. 7 30. 6 34. 6 32. 6

Low K 40. 0 4 4 .4 46. 6 4 5 .0 41. 6 47. 3 45. 3 44. 3

L . S . D  19:1 3 .4

99:1 4. 5

cl ,D is e a s e  in d ic e s  a r e  e x p la in e d  in T a b le  VII.
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e x p e r im e n t  d i s e a s e  d e v e lo p m e n t  w a s  f a s t e r  in h igh  p h o s p h o ru s  p la n t s  th a n  in  

any  of th e  o th e r  t r e a t m e n t s .  A s s a y s  fo r  th e  p r e s e n c e  of v i r u s e s  show ed  th a t  

p la n ts  c a r r y i n g  m o t t le ,  c r in k le ,  an d  le a f  c u r l  v i r u s e s  d ev e lo p ed  s te m  r o t  

f a s t e r  th a n  p la n t s  f r e e  of v i r u s e s  o r  th o s e  w ith  r in g  spo t v i r u s  a lo n e .  T h is  

a s p e c t  i s  t r e a t e d  in  m o r e  d e ta i l  l a t e r .

T h e  e ffec t  of c a lc iu m  w as  d e te r m in e d  in the  g re e n h o u se  f ro m  M a r c h  

to A ugust, 1956. R ic a r d  ro o te d  c u t t in g s  w e re  g ro w n  in  s i l ic a  s an d  a t  low, 

m e d iu m , a n d  h igh  Ca lev e l a s  d e s c r ib e d  b e fo re .  At the  t im e  of in o cu la t io n  

a v e r a g e  w e igh t of th e  p la n ts  w as  12, 21 and  37 g r a m s  fo r  low, m ed iu m  and  

h igh  Ca p la n t s ,  r e s p e c t iv e ly .  T h e  e x p e r im e n t  w as  t e r m in a t e d  50 days  a f te r  

in o cu la t io n ,  w hen th e  a v e r a g e  w e ig h ts  of u n in o c u la ted  p la n ts  w e re  16, 36, 

a n d  97 g r a m s  f o r  low, m e d iu m  a n d  high Ca, r e s p e c t iv e ly .  T h e  w eigh t of 

R i c a r d  p la n t s  i n c r e a s e d  l i n e a r ly  w ith  i n c r e a s in g  c a lc iu m  in the  n u tr ie n t  

so lu t io n .

S ta t i s t i c a l  a n a ly s i s  of d i s e a s e  in d ic e s  show ed  s ig n if ic a n t ly  l e s s  

d i s e a s e  d e v e lo p m e n t  a t  h igh C a le v e l  th an  a t  th e  two lo w e r  le v e ls ,  w hich  

w e re  not s ig n if ic a n t ly  d i f f e r e n t  (T ab le  XIII). T he d i s e a s e  in d ic e s  in  c o m ­

p a r i s o n  to  a v e r a g e  p la n t  w e ig h ts  50 days  cifter in o cu la t io n  a r e  i l l u s t r a t e d  in 

F ig u r e  9, an d  th e  d i s e a s e  d e v e lo p m en t  up to 110 days a f t e r  in o c u la t io n  in 

F i g u r e s  10 a n d  15, A. T h e  d e v e lo p m en t  of d i s e a s e  i n c r e a s e d  w ith  d e c r e a s i n g  

p la n t  g ro w th  in  th is  e x p e r im e n t  a s  in  the  p r e v io u s  e x p e r im e n t s  ( F ig u re  9).
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TABLE XIII

R EL A T IO N  OF CA LCIU M  BALANCE TO  STEM  R O T  D E V E L O PM E N T  IN PELARGONIUM  
(V a lu e s  a r e  th e  A v e ra g e  D is e a s e  I n d ic e s a 50 D ays A f te r  Inocu la tion)

T r e a t m e n t
R e p l ic a t io n s

M ean
1 2 3

Low Ca 80. 0 71. 7 6 6 . 0 7 2 .6

M ed ium  C a 53. 3 70. 9 6 8 . 3 6 4 .2

High Ca 31. 0 30. 0 35. 0 32. 0

L. S .D . 19:1 1 8 .9

99:1 31. 3

D i s e a s e  in d ic e s  a r e  d e s c r ib e d  in T a b le  VII.
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In s u m m a r i z i n g  the  r e s u l t s  of e x p e r im e n t s  of e n v i ro n m e n ta l  f a c to r s  

i t  i s  e v id e n t  th a t  s te m  r o t  d e v e lo p m en t  i s  d e la y e d  in  p la n t s  show ing  good 

g row th , a n d  s p e e d e d  up a s  c o n d i t io n s  b e c o m e  l e s s  fa v o ra b le  f o r  g row th , e x ­

c ep t  in  h ig h  N a n d  h igh  P t r e a t m e n t s .

T h e  V i r u s  F a c to r  

P e la rg o n iu m  p la n t s  o f  the  s a m e  v a r ie ty ,  ag e  an d  a p p e a ra n c e  w e re  

o f ten  o b s e r v e d  to v a r y  g r e a t ly  in  t h e i r  r e s p o n s e  to P e la rg o n i i . S ince  

p e la r g o n iu m  is  known to h a r b o r  l a te n t  v i r u s  in fe c t io n  (20, 50), th is  p o s s i ­

b i l i ty  w a s  c o n s id e r e d  a s  a n  e x p lan a t io n  of th e  n o n -u n ifo rm  r e s p o n s e s .  To 

d e te c t  th e  p o s s ib l e  p r e s e n c e  of v i r u s e s  in  e x p e r im e n ta l  p la n ts ,  v e n e e r  

g r a f t s  w e r e  m a d e  to P. h o r to r u m  s e e d l in g s  w hich  w e re  p r e s u m e d  to be  v i r u s - 

f r e e .  F o l lo w in g  g ra f t in g ,  p la n t s  w e r e  kep t in  the  g re e n h o u se  long  enough fo r  

p o s s i b l e  v i r u s  s y m p to m s  to a p p e a r  in  th e  s e e d l in g  s to ck . Such e x p e r im e n t s  

sho w ed  th a t  u n u su a l  o r  c o m p le x  s y m p to m s  often  a p p e a r e d  on new le a v e s  of 

the  s to ck , bo th  above  a n d  be low  th e  g ra f t .  S y m p to m s  r e s e m b l i n g  th o se  of 

r i n g  sp o t  ( F ig u r e  16, D), n e c r o t i c  r i n g  spo t ( F ig u re  17, A, C), c r in k le ,  m o t t le  

( F ig u r e  17, B), m o s a ic ,  s p o t te d  w ilt ,  c u r l i n g  of le a v e s  (F ig u re  17, D), a n d  

t h e i r  m o d if ic a t io n s  a lo n e  o r  in  c o m b in a t io n s  w e r e  ( F ig u r e s  16, C; 17, B, D) 

o b s e r v e d .  B ecau se  of th e  v a r i a t i o n  in  sy m p to m  e x p re s s io n ,  it  w as  d iff icu lt  

o r  e v en  im p o s s ib le  to id en tify  th e s e  a s  l e a f  c u r l ,  m o s a ic ,  o r  c u r ly  top, by
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u s in g  Jo n es  (23) t e r m in o lo g y .  T h e r e f o r e ,  th ey  w e re  g ro u p e d  a c c o r d in g  to 

t h e i r  m o s t  p r e v a l e n t  s y m p to m s  a s  r in g s p o t ,  n e c r o t i c  r in g sp o t ,  c r in k le ,  

m o t t le ,  m o s a i c  a n d  c u r ly  top. T h e  p r e v a le n c e  of th e s e  co n d it io n s  i s  i n ­

d ic a te d  by a n  in d ex in g  s u r v e y  of s ix  v a r i e t i e s  f ro m  c o m m e r c i a l  s o u rc e s ,  

c o n s i s t in g  of 100 p la n t s  e a c h  of R ic a rd ,  R adio  Red, O lym pic  Red, I rv ing ton  

Beauty, E n c h a n t r e s s  S u p rem e , an d  F ia t .  T h is  s u rv e y  show ed th a t  about 

62 p e r  c e n t  of t h e s e  p la n t s  c a r r i e d  v i r u s  d i s e a s e s  in la te n t  fo rm  (F ig u re  11).

