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M N - D E F I C I E N C Y  
AS T H E  C A U S E  O F  M A R S H  S P O T  OF  P E A  S E E D S  1) 

INTI~ODUCTION 

R e c e n t  researches  h a v e  s t rong ly  sugges t ed  t h a t  Marsh  S p o t  of  
peas  is caused  by  Mn-def ic iency .  LSHNIS (8) s t a t e d  by  chemica l  a n a l y s i s  
t h a t  h e a l t h y  peas h a d  a h ighe r  m a n g a n e s e  c o n t e n t  t h a n  d i s e a s e d  ones,  
a n d  PETHYB~IDGE (14), OVINGE (11, 12) and  KOOPMAN (6) r e d u c e d  
t h e  p e r c e n t a g e  of  Mar sh  Spot  in f ie ld  crops  by  the  a p p l i c a t i o n  of  l~inSO 4 
to  t h e m .  I n  po t - cu l tu r e s  HEINTZE (4) o b t a i n e d  a s imi la r  resul t .  S y m p -  
t o m s  of  Mn-de f i c i ency  in t he  l eaves  a n d  s t ems  of  peas  h a v e  a l r e a d y  
been  desc r ibed  by  M C H ~ G u E  (9) a n d  by  SAMUEL and  PIPER (15), 
b u t  i ts  e f fec t  on the  seed has  no t  p r e v i o u s l y  been  i n v e s t i g a t e d .  

M E T H O D S  

The  e x p e r i m e n t s  were  m a d e  w i t h  so lu t ions  d i f fer ing  in c o m p o s i t i o n ,  
w i t h o u t  a n d  wi th  inc reas ing  q u a n t i t i e s  of  MnSO4. On ly  SCH~.RI~G- 
KAHLBAUM pure  a n a l y t i c a l  chemica l s  a n d  d is t i l led  w a t e r  w e r e  u s e d  
for  t h e  w a t e r  and  g l a s s - sand-cu l tu re s  set  up.  F o r  t h e  f i rs t ,  p a r a f f i n e d  
glass j a m  jars  wi th  a v o l u m e  of  a b o u t  650 cc were  e m p l o y e d .  F o r  t h e  
s a n d - c u l t u r e s  g lazed po t s  ho ld ing  a b o u t  8 kg of  g lass - sand  were  used .  
The  s a n d  used  in some of t he  p o t s  was pu r i f i ed  by  t r e a t m e n t  w i t h  
HC1, in o the r s  i t  was n o t  thus  t r e a t e d .  

T h e  v a r i e t y  J u m b o k a ,  be ing  v e r y  sens i t ive  to t h e  disease,  was u s e d  in 
t h e  e x p e r i m e n t s .  The  seeds were  d i s in fec t ed  w i t h  cor ros ive  s u b l i m a t e  
a n d  g e r m i n a t e d  in pu re  glass-sand.  A single seedl ing  was p laced  i n  each  
j a m  ja r ,  whe reas  3 were  p u t  in to  each  s a n d - c u l t u r e  pot .  I n  each  o f  these  
p o t s  3 o a t - p l a n t s  were  also g r o w n  a t  t he  same  t i m e ;  t he  s y m p t o m s  of  
M n - d e f i c i e n c y  in oats  be ing  v e r y  c h a r a c t e r i s t i c  these  p lan t s  s e r v e d  as 
con t ro l s .  T h e y  a lways  showed  these  s y m p t o m s  ear l ie r  t h a n  t h e  peas ,  
and  were  t h u s  useful  as , , i nd ica to r s "  to  show w h e t h e r ,  in c e r t a i n  cases,  
a s t i l l  l a rge r  a m o u n t  of  MnSO4 was w a n t e d .  

T h e  p l a n t s  were g r o w n  ou t  of  doors ,  b u t  could  be she l t e r ed  f r o m  ra in .  
T h e y  were  g rown  a t  t h e  n o r m a l  t i m e  for g rowing  peas  in t he  f i e ld ,  all  
t h e  seeds  be ing  p laced  to g e r m i n a t e  ou t  of  doors  be fore  M a r c h  31st.  
As a resu l t ,  t he  s t ems  and  leaves  were  v igorous  a n d  qu i t e  n o r m a l .  
I n  1937 a v e r y  large n u m b e r  of  t h e  pea  seeds were  los t  owing  to  a t t a c k  
by  Grapholitha. I n  1938 this  loss was less. 

T w o  t y p e s  of  so lu t ions  were  used,  one  s l igh t ly  ac id  (a) t he  o t h e r  s l i g h t l y  
bas ic  (b). The i r  compos i t i on  ( w i t h o u t  manganese )  is g iven  in t h e  t ab l e  
on p a g e  110. 

