
THE EFFECT OF SULPHUR 

OH SO U REACTIOH AHD PLANT GROWTH

by

R o b e r t  R e g in a ld  M cKibbin

L IB R A R Y , UNIVERSITY O F M A R Y L A N D

T h e s is  s u b m i t te d  t o  t h e  F a c u l t y  o f  th e  G radua te  Schoo l o f  t h e  
U n i v e r s i t y  o f  M ary land  i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n ts  f o r  t h e  d e g re e  o f  D o c to r  o f  P h i lo s o p h y .

1926

46513



UMI Number: DP70132

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

UMI
Dissertation Publishing

UMI DP70132

Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

ProOuest’
ProQuest LLC.

789 East Eisenhower Parkway 
P.O. Box 1346 

Ann Arbor, Ml 48106- 1346



AOKNOWLED GMSNT

The w r i t e r  w ish e s  t o  acknow ledge  

t h e  u n f a i l i n g  h e lp  and  k in d n e s s  o f  

D r. A. Gr. M oCall th r o u g h o u t  th e  e n t i r e  

o o u rse  o f  th e  e x p e r im e n ta l  work and 

t h e  p r e p a r a t i o n  o f  th e  m a n u s c r ip t .

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

g u id a n c e  and  h e l p f u l  c r i t i c i s m .  The 

c h e e r f u l  and  c a p a b le  a s s i s t a n c e  o f  

Mr. J .  M. Snyder i n  th e  f i e l d  e x p e r i 

m e n ta l  work h a s  been  d e e p ly  a p p r e c i a t e d .

T h is  e x p e r im e n ta l  work was made 

p o s s i b l e  th ro u g h  a f e l l o w s h i p  o f  th e  

Texas G u lf  S u lp h u r  Company, t o  whom th e  

w r i t e r  w ish e s  t o  acknow ledge h i s  

i n d e b te d n e s s .



-  A -

INDEX
Page

I .  I n d e x ............................................................................................................................  A

I I .  D i s c u s s i o n ................................................................................................................ 1

I I I .  H i s t o r i c a l  ..........................................................  11

S u lp h u r  A p p l ie d  A lone .....................................................................   13

E f f e c t  on c ro p  y i e l d s  when A p p l ie d  i n
E le m e n ta l  F o r m ...............................................................................  13

S u lp h a te  S u lp h u r  a s  a  D i r e c t  F e r t i l i z e r  .................... 18

O x id a t io n  o f  E le m e n ta l  S u lp h u r  t o  S u lp h a te  Form 31

I n f lu e n c e  on S o i l  C o n s t i t u e n t s  ..................................  34

I n o c u l a t e d  and  U n in o c u la te d  S u l p h u r   .............  38

S u lp h u r  a s  a  C o n s t i t u e n t  o f  F e r t i l i z e r  M ix tu re s  . . . .  31

E f f e c t  on Crop Y ie ld s  ......................................    31

Com posting  S u lp h u r  w i th  I n s o l u b l e
F e r t i l i z e r  E lem en ts  .................................................................... 33

17. F i e l d  and G reenhouse E x p e r im e n ta l  W o r k ............................................ 35

Leonard tow n s i l t  l o a m ............................................................... 36
S a s s a f r a s  s i l t  l o a m ....................................................................  43
N o r fo lk  l o a m ....................................................................................  49
X e y p o r t  s i l t  l o a m ........................................................................  55
S a s s a f r a s  l o a m ...............................................................................  63
C ongaree  s i l t  loam   ..............................................................   66
p o r t e r ' s  s i l t  l o a m ......................................................................  69
Penn s i l t  l o a m ...............................................................................  70

7 .  The E f f e c t  o f  S u lp h u r  on D i f f e r e n t  S o i l s ... ........................................  71

Yolume o f  P e r c o l a t e  ...................................................................  75
B e a c t io n  o f  P e r c o l a t e  ............................................................... 75

C hem ica l C o m p o sit io n  o f  p e r c o l a t e  ..................................  76
S u l p h u r .................................................................................. 78
P h o sp h o ru s  ..........................................................................  78
P o t a s s i u m .............................................................................  80
C a l c i u m ....................................................    81
N i t r a t e  N i t r o g e n   .....................................................  82
S u m m ary ..................................................................................  83

71 . C o n c lu s io n s  .............................................................................................................  85

V II .  A ppendix  -A- (M ethods) ...................................................................................

V I I I .  B i b l i o g r a p h y ......................................................................................... , ..............  00



SUMMARY AE'D DISCUSSION.

The s u l p h u r  c o n t e n t  o f  s o i l s  i s  u s u a l l y  lo w e r  t h a n  t h e i r  

c o n te n t  o f  any  o t h e r  e s s e n t i a l  p l a n t  c o n s t i t u e n t .  A n a ly se s  o f  

e i g h t  M ary land  s o i l s *  r e p o r t e d  i n  T ab le  1* show an  a v e ra g e  s u lp h u r  

c o n te n t  i n  2 ,0 0 0 ,0 0 0  pounds o f  s u r f a c e  s o i l  o f  382 po unds. Two 

o f  th e  s o i l s  have b u t  160 pounds o f  s u lp h u r  p e r  2 , 0 0 0 ,0 0 0  pound s , 

w h i l e  t h e  h i g h e s t  i n  s u l p h u r  ( a  h e a v i l y  f e r t i l i z e d  g a rd e n  s o i l )  

h a s  828 pounds p e r  2 , 0 0 0 ,0 0 0  pounds o f  s o i l *

Pow ers (5 8  ) g iv e s  a n a l y s e s  f o r  67 Oregon s u r f a c e  s o i l s  

i n  w hich  t h e  a v e ra g e  s u lp h u r  c o n te n t  p e r  2 , 0 0 0 ,0 0 0  pounds i s  

488 pou nds . The f o u r  P a c i f i c  N o rth w es t  s o i l s  a n a ly z e d  i n  t h i s  

l a b o r a t o r y  have  an  a v e ra g e  s u lp h u r  c o n te n t  p e r  2 , 0 0 0 ,0 0 0  pounds 

o f  138 pounds* The h i g h e s t  i n  s u l p h u r  o f  t h e s e  f o u r  s o i l s ,  a  

Sagemoor f i n e  sandy  loam  from  W ashing ton , h a s  296 pou nds , and th e  

l o w e s t  i n  s u lp h u r ,  a  Colum bia f i n e  sand y  loam  from  Oregon, h a s  

o n ly  54 pounds p e r  2 ,0 0 0 ,0 0 0  pounds o f  s u r f a c e  s o i l .

A lth o u g h  t h e s e  f i g u r e s  g i v in g  s u lp h u r  c o n te n t  o f  s o i l s  

a r e  v e ry  low , y e t  i t  i s  u n s a f e  t o  judge  th e  f e r t i l i t y  o r  l a c k  of 

f e r t i l i t y  o f  a  s o i l  by i t s  t o t a l  c o n te n t  o f  a  f e r t i l i t y  e le m e n t .  

Because s u l p h u r  i s  known t o  e n t e r  i n t o  th e  c o n s t i t u t i o n  o f  t h e  

p r o t e i n  m o le c u le  i t  h a s  been  assumed t h a t  s u lp h u r  a p p l i e d  to  c e r 

t a i n  s o i l s  s t i m u l a t e s  c ro p  y i e l d s  d i r e c t l y  by s u p p ly in g  s u l p h a t e  

s u lp h u r  f o r  p l a n t  m e ta b o l ism , y e t  t h e r e  a r e  c e r t a i n  b a f f l i n g  

f a c t s  t o  e x p l a i n  i n  t h i s  c o n n e c t io n .  Thus two s o i l s  w i th  e q u a l  

am ounts o f  t o t a l  s u lp h u r  may g iv e  e n t i r e l y  d i f f e r e n t  c ro p
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r e s p o n s e  to  s u lp h u r  a p p l i c a t i o n s .

I t  h a s  y e t  t o  he d e m o n s t ra te d  t h a t  t h e r e  a r e  s o i l s  

d e f i c i e n t  i n  a v a i l a b l e  s u l p h u r .  D is p la c e m e n t  o f  th e  s o i l  s o l u 

t i o n  w i th  d i s t i l l e d  w a t e r  seems t o  he th e  m ost e f f i c i e n t  m ethod 

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

f e r t i l i t y  c o n s t i t u e n t s  a s  t h e y  e x i s t  i n  t h e  s o i l .  E x p e r im e n ts  

a t  t h e  M aryland S t a t i o n  w i th  s o i l  s o l u t i o n s  o b ta in e d  by th e  

w a t e r  d i s p la c e m e n t  method show t h a t  s u lp h u r  and c a lc iu m  a r e  

h i g h l y  a v a i l a b l e  i n  a l l  t h e  s o i l s  s t u d i e d .  The s o i l s  w hich  have 

a  low c o n te n t  o f  t o t a l  s u lp h u r  g e n e r a l l y  have a  r e l a t i v e l y  h ig h  

c o n te n t  o f  w a t e r - s o l u b l e  s u lp h u r .

The s o i l  w hich  u n d e r  t e s t  a t  t h i s  l a b o r a t o r y  gave t h e  

l e a s t  amount o f  w a t e r - s o l u b l e  s u lp h u r  o f  any  o f  t h e  s o i l s  s t u d i e d ,  

i s  a  M ary lan d  s o i l ,  P o r t e r ’ s s i l t  loam, w hich  showed no i n c r e a s e  

i n  y i e l d  when s u lp h u r  was a p p l i e d  t o  i t  w i th  f i e l d  c o rn  a s  th e  

c r o p .  However, i t  c an n o t  be s a id  t h a t  t h i s  s o i l  was v e r y  

d e f i c i e n t  i n  s o l u b l e  s u lp h u r ,  v id e  T ab le  { 26 )* I t  i s  low  i n  

t o t a l  s u lp h u r ,  h a v in g  b u t  160 pounds s u lp h u r  t o  2 , 00 0 ,0 0 0  pounds 

o f  s u r f a c e  s o i l ,  b u t  i t  i s  one o f  t h e  m ost f e r t i l e  s o i l s  i n  th e  

S t a t e  o f  M ary lan d .

A summary o f  th e  e f f e c t  o f  c ro p  y i e l d s  o f  s u lp h u r  

a p p l i e d  t o  M ary lan d  s o i l s  i s  g iv e n  on Page 4 ,  The c ro p

grown and  t h e  s o i l  ty p e  a r e  c o n s id e r e d  a s  w e l l  a s  t h e  e f f e c t  o f  

s u lp h u r  a lo n e  and w i th  d i f f e r e n t  f e r t i l i z e r  m ix tu r e s .



I n  no o a se  was s u l p h u r  a p p l i e d  a t  a  h e a v i e r  r a t e  t h a n  

300 pounds p e r  a o r e  a n d  o n ly  tw ic e  a t  t h a t  r a t e .  One h u n d red  pounds 

and  f i f t y  pounds p e r  a o r e  w ere  a p p l i e d .  I t  i s  b e l i e v e d  t h a t  

h e a v i e r  a p p l i c a t i o n s  t h a n  t h i s  a r e  n o t  j u s t i f i e d  i n  f i e l d  

p r a c t i c e *

I t  w i l l  he n o te d  t h a t  i n  l e s s  t h a n  o n e - t h i r d  o f  th e  

t r i a l s  s u l p h u r  w i th  a c i d  p h o s p h a te  m ix tu r e s  h a s  g iv e n  i n c r e a s e d  

y i e l d s .  Of t h e s e  s i x  o a s e s  w here  s u lp h u r  w i t h  a c i d  p h o s p h a te

m ix tu r e s  h a s  i n c r e a s e d  t h e  y i e l d  two have  been  on th e  o v e r - l im e d

N o r f o lk  loam  s o i l  t h e  c ro p s  b e in g  so y b e an s  and w i n t e r  w h e a t ,  i n  

b o th  c a s e s  t h e  s u lp h u r  and  a c i a  p h o sp h a te  w ere  on t h e  s o i l  a t

l e a s t  f i v e  m onths p r e v io u s  t o  a c t i v e  c ro p  g ro w th .  Buckwheat and

sw ee t p o t a t o e s  have been i n c r e a s e d  i n  y i e l d  a l th o u g h  t h e y  w ere 

grown on q u i t e  s t r o n g l y  a c i d  s o i l s .  Tobacco was i n c r e a s e d  i n  y i e l d  

a l s o  on a  s t r o n g l y  a c i d  s o i l . ^ I h e  i n c r e a s e d  y i e l d  o f  to m a to e s  

on th e  K e y p o r t  s i l t  loam  s o i l  i n  1924 m ust be a t t r i b u t e d  t o  th e  

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

t h e  o x i d a t i o n  o f  s u lp h u r  i n  f o r c i n g  e a r l i e r  m a t u r i t y  on th e  

s u l p h u r - t r e a t e d  p l o t s .

I f  u n u s u a l  c o n d i t i o n s  a r e  n o t  c o n s id e r e d  t h e  t h r e e  

c ro p s  buckw heat, to b a c c o  and sw ee t p o t a t o e s  have g iv e n  i n c r e a s e d  

y i e l d s  when s u lp h u r  h a s  been  added  t o  a c i d  p h o s p h a t e - c o n ta in i n g  

f e r t i l i z e r  m ix t u r e s .  Buckwheat i s  w e ll-k n o w n  a s  an  a c i d - t o l e r a n t  

p l a n t .  Tobacco and sw eet p o t a t o e s  a r e  b o th  heavy  p o t a s h - f e e d e r s .  

S u lp h u r  o x i d a t i o n  p ro d u c e s  a c i d i t y ,  and  i t  h a s  been  shown t h a t  

p o t a s h  i s  more s o l u b l e  on s u lp h u re d  th a n  on u n s u lp h u re d  s o i l s .
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i n f l u e n c e  o f  s u l p h u r  on Crop Y ie ld s

Crop S o i l S u lp h u r  S u lp h u r  S u lp h u r  
a lo n e  w i th  w i t h  

raw ro o k  a o i d  
p h o sp h a te  p h o s p h a te  
m ix tu re  m ix t u r e

A l f a l f a  (Common) 

Buckwheat ( J a p a n e s e )  

Corn
(Boone C ounty  W hite) 
(R e e d ’ s Y ellow  D ent)
(

C o t to n  
(K in g ’ s E a r ly )
( " * )

L e t tu o e  
( I c e b e r g )

P e a s
( N o t t ’ s  E x c e l s i o r )
( n  " )

P o t a t o e s  (S w ee t)  
( J e r s e y  B igstem )

P o t a t o e s  (W hite)
( I r i s h  C o b b le r )

Soybeans
(H o l ly b ro o k )
( W ilson)
f  "  )
(Mammoth Y ellow )

)

N o r fo lk  loam  (1924) 

C ongaree  s i l t  loam  (1925)

N o r fo lk  loam  (1924)
Penn s i l t  loam  (1925) 
P o r t e r ’ s s i l t  loam  (1925

S a s s a f r a s  loam  (1925) 
K e y p o r t  s i l t  loam  (1925)

D e c re a se  ------------- - - - - - — -

I n c r e a s e  I n c r e a s e  I n c r e a s e

I n c r e a s e  ----------— D e c re a s e
I n c r e a s e  ----------- - - - - - — -
No e f f e c t ---  — --------------- —

I n c r e a s e  D ecrease  D e c re a s e  
I n c r e a s e  D ecrease  D e c re a s e

C ongaree  s i l t  loam  (1926.) D e c re a se  In c r e a s e  D e c re a s e

S a s s a f r a s  sandy  loam  (1925) i n c r e a s e  ---- ---------
K ey p o rt  s i l t  loam  (1925) D e c re a se  I n c r e a s e

S a s s a f r a s  loam  (1925)

K ey p o r t  s i l t  loam  (1925)

No e f f e c t  I n c r e a s e

D e c re a s e  D ecrease

L eonard tow n s i l t  loam  (1924) No e f f e c t  I n c r e a s e  
" " ” (1924) D eo rease  I n c r e a s e

S a s s a f r a s  s i l t  loam  (1924) I n c r e a s e  I n c r e a s e
N o r fo lk  loam  (1925) I n c r e a s e  I n c r e a s e

D e c re a s e
D e c re a s e

I n c r e a s e

D e o re a se

D e o re a se
D e o re a se
D e c re a s e
I n c r e a s e

Sweet C lo v e r  (Hubam) N o r fo lk  loam  (1925) I n c r e a s e  — ------ -

Tobacco 
(M ary land  Mammoth) 
( »  )

Tom atoes 
( G r e a t e r  B a l t im o re )

L eonard tow n  s i l t  loam  (1925) — -  i n c r e a s e  
S a s s a f r a s  loam (1925)   I n c r e a s e

( )

Wheat (M arq u is )  
( C u r r e l l ’ s P r o l i f i c )

K e y p o r t  s i l t  loam  (1924)
(1925) 

S a s s a f r a s  loam  (1925)

S a s s a f r a s  s i l t  loam (1924) 
N o r fo lk  loam  (1925)

I n c r e a s e  D e c re ase  
D e c re ase  I n c r e a s e  
D eo rease  D ecrease

I n c r e a s e  I n c r e a s e  
I n c r e a s e

D e c re a s e
I n c r e a s e

I n c r e a s e
D e c re a s e
D e c re a s e

D e c re a s e
I n c r e a s e
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S u lp h u r  ad ded  t o  f e r t i l i z e r  m ix tu r e s  h a v in g  raw ro o k  

p h o s p h a te  a s  one oomponent h a s  i n c r e a s e d  t h e  y i e l d  above t h a t  

w i th  t h e  f e r t i l i z e r  m ix tu r e  a lo n e  i n  tw e lv e  o u t  o f  s e v e n te e n  

c a s e s .  Those o a s e s  i n  w h ich  a n  i n c r e a s e  was n o t  o b se rv e d  

w ere w i t h  I r i s h  p o t a t o e s ,  to m a to e s  and  c o t t o n  on K e y p o r t  s i l t  

loam  an d  to m a to e s  and c o t t o n  on S a s s a f r a s  loam, a l l  i n  1925.

In  tw e lv e  o u t  o f  tw e n ty - tw o  o a s e s  s u lp h u r  u s e d  a lo n e  

h a s  g i v e n  i n c r e a s e d  y i e l d s  w i th  d i f f e r e n t  c r o p s .  In  t h r e e  e a s e s  

o u t  o f  tw e n ty - tw o  t h e r e  h a s  been  no a p p a r e n t  e f f e c t  from  th e  

s u l p h u r  and  i n  se v e n  o a s e s  t h e r e  h a s  been  a d e f i n i t e  d e c r e a s e .  

A l f a l f a  grown on N o r f o lk  loam  s o i l  gave a  d e c r e a s e d  y i e l d  w i th  

s u l p h u r .  The r o o t  n o d u le s  a p p e a re d  u n a f f e c t e d .  In  t h e  

s o i l s  o f  th e  P a c i f i c  N o rth w e s t  s u lp h u r  a p p l i e d  t o  a l f a l f a  h a s  

g iv e n  n o t a b l e  i n c r e a s e s  i n  many i n s t a n c e s .  S in ce  c o n s i s t e n t  

d e c r e a s e  was o b t a i n e d  w i th  a l f a l f a  on t h e  M ary land  N o r fo lk  loam  

s o i l ,  t h i s  would i n d i c a t e  t h a t  f o r  th e  W este rn  s o i l s  f a c t o r s  

o t h e r  t h a n  s u l p h a t e  s u lp h u r  d e f i c i e n c y ,  o r  t h e i r  h i g h l y  a l k a l i n e  

r e a c t i o n ,  a r e  r e s p o n s i b l e  f o r  g row th  i n h i b i t i o n  o f  a l f a l f a .

As shown i n  F ig u r e  2, n i t r o g e n  i s  h i g h l y  a v a i l a b l e  i n  th e  N o r f o lk  

loam  s o i l ,  w hereas  n i t r o g e n  a s  n i t r a t e  i s  v e r y  low i n  th e  Oregon 

and W ash ing ton  s o i l s  s t u d i e d .  S u lp h a te  s u lp h u r  i n  w a t e r - s o l u b l e  

fo rm  i s  r e l a t i v e l y  h ig h  i n  a l l  t h e  s o i l s  s t u d i e d .  I t  i s  a c c e p te d  

by many w o rk e rs  t h a t  th e  c h i e f  b e n e f i c i a l  a c t i o n  o f  s u lp h u r  on 

th e  W este rn  s o i l s  i s  t o  s t i m u l a t e  th e  legume n o d u le  o rg a n ism s ,  and 

t h i s  seems th e  m ost p l a u s i b l e  t h e o r y .

S u lp h u r  a lo n e  h a s  n o t  i n c r e a s e d  th e  y i e l d  o f  a l f a l f a ,  

l e t t u c e ,  p e a s  on th e  K e y p o r t  s i l t  loam , I r i s h  C o b b le r  p o t a t o e s ,
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W ilson  so y b e an s  on t h e  L eonard tow n s i l t  loam  n o r  to m a to e s ,  w i th  

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

1934 was h a s t e n e d .  I t  h a s  i n c r e a s e d  th e  y i e l d  o f  bu ck w hea t, 

f i e l d  c o rn ,  c o t t o n ,  p e a s  on a  S a s s a f r a s  sandy  loam  a t  R i v e r d a l e ,  

M ary lan d , W ilso n  so y b e an s  on t h e  S a s s a f r a s  s i l t  loam , Mammoth 

Y ellow  so y b e an s  on t h e  N o r fo lk  loam , sw ee t c l o v e r ,  M arqu is  w heat 

on th e  S a s s a f r a s  s i l t  loam  and C u r r e l l ' s  P r o l i f i c  w heat on t h e  

H o r f o lk  loam .

B oth  i n  t h e  c ro p p in g  e x p e r im e n ts ,  and ch em io a l  s t u d i e s  

o f  t h e  d i s p l a c e d  s o i l  s o l u t i o n s ^ t h e  b e h a v io r  o f  p h o sp h o ru s  i s  

d i f f i c u l t  t o  e x p l a i n .  In  f o u r t e e n  c a s e s  o u t  o f  tw e n ty  t h e  a d d i 

t i o n  o f  e le m e n ta l  s u lp h u r  to  f e r t i l i z e r  m ix tu r e s  c o n t a i n i n g  a c i d  

p h o s p h a te  h a s  d e c r e a s e d  c ro p  y i e l d s .

W ith in  t h e  l a s t  few y e a r s  t h e r e  h a s  been much work done 

d e a l i n g  w i th  t h e  h y d ro g en  io n  c o n c e n t r a t i o n  o f  c u l t u r e  s o l u t i o n s .  

H oag land  (27  ) ,  S h ive  (3 3  ) O lsen  (54  ) among a  s c o r e  o f  w o rk e rs  

have  shown t h a t  c ro p  p l a n t s  g row ing  i n  a c id  o r  a l k a l i n e  c u l t u r e  

s o l u t i o n s  have  t h e  a b i l i t y  to  draw th e  r e a c t i o n  o f  t h e s e  s o l u t i o n s  

to w a rd s  n e u t r a l i t y .

S o lu b le  p h o s p h a te  s a l t s  a r e  v e r y  e f f i c i e n t  i n o r g a n i c  

b u f f e r  s a l t s .  U n p u b l ish e d  d a t a  from  t h i s  l a b o r a t o r y  show t h a t  

t h e  a b i l i t y  o f  w heat p l a n t s  t o  draw th e  s o l u t i o n  i n  sand 

c u l t u r e s  to w a rd s  n e u t r a l i t y  i s  g o v e rn e d  by th e  amount o f  p h o s 

p h a t e s  p r e s e n t  i n  s o l u t i o n ;  t h e  more p h o sp h a te  io n s  p r e s e n t  

t h e  l e s s  th e  power o f  th e  p l a n t  to  draw th e  s o l u t i o n  t o  

n e u t r a l i t y .
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S u lp h u r  o x i d a t i o n  g e n e r a t e s  a c i d i t y .  T h is  a c i d i t y  i n  

a  c ro p p e d  s o i l  w i l l  he o o n t r o l l e d  t o  a  g r e a t  e x t e n t  by t h e  

g row ing  p l a n t s ,  s i n o e  i t  h a s  been  shown t h a t  t h e y  t e n d  to  n e u 

t r a l i z e  a o id  s o l u t i o n s .  However, i f  any  q u a n t i t y  o f  a o id  p h o s 

p h a te ,  i s  p r e s e n t ,  t h e  s o l u b l e  p h o s p h a te s  w i l l  c o u n t e r a o t  t h e  

n e u t r a l i z i n g  e f f e o t  o f  th e  g row ing  o ro p  and th e  r e s u l t i n g  h ig h  

h y d ro g e n  i o n  c o n c e n t r a t i o n  w i l l  damage t h e  p l a n t s  t o  such  an  

e x t e n t  a s  t o  lo w e r  y i e l d s .  M cCall and  Haag (4 5  ) i n  1921 fo u n d  

t h a t  o n ly  s l i g h t  i n c r e a s e s  i n  s o l u b l e  p h o s p h a te s  i n  c u l t u r e  

s o l u t i o n s  i n c r e a s e  th e  h y d ro g e n  io n  c o n c e n t r a t i o n .  Addoms t l )  i n  

1923 fo u n d  t h a t  l a r g e  i n c r e a s e s  i n  h y d ro g en  i o n  c o n c e n t r a t i o n  

b r i n g  a b o u t  c o a g u l a t i o n  and  f l o c c u l a t i o n  o f  th e  p ro to p la s m  o f  

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

p e r m e a b i l i t y  and r e n d e r i n g  them u n a b le  to  a c t  a s  a b s o r p t i o n ,  

o r g a n s .

The ag en cy  by w h ich  t h e  g row ing  p l a n t  b r i n g s  a b o u t  

n e u t r a l i z a t i o n  i s  n o t  y e t  c l e a r .  P o s s i b l e  e x p l a n a t i o n s  a r e  t h e  

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

t h e  e x c r e t e d  c a rb o n  d io x id e  from  th e  p l a n t  r o o t s ;  t h e .  a m p h o te r ic  

n a t u r e  o f  p l a n t  p r o t e i n s ;  t h e  e x i s t e n c e  o f  s y m b io t ic  m y c o r rh iz a e  

a roun d  t h e  r o o t s  o f  m ost o ro p  p l a n t s ,  w hich  may a c c o u n t  f o r  t h e  

phenomenon i n  whole o r  i n  p a r t .  Hone o f  t h e s e  e x p l a n a t i o n s  i s  

s u f f i c i e n t  i n  i t s e l f  t o  a c c o u n t  f o r  th e  phenomenon.

When a c i d  p h o sp h a te  h a s  been  i n  c o n ta c t  w i t h  s o i l  f o r  

' a  s h o r t  t im e  i t  r e v e r t s  t o  a  l e s s  s o lu b l e  fo rm  o f  p h o s p h a te .
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However, th e  a c i d i t y  g e n e r a t e d  by  t h e  o x i d a t i o n  o f  s u lp h u r  m ust 

he i n t e n s e  im m e d ia te ly  s u r r o u n d in g  th e  s u lp h u r  p a r t i c l e s ,  and  

t h i s  s t r o n g  a o i d i t y  would t e n d  t o  make th e  im m e d ia te ly  a d j a c e n t  

r e v e r t e d  p h o sp h a te  more s o l u b l e .  A f t e r  r e a c t i o n  b e tw een  s o i l  and 

p h o s p h a te  s a l t s  h a s  gone on f o r  a  y e a r  o r  more t h e  p h o s p h a te  

w i l l  be. m o s t ly  i n  i n s o l u b l e  form  i n  a n  a c i d  s o i l ,  f o r  i t  w i l l  

have  combined w i t h  such  a m p h o ly te s  a s  i r o n  and  alum inum . In  

a l k a l i n e  s o i l s  i t  w i l l  combine w i th  o t h e r  b a s e s  t o  fo rm  more s o l u 

b l e  p h o sp h a te  s a l t s .

W ith  raw ro c k  p h o s p h a te  m ix tu r e s  p l u s  s u lp h u r  t h e r e  i s  

a  d i f f e r e n t  b e h a v io r .  In  tw e lv e  o u t  o f  s e v e n te e n  o a s e s  s u lp h u r  

added t o  raw  ro o k  p h o sp h a te  m ix tu r e s  h a s  g iv e n  i n c r e a s e d  y i e l d s .  

The p h o sp h o ru s  i n  raw ro c k  p h o sp h a te  i s  i n  i n s o l u b l e  fo rm  and 

c a n  become a v a i l a b l e  t o  t h e  p l a n t  b u t  s lo w ly .  Hoagland ( 28 ) 

h a s  p o i n t e d  o u t  t h a t  t h e  p h o s p h a te  io n  c an  be u t i l i z e d  from  any  

s o i l  by a  o rop  o n ly  v e r y  s lo w ly .  G e rick e  { 25 ) h a s  shown t h a t  

e x c e s s  p h o s p h a te s  i n  s o l u t i o n  c u l t u r e s  d e p re s s  t h e  g row th  o f  

young p l a n t s .

The e f f e c t  o f  s o i l  r e a o t l o n  on t h e  a v a i l a b i l i t y  o f  

p l a n t  n u t r i e n t  io n s  c a n n o t  be i g n o r e d .  Both p h o s p h a te s  and 

s u l p h a t e s  a r e  r e l a t i v e l y  l e s s  a v a i l a b l e  i n  a o id  s o i l s  t h a n  i n  

a l k a l i n e  s o i l s .  C a lc ium  and p o ta s s iu m  seem t o  be r e l a t i v e l y  more 

a v a i l a b l e  i n  a c i d  t h a n  i n  a l k a l i n e  s o i l s .  H i t r a t e s ,  w h i le  

a f f e c t e d  by r e a c t i o n ,  a r e  g r e a t l y  a f f e c t e d  by m o is tu r e  r e l a t i o n s .  

Under e q u a l  c o n d i t i o n s  o f  m o is tu r e  t h e  a z o t o b a o t e r  seem t o  t h r i v e  

i n  e i t h e r  m o d e r a te ly  a c i d  o r  a l k a l i n e  s o i l s .
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The e f f e c t  o f  s u lp h u r  on th e  s o i l  r e a c t i o n  i s  t o  make 

i t  more ao id*  However, s o l u b i l i t y  r e l a t i o n s h i p s  h e lp  t o  g o v e rn  

t h e  a v a i l a b i l i t y  o f  o a lc iu m . C a lc ium  s u l p h a t e  i s  b u t  s l i g h t l y  

s o l u b l e  i n  w a ter*  The t r e n d  i n  o u r  i n v e s t i g a t i o n s  h a s  been  

f o r  c a lc iu m  t o  beoome l e s s  a v a i l a b l e ;  p h o sp h o ru s  l e s s  a v a i l 

a b l e ;  p o ta s s iu m  more a v a i l a b l e  and s u l p h a t e s  p r e s e n t  i n  g r e a t 

e r  q u a n t i t i e s  a f t e r  s u l p h u r  i s  a p p l i e d  t o  a  s o i l *  See F ig u r e  2 .

Some c o n c l u s i o n s  may be draw n fro m  t h i s  w ork . I t  h a s
*

been  shown t h a t  t h e  t o t a l  amount o f  s u lp h u r  p r e s e n t  i n  a  s o i l  i s

no m easu re  o f  t h e  s u lp h u r  p r e s e n t  a v a i l a b l e  f o r  p l a n t  use*

E x cep t w i th  a c i d o p h i l e  c ro p s  o r  on s t r o n g l y  a l k a l i n e  s o i l s  s u lp h u r  

p l u s  a c i d  p h o sp h a te  i n  f e r t i l i z e r  m ix t u r e s  h a s  d e c r e a s e d  o rop  

y i e l d s *

S u lp h u r  w i th  raw ro o k  p h o sp h a te  i n  f e r t i l i z e r  m ix tu r e s  

h a s  i n  m ost c a s e s  i n c r e a s e d  c ro p  y i e ld s *  S u lp h u r  i s  e f f e c t i v e  

i n  i n c r e a s i n g  th e  amount o f  a v a i l a b l e  p o ta s s iu m  i n  s o i l s  and by 

t h i s  means sh o u ld  e n co u rag e  th e  g row th  o f  heavy  p o t a s h - f e e d i n g  

p l a n t s .

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

be o v e rlo o k ed *  An a c i d  r e a c t i o n  i n  t h e  s o i l  s o l u t i o n  may n o t  

i n  i t s e l f  be h a rm fu l  t o  th e  p l a n t ,  b u t  o t h e r  f a c t o r s  p r e s e n t  i n  

t h e  s o i l  r e n d e r  i t  i n  m ost o a s e s  u n d e s i r a b l e .  The te n d e n c y  o f  

c ro p  p l a n t s  t o  c o r r e c t  a c i d i t y  im m e d ia te ly  a d j a c e n t  t o  t h e i r  

r o o t s  i s  an  e s t a b l i s h e d  f a c t ,  b u t  where any c o n s i d e r a b l e  amount
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o f  a o i d i t y  i s  p r e s e n t  and b u f f e r  s a l t s  a r e  p r e s e n t*  suoh 

n e u t r a l i s a t i o n  may be im p o s s ib l e .

The e x t r e m e ly  low  am ounts o f  n i t r a t e  n i t r o g e n  p r e s e n t  

i n  t h e  W ash ing ton  and Oregon s o i l s  worked w i th  w ould s u g g e s t  

t h a t  a n y  m arked i n c r e a s e  i n  o rop  y i e l d s  from  t h e s e  s o i l s  m ust 

be accom pan ied  w i th  i n c r e a s e d  a v a i l a b l e  n i t r o g e n  f o r  t h e  p l a n t .

The f a c t  t h a t  legum es a r e  b e n e f i t e d  more t h a n  o t h e r  c ro p s  by 

s u lp h u r  a p p l i c a t i o n s  t o  t h e s e  s o i l s ,  makes i t  r e a s o n a b le  t o  suppose  

t h a t  s u lp h u r  h e l p s  t h e  s y m b io t ic  n i t r o g e n - f i x i n g  o rg a n ism s  i n  

t h e  r o o t  n o d u le s  o f  t h e  leg u m es .  S inoe  s u lp h u r  added  t o  t h e s e  

s o i l s  d e c r e a s e s  n i t r i f i c a t i o n ,  i t  m ust be assumed t h a t  any 

f a v o r a b l e  r e s u l t s  from  i t s  a p p l i c a t i o n ,  i n  r e s p e c t  t o  n i t r o g e n ,  

m ust be c o n c e rn e d  w i th  th e  s y m b io t ic  fo rm s o f  n i t r o g e n - f i x i n g  

o rg a n is m s .