S e v e r a l  of th e s e  r e a c t io n s  have not been  d e s c r ib e d  in the  l i t e r a ­

tu re ,  so m o r e  know ledge about the  p o s s ib le  v i r u s  co n d it io n s  w as  n eed ed  

b e fo re  c o n t in u in g  th e  s te m  ro t  in t e r a c t io n  e x p e r im e n t s .  A tte m p ts  w e re  

m a d e  to t r a n s m i t  p e la r g o n iu m  v i r u s e s  by m e c h a n ic a l  m e a n s ,  an d  by 

d o d d e r  (C u sc u ta  a r v e n s i s  B eyrich) . Sap f ro m  le a v e s ,  p e ta l s  and  r o o t s  of 

known v i r u s  d i s e a s e d  p e la rg o n iu m  p la n ts  w as  ru b b e d  on le a v e s  of N ico tiana  

glut i nos  a  L. , C u c u m is  s a t iv u s  L. (v a r .  N a tiona l P ick ling), V igna s in e n s is  

E nd l.  , G o m p h re n a  g lo b o sa  L. , Z in n ia  e le g a n s  Jacq . , to m a to  ( v a r i e t i e s  

Bonny Best a n d  Je f fe rso n ) ,  an d  p e la r g o n iu m  (P. h o r to ru m )  s e e d l in g s .  No 

index  p la n t  show ed  v i r u s  sy m p to m s  s ix  w eek s  a f t e r  a t te m p te d  in o cu la t io n .  

F o l lo w in g  so m e  d if f icu l ty  in  g e t t in g  d o d d e r  to g ro w  on p e la rg o n iu m , a 

s t r a i n  w as  s e le c te d  w hich  w as  s u c c e s s fu l .  D odder  e s t a b l i s h e d  on known 

v i r u s  d i s e a s e d  p e la r g o n iu m  p la n ts  w as a l lo w ed  to g row  f ro m  p e la rg o n iu m  

to to m a to ,  z in n ia ,  c u c u m b e r ,  c a r r o t ,  tobacco , g e ra n iu m  (G e ra n iu m
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m a c u l a tu m ) a n d  p e la r g o n iu m  s e e d l in g s .  No v i r u s  s y m p to m s  w e r e  o b s e r v e d  

a f t e r  12 w e e k s .

S y m p t o m - e x p r e s s io n  fo llow ing  u s e  of s e v e r a l  s c io n s  f ro m  the 

s a m e  s to c k  p la n t s  g r a f t e d  to  s e e d l in g s  w a s  no t u n ifo rm .  S c ions  f ro m  lo w e r  

s te m  p o r t i o n s  h a d  a  te n d e n c y  to c a u s e  m o r e  p ro n o u n c e d  sy m p to m s  in  s e e d ­

l in g  s to c k s  th a n  th o se  f ro m  the  u p p e r  p a r t  of th e  s te m .  U n d e rs to c k s  

g r a f t e d  w ith  two o r  m o r e  s c io n s  show ed  m o r e  p ro n o u n c e d  sy m p to m s  than  

th o se  g r a f t e d  w ith  one  sc io n .  C u tt in g s  ta k en  f ro m  the lo w e r  s tem  p o r t io n  

of known v i r u s  d i s e a s e d  s to c k  p la n t s  show ed  v i r u s  s y m p to m s  a f t e r  ro o t  

fo rm a t io n ,  w hen g ro w th  w as  r e s u m e d ,  r e g a r d l e s s  of t im e  of y e a r ,  w h e re a s  

th o se  f r o m  u p p e r  p a r t  of s to c k  p la n ts  show ed  s y m p to m s  l e s s  d is t in c t ly  and  

l e s s  f r e q u e n t ly .

E f fe c t  of l ig h t  a n d  t e m p e r a t u r e  on v i r u s  e x p r e s s io n  w as ex am in ed .  

Known v i r u s  d i s e a s e d  an d  v i r u s  f r e e  s to c k  p la n ts  w e re  kept fo r  10 days 

u n d e r  co n tin u o u s  l ig h t  of low in te n s i ty  (100-400  foot c a n d le s )  a t  a  c o n s ta n t  

t e m p e r a t u r e  of 9 °C . A d u p l ic a te  g roup  of 35 p la n ts  w as  kep t u n d e r  o r d i n ­

a r y  g re e n h o u s e  c o n d i t io n s  a t  21° C n igh t t e m p e r a t u r e .  O ld e r  l e a v e s  of 

v i r u s - i n f e c t e d  p la n t s  u n d e r  low  t e m p e r a t u r e  an d  low l igh t lo s t  c h lo ro p h y ll  

a n d  g r e e n  r in g s ,  do ts ,  a n d  m o t t l in g  a p p e a r e d  on ye llow  b a ck g ro u n d  of 

le a v e s .  No v i r u s - f r e e  c o n t r o l  p la n ts  r e a c t e d  in  th is  m a n n e r .
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B ased  on th i s  in fo rm a t io n ,  e x p e r im e n t s  w e re  d e v is e d  to s tudy  the 

p o s s ib l e  in te r a c t io n  b e tw ee n  s te m  r o t  an d  v i r u s  d i s e a s e s .  As a f i r s t  te s t ,  

two s e t s  of r o o te d  R i c a r d  c u t t in g s ,  100 p la n ts  each , w e re  indexed . Sc ions  

f ro m  th e  f i r s t  g ro u p  w e re  v e n e e r - g r a f t e d  to s ee d l in g s ,  p r e s e n c e  of v a r io u s  

v i r u s  d i s e a s e s  w a s  d e te rm in e d ,  an d  the  p a r e n t  p la n ts  w e re  g ro u p e d  a s  r i n g ­

spot, n e c r o t i c  r in g s p o t ,  an d  c r in k le ,  a c c o r d in g  to the  m o s t  c h a r a c t e r i s t i c  

s y m p to m s  a p p e a r in g  in s e e d l in g s .  P la n ts  of g roup  two w e re  in o c u la ted  w ith  

X. p e la r g o n i i  i s o la te  182 an d  50 days  l a t e r  th e  37 p la n t s  w ith  l e a s t  ev id en ce  

of s te m  r o t  ( r a t in g  40 o r  l e s s )  w e re  in d ex ed  fo r  v i r u s  d i s e a s e s .  R e s u l t s  

sho w ed  th a t  n ine  p e r  c en t  of g roup  one p la n t s  w e re  f r e e  of both  v i r u s e s  

and  s te m  ro t ,  w h ile  22 p e r  c en t  w e re  la te n t ly  in fe c te d  w ith  X^ p e la rg o n i i  

(F ig u r e  12). T h e  o th e r  69 p e r  c en t  c a r r i e d  v i r u s e s  in so m e  f o r m - -32 c a r r i e d  

r in g sp o t ,  12 c a r r i e d  n e c r o t i c  r in g sp o t ,  an d  25 c a r r i e d  c r in k le .  In g roup  

two, te n  p la n ts  out of the  37 s u r v iv o r s  (27 p e r  cent) w e re  v i r u s  f r e e .  V iru s  

c a r r y i n g  p la n ts  in g roup  two to ta le d  27 (73 p e r  cen t)  of w hich 17 (46 p e r  

cen t)  c a r r i e d  r in g s p o t ,  e igh t (22 p e r  cent)  c a r r i e d  n e c r o t ic  r in g s p o t ,  and  

two (five  p e r  cen t)  c a r r i e d  c r in k le s  (F ig u re  12). T he  da ta  in d ic a te  th a t  

p la n ts  c a r r y i n g  c r in k l e s  la te n t ly  a r e  m u ch  m o r e  s e n s i t iv e  to s tem  ro t ,  

s in c e  th e  p e r c e n t a g e  o f p la n ts  c a r r y i n g  th is  v i r u s  w as  r e d u c e d  f ro m  25 to 

five  a s  a  r e s u l t  of in o c u la t io n  w ith  X. p e la r g o n i i .  T h e  s m a l l  n u m b e r  of 

p la n t s  p lu s  the  c o m p l ic a t in g  e ffec t  of la te n t  X.  p e l la rg o n i i  in fe c t io n s  in
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m a n y  p l a n t s  of g ro u p  two p r e c lu d e  any  c o n c lu s io n  r e g a r d in g  the  o th e r  

v i r u s e s .

