
ABSTRACT

Brown, John C. The I n f l u e n c e  o f  Copper Compounds A p p l ie d  

t o  Muck S o i l  on t h e  Y i e l d ,  Growth P a t t e r n  and C o m p o s it io n  o f  

C e r ta in  C rops.

In  v ie w  o f  t h e  im p o rta n ce  o f  a s u p p ly  o f  co p p er  f o r  

p l a n t  g ro w th  on c e r t a i n  a c id  muck s o i l s  o f  M ic h ig a n ,a  f u r t h e r  

s tu d y  o f  c o p p e r ’ s r o l e  i n  p l a n t  g ro w th  was u n d e r ta k e n .

S p r in g  w h e a t ,  sudan g r a s s ,  c o r n ,  t o m a t o e s ,  su g a r  b e e t s ,  

o a t s  and c e l e r y  w ere  grown on c o p p e r - d e f i c i e n t  muck s o i l  

o b t a in e d  from  t h e  M ich ig a n  S t a t e  C o l l e g e  E x p e r im e n ta l  Muck 

Farm. T h is  muck c o n t a in e d  86% o r g a n ic  m a t t e r ,  had a pH o f  

6 . 0  and a n a l y s i s  f o r  some o f  t h e  e le m e n ts  showed a c o n t e n t  

o f  5.3% n i t r o g e n ,  .21% p o t a s s iu m ,  .12% p h o s p h o r u s ,  2.5% c a l ­

cium , .27% m agnesium , 1.3% i r o n  and .0011% c o p p e r .

A 3 - 9 - 1 8  f e r t i l i z e r  w as u s e d  a t  t h e  r a t e  o f  3000  l b s .  

p e r  a c r e ,  p l u s  t h e  p r i n c i p a l  m i c r o - n u t r i e n t  e l e m e n t s .

A l l  t h e  p l a n t s  grown i n  t h i s  i n v e s t i g a t i o n  g a v e  a marked  

r e s p o n s e  to  c o p p e r  compounds a s  e v id e n c e d  i n  g r e a t e r  y i e l d s .  

Copper d e f i c i e n c y  symptoms w ere  n o te d  i n  ea ch  c a s e  w h ere  

co p p er  was n o t  a p p l i e d  to  t h e  s o i l .

B e n e f i c i a l  e f f e c t s  upon gro w th  w ere  o b se r v e d  i n  g row in g  

s p r in g  w h ea t  on s t e r i l i z e d  muck s o i l  w h ere  co p p er  had n o t  

b e e n  a p p l i e d .  T h ese  p l a n t s  p ro d u ced  good v e g e t a t i v e  grow th  

b u t  showed c o p p e r  d e f i c i e n c y  a t  t im e  o f  head f o r m a t io n ,  v e r y  

fe w  h ead s  w ere  p r o d u c e d .
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The a b s o r p t i o n  o f  c o p p e r  b y  t h e  p l a n t s  s t u d i e d ,  e f f e c t e d  

th e  u p ta k e  o f  i r o n ,  n i t r o g e n ,  p o t a s s iu m ,  p h o s p h o r u s ,  c a lc iu m ,  

magnesium and s i l i c a .

The c o p p e r  c o n t e n t  o f  corn  k e r n e l s  w a s - lo w e r  from  p l a n t s  

grown i n  c o p p e r - d e f i c i e n t  muck s o i l  th a n  i n  s o i l s  w i t h  s u f ­

f i c i e n t  c o p p e r .  S eed  from  p l a n t s  grown i n  th e  l a t t e r  s o i l  

p rod u ced  norm al p l a n t s  w h e r e a s  s e e d  from  t h e  c o p p e r - d e f i c i e n t  

s o i l  p ro d u ced  dw arfed  p l a n t s  w h ic h  showed p erm an en t co p p er  

d e f i c i e n c y  sym ptom s.

Copper a i d s  i n  c h l o r o p h y l l  f o r m a t i o n .  O n ly  w h ere  co p p er  

was s u p p l i e d  t o  t h e  s o i l  d id  t h e  r e d u c in g  s u g a r  and n i t r o g e n  

c o n t e n t s  ap p roach  e q u a l  p e r c e n t a g e s  i n  g r o w in g  w h e a t .  W ith ­

o u t  co p p er  t h e  n i t r o g e n  c o n t e n t  o f  t h e  p l a n t s  rem a in ed  h ig h  

and th e  r e d u c in g  s u g a r  lo w .

The a d d i t i o n  o f  co p p er  t o  t h e  s o i l  r e s u l t e d  i n  a g r e a t e r  

number and w e ig h t  o f  f r u i t  h a r v e s t e d  from  th e  tom ato  p l a n t s .  

.N e c r o t ic  s p o t s  a p p ea red  o n  some o f  t h e  tom ato  f r u i t  w here cop­

p e r  had n o t  b e e n  in c lu d e d  i n  th e  f e r t i l i z e r .  T h ese  n e c r o t i c  

a r e a s  w ere  n o t  fou n d  on t h e  f r u i t  h a r v e s t e d  from p l a n t s  w here  

co p p er  had b e e n  a p p l i e d .

Sugar b e e t  y i e l d s  w e r e  h ig h e r  w h ere  co p p er  was a p p l i e d  

to  t h e  s o i l  and a r e d  c o l o r a t i o n  a p p ea red  on  th e  c u t  s u r f a c e s  

o f  th e  r o o t .  The r e d  c o l o r  d id  n o t  a p p e a r  when c o p p e r  was  

n o t  u s e d .

A c r o s s  s e c t i o n  o f  t h e  b e e t  showed t h e  c o l o r a t i o n  t o  be  

c o n c e n t r a t e d  i n  c o n c e n t r i c  r i n g s . '  T h ese  r i n g s  c o r r e sp o n d e d
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t o  th e  s e c o n d a r y  v a s c u l a r  t i s s u e .  The c o l o r a t i o n  i s  b e l i e v e d  

due to  t h e  p r e s e n c e  o f  a co p p e r  enzyme and a s u i t a b l e  s u b s t r a t e .

Copper i s  b e l i e v e d  n e c e s s a r y  f o r  t h e  norm al m e t a b o l i c  

a c t i v i t y  o f  t h e  p l a n t  p r o c e s s e s .
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1

THE INFLUENCE OF COPPER COMPOUNDS APPLIED TO MUCK 

SOIL ON THE YIELD, GROWTH PATTERN AND 

COMPOSITION OF CERTAIN CROPS

INTRODUCTION

P l a n t s  grown on  t h e  a c i d  muck s o i l s  o f  M ic h ig a n  h ave  

b e n e f i t e d  from  an a p p l i c a t i o n  o f  co p p er  t o  th e  s o i l .  The 

p a r t  w h ic h  co p p e r  o c c u p i e s  i n  t h e  m e t a b o l i c  p r o c e s s e s  o f  

t h e s e  p l a n t s  h a s  n o t  b e e n  e s t a b l i s h e d .  The p u r p o se  o f  t h i s  

s tu d y  was t o  i n v e s t i g a t e  f u r t h e r  th e  r o l e  w h ich  c o p p e r  

t a k e s  i n  p l a n t  g r o w th .

REVIEW OF LITERATURE

The im p o r ta n c e  o f  co p p er  i n  p l a n t  and a n im a l m e ta b o l ism  

h a s  b e e n  e x p r e s s e d  by E lv eh jem  (15 ) a s  f o l l o w s :  "A c o m p le te

u n d e r s t a n d in g  o f  t h e  a c t i o n  o f  co p p e r  w i l l  b r i n g  u s  d i s t i n c t l y  

n e a r e r  an u n d e r s t a n d in g  o f  t h e  fu n d a m e n ta l  p r o c e s s e s  i n  l i v i n g  

m a t t e r ” .

E lveh jem  (15) r e p o r t s  M ie s s n e r  in  1817  a s  p r o b a b ly  t h e  

f i r s t  w ork er  t o  show t h a t  c o p p e r  a c t u a l l y  was a c o n s t i t u e n t  

o f  p l a n t s .  L a t e r  S a r z e a u  (1 8 3 0 )  found  co p p e r  i n  numerous  

p l a n t s  and d e te r m in e d  t h e  amount q u a n t i t a t i v e l y .  The work o f  

D ischam ps (1848)  i n  t h e  f u r t h e r  s tu d y  o f  v e g e t a b l e s  r e v e a l e d  

t h a t  a r e l a t i o n s h i p  e x i s t e d  b etw een  th e  co p p e r  i n  p l a n t s  and 

t h a t  i n  th e  s o i l  on w h ich  t h e y  w ere  grown; w h i l e  C h ev reu l  ( 1 8 6 8 ) ,



i n  a m ore g e n e r a l  s t a t e m e n t ,  s u g g e s t e d  t h a t  co p p er  was q u i t e  

w id e ly  d i s t r i b u t e d  i n  o r g a n i c  m a t t e r .

E lveh jem  (1 5 )  f u r t h e r  r e p o r t s  t h e  work o f  Maquenne and 

Demoussy, and F l e u r e n t  and L e v i  (1920)  a s  e s t a b l i s h i n g  w i t h o u t  

q u e s t i o n  th e  u n i v e r s a l  d i s t r i b u t i o n  o f  co p p er  i n  p l a n t  l i f e .  

Maquenne and Dem oussy fou nd  3 to  40 p .p .m .  o f  co p p e r  i n  a l l  

th e  p l a n t  m a t e r i a l s  t h e y  a n a ly z e d  and s u g g e s t e d  t h a t  co p p er  

m ust b e  an e s s e n t i a l  e le m e n t  i n  p l a n t  m e ta b o l i s m .  The f a c t  

t h a t  co p p e r  w as fou nd  i n  t h e  m ore a c t i v e  t i s s u e s  o f  t h e  p l a n t  

e . g .  young s h o o t s  and l e a v e s ,  l e d - them t o  c o n c lu d e  t h a t  co p p er  

i n  some way a id e d  i n  th e  v i t a l  f u n c t i o n s  o f  t h e  p l a n t s .

B a in  (5) i n  1902 r e p o r t s  th e  b e n e f i c i a l  a c t i o n  ( o v e r  and 

above i t s  f u n g i c i d a l  e f f e c t s )  o f  B ordeaux m ix tu r e  u sed  a s  a 

sp r a y  on  t h e  f o l i a g e  o f  p l a n t s .  The o u t s t a n d i n g  r e s u l t s  s e ­

cu red  i n  some c a s e s  from  t h e  u s e  o f  B ordeaux  r e s u l t e d  i n  i t s  

g e n e r a l  a c c e p t a n c e .  H ow ever, th e  im m ed ia te  c a u s e  o f  t h i s  

b e n e f i c i a l  a c t i o n  and i t s  mode o f  o p e r a t i o n  had t o  be e s t a b ­

l i s h e d .  He c i t e s  e x p e r im e n ts  w i t h  p e a c h  l e a v e s  i n  w h ich  co p p er  

w as a p p l i e d  t o  t h e  l e a f  i n  s p o t s  o v e r n i g h t  and t h e r e  was d i s ­

t i n c t l y  more s t a r c h  u n d er  ea ch  o f  t h e s e  s p o t s .  He c o n t r i b u t e s  

t h i s  g r e a t e r  s t a r c h  c o n t e n t  t o  t h e  g r e a t e r  c h l o r o p h y l l  c o n t e n t  

o f  th e  p l a n t  w h ere  c o p p e r  was a p p l i e d .

Lutman (3 6 )  n o te d  t h a t  t h e  i n c r e a s e  i n  y i e l d  o f  p o t a t o e s  

was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  amount o f  cop p er  s u l f a t e  u s e d .  

A t a b l e  i s  g i v e n  show ing y i e l d s  o f  p o t a t o e s  from sp r a y ed  (B or­

deaux m ix t u r e )  and u n sp ra y ed  p l o t s  from  1891 t o  1 9 1 1 .  The 

sp r a y ed  p o t s  had an a v e r a g e  y i e l d  o f  263  b u s h e l s  a s  compared



to  159 b u s h e l s  p e r  a c r e  f o r  t h e  u n s p r a y e d .  He a l s o  n o te d  

t h a t  t h e  a p p l i c a t i o n  o f  B ordeaux  m ix t u r e  b r o u g h t  ab ou t a 

d a i l y  i n c r e a s e  i n  th e  amount o f  s t a r c h  p ro d u c e d  p e r  p l a n t .

F lo y d  (2 0 )  r e p o r t s  d ie b a c k  o r  exanthem a a s  on e  o f  th e  

m ost im p o r ta n t  o f  t h e  d i s e a s e s  o f  c i t r u s  t r e e s .  The s e v e r i t y  

o f  t h e  d i s e a s e  was i n c r e a s e d  w i t h  i n c r e a s i n g  am ounts o f  o r g a n ­

i c  m a t t e r  i n  th e  s o i l  o r  l a r g e  a p p l i c a t i o n s  o f  n i t r o g e n o u s  

f e r t i l i z e r s .  Copper s u l f a t e  a p p l i e d  t o  t h e  s o i l  w a s  found  

to  c o r r e c t  t h i s  d i s e a s e .

Upon e s t a b l i s h m e n t  o f  t h e  F l o r i d a  E v e r g la d e s  E x p er im en t  

S t a t i o n  in  1 9 2 3 ,  p o o r  p la n t ,  grow th  was r a t h e r  g e n e r a l  on t h e  

E xperim ent S t a t i o n  s o i l s ,  a s  w e l l  a s  on o t h e r  raw p e a t  s o i l s  

o f  t h e  E v e r g la d e s .  The f i r s t  c o r r e c t i v e  work w as done i n  t h e  

summer o f  1 9 2 5 .  T h is  w ork, r e p o r t e d  by Bryan ( 8 ) ,  shows t h e  

marked s t i m u l a t i n g  i n f l u e n c e  o f  c o p p e r  and m anganese  on t h e  

p e a t  s o i l s  o f  th e  F l o r i d a  E v e r g la d e s .  The s t i m u l a t i n g  a c t i o n  

o f  b o t h  co p p er  and m anganese  seemed t o  b e  c l o s e l y  a s s o c i a t e d  

w it h  c h l o r o p h y l l  d e v e lo p m e n t .  The g r e e n  c o l o r a t i o n ,  presum ­

a b ly  due t o  an i n c r e a s e  i n  c h l o r o p h y l l ,  w as  p ro d u ced  w i t h i n  

t e n  d a y s  a f t e r  t r e a t m e n t .  The p l a n t s  r e c e i v i n g  co p p er  and 

m anganese p ro d u ced  m ature  s e e d ,  w h i l e  th e  u n t r e a t e d  o n e s  f a i l e d  

e n t i r e l y .  T h e se  s o i l s  c o n t a in e d  from  1 . 5  t o  10 p e r  c e n t  i r o n .

F e l i x  (1 8 )  fou n d  t h e  a d d i t i o n  o f  c o p p e r  s u l f a t e  made p o s ­

s i b l e  t h e  grow th  o f  o n io n s  and l e t t u c e  on  u n p r o d u c t iv e  p e a t  

s o i l s  o f  New Y ork .

Harmer (2 3 )  h a s  found  c o p p e r  s u l f a t e  m a rk ed ly  b e n e f i c i a l  

on  th e  more a c i d  mucks o f  M ic h ig a n .  Crops m ost r e s p o n s i v e



in c lu d e d  l e t t u c e ,  s p in a c h ,  d i l l ,  w h e a t ,  sudan g r a s s ,  o k r a ,  

c a r r o t s ,  o n i o n s ,  p o t a t o e s  and t o m a t o e s .

Copper h a s  a l s o  b een  fou n d  t o  h ave  a m arked s t i m u l a t i n g  

i n f l u e n c e  i n  a n im a l l i f e .  S lv e h je m  (1 5 )  r e p o r t s  H a r l e s s  i n  

1847 a s  d e t e c t i n g  c o p p e r  i n  t h e  b lo o d  o f  m a r in e  a n im a ls  and 

show in g  t h a t  i t  e x i s t s  n o t  a s  a f r e e  s a l t ,  b u t  i n  c o m b in a t io n  

w i t h  p r o t e i n .  T h is  c o p p e r - c o n t a i n i n g  p r o t e i n  w h ic h  was named 

h em ocyan in  by  F r e d e r ic ^  (1 8 7 8 )  i s  a p p a r e n t ly  an o x y g e n  c a r r i e r  

a n a lo g o u s  t o  t h e  h em o g lo b in  o f  h i g h e r  a n i m a l s .

R ose  and Bodansky (41) made a q u a n t i t a t i v e  s tu d y  o f  t h e  

co p p e r  i n  35 m a r in e  a n i m a l s . The amount o f  co p p e r  i n  th e  o r ­

g a n ism s  was exam ined  f r e q u e n t l y  and w a s  fo u n d  to  d im in i s h  a s  

t h e  a n im a ls  a s c e n d e d  from t h e  c o m p a r a t iv e ly  s im p le  t o  th e  more  

co m p le x .

The f a c t o r s  c o n t r o l l i n g  t h e  a f f i n i t i e s  o f  h e m o g lo b in  and 

hem ocyan in  f o r  o x y g en  a r e  r e p o r t e d  by E lv eh jem  (15 )  a s  b e in g  

t h e  same, and t h a t  t h e s e  b lo o d  p ig m e n ts  a r e  n o t  fu n d a m e n ta l ly  

d i f f e r e n t  b e c a u s e  on e  c o n t a in s  i r o n  and t h e  o t h e r  c o p p e r .

A l s o ,  t h a t  th e  v a r i a t i o n  i n  t h e  a f f i n i t y  o f  i n d i v i d u a l  hemo- 

c y a n in s  f o r  o x y g e n  i s  u n d o u b te d ly  d e p e n d e n t  upon th e  p h y s i c o ­

c h e m ic a l  c h a n g es  t a k in g  p l a c e  i n  t h e  p r o t e i n  p a r t  o f  t h e  m o le ­

c u l e  .

The c h e m ic a l  r e l a t i o n s h i p  e x i s t i n g  b e tw e e n  c h l o r o p h y l l  

and h em o g lo b in  i s  r e p o r t e d  by O r th ,  W ick w ire  and B urge ( 3 9 ) .  

One p o i n t  o f  d i f f e r e n c e  h o w e v e r ,  i s  t h a t  m agnesium  i s  th e  e l e ­

m ent i n  c h l o r o p h y l l  c o r r e s p o n d in g  to  i r o n  i n  th e  h e m o g lo b in .

E lv eh jem  and Sherman (17 )  showed t h a t  co p p er  d o e s  n o t



i n f l u e n c e  i r o n  a s s i m i l a t i o n  b u t  i t  i s  i n d i s p e n s a b l e  f o r  th e  

t r a n s f o r m a t io n  o f  t h e  a b so r b e d  i r o n  i n t o  b lo o d  h e m o g lo b in .

T h e ir  r e s u l t s  showed t h a t  i n  t h e  a b s e n c e  o f  c o p p e r ,  in o r g a n i c  

i r o n  i s  r e a d i l y  a s s i m i l a t e d  and s t o r e d  i n  t h e  l i v e r  and s p le e n  

o f  r a t s .  The i r o n  so  s t o r e d  c a n n o t  be u se d  f o r  h em o g lo b in  

fo r m a t io n  u n t i l  co p p er  i s  s u p p l i e d .  A f t e r  c o p p e r  i s  s u p p l i e d  

th e  g r e a t e r  p a r t  o f  t h e  i r o n  i n  t h e  l i v e r  i s  rem oved  and b u i l t  

i n t o  h em o g lo b in  o f  t h e  b l o o d .  Copper a s  r e p o r t e d  h e r e  i s  n o t  

n e c e s s a r y  f o r  i r o n  a s s i m u l a t i o n  b u t  i t  i s  n e c e s s a r y  f o r  th e  

s y n t h e s i s  o f  h e m o g lo b in .

A s i m i l a r  e x p er im en t  c a r r i e d  o u t  b y  E lv eh jem  and H a rt  

(16) on you n g  c h i c k s  g a v e  com parable  r e s u l t s .

Cook and S p i l l e s  (11) showed t h a t  t h e  a d d i t i o n  o f  co p p e r  

to  an i r o n - l o w  d i e t  o f  r a t s  r e s u l t e d  i n  a d e p l e t i o n  o f  t h e  

r e s e r v e  i r o n  i n  t h e  s p l e e n .

Copper h a s  a l s o  b e e n  fou nd  p r e s e n t  i n  c e r t a i n  enzyme  

s y s t e m s .  O x id a t iv e  enzym es t h a t  c o n t a in  co p p er  a r e  d i v i d e d  

i n t o  two g ro u p s  by  B a l l  (6)  a c c o r d in g  t o  t h e i r  s u b s t r a t e s .

One group w ould  c o n t a in  t h o s e  enzym es w h ic h  o x i d i z e  mono o r  

p o l y p h e n o l s ,  t h e  o t h e r ,  t h o s e  enzym es w h ose  s u b s t r a t e  i s  a s ­

c o r b ic  a c i d .  Enzymes i n  o n e  group do n o t  appear t o  be a b le  

t o  c a t a l y z e  t h e  o x i d a t i o n  o f  t h e  s u b s t r a t e  f o r  t h e  o t h e r  g r o u p ,  

how ever , enzym es o f  b o th  g r o u p s  p r e su m a b ly  c a t a l y z e  th e  o x i ­

d a t io n  o f  t h e i r  s u b s t r a t e s  by r e a s o n  o f  th e  ch an ge  o f  cop p er  

from th e  c u p r ic  t o  t h e  cu p rou s  form , t h e  l a t t e r  b e in g  r e o x i ­

d iz e d  by o x y g e n .

In  a p r o p o se d  c l a s s i f i c a t i o n  o f  t h e  c h e m ic a l  e le m e n ts
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by T h a tc h e r  ( 4 5 ) ,  he b e l i e v e s  t h e r e  i s  s u f f i c i e n t  e x p e r im e n ta l  

e v id e n c e  t o  j u s t i f y  t h e  h y p o t h e s i s  t h a t  m anganese and i r o n ,  

cop p er  and z i n c  a r e  two p a i r s  o f  m u t a l l y  c o o r d in a t in g  c a t a ­

l y s t s  f o r  o x i d a t i o n - r e d u c t i o n  r e a c t i o n s ;  t h e  fo r m e r ,  f o r  b i o ­

l o g i c a l  r e a c t i o n s  i n  w h ic h  t h e  a d d i t i o n  o r  rem ova l o f  o x y g en  

i s  th e  b a s i s  o f  t h e  e n e r g y  ex ch a n g e  and t h e  l a t t e r ,  f o r  t h o s e  

i n  w h ich  l o s s  o r  g a i n  o f  h y d ro g en  i s  i n v o l v e d .

An i n t e r e s t i n g  p a p e r  b y  S h e a r ,  Crane and M yers (42) on  

t h e  n u t r i e n t  e le m e n t  b a l a n c e ,  a s  a fu n d a m en ta l  c o n c e p t  i n  

p l a n t  n u t r i t i o n ,  adds a d d i t i o n a l  im p o r ta n c e  t o  t h e  r o l e  any  

one e le m e n t  may p l a y  i n  p l a n t  n u t r i t i o n .

S h e a r ,  e t  a l .  p o i n t  o u t  t h a t  t h e  c o n c e n t r a t i o n  o f  s a l t s  

i n  l e a v e s  i s  r e g u l a t e d  by t h e  a b s o r p t io n  pow er o f  t h e  r o o t s .

