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LIME CONTENT OF SOIL IN RELATION

TO CROP RESPONSE TO MAGNESIUM

B i s h w a n a th  Sahu 

INTRODUCTION

Magnesium i s  a n  i m p o r t a n t  c o n s t i t u e n t  of c h l o r o 

p h y l l  and i t  c o n s t i t u t e s  a b o u t  2 . 7  p e r  c e n t  of  t h e  

c h l o r o p h y l l  m o l e c u l e .  P r o p e r  f u n c t i o n i n g  a n d  e f f i c i e n c y  

o f  t h e  l e a f ,  t h e r e f o r e ,  d e p e n d s  t o  a  l a r g e  e x t e n t  on t h e  

p r e s e n c e  of an  a d e q u a t e  amount of m agnes ium . B e t t e r  and  

p r o p e r  u t i l i z a t i o n  of the  f e r t i l i z e r s  a p p l i e d  to  s o i l  r e 

q u i r e s  a  l a r g e  and e f f i c i e n t  l e a f  a r e a .  The p r e s e n c e  of 

a d e q u a t e  amount  of magnesium p l a y s  an i m p o r t a n t  p a r t  i n  

t h i s  r e g a r d .  Magnesium i s  a l s o  c o n s i d e r e d  a s  a c a r r i e r  o f  

p h o s p h o r u s .  I t  i s  a s s o c i a t e d  w i t h  s e ed  f o r m a t i o n ;  c a r b o 

h y d r a t e  p r o d u c t i o n  a n d  t r a n s p o r t .  A c c u m u la t io n  o f  n i t r o 

gen by l eg u m es  i s  i n c r e a s e d  by  t h e  p r e s e n c e  of  magnesium. 

Thus ,  t h e  i m p o r t a n c e  of an a d e q u a t e  s u p p ly  o f  magnesium 

i n  p l a n t  and f e r t i l i z e r  economy i s  e v i d e n t .

L ime—M a g n e s ia  H y p o t h e s i s  

An e x c e s s  of m agnesium  i s  h i g h l y  t o x i c  t o  g r e e n  p l a n t  

C a lc iu m  i n  s u i t a b l e  c o n c e n t r a t i o n  c o u n t e r a c t s  t h i s  t o x i c i t y  

Loew ( 3 5 ,3 6 )*  i n  1 892 ,  d e v e l o p e d  t h e  "Lime—m a g n e s i a ” h y p o th  

e s i s  and  p r o p o s e d  t h a t  c a l c i u m  and magnesium s h o u l d  be

^ F i g u r e s  i n  p a r e n t h e s i s  r e f e r  t o  " L i t e r a t u r e  C i t e d . "



p r e s e n t  i n  a  d e f i n i t e  r a t i o  f o r  t h e  p r o p e r  f u n c t i o n i n g  and 

g ro w th  o f  p l a n t s  a l t h o u g h  t h e  optimum r a t i o  would v a r y  

w i t h  t h e  p l a n t  s p e c i e s .  T h is  h a s  p rom pted  many i n v e s t i 

g a t i o n s  i n  s o i l ,  s a n d  and w a t e r - c u l t u r e s .  Lipman (34) i n  

an e x h a u s t i v e  summary h a s  shown t h a t  a l l  t h e s e  i n v e s t i g a 

t i o n s  had  n o t  l e d  t o  a  g e n e r a l  ag re em e n t  on the i n t e r p r e 

t a t i o n  of  t h i s  h y p o t h e s i s .

I n  a l l  t h e s e  i n v e s t i g a t i o n s  v e r y  l i t t l e  a t t e n t i o n  was 

p a i d  to  th e  d e g r e e  of  s a t u r a t i o n  of t h e  exchange  com plex  

of  s o i l  i n  d e t e r m i n i n g  t h e  optimum Ca:Mg r a t i o  f o r  t h e  growth  

of  p l a n t s  and  t o  w h a t  e x t e n t  th e  v a r i a t i o n  i n  t h e  Ca:Mg 

r a t i o  - i n f lu e n c e d  t h e  m i n e r a l  a n d  o r g a n i c  c o m p o s i t i o n  o f  

t h e  p l a n t s .  T h ere  i s  a  g ro w in g  t e n d e n c y  t o  a s s o c i a t e  t h e  

h e a l t h  and  w e l l - b e i n g  of  man a n d  a n im a l s  w i t h  th e  f o o d  

t h e y  e a t .  S o i l  i s  one of t h e  p o t e n t  f a c t o r s  i n  d e t e r m i n i n g  

th e  c o m p o s i t i o n  o f  p l a n t s .  So a n y  v a r i a t i o n  i n  t h e  Ca:Mg 

r a t i o  i n  t h e  s o i l  may i n f l u e n c e  t h e  c o m p o s i t i o n  o f  p l a n t s .  

Thus a  s t u d y  of t h e  Ca:Mg r a t i o  f r o m  t h e s e  two a s p e c t s  

a p p e a r s  t o  b e  w a r r a n t e d .

THE OBJECT OF THE INVESTIGATION

The o b j e c t  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 s  t o  s t u d y  

t h e  i n t e r a c t i o n  of C a lc ium  a n d  Magnesium a s  i n f l u e n c e d  by 

t h e  d e g r e e  o f  s a t u r a t i o n  of t h e  ex ch a n g e  c o m p lex  i n  r e 

l a t i o n  t o  c r o p  r e s p o n s e  to  magnesium and t h e  e x t e n t  t o  

w h ic h  t h e  m i n e r a l  c o m p o s i t i o n  of  c r o p s  a r e  i n f l u e n c e d  by 

s u c h  i n t e r a c t i o n s .



REVIEW OF LITERATURE

G e d r o i z  (2 0 ) was one of t h e  f i r s t  t o  p o i n t  o u t  t h e  

i m p o r t a n c e  of c a l c i u m  i n  th e  n u t r i t i o n  of  p l a n t s .  I t  was  

found  t h a t  o a t s  c o u ld  n o t  d e v e l o p  i n  a  H - s a t u r a t e d  s o i l .

He t h e n  s a t u r a t e d  t h e  s o i l  w i t h  s i x t e e n  d i f f e r e n t  c a t i o n s  

and  b r o u g h t  th e m  t o  n e u t r a l  r e a c t i o n s .  None of  th em  c o u l d  

s u p p o r t  t h e  g r o w t h  o f  o a t  p l a n t s  b u t  a  s l i g h t  a d d i t i o n  of 

l im e  im proved  t h e  g ro w th  t o  a g r e a t  e x t e n t .  With t h e  d e 

ve lop m en t  of  t h e  c o n c e p t  t h a t  e x c h a n g e a b l e  c a t i o n s  h e l d  on  

t h e  s u r f a c e  of s o i l  c o l l o i d s  a r e  g e n e r a l l y  a v a i l a b l e  t o  

p l a n t s ,  i t  h a s  b een  o b s e r v e d  t h a t  th e  d e g r e e  of s a t u r a t i o n  

o f  t h e  i o n  d e t e r m i n e s  i t ’ s a v a i l a b i l i t y  p r o v i d e d  a l l  o t h e r  

f a c t o r s  a r e  c o n s t a n t .  Even  t h o u g h  t h e  c a t i o n s  a r e  a s s i m i 

l a t e d  d i r e c t l y  by  p l a n t s ,  l o w e r i n g  t h e  s a t u r a t i o n  of  one 

w i t h  r e s p e c t  t o  t h e  o t h e r  w i l l  d e c r e a s e  i t s  a v a i l a b i l i t y .

J e n n y  and Cowan (27) fo u n d  t h a t  so y b e an s  d i d  n o t  

grow when t h e  c a l c iu m  s a t u r a t i o n  i n  a  Ca-H s y s t e m  f e l l  b e 

low 30 p e r  c e n t  of t h e  t o t a l  e x ch a n g e  c a p a c i t y .  R a t n e r  (1+8) 

d i d  n o t  s u c c e e d  i n  g ro w in g  o a t s  i n  a  s o d i u m - c a l c i u m  c l a y  

s y s te m  when c a l c i u m  s a t u r a t i o n  f e l l  b e lo w  30 -  40 p e r  c e n t .  

A l b r e c h t  and M acC a l la  (2)  f ro m  t h e i r  s a n d - c o l l o i d  c u l t u r e s  

found  t h a t  t h e  a v a i l a b i l i t y  of Ca f ro m  Ca-H s y s t e m  i n c r e a s e d  

r e g u l a r l y  w i t h  i n c r e a s e  i n  p e r  c e n t  C a - s a t u r a t i o n .  Thorne  

( 5 8 ) i n  a s o d i u m - c a l c i u m  s y s t e m  f o u n d  t h a t  g ro w th  o f  t o m a t o  

p l a n t s  was r e d u c e d  m a r k e d ly  when t h e  c a l c i u m  s a t u r a t i o n  f e l l  

be low  50 p e r  c e n t  o f  t h e  t o t a l  s a t u r a t i o n  c a p a c i t y .  A rnon
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and G r o s s e n b a c h e r  (4)> i n  a m b e r l  i t  e - s a n d  m i x t u r e s ,  f o u n d  

t b a t  p o o r  growth, o f  t o m a t o  w as  a s s o c i a t e d  w i t h  low s a t u r a 

t i o n  of d i v a l e n t  c a t i o n s .  Even 4 6 . 6  p e r  c e n t  s a t u r a t i o n  

f a i l e d  t o  i n d u c e  good g r o w t h .  Bower a n d  T urk  (10) h a v e  

shown t b a t  a l k a l i  s o i l s  w i t h  h i g h  so d iu m  s a t u r a t i o n  f a i l e d  

t o  s u p p l y  c a l c i u m  t o  p l a n t s  d e s p i t e  t h e  p r e s e n c e  o f  f r e e  

CaCo^.

The Ca-Mg i n t e r a c t i o n  may a l s o  b e  i n f l u e n c e d  b y  t h e  

k in d  of c o m p le m e n ta r y  i o n s  p r e s e n t .  J e n n y  an d  A y re s  (26)  

have  shown t h a t  u p t a k e  o f  K b y  e x c i s e d  b a r l e y  r o o t s  was 

i n f l u e n c e d  by  t h e  p r e s e n c e  o f  NH4 , Ca,  Na and H i o n s .  Ammo

nium i o n  h ad  t h e  g r e a t e s t  a n d  c a l c i u m  t h e  l e a s t  e f f e c t  

w h i l e  so d iu m  and h y d r o g e n  o c c u p i e d  i n t e r m e d i a t e  p o s i t i o n s .  

Yan I t a l l i e  (61)  showed t h a t  e x c h a n g e a b le  c a l c i u m  had  v e r y  

l i t t l e  i n f l u e n c e  o n  t h e  u p t a k e  o f  p o t a s s i u m  by t h e  I t a l i a n  

Rye g r a s s  w h i l e  m agnes ium  d i s t i n c t l y  d e p r e s s e d  t h e  a b s o r p 

t i o n  of p o t a s s i u m .

A v a i l a b i l i t y  of  e x c h a n g e a b l e  c a t i o n s  i n  d i f f e r e n t  

s o i l s  t h a t  a r e  a t  a  g iv e n  d e g r e e  of s a t u r a t i o n  v a r i e s  w i t h  

th e  n a t u r e  o f  c o l l o i d s  i n  e a c h  s o i l .  A l lw ay  (1 )  and  

M e h l i c h  and C o l w e l l  . (42)  h a v e  shown t h a t  g re .a t .e r  p e r  c e n t  age  

o f  r e l e a s e  of c a l c i u m  was o b t a i n e d  f r o m  c o l l o i d s  o f  1 : 1  

l a t t i c e  t y p e  t h a n  f ro m  the  2 : 1  t y p e .  M e h l i c h  and Reed (43) 

have  a l s o  show n t h a t  t h e  o r g a n i c  c o l l o i d s  e x e r t  g r e a t e r  

i n f l u e n c e  on t h e  u p ta k e  of n u t r i e n t s  t h a n  m i n e r a l  c o l l o i d s  

o f  e i t h e r  1 : 1  o r  2 : 1  t y p e s .



Thus th e  m u t u a l  r e p l a c e m e n t  o r  a n t a g o n i s m  b e tw ee n  

c a l c i u m  and magnesium, d o e s  not  d e p e n d  upon a d e f i n i t e  r a t i o  

o f  t h e  two b u t  r a t h e r  on t h e  d e g r e e  of s a t u r a t i o n ,  n a t u r e  

o f  com plem enta ry  i o n s ,  and  t h e  t y p e  of c o l l o i d s  p r e s e n t  

i n  th e  so i l .

PLAN OF THE EXPERIMENT •

No a t t e m p t  w a s  made t o  p r e p a r e  Ca o r  Mg s a t u r a t e d  

c l a y s  and  d i l u t i n g  them  w i t h  i n e r t  q u a r t z  sand to  g e t  t h e  

d e s i r e d  d e g r e e  of b a s e  s a t u r a t i o n .  Such p r e p a r e d  c u l t u r e  

m edia  do not  a p p r o a c h  th e  m i c r o b i o l o g i c a l  and n a t u r a l  p r o p 

e r t i e s  of s o i l  d u r i n g  t h e  g row th  of  th e  c r o p .

A l k a l i n e  c a l c a r e o u s  s o i l  r e l a t i v e l y  r i c h  i n  e x 

c h a n g e a b l e  c a l c i u m  a n d  a c i d  sa n d y  s o i l s  r e l a t i v e l y  low i n  

e x c h a n g e a b le  c a l c i u m  and m agnes ium  w ere  u se d  f o r  t h e  p r e s e n t  

i n v e s t i g a t i o n .  W is n e r  lo am  r e p r e s e n t s  t h e  f i r s t  t y p e  w h i l e  

P l a i n f i e l d  and  Fox s a n d  r e p r e s e n t  t h e  l a t t e r  t y p e  of s o i l .

A s u b s o i l  w i t h  v e r y  low c a t i o n  exchang e  c a p a c i t y  a n d  c o n 

t a i n i n g  v e r y  . l i t t l e  c o l l o i d a l  m a t e r i a l ,  e i t h e r  m i n e r a l  or  

o r g a n i c ,  w as  t a k e n  a s  an i n t e r m e d i a t e  b e tw e e n  t h e  loam and 

th e  san d y  s o i l s .  Due to  t h e  f a c t  t h a t  t h e  d e l i v e r y  of c a t i o n s  

i s  i n f l u e n c e d  by  t h e  o r i g i n a l  c a t i o n  exchange  c a p a c i t y  o f  

s o i l s  t h e s e  t h r e e  k i n d s  of s o i l  p e r m i t t e d  f u r t h e r  i n v e s t i 

g a t i o n  of . t h  i s  p o i n t .  Q u a r t z  san d  c u l t u r e  was i n c l u d e d  i n  

o r d e r  to  compare t h e  u p t a k e  o f  n u t r i e n t s  f r o m  a s o l u t i o n  

w i t h  t h a t  f ro m  th e  s o i l s .

The e f f e c t  of  V a r y in g  c a l c i u m  l e v e l s  on p l a n t  g ro w th
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and c o m p o s i t i o n  was d e t e r m i n e d  w i t h  f o u r  d i f f e r e n t  l e v e l s  

of  c a l c i u m  s a t u r a t i o n  i n  c o m b i n a t i o n  w i t h  f o u r  d i f f e r e n t  

l e v e l s  of  magnesium s a t u r a t i o n  a t  e a c h  l e v e l  of c a l c i u m  

s a t u r a t i o n .  C a lc iu m  w as  a p p l i e d  i n  amounts  t o  s u p p l y  50 ,

7 5 , 100 and 150 p e r  c e n t  s a t u r a t i o n  w h i l e  magnesium was 

a p p l i e d  i n  amounts  t o  s u p p l y  1 0 , 2 5 , 5 0 , 75 and  100 p e r  c e n t  

s a t u r a t i o n  of t h e  c a t i o n  ex change  c a p a c i t y  o f  each  s o i l .

The p e r c e n t a g e  c a l c i u m  and  m agnesium  s a t u r a t i o n s  w e re  made 

up by a d d i n g  q u a n t i t i e s  "of t h e s e  two e l e m e n t s  t h r o u g h  s u i t 

a b le  s a l t s  t o  t h e  a m o u n ts  a l r e a d y  c o n t a i n e d  i n  th e  e x ch a n g e  

complex  of e ac h  s o i l .  C a lc iu m  and  magnesium w e r e  a p p l i e d  

t o  t h e  s a n d  c u l t u r e  on  a  m i l l i e q u i v a l e n t  b a s i s  w i t h i n  a 

c e r t a i n  r a t i o  c o m p a ra b le  to  t h a t  of e ac h  s o i l .  Thus th e  

r e s u l t s  can b e  e v a l u a t e d  on t h e  b a s i s  o f  ( 1 ) i n c r e a s i n g  

am ounts  of magnesium w i t h  a c o n s t a n t  c a l c i u m  l e v e l  and  (2 ) 

t h e  c h a n g e s  c a u s e d  by  v a r i a t i o n s  i n  t h e  p r o p o r t i o n  of  t h e  

two c a t i o n s  a t  c o n s t a n t  l e v e l s  of b a s e  s a t u r a t i o n .

The cornplementaiy  c a t i o n s ,  a s  w e l l  a s  a l l  o t h e r  

n u t r i e n t s ,  w e r e  k e p t  c o n s t a n t  and i n  s u f f i c i e n t  amount  f o r  

each ty p e  of c r o p  g ro w n .  The l e v e l  of N -  P -  K was k e p t  

c o n s t a n t  by c h e c k i n g  w i t h  t h e  Spurway t e s t  [5k)  a t  i n t e r 

v a l s  of two w e e k s  d u r i n g  the  g row th  of  t h e  c r o p s .  S u f f i 

c i e n t  a m o un ts  were added  i n  o r d e r  t o  b r i n g  th e  n u t r i e n t s  

t o  t h e  s a m a - l e v e l  a s  t h e y  w e re  a t  the  s t a r t  of t h e  

ex p e r  iment  .
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DESCRIPTION OF SOIL TYPES USED FOR THE INVESTIGATION

D e t a i l e d  d e s c r i p t i o n  of t h e  s o i l  t y p e s  used  f o r  t h e  

g r e e n h o u s e  e x p e r i m e n t s  a r e  t o  b e  fou nd  i n  th e  S o i l  Survey 

R e p o r t  S e r i e s  No. 19 o f  193 3 ,  No. 27 of 1 9 2 9 ,  a n d  No. 12 o f  

1936 o f  S a g in aw ,  S t .  C l a i r  a n d  C l i n t o n  C o u n t i e s  of  M i c h ig a n ,  

r e s p e c t i v e l y .  A b r i e f  d e s c r i p t i o n  o f  each  s o i l  t y p e  is .  

p r e s e n t e d  b e l o w .

W is n e r  Sandy Loam. The s o i l  i s  d e r i v e d  f ro m  t h e  o l d  

beds  of t h e  g l a c i a l  l a k e s .  I t  i s  s i t u a t e d  i n  t h e  r i v e r  

f l o o d  p l a i n  and i s  v e r y  young and p o o r l y  d e v e l o p e d .  The 

s o i l  c o n t a i n s  f r e e  l im e  c a r b o n a t e  and i s  d a r k e n e d  w i t h  a 

r e l a t i v e l y  s m a l l  amount of o r g a n i c  m a t t e r .  The s u r f a c e  

s o i l  i s  o r d i n a r i l y  a l k a l i n e  and l ime i s  i n v a r i a b l y  a b u n d a n t  

a t  d e p t h s  o f  18 -  24  i n c h e s .

P l a i n f i e l d  S a n d . The s o i l  i s  l a r g e l y  o u tw ash  and  

v a l l e y  t r a i n  d e p o s i t s ;  i s  l i g h t  g r a y i s h - b r o w n  loamy f i n e  

sand p o o r l y  s u p p l i e d  w i t h  o r g a n i c  m a t t e r .  The s u r f a c e  

l a y e r  i s  u n d e r l a i n  by i n c o h e r e n t  l i g h t  y e l l o w i s h  brown 

f i n e  s a n d .  The s o i l  i s  § t r o n g l y  a c i d  i n  r e a c t i o n  and th e  

c a p a c i t y  f o r  r e t e n t i o n  of w a t e r  i s  low .

Fox Sandy Loam. I t  o c c u p i e s  l e v e l  to  u n d u l a t i n g  o u t 

wash p l a i n s ,  t e r r a c e s ,  v a l l e y - t r a i n  d e p o s i t s .  G r a v e l  o c c u r s  

t h r o u g h o u t  t h e  s o i l  m a s s .  I t  i s  low i n  o r g a n i c  m a t t e r  and 

medium to  s t r o n g l y  a c i d  i n  r e a c t i o n .  The' r a t h e r  s t r o n g l y  

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

some p l a n t s ,  p a r t i c u l a r l y  the  l e g u m e s .
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H i l l s d a l e  S u b s o i l . T h is  s o i l  was o b t a i n e d  f ro m  a 

q u a r r y  a t  a  d e p t h  of 40 -  50 i n c h e s .  At t h i s  d e p th  t h e  

m a t e r i a l  c o n s i s t s  o f  l im y  y e l l o w i s h  g r a y  f r i a b l e  s a n d y  loam 

o r  c l a y e y  s a n d y  loam of  g l a c i a l  d r i f t .  I t  c o n t a i n s  f r e e  

c a r b o n a t e s  a n d  i s  a l k a l i n e  i n  r e a c t i o n .

S o i l  S am p l in g  and  P r e p a r a t i o n

The s a m p le s  of W is n e r ,  P l a i n f i e l d  a nd  Pox s o i l s  w ere  

s e c u r e d  f r o m  t h e  A h o r i z o n  f r o m  a d e p t h  of  0 t o  8 i n c h e s ,  

w h i l e  t h e  H i l l s d a l e  s u b s o i l  w as  t a k e n  f r o m  t h e  B h o r i z o n  a t  

a  d e p t h  of 40 -  50 i n c h e s .  The b u l k  sa m p le s  w e re  a i r - d r i e d  

and p a s s e d  t h l o u g h  a o n e - f o u r t h  i n c h  s i e v e  a n d  w e re  mixed 

t h o r o u g h l y .

The Q u a r t z  sand  was so a k e d  w i t h  0 .0 5  N H01 f o r  a  

p e r i o d  of f o r t y - e i g h t  h o u r s  a f t e r  w h ich  i t  was w ashed  w i t h  

d i s t i l l e d  w a t e r  u n t i l  f r e e  of c h l o r i d e  i o n s .  The washed  

sand was t h e n  d r i e d  b e f o r e  u s e .

A n a l y t i c a l  M ethods

The m e c h a n i c a l  c o m p o s i t i o n  of t h e  s o i l s  was d e t e r 

m ined  by t h e  h y d r o m e t e r  method a s  d e s c r i b e d  b y  Bouyoucos  

( 1 3 ) .  B e c a u se  of t h e  p r e s e n c e  of  f r e e  c a r b o n a t e s  i n  t h e  

H i l l s d a l e  s u b s o i l  and t h e  W is n e r  s o i l  t h e y  w e r e  f i r s t  s a t u 

r a t e d  w i t h  h y d r o g e n .  These  h yd ro g en  s a t u r a t e d  s o i l s  w e re  

u s e d  f o r  t h e  d e t e r m i n a t i o n  of  t h e i r  m e c h a n i c a l  c o m p o s i t i o n .  

P r e e  c a r b o n a t e s  w e r e  d e t e r m i n e d  by  t h e  method d e s c r i b e d  by 

P i p e r  (46)  and o r g a n i c  m a t t e r  c o n t e n t  was d e t e r m i n e d  b y



a d o p t i n g  W a lk le y  and B l a c k ’ s r a p i d  t i t r a t i o n  method ( 4 6 ) .  

E x c h a n g e a b le  h y d ro g e n  was  d e t e r m i n e d  by u s i n g  T r i e t h a n o l -  

amine b u f f e r e d  a t  pH 8 a s  d e s c r i b e d  by  M e h l i c h  ( 4 1 ) .

W is n e r  a n d  H i l l s d a l e  s u b s o i l  c o n t a i n  a l a r g e  amount 

o f  f r e e  c a r b o n a t e s .  B e c a u s e  of t h e  p o s s i b l e  i n t e r f e r e n c e  

o f  f r e e  c a r b o n a t e s  w i t h  t h e  d e t e r m i n a t i o n  of Base  Exchange 

C a p a c i t y  by  th e  N e u t r a l  Ammonium A c e t a t e  method d e s c r i b e d  

by  S c h o l l e n b e r g e r  and Simon ( $ 2 ) ,  t h e  p o t e n t i o - m e t r i c  

t i t r a t i o n  m e th o d s  of P u r i  a n d  Uppal  (47) w ere  u s e d .  The r e 

s u l t s  o b t a i n e d  by  th e  two m e tho d s  w e r e  w i t h i n  0 . 5  -  0 . 8

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

m e t r i c  t i t r a t i o n  was a s  f o l l o w s :

F i f t y  gram p o r t i o n s  o f  a i r - d r i e d  s o i l s  were  t r e a t e d  

w i t h  2 N HC1 to  d i s s o l v e  a l l  c a r b o n a t e s .  The s o i l  was t h e n  

l e a c h e d  w i t h  s u c c e s s i v e  50 c c  p o r t i o n s  of 0 .0 5  N HCl.  The 

e x c e s s  a c i d  was washed  w i t h  d i s t i l l e d  w a t e r  u n t i l  t h e  l e a c h 

a t e s  w e r e  f r e e  f r o m  c h l o r i d e  i o n s  and  f i n a l l y  washed w i t h  

100 ml  of 95% e t h y l a l c o h o l .  The h y d r o g e n - s a t u r a t e d  s o i l s  

w ere  d r i e d  a t  80°C f o r  12 h o u r s .

One gram o f  b a r i u m  c h l o r i d e  was a d d e d  t o  e ac h  of  t h e

h y d ro g e n  s a t u r a t e d  s o i l s  a n d  made i n t o  a  p a s t e  w i t h  25 m l .  

of  d i s t i l l e d  w a t e r .  E ac h  sample  was t h e n  t i t r a t e d  w i t h  0 . 1  

N Ba(0H) s o l u t i o n  u s i n g  th e  g l a s s  e l e c t r o d e .  The t i t r a t i o n  

c u r v e  f o r  each  s o i l  i s  r e p r e s e n t e d  i n  F i g .  1 .  The m i l l i -  

e q u i v a l e n t s  o f  b a s e  n e c e s s a i y  to  a d j u s t  t h e  pH t o  7*0 was 

i n t e r p o l a t e d  f ro m  th e  t i t r a t i o n  c u r v e .

To a v o id  t h e  d e p r e s s i n g  i n f l u e n c e  of c a l c i u m  i n



OJ
L, 6 8 10 12 14 

M i l l i e q u i v a l e n t s  of b a s e  pel* 100 gms. s o i l

16 18

F i g .  1 .  E l e c t r o m e t r i c  t i t r a t i o n  f o r  " B a s e - e x c h a n g e ” 
and b u f f e r i n g  c a p a c i t y  of th e  s o i l s .

ifo



s o l u t i o n ,  i n  t h e  s o i l s  c o n t a i n i n g  f r e e  c a r b o n a t e s ,  upon 

c a l c i u m  r e p l a c e m e n t  f r o m  t h e  c o l l o i d a l  com plex ,  e x t r a c t i o n  

o f  c a l c i u m  and m agnesium  vsas made by u s i n g  norm al  sod ium  

c h l o r i d e  s o l u t i o n  a s  s u g g e s t e d  by  H i s s i n k  ( 2 3 ) .  The d i f 

f e r e n c e  i n  t h e  c a l c i u m  a n d  magnesium c o n t e n t  of t h e  f i r s t  

and secon d  l i t e r  p o r t i o n s  was  t a k e n  to  be t h e  e x c h a n g e a b l e  

c a l c i u m  a n d  m agnes ium .

C a lc iu m  was  p r e c i p i t a t e d  a s  o x a l a t e  on t h e  10 ml 

a l i q u o t  and  was e s t i m a t e d  w i t h  p o t a s s i u m  p e rm a n g a n a te  

f o l l o w i n g  t h e  p r o c e d u r e  of Chapman ( 1 4 ) .  Magnesium was 

d e t e r m i n e d  p h o t o c o l o r i m e t r i c a l l y ,  u s i n g  $20 m/w f i l t e r  i n  

s u i t a b l e  a l i q u o t  w i t h  p r o p e r  d i l u t i o n  b y  T i t a n  y e l lo w  

method of  P e e c h  and E n g l i s h  ( 4 4 ) .