In a  s e c o n d  te s t ,  120 P. h o r to r u m  s e e d l in g s  w e re  g ra f te d  w ith  

sc io n s  f r o m  v i r u s - f r e e  p la n ts ,  a n d  237 w e re  g r a f te d  w ith  s c io n s  f ro m  known 

v i r u s  d i s e a s e d  s to c k  p la n t s .  V i r u s  s y m p to m s  w e r e  d e te r m in e d  40 days  

a f t e r  g ra f t in g ,  an d  s t e m s  w e r e  in o c u la te d  w ith  i s o la te  182 in  o r d e r  to o b ­

s e r v e  a n d  c o m p a r e  th e  d e v e lo p m e n t  of s te m  r o t  in  v i r u s  f r e e  an d  v i r u s  

in fe c te d  s e e d l in g s .  S lo w es t  s te m  r o t  d ev e lo p m en t  o c c u r r e d  in  v i r u s  f r e e  

se e d l in g s ,  f a s t e s t  in  p la n ts  w ith  c r in k le  an d  m o t t le  sy m p to m s ,  an d  in ­

t e r m e d ia t e  in  g ro u p s  w ith  r in g s p o t  a n d  n e c r o t i c  r in g s p o t  sy m p to m s  

(T ab le  XIV).

In a  t h i r d  t e s t ,  r o o te d  c u t t in g s  f r o m  v i r u s  f r e e  an d  f ro m  known 

v i r u s  d i s e a s e d  s to c k  p la n t s  (v a r .  R ic a rd )  w e re  s te m  in o c u la te d  w ith  i s o ­

la te  182, a n d  s te m  r o t  d e v e lo p m e n t  w as  d e te r m in e d .  S tem  r o t  d e v e lo p ­

m e n t  w a s  m u c h  s lo w e r  in  v i r u s  f r e e  th an  in  v i r u s  d i s e a s e d  p la n ts .  P la n ts  

w ith  l e a f  m o t t l e  s y m p to m s  sho w ed  f a s t e s t  d i s e a s e  deve lopm en t,  th o s e  

w ith  n e c r o t i c  r in g s p o t  l e s s ,  a n d  p la n t s  w ith  r in g s p o t  sy m p to m s  w e re  the  

s lo w e s t  a m o n g  v i r u s  d i s e a s e d  p e la r g o n iu m  p la n ts  (T ab le  XV) to develop  

s te m  ro t .



TABLE XIV

R E L A T IO N  OF VIRUS DISEASES TO ST E M  R O T D EV E L O PM E N T  IN
L l h o r t o r u m  SEEDLINGS 

(P lan ts  w e r e  C la s s i f i e d  50 D ay s  a f t e r  Inocu la tion  with X. P e la rg o n i i )

N u m b e r  of P la n ts  w ith  Stem  Rot R a t in g  of 
V i r u s  No. -----------------------------------------------------------------------------

P la n ts  0 Slight M o d e ra te  S e v e re

V i r u s - f r e e 102 34 52 8 8

R in g sp o t 130 24 50 30 24

N e c ro t ic  r in g s p o t 22 2 6 4 10

M ottle 44 6 8 12 18

C r in k le 36 2 4 10 20

T o ta l 334 70 120 64 80
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TABLE XV

R E L A T IO N  OF VIRUS DISEASES TO  ST E M  R O T D E V E L O PM E N T  IN RO OTED
CUTTINGS (VAR. RICARD)

(P lan ts  w e re  C la s s i f i e d  50 D ay s  a f t e r  In o cu la t io n  with X_* P e la rg o n i i ) .

V iru s
T o ta l

No.
P la n ts

N u m b e r  of P la n ts  w ith  S tem  Rot R a t in g  of

0 Slight M o d e ra te S e v e re

V i r u s - f r e e 25 18 5 1 I

R ingspo t 25 9 11 3 2

N e c ro t ic  r in g s p o t 25 5 2 10 8

M ottle 25 2 4 7 12

T o ta l 100 34 22 21 23
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DISCUSSION

A ll v a r i e t i e s  of h o r to r iu m  have been  s u b je c t  to  s te m  ro t  c a u s e d  

by X. p e la r g o n i i  w hen t e s t e d  by s te m  in o c u la t io n s .  H ow ever, v a r i e t i e s  d if fe r  

in  r e l a t i v e  r e s i s t a n c e ,  s in c e  d i s e a s e  d ev e lo p s  m u ch  m o re  s low ly  in so m e  

v a r i e t i e s  th an  in  o th e r s .  In c o m m e r c i a l  c u l tu re ,  the  d if f e re n c e  in  r e s i s t a n c e  

i s  s o m e t im e s  m o r e  a p p a r e n t  th an  r e a l .  F o r  ex am p le ,  m a n y  g r o w e r s  a r e  

s u r e  th a t  th e  v a r i e t y  R adio  R ed h a s  a high r e s i s t a n c e ,  w hile  the  v a r i e t i e s  

B e t te r  T i m e s  an d  R ic a r d  a r e  e x t r e m e ly  s u sc e p t ib le .  In ocu la tion  e x p e r im e n t s  

by M unnecke  (28) show ed  th a t  R adio  R ed  w as h ighly  su sc e p t ib le ,  R ic a r d  w as 

m o d e r a te ly  so, an d  B e t te r  T im e s  w as the  m o s t  r e s i s t a n t  v a r i e ty  t r i e d .

P r e s e n t  o b s e r v a t io n s  c o n f i rm  th is ,  a s  f a r  a s  R adio  R ed  an d  R ic a r d  a r e  c o n ­

c e rn e d .  D if f e r e n c e s  b e tw een  o b s e r v e d  r e s i s t a n c e  and  e x p e r im e n ta l  r e s u l t s  

m a y  be e x p la in e d  a s  a  d i f f e r e n c e  in  la te n t  in fe c t io n s .  B e tte r  T im e s ,  be ing  

so m ew h a t  r e s i s t a n t ,  m ay  u n d e r  c e r t a i n  co n d itio n s  c a r r y  a high le v e l  of 

la te n t  in fe c t io n s ,  w hich  r e s u l t  in  m an y  d i s e a s e d  p la n ts  when co n d itio n s  fa v o r  

d i s e a s e .  R adio  R ed  is  v e r y  s u sc e p t ib le ,  an d  u n d e r  the p r o p e r  cond itions  

m a y  have few la te n t  in fe c t io n s ,  s in ce  d i s e a s e d  p la n ts  would te n d  to be 

e l im in a te d .

V a r ia t io n  b e tw een  b a c t e r i a l  s t r a i n s  in a b i l i ty  to c a u se  le a f  spot 

i s  ev en  g r e a t e r  th a n  v a r i a t io n  in  a b i l i ty  to c a u s e  s tem  ro t .  S e v e ra l  f a c to r s
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m a y  a t t r i b u t e  to  th e  m o r e  u n ifo rm ly  p o s i t iv e  r e s u l t s  f ro m  s te m  inocu la tion . 