A l l  l i t e r a t u r e  and e x p e r im e n ta l  d a t a  upon  w hich  t h i s  

d i s c u s s i o n  i s  b a se d  i s  g iv e n  i n  t h e  m ain  body o f  t h i s  p a p e r .
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HISTORICAL

The a p p l i c a t i o n  o f  s u lp h u r  to  th e  s o i l  h a s  b e e n  s t u d i e d  

from  many d i f f e r e n t  a n g l e s .  T here  a r e  a lm o s t  a s  many i n t e r p r e 

t a t i o n s  p o s s i b l e  o f  t h e  r e s u l t s  o b t a i n e d  a s  t h e r e  have  been  

a n g l e s  o f  s tu d y  o f  t h e  p ro b lem .

I t  i s  e v id e n t  t h a t  s u lp h u r  f u n c t i o n s  v e r y  d i f f e r e n t l y  

i n  d i f f e r e n t  s o i l s .  In  a r i d  s o i l s  i t  w i l l  behave d i f f e r e n t l y  

t h a n  i n  humid s o i l s ;  i n  r i c h ,  w e l l - f e r t i l i z e d  s o i l s  i t  w i l l  

behave  d i f f e r e n t l y  t h a n  i n  p o o r  s o i l s *  So d i f f e r e n t l y  d o e s  s u lp h u r  

behave  w i th  d i f f e r e n t  s o i l s  t h a t  t h e r e  have  a r i s e n  two v iew 

p o i n t s :  -

1 .  T h a t  s u lp h u r  i s  a  d i r e c t  f e r t i l i z e r ,

2 .  T h a t  s u lp h u r  a c t s  c h i e f l y  a s  an  i n d i r e c t  
f e r t i l i z e r  th ro u g h  i t s  e f f e c t  on o t h e r  
s o i l  c o n s t i t u e n t s .

The l i t e r a t u r e  rev ie w ed  w i l l  be g roup ed  u n d e r  t h e  f o l lo w 

i n g  h e a d in g s ,  -

SULPHUR APPLIED ALONE

E f f e c t  on c ro p  y i e l d s  when a p p l i e d  i n  e le m e n ta l  form  

S u lp h a te  a s  a  d i r e c t  f e r t i l i z e r

O x id a t io n  o f  e le m e n ta l  s u lp h u r  to  t h e  s u l p h a t e  form

a) I n f l u e n c e  o f  s u lp h u r  o x i d a t i o n  on s o i l  c o n s t i t u e n t s

b) " I n o c u l a t e d '1 and u n in o o u la t e d  s u l p h u r

SULPHUR AS A CONSTITUENT O P  FERTILIZER MIXTURES

a) E f f e c t  on orop  y i e l d s

b) C om posting  s u lp h u r  w i th  i n s o l u b l e  f e r t i l i z e r  
e le m e n ts



SULPHUH APPLIED ALOHE

E f f e c t  on Crop Y i e ld s  when A p p l ie d  i n  E le m e n ta l  Form

The F re n c h  w ere t h e  f i r s t  t o  g iv e  r e c o g n i t i o n  to  t h e  

f a v o r a b l e  e f f e c t  o f  s u lp h u r  i n  e le m e n ta l  form  u p o n  c ro p  

y i e l d s .  I n  1911 C h a n o r in  and D e s r i o t  (13 ) grew p o t a t o e s  

and  b e e t s  on two d i f f e r e n t  s o i l  t y p e s  ( a t  Beaune and Genne- 

t i n e s )  and fo un d  g r e a t l y  i n c r e a s e d  y i e l d s  when t h e y  a p p l i e d  

e le m e n ta l  s u l p h u r  t o  t h e s e  s o i l s  a t  t h e  r a t e  o f  250 k i l o 

gram s p e r  h e c t a r e ,  r o u g h ly  250 pounds p e r  a o r e .

I n  1912 B o u l la n g e r  an d  D u g a rd in  (7 )  and a g a i n  i n  1913 

B o u l la n g e r  (Q) added  f l o w e r s  o f  s u lp h u r  to  s o i l  i n  p o t  

c u l t u r e s  a t  d i f f e r e n t  r a t e s  o f  a p p l i c a t i o n .  O nions, s p in a c h ,  

b e e t s ,  b e a n s ,  c e l e r y ,  c a r r o t s  and o t h e r  v e g e t a b l e s  were 

among th e  c ro p s  whose y i e l d  was g r e a t l y  enhanced  by s u lp h u r .  

When f e r t i l i z e r  t r e a t m e n t s  w ere added  to  th e  s u l p h u r - t r e a t e d  

s o i l s  b u t  s l i g h t  i n c r e a s e  i n  y i e l d  was o b ta in e d  o v e r  t h e  

s u lp h u r  a lo n e .  B o u l la n g e r  s a y s  : -

" S u lp h u r  i n  l i g h t  a p p l i c a t i o n s  f a v o r s  
t h e  work o f  n i t r i f y i n g  b a c t e r i a ;  i t  i s  
t o x i c  i n  h eavy  a p p l i c a t i o n s . "

B o u l la n g e r  f u r t h e r  c la im s  t h a t  i n  p r e s e n c e  o f  s u lp h u r  p l a n t s

" f i n d  l a r g e r  q u a n t i t i e s  o f  ammonia s a l t s  d i r e c t l y  a s s i m i l a b l e ,

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

i n t e r p r e t e d  i n  te rm s  o f  i n c r e a s e s  i n  y i e l d  a n a lo g o u s  to

th o s e  o b ta in e d  by u s i n g  ammonium s u lp h a te *  He rem ark s  t h a t

th e  ammonia t h u s  removed from  th e  s o i l  m ust be r e p l a o e d  by 

o r g a n ic  a m m o n ia -c o n ta in in g  f e r t i l i z e r s  i f  th e  f e r t i l i t y  o f
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t h e  s o i l  i s  t o  he m a in t a in e d .  W hile p o i n t i n g  o u t t h a t  

s u lp h u r  p l u s  f e r t i l i z e r  t r e a t m e n t s  g iv e s  h u t  s l i g h t  i n 

c r e a s e s  o v e r  th e  s u lp h u r  a lo n e ,  and t h a t  s u lp h u r  i n  

h e av y  a p p l i c a t i o n s  i s  t o x i o  i n  i t s  e f f e c t ,  t h i s  a u th o r  

d o e s  n o t  e x p l a i n  t h e s e  f a o t s .

I n  1921 H io o la s  ( 5 1 ) ,  a n o th e r  F re n ch  w o rk e r ,  i n  a d d i 

t i o n  t o  r e c o r d i n g  th e  f a c t  t h a t  s u lp h u r  t r e a t m e n t s  g iv e  

i n c r e a s e d  y i e l d s  on many F renoh  s o i l s ,  f i n d s  t h a t  s u lp h u r  

p l a y s  s e v e r a l  r o l e s  i n  p l a n t  n u t r i t i o n .  He sa y s  t h a t  i t  

s e r v e s  d i r e c t l y  a s  a  p l a n t  n u t r i e n t ;  i t  a c t s  a s  a c a t a l y t i c  

a g e n t  i n  t h e  a s s i m i l a t i o n  o f  s o i l  n i t r o g e n  by th e  p l a n t ;  

and

" I t  h a s  a  c a t a l y t i c  a c t i o n  i n  
a i d i n g  th e  c h lo r o p h y l l  i n  f i x a t i o n  o f  
a tm o s p h e r ic  c a rb o n  i n t t h e  form  o f  s t a r c h . "

S c o re s  o f  w o rk e rs  have  p r e s e n t e d  d a t a  showing t h e  e f f e c t  

o f  s u lp h u r  and  o f  s u l p h u r - b e a r i n g  f e r t i l i z e r s  upon  c ro p  

y i e l d s  i n  d i f f e r e n t  p a r t s  o f  th e  U n i te d  S t a t e s  and w i th  

many d i f f e r e n t  c r o p s .  The s o i l  ty p e  u s e d  i s  e v i d e n t l y  o f  

fu n d a m e n ta l  im p o r ta n c e  i n  any c o n s i d e r a t i o n  o f  th e  e f f e c t  

o f  e le m e n ta l  s u lp h u r  upon c ro p  y i e l d s .  The r a t e  o f  a p p l i 

c a t i o n  m ust be c a r e f u l l y  c o n t r o l l e d  o r  t h e  " t o x i c  e f f e c t "  

m en tio n ed  by B o u l la n g e r  w i l l  e n t e r  i n  and y i e l d s  w i l l  be 

d e p r e s s e d .  The c ro p  u s e d  a l s o  i s  a  f a c t o r  i n  d e te r m in in g  

w h e th e r  o r  n o t  i n c r e a s e d  y i e l d s  w i l l  be o b ta in e d  from  s u lp h u r  

a p p l i c a t i o n s .



S h e rb a k o f f  (74 ) i n  1914 fou nd  i n c r e a s e d  y i e l d  o f  

p o t a t o e s  w i t h  100  pounds o f  s u lp h u r  p e r  a o re  but. d e c r e a s e d  

y i e l d s  w i t h  300 pounds o r  m ore; w i th  r e d  c l o v e r  he o b ta in e d  

d e c r e a s e d  y i e l d s  th r o u g h  th e  u s e  o f  s u l p h u r .  Reim er (59) 

i n  1914 and  R eim er and  T a r t a r  (61 )  i n  1919 p u b l i s h e d  r e s u l t s  

show ing trem en dou s  i n c r e a s e s  o f  a l f a l f a  y i e l d  o b ta in e d  on 

Oregon s o i l s  th r o u g h  s u l p h u r  a p p l i c a t i o n s .  Shedd (71) i n  

1914 r e p o r t e d  tl%tt s u lp h u r  f e r t i l i z e r s  i n c r e a s e d  th e  

y i e l d  o f  so y b e an s  &hd t h a t  t h e  b e s t  r e s u l t s  were o b ta in e d  

w i th  e le m e n ta l  s u lp h u r .  He showed t u r n i p s  to  be m a t e r i a l l y  

b e n e f i t e d  by s u lp h u r  f e r t i l i z e r s  on th e  s o i l  u s e d  b u t  fo u n d  

t h a t  c ab b a g e ,  r e d  c lo v e r  and r a d i s h e s  were n o t  b e n e f i t e d .

E u le y  (1 7 )  i n  1916 p o in te d  o u t  t h a t  th e  a p p l i c a t i o n  o f  

f l o w e r s  o f  s u lp h u r  m ark e d ly  i n c r e a s e d  t h e  p r o d u c t i o n  o f  

n o d u le s  on th e  r o o t s  o f  r e d  c l o v e r  and when u s e d  a lo n e  th e  

s u lp h u r  i n c r e a s e d  s l i g h t l y  t h e  y i e l d  o f  c o rn  and  r a p e  and  to  

a  g r e a t e r  e x t e n t  t h e  y i e l d  o f  r e d  c l o v e r  on th e  s o i l  ty p e  

u s e d .  He r e p o r t s  s o i l  a c i d i t y  i n c r e a s e d  and t h e  n i t r a t e  

c o n te n t  o f  th e  s o i l  v a r y i n g  i n v e r s e l y  w i th  t h e  amount o f  

s o l u b l e  s u l p h a t e s  p r e s e n t .

Ames and B o l tz  (2) i n  1916 showed t h a t  w i th  th e  u se  o f  

e le m e n ta l  s u lp h u r  on c e r t a i n  Ohio s o i l s  th e  y i e l d  o f

c l o v e r  i s  i n c r e a s e d ;  w here b l a s t  f u rn a c e  s l a g  and  d r i e d

b lo o d  p l u s  s u lp h u r  were u se d ,  th e  y i e l d  o f  c l o v e r  was 

d e c r e a s e d  below t h a t  o f  th e  no t r e a tm e n t  c h ec k .  They r e p o r t

i n c r e a s e d  a c i d i t y  i n  t h e  s u l p h u r - t r e a t e d  s o i l .
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S te w a r t  (78) i n  1920 i n  a s t a t e m e n t  o f  t h e  r e l a t i o n  o f  

s u lp h u r  t o  s o i l  f e r t i l i t y  from  t h e  v ie w p o in t  o f  t h e  U n i v e r s i t y  

o f  I l l i n o i s  f i n d i n g s ,  p o i n t s  ou t t h e  e x c e e d in g ly  s m a l l  q u a n t i t i e s  

i n  w hich  s u lp h u r  i s  t a k e n  up hy t h e  p l a n t .  He b e l i e v e s  t h a t  th e  

r o l e  o f  s u lp h u r  may be c o n s id e r e d  a s  somewhat a n a lo g o u s  t o  t h a t  

o f  i r o n  i n  t h e  p l a n t  economy.

P i t z  (57) i n  1916 r e p o r t e d  i n c r e a s e d  y i e l d  o f  r e d  

c l o v e r  on Iliam i s i l t  loam  s o i l  due t o  s u l p h u r .

O lson  and S t .  Jo h n  (53 ) i n  1921 p u b l i s h  e v id e n c e  show

in g  t h a t  on W ashing ton  s o i l s  th e  y i e l d s  o f  d ry  m a t t e r  o b ta in e d  

on th e  s u l p h u r - t r e a t e d  s o i l s  w ere  on th e  a v e ra g e  much l a r g e r  

t h a n  w ere o b ta in e d  on t h e  u n t r e a t e d  s o i l s .  These i n v e s t i g a t o r s  

c o n d u c te d  a  s e r i e s  o f  p o t  e x p e r im e n ts  e x te n d in g  o v e r  f o u r  y e a r s  

i n  t h e  g re e n h o u s e ,  and th e y  say  o f  t h e i r  r e s u l t s

" L a rg e r  w heat and  b a r l e y  c ro p s  were 
o b t a in e d  on t h e  s u l p h u r - t r e a t e d  s o i l  t h a n  were 
o b ta i n e d .o n  th e  u n s u lp h u r e d  s o i l .  In  t h r e e  o u t  
o f  f o u r  y e a r s ,  o a t s  and p e a s  gave i n c r e a s e s  i n  
th e  s u lp h u re d  s o i l ,  w h i le  so y b ean s  gave a b o u t  
t h e  same y i e l d s  i n  th e  s u lp h u r e d  and u n s u lp h u re d  
s o i l s .  The l a r g e s t  y i e l d  o f  a l f a l f a  was o b ta in e d  
on t h e  u n s u lp h u re d  s o i l . "

These w o rk e rs  c o n d u c te d  work w i th  v a r i o u s  s u lp h u r  

c a r r i e r s  and have t h e  f o l lo w in g  t o  sa y  of e le m e n ta l  s u l p h u r , -

"E le m e n ta l  s u lp h u r  a p p l i c a t i o n s  a l s o  
have  i n c r e a s e d  th e  y i e l d s  o f  a l f a l f a  b u t  t h e  
p l a n t  r e s p o n s e  t o  s u lp h u r  n e ed s  h a s  been  
n e c e s s a r i l y  slow b e ca u se  th e  s u lp h u r  m ust f i r s t  
be o x id iz e d  to  t h e  a v a i l a b l e  fo rm ."



16  -

I n  1922 L o m an itz  (4 0 )  r e p o r t e d  t h e  r e s u l t s  o f  two 

y e a r s  p o t  w o r t  w i t h  s o i l s  from  B razo s  C ounty , T ex a s ,  He 

c o n c lu d e s  t h a t  w i th  o o rn ,  sorghum, a l f a l f a  and c o t t o n ,  s u lp h u r  

i s  n o t  n e ed e d  i n  th e  s o i l s  u s e d .  He fo u n d  t h a t  s u lp h u r  

i n c r e a s e s  t h e  a c i d i t y  o f  some o f  th e  s o i l s  worked w i th  and t h a t  

no r e l a t i o n  e x i s t s  be tw een  t h e  p e r c e n ta g e  o f  n i t r o g e n  and t h a t  o f  

s u lp h u r  i n  t h e  sorghum grown.

R u d o lf s  (64) i n  1922 gave th e  r e s u l t s  o f  a p p ly in g  

s u lp h u r  t o  p o t  c u l t u r e s  o f  a  C a l i f o r n i a  o ran g e  g rove  s o i l  a t  

r a t e s  o f  100, 300 , 500 and 1000 pounds p e r  a c r e  b o th  w i th  and 

w i th o u t  o t h e r  f e r t i l i t y  s o i l  c o n s t i t u e n t s .  Soybeans were 

s t i m u l a t e d  i n  g row th  by t h e  lo w e r  a p p l i c a t i o n s  and d e c r e a s e d  

i n  g row th  w i th  t h e  heavy  a p p l i c a t i o n s  o f  s u lp h u r .  T h is  

e x p e r i m e n t e r 1s work w i l l  be f u r t h e r  d i s c u s s e d .

R eyno lds  and L e id ig h  (62) i n  1922 p u b l i s h e d  th e  

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

c o t t o n  c ro p .  The y i e l d s  o f  c o t t o n  were i n c r e a s e d  and l a r g e r  

v e g e t a t i v e  g row th  o b ta in e d  where s u lp h u r  was a p p l ie d *

H e id ig ,  McDole and M agnusson (4 8 )  i n  1923 p u b l i s h e d  

e v id e n c e  t o  show t h a t  s u lp h u r  a p p l i c a t i o n s  i n c r e a s e d  t h e  y i e l d  

o f  a l f a l f a  on a l l  t h e  n o n - i r r i g a t e d  Idaho s o i l s  t h e y  worked 

w i t h .  More n i t r o g e n  and more s u lp h u r  a r e  t a k e n  up by t h e  

p l a n t s  on th e  s u l p h u r - t r e a t e d  s o i l s .

C e ise  (22) i n  1923 r e p o r t e d  th e  e f f e c t  o f  300 and 600
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pound a p p l i c a t i o n s  o f  i n o c u l a t e d  s u lp h u r  on p o t a t o e s ,  s p in a c h  

and sw eet c o r n  grown i n  V i r g i n i a  s o i l s .  Y ie ld s  were d e p r e s s e d  

i n  a l l  o a s e s  by t h e s e  h eav y  a p p l i c a t i o n s .

Lipman and  McLean (39) i n  1924 r e p o r t e d  t h a t  b a r l e y ,  

buckw heat and m u s ta rd  g iv e  d e o re a s e d  y i e l d s  w i th  l i g h t  s u lp h u r  

a p p l i c a t i o n s ,  w h i le  so y b ean s  a p p e a r  u n a f f e c t e d  on a n  a c i d  

S a s s a f r a s  loam  s o i l *  On l e s s  a c i d  S a s s a f r a s  loam s o i l s ,  

b a r l e y ,  r a d i s h e s  and so y b e an s  gave i n c r e a s e d  y i e l d s  w i th  

l i g h t  s u lp h u r  a p p l i c a t i o n s .

H e l l e r  (49) i n  1925 p o i n t e d  o u t  t h a t  s u lp h u r  

i s  e f f e c t i v e  i n  i n c r e a s i n g  th e  y i e l d  o f  a l f a l f a  o n ly  on 

some o f  t h e  e x p e r im e n ta l  s o i l s  worked w i th  i n  W ashing ton  

S t a t e .  Where i t  i s  e f f e c t i v e  t h e r e  i s  a  marked i n c r e a s e  i n  

th e  n i t r o g e n  c o n te n t  o f  th e  o ro p  w h ile  th e  p o ta s s iu m ,  c a l 

cium  and p h o sp h o ru s  c o n te n t s  a r e  a b o u t  th e  same. He recommends 

th e  a p p l i c a t i o n  o f  e le m e n ta l  s u lp h u r ,  where n e ed ed , a t  t h e  

r a t e  o f  a b o u t  75 pounds p e r  a c r e .

Bruce (12 )  i n  1925 r e p o r t e d  t h a t  s u lp h u r  a p p l i c a 

t i o n s  t o  a l f a l f a  on oawego s i l t  loam s o i l  i n  p o t  c u l t u r e s  

d e p r e s s e d  th e  y i e l d  below  t h a t  o f  th e  check  in  a l l  c a s e s .

Both  i n o c u l a t e d  and u n i n o c u l a t e d  s u lp h u r  were u sed  a t  t h e  

r a t e  o f  384 pounds p e r  a c r e .  In  g e n e r a l  t h e  a c i d i t y  o f  t h e  

s o i l  was i n c r e a s e d  by th e  s u lp h u r  a p p l i c a t i o n s .
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S u lp h a te  S u lp h u r  a s  a  D i r e o t  F e r t i l i z e r

W herever com m erc ia l  f e r t i l i z e r s  a r e  w id e ly  u se d  

s u l p h u r  h a s  h e en  a p p l i e d  i n  g r e a t  q u a n t i t i e s  t o  t h e  s o i l  i n  

t h e  s u l p h a t e  fo rm . The p r i n c i p a l  s u lp h u r  c a r r i e r s  u se d  

have  heen  a c i d  p h o s p h a te ,  s u l p h a t e  o f  p o t a s h ,  s u l p h a t e  o f  

ammonia and gypsum.

As L in t  p o i n t e d  o u t  i n  1925 (36 )  t h e r e  i s  i n  a c i d  

p h o sp h a te  a b o u t  tw io e  a s  much s u l p h a t e  s u lp h u r  a s  t h e r e  i s  

p h o s p h o r ic  a c i d .  The o t h e r  f e r t i l i z e r s  m en tio n ed  a l s o  con 

t a i n  h ig h  p e r c e n t a g e s  o f  s u l p h a t e  su lp h u r*

P a l l a d i n  (56) sa y s  o f  s u l p h u r , -

"S u lp h u r  i s  a  n e c e s s a r y  e le m e n t  
b e c a u se  i t  i s  e s s e n t i a l  t o  t h e  f o r m a t io n  
o f  p r o t e i n s ,  w hich  a r e  so im p o r ta n t  i n  
p l a n t s .  I t  m ust be s u p p l i e d  a s  th e  
s u l p h a t e  o f  one o f  t h e  e s s e n t i a l  m e ta l s ;  
a l l  o t h e r  compounds o f  s u lp h u r  a r e  
i n j u r i o u s .  I t  c a n n o t  be r e p l a c e d  by 
any  o t h e r  e l e m e n t . "

In  r e c e n t  y e a r s  th e  e s s e n t i a l  n a tu r e  o f  s u lp h u r  

f o r  b e s t  p l a n t  g row th  h a s  been  s u f f i c i e n t l y  d e m o n s t r a te d .  

As T o tt in g h a m  (80) s a y s ,  i n  1 9 1 8 , -

"C alc ium  s u lp h a te  h as  p ro v ed  an
e s p e c i a l l y  e f f i c i e n t  so u rc e  o f  s u l p h u r .............
i t  a p p e a r s  t h a t  c a lc iu m  s u lp h a te  h a s  
p e c u l i a r  e f f i c i e n c y  a s  a m o le c u la r  
c o m p le x ."

T o tt in g h a m  s t u d i e d  th e  g row th  o f  r e d  c l o v e r  w i th  

and w i th o u t  s u l p h a t e s  i n  t h e  n u t r i e n t  s o l u t i o n s  u s e d .  He 

w r i t e s  f u r t h e r
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. . . .  a  d e f i o i e n o y  o f  s u lp h u r  su p p ly  
r e s t r i c t e d  g ro w th  by l i m i t i n g  th e  
s y n t h e s i s  o f  p r o t e i n * "

In  O regon and  W ash ing ton  t h e  a p p l i c a t i o n  o f  any fo rm  

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

y i e l d s  on many s o i l s .  Reim er and T a r t a r  ( 6 1 ) ,  M i l l e r  (47) 

and  Pow ers (58) from  Oregon have  d e a l t  f u l l y  w i th  t h i s  q u e s t i o n  

a s  have O lson  and S t . J o h n  ( 5 3 ) ,  U e l l e r  (49) and Erdman (21) 

i n  W ash ing ton . A l l  o f  t h e s e  w o rk e rs  a c c e p t  t h e  f a c t  5f  

s u lp h u r  i t s e l f  b e in g  a  l i m i t i n g  e lem en t and t h a t ,  a s  Powers 

sa y s

"The i n c r e a s e  cau sed  by i t s  a p p l i c a t i o n  
was n o t  to  any  g r e a t  e x t e n t  due t o  
i n d i r e c t  a c t i o n . "

The i n t r o d u c t i o n  o f  b e t t e r  a n a l y t i c a l  m ethods 

d u r in g  th e  f i r s t  decade  o f  th e  t w e n t i e t h  c e n t u r y  b ro u g h t  

w id e s p re a d  a t t e n t i o n  to  b e a r  upon th e  q u e s t io n  o f  s u lp h u r  

d e f i c i e n c y  of s o i l s .  H a r t  and P e t e r s o n  (26) i n  W isco n s in  

and Shedd (71) i n  K entucky  were among th e  f i r s t  to  p o i n t  o u t  

t h e  low  s u lp h u r  r e s e r v e s  i n  many U n ite d  S t a t e s  s o i l s .

A g r e a t  d e a l  o f  work h a s  been done w i th  t h e  a p p l i 

c a t i o n  o f  gypsum t o  s o i l s  and t h e r e  i s  a  c o n fu s e d  mass o f  

t e s t im o n y  f o r  and a g a i n s t  i t s  u s e .  Erdman (20) found gypsum 

o f  some v a lu e  t o  a l f a l f a  b u t  o f  l i t t l e  v a lu e  w i th  o t h e r  c ro p s  

i n  i n c r e a s i n g  y i e l d s  o f  Iowa s o i l s .  At P e n n s y lv a n ia  S t a t e  

U n i v e r s i t y  E x p er im en t  S t a t i o n  no b e n e f i t  i s  found from  

e x te n d e d  gypsum t r e a t m e n t s .  At Ohio E xperim en t S t a t i o n
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gypsum a t  320 pounds p e r  a o r e  e v e ry  t h r e e  y e a r s  i n c r e a s e d  

t h e  y i e l d s  o f  n e a r l y  e v e r y  o rop  s tu d ie d *  b u t  n o t  so much a s  

a c i d  o r  ro c k  p h o s p h a te  a t  th e  same r a t e  o f  a p p l i c a t i o n *

The e x p e r im e n ts  c o v e red  a p e r i o d  o f  18 y e a r s .

At I l l i n o i s  S te w a r t  (7 8 )  p o in te d  o u t  t h a t  s u l p h a t e s  

( i n  t h e  form  o f  p o ta s s iu m  s u lp h a te )  have n o t  i n c r e a s e d  c ro p  

y i e l d s  when u se d  w i th  m anure, l im e s to n e  and ro c k  p h o s p h a te .

The a v e ra g e  y i e l d s  f o r  many y e a r s  a r e  p r e s e n t e d ,  f o r  s i x  

d i f f e r e n t  e r o p s  and  f o r  t h e  two sy s te m s  o f  f a rm in g  -  " L iv e 

s to c k *  and  “ G r a i n .H

Work h a s  been  done t o  e s t i m a t e  t h e  o u tgo  o f  s u lp h u r  

from  th e  s o i l .  The l y s i m e t e r s  a t  C o r n e l l ,  and to  a  l i m i t e d  

e x t e n t  t h o s e  a t  T e n n e sse e ,  a r e  a  means o f  s t u d y i n g  t h i s  o u tg o .  

D a ta  p r e s e n t e d  by Lyon and B i z z e l l  (41 )  show t h a t  c o n s i d e r a b l y  

more s u lp h u r  i s  l o s t  from  th e  s o i l  t h a n  e n t e r s  i t  th r o u g h  

r a i n f a l l .

M e I n t i r e  (46) h a s  shewn t h a t  where enormous a p p l i 

c a t i o n s  o f  b u r n t  l im e  (CaO 8 to  100 to n s  p e r  a c r e )  a r e  made t o  

t h e  s o i l ,  t h e  amount o f  s u l p h a t e s  l e a c h i n g  from  th e  l y s i m e t e r s  

a t  t h a t  S t a t i o n  i s  re d u c e d  t o  a  minimum. M agnesia  l im e s to n e  

c a u s e s  more l o s s  o f  s u l p h a t e s  th a n  c a l c i c  i n  th e s e  heavy  

a p p l i c a t i o n s ,  y e t  w i t h  100 to n s  o f  c a lc iu m  c a r b o n a te  p e r  

a c r e  t h e r e  i s  c o n s i d e r a b le  s u lp h a te  s u lp h u r  l o s t .
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The r a i n f a l l  a t  d i f f e r e n t  p a r t s  o f  t h e  c o u n t r y  

h a s  been  c o l l e c t e d ,  a n a ly z e d  and r e p o r t e d  upon  by suoh w o rk e rs  

a s  H a r t  and P e t e r s o n  ( 3 6 ) ,  Erdman ( 2 0 ) ,  M o I n t i r e ,  W i l l i s  

and  H o ld in g  (4 6 )  and  o t h e r s .  Tbr o p in io n  i s  unan im ous t h a t  

t h e  s u l p h u r  c o n ta in e d  i n  th e  r a i n f a l l  i s  i n s u f f i c i e n t  t o  p r e s e r v e  

t h e  s u lp h u r  b a la n c e  i n  t h e  s o i l  u n l e s s  i t  i s  w i t h i n  a r e a s  o f  

heavy  a tm o s p h e r ic  c o n ta m in a t io n  by s o f t  c o a l  smoke.

O x id a t io n  o f  E le m e n ta l  S u lp h u r  t o  t h e  S u lp h a te  Form.

I t  i s  g e n e r a l l y  a c c e p te d  by p l a n t  p h y s i o l o g i s t s  t h a t  

s u lp h u r  i s  u t i l i z e d  by p l a n t s  o n ly  i n  t h e  s u l p h a t e  fo rm , 

i n  t h e  o x i d a t i o n  from  th e  e le m e n ta l  t o  t h e  s u l p h a te  fo rm  in  

s o i l s  s u lp h u r  n o t  o n ly  u n d e rg o e s  a r a d i o a l  change i t s e l f ,  b u t  

i t  a l s o  e x e r t s  a  g r e a t  i n f l u e n c e  upon  th e  s o i l  c o n s t i t u e n t s . «

T h is  would be t r u e  i f  t h e  i n c r e a s e  o f  h y d ro g en  io n  c o n c e n t r a 

t i o n  i n  t h e  s o i l  w ere th e  o n ly  t h i n g  c o n s id e r e d .

I f  i t  i s  a l l  o x id iz e d  t o  th e  s u l p h a t e  fo rm  a 100 

pound p e r  a c r e  a p p l i c a t i o n  o f  e le m e n ta l  s u lp h u r  i s  e q u iv a l e n t  

t o  a  300 pound a p p l i c a t i o n  o f  s u l p h u r i c  a o id  t o  t h e  a o re  o f  

s o i l *  The r e a c t i o n s  in v o lv e d  i n  t h i s  o x i d a t i o n  p r o c e s s ,  

w hich  i s  u n d o u b te d ly  b i o l o g i c a l l y  c o n t r o l l e d ,  may be summated 

t h u s

2S 8HgO *+■ 30g -  2 H2SO4

The e f f e c t . ,  o f  300 pounds o f  a s t r o n g  a o id  l i k e  s u l p h u r i c  a c i d  

i s  c o n s i d e r a b l e  when a p p l i e d  to  an  a c r e  o f  even  a w e l l -
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b u f f e r e d  s o i l .  Runk (69 ) h a s  shown t h a t  s o i l s  d i f f e r  v e r y  

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

i n c r e a s e  i n  h y d ro g e n  io n  c o n c e n t r a t i o n  b ro u g h t  a b o u t  by 

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

T h is  d i f f e r e n c e  i n  ^ b u f f e r i n g "  e f f e c t  i s  r e s p o n s i b l e  

f o r  t h e  d i v e r s e  r e s u l t s  t h a t  have  been  o b t a in e d  from  e le m e n ta l  

s u lp h u r  i n  i n c r e a s i n g  t h e  h y d ro g en  io n  c o n c e n t r a t i o n  o f  s o i l s  

t o  w h ich  i t  i s  a p p l i e d .  S o i l s  h ig h  i n  o r g a n ic  m a t t e r ;  s o i l s  

h ig h  i n  s o l u b l e  b a s e s  such  a s  c a lc iu m ,  p o ta s s iu m  and magnesium; 

and t h o s e  h ig h  i n  s o l u b l e  p h o s p h a te s ,  a r e  b u f f e r e d  t o  th e  

e x t e n t  o f  t h e i r  c o n te n t  o f  t h e s e  b u f f e r i n g  a g e n c ie s .  In  

c o n seq u e n ce  t h e y  w i l l  show l e s s  te n d e n c y  to  become a c i d  upon 

a p p l i c a t i o n  o f  s u lp h u r  t h a n  o t h e r  s o i l s  n o t  p o s s e s s i n g  l i k e  

c o n c e n t r a t i o n s  o f  such  b u f f e r i n g  m a t e r i a l s .

F re n c h  w o rk e rs  were t h e  f i r s t  t o  s tu d y  t h e  o x id a 

t i o n  o f  s u lp h u r  t o  s u l p h a t e s  i n  t h e  s o i l .  D eG ru lly  (18) 

i n  1911, B o u l la n g e r  (7 )  i n  1912, Demolon (15) i n  1913,

B rio u x  and G u erb e t  (9 )  i n  1913, d id  p i o n e e r  work in  t h i s  

f i e l d .  Happen and Q u e n se l l  (34) i n  1915 i n  Germany fou nd  

f r e e  s u l p h u r  r a p i d l y  o x id iz e d  t o  s u l p h a t e s  i n  th e  s o i l .  They 

th o u g h t  th e  p r o c e s s  t o  be p a r t l y  b i o l o g i c a l  and p a r t l y  

c h e m ic a l .  I n  t h e  U n ite d  S t a t e s ,  i n  1916, Lipman, McLean and 

L i n t  (37 ) c o n d u c te d  s t u d i e s  i n  w hich  th e y  foun d  t h a t  i n  30 

w eeks , 70 p e r  c e n t ,  o f  t h e  s u lp h u r  add ed , i n  a  compost o f  

100 grams s o i l ,  15 gram s ro c k  p h o s p h a te ,  and 5 gram s s u lp h u r ,
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had  h e en  o x id iz e d  t o  th e  s u l p h a t e  fo rm ,

Ames and Richmond ^3) i n  1916 p o i n t e d  o u t  t h a t  

s u l p h o f i o a t i o n  ( t h e  o x i d a t i o n  p r o o e s s  by whioh s u l p h u r  i s  

c o n v e r t e d  t o  t h e  s u l p h a t e  form) d e p r e s s e s  n i t r i f i c a t i o n  

e v e n  w here  l a r g e  am ounts o f  o a lo iu m  c a r b o n a te  w ere  u s e d  t o  

c o u n t e r a c t  t h e  a c i d i t y  d e v e lo p e d .  O c k erb lad  (52 )  a t  

Vermont i n  1917 a c t u a l l y  u s e d  a  0*1 p e r  c e n t ,  s o l u t i o n  o f  

s u l p h u r i c  a c i d  a s  a  means o f  s o i l  s t e r i l i z a t i o n  and  s t a t e d  

t h a t  a  o n e -d a y  e x p o su re  to  such s o l u t i o n  k i l l e d  o v e r  90 

p e r  c e n t ,  o f  a l l  s o i l  o rg a n is m s .

