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A B S T R A C T

T he e x p e r im e n ta t io n  d e s c r ib e d  in  th is  m a n u s c r ip t  i s  p a r t  of a  

p r o je c t  w h ic h  w as  in i t ia te d  in  1947 to  s tu d y  how a  s a l in e - s o d ic  s o i l  

c o u ld  be m a n a g e d , to  m a in ta in  m a x im u m  c ro p  p ro d u c tio n , w ith o u t th e  

a d d itio n  o f e x p e n s iv e  c h e m ic a ls .

A n  a t te m p t  w a s  m a d e  in  th is  p r o je c t  to e v a lu a te  th e  b a s ic  s o i l  

a n d  w a te r  f a c to r s  th a t  a f f e c t  s o i l  c h e m ic a l  c h a n g e s , s e e d lin g  p la n ts ,  a n d  

c ro p  y ie ld s  on  a  s a l in e - s o d ic  s o i l  on  th e  U n iv e r s i ty  o f A r iz o n a  A g r ic u l ­

tu r a l  E x p e r im e n ta l  S ta tio n  F a r m  b e tw e e n  th e  1954 to  1962 p e r io d .

T h e  s tu d y  w a s  a c c o m p lis h e d  f i r s t  by  d eep  p lo w in g  th e  e x p e r i ­

m e n ta l  f ie ld  a n d  th e n  a p p ly in g  w e ll w a te r  a n d  r i v e r  w a te r  of two d if f e r e n t  

q u a l i t ie s  in  s ix  c o m b in a tio n s  o f te a c h in g  a n d  i r r i g a t i o n  s o u rc e  to  m a in ­

ta in  m a x im u m  c ro p  s ta n d s  a n d  y ie ld s .  T h e  w a te r  q u a li ty  t r e a tm e n ts  

w e re  a r r a n g e d  so th a t a n y  s t a t i s t i c a l  d i f f e r e n c e s  due to  e i th e r  th e  w a te r  

u s e d  fo r  le a c h in g  o r  i r r i g a t i o n  p r a c t i c e s  c o u ld  be  s e p a r a te d  a n d  t e s t e d  

by s t a t i s t i c a l  m e th o d s .

T he w e ll a n d  r i v e r  w a te r  u s e d  in  th e  ab o v e  e x p e r im e n ta t io n  

w e re  a n a ly z e d  p e r io d ic a l ly  to d e te c t  a n y  c h e m ic a l  c h a n g e s  in  c o m p o s i­

tio n . T h e  r e s u l t s  sh o w ed  th a t  ev en  th o u g h  th e  w e ll w a te r  v a r i e d  i t  h a s  

n o t c h an g e d  in  th e  a m o u n t o f s a l t  i t  c o n ta in s  f r o m  1954 th ro u g h  1962; 

h o w e v e r , th e  so d iu m  c o n te n t in  r e l a t io n  to o th e r  c a t io n s  sh o w e d  a n
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in c r e a s e .  T h e  r i v e r  w a te r  h a s  in c r e a s e d  b o th  in  th e  s a l t  a n d  so d iu m  

c o n te n t. In  s p i te  of th e s e  c h a n g e s  in ' bo th  th e  w e ll a n d  r i v e r  w a te r  

th e r e  i s  no s t a t i s t i c a l  c o r r e la t io n  b e tw ee n  th e  to ta l  so lu b le  s a l t ,  th e  

s o d iu m - a b s o r p t io n - r a t io ,  a n d  th e  so d iu m  p e r c e n ta g e  w ith  r e s p e c t  to  

t im e .

S o il s a m p le s  a n a ly z e d  f r o m  th e  f ie ld  sh o w ed  the fo llo w in g  r e ­

s u l ts :  (1) th e  s o i l  s a tu r a te d  p a s te  pH  v a lu e s  w e re  n o t a f fe c te d  a p p r e ­

c ia b ly  by  a n y  one w a te r  q u a li ty  t r e a tm e n t ,  (2) th e  to ta l  s a l t s  a c c u m u ­

la te d  p r o g r e s s iv e ly  u n d e r  a l l  w a te r  q u a li ty  t r e a tm e n t s ,  e s p e c ia l ly  w h e re  

w e ll  w a te r  w a s  u s e d  e x c lu s iv e ly , (3) th e  e x c h a n g e a b le - s o d iu m -p e rc e n ta g e  

in c r e a s e d  th e  h ig h e s t  in  th e  s o i l  w h e re  w e ll  w a te r  w as u s e d  e x c lu s iv e ly , 

a n d  (4) th e  r i v e r  w a te r  le a c h in g  a n d  i r r i g a t io n  c o m b in a tio n  a p p e a r s  to  

be th e  m o s t  e f fe c t iv e  a s  c o m p a r e d  to  th e  w e ll w a te r  le a c h in g  a n d  i r r i g a ­

tio n  c o m b in a tio n  in  k e ep in g  th e  s a l t s  f lu s h e d  o u t of the  s o i l  p ro f i le  a n d

k e e p in g  th e  e x c h a n g e a b le -s o d iu m  -p e rc e n ta g e  dow n.
Vi  L . i  : • - ■ " ; n  - i • '.L.v:V. 'V ' ' V V

T he c ro p  y ie ld s  p ro d u c e d  on th e  f ie ld  a p p e a r  to  be c lo s e ly  r e ­

la te d  to  th e  in i t i a l  s e e d lin g  e m e r g e n c e .  T h e  r i v e r  w a te r  le a c h in g  t r e a t ­

m e n t a p p e a r s  to  be  th e  m o s t  e f fe c t iv e  in  k e e p in g  th e  s a l t s  f lu s h e d  o u t of 

th e  s u r f a c e  so  th a t  a  g ood  s e e d lin g  s ta n d  c a n  be  p ro d u c e d  on th is  so il .

T he  c o tto n  l in t  y ie ld s  p ro d u c e d  on f ie ld  D sh o w ed  a  p r o g r e s s i v e  d e c r e a s e  

in  th e  p o u n d s p e r  b o rd e r  a f t e r  th r e e  y e a r s  of c o n tin u a l c ro p p in g . A ny 

s ig n if ic a n t  d if f e r e n c e  in  y ie ld s  w as  due to th e  s o u rc e  o f w a te r  u s e d  fo r  

le a c h in g . T he  r i v e r  w a te r  i s  p r e f e r r e d  o v e r  th e  w e ll  w a te r .



IN T R O D U C TIO N

T he S a ffo rd  V a lle y  A r e a  l i e s  a lo n g  th e  G ila  R iv e r ,  w ith in  

G ra h a m  C oun ty , in  th e  s o u th e a s te r n  p a r t  of th e  S ta te  o f A r iz o n a .  T h is  

v a l le y  i s  b o u n d ed  on th e  n o r th  by th e  G ila  m o u n ta in s , on th e  e a s t  by 

th e  P e lo n c i l lo  m o u n ta in s , a n d  on th e  so u th w e s t by  th e  P in a le n o  a n d  

S an ta  T e r e s a  m o u n ta in s . T h e  b a s in  i s  50 m ile s  long  a n d  f ro m  15 to 

20 m ile s  w id e . T he  c u l t iv a te d  la n d s  l ie  a lo n g  th e  G ila  R iv e r  a n d  a r e  

0. 5 to  3. 5 m i le s  f ro m  th e  r i v e r .  T h e  la n d  a r e a  s u rv e y e d  in  1933 h a d  

a  le n g th  o f a b o u t 45 m i le s ,  a n d  r a n g e d  f ro m  a b o u t 1 .5  to  4 . 5 m i le s  in  

w id th  a n d  c o m p r is e d  a  to ta l  a c r e a g e  of 106 s q u a r e  m ile s  o r 67, 840 

a c r e s  (48). T he  e s t im a te d  c ro p  a c r e a g e ,  in  1961, in  G ra h a m  C o u n ty  

w as  38, 150 w h ich  i s  a p p ro x im a te ly  3 .2  p e r c e n t  of th e  to ta l  a c r e a g e  

c ro p p e d  in  th e  S ta te  o f A r iz o n a .

T h e  v a l le y  l ie s  in  th a t p a r t  of A r iz o n a  in c lu d e d  in  th e  a r i d  

so u th w e s t re g io n , w h e re  c l e a r ,  b r ig h t  w e a th e r  a n d  in te n s e  s u n lig h t 

a r e  p re d o m in a n t  d u r in g  th e  g r e a t e r  p a r t  of th e  y e a r .  T he  a m o u n t of 

r a in f a l l  v a r i e s  c o n s id e ra b ly  f ro m  y e a r  to y e a r .  T h e  lo w e s t r e c o r d e d  

r a in f a l l  i s  2 . 98 in c h e s  a n d  th e  h ig h e s t ,  1 7 .3 8  in c h e s .  T he fo llo w in g  

a m o u n ts  of p r e c ip i ta t io n  w e re  r e c o r d e d  in  S a ffo rd , A r iz o n a  a c c o rd in g  

to th e  a n n u a l r e p o r t s  on g ro u n d  w a te r  in  A r iz o n a  by y e a r s :  1955,

1
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6. 59 in c h e s ;  1957, 10. 28 in c h e s ;  1958, 12. 09 in c h e s ;  1959, 7. 63 

in c h e s ;  I9 6 0 , 7. 65 in c h e s , a n d  in  1961, 1 1 .5 2  in c h e s .  B e c a u s e  m o s t  

of th e  p re c ip i ta t io n  b e c o m e s  lo s t  to  h ig h  e v a p o ra t io n , th e  a g r i c u l tu r e  

in  th e  a r e a  c o n se q u e n tly  i s  d e p en d e n t e n t i r e ly  upon i r r i g a t i o n  a n d  

th u s  th e  d e m a n d  fo r  w a te r  i s  g r e a t .

L ik e  o th e r  v a l le y s  in  o th e r  s ta t e s  in  th e  a r i d  so u th w e s t, a s  

w e ll a s  in  A r iz o n a ,  th e  S a ffo rd  v a l le y  h a s  a  p ro b le m  d i r e c t ly  a r i s in g  

f ro m  a n  in a d e q u a te  su p p ly  of h ig h  q u a li ty  w a te r .  A s a  c o n se q u e n c e , 

f a r m e r s  h av e  b een  fo r c e d  to  d e p en d  m o r e  a n d  m o r e  on  w e ll w a te r  of 

n o to r io u s ly  p o o r  q u a li ty . T h e  in c r e a s e d  u s e  o f w e ll  w a te r  h a s  c h a n g e d  

g ro u n d  w a te r  le v e ls  to  a  p o in t w h e re  in c r e a s in g ly  s a l ty  w a te r  i s  b e in g  

p u m p e d  f ro m  f a r m  w e lls .

T h is  p ro b le m  i s  a  p r im e  e x a m p le  of th e  f a c t  th a t  a lth o u g h  th e  

q u a n tity  of a v a i la b le  w a te r  i s  th e  p r i m a r y  c o n s id e ra t io n  in  th e  d e v e lo p ­

m e n t o f i r r i g a t io n  a g r ic u l tu r e ,  th e  q u a li ty  o f w a te r  b e c o m e s  a  m o re  

a n d  m o re  c r i t i c a l  f a c to r  a s  th e  s u p p lie s  o f s u r f a c e  a n d  g ro u n d  w a te r s  

a r e  d e p le te d .

T h is  i s  c e r ta in ly  t r u e  in  th e  U n ited  S ta te s  w h e re  q u e s t io n a b le  

g ro u n d  w a te r  f ro m  p u m p e d  w e lls ,  in  m a n y  a r e a s ,  c o n s t i tu te s  th e  

p r in c ip a l  s o u r c e  of i r r i g a t i o n  s u p p l ie s .  T h e s e  w e ll  w a te r s  in  m a n y  

c a s e s  a r e  c h a r a c t e r i z e d  by h ig h  s a l t  c o n te n ts .  S o m e of th e s e  h a v e  

u n fa v o ra b le  so d iu m  to  c a lc iu m  r a t io  c o m p a r e d  w ith  s u r f a c e  r i v e r  

w a te r s .  In  a d d itio n , e v en  s u r f a c e  i r r i g a t i o n  s u p p lie s  o ften  w ill  c o n ta in
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v a ry in g  a m o u n ts  of s a l t s  a n d  so d iu m , d ep en d in g  on th e  s a m p lin g  s i t e s  

a lo n g  a n d  w ith in  th e  s a m e  s t r e a m .  T he s a l t  c o n te n t of m o s t  i r r i g a ­

tio n  w a te r ;  h o w e v e r , r a n g e s  f ro m  0. 1 to  5 to n s  of s a l t s  p e r  a c r e  fo o t 

of w a te r  (28, 64). * , • -  . ' r  .

T he  a d v e r s e  e f fe c ts  o f s a l t s  a n d  so d iu m  in  th e s e  w a te r s ,  a s  

w e ll  a s  in  th e  s o i ls ,  a r e  a  p ro b le m  in  m o s t  a r i d  la n d s . T h e  e x p a n s io n  

of s u p p le m e n ta l  i r r ig a t io n ,  th e  u s e  of c o n c e n tr a te d  f e r t i l i z e r ,  an d  ev en  

th e  u s e  of s o f t w a te r  h a s  i n c r e a s e d  th e  in te n s i ty  of su c h  p ro b le m s .

In A r iz o n a , th e  d e m a n d  fo r  w a te r  h a s  e x c e e d e d  th e  a m o u n t 

a v a i la b le  in  s t r e a m s .  T h e  d e m a n d  h a s  b een  p a r t i a l l y  m e t  by  th e  

d e v e lo p m e n t of g ro u n d  w a te r  r e s o u r c e s  a n d  d iv e r te d  i r r i g a t io n  w a te r  

s u p p lie s  f r o m  o u ts id e  (27). S in c e  1945, th e  g ro u n d  w a te r  h a s  m a d e  

up a t  l e a s t  h a lf  of th e  s t a t e l s to ta l  a n n u a l w a te r  n e e d s ; f r o m  1955, 

th ro u g h  1961, a b o u t tw o - th i r d s  o f th e  s t a t e 's  a n n u a l w a te r  n e e d s  w e re  

s u p p lie d  by g ro u n d  w a te r  (66, 67). T h e re  is, a  g ro w in g  c o n c e rn  a b o u t 

o u r  n a tu r a l  g ro u n d  w a te r  r e s o u r c e s .  H a r s h b a r g e r  (27) h a s  e x p r e s s e d  

th is  c o n c e rn  a s  fo llo w s : " In d e e d , th e  a n n u a l u s e  o f w a te r  in  A r iz o n a  

i s  m o r e  th a n  th r e e  t im e s  th a t a v a i la b le .f r o m  th e  s u r f a c e  s t r e a m s .

T he  u s e  of w a te r  f ro m  th e  g ro u n d  w a te r  r e s e r v o i r s  h a s  c a u s e d  a  

d e p le tio n  o f w a te r  r e s o u r c e s  a n d  a  c o n tin u a l m in in g  o f w a te r  m a y  

e v e n tu a lly  c a u s e  e x h a u s tio n . " ,

A r iz o n a  f a r m e r s  a r e  f a c e d  w ith  w a te r  s h o r ta g e  a s  w e ll a s  th e  

d e te r io r a t io n  in  th e  q u a li ty  of w a te r  in  s t r e a m .a n d  w e ll w a te r s  (26, 27)
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T h is  i s  p a r t i c u l a r ly  t r u e  in  a r e a s  su ch  a s  th e  lo w e r  a n d  u p p e r  S a lt 

R iv e r  v a l le y  a n d  th e  lo w er a n d  u p p e r  G ila  R iv e r  v a l le y  w h e re  th e  c h ie f  

s o u rc e  of i r r i g a t io n  w a te r  i s  w e ll  w a t e r . In  m a n y  c a s e s  th e s e  w a te r s  

a r e  c h a r a c t e r i z e d  by  h ig h  s a l t s  w ith  v e r y  u n fa v o ra b le  so d iu m  to  c a lc iu m  

r a t i o s  a s  c o m p a r e d  to  r i v e r  w a te r  (26, 39, 40). T h e  u s e  of su ch  w a te r  

on s o i ls  h a s  b een  o b s e r v e d  to  d i s p e r s e  th e  s o i l  b ad ly  c a u s in g  th e  i n f i l ­

t r a t io n  a n d  p e n e tr a t io n  of w a te r s  to  be  g r e a t ly  r e d u c e d . C ro p  e m e r ­

g e n ce  a n d  e s ta b l is h m e n t  o ften  a r e  s e r io u s ly  h in d e re d  by  s u r f a c e  c r u s t ­

in g  a n d  s a l t  a c c u m u la t io n . B e c a u s e  o f th e s e  e f fe c ts  o f p o o r q u a li ty  

w e ll  w a te r s ,  th e  p ro d u c tio n  of c r o p s  in  so m e  i r r i g a t e d  v a l le y s  h a s  n o t 

r e a c h e d  a  m a x im u m .

D u rin g  s e v e r a l  d ry  y e a r s ,  1 9 4 0 -1 9 5 0 , in  th e  S a ffo rd  V a lle y , 

fo r  e x a m p le , th e  r e a c t io n s  b e tw e e n  th e  i r r i g a t io n  w a te r  a n d  th e  s o i l  

c a u s e d  a  s e r io u s  d e te r io r a t io n  in  s o i l  s t r u c tu r e s  (39, 40). I n c r e a s e d  

u s e  of w e ll w a te r s  d u rin g  th is  p e r io d  lo w e re d  th e  g ro u n d  w a te r  le v e ls  

a n d  in c r e a s in g ly  s a l ty  w a te r s  w e re  b e in g  p u m p e d  f ro m  f a r m  w e lls  

th ro u g h o u t th e  S a ffo rd  V a lle y . T h is  w a s  p a r t i c u l a r ly  e v id e n t in  1947 

w h en  th e  s o i l  of th e  U n iv e r s i ty  of A r iz o n a  S a ffo rd  E x p e r im e n t  S ta tio n  

" tu rn e d  b a d "  (40). A n a ly s e s  of th e  so il  a n d  p u m p  w a te r  a t  th e  s ta t io n  

sh o w ed  th a t  th e  to ta l  s a l t  c o n te n t of th e  w a te r  h a d  i n c r e a s e d  a p p r o x i ­

m a te ly  100 p e r c e n t  d u r in g  th e s e  d ry  y e a r s ,  a n d  th a t  d u rin g  th e  p a s s a g e  

o f th is  w a te r  th ro u g h  th e  s o il ,  an  e x c e s s iv e  a m o u n t o f so d iu m  io n s  h a d  

b e e n  le f t  b e h in d  on th e  s o i l  c o m p le x . T h e re  i s  l i t t l e  l ik e lih o o d  th a t
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th is  s i tu a t io n  w il l  c h an g e  m u c h . I t  a p p e a r e d  to  o b s e r v e r s  a t  th a t  t im e  

th a t  th e r e  w o u ld  be no im p r o v e m e n t  in  th e  q u a li ty  o f w a te r ,  r a t h e r  th e  

r e v e r s e  s e e m s  m o re  in e v i ta b le  in  s p i te  of th e  c u r r e n t  e m p h a s is  on 

w a te r  e co n o m y . " '

R e s e a r c h  on th e  S a lfo rd  S ta tio n  h a s  b e en  s e r io u s ly  h a n d i­

c ap p e d  by th e  la c k  of a  s o lu tio n  to  th e  p ro b le m s  of s o i l  a n d  i r r i g a t i o n  

m a n a g e m e n t. M any e x p e r im e n ts  in  f ie ld  a n d  v e g e ta b le  c ro p  p ro d u c ­

tio n  h a v e  b e en  a b a n d o n e d  b e c a u s e  of th e  f a i lu r e  to  s e c u r e  a d e q u a te  

s ta n d s . F o r  e x a m p le , d u r in g  th e  c o u r s e  of e x p e r im e n ta t io n  in  1959, 

tw o c o tto n  c ro p  s e e d lin g  f a i lu r e s  w e re  e x p e r ie n c e d  b e c a u s e  of p o o r 

g e rm in a t io n . •

S a t i s f a c to r y  c ro p  p ro d u c tio n  h a s  b een  o b ta in e d  by in v e s t ig a ­

to r s  of th e  U n ite d  S ta te s  S a lin i ty  L a b o r a to r y  (R iv e r s id e ,  C a l ifo rn ia )  

u n d e r  g re e n h o u s e  a n d  s m a l l  p lo t  c o n d itio n s  of e q u a l o r  g r e a te r  s a l in i ty  

th a n  e x i s t  in  th e  S a ffo rd  V a lle y . S uch  f in d in g s  g iv e  hop e  to  th e  p o s s i ­

b le  so lu tio n  of th e  s o i l  a n d  i r r i g a t io n  m a n a g e m e n t p ro b le m  on a  f ie ld  

b a s is  su ch  a s  e x is t s  on th e  U n iv e r s i ty  of A r iz o n a  S a ffo rd  f a r m .  H ow ­

e v e r ,  th e  r e s u l t s  f r o m  one e x p e r im e n ta l  a r e a ,  w h ile  s u g g e s t iv e , a r e  

n o t a lw a y s  w h o lly  a p p lic a b le  to  o th e r  a r e a s  s in c e  fu n d a m e n ta l  d i f f e r ­

e n c e s  e x is t  in  th e  q u a li ty  o f w a te r  u s e d  fo r  i r r i g a t i o n  a n d  r e c la m a t io n  

p u r p o s e s .  In  a d d itio n , th e  b ro a d  v a l le y s  d if fe r  f r o m  th e  m o r e  n a r ro w  

v a l le y s  in  th e i r  s o i l  c h a r a c t e r i s t i c s  su ch  a s  te x tu r e ,  p ro d u c tiv i ty , 

g e n e s is  a n d  m o rp h o lo g y , a n d  th e  c o n s e rv a t io n  p r a c t i c e s  u s e d  th e r e .  1
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•, S in ce  th e  S a ffo rd  A r e a  i s  r e p r e s e n ta t iv e  of p ro b le m  a r e a s  

h ay in g  p o o r  q u a lity  w a te r s ,  a n d  th e  d if f ic u lty  in  o b ta in in g  c ro p  s ta n d s  

i s  a ls o  e n c o u n te re d  h e r e ,  th is  a r e a  r e p r e s e n t s  an  e x c e lle n t  s i te  fo r  

s a l in i ty  e x p e r im e n ta t io n .  In  a d d itio n , th e  G ila  R iv e r ,  a  p e re n n ia l ,  

good  q u a lity  s t r e a m ,  c a n  b e  u s e d  in  c e r t a in  c o m b in a tio n s  w ith  w e ll 

w a te r .  T h is  o f f e r s  id e a l  c o n d itio n s  fo r  th e  s tu d y  of w id e  v a r ia t io n s  

of w a te r  q u a li ty  on s o il  c h a r a c t e r i s t i c s .

B e c a u se  o f th e s e  a d v a n ta g e s , th e  U n iv e r s i ty  of A r iz o n a  

A g r ic u l tu r a l  E x p e r im e n ta l  S ta tio n  F a r m  w h ic h  h a s  a  s a l in e - s o d ic  s o i l  

p ro b le m , w as  s e le c te d  a s  a n  e x p e r im e n ta l  a r e a  fo r  th e  w a te r  q u a lity  

s tu d ie s  r e p o r t e d  in  th is  m a n u s c r ip t .  F u r th e r m o r e ,  th e  f a r m  h a s  a n  

a d v a n ta g e  of be in g  e q u ip p e d  w ith  a d e q u a te  f a r m  m a c h in e ry  w h ich  

m a k e s  i t  p o s s ib le  to  c a r r y  o u t c o n tr o l le d  w a te r  a n d  s o il  m a n a g e m e n t 

p r a c t i c e s .