In s e r t e d  c o t to n  p lu g s  undoub ted ly  a c t  a s  r e s e r v o i r s  of inocu lum ; they  a lso  

m ay  a b s o r b  a c id ic  c e l l  sap  of c r u s h e d  c e l l s ,  th e re b y  r a i s i n g  the  pH of the  

wounded a r e a  a n d  m a k in g  it m o r e  su i ta b le  fo r  b a c te r i a l  a t ta ck .  S u c c e s s  

in le a f  in o c u la t io n s ,  on the  o th e r  hand, dep en d s  m o r e  on e n v iro n m e n ta l  

co n d i t io n s .  Such f a c to r s  m a y  acco u n t,  in p a r t ,  fo r  the  e x p e r im e n ta l ly  

d e m o n s t r a t e d  d e c r e a s e  in  v i r u l e n c e  of an  i s o la te  w hen t e s t e d  by le a f  in o c u la ­

tions , w h ile  the  s a m e  i s o la te  d id  not lo se  v i ru le n c e  a f t e r  p ro lo n g e d  m a in ­

te n an c e  in c u l tu r e  when t e s t e d  by s te m  in o c u la t io n s .

F o r m e r l y ,  le a f  spo t an d  s te m  r o t  w e re  a s s u m e d  to be c a u s e d  by 

d i f f e re n t  s p e c ie s  of b a c t e r i a  (5). M o re  re c e n t ly ,  e x p e r im e n t s  have  shown 

th a t  le a f  spo t c a n  be c a u s e d  by the s te m  ro t  p a thogen  (19, 28), a lthough 

so m e  w o r k e r s  n e v e r  find  le a f  spo t. The  fac t  th a t  c e r t a in  s t r a in s  of the  

p a th o g en  w ill  c a u s e  le a f  spo t a n d  s te m  ro t,  w hile  o th e r  s t r a in s  c a u se  only 

s tem  r o t ,  m a y  help  to ex p la in  so m e  of the  p a s t  confusion . In ad d itio n  to 

th is  q u a l i ta t iv e  d i f f e r e n c e  in s t r a in s ,  t h e r e  a r e  a lso  q u an ti ta t iv e  d i f f e r e n c e s  

in  v i ru le n c e .

In o cu la t io n  s tu d ie s  on a w ide v a r i e ty  of co m m o n  f lo w e rs ,  v e g e ta b le s ,  

and  w e ed s  sho w ed  that_X_. p e la r g o n i i  h a s  a  v e r y  n a r ro w  h o s t  ra n g e  con fined  

to th e  G e ra n iu m  fa m ily .  A s the  b a c t e r i a l  b ligh t o rg a n is m  can  be g row n on a 

v a r i e ty  of s im p le  c u l tu r e  m ed ia ,  it  w as  co n c lu d ed  tha t  the  c a u s a l  ag en t  w as
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v e ry  s e n s i t iv e  to  s o m e  n o n - n u t r i t io n a l  h o s t  c o n d it io n s .

C e l l  sap  pH  v a lu e s  of a l l  p a r t s  of p e la rg o n iu m  p la n t s  w e re  lo w e r  

than  the  lo w e s t  l im i t  f o r  g ro w th  of JX_. p e la r g o n i i  in c u l tu re .  T he  pH of 

c u s h e d  t i s s u e ,  h o w e v e r ,  i s  no t n e c e s s a r i l y  the  s a m e  a s  the  pH of p r o t o ­

p la s m  an d  i n t e r c u l l u l a r  a r e a s  of in ta c t  p la n ts .  T h e  a c id i ty  of in t e r c e l l u l a r  

s p a c e s  is  m o r e  c r i t i c a l ,  s in c e  th is  i s  w h e re  the  pa th o g en  is  f i r s t  e s ta b l is h e d .  

It i s  d iff icu l t  to d e te r m in e  th e  t r u e  pH of m id d le  la m e l la  and  in te r c e l lu la r  

s p a c e s  in s i tu ,  but it i s  p r e s u m a b ly  l e s s  a c id ic  than  c e l l  sap. N e v e r th e le s s ,  

t h e r e  a r e  s o m e  in d ic a t io n s  th a t  pH m ay  be a f a c to r  in in i t ia l  e s ta b l i s h m e n t  

of in fec t io n .  A ll X. p e la r g o n i i  i s o la t e s  f ro m  b lig h ted  p e la rg o n iu m  p la n ts  

c a u s e d  s te m  ro t  if s te m  in o c u la t io n s  w e re  used , but som e i s o la te s  w e re  not 

ab le  to c a u s e  l e a f  spot r e g a r d l e s s  of c e l l  c o n c e n t r a t io n s  u s e d  a s  inocu lum .

In s tem  in o c u la t io n s  the  f a s t e s t  and  m o s t  p ro n o u n c e d  s tem  r o t  d eve lopm en t 

w as o b ta in e d  by u s in g  a s m a l l  p o r t io n  of d i s e a s e d  p e la rg o n iu m  t i s s u e  a s  

in o cu lu m . S lo w er  d i s e a s e  d ev e lo p m en t o c c u r r e d  when b ro th  c u l tu re  o r  

c e n t r i fu g e d  an d  w a sh e d  b a c t e r i a l  s u s p e n s io n s  w e re  used . In o cu la t io n s  

w ith  l e s s  v i r u l e n t  i s o l a t e s  have  b een  r e l a t iv e ly  m o r e  su c c e s s fu l  on lo w er  

s te m  p o r t i o n s  th an  on the  u p p e r ,  e s p e c ia l ly  when inoculum  f ro m  c e n tr i fu g e d  

b a c t e r i a l  p r e c i p i t a t e s  w as  u sed .  F r o m  th e se  o b s e r v a t io n s  it cou ld  be c o n ­

c lu d ed  th a t  s o m e  in h ib i to ry  e ffe c t  i n c r e a s e s  a s  the  pH d e c r e a s e s ,  o r  tha t  

the  b a c te r iu m  p r o d u c e s  c e r t a i n  m e ta b o l ic  p r o d u c ts  w hich r a i s e s  the  pH

of th e  s u r r o u n d in g  t i s s u e .
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T h e  c u r r e n t  e x p e r im e n t s  in d ic a te d  th a t  the  b a c t e r i a l  b ligh t o rg a n ism , 

a lthough  p r e s e n t  in  v e s s e l s ,  p ro d u c e d  d i s e a s e  on ly  on in v a s io n  of p a re n c h y m a .  

It m o v e d  w ith  the  t r a n s p i r a t i o n  s t r e a m  in  v e s s e l s  and  c a u s e d  d i s e a s e  w h e n ­

e v e r  p a r e n c h y m a  t i s s u e  w as  r e a c h e d ,  such  a s  o c c u r r e d  a t w ounds. T h is  

m ay  e x p la in  why d i s c o lo r a t io n  of v e s s e l s ,  su ch  a s  is  found in ty p ica l v a s c u ­

l a r  w ilt  d i s e a s e s ,  w a s  not o b s e r v e d  in la te n t ly  in fe c ted  p e la rg o n iu m s .

S tem  r o t  i n c r e a s e d  w ith  i n c r e a s in g  t e m p e r a t u r e s  f ro m  10° to 27° C 

d u r in g  th e  f i r s t  f ive  w e e k s  a f t e r  in o cu la t io n .  L a te r ,  the  d i s e a s e  i n c r e a s e d  

m o r e  r a p id ly  in  p la n ts  kept a t 10°C n ight t e m p e r a t u r e  than  in the  o th e r s .

S ince th e  o p t im u m  t e m p e r a t u r e  fo r  g ro w th  of X. p e la rg o n i i  is  about 27° C 

an d  the  o p t im u m  t e m p e r a t u r e  fo r  h o s t  g row th  so m ew h a t below 20&C, d i s e a s e  

d ev e lo p m en t d u r in g  the  f i r s t  few w eek s  fo llow ing  in o cu la t io n  s e e m s  to be 

p r i m a r i l y  an  e ffec t  of t e m p e r a t u r e  on th e  p a th o g en . L a te r ,  how ever, 

p la n ts  a t  th e  lo w e s t  n igh t t e m p e r a t u r e s  w e re  in c r e a s in g ly  a ffec ted .  T h is  

m ay  be due to an  u n fa v o ra b ly  low t e m p e r a t u r e  w hich  w eak en s  the  host.