E x c h a n g ea b le  p o t a s s i u m  was e x t r a c t e d  b y  l e a c h i n g  50 

gms of s o i l  w i t h  n e u t r a l  no rm al  ammonium a c e t a t e  s o l u t i o n  

(pH 6 . 9 )  a s  d e s c r i b e d  b y  S c h o l l e n b e r g e r  and Simon (52) and  

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

c o b a l t i n i t r i t e  p r e c i p i t a t e  w i t h  s t a n d a r d  p o t a s s i u m  perm an

g a n a t e  a c c o r d i n g  t o  t h e  m ethod of Volk and Truog ( 6 2 ) .  

P h o s p h o r u s  was d e t e r m i n e d  b y  m olybdenu m -redu ced  p h o sp h o -  

m o ly b d a te  b l u e  c o l o r  m ethod  ( 3 2 ) .  A l l  c o l o r i m e t e r  r e a d i n g s  

w ere  t a k e n  w i t h  E v e ly n  P h o t o e l e c t r i c  C o l o r i m e t e r .

PHYSICAL COMPOSITION AND CHEMICAL CHARACTERISTICS

OF THE SOILS

The p h y s i c a l  a n d  c h e m ic a l  d e t e r m i n a t i o n s  w e re  c a r r i e d  

o u t  on e a c h  s o i l  i n  an e f f o r t  to  e v a l u a t e  t h e i r  r e s p e c t i v e
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c a l c i u m  and magnesium s t a t u s  a s  w e l l  a s  t h e  f e r t i l i t y  l e v e l s .  

The r e s u l t s  o f  t h e  a n a l y s e s  a r e  p r e s e n t e d  i n  T a b l e s  I  and I I .  

The p r e d o m i n a t i n g  s o i l  s e p a r a t e  i s  sand where,as t h e  s i l t  

f r a c t i o n  i s  v e r y  low .

D a ta  p r e s e n t e d  i n  T ab le  I I  show show t h a t  a l l  t h e  

s o i l s  h a v e  a h i g h e r  c o n t e n t  of c a l c i u m  th an  of m agnes ium .

I n  t h e  W is n e r ,  t h e  r a t i o  of c a l c i u m  t o  m agnes ium  i s  1 7 :1  

w h i l e  i n  t h e  p o d s o l i z e d  P l a i n f i e l d ,  Fox and the  H i l l s d a l e  

s u b s o i l  t h e  r a t i o  ' i s  v e r y  n a r r o w ,  v a r y i n g  f r o m  2 : 1  t o  4 : 1 .

The W isn e r  and t h e  H i l l s d a l e  s u b s o i l  a r e  a l k a l i n e .

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

bu t  u n f a v o r a b l e  f o r  p h o s p h a t e  a v a i l a b i l i t y .  The p r e s e n c e  

o f  e i g h t  t o  n i n e  p e r  c e n t  f r e e  c a l c i u m  c a r b o n a t e  f u r t h e r  

r e t a r d s  p h o s p h a t e  a v a i l a b i l i t y .  P l a i n f i e l d  and Fox sa n d y  

loam a r e  a c i d  i n  r e a c t i o n  and h av e  a low d e g r e e  of b a s e  

s a t u r a t i o n .  These  c o n d i t i o n s  a r e  n o t  f a v o r a b l e  f o r  t h e  

s u p p l y  of b a s e s  o r  f o r  k e e p i n g  p h o s p h o r u s  a v a i l a b l e .  They 

need  l i m e  and  f e r t i l i z e r s  f o r  s u c c e s s f u l  g ro w th  o f  c r o p s .

<



TABLE I

Some M e c h a n i c a l  and Chem ica l  C h a r a c t e r i s t i c s  

o f  S o i l s  Used

W isn er P l a i n f i e l d F ox  sand
H i l l s d a l e
s u b s o i l

Sand3-

*

7 1 .2

%

82 .8

fo

8 7 .8

1o

‘ 9 1 .8

S i l t 2 5 .6 6 . 0 5 .0 2 . 0

C l a y 3 2 3 .2 1 1 .2 7 . 2 6 . 2

F i n e  Clay^" 1 9 .2 9 .2 5 .2 . 5 .2

O rg a n ic  M a t t e r 4 . 3 0 .0 7 0 . 0 8 0 .0 3

-Free C a r b o n a t e 9 .5 N i l N i l 9 .0 5

1 2 . 0  -  0 .0 2  mm

^ 0 .0 2  -  0 .0 0 2  mm

3 .002  mm

^ 2 h r s .  r e a d i n g



Table I I

Chemical C h a ra cter is tic s  o f  the S o i ls  Used

S o i l PH

B ase  
Exchange 
C apacity  
M.E. per 

100 gm. 
S o i l

Replaceable Bases 
M.E. per 

100 gm. S o i l

Ca K H

R ela tive  proportion  
o f  b ases.

Percent o f  t o t a l

Ca Mg H

Ratio o f  the  
Cations ( l )

_Ca
Mg

K_
Mg

K_
Ca

Total
N

Total
P

ppm

Wisner

P la in f ie ld

Fox Sand

H illsd a le
Subsoil

7 .5

5 .3

6 .0

8.-3

18 .32

3.56

3.39

1 .3 2

16.75

1.10

1 .2 4

0 .92

0 .9 8

0 .63

0 .31

0 .30

0 .15

0 .0 8

0 .03

0.02

0

1 .7

1.8  

0

91.43

30.89

36.57

69.69

5.35

17.69

9.14

22.72

0 .82

2 .24

0 .8 8

1.51

0

47.75

53.1C 

0

17:1

1 .7 4 :1

4:1

3:1

0 .1 6 :1

.13:1

1:1

.07 :1

0 .008:1

0 .0 7 :1

0.02:1

.0 2 :1

0.25

0.04

0 .05

0 .02

0 .55

0 .05

0.06

Less
than
0 .02

(1) C alculated on b a s is  o f  m illigram  eq u iv a len ts, rather than weight eq u iva len ts.
H



EXPERIMENTAL PROCEDURE

F e r t i l i z e r  A p p l i c a t i o n

A summary o f  t h e  t r e a t m e n t s  f o r  t h e  f o u r  d i f f e r e n t  

s o i l s  a n d  t h e  q u a r t z  s a n d  c u l t u r e  i s  g i v e n  i n  T a b l e s  I I I ,

IV ,  V, VI a M  V I I .

C a lc ium  was a p p l i e d  a s  c a l c i u m  h y d r o x i d e ,  magnesium 

a s  t h e  s u l f a t e  a nd  p o t a s s i u m  a s  t h e  c h l o r i d e .  The r a t e  o f  

a p p l i c a t i o n  of p o t a s s i u m  w as  10 P .P .M .  f o r  to m a to  and 15 

P .P .M .  f o r  t o b a c c o  an d  c o r n .  N i t r o g e n  w a s  a p p l i e d  a t  t h e  

r a t e  of 90 m i l l i g r a m s  f o r  t e n  p o un d s  of s o i l  w h i l e  P h o s 

p h o r u s  was a p p l i e d  a t  t h e  r a t e  of 24  P .P .M .  N i t r o g e n  was 

s u p p l i e d  p a r t l y  a s  ammonium n i t r a t e  a n d  p a r t l y  a s  mono

ammonium p h o s p h a t e .

S o l u t i o n s  of so d iu m  i o d i d e ,  c o p p e r  s u l f a t e ,  f e r r o u s  

s u l f a t e ,  m anganous  s u l f a t e  and sodium b o r a t e  w e re  a p p l i e d  

t o  t h e  q u a r t z  s a n d  to  g i v e  c o n c e n t r a t i o n s  of  2 , 4 > 8 , 1 0 ,

2 and 8 P .P .M .  o f  i o d i n e ,  c o p p e r ,  i r o n ,  m an g a n ese ,  z in c  

and b o r o n ,  r e s p e c t i v e l y .  E i g h t  a p p l i c a t i o n s  of t h e s e  m in o r  

e l e m e n t s  w e re  made d u r i n g  th e  g rowing  p e r i o d  o f  t h e  c r o p .

P r o p e r  a m o u n ts  of c a l c i u m  h y d r o x i d e  and magnesium 

s u l f a t e  f o r  e a c h  t r e a t m e n t  w e re  t h o r o u g h l y  i n c o r p o r a t e d  

w i t h  r e q u i r e d  amount of s o i l  b e f o r e  p l a c i n g  t h e  s o i l  i n t o  

th e  p o t s .  The n i t r o g e n ,  p h o s p h o r u s  and p o t a s s i u m  f e r t i l i z e r s  

w ere  a p p l i e d  i n  s o l u t i o n .  A l l  c h e m i c a l s  u sed  were  of C .P .  

g r a d e .  A f t e r  t h e  a p p l i c a t i o n  of f e r t i l i z e r s  t h e  s o i l s  w ere
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k e p t  i n  a  m o i s t  c o n d i t i o n  f o r  two w eeks  to  p e r m i t  e q u i l i 

b r iu m  a d j u s t m e n t s  b e f o r e  p l a n t i n g  t h e  c r o p s .

C u l t u r a l  Methods

G lazed  e a r t h e n w a r e  j a r s  w e r e  employed t h r o u g h o u t  t h e  

i n v e s t i g a t i o n .  One t r i a l  s e r i e s  was  c a r r i e d  o u t  i n  one 

g a l l o n  j a r s ,  e a c h  f i l l e d  w i t h  t e n  p o u n ds  of s o i l  o r  q u a r t z  

s a n d .  Two c r o p s  were  grown i n  c o n t a i n e r s  of 2 g a l l o n  c a p a c 

i t y ,  e ach  f i l l e d  w i th  t w e n t y  pounds  of s o i l  o r  q u a r t z  s a n d .

T h ro ug h ou t  t h e  e x p e r i m e n t s ,  t h e  m o i s t u r e  c o n t e n t  o f  

th e  s o i l s  w a s  m a i n t a i n e d  a t  a p p r o x i m a t e l y  t h e i r  m o i s t u r e -  

e q u i v a l e n t  c a p a c i t y  w h i l e  i n  t h e  c a s e  of q u a r t z  s a n d ,  th e  

m o i s t u r e  was m a i n t a i n e d  a t  8 pe r  c e n t  by w e i g h t .  A p p r o x i 

m a t e l y  e q u a l  m o i s t u r e  c o n d i t i o n s  w e r e  m a i n t a i n e d  by w e ig h in g  

th e  p o t s .  D i s t i l l e d  w a t e r  was u se d  and  no  d r a i n a g e  was p e r 

m i t t e d  f ro m  t h e  p o t s .  U s u a l  p r e c a u t i o n s  w e r e  t a k e n  to  e q u a l -  

l i z e  l i g h t  a n d  t e m p e r a t u r e  c o n d i t i o n s  i n  t h e  g r e e n h o u s e .

The t r e a t m e n t s  on w h i t e  q u a r t z  s a n d  w ere  r e p l i c a t e d  

t h r e e  t i m e s  a n d  a l l  o t h e r  t r e a t m e n t s  on m i n e r a l  s o i l s  w e re  

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

s o i l  w e re  a r r a n g e d  i n  a rand o m ize d  m a n n e r .  Of t h e  f i v e  

r e p l i c a t i o n s  f o r  eqch of - t h e  t r e a t m e n t s ,  two w e re  u t i l i z e d  

f o r  e i t h e r  greentii'aBare s t u d y  o r  f o r  s t u d y  of a n y  n u t r i t i o n a l  

d i s o r d e r s .  Growth and y i e l d  d a t a  w e re  r e c o r d e d  f r o m  t h r e e  

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

Three  c r o p s ,  t o m a t o ,  t o b a c c o  and c o r n ,  w e re  grown 

i n  t h e  f o u r  m i n e r a l  s o i l s  a s  w e l l  a s  i n  q u a r t z  s a n d .  These



c r o p s  w e r e  n o t  g ro w n  i n  s u c c e s s i o n .  E ach  c r o p  was  grown 

i n  f r e s h l y  p r e p a r e d  s o i l  a n d  q u a r t z  s a n d .

The e x p e r i m e n t s  w e re  c a r r i e d  o u t  d u r i n g  t h e  s p r i n g ,  

summer and e a r l y  f a l l  of  t h e  y e a r  1 9 4 8 .  Tom atoes  w e r e  

g row n  i n  t h e  p e r i o d  f r o m  A p r i l  5 th  t o  J u l y  3 0 t h ,  1948 ;  

t o b a c c o  f r o m  J u l y  1 5 t h  t o  O c to b e r  5 t h ,  19 4 8 ;  w h i l e  c o r n  

was grown f r o m  A u g u s t  1 5 t h  t o  O c to b e r  1 5 t h ,  1 9 4 8 .  No 

a r t i f i c i a l  i l l u m i n a t i o n  of th e  g r e e n h o u s e  was u s e d .  As i t  

was n o t  p o s s i b l e  t o  g row each  c r o p  i n  t h e  f o u r  d i f f e r e n t  

s o i l s  and  i n  q u a r t z  s a n d  a t  t h e  same t i m e ,  s e e d i n g  was  so 

a d j u s t e d  t h a t  t h e  p e r i o d  o f  g r o w th  of a  p a r t i c u l a r  c ro p  

i n  e a c h  s o i l  was t h e  s a m e .  The e x a c t  d a t e  o f  s e e d i n g  and 

h a r v e s t i n g  o f  e a c h  c r o p  i s  shown i n  T a b l e s  I I I ,  IV ,  V, VI 

and V I I .

T o m a to . T om ato ,  M a s t e r  M a rg lo b e  v a r i e t y  p r o c u r e d  

f r o m  t h e  H o r t i c u l t u r a l  D e p a r t m e n t ,  M . S . C . ,  was t h e  f i r s t  

c r o p  g r o w n .  T h re e  s e e d s  w e r e  sown i n  e a c h  p o t .  Two w eeks  

a f t e r  g e r m i n a t i o n  t h e  p l a n t s  w e r e  t h i n n e d  t o  one p e r  p o t .  

The p l a n t s  w e r e  a l l o w e d  to  grow f o r  10  5 d a y s .

T o b a c c o . Y e l lo w  s p e c i a l ,  a  f l u e - c u r e d  t o b a c c o  s e 

c u r e d  f rom  B r i g h t  T obacco  F i e l d  S t a t i o n ,  Cha tham , V i r g i n i a ,  

was g rown a s  t h e  s e c o n d  t e s t  c r o p .  S u f f i c i e n t  s e e d l i n g s  

w ere  g ro w n  i n  q u a r t z  s a n d  to  p e r m i t  s e l e c t i o n  f o r  s i z e  and  

u n i f o r m i t y .  The s e e d l i n g s  w e re  t r a n s p l a n t e d  a f t e r  th e  d e 

v e lo p m e n t  of t h e  s e c o n d  p a i r  of l e a v e s .  A s i n g l e  p l a n t  

was g ro w n  i n  e a c h  p o t .  H a r v e s t i n g  was done a f t e r  a g r o w th  

p e r i o d  o f  70 d a y s .



C o r n . M ic h ig a n  h y b r i d  51B, a mid s e a s o n  v a r i e t y  o f  

c o r n ,  was sown a s  t h e  t h i r d  c r o p .  T h r e e  g r a i n s  o f  c o r n  o f  

u n i f o r m  w e i g h t  w e r e  p l a n t e d  i n  each  p o t . .  The s t a n d  was 

t h i n n e d  t o  one p l a n t  p e r  p o t  one  w eek  a f t e r  g e r m i n a t i o n .

The c r o p  w as  a l l o w e d  t o  grow f o r  a  p e r i o d  of e i g h t  w e ek s ,  

a f t e r  w h ich  t h e  a b o v e  g round  p o r t i o n  w a s  h a r v e s t e d .

S o i l  s a m p le s  w ere  t a k e n  f o l l o w i n g  t h e  r e m o v a l  of 

eac h  c r o p .  S o i l s  of t h e  t h r e e  r e p l i c a t e d  p o t s  w e re  mixed 

t o g e t h e r  a n d  a c o m p o s i t e  sample  f r o m  t h i s  was t a k e n  f o r  

a n a l y s i s .

P r e p a r a t i o n  of  P l a n t  M a t e r i a l s

A f t e r  t h e  h a r v e s t  of t h e  c r o p s ,  t h e  m a t e r i a l s  w ere  

d r i e d  i n  p a p e r  b a g s  f o r  two d a y s  i n  t h e  g r e e n h o u s e  and t h e n  

d r i e d  a t  70°C f o r  t h r e e  d a y s ,  a f t e r  which  t h e  d r y  w e i g h t s  

w ere  t a k e n .  U s u a l l y  two w e i g h i n g s  a t  a n  i n t e r v a l  of two 

d a y s  were  made a s  a  c h e c k  to  i n s u r e  c o n s t a n t  w e i g h t .

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

p o t s  f o r  each  t r e a t m e n t  were  m ixed  and  g ro u n d  i n  a  W iley  

m i l l  t o  p a s s  t h r o u g h  a 40 mesh ‘s i e v e .  These  were t h e n  

c a r e f u l l y  mixed and s a m p le d  f o r  a n a l y s i s .  Two gram p o r 

t i o n s  of th e  oven d r y  t i s s u e  were  d r y - a s h e d  i n  an  e l e c t r i c  

f u r n a c e  a t  350° C f o r  e i g h t  h o u r s .  The' a sh  was  t a k e n  up 

i n  h y d r o c h l o r i c  a c i d  and t h e  e x t r a c t  d i l u t e d  to  50 m i l l i 

l i t e r s .  A l i q u o t s  of t h i s  e x t r a c t  w e r e  t a k e n  f o r  a n a l y s i s  

o f  c a l c i u m ,  m agnes ium ,  p o t a s s i u m  and p h o s p h o r u s .

C a lc iu m  and m agnesium  w e re  d e t e r m i n e d  b y  t h e  m ethods
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d e s c r i b e d  u n d e r  t h e  " A h a l y s i s  of S o i l . ” P o t a s s i u m  was 

d e t e r m i n e d  by t h e  d i p i c r y l a m i n e  p r o c e d u r e  a s  d e s c r i b e d  

by Lawton ( 3 3 ) •

N i t r o g e n  F r a c t i o n s

T o t a l  n i t r o g e n ,  i n c l u d i n g  n i t r a t e s ,  was  d e t e r m i n e d  

i n  a p p r o p r i a t e  a l i q u o t s  o f  d r i e d  t i s s u e  by th e  m o d i f i e d  

K je ld a h l -G -u n n in g  me t h o d .  Hot w a t e r  e x t r a c t s  of t h e  d r i e d  

t i s s u e  w ere  u s e d  f o r  t h e  d e t e r m i n a t i o n  of t o t a l  s o l u b l e  

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

p r i a t e  a l i q u o t s  i n  a b o u t  60 ce o f  w a t e r  f o r  f i v e  m i n u t e s .  

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

and t h e  s u p e r n a t a n t  l i q u i d  was f i l t e r e d  t h r o u g h  a d r y  

f i l t e r  p a p e r .  A t o t a l  n i t r o g e n  a n a l y s i s  was made on th e  

f i l t r a t e  r e p r e s e n t i n g  t h e  t o t a l  s o l u b l e  n i t r o g e n  ( 1 5 ) •
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TABLE I I I

Summary o f T re a tm e n ts  o f th e  G reen h o u se

E x p e r im e n ts  on Q u a r tz  Sand

T r e a tm e n t pH-* ' ,

M.E. o f At H a r v e s t
Ca Mg Ca :Mg A t  s t a r t Tomato Tobacco Corn

0 . 7 5 9 .0 8 .2 8 . 1
1 . 5 0 9 .2 8^.4 8 . 3 Cl

?

2 . 2 5 9 .2 8 . 3 8 . 4 0
Cf

3 .0 0
0 .0 6

9 . 4
6 . 6

8 .5
6 . 5

8 . 8

6 . 5

t»Q
-P
O
a

0 .1 2
0 . 2 4

6 . 4
6 .2

6 . 3
6 . 2

6 . 2
6 . 2

cl
fH
0

0

0 .6 0 6 .2 6 .2 6 . 2
0 .7 5 0 .0 6 1 2 . 5 : 1 9 . 4 6 . 7 7 . 4 6 . 5

0 .1 2 6 . 2 5 : 1 9 .2 6 . 7 7 . 4 6 . 5
0 . 2 4 3 . 1 : 1 9 .3 6 . 3 7 . 0 6 . 9
0 .6 0 1 . 2 5 : 1 9 .3 6 . 5 7 . 5 6 . 9

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

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

0 .6 0 5 : 1 8 .8 7 . 9 8 . 6 8 .6

C ro p s  Grown: Tomato -  5 t h  A p r i l  t o  1 9 t h  J u l y  
Tobacco -  2 1 s t  J u l y  t o  2 8 t h  Sept  
Corn  -  2 0 t h  Aug. t o  1 4 t h  O c t .

E q u i v a l e n t  amount of  f e r t i l i z e r  a p p l i e d :
0 . 7 5  M.E. Ca 
1 . 5 0  «
2 . 2 5  "
3 . 0 0  "

0 . 0 6  M.E.-Mg 
0 . 1 2  "

0 . 2 4  "
0 . 6 0  «

l / 2  t o n  CaCQo

1- 1/2 »  "

2 ,f
100 l b .  MgSo
2 0 0  " ,f
400  » «

1000  ”  »

4

i
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TABLE IV

Summary o f  T re a tm e n ts  of t h e  G-reenliouse

E x p e r im e n ts  on W isn e r  S o i l

D egree  o f  
S a t u r a t i o n

Ca:Mg

pH

At s t a r t
A t H a r v e s t

Ca Mg l o m a to Tobacco Corn

1o

9 1 .4 3
1o

5 .3 5 1 7 : 1 7 . 8 7 . 2 7 . 4 7 . 2

100 10 1 0 :1 8 . 3 7 . 5 7 . 5 7 . 4

25 4 : 1

o
•

to 7 . 4 7 . 3 7 . 4
50 2 : 1 8 . 0 7 . 4 7 . 4 7 . 4

75 1 . 3 : 1 8 . 1 7 . 2 7 . 4 7 . 4
100 1 : 1 8 . 1 7 . 3 7 . 4 7 . 7

150 10 1 5 : 1 8 . 8 7 . 7 7 . 8 7 . 7

25 6 : 1 8 . 6 7 . 5 7 - 7 7 . 5
50 3 : 1 8 . 5 7 . 6 7 . 5 7 .6

75 2 : 1 8 . 7 7 . 7 7 . 8 7 . 7
100 1 . 5 : 1 8 . 7 7 . 8 7 . 8 7 . 7

C rops  Grown: Tomato -  5 t h  A p r i l . t o  1 8 t h  J u l y  
Tobacco  -  1 5 t h  J u l y  t o  2 1 s t  S e p t .  
Corn -  1 0 t h  Aug. t o  4 t h  O c to b e r

Amount of f e r t i l i z e r  ad d ed  p e r  a c r e  t o  b r i n g  to  d e s i r e d  
s a t u r a t i o n  p e r c e n t a g e :

100$ Ca S a t .  = 960 l b .  Ca(OH)
150$  » = 6,580  " ” 2

10$ Ma S a t . 
25$  ”
50$ "
75$  "

100$  "

= 1 , 4 8 8  l b  
= 6 ,3 1 2  ” 
= 1 4 ,2 7 1  " 
= 2 2 ,2 9 1  " 
- 3 0 , 2 5 3

MgS04 3H2 0



TABLE V -

Summary o f  T re a tm e n ts  of th e  G reen h o u se

E x p e r im e n ts  on P l a i n f i e l d  Sand

D e g ree  o f PH
S a t u r a t i o n At H a r v e s t
Ca

$
Mg

1o
Ca:Mg At s t a r t Tomato Tobacco Corn

3 0 .8 9 1 7 .6 9 1 .7 4  :1 5-3 4 . 1 5 . 1 k.,6

50 25 2 : 1 5 .5 4 . 5 5 .0 4 . 9

50 1 : 1 5 .3 4 . 5 4 . 7 4 . 8

75 . 7 5 : 1 5 .3 4* 6 5 . 1 4 . 9

100 . 5 : 1 5 .3 4 . 7 4 . 7 4 . 7

75 25 3 : 1 6 . 1 5 .3 5 .4 5 .5
50 1 . 5 : 1 6 . 0 512 5 .3 5 .3

75 1 : 1 5 .9 5 .0 5 .2 5 .3

100 . 7 5 : 1 5 .9 5 . 1 5 .1 5 .9

100 25 4 : 1 6 .6 5 .6 6 . 0 5 .9
50 2 : 1 6 . 5 5 .5 5 .9 5 .9
75 1 . 3 : 1 6 .3 5 .5 6 . 1 5 .8

100 1 : 1 6 .5 5 .6 5 .9 5.7,
150 25 6 : 1 7 . 1 6 . 4 6 .5 6 .5

50 3 : 1 7 . 1 ^ 6 .1 6 . 4 6 .5
75 2 : 1 7 .0 6 . 2 6 . 5 6 . 4

100 1 . 5 : 1 " 7 . 0 6 . 2 6 . 6 6 .9

Crops  Grown: Tomato -  1 7 th  A p r i l  t o  3 0 t h  J u l y
Tobacco -  3 1 s t  J u l y  t o  9 t h  O c to b e r  
Corn  -  l $ t h  A u g u s t  to 1 5 t h  O c to b e r

Amount of f e r t i l i z e r  a d d e d  p e r  a c r e  t o  b r i n g  to  d e s i r e d  
s a t u r a t i o n  p e r c e n t a g e :

50$ Ca S a t .  = 400 l b . Ca(0H)~
75$ i t  - 960 tt t t  ^

100$ i i  ~ 1 ,5 0 0 » t t

150$ n  = 2 ,5 8 0 t t t t

25$ Mg S a t . = 453 l b . MgS04 3H20
50$ n  = 2 , 0 0 0 «
75$ t t  = 3 ,5 5 0 tt t t

100$ tt  = 5 ,11 2 tt t t



TABLE VI

Summary o f  T r e a tm e n ts  o f  t h e  G reen h o u se
E x p e r im e n ts  on Fox Sand

D egree  of  
S a t u r a t i o n

Ca:Mg

' pH

At s t a r t
At H a r v e s t

Ca
%

Mg Tomato Tobacco Corn

36*. 57 9 . 1 4 4 : 1 5 .6 5 .3 5 .0 5 .5
50 25 2 : 1 5 .9 5 . 0 5 .1 5 . 4

50 1 : 1 5 .9 4 . 9 - 5 .1 5 .3
75 - . 7 5 : 1 5 .7 5 .1 5 . 4 5 .3

100 . 5 : 1 5 . 7 5 . 0 5 .3 5 . 1

75 25 3 : 1 6 . 6  ~ 5 . 7 6 .0 6 . 0
50 1 . 5 : 1 6 .5 5 . 6 5 .9 6 . 0

75 1 : 1 6 . 4 5 . 5  ^ 5 .9 5 .6
100 . 7 5 : 1 6 . 5 5 . 4 6 .4 5 .7

100 25 4 : 1 7 . 1 6 . 2 6 . 4 6 . 5
50 2 : 1 7 . 0 6 . 0 6 . 4 6 . 3

75 1 . 3 : 1 6 . 9 6 . 0 6 . 5 6 . 3

100 1 : 1 6 . 9 6 . 0 6 . 4 6 . 5

150 25 6 : 1 7 . 7 6 . 9 7 . 1 7 . 1
50 3 : 1 7 . 6 6 . 7 7 /0 7 . 0

75 2 : 1 7 . 5 6 . 8 6 . 9 7 .2

100 1 . 5 : 1 7 . 5 6 . 7 7 . 0 7 . 1

Crops  Grown: Tomato -  1 5 th  A p r i l  t o  2 8 t h  J u l y
Tobacco -  2 5 t h  J u l y  to  5 th  O c to b e r  
Corn -  1 5 t h  A u g u s t  to  1 5 t h  O c to b e r

Amount o f  f e r t i l i z e r  a d d e d  p e r  a c r e  t o  b r i n g  to  d e s i r e d  
s a t u r a t i o n  p e r c e n t a g e :

50$ Ca S a t .  = 336 l b .  Ca(0H)2
75$  *» = 963 ” "

100% " = 1 , 5 9 1  " "
150% '*» = 2 ,8 4 5  " " -

2595 Mg S a t .  = 937 l b .  MgSO 1 3H2 0
50% " = 2 ,4 1 6  " "
75% " = 3 ,6 9 5  ” "

100% " = 5 ,3 7 3  " "
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TABLE V I I

Summary o f  T r e a tm e n t s  of  t h e  G reenh o use

E x p e r i m e n t s  on H i l l s d a l e  S u b s o i l

D e g ree  o f  
S a t u r a t i o n

Ca Mg 
% %

Ca:Mg

-pH

At S t a r t
At H a r v e s t  

Tomato . Tobacco

-69 .69  2 2 .7 4 3 : ! 8 .0 7 . 6 7 . 4

75 50 1 . 5 : 1 7 .9 7 . 7 7 .6

75 1 : 1 7 . 9 7 . 7 7 .6

100 . 7 5 : 1 7 .7 7 . 6 7 .3

100 50 2 : 1 8 .1 7 . 8 7 .6

75 1 . 3 : 1 8 .0 7 . 7 7 .5

100 1 : 1 7 . 8 7 . 7 ' 7 . 4

150 50 3 : 1 8 . 7 7 . 8 7 .6

75 2 : 1 8 . 4 7 . 9 7 . 7

100 1 . 5 : 1 8 .2 7 . 8 7 .6

C ro p s  Grown: Tomato -  1 8 th  A p r i l  t o  2 9 th  J u l y
T obacco  -  7 t h  A u g u s t  t o  1 5 t h  O c t o b e r

Amount of  f e r t i l i z e r  ad d ed  p e r  a c r e  t o  b r i n g  to  d e s i r e d  
s a t u r a t i o n  p e r c e n t a g e :

7 5 $  Ca S a t .  = 51 l b .  C a(0H )P
100% » = 296 l b .  "
150% '» -  784 l b .  "

50% Mg S a t .  = 645 l b .  MgS0,3Ho0
7 5 % -  " = 1 ,2 2 0  l b .  ^

100% " = 1 , 7 9 6  l b .  "
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PRELIMINARY EXPERIMENTS

- M o b i l i t y  o f  A p p l i e d  C a lc iu m  a n d  M agnesium 
I o n s  i n  t h e  D i f f e r e n t  S o i l s

The r e l a t i v e  c o n c e n t r a t i o n  o f  e x c h a n g e a b l e  c a t i o n s  

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

g r e e  of s a t u r a t i o n  on t h e  a b s o r p t i o n  com p lex  ( 2 5 ) *  The 

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

i n  t h e  s o i l  s o l u t i o n  a n d  t h e i r  i o n i z a t i o n .  The c a t i o n s  

ad d ed  t o  a s y s t e m  do n o t  n e c e s s a r i l y  r e a c t  w i t h  t h e  e x c h a n g e  

c o m p lex .  Some o f  th em  m i g h t  e x i s t  i n  t h e  s y s t e m  a s  - f r e e  

c a t i o n s  a n d  would  n o t  b e  a b s o r b e d  by  t h e  c o l l o i d s  a s  e x 

c h a n g e a b l e  c a t i o n s .  I n  a n . e f f o r t  t o  d e t e r m i n e  th e  a c t u a l  

amount  o f  a d s o r p t i o n  o f  c a l c i u m  and m agnes ium  a d d e d  t h r o u g h  

f e r t i l i z e r s  by d i f f e r e n t  s o i l s ,  t h e  f o l l o w i n g  e x p e r i m e n t s  

w e r e  c a r r i e d  i n  t h e  l a b o r a t o r y .