F a s t  w o rk  on s o i l  a n d  w a te r  m a n a g e m e n t on  th e  S a ffo rd  F a r m  

a s  w e ll  a s  in  o th e r  a r e a s  of th e  s ta te ,  h a s  d e m o n s t r a te d  th e  g r e a t  

im p o r ta n c e  of t i l la g e  p r a c t i c e s  in  r e l a t io n  to  th e  u s e  o f b o th  w e ll a n d  

r i v e r  w a te r  (39, 40 ). R e s u l t s  show  th a t th e  a d v e r s e  in f lu e n c e  of th e  

c o n tin u e d  u s e  of p o o r q u a li ty  w e ll  w a te r  on s o il  p r o p e r t i e s  a n d  c ro p  

p ro d u c tio n  m a y  be o v e rc o m e  in  p a r t  by th e  p r o p e r  u s e  of r i v e r  w a te r  

a n d  ro u g h  t i l la g e .  . . .  .

In  o r d e r  to  m o re  fu l ly  e x p lo re  th e  r e la t io n s h ip  b e tw ee n  t i l l ­

ag e , w a te r  a n d  s o i l  m a n a g e m e n t a n d  th e i r  e f fe c ts  on c ro p  p ro d u c tio n .
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T h e  o v e r  - a l l  p r o c e d u r e  in  th is  p r o je c t  in v o lv e d  d e ep  p lo w in g  

to  p ro m o te  w a te r  p e n e tr a t io n  in to  th e  s o i l ,  th e  u s e  of w e ll  a n d  r i v e r  

w a te r  c o m b in a tio n s  fo r  le a c h in g  a n d  i r r i g a t io n  s o u rc e ,  a n d  th e  p r o p e r  

s o i l  m a n a g e m e n t p r a c t i c e s  in  an  a t te m p t  to  m a in ta in  a  m a x im u m  c ro p  

p ro d u c tio n .

S a m p le s  of w e ll  w a te r  a n d  r i v e r  w a te r  w e re  ta k e n  p e r io d ic a l ly  

fo r  a n a ly s is  to  d e te r m in e  th e i r  to ta l  so lu b le  s a l t s ,  so d iu m  p e rc e n ta g e ,  

s o d iu m -a b s o r p t io n  r a t io ,  a n d  o th e r  in o rg a n ic  c o n s t i tu e n ts .  T h e  a m o u n t 

of i r r i g a t io n  w a te r  d e l iv e r e d  to  e a c h  b o rd e r  in  th e  f ie ld  w a s  c o n tro l le d  

a s  m u c h  a s  p o s s ib le .

T h e  S o il C o n s e rv a tio n  S e rv ic e  s u rv e y e d  th e  f a r m  fo r  s o i l  

v a r ia t io n s  a n d  su ch  v a r ia t io n s  w e re  c h a r a c te r i z e d .  K ey  s o il  s a m p le s  

w e re  ta k e n  in  d e s ig n a te d  s p o ts  a n d  a n a ly s is  fo r  s u c h  c h e m ic a l  p r o p e r ­

t i e s  a s  th e  to ta l  so lu b le  s a l t s ,  th e  to ta l  a n d  e x c h a n g e a b le  so d iu m  c o n ­

te n t, th e  s o i l  pH , a n d  o th e r  in o rg a n ic  c o n s t i tu e n ts  w e re  m a d e . Such  

p r o p e r t i e s  w e re  e v a lu a te d  in  r e l a t io n  to  th e  s o i l  a n d  w a te r  m a n a g e m e n t 

p r a c t i c e s .

A n  a t te m p t  w as  a l s o  m a d e  to  e v a lu a te  th e  b a s ic  s o i l  a n d  w a te r  

f a c to r s  w h ich  c o n tro l  s e e d in g  e m e rg e n c e , s ta n d , a n d  c ro p  y ie ld . T h e  

in d ic a to r  c ro p s  w e re  c o tto n  p la n te d  f ro m  1955 to  1959. T he f ie ld  w as

th e  D e p a r tm e n t of A g r ic u l tu r a l  C h e m is t r y  a n d  S o ils , in  1954, p la n n e d

a n d  u n d e r to o k  th e  fo llo w in g  e x p e r im e n t  on F ie ld  D, a t  th e  S a ffo rd

E x p e r im e n ta l  F a r m .
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th e n  p lo w ed  an d  p la n te d  w ith  b a r le y  a n d  a lfa lfa .  F r o m  I9 6 0  to  1962, 

a lfa lfa  r e m a in e d  a s  th e  m a in  c ro p  u n til th e  f ie ld  w a s  p lo w e d  in  th e  

la te  f a l l  o f 1962.

1 : ' ■ ■■ V  '  : :

. ... i■;..1 - - r •,



R E V IE W  O F  L IT E R A T U R E

R o u g h ly  o n e -h a lf  of th e  d ry  la n d  of th e  e a r th  i s  in  a n  a r i d  and. 

s e m i-a r id ,  c l im a t ic  z o n e  (23). A  c h a r a c t e r i s t i c  f e a tu r e ,  a lth o u g h  n o t 

l im i te d  to  su c h  a r e a s ,  i s  th e  a c c u m u la t io n  of e x c e s s iv e  a m o u n ts  of 

so lu b le  s a l t s .  R a in fa l l  in  th e s e  z o n e s  i s  in a d e q u a te  to  r e m o v e  s a l t s  

r e l e a s e d  by th e  w e a th e r in g  of r o c k s ,  o r  th e  s a l t s  in i t i a l ly  p r e s e n t  in  

th e  s o i l - f o r m in g  m a te r i a l .

T h e  w ay s  in  w h ich  s o i ls  b e co m e  s a l t  a n d  so d iu m  a f fe c te d  c a n  

o c c u r  th ro u g h  a  n u m b e r  of p r o c e s s e s .  K ovda (32) d is t in g u is h e s  th e  

fo llo w in g  c y c le s  of s a l t  a c c u m u la t io n :  (1) C o n tin e n ta l c y c le s ,  c o n ­

n e c te d  w ith  th e  m o v e m e n t, r e d i s t r ib u t io n  a n d  a c c u m u la t io n  of s a l t s  in  

in la n d  r e g io n s  th a t  h a v e  no r u n  off, (2) M a r in e  c y c le s ,  c o n n e c te d  w ith  

th e  a c c u m u la t io n  of m a r in e  s a l t s  on th e  c o a s te d  p la in s  of d ry  la n d  a n d  

a lo n g  th e  s h o r e s  of sh a llo w  b a y s , (3) D e lta  c y c le s ,  w id e ly  d i s t r ib u te d  

in  n a tu re  a n d  o f g r e a t  im p o r ta n c e  fo r  m a n k in d , in s o f a r  a s  a r e a s  o f 

r i v e r  d e l ta s  h av e  b e e n  e x te n s iv e ly  u s e d  fo r  i r r i g a t io n  s in c e  a n c ie n t  

t im e s ,  (4) A r te s ia n  c y c le s ,  c o n n e c te d  w ith  th e  e v a p o ra t io n  of d e ep  

u n d e rg ro u n d  w a te r s  a n d  th e i r  th in n in g  ou t on th e  s u r f a c e  th ro u g h  t e u ­

to n ic  f r a c t u r e s  a n d  d e s t r o y e d  s t r u c tu r e s  o r  in  d eep  c o n tin e n ta l  d e ­

p r e s s io n s ,  a n d  (5) A n th ro p o g e n ic  c y c le s ,  r e s u l t in g  f r o m  e r r o r s  in  th e
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e co n o m ic  a c t iv i t ie s  of m a n , o r  a  la c k  o f  k n o w led g e  of th e  law s  of s a l t  

a c c u m u la t io n . . I t  i s  in te r e s t in g  to  n o te ,th e  e x te n t to  w h ic h  s a l in i ty  c a n  

o c c u r . F o r  e x a m p le , M cC a ll, e t  a l .  (38) a n d  M cN augh t a n d  H o u sto n  

(41) in  th e i r  s tu d ie s  u s e d  h ig h  le v e ls  of f e r t i l i z e r s  on g re e n h o u s e  c ro p s ;  

a n d  D o x ta to r (18), G ro g a n  a n d  Z in k  (25) u s e d  h ig h  le v e ls  of f e r t i l i z e r s  

in  in t im a te  c o n ta c t  w ith  s e e d s ,  b o th  show ing  th a t  h ig h  le v e ls  of f e r t i ­

l i z e r s  c a n  c a u s e .s a l t  in ju r y  no l e s s  d a m ag in g  th a n  th a t  r e s u l t in g  f ro m  

n a tu r a l  s o i l  s a l in i ty .

T h e  p r o c e s s  of s a l t  a c c u m u la t io n  in  s o i l  ( s a l in iz a t io n )  a n d  th e  

p r o c e s s  w h e re b y  th e  e x c h a n g e a b le  so d iu m  c o n te n t of a  s o i l  i s  i n c r e a s e d  

( s o d ic iz a tio n )  a n d  th e i r  c h e m ic a l  a n d  p h y s ic a l  e f fe c ts  on s o il  an d . 

p la n ts ,  h a v e  b e e n  know n f o r  a  c o n s id e r a b le  t im e .  Y e t i t  h a s  on ly  b e en  

w ith in  th e  l a s t  d e c a d e  th a t  th e  w o r ld  h a s  w i tn e s s e d  r e m a r k a b le  a d ­

v a n c e s  in  th e  v a r io u s  p h a s e s  o f s a l t - a f f e c te d  s o il  r e c la m a t io n .  A m ong  

th e s e  a r e  su c h  d e v e lo p m e n ts  a s  th e  p re v e n t io n  of lo w e r in g  of s u r f a c e  

e v a p o ra tio n , th e  c u lt iv a t io n  a n d  m a n a g e m e n t of s a l t - a f f e c te d  la n d s , 

th e  c u lt iv a t io n  a n d  b re e d in g  of s a l t  e n d u r in g  p la n ts ,  th e  u s e  of c h e m i­

c a ls ,  a n d  th e  d e s a l t in g  o f p o o r  q u a li ty  i r r i g a t io n  w a te r s .  • - ;

R e g a r d le s s  of th e s e  a d v a n c e s , a  q u ic k  g la n c e  a t  th e  p r e s e n t  

s ta t e  o f th e  w o r ld  im m e d ia te ly  r e v e a l s  a g o n iz in g  p ro b le m s  of m is e r y ,  

h u n g e r , p o v e r ty , a n d  ig n o ra n c e  w h ic h  n e e d  a  r e m e d y  w ith o u t d e la y  

(2, 65). F o r  a  long  t im e  i t  w a s  th o u g h t th a t  i t  w as  u n n e c e s s a r y  to  p a y  

m u c h  a t te n t io n  to  th e s e  p r o b le m s ,  b e c a u s e  th e y  c o u ld  r e a d i ly  b e  s o lv e d
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by c e r t a in  im p ro v e m e n ts  in  p ro d u c tio n  o r  a d ju s tm e n ts  in  d is tr ib u t io n ;  

bu t m o re  r e c e n t ly  th e  w o r ld  p o p u la tio n  h a s  i n c r e a s e d  a t  an  a la r m in g  

r a t e .  T o d ay  i t  e x c e e d s  2, 500 m il l io n  a n d  th is  f ig u r e  i s  l ik e ly  to  dou b le  

in  l e s s  th a n  50 y e a r s  (65). •

T he in c r e a s in g  d e m a n d s  of th e  w o r ld  p o p u la tio n  n e c e s s i t a t e s  

th e  d e v e lo p m e n t a n d  e x p lo ita tio n  of o u r  n a tu r a l  r e s o u r c e s  in  a r e a s  

w h ich  m a n  f o r m e r ly  n e g le c te d  b e c a u s e  h e  h a d  d is c o v e r e d  m o r e  f a v o r ­

a b le  c o n d itio n s  e ls e w h e re .  A p a r t  f ro m  th e  o c e a n s , th e s e  a r e a s  a r e  

c h ie f ly  s i tu a te d  in  th e  T r o p ic a l  Z o n e s , in  th e  F r o z e n  Z o n e s , a n d  in  th e  

A r id  a n d  S e m i- A r id  Z o n e s . S in ce  th e  T ro p ic a l  a n d  F r o z e n  Z o n es  a t  

th e  p r e s e n t  a r e  n o t know n to  b e ,f a v o ra b le  fo r  a g r i c u l tu r a l  c ro p s ,  th is  

le a v e s  th e  A r id  a n d  S e m i- A r id  r e g io n s  fo r  d e v e lo p m e n t.* The in c r e a s e  

in  c ro p  a c r e a g e  in  th e  w o r ld  c a n  be done by r e c la m a t io n  of a r i d  w a s te s ,  

m a r g in a l ,  a n d  s a l t - a f f e c te d  la n d s  in  th e  A r id  a n d  S e m i- A r id  r e g io n s .

O c c u r r e n c e  of S a lt-A f fe c te d  S o ils

In  th e  U n ited  S ta te s ,  s a l t - a f f e c te d  s o i ls  o c c u r  m a in ly  in  th e  17 

w e s te r n  s t a t e s  w e s t  of th e ; 10 0 th  m e r id ia n  (58). S andoval, e t  a l .  (51) 

h a v e  d e s c r ib e d  th e  s o lo d iz e d  s l ic k  s p o ts  s o i ls  of s o u th w e s te rn  Id ah o . 

S p o ts  r a n g e  in  s iz e  f ro m  a  few  in c h e s  to  50 f e e t  o r  m o r e  in  d ia m e te r .  

T he s o i ls  in  th e s e  a r e a s  show  s o lo d iz e d  f e a tu r e s  w ith  c h a r a c t e r i s t i c  - 

s o lo n e tz  m o rp h o lo g y  of th e  B h o r iz o n  w h ich  a ls o  c o n ta in s  h ig h  c o n c e n ­

t r a t io n s  of s o lu b le  s a l t s .  U n d er th e  s o lo n e tz ic  h o r iz o n  i s  a  zo n e  of a
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h e a v y  c a lc iu m  c a rb o n a te  a c c u m u la t io n  w h ich  fo r m s  a  b o w l-s h a p e d  la y e r .  

In  N o r th  D ak o ta , c a lc iu m  c a r b o n a te  so lo n c h a k s  o c c u r  on s l ig h t ly  e l e ­

v a te d  p o s i t io n s  in  r e l a t io n  to  th e  s u r ro u n d in g  h u m ic  g le y  o r c h e rn o z e m  

s o i ls  (49). I t  i s  b e l ie v e d  th a t  l im e  a n d  s a l t s  a c c u m u la te  in  th e  w a te r  

ta b le  p e r c h e d  o v e r  th e  f r o z e n  s u b - s o i l  in  th e  s p r in g  a n d  m o v e  in to  a n d  

a c c u m u la te  i n  th e  c a lc iu m  c a r b o n a te  s o lo n c h a k s . T he U n ite d  S ta te s  

S a lin ity  S ta ff  (64) in  1958 r e p o r t e d  th a t  m o re  th a n  o n e - fo u r th  of th e  

i r r i g a t e d  f a r m la n d  in  th e  U n ited  S ta te s  i s  s a l t - a f f e c te d .  F u l l e r  (23) 

s ta t e s  th a t  o n e - f if th  o f th e  i r r i g a t e d  la n d s  in  14 o f o u r  w e s te r n  s ta te s  

i s  a f f e c te d  by e x c e s s iv e  a c c u m u la t io n s  of s a l t s .

T he  s a l t - a f f e c te d  s o i ls  of th e  n o r th w e s te r n  U n ite d  S ta te s  a r e
- , . ■ ' '  ; •

s im i la r  to  th o s e  in  th e  a r i d  r e g io n  o f w e s te r n  C an a d a . E h r l ic h  a n d  

S m ith  (22) e x a m in e d  11 h a lo m o rp h ic  p r o f i le s  in  th e i r  s tu d ie s  n e a r  

M an ito b a . E x c h a n g e a b le  c a lc iu m  a n d  m a g n e s iu m  d o m in a te d  th e  e x ­

c h an g e  c o m p le x . T h e  a u th o r s  c o n c lu d e d  th a t th e  h ig h  le v e l  of e x c h a n g e ­

a b le  so d iu m  i s  n o t e s s e n t i a l  fo r  th e  d e v e lo p m e n t of c h a r a c t e r i s t i c  

s o lo n e tz ic  f e a tu r e s  a n d  th a t  e x c h a n g e a b le  m a g n e s iu m  m a y  fu n c tio n  in  a
' t ' • * • - ,• • *

s im i la r  w ay  to  e x c h a n g e a b le  so d iu m  in  s o i ls  w h ich  a r e  low  in  so d iu m .

S a l t - a f f e c te d  s o i ls  o c c u r  a ls o  in  the  a r i d  h ig h  p la in s  of M ex ico , 

a n d  on th e  w e s te r n  p a c if ic  s lo p e s  of S ou th  A m e r ic a .  O th e r  a r e a s  w ith  

e x te n s iv e  s a l t  p ro b le m s  o c c u r  in  c o u n tr ie s  o f N o r th  a n d  S outh  w e s te r n  

A f r ic a ,  in  A s ia ,  A u s t r a l i a ,  a n d  o n ly  s m a l l  a r e a s  in  E u r o p e ,  p r in c ip a l ly  

in  H u n g a ry  a n d  p a r t s  of c o u n tr ie s  b o rd e r in g  th e  M e d i te r r a n e a n  (58).
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P r o p e r t i e s  of S a lt-A f fe c te d  S o ils

S a l t - a f f e c te d  s o i ls  a r e  c l a s s i f i e d  a c c o rd in g  to  e i th e r  c h e m ic a l  

o r m o rp h o lo g ic a l  s y s te m s  (4, 56). Of th e  tw o, th e  c h e m ic a l  s y s te m  i s  

s im p le r  to  d e fin e  a n d  so  i t  w ill  b e  d e f in e d  f i r s t .  S a lin e  s o i ls  c o n ta in  

h ig h  c o n c e n tra t io n s  o f s o lu b le  s a l t s  w h ich  d e p r e s s  p la n t g ro w th  (61,

62, 63). F o r  p u rp o s e s  of d is t in c t io n , th e  lo w e r l im i t  fo r  s a l in e  s o i l  

h a s  b e en  s e t  a t  4 m il l im h o s  p e r  c e n t im e te r  ( e l e c t r i c a l  c o n d u c tiv ity  of 

th e  s a tu r a t io n  e x t r a c t  a t  2 5 ° C . ), a n d  fo r  so d ic  s o i l s ,  a t  15 p e r c e n t  

e x c h a n g e a b le  so d iu m . T he m e a n in g  of th e  c o m b in e d  t e r m s  s o d iu m - 

so d ic  a n d  n o n s a l in e - s o d ic ,  i s  s e l f  e x p la n a to ry . A c c o rd in g  to  th e  

m o rp h o lo g ic a l  c la s s i f i c a t io n  o f s o i l s ,  th e  s a l in e  s o i ls  a r e  S o lo n ch ak s , 

a n d  th e  so d ic  s o i ls  a r e  g e n e r a l ly  S o lo n e tz  (4). In  th e  l a t t e r  c a s e ,  th e  

h ig h  le v e l  of e x c h a n g e a b le  so d iu m  i s  a s s o c ia te d  w ith  c o n s id e ra b le  

m o d if ic a tio n  of th e  s o i l  p r o f i le  w ith  r e s p e c t  to  p h y s ic a l  a s  w e ll a s  

c h e m ic a l  p r o p e r t i e s .  A  d e c r e a s e  in  e x c h a n g e a b le  so d iu m  a n d  o th e r  

a s s o c ia te d  c h e m ic a l  c h a n g e s  in  th e  s u r f a c e  h o r iz o n  of a  S o lo n e tz ic  s o i l  

due to  le a c h in g , le a d s  to  th e  fo r m a t io n  o f a  S o lo d  s o il  (4). A s w ith  a n y  

s y s te m  of c la s s i f ic a t io n ,  m a r g in a l  c a s e s  a r e  know n  a n d  i t  i s  w e ll  to  

k e e p  in  m in d  th a t th e  n u m e r ic a l  l im i t s  fo r  s a l in i ty  a n d  so  d ic ity  a r e  n o t 

in te n d e d  to  be  r ig id .  T he f in a l  a r b i t e r  i s  th e  p la n t  in v o lv e d . I f  i t  i s  

a d v e r s e ly  a f fe c te d  by th e  c o n c e n tra t io n  of s o lu b le  s a l t s  p r e s e n t ,  th e n  

th e  s o i l  i s  s a l in e  a s  f a r  a s  th is  s p e c ie s  i s  c o n c e rn e d . The U n ite d
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I r r ig a t io n

A lth o u g h  s a l t - a f f e c te d  s o i ls  o c c u r  n a tu r a l ly  in  m a n y  a r i d  a n d  

s e m i - a r i d  p a r t s  o f th e  w o rld , th e y  f r e q u e n t ly  o c c u r  a s  th e  r e s u l t  of 

m a n t s u s e  of th e  lan d , p a r t i c u l a r l y  u n d e r  i r r i g a t io n  a g r ic u l tu r e .  F o r  

in s ta n c e ,  in  th e  U n ited  S ta te s  o n e - f i f th  of th e  i r r i g a t e d  la n d s  in  14 of 

o u r  w e s te r n  s ta t e s  i s  a f fe c te d  by e x c e s s iv e  a c c u m u la t io n  of s a l t s  (23).

A n c ie n t I r r i g a t e d  A g r ic u l tu re

No one know s fo r  s u r e  w h en  m a n  b e g an  to  i r r i g a t e ;  b u t w e do 

know  fo r  s u r e  th a t  th e  t a s k  of f in d in g , d e v e lo p in g , • d iv e r t in g , a n d  d i s ­

t r ib u t in g  s u i ta b le  w a te r  fo r  c r o p  p ro d u c tio n  w as  r e c o r d e d  in  th e  e a r ly  

r e c o r d s  of A s s y r ia ,  B ab y lo n ia , E g y p t, P e r s i a ,  In d ia , a n d  C h in a  (58): 

R e m a in s  of a n c ie n t  w a te r  c o n v e y a n c e  s t r u c tu r e s - a n d  i r r i g a t i o n  s y s te m s  

a r e  e v id e n c e  th a t  l a r g e  c iv i l iz a t io n s  h a v e  b e en  b a s e d  upon  a p p ly in g  

s to re d ,  d iv e r te d ,  a n d  t r a n s p o r t e d  w a te r  to  s o i l  to  a id  in  c ro p  p ro d u c tio n  

in  a r i d  a n d  s e m i - a r i d  r e g io n s  o f th e  w o r ld  (43, 58).

T h e re  i s  no g e n e r a l  a g r e e m e n t  on  th e  c a u s e  of th e  d e c lin e  of 

m a n y  of th e s e  a n c ie n t  c iv i l iz a t io n s  d i s c u s s e d  ab o v e  (58). E v id e n c e s  f ro m  

th e  a v a i la b le  h i s to r i c a l  s o u r c e s  to d a y  te n d  to  fa v o r  th e  th e o r y  th a t  th e

S ta te s  S a lin ity  L a b o r a to r y  h a s  r e c o g n iz e d  th a t  s e v e r e  s a l in i ty  e f fe c ts

m a y  o c c u r  a t  s a l in i t i e s  a s  low a s  2 m il l im h o s  p e r  c e n t im e te r  w ith  su c h

s a l t  s e n s i t iv e  s p e c ie s  a s  b e a n s  a n d  s t r a w b e r r i e s  (63).
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f a i lu r e  i s  due to  th e  d e s t r u c t io n  of th e  c e n t r a l  g o v e rn m e n t a n d  th e  p o o r  

m e th o d s  of s o i l  a n d  w a te r  m a n a g e m e n t.