The grow th  o f  t h e  w h o le  p l a n t ,  i n c l u d i n g  t h e  f o r m a t io n  o f  

s e e d s ,  i s  a g a in  c o n t r o l l e d  b y  th e  t r a n s f o m a t i o n  o f  t h e  n u t r i ­

e n t  s a l t s  a s  t h e y  a re  a s s i m u l a t e d  by t h e  g r e e n  l e a v e s .  L e a f  

a n a l y s i s  i s  an i n t e g r a t i o n  o f  a l l  c i r c u m s t a n c e s  w h ic h  i n f l u e n c e  

t h e  a v a i l a b i l i t y  o f  t h e  s a l t s  i n  t h e  s o i l .  Q u o tin g  t h e  above  

a u t h o r s ,  " I t  h a s  b e e n  t h e  e x p e r i e n c e  o f  th e  a u t h o r s ,  b o th  under  

f i e l d  and g r e e n h o u s e  c o n d i t i o n s ,  t h a t  t h e r e  a r e  no symptoms 

t h e  c a u s e  o f  w h ic h  ca n  be  a c c u r a t e l y  d ia g n o s e d  v i s u a l l y " .

They h o ld  f u r t h e r  t h a t  m agnesium d e f i c i e n c y  may r e s u l t  from  

an e x c e s s  a c c u m u la t io n  o f  p o t a s s iu m  i n  t h e  l e a v e s .  C alcium  o r  

magnesium a c c u m u la t io n  o r  a c o m b in a t io n  o f  b o th  may p rod u ce  

p o ta s s iu m  d e f i c i e n c y .  E x c e s s  o f  p h o s p h a t e ,  c o p p e r  and z i n c  

o r  o f  m anganese and c o b a l t ;  o r  to o  lo w  a l e v e l  o f  p o t a s s iu m ,  

m agnesium o r  c a lc iu m  i n  r e l a t i o n  t o  e i t h e r  o r  b o th  o f  th e  

o t h e r s ,  may c a u s e  i r o n  d e f i c i e n c y .



A l l  o t h e r  f a c t o r s  b e in g  c o n s t a n t ,  p l a n t  grow th  i s  a 

f u n c t i o n  o f  two v a r i a b l e s  o f  n u t r i t i o n  ( 4 2 ) ,  i n t e n s i t y  and 

b a l a n c e ,  a s  t h e y  a r e  r e f l e c t e d  i n  t h e  c o m p o s i t io n  o f  l e a v e s  

when t h e  p l a n t s  a re  i n  th e  same s t a g e s  o f  g ro w th  o r  d e v e lo p ­

m e n t .  Maximum grow th  and y i e l d  o c c u r  o n l y  upon t h e  c o i n ­

c id e n c e  o f  optimum i n t e n s i t y  and b a l a n c e .

I n t e r p r e t a t i o n  o f  th e  n i t r o g e n  c o n t e n t  o f  l e a v e s  in  

term s  o f  th e  n i t r o g e n  s t a t u s  o f  p l a n t s  i s  c o m p l i c a t e d  in  t h a t ,  

when n i t r o g e n  i s  s u p p l i e d ,  i t  a c c u m u la te s  o n l y  to  t h e  e x t e n t  

t o  w h ich  i t s  a v a i l a b l e  su p p ly  w i l l  p e r m it  g r o w th .  I n  o t h e r  

w o r d s ,  i f  th e  i n t e n s i t y  and b a la n c e  o f  th e  o t h e r  e l e m e n t s  a r e  

f a v o r a b l e  f o r  a  h ig h  grow th p o t e n t i a l ,  g ro w th  w i l l  b e  in  p r o ­

p o r t i o n  t o  th e  a v a i l a b l e  n i t r o g e n  s u p p ly  and a c c u m u la t io n  o f  

n i t r o g e n  w i l l  b e  p r e v e n te d  by  i t s  u t i l i z a t i o n  i n  a d d i t i o n a l  

g r o w th .  A s p e c i f i c  exam ple o f  th e  e f f e c t  o f  an e s s e n t i a l  

e le m e n t ,  nam ely  c o p p e r ,  on t h e  a c c u m u la t io n  and u t i l i z a t i o n  

o f  n i t r o g e n ,  can  be c i t e d  from  t h e  w ork  o f  G i l b e r t ,  S e l l  and 

D r o s d o f f  ( 2 1 ) .  They s t a t e  t h a t  n i t r o g e n  a p p l i c a t i o n s  to  tu n g  

t r e e s  i n  e a r l y  s t a g e s  o f  co p p er  d e f i c i e n c y  f a i l e d  t o  i n c r e a s e  

l i n e a r  g r o w th , b u t  g r e a t l y  i n c r e a s e d  t h e  i n c i d e n c e  o f  copper  

d e f i c i e n c y .

I t  h a s  b e e n  d e f i n i t e l y  e s t a b l i s h e d  t h a t  cop p er  i s  e s s e n ­

t i a l  f o r  p l a n t  gro w th  i n  a g e n e r a l  r e v ie w  o f  t h e  l i t e r a t u r e  

on  t h i s  s u b j e c t  by Sommer (43 )  .



EXPERIMENTAL PROCEDURE

A c o p p e r - d e f i c i e n t  muck s o i l  w as o b t a in e d  from  t h e  

M ich ig a n  S t a t e  C o l l e g e  E x p e r im e n ta l  Muck Farm. T h is  was  

a v i r g i n  muck w h ic h  had n e v e r  b e e n  f e r t i l i z e d .  The muck 

c o n s i s t e d ' o f  86 p e r  c e n t  o r g a n ic  m a t t e r ,  had a pH v a l u e  o f  

a p p r o x im a te ly  6 . 0  and c o n t a in e d  3 . 5  p e r  c e n t  t o t a l  n i t r o g e n ,  

.2 1  p e r  c e n t  p o t a s s iu m ,  .1 2  p e r  c e n t  p h o sp h o r u s ,  2 . 5  p e r  

c e n t  c a lc iu m ,  .2 7  p e r  c e n t  m agnesium , 1 . 3  p e r  c e n t  i r o n  and 

.0 0 1 1  p e r  c e n t  c o p p e r .  U n l e s s  o t h e r w i s e  i n d i c a t e d  t h i s  muck 

was u s e d  th r o u g h o u t  th e  f o l l o w i n g  e x p e r im e n ts  and a l l  t r e a t ­

m en ts  w e r e  made i n  t r i p l i c a t e  o r  q u a d r u p l i c a t e .

The f e r t i l i z e r  u sed  c o n s i s t e d  o f  a 3 - 9 - 1 8  a p p l i e d  a t  

t h e  r a t e  o f  3000 l b s .  p e r  a c r e  i n  a l l  c a s e s  e x c e p t  w h ere  i n ­

d i c a t e d  i n  s p e c i a l  e x p e r im e n t s .  The m a jo r  e l e m e n t s  w ere  

a p p l i e d  i n  t h e  form o f  c h e m i c a l ly  p u re  p o t a s s iu m - d i - p h o s p h a t e ,  

p o ta s s iu m  n i t r a t e  and p o t a s s iu m  c h l o r i d e .

The m i c r o - n u t r i e n t  e l e m e n t s  w ere  a p p l i e d  i n  a l l  e x p e r i ­

m en ts  u n l e s s  o t h e r w i s e  i n d i c a t e d  a s  f o l l o w s :  F e r r i c  s u l f a t e

50 l b s . / A . ,  c o b a l t o u s  a c e t a t e  25 l b s . / A . ,  m anganous a c e t a t e  

50 l b s . / a . ,  z i n c  a c e t a t e  25 l b s . / A . ,  b o r i c  a c id  25 l b s . / a . , 

c a lc iu m  o x i d e  200 l b s . / A .  and co p p er  s u l f a t e  200  l b s . / A .  The 

term  c o p p e r  w i l l  b e  u se d  th r o u g h o u t  t h i s  e x p e r im e n t  t o  mean 

c o p p e r  s u l f a t e  u n l e s s  o t h e r w is e  s t a t e d .

T h ese  c o n s t i t u e n t s  w ere  a l l  w e ig h e d  o u t  s e p a r a t e l y  and 

m ixed  th o r o u g h ly  w i t h  s i x  th o u sa n d  grams o f  muck s o i l  o f  u n i ­

form m o is t u r e  c o n t e n t ,  w h ich  was th e n  p la c e d  in  t w o - g a l l o n



g l a z e d  j a r s .  I n  on e  e x p e r im e n t  w i t h  c o r n  f o u r - g a l l o n  j a r s  

w ere u se d  em p lo y in g  t w e lv e  th o u sa n d  gram s o f  s o i l .

T h is  p r o c e d u r e  was u s e d  th r o u g h o u t  t h e s e  e x p e r im e n ts  

in  an a t te m p t  t o  o b t a in  a s  much u n i f o r m i t y  a s  p o s s i b l e .

F o r  each  e x p e r im e n t  new v i r g i n  muck w i t h  t h e  a b o v e  s t a t e d  

f e r t i l i z e r  a p p l i c a t i o n s  was u s e d .  E very  p r e c a u t i o n  w as  

ta k e n  t o  a v o id  c o n t a m in a t io n  o f  j a r s  w i t h  c o p p e r .

The crop  i n  e a c h  j a r  was h a r v e s t e d ,  w e ig h e d  and im ­

m e d i a t e l y  d r ie d  i n  a h o t  a i r  o v e n .  A f t e r  d r y in g  th e  crop  

w as w e ig h e d  a g a in  and t h e  l o s s  i n  m o is t u r e  d e t e r m in e d .  In  

t h e  f i r s t  two e x p e r im e n ts  a n a l y s e s  w ere made o f  t h e  p l a n t s  

from  ea ch  j a r .  Each j a r  c o n t a in e d  an e q u a l  number o f  p l a n t s  

a n d , i n  m o st  e x p e r im e n ts  u s in g  w h e a t ,  t h e  number o f  p l a n t s  

w as m a in ta in e d  a t  f i f t e e n .  I n  t h e  e x p e r im e n ts  f o l l o w i n g  th e  

two m e n tio n e d  a b o v e ,  th e  p l a n t  m a t e r i a l  from  e a c h  j a r  was  

w eig h ed  s e p a r a t e l y ,  and t h o s e  from th e  r e p l i c a t e d  t r e a tm e n t s  

w ere  c o m p o s ite d  and ground i n  a W i le y  m i l l  t o  p a s s  th ro u g h  a 

20 mesh s i e v e .  T h is  m a t e r i a l  was u se d  i n  t h e  d e t e r m in a t io n  

o f  some o f  t h e  e l e m e n ts  o f  t h e  p l a n t .

A l l  p l a n t  m a t e r i a l  w as t h o r o u g h ly  ground  and m ixed  b e f o r e  

sa m p les  w ere  ta k e n .  A th r e e -g r a m  sam ple o f  th e  p l a n t  m a t e r i a l  

r e p r e s e n t i n g  ea ch  t r e a tm e n t  was a s h e d ,  t h e  a sh  h e a t e d  g e n t l y  

w i t h  HC1 f o r  o n e - h a l f  hour and t h e n  f i l t e r e d .  The f i l t r a t e  

w as d i l u t e d  t o  200 c c .  A l i q u o t s  f o r  a n a l y s i s  w ere  ta k e n  from  

t h i s  d i l u t i o n .  S e p a r a te  sa m p les  w e r e  u s e d  i n  d e t e r m in in g  t o t a l  

n i t r o g e n .  The above p r o c e d u r e  h o l d s  t r u e  f o r  a l l  e x p e r im e n ts  

i n  t h i s  i n v e s t i g a t i o n .



M ethods o f  a n a l y s i s  u s e d  i n  t h e s e  e x p e r im e n ts  w ere  a s  

f o l l o w s :

(1) S i l i c a  -  a c c o r d in g  t o  P i p e r ,  C. S .  1 9 4 4  S o i l  and
p l a n t  a n a l y s i s .  I n t e r s c i e n c e  P u b l i s h e r s ,  I n c .
N . Y . 2 6 3 - 2 6 5 .

(2 )  Copper -  Carbamate m ethod 1940  M ethods o f  A n a l y s i s
A s s o c ,  o f  O f f .  A g r .  C h e m is t s ,  F i f t h  E d i t i o n  1 2 2 .

(3 )  I r o n  -  T h io c y n a te  m ethod 1940  M ethods o f  A n a l y s i s
A s s o c ,  o f  O f f .  A gr . C h e m is t s ,  F i f t h  E d i t i o n  1 2 6 .

(4 )  N i t r o g e n  -  K j e ld a h l  Method 1940 M ethods o f  A n a l y s i s
A s s o c ,  o f  O f f .  A gr . C h e m is t s ,  F i f t h  E d i t i o n  
2 6 - 2 7 .

(5 )  P o t a s s iu m  -  a c c o r d in g  t o  t h e  D e t e r m in a t io n  o f  Ex­
c h a n g e a b le  P o ta s s iu m  i n  S o i l s  u s in g  H e x a n i t r o -  
d yp h en y la m in e  b y  Law ton, K. 1945  S o i l  S c i .  
o f  A m erica  10: 1 2 6 - 1 2 8 .

(6) P h o sp h o r u s  -  u s in g  ammonium m o ly b d a te  and F i s k e -
Subbarow r e d u c in g  a g e n t .  The c o l o r i m e t r i c  d e ­
t e r m i n a t i o n  o f  p h o sp h o r u s  b y  F i s k e ,  C . H. and 
Subbarow, Y . 1925  J o u r .  B i o l .  Chem. 66: 
3 7 5 - 4 0 0 .

(7 )  C alcium  -  a c c o r d in g  t o  P e e c h ,  M. and E n g l i s h ,  L.
1 9 4 4  " M ic r o c h e m ic a l  S o i l  T e s t s ” S o i l  S c i e n c e  
57: 1 6 7 - 1 9 5 .

(8 )  M agnesium -  a c c o r d in g  t o  P e e c h ,  M. and E n g l i s h ,  L.
1 9 4 4  T i ta n  Y e l lo w  p r o c e d u r e .  M ic r o c h e m ic a l  
S o i l  T e s t s .  S o i l  S c i e n c e  57: 1 6 7 - 1 9 5 .

(9 )  R ed u c in g  s u g a r  -  a c c o r d in g  t o  ”A s tu d y  o f  m eth od s  f o r
t h e  d e t e r m in a t io n  o f  s u g a r  i n  crop  p la n t s "  By 
W aldron , D. R . ,  B a l l ,  C. D . ,  M i l l e r ,  E . I .  and  
B en n e, E. J .  1 9 4 8  J o u r ,  o f  th e  A s s o c ,  o f  A g r .  
C h e m ists  31: 7 0 8 - 7 1 4 .

The r e s u l t s  o f  t h e  a n a l y s i s  made a r e  r e p o r t e d  i n  t a b le

form a p p e a r in g  w i t h  e a c h  e x p e r im e n t .



EXPERIMENT 1

T h is  e x p e r im e n t  was s e t  up a s  d e s c r i b e d  above w i t h  th e  

o b j e c t i v e  o f  n o t i n g  th e  g ro w th  h a b i t s  o f  p l a n t s  w i t h  and 

w it h o u t  co p p er  added t o  th e  s o i l .

O th er  v a r i a b l e s  in c lu d e d :

(1) D i f f e r e n t  ways o f  a p p ly in g  c o p p e r  t o  t h e  s o i l  as  

u se d  by W i l l i s  and P i la n d  (47) w h ic h  l e d  t o  th e  q u e s t i o n  i n  

t h e i r  w ork a s  t o  w h e th e r  co p p e r  w as e f f e c t i v e  i n  t h e  s o i l  o r  

i n  th e  p l a n t s .  I n  t h e i r  s tu d y  t h e y  a p p l i e d  co p p e r  h a l f - w a y  

down i n  t h e  s o i l  o f  th e  j a r s .

In  t h i s  e x p e r im e n t  t h e  f o l l o w i n g  v a r i a t i o n s  w ere used:

(a )  Copper was a p p l i e d  h a l f - w a y  down i n  t h e  j a r .

(b) Copper was m ixed  th o r o u g h ly  i n  th e  s o i l .

( c )  Copper n o t  a p p l i e d .

(2) S i l i c i c  a c i d  was a p p l i e d  i n  i n c r e a s i n g  am ounts from  

25 pounds up to  and i n c l u d i n g  5000  pou n d s p e r  a c r e  f o r  th e  

p u rp o se  o f  o b s e r v in g  any e f f e c t  i t  m ig h t  have  on t h e  a v a i l ­

a b i l i t y  o f  th e  c o p p e r .

Each t r e a t m e n t  was t r i p l i c a t e d  i n  t w o - g a l l o n  j a r s  con­

t a i n i n g  6000  grams o f  muck s o i l  and 3 0 0 0  pounds p e r  a c r e  o f  

3 - 9 - 1 8  f e r t i l i z e r  p l u s  t h e  m i c r o - n u t r i e n t  e l e m e n t s .  A l l  t r e a t ­

m en ts  r e c e i v e d  200 pounds o f  c a lc iu m  h y d r o x id e  e x c e p t  t r e a tm e n t  

t w e n t y - o n e .  A d e s c r i p t i o n  o f  t r e a t m e n t s  and y i e l d s  a r e  g iv e n

i n  E ig u re  1 .  T a b le s  1 ,  2 and 3 show t h e  r e s u l t s  o f  t h e  a n a l y s i s

o f  th e  w h ea t  s tr a w  and h e a d s .  Where c o p p e r  was n o t  u se d  i n  t h e

s o i l ,  no h e a d s  w e r e  p ro d u ced . T hus, no c o m p a r iso n s  can be made

w i t h  th e  w e ig h t  and c o m p o s i t io n  o f  th e  h e a d s  p ro d u ced  w here
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Fig. 1  RESPONSE OF SPRING WHEAT TO COPPER AS APPLIED WITH VARIED RATES OF SILICIC ACID TO MUCK SOIL



TABLE 1

E f f e c t s  o f  two r a t e s  o f  co p p er  and s e v e r a l  r a t e s  o f  a p p l i c a t i o n  o f  s i l i c a  on 
th e  p e r c e n t a g e  c o n t e n t  o f  c e r t a i n  e le m e n ts  i n  m ature w heat

T reatm en ts  
L b s . /A .
Cu S i

Y i e l d  gms. 
d ry  w t .  

Straw  Hds. T o ta l Ash
P er
Cu

c e n t
Pe

c o m p o s i t io n  i n  
S i  N K

s tr a w  
P Ca Mg

%
Cu

i n  heads  
N K

200 25 56 38 94 2 .6 8 .0 0 1 8 .0 1 1 .4 5 .3 1 .5 6 .0 9 .2 8 .0 7 .0 0 5 0 1 .5 5 .4 3
200 100 52 36 88 2 .8 2 .0 0 1 2 .0 0 9 .1 9 .2 9 .2 4 .1 0 .2 0 .1 1 .0 0 5 2 1 .4 7 .6 0
200 250 64 . 42 106 2 .5 6 .0 0 1 6 .0 1 1 .2 6 .3 0 .2 5 .0 8 .2 1 .1 0 .0 0 5 3 1 .4 5 .5 3
200 500 65 41 106 2 .9 6 .0 0 1 6 .0 1 2 .3 1 .3 2 .3 0 .0 9 .2 2 .1 0 .0 0 5 2 1 .5 6 .5 2
200 1000 57 39 96 2 .8 8 .0 0 1 2 .0 1 0 .5 5 .3 1 .2 5 .0 8 .2 3 .1 1 .0 0 6 1 1 .5 3 .5 5
200 2000 61 41 102 4 .3 3 .0 0 0 4 .0 0 2 3 .5 8 .3 6 .2 0 .0 4 .0 8 .0 5 .0 0 6 2 1 .5 5 .4 9
200 5000 66 35 101 5 .0 1 .0 0 0 7 .0 0 2 3 .9 7 .3 3 .2 0 .0 7 .0 8 .0 3 .0 0 5 3 1 .5 9 .4 6
200 None 62 43 105 2 .5 7 .0 0 1 3 .0 1 2 .6 6 .3 1 .3 9 .0 8 .1 2 .1 1 .0 0 4 8 1 .5 4 .5 1

N>Cu 25 12 0 12 1 4 .3 0 .0 0 2 2 .0 2 6 1 .7 2 4 .0 7 6 .2 7 .9 1 .6 5 .3 4

0 100 12 0 12 1 5 .9 6 .0 0 2 7 .0 2 0 1 .7 1 3 .9 5 4 . 4 2 .7 8 .5 8 .2 8
0 250 10 0 10 1 5 .6 6 .0 0 2 2 .0 2 3 2 .1 6 4 .5 6 5 .3 4 .9 9 .7 1 .3 0

0 500 8 0 8 1 7 .9 9 .0 0 1 7 .0 2 9 2 .3 0 4 .5 1 4 .9 6 1 .0 0 .7 2 .3 0

0 1000 12 0 12 1 6 .5 2 .0 0 3 1 .0 2 0 3 .2 5 4 .1 7 5 .5 2 .9 2 .6 1 .3 0 No head s  prodiosd
0 2000 12 0 12 2 0 .3 3 .0 0 2 6 .0 2 1 8 .6 5 3 . 8 1 5 .6 3 1 .0 2 • 66 .3 0

0 3000 14 0 14 2 0 .5 9 .0 0 2 4 .0 2 1 8 .5 5 3 . 9 2 6 .3 7 .8 1 .5 4 .2 5

0 None 14 0 14 1 3 .8 6 .0 0 1 7 .0 2 6 .5 4 4 .0 7 5 .4 6 .9 4 .5 9 .3 4

0 None# 23 5 28 4 .5 7 .0 0 1 8 .0 1 5 .6 8 1 .8 4 .1 4 .1 5 .8 9 .4 9 .0 0 2 1 3 .0 1 -

* No fertilizer used



TABLE 2
E f f e c t s  o f  two r a t e s  o f  co p p er  and s e v e r a l  r a t e s  o f  a p p l i c a t i o n  o f  s i l i c a  on 

th e  t o t a l  c o n t e n t  of c e r t a i n  e le m e n ts  i n  m ature w heat

T reatm en ts  
L b s . /A .
Cu S i

Y i e l d  gms. 
dry w t .