C a l c u l a t e d  am ounts  of c a l c i u m  h y d r o x i d e  a n d  mag

n e s iu m  s u l f a t e  w ere  m ixed  w i t h  2 50 g ram s of e a c h  s o i l  o n  

t h e  b a s i s  of d e g r e e  of s a t u r a t i o n  of t h e  e x c h a n g e  co m p lex  

d e s i r e d  f o r  t h e  g r e e n h o u s e  e x p e r i m e n t s .  They w e r e  k e p t  a t  

t h e i r  p r o p e r  m o i s t u r e  e q u i v a l e n t s  f o r  a  p e r i o d  of two 

w e e k s .  Com plem enta iy  p o t a s s i u m  i o n s  w e r e  no t  a d d e d  t o  

t h e  s o i l .  A f t e r  t h i s  p e r i o d  t h e  s o i l s  w e r e  a i r  d r i e d  a n d  

b o t h  e x c h a n g e a b l e  c a l c i u m  and m agnes ium  w e re  d e t e r m i n e d  

by t h e  p r o c e d u r e s  a l r e a d y  d e s c r i b e d .  The r e s u l t s  o f  t h e  

a n a l y s e s  a r e  p r e s e n t e d  i n  T a b l e s  V I I I  and IX .

From T a b l e s  V I I I  and IX ,  i t  i s  e v i d e n t  t h a t  a p p l i c a t i o n s



TABLE V I I I

E x t e n t  of I o n i c  Exchange R e a c t i o n s  F o l l o w i n g  t h e  A p p l i c a t i o n  of  

C a lc ium  and Magnesium t o  t h e  S o i l  a f t e r  two w e ek s  o f  I n c u b a t i o n .

W isn e r  ■' H i l l s d a l e .  S u b s o i l
P e r c e n t a g e  ' pH a f t e r  mVE. pH a f t e r  M.E.
S a t u r a t i o n  M .E .add ed  i n e u b a -  R e c o v e re d  M .E .ad d ed  i n c u b a -  ; R e c o v e red
Ca Mg Ca:Mg Ca Mg t i o n Ca Mg Ca Mg t i o n Ca Mg

Check 1 6 .7 5  0 . 9 8 7 . 6 1 6 .5 8 0 .9 5 0 .9 2 0 .0 3 8 . 1 0 . 9 0 .0 2 9
100 25 4 : 1 1 8 .3 0  4 . 5 8 7 . 6 1 6 .2 3 . 0

50 2 : 1 « 9 .1 6 7 . 6 1 5 .8 5 .5 1 .3 2 0 . 6 6 8 . 1 1 . 3 0 .3 2

75 1 . 3 : 1 " 1 3 .7 4 7 . 5 1 5 . 5 6 . 8 n 0 .9 9 8 .1 1 .2 0 .4 9
100 1 : 1 " 1 8 .3 2 7 .5 1 5 .0 9 . 0

s '
» 1 .3 2 7 . 9 1 . 1 0 .9 5

150 25 6 : 1 2 7 .4 8  4 . 5 8 7 . 9 2 0 . 8 2 . 9
50 3 : 1 « 9 .1 6 7 . 9  . 1 6 . 8 5 .0 1 . 9 8 0 .6 6 8 . 7 0 .9 9 0 . 2 8
75 2 : 1 " 1 3 . 7 4 7 . 8 1 6 .7 6 .3 n 0 .9 9 8 .3 1 .5 0 0 .4 7

100 1 . 5 : 1 " 1 8 .3 2 7 . 8 1 8 .8 8 .8 n 1 .3 2 8 .3 1 .4 0 0 . 6 8

ON



TABLE IX

E x t e n t  o f  I o n i c  Exchange R e a c t i o n s  f o l l o w i n g  t h e  A p p l i c a t i o n  of

C a lc iu m  and Magnesium t o  t h e  S o i l  a f t e r  two weeks of I n c u b a t i o n

P e r c e n t a g e  
S a t u r a t i o n  
Ca Mg Ca:Mg

P l a i n f i e l d
■

Eox

M .E. added  
Ca Mg

pH a f t e r  
i n c u b a 
t i o n

M.E.
R e c o v e re d  
Ca Mg

M .E .ad ded  
Ca Mg

pH a f t e r  
i n c u b a 
t i o n

M.E.
R e co ve red  
Ca Mg

Check 1 . 1 0 .6 3 5 .2 1 .0 5 0 .6 0 1 . 2 4 o . 3 l 5 .7 1 . 2 4 0 .3 1
50 25 2 : 1 1 . 7 8 0 . 8 9 5 .2 1 .3 0 . 8 0 1 .7 0 0 .8 5 5 .6 1 .7 0 0 .6 0

50 1 : 1 «» 1 . 7 8 5 .2 1 . 5 0 .9 2 tt 1 .7 0 5 .6 1 .6 2 0 .8 0

75 . 7 5 : 1 it 2 .6 7 4 . 9 1 .5 1 .6 0 tt 2 . 5 5 5 .5 1 .6 0 1 . 2 0
100 . 5 : 1 it 3 .5 7 4 . 9 1 .5 6 2 .2 0 tt 3 .40 5 .4 1 .1 6 1 .4 0

100 25 4 : 1 3 .5 6 0 .8 9 5 .8 2 .4 9 0 .9 2 3 .4 0 0 .8 5 6 . 7 2 . 8 8 0 .6 1
50 2 : 1 tt 1 .7 8 5 .6 3 .3 1 .0 0 tt 1 .7 0 6 . 6 3 .2 0 0 . 8 5
75 1 . 3 : 1 tt 2 . 6 7 5 .5 3 . 2 1 .6 5 tt 2 . 5 5 6 .3 3 .4 0 1 .3

100 1 : 1 tt 3 .5 7 5 . 4 3 . 1 1 .7 5 rt 3 .4 0 6 . 1 3 .3 0 1 .2 5
150 25 6 : 1  1 5 .3 4 0 .8 9 6 . 1 4 .2 0 .8 5 5 .1 0 0 .8 5 7 . 0 3 .2 0 .6 2

50 3 : 1 it L .78 6 . 0 4 . 4 1 .7 0 tt 1 .7 0 6 . 8 3 .5 0 .8 5
75 2 : 1 » 2 . 6 7 5 .9 4 . 9 2. 50 tt 2 . 5 5 6 . 8 3 . 9 1 .3 0

100 1 . 5 : 1 n 3 .5 7 5 .9 4 . 8 2 .9 0 tt 3 .40 6 . 7 4 .2 1 . 2 8  ■
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o f  c a l c i u m  h y d r o x i d e  a n d  magnesium s u l f a t e  i n v a r i a b l y -  

r a i s e d  t h e  pH. At e a c h  l e v e l  of  c a l c i u m  s a t u r a t i o n  t h e  

change  i n  pH -was i n f l u e n c e d  b y  t h e  c o n c e n t r a t i o n  of mag

n e s iu m  i o n s .  The v a r i a t i o n  i n  pH was o n l y  one t e n t h  u n i t  

w i t h  W is n e r  s o i l  w h i l e  i t  was two to  t h r e e  t e n t h s  u n i t s  

w i t h  P l a i n f i e l d ,  Fox  sand a n d  H i l l s d a l e  s u b s o i l .  A nderson  

(3) and K a rd o s  and I o f f e  (30) h a v e  shown t h a t  c o l l o i d s  w i t h  

h i g h  SiO / r  0 ' r a t i o  show g r e a t e r  v a r i a t i o n  i n  pH when 

s a t u r a t e d  w i t h  Ca and  Mg i o n s  t h a n  t h o s e  w i t h  a  low r a t i o .  

C o l l o i d s  s a t u r a t e d  w i t h  Ca had a  lo w er  pH t h a n  t h a t  of  t h e  

c o l l o i d s  s a t u r a t e d  w i t h  Mg. The s t r o n g e r  a f f i n i t y  of Mg 

f o r  t h e  s i l i c a t e  i o n  a s  com pared  w i th  t h e  Ca i o n  makes t h e  

fo rm er  more  e f f e c t i v e  i n  r e d u c i n g  th e  q u a n t i t y  of s i l i c a t e  

a v a i l a b l e  f o r  h y d r o l y t i c  c l e a v a g e  a s  m e a su re d  b y  th e  i n 

c r e a s e  i n  pH. The d a t a  p r e s e n t e d  i n  T a b l e  I  show t h a t  t h e  

W isne r  h a s  l e s s  sand  i n  compar i s o n  wi t h  P l a i n f i e l d ,  Fox 

o r  t h e  H i l l s d a l e  s u b s o i l .  T h e r e f o r e ,  t h e  r e d u c t i o n  i n  pH 

due to  c o n c e n t r a t i o n  of m agnes ium  i o n s  i s  l e s s  i n  th e  W isner  

t h a n  i n  t h e  o t h e r  t h r e e  s o i l s  t h a t  h a v e  more s i l i c e o u s  

m a t t e r .  Thus t h e r e  i s  a  t e n d e n c y  f o r  t h e  c o n v e r s i o n  o f  

t h e  magnesium io n s  i n t o  m a g n e s i u m m s i l i c a t e s  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n  of t h e  f o r m e r  i n  t h e  s o i l  s o l u t i o n .  T h is  

i s  f u r t h e r  s u p p o r t e d  by  t h e  am ount  of t o t a l  magnesium r e 

c o v e r e d  a f t e r  an  i n c u b a t i o n  p e r i o d  of two weeks  a s  shown 

by t h e  d a t a  i n  T a b l e s  VIILand  IX .  The r e c o v e r y  of added 

magnesium i o n  was l e s s  i n  p r o p o r t i o n  t o  t h e  am o un t  added 

i n  t h e  c a s e  o f  t h e  W isner  s o i l .  T h ere  was l e s s  magnesium



29

r e c o v e r e d  with, t h e  h i g h e r  c o n c e n t r a t i o n s  of c a l c i u m  a n d  

h i g h e r  pH. Ray and  G a n g u ly  (49)  have  d e m o n s t r a t e d  t h a t  

s i l i c i c  a c i d  s o l  becom es  v e r y  u n s t a b l e  i n  th e  r a n g e  o f  

pH 6 to  9 a n d  t h e  s e n s i t i v i t y  r a n g e  n a r r o w s  a s  t h e  c o n 

c e n t r a t i o n  of s i l i c a t e  d e c r e a s e s .  With i n c r e a s i n g  c o n c e n 

t r a t i o n  o f  Ca i n  t h e  e x c h a n g e  com plex ,  t h e  pH o f  t h e  medium 

i n c r e a s e s  ( T a b le s  V I I I  a n d  IX ) . .  Thus a t  h i g h  p.H more mag

n e s iu m  com bines  w i t h  s i l i c a t e  i o n s  and  a r e  t i e d  u p .  T h i s  

may be a n  e x p l a n a t i o n  why i n  a l k a l i n e  s o i l  t h e  a v a i l a b i l i t y  

o f  magnesium i s  low a s  n o t e d  b y  Bower and T urk  ( 1 0 ) .

T h e re  was l e s s  r e c o v e r y  of a d d e d  Ca f r o m  t h e  a c i d  

t h a n  t h e  a l k a l i n e  s o i l s .  I n  some i n s t a n c e s  t h e  c a l c i u m  

was added i n  e x c e s s  of t h e  s a t u r a t i o n  c a p a c i t y  of  t h e  e x 

change com plex .  I t  s h o u l d  b e  r e c a l l e d  t h a t  t h e  s o i l s  a r e  

v e r y  low i n  o r g a n i c  a s  w e l l  a s  m i n e r a l  c o l l o i d s .  G e n e r a l l y  

th e  ad d ed  c a l c i u m  r e a c t s  w i t h  o r g a n i c  o r  t h e  m i n e r a l  c o l 

l o i d s .  I n  th e  a b s e n c e  o f  t h e s e  s u b s t a n c e s ,  th e  Ca r e a c t s  

w i t h  th e  H^SiO^ which  i s  i n  g r e a t e r  c o n c e n t r a t i o n  and r e -  . 

p l a c e s  t h e  H i o n s ,  CaSiO^ i s  f o r m e d ,  a n d  t h e  pH i s  i n 

c r e a s e d .  These  f a c t s  e m p h a s i z e  t h e  i m p o r t a n c e  of t h e  d e g r e e  

o f  c a l c i u m  s a t u r a t i o n  o r  t h e  a v a i l a b l e  c a l c i u m  c o n t e n t  o f  

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

magnesium i n  p l a n t  g ro w th  and  n u t r i t i o n .
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E f f e c t  o f  M agnesium  on t h e  S t r u c t u r e  o f S o i l s

I n c r e a s i n g  am o u n ts  of m agnes ium  a t  a c o n s t a n t  l e v e l  

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

a nd  com p ac t  c o n s i s t e n c y  of t h e  W isn e r  s o i l .  The s o i l  w as  

s t i c k y  and w a t e r  t i g h t  when m o i s t  b u t  became v e r y  h a r d  on 

d r y i n g .  I t  r e s e m b l e d  somewhat t h e  m o r p h o l o g i c a l  c h a r a c t e r 

i s t i c s  of a  s o l o n e t z  s o i l .  S w e l l i n g  of s o i l  o n  w e t t i n g  was 

i n  p r o p o r t i o n  t o  t h e  c o n c e n t r a t i o n  of  m ag n es iu m .  Such  a  

change  i n  t h e  s t r u c t u r e  o f  t h e  s o i l  was r e f l e c t e d  i n  p o o r  

g ro w th  of t o m a t o  s e e d l i n g s  a s  c a n  b e  s e e n  f r o m  t h e  p h o t o 

g r a p h  i n  F i g .  2 .  The ’’check'* p l a n t s  w h ic h  d id  n o t  r e c e i v e  

c a l c i u m  or m agnesium  grew  b e t t e r  t h a n  t h o s e  w h ic h  r e c e i v e d  

i n c r e a s e d  a m o u n t s  of m a g n e s iu m  a t  a  c o n s t a n t  l e v e l  o f  c a l c i u m .  

McGeorge and B r e a g e a l e  (40) h a v e  s u g g e s t e d  oxygen  d e f i c i e n c y  

a s  a  f a c t o r  r e s p o n s i b l e  f o r  poor  g r o w t h  a n d  w i l t i n g  o f  

p l a n t s  i n  a p u d d l e d  s o i l .

P l a i n f i e l d ,  F o x  s a n d  and H i l l s d a l e  s u b s o i l  w i t h  low 

o r g a n i c  m a t t e r  and  c l a y  c o n t e n t  show ed c o m p a c t i o n  n e a r  t h e  

s u r f a c e .  A c o a r s e r  t e x t u r e d  s o i l  w i t h  l a r g e  p o r e s  i s  

u s u a l l y  a s s o c i a t e d  w i t h  e a s y  p e r m e a b i l i t y  of w a t e r .  A 

w h i t e  i n c r u s t a t i o n  w a s  f o u n d  when t h e  s o i l  s t a r t e d  d r y i n g  

a f t e r  e a c h  w a t e r i n g .  The i n t e n s i t y  of t h e  w h i t e  i n c r u s 

t a t i o n  i n c r e a s e d  a s  t h e  c o n c e n t r a t i o n  of m agnes ium  i n c r e a s e d .  

D u r in g  t h e  g ro w th  of t h e  to m a to  a n d  t o b a c c o  p l a n t s  i t  was 

n o t i c e d  t h a t  a l t h o u g h  a l l  t h e  t r e a t m e n t s  w ere  m a i n t a i n e d  

a t  a  u n i f o r m  m o i s t u r e  l e v e l ,  p l a n t s  r e c e i v i n g  a h i g h  r a t e
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WISNER

F i g .  2 .  Growth, o f  17 d a y s  o l d  t o m a t o  s e e d l i n g s  
showing th e  e f f e c t  of p o o r  t i l t h  of  W is n e r  s o i l  
a s  a r e s u l t  of i n c r e a s i n g  Mg s a t u r a t i o n  a t  a  
c o n s t a n t  l e v e l  of Ca s a t u r a t i o n .

W.SWER.

I307.C . isi M.

CHECK

F i g .  3* Tobacco s e e d l i n g s  a f t e r  f o u r  weeks o f  
t r a n s p l a n t a t i o n  sh o w in g  t h e  e f f e c t  o f  p o o r  p h y s i c a l  
c o n d i t i o n  of s o i l  a s  a r e s u l t  of  i n c r e a s i n g  Mg 
s a t u r a t i o n  a t  a  c o n s t a n t  l e v e l  o f  Ca s a t u r a t i o n .
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o f  magnesium showed symptoms of more marked m o i s t u r e  s t r e s s  

t h a n  the  p l a n t s  r e c e i v i n g  s m a l l  amounts  o f  magnesium. The 

p ro n o u n c e d  r o l l i n g  of l e a v e s  o f  c o r n  and w i l t i n g  of t h e  

l e a v e s  o f  t o b a c c o  were e v i d e n t  symptoms of m o i s t u r e  s t r e s s .  

R e c o v e ry  f ro m  s u c h  m o i s t u r e  s t r e s s  was q u i c k  w i U u a l l  o f  

t h e  s a n d y  s o i l s  b u t  v e r y  slow w i t h  W isner  upon w a t e r i n g .

E l e c t r i c a l  c o n d u c t i v i t y  m easu rem en ts  w e re  made on 

1 : 2  e x t r a c t s  (1 p a r t  of s o i l  t o  2 p a r t s  of d i s t i l l e d  w a t e r )  

on a l l  s o i l s  a f t e r  t h e  a p p l i c a t i o n  of t h e  r e q u i r e d  amount 

o f  c a l c i u m  h y d r o x i d e  a n d  magnesium s u l p h a t e .  The m e a s u r e 

m e n t s  w e re  c o n f i n e d  t o  t h e  c l e a r  s u p e r n a t a n t  l i q u i d  w i t h  

" S o l u b r i d g e . "  The e l e c t r i c a l  r e s i s t a n c e  r e a d i n g s  t h u s  o b 

t a i n e d  w e r e  c o r r e c t e d  t o  25°C. The r e s u l t s  a r e  sum m arized  

i n  T ab le  X. B r a d f i e l d  (11) h a s  shown t h a t  a f t e r  t h e  s a t u 

r a t i o n  p o i n t  i s  r e a c h e d  any a m o u n t  of c a l c i u m  a d d ed  i s  c o n 

v e r t e d  to  so l i d - p h a s e  c a l c i u m  c a r b o n a t e  and  t h e  c a l c i u m  i o n  

c o n c e n t r a t i o n ,  a s  m e a su re d  by  t h e  c o n d u c t i v i t y  of t h e  s o l u 

t i o n ,  becomes c o n s t a n t  and i s  i n d e p e n d e n t  of  t h e  amount o f  

c a l c i u m  h y d r o x i d e  ad d ed  t o  the  s y s t e m .

T ak in g  f o r  g r a n t e d  t h a t  t h e  same s i t u a t i o n  h o l d s  t r u e  

f o r  magnesium a s  f o r  c a l c i u m ,  any  e x c e s s  m agnes ium  add ed  

a b o v e  th e  s a t u r a t i o n  c a p a c i t y  of  the  e x ch a n g e  complex ,  

w i l l  b e  p r e c i p i t a t e d  a s  magnesium c a r b o n a t e  o r  r e a c t s  w i t h  

s i l i c a  t o  fo rm  i n s o l u b l e  magnesium s i l i c a t e .  B u t  t h i s  

l a t t e r  p r o c e s s  i s  s lo w .  Hence ,  a f t e r  a p p l i c a t i o n  o f  h i g h  

am oun ts  of Mg s a l t ,  the  t e n d e n c y  i s  f o r  th e  c o n v e r s i o n  o f
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t h e  s a l t  t o  t h e  c a r b o n a t e  f o r m .  I n  a s y s t e m  w i t h  c a l c i u m  

and magnesium c a r b o n a t e ,  t h e  l a t t e r  i s  10  t im e s  more  s o l u b l e  

t h a n  th e  f o r m e r ,  ( 1 6 ) .

Magnesium s u l p h a t e  i s  25 t i m e s  m ore  s o l u b l e  t h a n  

t h e  c a l c i u m  s u l f a t e , . a l t h o u g h  c a l c i u m  c h l o r i d e  i s  1 .5  t i m e s  

more s o l u b l e  t h a n  magnesium c h l o r i d e .  Thus i n  t h e  s o i l  

s o l u t i o n  a t  e q u a l  t o t a l  c o n c e n t r a t i o n s  of Ca and-Mg s a l t s  

t h e r e  i s  a  p r e p o n d e r a n c e  of magnesium i o n s  and magnesium 

s a l t s .  The c o n d u c t i v i t y  v a l u e  was, t h e r e f o r e ,  l a r g e l y  due 

to  magnesium s a l t .  Thus,  h i g h  a p p l i c a t i o n s  of m agnes ium , 

i n  e x c e s s  of  c a l c i u m ,  i n c r e a ®  t h e  s a l t  c o n c e n t r a t i o n  and 

t h e r e b y  t h e  o sm o t ic  v a lu e  of t h e  s o i l  s o l u t i o n .  R i c h a r d s  

(50) h a s  s t a t e d  t h a t  th e  r a n g e  i n  ’ c a p i l l a r y ’ f o r c e  w i t h  

which  w a t e r  i s  h e l d  by s o i l  p a r t i c l e s  b e tw ee n  f i e l d  c a p a c i t y  

and p e rm a n e n t  w i l t i n g  p o i n t  i s  a p p r o x i m a t e l y  0 . 1  -  1 . 5  a t 

m o sp he res  o f  t e n s i o n .  I f  w a t e r  i s  h e l d  a b o v e  t h i s  t e n s i o n  

i t  w i l l  n o t  b e  e q u a l l y  a v a i l a b l e  i n  t h e  r a n g e  b e tw ee n  f i e l d  

c a p a c i t y  and w i l t i n g  p o i n t .  Thus th e  a m o u n t  o f  s o l u b l e  

s a l t  a f f e c t s  t h e  amount of w a t e r  a v a i l a b l e  t o  p l a n t s .  T h is  

a c c o u n t s  f o r  t h e  i n c i p i e n t  w i l t i n g  of t h e  t o m a t o  a n d  t o 

bacco p l a n t s  i n  the h ig h  c o n c e n t r a t i o n  o f  m agn es iu m  s a l t s  

i n  the  W is n e r  s o i l .

The amount of w a t e r  a d d e d  a t  each w a t e r i n g ,  so a s  

t o  b r i n g  t h e  s o i l  m o i s t u r e  to t h e  o r i g i n a l  l e v e l ,  w a s  l e s s  

w i th  high, magnesium a p p l i c a t i o n  t h a n  t h a t  w i t h  low mag

n e s iu m  a p p l i c a t i o n .  H ig h e r  c o n c e n t r a t i o n s  of m agnesium  

r e s u l t e d  i n  a  c o r r e s p o n d i n g  r e d u c t i o n  i n  p l a n t  g ro w th ,



t h e r e b y  l o w e r i n g  t h e  r a t e  of w a t e r  r em o va l  f r o m  the s o i l .  

F r e q u e n c y  of i r r i g a t i o n  w as  c l o s e l y  r e l a t e d  to  t h e  c o n 

c e n t r a t i o n  of m agnes ium  i n  the  medium.



EXPERIMENTAL RESULTS

Growth. R esp o n se  i n  Q,uartz  Sand C u l t u r e

Magnesium w i t h o u t  C a l c i u m * G e r m i n a t i o n  of tomato  

s e e d s  a p p e a r e d  to  b e  norm al  i n  th e  s a n d  c u l t u r e s  i n  t h e  

a b s a n c e  of c a l c i u m  b u t  a f t e r  two weeks t h e  s e e d l i n g s  

s t a r t e d  t o  damp o f f .  The young l e a v e s  on t h e  upper  p a r t  

o f  t h e  t o m a to  a s  w e l l  a s  t o b a c c o  p l a n t s  t u r n e d  y e l l o w  

w h i l e  th e  lo w e r  l e a v e s  r e m a in e d  g r e e n .  The t e r m i n a l  bud 

d i e d  and no f u r t h e r  g row th  t o o k  p l a c e .  The s e r i e s  r e c e i v e d  

a l l  t h e  n u t r i e n t s  e x c e p t  c a l c i u m .  H ence ,  magnesium i n  t h e  

a b s a n c e  of c a l c i u m  d o e s  n o t  i n s u r e  t h e  h e a l t h y  grow th  of 

p l a n t s .  ( F i g .  U)

C a lc iu m  wi t h o u t  M agnes ium . Growth of b o t h  tom a to  

and  t o b a c c o  p l a n t s  was v e ry  slow and  r e t a r d e d  i n  the  a b 

s e n c e  of m agnes ium .  L ea v es  w e re  d u l l  g r e e n ,  s m a l l ,  na r ro w  

a n d  v e r y  r o u g h .  As g ro w th  a d v a n c e d  t h e  lo w er  l e a v e s  b e 

came b l a n c h e d .  Some of  th em  t u r n e d  b ro w n ,  d i e d ,  and f e l l  

o f f .  F lo w e r  d i f f e r e n t i a t i o n  of t o m a to  p l a n t s  was much d e 

l a y e d .  The few f r u i t s  w h i c h  d e v e l o p e d  were  s m a l l ,  t o u g h ,  

and c o n t a i n e d  few s e e d s .