T h e re  i s  a r c h a e o lo g ic a l  e v id e n c e  th a t  sh o w s th a t  a t  one t im e  a  

la r g e  a r e a  in  th e  S a lt  R iv e r .V a l le y ,  A r iz o n a , w a s  i r r i g a t e d .  In  s o m e  

a r e a s  th e r e  s t i l l  e x is t  p o r t io n s  of a n c ie n t  c a n a ls  a n d  d itc h e s  (43). 

A c c o rd in g  to  D r . S. A . T a y lo r^  s e v e r a l  r e m a in s  o f th e s e  a n c ie n t  

c a n a ls  on b o th  s id e s  of th e  S a lt  R iv e r  in  th e  v ic in i ty  of M e sa , A r iz o n a , 

a r e  s t i l l  e v id e n t. T he c o u r s e  of m a n y  o f th e s e  a n c ie n t  d is t r ib u t in g  

d itc h e s  c a n  s t i l l  b e  fo llo w e d  th ro u g h  th e  f ie ld s  th a t  a r e  now b e in g  

c u lt iv a te d . T h e s e  d itc h e s  c a n  be  t r a c e d  th ro u g h  f ie ld s  o f a lfa lfa ,  

c o tto n , a n d  s o rg h u m . •.

D r. T a y lo r  o b s e r v e d  th a t  p la n t  g ro w th  r e m a in s  in f e r io r  a lo n g  

th e  c o u r s e s  o f th e  a n c ie n t  d is t r ib u t io n  s y s te m s ,  e v en  a f te r  m a n y  y e a r s  

o f t i l la g e  u n d e r  m o d e rn  i r r i g a t io n  f a r m in g ,  w h ic h  in c lu d e s  le v e lin g , 

f r e q u e n t  t i l la g e  o p e ra t io n  a n d  h e a v y  f e r t i l i z e r  p r o g r a m s .  T h e  w a te r  

in f i l t r a t io n  in to  th e  s o i ls  a lo n g  th e  a n c ie n t  d i tc h e s  w as  g r e a t ly  r e t a r d e d  

w ith  r e s p e c t  to a d ja c e n t  s o i l s .  D r . T a y lo r  a ls o  p o in te d  out th e  f a c t  

th a t  D r . T . W . B a r r e t t ,  s o i l  s c i e n t i s t  a t  A r iz o n a  S ta te  U n iv e r s i ty  a t  

T e m p e , h a s  fo u n d  th a t  th e  p e r c e n t  e x c h a n g e a b le  so d iu m  a n d  th e  pH  

a r e  s l ig h t ly  h ig h e r  in  s o i l  th a t  i s  lo c a te d  a lo n g  th e  a n c ie n t  d is t r ib u t io n  

c h a n n e ls .

^ D r. S te r l in g  A . T a y lo r ,  (S o il P h y s ic is t )  P r o f e s s o r  of A g ro n o m y , U tah  
S ta te  U n iv e rs i ty , L o g an , U tah .
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T h e s e  a n c ie n t  e v id e n c e s  f ro m  th e  S a lt  R iv e r  V a lle y  p o in t ou t 

so m e  of th e  im p o r ta n t  p ro b le m s  r e s u l t in g  f r o m  p o o r m a n a g e m e n t of 

s o i l  a n d  p ro b le m s  of a  s u s ta in e d  a g r i c u l tu r e  b a s e d  on i r r i g a t io n .

T h e se  p ro b le m s  a r e :  (1) s a l t  a c c u m u la t io n  in  th e  s o i l ,  (2) r e d u c t io n  

of th e  w a te r  in f i l t r a t io n  r a t e  in to  th e  s o i l  b e c a u s e  o f s i l t  a n d  s a l t  th a t  

th e  w a te r  d e p o s its  in  th e  s o il ,  a n d  (3) th e  d e te r io r a t io n  a n d  lo s s  of 

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

A r iz o n a  I r r i g a t e d  A g r ic u l tu r e

. \ l
T he  d e v e lo p m e n t o f i r r i g a t e d  a g r ic u l tu r e  in  th e  S ta te  of 

A r iz o n a  h a s  b een  in f lu e n c e d  by  th e  fo llo w in g  f a c to r s :  p h y s io g ra p h y , 

c l im a te ,  a n d  g eo lo g y . T h e s e  f a c to r s  c o n tro l  th e  to p o g ra p h y , p r e ­

c ip i ta t io n , s o i l  g e n e s is  a n d  m o rp h o lo g y , a n d  th e  o c c u r r e n c e  of s u r ­

fa c e  a n d  g ro u n d  w a te r  a n d  h a v e  lo c a l iz e d  th e  d e v e lo p m e n t o f i r r i g a t e d  

a g r ic u l tu r e  th ro u g h o u t th e  s t a t e  (26, 66, 67). In  tu rn ,  th e  w h o le  

s ta t e  c a n  be  d iv id e d  in to  th r e e  a r e a s  b a s e d  on  to p o g ra p h y , g eo lo g y  

a n d  th e  o c c u r r e n c e  of s u r f a c e  a n d  g ro u n d  w a te r  (66, 67). T h e  l a t t e r  

a r e a s ,  o r  p ro v in c e s ,  show n  on F ig u r e  1 a r e :  (1) th e  P la te a u  U p lan d s , 

(2) th e  C e n t r a l  H ig h la n d s , a n d  (3) th e  B a s in  a n d  R an g e  L o w la n d s .

S in ce  b o th  th e  P la te a u  U p lan d s a n d  th e  C e n t r a l  H ig h la n d s  

h a v e  l im i te d  a g r ic u l tu r e ,  a lth o u g h  n o t l im i te d  f r o m  s a l in i ty  o r  s a l t -  

a f fe c te d  s o i l  p ro b le m s ,  th e  b u lk  o f th is  d is c u s s io n  w ill  c e n te r  a ro u n d  

th e  s t a t e 's  a g r i c u l tu r a l  a r e a  w h ic h  i s  th e  B a s in  a n d  R a n g e  L o w la n d s .
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Figure 1. Physiographic Provinces of the State of Arizona.



A c c o rd in g  to W hite  (66), a b o u t 80 p e r c e n t  of th e  p o p u la tio n  a n d  m o re  

th a n  90 p e r c e n t  of th e  i r r i g a t e d  a c r e a g e  of A r iz o n a  a r e  c o n c e n tr a te d  

in  th e  l a t t e r  p ro v in c e , w h ich  c o n s t i tu te s  m o re  th a n  45 p e r c e n t  of th e  

to ta l  a r e a  of th e  s ta te .

T he s o u th e rn  a n d  w e s te r n  p a r t s  of th e  s ta t e  c o m p o se  th e  

d e s e r t  r e g io n . In  th is  re g io n , i s o la te d  n o r th w e s t  t r e n d in g  m o u n ta in  

r a n g e s  a r e  s e p a r a te d  by b road , a n d  n a r ro w , g e n tly  s lo p in g  a l lu v ia l  

v a l le y s  w ith  v e r y  d eep  u n c o n s o lid a te d  s e d im e n ts  up to s e v e r a l  th o u ­

sa n d  f e e t  in  th ic k n e s s  (26). T h e s e  v a l le y s  c o n ta in  m u c h  of th e  la n d  

in  A r iz o n a  th a t  i s  s u i ta b le  fo r  a g r i c u l tu r e .

G e o lo g ic a lly , the  v a l le y s  o f th e  d e s e r t  r e g io n s  a r e  h ig h ly  

s u ita b le  fo r  i r r i g a t e d  a g r i c u l tu r e .  T he a l lu v ia l  f i l l s  in  th e  v a l le y s  

a r e  c o m p o se d  of p o o r ly  c o n s o l id a te d  g ra v e l ,  san d , s i l t ,  a n d  c la y  a n d  

so m e  c a l ic h e .  G ro u n d w a te r  i s  o b ta in a b le  in  m o s t  p la c e s ,  d ra in a g e  

i s  good, a n d  s u f f ic ie n t  l im e  i s  p r e s e n t  to m a in ta in  th e  s o i ls  in  good  

c o n d itio n  e x c e p t u n d e r  p ro b le m  c o n d itio n s  (26).

T he c l im a te  of A r iz o n a , e s p e c ia l ly  in  th e  s o u th e r n  p a r t  of 

th e  s ta te ,  i s  s e m i - a r id .  A c c o rd in g  to  W h ite  (67), ro u g h ly  h a lf  th e  

s ta te  r e c e iv e s  l e s s  th a n  10 in c h e s  of r a in f a l l  a n n u a lly . W ith  th e  

e x c e p tio n  of l im i te d  r a in f a l l ,  th e  r e g io n  i s  h ig h ly  f a v o ra b le  fo r  

f a rm in g . T he g ro w in g  s e a s o n  i s  long  a n d  th e  t e m p e r a tu r e  v a r i e s  

l i t t l e .  T he  long  ho t s u m m e r  d ay s  g iv e  a n  id e a l  e n v iro n m e n t f o r  su c h
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c ro p s  a s  co tto n , a l f a lf a ,  s o rg h u m , b a r le y ,  c o rn , w h e a t, v e g e ta b le s ,  

g r a p e f r u i t ,  o ra n g e s , le m o n s , a n d  c r o p s  of l e s s e r  im p o r ta n c e  (26).

Due to th e  d e v e lo p m e n t of s o i ls  u n d e r  l im i te d  r a in f a l l ,  h ig h  

t e m p e r a tu r e s ,  a n d  s p a r s e  v e g e ta t io n , in  m a n y  c a s e s ,  s a l t  p ro b le m s  

w e re  in h e r e n t  in  so m e  of th e  s o u th e r n  A r iz o n a  s o i l  in  i t s  v i r g in  s ta t e .  

M o re  s e r io u s  p ro b le m s  h a v e  a r i s e n  s in c e  th e  la n d  w as  p la c e d  u n d e r  

c u lt iv a tio n . In  m o s t  c a s e s ,  th e s e  l a t t e r  p ro b le m s  h a d  d e v e lo p e d  f ro m  

a  f a i lu r e  to  fu lly  a p p r e c ia te  th e  c o n d itio n s  th a t  a r i s e  w hen  s o lu b le  s a l t s  

a n d  so d iu m  io n s  in  i r r i g a t io n  w a te r s  a n d  th e i r  s u b s e q u e n t  a c c u m u la t io n  

in  s o i l  a r e  n o t c o n t r o l le d  (39)-

I t  c a n  r e a d i ly  b e  s e e n  f r o m  th e  fo re g o in g  d is c u s s io n  th a t  a l ­

th o u g h  i r r i g a t i o n  h a s  b e e n  p r a c t i c e d  fo r  m a n y  c e n tu r ie s ,  m o s t  of th e  

e a r ly  p r o je c t s  no lo n g e r  e x is t .  S o m e  of th e m  c a m e  to a n  en d  b e c a u s e  

w a te r  s u p p lie s  f a i le d  o r  b e c a u s e  i r r i g a t i o n  w o rk s  w e r e  d e s t r o y e d  by 

in v a d in g  a r m ie s  (58). M any, h o w e v e r , h av e  to  be a b a n d o n e d  b e c a u s e  

th e  la n d  b e c a m e  w a te r - lo g g e d  o r  too  h e a v ily  c h a r g e d  w ith  s a l t s  a n d  

so d iu m  to g ro w  c ro p s  s u c c e s s f u l ly .  P o o r  d ra in a g e ,  o v e r  i r r ig a t io n ,  

th e  u s e  o f p o o r  q u a li ty  w a te r s ,  a n d  s e e p a g e  f ro m  c a n a ls  a l l  c o n t r ib ­

u te d  to  th e  f a i lu r e  of th e s e  p r o j e c t s .  T o day , th e  s a m e  f a c to r s  a r e  

c a u s in g  m u c h  i r r i g a t e d  la n d  to  b e c o m e  w a te r - lo g g e d  o r  too  s a l ty  a n d  

so d ic  fo r  s u c c e s s f u l  f a rm in g  (58 , 61).

19
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Q u a lity  o f I r r ig a t io n  W a te r

A ll n a tu r a l  w a te r s  u s e d  fo r  i r r i g a t io n  c o n ta in  d is s o lv e d  i n ­

o rg a n ic  s a l t s  w h ich  a r e  d e r iv e d  o r ig in a l ly  f ro m  the  r o c k s  o r s o l id  

p h a s e  m a te r i a l s  th ro u g h  w h ic h  w a te r  p e r c o la te s .  The d is s o lv e d  i n ­

o rg a n ic  s a l t s  fo u n d  in  w a te r  d e te r m in e  i t s  q u a li ty  a n d  th u s  s e t  th e  

w a te r  a p a r t  f ro m  o th e r s  th ro u g h  a  c la s s i f i c a t io n  s y s te m . I t  sh o u ld  

be re c o g n iz e d  th a t  w h ile  th e  c la s s i f i c a t io n  of i r r i g a t i o n  w a te r ,  w ith  

r e s p e c t  to  q u a lity , s e r v e s  a  u s e fu l  p u rp o s e ,  too  r i g i d  a  d e p en d e n c e  

i s  u n w a r ra n te d  (16, 29). S in c e  c ro p  p ro d u c tio n  i s  the  m a in  c o n c e rn  

in  i r r i g a t e d  a g r ic u l tu r e ,  th e  u s e f u ln e s s  a n d  u l t im a te  c r i t e r i o n  of th e  

q u a lity  of w a te r  i s  i t s  e f fe c t  on  th e  p la n ts  an d , of c o u r s e ,  th e  s o i l  on 

w h ic h  i t  i s  u s e d  (16, 68).

C la s s i f ic a t io n

In  d e te rm in in g  th e  q u a li ty  of i r r i g a t i o n  w a te r ,  th e  m o s t  

im p o r ta n t  c h a r a c t e r i s t i c s  to  b e  c o n s id e r e d  a r e :  (1) th e  to ta l  s o l ­

u b le  s a l t s ,  (2) th e  p e r c e n t  so d iu m , (3) th e  c o n c e n tra t io n  of b o ro n ,

(4) th e  b ic a rb o n a te  c o n te n t, w h ich  h a s  b e en  q u e s tio n e d , a n d  (5) 

u n d is s o lv e d  s o l id s .  I f  th e  c ro p  to  b e  i r r i g a t e d  i s  s p e c i f ic a l ly  

s e n s i t iv e  to c h lo r id e  o r  so d iu m , s p e c ia l  c o g n iz a n c e  of th e s e  io n s  

m a y  be r e q u i r e d  (29).
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T o ta l S o lu b le  S a lt

T h e  to ta l  so lu b le  s a l t s ,  TSS, i s  c o m m o n ly  m e a s u r e d  a s  

e l e c t r i c a l  c o n d u c ta n c e  w h ic h  i s  g iv e n  in  m ic ro m h o s  p e r  c e n t im e te r ,

EC  x  10^. A s a n  in d e x  of th e  to ta l  s a l t  c o n te n t of i r r i g a t io n  w a te r ,  in  

g e n e r a l ,  w h en  th e  e l e c t r i c a l  c o n d u c tiv ity  e x c e e d s  3, 000 m ic ro m h o s  p e r  

c e n t im e te r ,  a c c u m u la t io n  of s a l t s  p ro b a b ly  w ill  be  h a rm fu l  (29). T he 

to ta l  c o n c e n tr a t io n  of s a l t s  m a y  b e  e x p r e s s e d  a s  p a r t s  p e r  m il l io n  

(p. p .m .  ), to n s  p e r  a c r e  fo o t, o r m i l l ie q u iv a le n t  p e r  l i t e r  by  u s in g  th e  

p r o p e r  c o n v e r s io n  f a c to r s  (69, 70, 71, 72).

S odium  H a z a rd

• ‘  - i

T he s e c o n d  c r i t e r i o n  of w a te r  q u a li ty  i s  im p o r ta n t  b e c a u s e  a  

h ig h  p ro p o r t io n  of so d iu m  in  i r r i g a t i o n  w a te r  r e s u l t s  in  a  h ig h  p r o ­

p o r t io n  o f so d iu m  in  th e  s o i l  s o lu t io n  a n d  on th e  e x ch a n g e  c o m p le x  of 

th e  s o i l  (16, 19, 68). A d v e r s e  c h a n g e s  in  th e  p h y s ic a l  p r o p e r t i e s  of 

th e  s o i l  r e s u l t  f ro m  a c c u m u la t io n  of so d iu m  in  th e  ex ch an g e  c o m p le x . 

H igh  so d iu m  s o i ls  te n d  to  b e c o m e  p u d d le s  o r d i s p e r s e d  a n d  th e i r  

p e r m e a b i l i ty  i s  u s u a lly  d e c r e a s e d .  O ne m e th o d  fo r  in d ic a t in g  th e  

so d iu m  h a z a r d  of i r r i g a t i o n  i s  th e  s o lu b le - s o d iu m  p e r c e n ta g e ,  SS P . 

T h is  t e r m  i s  a l s o  r e f e r r e d  to  a s  th e  p e r c e n t  so d iu m , o r  so d iu m  

p e r c e n ta g e .  I t  i s  a  c a lc u la te d  v a lu e  a n d  i s  d e f in e d  by  th e  fo llo w in g  

e q u a tio n  in  w h ich  th e  c o n c e n tr a t io n s  a r e  in  m e q . /L .



22

S S P  = S o lu b le  S odium  C o n c e n tra t io n  X I 00 
T o ta l  C a tio n  C o n c e n tra t io n

V  V.

T h is  i s  u s e fu l in  c h a r a c te r i z in g  a  w a te r ,  s in c e  a  h ig h  v a lu e  

in d ic a te s  a  s o f t  w a te r  a n d  a  low  v a lu e  in d ic a te s  a  h a r d  w a te r .  No 

p r e c i s e  l im i t s  fo r  so d iu m  p e r c e n ta g e  c a n  be s e t  b e c a u s e  s o i ls  of d if ­

f e r e n t  ty p e s  r e a c t  d if f e r e n t ly  to w a te r  of a  g iv en  so d iu m  c o n te n t; bu t

i f  th e  p e r c e n t  o f so d iu m  i s  l e s s  th a n  60, i t  i s  n o t l ik e ly  th a t  t ro u b le

w ill  b e  e n c o u n te re d  (29, 40).

A  m o r e  s a t i s f a c to r y  in d ic a to r  o f th e  so d iu m  h a z a r d  o f i r r i g a ­

tio n  w a te r  i s  th e  s o d iu m - a b s o r p t io n - r a t io ,  SAR, a s  d e f in e d  by the  f o l ­

low ing  e q u a tio n  in  w h ic h  th e  c o n c e n tr a t io n s  a r e  e x p r e s s e d  in  m e q . / L .

SAR = Na+________

\ / Ca++ Mg++

- . . 2

I t  h a s  b e e n  show n th a t  w h en  th e  i r r i g a t i o n  w a te r  a n d  th e  s o il  so lu tio n  

a r e  in  e q u il ib r iu m , th e r e  i s  a  s ig n if ic a n t  r e la t io n s h ip  b e tw ee n  th e  SAR 

of th e  i r r i g a t io n  w a te r  a n d  th e  e x c h a n g e a b le - s o d iu m -p e rc e n ta g e ,  E S P . 

T h e re fo re ,  by  know ing  th e  SAR of th e  i r r i g a t i o n  w a te r ,  i t  i s  p o s s ib le  

to  m a k e  a  r e a s o n a b le  e s t im a te  of th e  r e s u l t in g  E S P  (9, 40 , 63, 68).

T h e re  a r e  fo u r  c l a s s e s  of i r r i g a t io n  w a te r  b a s e d  on  SAR 

v a lu e s  w ith  m a jo r  d iv is io n s  a t  10, 18, a n d  26. S uch  v a lu e s  a r e  

b a s e d  p r im a r i l y  w ith  r e s p e c t  to th e  e f fe c t  of so d iu m  on th e  s o i l  (29,

36, 55, 63, 68, 69, 70, 71).
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51 -  L o w -so d iu m  w a te r .  T h is  w a te r  c a n  be  u s e d  fo r  m o s t  

s o i ls  w ith  l i t t l e  c h a n c e  of a  so d iu m  h a z a r d  d e v e lo p in g , a lth o u g h  so m e  

so d iu m  s e n s i t iv e  c ro p s  m a y  be in ju r e d .

52 -  M e d iu m -so d iu m  w a te r . T h is  w a te r  m a y  be  u s e d  on s o i ls  

w ith  good  p e r m e a b i l i ty ,  b u t w il l  p r e s e n t  a  so d iu m  h a z a r d  on  f in e -  

te x tu r e d  s o i ls  w ith  a  h ig h  c a t io n  e x c h a n g e  c a p a c ity .

53 -  H ig h -so d iu m  w a te r . M o st s o i ls  w ill  r e q u i r e  s p e c ia l  

m a n a g e m e n t i f  th is  ty p e  of w a te r  i s  u se d . C ro p s  m u s t  be  s e le c te d  

w ith  r e g a r d  to  th e i r  so d iu m  to le r a n c e .

54 -  V e ry  h ig h -s o d iu m  w a te r .  T h is  w a te r  i s  g e n e r a l ly  u n -
. ' J

s a t i s f a c to r y  a n d  c a n  be  u s e d  o n ly  in  s p e c ia l  c a s e s .

T he  S a lin ity  L a b o r a to r y  S ta ff (63) h a s  p r e p a r e d  a n o th e r

c la s s i f ic a t io n  of i r r i g a t io n  w a te r  b a s e d  on th e  in te g r a t io n  of e l e c t r i -  
" ' ; . * • . : 

c a l  c o n d u c ta n c e  a n d  th e  SAR. T h is  r e la t io n s h ip  b e tw ee n  th e  EC  a n d

th e  SAR i s  show n  by the  d ia g ra m  in  F ig u r e  2.
: ■ ' • , . : ' S .

B orcm  C o n ten t

\  ■ .

B o ro n , a s  a  f a c to r  in  w a te r  q u a lity , h a s  b e e n  in v e s t ig a te d

e x te n s iv e ly  by E a to n , S c o fie ld , W ilco x , a n d  o th e r s  (19, 21, 52, 53,
.. . . . . . / v . o .  ■■ . . ___

54, 71, 72). W hen i r r i g a t io n  w a te r  c o n ta in in g  b o ro n  i s  a llo w e d  to  

flow  th ro u g h  s o il ,  s o m e  of th e  b o ro n  i s  a b s o r b e d  by th e  s o i l  u n til  th e  

a b s o r b e d  b o ro n  a n d  th e  d is s o lv e d  b o ro n  in  th e  c o n c e n tr a t io n s  of th e  

i r r i g a t io n  w a te r  a n d  th e  s o i l  s o lu t io n  a r e  in  e q u i l ib r iu m . If  w a te r
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h av in g  a  Lower c o n c e n tra t io n  of b o ro n  i s  th en  a p p lie d , d e s o rp t io n  of 

b o ro n  o c c u r s  u n til a  new  e q u il ib r iu m  b e tw ee n  d is s o lv e d  a n d  a b s o r b e d  

i s  e s ta b l is h e d .  , .