Straw Hds. T o ta l Ash
T o t a l  c o n t e n t  
Cu Fe S i

i n  s tr a w  (gm s.  
N K P

}
Ca Mk

T o t a l
i n

Cu

c o n t e n t  
heads  

N K
200 25 56 38 94 1 .4 9 .0 0 1 0 .0 0 6 .2 5 .1 7 .3 1 .0 5 .1 6 .0 4 .0 0 1 9 .5 9 .1 6
200 100 52 36 88 1 .4 6 .0 0 0 6 .0 0 5 .1 0 .1 5 .1 2 .0 5 .1 0 .0 6 .0 0 1 9 .5 3 .2 2
200 250 64 42 106 1 .6 5 .0 0 1 0 .0 0 7 .1 7 .1 9 .1 6 .0 5 .1 4 .0 6 .0 0 2 2 .6 1 .2 2
200 500 65 41 106 1 .9 2 .0 0 1 0 .0 0 8 .2 0 .2 1 .2 0 .0 6 .1 4 .0 7 .0 0 2 1 .6 4 .2 1
200 1000 57 39 96 1 .6 5 .0 0 0 7 .0 0 6 . . 3 2 .1 8 .1 4 .0 5 .1 3 .0 6 .0 0 2 4 .6 0 .2 1
200 2000 61 41 102 2 . 6 4 .0 0 0 2 .0 0 1 2 .1 8 .2 2 .1 2 .0 2 .0 5 .0 3 .0 0 2 5 .6 4 .20
200 3000 66 35 101 3 .2 9 .0 0 0 5 .0 0 1 2 .6 0 .2 2 .1 3 .0 5 .0 5 .0 2 .0 0 1 9 .5 6 .1 6

200 None 62 43 105 1 .5 8 .0 0 0 8 .0 0 7 .4 1 .1 9 .2 4 .0 5 .0 7 .0 7 .0 0 2 1 .6 6 .2 2

No Cu 25 12 0 12 1 .7 3 .0 0 0 3 .0 0 3 .2 1 .4 9 .7 6 .1 1 .0 8 .0 4
0 100 12 0 12 1 .8 4 .0 0 0 3 .0 0 2 .2 0 .4 5 .5 1 .0 9 .0 7 .0 3
0 250 10 0 10 1 .5 1 .0 0 0 2 .0 0 2 .2 1 • 44 .5 2 .1 0 .0 7 .0 3 — *

0 500 8 0 8 1 .3 7 .0 0 0 1 .0 0 2 .1 8 .3 4 .3 8 .0 8 .0 6 .0 2
0 1000 12 0 12 1 .9 2 .0 0 0 4 .0 0 2 .3 8 .4 8 .6 4 .1 1 .0 7 .0 4 Nb head s  produced
0 2000 12 0 12 2 .5 2 .0 0 0 3 .0 0 3 1 .0 7 .4 7 .7 0 .1 3 .0 8 .0 4 mm

0 3000 14 0 14 2 .9 2 .0 0 0 3 .0 0 3 1 .2 1 .5 6 .9 1 .1 2 .0 8 .0 4
0 None 14 0 14 1 .8 7 .0 0 0 2 .0 0 4 .0 7 .5 5 .7 4 .1 3 .0 8 .0 5 — —

0 None* 23 5 28 1 .0 6 .0 0 0 4 .0 0 4 .1 6 .4 3 .0 3 .0 4 .2 1 .1 1 .0 0 0 1 .1 5 aw

* No fertilizer used



TABLE 3
The r e s p o n s e  o f  s p r in g  w heat t o  cop p er  l a y e r e d  i n  m id d le  o f  j a r  

as compared t o  cop p er  m ixed  th r o u g h o u t  s o i l
T reatm ents  

L b s./A *
Cu S i

Y i e l d  gms« 
d r y  w t .

Straw Hds. Total
Per c e n t  c o m p o s i t io n  i n  s tr a w  

Ash Cu Pe S i  N K P Ca Mg
% i n  heads  

Cu N K
200 25 48 24 72 4 .0 2 .0 0 1 2 a. .5 0 .6 6 .4 6 0 0 0 .0 0 5 8 2 .5 2 .3 2
200 100 47 20 67 3 .7 6 .0 0 2 0 .3 5 .5 7 .9 9 .  — .0 0 4 7 2 .1 7 .6 2
200 250 47 39 86 3 .7 3 .0 0 1 6 .0 1 4 .5 3 .4 4 .6 5 .1 1 .3 0 .1 2 .0 0 5 6 1 .8 8 .5 0
200 500 46 25 71 4 .0 3 .0 0 1 3 .0 1 2 .2 7 .6 9 .4 6 .1 9 .3 0 .1 0 .0 0 5 6 2 .1 6 .5 4
200 1000 57 19 76 4 .2 4 .0 0 2 1 — 1 .2 2 .6 6 .6 8 a. 2 .5 5

200 3000 67 46 113 4 . 2 1 .0 0 0 4 3 .2 6 .2 9 a. .0 0 5 9 1 .6 1 .2 1
200 2000 64 44 108 3 .5 2 .0 0 2 0 1 .8 1 .3 0 .2 4 .0 0 5 4 1 .5 8 • 48
No Cu 1000 13 0 13 L9.51 .0 0 1 6 8 . 3 3 3 .7 5 5.53 -  no heads

200 25 48 24 72

T o t a l  c o m p o s i t io n  i n  grams 

1 .9 3  .0 0 0 6  -  .2 4  . 3 2  .2 2 .0 0 1 4  .6 1  .0 8
200 100 47 20 67 1 .7 6 .0 0 0 9 .1 6 .2 7 • 46 . 0 . a* .0 0 0 9 .4 3 .1 2
200 250 47 39 86 1 .7 6 .0 0 0 8 .0 0 7 .2 5 .2 1 .3 1 .0 5 .1 4 .0 6 .0 0 2 2 . 7 3 .2 0
200 500 46 25 71 1 .8 5 .0 0 0 6 .0 0 6 .1 2 .3 2 .2 1 .0 9 .1 4 .0 5 .0 0 1 4 .5 4 .1 4
200 1000 57 19 76 2 .4 3 .0 0 1 2 a. .7 0 .3 8 .3 9 a. .4 9
200 3000 67 46 113 2 .8 2 .0 0 0 3 0 2 .1 9 .2 0 . 0 0 a. .0 0 2 7 .7 4 .1 0
200 200 0 64 44 108 2 .2 5 .0 0 1 3 1 .1 6 .1 9 .1 5 0 mm .0 0 2 4 .7 0 .2 1
NoCu 1000 13 0 13 2 . 5 8 .0 0 0 2 - 1 .1 0 .5 0 .7 3 • mm -  no heads
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co p p e r  was a p p l i e d .  These a r e  t h e  o n l y  t a b l e s  o f  such  d a t a  

t h a t  w i l l  be p r e s e n t e d .

T h is  w h ea t  w as p la n t e d  March 1 ,  1 9 4 7 .  T h ree  w eek s  l a t e r  

a r e t a r d a t i o n  i n  grow th  w as  n o te d  w h ere  c o p p e r  had n o t  b e e n  

a p p l i e d .  On A p r i l  5 ,  1947 a  p ro n o u n ced  d i f f e r e n c e  i n  c o l o r  

o f  p l a n t s  r e c e i v i n g  d i f f e r e n t  t r e a t m e n t s  w as n o te d  a s  f o l l o w s :

(a )  No f e r t i l i z e r  -  g r a y i s h  g r e e n .

(b) C om plete f e r t i l i z e r  m inus co p p er  -  l i g h t  

y e l l o w i s h  g r e e n .

(c )  C om plete f e r t i l i z e r  p l u s  co p p e r  -  dark  n a t u r a l  g r e e n .

Where s i l i c a  had b een  a p p l i e d  from  2000  t o  3000  pounds

p e r  a c r e  t h e  p l a n t s  grew  much more e r e c t  and th e  s tr a w  was  

more b r i t t l e .

Of p a r t i c u l a r  i n t e r e s t  ( F ig u r e  1 ,  t r e a t m e n t  2 ) ,  i s  th e  

p l a n t  p rod u ced  by p l a c i n g  t h e  co p p er  i n  a l a y e r  " h a lf-w a y "  

down, i n  t h e  j a r  i n s t e a d  o f  m ix in g  i t  t h o r o u g h ly  i n  th e  s o i l .

T h is  r e l a t i o n s h i p  h o l d s  i n  a l l  c a s e s  o f  l a y e r i n g  i n s t e a d  o f  

m ix in g  copper  i n  t h i s  e x p e r im e n t .

The p l a n t s  t h a t  d id  n o t  r e c e i v e  c o p p e r  ( F i g .  2) p rod u ced  

no h ea d s  and soon  d r ie d  u p . F ig u r e s  3 ,  4  and 5 show i n  more 

d e t a i l  t h e  r e s p o n s e  o f  s p r in g  w h ea t  t o  c o p p e r .

No marked d i f f e r e n c e s  i n  y i e l d  w ere  n o t e d  w i t h  i n c r e a s i n g  

am ounts o f  s i l i c a  a p p l i e d .  B u t ,  d i f f e r e n c e s  i n  th e  c o m p o s i t io n  

o f  th e  p l a n t s  a r e  n o te d  in  T a b le s  1 ,  2 and 3 w i t h  i n c r e a s i n g  

s i l i c a  c o n t e n t .  I t  can  b e  s e e n  t h a t  w h ere  s i l i c a  was a p p l i e d  

a t  t h e  r a t e  o f  2000 l b s . / a . t h e  p l a n t s  c o n t a in e d  much more  

s i l i c a .  A t t h e  2000 and 3000 l b s . / A .  a p p l i c a t i o n s  o f  s i l i c a
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F i g .  2 R e sp o n se  o f  s p r in g  w h e a t  to  c o p p e r .  The w h eat  
p r o d u c in g  h e a d s  r e c e i v e d  c o p p e r ,  t h o s e  j a r s  o f  
w h ea t  n o t  p r o d u c in g  h e a d s  d id  n o t  r e c e i v e  c o p p e r .

F i g .  5 R e sp o n se  o f  s p r in g  w h e a t  t o  c o p p e r .  T r e a tm e n ts  a r e  
l e f t  t o  r i g h t :  (66) No f e r t i l i z e r  -  No c o p p e r ,
(6 7 )  No f e r t i l i z e r  -  Copper, (58) F e r t i l i z e r  -  i\io 
c o p p e r .

g



Fig. I R esp o n se  o f  s p r in g  w h ea t  t o  c o p p e r .  T r e a tm e n ts  
a r e :  ( L e f t )  No f e r t i l i z e r  -  No c o p p e r ,  (C en ter )
No f e r t i l i z e r  -  Copper added, (R ig h t)  Fez’t i l i z e r  
Copper a d d ed .



F i g .  5 D eve lop m en t o f  w h ea t  h e a d s  a s  e f f e c t e d  by a  co p p er  
a p p l i c a t i o n .  ( L e f t )  No f e r t i l i z e r  -  No c o p p e r ,  
(C e n te r )  F e r t i l i z e r  -  No c o p p e r ,  (R ig h t )  F e r t i l i z e r  -  
Copper.

(where co p p e r  had b een  a p p l i e d ) , th e  p e r c e n t a g e  c o p p e r  and 

i r o n  was r e d u c e d  a s  compared t o  t h o s e  t r e a t m e n t s  r e c e i v i n g  

t h e  lo w e r  a p p l i c a t i o n s  o f  s i l i c a .  The p e r c e n t a g e  (T a b le  1) 

cop p er  and i r o n  w as h i g h e r  in  s i m i l a r  t r e a t m e n t s  w h ic h  d id  

n o t  r e c e i v e  c o p p e r .  The c o n t e n t  o f  t h e  m a jo r  e l e m e n t s  fo u n d  

i n  t h e s e  t r e a t m e n t s  a r e  shown i n  F ig u r e  6 .
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Fig. 6  PERCENT COMPOSITION OF ELEMENTS FOUND IN SPRING WHEAT STRAW AS AFFECTED BY VARIED COPPER AND SILICA CONTENT
ON MUCK SOIL



SUMMARY

Copper a p p l i e d  " h a l f - w a y ” down i n  t h e  s o i l  o f  th e  j a r s  

d id  n o t  s t i m u l a t e  p l a n t  gro w th  a s  i t  d id  i n  t h o s e  j a r s  w here  

th e  co p p er  w as t h o r o u g h ly  m ixed  w i t h  t h e  s o i l .

S i l i c a  a p p l i e d  i n  t h e  form o f  s i l i c i c  a c i d  t o  t h e  s o i l  

i n f l u e n c e d  t h e  u p ta k e  b y  th e  p l a n t  o f  Cu, R e, Ca and Mg w here  

c o p p e r  had b een  a p p l i e d .  The u p ta k e  o f  s i l i c a  was m a rk ed ly  

i n c r e a s e d  a t  th e  2000 and 3000 l b . / A .  a p p l i c a t i o n s .

The c o p p e r - d e f i c i e n t  w h e a t  p l a n t s  w e r e  c h a r a c t e r i z e d  by  

a l i g h t e r  g r e e n  c o l o r ,  r e t a r d e d  g r o w th , c u r l i n g  and d y in g -  

b a ck  o f  t h e  t i p s  and no head  p r o d u c t io n .

EXPERIMENT 2

T h is  e x p e r im e n t  was d e s ig n e d  t o  f u r t h e r  i n v e s t i g a t e  t h e  

f i n d i n g s  i n  E x p er im en t  1 .  Copper was a p p l i e d  (2 0 0  l b s . / A . )  

t o  t h r e e  j a r s  a s  f o l l o w s :  (1 )  A t t h e  b o tto m  o f  t h e  j a r ,

(2 )  i n  m id d le  o f  j a r ,  (3 )  b r o a d c a s t  a t  th e  to p  o f  j a r ,  (4)  

m ix e d  th o r o u g h ly  i n  t h e  s o i l  and (5) m ix ed  i n  s o i l  p lu s  2500  

l b s . / A .  s i l i c i c  a c i d .  T h ese  t r e a t m e n t s  w i t h  t h e i r  e f f e c t  on  

y i e l d s  and e le m e n t  c o m p o s i t io n  a r e  g i v e n  i n  T a b le s  4 and 5 .

F ig u r e  7 show s t h e  a v e r a g e  y i e l d s  o f  s tr a w  and h e a d s  f o r  

t h e s e  t r e a t m e n t s .  Y i e l d s  from j a r s  i n  w h ich  c o p p e r  was m ixed  

in  t h e  s o i l  w ere  s l i g h t l y  b e t t e r  th a n  y i e l d s  o f  j a r s  w here  

co p p er  was a p p l i e d  a t  t h e  b o ttom  o r  to p  o f  s o i l ,  and much 

b e t t e r  th a n  w here co p p er  was a p p l i e d  a s  a l a y e r  " h a lf-w a y "  

down in  t h e  s o i l  o f  th e  j a r .  P l a n t s  from  t h i s  l a t t e r  t r e a tm e n t



TABLE 4

The e f f e c t  o f  c o p p e r ,  a p p l i e d  a t  d i f f e r e n t  d e p th s  i n  th e  s o i l ,  
on y i e l d  and c o m p o s i t io n  o f  s p r in g  w heat

T reatm en t
Y i e l d  gms.

d ry  w t .  
Straw  Heads T o t a l Ash

P er  c e n t  c o m p o s i t io n  i n  s tr a w  
Cu Pe SiOo N K P Ca Mg

1 200 Cu 
b o tto m  ja r 70 24 94 8 .9 6 .0 0 1 8 .0 2 6 1 .1 7 1 .9 5 2 .7 8 .4 5 .3 6 .2 7

2 200 Cu 
m id d le  ja r 56 15 71 1 0 .5 7 .0 0 2 2 .0 2 9 .9 7 2 . 4 7 3 .7 4 .5 1 .4 7 • 28

3 ' 200 Cu 
to p  ja r 65 25 90 8 .2 2 .0 0 1 4 .0 2 1 1 .5 0 1 .9 2 2 .5 8 .5 2 .3 2 .2 0

4 200 Cu m ixed  
i n  s o i l 69 26 95 8 .7 7 .0 0 2 1 .0 2 9 .8 8 2 . 0 9 3 . 0 2 .4 7 .3 5 .2 0

5 200 Cu 
2500 S i 72 32 104 1 2 .8 7 .0 0 0 9 .0 0 3 5 .3 8 1 .7 4 1 .1 3 .3 9 .1 5 .0 2

6 200 Cu 8 - 9 - 0  
NH^CgO^* 69 24 93 7 .3 5 .0 0 1 2 .0 1 7 1 .5 4 3 .4 6 .7 0 .5 8 • 82 •42

7 No Cu 40 0 40 1 2 .6 4 .0 0 1 9 .0 3 1 .7 1 3 .2 1 4 . 2 6 .6 5 .6 5 .3 1

* 1,000 lbs./A. ammonium oxalate added



TABLE 5

The e f f e c t  o f  c o p p e r ,  a p p l i e d  a t  d i f f e r e n t  d e p th s  i n  th e  s o i l ,  
on y i e l d  and c o m p o s i t io n  o f  s p r in g  w heat

T reatm en t
Y i e l d  gms.

d r y  w t .
S traw  Heads T o t a l

T o t a l  c o n t e n t  i n  s tr a w  (g m s .)
Ash Cu Fe SiOp N K P Ca Mg

1 200 Cu
b o tto m  ja r 70 24 94 6 .2 7 .0 0 1 7 •024 1 .1 0 1 .8 4 2 .6 2 . to .3 4 .2 5

2 200 Cu 
m id d le  j a r 56 15 71 5 .9 1 .0 0 1 6 .0 2 1 . 6 9 1 .7 6 2 .6 6 • 36 .3 4 .2 0

3 200 Cu 
top  ja r 65 25 90 5 .3 4 .0 0 1 3 .0 1 9 1 .3 5 1 .7 3 2 . 3 3 .4 7 .2 9

00H•

4 200 Cu Mixed  
i n  s o i l 69 26 95 5 .0 7 .0 0 2 0 .0 2 8

CO. 1 . 9 9 2 .8 8 .4 5 • 34 .1 9

5 200 Cu 
2500 S i 72 32 104 5 .0 6 .0 0 0 9 .0 0 3 5 . 6 1 1 .8 2 1 .1 8 .4 1 .1 6 .0 2

6 200 Cu 8 - 9 - 0  
NĤ .CpOd.'3* 69 24 93 9 .2 7 .0 0 1 1 .0 1 6 1 .4 3 3 .2 1 .6 5 .5 4 .7 6 .3 9

7 No Cu 40 0 40 6 .0 5 .0 0 0 8 .0 1 2 .2 8 1 .2 8 1 .7 0 .2 6 .2 6 .1 2

* 1,000 lbs./A. ammonium oxalate added
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Fifl. 7 RESPONSE OF SPRING WHEAT TO COPPER AS APPLIED IN VARIOUS PO SITIONS IN JAR



showed co p p er  d e f i c i e n c y  symptoms ( c u r l i n g  and d i e i n g - b a c k  

o f  t e r m in a l  grow th ) s i m i l a r  t o  w h e a t  l e a v e s  o f  F ig u r e  8 i n  

an e a r l y  s t a g e  o f  i t s  g r o w th .  T h ese  symptoms l a t e r  d i s ­

a p p ea red  a t  w h a t  i s  b e l i e v e d  t o  be  a b o u t  t h e  t im e  t h e  r o o t s  

o f  t h e  w heat r e a c h e d  t h e  c o p p e r .  Growth had b e e n  r e t a r d e d  

and t h e  p l a n t s  n e v e r  e n t i r e l y  r e c o v e r e d  a s  i n d i c a t e d  by t h e  

y i e l d s  shown i n  F ig u r e  7 .

F i g .  8 Com parison b e tw e e n  two w h eat l e a v e s  on r i g h t  
show in g  co p p er  d e f i c i e n c y  symptoms; and two 
norm al l e a v e s  on  l e f t .



26

The f i r s t  r o o t s  d e v e lo p e d  by  th e  young w h e a t  s e e d l i n g s  

w e r e  o b se r v e d  to  grow  r a p i d l y  and te n d e d  t o  sp r e a d  a lo n g  th e  

b ottom  o f  j a r .  T h u s ,  i n  t r e a tm e n t  1 ,  F ig u r e  7 t h e  r o o t s  

w o u ld  be i n  c o n t a c t  w i t h  t h e  c o p p e r  a t  an e a r l y  s t a g e  o f  t h e i r  

g r o w th .  A p p l i c a t i o n s  b r o a d c a s t  o n  th e  top  w ou ld  a l s o  b e  i n  

c l o s e  c o n t a c t  w i t h  n ew ly  d e v e lo p in g  f i b r o u s  r o o t s .  I t  w ou ld  

a p p ea r  t h a t  th e  r o o t s  o f  t h e  w h e a t  s e e d l i n g s  w e r e  n o t  a b le  to  

o b t a i n  t h e  co p p er  l a y e r e d  i n  t h e  j a r .  T h ese  d i f f e r e n c e s  i n  

y i e l d  and p l a n t  g r o w th  o b s e r v e d  a r e  b e l i e v e d  to  b e  a r e s u l t  

o f  th e  d i f f e r e n c e s  i n  a c c e s s i b i l i t y  o f  t h e  c o p p e r .

INTRODUCTION TO EXPERIMENTS 3 AND 4  

H o f f e r  ( 2 7 ) ,  w o rk in g  w i t h  c o r n ,  fo u n d  t h a t  when co rn  

p l a n t s  grow  in  a s o i l  w i t h o u t  a d e q u a te  a v a i l a b l e  p o t a s s iu m ,  

i r o n  compounds a c c u m u la te  i n  t h e  j o i n t  t i s s u e s .  He c o n s id e r e d  

t h i s  e f f e c t  as a c h a r a c t e r i s t i c  symptom o f  p o ta s s iu m  s t a r v a t i o n .

W i l l i s  and P i l a n d  (4 6 )  w o r k in g  on  c e r t a i n  u n p r o d u c t iv e  

a c i d  p e a t s  o f  N o r th  C a r o l in a ,  i n  grow in g  c o r n ,  fou nd  an e x ­

c e s s i v e  a b s o r p t i o n  o f  i r o n  and lo d g e m e n t  o f  i r o n  i n  th e  n o d e s .  

E i t h e r  h e a v y  p o t a s h  a p p l i c a t i o n s  o r  t h e  a d d i t i o n  o f  co p p er  

s u l f a t e  c o r r e c t e d  t h i s  c o n d i t i o n .  They i n d i c a t e d  t h a t  t h e  

symptom o f  i r o n  a c c u m u la t io n  i n  th e  n o d e s  o f  co rn  i s  t h e r e f o r e  

n o t  s p e c i f i c  f o r  p o t a s h  d e f i c i e n c y .

H ea ld  (25) d e s c r i b e s  t h e  g e n e r a l  e f f e c t s  o f  a s h o r t a g e  

o f  p o t a s s iu m  as f o l l o w s :

(a) A r e d u c e d  p h o t o s y n t h e t i c  a c t i v i t y  and c o n s e q u e n t ly  

a re ta rd ed , o r  d w a rfed  grow th  o f  s t o r a g e  o r g a n s ,  su ch  a s  f l e s h y



r o o t s  o r  t u b e r s ,  o r  i n  c e r e a l  c ro p s  t h e  d e v e lo p m e n t  o f  v e g ­

e t a t i v e  s t r u c t u r e s  a t  t h e  e x p e n s e  o f  t h e  g r a i n s .

(b) In  woody p l a n t s  a s u p p r e s s e d  o r  weak: d ev e lo p m e n t  

o f  th e  t e r m in a l  s h o o t s  w h ich  may end i n  a " d ie - b a c k ” as  h a s  

b een  shown f o r  b o th  w i l d  s p e c i e s  and c u l t i v a t e d  f r u i t s .

(c )  The a p p ea ra n ce  o f  y e l l o w i s h ,  b r o w n ish  o r  w h i t e  

s p o t s  i n  l e a v e s  a t  f i r s t  n e a r  t h e  m a rg in  and l a t e r  b l i g h t i n g  

o f  t h e  f o l i a g e  and p rem atu re  d e a th  i f  t h e  s h o r t a g e  i s  n o t  r e ­

l i e v e d .  The amount o f  s t o r e d  c a r b o h y d r a t e s ,  su ch  a s  s u g a r s  

and s t a r c h e s ,  i s  in  d i r e c t  p r o p o r t io n  t o  th e  amount o f  a v a i l ­

a b le  p o t a s h .

E x c e s s i v e  n i t r o g e n  a p p l i c a t i o n s  a r e  r e p o r t e d  by  Gamp 

and Fudge (10 )  a s  a c c e n t u a t i n g  co p p er  d e f i c i e n c y .  They c i t e  

o t h e r  a u th o r s  who have  made s i m i l a r  o b s e r v a t i o n s .

In  v ie w  o f  t h e  v a r i e d  o p i n i o n s  c o n c e r n in g  t h e  r e s p o n s e  

o f  c r o p s  to  c o p p e r  as  a f f e c t e d  by t h e  p r e s e n c e  o f  e x c e s s i v e  

n i t r o g e n ,  th e  p o s s i b i l i t y  o f  a r e l a t i o n s h i p  e x i s t i n g  b e tw een  

p o t a s s iu m  and c o p p e r  and a p o s s i b l e  t i e - u p  by  c a lc iu m  o f  t h e  

co p p er  a p p l i e d  t o  t h e  s o i l ,  prom pted  t h e s e  two e x p e r im e n ts .