High C a lc iu m  a n d  Low M agnes ium . R e t a r d e d  g r o w t h  

was n o t i c e d  w i t h  h i g h  c a l c i u m  a n d  low magnesium a p p l i c a 

t i o n s  j. Tomato s e e d l i n g s  showed p h o s p h o r u s  d e f i c i e n c y  

symptoms and i t  was i n t e n s i f i e d  w i t h  w ide  r a t i o s  of c a l 

c ium t o  m ag nes ium .  As g r o w t h ”a d v a n c e d ,  p o t a s s i u m  d e f i c i e n c y



symptoms b e g an  to  a p p e a r .  The young l e a v e s  o f  to m a to  a n d  

to b a c c o  became c r i n k l e d ,  w h e r e a s  t h e  o l d e r  l e a v e s  t u r n e d  

g r a y i s h  g r e e n  w i t h  a  y e l lo w  t i n g e  a l o n g  t h e  m a r g i n .  W ith  

a 50 :1  a n d  2 5 : 1  r a t i o  of c a l c i u m  to  magnesium a  b r o n z i n g  

o f  l e a f  t i s s u e s  was f o l l o w e d  by many l i g h t  c o l o r e d  s p o t s  

be tw een  t h e  l a r g e r  v e i n s .

Low C a lc ium  a n d  High M agnes ium . With a  na rrow  r a t i o  

of c a l c i u m  to  m agnes ium , t o x i c i t y  symptoms began  to a p p e a r  

f o u r  w eeks  a f t e r  g r o w t h .  The yo u ng  l e a v e s  of b o t h  t o m a to  

and  t o b a c c o  showed c u r l i n g  and r o l l i n g  of the  l am in a  w i t h  

many s u n k e n  brown p a t c h e s . *  A c a r e f u l  e x a m i n a t i o n  of t h e  

c r o s s  s e c t i o n  of t h e  a f f e c t e d  l e a f  t h r o u g h  t h e  brown 

b l o t c h e s  showed t h e  lo w er  e p i d e r m i s  and  spongy  r e g i o n s  t o  

be somewhat d i s o r g a n i z e d  a n d  c o l l a p s e d .  The p a l l i s a d e  

r e g i o n  i n  t h e s e  a r e a s  was n o t  m a r k e d ly  a f f e c t e d .  The l o w e r  

s i d e  of t h e  l e a f  i n  t h e s e  a f f e c t e d  a r e a s  was somewhat d e 

p r e s s e d  below t h e  l e v e l  of t h e  a d j a c e n t  a r e a s .  S o r o k in  

and Sommer (55) w o r k i n g  w i t h  P i su m  S a t iv u m  f o u n d  t h a t  t h e  

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

g r a t i o n  of th e  c e l l - w a l l .  They have  s u g g e s t e d  t h a t  t h e  

a b s e n c e  of c a l c i u m  d i s t u r b s  t h e  n o rm a l  m i t o s i s  of  th e  

m e r i s t e m a t i c  c e l l s  and t h e  a p p e a r a n c e  of  a b e r r a n t  type  o f  

d i v i s i o n  a s  c a l c i u m  i s  w i t h d r a w n .  T h is  i n d i c a t e s  t h a t  a  

s m a l l  amount  of c a l c i u m  i s  n e ed e d  a s  a c o n s t i t u e n t  of  t h e

* T h is  m i c r o t o n i c  c r o s s  s e c t i o n  and e x a m i n a t i o n  was  
done i n  t h e  l a b o r a t o r y  of Dr. E .  E. Woodcock of 
t h e  D ep ar tm en t  of B o t a n y .



F i g .  4 .  Growth of k  weeks o ld  t o m a t o  s e e d l i n g s  w i t h  
i n c r e a s i n g  a m o u n t  of Mg i n  a b s e n c e  o f  Ca a p p l i c a t i o n .

■Fig. 5 .  Tomato l e a v e s  unde r  low  Ca a n d  h ig h  Mg 
t r e a t m e n t s ,  show ing  sunken  p a t c h e s  on  the  l a m i n a .  
Narrow r a t i o  of Ca:Mg b r o u g h t  a bou t  d i s o r g a n i z a t i o n  
of c e l l  w a l l s  due to  w h ich  t h e  sunken  p a t c h e s  
became p r o m i n e n t .
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F i g .  6 .  Growth of  f l u e  c u r e d  t o b a c c o  a t  t h e  end of  
7 th  week a s  r e l a t e d  to  the  i n t e r a c t i o n  o f  C a lc ium  
and Magnesium i n  Q u a r t z  s a n d  c u l t u r e .

T r e a tm e n t s  of j a r s ,  f r o m  l e f t  t o  r i g h t :

1 .  100 l b s .  of  MgSO. ( 0 .0 6  M .E .  Mg) . No C a lc iu m .
4

2 .  400 l b s .  of  MgSO^ ( o . 2 4  M .E .  Mg).  " »*

3 .  1 / 2  t o n  CaCo 400 l b .  MgSO (Ca:Mg = 3 . 1 : 1 )
4 .  1 '» ” " " " ( " = 6 .2  5 :1 )
5. 1 - 1 / 2  " « " " ” = 9 : 1 )
6 .  2 " " " " "  ( ” = 1 2 :1 )



p r o t o p l a s t s  w h i l e  a  l a r g e  amount i s  n e e d e d  f o r  t t i e  f o r m a t i o n  

o f  t h e  c e l l w a l l s .  T h u s ,  a  n a r r o w  r a t i o  o f  c a l c i u m  to  mag

n e s i u m  i n  tJne s u b s b r a t u r n ,  b r o u g h t  a b o u t  m agnesium  t o x i c i t y  

i n  t h e  p l a n t .  ( F i g .  5 ) .

Corn, p l a n t s  s J n o w e d  t o x i c i t y  symptoms w i t h  t h e  n a r ro w  

c a l c i u m : m a g n e s i u m  r a t i o .  W i th  h i g h  l e v e l  of c a l c i u m  i n  t h e  

s u b s t r a t u m  t h e  f o  u r t h  l e a f  emerged w i t h  a t i g h t l y  r o l l e d  

b a s a l  p o r t i o n .  T h i s  r o l l i n g  was  more  p ro n o u n c e d  t h a n  t h e  

n o r m a l  l e a f  g r o w n  w i  t h  a  w i d e r  c a l c i u m  to  m agnes ium  r a t i o .

O ld  l e a v e s  e x h i b i t e d  r o l l e d  a p i c e s .  Due t o  t h e  f a c t  t h a t  

t h e  r o l l e d  l e a v e s  w e r e  o b s e r v e d  u n d e r  a c o n s t a n t  l e v e l  o f  

c a l c i u m ,  w i t h  i n c r e a s i n g  l e v e l s  o f  m agnes ium  s a t u r a t i o n ,  

t h i s  c o u l d  b e  c a l l e d  m a g n e s i u m  t o x i c i t y . As th e  a v a i l a b l e  

s u p p l y  of  m a g n e s i u m  w a s  i n c r e a s e d  t h e  a b s o r p t i o n  of  magnesium 

by  t h e  p l a n t s  w a s  a l s o  i n c r e a s e d .  T h u s ,  a  h i g h  c o n c e n t r a t i o n  

o f  m a g n e s i u m ,  a s s o c i a t e d  w i t h  a  r e l a t i v e l y  low c o n c e n t r a t i o n  

o f  c a l c i u m ,  i s  t o x i c  t o  p l a n t  g r o w t h .

G r o w t h  R e s p o n s e  i n  W is n e r  S o i l

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

b r o u g h t  a b o u t  b y  h i g h  c o n c e n t r a t i o n s  of Mg, was r e f l e c t e d  

i n  t h e  g r o w t h  o f  t o m a t o ,  t o b a c c o  and  c o r n  p l a n t s .  T h is  i s  

i l l u s t r a t e d  b y  p h o n o g r a p h s  of t h e s e  p l a n t s  ( F i g .  2 ,  9,  1 0 ) .  

-There  a p p e a r e d  t o  b e  a  d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  c o l o r  

o f  t h e  t o m a t o ,  t o b a c c o  a n d  c o r n  l e a v e s  w i t h  t h e  magnesium 

c o n t e n t  of t h e  s o i l .  W i t h  t h e  w i d e r  Ca:Mg r a t i o s  t h e  l e a v e s
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F i g .  7* Tomato c ro p  a t  the end of  f i f t h  week of 
g e r m i n a t i o n  show ing  t h e  e f f e c t  of i n c r e a s i n g  s a t u r a 
t i o n  o f  Mg a t  a  c o n s t a n t  l e v e l  of Ca s a t u r a t i o n .  
( I n c r e a s e d  amount  of Mg a p p l i c a t i o n  i s  f rom  l e f t  
t o  r i g h t ) .

WISNER

livion.v-u

F i g .  8 .  Growth o f  t o m a t o  p l a n t s  j u s t  b e f o r e  
b l o s s o m i n g  a s  i n f l u e n c e d  by d i f f e r e n t  l e v e l s  o f  Ca 
a n d  Mg s a t u r a t i o n .  From l e f t  to  r i g h t :

J a r  _  £Jj^L0 clC

” 2 -  150$  Ca s a t .  10$  Mg s a t .  (Ca:Mg 1 5 :1 )
” 3 -  100$ 25$ " ( " 4 :1 )
" 4 -  100$  " 100$  " ( ,? 1 : 1 )
" 5 -  150$ " 100$ " ( " 1 . 5 : 1 )
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.,st><cir F i g . 9 .  Growth of to m a to  
c ro p  b e f o r e  h a r v e s t  a s  
r e l a t e d  to  v a r y i n g  Ca 
and Mg s a t u r a t i o n .  Top 
row 100% Ca s a t .  w i t h  
v a r y i n g  amount of Mg s a t . ,  
from, l e f t  t o  r i g h t :
J a r  1 

'»  2 
»  3 
" 4 
" 5

10%
-  25%
-  50%
-  75% 
- 100%

(Ca:Mg 1 0 :1 )  
( " 4 :1 )

2 : 1 ) 
1 . 3 : 1 )  
1: 1)

B o t to m  row, l e f t  to  r i g h t  
J a r  1 -  Chech

'» 2 -  100% Ca 10% Mg
" 3 -  ioo% »»

4 -  150%
5 -  150%

XKJU/O M 
10% " 

100% »

As Ca:Mg becomes n a r r o w e r ,  
t h e r e  i s  more v in e  g ro w th  
and l e s s  f r u i t i n g .

'jc/c. i.ie’j ! i

F i g .  10.  Growth of t o b a c c o  c rop  p r i o r  t o  t h e  h a r v e s t  a s  
was i n f l u e n c e d  by t h e  d e g r e e  of Ca and Mg s a t u r a t i o n  i n  
W isn e r  s o i l .  Top ro w ,  150% Ca s a t .  and bo t to m  ro w ,  100%
Ca s a t . ,  a nd  i n c r e a s i n g  r a t e  of Mg s a t .  from l e f t  to  r i g h t .
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F i g .  1 1 .  T h r e e  weeks old  c o r n  c r o p  showing  th e  e f f e c t  
of d i f f e r e n t  l e v e l s  of  Ca and Mg s a t u r a t i o n .  Top row, 
150$ Ca s a t .  w i th  i n c r e a s i n g  l e v e l s  of Mg. s a t .
Bottom row, 1 s t  j a r — c h e c k ;  2nd t h r o u g h  5 t h ,  100% Ca 
s a t .  w i th  i n c r e a s i n g  l e v e l s  of  Mg s a t .

F i g .  1 2 .  C o r n  crop j u s t  b e f o r e  h a r v e s t  show ing  t h e  
growth c o n d i t i o n  more d i r e & t l y  r e l a t e d  to  Ca s a t .  
1 s t  j a r — c h e c k ;  2nd t h r o u g h  $ t h ,  100% Ca s a t . ;  6 t h  
t h r o u g h  9 t h ,  150% Ca S a t .  Each  g rou p  r e c e i v i n g  
i n c r e a s e d  am ount  of Mg s a t .  f r o m  l e f t  to r i g h t .



w e re  t h i n n e r ,  s m o o t h e r  a n d  d a r k e r  g r e e n  t h a n  w i t h  n a r r o w e r  

CaS’Mg r a t i o s .

T o m a to . W ith  t h e  w i d e r  Ca:Mg r a t i o s ,  t h e  t o m a t o  

p l a n t s  w e r e  more p r o f u s e l y  b r a n c h e d  a n d  b l o s s o m s  a p p e a r e d  

e a r l i e r .  T here  were  two s e t s  of  f l o w e r  c l u s t e r s  w i t h  a n  

a v e r a g e  of f i v e  f l o w e r s .  S e t t i n g  of f r u i t s  was p r o p o r t i o n a l  

t o  t h e  amount  of v in e  g r o w t h .  'With t h e  n a r ro w  Ca:Mg r a t i o s  

t h e r e  was more v e g e t a h i v e  g ro w th  b u t  t h e  a p p e a r a n c e  of 

b lo s s o m s  w a s  d e l a y e d .  V in e s  w e r e  l a r g e  b u t  f r u i t  s e t t i n g  

was n o t  p r o p o r t i o n a l  t o  v i n e  g r o w t h .

Tobacco and C o r n . From F i g s .  9 ,  1 0 ,  11 ,  and 1 2 ,  a  

d e c i d e d  d e c r e a s e  i n  s i z e  of t o b a c c o  and  c o rn  p l a n t s  due_ t o  

h i g h  c o n c e n t r a t i o n s  of m agnes ium  i s  a p p a r e n t .  At 100 p e r  

c e n t  l e v e l  of c a l c i u m  s a t u r a t i o n  th e  a d d i t i o n  o f  m agnesium  

s t i m u l a t e d  g r o w th  u n t i l  a  c o n c e n t r a t i o n  e q u i v a l e n t  t o  50 

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

was r e a c h e d .  Beyond t h i s  r a t i o  of 2 : 1  a  m arked  d e c l i n e  i n  

g r o w th  was o b s e r v e d .

- A t  150 p e r  c e n t  s a t u r a t i o n  o f  c a l c i u m  t h e  r e s p o n s e  

t o  m agnes ium  a p p l i c a t i o n s  was v e r y  l i t t l e .  The p o o r - p h y s i c a l  

c o n d i t i o n ,  a cco m p a n y in g  t h e  i n c r e a s e d  s a t u r a t i o n  w i t h  mag

n e s i u m ,  and t h e  h ig h  pH had  a  r e t a r d i n g  e f f e c t  on p l a n t  

g r o w t h .  The g e r m i n a t i o n  of c o r n  was good b u t ' w i t h i n  t h r e e  

w eeks  s e v e r e  p h o s p h o r u s  d e f i c i e n c y  symptoms were  o b s e r v e d .

As. g r o w th  a d v a n c e d  t h e  p l a n t s  e x h i b i t e d  symptoms of s e r i o u s  

p o t a s s i u m  d e f i c i e n c y .  L e a v e s  became y e l l o w i s h  g r e e n ,  t h e  

t i p s  s t a r t e d  to  d i e  b a c k  and g r a d u a l l y  t h e  e d g e s  of  t h e



l e a f  d i e d .  C o n sp icu o us  r e d  a r e a s  on th e  u p p e r  s u r f a c e  of 

t h e  m i d - r i b  a p p e a r e d .

Growth R esp o n se  i n  P l a i n f i e l d  a n d  Fox sand

An i n s p e c t i o n  of F i g s .  13 t h r o u g h  1$ d i s c l o s e s  t h a t  

i n c r e a s e d  c o n c e n t r a t i o n  o f  c a l c i u m  i n  a n  a c i d  s o i l  was con

d u c i v e  to  i n c r e a s e d  g ro w th  of tom ato  , t o b a c c o  and c o r n ;  

b u t  a t  v e ry  h i g h  c o n c e n t r a t i o n s  g r o w th  was  r e t a r d e d .  D a ta  

p r e s e n t e d  i n  T a b l e s  V and VI show t h a t  a d e c r e a s e  i n  a c i d i t y ,  

a c c o m p a n ie d  by i n c r e a s i n g  c a l c i u m  s a t u r a t i o n ,  w a s  a s s o c i a t e d  

w i t h  i n c r e a s i n g  a b s o r p t i o n  of t h i s  e l e m e n t .  A f u r t h e r  r e 

d u c t i o n  i n  a c i d i t y  had no p a r t i c u l a r  e f f e c t  on. th e  a b s o r p 

t i o n  of c a l c i u m  a n d  o t h e r  n u t r i e n t s .

The q u a l i t y  of t o b a c c o  l e a v e s  was g r e a t l y  i n f l u e n c e d  

by the  Ca:Mg r a t i o  i n  t h e  s o i l .  A r a t i o  of 2 : 1  f a v o r e d  

sm oo th ,  t h i n  and  w e l l  sh a p e d  l e a v e s  which  d e v e l o p e d  a 

b r i g h t  y e l l o w  c o l o r  t o w a r d s  m a t u r i t y .  R a t i o s  n a r r o w e r  th a n  

2 : 1  i n d u c e d  d a r k ,  t h i c k  and  lo n g  l e a v e s  w h ich  d i d  n o t  d e 

v e l o p  th e  y e l lo w  c o l o r  a t  t h e  t im e  of  h a r v e s t .

R esp on se  of c o r n  t o  m agnes ium  was b e t t e r  a t  lo w e r  

t h a n  a t  h i g h e r  c o n c e n t r a t i o n s  of  c a l c i u m .

Growth  R esp o n se  i n  H i l l s d a l e  S u b s o i l

S o i l  r e a c t i o n  and p o o r  p h y s i c a l  c o n d i t i o n  of t h e  

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

r e s p o n s e  of c r o p s  t o  m agnesium  f e r t i l i z a t i o n .  P h o s p h o ru s
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d e f  i c i e n c y .  was a c u t e  with, a l l  t h e  t r e a t m e n t s  a l t h o u g h !  i t  

was a p p l i e d  a s  s o l u b l e  ammonium p h o s p h a t e .  The low a v a i l 

a b i l i t y  o f  p h o s p h o r u s  was more w i t h  i n c r e a s e d  c a l c i u m  s a t 

u r a t i o n  a b o v e  75 p e r  c e n t  o f  t h e  e x c h a n g e  c a p a c i t y .  The 

o t h e r  l i m i t i n g  f a c t o r s  of h i g h  c a l c i u m  c o n c e n t r a t i o n  a p p e a r e d  

t o  be  u n a v a i l a b i l i t y  of e s s e n t i a l  m in o r  e l e m e n t s .

A c o m p a r i s o n  of t h e  to m a to  p l a n t s  i n  P i g .  19 u n d e r  

d i f f e r e n t  l e v e l s  of  c a l c i u m  s a t u r a t i o n  r e v e a l s  t h a t  a t  

75 p e r  c e n t  s a t u r a t i o n  l e v e l  of c a l c i u m ,  magnesium f e r t i 

l i z a t i o n  in d u c e d  b e t t e r  v e g e t a t i v e  g r o w th  a s  w e l l  a s  f r u i t  

f o r m a t i o n .  At h i g h e r  l e v e l  of c a l c i u m  s a t u r a t i o n  t h e r e  

was v e ry  l i t t l e  b a l a n c e  b e tw ee n  v e g e t a t i v e  g ro w th  and - 

f r u i t  f o r m a t i o n .  T h e r e f o r e ,  t h e  r e s p o n s e  of c r o p  to  mag

n e s iu m  f e r t i l i z a t i o n  i n  p r e s e n c e  of  h i g h  c a lc iu m  s a t u r a 

t i o n  was v e r y  l i t t l e .

As seen  f ro m  P i g s .  18 and 1 9 ,  w h i l e  a t  100 and 150 

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

w i t h  i n c r e a s i n g  magnesium s a t u r a t i o n .  T h i s  f a v o r a b l e  

e f f e c t  of m agnes ium  c o n c e n t r a t i o n  a t  h i g h  c a l c i u m  s a t u r a 

t i o n  was p r o b a b l y  due t o  l o w e r i n g  of pH b ro u g h t  a b o u t  

t h r o u g h  t h e  a p p l i c a t i o n  of m agnes ium  a s  s o l u b l e  m agnesium  

s u l f a t e .  D a ta  p r e s e n t e d  i n  Tab le  V I I  show t h a t  a  r e d u c t i o n  

o f  3 to  5 t e n t h s  u n i t s  i n  pH was b r o u g h t  a bou t  b y  t h e  

a p p l i c a t i o n  of h i g h e r  am oun ts  of m agnes ium  s u l f a t e .  Th is  

l e a d s  to t h e  c o n c l u s i o n  t h a t  i n  s o i l s  w i t h  low e x ch a n g e  

a nd  b u f f e r i n g  c a p a c i t y ,  th e  r e s p o n s e  of c rop  to mag- __ 

n e s iu m  f e r t i l i z a t i o n  was b e t t e r  a t  a  s o i l  r e a c t i o n  a p p r o a c h i n g  

t o  s l i g h t l y  a c i d  s i d e .
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' F ig .  13* Growth  of t o m a t o  c r o p  in  P l a i n f i e l d  s o i l .  
Top row ,  1 s t  j a r — check;  2 th rou g h  5 ,  50$ Ca s a t . ,  
i n c r e a s i n g  l e v e l  of Mg s a t .  Bottom ro w :

J a r  1 - 10 0 $  Ca s a t  2 5 $  Mg s a t .  (Ca:Mg 4 : 1 )
2 -  100$  " 50$  » ( ” 2 : 1 )
3 -  100$  « 100$  " ( " 1 : 1 )

, 4 -  150$  ” 25$  " ’ ( ” 6 : 1 )
5 - 100$  " 1 5 0 $  » ( •» 1 . 5 : 1 )

R esp o n se  of  c r o p  to Mg vja s  b e t t e r  w i t h  h i g h e r  l e v e l  
o f  Ca s a t u r a t i o n  th&ii a t  lo w e r  l e v e l .

"JUG. JO I ft-

F ig . ,  14-. G row th  of t o b a c c o  crop i n  P l a i n f i e l d  s o i l  
j u s t  b e f o r e  h a r v e s t  s h o w in g  e f f e c t  of ' i n t e r a c t i o n  o f  
Ca and  Mg. Top row, 1 5 0 $  Ca s a t .  w i t h  i n c r e a s i n g  Mg 
s a t .  from l e f t  t o  r i g h t .  Bottom ro w ,  Far  1— Check;
J a r s  2 th r o u g h  5 ,  100$ Ca s a t . ,  w i t h  i n c r e a s i n g  Mg
s a t .  f rom l e f t  to  r i g h t  . Response  o f  to b a c c o  c ro p  t o
Mg f e r t i l i z a t i o n  was—b e t t e r  a t  low- l e v e l  of Ca s a t .  
t h a n  a t  h i g h e r  l e v e l .
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F i g .  1 5 .  One m onth  o l d  t o m a to  c ro p  i n  Fox s a n d  sh o w in g  
t h e  r e s p o n s e  of c r o p  to  d i f f e r e n t  l e v e l s  of Mg s a t .  a t  
a  c o n s t a n t  l e v e l  of Ca s a t .  I n c r e a s i n g  Mg s a t .  i s  shown 
f ro m  l e f t  to  r i g h t  .

F i g .  1 6 .  Tomato c ro p  i n  Fox  sand j u s t  b e f o r e  h a r v e s t  
show ing  t h e  r e s p o n s e  o f  c r o p  t o  Mg f e r t i l i z a t i o n  i n  
p r e s e n c e  of  d i f f e r e n t  l e v e l s  of Ca s a t u r a t i o n .

J a r  Ho.
1
2
3
4
5

Che ck
Top Row B ottom  Row

50% Ca s a t .  25% Mg. 100
100°/o Ca sa tT  25% Mg s a t

50%
75%
75%

tt
tt

100%
25%

100%
tt
Tt

tt

i°
150 % 
150%

It

tt
tt

100% »  
100% " 

25% ”

R esp o n se  o f  c r o p  t o  Mg was b e s t  a t  100% Ca s a t u r a t i o n .
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F i g .  1 7 .  Growth of co rn  i n  P l a i n f i e l d  
end of e i g h t  w eek s  show ing  t h e  r e s p o n s e  
to  Mg f e r t i l i z a t i o n .
From l e f t  t o  r i g h t :

s o i l  a t  t h e  
of crop

F a r
rt
n
ti
II

It
tt
» »

H

1
2
3
4.
5
6
7
8 
9

Che ck 
50# Ca 
30# 
50% 
50#

150#  
150 #
150 # 
150 #

s a t 25# Mg S a t ( Ca:Mg 2 : 1 )
50# u ( ■ ,f 1 : 1 )
75# it ( ,f . 7 5 : 1 )

100 # 11 ( ” . 5 : 1 )
2 5# it ( " 6 : 1 )
50# ti ( ” 3 :1 )
75# n ( ,T 2 : 1 )

100# it ( n 1 . 5 : 1 )
R esp o n se  of  c o r n  to  Mg f e r t i l i z a t i o n  was b e t t e r  
a t  s l i g h t l y  lo w e r  Ca s a t u r a t i o n  of s o i l  t h a n  t h a t  
o f  t o m a t o .

i



F i g .  18 .  T h ree  weeks o ld  t o m a t o  s e e d l i n g s  i n  H i l l s d a l e  
s u b s o i l  sho w in g  t h e  r e s p o n s e  of c ro p  t o  i n c r e a s i n g  Mg 
s a t u r a t i o n  a t  a c o n s t a n t  l e v e l  of Ca s a t u r a t i o n .

F i g .  19.  Tomato c rop  i n  H i l l s d a l e  s u b s o i l  b e f o r e  
h a r v e s t .  Top row, l e f t  to  r i g h t ,  1 s t  t h r o u g h  3 r d ,  
100$.  Ca s a t . ;  4 t h  t h r o u g h  .6 th ,  150$  Ca s a t . ,  w i t h  
i n c r e a s i n g  l e v e l s  of Mg s a t .  B o t to m  row,  1 s t ,  
c h e c k ;  2nd th r o u g h  4 t h ,  75$ Ca s a t .  w i t h  i n c r e a s i n g  
l e v e l  of Mg s a t .
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F o l i a r  A n a l y s i s  of Crops  D u r i n g  Growth

To d e t e r m i n e  t h e  r e l a t i o n s h i p  b e tw e e n  th e  e x t e r n a l  

c o n c e n t r a t i o n  of c a l c i u m  a n d  magnesium and t h e i r  u p t a k e  

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

t r a t i o n s  t o  o t h e r  e l e m e n t s  o f  g r o w t h ,  a  f o l i a r  a n a l y s i s  

o f  each  c r o p  was made a t  th e  f l o w e r i n g  s t a g e .  A n t a g o n i s t i c  

a c t i o n  b e tw e e n  e l e m e n t s  may t a k e  p l a c e  n o t  o n ly  a t  t h e  

a b s o r b i n g  membrane b u t  a l s o  a t  t h e  m e t a b o l i c  c e n t e r s  w i t h i n  

t h e  p l a n t .

L e a v e s  f rom  t h e  u p p e r  h a l v e s  o f  t h e  p l a n t s  w e r e  

t a k e n  f o r  a n a l y s i s .  To m easure  t h e  r e a c t i o n  and c o n d u c 

t i v i t y  o f  t h e  t o m a t o  l e a f  s a p s ,  t h e  l e a v e s ,  a f t e r  h a r v e s t ,  

w e re  pu t  i n  c e l l o p h a n e  b a g s  and i m m e d i a t e l y  f r o z e n  w i t h  

s o l i d  c a r b o n  d i o x i d e .  B e f o re  e x t r a c t i n g  t h e  j u i c e ,  t h e y  

w ere  d i p p e d  i n  t e p i d  w a t e r  t o  a l l o w  t h a w i n g  of t h e  t i s s u e s .  

The p l a n t  m a t e r i a l s  w e r e  t h e n  g ro un d  i n  a  W arr ing  B l e n d e r  

a n d  the  e x t r a c t  was f i l t e r e d  t h r o u g h  a m u s l i n  c l o t h .  Where 

t h e  q u a n t i t y  of  s ap  o b t a i n e d  was  s m a l l  i t  was d i l u t e d  w i t h  

a n  equa l  volume of w a t e r .  D e t e r m i n a t i o n  o f  pH was made 

w i t h  a Beckman-pH m e t e r  w h i le  c o n d u c t i v i t y  m e a su re m e n ts  

w e re  made w i t h  a  " S o l u b r i d g e . "  L e a v e s  f r o m  s i m i l a r  p o s i 

t i o n s  of a n o t h e r  p l a n t  were b r o u g h t  t o  t h e  l a b o r a t o r y  and 

t h e  s o l u b l e  c o n s t i t u e n t s  were  e x t r a c t e d  w i t h  h o t  w a t e r ,  by 

a d o p t i n g  t h e  m ethod d e s c r i b e d  by B u r k h a r t  and Page  ( 1 2 ) .  

