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ABSTRACT

There i s  d isagreem en t in  some o a se s  and la c k  o f  in fo rm a tio n  in  

o th e r s  on th e  k in d s ,  f in e n e s s  and r a te s  o f  a p p lic a t io n  o f  lim in g  m ater­

i a l s  and o f  t h e ir  e f f e c t  on th e  a v a i l a b i l i t y  to  th e  p la n t  o f  n u tr ie n t  

elem en ts*  A d d i t io n a l ly ,  v ery  l i t t l e  stu d y  has been made o f  e i t h e r  th e  

n a tu r a l a v a i l a b i l i t y  o f  molybdenum in  M ichigan s o i l s  or o f  th e  a v a i la ­

b i l i t y  a s  in f lu e n c e d  by lim in g  p r a c t ic e s *

S tu d ie s  were undertaken w ith  s e v e r a l  M ichigan s o i l s  to  in v e s t ig a t e

( l )  th e  optimum s o i l  pH v a lu e s  fo r  maximum crop  p r o d u c tio n , ( 2 )  th e  

r e l a t iv e  m e r its  o f  d i f f e r e n t  lim in g  m a te r ia ls  a s  to  co m p o s it io n , d egree  

o f  f in e n e s s  and n e u t r a l iz in g  v a lu e , and (3 )  th e  in t e r a c t io n  betw een lim e  

and molybdenum and t h e ir  e f f e c t s  on p la n t  growth*

V ariou s lim in g  m a te r ia ls  were a p p lie d  a t  th ree  lo c a t io n s  a t  e q u iv ­

a le n t  r a te s  c a lc u la te d  to  r a i s e  the s o i l  pH to  6*0 , 6*5 , 7*0 and 7*5* 

Molybdenum was a p p lie d  as a spray to  th e  young p la n ts  on o n e -h a lf  o f  

each lim ed  p lo t*  A s im ila r  experim ent was conducted  in  th e  greenhouse  

on th ree  s o i l s ,  two m in era l and one organ ic ., w ith  c a u lif lo w e r  as  th e  

in d ic a to r  crop*

The y i e ld s  o f  o a ts  and a legume hay were n o t  a f f e c t e d  by lim in g  a 

N e s te r  sandy c la y  loam , a lth ou gh  th e  pH and b e se s a tu r a t io n  p ercen ta g e  

o f  th e s o i l  were m arkedly in c r e a s e d , e s p e c ia l ly  where an a c e ty le n e  by­

product m a te r ia l had been a p p lied *  L i k e w i s e ,  no in c r e a s e  i n  th e  y i e ld  

o f  f i e l d  co m  r e s u lt e d  from lim in g  a K o r l e y  c la y  loam* The pK and base  

s a tu r a t io n  p ercen ta g e  o f  t h i s  s o i l  were i r i c r e a s e d  fa r  l e s s  than was th e



c a s e  v / i th  ihe  H e s t e r  sandy c l a y  lo&n., p o s s i b l y  i n d i e s  t i n -  c h i g h  r e s i d ­

u a l  h yd rogen  i o n  c o n c e n t r a t i o n *

Lime and molybdenum had no s i g n i f i c a n t  e f f e c t  on t h e  y i e l d s  of  

b e a n s  and w h ea t  on a Montcalm sandy  loam* The r e s i d u a l  amounts  o f  

t h e s e  m a t e r i a l s  m a rk e d ly  i n c r e a s e d  t h e  y i e l d  o f  r e d  c l o v e r  grovm on 

t h i s  s o i l *  The pH and b as e  s a t u r a t i o n  p e r c e n t a g e  a l s o  were g r e a t l y  

i n c r e a s e d *

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

y i e l d s *  Molybdenum a p p l i c a t i o n  i n c r e a s e d  t h e  y i e l d  o f  c a u l i f l o w e r  and 

e l i m i n a t e d  m o l y b d e n u m - d e f i c i e n c y  symptoms on a Montcalm sandy loam*

I n  each  s o i l  t e s t e d ,  t h e r e  was a h ig h  c o r r e l a t i o n  be tween pH and 

base  s a t u r a t i o n  p e r c e n t a g e .

S i g n i f i c a n t  i n c r e a s e s  were a l s o  o b s e rv e d  i n  th e  molybdenum c o n t e n t  

o f  c a u l i f l o w e r ,  o a t s  and corn  l e a v e s  w i t h  i n c r e a s e s  i n  s o i l  pH*
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INTRODUCTION

Many a s p e c t s  o f  the ch em ica l and p h y s ic a l  r e la t io n s h ip s  o f  s o i l s  to  

crop  p ro d u ction  have been in v e s t ig a t e d  over th e  y e a r s ,  th e s im p le s t  o f  

th e se  to  d eterm ine b e in g  th e s o i l  r e a c t io n ,  or pH* E x p e r im e n ta lly , i t  

has been dem onstrated  th a t  d i f f e r e n t  s p e c ie s  o f  p la n ts  have t h e ir  own 

optimum, minimum and maximum s o i l  pH v a lu e s  fo r  grow th, which must be 

co n s id ered  i f  maximum r e tu rn s  from a g r ic u lt u r a l  v en tu res  are  to  be r e a l ­

iz e d *  T h ere fo r e , e i t h e r  th e s e le c t e d  crop must be one w hich i s  t o le r a n t  

o f  th e  s o i l  pH where i t  i s  to  be grown, or th e  pH o f  th e  s o i l  must be

a d ju ste d  to  a s u i t a b le  va lu e*

In  th e  humid r e g io n s  o f  the n orth ern  U n ited  S t a t e s ,  th e  s o i l s  are  

p red om in ate ly  a c id *  The m ost econom ical method fo r  r a i s in g  th e  pH values  

o f  a c id  s o i l s  i s  by th e a p p lic a t io n  o f  lim e* A lthough much has been  

w r it te n  co n cern in g  lim in g  p r a c t ic e s ,  th e r e  i s  d isagreem en t in  some c a se s  

and la c k  o f  in fo rm a tio n  in  o th e r s  o f  the k in d s , f in e n e s s  and r a te s  o f  

a p p lic a t io n  o f  lim in g  m a te r ia ls  and o f  t h e ir  e f f e c t  on the a v a i l a b i l i t y  

o f  n u tr ie n t  e lem en ts  to  th e  p la n t .

These s tu d ie s  were undertaken w ith  s e v e r a l M ichigan s o i l s  to  in v e s ­

t ig a t e  ( l )  th e  optimum s o i l  pH v a lu e s  fo r  maximum crop  p rod u ction  (2 )

th e  r e l a t iv e  m e r its  o f  d i f f e r e n t  lim in g  m a te r ia ls  as to  co m p o sit io n ,

d egree o f  f in e n e s s  and n e u tr a l iz in g  v a lu e , and (3 )  th e  in t e r a c t io n  

betw een lim e and molybdenum and t h e ir  e f f e c t s  on p la n t  growth*

- 1 -



LITERATURE REVIEW

Lime

Crop r e s p o n s e  t o  s o i l  a p p l i c a t i o n s  o f  l ime have  been  o b s e r v e d  and 

s t u d i e d  f o r  c e n t u r i e s *  R e v i e w e r s ,  such  as  Truog ( 7 0 ) ,  found  r e c o r d s  o f  

i t s  u se  i n  t h e  C h r i s t i a n  E ra*  He r e f e r r e d  t o  i t s  e a r l y  use  on t h i s  con­

t i n e n t  i n  V i r g i n i a  by Edward R u f f i n  (17S4-1865)  and i n  Rhode I s l a n d  by  

Vfrieeler n e a r  t h e  c l o s e  o f  t h e  19 th  c e n t u r y *  Liming has  been  a permanent  

g e n e r a l  p r a c t i c e  i n  P e n n s y l v a n i a  s i n c e  t h a t  t ime*

Lime, a s  u s e d  a g r i c u l t u r a l l y ,  r e f e r s  t o  t h o s e  compounds o f  c a l c i u m

and magnesium w h ich  a r e  c a p a b l e  o f  a l l e v i a t i n g  t h e  h a r m f u l  e f f e c t s  o f  an

a c i d  s o i l  (56 )*  Liming m a t e r i a l s  such  a s  c a l c i u m  and magnesium l i m e ­

s t o n e s ,  m a r l ,  h y d r a t e d  l i m e ,  bu rned  l i m e ,  wood a s h e s ,  s h e l l s ,  e t c *  have 

lo n g  been  used* I n  more r e c e n t  y e a r s ,  b a s i c  b y - p r o d u c t s  o f  com m erc ia l  

o p e r a t i o n s  have  been  a p p l i e d  t o  s o i l s  i n  i n c r e a s i n g  amounts* These 

i n c l u d e  b l a s t - f u r n a c e  and  p h o s p h a t e - f u r n a c e  s l a g s ,  s u g a r - b e e t  p ro c e s s in g  

r e s i d u e s ,  w a t e r - s o f t e n i n g  p l a n t  r e s i d u e s ,  and b y - p r o d u c t s  o f  a c e t y l e n e  

m a n u f a c t u r i n g •

B as ic  e l e m e n t s  a r e  c o n t i n u a l l y  l o s t  f rom t h e  s o i l  by  l e a c h i n g  and 

by c r o o n i n g .  Some a r e  r e t u r n e d  t o  s o i l s  as  c ro p  r e s i d u e s  and m a n u re s ,  

and  some a r e  made a v a i l a b l e  t o  t h e  p l a n t s  by  d e c o m p o s i t i o n  and w e a t h e r ­

i n g  o f  t h e  s o i l  m i n e r a l s *  However,  t h e r e  i s  a n e t  l o s s  o f  b a s i c  e lements

f rom  t h e  s o i l ,  and an a c i d  s o i l  w i l l  become i n c r e a s i n g l y  more a c i d  u n l e s s  

l ime  i s  a p p l i e d  (7 0 )*

A l th o u g h  g e n e r a l  i n c r e a s e s  i n  c ro p  y i e l d s  due t o  l i m i n g  a c i d  s o i l s  

have  been  common, t h e  r e a s o n s  f o r  changes  i n  y i e l d s  have  n o t  been  so



a p p a r e n t .  The e f f e c t s  o f  l i m i n g  t h e  s o i l  may he summarized ( 3 4 ,  53 ,  70) 

a s  a f f e c t i n g :  ( l )  t h e  s o l u b i l i t y  and a v a i l a b i l i t y  o f  n u t r i e n t  e l e m e n t s ,

( 2 )  t h e  s o l u b i l i t y  o r  e f f e c t s  o f  t o x i c  e l e m e n t s ,  ( 3 )  t h e  a c t i v i t y  o f  

s o i l  m i c r o o r g a n i s m s ,  ( 4 )  t h e  s o i l  s t r u c t u r e  and ( 5 )  r o o t  d i s t r i b u t i o n .

Truog (7 0 )  c h a r t e d  t h e  g e n e r a l  a v a i l a b i l i t y  o f  t h e  p r i n c i p a l  and 

some o f  t h e  m in o r  e l e m e n t s  i n  r e l a t i o n  t o  s o i l  r e a c t i o n .  He and o t h e r s  

(6 2 )  recommended a s o i l  r e a c t i o n  a t  o r  n e a r  pH 6 .5  f o r  maximum a v a i l ­

a b i l i t y  o f  n u t r i e n t  e l e m e n t s .  A pH o f  6 .5  f o r  m i n e r a l  s o i l s  and o f  5 .5  

f o r  o r g a n i c  s o i l s  i n  M ich igan  a r e  recommended by P o r t e r ,  e t  adL ( 5 6 ) .  

A m o n  and  Johnson  ( 5 ) ,  w o rk in g  w i t h  n u t r i e n t  c u l t u r e s ,  found t h a t  mos t  

p l a n t s  made no rm a l  g rowth  a t  v e r y  low pH v a l u e s ,  p r o v i d e d  s u f f i c i e n t  

c a l c iu m  was s u p p l i e d .

Ca lc ium and magnesium a r e  added  d i r e c t l y  a s  components o f  t h e  

l i m i n g  m a t e r i a l .  C a lc ium ,  i n  p a r t i c u l a r ,  i s  c o n s i d e r e d  by  K e l l e y  (3 6 )  

t o  be a s  i m p o r t a n t  f o r  p l a n t  n u t r i t i o n  a s  i s  n i t r o g e n ,  p h osphorus  o r  

p o t a s s i u m ,  e s p e c i a l l y  i n  t h e  growth  o f  l e g u m es .