T h is  i s  p a r t i a l l y  s u p p o r te d  by the  c o m p a r i s o n  of g row th  r a t e s  of v a r .  B etter  

T im e s  ro o te d  c u t t in g s  an d  d i s e a s e  in d ic e s .  T h e s e  da ta  w ould  in d ic a te  a 

c o r r e l a t i o n  b e tw een  n igh t t e m p e r a t u r e s  and  a v e r a g e  d i s e a s e  in d ic e s  d u r in g  

the  f i r s t  p e r i o d  of t e s t  and  in v e r s e  c o r r e l a t i o n  be tw een  a v e r a g e  p lan t  

w e igh t an d  d i s e a s e  in d ic e s  d u r in g  the  f ina l  p e r io d  of te s t .
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T h e  e f fe c t  of h igh  (27a C) n ight t e m p e r a t u r e  on i n c r e a s in g  s tem  ro t  

d e v e lo p m e n t  i s  u se fu l  f o r  d e te c t in g  la te n t ly  c o n ta m in a te d  p e la rg o n iu m  p la n ts .  

S e v e ra l  w e e k s  of su ch  t r e a tm e n t  u s u a l ly  su f f ic e s .

D ata  on n u t r i e n t  c o n c e n t r a t io n  e f fe c t s  in d ic a te d  th a t  s low ly  g row ing  

p la n t s  d e v e lo p e d  d i s e a s e  m o re  ra p id ly  than  p la n ts  u n d e r  op tim um  cond ition  

of g ro w th .  T y p ic a l  v a s c u l a r  d i s e a s e s ,  such  a s  cab b ag e  ye llow s, F u s a r iu m  

o x y sp o ru m  f. c o n g lu t in a n s  ( W r . ) Snyder  et H ansen , to m a to  w ilt, F. o x y sp o ru m  

f. l y c o p e r s i c i  (Sacc, ) Snyder e t  H ansen , and  b a c te r i a l  w ilt of to m a to ,  P seu d o m o n as  

s o la n a c e a r u m  E. F. Sm. d e c r e a s e  w ith  i n c r e a s in g  n u tr ie n t  le v e ls .  On the  

o th e r  hand, th e  e ffec t  of n u t r i e n t  c o n c e n t ra t io n  on d i s e a s e  d ev e lopm en t of 

b a c t e r i a l  c a n k e r  of to m a to ,  C o ry n e b a c te r iu m  m ic h ig a n e n s e  (E. F . Sm. )

Jen sen , a  p a r e n c h y m a  in v a d e r ,  i s  found to be a lm o s t  d ia m e t r ic a l ly  o p pos ite  

(14). W a lk e r  a n d  F o s t e r  (60) who s tu d ie d  the  p ro b le m  of xy lem  and  p h loem  

in v a d e r s ,  p o s tu la te d  th a t  w ith  xy lem  in v a d e r s  ( fu sa r ia ) ,  u s in g  n i t r a t e s  a s  a 

s o u rc e  of n i t ro g en ,  the  p a th o g en  m a y  be a b le  to "ou t c o m p e te ” the  h o s t  fo r  

m i n e r a l s  in  the  xy lem  v e s s e l s ,  but a s  the  c o n c e n tra t io n  i n c r e a s e s  the  hos t  

i s  a b le  to g ro w  m o r e  ra p id ly  an d  e s c a p e  w ilting . Phloem  in v a d e r s  m ay  be 

d ependen t upon n i t ro g e n  c o m p o u n d s  e la b o r a te d  by the  hos t so tha t  the  am oun t 

of a v a i la b le  food  d ep en d s  upon the  g row th  of the  h o s t  p lan t.

B a c te r ia l  s te m  r o t  of p e la r g o n iu m s  b eh av es  like  v a s c u la r  in v a d e r s  

in i t s  r e s p o n s e  to  n u t r i e n t s ,  the  d i s e a s e  e x p r e s s io n  be ing  a p p ro x im a te ly
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i n v e r s e ly  p r o p o r t io n a l  to  p la n t  g row th . I s o la t io n s  f r o m  d i s e a s e d  p e la rg o n iu m  

p la n ts  u s u a l ly  yielded_X. p e la r g o n i i  in  v e s s e l s ,  but in  o r d e r  to c a u s e  s te m  

ro t  s y m p to m s ,  th e  c a u s a l  o rg a n is m  m u s t  r e a c h  p a re n c h y m a  t i s s u e  of hos t .  

B io ch em ic a l  t e s t s  (5, 12, 19, 27, 51) show ed  th a t  X. p e la r g o n i i  u t i l iz e d  o r ­

gan ic  n i t ro g e n ,  s u g a r s ,  v a r io u s  o rg a n ic  a c id s ,  an d  p ec tin ,  but d id  not r e ­

duce  n i t r a t e ,  w h ich  m a y  p u t  i t  in  th e  c l a s s  of p a re n c h y m a  in v a d e r s .  T h is  

s e e m in g  c o n t r a d ic t io n  m a y  be m o r e  lo g ic a l  if  the  m e th o d  of p a re n c h y m a  

in v a s io n  i s  c o n s id e re d .  X.  p e la r g o n i i  i s  not ab le  to a t t a c k  sa l ic in ,  w hich  

h a s  a ^ - g l u c o s i d i c  l inkage , an d  is  not known to h y d ro ly z e  c e l lu lo se .  How­

e v e r ,  in  d i s e a s e d  p e la r g o n iu m  s te m s  the  f i r s t  v is u a l  sy m p to m  often  a p p e a r s  

a t  p o in ts  w h e re  s t ip u l i  have  b een  a t ta c h e d  to the  s tem , an d  a t  l e a f - s c a r s ,  

w h ich  s u g g e s t s  th a t  b ro k e n  en d s  of v e s s e l s  s e r v e  a s  e x i ts  fo r  b a c te r ia .

O nce in  th e  p a re n c h y m a ,  the  c a u s a l  o rg a n is m  d e s t r o y s  t i s s u e  a t  a  r e la t iv e ly  

c o n s ta n t  r a t e  a n d  a  w e a k e r  h o s t  su c c u m b s  f i r s t .

D is e a s e  in  p la n ts  g ro w n  in  u n b a lan c e d  n u tr ie n t  so lu t io n s  w as  found 

to be c o r r e l a t e d  w ith  d e c r e a s e d  p la n t  g ro w th .  In u n b a lan ced  so lu tio n s ,  the  

b a c t e r i a l  s te m  r o t  d e v e lo p m en t  w as  d e c r e a s e d  in  low  P, h igh  K, an d  high Ca 

so lu tio n s ,  an d  i n c r e a s e d  in low Ca, high P, an d  in  h igh N so lu tio n s .

C a  p la y s  a  v i ta l  r o le  in  m e ta b o l i s m  of p la n ts  g e n e ra l ly  an d  in  

p e la r g o n iu m s  p a r t i c u l a r l y .  It i s  known to be  p e rm a n e n t ly  f ix ed  a s  c a lc iu m  

s a l t  of p e c t i c  com p o u n d s  in  the  m id d le  la m e l la ,  to fo rm  s a l t s  w ith  o rg a n ic
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a c id s ,  to  c o m b in e  w ith  p r o t e i n  m o le c u le s ,  to be n e c e s s a r y  fo r  the  g row th  

of a p ic a l  m e r i s t e m ,  to be  r e q u i r e d  fo r  s y n th e s is  o f  o rg a n ic  a c id s ,  an d  to 

have  a  r o l e  in  n i t r o g e n  m e ta b o l i s m .  N ig h tin g a le  (31) show ed th a t  so m e  

p la n t s  w e r e  u n ab le  to a b s o r b  a n d  a s s i m i l a t e  n i t r a t e s  in the  a b se n c e  of c a l ­

c iu m . S ince  Ca i s  not known to be e s s e n t i a l  fo r  b a c t e r i a  (40) it m a y  be 

a s s u m e d  th a t  th e  e f fe c t  of c a lc iu m  in  s te m  r o t  d ev e lo p m en t i s  m a in ly  due 

to b e n e f ic ia l  a c t io n  on p la n t  g row th .