T o ta l  n i t r o g e n  and n i t r a t e  n i t r o g e n  w ere  d e t e r m i n e d  f ro m  

r e p r e s e n t a t i v e  f r a c t i o n s  of e a c h  sample  by  t h e  m e th o d s
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d e s c r i b e d  p r e v i o u s l y  (15)*  The' r e s u l t s  a r e  p r e s e n t e d  i n  

T a b l e s  2 1 ,  X I I  and  X I I I .

The h y d ro g e n  i o n  c o n c e n t r a t i o n  a n d  l e a f  a n a l y s i s  

d a t a  r e v e a l  t h a t  a t  low er  c o n c e n t r a t i o n s  of magnesium i n  

t h e  s o i l  t h e  c a l c i u m  c o n t e n t  of l e a f  s a p  i s  h i g h  a n d  pH 

i s  lo w ,  w h i l e  w i t h  t h e  h i g h e r  magnesium c o n c e n t r a t i o n s  a t  

a  c o n s t a n t  l e v e l  o f  c a l c i u m  s a t u r a t i o n ,  c a l c i u m  c o n t e n t  o f  

l e a f  i s  low w h i l e  pH of t h e  sap  i s  h i g h .  I n  t h e  l a t t e r  

c a s e  m agnes ium  a n d  p o t a s s i u m  c o n t e n t s  a r e  h i g h e r  t h a n  t h a t  

o f  c a l c i u m .  T h i s  i s  i n  l i n e  w i t h  th e  o b s e r v a t i o n  o f  

C l e v e n g e r  (17) who s u g g e s t e d  t h a t  an i n c r e a s e  i n  l im e up

t a k e  s t i m u l a t e d  t h e  l i f e  p r o c e s s  i n  the  p l a n t  and c a u s e d  

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

w h e re  t h e  h y d ro g e n  io n  c o n c e n t r a t i o n  of t h e  s a p  was n o t  

i n c r e a s e d  by t h e  l i m i t e d  a b s o r p t i o n  of c a l c i u m ,  i t  seems 

p o s s i b l e  t h a t  magnesium and  p o t a s s i u m  p l a y  s i m i l a r  f u n c t i o n s  

i n  n e u t r a l i z i n g  o r g a n i c  a c i d s .  Both of t h e s e  c a t i o n s  have  

r e p l a c e d  c a l c i u m  i n  t h e  o r g a n i c  s a l t s  a s  th e  r a t i o  of t h e s e  

two t o  c a l c i u m  was i n c r e a s e d .

The c o n d u c t i v i t y  o f  l e a f  sap i n c r e a s e d  w i t h  i n c r e a s e d  

m agnes ium  a n d  p o t a s s i u m  c o n c e n t r a t i o n  a n d  d e c r e a s e d  c a l c i u m  

c o n c e n t r a t i o n .  H i g h e r  c o n d u c t i v i t y  was a s s o c i a t e d  w i t h  d e 

p r e s s e d  g r o w t h .  T ru e  and B a r t l e t  (59) w h i l e  s t u d y i n g  t h e  

e f f e c t  of v a r y i n g  c o n c e n t r a t i o n  of c a l c i u m  and magnesium

n i t r a t e  on p e a  r o o t s  fo u nd  t h a t  where  t h e  c o n c e n t r a t i o n  of
-6Mg was h i g h  and t h e  c o n d u c t i v i t y  was 900 x 10 mho s  p e r  

l i t e r ,  c h a r a c t e r i s t i c  i n j u r y  to  t h e  p e a  r o o t s  was w e l l
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m a r k e d .  C a lc iu m  i n  h i g h  p r o p o r t i o n  n e v e r  r e s u l t e d  i n  i n 

j u r y ,  w h i l e  i n j u r y  f r o m  m agnesium  was f r e q u e n t .  T hus ,  

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

c o n d u c t i v i t y  of l e a f  sap which c o u l d  a c c o u n t  f o r  t h e  d e 

p r e s s e d  p l a n t  g r o w t h .

I n c r e a s e d  a c c u m u l a t i o n  o f  n i t r a t e s  i n  t h e  l e a v e s  o f  

t o m a t o ,  t o b a c c o  a n d  c o r n  p l a n t s  a c c o m p a n ie d  h i g h e r  m a g n e s iu m  

c o n c e n t r a t i o n s  b o t h  i n  the  s o i l  and i n  t h e  l e a f  s a p .  The 

h i g h e r  t h e  c o n c e n t r a t i o n  of n i t r a t e  t h e  l o w e r  was t h e  c o n -  

c e n t r a t i o n  of  p o t a s s i u m .  This  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  

n i t r o g e n  a n d  p o t a s s i u m  seemed to  b e  a s s o c i a t e d  w i t h  c o n c e n 

t r a t i o n s  o f  magnesium beyond t h e  75 p e r  c e n t  s a t u r a t i o n  l e v e l  

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

The l e v e l  of n i t r a t e  n i t r o g e n  i n  the  p l a n t s  p r o v i d e s  

an i n d e x  o f  t h e  d i f f e r e n c e  be tw een  t h e .  r a t e  o f  a b s o r p t i o n  

and t h e  r a t e  of a s s i m i l a t i o n  of n i t r o g e n .  As s e e n  f r o m  

Table  X I I ,  t h e r e  was a  d e c i d e d  i n c r e a s e  o f  NO^ N w i t h  i n 

c r e a s i n g  c o n c e n t r a t i o n  o f  m agnes ium  a t  e a c h  l e v e l  o f  c a l c i u m  

s a t u r a t i o n .  T h e r e f o r e ,  c o n c e n t r a t i o n  o f  m agnes ium  i n  s o i l  

f a v o r s  t h e  r a t e  of a b s o r p t i o n  of n i t r o g e n  w h i l e  any  i n c r e 

ment of m agnes ium  e i t h e r  a b o v e  a  c e r t a i n  minimum l e v e l  o r  

above t h a t  o f  c a l c i u m  l e v e l  i n  t h e  l e a f  i n h i b i t e d  t h e  r a t e  

o f  a s s i m i l a t i o n . .

The d a t a ,  a l s o ,  s u g g e s t  t h a t  t h e r e  w a s  a d e q u a t e  

n i t r o g e n o u s  r e s e r v e  f o r  h i g h e r  r a t e  o f  c e l l  f o r m a t i o n  and  

b e t t e r  g r o w t h .  D a ta  i n  T ab le  X I I I  i n d i c a t e s  t h a t  p r o d u c t i o n  

o f  d r y  m a t t e r  d e c r e a s e d  w h i l e  h y d r a t i o n  of t h e  l e a f  t i s s u e



Table TL

pH, Conductivity o f  Tomato Leaf Sap and Percentage  
Composition o f  Tomato Leaf

%
Saturation

pH o f  
Leaf Sap

Conductivi 
mho 8 x 1 t ^5

P
_ % Compos

W isner
^ition o f  Leaves (on dry matter bas is )

P‘l a -------------------------—-------------in  S o i l  
Ca Mg Wisner

Pla in
F ie ld Fox Wisner

P la in
F ield Fox Ca Mg K

JSJU3
N

Tot. 
N ' Ca Mg K

NO 3 
f!

Tot.
N Ca Mg

Fox

K
NO* Tot.

NCheck 5. 8 o. 8 5.0 150 195 ■200 1.16 0.55 .73 .52 1 . 0 .52 .50 .65 .30 1.15 2 . 2 .36 1 . 1 .34 1 . 1
50 25 5 .9 5 .1 ----- 250 260 .58 .38 .44 .31 1 . 1 0 2 . 1 . 83 .75 .32 1 . 1

50 ----- 6 . 0 5 .5 ----- 253 265 .37 1.15 .65 .34 1 . 2.0 1 .7 2.03 1.65 .35 1 . 2

75 ----- 6 .5 5 .2 ----- 380 400 .29 1 .38 .76 .42 1 .40 1 .4 2.05 1.75 .45 1.5(

1 0 0 ----- 6.5 5.5 ----- 420 450 .52 1 . 6 8 .70 .46 1 .42 1.3 2.58 1.25 .48 1.5.

1 0 0  1 0 5 .8 _ 230 0.95 1 .55 0.55 1 . 1 2

25 6 .5 6 . 0 5.0 250 525 320 .81 1.70 .56 .56 1 . 1 2 .72 .53 . 38 • 53 1.28 2 . 8 1.15 .75 .58 IJ f

50 6 .4 6 . 2 5.1 280 337 540 .75 1 .85 .56 .32 1 . 1 0 .55 1.05 .32 .36 1.30 2 . 2 1 .60 .90 .36 lJOf

75 6 .4 6 . 2 5 .5 285 380 390 .63 2.40 .58 .48 1.23 .46 1 .38 .36 .56 1.36 1 .9 1.90 .85 .47 1 .SC

1 0 0 6 .5 6 .4 5 .4 300 418 425 .40 2.75 .50 .51 1 .32 .40 1 .48 .51 .58 1.41 1 .4 2.18 .80 .49 1.3

150 10 6.9 145 .87

.75

1.90 .56 .35

.34

1.25

25 6 .9 5 .2 5.1 2 0 1 230 2 2 0 2 . 1 0 .67 1.25 1 .4 .60 .32 0 .4 1.40 3.2 1 . 0 .60 .38 1 .2<

50 ' 7.2. 5 .5 5 .0 218 325 320 .63 2.25 .75 .36 1.36 0 .72 1 . 1 0 .35 0 .42 1.40 2.9 1 .63 .84 .37 i  a .1

75 7 .5 •5.3 5 .2 2 2 0 333 340 .53 2.65 .80 .49 1.41 .55 1 .85 .35 0.56 1.48 2.4 1 .8 5 ’ 1 .50 .49 1.3

1 0 0 7 .5 5 .4  , 5 .5 230 342 350 .50 3.25 .67 .56 1.73 .52 1.90 .30 0.59 1.90 2.3 1.90 1 . 2 0 .51 1.4f

vn
■P-



Table XII

Composition o f  Corn Leaf As Influenced by the Level o f  
Ca and Mg Saturation p f  S o i l  (Percentage on Dry Matter)

| Legr ee o f W]CSNER PLAIN FIELD POXoaxurauion 
Ca Mg Ca Mg K %N

Total
N Ca Mg K

NO-r Total
N Ca Mg K

"NO.
N

Total
N

Check 
' 50 - 2 5

.81 .45 1 .4 - 1 .54 . 0 . 8 5
1 .70

0 .28
0.35

1.65
1 .15

0..04
0 .08

0 .78
0.55

1 .1
2.1

0 .5
0 .83

1 .6
1 .20

0.03
0.06

0 .9
1 .20

50 ■“ — — - - 0 .70 0.90 1 .60 0.06 0.51 2.0 0.90 2.0 0.07 1 .17
75 — — - -  : 0 .70 0.93 1.10 0 .14 0.68 1 .8 0.91 2 .4 0 .32 1 .17

100 — — — - - 0 .50 0.63 1 .35 0.16 1.10 1 .6 1 .20 2 .0 0 .39 1 .62
100 25 . .87 .85 0.69 0 .09 1 .69 _ _

50 .81 .98 1 .00 0 .31 1 .74 0 .9 0 .93 1 .50 0.09 1.10 2.1 0.55 2 .5 0.07 2.1075 .80 1 .10 1 .82 0 .48 1 .82 0.65 0 .98 1 .50 0.16 1 .30 2.0 0 .83 2.7 0 .40 2.10
100 .75 1 .40 1 .30 0 .52 1 .94 0.60 1 .00 1.18 0 .19 1 .44 2.0 1 .23 2 .2 0 .42 2.30

150 25 1 .07 0 .80 1 .01 0 .10 1 .8 2 1 .2 0 .45 1 .50 0 .10 1 .35 3.0 0.45 1..0 0 .08 1 .80
- 50 0 .82 0.83 1 .20 0.15 1 .82 0 .9 0 .70 1.60 0 .13 1.38 2.4 0.75 1 .8 0 .40 2.30

75 0.81 0.97 1 .27 0.46 1 .97 0 .8 0 .83 2.10 1O.I6 1 .62 2 . 1 0 .80 1 . 8 0.43 2.30
1 0 0 0 .84 1 .30 1 . 1 0 0.51 2.17 0 . 8 1 .15 1 . 1 0 0 . 2 1 2 . 0 0 2 . 0 0 .85 1 .5 0 .45 2.60



Table XXIII

Y ield  o f  Dry Matter and Degree o f  Hydration o f  Tomato 
Crop As Influenced by the Level o f  Ca and Mg Saturation

o f  S o i l .

j ■

Degree o f WISNER . HILLSDALE SUBSOIL PLAIN FIELD FOX
Saturation Green Dry % Green Dry % Green Dry £g/° Green Dry %
Ca

%

Mg
.*■

’wt.
gm.

Fift.
gm.

Dry
Matter

%
Water

wt.-
gm.

Wt.
gm.

Dry
Matter

%
Water

wt.
gm.

Wt.
gm.

Dry
l a t t e r

%
Water

Wt.
gm.

Wt.
gm.

Dry
Matter

%
Water

Check 197 36.6 18 .5 81.5 58 1 0 . 1 17 .4 82.6 90 16 .1 m 82.9 75 13 17 .3 82.7
50) 25 - - - - . - - — - 118 2 0 . 0 18.9 81.1 ‘ 103 17 16 .4 83.6

i 50 - - - - - - — - 154 25.0 1 7 .1 82.9 133 a 1 6 .8 83.2
, J

75 — J _ — — — - - — 130 2 2 . 0 1 6 .8 83.2 115 16
j

13 .9 8 6 . 1

1 0 0 - - - - - - - - 106 16 .0 15 .1 84.9 1 0 0 15 15 85.0
1 0 0 1 0 2 2 0 4 2 .2 19.2. 80 .8 -  • - - - - - - - - -

25 215 43.0 2 0 . 0 80.0 - - - - 133 .0 24.0 18 .0 82.0 160 25
j

15 .6 84.4
50 2 2 0 49 .0 22.5 77.7 I l l 17 .0 15 .3 84.7 157.0 28.0 1 7 .8 82.2. 170 ' 27 15.8 84 .2
75 2 0 0 36.0 18 .0 82.0 117 17 .5 14 .9 85.1 146.0 24.0 16 .4 83.6 181 28 12 .7 87.3

1 0 0 199 28.0 14 .0 8 6 . 0 117 17 .0 14 .5 85.5  . 126.0 2 0 . 0 1 5 .8 84.2 2 0 0 2 0 1 0 . 0 9 0 .0
150 1 0 2 0 0 38.0 19 .0 87.0 - - - - - - - - -  - - - -

25 229 45 .0 19.7 80.0 - - - - 128 26.0 20.3 79.7 165 29 17.8 82.2

50 228 45 .8 2 0 . 1 79.9 89 1 2 . 6 16 .1 85.9 148 29.0 19 .6 80.4 2 a 38 ‘ 17 .2 82 .8

75 2 0 0 29.2. 14 .6 85.4 1 0 1 14 .3 14.1 85.9 145 25.0 17.2, 82.8 2 2 0 30 15.& 8 6 .4
1 0 0 188 25.0 13 .3 86.7 108 15 .6 1 2 . 6 87.4 124 2 0 . 0 16.1 83.9 180 18 1 0 . 0 90 .0
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i n c r e a s e d  w i t h  i n c r e a s e d  m agnes ium  c o n c e n t r a t i o n  i n  t h e  l e a f .  

The g e n e r a l  e f f e c t  of a  s a l t  on h y d r a t i o n  of t h e  t i s s u e  

d e p e n d s  upon i t s  c o n c e n t r a t i o n  and a l s o  i t s  p r e s e n c e  i n  

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

The d a t a  i n  the  T ab le  X I I  i n d i c a t e s  t h a t  m agnes ium  was 

n o t  i n  c h e m i c a l  u n i o n  w i t h  c e l l  c o n t e n t ,  b u t  was p r e s e n t  

a s  a  l u x u r y  c o n s u m p t io n  p r o d u c t .  A l a r g e  p o r t i o n  of w a t e r  

was bound w i t h  m agnes ium  a s  h y d r a t e d  w a t e r .  The h y d r a t i o n  

o f  p r o t o p l a s m i c  p r o t e i n  and  v a c u o l a t i o n  of c e l l s  d ue  t o  

t h i s  s t r e s s  i n  w a t e r  r e l a t i o n  c o u ld  n o t  p r o c e e d  n o r m a l l y  

and t h i s  r e s u l t e d  i n  r e d u c e d  g ro w th  o f  t h e  p l a n t .

CROP YIELDS

Y i e l d s  of t o m a t o ,  t o b a c c o  and c o r n  c r o p s  grown i n  

q u a r t z  sand  and i n  t h e  f o u r  m i n e r a l  s o i l s  a r e  g i v e n  i n  T ab le  

X IV  and a r e  shown i n  E i g s .  20 and 2 1 .  The r e s u l t s  of t h e  

q u a r t z  s a n d  c u l t u r e  e m p h a s iz e  t h a t  n e i t h e r ,  c a l c i u m  n o r  

m agnes ium  a lo n e  c a n  g i v e  s a t i s f a c t o r y  growth  and  y i e l d  o f  

c r o p s .  The r e s p o n s e  of t h e  c r o p s  i s  w e l l  m arked  o n l y  when 

b o t h  c a l c i u m  and m agnes ium  a r e  p r e s e n t  i n  t h e  c u l t u r e  

m e d ia .  The d e c l i n i n g  g r o w th  o c c u r r i n g  a t  h e a v i e r  c a l c i u m  

a p p l i c a t i o n s  i n d i e  a t e s , t h a t  a  h i g h e r  l e v e l  of c a l c i u m  

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

t i a l  n u t r i e n t s  f a v o r s  t h e  o n s e t  o f  magnesium  d e f i c i e n c y .

At l o w e r  l e v e l  of c a l c i u m  s a t u r a t i o n ,  y i e l d  of t o m a t o ,  t o 

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



TABLE X IV

E f f e c t  of D i f f e r e n t  L e v e l s  of  C a l c i u m  a n d  M a g n es iu m  on 
t h e  Y i e l d  o f  T o m a t o ,  T o b ac co  a n d  C o rn  i n  Q u a r t z  Sand

M.E.
Ca

o f
Mg Ca:Mg

Tomato* T o b a c c o * Corn*

H t . Vine F r u i t
T o t a l
Y i e l d H t .

T o t a l
Y i e l d H t .

T o t a l
Y i e l d

Cm. Cm. Cm.
0 . 7 5 — 35 4 0 . 5 4 . 5 20 6 . 0  - -

1 . 5 0 — 31 9 0 . 5 9 . 5 25 7 . 0
2 . 2 5 — 2 7 7 1 . 0 8 . 0 19 4 . 0
3 . 0 0 — - 26 6 0 . 5 6 . 5 16 4 . 0

— 0 . 0 6 4 0 . 5 — 0 . 5 3 0 . 5
— 0 . 1 2 4 0 . 5 — 0 . 5 3 0 . 5
— 0 . 2 4

n An
2 0 . 2 5 — 0 . 2 5 — ̂ —

0 . 7 5
U • OU 

0 . 0 6 12 . 5 : 1 38 10 1 . 6 1 1 . 6 27 1 9 . 0 80 3 2 .6
0 .1 2 6 . 2 5 : 1 39 12 1 . 7 1 3 . 7 32 2 0 . 0 83 3 4 . 1
0 . 2 4 3 . 1 : 1 35 12 1 . 5 1 3 . 5 34 2 0 . 9 93 3 4 .0
0 . 6 0 1 . 2 5 : 1 33 8 2 . 2 1 0 . 2 30 1 5 . 0 106 3 7 .0

oLA•
1—

1 0 . 0 6 2 5 : 1 3 4 18 3 . 9 2 1 . 9 32 1 7 . 0 81 2 6 . 0
0 . 1 2 12 ; 5 : 1 33 22 2 . 0 2 4 . 0 37 1 8 . 0 85 2 8 . 0

0 . 2 4 6 . 2 5 : 1 3 8 24 4 . 7 2 8 . 7 39 2 0 . 0 104 3 4 .0
0 . 6 0 2 . 5 : 1 3 4 14 1 . 5 1 5 . 5 32 2 1 . 0 93 2 9 . 0

3 . 0 0 0 .0 6 5 0 : 1 3 0 11 0 . 9 1 1 . 9 35 1 5 . 0 86 2 2 . 0
0 .1 2  •- 2 5 : 1 3 0 .14 2 . 5 1 6 . 5 40 1 7 . 0 100 2 5 .0

0 . 2 4 1 2 : 1 33 18 5 . 0 2 3 . 0 37 1 8 . 0 105 2*9.0
0 .6 0 5 : 1 3 5 19 5 . 8 2 4 . 8 37 2 1 . 0 85 2-5.0

* F i g u r e s  r e p r e s e n t  a v e r a g e  o f  t h r e e  r e p l i c a t e d  p o t s .  
W e ig h t s  a r e  d r y  w e i g h t  i n  g r a m s .
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30

25-

2 0 - _

15

10 —

0
Mg N i l  
Ca .75 1 .5  3 .0

n n n__
.06  .12  . 24  .6 0 .0 6  .12 . 24  .6  

N i l  .75 M.E.
.06  .12 . 24  .60

1 .5  M.E.
.06  .12  .24  .60  

3 . 0  M.E.
vn\o

F i g .  2 0 .  E f f e c t  of i n t e r a c t i o n  o f  d i f f e r e n t  l e v e l s  of  Ca and Mg 
on t h e  y i e l d  o f  to m a to  p l a n t s  i n  Q u a r t z  sand c u l t u r e .
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25-

20 -

15

1 0 -

o i i i i i i r~ i
Mg N i l  .06  .12 .2 4  .60  .06  .12  .24  .60
Ca .75 1 . 5  3 . 0  N i l  .75 m .E .

.66  .12 .24  .60
1 .5  M.E.

.06  .12 .2 4  .60  
3 . 0  M.E.
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F i g .  2 1 .  E f f e c t  of i n t e r a c t i o n  o f  d i f f e r e n t  l e v e l s  of Ca 
and Mg on t h e  y i e l d  of Tobacco i n  sand c u l t u r e .



i n c r e m e n t  of m agnes ium  a n d  t h e  h i g h e s t  y i e l d  of to m a to  and 

t o b a c c o  was o b t a i n e d  when t h e  r a t i o  of  c a l c i u m  t o  magnesium 

was w i t h i n  t h e  r a n g e  of 3 :1 -  and 6 : 1 .  W ith  a w id e r  r a t i o  

t h e r e  was l i t t l e  or no f u r t h e r  r i s e  i n  y i e l d .  However, c o rn  

r e s p o n d e d  t o  a  n a r ro w  Ca:Mg r a t i o  of 3 : 1  t o  2 . 5 : 1 .

W is n e r  S o i l . As shown i n  T a b le  XV and F i g s .  22 ,  2 3 

a n d  21+, t h e  y i e l d  d a t a  of  to m a to  and t o b a c c o  show t h e  same 

t r e n d  o n  t h e  W is n e r  s o i l .  Growth and y i e l d  of t h e s e  two 

c r o p s  i n  t h i s  c a l c a r e o u s  s o i l  was h i g h e r  when th e  Ca:Mg 

r a t i o  was  w i t h i n  t h e  r a n g e  o f  3 : 1  t o  2 : 1 .  Beyond t h i s  r a t i o  

g ro w th  as  w e l l  a s  y i e l d  was d e p r e s s e d .  Good t i l t h  and  

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

o f  t h e  t o b a c c o  c r o p .  High  c o n c e n t r a t i o n s  of  magnesium 

d e s t r o y e d  t h e  t i l t h ,  r e s t r i c t e d  r o o t  g r o w th ,  and  t h e r e b y  

l o w e r e d  t h e  y i e l d s .

The d a t a  f o r  t h e  y i e l d  of c o r n  i n  Table  XV and  

F i g .  21+ i n d i c a t e  t h a t  i n  t h i s  c a l c a r e o u s  s o i l  t h e  a p p l i 

c a t i o n  o f  m agnes ium  gave b e t t e r  g r o w t h  w i t h  100% c a l c i u m  

s a t u r a t i o n .  ^At t h e  h i g h e r  c o n c e n t r a t i o n s  of c a l c i u m ,  

p o t a s s i u m  a p p e a r e d  to .  be  t h e  l i m i t i n g  f a c t o r .  The a n a l y s i s  r 

o f  c o r n  p l a n t s  p r e s e n t e d  i n  Table  XXII shows t h a t ,  i n  

c o m p a r i s o n  w i t h  the  c h e c k ,  t h e  u p ta k e  of p o t a s s i u m  i n -  

-  c r e a s e d  w i t h  i n c r e a s e d  m agnes ium  c o n c e n t r a t i o n  w h i l e  an  ' 

a p p r e c i a b l e  r e d u c t i o n  t o o k  p l a c e  i n  t h e  a b s o r p t i o n  o f  

c a l c i u m .  The t o t a l  a b s o r p t i o n  of t h e  two d i v a l e n t  c a t i o n s  

was p r a c t i c a l l y  c o n s t a n t .  Thus ,  t h e  r a t i o  — was
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TABLE XV

E f f e c t  o f  D i f f e r e n t  L e v e l s  o f  C a lc iu m  and Magnesium on 

th e  Y i e l d  of Tomato-, Tobacco  and Corn i n  W isner  S o i l *

D egree  
o f  S a t 
u r a t i o n  
Ca Mg Ca:Mg

Tomato Tobacco Corn

H t . Vine F r u i t Y i e l d H t . Y i e l d Ht-. Y i e l d

lo  T Cm Cm Cm

60 36 15 51 57 17 150 44

100 10 1 0 : 1 65 42 1 8 .5 6 0 . 5 60 20 174 48

25 4 : 1 73 42 2 0 .5 ■62.5 63 29 145 4 9 . 5

50 2 : 1 75 50 2 3 .0 7 3 . 0 50 49 140 5 0 .5

75 1 . 3 : 1  . 65 40 12 .0 5 2 .0 28 16 12 5 39

100 1 : 1 60 28 12 .0 4 0 .0 27 9 120 37

150 10 1 5 : 1 70 50 6 . 0 5 6 .0 2 4 10 125 35

25 6 : 1 68 40 1 9 .0 5 9 .0 27 15 113 38

50 3 : 1 68 40 1 0 .0 5 0 .0 20 6 108 35

75 2 :  i 50 35 9 . 0 44 * 0 18 4 108 32

100 1 . 5 : 1 48 32 7 . 0 3 9 . 0 14 4 106 24

* F i g u r e s  r e p r e s e n t  a v e r a g e s  of t h r e e  r e p l i c a t e d  p o t s .

W e ig h t s  a r e  d r y  w e i g h t s  i n  g ram s .
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h i g h e r  w i t h  i n c r e a s e d  r a t e s  o f  m agnes ium. A, r e l a t i v e l y  
Co. M«n a r ro w  — g — “  r a t i o  o f  2 to  3 f a v o r e d  growth  and y i e l d  

w h i le  a  r a t i o  of 4 o r  more c a u se d  p o t a s s i u m  d e f i c i e n c y  - 

and t h e r e b y  lo w e r e d  t h e  y i e l d .  T h is  i s  i n  l i n e  w i th  r e 

s u l t s  r e p o r t e d  by S t a n f o r d  e t  a l  ( 5 6 ) .  Higb c a l c i u m  c a r 

b o n a te  c o n c e n t r a t i o n  of c a l c a r e o u s  s o i l  e x e r t s  a  r e p r e s 

s i v e  e f f e c t  on t h e  a v a i l a b i l i t y  of p o t a s s i u m  and the  r e 

sp o n s e  of c r o p s  t o  magnesium, i s ,  t h e r e f o r e ,  low.

P l a i n f i e l d  and Fox S a n d . As shown i n  F i g s .  25 t h r o u g h  

2 $ , g r o w t h  and y i e l d  of  t o m a t o ,  t o b a c c o  and c o r n  i n  t h e s e

two s o i l s  f o l l o w  t h e  same p a t t e r n .  The f o u r  l e v e l s  of

c a l c i u m  and m agnesium  s a t u r a t i o n ,  w h ic h  r e p r e s e n t  a v a r i a 

t i o n  i n  b o t h  t h e  s u p p l y  of e x c h a n g e a b le  b a s e s  a n d  H io n  

c o n c e n t r a t i o n ,  i n d i c a t e  t h a t  th e  r e s p o n s e  of c r o p s  to  m ag

n e s iu m  i s  g r e a t e r  w i t h  i n c r e a s e d  c a l c i u m  c o n c e n t r a t i o n .