R u d o lf s  (65 )  i n  1922 w ork ing  w i th  s u lp h u r  o x i d a t i o n  

i n  a l k a l i  s o i l s  found  t h a t  a f t e r  18 weeks a l l  t h e  s u lp h u r  i n  

p r a c t i c a l l y  a l l  t h e  c u l t u r e s  had  b e en  o x i d i z e d .  J o f f e  and 

McLean (30 ) i n  1922 w o rk in g  w i th  s u lp h u r  o x i d a t i o n  i n  e i g h t  

Oregon s o i l s  foun d  t h a t  t h e  a d d i t i o n  o f  250 pounds o f  s u lp h u r  

had n o t  m a t e r i a l l y  changed  t h e  r e a c t i o n  a f t e r  t h e  o x i d a t i o n  

o f  m ost o f  th e  s u l p h u r .

Demolon (1 6 )  i n  1921 i n  F ran ce  foun d  t h a t  ammonify

in g  b a c t e r i a  w i l l  o x i d i z e  s u lp h u r  i n  th e  s o i l *  He s p e c i f i e s  

B . f l u o r e s c e n s  l i q u e f a c i e n s  and  B .m yco id es .  Waksman (82) 

i n  1922 s t a t e s  t h a t  t h e r e  a r e  two t y p e s  o f  s u lp h u r  o x i d i z i n g  

b a c t e r i a  -  one e f f e c t i v e  i n  a c id  m edia  and one i n  a l k a l i n e  

m ed ia .  T h i o b a o i l l u s  t h io o x i d a n s  i s  a c id o p h i l©  and T h io -  

b a c i l l u s  3 . i s  t h e  a l k a l i - t o l e r a n t  o rg an ism .
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I n  1922 s t u d i e s  a t  th e  Oregon E x p er im en t  S t a t i o n  

(5 5 )  showed t e m p e r a tu r e  and  m o is tu r e  t o  he t h e  Im p o r ta n t  

f a c t o r s  r e g u l a t i n g  th e  o x i d a t i o n  o f  s u lp h u r  i n  t h e  s o i l ,  

and  t h a t  t h e  a p p l i c a t i o n  o f  s u lp h u r  makes a  s o i l  a  more 

f a v o r a b l e  medium i n  w hich  s u l p h u r - o x i d i z i n g  o rg a n ism s  may work. 

A lso  i t  i s  s t a t e d  t h a t  f o r  f i e l d  c o n d i t i o n s  t h e  e le m e n ta l  

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

Brown (1 0 )  i n  1923 d e s c r i b e s  th e  o x i d a t i o n  o f  s u lp h u r  

i n  d i f f e r e n t  m ed ia  and  s t a t e s  t h a t  th e  n o n b i o l o g i c a l  o x i d a t i o n  

o f  s u lp h u r  i n  a  s o i l  m ust be v e r y  l i m i t e d .  B ip p e l  (63) 

i n  Germany i n  1924 r e p o r t e d  s t u d i e s  w hich  show s u lp h u r  

o x i d a t i o n  i n  a  s o i l  t o  be a lm o s t  e n t i r e l y  b i o l o g i c a l  i n  

n a t u r e .  He s a y s  t h a t  m ost a e r o b i c  o rg an ism s  sh o u ld  p o s s e s s  

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

H e l l e r  (49) i n  1925 s t a t e s  t h a t  up to  1000 pound 

a p p l i c a t i o n s  p e r  a c r e  s u lp h u r  i s  a lm o s t  e n t i r e l y  o x id iz e d  

i n  W ash ing ton  s o i l s ,  b u t  w i th  am ounts above t h a t  th e  

p e r c e n t a g e  o x id iz e d  d e c r e a s e s  r a p i d l y .  The h y d ro g en  io n  

c o n c e n t r a t i o n  o f  h e a v i l y  s u lp h u r e d  s o i l s  becomes g r e a t e r .

a )  I n f l u e n c e  o f  S u lp h u r  O x id a t io n  on S o i l  C o n s t i t u e n t s

As d i s c u s s e d  u n d e r  th e  h e a d in g  "C om posting S u lp h u r  

w i th  i n s o l u b l e  F e r t i l i z e r  E le m e n ts , " t h e  e f f e c t  of th e  

a c i d i t y  e n g e n d e re d  d u r i n g  th e  o x i d a t i o n  o f  e l e m e n ta l  s u lp h u r  

t o  t h e  s u l p h a t e  fo rm  h a s  b een  s t u d i e d  w id e ly  i n  c o n c e n t r a t e d  

m ix tu r e s  o f  s u lp h u r  and  v a r i o u s  i n s o l u b l e  f e r t i l i z e r  m a t e r i a l s .



The e f f e c t  o f  th e  o x i d a t i o n  o f  e le m e n ta l  s u lp h u r  

on s o i l  m i n e r a l s  i s  n o t  w e l l  u n d e r s to o d ,  i f  i t  i s  c o n s id e r e d  

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

I n  t h i s  c a s e  we have an  enorm ously  d i l u t e ,  i l l - m i x e d  "com post"  

h u t  i n  s p i t e  o f  t h i s  d i l u t i o n  i t  h a s  heen  w e l l  d e m o n s tr a te d  

t h a t  ev en  l i g h t  a p p l i c a t i o n s  o f  s u lp h u r  have an  a p p r e c i a b l e  

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

In  s o i l s  w i th  an  e x c e s s  o f  b a se  th e  a c i d i t y  engen

d e re d  by o x i d a t i o n  p r o c e s s e s  i s  p ro m p tly  n e u t r a l i z e d  i n  t h e  

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

t i o n s  w i l l  c a u se  t h e  r e a c t i o n  to  become more a c i d  even  i n  

t h e s e  h i g h l y  b a s i c  s o i l s .  The fo r m a t io n  o f  s u lp n » te  

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

s a l t  o f  a  g iv e n  b a se  d e p en d s  i n  p a r t  t h e  " f r e e i n g "  a c t i o n ,  

upon  t h a t  b a s e ,  o f  th e  s u lp h u r  a p p l i e d  t o  a  s o i l .

S te p h e n so n  and Powers i n  1924 (77) u sed  b o th  an  

a r i d  and a humid s o i l  to  s tu d y  th e  e f f e c t  o f  t h e  o x i d a t i o n  o f  

e le m e n ta l  s u l p h u r  upon th e  s o i l  m in e r a l  c o n s t i t u e n t s .  These 

i n v e s t i g a t o r s  fou nd  a  d e c id e d  i n c r e a s e  i n  t h e  w a t e r - s o l u b l e  

c a lc iu m  and p o ta s s iu m  o f  th e  t r e a t e d  s o i l s ,  and a marked 

d e c r e a s e  i n  t h e  amount o f  w a t e r - s o l u b l e  p h o sp h o ru s .  In  b o th  

s o i l s  i t  was fo u n d  t h a t  even  t h e  l i g h t e r  a p p l i c a t i o n s  

o f  s u l p h u r  p ro d u ce d  an  i n c r e a s e  i n  a c i d i t y .  F l o c c u l a t i o n  o f  

t h e  s o i l  c o l l o i d s  by th e  o x id iz e d  s u lp h u r  was n o te d .
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Erdman ( S I )  i n  1985, u s i n g  P a lo u se  s i l t  loam  s o i l ,  

fo u n d  t h e  w a t e r - s o l u b l e  o a lo iu m  and p o ta s s iu m  i n c r e a s e d  by 

a p p l i c a t i o n s  o f  e le m e n ta l  s u lp h u r ,  heavy  o r  l i g h t .  He 

s t a t e s  t h a t  a n a l y s e s  f o r  w a t e r - s o l u b l e  p h o sp h o ru s  were made, 

b u t  t h a t  t h e  am ounts o b t a i n e d  were so s m a l l  a s  t o  be w i t h i n  

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

s o i l  s t u d i e d  was a p p a r e n t l y  n o t  i n c r e a s e d  by a p p l i c a t i o n s  of 

a s  h i g h  a s  1000  pounds o f  e le m e n ta l  s u lp h u r  p e r  a c r e .

In  t h e  work o f  S te p h e n so n  and Pow ers th e  s o i l s  were 

s t u d i e d  i n  c o n t r o l l e d  p o t  c u l t u r e s .  Sam ples w ere t a k e n  

t h r e e ,  s i x  and  n in e  m onths a f t e r  t h e  a p p l i c a t i o n  o f  t h e  

s u l p h u r ,  and a n a l y s e s  made on t h e  w a t e r  e x t r a c t .  In  

Erdm an’s work t h e  s o i l  was l e a c h e d ,  u n d e r  b o th  f i e l d  and 

g re e n h o u se  c o n d i t i o n s ,  and  d e t e r m i n a t i o n s  made upon th e  

l e a c h i n g s .  D i s t i l l e d  w a te r  was u s e d  and c a r e f u l l y  c o n t r o l l e d  

c o n d i t i o n s  w ere  m a in ta in e d  i n  t h e  g re e n h o u s e .

Erdman fo u n d  t h a t  1000 pounds o f  gypsum p e r  a c r e  

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

p o ta s s iu m  s l i g h t l y  l e s s  t h a n  186 pounds o f  e le m e n ta l  

s u l p h u r .  In  each  c a s e ,  th e  e q u iv a l e n t  o f  558 pounds o f  

s u l p h a t e  r a d i c a l  was a p p l i e d  to  th e  s o i l ,  and a p p a r e n t l y  th e  

r e s p o n s e  t o  t h e  t r e a t m e n t s  i n  f r e e i n g  p o ta s s iu m  i s  a lm o s t

HOTS;- E rdm an1s u n p u b l i s h e d  d a t a ,  which a r e  i n  th e  hands 
o f  th e  n a t i o n a l  H eseardh  C o u n c i l ,  S u lp h u r  F e l lo w 
s h ip  C om m ittee , show t h a t  t h e  am ounts o f  w a te r -  
s o lu b le  p h o sp h o ru s  l e a c h e d  from  t h e  s u l p h u r - t r e a t e d  
s o i l s  a r e  lo w e r  t h a n  th o s e  from  t h e  u n t r e a t e d  s o i l s .
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i d e n t i c a l *  T h is  would s u g g e s t  t h a t  t h e  s o l u b l e  s a l t

p o ta s s iu m  s u l p h a t e  i s  fo rm ed  and i s  l e a c h e d  from  t h e  s o i l

by t h e  w a te r  p a s s i n g  th r o u g h  i t *
*

Ames and Simon (4 )  i n  1924 p r e s e n t e d  e v id e n c e  t o  

show t h a t  th e  s o l u b i l i t y  o f  s o i l  p o ta s s iu m  i n  w a te r  i s  

i n c r e a s e d  by a p p l i c a t i o n s  t o  th e  s o i l  o f  c a lc iu m  s u l p h a t e ,  

sodium  n i t r a t e ,  ammonium s u l p h a t e  and m o no-ca lc ium  p h o s 

p h a t e ,  Ammonium s u l p h a t e  had  a  more p ro no unced  e f f e c t  t h a n  

t h e  o t h e r  s a l t s  added  t o  th e  s i l t  loam , c l a y  loam  and c l a y  

s o i l s  w h ich  w ere u s e d .

What e f f e c t  h a s  s u lp h u r  a p p l i e d  t o  t h e  s o i l  upon 

t h e  s o i l  n i t r o g e n  ?

D u ley  (17) i n  1916 found  t h a t  s u lp h u r  d e p r e s s e d  

n i t r i f i c a t i o n  and t h a t  n i t r a t e s  i n  t h e  s o i l  d e c r e a s e d  a s  t h e  

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

However, he fou nd  t h a t  n o d u le  f o r m a t io n  on th e  r o o t s  o f  r e d  

c l o v e r  was v e r y  m ark e d ly  i n c r e a s e d  by s u lp h u r  a p p l i c a t i o n s .

Ames and Richmond (3 )  i n  1918 r e p o r t e d  t h a t  n i t r i 

f i c a t i o n  was d e p r e s s e d  by th e  o x i d a t i o n  o f  s u lp h u r  even where 

l a r g e  am ounts o f  c a lc iu m  c a r b o n a te  were added t o  t h e  s o i l  

s t u d i e d .

In  F ra n c e  B o u l la n g e r  ( 8 ) i n  1913 w ro te

" I n  t h e  p r e s e n c e  o f  s u lp h u r  p l a n t s  f i n d
l a r g e r  q u a n t i t i e s  o f  ammonia s a l t s  d i r e c t l y
a s s i m i l a b l e . "
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However* no d i r e c t  e x p e r im e n ta l  p r o o f  i s  c i t e d .

H e l l e r  (4 9 )  i n  1925 s t a t e s  t h a t  a n a l y s e s  o f  a l f a l f a  

grown on s u lp h u r e d  s o i l s  show a  h i g h e r  amount o f  n i t r o g e n  

and  o f  s u l p h u r  t h a n  t h e  a l f a l f a  from  u n s u lp h u r e d  s o i l s .  He 

w r i t e s

" T h is  a g a i n  i s  an  i n d i c a t i o n  t h a t  th e  
c h i e f  b e n e f i c i a l  a c t i o n  o f  s u lp h u r  i s  t o  
c a u s e  t h e  n o d u le  b a c t e r i a  t o  su p p ly  more 
com bined n i t r o g e n  t o  th e  p l a n t . "

Pow ers (58 )  i n  1923 w r i t e s

"Legumes, p a r t i c u l a r l y  a l f a l f a ,  r e d  
and a ls iJ c e  c l o v e r ,  have g iv e n  marlced 
r e s p o n s e  t o  s u lp h u r  f e r t i l i z e r s . "

A lso

" H .V .T a r t a r  and H.G. M i l l e r  o f  th e  
Oregon E x p e r im e n t  S t a t i o n  found  t h a t  s u lp h u r  
i n c r e a s e s  p r o t e i n  c o n te n t  o f  c r o p s . "

And

" S u lp h u r  seems to  be r e l a t e d  t o  
n i t r o g e n  s u p p l y . "

H e id ig ,  ilcDole and  Magnuson (48) i n  1923 s t a t e  

t h a t  t h e i r  i n v e s t i g a t i o n s  p ro v e  t h a t  s u lp h u r  i n  a l l  form s 

p ro d u c e d  an  i n c r e a s e  i n  th e  t o t a l  n i t r o g e n  removed by a l f a l f a .

b) " I n o c u l a t e d "  and  U n in o c u la te d  S u lp h u r

J o f f e  (29 ) i n  1922 p u b l i s h e d  a  co m p reh en s iv e  

t r e a t i s e  on t h e  b io c h e m ic a l  o x i d a t i o n  o f  s u l p h u r .  In  

d i s c u s s i n g  t h e  o x i d a t i o n  o f  s u lp h u r  by s o i l  o rg an ism s  he 

s a y s  i n  p a r t

" I f  u n d e r  c e r t a i n  c o n d i t i o n s  
t h e  a d d i t i o n  o f  s u lp h u r  t o  th e  s o i l
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i s  d e s i r a b l e  i t s  o x i d a t i o n  i s  i n d i s 
p e n s a b l e ,  i f ,  how ever, t h e  s o i l  d o es  
n o t  c o n t a i n  t h e  p r o p e r  s u l p h u r - o x i d i z i n g  
o rg a n is m s  t h e  s u lp h u r  w i l l  n o t  o x i d iz e  
r a p i d l y  enough and  t h e  d e s i r e d  e f f e o t  
o f  t h e  s u lp h u r  a p p l i c a t i o n  may n o t  be 
a c c o m p l is h e d .  E v id e n ce  i s  a t  hand 
t h a t  n a t i v e  s u l p h u r  i s  t h e  p r im a ry  s o u rc e  
o f  t h e  m ost p o w e r fu l  s u l p h u r - o x i d i z i n g  
o rg a n is m  T h i o b a c i l l u s  T h io o x i d a n s . "

J o f f e  p r e s e n t s  d a t a  show ing  t h e  o x i d a t i o n  o f  s u lp h u r  i n

e i g h t  O regon s o i l s *  Each s o i l  was t r e a t e d  w i th  s u lp h u r

e q u i v a l e n t  t o  £000  pounds p e r  a c r e ;  " i n o c u l a t e d ” and

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

p re su m a b ly  was t r e a t e d  w i th  s u l p h u r - o x i d i z i n g  o rg an ism s

from  s p e c i a l  c u l t u r e s ,  f o r  a  f o o t - n o t e  s t a t e s

"The i n o c u l a t i o n  was made by 
i n t r o d u c i n g  10 mgm. o f  a  s o i l  w hich  
was e s p e c i a l l y  p r e p a r e d  f o r  i n o c u l a 
t i o n  p u rp o s e s * "

A f t e r  3£ d ay s  i n c u b a t i o n  th e  r e a c t i o n  o f  th e  

s o i l s  w i th  i n o c u l a t e d  and u n i n o c u l a t e d  s u lp h u r  was a b o u t  

t h e  same. The amount o f  s u lp h u r  o x id iz e d  w i th  th e  two 

t r e a t m e n t s  d id  n o t  d i f f e r  g r e a t l y .  L a t e r  J o f f e  showed t h a t  

t h e s e  Oregon s o i l s  d id  n o t  c o n t a i n  t h e  T .T h io o x id a n s  b u t  d id  

c o n t a i n  t h e  T . B e i j e r i n o k i i .

Lipman, B l a i r ,  M a r t in  and Beckwith  (38) i n  19£1 

s t a t e  t h a t  i n o c u l a t e d  seems more e f f e c t i v e  th a n  u n in o o u la t e d  

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

g ro w in g  c r o p s .  With p o t a t o e s ,  b a r l e y  and c o rn  th e y  fo u n d  

th e  a d d i t i o n  o f  s u lp h u r  t o  ro c k  p h o sp h a te  i n c r e a s e d  th e



-  30  -

y i e l d s  o v e r  th e  ro o k  p h o sp h a te  a lo n e .

M a r t in  (43 ) o f  Hew J e r s e y  r e p o r t e d  i n  1981 b e t t e r  

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

s u l p h u r  and  c la im e d  t h a t  s m a l l e r  am ounts o f  i n o c u l a t e d  

t h a n  u n i n o c u l a t e d  s u lp h u r  c o u ld  be u s e d  t o  o b t a i n  th e  

same r e s u l t s .

Bruce (18 ) i n  1925 r e p o r t e d  t h a t  th e  a d d i t i o n  o f  

i n o c u l a t e d  and u n i n o o u la t e d  s u l p h u r  to  Oswego s i l t  loam 

s o i l  i n c r e a s e d  th e  a c i d i t y  t o  a b o u t  t h e  same e x t e n t .  T h is  

i n c r e a s e  i n  a c i d i t y  i s  a  ro u g h  m easure  o f  t h e  o x i d a t i o n  o f  

t h e  a p p l i e d  s u l p h u r .  *

The K en tu ck y  E xp erim en t S t a t i o n  (35) r e p o r t e d  i n  

1923 t h a t  raw ro c k  p h o s p h a te  and i n o c u l a t e d  s u lp h u r  mixed 

com pares f a v o r a b l y  w i th  a c id  p h o s p h a te  a s  a  f e r t i l i z e r .

The O regon E x p er im en t S t d t i o n  (55) r e p o r t e d  i n  

1922 no d i f f e r e n c e  be tw een  i n o c u l a t e d  and u n i n o c u l a t e d  

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

In  1925 Simon and S c h o l l e n b e r g e r  (76 ) showed 

t h a t  i n o c u l a t e d  s u lp h u r  was much i n f e r i o r  t o  more f i n e l y  

g ro u n d  s u l p h u r .  They c o n c lu d e  t h a t  t h e  r a t e  o f  o x i d a t i o n  o f  

s u lp h u r  i s  g o v e rn e d  by t h e  f i n e n e s s  o f d i v i s i o n  o f  th e  d i f f e r -  

' e n t  fo rm s o f  s u lp h u r  u s e d .  They found t h a t

MThe m ost co m p le te  o x i d a t i o n  was
c o r r e l a t e d  w i th  th e  h i g h e s t  h y d ro g e n - io n
c o n c e n t r a t i o n . "

Inoculated sulphur was the most poorly o x id iz e d  of any o f  

the four forms of sulphur used.
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SULPHUR AS X  CWsYlTTOFC' OF FERTILIZER MIXTURES

B o u l la n g e r  ( 8 ) p o i n t e d  o u t  t h a t  when s u lp h u r  i s  

a p p l i e d  w i t h  f e r t i l i z e r  m ix t u r e s  t h e r e  i s  l i t t l e  i f  any 

i n c r e a s e  o b t a in e d  o v e r  t h e  s u lp h u r  a lone*

D uley  (17) fo u n d  t h a t  when he  added  e le m e n ta l  

s u lp h u r  t o  l im e ,  n i t r o g e n ,  p o t a s h  and  p h o sp h o ru s  m ix tu r e s  

he o b t a i n e d  d e c r e a s e d  y i e l d s *  He a l s o  fo u n d  t h a t  when he 

added  l im e  and s u lp h u r  t o  t h e  s o i l  he g o t  y i e l d s  o f  r e d  

c l o v e r  lo w e r  t h a n  from  e i t h e r  o f  t h e s e  m a t e r i a l s  by i t s e l f .

Shedd (73 ) i n  1917 r e p o r t e d  t h a t  t h e  a d d i t i o n  o f  

100 and  500 pounds o f  s u lp h u r  p e r  a c r e  t o  i e l l o w  P r y o r  to b a c c o  

s e e d l i n g s  t o g e t h e r  w i t h  a  m ix tu re  o f  500 pounds KUOg, 500 

pounds CaHPO^, and 200 pounds CaCOg p e r  a c r e ,  gave i n c r e a s e s  

o f  10% and  24% r e s p e c t i v e l y .  Shedd f u r t h e r  fo u n d  t h a t  100 

and 200 pounds p e r  a c r e  o f  e le m e n ta l  s u lp h u r ,  p lu s  500 

pounds CagP04 , 200 pounds KUOg and 8000 pounds CaCOg, i n 

c r e a s e s  t h e  p r o d u c t i o n  o f  some c r o p s ,  h a s  no e f f e c t  on 

o t h e r s ,  and  i s  i n j u r i o u s  t o  some. He s t u d i e d  so y b e an s ,  

c l o v e r ,  o a t s ,  a l f a l f a  and w heat on e i g h t  d i f f e r e n t  s o i l  

t y p e s  o f  K en tu ck y .

H i l l e r  (47 )  i n  1919 u se d  b o th  s o i l  and sand 

p o t  c u l t u r e s  to  s tu d y  th e  e f f e o t  o f  s u lp h u r  p l u s  sodium 

n i t r a t e  and c a lc iu m  c a r b o n a te  upon  c ro p  y i e l d s .  He u se d

t h r e e  d i f f e r e n t  s o i l s  and o a t s ,  rap e  and re d  c lo v e r  a s  

c r o p s .  He c o n c lu d ed  t h a t  c ro p  y i e l d s  a r e  enhanced  i n  t h e
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e a s e  o f  legum es by th e  s t i m u l a t i n g  e f f e c t  o f  s u l p h a t e s  

u p on  s y m b io t ic  legume b a c t e r i a ,

R u d o lf s  (6 4 )  i n  1922 added a c i d  p h o s p h a te  a t  th e  

r a t e  o f  100  pounds p e r  a c r e  t o  s u l p h u r  a p p l i e d  a t  from  

100 t o  1000 pounds p e r  a c r e  on b o th  a  C a l i f o r n i a  s o i l  and  

a  Kew J e r s e y  s o i l .  Under t h e s e  c o n d i t i o n s  he fo u n d  l e s s  

i n o r e a s e  i n  h y d ro g e n  io n  c o n c e n t r a t i o n  t h a n  w here s u lp h u r  

a lo n e  i s  add ed  t o  t h e  s o i l ,  o r  where s u lp h u r  p l u s  300 

pounds o f  raw ro c k  p h o s p h a te  i s  ad d ed . T h is  e f f e c t  o f  t h e  

a c i d  p h o s p h a te  m ig h t  be a t t r i b u t e d  to  th e  b u f f e r i n g  e f f e c t  o f  

s o l u b l e  p h o s p h a te s  w hich  w i l l  be more f u l l y  d i s c u s s e d  l a t e r .

R u d o l f s  m o reo v e r ,sh o w s i n  t h i s  p a p e r  t h a t  i n  th e  

s o i l s  u s e d  t h e  a c i d i t y  e n g e n d e re d  by th e  o x i d a t i o n  o f  t h e  - 

s u l p h u r  was n o t  g r e a t  enough to  r e n d e r  s o l u b l e  any amount 

o f  t h e  raw ro c k  p h o s p h a te ,  a l th o u g h  i t  Was so g r e a t  t h a t  

t h e  g row th  o f  so y b ean s  i n  t h e  s o i l  was s e r i o u s l y  r e t a r d e d .

In  t h e  K en tucky  A g r i c u l t u r a l  E xperim ent S t a t i o n  

R e p o r t  (35 )  f o r  1923, i t  i s  r e p o r t e d  t h a t  a  m ix tu re  o f  

i n o c u l a t e d  s u lp h u r  and  raw ro c k  p h o sp h a te  com pares v e ry  

f a v o r a b l y  w i t h  a c i d  p h o s p h a te  a lo n e .  The a c i d i t y  p ro d u ced  

by s u lp h u r  t r e a t m e n t s  i s  n o te d  a s  b e in g  i n i m i c a l ,  i n  some 

c a s e s ,  f o r  t h e  b e s t  g row th  o f  w heat p l a n t s .

A l l i s o n  (5 )  i n  1922 p o in te d  o u t  th e  h a rm fu l  

e f f e c t  o f  sodium  n i t r a t e  upon th e  o x i d a t i o n  o f  s u lp h u r ,  and
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a t t r i b u t e s  t h i s  e f f e c t  t o  t h e  p re s e n c e  o f  t h e  n i t r a t e  

r a d i c a l •

Pow ers (58 ) i n  1923 r e p o r t e d  t h a t  on a  M edford 

s o i l  s u l p h u r  200 pounds p e r  a c r e  p l u s  raw rook  p h o sp h a te ,  281 

pou nds  p e r  a a r e ,  gave a  b e t t e r  y i e l d  o f  a l f a l f a  t h a n  412 

pounds o f  s u p e rp h o s p h a te  p e r  a c r e  and a  b e t t e r  y i e l d  t h a n  

e i t h e r  th e  raw  ro o k  p h o sp h a te  a lo n e  o r  s u lp h u r  a lo n e ,

Bruce (12 ) i n  1925 fo u n d  t h a t  on Oswego s i l t  loam 

a c i d  p h o s p h a te  400 pounds p e r  a c r e  p l u s  s u lp h u r  384 pounds 

p e r  a c r e  gave  an  e x t r e m e ly  low y i e l d  o f  a l f a l f a ,  lo w e r  

t h a n  where m anure o r  com ple te  f e r t i l i z e r  m ix tu r e s  were 

a p p l i e d  w i t h  s u lp h u r .

S u lp h u r  a s  a  Oompeat C o n s t i t u e n t

Lipman, McLean and L in t  (37) i n  1916 f i r s t  con

c e iv e d  th e  i d e a  o f  em ploy ing  compost h eap s  o f  s u lp h u r ,  

s o i l  and raw ro c k  p h o s p h a te  a s  a  means o f  m aking a v a i l 

a b le  i n s o l u b l e  p h o s p h a te .  The t h e o r y  i s  t h a t  th e  a c i d i t y  

e n g e n d e re d  th r o u g h  o x i d a t i o n  o f  th e  e le m e n ta l  s u lp h u r  by 

s u l p h o f y i n g  o rg an ism s  i s  t h e  a c t i v e  agenoy i n  r e n d e r i n g  

t h e  p h o s p h a te s  s o l u b l e .

Many o t h e r  w o rk e rs  have s t u d i e d  th e  co m p o s tin g  o f  

raw ro c k  p h o s p h a te  and s u l p h u r  w i th  s o i l .  Brown and W arner

(11 )  i n  1917 c o n f i rm e d  Lipman*s f i n d i n g s  t h a t  s o l u b l e  p h o s 

p h a t e s  a r e  p ro d u ced  i n  com posts  o f  raw ro ck  p h o s p h a te ,  s u lp h u r
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and s o i l .  Brown and  W arner, how ever, u se d  manure a s  one o f  

t h e  com post c o n s t i t u e n t s . E l l e t t  and H a r r i s  (19) i n  1930 

d e s c r i b e  co m po s ts  o f  raw ro c k  p h o s p h a te ,  s u lp h u r  and s o i l  

and  a l s o  show m anure t o  be b e n e f i c i a l  i n  i n c r e a s i n g  t h e  

s o l u b l e  p h o s p h a te  c o n te n t  o f  t h e  com posted  m ix tu r e .

B u d o l f s  (6 7 )  i n  1922 com posted  raw ro c k  p h o s p h a te ,  

s u l p h u r  and i r o n  p y r i t e s  and fo u n d  th e  l a t t e r  o f  no e f f e c t  

i n  r e n d e r i n g  p h o s p h a te s  a v a i l a b l e .  In  an  e a r l i e r  p a p e r  

R u d o l f s  ( 6 8 ) fo u n d  t h a t  to o  much a e r a t i o n  i s  bad f o r  s u lp h o -  

f i c a t i o n  i n  th e  c o m p o s ts .  A lso ,  he s t a t e s  t h a t  o a l c a r e o u s  

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

com po s t.

J o f f e  ( S I )  i n  1922 showed t h a t  th e  m o is tu r e  c o n te n t  

o f  f l o a t s - s u l p h u r  com posts  s h o u ld  be 50 p e r  o e n t  a t  t h e  

s t a r t  and  r a i s e d  t o  60 p e r  c e n t  when a  r e a c t i o n  o f  pH 2 .8  i s  

r e a c h e d  i n  t h e  com post, a t  w hich  r e a c t i o n  th e  i n s o l u b l e  

p h o s p h a te  s t a r t s  t o  become s o l u b l e .

M cCall and Sm ith  (44) 1920, com posted g re e n sa n d  

m a r l  ( c o n t a i n i n g  a b o u t  4 p e r  c e n t  o f  p o ta s s iu m )  manure and  

s u l p h u r ,  and fo u n d  a f t e r  t h e  l a p s e  o f  s e v e r a l  m onths t h a t  

a s  h ig h  a s  41 p e r  c e n t  o f  th e  o r i g i n a l  p o ta s s iu m  o f  th e  

g r e e n s a n d  had been  r e n d e r e d  s o l u b l e .

R u d o lf s  ( 6 6 ) i n  1922 and J o f f e  (32 )  i n  1923 u se d  g r e e n 

sand  m arl  and raw ro c k  p h o s p h a te  as  com ponents o f  some s u lp h u r  

co m p o s ts ,  t h u s  t r y i n g  t o  d e r i v e  b e n e f i t  from  th e  e f f e c t  o f  s u lp h u r  

o x i d a t i o n  on b o th  i n s o l u b l e  p h o s p h a te  and p o ta s s iu m  compounds.
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EXPEBBC8KTAL WORK

C ro p p in g  E x p e r im e n ts

F e r t i l i z e r s  and  s o i l  amendments a r e  a p p l i e d  to  th e  s o i l  

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

c r o p s  g row h. G reenhouse  and f i e l d  e x p e r im e n ts  have  been  con

d u c te d  a t  t h e  U n i v e r s i t y  o f  M ary land  A g r i c u l t u r a l  E x p er im en t  

S t a t i o n  d u r i n g  th e  p a s t  t h r e e  y e a r s  t o  i n v e s t i g a t e  th e  e f f e c t  o f  

s u l p h u r  on c ro p s  grown i n  M ary lan d  s o i l s #

The s o i l s  s t u d i e d  have b e e n  a n a ly z e d  and a  r e p o r t  on 

t h e i r  f e r t i l i t y  c o n s t i t u e n t s  i s  g iv e n  i n  TABLE I .  Com plete 

a n a l y s i s  was made f o r  c a lc iu m , c a rb o n ,  i r o n ,  magnesium, n i t r o g e n ,  

p h o sp h o ru s ,  p o ta s s iu m ,  s u lp h u r  and th e  amount o f  h y g ro s c o p ic  m o is tu r e  

i n  t h e  a i r - d r i e d  s o i l s *  Two s o i l s  from  W ash ing ton  S t a t e  and two 

from  O regon w h ich  have g iv e n  i n c r e a s e d  y i e l d s  a f t e r  th e  a p p l i c a 

t i o n  o f  s u l p h u r  have  been in c lu d e d  i n  th e  c h em ic a l  s tu d y ,  b u t  i n  

o u r  work no c ro p p in g  d a t a  have been  o b ta in e d  on t h e s e  f o u r  s o i l s .

E ig h t  s o i l s  from  M ary land  e ac h  r e p r e s e n t i n g  a  d i f f e r e n t  

ty p e  have  been  s t u d i e d ,  and c ro p  d a t a  a s  w e l l  a s  c h e m ic a l  s t u d i e s  

a r e  p r e s e n t e d  f o r  them .

The r e s u l t s  o b t a in e d  w i l l  be shown u n d e r  th e  d i f f e r e n t  

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

When i t  i s  d e s i r e d  t o  c a l l  a t t e n t i o n  to  th e  t o t a l  f e r t i l i t y  con

t e n t  o f  a  s o i l  r e f e r e n c e  w i l l  be made to  T able  I .