C o n c e n tra t io n  of b o ro n  a s  low  a s  0. 67 p . p . m . m a y  be to x ic  

to  th e  m o s t  s e n s i t iv e  c r o p s ,  a n d  e v en  th e  m o s t  to le r a n t  c r o p s  a r e  

Likely to  be in ju r e d  w h e re  w a te r  c o n ta in in g  b o ro n  in  e x c e s s  of 2 to  

3 p . p . m . i s  u s e d  fo r  i r r i g a t i o n  (71, 72). In  A r iz o n a , th e  b o ro n  

to x ic ity  p ro b le m  i s  n o t c a u s e d  by e x c e s s iv e  c o n c e n tr a t io n  o f b o ro n  

in  th e  s o i ls ,  b u t r a t h e r  by e x c e s s iv e  a m o u n ts  in  th e  i r r i g a t io n  

w a te r  (54). . . : . , :

C a rb o n a te s  a n d  H c a r b o n a te s

A c c o rd in g  to  E a to n  (20) a s  w a te r ,  c o n ta in in g  C a ^  an d  

HCOg io n s  e v a p o r a te s ,  C O2 i s  Lost f r o m  th e  s y s te m  a n d  C aC O ^

(so lid )  p r e c ip i t a t e s  a c c o rd in g  to  th e  fo llo w in g  r e a c t io n :  .

C a++ + 2 H C O ------ —*  C a C 0 3 (so lid )  + H^O + CO^ d

T h u s a c c o rd in g  to  th e  ab o v e  e q u a tio n , w hen  a  s o i l  c o n ta in in g  s o l ­

u b le  Ca"1"*" a n d  H C O - io n s  d r i e s  o u t, C aC O g (so lid )  i s  p r e c ip i ta te d ,  

a n d  th e  r a t i o  of Na+ to  G a b i o n s  in  th e  s o i l  so lu tio n  i n c r e a s e s ,  th e  

S A R  i n c r e a s e s  a n d  th e  s o i l  pH  a ls o  i n c r e a s e s .  E a to n  (19, 20) h a s , 

th e r e f o r e ,  s u g g e s te d  th r e e  c a lc u la te d  v a lu e s  upon  w h ich  i r r i g a t io n  

w a te r s  sh o u ld  be  e v a lu a te d  a n d  th e s e  a r e  e x p r e s s e d  in  m e q . /L .  c o n ­

c e n tr a t io n .  T h e se  v a lu e s  a r e  fo u n d  in  th e  l i t e r a t u r e  a s  (1) " th e
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so d iu m  p e rc e n ta g e  found , ” (2) " th e  p o s s ib le  so d iu m  p e r c e n ta g e ,  " a n d  

(3) " th e  r e s id u a l  so d iu m  c a rb o n a te . "

H o w ev e r, w ith in  th e  l a s t  few  y e a r s ,  o th e r  w o r k e r s  (1, 3, 4,

59) h a v e  v ie w e d  th e  c o n c e p t of r e s id u a l  so d iu m  c a r b o n a te  a n d  p o s s ib le  

so d iu m  p e r c e n ta g e  in  f ie ld  s o i ls  a s  p ro p o s e d  by E a to n  a s  of c o n t r o ­

v e r s i a l  n a tu r e .  T h o rn e  a n d  T h o rn e  (59) c o u ld  n o t f in d  a n y  s ig n if ic a n t  

c o r r e la t io n  b e tw ee n  c a r b o n a te  a n d  b ic a r b o n a te  of i r r i g a t io n  w a te r s .  

B ab co ck  e t a l .  (3) in  ly s im e te r  s tu d ie s  sh o w e d  th a t  th e  e s t im a t io n  of 

th e  e x c h a n g e a b le  so d iu m  p e r c e n ta g e  in  e q u il ib r iu m  w ith  a  g iv e n  i r r i g a ­

tio n  w a te r ,  b a s e d  on e x ch an g e  e q u a tio n s  o r  o n  E a to n rs p r in c ip le ,  m a y  

n o t s e r v e  to  p r e d ic t  f i e ld  b e h a v io r  w h en  a  c r o p  i s  g ro w n . A rg a w a l 

e t  a l .  (1) c o n c lu d e d  th a t  c a n a l  w a te r  in  In d ia  p r e s e n t s  l e s s  s a l t  a n d  

so d iu m  h a z a r d  th a n  th e  w e ll w a te r s  in  th e  s ta te .  H o w ev e r, p ro lo n g e d  

u s e  of th e  l a t t e r  w e ll  w a te r s  h a s  n o t b e e n  a s  d am ag in g  a s  th e  c a lc u ­

la te d  r e s id u a l  a lk a U n ity ((H C O j- + CO ^” ) - Ca"*""*" + Mg"*"*") a n d  th e  p o s s i ­

b le  so d iu m  p e rc e n ta g e ,  N a + /( ( to ta l  c a t io n s )  -  HCO^"* + C O ^ ), w ou ld  

le a d  one to  e x p e c t.

E a to n 's  r e s id u a l  so d iu m  e q u a tio n  h a s  b e en  u s e d  to  c la s s i f y  

w a te r s  w ith  h ig h  c a r b o n a te  a n d  b ic a r b o n a te  c o n te n t a s  fo llo w s : th o s e  

w ith  m o r e  th a n  2. 5 m e q . /L>. r e s id u a l  c a r b o n a te  a r e  u n s u i te d  fo r  

i r r i g a t io n  p u r p o s e s ,  1 .2 5  to  2. 5 m e q . • a r e  m a r g in a l ,  a n d . le s s  th a n  

1 .2 5  m e q . / L .  a r e  p ro b a b ly  s a fe  (69, 70, 71, 72). . '
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T h e  E f fe c t  of I r r ig a t io n  W a te r  on S o il

In  m a n y  in s ta n c e s ,  s a l in i ty  a n d  so d iu m  p ro b le m s  d e v e lo p e d  

a f te r  th e  la n d  w as  p u t u n d e r  i r r ig a t io n ,  a n d  in  s u c h  in s ta n c e s ,  s a l i n ­

i ty  of th e  i r r i g a t io n  w a te r  i s  o b v io u s ly  a  c o n tr ib u tin g  f a c to r .  O th e r  

f a c to r s  w h ich  in f lu e n c e  s a l in i ty  e f fe c ts  a r e  th e  c o n c e n tr a t io n  a n d  

c o m p o s itio n  of s a l t s  in  th e  i r r i g a t i o n  w a te r s ,  a d e q u a c y  of s o i l  p e r m e ­

a b il i ty ,  a n d  d ra in a g e , m a n a g e m e n t p r a c t i c e s ,  a n d  in h e r e n t  s o il  

c h a r a c t e r i s t i c s  (8, 9, 10, 14, 17, 19, 28, 29, 33, 36, 44 , 52, 61,

63, 68).

C o n tin u e d  a p p l ic a t io n  of i r r i g a t i o n  w a te r  to  s o i ls  p ro d u c e s  

m a n y  c h e m ic a l  a n d  p h y s ic a l  c h a n g e s  a n d  m a y  p ro fo u n d ly  a f fe c t  th e  

s o i l 's  p ro d u c t iv i ty . C h a p m a n  a n d  H a rd in g  (14) l i s t  th e  fo llo w in g  

e f fe c ts  of i r r i g a t i o n  w a te r  on s o i l :  (a) i n c r e a s e  th e  c o n c e n tr a t io n  of 

s a l t s  in  th e  s o i l  so lu tio n  v a r i a b le  w ith  dep th ; (b) th e  d e p o s i ts  of c a l ­

c iu m  a n d  m a g n e s iu m  c a r b o n a te s ,  c a lc iu m  s u lfa te  a n d  s i l i c a te s  on 

s o i l  m in e r a l s  a n d  r o o ts .u n d e r  so m e  c o n d itio n s ; (c) an  i n c r e a s e  of . 

so d iu m  on th e  e x c h a n g e  c o m p le x ; (d) th e  g e n e r a t io n  of so d iu m  c a r ­

b o n a te  in  so m e  c a s e s ;  (e) a  c h an g e  in  th e  s o i l  pH; (f) d e c r e a s e d  

a v a i la b i l i ty  of i r o n ,  z in c , c o p p e r  a n d  m a n g a n e s e ; (g) i n c r e a s e  in  c e r ­

ta in  to x ic  e le m e n ts  su ch  a s  b o ro n , l i th iu m  a n d  th o r iu m ; (h) c h a n g e s  

in  s o i l  f lo r a ,  a n d  (i) c h a n g e s  in  s o i l  s t r u c t u r e  p e r m e a b i l i ty .
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C . A . B ow er of th e  U. S. S a lin ity  S ta ff (8), s t a t e s  th a t  th e  

p r in c ip a l  d i r e c t  e f fe c ts  of i r r i g a t i o n  on s o i ls  m a y  be g ro u p e d  in to  tw o 

c a te g o r ie s :  ' • • • ■•

(a) e f fe c ts  upon  th e  c o n c e n tra t io n  of th e  s o i l  so lu tio n .

(b) e f fe c ts  upon th e  c o m p o s i t io n  o f th e .d is s o lv e d  a n d  a d s o r b e d  

c o n s t i tu e n ts .

C o n c e n tra t io n  of th e  S o il S o lu tio n s

T he  r e la t io n  b e tw e e n  th e  c o n c e n tr a t io n  of th e  to ta l  d is s o lv e d  

c o n s t i tu e n ts  in  th e  i r r i g a t i o n  w a te r  a n d  th a t  in  th e  s o i l  so lu tio n  of th e  

r o o t  zo n e , i s  d e te r m in e d  p r i m a r i l y  by th e  f r a c t io n  of th e  a p p lie d  w a te r  

w h ich  p a s s e s  th ro u g h  th e  r o o t  z o n e , a n d  th e  w a te r  c o n te n t of th e  s o i l  

(8). B o th  of th e  l a t t e r  tw o a r e  in  tu r n  in f lu e n c e d  by  th e  f r e q u e n c y  a n d  

a m o u n t of w a te r  a p p l ic a t io n  in  r e l a t io n  to th a t  lo s t  to  th e  a tm o s p h e re  

by e v a p o tr a n s p ir a t io n ,  th e  p o s i t io n  o f th e  g ro u n d  w a te r  ta b le , a n d  th e  

p e r m e a b i l i ty  of th e  s o i l .  A  w a te r  of good  q u a lity  m a y  c a u s e  tro u b le  

w hen  im p r o p e r ly  u s e d  o r  w hen  a p p lie d  to a  v e r y  im p e r m e a b le  s o i l ,  

w h ile  a  w a te r  of r e la t iv e ly  p o o r  q u a li ty  m a y  p ro d u c e  goo d  r e s u l t s  

w hen  p r o p e r ly  u s e d  on  a  p e r m e a b le ,  w e l l - d r a in e d  s o i l  (4). T h u s , fo r  

a  g iv e n  i r r i g a t io n  w a te r ,  th e  c o n c e n tra t io n  o f th e  s o i l  so lu tio n  m a y  

v a r y  g r e a t ly  d ep en d in g  upon w a te r  m a n a g e m e n t p r a c t i c e s ,  a n d  s o i l  

d ra in a g e  c o n d itio n s .
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j T h e  p r o p e r  r a t e  of w a te r  a p p lic a t io n  i s  d e te r m in e d  by th e

c ro p  r e q u i r e m e n t  fo r  w a te r  a n d  th e  le a c h in g  r e q u i r e m e n t  (4). . If  th e

m a x im u m  p e r m is s ib le  le v e l  o f s o i l  s a l in i ty , in  t e r m s  of th e  EC  of th e

s a tu r a t io n  e x t r a c t ,  i s  E C dw , a n d  c o n d u c tiv ity  of th e  i r r i g a t io n  w a te r ,

E C iw , th en , le a c h in g  r e q u i r e m e n t ,  L R  = T h u s , th e  T e a ch in g
E C dw

r e q u i r e m e n t  m a y  be  c a lc u la te d  f ro m  k n o w led g e  of th e  i r r i g a t io n  w a te r  

a n d  th e  p e r m is s ib le ic o n c e n t r a t io n  o f th e  d ra in a g e  w a te r  w h ich  i s  

a p p ro x im a te ly  e q u a l to th e  c o n c e n tr a t io n  of th e  s o i l  s o lu tio n . F r o m  a  

th e o r e t ic a l  s ta n d p o in t. B o w er (8) s t a t e s  th a t  s in c e  the  a b o v e  c o n c e p t 

i s  b a s e d  on th e  p r in c ip le s  o f s a l t - b a la n c e  a n d  s te a d y - s ta te  w a te r  flow  

r a t e s ,  th e  ab o v e  e q u a tio n  c a n  be u s e d  to  p r e d ic t  a n d  c a lc u la te  th e  

e ffe c t  o f i r r i g a t io n  w a te r  o n  th e  s o i l  so lu tio n  of a  g iv e n  d e p th  a ro u n d  

th e  r o o t  zo n e .

C o m p o s itio n  of D isso lv e d  and  A d so rb e d  C o n s ti tu e n ts

B ow er (8) e x p la in s  th a t  in  p re d ic t in g  th e  e f fe c ts  of i r r i g a t i o n  

w a te r  on  th e  c o m p o s itio n  of th e  d is s o lv e d  a n d  a d s o r b e d  c o n s t i tu e n ts  of 

s o i ls :  " I t  i s  u s e fu l to  c o n s id e r  th e  i r r i g a t io n  of a  s o i l  to  be  a  c o lu m n  

p r o c e s s  in v o lv in g  the  a d s o r p t io n  a n d  e x ch a n g e  o f .c o n s t i tu e n ts  d u rin g  

th e  dow n flow  of w a te r .  "

Brooks* e t  a l .  (10) h a v e  s u c c e s s f u l ly  a p p lie d  a  c a t io n  e x ch a n g e  

th e o ry , d e v e lo p e d  fo r  e x ch a n g e  c o lu m n s , to  a  s o i l  in  a  f ie ld  s i tu a t io n . 

M e a s u re d  v a lu e s  of c a lc iu m , m a g n e s iu m , a n d  so d iu m  in  a  s o i l  so lu tio n
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s a m p le d  a s  a  fu n c tio n  of th e  d e p th  of w a te r  a p p lie d , a g r e e d  w e ll w ith  

th e  th e o ry . H o w ev e r, th e  e x a c t s o lu tio n  o f th e  T h o m a s - H ie s te r -  

V e rm e u le n , w h ich  in c lu d e s  th e  l a t t e r ,  a r e  c o m p le x  a s  th e y  c o n ta in  . 

fu n c tio n s  w h ich  m u s t  be  e v a lu a te d  n u m e r ic a l ly ;  m o r e o v e r ,  th e  u s e s  o f 

th e  e q u a tio n s  r e q u i r e  v a lu e s  fo r  s o i l  p r o p e r t i e s  th a t  m u s t  b e  o b ta in e d  

by d i r e c t  d e te r m in a t io n .  F o r  th e  im p o r ta n t  c a s e  w h e re  a  h ig h  so d iu m  

i r r i g a t io n  w a te r  i s  a p p lie d  to  a  s o i l  in i t i a l ly  p r e s e n t ,  th e  e q u a tio n  

sh o w s c o n s id e r a b le  p r o m is e .  I t  i s  w e ll to k e e p  in  m in d , h o w e v e r , th a t ,  

t h e r e  i s  a  d iv e rg e n c e  b e tw ee n  th e  r e s u l t s  f r o m  f ie ld  s tu d ie s  a n d  th o s e  

c a lc u la te d  f r o m  th e o r e t ic a l  e q u a tio n s  (8).

T he le n g th  o f t im e  n e c e s s a r y  to  e s ta b l i s h  e q u il ib r iu m  b e tw e e n  

i r r i g a t io n  w a te r  a n d  s o il  s e e m s  to  b e  of im p o r ta n c e  i f  d a ta  w h ich  w ill  

a c tu a l ly  show  c h a n g e s  in  c h e m ic a l  a n d  p h y s ic a l  c h a r a c t e r i s t i c s  o f 

s o i ls  in  th e  f ie ld  a r e  to  be  e x p e c te d . D a ta  of L e w is  a n d  Ju v e  (33), 

in  T e x a s , in d ic a te d  th a t in  one  s o i l  th e  p r o c e s s  o f th e  e s ta b l is h m e n t  

o f e q u il ib r iu m  b e g an  o n ly  a f t e r  a  tw o -y e a r  p e r io d .  T h e  r e s u l t  of 

w o rk  a t  th e  S a ffo rd  E x p e r im e n ta l  S ta tio n  sh o w s th a t  e q u il ib r iu m  

i s  e s ta b l i s h e d  in  l e s s  th a n  tw o y e a r s  u n d e r  c o n d itio n s  of a d e q u a te  

d ra in a g e .  M e G e o rg e , B r e a z e a le ,  a n d  B l is s  (40) fo u n d  th a t  tw o 

y e a r s  of i r r i g a t io n  w ith  a  w a te r  h a v in g  a  c o n d u c ta n c e  of 6 m il l im h o s  

p e r  c e n t im e te r  a n d .a  so d iu m  p e r c e n ta g e  o f a b o u t 83, i n c r e a s e d  th e  

e x c h a n g e a b le  so d iu m  p e r c e n ta g e  of s o i l  on th e  S a ffo rd  f a r m  f r o m  a b o u t 

10 p e r c e n t  to  n e a r  th e  e q u i l ib r iu m  v a lu e  of 25 p e r c e n t .  H o w ev e r, th e



31

s tu d ie s  of L o n g e n e c k e r  a n d  L yerL y  (34), in  T e x a s , sh o w ed  th a t  one s o il  

a p p ro a c h e d  e q u il ib r iu m  o n ly  a f te r  a  f iv e  to s e v e n  y e a r  p e r io d .  T he  

w o r k e r s ,  h o w e v e r , c o n c lu d e d  th a t u n d e r  f ie ld  c o n d itio n s , th e  r e l a t iv e  

r e l a t io n  b e tw e e n  w a te r  c o m p o s itio n  a n d  s o il  p r o p e r t i e s  i s  u n r e l ia b le  

a n d  of l i t t l e  v a lu e  in  p r e d ic t in g  th e  c h e m ic a l  s ta tu s  of i r r i g a t e d  

g y p s ife ro u s  s o i ls  of w e s t  T e x a s . <. .

D oneen  a n d  H e n d e rs o n  (17) h a v e  o b ta in e d  in te r e s t in g  d a ta  

th a t  show  th e  e f fe c ts  of i r r i g a t i o n  w a te r  on s o i l  c h a r a c t e r i s t i c s .  T h e s e  

w o r k e r s  sh o w ed  th a t  th e  c o n c e n tr a t io n  of e l e c t r o ly te s  in  th e  w a te r  h a s  

a  m a r k e d  e f fe c t  on  th e  in f i l t r a t io n  r a t e .  T he b ic a r b o n a te  w a te r s  p r e ­

c ip i ta te d  out l im e , a n d  in c r e a s e d  th e  e x c h a n g e a b le  so d iu m  p e r c e n ta g e s  

of th e  s o i ls .

T he in d i r e c t  e f fe c ts  o f i r r i g a t i o n  a r e  m a n y  a n d  v a r ie d .  Som e 

of th e  m o s t  im p o r ta n t  e f fe c ts  a r e :  th e  d e c r e a s e d  a b s o r p t io n  of w a te r  

by p la n t  r o o ts  a s  th e  c o n c e n tr a t io n  o f th e  s o i l  so lu tio n  in c r e a s e s  (24,

46, 58). T h e  d e te r io r a t io n  of th e  p h y s ic a l  c o n d itio n  of th e  s o i l s  a s  a  

c o n se q u e n c e  of th e  a d s o r p t io n  of so d iu m  (63), a n d  th e  s p e c if ic  to x ic i ty  

of so m e  c o n s t i tu e n ts  su c h  a s  b o ro n  to  p la n ts  (21, 53, 54, 55, 71, 72).

T he c h ie f  b e n e f ic ia l  e f fe c ts  of th e  a p p lic a t io n  of i r r i g a t io n  

w a te r s ,  o th e r  th a n  th e  su p p ly in g  o f w a te r  a n d  so m e  m in e r a l  n u t r i e n ts  

to  p la n ts ,  a r e  th e  te a c h in g  of a c c u m u la te d  s a l t s  a n d  th e  im p r o v e m e n t  

of s o i l  s t r u c tu r e  th ro u g h  th e  r e p la c e m e n t  of a d s o r b e d  so d iu m  by c a l ­

c iu m  a n d  m a g n e s iu m  c o n ta in e d  in  th e  w a te r  (4, 23).
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P la n ts  in  R e la t io n  to  S a lt-A f fe c te d  S o ils

I t  i s  c o m m o n ly  a c c e p te d  th a t  e x c e s s iv e  s a l t  c o n c e n tr a t io n  i s  

d e t r im e n ta l  to  p la n t  g ro w th . I t  i s  a l s o  a c c e p te d  th a t  so m e  s a l t s  a r e  

m o re  to x ic  th a n  o th e r s  a n d  th a t  c e r t a in  p la n ts  a r e  a b le  to  to le r a te  h ig h  

c o n c e n tra t io n s  of s a l t s  w h ile  o th e r s  a r e  s e n s i t iv e  to  low  c o n c e n tr a t io n s .  

In  i  877, P f e f f e r  r e p o r te d  th a t  s a l t s  in  s o lu tio n  a ro u n d  r o o ts  w o u ld  r e ­

duce o r  p r e v e n t  w a te r  u p ta k e  b y  p la n ts  (58). T h is  c o n c e p t h a s  b e en  

w id e ly  a c c e p te d  fo r  so m e  t im e , b u t th e  g e n e r a l  a p p l ic a t io n  of th e  

p r in c ip le ,  a lo n g  w ith  o th e r  e f fe c ts  of s a l t  on  p la n ts  a n d  s o i l s ,  h a d  n o t 

b e en  e x te n s iv e ly  s tu d ie d  u n ti l  w o rk  on th is  s u b je c t  b e c a m e  in te n s e  a t  

th e  U. S. S a lin ity  L a b o r a to r y .

T he  so lu tio n  to  m a n y  of th e  p e r p le x i t ie s  im p o s e d  by  s a l in i ty  

m u s t  be  b a s e d  on  th e  d i f f e r e n c e s  in  s o i l  c h a r a c t e r i s t i c s .  S a lin e  s o i ls  

w ith  e x c e s s iv e  s a l t  in  th e  s o i l  s o lu tio n  a ro u n d  th e  r o o t  zo n e  d if fe r  

fu n d a m e n ta l ly  f r o m  th e  so d ic  s o i l  w ith  h ig h  e x c h a n g e a b le  so d iu m , p o o r 

p h y s ic a l  c o n d itio n s  a n d  f r e q u e n t ly  th e  h ig h  e x c h a n g e a b le  so d iu m  i s  in  

a d d itio n  a f f e c te d  by  e x c e s s iv e  s a l t s  (46, 58).

H igh  S a l t  C o n c e n tra tio n

S a lts  in  th e  s o i l  so lu tio n  m a y  a d v e r s e ly  a f fe c t  p la n ts  in  

s e v e r a l  w a y s : (a) by o s m o tic  in h ib it io n  of th e  w a te r  in ta k e  in to  th e
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r o o ts ;  (b) by d i r e c t  c h e m ic a l  e f fe c ts  of th e  s a l t s  in  d is tu rb in g  th e  n u t r i ­

tio n  a n d  m e ta b o l is m  of p la n ts .  - - . • ; . .