Of t h e  17 t r e a t m e n t s  shown i n  T a b l e s  XVI and XVII f o r  

P l a i n f i e l d  and Fox  s a n d ,  r e s p e c t i v e l y ,  t h e r e  w e re  f i v e  

e q u a l  l e v e l s  of t o t a l  b a s e s  c o n t a i n e d  i n  e a c h  s o i l ,  v i z .

3 . 9 5 ,  4 * 8 4 ,  5 .73  a n d  6 .2 0  m . e .  p e r  100 gms. o f  P l a i n f i e l d

sand  a n d  3 . 7 5 ,  4 * 6 4 ,  5 .48  a n d  6 .3 3  m . e .  p e r  100 gm. Fox

s a n d .  E ach  l e v e l  was made up by  v a r y i n g  t h e  d e g re e  of 

Ca an d  Mg s a t u r a t i o n .  For  i n s t a n c e ,  4 . 8 4 ' m .e .  p e r  100 gm. 

P l a i n f i e l d  sand i n  T ab le  XVI was o b t a i n e d  by 50 pe r  c e n t  

Ca s a t u r a t i o n  and 75 of Mg s a t u r a t i o n ,  75 p e r  c e n t  Ca 

s a t u r a t i o n  and 50 p e r  c e n t  Mg s a t u r a t i o n  o r  100 p e r  c e n t  

Ca and 25 p e r  c e n t  Mg s a t u r a t i o n .  The s o i l  had  an  ex

change c a p a c i t y  o f  3 .5 6  m . e .  f o r  100 gm. s o i l .  The t o t a l
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TABLE XVI

E f f e c t  of  D i f f e r e n t  L e v e l s  of  C a lc iu m  and Magnesium on 

t h e  Y i e l d  o f  Tom ato ,  Tobacco and Corn Crop i n  P l a i n f i e l d  

Sand*

D eg ree  
o f  S a t  Tomato Tobacco Corn
u r a t i o n
Ca Mg Ca:Mg H t . V in e F r u i t Y i e l d H t . Y i e l d H t . Y i e l d

1o fo Cm
50 15 8 23

Cm
40 23

Cm
160 30

50 25 2 : 1 52 18 1 0 28 51 26 165 55

50 1 :1 58 25 11 36 46 28 170 68

75 • 66.;1 55 20 10 30 41 23 153 58

100 1 5 :1 50 18 7 25 32 20 143 50

75 25 3 : 1 57 25 11 36 48 27 155 60

50 1 . 5 : 1 60 25 12 37 46 32 165 80

75 1 : 1 60 23 8 31 41 26 150 68

100 . 6 6 : 1 55 23 8 31 33 19 140 52

100 25 4 : 1 60 27 10 42 56 40 140 65

50 2 : 1 65 29 20 49 56 49 155 68

75 1 . 3 : 1 65 25 14 : 39 48 28 140 55

100 1 : 1 60 20 12 32 48 28 125 50

150 25 6 : 1 65 29 8 37 50 29 125 52

5° 3 : 1 64 30 12 42 56 35 150 50

75 2 : 1 62 25 13 38 56 25 162 65

100 1 . 5 : 1 54 22 13 35 47 25 150 50

* F i g u r e s  r e p r e s e n t  a v e r a g e s  of t h r e e  r e p l i c a t e d  p o t s .
W e i g h t s  a r e  d r y  w e i g h t s  i n  g ra m s .



TABLE XVII

E f f e c t  o f  D i f f e r e n t  L e v e l s  of C a lc iu m  a n d  M agnes ium  o n  

t h e  Y i e l d  of T o m a t o ,  Tobacco and C orn  C rop  i n  Fox  S a n d *

D e g r e e  
o f  S a t 
u r a t i o n
Ca Mg Ca:Mg

T o m a to Tobacco C o r n
H t . V i n e F r u i t T o t a l H t . Y i e l d H t . Y i e l d

io . %
4 4 12 2 14 40 12 140 40

50  25 2 : 1 50 16 5 2 1 44 15 1 5 4 7 6

50 1 : 1 53 1 6 6 .5 2 2 . 5 38 18 161 8 4

75 . 6 6 : 1 4 4 1 4 6 20 30 12 1 38 72

100 5 : 1 35 1 4 3 17 25 10 1 2 4 42

75 25 3 : 1 55 1 6 7 23 38 16 162 1 1 0

50 1 . 2 5 : 1 52 I S 9 27 34 19 1 2 4 82 .

75 1 : 1 4 6 15 6 21 30 1 4 ' 112 7 0

100 . 6 6 : 1 45 11 3 1 4 22 10 106 54

1 00  25 4 :  1 59 1 6 12 2 8 39 2 0 .5 136 90

50 2 : 1 59 1 8 10 28 38 17 116 80

75 i .  3 : 1 53 1 6 9 25 28 12 116 65

100 1 : 1 53 12 8 20 24 12 100 50

1 5 0  25 6 : 1 50 19 10 29 32 18 110 50

50 3 : 1 57 2 5 15 4 0 '3 6 24 88 60

75 2 : 1 57 25 12 37 32 19 90 6 8

• 100 1 . 5 : 1 53 2 0 10 30 29 17 85 50

* F i g u r e s  r e p r e s e n t  a v e r a g e s  o f  t h r e e  r e p l i c a t e d  p o t s .
W e ig h t s  a r e  d r y  w e i g h t s  i n  g ra m s .
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c a t i o n  c o n c e n t r a t i o n  i n  e a c h  of t h e  t r e a t m e n t s  was  t h e  same 

w h i l e  t h e  r a t i o  o f  Ca:Mg was 0 . 6 6 : 1 ,  1 . 5 : 1  and  4 : 1 ,  r e s p e c 

t i v e l y .  The pH of  t h e  s o i l  r e c e i v i n g  su ch  t r e a t m e n t s  w as  

4 . 9 ,  5 .4  and  5 . 8 ,  r e s p e c t i v e l y .  R e d u c t i o n  of a c i d i t y  was 

i n f l u e n c e d  more by  Ca t h a n  by  Mg. The y i e l d s  o f  t h e  t o 

mato  c r o p  w i t h  t h e s e  t r e a t m e n t s  w e r e  30 , 37 and  40 gms, 

r e s p e c t i v e l y .  Y i e l d s  of t o b a c c o  f o l l o w  t h e  same p a t t e r n .

The same r e l a t i v e  3r i e l d s  w ere  o b t a i n e d  w i t h  Fox s a n d .

T hu s ,  i n  a c i d  s o i l s ,  low c a l c i u m  and  h i g h  magnesium d e 

p r e s s e d  t h e  y i e l d  w h i l e  h i g h  c a l c i u m  a n d  low magnesium  

i n c r e a s e d  t h e  y i e l d .  The r a t i o  o f  Ca:Mg g i v i n g  h i g h e s t  

y i e l d  was 4:1> b u t  b e y o n d  t h i s  r a t i o ,  a s  w i l l  be s e e n  f ro m  

T ab le  XVI and  X V I I ,  y i e l d s  f e l l  s h a r p l y ,  i n d i c a t i n g  t h a t  

h i g h  c a l c i u m  s a t u r a t i o n  o v e r s h a d o w e d  t h e  e f f e c t  o f  mag

n e s i u m  a p p l i c a t i o n .

Y i e l d s  of c o r n ,  a s  p r e s e n t e d  i n  T a b l e s  XVI and XV II ,  

showed a d i f f e r e n t  t r e n d  f r o m  t h a t  of  to m a to  and t o b a c c o .  

H i g h e r  y i e l d s  w e r e  o b t a i n e d  w i t h  h i g h e r  c o n c e n t r a t i o n  o f  

magnesium a t  a c o n s t a n t  l e v e l  of c a l c i u m  s a t u r a t i o n .  B en d er  

anri : . .E isenmenger  (9)  h a v e  shown t h a t  t h e  e f f e c t  o f  one 

c a t i o n  on t h e  a b s o r p t i o n  of a n o t h e r  c a t i o n  was d e p e n d a n t  

upon p l a n t  s p e c i e s  p r o v i d e d  t h e  s o i l  c o n d i t i o n s  r e m a i n  c o n 

s t a n t .  Growth a n d  y i e l d  of  c o r n ,  to m a to  a n d  t o b a c c o  a t  

t h e  i n c r e a s i n g  l e v e l  of m agnes ium  s a t u r a t i o n  a t  a  c o n s t a n t  

l e v e l  of c a l c i u m  s a t u r a t i o n  e m p h a s i z e  t h a t  p o i n t .

H i l l s d a l e  S u b s o i l . Y i e l d s  o f  t o m a t o  and t o b a c c o  a r e  

g iv e n  i n  T a b l e - X V I I I  and  a r e  shown i n  F i g s .  29 a n d  30.
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Compared w i t h  t h e  y i e l d  o b t a i n e d  f r o m  no a p p l i c a t i o n  of  

Ca o r  Mg, t h e  r e s p o n s e  of c r o p s  t o  Mg a p p l i c a t i o n  was v e r y  

l i t t l e  when t h e  p e r c e n t a g e  o f  c a l c i u m  s a t u r a t i o n  was i n 

c r e a s e d  t o  1 5 0 . O v e r l i m i n g  i n t e r f e r e d  w i t h  t h e  a v a i l a b i l i t y  

o f  o t h e r  n u t r i t i v e  e l e m e n t s  an d  t h e  r e s p o n s e  t o  m agnesium  

f e r t i l i z a t i o n  was n o t  w e l l  m a rk e d .  A c o m p a r i s o n  of t h e  

h e i g h t  of t o m a t o  p l a n t s  a s  a f f e c t e d  by  v a r i o u s  t r e a t m e n t s  

g i v e s  a n  i n d i c a t i o n  o f  t h e  i n f l u e n c e  of  m agnesium  on t h e  

v e g e t a t i v e  g r o w th  o f  t o m a t o ,  b u t  t h e r e  was p r a c t i c a l l y  no 

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

c a r b o h y d r a t e  h i t r o g e n  m e t a b o l i s m  so e s s e n t i a l  f o r  s a t i s 

f a c t o r y  r e p r o d u c t i v e  p h a s e  of t h e  p l a n t .
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TABLE XV III

E f f e c t  o f  D i f f e r e n t  L e v e l s  of Lime and Magnesium F e r t i l i z e r  

on t h e  Y i e l d  of Tomato and Tobacco i n  H i l l s d a l e  S u b s o i l *

D egree  o f  
S a t u r a t i o n

Ca:Mg

Tomato Tobacco

Ca Mg H t . Vine F r u i t T o t a l H t . Y i e l d

* 1o cm cm

6 9 .6 2 2 . 7 3 . 1 : 1 35 1 1 .8 2 . 3 1 4 . 1 77 15

75 50 1 . 5 : 1 42 1 2 .6 3 .3 1 5 . 9 75 18

75 1 : 1 46 1 7 .5 2 . 0 1 9 .5 75 20

100 0 . 7 5 : 1 38 1 2 .2 3 .9 1 6 . 1 82 22

100 50 2 : 1 40 1 4 .2 2 . 0 1 6 .2 67 19

75 1 . 3 3 : 1 42 1 5 .1 2 . 2 1 7 .3 64 23

100 1 : 1 39 1 6 .6 1 . 9 1 8 .5 68 25

150 50 3 : 1 40 1 1 .5 1 . 0 1 2 .5 44 14

75 2 : 1 37 1 2 .1 2 . 0 1 4 .1 48 i 4

100 1 . 5 : 1 39 1 1 .1 2 . 5 1 3 .6 • 50 15

* F i g u r e s  r e p r e s e n t  a v e r a g e  of t h e  t h r e e  r e p l i c a t i o n s .

W e i g h t s  a r e  d r y  w e i g h t s  i n  g ra m s .



Y
ie

ld
 

of 
dr

y 
m

at
te

r 
in 

gr
am

s
25r

2C-

15-

1C

0

o

£
o

Mg % 
Ca fo

a  t> o<—i
75

"O 'VTv O  
*A I>- O

I I100
“cr u=C 
<a  cs-

150

F i g . 2 9 .  E f f e c t  of  d e g r e e  of Ga and Mg
s a t u r a t i o n  on; the  y i e l d s  o f
tom ato  i n  H i l l s d a l e  s u b s o i l .

(DOT

2 5  r

20

1 5 -

10

M
o

x jo
0

O IA O 
1A OI 1

75

O <->
UA O- O

I—I100
>a  o

i—I
150

F i g . 3 0 .  E f f e c t  of d e g r e e  of  Ca and Mg 
s a t u r a t i o n  on th e  y i e l d s  of  
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P l a n t  C o m p o s i t io n

D a ta  p r e s e n t e d  i n  T a b l e s  XIX th rough .  X X I I I  show t h e  

amount and  p r o p o r t i o n  of c a l c i u m ,  m agnes ium  and p o t a s s i u m  

i n  t o m a t o ,  t o b a c c o  and c o r n  c r o p s  i n  r e l a t i o n  t o  t h e  c o n 

c e n t r a t i o n  of t h e s e  i o n s  i n  s o i l .

C a lc iu m . From F i g s .  31 t h r o u g h  4 0 ,  ' i t  i s  s e e n  t h a t  

t h e  c o n c e n t r a t i o n  of m agnes ium  i n  t h e  s o i l  i n f l u e n c e d  t h e  

a b s o r p t i o n  of  c a l c i u m  b y  t h e  p l a n t .  When t h e  c o n c e n t r a t i o n  

o f  m agnes ium  was low t h e  c a l c i u m  c o n t e n t  of t h e  c ro p  i n 

c r e a s e d  f a i r l y  c o n s i s t e n t l y  w i t h  i n c r e a s e d  a p p l i c a t i o n  of  

c a l c i u m  t o  t h e  s o i l ,  a l t h o u g h  t h i s  i n c r e a s e  i n  no way 4jva.s-pro

p o r t i o n a l  t o  t h e  i n c r e a s e d  amounts  t h a t  w e re  a d d e d  i n  e x c e s s  

o f  t h e  o r i g i n a l  amount  p r e s e n t  in  t h e  s o i l .  As t h e  d e g r e e  

o f  m agnes ium  s a t u r a t i o n  i n c r e a s e d  f r o m  25 p e r  c e n t  t o  100  

p e r . c e n t  of th e  t o t a l  e x c h a n g e  c a p a c i t y  o f  t h e  s o i l ,  t h e  

c a l c i u m  c o n t e n t  of t h e  c r o p  s i g n i f i c a n t l y  d e c r e a s e d .  Even 

t h e  t r e a t m e n t s  w i t h  e q u i m o l e c u l a r  c o n c e n t r a t i o n  of c a l c i u m  

and  magnesium r e s u l t e d  i n  a  lo w e r  c o n t e n t  of c a l c i u m  and  a 

h i g h e r  c o n t e n t  of m agnes ium  i n  th e  p l a n t s .  M o b i l i z a t i o n  

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

by t h e  c o n c e n t r a t i o n  of m agnesium  i n  the  s o i l .  I n  a l l  of 

t h e  s o i l s  a n d  w i t h  a l l  t h r e e  c r o p s  s t u d i e d  i t  was e v i d e n t  

t h a t  magnesium  a c t e d  a s  a  r e t a r d i n g  i o n  t o  c a l c i u m  u p t a k e  

and  t h e  r e t a r d i n g  i n f l u e n c e  i n c r e a s e d  w i t h  i n c r e a s e d  c o n 

c e n t r a t i o n  of t h e  m agnes ium  i o n .



TABLE XIX
i

E f f e c t  of C a lc iu m  and Magnesium on t h e  M i n e r a l  C o m p o s i t io n  o f
Tomato ,  Tobacco a n d  Corn Crops  i n  Q u a r t z  S an d .  ( I n  M i l l i -

e q u i v a l e n t s  p e r  100 gm. d r y  m a t t e r ) .

M.E. of 
c a t i o n s a p p l i e d

Ca:Mg
Tomato Tobacco Corn

Ca Mg Ca Mg K T o t a l Ca Mg K T o t a l Ca Mg K T o t a l

0 .7 5 0 .0 6 1 2 .5  :1 90 27 61 178 84 32 58 174 38 17 64 119
0 .1 2 6 .2 5 :1 74 57 60 191 78 40 60 178 33 30 72 135
0 .2 4 3 .1 :1 61 81 69 211 55 50 69 174 24 36 64 124
0 .6 0 1 .2 5 :1 48 101 51 200 43 60 71 174 22 40 59 121

1 .6 0 0 .0 6 2 5 :1 92 27 61 180 87 30 84 201 36 19 69 134
0 .1 2 1 2 .5 :1 85 47 57 189 75 51 87 213 27 21 74 122
0 .2 4 6 .2 5 :1 75 54 60 189 67 61 92 220 21 33 82 136
0 .6 0 2 .5 : 1 58 90 47 195 60 65 97 222 18 52 70 140

3 .0 0 0 .0 6 5 0 :1 101 26 64 185 105 25 66 196 41 25 64 130
0 .1 2 2 5 :1 85 42 54 182 100 25 69 194 30 30 64 124
0 .2 4 1 2 :1 85 49 48 183 87 37 89 213 27 35 70 132
0 .6 0 5 :1 70 1 94 47 211 68 37 79 184 23 40 65 128

- < 3ON



TABLE XX

E f f e c t  o f  D i f f e r e n t  L e v e l s  of  C a lc iu m  and  Magnesium on t h e
C o m p o s i t io n  of Tomato,  Tobacco a n d  Corn C ro ps  i n  W is n e r

S o i l .  (M.E. p e r  100 gms d r y  m a t t e r ) .

M .E .o f
c a t  1*0 a s  added"12

Ca:Mg
Tomato Tobacco G orn

Ca Mg Ca Mg K Tot a l Ca Mg K T o ta l Ca Mg K T o ta l

1 6 .7 5  0 .9 8 1 7 :1 86 70 16 172 138 38 27 203 61 38 43 142

1 8 .3 2  2 .2 9 1 0 :1 101 77 11 189 101 61 43 20 5 61 42 27 130

4 .5 8 4 :1 98 95 13 206 101 81 31 213 52 62 28 142

9 .1 6 2 :1 82 110 14 206 76 88 41 205 58 68 34 160

1 3 .7 4 1 .3 : 1 69 129 14 212 66 144 45 255 52 72 28 152

1 8 .3 2 1 :1 58 145 10 213 48 156 i 35 239 51 83 20 154
2 7 .4 8  2 .2 9 1 5 :1 109 87 11 207 138 68 64 270 72 50 20 142

4 .5 8 6 :1 92 110 15 217 ' 120 90 73 283 66 56 27 149
9 .1 6 3 :1 74 124 19 217 106 129 81 316 58 53 29 140

1 3 .7 4 2 :1 60 140 20 220 106 ,141 82 323 56 66 30 152

1 8 .3 2 1 .5 :1 59 145 14 228 85 169 69 323 54 66 27 147



TABLE XXI

E f f S c t  of  D i f f e r e n t  L e v e l s  of C a lc iu m  and Magnesium on t h e
C o m p o s i t io n  of Tomato, Tobacco  and Corn C rops  i n  P l a i n 

f i e l d  S o i l .  (M.E. p e r  100 gms d r y  m a t t e r ) .

M .E .o f  
e a - t io n s ad ri fid

Ca:Mg
Tomato j Tobacco Corn

Ca Mg Ca Mg K Tot a l Ca Mg K T o t a l Ca Mg K T o t a l

1 .1 0 0 .6 3 72 29 11 112 101 35 45 181 29 18 36 83
1 .7 8 ' 0 .8 9 2 :1 73 46 8 127 107 49 45 201 48 22 21 91

1 .7 8 1 :1 54 80 12 146 59 80 49 188 36 21 29 86
2 .6 7 0 .6 6 :1 46 95 14 155 56 108 51 215 28 50 34 112
3 .5 6 0 .5 : 1 43 100 10 153 49 114 84 247 22 55 48 122

2 .5 6 0 .8 9 3 :1 82 42 10 134 78 51 47 176 56 28 49 133
1 .7 8 1 .5 : 1 72 84 12 168 84 78 47 209 23 47 51 121
2 .6 7 1 :1 56 93 14 163 57 98 57 212 23 50 51 124
3 .5 6 0 .7 5 :1 52 j 97 9 158 55 112 72 . 239 22 55 42 119

3 .5 6 0 .8 9 4 :1 88 42 9 139 87 44 33 164 60 40 31 131
1 .7 8 2 :1 72 77 10 159 54 71 43 168 32 50 42 124
2 .6 7 1 .2 5 :1 61 85 12 158 52 93 47 192 23 53 46 122
3 .5 6 1 :1 58 88 8 154 40 113 40 193 26 53 47 126

5 .3 4 0 .8 9 6 :1 98 33 8 139 95 53 37 185 46 33 38 117
1 .7 8 3 :1 86 66 10 162 72 68 34 174 41 33 31 .■ 105
2 .6 7 2 :1 75 100 10 185 42 65 34 111 j 32 59 47 138
3 .5 6 1 .5 : 1 65 100 6 171 46 100 24 170 29 62 55 146



TABLE XXII
j

E f f e c t  of D i f f e r e n t  L e v e l s  of C a lc iu m  and Magnesium on t h e
C o m p o s i t io n  of Tomato, Tobacco and  Corn C ro p s  i n  Fox

S a n d .  (M.E. f o r ,  100 gms s o i l )  .

call ions--- .add ed  Tomato
Ca Mg Ca :Mg Ca Mg K T ota .

1 .2 4 0 . 3 1 4 : 1 64 52 30 146
1 .7 0 0 .8 5 2 : 1 68 61 21 150

1 .7 0 1 : 1 60 84 27 171
2 . 5 5 0 . 7 5 : 1 42 112 30 174
3 . 4 0 3 : 1 42 127 27 196

2 .5 5 0 .8 5 3 : 1 78 94 16 188
1 .7 0 1 . 5 : 1 69 99 18 186
2 . 5 5 1 : 1 58 119 24 191
3 .4 0

i—1ir\• 54 132 20 206
3 .4 0 0 .8 5 4 : 1 1 90 68 : 14 172

1 . 7 0 2 : 1 85 92 17 194
2 .5 5 1 . 3 3 : 1 80 109 19 208
3 .4 0 1 : 1 69 121 20 210

5 .1 0 0 .8 5 6 : 1 104 56 14 174
1 .7 0 3 :1 88 89 16 193
2 . 5 5  ' 2 : 1 74 103 29 206
3 .4 0 1 . 5 : 1 65 124 20 209

 T o b a c c o _______________ Corn___________
Ca Mg K T o t a l  Ca Mg K T o t a l

40 13 37 90 24 30 41 95
46 77 49 172 49 48 57 154
45 92 77 214 40 51 52 143
27 102 80 209 40 58 53 151
33 105 60 195 32 64 62 158
55 49 50 154 51 37 34 122
43 73 66 182 35 53 48 136
35 81 70 186 34 56 68 158.
34 102 52 188 30 71 56 157
60 1 44 52 156 58 39 49 136
48 55 58 161 52 48 60 160
35 71 70 176 44 62 65 171
26 90 65 181 34 83 57J 174
77 32 55 164 70 36 52 158
66 49 65 180 52 51 48 151
39 66 68 173 ' 46 44 52 142
35 68 62 165 46 59 41 146
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TABLE X X II I

E f f e c t  of D i f f e r e n t  L e v e l s  o f  C a lc iu m  and  
Magnes ium  on t h e  C o m p o s i t i o n  of  Tomato 

a nd  T obacco  i n  H i l l s d a l e  S u b s o i l .
(M.E. p e r  100 gms d r y  m a t t e r )

M . E . o f  Ca-
fKTrmc, -ahripfl '  Tomato Tobaccoc a  ' J mg Ca:Mg Ua Mg- K Tot a l  Ha Mg K T o ta l

0 . 9 2 0 . 3 0 3 : 1 100 59 13 172 87 35 71 193

0 . 9 9 0 .6 6 1 . 5 : 1 63 73 16 157 81 61 71 213

0 . 9 9 1 : 1 57 80 11 148 85 79 79 243

1 .3 2

i—
I 

« •
ir\
C

'-•
O

41 87 10 138 82 6 1 71 214

1 . 3 2 0 .6 6 2 : 1 60 40 15 115 82 30 71 183

0 . 9 9 1 3 3 : 1 58 80 17 155 67 60 70 197

1 .3 2 I : 1 47 85 15 147 54 75 71 200

1.198 0 .6 6 3 : 1 107 63 15 185 104 30 82 216

0 . 9 9 2 : 1 68 59 15 142 95 4 4 78 217

1 .3 2 1 . 5 : 1 48 62 14 124 77 64 78 219
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p l a n t s  i n  V/isner  s o i l .
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F i g .  4 0 .  The e f f e c t  of  d e g r e e  o f  Ca and Mg
s a t u r a t i o n  on t h e  Ca c o n t e n t  of
t o b a c c o  p l a n t s  i n  H i l l s d a l e  s u b s o i l .
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M a g n es iu m . The g r a p h s  ( F i g s .  4 1  t h r o u g h  5 0 ) ,  show ing  

t h e  m agnes ium  c o n t e n t  o f  t o m a t o ,  t o b a c c o  and c o r n  grown i n  

q u a r t z  s a n d  c u l t u r e  and i n  t h e  f o u r  d i f f e r e n t  s o i l  t y p e s ,  

a r e  a l m o s t  s t r a i g h t  l i n e s  i n d i c a t i n g  t h e r e b y  t h a t  by  i n 

c r e a s i n g  t h e  d e g r e e  of m agnes ium  c o n c e n t r a t i o n  a t  e a c h  l e v e l  

o f  c a l c i u m  c o n c e n t r a t i o n  i n c r e a s e d  a m o u n ts  of m agnes ium  was 

d e l i v e r e d  t o  . t h e  c r o p .  From an e q u i m o l e c u l a r  c o n c e n t r a t i o n  

o f  c a l c i u m  a nd  m agnes ium ,  e . g .  1 8 .3 2  m . e .  of Ca and 1 8 .3 2  

m . e .  of  Mg ( T a b l e  XX ) ; 1 . 7 8 ,  2 . 6 7 ,  3 . 5 6  m . e .  o f  Ca and Mg 

(Table  Z Z I ) ; and 1 . 7 0 ,  2 . 5 5  and 3*54 m . e .  of Ca and  Mg 

(T ab le  2XEI) more  m agnes ium  t h a n  c a l c i u m  h a s  been  t a k e n  up 

by t h e  p l a n t .  At low c o n c e n t r a t i o n s  of m agnes ium , e i t h e r  

a t  10 p e r  c e n t  s a t u r a t i o n  i n  W isn e r  s o i l  or  25 p e r  c e n t  

s a t u r a t i o n  i n  P l a i n f i e l d  and  Fox  s a n d ,  i n c r e a s i n g  c o n c e n 

t r a t i o n  of c a l c i u m  i n  t h e  s o i l  r e s u l t e d  i n  g r e a t e r  u p t a k e  

o f  c a l c i u m  b y  p l a n t s .  At h i g h e r  magnesium  c o n c e n t r a t i o n s  

the  u p t a k e  of c a l c i u m  was s u p p r e s s e d .  T h u s ,  when t h e  Ca:Mg 

r a t i o  i n  the  s o l u t i o n  was n a r r o w ,  magnesium  had  a s u p p r e s 

s i v e  e f f e c t  on t h e  u p ta k e  of c a l c i u m  and  t o  c e r t a i n  e x t e n t  

on the  u p tak e  of p o t a s s i u m .

The a b s o r p t i o n  of i n c r e a s e d  i n c r e m e n t s '  of magnesium 

n e i t h e r  i n d u c e d  good g r o w t h  n o r  p r o d u c e d  a n y  i n c r e a s e  i n  

y i e l d .  Such a n  a b s o r p t i o n  of m agnes ium  i s  c o n s i d e r e d  a 

l u x u r y  c o n s u m p t i o n .  At t h e  l o w e r  r a n g e  of c o n c e n t r a t i o n s  

of  t h e  e l e m e n t  i n  th e  s o i l  t h e r e  seemed t o  b e  e c o n o m i c a l  

u t i l i z a t i o n  of n u t r i e n t s  a n d  h e n c e  b e t t e r  g ro w th  and y i e l d  

o f  t h e  c r o p s .