T a b le  I

TOTAL FERTILITY CONSTITUENTS OF EXPERIMENTAL SOILS USED

10. Soil from Soil type Calcium Carbon Iron Magnesium Nitrogen Phosphorus
Potassium Sulphur Hygros-oopio

jL&ifittUtt

% Ca % C % Fe 
Pacific

$ Mg 
Northwest

% N 
Soils

ft % £ % 3

1. Adams Branch Wash. Ritzville v.f.s.l. 0.556 0.58 0.50 0.420 0.0994 0.0670 1.290 0.0041 1.62

8. ProsserWash. Sagemoorf.s.l. 1.251 0.38 0.56 0.598 0.0580 0.0770 1.526 0.0148 1.38

3. Grant’s Pass Oregon Columbia f. s.l. 0.862 1.40 0.87 0.476 0.2017 0.0660 0.373 0.0027 1.73

4. Klamath Falls Oregon Yakimas.l. 1.195 1.06 0.51 0.664 0.1270 0.0450 0.749 0.0060 1.78

) Maryland Soils
5. Cheltenham Pr.Geo * s.Co, Norfolkloam 0.778 0.77 0.34 0.535 0.0860 0.0240 0.855 0.0110 1.21

•
6. La Plata Charles Co. Leonardtown silt 1.

0.431 0.58 0.36 0.343 0.0800 0.0244 0.468 0.0143 0.61

7. Middletown Fred'k Co. Porter’s silt 1. 0.695 0.74 1.16 0.363 0.0844 0.0551 0.984 0.0080 1.91

8. College Park Pr.060*8.00. Keyportsilt 1.
0.578 1.59 0.53 0.205 0.1391 0.0677 0.690 0.0320 1.21

9. College Park Pr.Geo’s.Co. Sassafrasloam
0.267 1.06 0.33 0.190 0.0964 0.0564 0.791 0.0101 2.14

ho. Baok Bay Balto. Co. Sassafras silt 1. 0.256 0.98 0.37 0.175 0.0910 0.0419 0.927 0.0414 0.76

U. Taneytown Carroll Co. Pennsilt 1. 0.417 0.60 1.36 0.428 0.0660 0.0232 0.920 0.0081 1.52

18. College Park Congaree silt 1, 0.236 1.13 0.46 0.190 0.0987 0.0288 1.383 0.0280 0.96
v. f.s.l. - very fine sandy loan 
f.s.l. - fine sandy loam s*l. - sandy loam 
silt 1. - silt loam
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As s t a t e d ,  Tooth g re e n h o u se  and  f i e l d  s t u d i e s  have b een  

made on s e v e r a l  o f  th e  s o i l s  s t u d i e d ,  N e a r ly  a l l  t h e  g re e n h o u se  

work h a s  "been done w i th  20 pounds o f  s o i l  i n  1 0 ” by 1 0 ” o l a y  p o t s .

The f i e l d  s t u d i e s  have b e en  made on p l o t s  v a r y i n g  i n  s i z e  from  l / 2 0 t h  

t o  l / 2 0 0 t h  o f  a n  a c re *  In  a l l  c a s e s  th e  y i e l d s  have been  re d u c e d  

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

L eo n a rd to w n  S i l t  Loam from  La P l a t a ,  C h a r le s  Oounty, M ary land

A s e r i e s  o f  p o t  c u l t u r e s  was c o n d u c te d  i n  t h e  g re e n h o u se  

i n  t h e  W in te r  o f  1923*24 t o  s tu d y  t h e  e f f e c t  o f  s u l p h u r  on t h i s  

s o i l .  Twenty pounds o f  s o i l  was u s e d  t o  th e  p o t  and H o lly b ro o k  

so y b e a n s  w ere grow n. O u l t u r e s  w ere i n  q u a d r u p l i c a t e  and a v e ra g e  

y i e l d s  a r e  shown i n  t h e  t a b l e s .

In  T ab le  2 a r e  g iv e n  th e  r e a o t i o n  v a lu e s  o f  t h i s  s o i l  

a s  a f f e c t e d  by t h e  d i f f e r e n t  t r e a t m e n t s ,  a f t e r  2 m onths , and  a g a i n  

a f t e r  7 m on th s ,  w hich  was sometime a f t e r  t h e  c ro p  had  been  

rem oved . In  J a b l e  2 a l s o  a r e  g iv e n  t h e  y i e l d s  o b t a in e d  w i th  

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

s u l p h u r  p lu s  f e r t i l i z e r s  i n  m ix t u r e s  i n  w h ich  t h e  com ponents w ere 

v a r i e d .

The s o i l  u s e d  i n  t h e s e  c u l t u r e s  showed a l im e  r e q u i r e m e n t  

o f  500 pounds o f  CaCOg p e r  a o re  by t h e  Truog m ethod, and th e  

u n t r e a t e d  s o i l ,  when t a k e n  from  th e  f i e l d  had a  r e a c t i o n  o f  pH 

6 .9 0 .  O lay p o t s  t e n  in c h e s  i n  d ia m e te r  and t e n  in c h e s  deep  were 

u s e d  and  20 pounds o f  a i r - d r i e d  s o i l  was p la c e d  i n  each  p o t .

O alcium  c a r b o n a te  a t  th e  r a t e  o f  500 pounds p e r  a c r e  was a p p l i e d



Table 2.

y i e l d s  o f  H p l ly b ro o k  soybeans  
and  H e a o t io n  V a lu es  o f  L eonard tow n  S i l t  loam
P o t  c u l t u r e s  i n  G reenhouse , W in te r  o f  :192 3 -24 .

Ho. T re a tm e n t  p e r  a o r e R e a c t io n R e a c t io n Y ie ld  p e r
( On b a s i s  o f  1 a c r e  s u r f a c e a t  end a t  end a c r e

s o i l  -  2 , 2 0 0 ,0 0 0  l b s . ) o f o f o v e n -d ry

( C u l t u r e s  i n  q u a d r u p l i c a t e )
2 mos, 

PH
7 mos. 

PH
t o p s

l b s .

1 . H o th in g 6 .7 3 7 .1 0 1500

2 . 100  l b s .  e le m e n ta l  s u lp h u r 6 .0 5 6 .3 5
*

1611
300 " n " 5 .1 0 5 .4 3 1642

3 . 100  l b s .  i n o c u l a t e d  s u lp h u r 5 .1 2 6 .8 0 1594
300 » » »t 4 .3 5 5 .6 5 1514

4 . 400 l b s .  0 -1 0 -4  -  Raw ro o k  p h o sp h a te  
and  £C1 7 .6 3 7 .2 3 2049

Same p l u s  100 l b s . e l e m e n t a l  s u lp h u r 6 .5 8 6 .9 0 2212
n n 300 « » » 5 .3 8 5 .3 0 1754
? * 100  " i n o c u l a t e d  s u lp h u r 6 .9 6 7 .7 3 2501
" n 300 " r» » 5 .5 4 5 .1 3 2045

5. 400 l b s .  0 -1 0 - 4  -  A oid  p h o sp h a te  
and  KC1 7 .8 1 7 .1 3 2827

Same p l u s  100 l b s . e l e m e n t a l  s u l p h u r 5 .9 5 6 .6 5 2089
* *• 300 " rt H 6 .2 2 5 .1 5 2411
n * 100  " i n o c u l a t e d  s u lp h u r 6 .9 9 6 .2 5 2631
w * 300 H " " 5 .0 0 5 .5 0 2447

6 . 200 l b s .  0 -1 0 -4  -  Raw ro c k  p h o sp h a te  
and £01

o lu s  100  l b s .  i n o c u l a t e d  s u lp h u r 5 .9 3 6 .7 3 2060
" 300 fl M " 4 .7 0 5 .1 3 2304

7. 200 l b s .  0 -1 0 -4  A cid  p h o s p h a te  and KOI
p l u s  100 l b s .  i n o c u l a t e d  s u l p h u r  5 .8 6 5 .9 2 1609

* 300 n rt rt 4 .9 2 4 .4 8 1415
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t o  t h e  p o t s  and  m ixed w i th  t h e  s u r f a c e  t h r e e  in c h e s  o f  s o i l  on 

l e c e m b e r  1 ,  1923. The so y b ean  s e e d l i n g s  were s p r o u te d  on c h e e s e 

c l o t h  and  t r a n s f e r r e d  t o  t h e  p o t s  on December 18 , 1923 , when th e  

s e e d l i n g s  w ere  t e n  d a y s  o ld .

I n  t h i s  and i n  a l l  s u b s e q u e n t  g re e n h o u se  and f i e l d  work 

w here  raw ro c k  p h o s p h a te  was u s e d ,  i t  was o n e - h a l f  by w e ig h t  o f  th e  

a c i d  p h o s p h a te  u s e d .  T hus, s i n c e  th e  raw ro c k  p h o sp h a te  was 32% 

t o t a l  p h o sp h o ru s  and t h e  a c i d  16$  t o t a l  p h o sp h o ru s ,  o n e - h a l f  a s  

much by w e ig h t  o f  raw ro c k  gave th e  same amount o f  t o t a l  p h o sp h o ru s  

a s  t h e  f u l l  amount o f  a c i d  p h o s p h a te .

The s u l p h u r  and f e r t i l i z e r  t r e a t m e n t s  w ere m ixed w i th  th e  

s u r f a c e  t h r e e  i n c h e s  o f  t h e  s o i l  on t h e  day  t h a t  th e  p l a n t s  were 

t r a n s f e r r e d  t o  th e  p o t s .  On J a n u a ry  3 , 1924, an  in c h  o f  washed 

g l a s s  sa n d  was p l a c e d  on th e  s u r f a c e  o f  each  p o t  i n  o r d e r  to  

i n s u r e  u n i fo r m  m o is tu r e  c o n d i t i o n s .  M easured  am ounts o f  w e l l  

w a t e r  w ere a p p l i e d  t o  e a c h  p o t  i n  e q u a l  q u a n t i t y .  The so y b ean s  were 

h a r v e s t e d  from  a l l  t h e  p o t s  on A p r i l  2, 1924, d r i e d  i n  th e  oven, and 

th e  o v e n -d ry  w e ig h ts  r e c o r d e d .

The h a b i t  o f  g ro w th  o f  th e  so ybeans  v a r i e d  i n  a p e c u l i a r  way* 

The s u l p h u r - t r e a t e d  p l a n t s  showed two c h a r a c t e r i s t i c  t e n d e n c i e s  -  

i n  one c a s e  t h e  p l a n t s  were v e r y  t a l l  and s le n d e r -s te m m e d , i n  t h e  

o t h e r  t h e  p l a n t s  w ere  v e r y  d a r k  g r e e n  i n  c o l o r  and d w a rfed ,  w i th  

t h e  l e a v e s  t i g h t l y  c l u s t e r e d  on s h o r t  p e t i o l e s .  T a r r  and Noble 

( 7 9 ) I n  1922 m e n t io n e d  t h e  s p i n d l i n g  g row th  h a b i t  a s  b e in g  

c h a r a c t e r i s t i c  o f  so y b e an s  u n d e r  s t r o n g l y  a c i d  c u l t u r e  c o n d i t i o n s .
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In  t h e  o a se  o f  t h e s e  s u lp h u re d  p o t s  an  a c i d  o o n d i t i o n  i s  p r e s e n t ,  

so  i t  i s  l i k e l y  t h a t  th e  g ro w th  h a h i t  may be c o r r e l a t e d  w i th  th e  

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

As shown i n  T a b le  2 s u lp h u r  when u s e d  w i th  a c i d  p h o s p h a te  

h a s  had  a  d e p r e s s i n g  e f f e c t  on y i e l d s  compared w i th  th e  a c i d  

p h o s p h a te  a l o n e .  T h is  d e p r e s s i o n  o f  y i e l d s  i s  n o t  a p p a r e n t  when 

s u l p h u r  i s  u s e d  w i th  raw ro c k  p h o s p h a te .  In  t h i s  t a b l e  a l s o  a r e  

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

and  i t  i s  shown t h a t  t h o s e  c u l t u r e s  r e c e i v i n g  a c i d  p h o sp h a te  and 

s u l p h u r  hav e  a s  a  r u l e  h i g h e r  c o n c e n t r a t i o n s  o f  hy d ro g en  i o n  

a f t e r  t h e  l a p s e  o f  7 m onths t h a n  th o s e  c u l t u r e s  r e c e i v i n g  raw ro c k  

p h o s p h a te  and  s u lp h u r ,  o r  s u lp h u r  a lo n e .

S le m e n ta l  s u lp h u r  h a s  been  more e f f e c t i v e  i n  i n c r e a s i n g  

y i e l d s  t h a n  i n o c u l a t e d  s u l p h u r .  I n o c u la te d  s u lp h u r  shows g r e a t e r  

a c i d i t y  d e v e lo p e d  a t  t h e  end o f  2 m on ths , b u t  l e s s  a c i d i t y  a f t e r  

7 m on th s ,  t h a n  e le m e n ta l  s u l p h u r .

As a  r u l e  100 pounds o f  s u lp h u r  was more e f f e c t i v e  i n  

i n c r e a s i n g  y i e l d s  t h a n  300 pounds p e r  a c r e .  I t  i s  i n t e r e s t i n g  t o  

n o t e  t h e  a p p a r e n t  c o r r e l a t i o n  be tw een  h ig h  a c i d i t y  and low y i e l d s .

I n  1924 W ilson  so y b e an s  w ere grown a t  La P l a t a  on th e  same 

L eonard tow n  s i l t  loam  s t u d i e d  i n  th e  g re e n h o u se .  No l im e  was 

a p p l i e d  t o  t h i s  s o i l  i n  the  f i e l d  t r i a l s .  The y i e l d s  o f  W ilson  

so y b e a n s  i n  b u s h e l s  o f  b ean s  and pounds o f  s t r a w  o b ta in e d  from  th e  

l / 2 0 t h  a c r e  p l o t s  u se d  i n  t h e  f i e l d  a r e  g iv e n  i n  T a b le  3 .  The 

s u l p h u r  and  f e r t i l i z e r s  u s e d  w ere a p p l i e d  on June  2 7 th ,  t h e  day t h a t
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T a b le  5 .

Y i e ld s  o f  W ilson  Soybeans, 
f i e l d  P l o t s  on L eonard tow n  S i l t  lo am ,L a  P l a t a ,  Md. 1924,

Ho. T re a tm e n t  p e r  a o r e
( l / 20 t h  a o r e  p l o t s  u s e d )  
( P l o t s  i n  d u p l i c a t e .  )

Y i e ld s
B u sh e ls

beans

p e r  a o r e  
Pounds 

s t r a w

1 . n o t h i n g 7 .8 3 647

2 . 100  l b s .  i n o c u l a t e d  s u l p h u r 7 .7 2 572

3 . 300 l b s .  i n o c u l a t e d  s u lp h u r 7 .27 558

4 , 200 l b s .  4 - 8 - 4  HaNOg, Rock P h o sp h a te  
and  KG1 9 .3 0 736

Same a s  4 p l u s  100 l b s .  i n o c u l a t e d  s u lp h u r  1 0 .4 4 899

5 . 200 l b s .  4 - 8 - 4  NaNOg, A cid  o h o sp h a te  
and ZC1 9 .7 6 899

Same a s  5 p l u s  100 l b s . i n o c u l a t e d  s u lp h u r 9 .5 3 776

th e  so y b e an s  were p l a n t e d ,  and th e  c ro p  was h a r v e s t e d  on O c to b e r  1 1 th ,  

The s e a s o n  o f  1924 i n  M ary land  was v e ry  w et d u r i n g  May and Ju n e ,  

so  w et t h a t  p l a n t i n g  o p e r a t i o n s  c o u ld  n o t  be c a r r i e d  ou t on t h i s  

f i e l d  u n t i l  th e  end o f  Ju n e .

In  a l l  c a s e s  where s u lp h u r  was a p p l i e d  w i th  f e r t i l i z e r  

m ix t u r e s  t h e  s u lp h u r  was w eighed  o u t  and th o r o u g h ly  i n c o r p o r a t e d  

w i th  th e  o t h e r  com ponents o f  th e  m ix tu re  a t  t h e  t im e  th e  f e r t i 

l i z e r s  f o r  t h e  p l o t s  w ere p r e p a r e d .  The s u lp h u r  and th e  f e r t i 

l i z e r s  w ere  b r o a d c a s t e d  by hand a s  e v e n ly  a s  p o s s i b l e  o v e r  th e  

l / 20 t h  a c r e  p l o t s .
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The f i e l d  t r i a l s  a t  La P l a t a  w i th  soybeans! b e a r  o u t  i n  

p a r t  t h e  o b s e r v a t i o n s  made w i th  so ybeans  grown on t h i s  s o i l  i n  

p o t  c u l t u r e s  i n  t h e  g re e n h o u s e .  S u lp h u r  a lo n e  h a s  g iv e n  o n ly  

d e c r e a s e s ,  w h i le  i n  th e  g re e n h o u se  s l i g h t  i n c r e a s e s  were o b t a i n e d .  

S u lp h u r  w i th  raw ro o k  p h o s p h a te  m ix tu r e s  h a s  i n o r e a s e d  th e  y i e l d ,  

w h i le  s u l p h u r  w i th  a o id  p h o s p h a te  m ix tu r e s  h a s  d e c r e a s e d  th e  

y i e l d  a s  com pared w i th  t h e  u n s u lp h u re d  f e r t i l i z e r  m ix t u r e s .

I n  1925 t h e  same p l o t s  a t  La P l a t a  were u s e d  t o  grow 

M ary land  B r o a d le a f  to b a c c o .  The r e s i d u a l  e f f e c t  o f  th e  s u lp h u r  

t r e a t m e n t s  on so y b e a n s  th e  p r e v i o u s  y e a r  a s  w e l l  a s  th e  f e r t i 

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

The to b a c c o  p l a n t s  were t r a n s p l a n t e d  from  th e  s e e d -b e d  

and  p l a c e d  i n  th e  p l o t s  d u r i n g  th e  week o f  June 1 5 th ,  1925, t h e  

s o i l  h a v in g  been  p r e p a r e d  and t h e  f e r t i l i z e r s  d r i l l e d  i n  on 

June 1 0 t h .  I n  t h e  P a l l  o f  1924, a f t e r  t h e  soy b ean s  had been  c u t ,  

r y e  was s e e d e d  on t h e s e  p l o t s  and plowed u n d e r  on May 2 0 th .

T h is  La P l a t a  s o i l  i s  v e ry  p o o r ,  and w h i le  i t  i s  n o t  a  good 

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

to b a c c o ,  i n  t h i s  c a s e  t h e  added  o r g a n ic  m a t t e r  c o u ld  n o t  be 

v e ry  h a rm fu l  to  t h e  to b a c c o .  The to b a c c o  p l a n t s  were c u t  on 

S ep tem ber  20, 1925, s p e a r e d  and  hung i n  th e  c u r i n g  b a rn .  A f t e r  

c u r i n g  was c o m p le te  and th e  to b a c c o  i n  c o n d i t i o n ,  th e  l e a v e s  

were s t r i p p e d  and m$de i n t o  "h a n d s " .  At t h i s  s t a g e  th e  

s t r i p p e d  l e a v e s  w ere w e ig h ed .

W ith to b a c c o  a s  w e l l  a s  so y b e an s ,  t h e r e  i s  d e p r e s s io n  

o f  y i e l d  when s u l p h u r  i s  added  to  f e r t i l i z e r  m ix tu r e s  c o n t a i n i n g
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T a b le  4*

Y i e ld s  o f  M ary land  B r o a d le a f  Tobaooo 
F i e l d  P l o t s  on L eonard to w n  S i l t  loam , La P l a t a . ,  1925*

No. T re a tm e n t  p e r  Aore i n  1925 I n o c u l a t e d  Y i e ld  p e r  a o re
( l / 20 t h  a o r e  p l o t s )  s u lp h u r  a p p l i e d  (mean o f  2 p l o t s

i n  1924 . lb s*
lb s *  S t r i p p e d  l e a f

1* 1200 lb s *  4 - 8 - 4  -  T ankage,
A cid  P h o s p h a te ,  NgS0 4 .
Same a s  1 p l u s  60 l b s .  s u l p h u r  

" "  1 " 120  " w

2 .  1200 l b s .  4 - 8 - 4  -  T ankage,
Rook p h o s p h a te ,  £gS04 
Same a s  2 u l u s  60 l b s .  s u lp h u r  

tt » 2 * 120  " »/

3 .  1200 l b s .  4 - 8 - 4  -  NaNOg,
A cid  P h o s p h a te ,  K2SO4  None 420
Same a s  3 p l u s  120 l b s .  s u lp h u r  None 460

4 .  1200 l b s .  4 - 8 - 4  -  NaNOg,
Rook P h o s p h a te ,  K2SO4. None 600
Same a s  4 p l u s  120 l b s .  s u lp h u r  None 640

5* 1200 l b s .  4 - 8 - 4  -  £  NaNOg and
£  Tankage a s  n i t r o g e n  s o u r c e ,  
A c id  P h o s p h a te ,  ZgS04 
Same a s  5 p l u s  60 l b s .  s u lp h u r  

" " 5 " 120 " "

6 . 1200 l b s .  4 - 8 - 4  -  £  NaNOg and
£  Tankage a s  n i t r o g e n  s o u r c e ,

300 580Rock P h o s p h a te ,  K2SO4
Same a s  6 p l u s  60 lb s *  s u l p h u r 100 560

" " 6 " 120  " ” 60 640

300
100

60

460
440
380

None 520
100 480

60 480

None 340
100 400

60 480

a c i d  p h o s p h a te .  Here a l s o  i t  i s  t o  be n o te d  t h a t  s u l p h u r  p l u s  

raw r o c k  p h o sp h a te  d oes  n o t  d e p r e s s  t h e  y i e l d  b u t  i n c r e a s e s  i t
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o v e r  t h e  ro o k  p h o s p h a te  m ix tu r e  a lo n e ,  even  th o u g h  th e  f e r t i l i z e r  

a p p l i c a t i o n  i s  a  v e ry  h e av y  one .

R e fe re n c e  t o  T ab le  4 w i l l  show t h a t  a c i d  p h o sp h a te  an d  

sodium  n i t r a t e  m ix tu r e s  do n o t  do w e l l  w i th  to b ao o o  on t h i s  

s o i l ,  even  where no s u lp h u r  i s  ;ad d ed . The a d d i t i o n  o f  s u lp h u r  

d e p r e s s e s  t h e  y i e l d  s t i l l  f u r t h e r .  On th e  o t h e r  hand , t h e  raw 

r o c k  p h o s p h a te  and sodium  n i t r a t e  m ix t u r e s  have g iv e n  good 

y i e l d s  b o th  w i th  and  w i t h o u t  s u l p h u r .

The q u a l i t y  o f  t h e  to b a c c o  d id  n o t  seem g r e a t l y  a f f e c t e d  

by t h e  s u l p h u r .  The c o l o r  seemed s l i g h t l y  d a r k e r  i n  t h e  to b a c c o  

from  th e  h e a v i l y  s u lp h u r e d  p l o t s .  The t e x t u r e  o f  l e a f  was a b o u t  

t h e  same i n  t h e  s u lp h u r e d  and u n s u lp h u r e d  p l o t s .

S a s s a f r a s  S i l t  Loam from  Back Bay, B a l t im o re  County, M ary land

A s e r i e s  o f  p o t  c u l t u r e s  was c o n d u c ted  i n  th e  g r e e n 

h ouse  i n  th e  W in te r  o f  1923-24  t o  s tu d y  th e  e f f e c t  o f  s u lp h u r  

on t h i s  s o i l .  M a rq u is  Wheat -  a  S p r in g  w heat -  was t h e  c rop  

grown. The same p ro c e d u re  was fo l lo w e d  i n  m aking up t h e s e  p o t  

c u l t u r e s  a s  was u se d  w i th  th e  L eonard tow n s i l t  loam p o t  c u l t u r e s  

i n  w h ich  so y b ean s  w ere grown d u r i n g  th e  same W in te r .  The 

y i e l d s  g iv e n  i n  th e  t a b l e s  a r e  th e  a v e ra g e s  o f  q u a d r u p l i c a t e

p o t s .

In  T ab le  5 a r e  g iv e n  r e a c t i o n  v a lu e s  f o r  th e  p o t  c u l 

t u r e s  r e c e i v i n g  d i f f e r e n t  t r e a t m e n t s ,  a f t e r  two months and  a f t e r



f i v e  m onths from  t h e  d a te  o f  a p p l i o a t i o n  o f  f e r t i l i z e r s *  In  

T a b le  5 a l s o  a r e  g iv e n  y e i l d s  o f  M a rq u is  w h ea t ,  w i th  s u lp h u r  by 

i t s e l f  and  w i th  s u l p h u r  p l u s  f e r t i l i z e r s .

The S a s s a f r a s  s i l t  loam  s o i l  u s e d  i n  t h e s e  c u l t u r e s  

showed a  l im e  r e q u i r e m e n t  o f  3000 pounds 0aC03 p e r  a c r e  by th e  

Truog m ethod . The u n t r e a t e d  f i e l d  s o i l  had  a  r e a o t i o n  o f  pH 

5 .7 5 .  EO pounds o f  s o i l  was u s e d  i n  each  p o t  and  d a lo iu m  

c a r b o n a te  a t  t h e  r a t e  o f  3000 pounds p e r  a o re  was m ixed w i th  

t h e  whole 80 pounds o f  s o i l  a t  t h e  t im e  o f  making up t h e  p o t s  

on December 1 8 th ,  1 9 8 3 . The w heat was s p r o u te d  on c h e e s e c l o th  

and  t r a n s f e r r e d  t o  th e  p o t s  on J a n u a r y  1 5 th ,  1924, when th e  

s e e d l i n g s  w ere 10 days o l d .  The s u lp h u r  and f e r t i l i z e r  m ix tu r e s  

w ere a p p l i e d  t o  t h e  p o t s  on J a n u a r y  1 5 th  p r i o r  t o  th e  s e e d l i n g s  

b e in g  p l a c e d  i n  th e  p o t s .  An in c h  of g l a s s  sand  was p la c e d  

o v e r  t h e  s u r f a c e  o f  th e  s o i l  i n  th e  p o t s  on F e b ru a ry  6 t h .

When th e  f e r t i l i z e r  was a p p l i e d  i t  was mixed w i th  t h e  

s u r f a c e  t h r e e  in c h e s  o f  t h e  s o i l  i n  th e  p o t s .  As i n  th e  c a s e  

o f  t h e  La B l a t a  s o i l  c u l t u r e s  th e  p l a n t s  were w a te re d  r e g u l a r l y  

w i th  w e l l  w a te r ,  t h e  same amount o f  w a te r  b e in g  g iv e n  each  

p o t .  The p o t s  w ere  moved a b o u t  so a s  t o  g iv e  an  e q u a l  amount 

o f  l i g h t  and h e a t  to  e a c h .

The w heat p l a n t s  were h a r v e s t e d  June 1 0 th  and o v e n -d ry  

w e ig h ts  o f  g r a i n  and s t r a w  re o o rd e d  s e p a r a t e l y .

I n  T ab le  5 a r e  g iv e n  t h e  r e a o t i o n  v a lu e s  o f  th e  Back 

Bay s o i l ,  w i th  d i f f e r e n t  t r e a t m e n t s ,  a t  t h e  end o f  2 m onths and
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Table 5.
y i e l d s  o f  M arqu is  Wheat 

and  R e a o t io n  Y a lu es  o f  S a s s a f r a s  S i l t  Loam 
P o t  C u l t u r e s  i n  Greenhouse* W in te r  o f  1 9 2 3 -2 4 .

5Fo« T re a tm e n t  p e r  a o r e R e a c t io n R e a c t io n Y ie ld  pe r  a c r e
a t  end a t  end B u sh e ls pounds
o f  2 mos. o f  5 mos. G ra in S traw

pH PH

I . H o th in g 7 .3 4 7 .2 6 1 7 .3 4128

B. 100  I h s .  e le m e n ta l  s u lp h u r 6 .8 3 6 .3 7 1 4 .3 3639
300 tt * n 6 .3 8 6 .1 0 1 6 .3 3969*

3. 100  l b s .  i n o c u l a t e d  s u l p h u r 6 .7 5 6 .6 3 1 3 .1 3618
300 9  n h 6 .8 0 6 .3 0 1 4 .3 3647

1 • 400 l b s .  4 - 8 - 4  NaUOg, Rock P h o sp h a te •

and  KC1 7 . 3£ 6 .7 5 2 0 .6 4240
Same plufc 100. l b s . e l e m e n t a l  s u lp h u r 7 .1 3 7 .0 0 1 9 .7 4790

» w 300 n " " 6 .4 6 6 .2 5 24 .2 5156
* * 100  " i n o c u l a t e d  s u lp h u r 6 .5 4 6 .5 8 2 2 .2 4424
» " 300 * » » 6 .8 6 6 .3 6 2 2 .0 4596

5. 400 l b s .  4 - 8 - 4  HaHQg, Aoid E h o sp h a te
and  Kpl 7 .6 0 7 .2 0 2 1 .0 4608

Same p l u s  100 l b s .  e le m e n ta l  s u lp h u r 6 .9 0 6 .7 1 2 4 .4 5025.
* " 300 11 n " 7 .15 6 .5 8 1 7 .8 4025
7 ? 100  7 i n o c u l a t e d  s u lp h u r 7 .19 6 .6 5 1 5 .7 4083
n ft 3Q Q  h i* it 6 .7 5 6 .6 0 1 9 .5 4432

6. 200 l b s .  4 - 8 - 4  JJaJST0 3 # Rock P h o sp h a te
and KC1,

p l u s  100  l b s .  i n o c u l a t e d  s u lp h u r 6 .9 2 6 .9 0 2 2 .6 4710
* 300 » it if 7 ,0 0 6 .2 0 1 9 .2 4162

7. 200 l b s .  4 - 8 - 4  KaR0 3 , A cid  p h o sp h a te
and £0 1 ,
p l u s  100  l b s .  i n o c u l a t e d  s u lp h u r 6 .6 3 6 .9 0 1 8 .2 4051

» 300 » n » 6 .4 5 6 .3 8 1 8 .3 4200
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a t  th e  end o f  5 months* 3000 pounds p e r  a c r e  i s  a  h eavy  a p p l i 

c a t i o n  o f  l im e ,  and due t o  t h i s  h eav y  a p p l i c a t i o n  th e  r e a c t i o n  

o f  t h e  s o i l  i s  n o t  much a l t e r e d  by s u lp h u r  o x i d a t i o n .  I t  i s  

a l t e r e d  c o n s i s t e n t l y ,  how ever, and  a f t e r  f i v e  m onths th e  a c i d i t y  

i s  g r e a t e r  i n  a l l  c a s e s  where s u lp h u r  h a s  been  a p p l i e d .

T a b le  5 a l s o  shows th e  y i e l d s  o f  w hekt from  s u lp h u r  

a p p l i c a t i o n s  and  fro m  f e r t i l i z e r  m ix tu r e s  p lu s  s u lp h u r  a p p l i 

c a t i o n s .  I t  w i l l  be n o te d  t h a t  s u lp h u r  by i t s e l f  h a s  c o n s i s t e n t l y  

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

s l i g h t l y  more so t h a n  e le m e n ta l  s u l p h u r .

S u lp h u r  when a p p l i e d  w i th  m ix tu r e s  o f  sodium n i t r a t e ,  

ro c k  p h o s p h a te  and  p o ta s s iu m  c h l o r i d e  h a s  i n c r e a s e d  th e  y i e ld  

o v e r  t h e  f e r t i l i z e r  m ix tu r e  a lo n e  i n  a l l  c a s e s  b u t  one, where 

th e  m ix tu r e  was a p p l i e d  a t  400 pounds p e r  a c r e .  With m ix tu r e s  

o f  sodium  n i t r a t e ,  a c id  p h o s p h a te  and p o ta s s iu m  c h l o r i d e  t h e  

r e v e r s e  i s  t r u e ,  f o r  th e  y i e l d  h a s  been  lo w e re d  below t h a t  o f  

t h e  f e r t i l i z e r  m ix tu r e  a lo n e  i n  a l l  c a s e s  b u t  one . At f e r t i 

l i z e r  m ix tu r e  a p p l i c a t i o n s  o f  200 pounds p e r  a c r e  4 - 8 - 4  th e  

sodium  n i t r a t e -, ro o k  p h o sp h a te  and p o ta s s iu m  c h l o r i d e  o u t y i e l d e d  

th e  sodium n i t r a t e ,  a c i d  p h o sp h a te  and p o ta s s iu m  c h l o r i d e  

m ix tu r e s  w here  s u lp h u r  was ad d ed .

In  1924 W ilson  so y bean s  were grown a t  Back Bay, M ary land , 

on th e  same S a s s a f r a s  s i l t  loam s o i l  s t u d i e d  i n  th e  g re e n h o u se  

w i th  M a rq u is  w heat a s  th e  c ro p .  3000 pounds o f  l im e  p e r  a c r e  

a s  c a lc iu m  c a r b o n a te  was a p p l i e d  to  t h i s  s o i l  i n  t h e  f i e l d .
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The l im e  was a p p l i e d  June  10th*  H a l f  o f  th e  p l o t  was l im e d  

and h a l f  l e f t  u n l im e d  i n  efceh c a s e .  B a in s  p r e v e n te d  p l a n t i n g  

t h e  so y b e a n s  u n t i l  June  2 4 th ,  on which d a te  th e  f e r t i l i z e r  

a p p l i c a t i o n s  w ere  made and th e  p l a n t i n g  done. The b e an s  were 

p l a n t e d  i n  rows a n d  c u l t i v a t i o n  c a r r i e d  on th ro u g h o u t  t h e  

Summer, The c ro p  was h a r v e s t e d  on O c to b e r  7 th ,  1924. R e s u l t s  

o f  a p p l i c a t i o n s  o f  s u l p h u r  by i t s e l f  a r e  g iv e n  i n  T ab le  6 , 

R e s u l t s  o f  a p p l i c a t i o n s  o f  s u lp h u r  i n c o r p o r a t e d  i n  f e r t i l i z e r  

m ix t u r e s  a r e  a l s o  g i v e n  i n  t h i s  t a b l e .  Here to o  a r e  g iv e n  

r e s u l t s  o f  a d d in g  s u lp h u r  t o  h eav y  a p p l i c a t i o n s  o f  s lu d g e  f ro m  

t h e  B a l t im o r e  Sewage D i s p o s a l  P l a n t ,  b o th  t h e  d r i e d  s lu d g e  and  

t h e  l i q u i d  form  b e in g  u s e d .

The sewage s lu d g e ,  b o th  d r i e d  and l i q u i d ,  was a p p l i e d  

a  week p r e v i o u s  t o  p l a n t i n g  th e  so y b e an s  and w e l l  worked i n  

w i th  a  s p i k e - t o o t h  h a r ro w .  The s u lp h u r  on t h e s e  p l o t s  was 

a p p l i e d  a t  t h e  t im e  o f  p l a n t i n g  t h e  b e a n s .  The d r i e d  s lu d g e  

c o n t a i n s  a p p r o x im a te ly  tw ic e  a s  much f e r t i l i z e r  c o n s t i t u e n t s  

a s  t h e  l i q u i d  s lu d g e ;  th e  l i q u i d  s lu d g e  i s  q u i t e  s t r o n g l y  

a l k a l i n e  i n  r e a c t i o n ,  th e  sam p le s  t e s t e d  r u n n in g  pH 8 .0  and  pH 

8 .1  r e s p e c t i v e l y .