O sm o tic  In h ib itio n  o f W a te r  In ta k e

I t  i s  g e n e r a l ly  r e c o g n iz e d  th a t  p la n t  g ro w th  b e a r s  a  d e f in ite  

r e la t io n s h ip  to  th e  o s m o tic  p r e s s u r e  of th e  r o o t  m e d iu m  a n d  th a t  - 

d if f e r e n t  s p e c ie s ,  a n d  s o m e t im e s  ev en  v a r i e t i e s ,  e x h ib it  d if f e r e n t  

s e n s i t iv i t i e s  to  i n c r e a s e s  in  th e  o s m o tic  p r e s s u r e  (29, 46).' G in g r ic h  

a n d  R u s s e l l  (24) c o m p a r e d  th e  g ro w th  o f c o rn  r o o ts  in  o s m o tic  m e d ia  

a t  s e v e n  le v e ls  of o s m o tic  p r e s s u r e ,  a n d  s o i ls  a d ju s te d  to  e q u iv a le n t 

s o i l  m o is tu r e  te n s io n s .  R o o t e lo n g a tio n  w a s  a f f e c te d  m o r e  in  th e  s o i l  

th a n  a t  e q u iv a le n t o s m o tic  s t r e s s e s ,  in d ic a t in g  th a t  r e s t r i c t e d  m o is tu r e  

t r a n s m is s io n  in  th e  s o il ,  e s p e c ia l ly  a t  s u c tio n s  in  th e  r a n g e  o f 1 to  3 

a tm o s p h e r e s ,  w a s  l im it in g  r o o t  g ro w th . S a lt  h a s  a l s o  b e e n  fo u n d  to  

d e la y  g e rm in a t io n  o f s e e d s .  T h is  m ig h t  b e  e x p e c te d  b e c a u s e  o f th e  

r e d u c e d  a v a i la b i l i ty  of w a te r  (29, 46 ). . :

S p e c if ic  Io n  E f fe c ts

S p e c if ic  io n  e f fe c ts  ( to x ic i t ie s  a n d  n u tr i t io n a l  d is tu r b a n c e s )  

m a y  b e  s u p e r im p o s e d  on th e  g e n e r a l  o s m o tic  e f fe c t , d e p r e s s in g  th e  

y ie ld  f u r th e r  (46). M any  of th e  f r u i t  c r o p s ,  in c lu d in g  c i t r u s ,  s to n e  

f r u i t s ,  a n d  a v o c a d o , h a v e  b e e n  sho w n  to  b e  s p e c i f ic a l ly  s e n s i t iv e  

to  c h lo r id e s  (4, 6). T he n u t r i t io n a l  u p s e t  m a y  b e  a  r e s u l t  of th e
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in s o lu b i l i ty  o r  c o m p e ti t iv e  a d s o r p t io n  o f io n s .  A ny one o f th e s e  e f fe c ts  

m a y  be a s s o c ia te d  w ith  e n z y m e  a c t iv i ty  in  th e  p la n t  o r  w ith  m o rp h o ­

lo g ic a l  c h a n g e s  (46). L u n d e g a rd h  (35) h a s  p r e s e n te d  a  th e o r y  of a n  io n  

r e s p i r a t i o n  in  w h ich  h e  e x p r e s s e s  a  b e l ie f  th a t  th e  a c t iv i ty  of th e  

c y to c h ro m e  s y s te m  i s  c o n t r o l le d  by th e  c o n c e n tra t io n  of m o v a b le  s a l t  

a n io n s . He h a s  show n  th a t  in  liv in g  w h e a t r o o ts ,  th e  o x id a tio n  r e d u c ­

tio n  b a la n c e  of th e  c y to c h r o m e s  i s  r a i s e d  to w a rd  a  h ig h e r  s ta te  of 

o x id a tio n  by a  c h an g e  of m e d iu m  f r o m  w a te r  to s a l t  s o lu t io n s . M il le r  

an d  E v a n s  (42) m a d e  a  s tu d y  o f th e  in f lu e n c e  o f v a r io u s  c o n c e n t r a ­

tio n s  a n d  k in d s  of s a l t  on  th e  a c t iv i ty  o f c y to c h ro m e  o x id a se  f ro m  c e r ­

ta in  h ig h e r  p la n ts .  T h ey  sh o w e d  th a t  m o n o b a s ic  c a t io n s  w e re  m o re  

s t im u la t in g  a t  low  c o n c e n tr a t io n s  th a n  d ib a s ic ,  an d  le s s  d e p re s s in g  

a t  h ig h e r  c o n c e n tr a t io n s .  W hen a n io n s  w e re  v a r ie d ,  th e y  fo u n d  th a t  

c h lo r id e , n i t r a t e ,  s u lp h a te , b ro m id e , a n d  io d in e  w e re  a b o u t e q u a l 

in  th e i r  in f lu e n c e . T h e  a n d  H PO ^= w e re  b e s t  w h ile  N aH C O ^

w as m o s t  in h ib i to r y .  No e x p la n a tio n  fo r  th e  b e n e f ic ia l  e f fe c ts  of h ig h  

s a l t  w as  o f f e re d  n o r  d id  th e s e  w o r k e r s  in d ic a te  how th e  e n z y m e  s y s ­

te m s  of so m e  p la n ts  w e re  p r o te c te d  f r o m  th e  in f lu e n c e  o f h ig h  c o n ­

c e n tr a t io n s  of s a l t .  S uch  d a ta  on e n z y m e  a c t iv i ty  a r e  n o t c o n c lu s iv e  

b u t th e y  s u g g e s t  w ay s  in  w h ich  s a l t s  m a y  a d v e r s e ly  in f lu e n c e  p la n t  

g ro w th .



35

E x c h a n g e a b le  Sodium

N ot a  g r e a t  d e a l of c o n c r e te  in fo r m a t io n  i s  a v a i la b le  on th e  i n ­

f lu e n c e  of e x c h a n g e a b le  so d iu m  on p la n t  b e h a v io r , n o r  on  th e  b a s i s  of 

to le r a n c e  to  a lk a l in e  c o n d itio n s . T h e re  i s  a l s o  no a s s u r a n c e  th a t  s a l t

to le r a n t  p la n ts  a l s o  h a v e  to le r a n c e  to  e x c e s s iv e  a m o u n ts  of e x c h a n g e ­

a b le  so d iu m . T o le ra n c e  to  e x c e s s iv e  a m o u n ts  of e x c h a n g e a b le  so d iu m  

v a r i e s  w ith  su c h  c o n d itio n s  a s :  (a) h ig h  so d iu m  p lu s  n a tu r a l  s a l t s ;  (b) 

h ig h  so d iu m  a n d  h ig h  pH; a n d  (c) h ig h  so d iu m  c a r b o n a te  c o n te n t in  the

so il  so lu tio n  (46).

T h e  a d v e r s e  e f fe c ts  on p la n ts  u n d e r  th e s e  v a r io u s  c o n d itio n s  

m a y  r e s u l t  f r o m  (a) h ig h  c o n c e n tr a t io n s  of so d iu m ; (b) low  c a lc iu m , 

m a g n e s iu m , a n d  p o ta s s iu m  a v a i la b i l i ty ;  a n d  (c) th e  d is p e r s io n  of s o i l  

w ith  r e s u l t in g  p o o r  a e r a t io n .

H igh C o n c e n tra tio n  of S od ium

E x c e s s iv e  so d iu m  in  th e  p la n t  c a u s e s  c h a r a c t e r i s t i c  l e a f -  

b u rn  s y m p to m s  w h en  le a f  c o n te n t of so d iu m  o r  c h lo r id e  r e a c h e s  c r i t i ­

c a l  v a lu e s  in  f r u i t  c r o p s ,  in c lu d in g  c i t r u s ,  a n d  av o ca d o  (4, 7, 29)•

In  c o n t r a s t ,  c ro p s  su ch  a s  f ie ld  f o r a g e  a n d  v e g e ta b le  c r o p s  a r e  n o t 

a f fe c te d  a s  m u c h  by  so d iu m  a s  by  e x c e s s iv e  c a lc iu m  b e c a u s e  th e  

a c c u m u la t io n  of so d iu m  i s  u s u a l ly  m u c h  m o r e  r e s t r i c t e d ,  e s p e c ia l ly  

in  p la n t  to p s , th a n  i s  c a lc iu m  a c c u m u la t io n  (4, 7, 11, 29, 45).



; ' '  G ra in  o r 'f o r a g e  p la n ts  a r e  f r e q u e n t ly  th e  f i r s t  c r o p s  p la n te d

on r e c la im e d  so d ic  s o i l s ,  a n d  th e  to le r a n c e  of su c h  c ro p s  to e x c h a n g e ­

a b le  so d iu m  (E S), i s ,  th e r e f o r e ,  of p a r t i c u la r  i n t e r e s t .  P e a r s o n  a n d  

B e r n s te in  (45) fo u n d  th a t  th e  E S  p e r c e n ta g e  a t  w h ic h  y ie ld s  w e re  r e ­

d u c ed  by 50 p e r c e n t  fo r  s ix  s u c h  c r o p s  w e re :  30 p e r c e n t  fo r  o a ts ;  34 

p e r c e n t  fo r  t a l l  f e s c u e ;  38 p e r c e n t  f o r  r i c e ;  43 p e r c e n t  fo r  w h ea t; 49 

p e r c e n t  fo r  b a r le y ;  a n d  64 p e r c e n t  fo r  t a l l  w h e a t g r a s s .  T h u s , w h ile  

so m e  s p e c ie s  a r e  o u ts ta n d in g , a lm o s t  a l l  c an  to le r a te  th e  le v e ls  o f E S  

th a t  m a y  b e  e n c o u n te re d  on m o d e r a te ly  a f fe c te d  o r  p a r t i a l ly  r e c la im e d  

so d ic  s o i l s .

Low  C a lc iu m , M ag n e s iu m , a n d  P o ta s s lu m

: C hang  a n d  D re g n e  (11) h a v e  s u g g e s te d  th e  u n iq u e  sy m p to m s  

th e y  c a l l  s o d iu m -in d u c e d  c a lc iu m  d e f ic ie n c ie s .  F o r  a l f a l f a  th e y  ta k e  

th e  fo rm  of r e d d is h  c o lo ra t io n  of th e  lo w e r le a v e s  fo llo w e d  by  a  

c o lla p s e  of th e  p e t io le s .

M a r tin , B i t t e r s ,  a n d  E r v in  (39) in  w o rk in g  w ith  t r i f o l ia te  

o ra n g e  t r e e s  fo u n d  th a t  by in c r e a s in g  th e  ES f r o m  1 p e r c e n t  to  7 o r  15 

p e r c e n t ,  o r  th e  e x c h a n g e a b le  p o ta s s iu m  (E P ) to  23 p e r c e n t  of th e  c a t io n  

ex ch an g e  c a p a c ity , th e y  d e c r e a s e d  th e  s e e d lin g  g ro w th . T h e  h a rm fu l  

e f fe c ts  of ES a n d  E P  te n d e d  to be a d d itiv e . I n c r e a s in g  th e  ES  d e c r e a s e d  

le a f  c a lc iu m  a n d  m a g n e s iu m  a n d  te n d e d  to  i n c r e a s e  le a f  p o ta s s iu m , th e

36
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la t t e r  i s  a  f r e q u e n t ly  o b s e r v e d  p h e n o m en o n  w ith  s p e c ie s  th a t  r e s t r i c t  

so d iu m  u p ta k e . : ; -

. B e r n s te in  a n d  A y e r  (5) sh o w e d  th a t  s e v e r a l  v a r i e t i e s  o f c a r ­

r o t s  a c h ie v e d  a n  in c r e a s e  in  th e  a b s o r p t io n  of c a lc iu m  a n d  a  d e p r e s s io n  

in  th e  a b s o r p t io n  of p o ta s s iu m  by  th e  a d d itio n  of c a lc iu m  a n d  so d iu m  

c h lo r id e  to  th e  s o il .  T h o se  v a r i e t i e s  w h ic h  te n d e d  to  a b s o r b  m o r e  

c a lc iu m  a n d  le s s  p o ta s s iu m  of a  g iv en  le v e l of s a l in i ty  gav e  r e l a t iv e ly  

p o o r e r  y ie ld s  th a n  o th e r s .

T he D is p e r s io n  of S o il

E x c e p t  fo r  th o s e  c r o p s  m o s t  s e n s i t iv e  to  e x c h a n g e a b le  so d iu m , 

su c h  a s  th e  b ean , th e  p o o r p h y s ic a l  c o n d itio n  of so d ic  s o i ls  r e s t r i c t s  

g ro w th  of m o s t  c ro p s  long  b e fo re  a n y  n u tr i t io n a l  e f fe c ts  due to  d e c r e a s e d  

c a lc iu m  o r  m a g n e s iu m  in  so d ic  s o i ls  b e g in s  to b e  f e l t  (46). F r u i t  

c ro p s ,  w h ich  a r e  s p e c i f ic a l ly  s e n s i t iv e  to  so d iu m  a c c u m u la t io n  in  th e  

le a v e s , a r e  a ls o  u s u a l ly  a f f e c te d  a t  le v e ls  of e x c h a n g e a b le  so d iu m  

lo w e r th a n  th o s e  a s s o c ia te d  w ith  d e te r io r a t io n  of th e  s o i l  s t r u c tu r e  (4).

R e c la m a tio n  a n d  Im p ro v e m e n t of S a l t -A f fe c te d  L a n d

F u l l e r  {23} h a s  r e c e n t ly  r e v ie w e d  th e  m o s t  p ro m in e n t  m e th o d s  

e m p lo y e d  in  th e  r e c la m a t io n  a n d  im p r o v e m e n t  o f s a l in e  a n d  so d ic  s o i ls .  

T h e s e  a r e :  (a) d r a in a g e  to  lo w e r w a te r  ta b le  w h en  n eed ed ; (b) le a c h ­

in g  to  t r a n s p o r t  s a l t s  f r o m  r o o t  zo n e ; (c) c h e m ic a ls  to  su p p ly  o r  m a k e
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a v a i la b le  s o i l  c a lc iu m  to  r e p la c e  so d iu m ; (d) t i l la g e  to  b r e a k  up s o i l  

s t r a t i f i c a t io n s ,  c o m p a c t l a y e r s ,  h a r d  p a n s , p r e s s u r e  p a n s ; (e) s o i l  

s t r u c tu r e  im p ro v e m e n t;  a n d  (f) c ro p  m a n a g e m e n t.

D ra in a g e

In  g e n e r a l ,  r e c la m a t io n  in v o lv e s  th e  r e m o v a l  of e x c e s s  s o l ­

u b le  s a l t s  a n d  e x ch a n g e  s o d iu m . T h e  f i r s t  c o n s id e ra t io n  in  s o i l  

r e c la m a t io n  m u s t  be th e  p ro v is io n  of a d e q u a te  d ra in a g e , i f  th is  d o e s  

n o t a l r e a d y  e x is t ,  b e c a u s e  th e  so lu b le  s a l t s  a n d  th e  r e p la c e d  so d iu m  

m u s t  be  le a c h e d  o u t of th e  s o i l  (16, 23).

L e a c h in g

L e a c h in g  i s  th e  s e c o n d  s te p  in  r e c la m a t io n  fo llo w in g  d r a i n ­

a g e . T h e  p e r t in e n t  q u e s t io n  i s ,  th e r e f o r e :  W h at d e p th  of i r r i g a t i o n  

w a te r  u s e d  fo r  r e c la m a t io n  p u r p o s e s ,  h av in g  a  g iv e n  s a l t  c o n c e n t r a ­

tio n , sh o u ld  be a p p lie d  to  k e e p  a  f a v o ra b le  b a la n c e  b e tw ee n  th e  a m o u n t 

of s a l t  b ro u g h t in to  an  a r e a  a n d  th e  a m o u n t of w a te r  r e m o v e d  f r o m  th e  

r o o t  zo n e  by d r a in a g e ?  T he le a c h in g  r e q u i r e m e n t  (LB.) c o n c e p t i s  

u s e fu l in  th is  r e g a r d .  The c o n c e p t i s  b a s e d  oh th e  p r in c ip le  th a t  a f t e r  

d y n a m ic  e q u il ib r iu m  i s  e s ta b l is h e d ,  th e  s a l t  c o m in g  o u t of a  s y s te m  

w ill  e q u a l th e  s a l t  a p p lie d . T h e  s a l t  b a la n c e  c o n c e p t i s  u s e fu l  in  

d e te rm in in g  in  w h a t d i r e c t io n  a n  e q u il ib r iu m  i s  b e in g  s h if te d , w h e th e r  

to w a rd s  i n c r e a s e d  o r  d e c r e a s e d  s a l in i ty  (29, 52).
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C h e m ic a l A m e n d m e n ts

T he  c o n tro l  of so d iu m  in  th e  s o i l  i s  m o r e  d if f ic u lt .  L e a c h in g  

i s  n o t enough  b e c a u s e  i t  c a n n o t c o r r e c t  th e  a d v e r s e  c o n d itio n s  of s o i l  

d is p e r s io n .  A g r ic u l tu r a l  c h e m ic a l  a m e n d m e n ts  a r e  n e c e s s a r y .  T h e  - 

e x c h a n g e a b le  so d iu m  i s  d is p la c e d  by  c a lc iu m  a d d e d  a s  a  so lu b le  c a l ­

c iu m  s a l t  e i th e r  d i r e c t ly  o r  in d i r e c t ly  in  th e  i r r i g a t io n  w a te r  o r  p r o ­

v id e d  by a c id i f ic a t io n  to  s o lu b i l iz e  l im e  a l r e a d y  p r e s e n t  in  th e  s o i l  (23).

T i lla g e

O ften , th e  p h y s ic a l  c o n d itio n  o f th e  s o i l  m u s t  a ls o  be im p r o v e d  

b e fo re  d ra in a g e  a n d  le a c h in g  c a n  be e f fe c t iv e . S p e c ia l t i l l a g e  p r a c t i c e s  

a s  d eep  p lo w in g  a n d  c h is e l in g  a n d  r ip p in g  h a v e  b e e n  u s e d  e f fe c t iv e ly  to  

r e l i e v e  s o il  c o m p a c tio n  a n d  im p r o v e  w a te r  p e n e t r a t io n  (23, 40).

S o il S t r u c tu r e  Im p ro v e m e n t

S o il s t r u c tu r e  im p r o v e m e n t  i s  im p o r ta n t  b e c a u s e  s t r u c tu r e  

in f lu e n c e s  th e  r a t e  o f w a te r  in f i l t r a t io n  in to  th e  s o i l  a n d  c o n se q u e n tly  

le a c h in g  of s a l t s  f ro m  th e  r o o t  zo n e  (23, 39, 40). P r a c t i c e s  w h ic h  

a r e  know n to im p r o v e  s o il  s t r u c tu r e  on  s a l t - a f f e c te d  s o i l s  in c lu d e  th e  

fo llo w in g : (a) a l t e r n a t e  w e ttin g  a n d  d ry in g  of th e  so il;  (b) th e  a d d itio n  

of o rg a n ic  m a t te r ;  a n d  (c ) th e  u se  of .m a n u re  a n d  s u lfu r .  ;
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C ro p  M a n a g e m e n t P r a c t i c e s

C ro p  m a n a g e m e n t p r a c t i c e s  (16, 23, 40, 44, 52) w h ic h  h av e  

b een  s u g g e s te d  fo r  r e c la im e d  a n d  s a l in e  s o i ls  in c lu d e :  (a) s e le c t io n  of 

a  s a l t - t o l e r a n t  c ro p ; (b) s p e c ia l  p la n tin g  a n d  b ed d in g  p r a c t i c e s ;  (c) c o n ­

tin u e d  s o il  t r e a tm e n t s  w ith  a g r i c u l tu r a l  c h e m ic a ls  a n d  o rg a n ic  r e s i ­

d u es; a n d  (d) s p e c ia l  c r o p - s e q u e n c e  p r o g r a m  w h ic h  in c lu d e s  a  d e e p -  

ro o te d  le g u m e  su ch  a s  a l f a lf a .

S o il M eth o d o lo g y

B e c a u se  l a r g e  n u m b e r s  o f s a m p le s  a r e  o ften  n e c e s s a r y  in  

a n a ly z in g  a  g iv en  s o i l  s i tu a t io n ,  s im p le  t e s t s  a r e  so u g h t a f t e r .  T h e  

r e l i a b i l i ty  of pH  a s  a  gu id e  to  E S P  i s  s t i l l  n e b u lo u s  in  m a n y  r e s p e c t s .  

H o w ev e r, th e  u s e  o f in s t r u m e n ts  to  m e a s u r e  pH  in  s o i ls  h a s  b e c o m e  a  

s ta n d a r d  to o l fo r  s o i l  in v e s t ig a to r s .  C h an g , e t  a l .  (12, 13) fo u n d  th a t  

a m m o n iu m  a c e ta te  a d d e d  a t  fo u r  - te n th s  of th e  c a t io n  e x ch a n g e  c a p a c i ty  

in  m a k in g  1:5 s o i l - w a te r  s u s p e n s io n s  g av e  b e t t e r  r e la t io n s h ip  of p H  to  

E S P  th a n  p la in  w a te r  s u s p e n s io n s .  T h e  c o e f f ic ie n t  of c o r r e la t io n  r o s e  

f r o m  0. 690 to  0. 843. C o r r e la t io n  b e tw e e n  pH  a n d  E S P  i s  b e t te r  w h en  .. 

th e  r e la t io n s h ip  i s  d e v e lo p e d  fo r  a  p a r t i c u l a r  a r e a , ' in  a g r e e m e n t  w ith  

f in d in g s  of p re v io u s  in v e s t ig a to r s .

T he p r o c e d u r e  of u s in g  a  d i lu te  so il  e x t r a c t ,  c o m m o n ly  one

p a r t  s o i l  to  f iv e  p a r t s  w a te r  in  d e te r m in in g  s a l in i ty , i s  n o t o n ly  q u ic k e r
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but a ls o  r e d u c e s  th e  s a m p le  r e q u i r e d .  'H o w e v e r, s u c h  c o n s ta n t  s o i l -  

w a te r  r a t i o s  do n o t ta k e  in to  a c c o u n t th e  d i f f e r e n t  m o is tu r e - h o ld in g  

c a p a c i t ie s  of s o i ls ;  a n d  so y ie ld  v e r y  u n re l ia b le  e s t im a te s  o f the  

s a l in i ty  in  th e  s o il  so lu tio n . F u r t h e r ,  th e  d ilu tio n  of th e  s o i l  s o lu tio n  

m a y  d is s o lv e  s p a r in g ly  so lu b le  s a l t s ,  s u c h  a s  g y p su m , w h ic h  w e re  

p r e s e n t  a s  p r e c ip i t a t e s  in  th e  s o i l  m o is tu r e  r a n g e .  T h is  c o u ld  be a  

m a in  s o u r c e  of e r r o r  (4 , 41 ). I n c r e a s in g  th e  m o is tu r e  c o n te n t of th e  

s o il ,  e v en  to th e  s a tu r a t io n  p e r c e n ta g e ,  w ill, of c o u r s e ,  a l s o  d is s o lv e  

the  so lu b le  s a l t s  w ith  w h ich  th e  s o i l  so lu tio n  w a s  a l r e a d y  s a tu r a te d .  