EXPERIMENT 3

In  th e  a b s e n c e  o r  p r e s e n c e  o f  co p p e r  how do v a r y in g  amounts  

and d i f f e r e n t  form s o f  n i t r o g e n  ( o r g a n ic  and i n o r g a n i c ) ,  d i f ­

f e r e n t  am ounts o f  p o t a s s iu m ,  su g a r  and a c e t a t e s  a f f e c t  p l a n t  

growth?

The t r e a t m e n t s  f o r  t h i s  e x p e r im e n t  w i t h  th e  y i e l d s  o f  

s tr a w  and h e a d s  o f  w h eat a re  g i v e n  i n  F ig u r e  9 .



0 *  NO COPPER APPLIED
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Fig. 9  RESPONSE OF SPRING WHEAT TO COPPER AS APPLIED WITH VARIOUS AMOUNTS AND KINO OF FERTILIZER TO MUCK SOIL



The p l a n t s  o f  t h i s  e x p e r im e n t  r e sp o n d e d  a s  a n t i c i p a t e d  

to  th e  t r e a t m e n t s  a p p l i e d .  L arge  a p p l i c a t i o n s  o f  n i t r o g e n  

produced  more v e g e t a t i v e  g ro w th  i n  t h e  p l a n t  and v i c e  v e r s a ,  

w h e th e r  a p p l i e d  i n  th e  o r g a n ic  o r  i n o r g a n i c  fo r m . I n c r e a s i n g  

amounts o f  p o ta s s iu m  seemed t o  h a v e  no p ro n o u n ced  e f f e c t  on  

t h e  grow th  o f  t h e  p l a n t s  i n  t h i s  e x p e r im e n t .  The p l a n t s  d id  

n o t  p r o d u ce  h e a d s  and made v e r y  p o o r  gro w th  w i t h  a l l  t r e a t ­

m en ts  w h ere  co p p er  was n o t  a d d e d .  The c h a r a c t e r i s t i c  c u r l i n g  

o f  l e a v e s  and d y in g -b a c k  from  t h e  t i p s  w as  t y p i c a l .

EXPERIMENT 4

Sudan g r a s s ,  a c o p p e r - r e s p o n s iv e  c r o p ,  w as  u sed  i n  t h i s  

e x p e r im e n t .  The o b j e c t i v e  was t o  o b s e r v e  any r e l a t i o n s h i p  

w h ich  m ig h t  e x i s t  b e tw een  p o ta s s iu m  and t r e a tm e n t s  w i t h  and 

w it h o u t  co p p er;  i n c r e a s i n g  t h e  cop p er  s u l f a t e  a p p l i c a t i o n  up 

t o  2500 lb  s . / a . Could e x t r e m e ly  l a r g e  a p p l i c a t i o n s  o f  co p p er  

s t i m u la t e  p l a n t  grow th  i n  t h e  a b se n c e  o f  p o ta ss iu m ?  What 

e f f e c t  w ou ld  th e  a p p l i c a t i o n  o f  c a lc iu m ,  a t  v a r y in g  r a t e s ,  

h ave  on t h e  above r e l a t i o n s h i p ?

The d a ta  from  t h i s  e x p e r im e n t  i s  p r e s e n t e d  i n  F ig u r e  10  

and T ab le  6 .  I n  F ig u r e  10 i t  i s  n o te d  t h a t  w h ere  p o ta s s iu m  

had n o t  b e e n  a p p l i e d  t h e r e  was v e r y  l i t t l e  r e s p o n s e  t o  i n c r e a s  

in g  cop p er  a p p l i c a t i o n s .  A l l  p l a n t s  show ed s t u n t e d  g ro w th  and  

p rod u ced  v e r y  fe w  h e a d s .  I t  i s  i n t e r e s t i n g  a t  t h i s  p o i n t  t o  

m e n tio n  t h a t  t h e  d e f i c i e n c y  symptoms p r o d u c e d  w here p o t a s s iu m  

had n o t  b e e n  a p p l i e d  (b u t  w i t h  copper  added) w e r e  o u tw a r d ly  

s i m i l a r  t o  t h o s e  p rod u ced  w here p o t a s s iu m  was a p p l i e d  (but
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WITHOUT A HIGH LEVEL OF NITROGEN



TABLE 6
R esp o n se  o f  sudan  g r a s s  t o  c o p p e r ,  p o t a s s iu m  and c a lc iu m  

a p p l i e d  i n  v a r i e d  am ounts on muck s o i l  w i t h  
and w i t h o u t  a h i g h  l e v e l  o f  n i t r o g e n

T reatm en t  
Lbsi . / A .

Y i e l d  gm s. 
d ry  w t .

Straw  Hds. T o t a l
P e r  c e n t  c o m p o s i t io n  i n  s tr a w  
Cu Fe N K P Ca Mg

oioIo
Cu 48 8 56 .0 0 3 1 .020 .9 5 .1 7 .11 1 .0 6 .6 5

No Cu 53 6 59 .0 0 2 6 .0 1 9 1.21 .1 7 .12 1 .0 5 .6 9

3

4

5

6

7

8 

9

10

11

12

13

14

15

16

17

18

19

20 
21

22

No Cu* 42 44 .0 0 2 6 2 . 1 5 .7 3

No Cu 38 40 .0022 .021 2 . 3 2 L42 .7 0 1 .5 4 1 .3 9

200 Cu 47 49 .0 0 4 4 .0 2 6 2 . 1 7 .68 .7 3 1 .6 5 1 .3 9

400 Cu 47 49 .0 0 4 1 2 . 3 9 .0 9

600 Cu 49 52 .0 0 3 5 1 .9 5 .1 7

900 Cu 57 60 .0 0 3 6 .0 2 3 2 . 2 6 .4 1 .6 9 1 .7 6 1 .5 1

1500 Cu 51 53 .0 0 5 1 2 . 1 5 .1 5

2500 Cu 51 53 .0 0 4 3 .0 1 6 2 . 0 3 .2 5 .6 3 1 .3 6 1 .2 9
200
500

Cu-stj* 
Ca** 47 48 .00  29 .0 2 5 2.20 . 2 8 .6 7 1 .5 0 1 .4 1

o
i

Os
I

CD

200
3000

Cu
Ca 49 51 .00  25 2.02 .1 4200

6000
Cu
Ca 50 55 .0 0 4 5 2.00 . 9 3200

9000
Cu
Ca 56 8 64 .0 0 3 5 .0 2 3 1 .9 4 .8 9 .1 8 1 .9 6 .88

900
500

"  $00 
3000

Cu
Ca 57 62 .0 0 3 4 ,020 1 .7 8 .4 8 .5 1 1.21 1 .0 8
Cu
Ca 52 57 .0 0 2 7 1 .7 6 .12

900
6000

Cu
Ca 54 60 .0 0 3 5 1 .6 1 .1 5

900
9000

Cu
Ca 55 60 .0 040 1 .7 2 .12

2500
3000

Cu
Ca 54 59 .0 0 4 2 1 .5 0 .2 4

2500
9000

Cu
Ca 48

A IL

51 .0 0 5 6 .0 2 0 1 .9 0 .9 3 .22 1 .5 8

A 3 . ■iQ.Q&S. ■ 63

1.01

750
9000
200

Mn
CaCu 55 61 .0 0 3 8 1 .6 2 .1 7



TABLE 6 (Cont'd)

T reatm ent  
L b s» /A .

Y i e l d  gm s.
dry w t .

S traw  H ds. T o t a l
P e r  c e n t  

Cu Fe
c o m p o s i t io n  i n  

N K P
s tr a w

Ca Mg

23
CD
H1 No Cu 55 2 57 .0 0 2 0 1 .6 5 1 .1 6

24
051
03 200 Cu 86 14 100 .0 0 2 6 .0 2 2 .9 8 .8 9 .2 6 .3 1 .3 0

25 CM1 No Cu 34 1 35 .0 0 1 6 .0 2 7 2 . 4 9 2 . 0 1 .6 6 .8 9 .6 9

26
05

t
CO 200 Cu 87 14 101 .0 0 3 5 .0 1 9 1 .1 9 .5 9 .2 8 .5 1 .4 7

27 400 Cu 83 15 98 .0 0 3 7 .0 1 7 .9 6 .7 3 .3 0 .4 7 .4 5

28 600 Cu 95 19 114 .0 0 2 2 .0 1 6 .7 8 1 .0 0 .2 5 .4 4 .3 7

29 1500 Cu 107 16 123 .0 0 3 6 .7 8 .9 8

30 2500 Cu 105 1,8 123 .0 0 2 9 .0 1 8 .6 9 .6 4 .2 4 .3 9 .3 1

31
00
r l

200
500

Cu
Ca 85 15 100 .0 0 2 5 .0 1 9 .8 3 .6 0 .2 7 .5 6 .4 7

32

a
0>

1
CO

200
3000

Cu
Ca 83 13 96 .0 0 2 9 .0 2 7 1 .1 6 1 .5 3 .2 5 .3 6 .3 2

33
900

3000
Cu
Ca 92 21 113 .0 0 2 8 .0 2 8 .9 6 1 .4 2 .2 3 .3 9 .2 8

34
900

9000
Cu
Ca 81 13 94 .0 0 2 8 1 .1 6 1 .1 3

35
2500
9000

Cu
Ca 81 19 100 .0 0 2 8 .0 2 2 1 .1 3 1 .0 8 .1 1 .5 0 .30

*  No m i c r o - n u t r i e n t  e le m e n ts  a p p l i e d
C alcium  a p p l i e d  as c a lc iu m  h y d r o x id e ;  co p p er  a p p l i e d  

a s  cop p er  s u l f a t e



co p p er  n o t  a d d e d ) .  T h is  c o n d i t i o n  (shown i n  F ig u r e  11) w as  

c h a r a c t e r i z e d  by a f i r i n g  ( r e d )  o f  t h e  t i p s  and e d g e s  o f  th e  

l e a v e s  w i t h  some c u r l i n g  and d y in g -b a c k .  The r e l a t i v e  r e ­

sp o n s e  o f  t h e  p l a n t s  t o  t h e  f e r t i l i z e r  t r e a t m e n t s  i s  shown  

i n  F ig u r e  1 2 .

H ig h e s t  y i e l d s  w ere o b t a in e d  w i t h  a c o m p le te  f e r t i l i z e r  

and 1500 t o  2500 l b s . / A .  a p p l i c a t i o n s  o f  co p p er  w i t h o u t  

ad d in g  c a lc iu m .  Upon a d d in g  c a lc iu m  t o  s i m i l a r  t r e a t m e n t s  

t h e r e  was a m arked d e c r e a s e  i n  y i e l d s  a s  shown i n  F ig u r e  1 0 .

F i g .  11 C o p p e r - d e f i c i e n t  sudan g r a s s  l e a v e s .  The dark  
a r e a s  on l e a v e s  w ere  red  i n  c o l o r .



F i g .  12 R esp o n se  o f  sudan g r a s s  t o  co p p e r  and p o t a s s iu m .  
T re a tm en ts  w ere :  (1 )  ’’Cu” p l u s  ’’K” , (2 )  ”K”
w i t h o u t  "Cu", (3 )  ’’Cu’’ b u t  no "K", (4) No ’’Cu" 
and no "K", (0 )  No f e r t i l i z e r  a p p l i e d .



SUMMARY

(1) Sudan g r a s s  d id  n o t  resp o n d  t o  i n c r e a s i n g  am ounts  

o f  co p p er  i n  t h e  a b se n c e  o f  p o t a s s iu m .

(2 )  Sudan g r a s s  d id  n o t  r e sp o n d  t o  an a p p l i c a t i o n  o f  

p o t a s s iu m  i n  t h e  a b s e n c e  o f  c o p p e r .

(3 )  Maximum y i e l d s  w ere  o b t a in e d  w i t h  t h e  a d d i t i o n  o f  

1500 and 2500 l b s . / A .  e q u i v a l e n t  o f  co p p er  s u l f a t e  i n  th e  

a b se n c e  o f  c a l c iu m .  W ith  t h e  a d d i t i o n  o f  c a lc iu m  t o  s i m i l a r  

t r e a t m e n t s  th e  y i e l d s  w ere  d e c r e a s e d .

EXPERIMENT 5

At t h i s  s t a g e  o f  th e  i n v e s t i g a t i o n  no c o r r e l a t i o n  had 

b e e n  o b se r v e d  b e tw e e n  t h e  f e r t i l i z e r  t r e a t m e n t s  u se d  and any  

s t i m u l a t i n g  e f f e c t  from  a t r e a tm e n t  w h ic h  had n o t  r e c e i v e d  

c o p p e r .  F e r t i l i z e r  a p p l i c a t i o n s  i n  t h e  a b s e n c e  o f  co p p er  

i n c r e a s e d  co p p er  d e f i c i e n c y  s:ymptoms.

Even th o u g h  th e  w h e a t  p l a n t s  had d e v e lo p e d  d i e - b a c k  and 

a p p ea red  s t r a w - c o l o r e d  i n  th e  a b se n c e  o f  co p p er;  t h e r e  was a 

r a p id  r e s p o n s e  when c o p p e r  w as  a p p l i e d  a t  t h a t  s t a g e  o f  ma­

t u r i t y .  T h is  i s  b r o u g h t  o u t  v i v i d l y  i n  F ig u r e  13 i n  w h ich  

t h e  p l a n t  on t h e  l e f t  d id  n o t  r e c e i v e  c o p p e r ,  t h e  c e n t e r  j a r  

r e c e i v e d  co p p er  one w eek  and t h e  j a r  on t h e  r i g h t  two w eeks  

b e f o r e  p i c t u r e  w as t a k e n .  A l l  p l a n t s  had p r e v i o u s l y  ap p eared  

a s  t h o s e  in  t h e  j a r  on t h e  l e f t  h a v in g  r e c e i v e d  a c o m p le te  

f e r t i l i z e r  b u t  no c o p p e r .

T h is  d i e - b a c k  o f  new g ro w th  i n  a c o p p e r - d e f i c i e n t  p l a n t  

i s  f u r t h e r  shown i n  c e l e r y  F ig u r e  1 4 .



G O

F i g .  13 R e sp o n se  o f  s p r in g  w h e a t  t o  c o p p e r  a f t e r  d e v e lo p in g  
co p p e r  d e f i c i e n c y  symptoms. T r e a tm e n ts  w ere:
Tar (58 )  No c o p p e r ,  (1 9 )  r e c e i v e d  co p p er  one week  
and (29 )  r e c e i v e d  co p p er  two w eek s  b e f o r e  t h i s  
p i c t u r e  was ta k e n .

F i g .  14 R esp o n se  o f  c e l e r y  t o  c o p p e r .  P l a n t s  on  l e f t  show 
d y in g -b a c k  o f  new g ro w th , co p p e r  was n o t  a p p l i e d .  
The p l a n t s  on r i g h t  r e c e i v e d  co p p er  and m a in ta in e d  
norm al g r o w th .



E x p er im en t  5 was d e s ig n e d  t o  i n v e s t i g a t e  th e  a v a i l a ­

b i l i t y  and u s e  o f  some d i f f e r e n t  c o p p e r  compounds a s  a f f e c t ­

in g  p l a n t  g r o w th .

T ab le  7 and F ig u r e  15 g i v e  an o u t l i n e  o f  th e  t r e a t m e n t s  

and d a ta  s e c u r e d .  The c o p p e r - c o n t a i n i n g  compounds w ere  m ix ed  

i n t o  th e  s o i l  and each  j a r  c o n t a in e d  e q u i v a l e n t  am ounts o f  

c o p p e r .  F ig u r e  16 shows th e  u n ifo r m  gro w th  o f  th e  s p r in g  

w h e a t .  Y i e l d s  from  j a r s  r e c e i v i n g  t w e n t y - f i v e  pounds o f  co p ­

p e r  s u l f a t e  p e r  a c r e  w ere  a s  h i g h  a s  t h o s e  y i e l d s  from  100 l b s .  

■per a c r e  a p p l i c a t i o n s .

The c u p f e r r o n  was added a s  a p o s s i b l e  means o f  t y in g  

up some o f  t h e  i r o n  in  t h e  s o i l .

F i n e l y  d i v i d e d  e l e c t r o l y t i c  co p p er  ( C .P . )  g a v e  b e n e ­

f i c i a l  e f f e c t s .  Copper a p p l i e d  a s  t h e  m e t a l  g a v e  r e s u l t s  

a lm o s t  e q u a l  t o  th e  a p p l i c a t i o n s  o f  co p p er  s a l t s .

The r e s u l t s  from  t h e  co p p e r  p y r o p h o sp h a te  c a t a l y s t s  

a r e  i n  a g reem en t  w i t h  t h o s e  fo u n d  by  A rm iger and c o -w o r k e r s  ( 2 ) .

The r e s u l t s  w i t h  t r e a t m e n t  1 1 ,  F i g .  1 5 ,  w here no f e r t i ­

l i z e r  had b e e n  a p p l i e d  e x c e p t  100 l b s . / A .  o f  copper  s u l f a t e ,  

b r i n g s  o u t  th e  im p o r ta n c e  o f  co p p er  a s  an a i d  t o  h ead  form a­

t i o n  on w h e a t .

SUMMARY

S p r in g  w h e a t  g a v e  f a v o r a b l e  r e s p o n s e  i n  grow th  t o  th e  

d i f f e r e n t  c o p p e r - c o n t a i n i n g  compounds u se d  i n  t h i s  e x p e r im e n t .  

The p e r  c e n t  n i t r o g e n  i n  th e  p l a n t s  w here  co p p e r  w as n o t  a p p l i e d  

c o n t in u e d  to  be h i g h .  O nly w h ere  co p p e r  a l o n e  was a p p l i e d  to



TABLE 7
R e sp o n se  o f  s p r in g  w h e a t  t o  d i f f e r e n t  k in d s  and r a t e  

o f  a p p l i c a t i o n  o f  co p p er  compounds; th e  
c o p p er  added i n  e q u i v a l e n t  am ou n ts .

T reatm ent
r a t e
# /A . .

Y i e l d  gm s.
dry  w t .

Straw  H eads T o t a l

P e r  c e n t  c o m p o s i t io n  i n  s tr a w  

Cu Fe N K P Ca Mg

1_

2_

3_

± _

5 _

6_

7_

8_

9

00iH
1

o>
1

CO

w1
3
o

2 5 2 8 26 5 4 .0 0 1 9 .011 .4 3 . 5 1 .1 7 .2 8 .11

100 2 8 2 6 5 4 .0010 .012 .4 5 . 5 8 .1 4 .22 .11

None 12 1~ 1 3 .0011 .021 3 . 0 3 1 . 4 5 .6 5 .4-6 . 2 4

Ph1
3
o

2 5 25 23 4 8 .0 0 1 3 .4 1 .4 1

100 25 23 4 8 .0 0 1 7 .4 0 . 2 4 _

<1
3o

2 5 25 2 3 4 8 .0 0 1 3 .3 9 .5 7 mmm

100 2 6 2 4 5 0 .0 0 3 1 — .4 1 .5 7 _ —- MM

H-lH-l1
3
o

2 5 2 5 23 4 8 .0 0 0 8 MM . 3 8 .6 0 — -

100 2 6 2 4 5 0 .0010 .4 0 .7 0 _

10

11

OI
o1
o

None 11 10 21 .0 0 1 6 .0 1 6 1 . 1 4 .2 5 .10 .6 2 .3 5

100 12 14 2 6 .0 0 1 3 .011 .7 6 .2 5 .0 7 .4 9 .3 0

12

13

00rH
1

o>1
CO

a 100 21 20 4 1 .0 0 1 7 .6 0 .8 4 mm

None * 14 1 1 5 .0021 .0 2 8 2 . 7 7 2 . 4 4 .6 1 .5 1 . 2 4

* C u p ferron  was added  (200  l b s . / A . )

Cu-S « Copper s u l f a t e
Cu-A = T e tr a  co p p er  c a lc iu m  o x y c h l o r i d e
Cu-H » Copper h y d r o x id e
Cu-E = E l e c t r o l y t i c  c o p p e r  (CP)
Cu-P = Copper p y r o p h o sp h a te  c a t a l y s t s
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Cu - S  -  COPPER SULPHATE
Cu - P  *  COPPER CONTAINING PRO-PHOSPHATE CATALYST 
Cu -A  -  TETRA COPPER CALCIUM OXYCHLORIDE 
C u -H  -  COPPER HYDROXIDE 
Cu -E  »  ELECTROLYTIC COPPER (C .P .)

TREATMENTS 
13 NONE < CUPFERRON ADDED ( 2 5 0  lb * ./A  EQUIV.)

C u S 0 4 U SED -I Cu 
RATE Ib t/A  2 5  
FERTILIZER^

S 2 C u -S  3  NONE 4 C u -P  5 C u -P  6 Cu-A 7C u-A  8 C u-H  9 C u -H  10 NONE I IC u -S  12 C u -E  13 NONE 
100 2 5  100 2 5  100 2 5  100 100 100

3 - 9 - 1 8  0 - 0 - 0 ______ _  3 - 9 - 1 8

F ig./$ RESPONSE OF SPRING WHEAT TO EQUIVALENTLY ADDED DIFFERENT KINDS OF COPPER CONTAINING SUBSTANCES



F i g .  16 R esp o n se  o f  s p r in g  w h e a t  to  d i f f e r e n t  co p p e r  com­
p o u n d s .  . T re a tm en ts  w e r e :  ( L e f t  t o  r i g h t )
(1 )  Copper n o t  u s e d ,  (2 )  co p p er  s u l f a t e  100 l b s . / A .
(3 )  co p p e r  p y r o p h o sp h a te  c a t a l y s t s  100 l b s . / A . ,
(4 )  t e t r a - c o p p e r  c a lc iu m  o x y c h l o r i d e  100 l b s . / A . ,
(5 )  c o p p e r  h y d r o x id e  100 l b s . / A . ,  (6 )  e l e c t r o l y t i c  
co p p e r  ( C .P . )  100 l b s . / A . ,  (7) co p p er  n o t  u se d  b u t  
200 lb  s . / A .  c u p fe r r o n  added .

t h e  s o i l  (no o t h e r  f e r t i l i z e r )  d id  t h e  head  y i e l d s  e x c e e d  

t h a t  o f  t h e  s t r a w .

EXPERIMENT 6

E x p er im en t 6 was s e t  u p , a s  a r e s u l t  o f  th e  work by 

P i p e r  (40) on p a r t i a l  s t e r i l i z a t i o n  o f  t h e  s o i l  w h ich  i n ­

c r e a s e d  grow th  and cop p er  u p ta k e  o f  t h e  p l a n t ,  t o  d e te r m in e  

w h e th e r  muck w ou ld  r e a c t  in  t h e  same m anner a s  th e  m in e r a l  

s o i l  i n v e s t i g a t e d .  He c o n c lu d e d  t h a t  t h e  i n c r e a s e  i n  a v a i l a



b i l i t y  o f  c o p p e r ,  a s  a r e s u l t  o f  p a r t i a l  s t e r i l i z a t i o n ,  i n ­

d i c a t e s  t h a t  t h e  d e f i c i e n c y  i n  t h e  Dobe s o i l  ( h i g h l y  c a l c a r ­

eo u s  s h e l l y  sand ) was one o f  u n a v a i l a b i l i t y  r a t h e r  th a n  l a c k  

o f  t o t a l  c o p p e r .  A l s o ,  t h a t  co p p er  b ecom es n e c e s s a r y  f o r  

grow th  i n  th e  e a r l y  s e e d l i n g  s t a g e  and a p p a r e n t ly  rem a in s  

e s s e n t i a l  a s  lo n g  a s  a c t i v e  grow th  i s  p r o c e e d i n g .