4
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F i g .  4 3 .  The e f f e c t  of  d e g r e e  of Ca and Mg 
s a t u r a t i o n  on t h e  Mg c o n t e n t  of 
tomato  p l a n t s  i n  W isner  s o i l .
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I n  te rm s  o f  m agnes ium  c o n c e n t r a t i o n s  and t o t a l  mag-> 

n e s iu m  c o n t e n t  of t h e  c r o p s ,  t h e y  w e r e  g r e a t e r  i n  t h e  a c i d  

s o i l s  th a n  i n  the  c a l c a r e o u s  s o i l s .  Thus ,  t h e  a b s o r p t i o n  

of  b o t h  c a l c i u m  and  m agnes ium  d e c r e a s e d  a t  t h e  h i g h e r  pH 

v a l u e s .  When a c i d  s o i l s ,  such  a s  P l a i n f i e l d  and Fox s a n d ,  

w ere  l im e d  to  a  n e u t r a l  c o n d i t i o n  t h e  b a s e  s t a t u s  of t h e  

s o i l s  and t h e  m o b i l i t y  of t h e  c a l c i u m  a s  w e l l  a s  magnesium  

was i n c r e a s e d .

P o t a s s i u m . As i n d i c a t e d  i n  F i g s .  51 th r o u g h  6 0 ,  th e  

p o t a s s i u m  c o n t e n t ,  of t o m a t o ,  t o b a c c o  and c o r n  a p p e a r e d  to  

be i n f l u e n c e d  more  b y  th e  magnesium th a n  t h e  c a l c i u m  c o n 

t e n t  of t h e  s o i l .  I n c r e a s i n g  c o n c e n t r a t i o n s  of c a l c i u m  

i n  the  s o i l  had  b u t  l i t t l e  i n f l u e n c e  on t h e  up take  o f  p o 

t a s s i u m  by the  p l a n t s .  W i th  .a c o n s t a n t  amount  of  p o t a s s i u m  

i n  t h e  s o i l ,  t h e  p e r c e n t a g e  a s  w e l l  a s  t h e  t o t a l  amount  o f  

p o t a s s i u m  a b s o r b e d  b y  t o m a t o ,  t o b a c c o  and c o r n  i n c r e a s e d  

w i t h  i n c r e a s i n g  magnesium  c o n c e n t r a t i o n s ,  when t h e  c o n t e n t  

o f  c a l c i u m  rem a in ed  c o n s t a n t .  T h u s ,  t h e r e  i s  a p p a r e n t l y  

a " s y n e r g i s t i c '  e f f e c t "  o f  m agnesium  on p o t a s s i u m  in asm u c h  

a s  t h e  f o r m e r  i s  a s s o c i a t e d  w i t h  t h e  movement of t h e  p o 

t a s s i u m  i n t o  t h e  p l a n t .  But t h i s  s y n e r g i s t i c  e f f e c t  seemed 

t o  b e  r e l a t e d  t o  a  d e f i n i t e  c o n c e n t r a t i o n  of magnesium w i th  

r e s p e c t  t o  t h e  s a t u r a t i o n  c a p a c i t y  of t h e  exchange  c o m p lex .  

I n  t h e  p r e s e n t  s t u d i e s  t h i s  c o n c e n t r a t i o n  l e v e l  a p p e a r e d  

t o  b e  75 p e r  c e n t  of t h e  s a t u r a t i o n  of t h e  o r i g i n a l  e x 

change  c a p a c i t y  of t h e  s o i l .  Beyond t h i s  l e v e l  a c o m p e t i 

t i v e  e f f e c t  a r i s e s ,  t h e  u p t a k e  of magnesium i n c r e a s e s  w h i l e
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F i g .  5 4 .  The e f f e c t  of  d e g r e e  of Ca and Mg
s a t u r a t i o n  on  t h e  K  c o n t e n t  of c o r n
p l a n t s  i n  W is n e r  s o i l .
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the uptake of potassium d ec reases .  I t  may be mentioned 

here that, as -was shown in  Tables XI, XII and XIII, there

was increased accumulation of n i t r o g e n  when the concentra-
/

tion of magnesium went beyond 75 p e r  cent saturation level 

of the exchange capacity of the s o i l .  Bartholomew and 

Jarmesem (6) , working with tomato p l a n t s ,  have found that 

nitrogen and potassium b ea r  an in v e rse  relationship; a high 

percentage of one is a s so c ia ted  w ith  low percentage of the 

other in the plant. Under th e  p r e s e n t  experimental condi

tions, the suppressive e f f e c t  of Mg i s  probably towards the 

maintenance of a physiological b a lan ce ,  although this ad- 

- justment results in in ju ry  to  p la n t s  by retarding growth 

and depressing yields.

In comparing the K content of the tomato, tobacco 

and corn crops grown in the  h igh-lim e Wisner and Hillsdale 

subsoil with the base u nsa tu ra ted  P l a in f i e ld  and Fox sand, 

i t  becomes apparent that ca lcareous s o i l s  fixed much larger 

amounts of potassium into nonexchangeable form than did 

acid soils. Magnesium had a b e n e f i c i a l  effect on the absorp

tion of K; although th is  b e n e f i c i a l  e f f e c t  was noticed more 

with corn and tobacco than with tom ato .

Ca:Mg Relationship in  Phosphorus Nutrition

Beeson et a l  (8) have shown t h a t  magnesium content 

of tomato leaflets was a s s o c ia te d  w ith  a Mg-Ca interaction 

while P content of the l e a f l e t s  was associa ted  with Mg—P

t



i n t e r a c t i o n .  T ruog  e t  a l  (60) have  shown t h a t  i n c r e a s i n g  

s u p p l i e s  of a v a i l a b l e  Mg i n c r e a s e d  t h e  P c o n t e n t  of t h e  

p e a s  much m ore  t h a n  d i d  i n c r e a s i n g  s u p p l i e s  of a v a i l a b l e  

P .  They c o n c l u d e d  t h a t  a v a i l a b l e  Mg i n  s o i l s  p r o m o te s  

e f f i c i e n t  u se  o f  P .  K e l l o g  (31)  h a s  s t a t e d  t h a t  i n  c a l 

c a r e o u s  s o i l .  Mg d e f i c i e n c y  l i m i t s  the  P f e r t i l i z a t i o n  and 

P n u t r i t i o n  c o u ld  be  improved by  a p p l y i n g  Mg f e r t i l i z e r .

B u t  S t u r g i s  and Reed (57) co u ld  no t  f i n d  a n y  c o r r e l a t i o n  

b e tw e e n  th e  Mg a nd  P c o n t e n t  of r i c e  s t r a w  and g r a i n s .

W i l l i s  e t  a l  (63) c o u l d  not  f i n d  an y  d i f f e r e n c e  i n  t h e  

i n f l u e n c e  of Ca a n d  Mg on P a b s o r p t i o n .  Bar tho lom ew (5)  

f ro m  h i s  s t u d y  of u t i l i z a t i o n  of p h o s p h a t i c  f e r t i l i z e r s  

d i d  n o t  f i n d  a n y  p r o n o u n c e d  r e l a t i o n s h i p  be tw een  Mg a n d  

P u t i l i z a t i o n .  So t h e  c o r r e l a t i o n  b e tw e e n  Mg a n d  P u t i l i 

z a t i o n  i s  q u e s t i o n a b l e .

The p e r c e n t a g e  c o m p o s i t i o n  of p h o s p h o r u s  i s  p r e s e n t e d  

i n  T a b l e s  XXIV and XXV and shown i n  P i g .  6 1 .  The r e s u l t s  

show t h a t  t h e r e  was v e r y  l i t t l e  i n f l u e n c e  of e x c h a n g e a b le  

Mg i n  t h e  s o i l  a t  any g i v e n  l e v e l  o f  Ca s a t u r a t i o n  on t h e  

u p ta k e  o f  P b y  p l a n t s .  D e c r e a s i n g  t h e  Ca:Mg r a t i o  t o  0 . 7 5 : 1  

0 . 5 : 1  d id  no t  a p p r e c i a b l y  i n c r e a s e  t h e  P c o n t e n t .  T hus ,  

t h e r e  a p p e a r e d  t o  b e no c l o s e  c o r r e l a t i o n  b e tw e e n  t h e  Mg 

c o n t e n t  of s o i l  and u p t a k e  of P by t h e  p l a n t .

S e i f r i t z (53)  a r r a n g e s  t h e  a n i o n s  a c c o r d i n g  to  t h e  

ratd..) o f  p e n e t r a t i o n  a s  f o l l o w s :
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T a b l e  SZIY

P h o s p h o r u s  C o n t e n t  of Tomato,  Tobaccb and  
C orn  grown on S o i l s  w i t h  D i f f e r e n t  D e g ree s
o f Ca a n d Mg s a t u r a t i o n .  % ofi. Dry M a t t e r .

D e g ree  o f  
S a t u r a t i o n Tomato Tobacco Corn

Ca Mg Ca :Mg W is n e r
H i l l s d a l e

s u b s o i l
H i l l s d a l e  

W is n e r  s u b s o i l Wisne]

Check 0 .1 2 0 . 1 0 0 . 0 9 0 .0 8 0 .1 2

100 10 1 0 : 1 0 . 1 1 — 0 . 0 8 — 0 .1 4

25 4 : 1 0 .1 2 — 0 . 0 8 — 0 .1 5

50 2 : 1 0 . 1 2 0 .1 1 0 .0 9 0 .1 0 0 .1 5

75 1 . 3 : 1 0 . 1 1 0 . 1 0 0 .0 8 0 .1 0 0 .1 3

100 1 : 1 0 . 1 0 0 .1 0 0 . 0 9 0 . 0 9 0 .13

150 10 1 5 : 1 0 . 0 9 _ _ 0 . 0 8 ■ — 0 .12

25 6 : 1 0 . 1 1 - - 0 .0 9 _ _ 0.12

50 3 : 1 0 . 1 1 0 . 0 9 0 .1 0 0 .0 9 0 .1 2

75 2 : 1 0 .1 0 0 . 1 0 0 . 0 8 0 .0 9 0 .1 3

100 1 . 5 : 1 0 . 0 9 0 .1 0 0 . 0 8 0 .-08 0 .13



1 0 1

TABLE XXV

P h o s p h o r u s  C o n t e n t  of  Tomato, Tobacco and  
C orn  g ro w n  on S o i l s  w i t h  D i f f e r e n t  D egree  
o f  Ca a n d  Mg S a t u r a t i o n ,  fo on d r y  m a t t e r .

D egree  o f  
S a t u r a t i o n Tomato Tobacco Corn

Ca Mg Ca:Mg
P l a i n 
f i e l d Fox

P l a i n 
f i e l d Fox

P l a i n 
f i e l d Fox

Check 0 . 0 6 0 . 0 8 0 . 0 9 0 .1 0 0 . 1 1 0 .1 2

50 25 2 : 1 0 . 0 8 0 . 0 8 0 .0 8 0 .1 0 0 .1 0 0 . 1 0

50 1 :1 0 . 0 9 0 . 0 8 0 .1 0 0 .1 2 0 . 1 1 0 .1 2

75 0 . 7 5 : 1 0 . 0 9 0 . 1 0 0 .1 0 0 .1 1 0 . 1 1 0 . 1 1

100 . 5 : 1 0 . 0 8 0 . 0 9 0 . 1 1 0 .1 0 0 . 1 0 0 . 1 1

75 25 3 : 1 0 . 1 1 0 . 1 3 0 .0 9 0 .0 8 0 .0 9 0 . 1 0

50 1 . 5 : 1 0 .1 0 0 .1 2 0 .1 0 0 .1 2 0 .1 2 0 . 1 1

75 1 : 1 0 .1 1 0 . 0 9 0 . 0 8 0 .0 9 0 .1 0 0 .1 2

100 0 . 7 5 : 1 0 . 1 0 0 . 1 0 0 . 0 9 0 .1 0 0 . 0 9 0 .1 0

100, 25 6 : 1 0 .1 2 0 . 1 4 0 .1 2 0 .1 0 0 .1 2 0 .1 2

50 2 : 1 0 .1 3 0 .1 3 0 .1 2 0 .1 2 0 . 1 2 0 .1 3

75 1 . 3 : 1 0 .1 3 0 . 1 4 0 . 1 1 0 .1 2 0 .1 1 0 .1 3

100 1 : 1 0 .1 2 0 . 1 2 0 . 1 0 0 .1 0 0 .1 1 0 . 1 1

150 25 6 : 1 0 .1 3 0 . 1 4 0 .1 3 0 .1 2 0 .1 2 0 .1 0

50 3 : 1 0 . 1 4 0 . 1 4 0 .1 3 0 .1 1 0 .1 2 0 .1 2

75 2 : 1 0 .1 3 0 . 1 3 0 .1 2 0 .1 2 0 . 1 1 0 .1 2

100 1 . 5 : 1 0 . 1 2 0 . 1 3 0 .1 2 0 .1 1 0 . 1 0 0 .1 0

4
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H o a g la n d  e t  a l  (22) p o s t u l a t e  t h a t  t h e r e  e x i s t s  a 

d e f i n i t e  c o m p e t i t i o n  b e t w e e n  a n i o n s ,  t h e  more a c t i v e  a n i o n  

r e p r e s s i n g  th e  a c c u m u l a t i o n  of  th e  l e s s  a c t i v e  i o n .  They 

a l s o  s u g g e s t  t h a t  s i m i l a r i t y  of e l e c t r i c a l  c h a r g e  b r i n g s  

ab o u t  c o m p e t i t i v e  e f f e c t  on t h e  a c c u m u l a t i o n  of a n i o n s .

D a ta  p r e s e n t e d  i n  T a b l e s  X I ,  X I I  and X I I I  show t h a t  t h e r e  

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

w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  of m agnes ium  a t  a g i v e n  c a l 

c ium s a t u r a t i o n .  The a c c u m u l a t i o n  of n i t r a t e  a n i o n  d e 

p r e s s e s  t h e  a c c u m u l a t i o n ,  o f  HoP 0 -  t o  b a l a n c e  th e  t o t a l  

n e g a t i v e  c h a r g e .  L ik e  c a t i o n  e q u i v a l e n c y ,  a n i o n  e q u i v a 

l e n c y  may p r e v a i l .  T h i s  i n v e r s e  r e l a t i o n s h i p  b e tw ee n  N0^

and H P 0 -  can  e x p l a i n  t h e  n e g a t i v e  c o r r e l a t i o n  b e tw e e n  
2 /.(.

m agn es iu m  and p h o s p h o r u s  u p t a k e .

C a t i o n  E q u i v a l e n t  C o n s t a n c y

The q u a l i t y  and q u a n t i t y  of p l a n t  g r o w t h  i s  g r e a t l y  

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

c a t i o n s  Ca,  Mg a n d  K. A l t h o u g h  each  c a t i o n  h a s  a  s p e c i f i c  

f u n c t i o n  i n  t h e  p l a n t ,  t h e r e  a r e  some p h y s i o l o g i c a l  f u n c 

t i o n s  t h a t  a r e  p e r f o r m e d  i n  common b y  t h e s e  c a t i o n s .  V a r i a  

t i o n  i n  t h e s e  t h r e e  c a t i o n s  w i t h i n  a c e r t a i n  r a n g e  may n o t  

a f f e c t  t h e  g row th  and q u a l i t y  of  t h e  c r o p ,  b u t  any  e x t r e m e  

v a r i a t i o n  t h a t  r e s u l t s  f r o m  l u x u r y  c o n s u m p t io n  of one c a 

t i o n  w i l l  b e  r e f l e c t e d  i n  t h e  g row th  and c o m p o s i t i o n  of  

t h e  c r o p ,  b e c a u s e  L u c a s  e t  a l  ( 3 7 > 3 8 ) ,  Van I t a l l i e  ( 6 i ) ,  

B e a r  a nd  P r i n c e  (7) and  H u n t e r  (24) have  shown t h a t  when



t h e  i n d i v i d u a l  c a t i o n  c o n t e n t  o f  p l a n t s  a r e  e x p r e s s e d  on 

an  e q u i v a l e n t  b a s i s ,  t h e  sum of t h e  e q u i v a l e n t s  t e n d s  t o  

be c o n s t a n t .

The sum o f  t h e  m i l l i e a u i v a l e n t s  of Ca, Mg and K 

i n  t o m a to ,  t o b a c c o  a n d  c o rn  c r o p s  a r e  p r e s e n t e d  i n  T a b l e s  

XIX t h r o u g h  X X I I I .  The d a t a  show t h a t  t h e r e  i s  a c o n s i d 

e r a b l e  v a r i a t i o n  i n  t h e  C a , Mg and  K c o n t e n t s  o f  p l a n t s  

w i t h  i n c r e a s i n g  Mg s a t u r a t i o n  a t  e ac h  l e v e l  of c a l c i u m  

s a t u r a t i o n  of th e  e x c h a n g e  complex i n  s o i l .  The c o n t e n t  

o f  i n d i v i d u a l  c a t io n ,  of e a c h  c rop  v a r i e s  w i t h  t h e  s o i l  

t y p e .  N o t w i t h s t a n d i n g  s u c h  v a r i a t i o n  o f  t h e  i n d i v i d u a l  

c a t i o n ,  t h e  sum of t h e  t h r e e  c a t i o n s  per  u n i t  o f  p l a n t  

m a t e r i a l  t e n d s  to  b e  c o n s t a n t .  The r a n g e  of  v a r i a t i o n  i n  

t h e  sum f o r  a  g i v e n  c r o p  i s  b e tw een  20 and 3 0 ,  d e p e n d i n g  

upon  t h e  s o i l  t y p e  c o n s i d e r e d .  T h is  v a r i a t i o n  was s m a l l e r  

t h a n  f o r  each  of t h e  i n d i v i d u a l  Ca and Mg i o n s ,  w i t h  i n 

c r e a s i n g  Mg s a t u r a t i o n  a t  a  c o n s t a n t  l e v e l  of Ca s a t u r a 

t i o n  i n  t h e  s o i l .  The m u t u a l  r e p l a c e m e n t  of b o th  t h e  i o n s  

i s  g r e a t  b u t  th e  t o t a l  c a t i o n  e q u i v a l e n c y  r e m a i n s  c o n s t a n t .  

S u ch  a  c o n s t a n c y  i n  e q u i v a l e n c e  d o e s  n o t  r e s u l t  i n  h i g h  

y i e l d  due t o  l u x u r y  c o n s u m p t io n  o f  m agnes ium .

T h is  b r i n g s  ou t .  t h e  i m p o r t a n c e  of b a l a n c e d  c o n c e n 

t r a t i o n s  of t h e s e  t h r e e  c a t i o n s  i n  t h e  s o i l .  I f  t h e  c o n 

t e n t  of  a n y  one i s  h i g h  t h e  r e s e r v e  of t h e  o t h e r  two s h o u ld  

be  b r o u g h t  up t o  s u c h  a l e v e l  a s  t o  m a i n t a i n  a  p h y s i o l o g i c a l  

b a l a n c e  of  t h e  t h r e e  c a t i o n s .  T h is  a l s o  e m p h a s iz e s  t h e  

i m p o r t a n c e  o f  l i m e  c o n t e n t  of  s o i l  f o r  t h e  m a i n t e n a n c e  of
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a  p h y s i o l o g i c a l  b a l a n c e  in  t h e  Mg n u t r i t i o n  of c r o p s .

Ca and  Mg C o n t e n t  of S o i l s  
a t  t h e  End of  Crop H a r v e s t

The Ca and Mg c o n t e n t  of each  s o i l  a t  t h e  s t a r t  a n d  

a t  t h e  h a r v e s t  of t h e  t o m a t o  c r o p  i s  p r e s e n t e d  i n  T a b l e s  

XXVI a n d  XXVII. The t o t a l  ex ch an g e  c a p a c i t y  of  s o i l s  

seems to  b e  i n c r e a s e d  and t h i s  may p r o b a b l y  be d u e  to  i n 

c o r p o r a t i o n  o f  o r g a n i c  m a t t e r  ' through t h e  p l a n t  r o o t s  

d u r i n g  th e  g r o w t h  of t h e  c r o p .  However, t h e  d a t a  show 

t b a t  i n  a s o i l  w i th  d e f i n i t e  exchange  c a p a c i t y ,  any c h a n g e  

i n  t h e  amount  of o n e  e x c h a n g e a b le  c a t i o n  i s  a c c o m p a n ie d  

by a  r e c i p r o c a l  change  of t h e  o t h e r  c a t i o n  and a l s o  a 

d e f i n i t e  amount  o f ‘ e ac h  i s  p r e s e n t  i n  t h e  a d s o r b e d  s t a t e ,  

w h i l e  t h e  r e s t  r e m a in s  a s  f r e e  s a l t  or r e a c t s  w i t h  o t h e r  

s o i l  c o n s t i t u e n t s  to  fo r m  i n s o l u b l e  compounds.

From T a b l e s  XXVI a n d  XXVII, i t  i s  s e en  t h a t  i n  a c i d  

s o i l s  l i k e  P l a i n f i e l d  and Fox  a d s o r p t i o n  of magnesium h a v e  

i n c r e a s e d  w i t h  i n c r e a s i n g  l e v e l s  of Ca s a t u r a t i o n .  T h i s  

may b e  due t o  a d s o r p t i o n  o f  magnesium i n  r e p l a c e m e n t  o f  

a d s o r b e d  c a l c i u m  a s  r e p r e s e n t e d  b e lo w .

Ca ® 4 h2s 0 4 Mg

Lime r e a d i l y  r e p l a c e s  h y d r o g e n  of the  c l a y  and t h e  a d s o r b e d  

c a l c i u m  c o n t e n t  i s  t h e r e b y  i n c r e a s e d .  T h is  a d s o r b e d  c a l 

c ium i n  t u r n  i s  r e p l a c e d  by m agnes ium. Thus, i n c r e a s e  i n  

l im e  c o n t e n t  of an a c i d  s o i l  h e l p s  th e  r e t e n t i o n  of  m agnes ium
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of t h e  added f e r t i l i z e r  i n  t h e  a d s o r b e d  s t a t e .  T h i s  r e s u l t  

i s  i n  l i n e  -with th e  o b s e r v a t i o n s  of Peech  ( 4 5 ) .

W isner  and H i l l s d a l e  s u b s o i l  show v e r y  l i t t l e  i n 

c r e a s e  i n  e x c h a n g e a b le  magnesium. The h igh  a l k a l i n e  con

d i t i o n  of t h e  s o i l s  h a v e  f a v o r e d  f i x a t i o n  o f  magnesium 

as  i n s o l u b l e  m agnes i  urn s i l i c a t e .
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TABLE XXVI

E x c h a n g e a b l e  C a lc ium  a n d  Magnesium a t  t h e  
S t a r t  a nd  a t  H a r v e s t  o f  JTomato C rop .  

M.E. p e r  100 gm. S o i l  r '" -

W is h e r  H i l l s d a l e  S u b s o i l

A t  s t a r t  A t  end  A t  s t a r t  A t  end
Ca Mg Ca Mg Ca . Mg Ca Mg

1 6 .7 5 0 . 9 8 1 3 . 1 0...20 0 .9 2 0 . 3 0 0 . 7 8 0 .9 2

1 3 .3 2 1 . 3 3 1 2 . 2 0 . 0 9 0 . 9 9 0 . 6 6 0 . 7 8 0 . 1 2

n 4 . 5 8 15 .2 2 . 5 tt 0 . 9 9 1 . 2 8 0 . 2 1

t t 9 .1 6 1 6 . 0 5 . 7 i i 1 . 3 2 1 . 1 7 0 .3 3

tt 1 3 . 7 4 1 5 . 0 6 . 4 1 . 3 2 0 . 6 6 0 . 8 1 0 . 2 4

t t 1 8 .3 2 1 4 . 0 9 . 2 i t 0 . 9 9 1 . 3 0 0 . 4 8

2 7 - 4 8 1 .8 3 12 . 8 1 . 0 i t 1 . 3 2 1 . 2 9 0 . 8 4

ii 4 . 5 8 12 .7 2 . 3 1 . 9 8 0 . 6 6 0 . 4 1 0 . 2 4

i i 9 .1 6 1 9 . 3 5 . 9 it 0 . 9 9 0 . 7 5 0^48

•t 1 3 . 7 4 1 8 . 3 8 . 0 t t 1 . 3 2 0 . 4 9 0 . 6 3

n 1 8 .3 2 2 1 . 3 8 . 1
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TABLE XXVII

'E x c h a n g e a b l e  Calcium, and Magnesium a t  
S t a r t  and  a t  H a r v e s t  of  Tomato C rop .  

M.E. f o r  100 gm. S o i l

P l a i n f i e l d Fox
A t  S t a r t A t  H a r v e s t At S t a r t At H a r v e s t

Ca Mg - Ca Mg Ca Mg Ca Mg

0 . 6 3 0 . 9 3 0 . 1 4 1 . 2 4 0 . 3 1 0 .9 1 0 .1 9

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

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

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

5 . 3 4 0 . 8 9 4 . 1 0 0 . 7 8 5 .1 0 0 .8 5 3 .0 0 0 .7 5

1 . 7 8 1 . 7 S 1 . 1 7 0 . 9 0 1 .7 0 1 .7 0 1 .0 1 1 .20

2 . 6 7 1 . 7 8 1 . 9 2 1 . 1 0 2 ,5 5 1 . 7 0 2 .0 5 1 .3 0

3 . 5 6 1 . 7 8 2 . 58 1 . 2 0 3 .4 0 1 .7 0 2 .7 6 1 .33

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

1 . 7 8 2 . 6 7 1 . 6 0 1 . 0 7 1 .7 0 2 . 5 5 1 .3 0 2 .0 0

2 . 6 7 2 . 6 7 1 . 9 8 1 . 9 0 2 .5 5 2 . 5 5 2 . 0 8 1 .90

3 . 5 6 2 . 6 7 3 . 0 0 2 . 0 7 3 .4 0 2 .5 5 2 .9 0 1 .93

5 . 3 4 2 . 6 7 3 . 9 0 2 . 1 0 5 .10 2 . 5 5 2 .9 8 1 .92

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

2 . 6 7 3.-56 2 . 7 8 2 . 4 0 2 .5 5 3.40, 2 .0 2 2 .25

3 . 5 6 3.-5 6 2 .00 2 . 4 3 3 .4 0 3 .4 0 2 .9 2 2 .1 8

5 - 3 4 3 . 5 6 3 - 0 0 2 . 4 5  - 5 .10 3 .4 0 3 .0 1 2 .2 7

i



DISCUSSION

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

l im e  c o n t e n t  of  s o i l  i n  r e l a t i o n  t o  c r o p  r e s p o n s e  t o  mag

n e s i u m .  A l t h o u g h  t h e  amount  o f  magne sium u s e d  i n  t h i s  

i n v e s t i g a t i o n  was f a r  i n  e x c e s s  o f  t h a t  used  i n  o r d i n a r y  

a g ro n o m ic  p r a c t i c e ,  y e t  th e  r e s u l t s  d e m o n s t r a t e  th e  h a rm 

f u l  e f f e c t s  o f  m agnes ium  when i t  e x c e e d s  t h e  s a t u r a t i o n  

c a p a c i t y  of t h e  e x c h a n g e  com plex  be yond  a c e r t a i n  l i m i t .

T h is  l i m i t  of s a t u r a t i o n  d e p e n d s  upon the  n a t u r e  of c o l l o i d  

and a l s o  t h e  i n i t i a l  s a t u r a t i o n  of b a s e s  a s  w a s  i l l u s t r a t e d  

by t h e  P l a i n f i e l d  a n d  Fox  s a n d  which  a r e  a c i d  i n  r e a c t i o n .

At a low l e v e l  of b a s e  s a t u r a t i o n ,  m agnes ium  i n c r e a s e s  t h e  

e f f i c i e n c y  of t h e  p l a n t  and  t h e r e b y  t h e  e l e m e n t s  s u p p l i e d  

t h r o u g h  N-P-K f e r t i l i z e r s  a r e  more e c o n o m i c a l l y  used  and  

c ro p  p r o d u c t i o n  i s  i n c r e a s e d .  At h i g h  magnesium l e v e l s  

th e  u p t a k e  of  m agnes ium  i s  i n c r e a s e d  b u t  t h e  c ro p  s u f f e r s  

f rom  the  e x c e s s  m agnes ium . Above 75 p e r  c e n t  s a t u r a t i o n  

of  t h e  exchange  c a p a c i t y  w i t h  m ag n es iu m  i n  t h e  c a s e  o f  

W is n e r  and H i l l s d a l e  s u b s o i l  t h e  c r o p  g row th  was i n c r e a s e d  

b u t  t h e  n u t r i e n t  b a l a n c e  was s u c h  t h a t  t h e  s u p p l y  o f  t h e  

o t h e r  n u t r i t i v e  e l e m e n t s  and  o r g a n i c  f o o d s  w e r e  i n a d e q u a t e  

f o r  p r o d u c t i o n  of f r u i t s  and f o r  m a i n t a i n i n g  a h e a l t h y  

p l a n t  c o n d i t i o n .