B e r n s te in  (4) s ta t e s  th a t  on th e  a v e r a g e ,  a g y p s ife ro u s  s o i l  w ill  r e a d  

a b o u t 2 m il l im h o s  h ig h e r  th a n  a  n o n -g y p s ife ro u s  s o i l  h a v in g  th e  s a m e  

c o n d u c tiv ity  in  th e  f ie ld  m o is tu r e  r a n g e .

M e N au g h t a n d  H o u s to n  (41) s tu d y in g  s o i ls  f ro m  n o r m a l  a n d  

s a l t - a f f e c te d  g re e n h o u s e  to m a to e s ,  sh o w ed  th a t  th e  r e la t io n s h ip  of 

c o n d u c tiv ity  o f s a tu r a t io n  e x t r a c t  p ro v id e s  a  m o r e  r e l i a b le  e s t im a te  

o f o s m o tic  e f fe c ts  th a n  w e ig h t o f s a l t s  f r o m  s o i l  e x t r a c t .  T he m i s ­

le a d in g  e f fe c ts  c a u s e d  by f ix e d  s o i l - w a te r  r a t i o s  a n d  d ilu tio n  of th e  

e x t r a c t s  w e re  a g a in  n o te d . T h e  e f fe c t  of in c r e a s in g  d ilu tio n  of th e  

s o i l  e x t r a c t s  w as  a ls o  fo u n d  to  c h a n g e  the  p ro p o r t io n  of c a t io n s ,  in d i ­

c a tin g  a  r e p la c e m e n t  of e x c h a n g e a b le  c a t io n s  by  th e  c a lc iu m  io n  d e r iv e d  

f ro m  so lu tio n  of th e  g y p su m .

A lth o u g h  Na a n d  K  d e te r m in a t io n  by f la m e  p h o to m e try  has 

now r e p la c e d  th e  m o r e  te d io u s  c h e m ic a l  m e th o d s , a n o th e r  f a c i le
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m e th o d  h a s  b e en  p ro p o s e d . G la s s  e le c t r o d e s  h av e  b e en  p ro d u c e d  

w h ich  a r e  s e n s i t iv e  to  so d iu m  a n d  p o ta s s iu m  a s  w e ll  a s  h y d ro g e n . 

B o w er h a s  d e v e lo p e d  a  p r o c e d u r e  fo r  th e  q u a n ti ta t iv e  e s t im a tio n  of 

so d iu m  by p r e c ip i ta t in g  p o ta s s iu m  w ith  c a lc iu m  te tr a p h e n y lb o ro n  

a n d  a d ju s t in g  th e  pH . T h e  E M F  of th e  unknow n, u s in g  th e  g la s s  

e le c t r o d e  a n d  c a lo m e l  h a l f - c e l l  in  c o n ju n c tio n  w ith  th e  B ec k m a n  

pH  m e te r ,  i s  th e n  c o m p a r e d  to  th a t  of a  s e r i e s  of so d iu m  s ta n d a r d s .  

T h e  m e th o d  p r o m is e s  ev en  g r e a t e r  c o n v e n ie n c e  th a n  f la m e  p h o to m e ­

t r y ,  w ith  l e s s  s p e c ia l iz e d  e q u ip m e n t r e q u i r e d  (4).
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F ie ld  S u rv ey

In 1954, F ie ld  D, sho w n  in  F ig u r e  3, w as  s u rv e y e d  a n d  

s a m p le d  to  a  d e p th  of fo u r  f e e t  f o r  t e x tu r e  d e te r m in a t io n .  T he 

o r ig in a l  s a m p lin g  s i t e s  a n d  t e x tu r a l  c la s s i f ic a t io n s  a r e  show n  in  

F ig u r e  4 an d  T a b le  1. In  a d d itio n , th e  to ta l  so lu b le  s a l t s  a n d  c o m ­

p le te  p a r t i c l e  s iz e  d i s t r ib u t io n  w e re  d e te r m in e d  on m a s t e r  s a m p le s
................." ' :

ta k e n  in  a r e a s  w h e re  v a r ia t io n s  in  s o i l  t e x tu r e  w e re  p ro m in e n t  on 

F ie ld  D, a n d  th e s e  r e s u l t s  a r e  s u m m a r iz e d  in  T a b le  2.

In  th e  s p r in g  of 1961 th e  S o il C o n s e rv a t io n  S e rv ic e  r e c l a s s i ­

f ie d  th e  s o i ls  w ith in  F ie ld  D f r o m  C a jo n  C la y  L o a m  to  th e  fo llo w in g  

th re e :  A n th o n y  L o a m , A n th o n y  S il ty  L o a m , a n d  C a jo n  C la y  L o a m .

T he a p p ro x im a te  b o u n d a ry  of e a c h  o f th e  a b o v e  s o i ls  i s  show n  in  

F ig u r e  6, w h ile  th e  d e s c r ip t io n s  of e a c h  o f th e  l a t t e r  s o i ls  a r e  g iv en  

in  th e  fo llo w in g  s e c t io n  on  s o i l  c h a r a c t e r i s t i c s .

......... ......... . S o il C h a r a c t e r i s t i c s

F o u l so n  a n d  Y oung (48), in  th e i r  s u r v e y  of th e  s o i l s  th ro u g h ­

ou t th e  S a ffo rd  V a lle y , c l a s s i f i e d  th e  s o i ls  in to  th r e e  m a jo r  g ro u p s
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REPLICATIONS
TREATMENTS

Treatment number Leaching water source Number of teachings Irrigation water source
Preplant Post harvest

1 river 1 0 river
2 river 1 1 river
3 well 1 0 well
4 well 1 1 well
5 river 1 0 well
6 river 1 1 well

3. Design showing the layout and irrigation and leaching practices on field D of
the University of Arizona, Agricultural Experimental Station Farm at Safford. 4^



Conservation Symbol

1221 - Surface Texture - Subsoil Permeability - Substratum Permeability or Geologic Materials —  
_____________________________________________ Depth__________________
A-2 Slope -----  Erosion
Num- Substratum Depth to
eral Texture_________Subsoil Permeability_______ Permeability.____________ Inhibiting Layer
1 Heavy Very slowly permeable Very slowly permeable Deep - 36" Plus
2 Moderately heavy Slowly permeable Slowly permeable Mod. deep - 20" - 36"
3 Medium Moderately permeable Moderately permeable Shallow - 10" - 20"
4 Light Rapidly permeable Rapidly permeable
5 Very light Very rapidly permeable Very rapidly permeable
6 Undifferentiated -- -- -- -- -- -- -- -- -- -- -- ^----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------  u.

Figure 4. A map prepared in 1954 showing the classification and textures of soils before deep 
plowing in field D at the Safford Experimental Station.
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Figure 5.

341353621221415 16

SYMBOLS
L —. Lo din.

CL — Clay Loam 
SiCL — Silty Clay Loam

A map showing the main surface texture on field D on the Safford Experimental 
Station before deep plowing in 1954.
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Figure 6.

SYMBOLS
6D —  Anthony Silty Clay Loam 
2E —  Cajon Clay Loam 
6J —  Anthony Loam

The approximate boundary of Anthony Loam, Cajon Clay Loam, and Anthony Silty 
Loam on field D made by the Soil Conservation Service in 1961.

-4
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a s  fo llo w s : (1) s o i ls  w ith o u t d e f in ite  a c c u m u la t io n  of l im e  in  th e  s u b ­

s o ils ;  (2) s o i ls  h av in g  m o d e r a te  a c c u m u la t io n  in  th e  s u b s o i ls ;  a n d  (3) 

s o i ls  of h ig h  l im e  a c c u m u la t io n . In  th e  f i r s t  g ro u p  a r e  th e  G ila , P im a , 

C ajo n , I m p e r ia l ,  a n d  L a n d  s o i ls ;  in  th e  s e c o n d  a r e  th e  A n th o n y  a n d  

M ohave s o i ls ;  a n d  in  th e  t h i r d  a r e  th e  L a v e e n  a n d  C av e  s o i l s .

C a jo n  S o ils

T he  C a jo n  s o i ls  in  th e i r  v i r g in  s ta te  a r e  u s u a lly  d u ll y e l lo w is h  o r 

d u ll l ig h t b ro w n  in  c o lo r  a n d  a r e  l ig h te r  in  c o lo r ,  due to  low o rg a n ic  m a t ­

t e r  c o n te n t, th a n  o th e r  s o i l s  l ik e  th o s e  of th e  P im a  a n d  G ila  s e r i e s  w h ich  

a r e  d a r k e r  in  c o lo r .  In  th e  S a ffo rd  V a lle y  th e s e  s o i ls  u n d e r  i r r i g a t io n  

a g r ic u l tu r e ,  in  m a n y  c a s e s ,  h a v e  b e en  o b s c u r e d  by  s i l t in g  a n d  m a n y  s u c h  

s o i ls  now in  c ro p  p ro d u c tio n  a r e  d a r k e r  in  c o lo r  m u c h  lik e  th e  P im a  s o i ls ,  

w h ich  a r e  u s u a lly  d a r k e r  g r a y is h  b ro w n  o r  d a r k  c h o c o la te  b ro w n  in  c o lo r .

A c c o rd in g  to  F o u l s e n  an d  Y oungs (48), th e  C a jo n  s o i ls  w e re  

d e v e lo p e d  f r o m  g r a n i t ic  m a te r i a l s  c a r r i e d  in to  th e  v a l le y  f lo o r  in  o u t 

w a sh e s  f ro m  th e  m o u n ta in s  to  th e  so u th  a n d  to  th e  w e s t .  T h e s e  s o i ls  ! '

d o m in a te  a  f a i r  p o r t io n  o f th e  a g r i c u l tu r a l  la n d s  p a r t i c u l a r ly  in  th e  u p p e r  

p a r t  o f th e  S a ffo rd  V a lle y . No s e r io u s  in te r n a l  d ra in a g e  p ro b le m s  h a v e  

b e en  o b s e rv e d ;  n o r  i s  th e  s u r f a c e  d ra in a g e  a  p ro b le m  b e c a u s e  th e  C a jo n  

s o i ls  u s u a l ly  h a v e  s lo p in g  r e l i e f s  th a t  i n s u r e  good  s u r f a c e  d ra in a g e .

T he C a jo n  s o i ls  a r e  c a lc a r e o u s  in  n a tu re  (q u a li ta t iv e  t e s t — tw o 

d ro p s  o f 10 p e r c e n t  H Cl p ro d u c e  m o d e r a te  to  s t ro n g  e f f e rv e s c e n c e ) .
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F o u ls e n  a n d  Y oungs (48) in c lu d e d  th e  C a jo n  s o i ls  w ith  th o s e  s o i ls  th a t  

h a v e  l im e  c o n te n t u n ifo rm ly  d i s t r ib u te d  o r d is s e m in a te d  th ro u g h o u t th e  

so il  p r o f i le  w ith  v e r y  l i t t l e  d o w n w ard  le a c h in g  o r  a c c u m u la t in g .

T he  U n iv e r s i ty  of A r iz o n a  A g r ic u l tu r a l  E x p e r im e n ta l  S ta tio n  

F a r m , s i tu a te d  a t  Lone S ta r ,  A r iz o n a , two m ile s  due e a s t  of S a ffo rd , 

s i t s  in  th e  h e a r t  of C a jo n  s o i l s ,  C a jo n  lo a m , a c c o rd in g  to  th e  s u rv e y  

m ap  p u b lis h e d  in  1933 by  F o u l s e n  a n d  Y oungs (48).

A n thony  S o ils

T he  A n th o n y  s o i ls  a r e  p a le  r e d d is h  b ro w n  o r  d u ll r e d d is h  b ro w n , 

but in  m o s t  c a s e s  u n d e r  i r r i g a t i o n  a g r i c u l tu r e ,  m o s t  of th e s e  s o i ls  h a v e  

b een  o b s c u r e d  by  s i l t in g .  T h e s e  s o i ls  a r e  e x te n s iv e ly  a n d  w id e ly  d i s ­

t r ib u te d  in  s m a l l  a r e a s  th ro u g h o u t th e  v a l le y .  T he  s u r f a c e  s o i ls  a r e  

f in e  te x tu re d ,  bu t th e  s u b s o i ls  e v e r y w h e re  a r e  g r a v e l ly  a n d  in  p la c e s  

s to n y  in  th e  lo w e r p a r t ,  o r  s u b s t r a tu m . B e c a u s e  o f  th e  l a t t e r  f a c to r ,  

th e s e  s o i ls  h a v e  e x c e l le n t  s u r f a c e  d rad n ag e . T h e  A n th o n y  s o i ls  a r e  

c a lc a r e o u s  a n d  th e y  a r e  c l a s s i f i e d  u n d e r  s o i ls  h a v in g  m o d e r a te  a c c u m u ­

la tio n  of l im e  in  th e  s u b s o i ls  (48).

S o il T e x tu re

In  th e  p re c e d in g  d is c u s s io n ,  i t  w as  m e n tio n e d  th a t  in  1954 b e ­

f o r e  deep  p low ing , F ie ld  D on th e  S aff o r  d  E x p e r im e n ta l  F a r m  w as  s u r ­

v e y e d  a n d  s a m p le s  ta k e n  to 48  in c h e s  o r  m o r e  (54 in c h e s ) ,  d e p en d in g  on 

th e  s o i l  te x tu r e  v a r ia t io n  w ith  d e p th  a t  e a c h  s a m p lin g  s i t e .  T h e  tw o
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d if f e r e n t  s a m p lin g  s i t e s  a r e  m a r k e d  n e a r  th e  o r ig in a l  s p o t w h e re  s o i l  

s a m p le s  w e re  ta k e n  a s  show n in  F ig u r e  4. In  th is  f ig u r e ,  th e  sy m b o ls  

X  a n d  O a r e  u s e d  a s  th e  n o ta tio n  to  d e s ig n a te  th e  d if f e r e n c e  b e tw e e n  th e  

two s i t e s  on th e  f ie ld .

T he s a m p lin g  s i t e s  m a r k e d  by  X  a r e  s a m p lin g  s p o ts  n e a r  w h ich  

k e y  s a m p le s ,  D 4a, D6b, D 13a, D 14c, D 20c, D21b, a n d  D33b, w e re  ta k e n  

to  c h a r a c t e r i z e  c o m p le te ly  th e  p a r t i c l e  s iz e  d is t r ib u t io n  a t  e a c h  s i t e  a t  

d e s ig n a te d  d e p th s  in to  th e  p r o f i l e .  T he s y m b o ls  a b o v e , u s e d  fo r  e a c h  

s a m p lin g  s i te ,  s e p a r a te d  th e  s o i l  s a m p le  f r o m  o th e r s  a s  w e ll  a s  d e s ig ­

n a te d  th e  lo c a tio n  w ith in  a  g iv en  b o rd e r  on th e  f ie ld .  T h e  sy m b o l D, th e  

n u m b e r , th e  l e t t e r s  a , b, a n d  c, s ta n d  fo r  H e ld  D, th e  p lo t n u m b e r , a n d  

th e  e x a c t s i t e  of s a m p lin g , r e s p e c t iv e ly .  T he e x a c t  s i te  i s  n o te d  by th e  

l e t t e r s  a , b, a n d  c , a s  fo llo w s : a  fo r  th e  w e s t  s i t e ,  b fo r  th e  c e n te r  

s i te ,  a n d  c fo r  th e  s i te  lo c a te d  on  th e  e a s t .  T he a n a ly s e s  of th e  k e y  s a m ­

p le s ,  th e  s o i l  s e p a r a te  p e r c e n ta g e s ,  a lo n g  w ith  th e  to ta l  s o lu b le  s a l t s  

f ro m  th e  c o r re s p o n d in g  d e p th s , a r e  r e c o r d e d  a n d  sho w n  in  T a b le  2.

T h e s e  a n a ly s e s  show  a  te x tu r a l  c h a n g e  in  th e  s o i l  s u r f a c e  f ro m  so u th  to 

n o r th , f r o m  sa n d y  c la y  lo a m  to  c la y , w ith  c la y  lo a m  b e in g  th e  p ro m in e n t  

s u r f a c e  t e x tu r e ,  a n d  a t  e a c h  s a m p lin g  s i te  th e  s o i l  te x tu r e  c h a n g e  w ith  

d ep th  in to  th e  p r o f i le  f r o m  th e  s u r f a c e  te x tu r e  to  s a n d y  c la y  lo a m , to 

san d y  lo a m  a n d  f in a l ly  to  s a n d  a t  one  s i te .  T he s a l t  c o n te n t sh o w ed  a  

c o r re s p o n d in g  in c r e a s e  f r o m  so u th  to  n o r th  a n d  f r o m  w e s t  to  e a s t  w ith  th e  

e x c e p tio n  of one  s a m p le , D 13a, w h ic h  i s  on th e  w e s t;  a n d  i t  h a s  a  h ig h e r  

c o n c e n tra t io n  o f s a l t s  th a n  o th e r  s a m p le s  f r o m  th e  e a s t  s id e  of th e  f ie ld .
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A t th e  o th e r  s a m p lin g  s i te s  m a r k e d  by  O, a l s o  show n in  F ig u r e  

4, th e  s o i ls  w e re  c h a r a c t e r i z e d  by  s a m p lin g  th e  s o i l  w ith  a  s o i l  a u g e r  

a n d  th e n  the  te x tu r e  d e te r m in e d  by  th e  " f e e l"  m e th o d , w h ich  c o n s is t s  of 

look ing  a t  th e  a p p e a ra n c e  a n d  fe e l in g  th e  s o i l  s a m p le  w ith  th e  f in g e r s .

A s in  th e  p re c e d in g  c a s e ,  th e  sy m b o l D s ta n d s  fo r  F ie ld  D, a , b, a n d  c 

s ta n d  fo r  th e  s i t e s  on th e  w e s t  s id e , th e  c e n te r ,  a n d  th e  e a s t  s id e  of 

th e  f ie ld , and , of c o u r s e ,  th e  n u m b e r  a f t e r  e a c h  l e t t e r  r e p r e s e n t s  th e  

p lo t n u m b e r .

T he d a ta  of th e  t e x tu r a l  d e te r m in a t io n s ,  by  th e  f e e l  m e th o d , 

a r e  show n in  T a b le  1. In  th e  ta b le , th e  in d iv id u a l b o r d e r s  a r e  l i s t e d  

in  th e i r  r e s p e c t iv e  a s s ig n e d  t r e a tm e n t  an d  r e p l i c a t e ,  w h ich  w ill be  

m e n tio n e d  in  th e  s e c t io n  u n d e r  W a te r  Q u a lity  T r e a tm e n ts .  T he a c c u m u ­

la te d  d a ta  g a th e r e d  sh o w ed  th a t  th e  s o i l  t e x tu r e s  v a r i e d  f r o m  th e  s u r ­

f a c e , c la y  lo a m  in  th e  m o s t  p a r t  to  san d y  lo a m  a t  th e  lo w e s t d ep th  a t  

w h ich  s a m p le s  w e re  ta k e n . S i l t  lo a m  a n d  s a n d y  lo a m  w e re  th e  tw o 

s o il  s t r a tu m  m o s t  o b s e r v e d  w ith  d ep th  in to  th e  p r o f i l e .  E v id e n c e s  of 

g y p su m  d is s e m in a t io n  th ro u g h o u t th e  p r o f i le  w e re  n o te d  (s e e  p la te  1).

In  c h a r a c te r iz in g  th e  s u b s o i l  p e r m e a b i l i ty ,  s u b s t r a tu m  p e r m e ­

a b ili ty , a n d  the  d ep th  to  th e  in h ib i t in g  la y e r  on th e  e x p e r im e n ta l  f ie ld , 

R e id  D, th e  A ; S o il C o n s e rv a tio n  S e rv ic e  in  1954 sh o w ed  th e

r e s u l t s  w h ic h  a p p e a r  in  F ig u r e  5 w ith  th e  s o i l  c o n s e rv a t io n  sy m b o l a t  

th e  b o tto m . F o u r  d i f f e r e n t  d e s c r ip t io n s  w e re  g iv en , a n d  th e s e  w e re  

2331, 2451, 2431, a n d  2231, w h ic h  a r e  show n in  F ig u r e  4 . T h e  l a r g e s t



P la te  1. A  p ic tu r e  show ing  th e  d eep  p lo w in g  on F ie ld  D in  1954.

P la te  2. A  p ic tu r e  show ing  th e  d is p e r s io n  of lim e  in  th e  s o i l  p r o f i le  
on F ie ld  D.
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s e c t io n  of th e  f ie ld  w a s  o c c u p ie d  by 2331 .w h ile  th e  s m a l l e s t  s e c t io n  of - 

F ie ld  D w as  o c c u p ie d  by 2231. Two a r e a s  in  th e  ab o v e , 2451 a n d  2431, 

sh o w ed  a  r a p id ly  p e r m e a b le  s u b s o il  w h ile  2331 h a d  a  m o d e r a te ly  p e r m e ­

a b le  s u b s o il  a n d  2231 sh o w ed  a  s lo w ly .p e r m e a b le  s u b so il .  T he  s u b s t r a ­

tu m  p e r m e a b i l i ty  o b s e r v e d  on F i e ld  D sh o w ed  th a t  a l l  th e  a b o v e  s e c t io n s  

w e re  m o d e r a te ly  p e r m e a b le  w ith  one e x c e p tio n . T h e  2451 s e c t io n  in  th e  

c e n te r  sh o w ed  a  v e r y  r a p id  p e r m e a b le  s u b s t r a tu m . W ith  r e s p e c t  to  th e  

in h ib it in g  la y e r  d ep th , a l l  th e  a b o v e  s e c t io n s  sh o w ed  th e  d e p th  to  b e  m o r e  

th a n  36 in c h e s .

T h e  r e s u l t s  of th e  s o i l  s u r v e y  in  1954 sh o w ed  th r e e  p ro m in e n t  

te x tu r e s  r e p r e s e n te d  on F ie ld  D a t  th e  s u r f a c e .  T h e s e  t e x tu r a l  c l a s s e s ,  

lo a m , c la y  lo a m , a n d  s i l ty  c la y  lo a m , a r e  show n in  F ig u r e  6 a s  th e y  a r e  

d is t r ib u te d  o v e r  F i e ld  D.

In  I9 6 0 , th e  U. S. D. A . S o il C o n s e rv a t io n  S e rv ic e  r e c l a s s i f i e d  th e  

f ie ld  ab o v e , F ie ld  D, in to  th r e e  d is t in c t iv e  g ro u p s . T h e s e  s o ils  g ro u p s  

a r e  show n in  F ig u r e  6. In  s iz e ,  th e  A n th o n y  s i l ty  c la y  lo a m -6 D  i s  th e  

l a r g e s t ,  w h ile  th e  C a jo n  c la y  lo a m - 2 E  i s  m id w a y  in  b e tw ee n , a n d  A n thony  

lo a m - 6 J  th e  s m a l le s t ,  r e s p e c t iv e ly .  T h e s e  s o i ls  on F ie ld  D of th e  U n i­

v e r s i t y  of A r iz o n a  A g r ic u l tu r a l  E x p e r im e n ta l  S ta tio n  F a r m  a t  S a ffo rd  w e re  

s u rv e y e d  a n d  c la s s i f i e d  by  th e  U. S. D. A . S o il C o n s e rv a t io n  S e rv ic e  a s  fo llo w s :

A n th o n y  L o a m -6  J

T h e  s o il  i s  v e r y  d eep  w ith  m e d iu m  te x tu r e  s u r f a c e  th a t  ta k e s  

w a te r  r e a d i ly ,  i t  i s  a n  e x c e l le n t  s o i l  w ith  few , i f  an y , l im it in g  f e a tu r e s .
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T h is  s o i l  h a s  m e d iu m  f e r t i l i t y  a n d  c a n  be e a s i ly  m a in ta in e d  in  a  good  t i l th .