1937 Results. 
The  resu l t s  for  1937 are  t a b u l a t e d  on page  111. F r o m  those  of  t h e  w a t e r  

cu l tu re s  i t  is seen t h a t  to  o b t a i n  h e a l t h y  peas  m o r e  MnS04 is r e q u i r e d  
for t h e  bas ic  t h a n  for t he  ac id  so lu t ions .  U n t r e a t e d  g lass -sand  w a s  u s e d  
in th i s  y e a r  for t he  m a j o r i t y  of  t he  s a n d - c u l t u r e s ;  b u t  i t  was f o u n d  t h a t  
th is  s t i l l  c o n t a i n e d  too  la rge  a q u a n t i t y  o f  Mn to  o b t a i n  s a t i s f a c t o r y  

i) Thanks are due to Dr G. H. PETHYBRIDGE for kindly correcting the 
English. 
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resu l t s .  The  large  dif ferences  b e t w e e n  i n d i v i d u a l  p l a n t s  were  ~,Tery 
s t r i k i n g ;  p r o b a b l y  the  M n - c o n t e n t  of  t he  i n d i v i d u a l  m o t h e r - s e e d s  tKaem- 
se lves  v a r i e d  cons ide rab ly ,  and  was on the  whole  r a t h e r  high.  

1938 Results. 
I n  th i s  y e a r  on ly  g lass-sand t r e a t e d  w i t h  HC1 was  used.  To o b  ra in  

m o t h e r - s e e d s  w i t h  as low an  M n - c o n t e n t  as  possible ,  f r o m  w h i c h  to  
ra i se  t he  e x p e r i m e n t a l  seedlings,  t h e y  were  t a k e n  f r o m  a lo t  k l x o w n  
to  c o n t a i n  34 ,5% of a f fec ted  seeds.  F u r t h e r m o r e ,  t h e  g r ea t e r  p a r t  of  
t h e  c o t y l e d o n s  was r e m o v e d  before  t h e  seedl ings  were  p l aced  i n  t h e  
po t s .  This  m e t h o d  gave  v e r y  d i s t i nc t  and  u n i f o r m  resul t s ,  as w i l l  be 
seen  in t h e  ~ables on page  113. 

T h e  p e r c e n t a g e  of  peas  a f fec ted  w i t h  Marsh  Spo t  in t h e  series c o n t a i i l i n g  
no Mn,  or  w i t h  smal l  quan t i t i e s  of  it,  was 100, or  n e a r l y  so, as c o m p a r e d  
w i t h  t h e  series c o n t a i n i n g  the  h ighes t  Mn-dose  in wh ich  the  seed  was  
m o s t l y  h e a l t h y .  I n  addi t ion ,  t he  s e v e r i t y  of  t he  s y m p t o m s  was  x re ry  
d i f f e ren t ,  a p o i n t  which  is no t  e v i d e n t  f r o m  the  t ab le .  F ig .  I s h o w s  
s e v e r e l y  d i seased  peas  f rom a s a n d c u l t u r e  (a), w i t h o u t  Mn;  h e a ] t h y  
seeds  f r o m  a p l a n t  t h a t  had  the  h ighes t  Mn-dose  are  seen in f i g .  3. 
W h e n  Mar sh  Spo t  occur red  a t  all  in t h i s  series,  t h e  seeds had  o n l y  a 
few,  v e r y  sma l l  nec ro t i c  lesions.  

More  Mn was necessa ry  for t he  bas ic  (b) so lu t ions  t h a n  for t h e  a c i d  (a) 
so lu t i ons  to o b t a i n  h e a l t h y  peas.  M a n y  p lan t s  in t he  f o r m e r  ser ies  e i  t h e r  
d ied  as a resu l t  of  Mn-def i c i ency  or  f o r m e d  no seeds.  The  p l an t s  in_ t h e  
s a n d - c u l t u r e s  showed  p a r t i c u l a r l y  c lear  s y m p t o m s  in t he  leaves ,  t e n d r i l s  
a n d  g r o w i n g  po in t s .  

I n  t h e  (a) so lu t ion  wa te r - cu l tu re s ,  w i t h o u t  Mn, no r ipe  pods d e v e l o l o e d ;  
b u t  in c o r r e s p o n d i n g  sand-cu l tu res ,  w i t h o u t  a n y  a d d i t i o n  of  Mn,  ~ v e n  
a l a rge  n u m b e r  of  seeds were  fo rmed .  I n  genera l ,  t h e  p l a n t s  d e v e l o p e d  
b e t t e r  in  t h e  ac id  t h a n  in the  bas ic  solut ions .  