S o i l s  f a i r l y  r i c h  i n  b o t h  m i n e r a l  and o r g a n i c  c o l l o i d s  

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



i n c r e a s e d .  No s u c h  e f f e c t  was n o t i c e d  a s  lo n g  a s  c a l c i u m  

w as  t h e  p r e d o m i n a t i n g  ion  i n  th e  e x c h a n g e  complex and c o n 

c e n t r a t i o n  of  m agnes ium  was low.  A c c o r d i n g  to  t h e  h y p o t h 

e s i s  of R u s s e l  (5 1 )  t h e  c l a y  p a r t i c l e s  a r e  h e ld  t o g e t h e r  

b y  o r i e n t e d  m o l e c u l e s  of a p o l a r  l i q u i d .  These p o l a r  m o l e 

c u l e s  l i e  b e tw e e n  n e g a t i v e  c h a r g e s  o n  t h e  c l a y  s u r f a c e  a n d  

t h e  e x ch a n g ea b le  c a t i o n s  t h a t  have  d i s s o c i a t e d  f r o m  t h e  c l a y  

s u r f a c e  and a r e  s t r o n g l y  o r i e n t e d  i n  th e  e l e c t r o s t a t i c  f i e l d  

b e tw e e n  t h e s e  c h a r g e s .  C a lc iu m  h a s  o n ly  one m o le c u l e  o f  

w a t e r  of h y d r a t i o n  w h i l e  m agnesium  t a k e s  up n in e  m o l e c u l e s  

o f  w a t e r  of h y d r a t i o n  ( 1 9 ) .  The w a t e r  d i p o l e  m o l e c u l e s ,  

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

come o r i e n t e d  a r o u n d  m agnes ium  i o n s  and r e m a in  a s  bound 

w a t e r  w i th  l o s s  o f  f r e e  e n e r g y  t o  a c t .  Thus t h e  p a r t i c l e s  

w i t h  the  l o s s  of f o r c e s  f o r  o r i e n t a t i o n  become d i s p e r s e d .  

I o f f e  and Zimmerman (29) a l s o  f o u n d  t h i s  same d i s p e r s i v e  

e f f e c t  of m ag n es iu m  on the  s o i l  c o l l o i d s  a n d  came t o  t h e  

c o n c l u s i o n  t h a t  t h e r e  must  be s u f f i c i e n t  c a l c i u m  t o  c o u n t e r 

a c t  t h i s  d i s p e r s i v e  e f f e c t  of m agnes ium . No s p e c i f i c  r a t i o  

o f  Ca:Mg can  be  g i v e n  a s  r e p r e s e n t i n g  m o s t  f a v o r a b l e  one 

f o r  a l l  c o n d i t i o n s ,  but  i n  c a s e  of a  low Ca:Mg r a t i o  i t  

a p p e a r s  t o  b e t h e  low c o n t e n t  of Ca r a t h e r  th a n  t h e  h i g h  

c o n t e n t  of m ag n e s iu m  t h a t  i s  h a r m f u l  to  t h e  p l a n t .

Any a p p l i c a t i o n  of  m agnes ium  above t h e  s a t u r a t i o n  

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

a s  complex s i l i c a t e s .  T h is  i s  i n d i c a t e d  f ro m  t h e  am ount  

a p p l i e d  a t  t h e  s t a r t  and t h e  amount  of e x c h a n g e a b le  magnesium
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r e c o v e r e d  a t  t h e  end  of th e  i n v e s t i g a t i o n ,  a s  p r e s e n t e d  i n  

T ab le  XXVI. The r e m o v a l  of magnesium b y  th e  c r o p s  was  n o t  

v e r y  h i g h  a n d , t h e r e f o r e ,  a l a r g e  p e r c e n t a g e  of t h e  a d d e d  . 

m agnes ium  r e a c t e d  w i t h  s i l i c i c  a c i d .  T h i s  r e a c t i o n  i s  

f a v o r e d  by a h i g h  pH of  the  s o i l  ( 4 9 ) .  So o v e r l i m i n g  o f  

a n  a c i d  s o i l  w i l l  p r e c i p i t a t e  m agnes ium  a s  i n s o l u b l e  s i l i 

c a t e .  This  p o s s i b l y  a c c o u n t s  f o r  t h e  o b s e r v a t i o n  of Bower 

arid T u r k  (10) t h a t  a l k a l i n e  s o i l s  may show a d e f i c i e n c y  of  

a v a i l a b l e  magnesium.

I f  we assume t h a t  the  p e r c e n t a g e  c o m p o s i t i o n  of th e  

n u t r i e n t  e l e m e n t s  i n  a p l a n t  r e f l e c t s  "the p h y s i o l o g i c a l  

a c t i v i t y  of th e  p l a n t  d u r i n g  t h e  g r o w t h ,  t h e n  t h e  v a r i a t i o n  

i n  t h e  u p t a k e  of Ca, Mg, and K from a c o n s t a n t  c o n c e n t r a 

t i o n  o f  c a l c i u m  and  v a r y i n g  c o n c e n t r a t i o n  of m agnesium  must  

have  b e e n  i n f l u e n c e d  by the  l a t t e r .  The d i f f e r e n c e  i n  

m i n e r a l  c o m p o s i t i o n  i s  not  the  r e s u l t  o f  d i f f e r e n t i a l  p l a n t  

g r o w t h .  The t o t a l  q u a n t i t i e s  of an  i o n  a b s o r b e d  by t h e  

p l a n t  f o l l o w s  th e  same t r e n d  a s  t h e  c o n c e n t r a t i o n  o f  t h e  

i o n  i n  th e  p l a n t .  T hu s ,  the. t o t a l  a m o u n t  of a n  io n  a b s o r b e d  

by t h e  p l a n t  i s  d e p e n d e n t  upon t h e  r e s p e c t i v e  r a t e  of  a b 

s o r p t i o n  t h a t  o c c u r r e d  d u r in g  t h e  g r o w t h  of th e  p l a n t .  The 

r a t e  a n d  q u a n t i t y  of a b s o r p t i o n  i s  m o d i f i e d  by th e  c o n c e n 

t r a t i o n  of magnesium i n  the s o i l .

I f  i t  i s  a ssum ed  t h a t  a p l a n t  r o o t  a b s o r b s  t h e  i o n  

f r o m  th e  s o l i d  p h a se  of s o i l  b y  t h e  p r o c e s s  o f  " c o n t a c t  

e x c h a n g e ” a s  ad van c ed  by Jenny  and A y r e s  (26) , t h e  am oun t



o f  a n  io n  t h a t  can  b e  removed d e p e n d s  upon t h e  o s c i l l a t i o n  

vo lum e of t h a t  i o n .  ■ I n  t h e  H o f m e i s t e r  S e r i e s  H>Ca>Mg>K>Na, 

c a l c i u m  i s  c h a r a c t e r i z e d  by  a h i g h e r  e n e r g y  of  a d s o r p t i o n  

w h ic h  i n d i c a t e s  t h a t  i t  ha.s a l e s s e r  a m p l i t u d e  of  o s c i l l a 

t i o n ,  w h i l e  m agnes ium  h a s  a  l o w e r  a b s o r p t i o n  e n e r g y  or  

l a r g e r  a m p l i t u d e  of m o t i o n .  T h u s ,  i n  a  m i x t u r e  o f  Ca a n d  

Mg i o n s ,  t h e  l a t t e r  w i l l  r e m a in  a t  th e  p e r i p h e r y  of t h e  

i o n i c  a t m o s p h e r e ,  a n d  he n ce  more c o n t a c t  ex ch an ge  of mag

n e s i u m  w i t h  t h e  r o o t  h a i r .  I f  t h e  c o n c e n t r a t i o n  of mag

n e s i u m  i o n s  i s  h i g h e r  t h a n  t h a t  o f  Ca, t h e  f o r m e r  w i l l  n o t  

o n l y  be a t  t h e  p e r i p h e r y  of t h e  i o n i c  a tm o s p h e r e  b u t  w i l l  

p e n e t r a t e  d e e p e r  and  w i l l  b e  a d s o r b e d  on  the c o l l o i d a l

s u r f a c e  h i s  was e v i d e n c e d  f r o m  t h e  d a t a  i n  T a b l e s  XX 

t h r o u g h  X X I I I ,  w h e r e  i t  was shown t h a t  , th e  e x c h a n g e a b le  

m agnes ium  i n c r e a s e d  and e x c h a n g e a b l e  c a l c i u m  d e c r e a s e d ,  

when the  c o n c e n t r a t i o n  of a d d ed  m agnesium  was i n c r e a s e d  

w i t h  a c o n s t a n t  c o n c e n t r a t i o n  o f  c a l c i u m .  I n  t h i s  i n s t a n c e  

t h e  u p tak e  of  magnesium was  g r e a t e r  t h a n  t h a t  o f  c a l c i u m .

D a t a  p r e s e n t e d  i n  t h e  a n a l y s i s  of g r e e n  l e a f  t i s s u e  

( T a b l e s  X I ,  X I I  and  X I I I )  show t h a t  t h e  w a t e r  s o l u b l e  mag

n e s i u m  c o n t e n t  of t h e  l e a f  i n c r e a s e d  a s  t h e  c o n c e n t r a t i o n  

o f  m agnes ium  i n  t h e  s o i l  i n c r e a s e d .  The e x c e s s  c o n c e n t r a 

t i o n  of m agn es iu m  i o n s  e n t e r  i n t o  th e  d e e p e r  l a y e r  of t h e  

p l a n t  c e l l s .  Due to  t h e  g r e a t e r  h y d r a t i o n  e f f e c t  of mag-  

n e h iu m ,  i t  h a s  a  g r e a t e r  c o a g u l a t i n g  e f f e c t  on t h e  c e l l  

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

l a t i n g  e f f e c t  of t h e  p r o t o p l a s m  was r e f l e c t e d  b y  th e
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r e d u c e d  g r o w t h  of  t h e  p l a n t .  A t  h i g h e r  c a l c i u m  c o n c e n 

t r a t i o n s  i n  t h e  s u b s t r a t e ,  t h e  a b s o r p t i o n  of c a l c iu m  was 

i n c r e a s e d  and  t h a t  of magnesium w as  d e c r e a s e d .  T h u s ,  a t  

h i g h  c a l c i u m  c o n c e n t r a t i o n s ,  m agnes ium  had  l e s s  o p p o r t u n i t y  

to  i n h i b i t  p l a n t  g r o w th .  T h is  e m p h a s i z e s  t h e  i m p o r t a n c e  

o f  ca lc iu m ,  i n  t h e  m agnes ium  n u t r i t i o n  of t h e  p l a n t .  C a l 

c ium must  be  a t  a  h i g h e r  c o n c e n t r a t i o n  t h a n  t h a t  o f  mag

n e s iu m  i n  t h e  s o i l  c o m p le x .

I f  t h e  p r o c e s s  o f  u p t a k e  o f  i o n s  by  p l a n t s  i s  assum ed 

t o  be  due  t o  i o n i c  or  m o l e c u l a r  movement i n  t h e  s o i l  s o l u 

t i o n ,  t h e n  t h e  r a t e  of e n t r y  o r  i n t e r c h a n g e  of i o n s  w i l l  

be d e t e r m i n e d  by t h e  p o s i t i o n  of  t h e  io n  i n  t h e  l y o t r o p i c  

s e r i e s  and  i t s  c o n c e n t r a t i o n  i n  t h e  s o i l  s o l u t i o n .  There  

a r e  no  e l e c t r o s t a t i c  a t t r a c t i v e  f o r c e s  of t h e  s o i l  p a r t i c l e s  

t o  r e s t r a i n  t h e  movement of t h e  i o n s .  Such i o n s  moving 

f r e e  i n  t h e  s o i l  s o l u t i o n ,  on t h e  o t h e r  h a n d ,  a r e  s u r r o u n d e d  

b y  a l a y e r  o f  o r i e n t e d  w a t e r  m o l e c u l e s .  So i n  an  e q u im o la r  

s o l u t i o n  of Ca and  Mg i o n s ,  t h e  c o n c e n t r a t i o n  of s o l u t i o n  

w i l l  be h i g h e r  f a i t h  r e s p e c t  to  Mg t h a n  Ca b e c a u s e  t h e  

w a t e r  of h y d r a t i o n  of Mg i s  more t h a n  t h a t  of Ca. As a 

^ r e s u l t ,  t h e  bombardment  of m agn es iu m  i o n s  a t  t h e  r o o t  s u r 

f a c e  w i l l  b e  more  f r e q u e n t  t h a n  t h a t  of t h e  c a l c i u m  i o n s .  

Hence ,  t h e  c h an ce  of e n t r y  of magnesium i o n s  f ro m  t h e  s o l u 

t i o n  i n t o  t h e  r o o t  i s  g r e a t e r  t h a n  t h a t  f o r  ca lc ium - .  T h is  

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

and c o r n  c r o p s  grown i n  Q u a r t z  s a n d  and p r e s e n t e d  i n  T a b le s  

XX, 2X1, 2 X I I  and X X I I I .  The i n e r t  q u a r t z  sand h a s  v e r y
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l i t t l e  e l e c t r o s t a t i c  a t t r a c t i v e  f o r c e s  on i t s  s u r f a c e .

The a d d e d  i o n s  a r e  i n  t h e  l i q u i d  p h a s e  and t h e  a b s o r p t i o n  

o f  t h e . i o n s  i s  a l s o  f r o m  t h i s  l i q u i d  p h a s e .  To r e d u c e  t h e  

u p ta k e  of m agnes ium  t h e  c o n c e n t r a t i o n  of c a l c i u m  i o n s  sh o u ld  

be much g r e a t e r  t h a n  t h a t  of magnesium  i o n s .

A b s o r p t i o n  of i o n s  i s  c o n d i t i o n e d ,  a s  p o s t u l a t e d  by- 

M a r s h a l l  (39) by  two f a c t o r s ,  v i z .  (1)  t h e  c h e m ic a l  e q u i l i b 

r iu m  t h a t  e x i s t s  b e tw e e n  t h e  i n n e r  and o u t e r  e n v i r o n m e n t ,  

and (2)  th e  s t e a d y  s t a t e  t h a t  i s  m a i n t a i n e d  b e tw ee n  th em .

The m a i n t e n a n c e  of t h e  s t e a d y  s t a t e  i s  c o n d i t i o n e d  by t h e  

c h e m ic a l  p o t e n t i a l  of  t h e  s o l v e n t  o u t s i d e  and  t h e  sum o f  

t h e  c h e m ic a l  p o t e n t i a l s  of t h e  s o l u t e  i n s i d e .  The c h e m i c a l  

p o t e n t i a l  of a  s o l u t i o n  c o n t a i n i n g  a l a r g e  p r o p o r t i o n  of  

c a l c i u m  i o n s  a n d  l e s s e r  amount  o f  magnesium i o n s  w i l l  be  

g r e a t e r  t h a n  t h a t  o f  a  s o l u t i o n  w i t h  h i g h e r  c o n c e n t r a t i o n  

of  magnesium and  lo w e r  c o n c e n t r a t i o n  of c a l c i u m .  To m a in 

t a i n  e q u i l i b r i u m  -between such  o u t s i d e  s o l u t i o n s  and i n s i d e  

s o l u t e  c o n c e n t r a t i o n  p o t e n t i a l s ,  m o r e - c a l c i u m  w i l l  have t o  

be  a b s o r b e d  f ro m  th e  s o l u t i o n  w i t h  h i g h e r  c o n c e n t r a t i o n  

o f  c a l c i u m  w h i l e  more m agnes ium  f rom  t h e  s o l u t i o n  c o n t a i n i n g  

h i g h e r  c o n c e n t r a t i o n s  of m agnes ium .  As s u c h  a b s o r p t i o n  

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

c o m p o s i t i o n  o f  p l a n t ,  t h e  c o n c e n t r a t i o n  o f  c a l c i u m  s h o u ld  

a lw a y s  be h i g h e r  t h a n  magnesium to m a i n t a i n  h i g h  c h e m i c a l  

p o t e n t i a l  and  g r e a t e r  a b s o r p t i o n  of c a l c i u m  t h a n  m agnesium.

I t  h a s  b e en  s u g g e s t e d  t h a t  i o n  a b s o r p t i o n  may t a k e  

p l a c e  e i t h e r  by  f r e e  d i f f u s i o n  o r  by c h e m i c a l  i n t e r a c t i o n
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with, t h e  membrane of  t h e  r o o t  h a i r s .  H a n s t e e n - G a r n e r  (21) 

s u g g e s t  t h a t  l i p o i d  a n d  p e c t i c  m a t e r i a l s  g o v e rn  t h e  p e r 

m e a b i l i t y  of t h e  c e l l  w a l l .  A l k a l i s  a c t  a s  d i s p e r s a n t s  

and c a l c i u m  a s  c o a g u l a n t s .  Thus ,  t h e  s t a b i l i t y  of t h e  

c a l c i u m  p e c t a t e  t h a t  c o n s t i t u t e s  t h e  m a jo r  p a r t  of  t h e  

c e l l  w a l l  i s  m a i n t a i n e d  when s u f f i c i e n t  c a l c i u m  i o n s  a r e  

p r e s e n t .  P e r m e a b i l i t y  and d i f f u s i o n  of i o n s  a r e  e a s y .

With m agnes ium  p r e d o m i n a t i n g , t h e  p e r m e a b i l i t y  of c e l l  w a l l  

i s  d i s t u r b e d .  The w a l l s  a r e  h i g h l y  h y d r a t e d  and become 

u n s t a b l e .  T h i s  was e v i d e n t  f r o m  t h e  e x a m i n a t i o n  of t h e  

m i c r o e h e m ic a l  c r o s s  s e c t i o n  of th e  l e a f  which had r e c e i v e d  

- l a r g e  a p p l i c a t i o n s  of m agn es iu m .  When th e  s t a b i l i t y  o f  

p e r m e a b i l i t y  of the  c e l l  w a l l  i s  d i s t u r b e d ,  t h e  e q u i l i b r i u m  

of t h e  p r o t o p l a s m  w i t h  w h i c h  i t  i s  c h e m i c a l l y  and b i o l o g 

i c a l l y  a s s o c i a t e d  i s  d i s r u p t e d ,  t h e  no rm al  g ro w th  of t h e  

p l a n t  i s  i n h i b i t e d .

I n  c o n c l u s i o n ,  i t  c an  be s a i d  t h a t ,  f ro m  t h e - s t a n d 

p o i n t  of  n u t r i e n t  s u p p ly , ,  two f a c t o r s  d e t e r m i n e  t h e  g ro w th ,  

y i e l d ,  and  c o m p o s i t i o n  of p l a n t s .  These  two f a c t o r s  can 

be d e s i g n a t e d  a s  " i n t e n s i t y "  and " c a p S c i t y  f a c t o r s . "  A d d i 

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

of t h e  p l a n t s .  This i s  e v i d e n t  f r o m  t h e  g ro w th  and y i e l d  o f  

p l a n t s  which  r e c e i v e d  no a d d e d  magnesium b u t  d e p e n d e d  en

t i r e l y  on s o i l  magnesium f o r  t h e i r  s u p p l y  of t h i s  e l e m e n t .

Low m agnesium  was a s s o c i a t e d  w i t h  low y i e l d s .  'W ith  i n 

c r e a s e d  magnesium, p l a n t  g ro w th  im proved  b u t  when t h e
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q u a n t i t y  o f  magnesium was  i n c r e a s e d  beyond  a c e r t a i n  p e r 

c e n t a g e  o f  s a t u r a t i o n  of th e  e x c h a n g e  com plex ,  t h e r e  -was 

l u x u r y  c o n s u m p t i o n  of m agnes ium  and p h y s i o l o g i c a l  d i s t u r 

b an ce  s e t  i n .  The o t h e r  e s s e n t i a l  e l e m e n t s  co u ld  n o t  be 

u t i l i z e d .  The ’’q u a l i t y  f a c t o r ” o r  n u t r i e n t  b a l a n c e  i n  th e  

p l a n t  w as  d i s t u r b e d  and t h e  r e s u l t  was low y i e l d .  The l im e  

c o n t e n t  o f  the  m e d i a  l a r g e l y  c o n t r o l s  t h i s  " i n t e n s i t y ” and 

" q u a l i t y "  f a c t o r  i n  t h e  m agnes ium  n u t r i t i o n  of p l a n t s .  

Hence, t h e  b e s t  g r o w t h  r e s p o n s e  and  n u t r i t i o n  of p l a n t  can  

b e  a c h i e v e d  o n l y  when th e  p e r  c e n t  s a t u r a t i o n  and t o t a l  

c o n c e n t r a t i o n  of c a l c i u m  e x c e e d s  t h a t  of m agnes ium.

T h e s e  r e s u l t s  i n d i c a t e  t h a t  f ros t  r e s u l t s  f rom  mag

nes ium  f e r t i l i z a t i o n  can  b e  o b t a i n e d  o n l y  when i t  i s  

a c c o m p a n ie d  by  l i m e  a p p l i c a t i o n .  The l im e  a p p l i c a t i o n ,  

however,  s h o u l d  n o t  be i n  e x c e s s  a s  was  d e m o n s t r a t e d  by  

t h e  g ro w th  and y i e l d  o f  c r o p s  g rown i n  H i l l s d a l e  s u b s o i l  

thafei c o n t a i n s  a  h i g h  p r o p o r t i o n  of  f r e e  c a l c i u m  c a r b o n a t e  

which m a s k s  t h e . b e n e f i c i a l  e f f e c t  of magnesium a p p l i c a t i o n .



117

SHvHvIARY

T h is  i n v e s t i g a t i o n  was u n d e r t a k e n  t o  s t u d y  by means 

of p o t  c u l t u r e  t h e  l i m e  c o n t e n t  of  s o i l  i n  r e l a t i o n  t o  

c ro p  r e s p o n s e  t o  m ag n es iu m .

Four  s o i l s  w e re  u se d  f o r  t h e  s t u d y  i n c l u d i n g  tw o ,  

th e  W isn e r  and- H i l l s d a l e  s u b s o i l ,  w h ich  w ere  a l k a l i n e  i n  

r e a c t i o n  and c o n t a i n e d  f r e e  c a r b o n a t e s ,  a n d  tw o ,  t h e  

P l a i n f i e l d  a n d  Fox s a n d ,  w h ic h  w ere  a c i d  and low i n  d e g r e e  

of  b a s e  s a t u r a t i o n .  Q,uartz s a n d  c u l t u r e s  w ere  a l s o  used  

f o r  c o m p a r a t i v e  p u r p o s e s .

C a lc iu m  and m agnes ium  a p p l i c a t i o n s  were  made on t h e  

b a s i s  of p e r  c e n t  s a t u r a t i o n  o f  t h e  e x c h a n g e  complex .  The 

t r e a t m e n t s  w e r e  d e s i g n e d  to  e v a l u a t e  t h e  e f f e c t  of i n c r e a s 

in g  a m o u n ts  of m ag n es iu m  when c a l c i u m  was  h e l d  c o n s t a n t  

and  t h e  c h a n g e s  c a u s e d  by  v a r i a t i o n s  i n  t h e  p r o p o r t i o n s  

o f  t h e  two c a t i o n s  a t  c o n s t a n t  l e v e l  o f  b a s e  s a t u r a t i o n .

Tomato, t o b a c c o  a n d  c o rn  w ere  grown a s  t e s t  c r o p s .  

G ro w th ,  y i e l d  a n d  c o m p o s i t i o n  of  t h e  c r o p s  w e r e  d e t e r 

m in e d .

I n  t h e  a l k a l i n e  W isn e r  s o i l ,  c o n t a i n i n g  a f a i r  amount 

o f  o r g a n i c  m a t t e r  and  m i n e r a l  c o l l o i d s ,  h i g h  a p p l i c a t i o n s  

o f  m ag nes ium  w e re  f o u n d  to  d e s t r o y  t i l t h  of  t h e  s o i l .  Mor

p h o l o g i c a l  c t a r a c t e r i s t i c s  o f  a  s o l o n e t z  soi lW&rp n o t i c e d .  

The g ro w th  o f  young s e e d l i n g s  w a s  p o o r  due t o  th e  h i g h  

w a t e r  t e n s i o n .

I n  s a n d y  H i l l s d a l e  s u b s o i l  ve ry  l i t t l e  r e s p o n s e  to
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magnesium was n o t i c e d .  Due to  t h e  h ig h  pH t h e r e  was c o n 

s i d e r a b l e  f i x a t i o n  o f  m agnes ium  a s  i n s o l u b l e  magnesium 

s i l i c a t e .  . Th is  was i n d i c a t e d  by  t h e  low r e c o v e r y  o f  e x 

c h a n g e a b le  magnesium a f t e r  h a r v e s t i n g  t h e  c r o p .

I n  t h e  a c i d  s o i l s ,  P l a i n f i e l d  a n d  Pox ,  t h e  r e s p o n s e '  

to  m agnesium  was b e s t  when t h e  b a s e  s a t u r a t i o n  was h ig h  

and t h e  s o i l  r e a c t i o n  was  a b o u t  n e u t r a l .

I n  a l l  s o i l s ,  when th e  c o n c e n t r a t i o n  of m agnesium  

was h i g h e r  t h a n  c a l c i u m ,  magnesium s i c k n e s s  o f  t h e  p l a n t  

was c o n s p i c u o u s .  There  was s u f f i c i e n t  v e g e t a t i v e  g ro w th  

to  m a i n t a i n  a good h e a l t h y  p l a n t  b u t  the  growth was i n 

s u f f i c i e n t  t o  i n d u c e  f r u i t i n g  i n  t o m a t o .

With i n c r e a s i n g  c o n c e n t r a t i o n s  of m agnes ium , a t - a  

c o n s t a n t  c a l c i u m  c o n c e n t r a t i o n ,  the  c a l c i u m  c o n t e n t  of t h e  

p l a n t s  d e c r e a s e d .  The magnesium c o n t e n t  i n c r e a s e d  w i t h  a 

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

up to  t h e  75 p e r  c e n t  s a t u r a t i o n  w i t h  r e s p e c t  o f  m agnes ium ,  

b u t  beyond t h i s  t h e  K c o n t e n t  d e c r e a s e d .  Growth a n d  y i e l d  

were d i r e c t l y  p r o p o r t i o n a l  t o  Ca an d  i n v e r s e l y  p r o p o r t i o n a l  

t o  magnesium a t  h ig h  magnesium  l e v e l s  i n  t h e  s o i l .

A l t h o u g h  t h e r e  was  g r e a t  v a r i a t i o n  i n  t h e  u p tak e  o f  

i n d i v i d u a l  c a t i o n s ,  the  sum t o t a l  of the  c a t i o n s  was c o n 

s t a n t  w i t h  t h e  d i f f e r e n t  t r e a t m e n t s .  T h is  i n d i c a t e s  t b a t  

th e  c a t i o n s  p e r f o r m  some common f u n c t i o n - i n  t h e  p l a n t .

No d i r e c t  c o r r e l a t i o n  be tw een  th e  magnesium and p h o s 

p h o r u s  u p t a k e  w as  o b s e r v e d  w i t h  a n y  of t h e  c ro ps  s t u d i e d .

The i d e a  t h a t  Mg i o n s  a c t  a s  a c a r r i e r  of PO^ i o n s
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i s  q u e s t i o n a b l e .

F a c t o r s  i n f l u e n c i n g  tJie d i f f e r e n t i a l  u p ta k e  of c a l 

c ium and  magnesium  have been d i s c u s s e d

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  em phas ize  t h a t  

i t  i s  n o t  t h e  c a l c iu m :m a g n e s iu m  r a t i o  b u t  t h e  c o n c e n t r a t i o n  

and d e g r e e  o f  s a t u r a t i o n  of t h e  exchange complex  w i t h  c a l 

c ium t h a t  d e t e r m i n e  the r e s p o n s e  of c r o p s  to  t h e  a p p l i c a t i o n  

o f  m agnes ium .

<
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