T e x tu re  by d ep th :

0 - 1 2  in c h e s  = lo am  
12 -  36 in c h e s  = lo am  
36 -  60 in c h e s  = lo a m  ( c o a r s e )

C a jo n  C la y  L o a m -2 E

T h e  s o il  i s  v e r y  d e ep  w ith  a  c la y e y  s u r f a c e  w h ic h  r e s t r i c t s

w a te r  in ta k e .  T he in te r n a l  d r a in a g e  i s  f a i r l y  r a p id  b u t th e  s u r f a c e  ta k e s

w a te r  s lo w ly  a n d  te n d s  to  c r u s t  upon  d ry in g .

T e x tu re  by d ep th :

0 - 1 2  in c h e s  = c la y  lo am  
12 -  60 in c h e s  = sa n d y  lo a m

A nthony  S ilty  C la y  L o a m -6 D

T h e  s o il  i s  v e r y  d eep  w ith  c la y e y  s u r f a c e  w h ich  ta k e s  w a te r

s lo w ly  a n d  m a y  c r a c k  on d ry in g . I n te r n a l  d ra in a g e  i s  good.

T e x tu re  by  d ep th :

0 -  12 in c h e s  = s i l ty  c la y  lo a m  
1 2 - 3 6  in c h e s  = lo am  
36 -  60 in c h e s  = lo a m  ( c o a r s e )

F ie ld  P r e p a r a t io n

O n J a n u a ry  25 a n d  26, 1955, F ie ld  D w a s  p lo w e d  to  a  d ep th  of 

ab o u t 30 in c h e s  to  d is r u p t  th e  h o r iz o n ta l  s o i l  s t r a t i f i c a t io n  of d if f e r e n t  

t e x tu r e s  ( s e e  p la te s  1 a n d  2). A f te r  th e  s o i l  h a d  d r i e d  f a i r l y  w e ll a n d  

th e  f ie ld  h a d  b e e n  le v e le d  a n d  the  b o r d e r s  c o n s t r u c te d ,  o n e  fo o t of w a te r
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w as a p p lie d  fo r  le a c h in g . C o tto n  w a s  th e n  p la n te d  in  e a c h  of th e  36 b o r ­

d e r s  o r  p lo ts  in  th e  s i x - a c r e  f ie ld  a c c o rd in g  to  th e  u s u a l f ie ld  p r a c t i c e s  

of th e  a r e a .  T he in d iv id u a l p lo t  m e a s u r e d  220 f e e t  long  by  27 f e e t  w id e .

W a te r  Q u a lity  T r e a tm e n ts

T he s ix  t r e a tm e n ts  u s e d  in  th is  e x p e r im e n t  c o n s is te d  of th e  

fo llo w in g :

T r e a tm e n t  1 -  one p r e p la n t  le a c h in g  w ith  r i v e r  w a te r  a n d  r i v e r  
w a te r  a s  a  s o u rc e  o f c ro p  i r r i g a t io n .

T r e a tm e n t  2 -  r i v e r  w a te r  w a s  u s e d  b o th  a s  a  le a c h in g  a n d  c ro p  
i r r i g a t i o n  s o u r c e .  H o w ev e r, in  th is  c a s e ,  tw o 
le a c h in g s , one  a t  the  b e g in n in g  a n d  one  a t  th e  end  
of th e  c ro p p in g  s e a s o n , w e re  c o n d u c te d .

T r e a tm e n t  3 -  w e ll w a te r  w a s  u s e d  b o th  fo r  p r e p la n t  te a c h in g  
a n d  c ro p  i r r i g a t io n .

T r e a tm e n t  4  -  w e ll w a te r  w a s  u s e d  th ro u g h o u t th e  s u m m e r  w ith  
tw o le a c h in g s ,  one  a t  th e  b eg in n in g  a n d  one a t  
th e  en d  of th e  c ro p p in g  s e a s o n .

T r e a tm e n t  5 -  one p r e p la n t  le a c h in g  w ith  r i v e r  w a te r  a n d  w e ll 
w a te r  fo r  i r r i g a t i o n  s o u r c e .

T r e a tm e n t  6 -  two le a c h in g s  w ith  r i v e r  w a te r ,  one a t  th e  b e g in ­
n ing  a n d  o n e  a t  th e  en d  of th e  s e a s o n , w ith  w e ll 
w a te r  a s  th e  s o le  s o u r c e  o f c r o p  i r r i g a t io n  w a te r .

W a te r  Q u a lity

B eg in n in g  in  1954, th e  i r r i g a t io n  w a te r  s o u r c e s  f ro m  bo th  th e  

G ila  R iv e r  a n d  th e  S a ffo rd  S ta tio n  w e ll w e re  p e r io d ic a l ly  a n a ly z e d . A  

n u m b e r  o f su c h  a n a ly s e s ,  f o r  th e  1954 to 1962 p e r io d ,  show n  in  T a b le s
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11 a n d  12, i l l u s t r a t e  th e  a n n u a l v a r ia t io n s  o c c u r in g  in  th e  c h e m ic a l  

c o m p o s itio n  o f b o th  w a te r  s o u r c e s .  In  b o th  ta b le s ,  o n ly  th e  c a tio n ic  

c o n s t i tu e n ts  a r e  l is te d ;  b e c a u s e  o n ly  th e  c a t io n s , c a lc iu m , m a g n e s iu m , 

a n d  so d iu m  c o n te n t a n d  th e i r  c h a n g e s  in  th e  w a te r  h a v e  b e e n  in t e r p r e t e d  

on th e  b a s is  of th e  e f fe c t  th e y  h a v e  on  th e  p h y s ic a l  c o n d itio n  of th e  s o i l .

G ila  R iv e r  W a te r  .

M cG e o rg e , e t  ad. (40) s u m m a r iz e d  th e  to ta l  c o m p o s itio n  of th e  

G ila  R iv e r  w a te r  s o u r c e  u s e d  f o r  i r r i g a t i o n  on  th e  S a ffo rd  E x p e r im e n ta l  

F a r m  f r o m  1945 to  1952, y e a r  by  y e a r .  T h e s e  w o r k e r s  sh o w e d  th e  p r e ­

d o m in a te  s a l t  p r e s e n t ,  a s  so d iu m  c h lo r id e ,  w h ile  d u r in g  th is  s a m e  p e r i ­

od th e  a m o u n ts  of s u lfa te ,  c a r b o n a te ,  a n d  b ic a r b o n a te  io n s  w e re  n o n ­

s ig n if ic a n t  to  be  p r o b le m s .  T h e  c a lc u la te d  v a lu e s ,  th e  s o d iu m :c a lc iu m  

r a t io  v a r i e d  f ro m  0. 3 to  2. 4  w ith  a  m e a n  of 1 .6 ,  a n d  th e  c a lc u la te d  

so d iu m  a b s o r p t io n  r a t io ,  SAR, sh o w ed  a  m e a n  v a lu e  of 3. 1. D u rin g  

th e  s a m e  p e r io d ,  th e  c o n d u c tiv ity  of th e  G ila  R iv e r  w a te r  v a r i e d  f ro m  

0 .4  to 1. 6 m m h o s . / c m . (278 to  1131 p .p .  m . to ta l  so lu b le  s a l t  w ith  a  

m e a n  v a lu e  of 739 p . p . m . ), w h ic h  r e p r e s e n t s  0 .4  to  1. 5 to n s  of s a l t s  

p e r  a c r e - f o o t  of w a te r  w ith  a  m e a n  v a lu e  e q u a l to  1 .0  to n  of s a l t s  p e r  

a c r e - f o o t  o f w a te r .  T he  so d iu m  p e rc e n ta g e  d u rin g  th is  s a m e  p e r io d  

v a r i e d  f r o m  21 to  81 p e r c e n t  w ith  a  m e a n  of 51 p e r c e n t  so d iu m . U sing  

th e  a v e r a g e  v a lu e s ,  th e  e l e c t r i c a l  c o n d u c tiv ity , 1. 1 m m h o s . / c m . , a n d  

th e  SAR m e a n , 3 .1 ,  th e  G ila  R iv e r  w a te r  u s e d  fo r  i r r i g a t io n  p u r p o s e s  

d u rin g  th e  1945 to  1952 p e r io d  c a n  be  s e p a r a te d  in to  a  w a te r  c l a s s .
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C 3 -S 1 , w h ich  d e s c r ib e s  i t s  c h a r a c t e r i s t i c s  a s  b e in g  a  h ig h  s a l in i ty - lo w  

so d iu m  i r r i g a t io n  w a te r .

T he G ila  R iv e r  w a te r  u s e d  fo r  i r r i g a t io n  on  th e  S a ffo rd  E x p e r i ­

m e n ta l  F a r m  d u r in g  th e  1954 to  1962 p e r io d  sh o w s c o n s id e ra b le  v a r i a ­

t io n s  in  c h e m ic a l  c o m p o s i tio n  ( s e e  F ig u r e s  7, 8, a n d  9). T h e  s u lf a te s ,  

c a r b o n a te s ,  a n d  b ic a r b o n a te s  c o n te n t o f th e  G ila  R iv e r  w a te r  in c r e a s e d  

o v e r  th e  p re v io u s  s tu d y  by M c G e o rg e .e t  a l .  (40); h o w e v e r , th e  i n c r e a s e  

i s  n o t s ig n if ic a n t  en o u g h  to w a r r a n t  s p e c ia l  c o n s id e ra t io n .  T h e  c h lo r id e s  

c o n tin u e  to  be  th e  m a jo r  s a l t  in  th e  G ila  R iv e r  w a te r  u s e d  fo r  i r r i g a t io n  

p u r p o s e s .  T h e  c a lc u la te d  f a c to r s ,  th e  s o d iu m :c a lc iu m  r a t i o ,  v a r i e d  f ro m  

0. 5 to  9. 1 w ith  a  m e a n  of 4 . 0, w h ile  th e  SAR v a lu e s  v a r ie d  f r o m  0. 5 to  

17. 1 w ith  7. 4  a s  a  m e a n  v a lu e .  T he  e l e c t r i c a l  c o n d u c tiv ity , d u r in g  th e  

1954 to  1962 p e r io d , r a n g e d  f r o m  0. 5 to  3 .4  m m h o s . / c m .  (360 to  2406 

p . p . m .  to ta l  s o lu b le  s a l t s  w ith  a  m e a n  v a lu e  e q u a l to  1, 099 p . p . m . ), 

w h ic h  r e p r e s e n t s  0. 5 to  3. 3 to n s  of s a l t s  p e r  a c r e - f o o t  o f w a te r  w ith  a  

m e a n  v a lu e  e q u a l to  1 .5  to n s  o f s a l t s  p e r  a c r e - f o o t  of w a t e r . D u rin g  th e  

s a m e  p e r io d , th e  so d iu m  p e r c e n ta g e  v a r i e d  f r o m  13 to  84 p e r c e n t  w ith  

a n  a v e r a g e  v a lu e  e q u a l to  66 p e r c e n t .  U sing  a v e r a g e  v a lu e s ,  th e  e l e c ­

t r i c a l  c o n d u c tiv ity  m e a n , 1. 6 m m h o s . / c m . , a n d  th e  SAR m e a n , 7 .4 ,  th e  

w a te r  u s e d  fo r  i r r i g a t i o n  p u r p o s e s  d u r in g  th e  a b o v e  p e r io d  r e p r e s e n t s  a  

C 3 -S 2  w a te r  c l a s s ,  a  h ig h  s a l in i ty -m e d iu m  so d iu m  i r r i g a t io n  w a te r .

C o r r e la t io n  a n a ly s e s  m a d e  b e tw e e n  th e  fo llo w in g  f a c to r s ;  t im e , 

so d iu m  p e r c e n ta g e ,  s o d iu m - a b s o r p t io n  r a t io ,  a n d  th e  to ta l  s o lu b le  s a l t ,
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d u rin g  th e  1955 to  1962 p e r io d ,  w ith  r e s p e c t  to  th e  G ila  R iv e r  w a te r ,  

sh o w ed  th a t  th e r e  w as  no c o r r e la t io n  w ith  t im e . H o w ev e r, c o r r e la t io n s  

w e re  n o te d  b e tw e e n  th e  s o d iu m -a b s o r p t io n  r a t i o  a n d  th e  so d iu m  p e r c e n t ­

a g e , th e  to ta l  s o lu b le  s a l t  a n d  th e  so d iu m  p e r c e n ta g e ,  a n d  b e tw e e n  th e  

to ta l  so lu b le  s a l t  a n d  th e  s o d iu m - a b s o r p t io n - r a t io .  T h e  fo llo w in g  c o r ­

r e la t io n  c o e f f ic ie n ts  w e re  n o te d : r  = 0. 85, r  = 0. 59, a n d  r  = 0. 70 fo r  

th e  ab o v e , r e s p e c t iv e ly .

In  F ig u r e s  7, 8, a n d  9, th e  m e a n  v a lu e s  fo r  th e  G ila  R iv e r  w a ­

t e r  a r e  a s  fo llo w s : th e  to ta l  s o lu b le  s a l t  m e a n  = 1100 p . p . m . , th e  s o d iu m -  

a b s o r p t io n - r a t io  m e a n  = 7 .4 ,  a n d  th e  so d iu m  p e r c e n ta g e  m e a n  = 66.

S a ffo r d F a r m  S ta tio n  W ell

T he  w e ll i s  lo c a te d  o n  th e  s o u th w e s t e n d  o f th e  f ie ld  b o u n d a ry  

o f th e  S a ffo rd  E x p e r im e n ta l  S ta tio n . I t  w as  d r i l l e d  in  1939 to  a  d ep th  

o f 98 fe e t ,  a n d  th e  p ip e  c a s in g  i s  16 in c h e s  in  d ia m e te r .  T h e  w a te r  

d ra w n  f r o m  th e  ab o v e  w e ll fo r  i r r i g a t i o n  p u rp o s e s  d u r in g  th e  1945 

to  1952 p e r io d  sh o w s th e  fo llo w in g  v a r ia t io n s  in  the  c h e m ic a l  c o m ­

p o s it io n :  th e  s o d iu m :c a lc iu m  r a t io  v a r i e d  f ro m  2. 2 to 6. 6 w ith  a  

m e a n  e q u a l to  4 . 5, w h ile  th e  SAR v a lu e  v a r i e d  f r o m  14. 1 to  19. 4 

w ith  a  m e a n  v a lu e  e q u a l to  12. 7, th e  e l e c t r i c a l  c o n d u c tiv ity  v a r i e d  

f r o m  3. 1 to  5. 8 m m h o s . / c m . (2148 to  4085 p . p . m .  to ta l  s o lu b le  s a l t s  

w ith  3396 p . p . m . a s  a n  a v e r a g e  v a lu e ) , w h ic h  r e p r e s e n t s  2. 9 to  5. 6 

to n s  of s a l t s  p e r  a c r e - f o o t  of w a te r  w ith  4 . 6 to n s  p e r  a c r e - f o o t  of
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Figure 7. The annual change in the total soluble salts of river and well water used
for irrigation on the University of Arizona Farm at Safford from 1954
through 1962.
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Figure 8. The annual change in the sodium-absorption ratio of well and river water
used for irrigation on the University of Arizona Farm at Safford from
1954 through 1962.
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Figure 9. The annual change in the soluble sodium percentage of well and river
water used for irrigation on the University of Arizona Farm at Safford

from 1954 through 1962.



w a te r  a s  th e  m e a n  v a lu e , a n d  th e  so d iu m  p e rc e n ta g e  v a r i e d  f ro m  67 to  

85 p e r c e n t  w ith  th e  m e a n  v a lu e  e q u a l to  78 p e r c e n t .  T ak in g  th e  a v e r a g e  

v a lu e  of th e  e l e c t r i c a l  c o n d u c tiv ity  o f 4 . 8 m m h o s . / c m . , a n d  th e  SAR 

m e a n  v a lu e , 12. 7, th e  a v e r a g e  w a te r  c l a s s  f o r  th e  ab o v e  w e ll w a te r  i s  

C4~S4, a  v e r y  h ig h  s a l i n i ty - v e r y  h ig h  so d iu m  w a te r .  T h e  a n io n ic  

c o n s t i tu e n ts  in  th e  w e ll w a te r  a r e  d e f in i te ly  h ig h e r  in  th e  w e ll  w a te r  a s , 

c o m p a r e d  to  th e  r i v e r  w a te r .  T h e  a n io n s  in  th e  i r r i g a t i o n  w a te r  d u rin g  

th e  ab o v e  p e r io d  show  th e  fo llo w in g : th e  s u lf a te s  v a r i e d  f ro m  197 to  

826 p . p . m . , w h ile  th e  b ic a r b o n a te s  r a n g e d  f ro m  268 to  641 p . p . m . ,  

a n d  th e  c h lo r id e s ,  th e  m o s t  p r e d o m in a te ,  v a r i e d  f r o m  643 to  1367 

p . p . m .  M c G e o rg e , e t a l .  (40) show  th e  a b s e n c e  o f r e s id u a l  so d iu m  

c a r b o n a te s  w ith  th e  e x c e p tio n  o f tw o y e a r s  d u r in g  th e  1945 to  1952 p e r io d .

D u rin g  th e  p e r io d  f r o m  1954 th ro u g h  1962, th e  fo llo w in g  v a r i a ­

t io n s  in  th e  c h e m ic a l  c o m p o s i tio n  of th e  F a r m  S ta tio n  w e ll w a te r s  w e re  

n o te d . T he  c a lc u la te d  r a t i o s ,  th e  s o d iu m :c a lc iu m  v a r i e d  b e tw e e n  3. 0 

to  14. 9 w ith  8. 0 a s  a n  a v e r a g e ,  w h ile  th e  c a lc u la te d  SAR v a r ie d  f r o m  9 

to  26 w ith  a  m e a n  v a lu e  e q u a l to  20. 4 . T he e l e c t r i c a l  c o n d u c tiv ity  r a n g e d  

f r o m  3. 88 to 5. 70 m m h o s . / c m . (2721 to  3995 p . p . m .  to ta l  s o lu b le  

s a l t s  w ith  a  m e a n  v a lu e  e q u a l to  3369 p . p . m . ), w h ich  r e p r e s e n t s  3. 7 

to  5 .4  to n s  of s a l t s  p e r  a c r e - f o o t  of w a te r  w ith  4 . 5 to n s  of s a l t s  p e r  

a c r e - f o o t  of w a te r  a s  th e  m e a n . T h e  so d iu m  p e r c e n ta g e  v a r i e d  f r o m  

66 to  87 p e r c e n t  w ith  a  m e a n  v a lu e  e q u a l to  82 p e r c e n t .  U sin g  th e  

m e a n  v a lu e s  of e l e c t r i c a l  c o n d u c tiv ity  a n d  SAR, th e  a b o v e  w e ll  w a te r

62
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r a t e s  a  C 4 -S 4 , a  v e r y  h ig h  s a l i n i ty - v e r y  h ig h  so d iu m  w a te r .  T he  

a n io n s  w e re  n o t c h a r a c te r i z e d  f o r  th e  1954 to  1962 p e r io d ,  b u t i t  w as  

a s s u m e d  th a t  th e y  in c r e a s e d  p r o p o r t io n a te ly  o v e r  th a t  of th e  p e r io d  

r e p o r te d  by  M c G e o rg e , e t a l . (40).

O nly  one c o r r e la t io n  w as  n o te d  on  th e  w e ll  w a te r  d u r in g  th e  

1955 to  1962 p e r io d .  T h e re  i s  a  c lo s e  c o r r e la t io n  b e tw ee n  th e  s o d iu m -  

a b s o r p t io n - r a t io  a n d  th e  so d iu m  p e r c e n ta g e .  T h e  c o r r e la t io n  c o e f f i ­

c ie n t , r  = 0. 954.

In  F ig u r e s  7, 8, a n d  9, th e  m e a n  v a lu e s  fo r  th e  w e ll w a te r  

a r e  a s  fo llo w s : to ta l  so lu b le  s a l t  m e a n  = 3425. 0, th e  s o d iu m - a b s o r p t io n -  

r a t io  m e a n  = 20. 9, a n d  th e  so d iu m  p e r c e n ta g e  m e a n  = 82. 0.

F ie ld  P lo t  D e s ig n

T he e x p e r im e n ta l  d e s ig n , a  r a n d o m iz e d  c o m p le te  b lo ck , w as  

im p o s e d  on F ie ld  D in  w h ic h  th e  e x p e r im e n ta l  a r e a .  F ie ld  D, w a s  

d iv id e d  in to  s ix  r e p l ic a t io n s  w ith  s ix  t r e a tm e n ts  p e r  e a c h  r e p l i c a t e .

T he s ix  t r e a tm e n t s  w e re  a s s ig n e d  r a n d o m ly  to  e a c h  of th e  s ix  p lo ts  

w ith in  a  r  e p l ic a te .

D a ta  f ro m  th e  v a r io u s  e x p e r im e n ts ,  r e p o r t e d  in  th is  m a n u ­

s c r ip t ,  w e re  a n a ly z e d  s t a t i s t i c a l l y  by  th e  m e th o d  o u tlin e d  in  th e  te x t, 

P r o c e d u r e s  o f S ta t i s t i c s , w r i t t e n  by S te e l a n d  T o r r i e  (57). T r e a tm e n t  

m e a n s  w e re  s e p a r a te d  b y  th e  new  D u n can  M u ltip le  R an g e  T e s t  a c c o rd in g
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to  th e  ab o v e  te x t .  T he  f iv e  p e r c e n t  le v e l  of s ig n if ic a n c e  w a s  u s e d  in  

a l l  c a s e s  u n le s s  o th e rw is e  s ta te d .  .

In d ic a to r  C ro p s

P a s t  d a ta  f r o m  th e  E x p e r im e n ta l  S ta tio n  a t  S a ffo rd  sh o w ed  

th a t  F ie ld  D h a d  b e e n  u n d e r  c u l t iv a t io n  f o r  a  n u m b e r  of y e a r s .  : F o r -  

in s ta n c e ,  in  1951 a n d  1952, th e  d if f e r e n t  a l f a lf a  v a r i e t i e s ,  a l r e a d y  

g ro w in g  on  F ie ld  D, w e re  t e s t e d  in  c o n n e c tio n  w ith  w a te r  a p p l ic a t io n s  

a n d  s e e d  p ro d u c tio n . . In  1953, S udan  g r a s s  w a s  p la n te d  on  F ie ld  D, 

b o r d e r s  1 th ro u g h  21, a n d  l a t e r  th e  c ro p  w as  p lo w e d  u n d e r  to  a id  in  

in c r e a s in g  th e  f e r t i l i t y  a n d  to  im p r o v e  th e  p h y s ic a l  s t r u c tu r e  of th e  

s o i l .  In  1954, so y b e a n s  w e re  g ro w n  on F ie ld  D to d e te r m in e  th e  p r o p e r  

s e e d lin g  r a t e  a n d  th e  d a te  o f p la n tin g . D u rin g  th e  s a m e  y e a r ,  c o tto n  

w as  a ls o  p la n te d  to  t e s t  th e  p r o p e r  p la n tin g  m e th o d s  to  g e t th e  m a x i­

m u m  s e e d lin g  s ta n d . In  th e  f a l l ,  f ie ld  b o r d e r s  22 th ro u g h  36 w e re  

p la n te d  to  su d a n  g r a s s  a n d  l a t e r  th e  c ro p  w as  p lo w e d  u n d e r  to  a id  in  

f e r t i l i t y  a n d  to  im p r o v e  th e  p h y s ic a l  s t r u c tu r e  of th e  s o i l .  . •

C o tto n  a n d  b a r le y  w e re  th e  in d ic a to r  c ro p s  g ro w n  d u r in g  th e  

1955 to  1962 p e r io d  on  F ie ld  D. T he  c ro p  y ie ld s  o b ta in e d  w e re  a n a ly z e d  

s t a t i s t i c a l ly .  T h e s e  r e s u l t s  a r e  show n, a lo n g  w ith  th e  y ie ld  d a ta  f r o m  

e a c h  p lo t  w ith in  a  g iv e n  y e a r ,  in  T a b le s  7, 8, 9, 10, 11, a n d  12.