P h o s p h o ru s  i n  t h e  s o i l  becomes most  a v a i l a b l e  t o  p l a n t s  a t  a b o u t  pH 

6 .5  ( 6 8 ,  6 9 ) ,  and a t  t h i s  pH i t s  a v a i l a b i l i t y  i s  p r e s e r v e d  ( 1 6 ) .  An i n ­

c r e a s e  i n  a v a i l a b l e  p h o s p h o ru s  w i t h  an i n c r e a s e  i n  b as e  s a t u r a t i o n  i n  

M ich igan  s o i l s  was n o t e d  by  Cook ( 1 8 ) .  I n  t h e  more h i g h l y  a c i d  s o i l s ,  

ph o sp h o ru s  i s  r e n d e r e d  r e l a t i v e l y  i n s o l u b l e  by c o m b in a t io n  w i t h  aluminum 

and  i r o n .  However,  S c a r s e t h  and Tidmore (63 )  found  t h a t  c a l c i u m  c a r b o ­

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

c a r b o n a t e s  had  d i s a p p e a r e d  from t h e  s o i l .  McGeorge (40 )  and o t h e r s  

have  shown t h a t  r e l a t i v e l y  i n s o l u b l e  t r i c a l c i u m  p h o s p h a te  i s  formed on 

t h e  a l k a l i n e  s i d e  o f  n e u t r a l .  B lack  and Gor ing  (1 2 )  r ev ie w e d  t h e



t r a n s f o r m a t i o n  and a v a i l a b i l i t y  o f  o r g a n i c  phospho rus  i n  t h e  s o i l *  I n  

o r g a n i c  s o i l s ,  t h e  o r g a n i c  forms may c o n s t i t u t e  75 t o  85 p e r c e n t  o f  t h e  

t o t a l  p h o s p h o ru s  p r e s e n t  (21 )*  However ,  t h e s e  forms m us t  become m i n e r a l ­

i z e d  b e f o r e  t h e  p h osphorus  i s  a v a i l a b l e  t o  t h e  p l a n t s  (1 2 )*  McCal l  (58 )  

found t h a t  t h e  s o i l  o r g a n i c  p h o s p h o ru s  i n  s e v e r a l  o r g a n i c  s o i l s  o f  

M ich ig an  behaved  d i f f e r e n t l y  t h a n  d i d  o r g a n i c  phospho rus  f rom o t h e r  

s o u r c e s •

O p in io n s  d i f f e r  r e g a r d i n g  th e  e f f e c t  o f  l i m i n g  on t h e  a v a i l a b i l i t y  

o f  p o t a s s i u m .  York and  Rogers  (74 )  found  t h a t  t h e  u p t a k e  o f  p o t a s s i u m  

f rom l im ed  s o i l s  depended on i t s  i n i t i a l  a v a i l a b i l i t y ,  t h e  a b i l i t y  o f  

t h e  s o i l  t o  f i x  a p p l i e d  p o t a s s i u m  and t h e  s o l u b i l i t y  of  p o t a s s i u m  

m i n e r a l s  i n  t h e  s o i l .  Dean (22)  and O p i t z ,  _et a l  (52 )  found  t h a t  l im e  

o r  c a l c i u m  s a l t s  i n c r e a s e d  t h e  amount o f  e x c h a n g e a b le  p o t a s s i u m .  Peech  

and B r a d f i e l d  (54 )  o b s e rv e d  an i n c r e a s e  i n  p o t a s s i u m  i n  t h e  s o i l  so lu t ion  

when l ime was a p p l i e d  t o  a s o i l  w hich  was a l r e a d y  w e l l  s a t u r a t e d  w i t h  

c a l c i u m ,  b u t  on s l i g h t l y  a c i d  s o i l s ,  l i m i n g  had l i t t l e  e f f e c t  on t h e  

amount o f  w a t e r - s o l u b l e  p o t a s s i u m .  P r e t t y  (58 )  l im ed  s e v e r a l  M ich igan  

s o i l s  and found  no  s i g n i f i c a n t  changes  i n  t h e  a v a i l a b l e  po ta s s iu m *

The s o i l  r e a c t i o n  g r e a t l y  a f f e c t s  t h e  a c t i v i t i e s  o f  s o i l  m ic roorgan­

i s m s ,  w hich  i n  t u r n  a f f e c t s  t h e  a v a i l a b i l i t y  o f  n u t r i e n t  e l e m e n t s ,  e s p e ­

c i a l l y  n i t r o g e n ,  s u l f u r  end pho sp h o ru s  ( 6 9 ) .  The a c t i v i t y  o f  many s o i l  

m i c r o o r g a n i s m s  i s  g r e a t l y  r e t a r d e d  by  an a c i d  r e a c t i o n ,  t h u s  r e d u c i n g  

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

o f  n i t r o g e n - f i x i n g  o rg an is m s  ( 7 0 ) .

A l l  o f  t h e  e s s e n t i a l  m inor  e l e m e n t s ,  v / i th  t h e  e x c e p t i o n  o f  molybde­

num, a r e  r e n d e r e d  l e s s  a v a i l a b l e  as  t h e  s o i l  pH i s  i n c r e a s e d  ( 6 2 ) .  At

- 4 -



lo w e r  pH v a l u e s ,  aluminum, i r o n  and manganese may be t o x i c  ( 6 2 ,  69,  7 0 ) .  

Molybdenum i s  d i s c u s s e d  i n  more d e t a i l  l a t e r *

The l ime  r e q u i r e m e n t  of  a s o i l  can  be d e f i n e d  a s  t h e  amount o f  a 

l i m i n g  m a t e r i a l  t h a t  m us t  be added  t o  r a i s e  th e  s o i l  pH t o  some p r e s c r i b e d  

v a l u e  (6 9 )*  Peech  and B r a d f i e l d  (54 )  have  c l a s s i f i e d  l i m e - r e q u i r e m e n t  

d e t e r m i n a t i o n s  a c c o r d i n g  t o  t h e  methods  employed as  ( a )  d e t e r m i n a t i o n  

o f  s o i l  r e a c t i o n ,  (b )  d e t e r m i n a t i o n  of  e x c h a n g e a b le  h y d ro g e n ,  ( c )  r a p i d  

d e t e r m i n a t i o n  o f  t h e  l ime r e q u i r e m e n t ,  ( d )  d e t e r m i n a t i o n  o f  e x c h a n g e a b le  

c a l c i u m ,  and ( e )  d e t e r m i n a t i o n  o f  r e a d i l y  s o l u b l e  aluminum,  i r o n  and 

manganese* E x t e n s i v e  r e v i e w s  o f  v a r i o u s  methods  have been  made r e c e n t l y  

( 5 5 ,  58 ,  65 ,  69)*  W a lk e r ,  (73 )  when e s t i m a t i n g  l im e  r e q u i r e m e n t ,  included 

o b s e r v a t i o n  o f  t h e  growth  o f  d i f f e r e n t  c r o p  p l a n t s  and n a t u r a l  vege ta t ion*  • 

A l th o u g h  t h e  pH v a l u e  o f  a s o i l  i s  e a s i l y  d e t e rm in e d  and i s  w i d e l y  

u s e d  i n  e s t i m a t i n g  t h e  l i m i n g  n e e d s  o f  a  s o i l ,  pH i s  a m easure  o f  o n l y  

t h e  a c t i v e  a c i d i t y  o f  a s o i l *  The r e s e r v e  a c i d i t y  (h y d ro g en  i o n s  h e l d  

a t  t h e  exchange  s i t e s  end w i t h i n  some c l a y  m i n e r a l s  and o r g a n i c  m a t t e r )  

a l s o  h a s  a c o n s i d e r a b l e  e f f e c t  and must  a l s o  bo p a r t i a l l y  n e u t r a l i z e d  

i n  c o n s i d e r i n g  t h e  l i m i n g  n e e d s  ( 1 6 ,  5 6 ) .  S o i l s  h a v i n g  h i g h  c l a y  o r  

o r g a n i c  m a t t e r  c o n t e n t s  u s u a l l y  have a h ig h  r e s e r v e  a c i d i t y  w hich  must  

be c o n s i d e r e d  i n  c o r r e l a t i n g  s o i l  pH w i t h  th e  l ime r e q u i r e m e n t  (4-4)*

'Walker (73 )  q u o te s  H a l l  (1905)  t h a t ,  " any  s o i l  w i t h  l e s s  t h a n  one 

p e r c e n t  c a l c i u m  c a r b o n a t e  w i l l  be b e n e f i t e d  by l i m i n g , ’1 b u t  i n d i c a t e s  

t h a t  modem methods  r e l a t e  s o i l  u n s a t u r a t i o n  to  t h e  amount o f  l ime 

n e e d e d  t o  b r i n g  t h e  s o i l  pH t o  a g iv e n  l e v e l  i n  t h e  l a b o r a t o r y *  M eh l ich  

(4 3 )  and Thom e and L e a t z  (69 )  s u g g e s t  use  o f  p H -p e rc e n ta g e  base  s a t ­

u r a t i o n  o r  u n s a t u r a t i o n  cu rves*  J e n s e n  (34)  o b t a i n e d  good l i n e a r



c o r r e l a t i o n  be tween  pH and p e r c e n t  b a s e  s a t u r a t i o n  f o r  f i f t y  Do.nish 

s o i l s .  Shimp (65 )  found  t h a t  t h e  p K - p e r c e n t  b a s e  s a t u r a t i o n  r e l a t i o n s h i p  

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

t i o n s  o f  s e v e r a l  M ich igan  s o i l s ,  and  t h a t  pH a l o n e  i s  i n s u f f i c i e n t  f o r  

d e t e r m i n i n g  t h e  r e q u i r e m e n t  o f  s o i l s  v a r y i n g  i n  t e x t u r e  and exchange  

c a p a c i t y .  O t h e r s  ( 4 3 ,  51 ,  53 ,  55) a l s o  found  t h a t  s o i l s  o f  t h e  same r e ­

a c t i o n  may v a r y  c o n s i d e r a b l y  i n  t h e i r  p e r c e n t a g e  b ase  s a t u r a t i o n .

B ra y  and DeTurk (16 )  recommended t h a t  f o r  m os t  c ro p s  t h e  exchange  

c a p a c i t y  o f  t h e  s o i l  s h o u ld  be a t  l e a s t  80 p e r c e n t  s a t u r a t e d  w i t h  b a s e s .  

B ear  and  Toth  ( 8 )  p ro p o sed  t h a t  65 p e r c e n t  o f  th e  exchange  c a p a c i t y  

be s a t u r a t e d  w i t h  c a l c i u m .  M i l e s  (48 )  found  t h e  d eg ree  o f  s a t u r a t i o n  

f a v o r a b l e  f o r  m os t  c r o p s  t o  be be tween 40 and 60 p e r c e n t  f o r  k a o l i n i t i c  

s o i l s .  Y,hiker  (7 3 )  c i t e d  th e  recom mendat ions  o f  R i c e - h i l l i & m s ,  who 

e s t i m a t e d  t h a t  s o i l s  o f  E ng land  and Wales w hich  c o n t a i n e d  h i g h e r  t h a n  

30 p e r c e n t  e x c h a n g e a b le  c a l c i u m ,  e x t r a c t a b l e  w i t h  0 .5  n o rm a l  a c e t i c  a c i d ,  

d i d  n o t  need  l i m e .  Lipman,  e t  a l  (3 7 )  o b t a i n e d  good y i e l d  r e s p o n s e  w i t h  

l im e  a p p l i c a t i o n s  l e s s  t h a n  t h e  amount i n d i c a t e d  by th e  l ime requirement*  

D e t e r m i n a t i o n  o f  e x c h a n g e a b le  hydrogen  a s  a  c r i t e r i a  f o r  l ime 

r e q u i r e m e n t  has  been  em ployed ,  e s p e c i a l l y  f o r  t h e  s a n d i e r  s o i l s ,  w i t h  

good r e s u l t s  ( 4 2 ) .  Shimp (6 5 )  o b s e rv e d  good c o r r e l a t i o n  be tween t h e  

e x c h a n g e a b le  hyd ro g en  i n  M ich igan  s o i l s  and p l a n t  y i e l d s *

The n a t u r e  of  t h e  c l a y  m i n e r a l s  p r e s e n t  a f f e c t s  th e  l ime r e s p o n s e  

o f  t h e  s o i l s .  M a r s h a l l  ( 4 l )  found  t h a t  m o n t m o r i l l o n i t i c  c l a y s  s a t u ­

r a t e d  be low  70 p e r c e n t  w i t h  c a l c i u m  have a h i g h e r  e n e rg y  o f  a b s o r p t i o n  

f o r  t h a t  e l e m e n t  t h a n  do t h e  k a o l i n i t i c  c l a y s ,  and so r e l e a s e  i s  s l o w e r .  

C o l l o i d s  o f  t h e  2 :1  ty p e  r e q u i r e  a h i g h e r  p e r c e n t a g e  of  b a s e  s a t u r a t i o n



w i t h  c a l c i u m  them do t h e  1 :1  m i n e r a l s  t o  be e q u a l l y  e f f e c t i v e  i n  p r o ­

m o t in g  p l a n t  growth*

Once t h e  l i m i n g  r e q u i r e m e n t  h a s  been  d e t e r m i n e d ,  th e  amount and 

ty p e  o f  l i m i n g  m a t e r i a l  t o  be a p p l i e d  mus t  be c o n s i d e r e d *  D i f f e r e n t  

m a t e r i a l s  have  d i f f e r e n t  n e u t r a l i z i n g  v a l u e s ,  so e q u i v a l e n t  amounts 

s h o u ld  be a p p l i e d  (5 6 )*  I t  i s  n o t  g e n e r a l l y  eco n o m ica l  t o  u se  l i m e ­

s t o n e  c o n t a i n i n g  l e s s  t h a n  80 p e r c e n t  o f  c a l c i u m  c a r b o n a t e  e q u i v a l e n t  

( 4 5 ) .

I n v e s t i g a t o r s  d i s a g r e e  on t h e  r e l a t i v e  m e r i t s  o f  d i f f e r e n t  l i m in g  

m a t e r i a l s .  C o a r s e r  g r a d e s  o f  d o l o m i t i c  l i m e s t o n e  a r e  g e n e r a l l y  con­

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

( 7 ,  46 ,  6 4 ) ,  a l t h o u g h  y i e l d s  i n  some i n s t a n c e s  have been  h i g h e s t  where 

t h e  d o l o m i t i c  form was used  ( 5 9 ) .  Walker  (73 )  and  Powers (5 7 )  found  

no  d i f f e r e n c e s  i n  y i e l d s  f o r  c a l c i t i c  o v e r  d o l o m i t i c  l ime  a p p l i c a t i o n s .