Each t r e a tm e n t  w a s  s e t  up i n  t r i p l i c a t e .  S i x  j a r s  w ere  

s t e r i l i z e d  by steam  a t  10 pounds p r e s s u r e  f o r  e i g h t  h o u r s;  

t h r e e  j a r s  w i t h  co p p er  a p p l i e d ,  and t h r e e  j a r s  c o n t a in i n g  no 

c o p p e r .  T h is  s t e r i l i z a t i o n  p r o c e s s  w as r e p e a t e d  t h r e e  d ays  

l a t e r  t o  k i l l  any m ic r o b e s  t h a t  m ig h t  h ave  b e e n  i n  t h e  sp o r e  

s t a t e  p r e v i o u s l y .  S i x  o t h e r  j a r s  w ere  p r e p a r e d  com parab le  t o  

t h o s e  above b u t  w ere  n o t  s t e r i l i z e d .  S p r in g  w h e a t  w as p l a n t e d  

i n  a l l  j a r s .  The t r e a t m e n t s  a r e  shown i n  T a b le  8 .

TABLE 8

R esp o n se  o f  s p r in g  w h e a t  t o  c o p p e r  a s  a f f e c t e d  by  
s t e r i l i z e d  and u n s t e r i l i z e d  muck s o i l

T reatm ent
Y i e l d  gm s.

d ry  w t .  
S traw  Heads Cu Fe N K P Ca Mg

i  £ No Cu 19 None .0 0 1 6 .0 2 1 2 .9 3 4 . 3 6 .7 9 .6 2 .3 2

Cu 51 29 .0 0 1 0 . 0 1 1 1 .5 5 1 .1 2 .39 .2 2 .1 4

*CO No Cu 63 8 .0 0 1 8 .0 1 2 3 .0 0 2 . 1 4 .5 2 .5 9 .3 8

4 Cu 85 32 .0 0 2 7 .0 1 0  . 2 . 1 3 1 .2 1 .37 .5 3 .3 4

*S -  S t e r i l i z e d  muck s o i l  
^*Un-S -  U n s t e r i l i z e d  muck s o i l



Where c o p p e r  had n o t  b e e n  a p p l i e d ,  b u t  th e  s o i l  s t e r i l ­

i z e d ,  p l a n t  g ro w th  w as r a p id  and v i g o r o u s  i n  th e  e a r l y  s t a g e s .  

I t  w a s  n o t  u n t i l  t h e s e  p l a n t s  had s t a r t e d  t o  head t h a t  co p p er  

d e f i c i e n c y  symptoms a p p e a r e d .  T h ese  symptoms a p p ea red  s u d d e n ly  

and v e r y  few  h e a d s  w e r e  p r o d u c e d .  T h is  i s  r e f l e c t e d  i n  th e  

y i e l d s  shown i n  T a b le  8  and i n  F ig u r e  1 7 .  S t e r i l i z e d  muck 

p rod u ced  g r e a t e r  y i e l d s  o f  s t r a w  b o t h  w i t h  and w i t h o u t  co p p e r  

th a n  d id  t h e  u n s t e r i l i z e d  s o i l .  Copper n o t a b l y  f a v o r e d  h ea d  

f o r m a t io n .  F ig u r e  18 shows t h e  a p p ea ra n ce  o f  th e  p l a n t s .  The 

d i f f e r e n c e s  i n  s i z e  and f u l l n e s s  o f  w h eat k e r n e l s  p ro d u ced  a re  

shown i n  F ig u r e  1 9 .

SUMMARY

S t e r i l i z a t i o n  o f  muck s o i l  s t i m u la t e d  t h e  g ro w th  o f  w h ea t  

p l a n t s .  When co p p er  w a s  n o t  a p p l i e d ,  t h e  s t e r i l i z e d  muck p r o ­

duced p l a n t s  w i t h  ab undant v e g e t a t i v e  g ro w th  b u t  v e r y  few  

h e a d s  and showed co p p e r  d e f i c i e n c y  symptoms a t  t im e  o f  h e a d in g .  

In  co m p a r iso n , a muck n o t  s t e r i l i z e d  (no c o p p e r  a p p l i e d )  p r o ­

duced v e r y  l i t t l e  v e g e t a t i v e  g r o w th ,  no h e a d s ,  and th e  p l a n t s  

showed copper  d e f i c i e n c y  symptoms e a r l y  i n  t h e i r  grow th  c y c l e .

The r e s u l t s  o f  t h i s  e x p e r im e n t  i n d i c a t e  t h a t  s t e r i l i z a ­

t i o n  p o s s i b l y  makes some n u t r i e n t  e le m e n ts  more a v a i l a b l e  

( in c l u d i n g  co p p er)  and t h a t  t h e  d e f i c i e n c y  o f  co p p e r  i n  t h i s  

s o i l  i s  one o f  l a c k  o f  a v a i l a b i l i t y  r a t h e r  th a n  l a c k  o f  t o t a l  

s u p p l y .
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F l g . / 7  RESPONSE OF SPRING WHEAT TO COPPER GROWN IN STERILIZED AND
UNSTERILIZED MUCK SOIL



F i g .  18 R e sp o n se  o f  s p r in g  w h ea t  t o  c o p p e r  a s  e f f e c t e d  by  
s t e r i l i z e d  and n o n - s t e r i l i z e d  muck s o i l .
T r e a tm e n ts  w ere  a s  f o l l o w s :
(1 )  No Cu -  N ot s t e r i l i z e d ,  (£ )  No Cu -  S t e r i l i z e d ,  
(3 )  Cu -  N o t  s t e r i l i z e d ,  (4 )  Cu -  S t e r i l i z e d .



F i g .  19 C om parison o f  w h e a t  k e r n e l s  from p l a n t s  grown o n  
muck s o i l  r e c e i v i n g  c o p p e r  ( l e f t )  and no co p p er  
added  ( r i g h t ) .

EXPERIMENT 7

The p e r c e n t a g e  n i t r o g e n  was h i g h  i n  a l l  w h e a t  p l a n t s  

to  w h ic h  c o p p e r  was n o t  a p p l i e d  t h u s  f a r  i n  t h e s e  e x p e r i ­

m e n t s .  K raus and K r a y b i l l  ( 3 3 ) ,  and s u b s e q u e n t ly  many o t h e r  

i n v e s t i g a t o r s ,  have  s o u g h t  t o  g i v e  e x p r e s s i o n  to  t h e  m e t a b o l i c  

r o l e s  o f  c a r b o h y d r a t e s  and o r g a n ic  n i t r o g e n o u s  compounds i n  

te r m s  o f  th e  r e l a t i v e  p r o p o r t io n s  o f  t h e s e  compounds in  t h e  

p l a n t .  W orking w i t h  tom ato p l a n t s  t h e y  r e c o g n i z e d  fo u r  d i f ­

f e r e n t  m e t a b o l i c  c o n d i t i o n s  i n  te r m s  o f  t h e  p r o p o r t i o n a t e  

am ounts o f  t h e s e  two t y p e s  o f  s u b s t a n c e s  p r e s e n t .  Each o f  

t h e s e  c o n d i t i o n s  a r e  d i s t i n g u i s h e d  b y  a c h a r a c t e r i s t i c  morpho­

l o g i c a l  r e s p o n s e  on t h e  p a r t  o f  t h e  p l a n t s  . One o f  t h e s e



c o n d i t i o n s  c o r r e s p o n d in g  t o  th e  outw ard  a p p e a r a n c e s  o f  a 

c o p p e r - d e f i c i e n t  w h e a t  p l a n t  grow n d u r in g  t h i s  i n v e s t i g a t i o n ,  

was g i v e n  a s  f o l l o w s :

"A v e r y  lo w  p r o p o r t io n  o f  a v a i l a b l e  c a r b o h y d r a t e s  to  

a v a i l a b l e  n i t r o g e n .  The tom ato p l a n t s  w ere  v ig o r o u s  v e g e t a -  

t i v e l y  b u t  u n f r u i t f u l .  Stem s w ere  t h i c k ,  p i t h y  and s u c c u ­

l e n t .  L e a v e s  w ere  l a r g e ,  s o f t  and dark g r e e n .  C h em ica l a n a ly ­

s i s  showed th e  p l a n t s  t o  be low  i n  r e s e r v e  c a r b o h y d r a t e s ,  b u t  

r e l a t i v e l y  h ig h  i n  a v a i l a b l e  n i t r o g e n o u s  compounds” .

Any i n t e r p r e t a t i o n  o f  th e  r e s u l t s  o f  Kraus and K r a y b i l l ,  

o r  w ork  o f  a s i m i l a r  n a t u r e  by o t h e r  i n v e s t i g a t o r s ,  m u st  be  

b a s e d  on an e v a l u a t i o n  o f  th e  r e l a t i v e  r o l e s  o f  th e  c a r b o h y ­

d r a t e s  and n i t r o g e n o u s  f o o d s  a t  d i f f e r e n t  s t a g e s  in  t h e  grow th  

c y c l e  o f  t h e  p l a n t .  H ic k s  (26) r e l a t e s  t h a t  i n  th e  w h e a t  p l a n t  

th e  p r o p o r t io n  o f  a v a i l a b l e  c a r b o h y d r a te s  to  a v a i l a b l e  n i t r o ­

g e n o u s  compounds i n c r e a s e s  p r o g r e s s i v e l y  th r o u g h o u t  t h e  v e g ­

e t a t i v e  p e r i o d ,  and f lo w e r i n g  o c c u r s  when t h i s  p r o p o r t io n  b e ­

comes s u f f i c i e n t l y  h ig h .

A d e f i c i e n c y  o f  c a r b o h y d r a te s  has b e e n  fo u n d  by H o w le t t  

(2 8 )  t o  in d u c e  m ic r o s p o r e  d e g e n e r a t io n  and p o l l e n  s t e r i l i t y  

i n  t h e  to m a to .

Yocum (49 )  b e l i e v e s  t h a t  i f  t h e  n i t r o g e n  c o n t e n t  i s  k e p t  

h i g h ,  grow th  may go on a t  such  an abnorm al r a t e ,  u s in g  so  

much o f  th e  fo o d  t h a t  t h e  p l a n t  f a i l s  t o  g e t  a s t o r a g e  su p p ly  

o f  c a r b o h y d r a te s  s u f f i c i e n t  to  c a u s e  i t  t o  become r e p r o d u c t i v e .

N ic k e r y  (38) p o i n t s  o u t  t h a t ,  o f  a l l  th e  b io c h e m ic a l  

c o n s t i t u e n t s  o f  c e l l s ,  n i t r o g e n o u s  compounds s h o u ld  be th e



m o st  c l o s e l y  i n t e g r a t e d  w i t h  v i t a l  a c t i v i t y .  Through th e  u s e  
1 *5o f  n i t r o g e n  (N ) c o n c o m ita n t  s y n t h e s i s  and breakdow n o f  

n i t r o g e n  compounds i s  now r e g a r d e d  a s  a c h a r a c t e r i s t i c  o f  

l i f e .  The d i f f i c u l t y  and th e  c h a l l e n g e  o f  n i t r o g e n  m eta b o ­

l i s m  l i e s  i n  th e  f a c t  t h a t  i t  i s  n o t  enough t o  e x p l a i n  t h e  

p a t h  o f  s y n t h e s i s  o r  t h e  r e a c t i o n s  o f  n i t r o g e n  compounds; 

o n e  sh o u ld  know t h e i r  i n t e r r e l a t i o n  w i t h  o t h e r  p h y s i o l o g i c a l  

p r o c e s s e s .

H a m ilto n  and G i l b e r t  ( 2 2 ) ,  w o rk in g  w i t h  tung  t r e e s ,  

fou n d  t h a t  t h e  h i g h e r  th e  l e v e l  o f  n i t r o g e n  a p p l i e d ,  th e  more  

s e v e r e  w ere  t h e  co p p e r  d e f i c i e n c y  symptoms. G i l b e r t ,  S e l l ,  

and D r o s d o f f  (21) s u g g e s t e d  t h e  e x i s t e n c e  o f  a c o p p e r / n i t r o g e n  

r a t i o .  I n  t h e i r  work w i t h  tu n g  t r e e s  th e y  fou n d  t h e  r a t e  o f  

p h o t o - s y n t h e s i s ,  in  c o p p e r - d e f i c i e n t  tu n g  l e a v e s ,  t o  be  ab o u t  

on e  f o u r t h  t h a t  o f  t h e  norm al l e a v e s .  There w ere  no s i g n i f i ­

cant d i f f e r e n c e s  b e tw e e n  l e a v e s  from  norm al and c o p p e r - d e f i ­

c i e n t  t r e e s  i n  t h e  p e r c e n t a g e  o f  n o n -r e d u c in g  su g a r ;  b u t  t h e  

p e r c e n t a g e  o f  r e d u c in g  su g a r  i n  d e f i c i e n t  l e a v e s  was lo w  and 

t h a t  o f  s t a r c h  o u t s t a n d i n g l y  lo w .  T h is  c o n d i t i o n  i n d i c a t e s  

e i t h e r  a d e c r e a s e  i n  f o r m a t io n  o r  an i n c r e a s e  i n  u t i l i z a t i o n  

o f  r e s e r v e  c a r b o h y d r a te s  i n  su c h  t i s s u e s ,  o r  b o th .

E xp er im en t 7 was d e s ig n e d  f o r  t h e  f o l l o w i n g  p u r p o s e s :

(1) To n o te  any d i f f e r e n c e s  i n  n i t r o g e n  c o n t e n t  b e tw e e n  a 

c o p p e r - d e f i c i e n t  and norm al p l a n t ,  (2 )  to  f o l l o w  t h e  c o u r s e  

o f  r e d u c in g  s u g a r  d e v e lo p m e n t  i n  t h e s e  p l a n t s , ,  and (3 )  to  

o b s e r v e  t h e  grow th  c u r v e  p r o d u c e d .

S e v e n ty - tw o  j a r s  w ere s e t  up as  p r e v i o u s l y  d e s c r ib e d  i n



th e  e x p e r im e n ta l  p r o c e d u r e .  One h a l f  o f  t h e s e  j a r s  r e c e i v e d  

a 200 l b . / A .  a p p l i c a t i o n  o f  co p p er  s u l f a t e ,  t h e  r e m a in in g  36  

j a r s  d id  n o t  r e c e i v e  c o p p e r .  S p r in g  w h ea t  w as  p l a n t e d  i n t o  

t h e s e  j a r s  and t h e  f i r s t  h a r v e s t  was made on  f o u r  j a r s  o f  

each  s e t  ( c o p p e r  and no co p p er  t r e a t m e n t s )  when t h e  p l a n t s  

w ere  19 d a y s  o l d .  The r e m a in in g  h a r v e s t  d a t e s  w ere  made a t  

7 , th e n  10 day i n t e r v a l s ,  u s i n g  t h r e e  j a r s  from  e a c h  s e t  e x ­

c e p t  f o r  t h e  l a s t  d a t e  o f  h a r v e s t  i n  w h ic h  o n l y  two j a r s  r e ­

m a in e d .  F ig u r e  20 shows th e  a p p e a r a n c e  o f  t h e  p l a n t s  when 

t h e y  w ere 116 d ays  o l d ,  w h ich  w as t h e  l a s t  h a r v e s t  d a t e .

F i g .  20 R esp o n se  o f  s p r in g  w h ea t  t o  co p p er;
(1 )  r e c e i v e d  c o p p e r ,  (2) co p p e r  was  
n o t  a p p l i e d .

R ed u cin g  s u g a r s  and t o t a l  n i t r o g e n  (K je ld a h l )  w ere  d e t e r ­

m ined a t  t im e  o f  h a r v e s t  f o r  e a c h  s e t  o f  t r e a t m e n t s .  T o t a l



y i e l d  o f  b o th  g r e e n  and d ry  w e ig h t  was r e c o r d e d .  T h ese  d a ta  

a r e  p r e s e n t e d  i n  F ig u r e  21 and T a b le  9 .

D u rin g  t h e  c o u r s e  o f  t h i s  e x p e r im e n t ,  a s t r i k i n g  d i f f e r ­

e n ce  w as n o te d  i n  t h e  g r e e n  c o l o r  o f  t h e  p l a n t s  a s  h a r v e s t e d ,  

o r  when e x t r a c t e d  w i t h  e t h y l  a l c o h o l ,  b e tw e e n  t h e  c o p p e r -  

d e f i c i e n t  and norm al p l a n t s .  Thus, when t h e  p l a n t s  w ere  47  

days o l d  a c o m p a r a t iv e  t e s t  f o r  c h l o r o p h y l l  w as ru n  o n  th e  

c o p p e r - d e f i c i e n t  and norm al p l a n t s .  T h is  t e s t  c o n s i s t e d  o f  

t a k in g  a u n i fo r m ly  chopped 4  grsm  sam p le  from  e a c h  h a r v e s t e d  

t r e a t m e n t .  T h ese  sa m p les  w ere  e a c h  t h o r o u g h ly  p u l v e r i z e d  by  

m ix in g  i n  a W aring b le n d e r  f o r  n in e  m in u t e s  and t h e  c h l o r o p h y l l  

w as e x t r a c t e d  w i t h  e t h y l  a l c o h o l .

The a l c o h o l i c  e x t r a c t  w a s  s e p a r a te d  from  th e  f i b r o u s  r e ­

m ain s  b y  u s e  o f  a s u c t i o n  f i l t e r .  The r e s i d u e  was w ashed

f r e e  o f  c h l o r o p h y l l  and d i l u t e d  t o  2 0 0  c c .  An a l i q u o t  o f  t h i s

200 c c .  was p l a c e d  i n  a c o l o r i m e t e r  tu b e  and t h e  l i g h t  t r a n s ­

m i t t e d  th r o u g h  th e  s o l u t i o n  w as m easu red  by u s e  o f  t h e  E v e ly n  

c o l o r i m e t e r  e m p lo y in g  a 440  f i l t e r .  The r e s u l t s  from  t h e s e  

c o m p a r a t iv e  c h l o r o p h y l l  d e t e r m in a t io n s  a r e  r e c o r d e d  i n  F ig u r e  

2 2 .  I t  i s  e v i d e n t  t h a t  t h e r e  was l e s s  c h l o r o p h y l l  i n  th e  co p ­

p e r - d e f i c i e n t  p l a n t s  a s  compared t o  t h e  norm al p l a n t s  h a v in g  

r e c e i v e d  c o p p e r .  The l a t t e r  p l a n t s  p r o g r e s s i v e l y  i n c r e a s e d  

i n  c h l o r o p h y l l  c o n t e n t  u n t i l  t h e y  w e r e  87 d a y s  o l d ,  a f t e r  w h ich

t h e  w h ea t  h e a d s  b e g a n  t o  r i p e n  and t h e  p l a n t s  b eg a n  t o  l o s e

t h e i r  c h l o r o p h y l l .

The p r e s e n c e  o f  l e s s  c h l o r o p h y l l  i n  a c o p p e r - d e f i c i e n t  

p l a n t  i n  co m p a r iso n  w i t h  t h a t  i n  a. norm al p l a n t  r e c e i v i n g  

co p p er  i s  i n  a g r e e m e n t  w i t h  t h e  work o f  Bergman ( 8 ) ,  O r th ,  e t  a l
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TABLE 9
Y i e l d  and c o m p o s i t io n  o f  s p r in g  w h e a t  a t  d i f f e r e n t  a g e s  

a s  e f f e c t e d  by  c o p p e r  a p p l i c a t i o n s  t o  muck s o i l .

T rea tm en t  
Age o f  p l a n t  

h a r v e s t e d

Y i e l d
g r e e n

w t .
gm s.
d ry
w t .

P e r  c e n t  c o m p o s i t io n  i n  s tr a w
R ed u cin g  

Ash N K su g a r

19 d a y s
1 Cu 9 1 6 .0 3 - 1 .7 9

No Cu 9 1 4 .2 1 .9 4
26 d a y s

2 Cu 19 2 .... 5 .1 4 .5 5
No Cu 15 2 5 .3 0 .3 5
33 d a y s

3 Cu 33 4 ------- 4 .7 5 .86
No Cu 21 2 5 .2 6 .3 8
40 d a y s

4  Cu 53 6 4 .8 1 1 .0 2
No Cu 27 3 4 .9 4 .39
47 d a y s

5 Cu 74 7 5 .1 5 .45
No Cu 35 3 4 .7 4 .2 8
57 d a y s

6 Cu 141 13 1 2 .0 9 3 .8 5 4 .2 0 1 .2 6
No Cu 50 5 1 5 .5 4 4 .3 0 4 .7 6 .5 9
67 d a y s

7 Cu 163 18 1 2 .1 6 3 .9 2 4 .4 4 .4 8
No Cu 50 5 1 4 .1 8 3 .9 8 5 .9 6 .2 1
77 d a y s

8  Cu 164 20 9 .8 0 4 .4 9 4 .1 1 5 .1 3
No Cu 71 7 1 4 .4 1 5 .1 8 5 .2 0 .5 3
87 d a y s

9 Cu 166 31 9 .0 8 2 .9 0 3 .2 1 2 .3 1
No Cu 74 10 1 3 .3 1 4 .2 4 4 .6 6 1 .0 2
97 d a y s

1 0  Cu 184 35 7 .6 2 2 .5 1 2 .9 3 2 .3 3
No Cu 72 11 1 3 .8 8 3 .5 7 4 .9 2 .30
106 d a y s

11  Cu 202 47 6 .6 9 2 .2 7 2 .0 5 2 .2 5
No Cu 54 10 1 5 .6 7 3 .3 4 3 .8 9 .45
116 d a y s

12  Cu 159 51 6 .6 4 2 .0 4 1 .9 4 1 .5 0
No Cu 20 10 1 4 .9 7 3 .0 0 3 .92 .23
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(59) and. o b s e r v a t i o n s  made by  Harmer (24) .

V a r io u s  s u g g e s t i o n s  h a v e  been  o f f e r e d  a c c o r d in g  to  

B e n n e t t  (7) t o  e x p l a i n  c h l o r o s i s  a s  due t o  th e  i n a c t i v a t i o n  

o f  i r o n ,  n a m e ly ,  by e x c e s s e s  o f  o t h e r  e l e m e n ts  i n  c h l o r o t i c  

l e a v e s .  I n a c t i v a t i o n  h as  t h u s  b een  a s c r i b e d  t o  an e x c e s s  o f  

p h o sp h o r u s ,  p o t a s s iu m  and m a n g a n e se .

Such e le m e n t  e x c e s s e s ,  o r  h ig h  p e r c e n t a g e  c o n t e n t  o f  

t h e  e l e m e n t s ,  w ere  fo u n d  p r e s e n t  i n  c o p p e r - d e f i c i e n t  p l a n t s  

th r o u g h o u t  t h e  e x p e r im e n ts  c o n d u c te d  i n  t h i s  i n v e s t i g a t i o n .