P e la rg o n iu m  p la n ts  g ro w n  in  h igh  p o ta s s iu m  so lu tio n  b eh av ed  

s i m i l a r l y  to h igh  c a lc iu m  p la n ts  in  s te m  r o t  d ev e lo p m en t.  It i s  g e n e r a l ly  

known th a t  a c t iv e ly  g ro w in g  young  t i s s u e s  a r e  a lw ay s  r i c h  in p o ta s s iu m  and  

th a t  t h e r e  i s  an  a c c u m u la t io n  of so lu b le  o rg a n ic  n i t ro g e n  (am ino  a c id s  and  

a m id e s )  in  K d e f ic ie n t  p la n t s  (61). S ince  the  p r o te in  co n ten t  of p o ta s s iu m  

d e f ic ie n t  p la n t s  i s  r e l a t iv e ly  low, it i s  b e l ie v e d  th a t  th is  e le m e n t  i s  invo lved  

in  p r o t e i n  s y n th e s is .  A m ino a c id s  an d  a m id e s  on the  o th e r  hand, a r e  u t i l iz e d  

r e a d i ly  by X. p e l a r g o n i i , th u s  p o ta s s iu m  d e f ic ien cy  m a y  su p p o rt  the  g ro w th  

of th e  p a th o g en  an d  in h ib it  th e  g ro w th  of the  h o s t  s im u lta n eo u s ly .

P la n ts  in  h igh  P so lu t io n  f i r s t  d ev e lo p ed  d i s e a s e  s l ig h t ly  f a s t e r  than  

th o s e  in  low  P, but d i s e a s e  l a t e r  i n c r e a s e d  ra p id ly  in h igh  P p la n ts .  N igh tinga le  

(32) found  th a t  the  a b s o r p t io n  of in o rg a n ic  n i t ro g e n  w as d e p r e s s e d  when a v a i l ­

a b le  p h o s p h a te s  in  th e  ro o t in g  m e d iu m  w e re  high. M a tu r i ty  of su ch  p la n ts  

w as  r e a c h e d  e a r l i e r .  C u r r e n t  e x p e r im e n t s  have  shown th a t  o ld e r  p e la rg o n iu m
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p la n ts  a n d  lo w e r  s te m  p o r t i o n s  a r e  so m ew h a t  m o r e  s u s c e p t ib le  to X. p e la rg o n i i .  

F a s t e r  a g in g  a n d  o n s e t  of s e n i l i ty  m ay  have  been  the  r e a s o n  fo r  f a s t e r  s tem  

ro t  d e v e lo p m e n t  in  h igh  P p la n t s  d u r in g  the  l a t t e r  p a r t  of the  e x p e r im e n t .

P la n ts  in  h igh  N so lu tio n  d ev e lo p ed  sy m p to m s  m o r e  r a p id ly  than  

p la n ts  in  low N. In b io c h e m ic a l  t e s t s  (5, 19, 27, 51) X. p e la r g o n i i  u t i l iz e d  

n i t ro g e n  in the  o rg a n ic  but not in the  in o rg a n ic  fo rm .  E v e ry th in g  e l s e  be in g  

equal, one c o u ld  th u s  e x p e c t  f a s t e r  d i s e a s e  d ev e lo p m en t in p la n ts  h ig h e r  in 

o rg a n ic  n i t ro g e n .  N ig h tin g a le  (30) w o rk in g  with to m a to  p la n ts  found th e se  

c o n ta in e d  v e r y  l i t t l e  o rg a n ic  n i t ro g e n  and  no n i t r a t e  o r  a m m o n iu m  when 

g row n  in  m i n u s - n i t r a t e  so lu tio n s ,  while  p la n ts  g row n in  p l u s - n i t r a t e  so lu tio n s  

h ad  s u b s ta n t ia l  a m o u n ts  of o rg a n ic  n i t ro g e n .  G a lleg ly  and  W a lk e r  (14), 

w o rk in g  u n d e r  s i m i l a r  co n d it io n s  w ith  to m a to  p la n ts ,  found tha t a t  24° C 

p la n ts  in  h igh  N so lu t io n s  c o n ta in e d  m o re  n i t ro g e n  com pounds  and  w e re  

m o r e  s u s c e p t ib le  to b a c t e r i a l  w ilt .  X i p e la rg o n i i  is  p r i m a r i l y  dependent 

fo r  food  on p a re n c h y m a  t i s s u e ,  th e r e f o r e  one co u ld  ex p ec t  it to be b e n e f i t ted  

by h ig h e r  o rg a n ic  n i t ro g e n  c o n ten t  in th is  t i s s u e .  T h is  m ay  ex p la in  the  

h ig h e r  d i s e a s e  r a t in g s  in h igh N so lu t io n s .

T he  fac t  th a t  p la n ts  in a l l  u n b a lan ced  n u tr ie n t  so lu t io n s  show s i g ­

n if ic a n t ly  h ig h e r  d i s e a s e  r a t in g s  w ould  in d ic a te  tha t b e s id e s  th e  in te r a c t io n s  

ju s t  d e s c r ib e d ,  p la n t  v ig o r  an d  o th e r  u n ex p la in ed  f a c to r s  a r e  invo lved . R e ­

a c t io n s  of p la n t s  in low b a la n c e d  n u t r i e n t  so lu tion  f u r th e r  su p p o rt  th is
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c o n c lu s io n .  It i s  p o s s ib le  th a t  aux in  r e la t io n s h ip s  a r e  invo lved  h e re .

About 62 p e r  c en t  of p la n t s  of c o m m e r c i a l  p e la rg o n iu m  s to ck s  

c a r r i e d  v i r u s  d i s e a s e s  in a  la te n t  fo rm .  P lan ts  c a r r y i n g  v i r u s e s  c a u s in g  

c r in k le ,  m o tt le ,  m o s a i c  o r  c o m b in a t io n s  of th e se ,  w e re  m o s t  s u sc e p t ib le  

to s te m  ro t ,  a s  c o m p a r e d  to d i s e a s e  d ev e lo p m en t in v i r u s - f r e e  p la n ts .

P la n ts  c a r r y i n g  v i r u s e s  c a u s in g  r in g s p o t  and  n e c r o t ic  r in g s p o t  b e h av ed  a s  

in t e r m e d ia t e s .  K now ledge of v i r u s  d i s e a s e s  of p e la r g o n iu m s  is  scan t, 

an d  no th in g  w as  p r e v io u s ly  known about the  in te r a c t io n  be tw een  X. p e la r g o n i i  

an d  v i r u s e s  in p e la r g o n iu m .  A s s o c ia t io n s  be tw een  m ic r o b e s ,  and  be tw een  

m ic r o b e s  an d  v i r u s e s ,  a s  r e v ie w e d  by W alcsman (58, 59) an d  by H edges  

(17, 18) show  th a t  v a r io u s  ty p e s  of in te r a c t io n s  m a y  be p o s s ib le .  H ow ever, 

c e r t a in  v i r u s e s  m ay  s im p ly  w eak en  p e la rg o n iu m  p la n ts ,  m a k in g  th em  m o r e  

s e n s i t iv e  to b a c te r i a ;  o th e r  f a c to r s  w hich  w eaken  th is  h o s t  a r e  known to 

i n c r e a s e  s u s c e p t ib i l i ty .  W h a te v e r  th e  a s s o c ia t io n  b e tw een  v i r u s e s  and  

X. p e la r g o n i i  in p e la rg o n iu m  m a y  be, it  i s  p u r e ly  s p e c u la t iv e  until f u r th e r  

s tu d ie s  a r e  m a d e .