The d e g re e  o f  f i n e n e s s  o f  t h e  l i m i n g  m a t e r i a l  i s  p r o b a b l y  more 

i m p o r t a n t  t h a n  i s  i t s  c o m p o s i t i o n .  I n  e a r l y  M ich igan  e x p e r i m e n t s ,

McCool and M i l l a r  (3 9 )  o b t a i n e d  h i g h e r  y i e l d s  o f  r y e  from h y d r a t e d  

l im e  t r e a t m e n t s  t h a n  from m a r l  or  10-20  o r  40-60-mesh l i m e s t o n e  t r e a t ­

ments*  L a t e r  recom mendat ions  by M i l l a r  (49 )  were f o r  u s e  o f  a l i m e ­

s to n e  so ground t h a t  p r a c t i c a l l y  a l l  would p a s s  th ro u g h  a 10-mesh s c r e e n  

and a t  l e a s t  o n e - t h i r d  would  p as s  t h r o u g h  an  80-mesh s c r e e n .  A f t e r  a 

t w o - y e a r  p e r i o d ,  J e n s e n  (34 )  found  no d i f f e r e n c e  i n  e f f e c t s  o f  d i f fe ren t  

g r a d e s  o f  l i m e s t o n e  f i n e r  tha n  35-mesh,  and t h a t  a f t e r  f o u r  y e a r s  t h o s e  

g r a d e s  f i n e r  t h a n  10-mesh were e q u a l l y  e f f e c t i v e  i n  Denmark.  Walker (73 )  

r e l a t e d  t h a t  work i n  E ng land  i n d i c a t e s  no d i f f e r e n c e s  i n  t h e  long  run 

be tween  th e  e f f e c t s  of  c o a r s e  and f i n e  g rad es*



R e la t iv e ly  sm a ll amounts o f  lim e a p p lie d  a t  fr e q u e n t in t e r v a l s ,  

such a s  once in  each  r o t a t io n ,  have been e f f e c t i v e ,  e s p e c ia l ly  on 

sa n d ie r  s o i l s  ( l ,  3 4 , 4 7 , 6 2 ) .  A lb r e c h t ( l )  c o n tr ib u te s  t h i s  to  th e  

p ro x im ity  o f  th e  d isp e r se d  lim e p a r t ic l e s  to  a p o r tio n  o f  one r o o t  

sy stem , w hich i s  s e l e c t i v e  in  i t s  a d so rp tio n  fu n c t io n s *

Heavy a p p l ic a t io n s  o f  co a r se r  grad es o f  lim e have overr id d en  th e  

e f f e c t s  o f  l i g h t e r  a p p l ic a t io n s  o f  the f in e r  grades ( 7 ,  33)*  H ydrates  

a re  no more e f f e c t i v e  than are f i n e  grades o f  l im e s to n e , a cco rd in g  to  

r e s u l t s  o b ta in ed  by Beacher (? )  and by Jensen  ( 3 4 ) .

R u sse l (6 2 )  probab ly  r e s o lv e s  th e co n tr o v e r sy  reg a rd in g  th e  r e la ­

t i v e  m e r its  o f  th e  d i f f e r e n t  d eg rees  o f  f in e n e s s  o f  lim in g  m a te r ia ls  

in  h i s  sta tem en t t h a t ,  "Whether p a ss in g  a 10-raesh or a 20-mesh s ie v e  

i s  th e  p r e fe r a b le  upper l i m i t  o f  s iz e  has n o t  been f u l l y  in v e s t ig a t e d ,  

but fo r  many lim e s to n e s  th e r e  appears to  be l i t t l e  to  choose between  

them; th e  im portant th in g  i s  to  have a c o n s id e r a b le  v a r ia t io n  in  p a r tic le  

s i z e  in  th e  m a te r ia l to  en su re both  ra p id  a c t io n  i n i t i a l l y  and a r e a s o n ­

a b ly  lon g  r e s id u a l  a ctio n * "



Molybdenum

A l th o u g h  t h e  b e n e f i c i a l  e f f e c t s  on p l a n t  growth  due t o  t h e  a p o l i -  

o a t i o n  o f  l ime  t o  a c i d  s o i l s  have  been o b s e rv e d  and s t u d i e d  f o r  many 

c e n t u r i e s ,  n o t  u n t i l  1930 was t h e  b i o l o g i c a l  im p o r t a n c e  o f  molybdenum 

f i r s t  r e a l i z e d ,  when B o r t e l s  (13 )  found t h i s  e l e m e n t  t o  be h i g h l y  

b e n e f i c i a l  i n  t h e  f i x a t i o n  o f  g a s eo u s  n i t r o g e n  by A z o t o b a c t e r  c h r o o c o -  

ccum. More r e c e n t l y  t h e  need  f o r  t h i s  e l e m e n t  i n  o t h e r  m i c r o b i o l o g i c a l  

s p e c i e s  has  been  e s t a b l i s h e d #

Molybdenum d e f i c i e n c y  i n  c r o p  p l a n t s *  A m  on and S t o u t  (4 )  were 

t h e  f i r s t  t o  e s t a b l i s h  t h e  n e c e s s i t y  o f  molybdenum f o r  t h e  g rowth  o f  a 

h i g h e r  p l a n t ,  t h e  tomato# Anderson  (2 )  r e p o r t e d  d e f i n i t e  c a s e s  of  

molybdenum d e f i c i e n c y  i n  c l o v e r  on a c i d  s o i l s  i n  A u s t r a l i a  i n  a r e a s  o f  

h i g h  w i n t e r  r a i n f a l l ,  and  Davies  (19)  l a t e r  d e m o n s t r a t e d  t h e  d e f i c i e n c y  

symptoms i n  c a u l i f l o w e r  i n  Nev; Z e a l a n d ,  YV&lker (73 )  f i r s t  d e m o n s t r a t e d  

molybdenum d e f i c i e n c y  on p l a n t s  grown on a s o i l  i n  t h e  U n i t e d  S t a t e s #

E x t e n t  o f  molybdenum d e f i c i e n c y *  The symptoms of molybdenum d e f i ­

c i e n c y  have  been  n o t e d  i n  more than  40 p l a n t s ,  b o th  legumes and n o n -  

legum es ,  t h r o u g h o u t  th e  w o r l d .  The p l a n t s  i n c l u d e  c a u l i f l o w e r ,  c a b b a g e ,  

m u s t a r d ,  a l f a l f a ,  c l o v e r s ,  r y e ,  o a t s ,  c a r r o t ,  p o t a t o ,  c i t r u s  ( t r e e s )  

and  o t h e r s ,  in c lu d in g ;  many o r n a m e n t a l s ,  a c c o r d i n g  t o  H e w i t t  (32 )#  A l ­

though  known d e f i c i e n t  a r e a s  a r e  most  w id e s p r e a d  i n  A u s t r a l i a  and New 

Z e a l a n d ,  d e f i c i e n c i e s  i n  t h e  f i e l d  have  been con f i rm ed  i n  many a r e a s  

o f  t h e  U n i t e d  S t a t e s ,  n o t a b l y  i n  C a l i f o r n i a ,  F l o r i d a . ,  hew J e r s e y  and 

New Y ork .  Rub ins  ( 6 l )  c i t e d  known f i e l d  d e f i c i e n c i e s  i n  13 s t a t e s  and 

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



Molybdenum d e f ic i e n c y  i s  o fte n  a s s o c ia t e d  w ith  a c id  s o i l s ,  b ecause  

th e  e lem en t becomes l e s s  a v a i la b le  w ith  d e c r e a s in g  pH# A lthough  the  

d e f ic ie n c y  i s  more l i k e l y  to  occur in  p la n ts  grown on th e sa n d ier  s o i l s ,  

i t  a l s o  has been observed  in  crop s on f in e  te x tu r e d  s o i l s .  I n c r e a s in g  

th e pH by th e  a d d it io n  o f  lim e i s  an im p ortan t method o f  overcom ing s o i l  

d e f ic ie n c y  o f  molybdenum. S to u t ,  a t  a l  (6 8 )  found th a t  phosphates  

g r e a t ly  in c r e a se d  th e  uptake o f  molybdenum, and th a t  s u l f a t e s  d ecrea sed  

i t  in  a c id  s o i l s .

S e v e r a l su rveys have been made o f  the molybdenum s ta tu s  o f  s o i l s  

o f  th e  U n ited  S t a t e s .  R obinson and A lexan d er (6 0 )  found an average o f  

2 .3  ppm t o t a l  molybdenum in  th e  s o i l s  th e y  and o th ers  had a n a ly z e d , w ith  

l i t t l e  v a r ia t io n  between s o i l s .

R ole o f  molybdenum in  p la n t  n u t r i t i o n . Molybdenum i s  req u ired  in

v e r y  sm a ll amounts by p la n ts  fo r  th e p h y s io lo g ic a l  red u c tio n  o f  n i t r a t e s .
/

N it r a t e s  accum ulate in  the t i s s u e s  o f m o lyb d en u m -d efic ien t p la n t s ,  and 

th e  p r o te in  c o n te n t  o f  th e  p la n t i s  red u ced . I t  i s  a ls o  req u ired  in  

tr a c e  q u a n t i t ie s  fo r  th e  n o d u la tio n  o f legum es when grown on e i th e r  

n i t r a t e  or atm ospheric  n it r o g e n .

Molybdenum d e f ic i e n c y  symptoms. The symptoms o f  p la n t d is e a s e s  

w hich  are  now a s s o c ia t e d  w ith  molybdenum d e f ic ie n c y  were rec o g n ized  

lon g  b e fo r e  th e tru e  cau se was known# " W h ip te il1* o f  c a u li f lo w e r  and 

b r o c c o l i  was reco g n ized  in  New York s t a t e  by C layton  (17)  and a l e a f  

s p o t t in g  o f  c i t r u s  in  F lb r id a  was rep orted  e a r ly  in  th e  cen tu ry  by  

F loyd  ( 3 0 ) .  L a ter  in v e s t ig a t o r s  found s im ila r  symptoms on p la n ts  grown 

in  o th er  areas#
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Molybdenum d e f i c i e n c y  symptoms i n  many p l a n t s  were d e s c r i b e d  and 

p i c t u r e d  by  H e w i t t  ( 3 2 )  and Anderson  ( 3 ) *  Legumes e x h i b i t  t h e  a p ­

p e a r a n c e  o f  n i t r o g e n  s t a r v a t i o n ,  w i t h  p a l e  y e l lo w  f o l i a g e ,  poo r  or  

s t u n t e d  g ro w th ,  end  i n  some s p e c i e s  a pronounced  y e l l o w i n g  be tween  t h e  

v e i n s  w h ich  r e t a i n  some g r e e n  c o l o r .  A m o t t l i n g  o f  t h e  l e a v e s  ma.y be 

e v i d e n t  a s  i s  o f t e n  th e  c a s e  w i t h  m o l y b d e n u m - d e f i c i e n t  c i t r u s .  Ivhrginal  

s c o r c h i n g ,  a r o l l i n g  o r  c u r l i n g  i n w a rd  ( c u n n in g )  and a w i t h e r i n g  or  

o r i n k l i n g  o f  t h e  l e a v e s  o c c u r  i n  many s p e c i e s  o f  b r o a d - l e a v e d  p l a n t s .

I n  s e v e r e  c a s e s  t h e  l e a v e s  may d i e .

Some o f  t h e  c r u c i f e r s ,  such  as  c a u l i f l o w e r ,  b r o c c o l i ,  cabbage and 

b r u s s e l s  s p r o u t s  have c h a r a c t e r i s t i c  s e c o n d a r y  symptoms o f  more s e v e r e  

molybdenum d e f i c i e n c y ,  which i s  commonly te rm ed  " w h i p t a i l . "  L ea f  

t i s s u e  d e v e l o p s  i r r e g u l a r l y  f rom t h e  m i d r i b  t o  p roduce  l o n g ,  n a r ro w  

l e a v e s ,  o f t e n  h a v i n g  edges  w hich  a r e  p l e a t e d  o r  o t h e r w i s e  c o n t o r t e d  in  

a p p e a r a n c e .  A l s o ,  l e a v e s  ma.y form i n  t h e  c u r d  o f  c a u l i f l o w e r ,  r e n d e r i n g  

t h e  head  u n m a r k e t a b l e • I n  v e r y  s e v e r e  c a s e s  no head  i s  formed (Gammon 

e t  a l , 3 1 ) •

E f f e c t s  o f  molybdenum e x c e s s .  A l th o u g h  no  symptoms o f  molybdenum 

e x c e s s  i n  p l a n t s  have been  d e s c r i b e d ,  c a t t l e  and sheep  g r a z i n g  on p a s t u r e  

h e r b a g e  o f  h i g h  molybdenum c o n t e n t  a r e  a f f e c t e d  by t h e  d i s e a s e  ’’Molyb- 

d e n o s i s ” , v a r i o u s l y  te rm ed  a s  ’H e a r t ’ o r  ’’ t e a r t n e s s ” ,  p e a t  s c o u r s  o f  

b e e f  and d a i r y  c a t t l e ,  and a t a x i a  o f  l a m b s .  Symptoms i n  c a t t l e  a r e  

a c u t e  s c o u r i n g ,  change  i n  c o a t  c o l o r ,  g e n e r a l  u n t h r i f t i n e s s  and poor  

g row th  o f  c a l v e s .  Dick (24)  and o t h e r s  have shown t h a t  t h e r e  i s  an 

a n t a g o n i s m  be tw een  co p p e r  and molybdenum in  t h e  m e ta b o l i s m  of  r u m i n a n t s ,  

e s p e c i a l l y  where  t h e  s u l f a t e  i n t a k e  i s  h i g h ,  b h e r e  t h e  molybdenum
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3 orj.-4:uiat o f  t h e  f o r a g e  i s  high. ,  over  10 ppm ( 2 0 ) ,  copper  r e t e n t i o n  by 

th e  a n im a l  i s  low, t h u s  c a u s i n g  t h e  d i s e a s e *  I t  i s  r e a d i l y  c u re d  by 

s u p p le m e n t i n g  the  a n i m a l* s  d i e t  w i t h  copper  s a l t s . '  h x c e s s  molybdenum 

i n  f o r a g e  h a s  been  found  i n  F l o r i d a . ,  C a l i f o r n i a  and Oregon (61 )*

R e s e a r c h on molybdenum in  111chigan* The r o l e  o f  molybdenum i n  

a g r i c u l t u r e  has  been e x p l o r e d  v e r y  l i t t l e  i n  Michigan* Benne and J e r r im  