A n a ly s i s  o f  t h e  d r i e d  s lu d g e  showed

C o n s t i t u e n t  P e r  c e n t .

V o l a t i l e  m a t t e r  5 5 .0 0
N i t r o g e n  f a s  N) 2 .3 0
P h o sp h o ru s  ( a s  P) 0 .2 6
P o ta s s iu m  ( a s  iC) 0 .1 8
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T ab le  6 .

Y i e ld s  o f  W ilson  Soybeans 
F i e l d  P l o t s  on S a s s a f r a s  S i l t  Loam, Back Bay, M d., 1924 ,

Ho • T re a tm e n t  p e r  a o r e  
( l / 4 G t h  a c r e  p l o t s  u s e d  

p l o t s  i n  d u p l i c a t e )

Y ie ld  P e r  
Limed 

Bus. Lbs, 
Beans S traw

Acre
U nlimed 

Bus. L bs. 
Beans S traw

1 . N o th in g 6 .1 1 659 4 .2 5 554

2 . 100  l b s ,  i n o c u l a t e d  s u lp h u r 6 .6 2 765 4 .2 6 483

3 . 300 l b s , i n o c u l a t e d  s u l p h u r 6 .1 5 624 3 .3 0 483

4 . BOO l b s ,  4 - 8 - 4  NaN0 3 » Rock p h o sp h a te  
and  £01

Same p l u s  60 l b s . i n o c u l a t e d  s u lp h u r
n it 120  n  n  If

6 .1 5  
1 1 .8 2  
1 1 .8 2

653
1018

993

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

511
879
709

5 . BOO l b s .  4 - 8 - 4  RaNOs, A c id  P h o sp h a te  
and £01

Same p l u s  60 l b s . i n o c u l a t e d  s u lp h u r  
n * 100  " M ff

6 .6 2
1 0 .3 7

9 .4 6

709
936

1049

2 .8 4
8 .0 4
7 .0 9

369
823
622

6 . 20 t o n s  d r i e d  s lu d g e  
Same p l u s  60 l b s , i n o c u l a t e d  

w H 100 *  "
H « 200 w

s u lp h u r
rf
h

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

907
851
794
624

8 .9 8
7 .0 9
5*2®
6 .1 4

907
624
681
567

7. 40 t o n s  l i q u i d  s lu d g e  
Same p l u s  60 l b s . i n o c u l a t e d  

it n ! 0 0  M "
" r " 200 " "

s u lp h u r
f t

«

6 .6 2
9 .9 3

1 5 .1 3
1 1 .8 2

624
907

1531
1077

7 .5 6
8 .9 8
9 .4 5
8 .0 4

624
876

1077
851
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The l i q u i d  s lu d g e  p o s s e s s e s  q u i t e  a h ig h  f a t  c o n te n t  r u n n in g  from 

3#  to  9$,

T a b le  6 p r e s e n t s  d a t a  t o  show t h a t  s u lp h u r  by i t s e l f  d oes  

n o t  have  a  s t i m u l a t i n g  e f f e c t  on t h e  y i e l d  o f  soy bean s  i n  t h i s  

s o i l *  The r e s u l t s  o b ta in e d  w i t h  s u lp h u r  i n c o r p o r a t e d  w i th  

f e r t i l i z e r  m ix t u r e s  a r e  a l s o  g iv e n  and h e re  th e  a d d i t i o n  o f  s u lp h u r  

h a s  u n i f o r m ly  i n c r e a s e d  th e  y i e l d ,  more so where ro c k  p h o sp h a te  

was u s e d  a s  t h e  so u rc e  o f  p h o s p h o r ic  a c i d  t h a n  where a c i d  p h o s 

p h a te  was used*

T ab le  6 shows t h a t  w h i le  th e  a d d i t i o n  o f  s u lp h u r  t o  s o i l  

r e c e i v i n g  d r i e d  s lu d g e  a t  20 t o n s  p e r  a c r e  h a s  had a d e p r e s s i n g  

e f f e c t  on y i e l d s ,  t h e  y i e l d s  have been  g r e a t l y  i n c r e a s e d  w i th  

a l l  a p p l i c a t i o n s  o f  s u l p h u r  to  s o i l  r e c e i v i n g  l i q u i d  s lu d g e  a t  

40 t o n s  p e r  a c r e .  The a l k a l i n i t y  o f  th e  l i q u i d  s lu d g e  p r o b a b ly  

h a s  a  l o t  to  do w i th  t h e s e  r e s u l t s *

I t  i s  r e g r e t t a b l e  t h a t  work a t  t h i s  Back Bay f i e l d  c o u ld  

n o t  be c o n t in u e d  f o r  a n o th e r  y e a r  and w i th  o t h e r  c ro p s ,  b u t  th e  

l a b o r  d i f f i c u l t y  and th e  i n a c c e s s i b i l i t y  o f  t h e  p l o t s  were to o  

g r e a t  o b s t a c l e s  and  t h e  p r o j e c t  was d ropp ed  a f t e r  1924 .

JTorfolk  loam , C he ltenham , Md. (P £ in c e  G e o rg e 's  Co.)

I n  th e  S p r in g  o f  1924 p l o t  work was s t a r t e d  a t  C h e ltenham . 

The s o i l  i n  t h e s e  p l o t s  h a s  been  o v e r - l im e d  and on t h a t  a c c o u n t  

d i f f i c u l t y  i s  e x p e r ie n c e d  i n  g e t t i n g  a good y i e l d  w i th  some c ro p s .

Boone County V/hite c o rn  was p l a n t e d  June  3 0 th ,  1924.

Sulphur and fertilizer applications were made the same day before
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p l a n t i n g ,  l / 2 5 t h  a c r e  p l o t s  were u s e d ,  The o o rn  was c u t  

O c to b e r  1 8 t h ,  1934, sh ocked , and husked  o u t  and  w eighed up on 

O c to b e r  3 9 th ,  1934 ,

T ab le  7.

Y ie ld s  o f  Boone Oounty W hite Oorn 
F i e l d  P l o t s  on N o r f o lk  Loam, C he ltenham , Md», 1924

No. T re a tm e n t  p e r  a c r e Y ie ld s  p e r  aori
(9  r e p l i c a t i o n s ) B u sh e ls  e a r  c o rn

1 . N o th in g 4 1 .0 9

2 . 50 lb s *  e le m e n ta l  s u l p h u r 4 5 .5 7

3. 100  l b s  e le m e n ta l  s u lp h u r 4 3 .1 6

4 . 200 l b s .  2 -1 2 - 4 ,  A cid  P h o s p h a te ,  £01 5 2 .4 3
Same a s  1 p l u s  50 l b s .  e le m e n ta l  s u lp h u r 3 7 .4 5

n w 2, n 100  w ,T n 36 .3 8

5. 200 l b s .  4 - 8 - 4  NaN0 3 , A cid  P h o s p h a te ,  KOI 5 1 .3 6
Same p l u s  50 l b s .  e le m e n ta l  s u lp h u r 3 3 .1 7

n n 100 n n n 4 4 .9 4

6. 200 l b s .  A cid  P h o s p h a te 4 7 .6 1
Same p l u s  50 l b s .  e l e m e n ta l  s u lp h u r 4 2 .8 0

n ir 100  " " " 3 1 .0 3

7. Manure 4 t o n s 4 6 .9 9
Same p l u s  50 l b s .  e le m e n ta l  s u lp h u r 5 2 .4 3

f# If iQO n  H 11 4 1 .7 3

T ab le  7 shows t h a t  s u lp h u r  a lo n e  i n c r e a s e d  t h e  y i e l d  o f  

f i e l d  c o rn  on t h i s  s o i l .  I t  i s  a l s o  shown t h a t  on t h i s  s o i l  and 

w i th  f i e l d  c o rn  a s  t h e  c ro p  t h e  d e p r e s s i n g  e f f e c t  on y i e l d s  i s
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a g a i n  e v id e n t  o f  a d d in g  s u lp h u r  t o  a e i d  p h o s p h a te  m i x t u r e s .

The n e x t  y e a r ,  1925, Mammoth Y ellow  so y b e an s  w ere  

p l a n t e d  on t h e  same p l o t s  on w hich  th e  Boone County W hite o o rn  

had  been  grown t h e  p r e v io u s  y e a r .  The o b j e c t  was t o  s tu d y  th e  

r e s i d u a l  e f f e c t  o f  s u lp h u r  a p p l i c a t i o n s  on t h i s  s o i l .  U n f o r t u n a t e ly  

due t o  a  m is ta k e  a t  t h e  t im e  o f  t h r e s h i n g  o u t  t h e  beans  th e  w hole  

o f  t h e  "50 l b s .  o f  s u lp h u r  p e r  a c r e "  p l o t s  were m ixed up and no 

r e s u l t s  w ere  o b ta in e d  f o r  t h e s e  p l o t s .  However* th e  100 l b s .  o f  

s u lp h u r  p e r  a c r e  p l o t s  were t h r e s h e d  o u t  and  th e  r e s u l t s  a r e  

g iv e n  i n  T a b le  8 . I t  sh o u ld  be n o te d  t h a t  no a d d i t i o n a l  t r e a t 

m ent on t h e s e  p l o t s  was g iv e n  i n  1925 -  i t  i s  r e s i d u a l  e f f e o t  

o n ly .

T ab le  8 .

Y i e l d s  o f  Mammoth Y ellow  Soybeans 
w i th  S u lp h u r  T re a tm e n ts  th e  P r e v io u s  Y ear, i n  
F ie ld .  P l o t s ,  N o r fo lk - ro a m , C heltenham , Md.,, 1925

Ho. T re a tm e n t  p e r  a c r e  i n  1924 
(9  r e p l i c a t i o n s )

Y ie ld  p e r  a c r e  
Bus. beans

1 . n o t h in g 1 2 .7 8
2 . 100 l b s .  e le m e n ta l  s u lp h u r 1 6 .9 9

3. 200 l b s .  2 -1 2 -4  UaNOg* Acid P h o sp h a te  
Same p lu s  100 l b s .  e le m e n ta l  s u lp h u r

, KOI 8 .4 0
1 3 .4 4

4 . 200 l b s .  4 - 8 - 4  HaH0 3 , A cid  P h o sp h a te ,  
Same p l u s  100 l b s .  e le m e n ta l  s u lp h u r

KOI 9 .2 3
2 2 .67

5 . 200 l b s .  A cid  P h o sp h a te
Same p l u s  100 l b s .  e le m e n ta l  s u lp h u r

1 1 .3 4
1 9 .3 2

6 . S t a b l e  Manure 4 to n s 1 3 .0 1
Same p l u s  100 l b s .  e l e m e n ta l  s u lp h u r 1 8 .6 0
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The r e s i d u a l  e f f e c t  o f  s u lp h u r  on. t h i s  s o i l  h a s  heen  t o  

g r e a t l y  i n c r e a s e  th e  y i e l d  o f  Mammoth Yellow  Soybeans i n  a l l  

o a s e s .  The d e p r e s s i o n  o f  y i e l d  n o t i o a b l e  i n  a l l  p r e v io u s  o a s e s  

w here  s u l p h u r  and  a c i d  p h o s p h a te  have been  a p p l i e d  t o g e t h e r  i s  

n o t  o n ly  n o t  a p p a r e n t  h e r e ,  b u t  t h e  y i e l d s  a r e  eno rm ou s ly  i n 

c r e a s e d .  I t  i s  p o s s i b l e  t h a t  much o f  t h i s  i n c r e a s e  c an  be 

a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  c ro p  o f  t h e  p r e v io u s  y e a r  had  

n o t  u t i l i z e d  t h e  p l a n t  n u t r i e n t s  from  th e  s o i l  and  t h e s e  were 

a v a i l a b l e  f o r  t h e  so y b e a n s  t o  t a k e  u p .  T h is  o f  c o u rs e  would 

n o t  be t r u e  i n  t h e  c a s e  o f  th e  s u lp h u r  a lo n e ,  w hich  had  shown 

a n  i n c r e a s e  o v e r  t h e  no t r e a t m e n t  check  th e  p r e v io u s  y e a r .

I n  1924 a  new s e t  o f  p l o t s  was s t a r t e d  on t h i s  N o r fo lk  

loam and O u r r e l l Ts P r o l i f i c  w heat was grown. The s e a s o n  o f  1924 

a  c ro p  o f  W ilso n  so y b e an s  was grown on t h i s  s o i l  and t h e s e  

were h a r v e s t e d  on O c to b e r  1 4 th ,  t h e  s o i l  p r e p a r e d ,  and th e  w heat 

p l a n t e d  O c to b e r  2 8 th ,  1924 . The s u lp h u r  and f e r t i l i z e r  t r e a t 

m en ts  w e re  p u t  on th e  p l o t s  t h e  day t h a t  p l a n t i n g  was done. 

l / 2 5 t h  a c r e  p l o t s  were u s e d .  The w heat was h a r v e s t e d  June  22nd* 

1925 , a n d  y i e l d s  a r e  g iv e n  i n  T ab le  9 .

I t  w i l l  be n o te d  from  th e  r e s u l t s  r e p o r t e d  i n  T ab le  9 

t h a t  50 pounds o f  s u lp h u r  p e r  a c r e  h a s  i n c r e a s e d  th e  y i e l d  o ve r  

t h e  no s u lp h u r  ch eck  i n  a l l  o a s e s  e x c e p t  t h a t  o f  th e  8 t o n s  o f  

m anure. The 1 0 j  pounds o f  s u lp h u r  p e r  a c r e  h a s  d e c r e a s e d  th e  

y i e l d  below  th e  no s u lp h u r  ch eck  i n  a l l  o a s e s  w i th  O u r r e l l ’ s 

P r o l i f i c  w h e a t .
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T ab le  9

Y i e ld s  o f  C u r r e l l ' s  P r o l i f i c  Wheat 
F i e l d  P l o t s  on N o r f o lk  Loam, C heltenham , M d., 1924-25

No. T re a tm e n t  p e r  a c r e  
(9  f e p l i o a t i o n s )

Y ie ld  p e r  a c r e  
B u sh e ls

1 . N o th in g 8 .6 3

2 . 50 l b s .  e le m e n ta l  s u lp h u r 12 .7 3

3 . 100  l b s .  e le m e n ta l  s u lp h u r 7 .5 3

4 . 200 l b s .  2 -1 2 -4  (NB^JgSOA* A cid  P h o sp h a te  
Same p l u s  50 l b s .  e le m e n ta l  s u lp h u r

n n 100  * ” ,f

i . r a i 6 .5 0
8 .1 0
6 .5 6

5 . 200 l b s .  4 - 8 - 4  A cid P h o s p h a te ,  
Same p l u s  50 l b s .  e l e m e n ta l  s u lp h u r  

" " 100  n fl

NCI 6 .8 0
9 .0 0
6 .9 7

6 . S t a b l e  Manure 8 t o n s
Same p lu s  50 l b s .  e le m e n ta l  s u lp h u r

H II 100  M M  M

1 8 .3 0
1 6 .5 0
1 1 .1 0

7. S t a b l e  Manure 8 t o n s ,  A cid  P h o sp h a te  200 
Same p l u s  50 l b s .  e le m e n ta l  s u lp h u r

m it 100 rt M tT

l b s . 1 8 .5 0
2 1 .8 0
1 5 .4 0

In  th e  'W inter o f  1924-25  g re e n h o u se  s tu d y  was made o f  

t h i s  I^ o rfo lk  loam . A l a r g e  r e p r e s e n t a t i v e  sam ple was o b ta in e d  

and  s c r e e n e d  th r o u g h  a  £ - i n c h  s c r e e n  and th o r o u g h ly  m ixed . 20 

pounds e a c h  of a i r - d r i e d  s o i l  was t h e n  p la c e d  in  g la z e d  c ro c k s .  

Two c ro p s  w ere  grown -  Common a l f a l f a  and Hubam sw eet o l o v e r .  

Both i n o c u l a t e d  and e le m e n ta l  s u lp h u r  were a p p l i e d  to  th e  s o i l  

a t  d i f f e r e n t  r a t e s .  R e a c t io n  v a lu e s  were d e te rm in e d  on th e



d i f f e r e n t l y  t r e a t e d  s o i l  c u l t u r e s  a t  i n t e r v a l s #  In  T ab le  10 

a r e  shown t h e  r e a c t i o n  v a lu e s  o b ta in e d  and i n  T ab le  11 th e  y i e l d s  

o f  a l f a l f a  and  sw ee t  c l o v e r  a r e  g iven#

T ab le  10#

H e a o t io n  o f  S o i l  w i th  S u lp h u r  T re a tm e n ts  
N o r f o lk  loam  i n  G reenhouse , W in te r  1924-85

No . T re a tm e n ts  p e r  a c r e R e a c t io n a t  R e a c t io n a t  R e a c t io n  a t
(5  r e p l i c a t i o n s ) s t a r t end o f  2 end o f  5

m on ths . m on ths .

PH PH PH
1 . N o th in g 7 .0 8 .2 3 7 .46

S* 100  l b s .  e le m e n ta l  s u lp h u r 7 .0 7 .95 7 .1 6
300 » » * 7 .0 7 .5 2 6 .7 4

3# 100 l b s . i n o c u l a t e d  s u lp h u r 7 .0 7 .21 7 .0 0
300 if i» " 7 .0 6 .9 0 6 .6 5

The h y d ro g en  io n  c o n c e n t r a t i o n  was d e te rm in e d on a l l
c u l t u r e s ,  and th e  mean o f  f i v e  d e t e r m i n a t i o n s i s  g iv e n
h e r e  i n  e a c h  c a s e .

T ab le  11

Y i e ld s  o f  A l f a l f a  and Sweet G lover  
w i th  S u lp h u r  T re a tm e n ts  i n  p o t  C u l tu r e s  i n  th e  Greenhouse 

N o r f o lk  loam  from  C heltenham , Ivld#, W in te r  1924-25

No. T re a tm e n t  p e r  a c r e  -  on t h e  
b a s i s  o f  1 a c r e  s u r f a c e  s o i l  

= 2 , 2 0 0 ,0 0 0  l b s .
5 r e p l i c a t i o n s  o f  each  t r e a tm e n t

(Mean o f  f i v e  c u l t u r e s )  
Y ie ld  p e r  a c r e  

Tl Common* r,Hubamn
A l f a l f a  Sweet C lo v e r

l b s .  lb s#
O ven-dry  to p s  O ven-dry  t o p s

1 . N o th in g  3969 2716

2 . 100 l b s .  e le m e n ta l  s u l p h u r 3384 3374
300 i» n n 3769 3398

3 . 100 l b s .  i n o c u l a t e d  s u lp h u r 3865 3248
300 fi if n 3766 3210
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The p o t s  w ere  made u p , t h e  s u lp h u r  a p p l i e d  on Deoember 

22nd , 1924, and  t h e  s e e d l i n g s  t r a n s f e r r e d  from  th e  s p r o u t i n g  

t r a y s  t o  t h e  p o t s  on J a n u a ry  3 , 1925# T ro u b le  was had  w i th  mioe 

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

A lth o u g h  no l im e  a p p l i c a t i o n  h a s  been  made t o  t h i s  

C he ltenh am  s o i l  f o r  a t  l a a s t  two y e a r s  p r e v io u s  t o  m aking  th e  

p o t  s t u d i e s ,  i t  c an  be s e e n  from  T ab le  10 t h a t  i t  i s  th e  most 

h e a v i l y  b u f f e r e d  s o i l  o f  th o s e  s t u d i e d  from  M ary land  so f a r .

300 pounds o f  i n o c u l a t e d  s u lp h u r  a f t e r  f i v e  m onths h a s  g iv e n  th e  

m ost a c i d  r e a c t i o n ,  v i z ; -  6 .6 5  pH. The y i e l d  o f  sw ee t c lo v e r  

h a s  b e en  i n c r e a s e d  by a l l  t h e  s u lp h u r  a p p l i c a t i o n s  and th e  y i e l d  

o f  a l f a l f a  d e c r e a s e d  by a l l .  T h is  i s  an  o u t s t a n d i n g  example 

o f  t h e  d i f f e r e n c e  i n  c ro p  r e a c t i o n  t o  i d e n t i c a l  t r e a t m e n t .  Here 

we have  t h e  same s o i l  and th e  same t r e a tm e n t  i n  a l l  r e s p e c t s ,  

y e t  c o n s i s t e n t l y  d i f f e r e n t  r e s u l t s  a r e  o b ta in e d  w i th  two c ro p s ,  

each  le g u m in o u s .

K e y p o r t  S i l t  Loam, O o l le g e  P a rk ,  P r in c e  G eo rg e ’ s Oo., Md.

P l o t s  were s t a r t e d  i n  1924 on a K eyp o rt  s i l t  loam s o i l  

a t  C o l le g e  P a rk .  T h is  i s  a heav y  r a t h e r  p o o r ly  d r a in e d  s o i l  

w hich  h a s  been  l im ed  and f e r t i l i z e d  h e a v i l y  i n  th e  p a s t  and w hich  

was u s e d  a s  a  g a rd e n  f o r  many y e a r s .

A lth o u g h  th e  r a i n y  S p r in g  o f  1924 p r e v e n te d  an  e a r l y  

s t a r t ,  to m a to e s  and P a l l  cabbage  were p l a n t e d  in  l / 2 0 0 t h  a c r e  

p l o t s  and s u lp h u r  was a p p l i e d  t o  t h e s e  p l o t s  b o th  by i t s e l f  and



i n c o r p o r a t e d  w i th  f e r t i l i z e r  m ix tu r e s  i n  whioh th e  com ponents 

w ere  v a r i e d .  The f e r t i l i z e r  was a p p l i e d  J u l y  1 0 th  and th e  

to m a to e s  w ere  p la c e d  i n  th e  p l o t s  J u l y  1 1 th .  The to m a to e s  

w ere h a r v e s t e d  a s  t h e y  r i p e n e d  and t h e  w e ig h t  o f  t h e  r i p e  f r u i t :  

r e c o r d e d .  The cabbage  were h a r v e s t e d  November 4 t h ,  1924 . K i l l 

i n g  f r o s t  came O c to b e r  1 5 th ,  1924 , on which d a te  t h e r e  were 

m asse s  o f  g r e e n  to m a to e s  on th e  v i n e s .

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

r i p e  f r u i t  a t  a l l  r a t e s  o f  a p p l i c a t i o n  a s  shown i n  T ab le  12 .

W ith th e  cabbage  s u lp h u r  h a s  g r e a t l y  lo w e re d  th e  y i e l d  a t  a l l  

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

Where s u lp h u r  h a s  been  i n c o r p o r a t e d  w i th  f e r t i l i z e r  m ix tu r e s  

a s  shown i n  T a b le  12 t h e r e  i s  an  i n c r e a s e d  y i e l d  o f  r i p e  to m a to e s  

i n  a l l  c a s e s  e x c e p t  w i t h  th e  NaNOg, Raw Rock P h o sp h a te  and KOI, 

w here  b o th  50 and  100 l b s .  o f  s u lp h u r  p e r  a c r e  have d e c r e a s e d  

t h e  y i e l d  below  t h e  no s u lp h u r  c h ec k .  W ith cab bage , s u lp h u r  

p l u s  f e r t i l i z e r  m ix t u r e s  h a s  u n i fo r m ly  d e c r e a s e d  th e  y i e l d  below 

th e  no s u lp h u r  c h ec k s  e x c e p t  w i th  50 pounds o f  s u lp h u r  on th e  

NaNOg, Rock P h o sp h a te  and KOI p l o t .

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

th e  to m a to e s  i n  t h i s  1924 c ro p .  The r o o t s  o f  th e  cabbage which 

r e c e i v e d  s u l p h u r  o r  s u lp h u r  i n  a d d i t i o n  to  f e r t i l i z e r  m ix tu r e s  

were d r i e d  u p , w h e reas  th e  u n s u lp h u re d  cabbage r o o t s  were n o rm a l.  

I t  seems h i g h l y  p r o b a b le  t h a t  th e  a o i d i t y  d e v e lo p ed  by t h e  o x id a 

t i o n  o f  s u lp h u r  h a s t e n e d  th e  m a t u r i t y  o f  th e  to m a to es  and 

c a u se d  th e  p e c u l i a r  d r i e d - u p  c o n d i t i o n  o f  th e  cabbage  r o o t s .



-  67

Table 1 3 .

Y i e l d s  o f  Tom atoes and Cabbage
F i e l d  P l o t s  on K eyport S i l t  Loam, C o l l e g e  Park, M d., 1924

1 
1 

1 
O 

1 
1 

• 
1

T re a tm e n t  p e r  a o r e  
( l / 200 t h  a c r e  p l o t s )

Y ie ld  
" G r e a te r  
B a l t im o r e ” 
Tomatoes 
l b s .  r i p e  

f r u i t

p e r  a o r e  
" J e r s e y  

1 W a k e f ie ld "  
Cabbage 

l b s .

1 * n o t h i n g 7 ,8 74 8 ,5 4 0

2 . 50 l b s .  e le m e n ta l  s u l p h u r 7 ,9 5 9 4 ,0 8 4

3 . 100 l b s .  e le m e n ta l  s u lp h u r 1 1 ,9 6 0 5 ,3 3 2

4 . 300 l b s .  e le m e n ta l  s u l p h u r 1 0 ,1 3 0 5 ,3 8 9

5 . 800 l b s .  4 - 8 - 4  NaBTOjj,
Haw Hock P h o s p h a te ,  KC1 
Same o lu s  50 l b s .  e le m e n ta l  

w it i o o  " ”
s u lp h u r

H

1 0 ,8 5 3
9 ,5 8 7
7 ,618

9, 746 
1 0 ,2 1 4  

7 ,7 8 8

6 . 800 l b s .  4 - 8 - 4  ITaHOg,
A cid  P h o s p h a te ,  KOI 

Same p l u s  50 l b s .  e le m e n ta l  
it t» ioO 11 "

s u lp h u r
it

4 ,9 3 7
7 ,874
9 ,49 1

1 4 ,1 7 2
7 ,9 1 6
6 ,8 9 5

7. 800 l b s .  4 - 8 - 4  P .-H . Tankage 
Raw Hock p h o s p h a te ,  KOI 
Same o lu s  50 l b s .  e le m e n ta l  

n t# i o o  " «

!»

s u l p h u r
ti

7 .0 2 3
9 .0 2 3  
8 ,7 2 5

1 2 ,4 7 0
11 ,7 0 4

7 ,533

8 . 800 l b s .  4 - 8 - 4  P . -H .  Tankage,
Aoid P h o s p h a te ,  KC1 8 ,60 8  1 6 ,5 7 7

Same p l u s  50 l b s .  e le m e n ta l  s u lp h u r  1 0 ,9 8 1  1 2 ,9 3 8
” » 100 ,f rt u 8 ,767  12 ,4 2 8
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The p l o t s  w ere  c o n t in u e d  i n  1925 on t h i s  H eyp o rt  s i l t  

lo am  s o i l  a t  C o l le g e  p a r k  and to m a to e s ,  I r i s h  Cobble r  p o ta to e s *  

g a r d e n  p e a s  and  c o t t o n  w ere t h e  c r o p s  grown. I d e n t i c a l  f e r t i 

l i z e r  t r e a t m e n t s  w ere  a p p l i e d  t o  t h e  p l o t s  a s  i n  1924 .

No a d d i t i o n a l  s u l p h u r  was a p p l i e d  e x c e p t  i n  t h e  c a s e  o f  t h e  

50 pounds o f  s u l p h u r  p l u s  f e r t i l i z e r  m ix tu r e  p l o t s ,  where 

50 pounds was a g a i n  a p p l i e d ,  t h u s  b r i n g i n g  up t h e  t o t a l  s u l 

p h u r  a p p l i e d  on t h e s e  p l o t s  i n  t h e  two y e a r s  to  100  p o u n d s .

The g a rd e n  p e a s  and  p o t a t o e s  were p l a n t e d  on A p r i l  2 5 th ,

19 25 . The p e a s  w ere  h a r v e s t e d  June 1 9 th  and th e  w e ig h ts  o f  

v i n e s  p l u s  pods and o f  pods  a lo n e  r e c o r d e d .  These a r e  shown 

i n  T ab le  1 3 .  The p o t a t o e s  were h a r v e s t e d  A ugust 1 s t ,  1925, and  

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

a r e  r e c o r d e d  i n  T ab le  1 4 .

T hese  p e a s  w ere p l a n t e d  to o  l a t e  i n  th e  s e a s o n  f o r  b e s t  

y i e l d s .  However, th e  r e s u l t s  sh o u ld  be i n d i c a t i v e  o f  th e  v a lu e  

o f  s u lp h u r  a s  a  f e r t i l i z e r  f o r  t h i s  c ro p .  In  e v e ry  c a se  

e x c e p t  two th e  no t r e a t m e n t  p l o t  h a s  o u t y i e l d e d  th e  f e r t i 

l i z e d  p l o t s .  S u lp h u r  h a s  d e c r e a s e d  th e  y i e l d  below th e  no 

s u lp h u r  c h e c k s  i n  a l l  o a s e s  e x c e p t  one w ith  a c i d  p h o sp h a te  i n  

t h e  m ix tu r e  and h a s  i n c r e a s e d  i t  i n  a l l  o a se s  b u t  one w i th  

ro c k  p h o s p h a te  m i x t u r e s .  The a c i d  p h o s p h a te ,  sodium n i t r a t e  

and p o ta s s iu m  c h l o r i d e  m ix tu r e  h a s  g iv e n  th e  b e s t  y i e l d .
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T ab le  13

Y i e ld s  o f  N o t t ' s  E x c e l s i o r  Garden P e a s  
i n  f i e l d  P l o t s ,  K ey p o rt  S i l t  Loam, C o l le g e  P a rk ,  Md., 1925

No • T r e a tm e n t  p e r  a o re Y ie ld  p e r  a e f e
( l / 200 t h  a c r e  p l o t s N o t t ' s  E x c e l s i o r

I d e n t i c a l  a p p l i c a t i o n s  i n  1924 Carden p e a s .
and 1925 e x c e p t  where n o te d ) L bs . L bs.

V ines Pods

1 . No t r e a t m e n t 1592 757

2 . 50 l b s .  s u l p h u r  ( i n  1924 o n ly ) 1472 538
100  w H n u n 1328 493
300 " " w w » 1176 325

3 . 800 l b s .  4 - 8 - 4  NaNO*, Rook P h o sp h a te  and KC1 1635 413
Same p l u s  50 l b s . S u l p h u r  ( i n  1924 and 1925) 1656 473

" " 100 " « ( i n  1924 o h ly ) 1976 509

4 . 800 l b s .  4 - 8 - 4  NaNOgj, A cid  P h o sp h a te  and KOI 2696 1005
Same p l u s  50 l b s .  s u lp h u r  ( i n  1924 and 1925) 2400 605

" 11 100 " " ( i n  1924 o n ly ) 1627 477

5 . 800 l b s .  4 - 8 - 4  P .-H .  T ankage, Rock P h o sp h a te
and HOI 1554 709

Same u lu s  50 l b s .  s u lp h u r  ( i n  1924 and  1925) 1656 773
" " 100 " 11 ( i n  1924 o n ly ) 1336 565

6 . 800 l b s .  4 - 8 - 4  P .-H .T a n k a g e ,  Acid p h o sp h a te
and  KC1 2208 541

Same o lu s  50 l b s .  s u lp h u r  ( i n  192 4 and  1925) 2032 537
" " 100 " ,f ( i n  1924 on ly ) 1528 725

A l l  t h e  p o t a t o e s  h a r v e s t e d  from  th e s e  p l o t s  w ere c l e a n  

££(1 f r e e  from  s c a b .  The low y i e l d s  were c h a r a c t e r i s t i c  o f  th e  

1925 e a r l y  p o t a t o  c ro p  th ro u g h o u t  M ary land , w hich  was an  e x c e e d in g ly  

p o o r  one . Ab w i l l  be se e n  i n  T ab le  14 s u lp h u r  by i t s e l f  and



-  60 -

s u l p h u r  w i th  f e r t i l i z e r  m ix t u r e s  h a s  c o n s i s t e n t l y  lo w e re d  t h e  

y i e l d  o f  p o t a t o e s  on t h i s  s o i l *  The ro o k  p h o s p h a te  m ix tu r e s  w hich  

r e c e i v e d  ta n k a g e  a s  th e  s o u rc e  o f  n i t r o g e n  w ere  p a r t i c u l a r l y  

e f f e c t i v e  i n  i n c r e a s i n g  y i e l d s ,  even  more so t h a n  t h e  a c i d  p h o s 

p h a te  m i x t u r e s .

T ab le  14 .

Y i e ld s  o f  I r i s h  G ob b le r  P o t a t o e s ,  
i n  F i e l d  P l o t s ,  K ey po rt  S i l t  Loam, C o l le g e  P a rk ,  M d,, 1925,

Ho . T re a tm e n t  p e r  a o r e Y ie ld p e r  a c r e
( l / 200 t h  a c r e  p l o t s ) MI r i s h  C o b b le r"  p o t a t o e s
( I d e n t i c a l  a p p l i c a t i o n s Bus. Bus.

i n  1924 and 1925 e x c e p t  where n o te d ) p r im e s d u l l s

1 . N o th in g 9 5 .6 9 .3

2 . 50 l b s ,  e le m e n ta l  s u lp h u r  (None i n  1925) 6 7 .2 8 .8
100 n n rt n u n 9 1 .5 5 .7
300 ” n n « ii it 6 3 .6 8 .8

S. 800 l b s .  4 - 8 - 4  NaN0 3 , Rock P h o sp h a te
and KCl 81 .2 7 .8

Same p lu s  50 l b s .  s u lp h u r  i n  1924 and 1925 7 7 .0 7 .7
" " 100 " " i n  1924 o n ly 8 1 .1 8 .0

4 . 800 l b s .  4 - 8 - 4  NaNOg, A cid  P h o sp h a te
an d  KC1 9 7 .7 4 .7

Same p l u s  50 l b s .  s u lp h u r  i n  19 24 and 1925 95 .6 5 .2
* * 100 11 " i n  1924 o n ly 9 2 .5 6 .0

5 . 800 l b s .  4 - 8 - 4  P . -H .  T ankage, Rock
P h o s p h a te  and KOI 11 0 .1 4 .7

Same p l u s  50 l b s .  s u lp h u r  i n  1924 and 1925 1 0 6 .5 5 .7
" 11 100 ** i n  1924 o n ly 9 8 .8 9 .6

6 , 800 l b s .  4 - 8 - 4  P .-H .  Tankage,
A cid  p h o s p h a te  and kCl 1 0 9 .4 7 .7

Same p lu s  50 l b s .  s u lp h u r  i n  1924 and 1925 1 0 0 .3 7 .2
" ” 100 " " i n  1924 o n ly 98 .1 7 .1
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T ab le  16 .