F ig u r e  21 shows t h e  y i e l d s  and r e l a t i o n s h i p s  o f  th e  

s p r in g  w h e a t  w i t h  r e g a r d  t o  n i t r o g e n  and r e d u c in g  s u g a r  o f  

t h e  c o p p e r - d e f i c i e n t  and n o m a l  p l a n t s .  I t  i s  o f  s p e c i a l  

i n t e r e s t  t h a t  w here  co p p er  had b een  a p p l i e d  to  t h e  s o i l ,  t h e  

r e d u c in g  su g a r  c o n t e n t  o f  t h e s e  p l a n t s  in c r e a s e d  a t  th e  ap p rox­

im a te  t im e  t h a t  nod es  became e v i d e n t  and h ea d  f o r m a t io n  a p p a r­

e n t .  The r e d u c in g  s u g a r  c o n t e n t  o f  t h e s e  p l a n t s  th r o u g h o u t  

t h e  r e m a in in g  grow th  c y c l e  f o l l o w e d  a p p r o x im a te ly  t h e  same 

tr e n d  a s  th e  t o t a l  n i t r o g e n  c o n t e n t .  I t  w as a t  t h i s  s t a g e  o f  

g ro w th  t h a t  d i f f e r e n c e s  in  th e  t o t a l  n i t r o g e n  c o n t e n t  o f  t h e  

c o p p e r - d e f i c i e n t  p l a n t s  and t h e  n orm al p l a n t s  becam e e v i d e n t ,  

and rem ain ed  s o ,  th r o u g h o u t  t h e  r e m a in in g  gro w th  c y c l e  o f  t h e  

p l a n t s .

SUMMARY

D a ta  from t h i s  e x p e r im e n t  i n d i c a t e s  t h a t  th e  l a c k  o f  co p ­

p e r ,  i n  some w ay, r e s u l t s  i n  a d e c r e a s e  i n  c h l o r o p h y l l  form a­

t i o n .  T h is  i n  tu r n  d e c r e a s e s  th e  p r o d u c t io n  o f  c a r b o h y d r a t e s ,
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and w i t h  t h e  v e r y  h ig h  t o t a l  n i t r o g e n  c o n t e n t  e x i s t i n g  i n  t h e  

c o p p e r - d e f i c i e n t  p l a n t s ,  p r o d u c e s  a v e r y  u n f a v o r a b le  ca rb o h y ­

d r a t e / n i t r o g e n  r a t i o  f o r  norm al p l a n t  d e v e lo p m e n t .  T hese  

p l a n t s  rem ain ed  v e g e t a t i v e  and d id  n o t  p r o d u c e  h e a d s .  Where 

c o p p e r  was a p p l i e d  t o  th e  p l a n t s ,  t h e  r e d u c in g  s u g a r  i n  th e  

p l a n t  ad van ced  a p p r o x im a t e ly  i n  th e  same o r d e r  o f  m a g n itu d e  

a s  t h a t  o f  n i t r o g e n .

O ats  a c t s  s i m i l a r l y  to  w h ea t  (T a b le  10 and F ig u r e  23) i n  

i t s  grow th  h a b i t s  when i t s  medium f o r  gro w th  i s  a c o p p e r - d e f i c i e n t  

muck.

TABLE 10

R e sp o n se  o f  o a t s  t o  c o p p e r  grown on  a 
c o p p e r - d e f i c i e n t  muck s o i l

T r e a t ­
m ent

Y i e l d  
d r y  w t .  

gm s.
P e r  c e n t  c o m p o s i t io n  i n  s tr a w  

Ash Cu Fe N E P Ca Mg

1 No Cu 1 4 1 2 .5 .0 0 2 1 .0 2 4 4 . 6 0 3 .1 9 .8 6 .8 1 .5 1

2 Cu 3 4 1 0 .0 .0 036 .0 1 5 2 .8 2 2 .4 9 .6 7 .46 .5 2



F i g .  23 C om parison  b e tw e e n  norm al o a t  l e a v e s  ( l e f t ) ,  
and c o p p e r - d e f i c i e n t  o a t  l e a v e s  ( r i g h t ) .

EXPERIMENT. 8

A co rn  crop  w as grown i n  th e  g r e e n h o u s e  on  a  c o p p e r -  

d e f i c i e n t  muck s o i l ,  w i t h  and w i t h o u t  c o p p e r .  When th e  

c o p p e r - d e f i c i e n t  p l a n t s  w ere  a b o u t  two f e e t  h ig h ,  th e  l e a v e s  

f a i l e d  to  u n r o l l  a t  th e  t e r m i n a l  p o r t i o n .  D i s i n t e g r a t i o n  o f  

p o r t io n s  o f  t h e  l e a v e s  and d is a p p e a r a n c e  o f  c h l o r o p h y l l  appear' 

ed a t  t h e s e  a r e a s .  The p l a n t s  shown i n  F ig u r e s  2 4  and 25 a r e  

exam p les  o f  su c h  d e f i c i e n c y  sym ptom s. A t a p p r o x im a te ly  a week  

a f t e r  t h e s e  symptoms had a p p e a r e d ,  th e  p l a n t s  r e c o v e r e d  and 

p rod u ced  a p p a r e n t ly  norm al p l a n t s . ( F ig u r e  2 6 ) .



F i g .  24 Copper d e f i c i e n c y  symptoms i n  c o r n .  N o te  f a i l u r e  
o f  se c o n d  l e a f  from  l e f t  t o  u n r o l l .

F i g .  25 C opper d e f i c i e n c y  symptoms i n  c o r n .  N o te  s t i c k i n g  
t o g e t h e r  o f  t h r e e  l e a v e s  a t  t o p .



H ybrid  corn  p l a n t s  grown w i t h  and w i t h o u t  co p p er  
a p p l i e d  t o  a muck s o i l .  T re a tm en ts  w ere:  (1)
No c o p p e r ,  (2 )  C opper. The s e e d  p l a n t e d  was r a i s e d  
on m in e r a l  s o i l  w h ich  showed no cop p er  d e f i c i e n c y .



Why sh o u ld  c o r n  show t h i s  r e c o v e r y  and g ro w th  w i t h o u t  

a cop p er  a p p l i c a t i o n ,  w h e r e a s  t h e  d e f i c i e n c y  symptoms w e r e  

so p ron ou n ced  i n  t h e  c a s e  o f  w h eat?

Com  and w h e a t  k e r n e l s  from  sa m p le s  u s e d  i n  p r e v i o u s  

p l a n t i n g s  w ere  a n a ly z e d  f o r  c o p p e r .  Four t im e s  a s  much cop ­

p e r  w as fo u n d  p e r  k e r n e l  i n  t h e  co rn  th a n  i n  t h e  w h e a t .  This  

i n d i c a t e d  t h e  p o s s i b i l i t y  t h a t  t h e  l a r g e r  c o rn  k e r n e l  m ig h t  

have s u f f i c i e n t  co p p er  t o  a i d  t h e  s e e d l i n g  p l a n t  i n  i t s  e a r l y  

g r o w th .  H y b r id  s e e d  grown on  c o p p e r - d e f i c i e n t  muck (no cop p er  

a p p l ie d )  and  se e d  from  c o p p e r - s u f f i c i e n t  m in e r a l  s o i l  w e r e  

p l a n t e d .  The t r e a t m e n t s  a r e  g i v e n  i n  T a b le  1 1 .

TABLE 11

V a r i a b i l i t y  o f  co rn  s e e d ,  grow n w i t h  and w i t h o u t  c o p p e r ,  
a s  i n f l u e n c i n g  t h e  p r o d u c t io n  o f  t h e  s u c c e e d in g  crop  

grown on  a c o p p e r - d e f i c i e n t  muck s o i l .

T reatm ent
Y i e l d  gm s.

dry  w t . .  
Corn s t a l k

P e r  c e n t  c o m p o s i t io n  i n  
Cu Fe N K P

s t a l k s  
Ca Mg

1* No Cu 19 .0 0 1 0 .0 1 9 2 .1 7 2 . 0 4 .6 6 .4 6 .3 5

2** No Cu 33 .0 0 1 5 .0 1 8 2 .5 7 1 . 9 1 .5 9 .5 8 .33

3***Cu 53 .0 0 2 0 .0 2 3 1 .5 3 1 . 3 1 .4 6 .46 .30

S e e d s  p l a n t e d  T reatm en t
*1 No Cu grown s e e d  -  Copper n o t  a p p l i e d  to  s o i l  

**2  Cu grow n s e e d  -  Copper n o t  a p p l i e d  t o  s o i l  
***3  Cu grow n s e e d  -  Copper a p p l i e d  t o  s o i l

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

n o t e d .  F ig u r e  27 p l a i n l y  i l l u s t r a t e s  th e  d i f f e r e n c e s  w h ic h  

a c t u a l l y  e x i s t e d .
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F i g .  27 R e sp o n se  o f  corn  t o  co p p er  a p p l i e d  t o  a muck s o i l .
Corn on th e  l e f t  r e c e i v e d  c o p p e r ,  on  t h e  r i g h t  no 
c o p p e r .  The c o r n  u se d  i n  b o th  t r e a t m e n t s  f o r  p l a n t ­
in g  w as grown on  a c o p p e r - d e f i c i e n t  muck s o i l ,  (no  
c o p p e r  a p p l i e d ) .



Where t h e  s e e d  t h a t  w as p l a n t e d  had "been grown p r e v i o u s l y  

on c o p p e r - d e f i c i e n t  muck s o i l ,  s t u n t e d  grow th  o f  th e  co rn  

p l a n t s  r e s u l t e d  and v e r y  marked c o p p e r - d e f i c i e n c y  symptoms 

w ere  n o t i c e d .

The o r i g i n a l  s e e d  grown o n  m in e r a l  s o i l  sh ow in g  no co p ­

p e r  d e f i c i e n c y ,  ( t r e a t m e n t  3 ,  T a b le  11)  r e c e i v e d  a 200 l h . 

p e r  a c r e  e q u i v a l e n t  a p p l i c a t i o n  o f  c o p p e r  s u l f a t e  and i t  i s  

e v i d e n t  t h a t  t h e  p l a n t s  d id  r e sp o n d  t o  t h i s  t r e a t m e n t .  The 

t o t a l  co p p e r  and i r o n  c o n t e n t s  p r o g r e s s i v e l y  i n c r e a s e d  from  

t r e a tm e n t  1 th r o u g h  and i n c l u d i n g  t r e a tm e n t  3 .

Sam ples  o f  th e  corn  s e e d  p la n t e d  w i t h  t h e  t r e a t m e n t s  

above were a n a ly z e d  f o r  c o p p e r .  The r e s u l t s  w ere  as  f o l l o w s :

Number o f  s e e d  W t. grams °jo Cu
O r i g i n a l  m in e r a l  s o i l
grown h y b r id  c o rn  s e e d  23 5 .5 2  .0 0 0 5 1

C o p p e r - d e f i c i e n t  grown
h y b r id  corn  se e d  (muck s o i l )  23 5 . 1 2  .0 0 0 2 7

A d d i t i o n a l  t r e a t m e n t s  w e r e  a r ra n g ed  f o r  p l a n t i n g  corn  

u s i n g  corn  s e e d  grown on s t e r i l i z e d  and n o n - s t e r i l i z e d  muck 

s o i l ,  ea ch  s o i l  w i t h  and w i t h o u t  c o p p e r . T h ese  t r e a tm e n t s  

a r e  g i v e n  i n  T ab le  1 2 .  None o f  th e  s o i l  from  t h e s e  t r e a tm e n t s  

r e c e i v e d  co p p er  a t  th e  b e g in n in g  o f  t h e  e x p e r im e n t .  A f t e r  t h e  

p l a n t s  w ere one month o l d  and a l l  p l a n t s  w ere  show in g  some 

d e g r e e  o f  cop p er  d e f i c i e n c y ;  on e  j a r  from each  t h r e e  o f  a t r e a t ­

m ent was g i v e n  an a p p l i c a t i o n  o f  200 l b s .  p e r  a c r e  o f  cop p er  

s u l f a t e  b r o a d c a s t  on  th e  s u r f a c e  o f  th e  s o i l .  The r e s p o n s e  

was a lm o s t  im m e d ia te .  W ith in  f o u r  to  f i v e  d a y s  t h o s e  p l a n t s  

r e c e i v i n g  co p p er  r e c o v e r e d  from  th e  c h l o r o t i c  a p p e a r a n c e  and 

th e-sym p tom s i n  w h ic h  th e  l e a v e s  w ere r o l l e d  and s t u c k  t o g e t h e r  

no l o n g e r  a p p ea red  i n  th e  new g r o w th .



TABLE 12

Y i e l d  and c o m p o s i t io n  o f  co rn  s t a l k s  a s  e f f e c t e d  by  s o u r c e  o f  s e e d  p l a n t e d
and a co p p er  a p p l i c a t i o n  t o  t h e  s o i l

T reatm ent Corn s t a l k s  gms. 
g r e e n  wt* dry  w t .

P er  c e n t  c o m p o s i t io n  i n  s t a l k s  
Ash Cu Fe N K  P Ca Mg

o
2 §b

h <03 © © 
—  f t  in

f t
4 8

❖Sic*CO
No Cu 197. 29 8 .7 8 , .0 0 1 0 .0 2 6 1 .9 6 2 .3 1 .7 2 .3 8 .2 3

Cu* 253 41 6 .6 7 .0 0 1 3 .0 1 9 1 .2 5 1 .7 0 .4 5 .5 0 .2 3
❖sic
GO1
8

No Cu 199 31 7 .5 1 .0 0 1 3 .0 2 6 1 .8 4 2 .4 0 •5 2 .4 6 .2 7

Cu* 246 44 4 . 9 1 .0 0 1 0 .0 2 2 .8 8 1 .3 5 .3 4 .4 1 .1 9

5
h © 
© ®6 f t  09
f t

7  S g-I oO
8 a b 0

$*
GO

No Cu 158 20 1 0 .3 5 .0 0 1 2 .0 3 0 3 . 1 1 3 .2 9 .8 3 .5 2 .3 7

Cu* 292 57 4 . 7 3 .0 0 0 9 .0 2 1 1 .0 6 1 .0 5 .3 7 .3 1 .3 8
sicSic
CO1
0

No Cu 137 16 1 0 .8 7 .0 0 1 8 .0 2 8 2 .4 0 3 .0 5 .9 1 .5 2 .3 8

Cu* 295 51 4 .9 6 .0 0 1 2 .0 1 8 1 .1 4 1 .2 7 • 32 .3 7 .2 7

*  Copper was a p p l i e d  a f t e r  p l a n t s  were sh ow in g  cop p er  d e f i c i e n c y  symptoms 
one month a f t e r  p l a n t i n g  c o r n .

* *  Un-S -  U n s t e r i l i z e d
* * *  S -  S t e r i l i z e d



F i g u r e s  2 8 ,  29 and 30 show co rn  p l a n t s  w i t h  t y p i c a l  

co p p er  d e f i c i e n c y  sym ptom s. F ig u r e  31 shows t h e  d i f f e r e n c e  

i n  grow th  o f  p l a n t s  grown from  a c o p p e r - d e f i c i e n t  s e e d  and 

a p l a n t  grown from  t h e  same se e d  b u t  r e c e i v i n g  co p p e r  one  

month a f t e r  b e i n g  p l a n t e d .  A p p r o x im a te ly  t h e  same number o f  

l e a v e s  w as fo u n d  on each  o f  t h e s e  p l a n t s .  The p l a n t  f a i l s  

t o  grow  a t  t h e  in t e r n o d e s  w here i n t e r c a l a r y  gro w th  t a k e s  

p l a c e .  F ig u r e  32 sh ow s''th e  t r e a t m e n t s  and y i e l d s  o b t a i n e d .

The r o o t s  from t h e  s o i l  i n  e a c h  j a r  w ere s c r e e n e d  f r e e  

o f  muck s o i l ,  7 /a sh ed , d r ie d  i n  an o v en  a t  70°C and th e n  

w e ig h e d .  The t r e a t m e n t s ,  y i e l d s ,  and e le m e n t  c o m p o s i t io n  

a r e  g i v e n  i n  T ab le  1 3 .

The y i e l d  o f  r o o t s  w as e x t r e m e ly  lo w  ( F ig u r e  32) w here  

co p p er  had n o t  been  a p p l i e d  to  t h e  s o i l .

I n  com paring t h e  co p p er  c o n t e n t  o f  th e  c o r n  s t a l k s  and 

r o o t s  grown w i t h  t h e s e  v a r i o u s  t r e a t m e n t s  (T a b le s  12 and 13)  

t h e  p e r c e n t a g e  co p p er  c o n t e n t  o f  t h e  c o rn  s t a l k s ,  w h ere  cop ­

p e r  had n o t  b e e n  a p p l i e d ,  i s  in  m o st  c a s e s  h i g h e r  th a n  where  

co p p er  had b e e n  a p p l i e d . The o p p o s i t e  i s  t r u e  i n  t h e  c a s e  

o f  th e  r o o t s  o f  t h e s e  same p l a n t s .  Where co p p er  was a p p l i e d  

t o  t h e  s o i l  t h e  corn  r o o t s  c o n t a in e d ,  i n  m ost  c a s e s ,  a much 

l a r g e r  p e r c e n t a g e  and t o t a l  c o n t e n t  o f  c o p p e r  th a n  r o o t s  pro  

duced  i n  muck n o t  r e c e i v i n g  a co p p er  a p p l i c a t i o n .
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F i g .  28  Corn l e a v e s  from  norm al and c o p p e r - d e f i c i e n t  p l a n t s .  
(1) Top l e a f  -  from  e x t r e m e ly  c o p p e r - d e f i c i e n t  
p l a n t  i n  l a t e  s t a g e s  o f  m a t u r i t y ,  (2 )  m id d le  l e a f  -  
show ing  co p p er  d e f i c i e n c y ,  (3 )  b o tto m  l e a f  -  from  
same p l a n t  a s  m id d le  l e a f ,  on e  month a f t e r  cop p er  
was a p p l i e d .

F i g .  29 Com parison o f  c o p p e r - d e f i c i e n t  and norm al co rn  l e a v e s .
The t h r e e  c o p p e r - d e f i c i e n t  l e a v e s  show , ( l e f t )  s t r i p e d  
c h l o r o s i s  a p p e a r in g ,  ( c e n t e r )  c u r l i n g  o f  t e r m in a l  
p o r t i o n  o f  l e a f  and l o s s  o f  c h l o r o p h y l l ,  ( r i g h t )  s t r i p e d  
c h l o r o s i s  and d y in g -b a c k  from  e d g e s ;  a l l  a r e  a t  a n g l e s  
t o  a norm al l e a f  w h ich  c r o s s e s  from b o tto m  l e f t  hand 
c o r n e r  up i n t o  t h e  upper r i g h t  c o r n e r .
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F i g .  30 Corn p l a n t  show in g  c h a r a c t e r i s t i c  co p p e r  d e f i c i e n c y  
sym ptom s. .Note c u r l i n g  and s t i c k i n g  t o g e t h e r  o f  
l e a v e s .



F i g .  S i  C om parative  d i f f e r e n c e s  b etw een  norm al ( l e f t )  
c o p p e r - d e f i c i e n t  co rn  p l a n t s  ( r i g h t )  s s  t o  le r  
o f  in te r n o d e .?  and d e v e lo p m e n t  o f  t a s s e l .
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ISO

100

CORN STALKS

CORN ROOTS

PLANTS GROWN FROM SEED COPPER APPLIED NO-Cu Cu NO-Cu CuSTERILIZED MUCK UNSTERILIZED MUCK
PLANTS GROWN FROM SEED NO COPPER APPLIED NO-Cu Cu NO-Cu CuSTERILIZED MUCK UNSTERILIZED MUCK

TREATMENTS
F'O. 32- RESPONSE OF CORN TO COPPER AND VARIATION OF YIELDS RESULTING FROM SOURCEOF SEED GROWN ON MUCK SOIL

a



TABLE 13

Y i e l d  and c o m p o s i t io n  o f  c o rn  r o o t s  as  e f f e c t e d  "by s o u r c e  o f  s e e d  p l a n t e d
and a cop p er  a p p l i c a t i o n  t o  t h e  s o i l

T reatm ent
Corn r o o t s  

gms. 
dry  w e ig h t Ash#

P er  c e n t  c o m p o s i t io n  i n  r o o t s  
Cu Pe N K P Ca M«

|OJ
 

|to 
|(—

1

C
op

pe
r 

gr
ow

n 
se

ed

*
tco

No Cu 6 5 . 3 3 .0 0 1 0 .0 4 9 1 .8 3 2 .1 2 .2 0 .3 0 .1 0

Cu* 8 3 .9 2 .0 0 2 2 .0 5 5 2 .1 5 1 .1 0 ---
---

1
* to . to . to

**KJ1
§

No Cu 7 3 .9 6 .0 0 2 0 .0 4 0 1 .3 5 1 .6 1 .1 5 .2 4 .1 1

Cu* 11 3 .6 3 .0 0 2 2 .0 4 5 .9 1 1 .1 0 .1 0 I. It
O CD 1__

__

. 1 4

oo 
|<j

 
|oi

 
!ui

 
|

No
 

co
p

p
er

 
gr

ow
n 

se
ed

*
t
VI

No Cu 3 5 .7 9 .0 0 1 4 .0 4 5 2 .0 3 1 .8 5 .2 4 .3 8 .2 7

Cu* 13 3 .5 0 .0 0 2 3 .0 4 1 1 .1 0 1 .2 1 .1 5

to1
to. . 1 4

tCO1
£

No Cu 2 5 .0 0 .0 0 1 0 .0 4 4 1 .3 8 2 .0 2 .2 1 .2 7 .1 4

Cu* 9 4 .0 0 .0 0 1 9 .0 5 5 1 .0 8 1 .1 3 .1 1

CO. . 1 6

*  Copper was a p p l i e d  a f t e r  p l a n t s  w ere show in g  co p p er  d e f i c i e n c y  symptoms 
one month a f t e r  p l a n t i n g  c o r n .

* *  Un-S -  U n s t e r i l i z e d
* * *  S -  S t e r i l i z e d



SUMMARY

T h is  e x p e r im e n t  i n d i c a t e d  t h a t  t h e r e  w as a minimum, 

y e t  s u f f i c i e n t  amount o f  c o p p e r  i n  t h e  c o r n  s e e d  grown i n  

a s o i l  c o n t a i n i n g  a v a i l a b l e  c o p p e r ,  t o  a id  i n  th e  d e v e lo p ­

ment o f  a norm al p l a n t .  T h is  w as  n o t  t h e  c a s e  f o r  t h e  same 

v a r i e t y  o f  c o r n  s e e d  h a r v e s t e d  from  a c o p p e r - d e f i c i e n t  muck 

s o i l .  On t h e  b a s i s  o f  t h i s  s tu d y  i t  w o u ld  a p p ea r  t h a t ,  

when c o p p e r - d e f i c i e n t  s e e d  i s  p l a n t e d  o n  c o p p e r - d e f i c i e n t  

s o i l ,  i t  i s  l i k e l y  t o  p r o d u c e  perm anent c o p p e r - d e f i c i e n t  

p l a n t s  w h ic h  w i l l  n o t  f u l l y  m a tu r e .

EXPERIMENT 9

I t  had b e e n  o b s e r v e d  i n  some p r e l i m i n a r y  e x p e r im e n ts  

(n o t  r e p o r t e d  h e r e )  t h a t  to m a to e s  grown on  a c o p p e r - d e f i c i e n t  

s o i l  p ro d u ced  norm al b lo s s o m s  ( F ig u r e  53) b u t  t h e s e  b lo s s o m s  

f a i l e d  t o  s e t  f r u i t  t o  t h e  e x t e n t  o f  t h o s e  t o  w h ic h  cop p er  

had b e e n  a p p l i e d .

Was t h i s  a  q u e s t i o n  o f  f r u i t  s e t t i n g ?  Would th e  p l a n t s  

m a in t a in  and p ro d u ce  more f r u i t  i f  t h e  f r u i t  w e r e  s e t  th ro u g h  

hormone t r e a tm e n t ?

In  an a t t e m p t  t o  a n sw er  t h e  ab ove q u e s t i o n s  an  e x p e r im e n t  

w as s e t  up u s i n g  t h e  S p a r ta n  H ybrid  v a r i e t y  o f  to m a to .