( 9 ,  10) r e p o r t e d  th e  molybdenum c o n t e n t  o f  some p l a n t s ,  and Bergman 

and Kenworthy  ( l l )  r e p o r t e d  on s t u d i e s  w i t h  Concord g r a p e s  grown w i t h  

n u t r i e n t  s o l u t i o n s *  Van A r s d e l l  and a s s o c i a t e s  (7?,) s u g g e s t e d  a p o s -  

s i b l e  e x c e s s  o f  molybdenum i n  a r e e d  c a n a ry  g r a s s  p a s t u r e .  F i e l d  

s t u d i e s  on l ime and molybdenum r e l a t i o n s h i p s  were i n i t i a t e d  by th e  

a u t h o r  i n  t h e  f e l l  o f  1954 and g reenhouse  s t u d i e s  i n  May 1956*

- 1 2 -



EXPERIMENTAL PROCEDURES 

F i e l d  S t u d i e s

G e n e r a l  t r e a t m e n t s • A t  t h r e e  l o c a t i o n s  s e v e r a l  t y p e s  o f  l i m i n g  

m a t e r i a l s  were  a p p l i e d  a t  t h e  r a t e s  d e t e r m in e d  by  t h e  method o f  

B r a d f i e l d  and  A l l i s o n  ('15) t o  r a i s e  t h e  s o i l  pH t o  6*0,  6*5,  7 . 0  o r  

7*5 ( T a b l e  I ) .  C a l c i t i c  and  d o l o m i t i c  m e a ls  were  a p p l i e d  a t  a l l  f o u r  

r a t e s .  A p u l v e r i z e d  d o lo m i t e  was a p p l i e d  a t  r a t e s  t o  r a i s e  t h e  s o i l  

pH t o  6 . 5  and 7 . 0 .  I n  a d d i t i o n  an a c e t y l e n e  b y - p r o d u c t  l ime was a p p l i e d  

a t  t h e  f o u r  r a t e s  on s o i l s  i n  Ogemaw County  and a t  one r a t e ,  t o  pH 7 . 0 ,  

i n  '-'fashtenaw C o u n ty .  A Montcalm sandy loam r e c e i v e d  one t r e a t m e n t ,  t o  

pH 7 . 0 ,  w i t h  b l a s t - f u r n a c e  s lag *  A sodium m olybda te  s o l u t i o n  was sprayed 

on t h e  young p l a n t s  on o n e - h a I f  of  each  l imed p l o t .

N e s t e r  sandy  c l a y  loam. The e x p e r i m e n t a l  a r e a  I s  l o c a t e d  n e a r  Rose 

C i t y ,  Ogemaw C oun ty ,  i n  t h e  kri-g o f  s e c t i o n  20 ,  to iwish ip  23N, r an g e  3E. 

The m e c h a n ic a l  a n a l y s i s  o f  t h i s  and  o t h e r  s o i l s  i n v e s t i g a t e d  i n  f i e l d  

e x p e r i m e n t s  a r e  g iven  i n  Tab le I T .

Ho manure or m i n e r a l  f e r t i l i z e r  had been  added  t o  t h i s  s o i l  p r i o r  

t o  1949.  I n  t h a t  y e a r ,  200 pounds pe r  a c r e  o f  3 -1 8 -9  were d r i l l e d  w i t h  

b a r l e y  and a l f a l f a  a t  p l a n t i n g  t i m e .  1950 was t h e  second v e e r  f o r  t h e  

a l f a l f a ,  end i n  1951 a t o p  d r e s s i n g  o f  300 pounds p e r  a c r e  o f  0 - 2 0 - 0  

was a p p l i e d .  Ten l o a d s  o f  manure were  s p r e a d  on th e  a r e a  in  e a r l y  1952,  

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

f a l l  of  1953.  I n  t h e  s p r i n g  of 1954,  t e n  lo a d s  o f  manure p e r  a c r e  were 

a g a i n  s p r e a d ,  i n c o r p o r a t e d  i n t o  t h e  s o i l  w i t h  a f i e l d  c u l t i v a t o r ,  100 

oounds o f  1 0 -10 -10  was d r i l l e d  i n ,  and f i e l d  corn  was p l a n t e d .
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Table I  • Liming m a te r ia ls  added to  th ree  M ichigan s o i l s  on which
f i e l d  s tu d ie s  were conducted*

S o i l Lim ing m a te r ia l
Pounds

6*0
per acre  

6*5
to  a t t a in  pH o f  

7*0 7 .5

N e s te r  sandy C a lc i t i o  m eal Q1 2700 5500 8200
c la y  loam

D o lo m itic  m eal 0 2200 4300 6500

P u lv e r iz e d  d o lom ite 0 2200 4300 ____ 4

B y-product^ 0 2000 4000 6100

M orley c la y C a l c i t i c  m eal 1500 4600 8000 11300
loam

Do lo m it i e  me a 1 1000 3700 5300 7800

P u lv e r iz e d  d o lo m ite ------- 2900 6300 -------

2B y-product 5300 -------

Montcalm sandy C a l c i t i c  m eal 2200 3300 4900 6300
loam

D o lo m itic  meal 1700 3000 3900 5200

P u lv e r iz e d  d o lo m ite ------- 2800 3700 -------

B y-product — — 5000 — —

D eterm ined by th e  lim e-req u irem en t method o f  B r a d f ie ld  and A l l i s o n

 ̂ B y-p rod u ct o f  a c e ty le n e  m anufacturing p r o c e s s , L inde A ir  
C o rp o ra tio n , Hammond, In d ia n a

® W ater-quenched b la s t - fu r n a c e  s la g *  The G r a n a lite  Company, B a st Chicago, 
I l l i n o i s

4 N ot a p p lie d  a t  t h i s  r a te
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Table I I *  M echanical a n a l y s i s  o f  M ic h igan  s o i l s  on w h ich
f i e l d  exp er im en ts  were conducted*

S e r i e s T e x t u r e Sand S i l t C la y

% % %

N e s t e r Sandy  c l a y  loam 5 1 . 0 1 25 .8 2 3 .2

M o r le y C la y  loam 44*0 2 7 .8 2 8 .2

Montcalm Sandy  loam 7 2 . 0 14 .8 13 .2

3y t h e  Souyoucos  h y d r o m e t e r  method



The e x p e r i m e n t  was l a i d  o u t  f o r  15 t r e a t m e n t s ,  e a c h  r e p l i c a t e d  

f o u r  t i m e s ,  and  o n e - h a l f  o f  t h e  r e q u i r e d  l ime  was s p r e a d  on t h e  s o i l  

s u r f a c e  and  was plowed u n d e r  on November 11,  1954* The r e m a in in g  l ime 

was s p r e a d  on November 16 and  17 and was i n c o r p o r a t e d  w i t h  a f i e l d

c u l t i v a t o r #  A f t e r  200 pounds  o f  S -24-12  p e r  a c r e  had  been  d r i l l e d  i n

on May 2 ,  1955,  o a t s  were  p l a n t e d #  S i x t e e n  ounces  p e r  a c r e  o f  sodium 

m o ly b d a te  w ere  s p r a y e d  cm t h e  o a t s  p l a n t s  on June  22# The o a t s  were

h a r v e s t e d  on A u g u s t  9 ,  and whole  p l a n t  samples ,  e x c l u d i n g  r o o t s ,  were

t a k e n  f o r  a n a l y s i s #

-/in a l f a l f a - c l o v e r - g r a s s  m i x t u r e  was s e e d e d  w i t h  t h e  o a t s  i n  1955 

and was p a s t u r e d  i n  t h e  s p r i n g  o f  1956.  A f t e r  removal  o f  t h e  s t o c k ,

8 ounces  o f  sodium m olybda te  p e r  a c r e  was a p p l i e d #  The f i r s t  and o n l y  

c u t t i n g  was made on A ugus t  3#

M or ley  c l a y  loam# The e x p e r i m e n t a l  a r e a  i s  l o c a t e d  n e a r  Whitmore 

Lake i n  t h e  SWj o f  s e c t i o n  16 ,  to w n s h ip  1S# r a n g e  6E i n  Washtenaw C a n t y #  

The e x p e r i m e n t  c o n s i s t e d  o f  12 t r e a t m e n t s ,  e a c h  r e p l i c a t e d  f o u r  t im e s #  

O n e - h a l f  o f  t h e  r e q u i r e d  l ime was s p r e a d  on a h e a v y  c r o p  o f  c l o v e r  and 

g r a s s  and was plowed u n d e r  on May 4 ,  1955# On May 17 ,  t h e  r e m a in d e r  o f  

t h e  l ime was a p p l i e d  and  d i s k e d  i n ,  and co rn  was p l a n t e d  t h e  n e x t  day# 

E i g h t  ounces  p e r  a c r e  o f  sodium m olybda te  was s p r a y e d  on t h e  young c o r n  

p l a n t s  J u l y  31 .

L e a f  samples  were t a k e n  on Sep te mber  2 from a l l  u n s p r a y e d  p l o t s  i n  

r e p l i c a t i o n  IV# The s i x t h  l e a f  o f  each  co rn  p l a n t  was p u l l e d  and washed 

i n  DFJEFT and d i s t i l l e d  w a te r  b e f o r e  d ry in g #  The m a tu re  co rn  was h a r ­

v e s t e d  on O c to b e r  20.

Ohio M-15 v a r i e t y  o f  c o m  was p l a n t e d  on May 30 ,  1956.  The f a rm e r
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used  a s p e c i a l  shoe t o  p i e c e  200 pounds p e r  a c r e  of  a 6 -24 -12  f e r t i l i z e r  

lpr i n c h e s  be low  th e  seed  a t  p l a n t i n g  t ime*  The c o m  d i d  n o t  m a tu re  

b e f o r e  t h e  f i r s t  f r o s t  and so was n o t  h a r v e s t e d .  I t  was damaged by a 

2,4D weed c o n t r o l  s p r a y  w hich  was a p o l i e d  when t h e  c o m  p l a n t s  were 

a b o u t  10 i n c h e s  h igh#

Montcalm sandy  loam # The same e x p e r i m e n t a l  d e s i g n  a s  t h a t  used  i n  

' .Tashtenaw Coun ty  was u s e d  n e a r  Edrnore i n  t h e  h o f  th e  S ^  of  s e c t i o n  

2 ,  to w n s h ip  12N, r an g e  3VJ i n  Montcalm C oun ty .  The f i r s t  h a l f  o f  t h e  

r e q u i r e d  l im e  was s p r e a d  on Ma;g 14, 1955 and was d i s k e d  u n d e r .  The 

r e m a i n d e r ,  a p p l i e d  May 19,  was ha r row ed  i n  p r i o r  t o  p l a n t i n g  c r a n b e r r y  

b e a n s  on May 20 .  Sodium m olybda te  was a .pp lied  J u l y  6 a t  t h e  r a t e  o f  4 

ounces  p e r  a c r e  t o  t h e  young p l a n t s .  The ma tu re  p l a n t s  were  p u l l e d  

A ugus t  26 ,  p i l e d  o u t s i d e  t h e  f i e l d ,  and t h r e s h e d  when d r i e d #

Wheat was p l a n t e d  i n  t h e  l a t e  f a l l  o f  1955,  sp ray ed  w i t h  8 ounces  

p e r  a c r e  o f  sodium m olybda te  on May 31,  and h a r v e s t e d  on A ugust  8 ,  1956# 

T hree  h u n d red  pounds p e r  a c r e  o f  5 -2 0 -2 0  f e r t i l i z e r  was d r i l l e d  i n  t h e  

f a l l ,  and 100 t o  150 pounds p e r  a c r e  o f  ammonium n i t r a t e  were  b r o a d ­

c a s t  in  t h e  s p r i n g .

Red c l o v e r  had been  se e d e d  i n  t h e  w heat  and t h e  f i r s t  c u t t i n g  was 

h a r v e s t e d  on June  19, 1957.  Y i e l d  d a t a  were  t a k e n ,  a l t h o u g h  no p l a n t  

or  s o i l  sam elas  were t a k e n  a t  t h a t  t ime*

G reenhouse  S t u d i e s  

S o i l  samples  f rom t h e  plow l a y e r s  o f  t h r e e  s o i l s ,  a Montcalm sandy 

loam from t h e  v i c i n i t y  of  Edmore,  a W es te r  sandy  c l a y  loam from a fo r m e r  

a o o l e  orchard,  a t  t h e  Graham E x p e r i m e n t a l  S t a t i o n  n e a r  Grand R a p i d s ,  and 

a Houghton muck from t h e  M ich igan  S t a t e  U n i v e r s i t y  Muck E x p e r i m e n t a l
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Farm were  u sed  i n  t h i s  s t u d y .  The i n i t i a l  pH v a l u e s  were 5 . 2 ,  4 .5  and 

5 . 5 ,  t h e  c a t i o n  exchange  c a p a c i t i e s  were 4 . 6 3 ,  6 .99  and 138 .86  m i l l i -  

o q u i m l e n t s  o e r  100 g r a n s , and t h e  t o t a l  e x c h a n g e a b le  b a s e s  were  1 . 4 2 ,

0 . 5 4  and 112 .88  m i l l i e q u i v a l e n t s  pe r  100 grams,  r e s p e c t i v e l y .  N u t r i e n t  

r e q u i r e m e n t s  were d e t e r m in e d  by a s o i l  t e s t  u s i n g  t h e  methods  o f  Spurway 

and Lawton (66 )  and  t h e  l ime r e q u i r e m e n t s  by t h e  B r a d f i e l d - A l l i  son method 

( i n ) .  The amounts  o f  c a l c i u m  h y d r o x id e  ( h y d r a t e d  l im e )  d e t e r m in e d  t o  

b r i n g  each  s o i l  t o  pH v a l u e s  of  6 .5  and 7*5 a r e  h e r e a f t e r  c a l l e d  r a t e  1 

and  2 r e s p e c t i v e l y  f o r  t h e  p a r t i c u l a r  s o i l  ( T a b le  I X ) .  Optimum l e v e l s  

o f  c * p .  s a l t s  c o n t a i n i n g  a l l  o f  t h e  e s s e n t i a l  e l e m e n t s  e x c e p t  molybdenum, 

and t h e  c a l c iu m  h y d r o x i d e ,  where r e q u i r e d ,  were mixed w i t h  4325 grams of  

M ontca lm,  3775 grams of  t h e  N e s t e r  and 1250 grams of  t h e  Houghton s o i l *  

The t r e a t e d  s o i l s  were t h e n  p l a c e d  i n  o n e - g a l l o n  m e ta l  cans  l i n e d  w i t h  

p o l y e t h y l e n e  b a g s .  Each t r e a t m e n t  was r e p l i c a t e d  t h r e e  t i m e s .  The 

s o i l s  were  b r o u g h t  t o  f i e l d  c a p a c i t y  w i t h  d i s t i l l e d  w a t e r  and were 

i n c u b a t e d  f o r  one week .  Seeds  o f  uSnowba ll  A*' v a r i e t y  o f  c a u l i f l o w e r  

w ere  p l a n t e d  on May 7 ,  and t h e  r e s u l t i n g  p l a n t s  were l a t e r  t h i n n e d  t o  

one p l a n t  p e r  c o n t a i n e r .  D i s t i l l e d  w a t e r  was added  as  needed  t o  keep  

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

Sodiura m olybda te  was d i s s o l v e d  in  w a t e r ,  t o  which one t e a s p o o n  of  

DLEFT had been  added  t o  each  g a l l o n  o f  w a t e r  a s  a s p r e a d e r ,  t o  g ive  

p r o p e r  c o n c e n t r a t i o n s  a t  th e  r a t e s  of  0 ,  2,  4 and 8 ounces o f  sodium 

n o l v b d a t e  p e r  a c r e  when a o p l i e d  in  two a p p l i c a t i o n s *  The s o l u t i o n s  

were a p p l i e d  t o  t h e  l e a v e s  w i th  a p l a s t i c  s p r a y e r  on June  22 and 29 .