Y i e l d s  o f  K l n g ^  E a r ly  C o tto n
i n  E i e l d  P l o t s ,  K eyport S i l t  Loam, C o l la g e  Park, Md., 1985

Xo. T re a tm e n t  p e r  a c r e  
( l / 200 t h  a c r e  p l o t s  

i d e n t i c a l  a p p l i c a t i o n s ’ in  19E4 
and  1925 e x c e p t  where n o te d

Y ie ld  p e r  a c r e

l b s .  
s e e d  c o t t o n

1 . Ho t r e a t m e n t 118

S. 50 l b s .  s u lp h u r  ( i n  1924' o n ly ) 403
200  " " n ti r» 598
300 ” ? n n h 417

3 . 800 l b s .  4 - 8 - 4  UaUOg, Rook P h o s p h a te ,  KC1 627
Same p l u s  50 l b s .  s u l p h u r  i n  1924 and 1925 404

" B 100 " " i n  1924 o n ly 689

4 . 800 l b s .  4 - 8 - 4  HaHOg, A cid  P h o s p h a te ,  KC1 545
Same p l u s  50 l b s .  s u lp h u r  i n  1924 and  1925 370

" " 100 " Tf i n  1924 o n ly 233

5 .
♦

800 l b s .  4 - 8 - 4  P . -H .  Tankage, Rock P h o s p h a te , KOI 763
Same p l u s  50 l b s .  s u lp h u r  i n  1924 and 1925 401

" " 100 tf M i n  1924 o n ly 415

6 . 800 l b s .  4 - 8 - 4  P . -H .  T ankage, Acid P h o s p h a te , KOI 1003
Same p l u s  50 l b s .  s u lp h u r  i n  1924 and 1925 690

» » 100 " " i n  1924 o n ly 400

" X in g 's  E a r l y "  o o t to n  was p l a n t e d  i n  l / s O Q th  a o re  p l o t s  

on t h i s  E e y p o r t  s i l t  loam  s o i l  on May 1 3 th ,  1925. I t  was th o u g h t  

t h a t  s u lp h u r  m ig h t  a i d  i n  h r i h g i n g  e a r l y  m a t u r i t y  and h e lp  t o  

overcome t h e  h a n d ic a p  o f  t h e  s h o r t  s e a s o n .  A k i l l i n g  f r o s t  

came on O c to b e r  1 0 th  th u s  g iv in g  a  g row ing  se aso n  o f  j u s t  f i v e  

m o n ths .  The c o t t o n  was p ic k e d  from  a l l  th e  h o l l a  t h a t  opened so 

t h a t  i t  c o u ld  he removed w i th o u t  t r o u b l e .

The c o t t o n  grew v e ry  w e l l  b u t  d id  n o t  r i p e n  w e l l .  From 

appearance o f  f l o w e r s  u n t i l  opening o f  f i r s t  b o l l s  was 65 d a y s .
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The c o t t o n  was a b o u t  7 / 8 - in o h  s t a p l e .  Here a g a i n  t h e  d e p r e s s i n g  

e f f e c t  on y i e l d s  i s  e v i d e n t  o f  s u lp h u r  p l u s  a c i d  p h o s p h a te .

" G r e a t e r  B a l t im o re "  to m a to e s  w ere grown on t h i s  s o i l  

a g a i n  i n  1925 . They f o l lo w e d  oabbage grown i n  1924 . The 

r e s u l t s  a r e  g iv e n  i n  T ab le  1 6 . They w ere s e t  i n  th e  p l o t s  

May 1 4 th  and  h a r v e s t e d  a s  t h e y  became r i p e .

T ab le  16 .

Y i e ld s  o f  " G r e a t e r  B a lt im o re"T o m ato es  
I n  F i e l d  P l o t s ,  K ey po rt  S i l t  Loam, C o l le g e  P a rk ,  Md., 1925

Ho. T re a tm e n t  p e r  a o re  
( l / 200 t h  a c r e  p l o t s  

i d e n t i c a l  a p p l i c a t i o n s  i n  1924 
and 1925 e x c e p t  w here n o te d )

Y i e ld  p e r  a c r e  
" G r e a te r  B a l t im o re "  

Tomatoes 
l b s .  r i p e  f r u i t

1 . Ho t r e a t m e n t 8 .305

2 . 50 l b s .  s u lp h u r  ( i n  1924 o n ly )
100  " " n i» «
300 H V " ’* H

7 ,1 1 3
8 ,095
5 ,6 3 7

3 . 800 l b s .  4 - 8 - 4  NaNOg, Bock P h o s p h a te ,  KG1 
Same p l u s  50 l b s .  s u lp h u r  ( i n  1924 and 1925) 

" " 100 » " ( i n  1924 on ly )

1 6 ,8 9 8
1 9 ,4 8 6
20 ,39 1

4 .  800 l b s .  4 - 8 - 4  HaHOg, A cid  P h o sp h a te ,  KCl 
Same p l u 3 50 l b s .  s u l p h u r  ( i n  1924 and  1925) 

ff n 100  n ft ( i n  1924 o n ly )

1 3 ,2 6 3
1 1 ,0 1 9

6 ,7 0 2

5 , 800 l b s .  4 - 8 - 4  P .-H .  Tankage, Rock P h o sp h a te  and KOI
3ame p l u s  50 l b s .  s u lp h u r  ( i n  1924 and 1925)

" " 100 " 11 ( i n  1924 on ly )

1 8 ,8 2 9
18 ,3 1 8
1 7 ,0 4 0

6 . 800 l b s .  4 - 8 - 4  P . -H .  Tankage, Acid p h o sp h a te  and KOI 2 0 ,0 2 2
3ame o l u s  50 l b s .  s u lp h u r  ( i n  1924 and 1925) 1 8 ,8 5 8

»» * " 100 " " ( i n  192 4 o n ly )  2 0 ,8 7 4
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W ith to m a to e s  i n  1925 s u lp h u r  by i t s e l f  h a s  d e c r e a s e d  

t h e  y i e l d  below th e  no s u lp h u r  c h e c k .  W ith a o id  p h o s p h a te ,  sodium 

n i t r a t e  and p o ta s s iu m  c h l o r i d e  m ix tu re  s u lp h u r  h a s  d e c re a s e d  th e  

y i e l d  g r e a t l y  below  th e  no s u lp h u r  check , b u t  where ro c k  p h o s 

p h a te  i s  u s e d  i n  t h i s  m ix tu re  th e  y i e l d s  a r e  i n c r e a s e d  when 

s u l p h u r  i s  ad d ed . W ith p a c k in g  house  ta n k a g e  s u lp h u r  i n  a c id  

p h o s p h a te  m ix tu r e s  h a s  n o t  had t h e  d e p r e s s in g  e f f e c t  on y i e l d s  

n o t i c e a b l e  w i th  a c i d  p h o sp h a te  i n  sodium n i t r a t e  m ix t u r e s ,  in  

1924 , w i th  to m a to e s  grown i n  t h i s  s o i l ,  i t  w i l l  be r e c a l l e d  t h a t  

s u l p h u r  p lu s  a c i d  p h o s p h a te  i n c r e a s e d  th e  y i e l d  i n  a l l  m ix tu r e s  

u s e d .

S a s s a f r a s  Loam, C o l le g e  P a rk ,  P r in c e  G e o rg e 's  C o ., Md.

I n  1925 p l o t s  were s t a r t e d  on a  S a s s a f r a s  loam  s o i l  a t  

C o l le g e  P a r k .  T h is  s o i l  i s  a  mellow loam  w hich  had l a i d  f a l l o w  

f o r  tw e n ty  y e a r s  o r  more, b u t  w hich  h a s  been  c ropped  d u r in g  

t h e  l a s t  s i x  y e a r s .  The l a s t  two c ro p s  grown have been c o rn  

and  w i n t e r  w h e a t .  The s o i l  had  an  i n i t i a l  r e a c t i o n  o f  pH 5 .8  

b u t  no l im e  was a p p l i e d .

F our c ro p s  were grown on th iB  s o i l  i n  1925 in  l / 2 0 0 t h  

a c r e  p l o t s ,  v i z : -  " X in g 's  E a r ly "  c o t t o n ,  " G r e a te r  B a l t im o re "  

to m a to e s ,  " J e r s g y  B igstem " sw eet p o t a t o e s  and "M ary land  Broad- 

l e a f "  to b a c c o .  The c o t t o n  was p l a n t e d  May 1 3 th  and p ic k e d  a s  

t h e  b o l l s  opened s u f f i c i e n t l y .  The tom ato  p l a n t s  were s e t  i n  

th e  p l o t s  May 1 4 th  and t h e  to m a to es  were h a r v e s t e d  a s  t h e y  

became r i p e .  Sweet p o t a to  p l a n t s  were s e t  o u t  May 1 4 th  and th e
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T ab le  17 .

Y i e l d s  o f  Tomatoes and Sweet P o t a t o e s
i n  F i e l d  P l o t s ,  S a s s a f r a s  Loam, C o l l e g e  Park , Md*, 1925

Ho* T re a tm e n t  p e r  a o r e  Y ie ld  p e r  a c r e
( l / 2 0 0 t h  a o re  p l o t s )  " G r e a t e r  " J e r s e y

B a l t im o re "  B igstem " 
to m a to e s  sw ee t 

l b s .  p o t a t o e s  
r i p e  f r u i t  b i t s ."

1 . H o th in g 1 6 ,7 4 3 2 9 9 .2

2 . 100  l b s .  s u lp h u r 1 6 ,5 3 8 2 9 7 .8

3 . 800 l b s .  4 - 8 - 4  HaHOg, Acid P h o sp h a te  and KOI 
Same p l u s  50 l b s .  s u lp h u r

23 ,63 1
2 4 ,0 4 0

3 1 1 .6
3 4 2 .0

4 . 800 l b s .  4 - 8 - 4  HaHOg, Rock P h o sp h a te  and KOI 
Same p l u s  50 l b s .  s u l p h u r

25 ,91 6
1 8 ,7 8 9

3 4 3 .0
4 2 3 .3

5 . 800 l b s .  4 - 8 - 4  P . -H .  Tankage, A cid  P h o sp h a te  
and  KOI 

Same p l u s  50 l b s .  s u l p h u r
21 ,17 6
1 9 ,096

284 .1
4 6 0 .1

6 * 800 l b s .  4 - 8 - 4  P . -H .  Tankage, Rook P h o sp h a te  
and  KOI 

Same p lu s  50 l b s .  s u lp h u r
20 ,46 0
1 9 ,8 8 0

3 8 0 .6
39 1 .6

p o t a t o e s  dug on O c to b e r  2 0 th .  Tobacco p l a n t s  w ere  s e t  o u t  June 1 8 th  

a n d  th e  p l a n t s  w ere c u t  Sep tem ber 2 9 th  and hung t o  d r y .  The c u re d  

l e a v e s  were s t r i p p e d  F e b ru a ry  2 7 th ,  1926 . A p p l i c a t i o n s  o f  f e r t i 

l i z e r  m ix tu r e s  and s u lp h u r  w ere  made i n  ev e ry  c a s e  j u s t  b e fo r e  

t h e  p l a n t s  were s e t  o u t  and w ere  worked i n to  th e  s u r f a c e  s o i l *

T h is  S a s s a f r a s  loam  s o i l  was i n  e x c e l l e n t  p h y s i c a l  c o n d i t i o n .  In  

T a b le  17 a r e  g iv e n  t h e  y i e l d s  o b ta in e d  w i th  to m a to e s  and sw ee t



p o t a t o e s  i n  1925* By c o m p a r iso n  w i th  T ab le  16 i n  w hich  a r e  g iv e n  

y i e l d s  o f  " G r e a t e r  B a l t im o r e "  to m a to e s  i n  1925 on th e  K eyport 

S i l t  loam  s o i l  a t  C o l le g e  Park* an e s t i m a t e  o f  th e  good oond i*  

t i o n  o f  t h e  S a s s a f r a s  s o i l  may be made. S u lp h u r  by i t s e l f  h a s  

n o t  i n c r e a s e d  th e  y i e l d  o f  e i t h e r  to m a to e s  o r  sw eet p o t a t o e s .

I n  a l l  c a s e s  b u t  one s u lp h u r  p l u s  f e r t i l i z e r  m ix tu r e s  h a s  

d e c r e a s e d  th e  y i e l d  o f  to m a to es*  W ith sw eet p o t a t o e s  s u lp h u r  

p l u s  f e r t i l i z e r  m ix tu r e s  h a s  i n c r e a s e d  th e  y i e l d  i n  a l l  c a s e s ,  

i n  P l o t  5 by 62 p e r  c e n t .  The lo w e r in g  o f  y i e l d s  where s u lp h u r  

i s  u s e d  w i th  a c i d  p h o sp h a te  m ix tu r e s  i s  c e r t a i n l y  n o t  apparent; 

h e r e .

Sodium n i t r a t e  was n o t  u se d  i n  th e  f e r t i l i z e r  m ix tu r e s  

a p p l i e d  t o  c o t t o n  on t h i s  s o i l .  S u lp h u r  by i t s e l f  seems to  have 

had a  s l i g h t  e f f e c t  on m a t u r i t y ,  b u t  when u se d  w i th  f e r t i l i z e r  

m ix t u r e s  t h e  y i e l d  i s  d e p r e s s e d  i n  a l l  c a s e s .

T ab le  18 .

Y i e ld s  o f  C o t to n  
i n  F i e l d  P l o t s ,  S a s s a f r a s  Loam, C o l le g e  P a rk ,  Md., 1925.

1 
fc* 

1 
1 

O 
1 

1 
* 

1

T re a tm e n t  p e r  a o re  
( l / 200 t h  a c r e  p l o t s )

Y ie ld  p e r  a c r e  
" K in g 's  3 a r l y 'To o t t  

l b s .  
c o t t o n  se ed

1 . N o th in g 147

2 . 50 l b s .  s u l p h u r 178
100  * " 157

3 . 800 l b s .  4 - 8 - 4  P .-H .  T ankage, Acid P h o sp h a te & KC1 201
3ame p lu s  50 l b s .  s u lp h u r 108

n n 1Q0 * t1 107
4 . 800 l b s .  4 - 8 - 4  P-H. T ankage, Hook P h o sp h a te  &c KOI 172

Same p lus_  50 l b s .  s u lp h u r 146
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Table 1 9 .

Y i e l d s  o f  Tobaoeo
i n  F i e l d  P l o t s ,  S a s s a f r a s  loam , C o l l e g e  Pari:, M d., 1925

Ho. T re a tm e n t  p e r  a c r e  Y ie ld  p e r  a o re
( l / 2 0 0 t h  a c r e  p l o t s )  "M ary land  B r o a d le a f "

l b s .  l e a f  to b a c o o .

1* 800 l b s .  4 - 8 - 4  BaHQg, Aoid P h o s p h a te ,  E2S04 1820
Same p lu s  50 l b s .  s u lp h u r  1266

2 . 800 l b s .  4 - 8 - 4  HaHOg, Rock P h o s p h a te ,  KgSO .̂ 945
 Same p l u s  50 l b s ,  s u lp h u r ________________________________ 1014________

3 .  800 l b s .  4 - 8 - 4  n i t r o g e n  a s  NaHOg and £  a s
P . -H .  T ankage, A cid  P h o s p h a te ,  XgS04 1157

Same p l u s  50 l b s ,  s u lp h u r ________________________________ 1404________

4 .  800 l b s .  4 - 8 - 4  Tankage, A cid  P h o s p h a te ,  X2SO4 1107
Same p l u s  50 l b s .  s u lp h u r  982

5 .  800 l b s .  4 - 8 - 4  Tankage, Rock p h o s p h a te ,  KgSO. 1073
Same p lu s  50 l b s ,  s u lp h u r ______________________ ___________ 992________

The y i e l d s  o f  to b a c c o  on th e  S a s s a f r a s  loam were s t i m u l a t e d  

i n  a l l  th e  m ix tu r e s  i n  w hich  sodium n i t r a t e  was a com ponent, r e g a r d 

l e s s  o f  th e  s o u rc e  o f  p h o s p h o r ic  a c i d .  However, where ta n k a g e  

h a s  been  u s e d  a s  t h e  o n ly  so u rc e  o f  n i t r o g e n  s u lp h u r  h a s  g iv e n  

lo w e re d  y i e l d s .

T here  i s  no n o t i c e a b l e  d i f f e r e n c e  in  th e  q u a l i t y  o f  th e  

to b a c c o  from t h e  s u lp h u r e d  and  u n s u lp h u re d  p l o t s .

C ongaree  S i l t  Loam, C o l le g e  P a rk ,  P r in c e  G eo rg e rs C o .,  Md.___________

A l a r g e  sam ple o f  t h i s  s o i l  was o b ta in e d  f o r  g ree n h o u se  

s t u d y .  The sam ple was th o r o u g h ly  mixed, s c re e n e d  th ro u g h  a 1 / 4 -  

i n c h  mesh s c r e e n  and  300 pounds o f  th e  s c re e n e d  s o i l  p la c e d  i n  each
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o f  tw e lv e  b e d s  20 in c h e s  by 24 in ch e s*  ^ ic e b e r g *  head  l e t t u c e  

s e e d l i n g s  w ere s t a r t e d  i n  t r a y s  and t r a n s f e r r e d  t o  th e  beds  December 

1 5 th ,  1924, e i g h t  s e e d l i n g s  to  a  b ed . F e r t i l i z e r s  and  s u lp h u r  

a p p l i c a t i o n s  had  b e en  p u t  on t h e  b ed s  December 8 t h ,  The i n i t i a l  

r e a c t i o n  o f  t h i s  s o i l  was pH 5 .15* The l e t t u c e  was h a r v e s t e d  March 

2 4 t h ( 1925 . Buckwheat s e e d l i n g s  w ere  p l a c e d  i n  t h e  beds  Maroh 31 , 

1925 , a n d  t h e  c ro p  was h a r v e s t e d  June  2 0 th ,  1925.

R e a c t io n  v a l u e s  were t a k e n  on th e  s o i l  i n  t h e s e  beds and 

t h e  r e s u l t s  a r e  shown i n  T ab le  20 .

T ab le  20

R e a c t io n  v a lu e s  o f  
O ongaree  S i l t  Loam S o i l ,  i n  G reenhouse , 1924- 25.

Ho. T re a tm e n t  ( p e r  a o r e )  At s t a r t

PH

A f t e r
2

mos.
pH

A f t e r
3

mos.
PH

A f t e r
6

mos.
pH

1 . N o th in g
100 l b s .  s u l p h u r

5 .1 5
5 .1 5

5*20
5 .1 0

5 ,2 0
4 ,9 0

5 .2 0
5 .2 2

2 . 200 l b s .  HaHO*
200 H 19 p l u s  100 l b s .  s u l p h u r

5 .1 8
5 .1 5

5 .1 5
5 .0 2

5 .1 8
4 .9 5

5 .2 0
5 .0 0

3 . 300 I t s .  P .H .T an kage  ( 8> H P2O5 ) 
Same p lu s  100 l b s .  s u lp h u r

5 .1 9
5 .1 5

5 .2 0
4 .9 7

5 .2 0
4 .8 5

5 .1 9
5 .2 5

4 . 1000 l b s . 4 - 8 - 4  UaNOg, A cid  p h o sp h a te  
and  KC1 

Same p l u s  100 l b s .  s u l p h u r
4 .9 7
5 .1 0

5 .0 0
4 .9 5

5 .1 2
4 .8 5

5 .3 0
4 .9 5

5 . 1000 l b s .  4 - 8 - 4  T ankage, A cid  p h o s 
p h a te  and KG1 

Same p l u s  100 l b s .  s u lp h u r
5 .1 6
5 .0 9

5 .2 3
4 .9 0

5 .2 8
4 .7 0

5 .2 1
4 .8 5

6 . 1000 l b s .  4 - 8 - 4  T ankage, Rock p h o s 
p h a te  and KC1 

Same p lu s  100 l b s .  s u lp h u r
4 .9 7
5 .1 5

5 .1 2
4 .9 7

5 .2 0
4 .9 0

5 .4 0
5 .2 0
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From T a b le  SO i t  w i l l  be n o te d  t h a t  a f t e r  s i x  m onths 

f rom  t h e  s u lp h u r  a p p l i c a t i o n  t h e  s o i l  r e a c t i o n  h a s  r e t u r n e d  t o  

t h e  i n i t i a l  pH 5*2 i n  a l l  o a s e s  b u t  t h r e e .  One o f  t h e s e  o a s e s  

i s  s u l p h u r  w i th  sodium  n i t r a t e  and t h e  o t h e r  two s u lp h u r  p l u s  

m ix t u r e s  c o n t a i n i n g  a o id  p h o sp h a te*

I n  T ab le  21 a r e  g iv e n  t h e  l e t t u o e  and buckw heat y i e l d s  

o b ta in e d *

T ab le  21 .

Y i e ld s  o f  L e t tu o e  and Buckwheat 
i n  G reenhouse , on Oongaree S i l t  Loam, W in te r  o f  1924-25

Ho. T re a tm e n t  ( p e r  a o re )  
(Beds 20 x  24 in c h e s )

" I c e b e r g '1 
L e t tu o e  

l b s .  
g r e e n  
w e ig h t

,f J a p a n e s e ” 
Bus. 
d ry  

g r a i n

buckw heat
l b s .

g r e e n
to p s

1 . n o t h i n g
100  lb s*  s u lp h u r

5 ,7 5 4
1 ,4 4 2

1 2 .8
1 6 ,8

1 0 ,2 7 6
1 3 ,3 5 6

2 . 200 l b s .  HaHQg 1 ,4 6 4 1 0 .4 9 ,5 1 6
Same p l u s  100 l b s .  s u l p h u r 432 8 .8 6 ,6 1 2

3 . 300 l b s .  P .H .T a n k a g e ( 8$  II, 3$  PsOc) 1 6 ,3 5 4 1 1 .6 9 ,0 3 6
Same p l u s  100 l b s .  s u lp h u r 8 ,809 1 8 .0 9, 996

4 . 1000 l b s .  4 - 8 - 4  T ankage, Aoid
P h o s o h a te  and KOI 4 6 ,1 4 9 1 3 .6 1 1 ,6 9 2

Same p l u s  100 l b s .  s u lp h u r 1 9 ,7 0 3 1 8 .8 8 , 22 0

5 . 1000 l b s .  4 - 8 - 4  HaH0 3 , A cid
p h o s p h a te  and KCl 5 1 ,390 8 . 8 9 ,6 2 8

Same p l u s  100 l b s .  s u lp h u r 33 ,9 60 1 5 .2 7 ,916

6 • 1000 l b s .  4 - 8 - 4  Tankage, Rook
P h o s p h a te  and KCl 1 1 ,8 1 0 6.8 6 ,44 4

Same p l u s  100 l b s .  s u lp h u r 26 ,446 1 6 .4 4 ,7 8 4
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I n  a l l  o a s e s  b u t  one th e  y i e l d  o f  l e t t u o e  was d e c r e a s e d  

by a d d in g  s u lp h u r  w h i le  w i th  t h e  r o o t  p h o s p h a te  m ix tu r e ,  s u lp h u r  

i n c r e a s e d  t h e  y i e l d .  In  a l l  o a s e s  b u t  one th e  y i e l d  o f  buck

w h ea t g r a i n  was i n c r e a s e d  by  a d d in g  s u lp h u r ;  sodium  n i t r a t e  p l u s  

s u l p h u r ,  how ever, gave a  v e r y  low y i e l d  o f  b o th  l e t t u c e  and 

b u ck w h ea t .  The y i e l d  o f  buckw heat to p s  was lo w e re d  i n  f o u r  o u t  

o f  s i x  c a s e s  by a p p l i c a t i o n  o f  s u lp h u r .

P o r t e r 1s S i l t  Loam, M idd le tow n , F r e d e r i c k  C o .,  Md.

On May 7 th ,  1925, 60 pounds o f  s u l p h u r  was a p p l i e d  t o  one- 

a c r e  o f  t h i s  s o i l  on w hich  f i e l d  c o rn  was grown. The a c r e  o f  

s o i l  on e a c h  s i d e  o f  t h e  s u l p h u r - t r e a t e d  a c r e  was l e f t  u n s u lp h u r e d  

and  c o m p a ra t iv e  y i e l d s  a r e  g iv e n  i n  T ab le  22*

T ab le  22.

Y ie ld s  o f  F i e l d  Corn
P o r t e r * s  S i l t  Loam, 1925

Ho. T re a tm e n t p e r  a o r e Reed*s Y ellow  Dent Corn 
B u sh e ls  p e r  a c r e

1 . N o th in g 7 0 .0

2* . 60 pounds s u l p h u r 70 .0

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

S u lp h u r  d id  n o t  i n c r e a s e  t h e  y i e l d  o f  f i e l d  c o rn .  See T ab le  1 

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



-  70 -

W hile  t h e  p e r c e n t a g e  o f  t o t a l  s u lp h u r  i n  t h i s  s o i l  and  

i n  t h e  Tdneytown s o i l  i s  v e ry  low, t h e r e  i s  no i n c r e a s e  i n  t h i s  

c a s e  i n  th e  y i e l d  o f  f i e l d  o o rn  when s u lp h u r  i s  a p p l i e d ,  T h is  

s o i l  i s  v e r y  h ig h  i n  a v a i l a b l e  n i t r a t e s .  I t  h a s  n e v e r  r e c e i v e d  

any  com m erc ia l  f e r t i l i z e r *

Penn  S i l t  Loam, Taneytow n, C a r r o l l  C o .,  Md*

On May 1 4 th ,  1925, 60 pounds o f  s u lp h u r  was a p p l i e d  t o  

one a c r e  o f  t h i s  s o i l  on w hich  f i e l d  c o rn  was grown. The s o i l  

on e i t h e r  s i d e  o f  t h e  s u l p h u r - t r e a t e d  a c r e  was l e f t  u n s u lp h u re d  

and c o m p a ra t iv e  y i e l d s  a r e  g iv e n  i n  T ab le  23*

T ab le  23*

Y ie ld s  o f  F i e l d  Corn 
Penn  S i l t  Loam, 1925

Ho. T re a tm e n t p e r  a c r e R e e d 's  Y ellow  
B u sh e ls  pe r

Dent c o rn  
a c r e

1 . n o t h in g 74 .5

2 . 60 pounds s u lp h u r 8 0 .0

T h is  a l s o  i s  n a t u r a l l y  a h i g h ly  f e r t i l e  s o i l  and i n  good 

p h y s i c a l  c o n d i t i o n .  S u lp h u r  i n c r e a s e d  th e  y i e l d  o f  f i e l d  c o rn  

11%. See T a b le  1 f o r  a n a l y t i c a l  d a ta  on t h i s  s o i l .

The Taneytown s o i l  h a s  a b o u t  th e  same t o t a l  s u lp h u r  c o n te n t  

a s  t h e  L lidd letow n s o i l ,  i . e . ,  ab ou t 0 .0 0 8 0  p e r  c e n t  o f  s u lp h u r  

a s  3. I t  h a s  n o t  r e c e i v e d  com m ercial f e r t i l i z e r .  As may be s e e n  

from  t h e  y i e l d ,  i t  i s  an  e x c e l l e n t  c o rn  s o i l .
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C hem ica l S tud y  o f  t h e  B f f e o t  o f  S u lp h u r  on D i f f e r e n t  S o i l s

P l a n t  p h y s i o l o g i s t s  and b a c t e r i o l o g i s t s  r e c o g n iz e  th e  

n e c e s s i t y  f o r  good " p h y s i o l o g i c a l  b a la n c e "  i n  t h e  c u l t u r e  m ed ia  

t h e y  u s e .  The s o i l  s o l u t i o n  i s  t h e  c u l t u r e  medium f o r  c ro p  

g ro w th  and th e  b e s t  m easu re  o f  p h y s i o l o g i c a l  b a la n c e  i n  th e  

s o i l  s o l u t i o n  i s  t h e  c ro p  y i e l d  o b t a i n e d .

E q u i l i b r iu m  i s  t h e  n a t u r a l  c o n d i t i o n  o f  m a t t e r  th ro u g h o u t  

H a tu r e .  L e C h a t e l i e r ' s  th eo re m  i s  one o f  t h e  few n a t u r a l  " law s"  

w h ich  s t a n d s  a s  s o l i d l y  to d a y  a s  when f i r s t  c o n o e iv e d .  B r i e f l y  

i t  i s

" A l t e r  any  o f  th e  f a c t o r s  w hich  g o v e rn  
th e  e q u i l i b r i u m  p o i n t  and th e  e q u i l i b r i u m  
p o i n t  w i l l  change so  a s  to  n u l l i f y  th e  
e f f e c t  c f  th e  a l t e r a t i o n  o f  th e  f a c t o r s . "

Unwise c ro p p in g  o f  a  s o i l  w i l l  cau se  e x h a u s t io n  o f  

a v a i l a b l e  f e r t i l i t y  e le m e n ts  w i t h i n  i t  and c ro p  y i e l d s  w i l l  

be lo w e re d .  The c ro p  i s  d ep end en t upon th e  s o i l  s o l u t i o n ;  

i t  i s  a n  in d e x  o f  t h e  a l t e r a t i o n  o f  t h e  e q u i l i b r i u m  p o i n t  i n  

t h e  s o i l  s o l u t i o n .

The a v a i l a b i l i t y  o f  n u t r i e n t  m a t e r i a l s  f o r  p l a n t  u se  

i s  t h e  c r i t e r i o n  o f  a  good s o i l ,  i t  i s  t r i t e  to  sa y  " S o i l s  

d i f f e r  t r e m e n d o u s ly " .  In  a l l  s o i l s  th e  f a c t o r s  o f  c h i e f  

im p o r ta n c e  g o v e rn in g  th e  a v a i l a b i l i t y  o f  io n s  w hich  e n t e r  i n t o  

p l a n t  m e ta b o l ism  a re
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1* B i o l o g i c a l  c o n te n t
2 , C o l lo i d  c o n te n t
3 .  M o is tu re  c o n te n t
4* T o t a l  c o n t e n t  o f  e s s e n t i a l  f e r t i l i t y  e le m e n ts
5* S x o e ss  o r  d e f i c i e n c y  o f  any io n
6 . R e a c t io n

No a t t e m p t  i s  made t o  p l a c e  t h e s e  f a c t o r s  i n  th e  o r d e r  o f  t h e i r  

im p o rtan c e *  They a r e  i n t e r l o c k i n g  th ro u g h o u t*

To em phasize  t h e s e  f a c t o r s  g o v e rn in g  i o n i c  a v a i l a b i l i t y  

f o r  p l a n t  u s e  eac h  w i l l  be d i s c u s s e d  b r i e f l y  i n  t h e  two f o l l o w 

in g  p a r a g r a p h s .

H oagland  w r i t e s  (28) "The s o i l  i s  a  b i o l o g i c a l l y  c o n t r o l l e d  

sy s te m " ,  and he p o i n t s  o u t  t h a t  1103, S04 and CO3 io n s  a r e  b i o l o g 

i c a l l y  p ro d u c e d  i n  t h e  s o i l .  S o i l  o o l l o i d s  g o v e rn  l a r g e l y  t h e  

amount o f  p o re  s p a c e ,  th e  movement o f  s o i l  w a te r ,  and in  g e n e r a l  

t h e  p h y s i c a l  c o n d i t i o n  o f  t h e  s o i l*  I f  t h e r e  a r e  no i n s o l u b l e  

f e r t i l i t y  e le m e n ts  p r e s e n t  i n  a  s o i l  t o  become a v a i l a b l e ,  i t  i s  

s e l f - e v i d e n t  t h a t  t h e r e  can  be none a v a i l a b l e  u n l e s s  a p p l i e d  a s  

f e r t i l i z e r .

The s o l u b i l i t y  o f  s o i l  compounds, th e  b e h a v io r  o f  c o l l o i d s ,  

and  c ro p  r e s p o n s e  v a r y  g r e a t l y  w i th  t h e  r e a o t i o n  o f  a  s o i l .  The 

c ro p  m ust have  w a te r ,  and  i t  i s  a c c e p te d  by p l a n t  p h y s i o l o g i s t s  

t h a t  n u t r i e n t  m a t e r i a l s  m ust be w a t e r - s o l u b l e  a t  t h e  t im e  t h e y  

e n t e r  th e  p l a n t .  An e x c e s s  o r  d e f i c i e n c y  o f  any io n  w i l l  

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

An e x p e r im e n t  was p la n n e d  to  d e te rm in e  th e  e f f e c t  o f  

s u l p h u r  upon  th e  a v a i l a b i l i t y  o f  e s s e n t i a l  n u t r i e n t  io n s  i n  n in e
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d i f f e r e n t  s o i l s .  W hile  i t  i s  r e c o g n iz e d  t h a t  i t  i s  a  h a rd  t a s k  

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

m ethod, d e v e lo p e d  so  f a r  was u s e d .

Two s o i l s  from  O regon, two from W ash ing ton  S t a t e  and 

f i v e  f rom  M ary land  w ere  s t u d i e d .  The s o i l s  were a l l  a i r - d r i e d  

f o r  a t  l e a s t  f o u r  m onths b e fo r e  t h e y  w ere u s e d .  B e fo re  u s i n g  

t h e y  w ere  s i f t e d  th ro u g h  20-m esh s c r e e n .  T h i r t y - s e v e n  hundred  

gram s o f  e a c h  s o i l  was w e ig h ed  ou t i n  d u p l i c a t e ,  and p l a c e d  

i n  o n e - g a l l o n  g l a s s  p e r c o l a t o r s ,  making 18 p e r c o l a t o r s  i n  a l l .