Tom atoes w e r e  grown i n  two s e r i e s  o f  18  j a r s  e a c h ,  ea ch  

s e r i e s  c o n t a in e d  s i x  r e p l i c a t i o n s  o f  t h e  f o l l o w i n g  t r e a tm e n t s :

(1) No f e r t i l i z e r  a p p l i e d  t o  th e  s o i l .

(2 )  C om plete f e r t i l i z e r  p l u s  c o p p e r .

(3) C om plete f e r t i l i z e r ,  co p p er  n o t  a p p l i e d .



F i g .  33 R esp o n se  o f  tom ato  p l a n t s  t o  cop p er  i n  e a r l y  s t a g e s
o f  g r o w th . C en ter  ja r  r e c e iv e d  co p p e r ;  o t h e r s  d id  n o t .

In  on e  s e r i e s  th e  tom ato  b lo sso m s  w ere  sp r a y e d  w i t h  h o r ­

mone t o  s e t  th e  f r u i t ,  th e  o t h e r  s e r i e s  d id  n o t  r e c e i v e  th e  

hormone s p r a y . The t r e a tm e n ts  and t h e  tom ato  f r u i t  y i e l d s ,  

b y  d a t e ,  a r e  r e p o r te d  i n  T a b le  1 4 . The a p p ea ra n ce  o f  th e  

tom ato  f o l i a g e  o f  th e  two s e r i e s  i s  shown i n  F ig u r e s  3 4  and 3 5 .

Of s p e c i a l  i n t e r e s t  i n  t h i s  e x p e r im e n t w as th e  d e v e lo p ­

m ent o f  n e c r o t i c  s p o t s  w h ich  o c c u r r e d  on  th e  tom ato  f r u i t  w h ere  

co p p er  had n o t  b e e n  added t o  t h e  s o i l .  Such n e c r o t i c  a r e a s  

d id  n o t o c c u r  on  th e  tom ato  f r u i t  w h ere cop p er  had b e e n  a p p l ie d  

t o  th e  s o i l .  F ig u r e s  3 6 , 3 7 , 3 8 , 3 9 , 40  and 4 1  show th e  n a tu r e  

o f  t h i s  t i s s u e  breakdow n o f  th e  tom ato  f r u i t .



TABLE 14
Y ie ld  and number o f  S p a r ta n  H yb rid  to m a to e s  a s  e f f e c t e d  

by a p p l i c a t i o n  o f  c o p p er  t o  muck s o i l  and th e  
u s e  o f  hormone sp r a y  i n  f r u i t  s e t t i n g .

Hormone T r e a te d

D a te
h a r v e s te d

No f e r t  
No co]

i l i z e r
pper

F e r t i l i z e r  /  Cu F e r t i l i z e r - N o  Cu

W t. gm s. iM umber W t. gm s. Number W t. gm s. Number

3 - 1 6 -4 8 1 8 2 .7 2 - 0R* 2 9 5 .7 2-■OR* 1 9 9 .6 3-3R*
3 - 2 0 - 4 8 7 2 5 .1 5 t t 1 7 0 9 .6 11 t i 3 4 7 .0 4-4R
3 - 2 2 -4 8 1 1 0 .0 1 Tt 8 3 2 .0 7 i t 5 5 0 .0 5-1R
3 - 2 6 -4 8 8 7 .0 1 TT 2 1 6 3 .0 20 i» 4 8 7 .0 4-3R
3 - 3 0 - 4 8 1 5 4 .0 2 tt 2 8 2 .0 5 t i 5 3 3 .0 6-4R
4 -  3 - 4 8 2 1 4 .0 3 tt 5 2 0 .0 6 t i 6 9 6 .0 7-1R
4 -  8 - 4 8 1 4 5 .0 2 t f 3 7 2 .0 4 n 5 6 8 .0 6-1R
4 - 1 3 - 4 8 6 9 .0 1 t t 1 1 9 .0 1 t i 4 5 5 .0 5 -OR
4 - 1 9 - 4 8 3 8 .0 1 tt 1 1 1 8 .0 12 t i 4 9 8 .0 6-OR
4 -2 4 -4 8 * * 1 3 8 .0 8 Tf 3 1 4 9 .0 63 i t 1 3 4 3 .0 34-OR

T o t a l s 1 ,8 6 2 .8 26- OR 1 0 ,5 6 0 .3 131-■OR 5 ,6 7 6 .6 80-17R

T o ta l  number h a r v e s te d  -  2 3 7
T o ta l  w e ig h t  h a r v e s te d  -  1 8 ,0 9 9  gm s.

No Hormone U sed

D ate
h a r v e s te d

No f e r t i l i z e r  
No c o p p er

F e r t i l i z e r  /  Cu F e r t i l i z e r - N o  Cu

W t. gm s. Number W t. gm s. Number W t. gm s. Number

3 - 1 6 -4 8 0 .0 0-0R* 3 0 0 .1 5--OR* 4 6 .5 1-1R *
3 - 2 0 -4 8 2 5 0 .5 2-OR 8 8 8 .8 8 t t 3 6 1 .7 5-4R
3 - 2 2 - 4 8 1 9 2 .0 2-1R 1 0 0 0 .0 9 t i 5 2 6 .2 7-3R
3 - 2 6 - 4 8 5 1 5 .0 4 -1R 1 4 7 7 .0 13 11 3 9 4 .0 4-4R
3 - 3 0 - 4 8 1 1 5 .0 1-OR 4 8 1 .0 5 t i 4 0 9 .0 6-2R
4 -  3 - 4 8 3 8 2 .0 5 ” 6 3 4 .0 7 i t 1 7 4 .0 3-OR
4 -  8 -4 8 7 6 .0 1 " 1 8 6 6 .0 22 i t 1 2 1 6 .0 17-2R
4 - 1 3 - 4 8 0 .0 0 ” 1 0 6 2 .0 12 t i 9 2 0 .0 12-OR
4 - 1 9 - 4 8 0 .0 0 " 3 8 4 .0 5 i t 5 6 7 .0 8-OR
4 -2 4 -4 8 * * 5 6 8 .0 24  »' 2 3 6 2 .0 84 i t 1 5 0 8 .0 53-OR

T o t a ls 2 ,0 9 8 .5 39-2R 1 0 ,4 5 4 .9 170--OR 6 ,1 2 2 .4 116-16R

T o t a l  number h a r v e s te d  -  325
T o ta l  w e ig h t  h a r v e s te d  -  1 8 ,6 7 6  gm s.

* Number accom p an yin g  "R" i n d i c a t e s  number o f  to m a to e s  w ith
n e c r o t i c  s p o t s .

** G reen f r u i t  from  th e  l a s t  h a r v e s t .
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F i g .  34 Three tr e a tm e n ts  o f  to m a to e s  r e c e i v i n g  horm one.
L e f t  -  no f e r t i l i z e r ,  C en ter  -  no c o p p e r , R ig h t  -  
co p p er  a d d ed . F r u i t  on t h e s e  to m a to e s  w as s e t  
w it h  hormone s p r a y .

F i g .  35 T hree t r e a tm e n ts  o f  to m a to es  w h ere horm one w as n o t  u s e d .
L e f t  -  no f e r t i l i z e r ,  C en ter  -  no c o p p e r , R ig h t  -  co p p er  
a d d ed . Compare d i f f e r e n c e  i n  h e ig h t  o f  to m a to e s  i n  
F ig .  34 and t h o s e  i n  t h i s  F ig u r e .



F i g .  36 F i r s t  h a r v e s t  o f  to m a to e s  w it h  th e  f o l lo w in g  tr e a tm e n ts ;  
Top row -  horm one n o t  u s e d .

(a )  L e f t  -  co p p er  added  t o  s o i l
(b ) C en ter  -  cop p er  n o t  a p p l ie d
(c )  R ig h t  -  no f e r t i l i z e r

B ottom  row -  f r u i t  s e t  b y  u s in g  horm one s p r a y ;  same 
t r e a tm e n ts  a s  a b o v e .

N o te :  N e c r o t ic  a r e a s  i n  to m a to e s  w here co p p er  was
n o t  added t o  th e  s o i l .

F i g .  37 Tomato f r u i t  on c o p p e r - d e f i c i e n t  p la n t  b e g in n in g  to  
show n e c r o t i c  a r e a s  in  t i s s u e .  N o te  d a rk  a r e a s  
around b o tto m  o f  to m a to .



. 5 8  Tomato f r u i t  on  c o p p e r - d e f i c i e n t  p la n t  show ing
m ore a d v a n ced  s t a g e s  o f  n e c r o t i c  a r e a s  i n  t i s s u e .

. 39 Tomato f r u i t  on a c o p p e r - d e f i c i e n t  p la n t  sh ow in g  a 
tom ato  on  t h e  r i g h t  w it h  d e f i n i t e  n e c r o t i c  a r e a s  in  
t i s s u e .



F i g .  40  Tomato f r u i t  from  no co p p er  and co p p er  t r e a t m e n t s .
L e f t  -  m  co p p er  a p p l ie d  t o  s o i l  ( n o te  n e c r o t i c  a r e a s ) . 
R ig h t -  Copper a p p l i e d .

F i g .  4-1 L o n g itu d in a l  s e c t i o n  o f  tom ato  f r u i t  from  tr e a tm e n ts :  
L e f t  -  wo co p p er  a p p l ie d  to  s o i l  ( n o te  t h e  n a tu r e  o f  

n e c r o t i c  a r e a s ) .
R ig h t  -  Copper a p p l i e d .



W here horm one sp r a y  w as u se d  to  s e t  th e  f r u i t  o f  th e  

th r e e  t r e a t m e n t s ,  e a r l i e r  and la r g e r  y i e l d s  w ere  o b t a in e d  

i n  th e  f i r s t  fo u r  p i c k i n g s ,  a s  com pared t o  t h o s e  y i e l d s  w h ere  

no horm one w as u s e d .

F ig u r e  4 2  b r in g s  o u t  th e  c o n t r a s t in g  d i f f e r e n c e  n o te d  

in  t o t a l  w e ig h t  and t o t a l  number o f  to m a to e s  h a r v e s t e d .

T a b le  15 g i v e s  v a lu e s  sh ow in g  t h a t  a g r e a t e r  number o f  tom a­

t o e s  w er e  h a r v e s te d  w ith  a l l  t r e a tm e n ts  w h ere hormone w as n o t  

u se d  t o  s e t  th e  f r u i t ,  n u t ,  t h e  t o t a l  w e ig h t  o f  h a r v e s te d  

to m a to e s  w as s l i g h t l y  more from  th e  horm one t r e a t e d  p l a n t s  

t h a t  w er e  grow n on  s o i l  w h ic h  had r e c e iv e d  c o p p e r . T h is  

same t a b l e  g i v e s  t h e  a n a l y s i s  o f  th e  tom ato  f o l i a g e .  The 

amount o f  co p p er  i s  h ig h e r  w h ere horm one and co p p er  w ere  u s e d .

SUMMARY

Hormone sp r a y  d id  n o t  seem  to  a l t e r  th e  e f f e c t s  o f  co p p er  

upon p l a n t  g r o w th . The sp r a y  h a s te n e d  f r u i t  s e t  and e n la r g e ­

m ent o f  tom ato f r u i t .  T h is  a c c e l e r a t i o n  o f  g ro w th  w as m ain ­

t a in e d  by th e  p l a n t s  up t o  a c e r t a i n  p o i n t ,  a t  w h ic h - t im e ,  

v e g e t a t i v e  and r e p r o d u c t iv e  g ro w th  s to p p e d  and th e  p l a n t s  o n ly  

m a in ta in e d  t h e i r  f r u i t .  The a p p e a r a n ce  o f  a c o p p e r - d e f i c i e n t  

tom ato l e a f  i s  shown in  F ig u r e  4 3 .

W here horm one sp ra y  w as n o t  u s e d , a la r g e r  number b u t  s m a lle r  

f r u i t  w as p r o d u c e d . T h ese  tom ato  p l a n t s  p ro d u ced  g r e a t e r  v e g e ­

t a t i v e  g ro w th  th a n  w h ere horm one sp r a y  w as e m p lo y e d .

I n  e i t h e r  c a s e  (hormone o r  no h o rm o n e), th e  e f f e c t  o f  cop ­

p e r  on p la n t  g ro w th  w as r e f l e c t e d  in  g r e a t e r  number and w e ig h t  

o f  to m a to e s  w h ere co p p er  w as a p p l ie d  t o  th e  s o i l .  JM ecrotic  

a r e a s  ap p ea red  on f r u i t  w h ere  co p p er  w as n o t  a d d ed .
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TABLE 15

E f f e c t  o f  c o p p e r , w it h  and w ith o u t  horm one, on f o l i a g e  grow th  
and c o m p o s it io n  o f  to m a to es  grown on muck s o i l

T reatm ent Tomato f r u i t  
y i e l d  gm s.  number d ry  w t .

P er c e n t  c o m p o s it io n  i n  tom ato  f o l i a g e  
Ash Cu F e N K P Ca Mg

Hormone u se d

1 No Cu* 1 .8 6 3 26 28 9 .8 7 .0 0 1 6 .0 2 0 1 .9 2 H !°° .3 0 2 .6 8 1 .5 1

2 Cu 1 0 .5 6 0 131 88 1 1 .4 2 .0 0 2 1 .0 2 5 1 .1 7 1 .6 4 .5 3 2 .2 5 .5 1

3 No Cu 5 .6 7 7 80-17R * 68 1 3 .3 4 .0 0 1 5 .0 2 7 1 .9 7 2 .3 8 .7 5 2 .4 7 .8 5

Hormone n o t  u se d

1 No Cu* 2 .0 9 9 39-2R * 36 9 .3 0 .0 0 1 4 .0 1 5 2 .1 5 .1 5 .2 9 3 .0 9 1 .3 5

2 Cu 1 0 .4 5 5 170 94 1 1 .4 5 .0 0 1 3 .0 2 3 1 .5 6 2 .0 5 .6 2 2 .2 6 .5 5

3 No Cu 6 .1 2 2 116-16R * 74 1 2 .2 2 .0 0 1 4 .0 2 1 1 .9 6 1 .9 6 .7 6 2 .7 7 .7 7

*  No f e r t i l i z e r  u sed
* *  Number accom panying "R" in d i c a t e s  number o f  to m a to e s  w it h  n e c r o t i c  s p o t s



F i g .  43 Tomato p la n t  sh ow in g  co p p er  d e f i c i e n c y  i n  l e a v e s .
T h ese  s p o t s  a p p ea red  w h it e  o r  t r a n s l u c e n t .

EXPERIMENT 10

As p o in t e d  o u t  p r e v i o u s l y  i n  th e  R ev iew  o f  L i t e r a t u r e  

( r e f e r e n c e  6 ) ,  o x i d a t i v e  enzym es t h a t  c o n t a in  co p p er  may be  

d iv id e d  i n t o  two g r o u p s  a c c o r d in g  t o  t h e i r  s u b s t r a t e s .  

T y r o s in a s e  and o x y g e n a se  a r e  two o f  t h e s e  en zy m es.

S t e e l e  (4 4 )  r e p o r t s  th e  d i s t r i b u t i o n  o f  t y r o s in a s e  i n  

th e  h ig h e r  p l a n t s  a s  s i m i l a r  t o ,  b u t  n o t  i d e n t i c a l  w i t h ,  t h a t  

o f  o x y g e n a s e .  A p p le  f r u i t ,  b e e t  and m angold  r o o t s  and p o t a to  

t u b e r s  c o n t a in  b o th  t y r o s in a s e  and o x y g e n a s e .  A d i f f e r e n c e  

may e x i s t  i n  t h i s  r e s p e c t  b e tw ee n  v a r io u s  o r g a n s  o f  t h e  same 

p l a n t ,  e . g .  t h e  l e a v e s  o f  t h e  l a c  t r e e  c o n t a in s  o x y g e n a s e  and  

t y r o s i n a s e ,  b u t  th e  l a t e x ,  w h ic h  c o n t a in s  l a c c a s e  (3 1 ) (a  

co p p er  enzym e) h a s  no e f f e c t  on  t y r o s i n e .



S t e e l e  (4 4 )  f u r t h e r  r e l a t e s  t h a t  i n  many c a s e s ,  e . g .  

p o ta to  and m an go ld , th e  d a rk en in g  o f  c u t  t i s s u e s  i s  due to  

th e  o x i d a t i o n  o f  th e  h y d r o x y l-a m in o -a c id  t y r o s i n e  t o  a  b la c k  

compound c a l l e d  m e la n in . An in te r m e d ia t e  s t a g e  can  b e  d i s ­

t in g u is h e d  when a r e d  compound i s  p ro d u ced  t e m p o r a r i ly  upon  

e x p o su r e  t o  a i r .  F ig g e  (1 9 )  c la im s  t h a t  m e la n in  fo r m a t io n  

due to  t y r o s i n a s e  can  b e r e g u la t e d  b y  t h e  o x id a t io n - r e d u c t io n  

p o t e n t i a l  o f  th e  m edium . An enzyme h a s  b e e n  i s o l a t e d  w h ich  

c a t a l y s e s  t h e  fo r m a t io n  o f  t h e  r e d  p ig m e n t;  t h e  su b se q u e n t  

ch a n g es to  m e la n in  a r e  in d e p e n d e n t  o f  en zy m es.

K ubow itz (3 4 ) h a s  shown t h a t  p o t a to  o x id a s e  ( t y r o s in a s e )  

c o n t a in s  co p p er  and t h a t  t h e  a c t i v i t y  o f  t h e  o x id a s e  tow ard  

c a t e c h o l  a s  th e  s u b s t r a t e  i s  p r o p o r t io n a l  t o  th e  m e ta l c o n t e n t .

D a lto n  and N e ls o n  (1 3 ) show t y r o s in a s e  t o  be a co p p er  

p r o t e i n .

E x p er im en t 10 w as s e t  up to  s e e  i f  th e r e  w as any d i f f e r ­

e n c e  i n  th e  a c t i v i t y  o f  th e  enzym e sy s te m  o f  th e  su g a r  b e e t  

w it h  and w it h o u t  co p p er  a p p l ie d  t o  th e  s o i l .  No d e te r m in a t io n  

w as made o f  th e  in d iv id u a l  enzym es a c t i n g .  I t  w as p la n n e d  to  

o b s e r v e  any d i f f e r e n c e  i n  r a t e  o f  c o l o r a t i o n  o f  th e  c u t  b e e t  

r o o t .

T h is  e x p e r im e n t  c o n s i s t e d  o f  th r e e  t r e a tm e n ts :

(1 )  No f e r t i l i z e r  u s e d , (2 )  co m p le te  f e r t i l i z e r  p lu s  a 200 l b .  

p e r  a c r e  a p p l i c a t i o n  o f  co p p er  s u l f a t e  t o  th e  s o i l  and (3 ) a  

c o m p le te  f e r t i l i z e r  b u t  no co p p er  a d d ed .

W here co p p er  had b een  a p p l i e d ,  th e  b e e t  f o l i a g e  grew  f a s t e r  

and m a in ta in e d  a d a r k e r  g r e e n  i n  t h e  e a r l y  s t a g e s  o f  g r o w th .



T h is  d i f f e r e n c e  in  s i z e  b e tw een  th e  p l a n t s  o f  th e  co p p er  and 

n o -c o p p e r  t r e a tm e n ts  d isa p p e a r e d  a s  th e  p l a n t s  becam e l a r g e r ,  

b u t t h e  d a r k e r  g r e e n  c o lo r  o f  th e  b e e t  l e a v e s  on  t h e  c o p p e r -  

t r e a t e d  s o i l  w as m a in t a in e d .

T h ese  b e e t s  w ere  h a r v e s t e d  a f t e r  g r o w in g  s e v e n  m o n th s .

The y i e l d s  a r e  shown i n  F ig u r e  4 4 .  F ig u r e  45  show s th e  r e l a ­

t i v e  s i z e  o f  t h e  b e e t s  a s  p ro d u ced  b y  t h e s e  th r e e  t r e a t m e n t s .

A f te r  h a r v e s t in g  th e  b e e t  r o o t s ,  t h o s e  from  e a c h  t r e a t ­

m ent w ere  s e p a r a t e ly  c u t  i n t o  s q u a r e s . A r e d  t i n g e  w as n o te d  

on t h e  b e e t s  r e c e i v i n g  co p p er  a lm o s t  im m e d ia te ly  a f t e r  c u t t i n g .  

The b e e t s  w it h o u t  a d d i t i o n a l  co p p er  d id  n o t  d e v e lo p  t h i s  red  

t i n g e .  F ig u r e s  46 and 47 show  th e  c o n t r a s t in g  d i f f e r e n c e s  

b e tw e e n  th e  b e e t s  r e c e i v i n g  t h e s e  tw o t r e a t m e n t s .  P i c t u r e s  

w ere ta k e n  a t  2 ,  5 ,  6 ,  9 and 1 2  m in u te  i n t e r v a l s  and d i f f e r ­

e n c e s  w ere  v e r y  m arked in  a l l  c a s e s .  The r e d  c o l o r  p rod u ced  

g r a d u a l ly  tu r n e d  b la c k .  The d i f f e r e n c e s  n o te d  may b e  a t t r i b u ­

te d  e i t h e r  t o  th e  l a c k  o f  an  enzym e o r  t o  t h e  l a c k  o f  i t s  sub ­

s t r a t e  i n  th e  a b se n c e  o f  c o p p e r .

The y i e l d  o f  b e e t s  and t h e  p e r c e n t a g e  c o m p o s it io n  o f  

some o f  th e  n u t r ie n t  e le m e n ts  in  t h e  su g a r  b e e t  l e a v e s  a r e  

p r e s e n te d  i n  T ab le  1 6 .

The p e r c e n ta g e  co p p er  o f  th e  b e e t  r o o t s  from  two f e r t i ­

l i z e d  t r e a tm e n ts  w as a s  f o l l o w s :

P e r  c e n t  T o t a l  gm s.

(1 )  No co p p er  a p p l ie d
to  s o i l  .0 0 1 1  .0 0 2 3

(2 )  Copper a p p l ie d  t o
s o i l  .0 0 1 3  .0 0 3 9
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F i g .  4 5  S u gar b e e t s  grown on f e r t i l i z e d  and n o n - f e r t i l i z e d  
muck s o i l  w i t h  and w ith o u t  c o p p e r . T re a tm en ts  w ere:  
L e f t  -  F e r t i l i z e r  p lu s  Copper  
C e n te r  -  F e r t i l i z e r  -  No co p p er  
R ig h t  -  No f e r t i l i z e r  -  No co p p er

F i g .  46  Su gar b e e t  r o o t s  grown w i t h  and w ith o u t  cop p er  
show in g  r ed  c o lo r a t io n  ( l e f t )  w here co p p er  w as  
a p p l ie d .  The b e e t s  on r i g h t  d id  n o t  r e c e i v e  c o p p e r .
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.........................................          j

F ig .  47  C ro ss  s e c t i o n  o f  su g a r  b e e t s  from  co p p er  and no
co p p er  t r e a t m e n t s .  L e f t  -  co p p er  a p p l ie d  to  s o i l .  
.Note dark  r in g s  w h ich  h ave  d e v e lo p e d  around b e e t .  
R ig h t  -  co p p er  n o t  added to  th e  s o i l .  .Note a b se n c e  
o f  d a rk  r i n g s .

The b la c k  r i n g s  n o te d  in  F ig u r e  47  (c o p p e r  a p p lie d )  

a p p r o x im a te s  e a c h  o f  th e  se c o n d a r y  v a s c u la r  s y s te m s  o f  th e  

b e e t  r o o t .  T h is  i s  a r e g io n  o f  grow th  and e n la r g e m e n t o f  

c e l l s .  T h is  b la c k  c o lo r a t i o n  p o s s i b l y  i n d i c a t e s  th e  p r e s e n c e  

o f  an enzyme and i t s  s u b s t r a t e  i n  t h i s  r e g io n  o f  m e ta b o l ic  

a c t i v i t y .  T h ese  b la c k  r in g s  w ere  n o t  p ro d u ced  i n  th e  a b se n c e  

o f  c o p p e r .