The p l a n t s  were h a r v e s t e d  on August  12 b e f o r e  f l o w e r in g *
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METHODS OF ANALYSIS 

S o i l s

S o i l  s am p l in g  and p r e p a r a t i o n . Samples o f  t h e  0 t o  8 i n c h  d e p t h  

were  t a k e n  from a l l  p l o t s  and  from t h e  g reen h o u se  s o i l s  p r i o r  t o  t r e a t ­

ment and  a t  p e r i o d i c  i n t e r v a l s  t h e r e a f t e r .  A l l  samples  were c ru s h e d  

w i t h  a wooden r o l l i n g  p i n  and were  s i e v e d  t h r o u g h  a 2 - m i l l i m e t e r  p l a s t i c  

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

A n a l y s i s *  A m e c h a n i c a l  a n a l y s i s  o f  each  s o i l  was made by th e  

h y d r o m e t e r  method o f  Bouyoucous ( 1 4 ) .

The f i e l d  c a p a c i t y  o f  t h e  s o i l s  was ap p ro x im a te d  from t h e  amount 

o f  w a t e r  r e t a i n e d  by t h e  s o i l s ,  which had been  s a t u r a t e d  and th e n  

p e r m i t t e d  t o  d r a i n  f o r  12 h o u r s .

The piFI o f  a 1 :1  s o i l : w & t e r  s u s p e n s i o n  was measured  w i t h  t h e  g l a s s  

e l e c t r o d e ,  u s i n g  a Beckman Model N pH. m e t e r .  Hie c e n t r i f u g e  methods 

d e s c r i b e d . b y  t h e  U n i t e d  S t a t e s  S a l i n i t y  L a b o r a t o r y  (71)  were  found  t o  

be mos t  s a t i s f a c t o r y  i n  d e t e r m i n i n g  t h e  exchange  c a p a c i t y  and th e  

e x c h a n g e a b le  c a t i o n s  o f  t h e  s o i l .

The l ime r e q u i r e m e n t  was d e t e r m in e d  b o th  by i n c u b a t i o n  w i th  v a r y i n g  

amounts of  c a l c iu m  h y d r o x id e  and by t h e  t i t r a t i o n  method o f  B r a d f i e l d  

and  A l l i s o n  ( 1 5 ) .  The r e s u l t s  o b ta i n e d  by t h e s e  two m e thods ,  as  shown 

in  T ab le  I I I ,  were  v e r y  n e a r l y  th e  same.  T h e r e f o r e ,  t h e  most  r a p i d  

m e thod ,  t h e  t i t r a t i o n  method,  was u t i l i z e d  f o r  f u r t h e r  d e t e r m i n a t i o n s .

A q u ic k  t e s t  o f  t h e  a v a i l a b l e  s o i l  n u t r i e n t s  was made u s i n g  th e  

method o f  Spurway and Lawton ( 6 6 ) .



T ab le  I I I *  Compar ison  
i n c u b a t i o n

o f  l ime r e q u i r e m e n t  a s  d e t e r m i  
and B r a d f i e l d - A l l i s o n  methods*

ned  by th e

S o i l Method C a(O H )^ /ac re

lb s *
Montcalm I n c u b a t i o n 2300

s andy  loam
B r a d f i e l d - A l l i s o n 2850

i l e s t e r  sandy I n c u b a t i o n 5300
c l a y  loam

B r a d f i e l d - A l l i s o n 4820

F o u gh ton  muck I n c u b a t i  on 7320

Br a d . f i e l d - A H i  son 7770



A s i e v e  a n a l y s i s  was made o f  each  l i m in g  m a t e r i a l .  The n e u t r a l i z i n g  

v a l u e  o f  each  wrs  d e t e r m i n e d  ( o ) ,  and th e  d e t e r m i n a t i o n s  a r e  r e p o r t e d  

i n  T a b le  I V .

P l a n t s

P r e p a r a t i o n .  F r e s h  samples  were washed in  DRDi'T and d i s t i l l e d  

Vr t e r  and t h e n  r i n s e d .  A l l  p l a n t  samples  we re o v e n - d r i e d  a t  70°  C . ,  

g round  i n  a ><iley m i l l  w: t h  s t a i n l e s s  s t e e l  h o p n e r  end number 20 s c r e e n ,  

and s t o r e d  i n  F l i n t - r l a s s  b o t t l e s .

A n a l y s i s .  Molybdenum d e t e r m i n a t i o n s  on tho  n l s r . t  s amples  were made 

by  t h e  method of Dick  and Bir.p l e y  (23)  as  m o d i f i e d  by benne and J e r r i m  

( 2 ,  10 ) •  R e f e r e e  samples  f u r n i s h e d  by D r .  Benne were a n a l y z e d  t o  i n s u r e  

a c c u r a c y  o f  th e  method .
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RESULTS ALB DISCUSSION

F i e l d  S t u d i e s

L e s t e r  sandy  c l a y  loam* The s o i l  v a r i o b i l i t y  found  hetween ' l o t s  

i n  0; .O’uw  Countv  or t h e  F e s t e r  sandy  c l o y  l o a n  - v r t i e l l y  o b s c u r e s  t h e  

e f f e c t s  o f  t h e  t r e a t m e n t s *  The d a t a  i n  Tab le V show t h a t  th e  t y r e  o f  

l i r rnnp  m a t e r i a l ,  t h e  r a t e  o f  i t s  a p p l i c a t i o n ,  and th e  a d d i t i o n  o r  n o n ­

a d d i t i o n  o f  molybdenum had  no a p p a r e n t  s i g n i f i c a n t  e f f e c t s  on t h e  y i e l d s  

o f  o a t s  and hay* However,  t h e  s o i l  r e a c t i o n  was m a rk e d ly  a f f e c t e d  by 

t h e  l i m i n g  m a t e r i a l s ,  e s p e c i a l l y  by t h e  a c e t y l e n e  b y - p r o d u c t*  S o i l  

s am ples  o f  th e  plow d e p th  were t a k e n  p r i o r  t o  t h e  a p p l i c a t i o n  o f  l iming 

m a t e r i a l s  and a t  p e r i o d i c  i n t e r v a l s  t h e r e a f t e r  up t o  22 months* As 

shown i n  F i g u r e  1, t h e  d e c r e a s i n g  o r d e r  o f  e f f e c t i v e n e s s  i n  r a i s i n g  t h e  

s o i l  pH was a c e t y l e n e  b y - p r o d u c t ,  h ig h  c a l c iu m  m e a l ,  r e f e r e n c e  d o l o m i t e ,  

and t h e  d o l o m i t i c  meal* The l o w e s t  l i m in g  r a t e s  had  l i t t l e  e f f e c t  on 

t h e  s o i l  r e a c t i o n *  G r e a t e r  d i f f e r e n c e s  due t o  d i f f e r e n t  l i m in g  m a t e r i a l s  

w ere  e v i d e n c e d  a t  t h e  h i g h e r  r a t e s  of  a p p l i c a t i o n *  The d e s i r e d  pH o f  6*5 

was r e a c h e d  w i t h  a l l  l i m in g  m a t e r i a l s  e x c e p t  t h e  d o l o m i t i c  meal* However, 

t h e  d e s i r e d  pH o f  7*0 was r e a c h e d  o n ly  w i t h  t h e  a c e t y l e n e  b y - p r o d u c t ,  and 

w i t h  none o f  t h e  l i m i n g  m a t e r i a l s  was t h e  d e s i r e d  pH o f  7*5 a t t a i n e d *

I n  t h e  l a t t e r  i n s t a n c e ,  t h e  pH had i n c r e a s e d  over  m e  22 mcnvh p e r i o d

0*1 bo 7L5, Li c o n t r a s t  to  an i n c r e a s e  i n  t h e  check p l o t s  from 6*0 

t o  6*1* "Where t h e  h ig h  c a l c iu m  and d o l o m i t i c  m ea ls  had been a p p l i e d  a t  

t h e  h i g h e s t  r a t e s ,  a f i n a l  pH o f  6*7 was a t t a i n e d  by b o th  m a t e r i a l s *  

However,  8200 pounds p e r  a c r e  o f  t h e  c a l c i t i c  meal  was no more e f f e c t i v e  

i n  r a i s i n g  t h e  pH th a n  was 5500 pounds p e r  a c r e  o f  th e  same m a t e r i a l *
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Table V. The e f f e c t  of lim ing m ateria ls and ra tes  o f a p p lica tio n  and 
of molybdenum on the y ie ld s  of oats and the f i r s t  cu ttin g  
of a l f a l f a  hay on a N ester sandy c la y  loam*

Lim ing m a te r ia l
O ats
1955

A l f a l f a  hay  
1956

Type R ate No Mo Mo1 No Mo Mo1
I b s /a c b u /ac b u /a e T /ac T /ac

C a l c i t i c  m eal 0 4 3 . 62 4 0 .7 1 .6 8 1 .8 4
2700 4 1 .5 5 0 .9 1 .6 9 1 .7 6
5500 3 4 .1 4 0 .9 1 .7 0 1 .7 8
8200 4 0 .7 4 3 .3 1 .9 3 1 .7 5

D o lo m itic  m eal 0 4 8 .6 4 4 .8 1 .7 0 1 .6 7
2200 4 3 .1 3 9 .0 1 .6 2 1 .7 2
4300 4 9 .0 3 5 .6 1 .9 5 1 .8 6
6500 4 1 .3 4 4 .0 1 .8 7 1 .9 2

A c e ty le n e 0 4 5 .7 4 7 .1 1 .6 7 1 .7 4
b y -p ro d u ct 2000 3 6 .0 3 6 .3 1 .7 7 1 .8 3

4000 4 5 .4 3 5 .8 1 .6 4 1 .5 4
6100 3 5 .9 4 1 .1 1 .7 3 1 .8 3

P u lv e r iz e d  d o lom ite 2200 3 2 .7 3 9 .0 1 .8 6 1 .9 0
4300 4 3 .0 3 3 .9 1 .5 8 1 .5 1

No lim e —— — 3 9 .8 4 2 .5 1 .6 6 1 .6 0

^ A p p lied  16 ounces per a cre  and 8 ounces per a cre  o f  sodium m olybdate  
in  1955 and 1956 , r e s p e c t iv e ly

2 A verage o f  th r e e  r e p l ic a t io n s
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    D e s i r e d  nH 7 . 5 _____7 . 5

7 . 0

6.0
5 . 8

2010

D e s i r e d  pH 7 . 0

5 . 8

•  c a l c i t i c  meal  
o  d o l o m i t i c  meal  
□ a c e t y l e n e  b y - p r o d u c t  
A p u l v e r i z e d  d o lo m i t e  
x no  l ime

7 . 0

D e s i r e d  pH 6 .5

2010
Months a f t e r  l i m in g

F i g u r e  1 .  The e f f e c t  o f  l i m i n g  m a t e r i a l s ,  a p p l i e d  a t  e q u i v a l e n t  r a t e s ,  
on t h e  s o i l  r e a c t i o n  o f  a K e s t e r  sandy  c l a y  loam.