T he  d a ta  p r e s e n t e d  h e re  m ay  have p r a c t i c a l  a s  w ell a s  th e o r e t ic a l  

im p l ic a t io n s .  X. p e la r g o n i i  m a y  r e m a in  la ten t  in  i t s  hos t u n d e r  co n d itio n s  

f a v o ra b le  f o r  g ro w th  of p e la r g o n iu m .  H ow ever, when p la n ts  a r e  ex p o sed  

to e n v i ro n m e n ta l  co n d i t io n s  u n fa v o ra b le  f o r  h o s t  growth, such  a s  h igh night 

t e m p e r a t u r e s  o r  u n fa v o ra b le  n u t r i e n t  cond itions , the  la te n t  in fec t io n  w ill
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be e x p r e s s e d  a s  s te m  ro t ,  a n d  in fe c te d  p la n t s  c a n  be  e l im in a te d .  T h is  

know ledge  s h o u ld  be  u se fu l  f o r  p r o d u c in g  p r o p a g a t in g  s to c k s  f r e e  of X. 

p e l a r g o n i i . V i r u s e s  a l s o  e x i s t  in  a  la te n t  fo rm  in c o m m e r c i a l  s to ck s ;  

th e s e  a p p e a r  to be of p r a c t i c a l  im p o r ta n c e  b e c a u s e  th ey  m a k e  p la n ts  m o r e  

s e n s i t iv e  to  X1 p e la r g o n i i .  L a te n t  v i r u s  in fec t io n  c an  be d e te c te d  by g r a f t s  

to v i r u s  f r e e  c lo n e s ,  w h ich  r e a c t  in  a  d is t in c t iv e  m a n n e r ,  a lthough  they  

u s u a l ly  r e c o v e r  l a t e r  a n d  the v i r u s  a g a in  a s s u m e s  i t s  la te n t  c h a r a c t e r .

Once f r e e  of v i r u s e s ,  g re e n h o u se  s to ck  sh ou ld  r e m a in  f r e e  i f  o rd in a ry  

p r e c a u t io n s  a r e  taken , s in c e  th e  v i r u s e s  a r e  not s p r e a d  m e c h a n ic a l ly  

an d  i n s e c t s  do not go to  p e la r g o n iu m s  u n ti l  t e m p e r a t u r e s  a r e  lo w ered .

To keep  s to c k  f r e e  of_X. p e l a r g o n i i , h ow ever , m ay  be m o r e  d iff icu lt ,  s in ce  

i t  c an  be  s p r e a d  by w a te r ,  so il ,  eq u ip m en t,  to o ls  an d  m e c h a n ic a l ly  d u r in g  

p ro p a g a t io n .

T h a t  b a c t e r i a l  an d  v i r u s  in fe c t io n s  can  be e l im in a te d  f ro m  p r o p a ­

g a t in g  s to c k s ,  a n d  th a t  s to c k s  c an  be  kept d i s e a s e - f r e e ,  h a s  been  p ro v e n .  

Such s to c k s  of v a r i e t i e s  R ic a rd ,  R ad io  Red, O lym pic  Red, I rv in g to n  Beauty, 

an d  F ia t ,  p r e v io u s ly  c o n ta m in a te d  w ith  both  X1 p e la r g o n i i  an d  v i r u s e s ,  have 

b een  on  h an d  a t  M ich ig an  S ta te  U n iv e r s i ty  fo r  o v e r  a  y e a r .
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SUMMARY

E x p e r im e n ta l  da ta  show ed  th a t  c o m m e r c i a l ly  a v a i la b le  P e la rg o n iu m  

s to c k s  c a r r i e d  b a c t e r i a l  b l ig h t  in a la te n t  fo rm .  T w e n ty - s ix  p e r  c en t  of 600 

p la n ts  of s ix  su ch  v a r i e t i e s ,  kept u n d e r  co n d it io n s  fa v o r in g  d i s e a s e  d e v e lo p ­

m en t,  but p r e c lu d in g  d i s e a s e  s p re a d ,  dev e lo p ed  s tem  ro t  w ith in  th re e  

m o n th s .  _X- p e la r g o n i i  d id  not a t t a c k  p la n ts  o u ts id e  the  G e ra n iu m  fam ily . 

S t r a in s  of the  c a u s a l  o rg a n is m  w e re  found to d if fe r  q u a l i ta t iv e ly  an d  q u a n t i ­

ta t iv e ly  in e f f e c t s  on h o s t  p la n ts .  It w as  i s o la te d  f ro m  v e s s e l s  of in o c u la ted  

p la n ts ,  but c a u s e d  s te m  ro t  only when p a re n c h y m a  w as invaded . Root i n ­

v a s io n  w as  d e m o n s t r a t e d .  D is e a s e  w as  fa v o re d  by high t e m p e r a t u r e s .  

S y m p to m s  w e re  a lm o s t  a b s e n t  a t  10°C n igh t t e m p e r a tu r e ,  deve loped  s low ly  

at 21° C, a n d  r a p id ly  k i l le d  p la n ts  a t 27° C. M in e ra l  n u tr ie n t  le v e ls  below 

an d  above  o p tim u m  fo r  g ro w th  e n h an ced  d i s e a s e  deve lopm en t,  a s  d id  h igh N, 

h igh P, a n d  low Ca. S y m p to m s  w e re  in h ib i ted  by high K, low P, high Ca, 

an d  b a la n c e d  n u t r i e n t  so lu t io n  at o p tim u m  c o n c e n t ra t io n s  f o r  g row th .

S ix ty -tw o  p e r  c en t  of 600 c o m m e r c i a l  p e la rg o n iu m  p la n ts  of s ix  

v a r i e t i e s  c a r r i e d  la te n t  v i r u s  d i s e a s e s .  T he  v i r u s e s  w e re  not t r a n s m i t t e d  

m e c h a n ic a l ly  o r  by d o d d e r ,  but w e re  g r a f t  t r a n s m i s s i b l e  to see d lin g s ,  w h e re  

r in g s p o ts ,  n e c r o t ic  r in g s p o ts ,  crinkle,, m o tt le ,  m o sa ic ,  spotting , and  n e c r o t ic  

w il t in g  w e r e  p ro d u c e d .  T he  p r e s e n c e  of c e r t a in  v i r u s  d i s e a s e s  in p e la rg o n iu m  

p la n ts  e n h a n c e d  s te m  r o t  d e v e lo p m en t.
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F igu re  1

R e la t iv e  v i r u l e n c e  of X. p e la r g o n i i  i s o l a t e s  99, 138, an d  182 to  v a r i e ­

t i e s  R ad io  R ed  an d  R ic a r d  an d  P. h o r to r u m  s e e d l in g s .  Z e r o  in d ic a te s  no 

s te m  r o t  d ev e lo p m en t ,  a n d  100 in d ic a te s  d e a th  of th e  p la n t s .  D i s e a s e  i n ­

d ic e s  w e re  ta k e n  50 d a y s  a f t e r  in o c u la t io n .
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F igu re  2

R a te s  of m o v e m e n t  of X. p e la r g o n i i  in s t e m s  (v a r .  R ic a rd )  a s  d e t e r ­

m in e d  by p e r  c en t  r e - i s o l a t i o n s  a t  5, 15, a n d  25 cm  ab o v e  th e  p o in t  of 

in o c u la t io n .
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F igu re  3

E ffe c t  of n igh t t e m p e r a t u r e s  on s te m  r o t  d e v e lo p m e n t  

p e la r g o n iu m  (v a r .  B e t te r  T im e s ) ,
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F ig u re  4

C o m p a r i s o n  of d i s e a s e  d e v e lo p m e n t  an d  g r o w th  of p e l a r g o n i u m  a s  

a f f e c t e d  by n u t r i e n t  c o n c e n t r a t i o n s  f r o m  0. 1 to  3. 0 H o a g la n d  l e v e l s .  