T h is  may a l s o  r e f l e c t  a v a r ie d  r a n g e  o f  th e  o x id a t io n -  

r e d u c t io n  p o t e n t i a l  a s  o b se r v e d  i n  e x p e r im e n ts  b y  F ig g e  ( 1 9 ) .  

He found  t h a t  any s y s te m , w h ich  w ou ld  te n d  t o  s h i f t  th e  r e d o x -



TABLE 16

The r e s p o n se  o f  su g a r  b e e t s  to  co p p er  as a p p l ie d  t o  a muck s o i l ,  
and th e  e f f e c t  o f  co p p er  on th e  c h e m ic a l c o m p o s it io n

o f  su g a r  b e e t  l e a v e s

T reatm en t
Y ie ld  o f  b e e t s  

r o o t s  gm s. l e a v e s  gm s. 
g r e e n  w t . g r ee n  w t . Ash

P er c e n t  c o m p o s it io n  o f  b e e t  l e a v e s  
Cu F e N K P Ca Mg

1 No Cu* 22 81 1 3 .3 0 .0 0 2 6 .0 2 7 3 .2 1 0 .2 1 .2 7 2 .4 9 3 .7 4

2 200 Cu 302 267 1 5 .9 6 .0 0 2 7 .0 2 7 1 .9 2 3 .3 5 1 .1 7 1 .2 3 2 .3 1

3 No Cu 205 240 2 1 .7 8 .0 0 2 4 .0 2 3 2 .6 6 4 .1 0 1 .6 7 2 .1 2 2 .5 6

*  No f e r t i l i z e r  a p p l ie d



p o t e n t i a l  o f  a ch rom ogen ic  g r a n u le  i n  a c e l l  o r  a r e a c t i o n  

m ix tu r e  away from  i t s  optimum i n  e i t h e r  d i r e c t i o n ,  w o u ld  

i n h i b i t  th e  a c t i o n  o f  th e  t y r o s in a s e  en zym e, w h i le  a s h i f t  

tow ard  t h e  optim um  w ou ld  a c c e l e r a t e  i t .



GENERAL DISCUSSION

A l l i s o n  (1 ) d id  w ork to  d e te r m in e  i f  th e  e f f e c t  o f  

co p p er  w as i n  th e  p la n t  i t s e l f  o r  i n  t h e  s o i l  en v iro n m en t  

o f  t h e  p l a n t .  Me fou n d  p r a c t i c a l l y  n orm al d ev e lo p m e n t f o l ­

low ed  th e  w o rk in g  o f  co p p er  d i r e c t l y  i n t o  m ost an y  p a r t  o f  

th e  p la n t  sy stem  w it h o u t  c o n t a c t  o f  th e  tr e a tm e n t  w it h  th e  

s o i l  i t s e l f .  R a th er  m arked r e s p o n s e  w as o b ta in e d  by h im , 

in  t h i s  w ay , by u s in g  m e t a l l i c  co p p er  p la c e d  d i r e c t l y  in t o  

th e  s e e d  p i e c e  o f  s u g a r c a n e .

Ming (3 2 ) w o r k in g  on  s o i l s  o f  v a r y in g  o r g a n ic  m a tte r  

c o n te n t  s tu d ie d  th e  f i x a t i o n  o f  cop p er  i n  t h e s e  s o i l s  o v e r  

a p e r io d  o f  on e t o  tw e lv e  y e a r s .  Me fo u n d  th e  o r g a n ic  m a tte r  

c o n te n t  o f  t h e s e  s o i l s  had m ore i n f l u e n c e  on  t h e  c o n c e n tr a ­

t i o n s  o f  s o lu b le  co p p er  th a n  d id  th e  t o t a l  q u a n t i t y  a p p l i e d .  

T hose s o i l s  h a v in g  a h ig h e r  p e r c e n ta g e  o f  o r g a n ic  m a tte r  

c o n ta in e d  a  much s m a l le r  amount o f  s o lu b l e  c o p p e r , ev en  

th ough  r e c e i v i n g  a p p r o x im a te ly  e q u a l am ounts o f  c o p p e r .

The g ro w th  o f  cow peas w a s r e ta r d e d  i n  an a c id  s a s s a f r a s  

loam  (pH 5 .4 )  when 200 l b s .  o r  m ore o f  c o p p er  s u l f a t e  w as 

u se d  b y  D a in e s  ( 1 2 ) .  I n  p e a t  s o i l  (pH 6 .0 )  he a p p l ie d  co p p er  

s u l f a t e  a t  th e  r a t e  o f  6 ,4 0 0  l b s .  p e r  a c r e  w h ich  d id  n o t  

r e t a r d  g r o w th .

Jam ison  (3 0 ) s t a t e s  t h a t  an o r d in a r y  a p p l i c a t i o n  o f  

co p p er  to  s o i l  w ou ld  d o u b t le s s  be t o x i c  w ere  i t  n o t  f o r  th e  

f i x a t i o n  o f  th e  c o p p e r .

R e s u l t s  o b ta in e d  i n  t h e  w r i t e r ’ s i n v e s t i g a t i o n  w it h  co rn  

i n d i c a t e  t h a t  th e  amount o f  co p p er  in  a co rn  k e r n e l ,  grown
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from a s o i l  w i t h  s u f f i c i e n t  a v a i l a b l e  c o p p e r , i s  a t  a  m in ­

imum, b u t  s u f f i c i e n t  t o  a id  i n  th e  p r o d u c t io n  o f  a n orm al 

p l a n t .

O th er i n v e s t i g a t i o n s  on  th e  m anner o f  a p p ly in g  co p p er  

to  th e  s o i l  h a v e  in d ic a t e d  t h e  im p o r ta n c e  o f  th e  a v a i l a b i l i t y  

o f  co p p er  to  t h e  p l a n t .  The co p p er  w as l e s s  a v a i l a b l e  t o  t h e  

p la n t s  when la y e r e d  ’’h a l f - w a y ” down i n  t h e  j a r  o f  s o i l  and  

co p p er  d e f i c i e n c y  symptoms d e v e lo p e d  in  w h e a t u n t i l  th e

r o o t s  had r e a c h e d  th e  c o p p e r . Copper a p p e a r s  t o  b e  n eed ed

in  t h e  p la n t  f o r  p r o p e r  m e ta b o l ic  f u n c t io n in g  o f  th e  p la n t  

p r o c e s s e s  ev en  i n  th e  e a r ly  s t a g e s  o f  g r o w th .

S t e r i l i z a t i o n  o f  th e  muck s o i l  ca u sed  in c r e a s e d  grow th  

in  th e  a b se n c e  o f  c o p p e r , b u t  th e  w h ea t p l a n t s  d id  show cop ­

p e r  d e f i c i e n c y  a t  th e  h e a d in g  s t a g e .

The i n v e s t i g a t i o n s  o f  t h e  v a r ie d  co p p er  a p p l i c a t i o n s  to  

th e  s o i l  i n d i c a t e  t h a t  any b e n e f i c i a l  e f f e c t  on p l a n t  grow th  

by co p p er  i s  n o t  due t o  th e  d i r e c t  e f f e c t  on  th e  s o i l  i t s e l f .

B a i l e y  and mc H argue ( 3 ) ,  w o rk in g  w i t h  to m a to e s ,  fou n d  

p la n t s  o r  p o r t io n s  o f  p l a n t s  show ing s e v e r e  co p p er  s t a r v a t io n  

c o n ta in e d  r e l a t i v e l y  la r g e  am ounts o f  co p p er  and t h a t  t h i s  

cop p er  w as e v i d e n t l y  i n  an im m o b ile  s t a t e .

W i l l i s  and P i la n d  ( 4 6 ) ,  w o rk in g  w ith  c o r n , com pared th e  

in f l u e n c e  o f  co p p e r  on  th e  in ta k e  o f  ir o n  and c o n s id e r e d  th e  

a c c u m u la t io n  o f  t h i s  e le m e n t  i n  th e  n o d es a s  i d e n t i c a l  w it h  

th a t  b r o u g h t a b o u t due to  th e  la c k  o f  p o ta s s iu m . Corn p la n t s  

a n a ly z e d  by them  f o r  ir o n  show ed c o n s i s t e n t l y  h ig h e r  p e r c e n ta g e  

c o n t e n t s  o f  i r o n ,  w h ere co p p er  w as n o t  a p p l ie d ,  a s  com pared



t o  p l a n t s  p ro d u ced  on  a s o i l  w h ic h  had r e c e i v e d  c o p p e r .

T h ese  r e s u l t s  a r e  i n  a g reem en t w it h  t h o s e  o f  t h e  p r e s e n t  

i n v e s t i g a t i o n .

I r o n  and co p p er  h a v e  b een  fou nd  c o n c e n tr a te d  i n  th e  

c h l o r o p l a s t s  o f  l e a v e s  b y  w e is h  ( 5 7 ) .  Copper show ed an  ev en  

g r e a t e r  te n d e n c y  t o  c o l l e c t  in  t h e  c h l o r o p l a s t s  th a n  d id  i r o n .

He p o i n t s  o u t  t h a t  ir o n  and co p p er  show  th e  same l o c a l i z a t i o n ,  

t e n d in g  t o  s u p p o r t  th e  v ie w  t h a t  some o x i d a t i v e  r e a c t i o n s  

a r e  c e n te r e d  i n  th e  c h l o r o p l a s t s  w h ic h  r e q u ir e  t h e i r  c a t a l y t i c  

a c t i o n .  D e te r m in a t io n s  h e  made o f  th e  in o r g a n ic  i r o n  and co p ­

p e r  showed t h a t ,  a lth o u g h  m ost o f  th e  ir o n  i n  th e  c h lo r o p la s t  

i s  p r e s e n t  i n  t h e  in o r g a n ic  fo rm , th e r e  i s  an a p p r e c ia b le  a -  

m ount w h ic h  may b e  i n  o r g a n ic  c o m b in a t io n . C opper i s  p r e s e n t  

in  th e  c h l o r o p l a s t s  l a r g e l y  in  o r g a n ic  c o m b in a t io n .

W i l l i s  and P i la n d  (4 7 )  co n d u cted  an  e x p e r im e n t i n  w h ich  

t h e  r o o t s  o f  i r o n - d e f i c i e n t  c o t t o n  p l a n t s  w ere  d iv id e d  b e ­

tw een  s o l u t i o n  c u l t u r e s  c o n t a in in g  f e r r i c  c i t r a t e  and co p p er  

s u l f a t e ,  a lo n e  and in  c o m b in a t io n , g i v i n g  e v id e n c e  t h a t  co p p er  

s u l f a t e  w i l l  p ro d u ce  an i r o n - d e f i c i e n c y  c h l o r o s i s .  I t  a p p ea r­

ed t h a t  t h e s e  e f f e c t s  w er e  due l a r g e l y  t o  r e a c t i o n s  e x t e r n a l  

to  th e  p l a n t ,  b u t  th e r e  w as a l s o  e v id e n c e  o f  t h e  im m o b iliz a ­

t i o n  o f  i r o n  w i t h in  th e  p la n t  u n d er th e  i n f lu e n c e  o f  c o p p e r .

Wood and W om ersley ( 4 8 ) ,  w o rk in g  w i t h  o a t s ,  r e p o r t  co p p er  

a s  b e in g  im m o b ile  i n  th e  l e a v e s  and p r e s e n t  a f t e r  d e a th  in  t h e  

t i s s u e  o f  th e  p l a n t .  The e o p p e r - d e f i c i e n c y  symptoms n o te d  i n  

th e  o a t s  w ere  a c c o u n te d  f o r  by i n s u f f i c i e n t  u p ta k e  o f  cop p er  

d u r in g  s p i k e l e t  fo r m a t io n ,  co u p le d  w it h  th e  im m o b il i ty  o f  c o p p er



i n  t h e  l e a v e s .  The d e f i c i e n c y  sym ptom s r e p o r te d  w ere  i n  

a c co rd a n ce  w it h  t h o s e  o b se r v e d  i n  t h i s  i n v e s t i g a t i o n  

(F ig u r e  2 5 ) .

W orking on t h e  ir o n  and c h lo r o p h y l l  c o n te n t  in  th e  

l e a v e s ,  J a c o b so n  (2 9 )  fou nd  a p r o p o r t io n a l i t y  e x i s t e d  b e ­

tw een  t o t a l  i r o n  and c h lo r o p h y l l  c o n t e n t .  He fou n d  t h a t ,  

b e f o r e  c h lo r o p h y l l  can  d e v e lo p ,  t h e  t o t a l  ir o n  c o n te n t  o f  

th e  l e a f  m u st e x c e e d  a c e r t a i n  minimum l e v e l ;  t h i s  i s  d e t e r ­

m in ed  by th e  s p e c i e s  and t h e  gro w th  c o n d i t i o n s .

In  th e  w r i t e r ' s  i n v e s t i g a t i o n  l e s s  c h lo r o p h y l l  w as fou nd  

i n  t h e  c o p p e r - d e f i c i e n t  w h e a t p l a n t s  th a n  th o s e  p l a n t s  w h ic h  

had r e c e iv e d  c o p p e r . T h ese  r e s u l t s  a r e  i n  a g reem en t w it h  

D ic k e y , D r o s d o ff  and H a m ilto n  ( 1 4 ) ,  w o rk in g  w i t h  t h e  tu n g  

t r e e ,  who fo u n d  th e  young c o p p e r - d e f i c i e n t  l e a v e s  a l i g h t e r  

g r e e n  c o lo r  th a n  w e re  th e  norm al l e a v e s .  As t h e  l e a v e s  d e ­

v e lo p e d ,  c h l o r o s i s  w as e v id e n t  o v e r  th e  e n t i r e  s u r f a c e  o f  

th e  l e a v e s .  Upon a n a ly z in g  th e  m id -s h o o t  l e a v e s  from  un­

t r e a t e d  one y e a r  o ld  c o p p e r - d e f i c i e n t  t r e e s ,  t h e y  fou n d  t h a t  

t h e s e  l e a v e s  c o n ta in e d  5 p .p .m . o f  c o p p e r . The l e a v e s  from  

th e  same age t r e e s  o f  th e  sam e a r e a ,  w h ic h  had r e c o v e r e d  from  

co p p er  d e f i c i e n c y  a f t e r  a s o i l  t r e a tm e n t ,  c o n ta in e d  a b o u t  

4 p .p .m . o f  c o p p e r . A p p a r e n tly  o n ly  m in u te  am ounts o f  co p p er  

a re  n e c e s s a r y  t o  e f f e c t  r e c o v e r y  from  c o p p e r  d e f i c i e n c y .

P e r c e n ta g e  n i t r o g e n  w a s found t o  b e h ig h  i n  t h e  c o p p e r -  

d e f i c i e n t  p l a n t s  o f  th e  p r e s e n t  i n v e s t i g a t i o n .  R ed u cin g  s u g a r s ,  

on th e  c o n t r a r y ,  w ere  low  th r o u g h o u t th e  l i f e  c y c l e  o f  th e  

w h eat p la n t s  s t u d ie d .  Y/here cop p er w as a p p lie d  to  th e  s o i l ,  

th e  r e d u c in g  su g a r  c o n te n t  i n  th e  p l a n t s  a t  th e  t im e  o f  w h ea t



h e a d in g  ad v a n ced  a p p r o x im a te ly  i n  th e  same o r d e r  o f  m a g n itu d e  

a s  t h a t  o f  n i t r o g e n  and th e  c h lo r o p h y l l  c o n te n t  w a s much 

h ig h e r  th a n  t h a t  i n  c o p p e r - d e f i c i e n t  p l a n t s .

L u ces (5 5 ) s t a t e s  t h a t  t h e  m arked r e s p o n s e  o f  p l a n t s  t o  

co p p er  i s  p o s s i b l y  due to  an u n b a la n c e  o f  n u t r ie n t  e le m e n ts  

w it h in  t h e  p l a n t .

T hroughout th e  p r e s e n t  s tu d y  th e  d i f f e r e n c e  i n  n u t r ie n t  . 

b a la n c e  i s  t o  b e  n o te d  b etw een  th e  c o p p e r - t r e a t e d  and un­

t r e a t e d  p l a n t s .  Tomato f r u i t  p ro d u ced  on  c o p p e r - d e f i c i e n t  

p l a n t s  show ed n e c r o t i c  a r e a s  on th e  f r u i t .  T h ese  n e c r o t i c  

a r e a s  w er e  n o t  p ro d u ced  w here co p p er  had b ee n  a p p l ie d  to  th e  

s o i l .  T h is  n e c r o s i s  o f  th e  t i s s u e ,  i n  s p o t s ,  i n  a d d i t io n  t o  

fe w e r  number and w e ig h t  o f  to m a to e s  p ro d u ced  on  th e  c o p p e r -  

d e f i c i e n t  p l a n t s ,  i s  b e l i e v e d  due t o  an  u n b a la n ce  o f  th e  nu­

t r i e n t  e le m e n ts  i n  th e  p la n t  and la c k  o f  s u f f i c i e n t  ca rb o ­

h y d r a te .  The p e r c e n ta g e  n i t r o g e n  and p o ta s s iu m  a r e  p a r t ic u ­

l a r l y  h ig h  i n  su ch  p l a n t s .

Work w ith  co p p er  t r e a t e d  and n o n - t r e a t e d  su g a r  b e e t s  

show ed a d i f f e r e n c e  i n  c o l o r a t i o n  o f  t h e  c u t  b e e t  r o o t  upon  

e x p o su r e  t o  a i r .  The d ev e lo p m e n t o f  a r e d  c o lo r  in  t h e  co p p er  

t r e a t e d  b e e t  r o o t  and no c o lo r  w here co p p er  w as n o t  a p p l ie d  

p o s s i b l y  i n d i c a t e s  th e  la c k  o f  th e  enzym e o r  i t s  s u b s t r a t e  

i n  th e  a b se n c e  o f  c o p p e r .

B a i le y  and Me H argue ( 4 ) ,  w o rk in g  o n  th e  enzyme a c t i v i t y  

o f  tom ato and a l f a l f a  p l a n t s ,  s u g g e s t  t h a t  t h e  amount o f  p o ly ­

p h e n o l o x id a s e  p r e s e n t  in  th e  p la n t  i s  a  f u n c t io n  o f  th e  a v a i l  

a b le  c o p p e r .



SUMMARY

The e f f e c t  o f  cop p er  on  th e  grow th  and c o m p o s it io n  o f  

w h e a t , sudan g r a s s ,  co rn , to m a to e s ,  su g a r  b e e t s ,  o a t s  and  

c e l e r y  (grow n on muck s o i l )  w as i n v e s t i g a t e d  and i s  summa­

r iz e d  a s  f o l l o w s :

1 .  In  t h e  a c id  muck s o i l  s t u d ie d ,  co p p er  w as n o t  s u f -  • 

f i c i e n t l y  a v a i l a b l e  to  th e  p la n t s  f o r  n orm al p l a n t  g r o w th .

2 .  The a b s o r p t io n  o f  cop p er  b y  th e  p l a n t s  i n v e s t i g a t e d  

e f f e c t e d  t h e  u p ta k e  o f  i r o n ,  n i t r o g e n ,  p o ta s s iu m , p h o sp h o r u s ,  

c a lc iu m , m agnesium  and s i l i c a .  A r e l a t i o n s h i p  b e tw e en  th e  

a c c u m u la tio n  o f  co p p er  and ir o n  i n  th e  p l a n t s  w as o b s e r v e d .

3 .  Copper d e f i c i e n c y  i n  w h ea t was f i r s t  e v id e n c e d  b y  a 

r e t a r d a t io n  i n  g ro w th  and a l i g h t  g r e e n  c o lo r  o f  th e  f o l i a g e .  

T h is  w as fo l lo w e d  b y  a c u r l in g  and d y in g -b a c k  o f  th e  l e a f  

t i p s ,  w it h  s u b s e q u e n t  l o s s  o f  c h lo r o p h y l l  and d r y in g  o f  th e  

l e a v e s .  No h ea d s  w e r e  p r o d u c e d .

4 .  Corn se e d  h a r v e s t e d  from  p la n t s  grow n on c o p p e r -  

d e f i c i e n t  muck s o i l  p ro d u ced  p l a n t s  show in g  perm an en t co p p er  

d e f i c i e n c y  sym ptom s. Seed o b ta in e d  from p la n t s  w h ere  co p p er  

had b e en  a p p l ie d  to  th e  s o i l  c o n ta in e d  m ore c o p p e r . The amount 

o f  co p p er  i n  th e  l a t t e r  s e e d s  was a t  a minimum, b u t  a p p a r e n t ly  

s u f f i c i e n t  to  a id  i n  norm al p la n t  g ro w th . The d ev e lo p m e n t o f  

r o o t s  i n  th e  e a r ly  s t a g e s  o f  p la n t  grow th  a r e  b e l i e v e d  t o  be  

f a v o r a b ly  in f lu e n c e d  by th e  cop p er c o n ta in e d  in  t h e  s e e d .

5 .  Copper a id s  i n  c h lo r o p h y l l  fo r m a t io n .  O n ly  w h ere cop ­

p e r  w as s u p p l ie d  t o  th e  s o i l  d id  t h e  r e d u c in g  su g a r  and n i t r o g e n



c o n t e n t s  a p p roach  e q u a l p e r c e n t a g e s  in  g ro w in g  w h e a t .  W ith ­

o u t  co p p er  t h e  n i t r o g e n  c o n te n t  o f  th e  p l a n t s  rem a in ed  h ig h  

and th e  r e d u c in g  su g a r  lo w .

6 .  The a d d i t io n  o f  co p p er  to  th e  s o i l  r e s u l t e d  i n  a  

g r e a t e r  number and w e ig h t  o f  f r u i t  h a r v e s te d  from  th e  tom ato  

p l a n t s .  N e c r o t ic  s p o t s  a p p ea red  on  some o f  th e  tom ato  f r u i t  

w h ere cop p er  had n o t  b e e n  in c lu d e d  in  t h e  f e r t i l i z e r .  T h ese  

n e c r o t i c  a r e a s  w ere  n o t  fou n d  on  th e  f r u i t  h a r v e s te d  from  

p la n t s  w h ere co p p er  had b e e n  a p p l i e d .

7 .  Sugar b e e t  y i e l d s  w ere  h ig h e r  w h ere  c o p p e r  w as a p p l ie d  

to  t h e  s o i l  and a re d  c o lo r a t io n  ap p eared  on t h e  c u t  s u r f a c e s  

o f  t h e  r o o t .  The r e d  c o lo r  d id  n o t  a p p ea r  w hen c o p p er  w as 

n o t  u s e d .

A c r o s s  s e c t i o n  o f  th e  b e e t  showed t h e  c o l o r a t i o n  t o  b e  

c o n c e n tr a te d  i n  c o n c e n t r ic  r i n g s .  T h ese  r in g s  c o r re sp o n d ed  

to  th e  s e c o n d a r y  v a s c u la r  t i s s u e .  The c o l o r a t i o n  i s  b e l i e v e d  

to  b e  due t o  th e  p r e s e n c e  o f  a co p p er  enzym e and a s u i t a b l e  

s u b s t r a t e .

8 .  Copper i s  b e l i e v e d  n e c e s s a r y  f o r  t h e  n orm al m e t a b o l ic  

a c t i v i t y  o f  t h e  p la n t  p r o c e s s e s .
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