The b a s e  s a t u r a t i o n  p e r c e n t a g e s  were d e t e r m in e d  on s o i l  sampled  i n  

t h e  f a l l  1955 and  t h e  f a l l  1956 and a r e  r e p o r t e d  i n  Tab le  V I . I'Jhere 2200 

pounds  p e r  a c r e  o f  t h e  d o l o m i t i c  mea l  had  been a p p l i e d ,  t h e  b ase  s a t u r a ­

t i o n 1 p e r c e n t a g e  was i n c r e a s e d  f rom 75*7 p e r c e n t  t o  7 7 . 1  p e r c e n t  i n  22 

m o n th s ,  an  i n o r e a s e  o f  3 . 3  p e r c e n t #  The i n c r e a s e  was s i m i l a r  where 6500 

pounds p e r  a c r e  o f  t h i s  m a t e r i a l  had  been  a d d e d .  However ,  4300 pounds 

p e r  a c r e  o f  t h e  m a t e r i a l  r e s u l t e d  i n  a n e t  i n c r e a s e  o f  6 .5  p e r c e n t ,  a  

f i g u r e  n e a r l y  d o u b le  t h a t  o b t a i n e d  f rom  e i t h e r  t h e  h i g h e r  or t h e  lower 

r a t e s .  A l a r g e r  and  more r a p i d  i n c r e a s e  was o b t a i n e d  w i t h  t h e  h i g h  

c a l c i u m  m e a l ,  t h e  g r e a t e s t  i n c r e a s e  b e in g  16 .7  p e r c e n t  w i t h  an a p p l i ­

c a t i o n  o f  5500 pounds p e r  a c r e  of  t h i s  m a t e r i a l .  I n  th e  ca se  o f  t h e  

a c e t y l e n e  b y - p r o d u c t  m a t e r i a l ,  much h i g h e r  i n c r e a s e s  i n  t h e  base  s a t u r a ­

t i o n  p e r c e n t a g e  were o b t a i n e d ,  be ing  n e a r l y  l i n e a r  w i t h  t h e  a m o u n t ■o f  

th e  m a t e r i a l  a p p l i e d .  The base  s a t u r a t i o n  p e r c e n t a g e  o b t a i n e d  w i t h  t h e  

two h i g h e r  r a t e s  o f  t h i s  l a t t e r  m a t e r i a l  was g r e a t e r  t h a n  IOC p e r c e n t ,  

t h e r e  b e i n g  l i t t l e  d i f f e r e n c e  i n  e f f e c t  be tween t h e  two r a t e s  o f  a p p l i ­

c a t i o n .  D ur ing  t h i s  same p e r i o d ,  t h e  b a s e  s a t u r a t i o n  p e r c e n t a g e  o f  the  

u n l im e d  s o i l  d e c r e a s e d  0 . 7  p e r c e n t .

As shown i n  F i g u r e  2 ,  t h e r e  was a s i g n i f i c a n t  c o r r e l a t i o n  o f  0*392 

be tween  t h e  pE and t h e  base  s a t u r a t i o n  p e r c e n t a g e ,  r e g a r d l e s s  o f  t h e  

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

t i o n  p e r i o d .  S i m i l a r  c o r r e l a t i o n  was o bse rved  by J e n s e n  (34 )  in  D an ish

s o i l s .

l l o r l e y  c l a y  loam. There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  

1955 y i e l d  o f  c o rn  on the  U o r l e y  c l a y  loam duo to  l i m in g  m a t e r i a l s  or  

t o  molybdenum, as  shown i n  Tab le  V I I .  L i n in g  th e  s o i l  d i d  d e c r e a s e
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T a b le  VI • The e f f e c t s  o f  l i m i n g  m a t e r i a l s ,  a u p l i e d  a t  v a r i o u s  r a t e s ,
on t h e  b a s e  s a t u r a t i o n  p e r c e n t a g e  o f  s e v e r a l  M ich igan  s o i l s *

D e s i r e d   I n c r e a s e  ___
Liming  m a t e r i a l  pH Months a f t e r  l i m i n g  F a l l  ' 55 !Fall ' 56

N e s t e r  s andy  c l a y  loam
0 9 22

C a l c i t i c  mea l 6 . 0 68 .7 7 2 .2 62 .5 3 .5 -  6 .2
6 .5 7 0 .9 8 1 .4 8 5 .0 10 .5 14 .1
7 . 0 7 5 .6 85 .6 9 0 . 3 1 2 .0 1 7 .7
7 . 5 7 5 .9 86 .9 8 6 .9 1 1 .0 1 1 .0

D o l o m i t i c  meal 6 . 0 7 3 .8 7 3 .8 7 1 .6 0 . 0 -  2 . 2
6 .5 7 3 .7 7 1 .3 7 7 . 1 -  2 . 4 3 . 4
7 . 0 7 4 .1 76 .5 8 0 .6 2 . 4 6 .5
7 . 5 81 .3 7 9 .2 8 4 .6 -  2 .1 3 .3

A c e t y l e n e 6 .0 7 8 . 3 8 0 .3 79 .2 2 . 0 0 .9
b y - p r o d u c t 6 .5 7 6 . 0 80 .5 85 .5 4 . 5 9 .5

7 . 0 7 9 .6 101 .6 1 01 .6 2 2 . 0 2 2 .0
7 . 5 7 2 .3 110 .7 115 .9 3 8 . 4 4 3 .6

P u l v e r i z e d 6 . 5 6 8 .2 7 5 . 4 77 .5 7 .2 9 . 3
d o l o m i t e 7 . 0 7 1 .8 7 9 . 4 81 .3 7 . 6 9 .5

No l ime

M o r le y  c l a y  loam

7 4 .9

0

74 .7  

__ 6_

7 4 .2

15

-  0 . 2 -  0 . 7

C a l c i t i c  meal 6 . 0 5 6 .2 61 .9 60 .5 5 .7 4 .3
6 .5 55*6 6 0 .8 6 2 .9 5 . 2 7 . 3
7 . 0 55 .5 59 .8 64 .3 4 . 3 8 .8
7 .5 55 .7 63 .6 69 .7 7 . 9 14 .0

D o l o m i t i c  meal 6 . 0 54 .7 5 8 .2 62 .5 3 .5 7 . 8
6 .5 51 .5 56 .6 61 .0 5 . 1 9 . 5
7 . 0 63 .2 7 0 .4 72 .6 7 . 2 9 . 4
7 .5 58 .2 67 .3 69 .6 9 .1 1 1 .4

P u l v e r i  zed 6 .5 5 7 .0 64 .5 6 7 .4 7 .5 1 0 . 4
d o l o m i t e 7 . 0 54 .7 68 .9 71 .7 14 .2 17 .0

A c e t y l e n e
b y - p r o d u c t

7 . 0 53 .6 69 .5 7 3 .6 15 .9 20 .0

No l im e 5 1 .9 50 .5

- 2 7 -
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T a b le  "VI. C o n t in u e d

D e s i r e d  I n c r e a s e
L i n i n g  m a t e r i a l  pH Months a f t e r  l i m i n g  F a l l  *55 F a l l  *56

Montcalm sandy  loam
0 4 !5

C a l c i t i c  meal 6 . 0 4 1 .2 6 3 .4 68 .9 22 .2 27 .7
6 .5 4 4 .3 7 2 . 4 7 6 .0 28 .1 31 .7
7 . 0 4 4 . 0 7 4 .0 7 7 .6 3 0 .0 33 .6
7 .5 37 .8 7 7 .2 84 .6 3 9 .4 4 6 .8

D o lo m i t i c  mea l 6 . 0 4 4 .1 5 6 .8 6 1 .6 12 .7 17.5
6 .5 4 3 .8 5 5 . 4 59 .5 11.6 15 .7
7 . 0 4 1 .7 6 3 .8 67 .7 22 .1 2 3 .0
7 .5 43 .6 6 2 .1 69 .1 18 .5 25 .5

P u l v e r i  zed 6 .5 4 7 .0 78 .8 83 .9 31 .8 36 .9
d o l o m i t e 7 . 0 44 .5 7 8 .8 7 8 .8 3 4 .3 3 4 .3

S l a g 7 . 0 4 5 . 0 56 .2 6 1 .4 11 .2 1 6 .4

N o l ime — _ — — 4 7 . 3 47 .3 4 4 .4 0 . 0 -  2 .9
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T a b le  V II  * The e f f e c t  o f  
o f  molybdenum 
c l a y  loam.

l i m i n g  m a t e r i a l  and r a t e  o f  a 
on t h e  y i e l d s  of  c o m  i n  1955

p p l i c a t i o n  and 
on a M or ley

Liming m a t e r i a l C o m
Type R a te No Mo Mo1

l b / a c b u /a c b u /a c

C a l c i t i c  meal 1300 6 7 . 02 67 .3
4600 71 .9 72 .6
8000 74 .2 7 9 .3

11500 6 8 . 4 7 3 . 4

D o l o m i t i c  meal 1000 64 .2 69 .2
3700 71 .5 6 6 .2
5300 7 7 . 0 78.1
7800 7 4 .0 75 .5

P u l v e r i z e d  d o lo m i t e 2900 61 .4 65 .3
6300 70 .7 71 .1

A c e t y l e n e  b y - p r o d u c t 5300 7 0 . 0 CO . ff*

No l ime ------ 8 0 . 4 71 .2

^ 8 o z / a c  o f  sodium m olybda te

2 A verage  o f  f o u r  r e p l i c a t e s
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y i e l d s  sorrewhat , and molybdenum d e c r e a s e d  y i e l d s  where no l ime had been 

a p p l i e d .  The 1956 c r  op was n o t  h a r v e s t e d  a s  t h e  corn  was f r o s t e d  b e f o r e  

m a t u r i t y *  The s o i l  was sampled b e f o r e  th e  l ime a p p l i c a t i o n s  and a t  

p e r i o d i c  i n t e r v a l s  t h e r e a f t e r  up t o  15 m onths-  As shown i n  F i g u r e  5 ,  

t h e r e  was much l e s s  change  i n  t h e  s o i l  r e a c t i o n  due t o  l i m in g  t h i s  s o i l  

tha n  ’was t h e  c a s e  w i t h  the  F e s t e r  sandy c l a y  loam, a l t h o u g h  l i m in g  r a t e s  

were  b a s e d  on l i m e - r e q u i r e m e n t  d e t e r m i n a t i o n s *  The g r e a t e s t  i n c r e a s e  

was w i t h  t h e  a c e t y l e n e  b y - p r o d u c t  a p p l i e d  a t  t h e  r a t e  o f  5300 pounds per  

a c r e *  The d o l o m i t i c  meal  and t h e  r e f e r e n c e  d o lo m i t e  b o th  gave lo w e r ,  

a l t h o u g h  n e a r l y  e q u a l  i n c r e a s e s  i n  t h e  s o i l  pH* The s m a l l e s t  changes  

were  o b s e r v e d  w here  t h e  h i g h  c a l c i u m  meal  had been  a p p l i e d .  A l th o u g h  

t h e  l o w e s t  l i m i n g  r a t e s  had  l i t t l e  e f f e c t  on t h e  s o i l  r e a c t i o n ,  an 

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

r e s p o n d i n g  i n c r e a s e  i n  t h e  s o i l  pH.

The e f f e c t s  o f  t h e  a p p l i e d  l i m in g  m a t e r i a l s  on th e  base  s a t u r a t i o n  

p e r c e n t a g e  a r e  shown i n  Table V I .  A t  t h e  l o w e s t  l i m in g  r a t e ,  t h e  

s m a l l e s t  i n c r e a s e  i n  t h e  base  s a t u r a t i o n  p e r c e n t a g e ,  4 . 4  p e r c e n t ,  was 

o b t a i n e d  w i t h  t h e  h i g h  c a l c iu m  m e a l ,  With i n c r e a s i n g  l ime th e  b ase  

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

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

a t  t h e  r a t e  o f  5300 pounds pe r  a c r e ,  a n e t  i n c r e a s e  o f  2 0 . 0  p e r c e n t .  At 

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

b o t h  t h e  h i g h  c a l c iu m  end d o l o m i t i c  m e a l s ,  wdth a n e t  i n c r e a s e  o f  14 .0  

p e r c e n t  where 11 ,300  pounds p e r  a c r e  o f  t h e  c a l c i t i c  meal  had been 

a p p l i e d *  Over t h i s  15 month p e r i o d  t h e r e  was no change  i n  t h e  b ase  

s a t u r a t i o n  p e r c e n t a g e  of  t h e  un l imed  p l o t s .

- 3 1 -



6 .6 D e s i r e d  pH 7*5

6 . 4

6 .2

6 .0

5 . 8
.5.6

10
D e s i r e d  pH 7 . 0

6.6

6 .4

6.2
•  c a l c i t i c  meal  
O d o l o m i t i c  meal  
Q a c e t y l e n e  bv-p: 
A p u l v e r i z e d  doli 
* n o  l ime

r o d u c t
omi te

5.8«

10
D e s i r e d  pH 6 .5

6.2

6 . 0

5 . 8

10
Months a f t e r  l im in g

F i g u r e  3 .  The e f f e c t  o f  l i m i n g  m a t e r i a l s ,  a p p l i e d  a t  e q u i v a l e n t  
r a t e s ,  on t h e  s o i l  r e a c t i o n  o f  a  M or ley  c l a y  loam.
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F i g u r e  4 shows t h e  h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  o f  

0*923 be tw een  t h e  b a s e  s a t u r a t i o n  p e r c e n t a g e  and th e  s o i l  r e a c t i o n  o v e r  

t h e  pH r a n g e  o f  5*7 t o  6*6,  r e g a r d l e s s  o f  l i m in g  m a t e r i a l  o r  o f  the  

r a t e s  o f  a p p l i c a t i o n *

Montcalm, sandy  1 cam* The d a t a  i n  T ab le  V I I I  shew t h a t  on Montcalm 

s an d y  loam t h e r e  were no  s i g n i f i c a n t  d i f f e r e n c e s  ca u s e d  by t r e a t m e n t s  i n  

t h e  y i e l d s  o f  f i e l d  beans  and  whea t*  However,  r e s i d u a l  sodium molybda te  

and  l im e  had  an e f f e c t  on t h e  r e d  c l o v e r  y i e l d s  i n  Montcalm County  