D i s e a s e  i n d i c e s  w e r e  t a k e n  50 d a y s  a f t e r  in o c u la t io n .  F r e s h  w e ig h t s  a r e  

t h o s e  of u n in o c u la te d  c o n t r o l s .
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F igu re  5

E f f e c t s  of high and  low l e v e l s  of N, P, a n d  K on s t e m  r o t  d e v e l o p ­

m e n t  in p e l a r g o n i u m -  T h e  b a s a l  so lu t io n  w a s  1 . 0  H o a g la n d ’s (1H).  

D i s e a s e  i n d i c e s  w e r e  d e t e r m i n e d  50 d a y s  (b lack),  a n d  110 d a y s  (dotted) 

a f t e r  ino cu la t io n .
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F ig u re  '6

T h e  e f fec t  of low (LN) an d  high (HN) n i t r o g e n  l e v e l s  on r a t e  of 

s t e m  r o t  d e v e lo p m en t ,  a s  c o m p a r e d  w i th  b a l a n c e d  n u t r i e n t  l e v e l s  (1H). 

D i s e a s e  in d i c e s  50 days  a f t e r  in o c u la t io n  (dots ) w e r e  a n a l y z e d  s t a t i s ­

t i c a l ly .
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F ig u re  7

E ffec t  of P le v e l s  on r a t e  of  s t e m  r o t  d e v e lo p m e n t .  LP = low 

p h o s p h o r u s ;  HP = high p h o s p h o r u s ;  1 . 0  H = 1 H o a g la n d ’s so lu t ion .

D i s e a s e  i n d i c e s  50 day s  a f t e r  in o c u la t io n  (dots ) w e r e  a n a l y z e d  s t a t i s t i c a l l y .
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F igu re  8

E ffec t  of K l e v e l s  on r a t e  of s t e m  ro t  d e v e lo p m e n t .  LK  = low 

p o t a s s i u m ;  HK = high p o t a s s i u m ;  1 H = 1 H o a g la n d ’s so lu t ion .  D i s e a s e  

i n d i c e s  50 d ay s  a f t e r  i n o c u la t io n  (dots) w e r e  a n a l y z e d  s t a t i s t i c a l l y .
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F igu re  9

D i s e a s e  d e v e lo p m e n t  a n d  g ro w th  of  p e l a r g o n i u m  a s  a f f e c t e d  by 

Ca c o n c e n t r a t i o n  in the  n u t r i e n t  so lu t ion .  D i s e a s e  r e a d i n g s  a n d  g r e e n  

w e ig h t s  w e r e  t a k en  50 d a y s  a f t e r  in o cu la t io n .  W e ig h t s  a r e  th o s  of  

u n in o c u la t e d  c o n t r o l s .
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F igu re  10

E f fe c t s  of Ca  l e v e l s  on r a t e  of s t e m  r o t  d e v e lo p m e n t .  L ow  (LCa) , 

m e d i u m  (MCa),  and  h igh (HCa) c a l c iu m  s o lu t io n s  w e r e  u sed .  D i s e a s e  

in d i c e s  50 d a y s  a f t e r  i n o c u la t io n  (dots) w e r e  a n a l y z e d  s t a t i s t i c a l l y .
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F ig u re  11

P lan ts  c a r r y i n g  la te n t  X. p e l a r g o n i i  (b lack)  a n d  l a t e n t  v i r u s  

in f e c t io n s  (shaded)  in p e l a r g o n i u m  v a r i e t i e s  R i c a r d  (R), R ad io  R e d  (RR), 

O ly m p ic  R ed  (OR), I rv in g to n  Beauty  (IB), "E n c h an t re s s  S u p r e m e  (E), a n d  

F i a t  (F) f r o m  c o m m e r c i a l  s o u r c e s .
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F ig u re  12

P e r  c e n t  in fec t ion  by s e v e r a l  v i r u s e s  a n d  X. p e l a r g o n i i  in a c o m ­

m e r c i a l  s t o c k  (va r .  R ic a r d )  ( left) and  in a  s i m i l a r  s a m p l e  50 d a y s  a f t e r  

in o c u la t io n  with  X. p e l a r g o n i i  ( r igh t ) .  RS = r i n g s p o t ;  NRS = n e c r o t i c  

r in g s p o t ;  CR = c r i n k l e ;  SR = s t e m  ro t .
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F ig u re  13

A. E f fe c t  of b a l a n c e d  n u t r i e n t  c o n c e n t r a t i o n s  (le ft  to r igh t )  0. 1, 

0. 5, 1. 0, 2. 0, an d  3. 0 H o a g lan d ’s l e v e l s  on g r o w th  of p e l a r g o n i u m .

B. C o m p a r a t i v e  s t e m  r o t  in p l a n t s  g ro w n  in b a l a n c e d  n u t r i e n t  

c o n c e n t r a t i o n s  of ( left  to r igh t )  0 .1 ,  0. 5, 1 .0 ,  2. 0 a n d  3. 0 H o a g l a n d ' s  

l e v e l s .

C. E t io l a t i o n  of new l e a v e s  of  p e l a r g o n i u m  s e e d l i n g s  c a u s e d  by 

2 w e e k s  e x p o s u r e  to h igh night t e m p e r a t u r e  (27® C).





Figure  14

A. C o m p a r a t i v e  s t e m  r o t  in p l a n t s  g ro w n  in (1) h igh  N, (2) low N, 

a n d  (3) 1 .0  H o a g l a n d ' s  so lu t io n s .  110 days  a f t e r  in o c u la t io n .

B. C o m p a r a t i v e  s t e m  r o t  in p l a n t s  g ro w n  in  (1) h igh  P, (2) low P, 

and  (3) 1 . 0  H o a g la n d ’s so lu t io n s .  110 d ay s  a f t e r  in o c u la t io n .

C. C o m p a r a t i v e  s t e m  r o t  in p l a n t s  g ro w n  in (1) low K, (2) h igh  K, 

a n d  (3) 1 .0  H o a g la n d ’s so lu t io n s .  110 d a y s  a f t e r  in o c u la t io n .





F igu re  15

A. C o m p a r a t i v e  s t e m  ro t  110 day s  a f t e r  inocu la t ion ,  in  p l a n t s  

g ro w n  in (1) low Ca, (2) m e d iu m  Ca, an d  (3) h igh Ca  s o lu t io n s .

B. E f fec t  of p e l a r g o n i u m  d e b r i s  in so i l  on  s t e m  r o t  d e v e lo p m e n t .  

Left ,  p l a n t s  g ro w n  in p a s t e u r i z e d  so il ;  r ig h t ,  p l a n t s  g r o w n  in p a s t e u r i z e d  

so i l  p lu s  d e b r i s .  P i c t u r e  w as  ta k e n  f o u r  w e e k s  a f t e r  in o c u la t io n .

C. Right,  p e l a r g o n i u m  s e e d l i n g  in o c u la t e d  by r o o t  dip;  left ,  c o n t r o l

p lan t .





F ig u re  16

V i r u s  d i s e a s e  s y m p t o m s  in p e l a r g o n i u m  l e a v e s .  A, h e a l th y  

c o n t r o l ;  B, v e in  c l e a r i n g ;  C, m o t t l e ;  an d  D, r i n g s p o t .





F ig u re  17

V i r u s  d i s e a s e  s y m p t o m s  in p e l a r g o n i u m .  A, n e c r o t i c  r i n g -  

spot;  B, n e c r o s i s ;  C, brown,  e longa ted ,  c o rk y ,  r a i s e d  n e c r o t i c  s t r i p e s  

on s t e m ,  a s s o c i a t e d  w i th  l e a f  c u r l  a n d  n e c r o t i c  r i n g s p o t  v i r u s e s ;  D, 

c u r l y  top.