At t h e  b o tto m  o f  th e  p e r c o l a t o r s  sm a ll  p o r c e l a i n  Gooch 

c r u c i b l e s  were p l a c e d  and  on th e s e  c r u c i b l e s  washed g r a v e l  was 

added  t o  a  d e p th  o f  t h r e e  i n c h e s .  The s i f t e d ,  a i r - d r i e d  s o i l  

was t h e n  p la c e d  on to p  o f  t h e  g r a v e l .

The p e r c o l a t o r s  w ere  mounted on two f ra m e s ,  th e  s i d e s  

w ere  c o v e red  w i th  w a l l - b o a r d  and  i n s u l a t e d  t o  p r e v e n t  sudden  

c h an g e s  i n  t e m p e r a tu r e  and t o  keep  th e  p e r c o l a t o r s  i n  d a rk n e ss*

A c r o s s - s e c t i o n  o f  one o f  t h e s e  f r a m e s , i s  g iv e n  i n  F ig u re  1 .

The g l a s s  p e r c o l a t o r s  a r e  in c h e s  a c r o s s  t h e  to p  and 

15 in c h e s  d e ep .  The amount o f  s o i l  u sed  was s u f f i c i e n t  t o  f i l l  

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

p l e n t y  o f  sp a c e  f o r  th e  w a te r  to  be a p p l i e d .

The p e r c o l a t o r s  b e in g  s e t  up and f i l l e d ,  l e a c h i n g  o p e r a t i o n s  

w ere  s t a r t e d  J a n u a ry  5 th ,  1926 . Three s u c c e s s iv e  500 c . o .  p o r t i o n s



1 0 “

1

P e  r c o l a t o r  

$ 7 6 0 soi l

l e a v e r  board

S e v e r a l  t h i  c k  n e s s e s  
oj' neu>spaper

n  n  c  g r A  v e  /
<Co ars c r  gr#. ye/
S f n d l i  G o o c h  c r u c /!?!&

75 0  c.c.- Erk«meyerf/a sk>

Fiq-  / C r o s s  - s e c t i o n  o f  S t a n d  
a n d  P e r c o / a t o  n
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o f  d i s t i l l e d  w a t e r  w ere  added  t o  eaoh  s o i l  a t  s e v e r a l  h o u rs  

i n t e r v a l s  and  th e  p e r c o l a t e  c o l l e c t e d .  On Ja n u a ry  6t h  and a g a in  

on J a n u a r y  7 th  500 c . c .  p o r t i o n s  w ere  added and  t h e  p e r c o l a t e s  

from  e a c h  c y l i n d e r  were c o l l e c t e d ,  p l a c e d  t o g e t h e r ,  and  te rm ed  

" p r e l i m i n a r y  l e a c h i n g s " .

On J a n u a r y  8 t h  185 m i l l ig r a m s  o f  e le m e n ta l  s u lp h u r  was 

p l a c e d  on one o f  th e  d u p l i c a t e  p e r c o l a t o r s  c o n t a i n i n g  each  ty p e  

o f  s o i l ,  T h is  amount o f  s u l p h u r  on 3700 grams o f  s o i l  i s  

e q u i v a l e n t  t o  an  a p p l i c a t i o n  o f  100 l h s .  p e r  a c r e .  The s u lp h u r  

was t h o r o u g h ly  m ixed w i th  t h e  s u r f a c e  t h r e e  in c h e s  o f  t h e  s o i l  

i n  t h e  p e r c o l a t o r s ,  From t h i s  t im e  oh t h e r e  was th u s  a  s u lp h u r -  

t r e a t e d  and a n  u n t r e a t e d  s o i l  o f  each  t y p e .

A f t e r  t h r e e  weeks t h e  p e r c o l a t o r s  w ere a g a in  l e a c h e d  

w i t h  500 c . c .  o f  w a t e r  on each  o f  t h r e e  s u c c e s s iv e  days, a t o t a l  

o f  1500 c . c .  d i s t i l l e d  w a t e r  b e in g  a p p l i e d .  S e p a ra te  a n a l y s i s  

was made o f  t h e  p e r c o l a t e  from  eaoh c y l i n d e r ,

S x a c t l y  t h e  same p ro c e d u re  was fo l lo w e d  a f t e r  s i x ,  n in e  

and tw e lv e  weeks from  th e  t im e  o f  a p p l i c a t i o n  o f  th e  s u lp h u r  to  

t h e  s o i l s .  Thus, 2500 c . c .  d i s t i l l e d  w a te r  was a p p l i e d  i n  th e  

p r e l i m i n a r y  l e a c h i n g s  to  each  p e r c o l a t o r  and 1500 c . c .  d i s t i l l e d  

w a te r  a f t e r  t h r e e ,  s i x ,  n in e  and tw e lv e  w eeks, making 8 ,5 0 0  c . c ,  

d i s t i l l e d  w a te r  i n  a l l  p a s s i n g  th ro u g h  each  3700 gram p o r t i o n  

o f  s o i l .

C a r e f u l  a c c o u n t  was k e p t  o f  t h e  amount o f  p e r c o l a t e  

f rom  each  c y l i n d e r ,  th e  h yd rog en  io n  c o n c e n t r a t i o n  d e te rm in e d
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and t h e n  a  few d ro p s  o f  t o l u o l  were added to  each  c o n t a i n e r  to  

p r e v e n t  g ro w th  o f  m ic r o -o r g a n is m s .  A n a ly se s  w ere  t h e n  made f o r  

n i t r a t e s ,  s u l p h a t e s ,  p o ta s s iu m ,  c a lc iu m  and  p h o sp h o ru s .

I t  i s  n o te w o r th y  t h a t  t h e  p e r c o l a t e s  from  th e  Oregon and 

W ash ing ton  s o i l s  w ere  much more d e e p ly  c o lo r e d  th r o u g h o u t  t h e  

t e s t  t h a n  t h e  p e r c o l a t e s  f rom  t h e  M ary land  sp o i ls .  T h is  c o l o r  was 

much l e s s  a f t e r  t h e  1 7 th  l e a c h i n g  th a n  a f t e r  t h e  f i r s t ,  h u t  i t  

was s t i l l  n o t i c e a b l e ,  G e h r in g  and Wehrmann (23 )  a t t r i b u t e  t h i s  

d a rk  c o l o r  i n  s o i l  p e r c o l a t e s  t o  p o ta s s iu m  s a l t s .  In  T ab le  ( 24) 

a r e  th e  d a t a  on th e  am ounts o f  p e r c o l a t e  c o l l e c t e d .

From T ab le  (24  ) i t  w i l l  be n o te d  t h a t  w i th  one e x o e p t io n  

a  g r e a t e r  volume o f  p e r c o l a t e  was c o l l e c t e d  from  th e  s u l p h u r -  

t r e a t e d  t h a n  from  th e  u n t r e a t e d  s o i l s *  S te p h e n so n  and  Powers 

(7 7 )  speajt  o f  t h i s  " f l o c c u l a t i n g ” e f f e c t  o f  s u lp h u r  upon th e  

s o i l  c o l l o i d s *

The im p o r ta n c e  o f  any  agency  which "opens up"  heavy  s o i l s  

c a n n o t  be d e n ie d .  A lth o u g h  t h e  Oregon and W ash ing ton  s o i l s  a r e  

d e s c r i b e d  a s  sand y  loam s, t h e r e  a r e  r e a l l y  no l i g h t  s o i l s  i n  t h i s  

t e s t .  The b e h a v io r  o f  s u l p h u r - t r e a t e d  s o i l s  shows t h e  im p o r ta n c e  

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

The c o l o r i m e t r i c  s t a n d a r d s  o f  O la rk  and hubs (14) were 

u s e d  i n  d e t e r m i n i n g  t h e  r e a c t i o n  o f  th e  p e r c o l a t e s .  No t r o u b l e  

was e x p e r i e n c e d  w i th  t u r b i d i t y .  The c o l o r i m e t r i c  s t a n d a r d s  were 

ch eek ed  e l e e t r o m e t r i c a l l y .



T ab le  2 4 .

P e r c o la t e  C o l le c t e d
from  S u lp h u r -tr e a te d  and U n tr e a te d  S o i l s

S o i l T re a tm e n t o . o .  p e r c o l a t e  c o l l e c t e d #
«

P r e l i m 
i n a r y
l e a o h i n g s

A f t e r
3

weeks

A f t e r
6

weeks

A f t e r
9

weeks

A f t e r
12

weeks

T o ta l

1 . R i t z v i l l e  
v . f • s a . l o & m

n o t h in g

S u lp h u re d

1047

1058

1362

1487

1284

1415

826

1063

690

1116

5 ,2 0 9

6 ,1 3 9

2 . Sagemoor
f . s a . l o a m

n o t h in g

S u lp h u re d

1466

1525

1496

1377

1423

1351

1109

1144

1288

1114

6 ,7 8 2

6 ,5 1 1

3 . C olum bia
f . s a . l o a m

n o t h in g

S u lp h u re d

1346

1453

1446

1365

1360

1353

703

1050

1300

1301

6 ,1 7 5

6 ,5 2 2

4 . Yakima 
sand y  loam

n o t h in g

S u lp h u re d

1512

1500

1403

1431

1364

1368

1023

1055

1258

1369

6 ,5 6 0

6 ,7 2 3

5 . N o r f o lk  loam  n o t h in g 1367 1418 1386 995 1449 6 ,6 1 5

S u lp h u re d 1379 1493 1323 1555 1508 7 ,25 8

6 . L eonard to w n  
s i l t  loam

n o t h in g

S u lp h u re d

1376

1361

1526

1462

1386

1483

1176

1421

1452 . 

1548

6 ,91 6

7 ,27 5

7 . P o r t e r 1s 
s i l t  loam

n o th in g

S u lp h u re d

1513

1520

1386

1553

1457

1587

1355

1515

1159

1453

6 ,8 7 0

7 ,6 2 8

8 . X e y p o r t  
s i l t  loam

n o th in g

S u lp h u re d

1192

1281

1456

1319

1245

1401

1228

1187

1280

1422

6 ,40 1

6 ,6 1 0

9. S a s s a f r a s
loam

n o t h in g

S u lp h u re d

1498

1361

1253

1350

1194

1239

1061

1111

1003

1049

6 ,0 0 9

6 ,1 1 0

v . f . s a .  -  v e r y  f i n e  sand y
f . s a .  -  f in e  sandy
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The r e a c t i o n  v a lu e s  o f  th e  p e r c o l a t e s  from  t h e  d i f f e r e n t  

s o i l s  v a r y  g r e a t l y *  E x c e p t  f o r  th e  S a s s a f r a s  loam  th e  r e a c t i o n  

o f  th e  p e r c o l a t e  from  th e  p r e l i m i n a r y  l e a c h i n g s  i s  n o t  so  a l k a l i n e  

a s  t h a t  f rom  t h e  l e a c h i n g s  a f t e r  t h r e e  weeks* I n  T ab le  (25) 

i t  w i l l  he n o te d  t h a t  s u l p h u r  a p p e a r s  t o  a f f e c t  th e  r e a c t i o n  i n  

m ost c a s e s  a f t e r  s i x  w eeks , h u t  t h a t  t h i s  e f f e c t  d o es  n o t  l a s t ,  

f o r  i n  t h e  W ash in g to n  and  Oregon s o i l s  a f t e r  12 weeks th e  p e r c o 

l a t e  from  t h e  s u l p h u r - t r e a t e d  s o i l  i n  two c a s e s  i s  more a l k a l i n e  

t h a n  t h a t  f ro m  t h e  u n t r e a t e d  s o i l .  U nd o u b ted ly  t h e  f r e e i n g  o f  

h a s e s  from  t h e  s o i l  c o l l o i d s  i s  th e  c a u se  o f  t h i s  anom alous 

b e h a v io r .

The N o r fo lk  loam  b e h a v e s  a s  th e  W ash ing ton  and Oregon 

s o i l s .  T h is  i s  a  h e a v i l y  o v e r - l im e d  s o i l ,  and i n c r e a s e s  i n  y i e l d  

by t h e  a p p l i c a t i o n  o f  s u lp h u r  w ere o b ta in e d  i n  f i e l d  t e s t s  w i th  

w h e a t ,  c o rn ,  so y b e a n s  and sw eet c l o v e r .  A d e c re a s e d  y i e l d ,  

how ever, was o b ta in e d  w i th  a l f a l f a ,  a f t e r  t r e a t i n g  t h i s  s o i l  w i th  

s u l p h u r .  The L eo nard tow n  s i l t  loam  and  P o r t e r ’ s s i l t  loam became 

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

K e y p o r t  s i l t  loam , a  h e a v i l y  l im e d  and  f e r t i l i z e d  s o i l ,  d o es  n o t  

a p p e a r  much a f f e c t e d  i n  r e a c t i o n  by t h e  s u lp h u r ,  b u t  th e  S a s s a f r a s  

loam  e x h i b i t s  a  p e c u l i a r  b e h a v io r .  The r e a c t i o n  o f  t h i s  s o i l  

v a r i e s  b u t  0 .2  pH fro m  i t s  i n i t i a l  r e a c t i o n  o f  pH. 5 .7 0 ,  i n  

s u l p h u r - t r e a t e d  and u n t r e a t e d  p e r c o l a t o r s .

S u lp h a te  s u lp h u r  i n  t h e  p e r c o l a t e s  was d e te rm in e d  f o r  

eac h  s e t  o f  l e a c h i n g s ,  by t h e  S c h r e in e r  (70) t u r b i d i t y  m ethod .

The r e s u l t s  a r e  g iv e n  i n  T ab le  (26) a s  m i l l ig r a m s  o f  SO3 .



Table 2 5 .
R e a c t io n  o f  p e r c o la t e

from  S u lp h u r - tr e a te d  and U n tr e a te d  S o i l s

S o i l T re a tm e n t pH o f  P e r c o l a t e

P r e l im 
i n a r y
l e a c h i n g s

A f t e r
3

weeks

A f t e r
6

weeks

A f t e r
9

weeks

A f t e r
12

weeks

1 . R i t z v i l l e  
v . f • s a . lo a m

n o t h in g

S u lp h u re d

7 .0 0

7 .0 0

8 .4 5

8 .1 5

7 .4 5

7 .4 2

7 .2 0

6 .9 0

8 .4 0

7 .0 5

2 . Sagemoor 
f . s a * l o a m

N o th in g

S u lp h u re d

7 .1 5

7 .1 5

6 .3 5

8 .4 0

8 .1 0

7 .8 2

8 .2 0

7 .3 5

8 .2 0

8 .2 0

3 . C olum bia  
f . s a * l o a m

n o t h in g

S u lp h u re d

7 .0 0

7 .0 5

7 .5 0

7 .3 5

7 .4 0

7 .0 5

6 • 85 

6 .6 5

6 .5 5

8 .4 0

4 . Yakima 
sandy  loam

n o t h in g

S u lp h u re d

7 .3 6

7 .3 2

7 .5 0

7 .3 8

7 .2 5

7 .2 4

8 .3 0

7 .0 5

8 .3 0

8*50

5 . H o r f o lk  loam  N o th in g 7 .0 0 8 .0 0 8 .2 0 8 .3 0 8 .3 0

S u lp h u re d 6 .9 0 8 .0 0 8 .0 0 7 .4 0 7 .0 0

6 . L eon ard to w n  
s i l t  loam

n o t h in g

S u lp h u re d

6 .1 5

6 .1 5

7 .4 0

6 .4 0

7 .3 0

6 .3 8

6 .6 5  

5 .7 0

6 . 1 0

5 .5 5

7. P o r t e r ^  
s i l t  loam

n o th in g

S u lp h u re d

6 .6 0

6 .7 0

7 .0 5

6 .5 0

6 .9 0  

6 . 75

6 .8 5

6 .4 5

7 .0 0

5 .6 5

8 , K eyp o rt  
s i l t  loam

n o t h in g

3u lp h u r e d

6 .0 0

6 .0 0

6 .5 8

6 .2 5

6 .7 3

6 .6 0

6 .6 0

6 .1 0

6 .0 0  ^  

6 .3 0

9 . S a s s a f r a s
loam

n o th in g

S u lp h u re d

5 .7 0

5 .7 0

5 .7 0

5 .7 0

5 .6 5

5 .7 0

5 .7 0

5 .8 2

5 .7 0

5 .5 0

v . f . s a .  -  v e r y  f in e  sandy
f . s a .  -  f i n e  sandy



T ab le 2 6 .

S u lp h a te s  in  P e r c o la t e
from  S u lp h u r -tr e a te d  and U n tr e a te d  S o i l s

S o i l T re a tm e n t M i l l ig r a m s Of SO3 i n  p e r c o l a t e

P r e l im 
i n a r y
l e a c h i n g s

A f t e r
3

weeks

A f t e r
6

Weeks

A f t e r
9

weeks

A f t e r
12

weeks

1 * H i t z v i l l e  
v . f . s a . l o a m

N o th in g

S u lp h u re d

1 0 6 .0 6

8 0 .2 3

2 9 .6 9

1 6 5 .0 6

1 .2 8

4 5 .2 8

3^71

4 7 .8 4

1 2 .4 2

33.92;

s . Sagemoor 
f . s a . l o a m

N o th in g

S u lp h u re d

2 6 1 .8 3

3 0 3 .4 7

1 5 .9 6

8 2 .6 2

0 .9 9

73 .4 9

1 9 .9 6

1 6 .6 4

2 8 .9 8

3 8 .5 4

3 . C olum bia 
f . s a . l o a m

N o th in g

S u lp h u re d

26 9 .20

3 0 6 .2 7

3 2 .1 0

1 1 1 .9 3

2 .7 2

4 0 .1 8

2 .3 2

3 7 .8 0

7 .8 0

1 1 7 .0 9

4 . Yakima 
san dy  loam

N o th in g

S u lp h u re d

3 4 8 .8 2

3 3 9 .4 5

8 2 .4 9

228 .96

1 .3 6

4 7 .4 7

9 .21

3 1 .6 5

1 8 .8 7

76 .6 6

5 . N o r f o lk  loam  N o th in g 39 0 .9 6 4 9 7 .7 2 1 1 .0 9 1 6 .9 1 1 9 .9 9

S u lp h u re d 3 9 4 .4 0 51 5 .0 8 1 8 .5 2 20 .2 1 3 7 .4 4

6 . L eo n a rd to w n  
s i l t  loam

N o th in g

S u lp h u re d

4 1 4 .4 5

4 0 2 .8 5

218 .0 6

22 2 .8 9

7 .2 8

1 5 .4 2

21 .1 7

25 .5 8

1 4 .5 2

2 7 .8 6

7. P o r t e r 1s 
s i l t  loam

N o th in g

S u lp h u re d

1 0 8 .9 3

1 0 9 .4 4

69 .3 0

91 .7 4

5 .9 8

1 0 .5 4

9 .8 1

25 .7 5

1 3 .7 0

25 .86

8 . N ey p o r t  
s i l t  loam

N o th in g

S u lp h u re d

3 3 8 .5 3

3 6 6 .3 7

291 .20

217 .78

1 4 .5 7

25 .9 0

15 .96

21 .37

1 7 .0 6

92 .16

9. S a s s a f r a s
loam

N o th in g

S u lp h u re d

1 8 8 .7 5

1 8 7 .8 2

71 .5 5

78.31

6 .8 1

15 .5 2

11 .1 1

1 1 .6 7

3 1 .4 7

1 8 0 .5 4

v . f . s a .  -  v e r y  f i n e  sandy
f . s a .  -  f in e  sandy
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I t  w i l l  be n o te d  t h a t  i n  a lm o s t  e v e r y  c a s e  th e  M ary land  s o i l s  

hav e  g iv e n  a g r e a t e r  amount o f  s o l u b l e  s u lp h u r  i n  th e  p e r c o l a t e s  

t h a n  have  t h e  W ash ing ton  and Oregon s o i l s .  However, t h e  se co n d  

lo w e s t  o f  a l l  t h e  s o i l s  i n  t h e  amount o f  s u l p h a t e s  i n  t h e  p e r c o l a t e  

i s  t h e  P o r t e r ’ s s i l t  loam  from  M iddle tow n, M ary land . T h is  s o i l  

i s  low i n  t o t a l  s u lp h u r  a s  shown i n  T ab le  I .

The lo w e s t  i n  t o t a l  s u lp h u r  i s  an  Oregon s o i l ,  Golumbia 

f i n e  sandy  loam . However, t h i s  s o i l  h a s  g iv e n  q u i t e  a  l a r g e  

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

I n  T ab le  (2 7 )  i s  g iv e n  t h e  r a t i o  o f  w a t e r - s o l u b l e  t o  

t o t a l  s u l p h u r  f o r  a l l  t h e  s o i l s  s t u d i e d .  In  t h e  o ase  o f  th e  

u n s u lp h u r e d  c h e c k s  i t  w i l l  be s e e n  t h a t  t h i s  r a t i o  v a r i e d  from 

1 t o  7 .9 5  w i t h  th e  Colum bia f i n e  sandy loam  t o  1 t o  5 1 .3 0  w i th  t h e  

K ey p o rt  s i l t  loam .

In  a b i l i t y  t o  o x id iz e  e le m e n ta l  s u l p h u r  t o  t h e  s u l p h a t e  

fo rm  t h e  W ash ing ton  and Oregon s o i l s  proved s u p e r i o r  t o  th e  

M ary lan d  s o i l s .  The s o i l  w i th  th e  l e a s t  t o t a l  s u lp h u r ,  Columbia 

f i n e  sandy  loam , o x id iz e d  i n  t h r e e  m onths 119 m i l l ig r a m s  o f  

th e  185 m i l l i g r a m s  a p p l i e d  i n  form  o f  e le m e n ta l  s u lp h u r ,  o r  

6 4 .3  p e r  c e n t .  T h is  was th e  h i g h e s t  p e rc e n ta g e  o x id iz e d .  The 

lo w e s t  p e r c e n t a g e  o x id iz e d  was w i th  th e  M ary land  s o i l ,  L eonard tow n 

s i l t  loam , w h ich  o n ly  o x id iz e d  7 .7  m i l l ig r a m s  o f  th e  185 m i l l i 

gram s o f  e le m e n ta l  s u lp h u r  a p p l i e d ,  o r  4 .1 6  p e r  c e n t .

The s o i l  w i th  th e  g r e a t e s t  amount o f  t o t a l  s u lp h u r ,

K e y p o r t  s i l t  loam , h a s  th e  lo w e s t  r a t i o  o f  s o l u b l e  t o  i n s o l u b l e



T able 27«

R a t io  o f  w a t e r - s o l u b l e  
To T o ta l  S u lp h u r  and P h o sp h o ru s  i n  
S u l p h u r - t r e a t e d  and U n t r e a t e d  S o i l s

S o i l T o ta l  
p h o s
p h o ru s  

i n  
3700 g . 

( a s  I )

W ate r-  
s o l u b l e  
p h o s 
p h o ru s  

i n  
3700 g . 

( a s  F)

H a t io
o f

W ate r-
s o l u b l e

t o
T o ta l

P
1 t o

T o ta l  
s u lp h u r  

i n  
3700 g . 

( a s  S)

W ater-  
s o l u b l e  
s u lp h u r  

i n  
3700 g . 

( a s  S)

R a t io
o f

W ate r-
s o l u b l e

t o
T o ta l

S
1 t o

1 . R i t a v i l l e  
v . f . a a . l o a m

mgms.
2 ,7 4 9

mgms.
1 8 .0 8 138

mgms.
1 ,5 1 7

mgms.
6 1 .2 6 2 4 .7 7

S u lp h u re d 1 8 .4 3 136 1 ,7 0 2 1 4 8 .9 3 1 1 .3 9
2 . Sagemoor 

f . s a . l o a m
2 ,8 4 9 1 7 .4 8 163 5*476 1 3 1 .0 9 4 1 .7 5

S u lp h u re d 1 8 .0 9 157 5, 661 2 0 5 .9 0 27 .4 5
3 . C olum bia  

f • s a . lo a m
2 ,4 4 2 22 .4 6 109 999 1 2 5 .6 6 7 .9 5

S u lp h u re d 23 .5 6 104 1 ,1 8 4 244 .5 1 4 .8 3
4 . Yakima 

sandy  loam
1 ,6 6 5 2 3 .3 9 71 2 ,22 0 1 8 4 .3 0 1 2 .0 2

S u lp h u re d 22 .5 0 74 2 ,4 0 5 2 9 9 .68 8 .2 7

5 . N o r f o lk  loam 880 1 3 .3 5 59 4 ,0 7 0 374 .6 7 1 0 .8 5

S u lp h u re d 1 3 .2 9 59 4 ,2 5 5 3 94 .26 1 0 .7 8

6 . L eo nard tow n  
s i l t  loam

903 6 .3 1 145 5 ,291 270.15 1 9 .5 7

S u lp h u re d 5 .2 6 175 5 ,4 7 6 277 .84 1 9 .6 8

7. P o r t e r ’s 
s i l t  loam

2 ,0 3 9 5 .2 2 394 2 ,96 0 83 .0 9 3 5 .5 7

S u lp h u re d 4 .8 2 426 3 ,1 4 5 1 0 5 .33 3 0 .0 0
8 . K ey p o r t  

s i l t  loam
2 ,5 0 5 5 .3 7 472 11 ,840 230 .9 3 5 1 .3 0

S u lp h u re d 3 .5 3 720 1 2 ,0 2 5 289 .43 4 1 .6 0

9 . S a s s a f r a s
loam

2 ,0 8 9 2 .7 2 857 3 ,73 7 1 2 3 .8 7 3 0 .1 5

S u lp h u re d 1 .8 4 1142 3 ,9 2 2 18 9 .54 20 ,59

v . f . s a .  -  v e r y  f in e  sand y
f . s a .  -  f i n e  sandy
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su lp h u r*  i*  e • ,  i t  h a s  r e l a t i v e l y  t h e  l e a s t  amount o f  s o l u b l e  

s u l p h u r .  The s o i l  w i th  t h e  3 e a s t  amount o f  t o t a l  s u lp h u r ,  Colum bia 

f i n e  sa n d y  loam , h a s  r e l a t i v e l y  th e  g r e a t e s t  amount o f  s o l u b l e  

s u l p h u r ,  i . e . ,  i t  h a s  t h e  h ig h e s t  r a t i o  o f  s o l u b l e  to  i n s o l u b l e  

su lp h u r*

The r a t i o  o f  t o t a l  to  w a t e r - s o l u b l e  s u lp h u r  i n  th e  s o i l s  

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

F ig u r e  2 . T h is  d iag ra m  shows t h a t  th e  r a t i o  o f  t o t a l  to  wat e r  

solSSLe" s u lp h u r  i s  f a i r l y  consrjgn^fc when compared w i t h  th e  

r a t i o  o f  r r n l i i h l r j i i t r n ^ r n . p h o sp h o ru s  o r

p o tass iu m *

P h o sp h o ru s  i n  th e  p e r c o l a t e s  was d e te rm in e d  f o r  each  s e t  

o f  l e a c h i n g s  by t h e  D en ig es  c o e ru le o -m o ly b d a te  c o l o r  method 

d e s c r i b e d  by A tk in s  ( 6 ) .  The r e s u l t s  a r e  g iv e n  i n  T ab le  (28) 

a s  m i l l i g r a m s  o f  PgOg*

The W ash ing ton  and Oregon s o i l s  have g iv e n  a much g r e a t e r  

amount o f  s o l u b l e  p h o sp h o ru s  i n  th e  p e r c o l a t e s  t h a n  th e  M ary land  

s o i l s  a s  a  g e n e r a l  r u l e .  However, one M aryland s o i l ,  t h e  N o rfo lk  

loam , w hich  h as  been  d e s c r i b e d  a s  an " o v e r - l im e d "  s o i l  u n d e r  th e  

c ro p  e x p e r im e n t  s e c t i o n ,  i s  a l s o  h ig h  i n  s o lu b le  p h o s p h a te s .  I t  

i s  a  r u l e  t h a t  t h o s e  s o i l s  w i th  th e  m ost s t r o n g l y  a l k a l i n e  r e a c t i o n s  

have th e  m ost s o l u b l e  p h o sp h a te s*  T h is  o b s e r v a t i o n  c o n f i rm s  

t h a t  o f  V anstone  ( a  c o -w o rk e r  o f  H is s in k  a t  G ron ingen , H o l l a n d ) .  

V an s to n e  ( 8 ) p o i n t s  o u t  t h a t  i n  a c id  s o i l s  th e  r a t i o  s o lu b le
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T ab le  28 .

P h osp h oru s i n  P e r c o la te
from  S u lp h u r • tr e a te d  and U n tr ea ted  S o i l s

S o i l T re a tm e n t M i l l ig r a m s  o f  PgOs i n  p e r c o l a t e

P r e l im 
i n a r y
l e a c h i n g s

A f t e r
3

weeks

A f t e r
6

weeks

A f t e r
9

weeks

A f t e r
12

weeks

1 . B i t z v i l l e  
v . f . s a . l o a m

n o t h in g

S u lp h u re d

21 .1 8

21 .6 1

1 7 .2 0

1 7 .9 0

1 .6 9

0 .8 3

0 .9 9

0 .8 0

0 .3 6

0 .7 4

2 . Sagemoor 
f . s a . l o a m

N o th in g

S u lp h u re d

3 1 .6 6

3 1 .5 7

6 .9 1

8 .4 2

0 .3 5

0 .4 4

0 .4 2

0 .3 4

0 .4 0

0 .3 5

5 . Colum bia  
f . s a . l o a m

N o th in g

S u lp h u re d

4 5 .4 9

4 8 .3 8

7 .2 3

4 .2 5

2 .6 4

0 .5 8

0 .0 9

0 .2 7

0 .2 5

0 .0 8

4 . Yakima 
san d y  loam

N o th in g

S u lp h u re d

4 3 .5 4

4 5 .6 0

8 .3 4

4 .0 6

0 .4 9

0 .8 9

0 .4 0

0 .1 7

0 .3 9

0 .4 2

5 . N o r f o lk  loam  n o t h in g 2 4 .9 3 5 .1 2 0 .1 1 0 .1 1 0 .0 8

S u lp h u re d 26 .4 1 3 .3 0 0 .11 0 .1 0 0 .2 9

6 . ie o n a r d to w n  
s i l t  loam

N o th in g

S u lp h u re d

7 .99

8 .1 6

5 .8 1

3 .4 1

0 .2 2

0 .1 9

0*25

0 .0 9

0 .0 7

0 .1 1

7 . P o r t e r ' s  
s i l t  loam

N o th in g

S u lp h u red

7 .24

7 .0 4

4 .2 7

3 .4 7

0 .1 8

0 .2 4

0 .1 2

0 .1 0

0 .0 5

0 .1 1

8 . K e y p o rt  
s i l t  loam

N o th in g

S u lp h u re d

1 .5 2

1 .6 6

9 .86

5 .1 9

0 .3 9

0 .8 5

0 .3 5

0 .2 5

0 .0 8

0*08

9. S a s s a f r a s
loam

N oth ing

S u lp h u re d

1 .0 1

0 .9 0

4 .3 3

2 .3 2

0 .0 9

0 .8 5

0 .14

0 .0 7

0 .0 5

0 .0 5

v . f . s a .  -  v e r y  f i n e  sandy
f . s a .  -  f i n e  sandy
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P o ta s s iu m  i n  t h e  p e r c o l a t e  was d e te rm in e d  f o r  eaoh  s e t  

o f  l e a c h i n g s  by t h e  o o l o r i m e t r i o  m ethod o f  S c h r e in e r  and F a i l y e r .

The r e s u l t s  a r e  e x p r e s s e d  i n  T ab le  (29) a s  m il l ig ra m s :  o f  KgO.

The s o i l s  s t u d i e d  v e r y  g r e a t l y  i n  t h e i r  c o n te n t  o f  w a t e r - s o l u b l e  

p o ta s s iu m .  As a  r u l e  t h e  W ashing ton  and  Oregon s o i l s  a r e  h i g h e r  

i n  t h e i r  c o n te n t  o f  w a t e r - s o l u b l e  p o ta s s iu m  th a n  th e  M aryland 

s o i l s ,  a l t h o u g h  th e  N o r f o lk  loam  and t h e  L eonard tow n s i l t  loam 

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

l e a c h i n g s  t h e  W este rn  s o i l s  a r e  s t i l l  f a i r l y  h ig h  i n  s o l u b l e  

p o ta s s iu m  i n  t h e i r  p e r c o l a t e s ,  w h i le  th e  M ary land  s o i l s  r a p i d l y  

f a l l  o f f .

As shown i n  T ab le  (29 ) and i n  F ig u re  2 s u lp h u r  h a s  i n c r e a s e d  

t h e  s o l u b i l i t y  o f  p o ta s s iu m  i n  e v e ry  one o f  t h e  s o i l s  e x c e p t  th e  

v e r y  a o i d  S a s s a f r a s  loam , i n  w hich  o a se  t h e r e  i s  l e s s  s o l u b l e  

p o ta s s iu m  i n  t h e  p e r c o l a t e  from  t h e  s u lp h u r e d  s o i l  t h a n  t h a t  

from  t h e  u n t r e a t e d  s o i l .  There  i s  g r e a t e r  i n c r e a s e  i n  s o l u b i l i t y  

o f  p o ta s s iu m  due to  s u lp h u r  t r e a tm e n t  i n  th e  W estern  s o i l s  t h a n  

t h e r e  i s  i n  t h e  M ary land  s o i l s  a s  a  g e n e r a l  r u l e .

The r a t i o  o f  w a t e r - s o l u b l e  t o  t o t a l  p o ta s s iu m  v a r i e s  

from  1 t o  26 (C olum bia  f i n e  san d y  loam) t o  1 to  305 0 'P o r t e r 's  

s i l t  l o a m ) . S in c e  t h e  W es te rn  s o i l s  a r e  h ig h  i n  b o th  s o l u b l e  

p h o s p h a te s  and s o l u b l e  p o ta s s iu m  t h e r e  i s  h e re  an  e x p la n a t i o n  o f  

t h e i r  u n d o u b te d ly  g r e a t  b u f f e r i n g  e f f e c t  when s u lp h u r  i s  a p p l i e d ,  

f o r  p o ta s s iu m  p h o sp h a te  s a l t s  a r e  q u i t e  s o l u b l e  and a c t  e f f i c i e n t l y  

a s  b u f f e r s .