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

house*  The y i e l d  r e s p o n s e  t o  l ime a l o n e ,  r e g a r d l e s s  o f  t h e  ty p e  o r  r a t e  

o f  l i m i n g  m a t e r i a l  a p p l i e d ,  was h i g h l y  s i g n i f i c a n t *  The a v e r a g e  y i e l d  

on a d ry-weig :h t  b a s i s  was i n c r e a s e d  from 0*34 to n s  p e r  a c r e  where no 

l im e  was a p p l i e d  t o  1*58 t o n s  from t h e  l imed p l o t s *  The i n c r e a s e  w i t h  

molybdenum a l o n e  was from 0*34 t o n s  t o  1*02 t o n s ,  and xvith l ime p lu s  

molybdenum a l o n e ,  y i e l d s  were i n c r e a s e d  t h e  most  where l ime a t  t h e  low er  

r a t e s  p l u s  molybdenum had  been a p p l i e d *

M o ly b d e n u m -d e f ic i e n t  c l o v e r  p l a n t s  were s m a l l e r  th a n  n o r m a l ,  t h e  

l e a  ves  were  p a l e - g r e e n  and few n o d u le s  were o bse rved  on t h e  r o o t s *  The 

s t a n d  was t h i n n e s t  where no l ime or  molybdenum had been a p p l i e d *

As shown i n  F i g u r e  5 ,  t h e  p u l v e r i z e d  d o lo m i te  had t h e  g r e a t e s t  

e f f e c t  on t h e  s o i l  r e a c t i o n ,  i n c r e a s i n g  th e  pH from 5*2 t o  6*8 o ver  a 

15 month p e r i o d  w here  2800 pounds p e r  a c r e  of  t h e  m a t e r i a l  had been 

a p p l i e d *  T h i r t y - s e v e n  hundred  pounds p e r  a c r e  o f  t h i s  m a t e r i a l  was 

s i m i l a r  i n  i t s  e f f e c t *  The d e s i r e d  pH l e v e l s  were a t t a i n e d  o r  exceeded  

w i t h  t h e  two r a t e s  o f  t h e  h i g h  c a l c iu m  m e a l .  However,  a d d i t i o n s  of  

4900 and 6300 pounds p e r  a c r e  were  l i t t l e  more e f f e c t i v e  t h a n  3300
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6 .5

6 .0

5 .5

D es ired  pE 7 .5
5 .0 |

6 .5

6 . 0

D esired  pH 7 .05 .0'

10

6 .5

6 . 0

5 .5
•  c a l c i t i c  meal 
o  d o lo m itic  m eal 
Q s la g
A p u lv e r iz e d  d o lo m ite  
X no lim eD es ir e d  pH 6 .5

Months a f t e r  l in in g

F ig u r e  5 .  The e f f e c t  o f  lim in g  m a te r ia ls ,  a p p lie d  a t  e q u iv a le n t  r a t e s ,  
on th e  s o i l  r e a c t io n  o f  a Montoalm sandy loam .
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pounds per a c r e ,  an a d d it io n a l  in c r e a s e  o f  0*1 pH u n it s  r e s u l t in g  from  

th e  h ig h e r  r a te s *  D o lo m itic  m eal was s im i la r ly  e f f e c t i v e  to  th e  h ig h  

ca lc iu m  m eal a t  th e  low r a te  o f  a p p lic a t io n *  However, a d d it io n a l  amovnts 

o f  t h i s  d o lo m it ic  m a te r ia l in c r e a se d  th e  pH o n ly  s l i g h t l y  m ore, 5200 

pounds per a cre  g iv in g  a n e t  in c r e a se  o f  o n ly  0*2 pH u n it s  over th a t  

o b ta in ed  w ith  3000 pounds per acre*  During th e  o b se r v a tio n  p e r io d , th e  

uttlim ed p lo t s  in c r e a se d  0*4 pH u n its *  The e f f e c t  o f  th e  s la g  was eq u a l 

t o  th a t  o f  d o lo m itio  m eal where both  had been a p p lie d  a t  th e  same eq u iv ­

a le n t  ra te*

As shown in  Table YT, th e  16*3 p ercen t in c r e a se  in  th e  base sa tu r a ­

t io n  p ercen ta g e  where th e  s la g  had been a p p lie d  was h a l f  o f  th a t  where 

e q u iv a le n t  amounts o f  th e  h ig h  ca lc iu m  m eal and th e  p u lv e r iz e d  d o lom ite  

had been a p p lie d ,  and was c o n s id e r a b ly  l e s s  than th e  change due to  th e  

d o lo m it ic  m eal* A d d it io n s  o f  th e  p u lv e r iz e d  d o lom ite  in c r e a se d  th e  base  

s a tu r a t io n  p ercen tage  th e  m ost, fo llo w e d  by th e h ig h  ca lc iu m  m eal and 

th e  d o lo m it ic  m eal in  th a t  order* The h igh  ca lc iu m  m eal was o n ly  s l i g h t ­

l y  l e s s  e f f e c t i v e  than was th e  p u lv e r iz e d  d o lo m ite  in  t h i s  r e s p e c t .  The 

b ase  s a tu r a t io n  p ercen ta g e  in c r e a se d  d ir e c t ly  w ith  the amount o f  c a lc i t ic  

m eal a p p lie d ,  th e  in c r e a s e s  ranging from 27*7 p ercen t w ith  2200 pounds 

p er a cre  o f  t h i s  m a te r ia l t o  46*9 p ercen t w ith  6300 pounds per acre*  The 

in c r e a s e s  were l i t t l e  d i f f e r e n t  fo r  th e  1700 and 3000 pounds per acre  

a p p l ic a t io n s  o f  th e  d o lo m it ic  m ea l, b ein g  17*5 and 15*7 p e r c e n t , r e sp e c ­

t iv e l y *  Where 3900 and 5200 pounds per a cre  had been added, th e  in ­

c r e a s e s  were 26*0 and 2 5 .5  p e r c e n t , r e s p e c t iv e ly *  A f te r  15 months th e  

p e r c e n t  base s a tu r a t io n  o f  th e  unlim ed s o i l  had d ecreased  2*9 p ercen t*

-37>



As shovm i n  F ig u r e  G, t h e r e  was a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  

c o e f f i c i e n t  o f  0*951 betw een th e  b ase  s a t u r a t i o n  "percentage and th e  pH 

o f  th e  l.lontcalm sandy  loam f o r  pH v a lu e s  o f  5*5 and above f o r  t h e  l im ed  

p l o t s *  The c o r r e l a t i o n  7/ould be l e s s  i f  th e  b ase  s a t u r a t i o n  p e r c e n ta g e  

in  t h e  u n lim ed  p l o t s  was in c lu d e d  in  th e  d e te r m in a t io n *

G reenhouse S tu d ie s

The d ry -w e ig h t  y i e l d s  o f  c a u l i f l o w e r  a r e  g iv e n  in  Table  IX .  L in in g  

a f f e c t e d  th e  y i e l d  on a l l  s o i l s *  G e rm in a t io n  was e x c e l l e n t  i n  a l l  c o s e s  

b u t  p l a n t s  grown in  th e  H e s t e r  o rc h a rd  s o i l  t o  w h ich  no lim e had  been 

a p p l i e d  f o i l e d  t o  grow beyond th e  s i n g l e  l e a f  s t a g e .  Lime added  a t  

r o t e  1 r e s u l t e d  in  an a v e ra g e  y i e l d  o f  9*7 gram sj how ever,  l im e  added 

a t  r a t e  2 d id  n o t  g iv e  an a d d i t i o n a l  s i g n i f i c a n t  i n c r e a s e  in  y i e l d .  

A d d i t i o n a l  molybdenum had l i t t l e  e f f e c t  on t h e  g row th  o f  p l a n t s  in  t h i s  

s o i l ,  r e g a r d l e s s  o f  lim e t r e a t m e n t .

L iming t h e  Montcalm. sandy  loam i n c r e a s e d  c a u l i f l o w e r  y i e l d s  from 

9*6 grams f o r  th e  check  t o  1 2 .4  and 13 .1  g ra n s  f o r  l i n i n g  r a t e s  1 and 2 , 

r e s p e c t i v e l y  ( s i g n i f i c a n t  a t  t h e  one p e r c e n t  l e v e l ) .  The av e ra g e  y i e l d  

o f  c a u l i f l o w e r  due t o  t h e  lim e t r e a t m e n t s  was 1 1 .4  g r a n s .  Two ounces 

n o r  a c r e  o f  sodium m olybda te  s i g n i f i c a n t l y  i n c r e a s e d  th e  a v e ra g e  y i e l d  

t o  12*2 g r a n s .  H ig h e r  r a t e s  of molybdenum had l i t t l e  a d d i t i o n a l  e f f e c t  

on th e  y i e l d s .

The eiverage i n c r e a s e  on th e  Houghton muck from  3 0 .8  f o r  t h e  check  

t o  3 2 .8  grams w here lime was added a t  r a t e  1 was h i g h l y  s i g n i f i c a n t .  

L i n in g  t o  a h i g h e r  pH r e s u l t e d  in  y i e l d s  which were low er th a n  t h o s e  

f rom  t h e  u n lim ed  muck. A cco rd in g  t o  P o r t e r ,  o t  a l  (5 6 )  and o t h e r s ,  

l im in g  o r g a n ic  s o i l s  in  M ich igan  t o  a  pH h i g h e r  th a n  5 .5  r e d u c e s  y i e l d s .

-3 6 -
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T able IX# E f f e c t  o f  lim e and molybdenum a p p lic a t io n s  on th e  y i e ld s  
o f  c a u li f lo w e r  in  a greenhouse exp er im en t.

Lime trea tm en t Molybdenum
S o i l R ate Amount 0* 2 4 8

M ontcalm 0

lb s /a c

9 .6 2 1 0 .1 9 .3 9 .6
sandy loam 1 16003 1 1 .9 1 3 .0 1 2 .0 1 2 .5

2 3200 1 2 .8 1 3 .6 1 3 .0 1 2 .8

N e s te r  sandy 0 _ _ _ _ _ n . h . 4 n .h . n .h . n .h .
c la y  loam 1 3800 1 0 .0 9 .2 9 .9 9 .6

2 5800 1 1 .1 1 0 .3 1 0 .7 1 0 .2

Houghton muck 0 3 0 .4 3 1 .5 3 1 .2 3 0 .3
1 4000 32 .  2 3 3 .3 3 3 .8 3 1 .5
2 10800 3 0 .5 3 0 .6 3 0 .2 2 9 .3

 ̂ Ounces o f  sodium m olybdate per acre

2 D ry-w eigh t y i e l d  i n  grams per p o t .  A verage o f  th r e e  r e p l ic a t io n s

3 C alcium  h y d r o x id e . N e u tr a liz in g  v a lu e  1 3 5 .1

4 N o t h a r v e s te d . P la n ts  d id  n o t  d ev e lo p  beyond th e p r im a r y -le a f
s ta g e
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Wo s i g n i f i c a n t  changes in  y ie ld  w ere o b ta in ed  by th e  a d d it io n  o f  molyb­

denum to  th e  p la n ts  grown in  t h i s  s o i l ,  r e g a r d le s s  o f  lim e treatm en t*  

T o ta l dry  w e ig h ts  o f  c a u li f lo w e r  from th e N e s te r  c la y  loam , where 

l im e d , w ere s l i g h t l y  l e s s  than th o se  from s im i la r ly  t r e a te d  Montcalm  

s o i l ,  but y ie ld s  from th e  muck were two and o n e -h a lf  tim es la r g e r  than  

w ere th o s e  from e i t h e r  o f  th e  m in era l s o i l s *  In  a l l  c a s e s ,  s ig n i f ic a n c e  

was determ ined  by u se  o f  Duncan’ s m u lt ip le  range t a b le s  (2 6 )*

As shown in  F igu re  7 , t y p ic a l  molybdenum d e f ic ie n c y  symptoms were  

e x h ib it e d  by c a u li f lo w e r  grown on th e  Montcalm s o i l  t o  w hich no lim e or 

molybdenum was a p p lied *  N e c r o t ic  a rea s  appeared a t  th e  t i p s  o f  th e  

second  and o th er  w e ll-d e v e lo p e d  le a v e s  o f  th e young p la n t s ,  la t e r  e x ­

te n d in g  toward th e  p e t io l e s  a lo n g  th e  l e a f  m argins* L eaves cupped up 

a lo n g  th e  m arg in s, e x h ib ite d  a p a le  green or y e llo w  c o lo r  between th e  

v e i n s ,  and became s l i g h t l y  c r in k le d .  The co ty le d o n s  d evelop ed  n e c r o t ic  

sp o ts*  N e a r ly  a l l  o f  th e  d e f ic ie n c y  symptoms had d isap peared  by h a r v e s t  

tim e*  The secon d ary  d e f ic ie n c y  symptoms o f  " w h ip ta il"  were n ev er  e v i ­

denced by th e s e  p la n t s ,  w hich co n ta in ed  0*41 ppm molybdenum a t  h a rv est*  

Evans (2 7 ) found th a t  a l f a l f a  p la n ts  c o n ta in in g  l e s s  than 0 .5  ppm molyb­

denum responded to  a p p lic a t io n s  o f  th e  elem ent* However, t h i s  c r i t i c a l  

v a lu e  does n o t  n e c e s s a r i ly  h o ld  tr u e  fo r  c a u lif lo w e r *

M olybd en u m -d efic ien t c a u li f lo w e r  p la n ts  w ilt e d  a t  h ig h er  s o i l  

m o istu re  l e v e l s  and reco v ered  more s lo w ly  than d id  p la n ts  w hich had 

ap p aren t adequate amounts o f  th e  e le m e n t. T his p o s s ib ly  was due to  a 

r e d u c tio n  in  t o t a l  ro o t area  o f  th e  d e f ic i e n t  p la n t s ,  to  p h y s io lo g ic a l  

ch a n g es , or to  a com bination  o f  th e s e  or o th er  fa c to r s *

-4 1 -



F ig u r e  7 .  M o ly b d e n u m -d e f ic ie n t  c a u l i f l o w e r  grown on a M ontcalm sandy  
loam i n  a  g reen h o u se  s tudy*
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M olyb d en u m -d efic ien t c a u li f lo w e r  o f  th e  Snow ball "M” v a r ie t y  was 

ob served  in  A lle g a n  co u n ty  in  1954 (F ig u re  8)*  T y p ica l l e a f  cupping  

and c r in k l in g  were noted *  A d jacen t p la n ts  w hich had been sprayed w ith  

a sodium m olybdate s o lu t io n  a t  th e  r a te  o f  8 ounces o f  th e  s a l t  per 

a cre  d id  n o t  e x h ib i t  t h e s e  symptoms*

I t  was e s s e n t i a l  t o  in c r e a se  th e  pH o f  th e  v e r y  a c id  N e s te r  orchard

s o i l  b e fo r e  growth o f  c a u li f lo w e r  p a s t  th e  f i r s t - l e a f  s ta g e  was obtained*
*1