T h e  plK of  t he  sand  a was 5,9 a t  t he  s t a r t ;  w h e n  t h e  e x p e r i m e n t  was  
o v e r  i t  was 6,3. Sand  b s t a r t e d  a t  p H  8,4; th is  c h a n g e d  in t h e  3 l o w e s t  
ser ies  to  p H  = 8,15, in t h a t  of  t he  h ighes t  dose to p K  = 7,7. Only-  t he  
p u r e  so lu t ions  in  t h e  w a t e r c u l t u r e s  were  t e s t ed  for p H ;  t h e  v a l u e s  ~vere  
4,55 a n d  9,1 a t  t he  s ta r t ,  t h e y  were  n o t  d e t e r m i n e d  a t  t he  f in ish .  

CONCLUSIONS 

T h e  occu r r ence  of  Marsh  Spot  in t h e  absence  of  Mn or in t h e  p r e s , e n c e  
of  o n l y  sma l l  q u a n t i t i e s  of  i t  p r o v e  t h a t  Mn-de f i c i ency  is t h e  c a u s e  of  
t h e  disease,  espec ia l ly  since the  resu l t s  were  o b t a i n e d  in  s o l u t i o l x s  of  
d i f f e r e n t  p H  values .  

T h e  ~¢In in t he  more  ac id  so lu t ions  is m o r e  r e a d i l y  a v a i l a b l e  t o  t h e  
p l a n t  t h a n  t h a t  in t h e  more  bas ic  ones ;  b u t  i f  MnSO4 is ~ota l ly  a b s e n t  
or  p r e s e n t  on ly  in  v e r y  smal l  quan t i t i e s ,  t h e  pea  seeds st i l l  b e c o m e  
a f f ec t ed .  The  M n - c o n t e n t  is of  p r i m a r y  i m p o r t a n c e ,  p H  is s e c o n d a r y .  

T h e  seeds  in t h e  l a te r  d e v e l o p e d  pods  of  an  i n d i v i d u a l  p l a n t  s h o w e d  
m o r e  s eve re  s y m p t o m s  t h a n  t hose  in t he  f i r s t  f o r m e d  pods  (f ig_ 2). 
P r o b a b l y  m o r e  Mn is ava i l ab le  for  t h e  f i rs t  d e v e l o p e d  seeds.  Th i s  c o r r e s -  
p o n d s  w i t h  t h e  increase  in p e r c e n t a g e  of  d i seased  peas  f o u n d  in t h e  f i e l d  
d u r i n g  the  las t  pe r iod  o f  r i pen ing  (D~ Bl~uy~,  1 ; LACEY, 7). 

I n  t h e  f ield,  t he  g r ea t e s t  n u m b e r  of  seeds a f f ec t ed  w i t h  Mar sh  S p , o t  is 
f o u n d  a m o n g  the  h e a v i e s t  peas  (DE Bl~vY~ ~ (1), OVI~GE (10), FlTxl~x~xl~x 
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and GL~_SSCOCK (2), L6HNIS (8), KOOP~A~r (6). L 6 ~ I S  (8) exp l a in s  
this by saying ,,that, as a result  of the building up of a large a m o u n t  
of  organic mat te r ,  some element  might  be present  in the p lant  i n  only 
m i n i m u m  amount ,  and thus def ic iency-symptoms might  a p p e a r " .  The 
corre la t ion between weight  of seed and occurrence of disease i n  the 
cul tures  is, however,  different.  The min imum amoun t  of Mn u s e d  in 
these exper iments  was such as almost  to prohibi t  growth.  I t  is e v i d e n t ,  
therefore,  t h a t  under  these circumstances the plants  must  suf fe r  to a 
cer ta in  ex ten t  ; and this was p roved  by  the smaller weight  of the a f f ec t ed  
peas (p. 116). 
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VERKLARING DER FIGUREN 

(EXPLANATION OF FIGURES) 

E6n erwt uit  iedere peul in volgorde van groei van  een p lan t  
ui t  zandcultuur,  zure oplossing (a), 1938, zonder marLgaan. 
Onderste  erwt links gezien van  bui ten oppervlak.  

One pea from each pod in succession of growth of a p l a n t  f rom 
acid (a) sand-culture 1938 wi thout  manganese.  Left  pea l a s t  row 
seen from the outerside. 

E6n erwt uit  iedere peul in volgorde van groei van  een pla int  ui t  
zandcul tuur ,  zure oplossing (a) 1938 met  0,1 mg MnSO4 p e r  pot.  
Sterker  symptomen  bij later  gevormde erwten. 

One pea from each pod in succession of growth of a p l a n t  f rom 
acid (a) sand-culture 1938 with  0,1 mg MnSO4 per pot.  More 
severe symptoms on la ter  formed peas. 

E6n erwt uit  iedere peul in volgorde van groei van  een p lan t  
ui t  zandcultuur,  zure oplossing (a) 1938 met  2 mg MnSO4 p e r  pot.  
Alle erwten gezond. 

One pea from each pod in succession of growth of a p l an t  f rom 
acid (a) sand-culture 1938, with 2 mg MnS04 per pot.  All  peas 
heal thy.  
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