T a b le  29.:

P o ta ss iu m  in  p e r c o la t e
from  S u lp h u r - tr e a te d  and U n tr e a te d  S o i l s

S o i l T re a tm e n t M i l l ig r a m s  o f  £ 20 i n  p e r c o l a t e

P r e l i m 
i n a r y
l e a c h i n g s

A f t e r
3

weeks

A f t e r
6

weeks

A f t e r
9

weeks

A f t e r
12

weeks

1 . H i t z v i l l e  
v . f • s a . lo a m

N o th in g

S u lp h u re d

28 9 .8 9

284 .78

55 .4 6

5 6 .8 0

1 5 .0 9

26 .69

1 7 .8 4

2 7 .6 4

1*31

6 .5 6

2 . Sagemoor 
f . s a . l o a m

N o th in g

S u lp h u re d

3 9 2 .9 0

4 1 4 .8 0

64 .4 8

6 6 .2 3

21*84

3 0 .5 3

3 4 .6 0

3 8 .0 9

4 .0 2

7 .4 2

3 . Colum bia 
f . s a . l o a m

N o th in g

S u lp h u re d

5 3 3 .0 2

57 5 .3 9

6 8 .1 1

3 4 .1 2

1 4 .7 8

2 7 .0 6

1 1 .6 7

20 .5 8

3 .9 0

4 .5 5

4 . Yakima 
san dy  loam

N o th in g

S u lp h u re d

946 .5 1

9 3 9 .0 0

7 6 .1 8

9 1 .73

25 .72

5 4 .7 2

3 2 .9 4

4 2 .2 0

4 .0 5

1 0 .1 3

5 . N o r f o lk  loam  N o th in g 390 .96 5 7 .1 4 1 1 .5 6 1 6 .5 2 0 .9 8

S u lp h u re d 3 9 4 .4 0 4 9 .1 2 2 1 .3 5 1 8 .3 5 1 .9 1

6 . L eonard tow n  
s i l t  loam

N o th in g

S u lp h u re d

4 6 3 .7 1

4 5 8 .6 6

3 0 .8 2  

3 0 .4 i

1 1 .6 6

1 1 .4 2

2 0 .3 5

20 .89

0 .3 3

0 .9 0

7. P o r t e r *  s 
s i l t  loam

N o th in g

S u lp h u re d

1 0 8 .9 3

1 0 9 .4 4

1 5 .3 8

2 0 .50

6 .78

7 .4 9

11*55

1 3 .8 9

0 .1 3

0 .6 5

8 . K e y p o r t  
s i l t  loam

N o th in g

S u lp h u re d

3 3 8 .5 3

366 .37

75.86

3 9 .5 7

1 3 .3 4

1 5 .5 6

1 3 .3 3

2 4 .56

0 .6 8

2 .5 6

9. S a s s a f r a s
loam

N o th in g

S u lp h u re d

188 .7 5

1 8 7 .8 2

3 2 .4 0

1 3 .5 3

3 .2 2

5 .6 1

9 .6 7

6 .3 6

0 .2 5

0 .7 1

v . f . s a .  -  v e r y  f in e  sand y
f . s a .  -  f i n e  sandy



» 81 —

C alc ium  i n  t h e  p e r c o l a t e s  was d e te rm in e d  by th e  S c h r e in e r

(70 )  t u r b i d i t y  m ethod . R e s u l t s  a r e  e x p re s s e d  i n  T ab le  (30) a s  

m i l l i g r a m s  o f  CaCU T hree  s o i l s  g iv e  a  v e ry  l a r g e  amount o f  

s o l u b l e  c a lc iu m  i n  t h e i r  p e r c o l a t e s ,  Sagemoor f i n e  sandy  loam , 

Yakima sand y  loam  and  N o r fo lk  loam . The N o r fo lk  loam  i s  e s p e c i a l l y  

h ig h  i n  t h e  amount o f  w a t e r - s o l u b l e  c a lc iu m  a f t e r  s e v e r a l  l e a c h i i^ g s ,  

a l t h o u g h  a l l  o f  t h e  n in e  s o i l s  have more s o lu b le  c a lc iu m  s t i l l  

coming o u t  a t  t h e  end o f  t h e  t e s t  t h a n  any  o t h e r  c o n s t i t u e n t .

The lo w e s t  i n  t o t a l  c a lc iu m  o f  th e  s o i l s  s tu d ied -  i s  t h e  

S a s s a f r a s  loam  and  t h e  h i g h e s t  i n  t o t a l  c a lc iu m  th e  Sagemoor f i n e  

san dy  loam . In  o n ly  one c a se  h a s  s u l p h u r  i n c r e a s e d  th e  s o l u b i l i t y  

o f  c a lc iu m  when a p p l i e d  t o  t h e  s o i l .  The Yakima san dy  loam  shows 

more c a lc iu m  i n  th e  p e r c o l a t e  from th e  s u l p h u r - t r e a t e d  th a n  from  

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

e f f e c t  o f  s u l p h u r  h a s  been  t o  r e n d e r  th e  c a lc iu m  l e s s  s o l u b l e .

T h is  would seem n a t u r a l ,  f o r  t h e  s a l t  c a lc iu m  s u l p h a t e  i s  

r e l a t i v e l y  i n s o l u b l e  i n  w a t e r .  Why th e  Yakima s o i l  h a s  shown an  

i n c r e a s e  i n  s o l u b l e  c a lc iu m  w ith  s u lp h u r  i s  n o t  u n d e r s to o d .

The r a t i o  o f  w a t e r - s o l u b l e  t o  t o t a l  c a lc iu m  v a r i e s  from  

1 t o  12 ( S a s s a f r a s  loam ) t o  1 t o  48 (Colum bia f i n e  sandy  loam) i n  

t h e  u n s u lp h u re d  ch eck s  and from 1 t o  13 t o  1 t o  56 i n  th e  same 

s o i l s  when s u lp h u r e d .  I t  w i l l  th u s  be seen  t h a t  t h e  r a t i o  o f  

s o l u b l e  t o  t o t a l  c a lc iu m  v a r i e s  b u t  s l i g h t l y  compared w i th  

n i t r o g e n ,  p h o sp h o ru s  o r  p o ta s s iu m .  T h is  i s  t r u e  a l s o  w i th  s u lp h u r .  

See F ig u r e  2 .



Table 30.
C alcium  in  P e r c o la t e

from  S u lp h u r -tr e a te d  and u n tr e a te d  S o i l s

S o i l T re a tm e n t M i l l ig r a m s

P r e l  im-
i n a r y
l e a c h i n g s

o f  CaO

A f t e r
3

weeks

i n  P e r c o l a t e

A f t e r  A f t e r  
6 9 

weeks weeks

A f t e r
12

weeks

1 . B i t z v i l l e  
v . f . s a . lo a m

N o th in g

S u lp h u re d

2 2 6 .7 8

218 .5 6

33 7 .45

3 3 6 .2 8

1 2 2 .0 8

1 0 9 .9 6

33 0 .4 0

2 83 .39

4 5 .9 5

6 8 .7 0

2 . Sagemoor 
f . s a . l o a m

N o th in g

S u lp h u re d

771 .55

7 4 8 .4 7

38 8 .5 6

3 3 8 .69

245 .32

3 0 0 .8 0

5 54 .50

4 5 7 .6 0

1 6 1 .0 0

1 2 3 .7 6

3 . C olum bia  
f . s a . l o a m

N o th in g

S u lp h u re d

3 0 7 .0 2

3 2 2 .8 6

336 .8 7

29 8 .89

1 1 3 .1 4

96 .6 0

104*18

210 .00

6 1 .8 8

6 1 .9 2

4* Yakima 
sa n d y  loam

N o th in g

S u lp h u re d

6 9 0 .6 4

6 7 0 .50

4 4 7 .8 4

4 6 5 .5 1

8 0 .2 2

1 2 0 .92

204 .60

3 2 4 .9 4

66 .1 7

72 .00

5 . N o r f o lk  loam  N o th in g

S u lp h u re d

84 5 .6 3

793 .6 1

893 .5 9

8 4 5 .58

230 .98

1 8 8 .9 2

5 2 0 .55

566 .0 2

4 5 .2 1

8 1 .3 0

6 . L eonard tow n  
s i l t  loam

N o th in g

S u lp h u re d

3 9 3 .1 2

3 7 5 .5 0

38 8 .4 5

3 6 3 .3 3

1 8 2 .1 2

92 .54

4 2 7 .5 9

4 7 3 .4 8

3 0 .4 5

36 .8 4

7. P o r t e r * s  
s i l t  loam

N o th in g

S u lp h u re d

3 3 7 .4 0

3 2 6 .0 4

635 .2 0

621 .48

7 1 .2 4

70 .2 0

270 .21

319 .0 6

52 .61

3 6 .3 2

8 . K e y p o r t  
s i l t  loam

N o th in g

S u lp h u re d

3 5 7 .6 0

3 6 5 .9 8

4 7 7 .1 7  

4 9 0 .8 6

1 7 5 .1 2

110 .0 6

223 .25

249 .98

51 .6 0

28 .8 0

9. S a s s a f r a s
loam

N o th in g

S u lp h u re d

32 9 .56

31 0 .8 5

446 .5 7

392 .7 2

1 1 8 .0 0

10 5 .54

1 85 .09  

1 84 .61

5 8 .2 2  

62. 68

v . f . s a .  -  v e r y  f i n e  sandy
f . s a .  -  f i n e  sandy



T ab le  5 1 .

H a t io  o f  f a t e r - s o l u b l e  
t o  T o ta l  Galoium  and  P o ta s s iu m  i n  

S u l p h u r - t r e a t e d  and U n t r e a te d  S o i l s  .

S o i l T o ta l  
p o t 
a s s iu m  

i n  
3700 g .  

( a s  £)

W ate r-  
s o l u b l e  
p o t 
a s s iu m  

i n  
3700 g . 

( a s  £ )

H a t io  
o f  

w a t e r -  
s o l u b l e  

t o  
t o t a l  

K 
1 t o

T o ta l  
c a lo iu m  

i n  
3700 g .  

( a s  Ca)

W ater-  
s o l u b l e  
c a lc iu m  

i n  
3700 g . 

( a s  Ca)

H a t io  
o f  

w a t e r -  
s o lu b le  
t o  

t o t a l  
Ga 

1 t o

1 . B i t a v i l l e  
v . f .  s a . lo a m

mgms.
4 7 ,7 3 0

mgms.
3 1 5 .0 6 151

mgms.
2 0 ,5 7 2

mgms.
758 .7 4 27

S u lp h u re d 3 3 4 .0 5 142 726 .06 28
2 . Sagemoor 

f • s a . l o a m
5 6 ,4 6 2 4 2 9 .8 1 131 4 6 ,2 8 7 15 14 .3 4 30

S u lp h u re d 4 6 2 .3 7 122 1 406 .0 9 33

5 . C olum bia 
f  • s a . l o a m

1 3 ,8 0 1 5 2 4 .1 3 26 31*894 659 .09 48

S u lp h u re d 5 49 .2 1 25 572 .1 1 56

4 . Yakima 
sandy  loam

2 7 ,7 1 3 900 .8 8 31 4 4 ,2 1 5 106 3 .48 41

S u lp h u re d 944 .36 29 11 80 .86 37

5 . JTorfo lk  loam 3 1 ,6 3 5 3 9 6 .0 4 80 28 ,786 1810 .67 16

S u lp h u re d 4 0 2 .6 6 78 1767 .46 16

6 . L eonard tow n  
s i l t  loam

1 7 ,3 1 6 4 3 7 .3 0 39 1 5 ,947 1015 .11 15

S u lp h u re d 4 3 3 .4 9 39 957 .9 6 16

7. P o r t e r ’ s 
s i l t  loam

3 6 ,4 0 8 1 1 8 .5 0 305 25 ,715 975 .79 26

S u lp h u re d 1 2 6 .1 3 287 980 .39 26

8 . K ey p o rt  
s i l t  loam

2 5 ,5 3 0 3 6 6 .6 4 69 21,386 917 .30 23

S u lp h u re d 3 7 2 .3 5 68 889 .42 24

9. S a s s a f r a s
loam
Sulphured

2 9 ,267 1 9 4 .4 6

1 7 7 .6 4

150

163

9 ,879 8 1 2 .1 3

754.27

12

13

v . f . s a .  -  v e r y  f i n e  sandy
f . s a .  -  f  in e  sandy



— 82 *•

N i t r a t e  n i t r o g e n  was d e te rm in e d  i n  t h e  p e r c o l a t e s  by 

H a r p e r ' s  m o d i f i c a t i o n  o f  t h e  p h e n o l - d i s u l p h o n i c  a c i d  method*

The r e s u l t s  a r e  e x p r e s s e d  i n  T ab le  (32 ) a s  m i l l ig r a m s  NOg and 

i n  T a b le  (33 ) a s  m i l l i g r a m s  N.

The M ary lan d  s o i l s  a r e  v e r y  much h i g h e r  i n  n i t r a t e  n i t r o 

gen  t h a n  any  o f  t h e  W ash ing ton  and  Oregon s o i l s ,  a l t h o u g h  th e  

W es te rn  s o i l s  to w a rd s  t h e  end o f  th e  t e s t  w ere  more e f f i c i e n t  

i n  g i v i n g  o u t  n i t r a t e s .  The Yakima sangfcy loam  a c t u a l l y  d id  n o t  

have  a  m e a s u ra b le  q u a n t i t y  o f  n i t r a t e  n i t r o g e n  a t  t h e  b e g in n in g  

o f  t h e  t e s t .  The S a s s a f r a s  loam  was th e  h i g h e s t  i n  n i t r a t e  

n i t r o g e n  o f  th e  n in e  s o i l s ;  t h i s  s o i l  i s  i n  a  v e r y  good s t a t e  

o f  f e r t i l i t y  a s  e v id e n c e d  by c ro p p in g  t e s t s .

The e f f e c t  o f  s u lp h u r  on th e  W este rn  s o i l s  has  been  to  

d e c r e a s e  t h e  amount o f  n i t r a t e s  i n  t h e  p e r c o l a t e s  v e ry  m ark e d ly .  

T h is  w ould  i n d i c a t e  t h a t  th e  a p p a r e n t  e f f e c t  o f  s u lp h u r  a s  i f  

i t  w ere  a " n i t r o g e n  f e r t i l i z e r "  a s  commented on by power (58) 

and  H e l l e r  (4 9 )  i s  n o t  due t o  i t s  encouragem en t o f  n i t r i f i c a t i o n  

b u t  m ost p ro b a b ly  due to  i t s  b e n e f i c i a l  e f f e c t  on th e  legume 

n o d u le  b a c t e r i a .  On t h e  M ary land  s o i l s  s u lp h u r  a p p e a rs  t o  

e n c o u ra g e  n i t r i f i c a t i o n  s l i g h t l y .

The r a t i o  o f  n i t r a t e  to  t o t a l  n i t r o g e n  v a r i e s  from  1 

t o  8 .4  ( S a s s a f r a s  loam) t o  1 to  181 (Yakima sandy  loam) in  th e  

u n t r e a t e d  s o i l s  and from  1 t o  8 .6  t o  1 to  224 in  t h e  same s o i l s  

when s u lp h u r e d .



T ab le 3 2 .

t i t r a t e s  in  P e r c o la t e
from  S u lp h u r - tr e a te d  and u n tr e a te d  S o i l s

S o i l T re a tm e n t M i l l ig r a m s of nOg i n  p e r c o l a t e .

P r e l im 
i n a r y
l e a c h i n g s

A f t e r
3

weeks

A f t e r
6

weeks

A f t e r
9

weeks

A f t e r
12

weeks

1 . H i t s v i l l e  
v . f . s a . l o a m

n o t h in g

S u lp h u rsd

1 0 2 .6 1

10 3 .6 8

6 .2 6

4 .1 6

1*55

0 .6 8

0 .3 6

0 .6 6

8 .6 2

7 .4 3

2 . Sagemoor 
f . .  s a . lo a m

n o t h in g

S u lp h u re d

4 0 .2 2

3 5 .5 8

2 .0 9

2 .7 5

0 .9 1

3 .3 8

2 .5 2

1 .9 1

3 2 .2 0

2 .3 7

3* C olum bia  
f • s a . lo a m

n o t h in g

3 u lp h u re d

3 3 .6 5

36 .3 2

9 .5 4

8 .1 9

4 .5 1

4 .1 7

1 .3 0

1 .4 2

21 .6 6

1 8 .6 0

4 . Yakima 
sa n d y  loam

n o t h in g

S u lp h u re d

T race

T raoe

6 .7 3

1 1 .4 4

2 .7 2

1*32

3 .0 1

2 .5 1

20 .9 6

1 1 .9 1

5 . N o r f o lk  loam  n o t h in g 3 6 4 .9 9 5 .6 7 1 .3 3 1 .2 4 0 .7 2

S u lp h u re d 365 .2 3 8 .2 0 1 .2 6 0 .2 8 4 .2 7

6 . I s o n a r d to w n  
s i l t  loam

n o th in g

S u lp h u re d

201 .11

1 9 8 .1 4

1 .2 2

1 .4 6

2 .3 3

1 .0 7

2 .55

2 .8 4

3 .9 2

5 .9 4

7 . B o r t e r * s  
s i l t  loam

n o t h in g

S u lp h u re d

36 2 .44

3 67 .84

4 .5 7

8 .2 6

1 .2 9

1 .1 5

0 .3 0

0 .3 6

1 .2 8

5 .5 8

8 . K e y p o r t  
s i l t  loam

n o th in g

S u lp h u re d

202 .64

1 9 2 .1 5

2 1 .8 4

4 7 .0 8

1 .5 5

5 .9 8

0 .9 4

0 .4 5

2 .5 4

1 9 .7 1

9. S a s s a f r a s
loam

n o th in g

S u lp h u re d

4 9 8 ,8 3

4 7 8 .4 7

22 .54

38 .8 0

8 .2 8

5 .9 7

0 .9 3

0 .2 4

1 6 .1 5

1 3 .3 ?

v . f . s a .  -  v er y  f i n e  sandy
f . s a .  -  f in e  sandy



T a b le  33 .

R a t io  o f  n i t r a t e  n i t r o g e n  
t o  T o ta l  n i t r o g e n  i n  

S u l p h u r - t r e a t e d  and  U n t r e a te d  S o i l s

S o i l T o ta l  
n i t r o g e n  

i n  
3700 g .  

( a s  n)

n i t r a t e  
n i t r o g e n  

i n  
3700 g .  

( a s  n )

R a t io  o f  
n i t r a t e  

n i t r o g e n  
to  t o t a l  
n i t r o g e n

1 .  R i t z v i l l e  v e r y  f i n e  sandy  loam  

S u l p h u r - t r e a t e d  ................................

mgms.
3 ,6 7 7

mgms.
92 .4 1

90 .2 5

1 : 40 

1 :  41

2 . Sagemoor f in e ,  sandy  l o a m .......... 2 ,146 6 0 .3 2 1 : 36

S u l p h u r - t r e a t e d  ................................ 3 5 .6 0 1 : 60

3 . C olum bia  f i n e  san dy  loam  .......... 7 ,4 6 3 54 .6 9 1 :136

S u l p h u r - t r e a t e d  ................................ 5 3 .1 7 1 :1 4 1

4 .  Yakima sa n d y  loam  ........................... 4 ,6 9 9 25 .8 7 1 :1 81

S u l p h u r - t r e a t e d  ................................ 2 1 .4 2 1 :2 2 4

5 . N o r f o lk  loam  ....................................... 3 ,1 8 2 28 9 .44 1 : 11

S u l p h u r - t r e a t e d .......... .................. .. 293 .5 3 1 : 1 0 .8

6 * L eo n a rd to w n  s i l t  loam  ................. 2 ,9 6 0 163 .41 1 : 1 8 .1

S u l p h u r - t r e a t e d  ................................ 1 6 2 .1 1 1 : 1 8 .2

7. P o r t e r ’ s s i l t  loam  ........................ 3 ,1 2 3 286 .29 1 : 1 0 .9

S u l p h u r - t r e a t e d  ................................ 296 .59 1 : 1 0 .6

8 * K ey p o r t  s i l t  loam  ........................... 5 ,147 177.-64 1 : 2 8 .9

S u l p h u r - t r e a t e d  ................................ 205 .40 1: 2 5 .0

9. S a s s a f r a s  loam  .................................. 3 ,5 6 7 4 2 3 .1 7 1: 8 .4

3u l p h u r - t r e a t e d  ................................ 4 1 5 .2 2 1 : 8 .6
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SUMM&RY OF CHEMICAL STUDIES.

From c h e m ic a l  s t u d i e s  o f  t h e  d i s p l a c e d  s o l u t i o n  from  

n in e  s o i l s  th e  f o l l o w in g  o b s e r v a t i o n s  may be made

S u lp h u r

The amount o f  w a t e r - s o l u b l e  s u lp h u r  i n  a  s o i l  i s  no 
m ea su re  o f  t h e  amount o f  t o t a l  s u lp h u r  i n  t h a t  s o i l*  and v i c e -  
v e r s a ,  a  s o i l  low  i n  t o t a l  s u lp h u r  may be h ig h  i n  w a te r -  
s o l u b l e  s u l p h u r .

S o i l s  lo w  i n  t o t a l  s u lp h u r  o x i d iz e  e le m e n ta l  s u lp h u r  
r e a d i l y  t o  t h e  s u l p h a t e  fo rm .

P h o sp h o ru s

The amount o f  w a t e r - s o l u b l e  p h o sp h o ru s  i n  a s o i l  i s  
g o v e rn e d  by t h e  r e a c t i o n  o f  th e  s o i l  and t o  no g r e a t  e x t e n t  by 
th e  t o t a l  amount o f  p h o sp h o ru s  p r e s e n t .  The w a t e r - s o l u b l e  
p h o s p h o r u s , a c t i n g  a s  a  b u f f e r ,  u n d o u b te d ly  h e lp s  to  g o v e rn  
th e  r e a c t i o n  o f  t h e  s o i l *

A s o i l  h ig h  i n  w a t e r - s o l u b l e  p h o sp h o ru s  i s  a s  a  r u l e  
a l s o  h ig h  i n  w a t e r - s o l u b l e  s u lp h u r  r e l a t i v e  t o  th e  t o t a l  
am ounts o f  th e  two e le m e n ts  w h ich  a r e  p r e s e n t .

The o c c u r r e n c e  o f  s u lp h u r  o x i d a t i o n  i n  most s o i l s  t e n d s  to  
r e n d e r  p h o sp h o ru s  l e s s  s o lu b le  r a t h e r  th a n  more s o l u b l e .

p o ta s s iu m

A l k a l i n e  s o i l s  a s  a  r u l e  have more s o lu b l e  p o ta s s iu m  t h a n  
a c i d  s o i l s ,  due t o  th e  g r e a t e r  s o l u b i l i t y  o f  t h e  p o ta s s iu m  
compounds e x i s t i n g  t h e r e .

The amount o f  w a t e r - s o l u b l e  p o ta s s iu m  depends bu t 
s l i g h t l y  upon  t h e  t o t a l  amount o f  p o ta s s iu m  i n  a  s o i l .

S u lp h u r  i n  a l l  o a s e s ,  b u t  t h a t  o f  th e  m ost a c i d  s o i l ,  
r e l e a s e d  p o ta s s iu m  i n  a  w a t e r - s o l u b l e  form .

C a lc ium

A s o i l  low i n  t o t a l  c a lc iu m  may be h ig h  i n  w a t e r - s o l u b l e
c a lc iu m .
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S u lp h u r  o x i d a t i o n  i n  most s o i l s  t e n d s  to  r e n d e r  c a lc iu m  
l e s s  s o lu b le *

C a lc ium , l i k e  s u lp h u r ,  a p p e a r s  t o  have  a  r e l a t i v e l y  c o n 
s t a n t  r a t i o  o f  t o t a l  to  w a t e r - s o l u b l e .

t i t r a t e  N i t r o g e n

In  humid c l im a te  s o i l s  n i t r a t e  n i t r o g e n  i s  h ig h  compared 
w i t£  s o i l s  from  s e m i - a r i d  c l i m a t e s .

S u lp h u r  d e p r e s s e s  n i t r i f i c a t i o n  on s e m i - a r id  s o i l s ,  and 
a p p e a r s  t o  have  en co u rag e d  n i t r i f i c a t i o n  s l i g h t l y  on humid s o i l s  
e x c e p t  t h o s e  m ost a c i d .

R e a c t io n

The e f f e c t  o f  s u lp h u r  i n  i n c r e a s i n g  t h e  hy d ro g en  io n  
c o n c e n t r a t i o n  o f  a  s o i l  s o l u t i o n  i s  m o d if ie d  by b a s e s  and b u f f e r  
s u b s t a n c e s  p r e s e n t .  N e v e r t h e l e s s  t h e  a c i d i t y  g e n e r a t e d  i n  s u lp h u r  
o x i d a t i o n  h a s  d e f i n i t e  and im p o r ta n t  e f f e c t s  on th e  e q u i l i b r i u m  
o f  t h e  s o i l  s o l u t i o n .

C o l l o i d s

S u lp h u r  f l o c c u l a t e s  s o i l  c o l l o i d s  -  m aking s o i l s  l e a c h  
more r a p i d l y  and f u l l y .

B q u i l ib r iu m

There  i s  p r e s e n t  i n  s o i l s  a  b a la n c e  be tw een  w a t e r - s o l u b l e  
and i n s o l u b l e  s u lp h u r  and c a lc iu m .  Where t h e  t o t a l  amount o f  
e i t h e r  o f  t h e s e  e le m e n ts  i s  low  t h e  r a t i o  of s o l u b l e  t o  t o t a l  i s  
h i g h .

R e a c t io n  i s  an  im p o r ta n t  f a c t o r  i n  th e  m a in ten a n ce  o f  
e q u i l i b r i u m  i n  th e  s o i l  s o l u t i o n .  The f o rm a t io n  o f  b u f f e r  s a l t s ,  
n o t a b l y  p h o s p h a te s ,  u n d e r  a l k a l i n e  c o n d i t i o n s ,  p r e v e n t s  th e  
r e a c t i o n  from  becom ing s t i l l  more a l k a l i n e .

A c i d i t y  added  t o  a  s o i l  f l o c c u l a t e s  th e  s o i l  c o l l o i d s  and t h i s  
p e r m i t s  o f  th e  rem oval o f  t h a t  a c i d i t y  by l e a c h i n g .

The b i o l o g i c a l  r e a c t i o n ,  n i t r i f i c a t i o n ,  i s  v e ry  e a s i l y  
d i s t u r b e d  and a p p a r e n t l y  r e q u i r e s  a c o n s t a n t  and a d e q u a te  m o is tu re  
s u p p ly  f o r  b e s t  e f f i c i e n c y .

The s o i l  i s  in  a s t a t e  o f  dynamic e q u i l i b r i u m  and i t s  con
s t i t u e n t s  a r e  c o n s t a n t l y  c h a n g in g  i n  t h e i r  r e l a t i o n s h i p s  t o  each  
o t h e r ,  .
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CONCLUSIONS

S u lp h u r  b eh av es  a s  a  s o i l  amendment r a t h e r  t h a n  a s  ,
a  f e r t i l i s e r .  J u s t  a s  l im e  h e lp s  t o  r e s t o r e  e q u i l i b r i u m  i n  +-
a o i d  s o i l s  by b r i n g i n g  t h e  r e a c t i o n  o f  th e  s o i l  s o l u t i o n  t o  
n e u t r a l i t y ,  s u lp h u r  h e lp s  t o  r e s t o r e  e q u i l i b r i u m  i n  a l k a l i n e  
s o i l s  by b r i n g i n g  t h e  r e a c t i o n  o f  th e  s o i l  s o l u t i o n  to  n e u 
t r a l i t y .

2 .  I n  M ary land  s o i l s  t h e r e  a r e  " c a l c i p h i l e *  c ro p s ,
w h ich  re s p o n d  v e r y  w e l l  t o  l im e  a p p l i c a t i o n s .  T h ere  a p p e a r  o
t o  be " s u l p h o p h i l e "  c r o p s ,  such  a s  buckw heat and sw eet p o t a 
t o e s ,  w hioh  ev en  on a c i d  s o i l s  r e s p o n d  w e l l  t o  s u lp h u r  
a p p l i c a t i o n s .

3 .  Where c ro p  i n c r e a s e s  have  been  o b ta in e d  from
s u l p h u r  a p p l i c a t i o n s  t o  M ary land  s o i l s ,  t h e s e  i n c r e a s e s  +.
may be a t t r i b u t e d  t o  t h e  b e n e f i c i a l  e f f e c t  o f  i n c r e a s e d
a c i d i t y  upon  t h e  s o i l  s o l u t i o n  o r  t h e  s p e c i f i c  c ro p  grown.

4* The c ro p  i n c r e a s e s  r e s u l t i n g  from  s u lp h u r  a p p l i c a 
t i o n s  t o  W ash ing ton  and  Oregon s o i l s  seem to  be due to  more 0 
f a v o r a b l e  c o n d i t i o n s  f o r  n i t r o g e n - f i x i n g  o rg a n is m s .

5 .  I n  some s o i l s  s u lp h u r  a p p l i c a t i o n s  t e n d  t o  d e p r e s s  q
n i t r i f i c a t i o n  s l i g h t l y  w h i le  i n  o t h e r  s o i l s  i t  does  n o t  seem 
t o  a f f e c t  i t .  In  some s e m i - a r id  s o i l s  i t  has  i n c r e a s e d  t h e  ~~] 
amount o f  w a t e r - s o l u b l e  p h o sp h o ru s ,  b u t  i n  m ost c a s e s  i t  h a a j  r 
d e c r e a s e d  th e  s o l u b l e  p h o sp h o ru s .  I t  h a s  i n c r e a s e d  s o l u b l e  
p o ta s s iu m  and d e c r e a s e d  s o l u b l e  c a lc iu m . I t s  a p p l i c a t i o n  0
h a s  o f  c o u r s e  i n c r e a s e d  t h e  amount o f  s o l u b l e  s u l p h a t e s .

6 . The a d d i t i o n  o f  e le m e n ta l  s u lp h u r  t o  f e r t i l i z e r
m ix t u r e s  c o n t a i n i n g  a c i d  p h o sp h a te  has  i n  m ost o a s e s  g iv e n  ~h
lo w e re d  y i e l d s ,  w h i le  added t o  raw ro c k  p h o sp h a te  m ix tu r e s
i t  h a s  i n  m ost c a s e s  i n c r e a s e d  y i e l d s .

7 . Crop g row th  and th e  l a p s e  o f  a  few m onths from  th e
t im e  o f  i t s  a p p l i c a t i o n  i n  a c id  p h o sp h a te  m ix tu r e s  l e s s e n s  
t h e  d e p r e s s in g  e f f e c t  o f  s u lp h u r  on y i e l d s .

8 . M ary land  s o i l s  a r e  n o t  n e a r l y  so s t r o n g l y  b u f f e r e d - /
a s  t h e  Oregon and W ash ing ton  s o i l s  s t u d i e d .  In  t h e  l a t t e r  1 
s o i l s  t h e  s t r o n g  b u f f e r i n g  e f f e c t  i s  p ro b a b ly  due t o  b o th  ; 
s o l u b l e  b a s e s  i n  e x c e s s  and to  s o l u b l e  p h o s p h a te s .

9 # A p p l i c a t i o n s  o f  s u lp h u r  g r e a t e r  th a n  100 pounds
p e r  a c r e  sh o u ld  n o t  he made on M aryland s o i l s .  In  l i g h t  
a o u l i c a t i o n s  and f o r  s p e c i f i c  c ro p s  i t  i s  b e l i e v e d  t h a t  
i n c r e a s e d  y i e l d s  may be o b ta in e d  i n  many o a se s  th ro u g h  th e  
u s e  o f  e le m e n ta l  s u lp h u r .  Mixed w i th  raw ro ck  p h o sp h a te  i t  
h a s  i n  m ost c a s e s  made t h a t  m a t e r i a l  more e f f e c t i v e  a s  a 
f e r t i l i z e r .
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MBTHODS

I n  t h e  a n a l y s e s  f o r  t o t a l  c o n s t i t u e n t s  o f  th e  e x p e r im e n ta l  

s o i l s  r e p o r t e d  i n  T ab le  I ,  t h e  o f f i c i a l  m ethods o f  th e  A s s o c i a t i o n  

o f  O f f i c i a l  A g r i c u l t u r a l  C h em is ts  were fo l lo w e d  e x c e p t  w i th  s u lp h u r  

and c a r b o n .  These  o f f i c i a l  m ethods a r e  g iv e n  i n  

" O f f i c i a l  and T e n t a t i v e  M ethods o f  A n a ly s i s  o f  th e  A s s o c i a t i o n  o f  

O f f i c i a l  A g r i c u l t u r a l  C h e m is ts"  2d E d i t i o n ,  1924 .

The s u lp h u r  was d e te rm in e d  by f u s i o n  w i th  magnesium 

n i t r a t e  and p r e c i p i t a t i o n  a s  s u lp h a te  s u lp h u r  w i th  BaClg •

T o ta l  c a rb o n  was d e te rm in e d  by f u s i o n  o f  th e  s o i l s  w i th  NagOg, 

t r e a tm e n t  o f  t h e  fu s e d  mass w i t h  HC1 and r e a d i n g  t h e  volume 

o f  e v o lv e d  COg g a s  i n  a  P a r r  t o t a l  c a rb o n  a p p a r a t u s ,  and th e n  

r e d u c in g  t o  s t a n d a r d  c o n d i t i o n s .

The d e t e r m i n a t i o n  o f  t h e  hy d ro g en  io n  c o n c e n t r a t i o n  

th ro u g h o u t  a l l  t h e  e x p e r im e n ta l  work was made by th e  c o l o r i m e t r i c  

m ethod. The s t a n d a r d s  o f  C la rk  and Lubs were u s e d .  The 

c o l o r i m e t r i c  s t a n d a r d s  were checked  e l e c t r o m e t r i c a l l y .

Two m ethods o f  o b t a i n i n g  th e  s o i l  s o l u t i o n  f o r  a n a l y s i s  

were u s e d .  I n  one c a se  sam p les  o f  s o i l  were t a k e n  from  th e  

p o t  c u l t u r e s  i n  th e  g re e n h o u se  w i th  a  l a r g e  c o r k - b o r e r  and 1 ;5  

e x t r a c t i o n s  w ere  made w i th  d i s t i l l e d  w a te r ,  sh a k in g  100 t im e s  and 

c e n t r i f u g i n g  th e  e x t r a c t  u n t i l  c l e a r .  In  th e  o t h e r  c a se  th e  s o i l  

s o l u t i o n  was o b ta in e d  by th e  w a te r  d is p la c e m e n t  method o u t l i n e d  by 

P a r k e r  i n  S o i l  S c ie n c e  X I I ,  N o .3 , p p . 209-232, 1921.
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