H owever, when s e e d lin g s  from th e  unlim ed s o i l  were tr a n sp la n te d  in to  a 

greenh ou se s o i l ,  th e y  resumed apparent norm al growth* Bear and T otlf (8 )
v

found in  Hew J e r s e y  th a t  s o i l  to  w hich hydrated  lim e had been a p p lie d  

had i t s  h ig h e s t  pH im m ed iate ly  a f t e r  a p p l ic a t io n ,  w ith  ra p id  r e d u c tio n  

th e  f i r s t  day and more grad u al red u ctio n  throughout a th ree-w eek  p eriod *  

Jorgen sen  (3 5 )  a ch iev ed  maximum pH on a sandy loam s o i l  w ith in  one or  

two days fo llo w in g  a p p lic a t io n  o f  hydrated  lim e* t;>

S o i l  pH changes are shown in  F igure 9* The d e s ir e d  pH l e v e l s  were

n o t  a tta in e d *  Maximum pH v a lu e s  were a t ta in e d  most q u ic k ly  in  th e  sandy  

loam , but a t  th e  end o f  88 days were h ig h e s t  in  th e  muck*

F ig u re  10 shows th a t  th e  h ig h  c o r r e la t io n  observed  between th e  base  

s a tu r a t io n  p ercen ta g e  and the s o i l  r e a c t io n  o f  in d iv id u a l  lim ed s o i l s  in  

th e  f i e l d  was a l s o  ev id en ced  w ith  th e  greenhouse s o i l s .  The i n i t i a l

base s a tu r a t io n  p ercen ta g e  o f  th e  muck was th ree  to  e ig h t  tim es  th a t  o f

e i t h e r  o f  th e  m in era l s o i l s *

A lthough  growth o f  c a u li f lo w e r  p la n ts  in  th e  unlim ed N e ste r  s o i l  

was i n s u f f i c i e n t  fo r  c o l l e c t i o n  o f p la n t sam p les, an in c r e a s e  in  th e  

molybdenum c o n te n t  o f  th e  c a u li f lo w e r  p la n ts  w ith  in c r e a se d  s o i l  pH was 

found in  b oth  th e  Montcalm and Houghton s o i l s ,  as shown in  Table X and

-4 3 -
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Montcalm sandy loam

7 .0 d e s ir e d  pH 7 .5

6 .0 d e s ir e d  pH 6 .5

pH

5 .0 no lim e

4 .5

H e ster  sandy c la y  loam

6 .0

5 .0

4 .0

Houghton muck

7 .0

6 . 0

pH

5 .0

4 .5

40

Days a f t e r  w e tt in g  s o i l

60 8020 100

F ig u re  9 .  The e f f e c t  o f  ca lc iu m  hydroxide on s o i l  r e a c t io n  when 
a p p lie d  a t  d i f f e r e n t  r a te s  t o  th r e e  M ichigan s o i l s  in  
a greenhouse exp erim en t.



7.5

7 ,0

Montcalm  
sandy loam

6 .0
Houghton
muck

5 .5

5 .0

N e s te r  sandy  
c la y  loam

4 .5

4 .1

10020 40 60

B ase s a tu r a t io n  p ercen tage

80 120

F ig u r e  1 0 . C o r r e la t io n  between base sa tu r a t io n  p ercen tage  and s o i l  
r e a c t io n  o f  th r e e  s o i l s  from a greenhouse ex p erim en t.
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T a b le  X* The e f f e c t  o f  lim e upon s o i l  r e a c t io n  and 
molybdenum c o n te n t  o f  c a u li f lo w e r  le a v e s .

S o i l
Lime
r a te

Molybdenum 
in  le a v e s

S o i l
pH

Montcalm 0

ppm

0 .4 1 1 4 .9 1
sandy loam

1 1 .1 1 5 .9

2 2 .1 2 6 .7

N e s te r  sandy 0 ____ 2 4 .3
c l a y  loam

1 1 .4 1 5 .8

2 1 .99 6 .8

Houghton muck 0 2 .0 2 5 .4

1 3 .9 4 6 .1

2 7 .3 2 7 .2

^ A verage o f  th r e e  r e p l ic a t io n s

2 P la n ts  d id  n o t  d ev e lo p  beyond th e  p r im a r y -le a f s ta g e
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an d  Figure.- l l *  Moore ( 5 0 ) ,  E v an s ,  j ^ t ^ l . ( 2 8 )  and o t h e r s  have found  

s i m i l a r  r e l a t i o n s h i p s *

A h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  o f  0 .9 3 2 ,  a s  shown in  F ig u r e  12 , 

was a l s o  found  be tw een  pH and molybdenum in  th e  le a v e s  o f  c o m  grown i n  

1955 in  Viashtenaw C ounty  on th e  Ivlorley c l a y  loam , r e g a r d l e s s  o f  th e  

l im in g  m a t e r i a l .  The molybdenum c o n t e n t  v a r i e d  from 1 .0 8  ppm a t  pH 5 .9  

t o  2 .0 0  ppm a t  pH 6 . 4 .

P o s s i b i l i t i e s  o f  e x c e s s  molybdenum. An e x c e s s  o f  molybdenum in  

h e rb a g e  f o r  l i v e s t o c k  fe e d  sho u ld  be a v o id e d .  D av ies  (2 0 )  recommends 

a  f i v e  t o  s i x  y e a r  p e r io d  between molybdenum a p p l i c a t i o n s * Xn th e  

g r e e n h o u s e ,  l im in g  a lo n e  d id  n o t  r a i s e  th e  molybdenum c o n t e n t  o f  th e  

c a u l i f l o w e r  grown on t h e  m in e r a l  s o i l s  to  more th a n  2 .12  ppm as  shown 

i n  T ab le  X . H owever, on th e  muck w hich  was lim ed t o  pH 7 . 2 ,  molybdenum 

c o n t e n t  o f  t h e  c a u l i f l o w e r  l e a v e s  i n c r e a s e d  t o  7 .2  ppm. F i s k e l l ,  e t  a l  

(2 9 )  fo u n d  11 ppm molybdenum in  c o rn  grown on an E v e rg la d e s  p e a t .  

A l th o u g h  l e s s  th a n  th e  10 ppm p r e v i o u s l y  su g g e s te d  a s  a  maximum f o r  

f o r a g e  p l a n t s ,  added  molybdenum t o  M ich igan  o rg a n ic  s o i l s  u n d e r  such  

c o n d i t i o n s  m ig h t  i n c r e a s e  t h e  molybdenum c o n t e n t  o f  th e  p l a n t s  above th e  

d a n g e r  l e v e l  i n s o f a r  a s  l i v e s t o c k  f e e d  i s  c o n c e rn e d .  'However, l im in g  

t o  h ig h  pH v a lu e s  on muck d e c re a s e d  y i e l d ,  so t h i s  p r a c t i c e  o r d i n a r i l y  

w ould  n o t  be f o l lo w e d .  An i n c r e a s e  from 2 .4  t o  6 .2 0  ppm in  m a tu re  o a t s  

grown in  Ogemaw C oun ty  on th e  l im ed  N e s t e r  s o i l  r e s u l t e d  from s p ra y in g  

t h e  young p l a n t s  w i t h  a  molybdenum s o l u t i o n .  G e n e r a l ly ,  s p ra y in g  

d o u b le d  t h e  molybdenum c o n t e n t  o f  t h e  o a t  p l a n t s .  F i s k e l l ,  e t  £ l  (2 9 )  

r e p o r t e d  s i m i l a r  e f f e c t s  in  co rn  grown on a N o r f o lk  loamy f i n e  sand  t o  

w h ich  had  been  added  f o u r  ounces p e r  a c r e  o f  sodium  m o ly b d a te .
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F i g u r e  11 .  C o r r e l a t i o n  Ietvreen molybdenum c o n t e n t  o f  c a u l i f l c v v s r  l e a v e s  
and s o i l  pH in  a ;-reen house  e:-: e r i m e n t .
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SUMMARY AND CONCLUSIONS

F ie ld .  and  g reen h o u se  s t u d i e s  were co n d u c te d  d u r in g  th e  p e r io d  o f  

1954 t o  1957# The e f f e c t s  o f  lim e and molybdenum a p p l i c a t i o n s  upon t h e  

s o i l  r e a c t i o n  and  b a s e  s a t u r a t i o n  p e r c e n ta g e  and upon th e  y i e l d s  o f  

s e v e r a l  c ro p s  grown on d i f f e r e n t  M ich igan  s o i l s  w ere  d e t e r m in e d .  These 

i n c l u d e d  o a t s  and  a l f a l f a - g r a s s  h a y  from  a N e s t e r  sandy c l a y  loam , c o m  

f ro m  a  M orley  c l a y  loam , f i e l d  b e a n s ,  w h ea t  and r e d  c l o v e r  from  a 

M ontcalm  sandy  loam , and  c a u l i f l o w e r  from a N e s te r  sandy  d a y  loam 

o r c h a r d  . s o i l ,  a M ontcalm san d y  loam and a Houghton muck*

A c e ty le n e  b y - p r o d u c t  lim e i n c r e a s e d  b o th  th e  s o i l  pH and th e  b a se  

s a t u r a t i o n  p e r c e n ta g e  f a s t e r  and t o  h ig h e r  v a lu e s  th a n  d id  th e  o t h e r  

l im in g  m a t e r i a l s  w h ich  w ere i n v e s t i g a t e d *

S i m i l a r l y ,  c a l c i t i c  m eal was th e  m ost e f f e c t i v e  when a p p l i e d  t o  a 

N e s t e r  s a n d y  c l a y  loam and a Montcalm sandy loam , w hereas  d o lo m i t i c  meal 

w as th e  m ost e f f e c t i v e  on a  M orley  c l a y  loam* P u lv e r i z e d  d o lo m ite  w as 

more e f f e c t i v e  th a n  d o lo m i t i c  meal* W ate r-quenched  b l a s t  f u r n a c e  s l a g  

was t h e  l e a s t  e f f e c t i v e  fo rm  o f  l im in g  m a te r i a l#

A h ig h  d e g re e  o f  c o r r e l a t i o n  was found betw een th e  s o i l  r e a c t i o n  

and th e  b a s e  s a t u r a t i o n  p e rc e n ta g e  w i t h i n  each  lim ed  s o i l ,  r e g a r d l e s s  

o f  th e  l im in g  m a t e r i a l  and t h e  r a t e s  o f  a p p l i c a t i o n *

No s i g n i f i c a n t  i n c r e a s e s  o c c u r r e d  in  th e  y i e l d s  o f  c ro p s  grown on 

t h e  l im ed  s o i l s  w h ich  had an  i n i t i a l  pH n e a r  6*0 o r  above*

A h ig h  d e g re e  o f  c o r r e l a t i o n  was found  betw een t h e  molybdenum con ­

t e n t  o f  p l a n t s  and th e  s o i l  r e a c t i o n ,  e x p r e s s e d  in  some c a s e s  a s  th e  pH

-5L



and  in  o t h e r s  sis t h e  lo g  o f  t h e  h y d rogen  io n  c o n c e n t r a t i o n «

Y ie l d s  o f  c a u l i f l o w e r  and o f  r e d  c l o v e r  were s i g n i f i c a n t l y  i n ­

c r e a s e d  by  s o i l  a p p l i c a t i o n s  o f  lim e t o  a  Montcalm sandy  loam .

Y ie ld s  o f  t h e  p l a n t s  grown on a Montcalm sandy  loam were i n c r e a s e d  

s i g n i f i c a n t l y  by  r e s i d u a l  and d i r e c t  s p r a y  a p p l i c a t i o n s  o f  molybdenum. 

M o ly b d e n u m -d e f ic ie n c y  symptoms ob se rv ed  on c a u l i f l o w e r  grown i n  A l le g a n  

C o u n ty  d id  n o t  a p p e a r  on p l a n t s  w h ich  w ere  sp ra y e d  w i th  molybdenum.

A lth o u g h  t h e  y i e l d s  o f  c a u l i f l o w e r  and o f  r e d  c l o v e r  w ere i n c r e a s e d  

more by  lim e a lo n e  th e n  by  molybdenum a lo n e  on th e  Montcalm sandy  loam , 

th e  h i g h e s t  y i e l d s  w ere  o b ta in e d  by th e  a p p l i c a t i o n  o f  molybdenum p lu s  

low r a t e s  o f  l im e ,  i r r e s p e c t i v e  o f  th e  lim e s o u r c e .  Y ie ld s  ivere n o t  

f u r t h e r  i n c r e a s e d  by  h ig h e r  r a t e s  o f  lim e p lu s  molybdenum.

The molybdenum c o n t e n t  o f  c a u l i f l o w e r ,  c o m  and o a t s  i n c r e a s e d  w i t h  

an  i n c r e a s e  i n  s o i l  pH* Molybdenum t r e a tm e n t  d o ub led  th e  molybdenum 

c o n t e n t  o f  o a t  p l a n t s .

A d d i t i o n a l  r e s e a r c h  on th e  molybdenum s t a t u s  o f  c ro p s  and s o i l s  

i n  M ich igan  i s  n e e d e d  t o  f u r t h e r  e x p lo re  th e  m olybdenum -supply ing  

c a p a b i l i t i e s  o f  t h e s e  s o i l s  and o f  c ro p  v a r i e t i e s  w h ich  a r e  l e s s  s u s ­

c e p t i b l e  t o  molybdenum d e f i c i e n c y  when grown on t h e s e  s o i l s #
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