In  1959, c o tto n  s e e d lin g  s ta n d  c o u n ts , fo u r  p e r  e a c h  b o r d e r ,  e a c h  50



65

f e e t  Long, w e re  ta k e n  on tw o d a te s ,  J u ly  31 a n d  A u g u s t 25, a n d  th e  

r e s u l t s  s t a t i s t i c a l l y  a n a ly z e d  a s  show n in  T a b le s  13 a n d  14.

S o il S a m p lin g  a n d  P r e p a r a t io n

B e c a u se  s a l t - a f f e c te d  s o i ls  v a r y  t r e m e n d o u s ly  in  c h e m ic a l  

a n d  s o m e t im e s  in  th e i r  p h y s ic a l  c h a r a c t e r i s t i c s ,  th e  s a m p lin g  p r o ­

c e d u r e  h a s  a lw a y s  b e e n  a  m a jo r  p ro b le m . Sayegh, e t aU (50) a n a ly z e d  

s t a t i s t i c a l l y  th e  v a r ia t io n  in  e l e c t r i c a l  c o n d u c tiv ity  a n d  E S P  b e tw ee n  

s o il  m ap p in g  u n its  a n d  b e tw e e n  lo c a t io n s  w ith in  a  m ap p in g  u n it. T he 

v a r ia t io n  in  e l e c t r i c a l  c o n d u c tiv ity  w ith in  a  u n it  w as  n o t l a r g e  b u t E S P  

v a r ia t io n  w a s , e s p e c ia l ly  th e  in d iv id u a l s a m p le  v a r ia t io n .  I t  w a s  

fo u n d  th a t  th e  s u b s a m p le s  ta k e n  a t  a  g iv en  lo c a tio n  fo r  c o m p o s itin g  

in to  a  g iv en  lo c a t io n  m a y  v a r y  m o r e  th a n  th e  s a m p le s  ta k e n  o v e r  a n  

a r e a  to  r e p r e s e n t  th e  s o i l  m a p p in g  u n it. H o w ev e r, in c r e a s in g  th e  n u m ­

b e r  of s a m p lin g  lo c a t io n s  i n c r e a s e d  th e  r e l i a b i l i ty  of th e  m e a n  m o re  

r a p id ly  th a n  in c r e a s in g  th e  n u m b e r  of s a m p le s  p e r  lo c a t io n . C h ap m an  

a n d  P r a t t  (15) p o in t o u t th e  fo llo w in g  p r o c e d u r e s  in  s o i l  s a m p lin g : (1) 

ta k e  a  s e r i e s  o f c o r e s  a c c o rd in g  to  so m e  s y s te m a t ic  g r id  lay o u t of 

e q u a l s iz e  a n d  th o s e  of c o m p a r a b le  d ep th  (v o lu m e) sh o u ld  be c o m p o s ite d ; 

(2) s e p a r a te  s o i l  c o r e s  s h o u ld  b e  a n a ly z e d  o r r e p l i c a t e  s e t  o f c o m p o s i te  

m a d e  to d e te r m in e  s t a t i s t i c a l  s ig n if ic a n c e  of r e s u l t s  on th e  f in a l  c o m ­

p o s i te ;  (3) th e  n u m b e r  of s o i l  c o r e s  to  b e  c o m p o s i te d  w ill  d e p en d  on 

th e  v a r i a b i l i ty  of th e  s o i l s ,  th e  d e g re e  of a c c u r a c y  d e s i r e d ,  th e  p a r t i c u la r
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e le m e n t o r  e le m e n ts  to  be d e te rm in e d , a n d  th e  g e n e r a l  o v e r - a l l  p u r ­

p o se ; (4) c u l t iv a te d  s o i ls  a r e  g e n e r a l ly  m o re  v a r ia b le  th a n  v i r g in  s o i ls ,  

an d  s a l in e  a n d  so d ic  s o i ls  a r e  e x t r e m e ly  v a r ia b le ;  (5) s e p a r a te  c o m ­

p o s i te  r e p r e s e n t in g  d i f f e r e n t  s e g m e n ts  of the  s o i l  p r o f i le  o r  r o o t  zone 

sh o u ld  be ta k en ; (6) c o n ta m in a tio n  f r o m  s o il  s u r f a c e  m a te r i a l s  sh o u ld  

be a v o id e d , a ls o  c o n ta m in a tio n  o f one s o il  d ep th  w ith  th a t  of a n o th e r  

dep th ; a n d  (7) in  a r e a s  to  be  s a m p le d  a t  s u c c e s s iv e  in te r v a l s ,  i t  i s  

im p o r ta n t  to  m a k e  a  m a p  show in g  in i t i a l  s a m p lin g  p o in ts  a n d  ta k e  s u b ­

s e q u e n t s a m p le s  a t  p o in ts  a  s m a l l  b u t d e f in ite  d is ta n c e  aw ay  f ro m  th e  

p re c e d in g  s a m p lin g  p o in t.

In  th e  p re c e d in g  d is c u s s io n ,  i t  h a s  b e e n  m e n tio n e d  th a t  th e  

f i r s t  s a m p le s  w e re  ta k e n  in  1954 in  c o n n e c tio n  w ith  th e  s o i l  s u rv e y , 

an d  th e s e  s a m p le s  a r e  c h a r a c t e r i z e d  in  T a b le s  1 an d  2. D u rin g  th e  

s u m m e r  m o n th s  of 1955, e a c h  of th e  36 b o r d e r s  w ith in  H e ld  D w e re  

s a m p le d  in  th e  fo llo w in g  m a n n e r :  f i r s t ,  th r e e  s p o ts  p e r  b o r d e r ,  e q u a l 

d is ta n c e  f r o m  e a c h  o th e r ,  w e re  c h o s e n  a s  s a m p lin g  s i t e s .  A t e a c h  _ 

s i te  s o i l  s a m p le s  f r o m  d e p th s  of o n e , tw o, a n d  th r e e  f e e t  w e re  ta k e n . 

T h is  p r o c e d u r e  w as  r e p e a te d  fo r  e a c h  of the  o th e r  35 b o r d e r s .

A b o u t a  y e a r  l a t e r  in  1956, th e  f ie ld  w a s  s a m p le d  a g a in  in  th e  

s a m e  m a n n e r  w ith  one  a d d itio n . A  tw o - in c h  d ep th  so il  s a m p le  w a s  

a d d ed  fo r  a n a ly s i s .

In  1961 th e  w r i t e r  to o k  s o il  s a m p le s  on F ie ld  D on tw o d a te s ,  

S e p te m b e r  27 a n d  O c to b e r  1. T h e  s a m p le s  w e re  ta k e n  s ix  a n d  10 d a y s .
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r e s p e c t iv e ly ,  a f t e r  i r r i g a t io n .  T he , f i r s t  18 b o r d e r s  w e r e  s a m p le d  on 

th e  f i r s t  d a te  a n d  th e  r e s t  of th e  18 b o r d e r s  on  O c to b e r  1, 1961. E a c h  

o f th e  36 b o r d e r s  w e re  s a m p le d  in  th e  fo llo w in g  m a n n e r :  f i r s t  s ix  s i t e s ,  

tw o in  th e  c e n te r  o f e a c h  b o r d e r  w ith  two s i t e s  e q u a l d is ta n c e  on e a c h  

s id e  o f th e  c e n te r ,  w e re  c h o se n . A t e a c h  of th e  s ix  s i t e s ,  s o i l  c o r e s  

w e re  ta k e n  f ro m  d e p th s  of o n e , tw o, a n d  th r e e  f e e t .  T he  s o i l  c o r e s  

w e re  c o m p o s i te  w ith  th e i r  r e s p e c t iv e  d e p th s . -

• T he  s o il  s a m p le s  in  e a c h  c a s e  w e re  s e t  o u t to  a i r  dry^ ro l le d ,  

a n d  p a s s e d  th ro u g h  a  2 m m . s ie v e  an d  p r e p a r e d  fo r  c h e m ic a l  a n a ly s is .

C h e m ic a l P r o c e d u r e s

W a te r  A n a ly s is

W a te r  s a m p le s  w e re  c o l le c te d  a n d  sh ip p e d  to  th e  U n iv e r s i ty  of 

A r iz o n a  w h e re  a n a ly s e s  w e re  m a d e  a c c o rd in g  to  th e  fo llo w in g  p r o c e d u r e s :  

c a lc iu m  w as  d e te r m in e d  by t i t r a t i n g  w ith  . 01N E D T A  (e th y l en e  d ia m in e  -  

t e t r a a c e t i c  a c id ) , u s in g  C a lv e r  H  in d ic a to r  w ith  4N  N aO H . C a lc iu m  a n d  

m a g n e s iu m  w a s  d e te rm in e d  by t i t r a t i n g  w ith  0. 0 IN  E D T A , u s in g  E r i o -  

c h ro m e  B la c k  T in d ic a to r  a n d  a lk a l in e  a m m o n iu m  c h lo r id e  b u ffe r . M ag ­

n e s iu m  w a s  c a lc u la te d  a s  th e  d if f e r e n c e  b e tw e e n  th e  c a lc iu m  m a g n e s iu m  

a n d  c a lc iu m  v a lu e s .  S od ium  w a s  c a lc u la te d  a s  th e  d if f e r e n c e  b e tw e e n  th e  

m il l ie q u iv a le n ts  o f th e  a n io n s  c h lo r id e ,  s u lfa te ,  c a r b o n a te ,  a n d  b ic a r b o n ­

a te ,  a n d  th e  m il l ie q u iv a le n ts  o f c a lc iu m  a n d  m a g n e s iu m . T o ta l s o lu b le

s a l t s , TSS, w e re  d e te r m in e d  by a d d in g  th e  to ta l  io n s  fo u n d . S o d iu m -
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a d s o r p t io n - r a t io ,  SAR, w as  c a lc u la te d  by th e  fo r m u la  ( c o n c e n tr a t io n  in

m eq. /L»): SAR = Na"^

, /  C a ++ M g++=

;

S o il A n a ly s is  - ' '

T h e  s o i l  s a m p le s  u s e d  in  th is  w o rk  w e re  a l l  a i r - d r i e d  a n d  

p a s s e d  th ro u g h  a  2 m m . s ie v e  s c r e e n .  S u b s a m p le s  o f th e  a i r - d r i e d  

s a m p le s  w e re  o v e n - d r ie d  f o r  24 h o u rs  a t  a  te m p e r a tu r e  of a b o u t 105° C . 

to  d e te r m in e  th e  m o is tu r e  p e r c e n ta g e .  T he  m o is tu r e  c o n te n t i s  ta k e n  

in to  a c c o u n t in  a l l  of th e  fo llo w in g  s o il  a n a ly s e s :

S a tu ra te d  s o il  p a s te .  T h e  s a tu r a te d  s o i l  p a s te s  w e re  p r e p a r e d  

by th e  m e th o d  d e s c r ib e d  by  th e  U. S. S a lin ity  S ta ff  (63).

S a tu r a te d  s o il  pH . T h e  s a tu r a te d  s o il  p a s te s  p r e p a r e d  w e re  

a llo w e d  to  s ta n d  a b o u t o n e  h o u r  b e fo re  pH  m e a s u r e m e n ts  w e re  m a d e  on 

th e  B e c k m a n  pH  m e te r  M o d el N .

E l e c t r i c a l  c o n d u c ta n c e . A  f a i r l y  q u a n ti ta t iv e  e s t im a te  of th e  

s a l t  c o n te n t of s o lu t io n s  e x t r a c te d  f r o m  s o i ls  c a n  b e  m a d e  f r o m  th e i r  

e l e c t r i c a l  c o n d u c ta n c e  b y  th e  fo llo w in g  e q u a tio n  p ro p o s e d  by  th e  U. S. 

S a lin i ty  S ta ff  (63): p . p . m . = 0. 64 x  E C  x  10^

T he  S o il a n d  W a te r  T e s t in g  L a b o r a to r y  a t  th e  U n iv e r s i ty  of A r iz o n a  

u s e s  th e  f a c to r  0. 70 in s te a d  of 0. 64 in  th e  ab o v e  e q u a tio n  b e c a u s e  th is  

f a c to r  s e e m s  to  g iv e  a  c lo s e r  e s t im a te  of th e  to ta l  so lu b le  s a l t s .  A n ­

o th e r  e q u a tio n  s u g g e s te d  by J a c k s o n  (30) w h ic h  g iv e s  a  c lo s e  e s t im a te
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of th e  s a l t  to x ic ity , show n below , ta k e s .in to  a c c o u n t th e  s o i l  s a tu r a t io n  . 

p e r c e n ta g e .  :

% s a l t  in  so il = 0. 0b4 v  EH * 1 p3 y % w a te r  in  s o i l  a t  e x t r a c t io n
100

H o w ev e r, due to  th e  f a c t  th a t  th e r e  w e r e  no d a ta  a v a i la b le  of th e  s o il  

s a tu r a t io n  p e r c e n ta g e s  f ro m  p a s t  r e s e a r c h  on  soiV  s a m p le s  ta k e n  in  

1954, 1955, a n d  1956, th e  l a t t e r  e q u a tio n  w as  n o t u s e d . C a lc u la tio n s  

r e p o r t e d  in  th is  m a n u s c r ip t  a r e  b a s e d  on th e  U n iv e r s i ty  of A r iz o n a .S o il  

an d  W a te r  T e s tin g  L a b o r a to r y  e q u a tio n .

S a tu ra t io n  e x t r a c t s  w e r e  o b ta in e d  by th e  p r o c e d u r e  d e s c r ib e d  

in  th e  U. S. D. A . H andbook  60 (63). T h e  e l e c t r i c a l  c o n d u c tiv i t ie s  of th e  

s o i l  p a s te  e x t r a c t s  w e re  d e te r m in e d  on a  s ta n d a r d  s o lu b r id g e  R D -2 6  

w ith  A . C. g a lv a n o m e te r .

1:5 ( s o i l - w a te r )  pH . T h e  s u s p e n s io n s  w e r e  m a d e  a c c o rd in g  to 

th e  m e th o d  d e s c r ib e d  by th e  U. S. S a lin ity  S ta ff (63). T he  p r e p a r e d  s u s ­

p e n s io n s  w e re  a llo w e d  to  s ta n d  a t  l e a s t  a n  h o u r , a g i ta te d  a g a in  fo r  f iv e  

m in u te s , a n d  th e  p H  im m e d ia te ly  m e a s u r e d  on  th e  B e c k m a n  pH  m e te r .

A m m o n iu m  a c e ta te  pH . A i r - d r i e d  s o i l s ,  40  g . , w e re  p u t in  

g la s s  b o t t le s  a n d  0. 13N a m m o n iu m  a c e ta te  so lu tio n  w a s  a d d e d  to b r in g  

th e  s o i l  n e a r ly  to  s a tu r a t io n .  A m m o n iu m  a c e ta te  s o lu t io n  w a s  th e n  a d d e d  

d ro p w is e  u n til  th e  m ix tu r e  h a d  th e  c h a r a c t e r i s t i c s  of a  s a tu r a te d  s o i l  

p a s te .  A f te r  a  few  m in u te s 1 s ta n d in g , th e  c r i t e r i a  fo r  s a tu r a t io n  w a s
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a g a in  d e te r m in e d  ( f r e e  a m m o n iu m  sh o u ld  n o t c o l le c t  on  th e  s o il  s u r f a c e ,  

n o r s h o u ld  th e  p a s te  s t i f f e n  m a rk e d ly  o r  lo s e  i t s  g l i s te r in g  a p p e a ra n c e  

on  s ta n d in g . ) To e a c h  o f th e  s a m p le s ,  s u f f ic ie n t  a m o u n t o f d i s t i l le d  

w a te r  w a s  a d d e d  to  m a k e  a  1:5 s u s p e n s io n . T h e  b o t t le s  w e re  th e n  - 1 

s to p p e r e d  a n d  sh a k e n  fo r  30 m in u te s  on a  m e c h a n ic a l  s h a k e r .  [ T h e  pH  

of th e  s u s p e n s io n  w as  th e n  d e te r m in e d  im m e d ia te ly  on th e  B e c k m a n  pH  

m e te r .  T h e  e s t im a te  of th e  e x c h a n g e a b le  so d iu m  p e r c e n ta g e  w as  m a d e  

f r o m  a  r e g r e s s i o n  l in e  d e v e lo p e d  by C h a n g ;e t a l .  (12) a n d  th e s e  v a lu e s  

r e c o r d e d  a s  p a r t  o f th e  c a lc u la t io n s  in  T a b le  24.

C a tio n  e x c h a n g e  c a p a c i ty . Tw o m e th o d s  w e r e  e m p lo y e d  in  d e t e r -  

m in in g  th e  c a t io n  e x ch a n g e  c a p a c i ty .  H o w ev e r, in  b o th  c a s e s ,  th e  p r i n c i ­

p le  in v o lv e d  w as  th e  s a m e  in  th a t  o f o c cu p y in g  a l l  th e  c a t io n  e x ch a n g e  

p o s i t io n s  in  th e  s o i l  w ith  one ty p e  o f c a tio n . T h e s e  c a t io n s  th e n  c a n  e i th e r  

b e  d is t i l le d  a n d  t i t r a t e d  o r  r e p la c e d  w ith  a n o th e r  c a t io n  a n d  th e  d is p la c e d  

c a tio n  a n a ly z e d . T h e  f i r s t  m e th o d  c o n s is te d  of r e p la c in g  a l l  of th e  e x ­

ch an g e  p o s i t io n s  in  th e  s o i l  w ith  th e  a m m o n iu m  io n . T e n  g m . o f a i r -  

d r ie d  s o il  w as  p la c e d  in  500 m l. e r le n m e y e r  f la s h  a n d  250 m l. of n e u t r a l  

N a m m o n iu m  a c e ta te  (pH  7. 00) w a s  a d d e d  to e a c h  s a m p le .  T he f la s k s  

w e re  s to p p e r e d  a n d  sh a k e n  th o ro u g h ly  a n d  a llo w e d  to  s ta n d  o v e rn ig h t .

T he s a m p le s  w e re  th e n  f i l t e r e d  th ro u g h  a  B u c h n e r  fu n n e l w ith  l ig h t  s u c ­

tio n . T h e  s o i ls  w e re  le a c h e d  w ith  a m m o n iu m  a c e ta te  u n til  no t e s t  fo r  

c a lc iu m  c o u ld  be  o b ta in e d  in  th e  le a c h in g s . T he le a c h a te s  w e r e  s a v e d
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fo r  th e  d e te rm in a tio n , of e x c h a n g e a b le  c a t io n s .  T he  s o i ls  w e re  th e n  

le a c h e d  w ith  25 p e r c e n t  a lc o h o l to  w a sh  o u t th e  e x c e s s iv e  s a l t s .  T he  

so il  s a m p le s  f r o m  th e  B u c h n e r  fu n n e ls  w e re  th e n  t r a n s f e r r e d  in to  500 

m l, K je ld a h l f la s k s  a n d  d ilu te d  to  a p p ro x im a te ly  200 m l.  w ith  d i s t i l l e d  

w a te r .  T h e  f la s k s  w e re  th e n  a s s e m b le d  to th e  d is t i l la t io n  a p p a r a tu s  

a n d  th e  a m m o n ia  d is t i l l e d  o v e r  in to  r e c e iv in g  f la s k s  c o n ta in in g  s a tu r a te d  

b o r ic  a c id . T h e  a m m o n ia  w a s  d e te r m in e d  by  t i t r a t i n g  w ith  0. 2N H C l 

so lu tio n , u s in g  th e  d o u b le  in d ic a to r  m e th y l - r e d - m e th y le n e - b lu e .  T he 

m il l ie q u iv a le n t  of a m m o n ia  p e r  100 g m . of s o i l  d e te r m in e d  r e p r e s e n t s  

th e  b a s e  e x ch a n g e  c a p a c ity .

T h e  w r i t e r  d e te r m in e d  th e  c a tio n  e x c h a n g e  c a p a c i ty  by  th e  

m e th o d  d e s c r ib e d  by  C h ap m an  a n d  P r a t t  (15) w ith  a  few  m o d if ic a t io n s . 

T he s o il  s a m p le s  w e re  le a c h e d  th ro u g h  p o r c e la in  G ooch  c r u c ib le s  u n d e r 

v a cu u m  s u c tio n  in s te a d  of u s in g  th e  c e n tr i fu g e  a p p a r a tu s .  S o il s a m p le s ,  

w e ig h in g  4, 5, a n d  6 g m s . , w e re  u s e d  d ep en d in g  o n  th e  t e x tu r e .  T he 

s o il  in  th e  G ooch  c r u c ib le  w as  le a c h e d  w ith  fo u r 33 m l. p o r t io n s  of N 

so d iu m  a c e ta te  (pH  8. 2) to  s a tu r a t e  th e  e x ch a n g e  s i t e s .  T h e  e x c e s s  

s a l t s  w e re  th e n  re m o v e d  w ith  100 m l.  of 95 p e r c e n t  e th y l a lc o h o l . T h e  

a b s o r b e d  so d iu m  c a tio n s  w e re  th e n  d is p la c e d  w ith  th r e e  33 m l. p o r t io n s  

of N a m m o n iu m  a c e ta te  s o lu tio n  (pH  7, 00) a n d  th e  le a c h a te  s a v e d  fo r  

a n a ly s i s .  T he  s o lu tio n s  w e re  d ilu te d  to  v o lu m e  a n d  m ix e d  th o ro u g h ly  

b e fo re  a l iq u o t  p o r t io n s  w e r e  ta k e n  fo r  th e  d e te r m in a t io n  of so d iu m  on 

th e  f la m e  p h o to m e te r  a c c o rd in g  to  th e  m e th o d  d e s c r ib e d  by th e  U. S.
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S a lin ity  S ta ff  (63). T he m i l l ie q u iv a le n ts  of so d iu m , e x p r e s s e d  on o v e n -  

d ry  s o il  b a s i s ;  i s  th e  b a s e  e x ch a n g e  c a p a c ity .

W a te r  s o lu b le  c o n s t i tu e n ts .  T h e  w a te r - s o lu b le  so d iu m  a n d  

p o ta s s iu m  w e re  d e te r m in e d  in  th e  s a tu r a te d  e x t r a c t s  on th e  f la m e  p h o to ­

m e te r .  HgO so lu b le  c a lc iu m  a n d  m a g n e s iu m  w e re  a ls o  d e te r m in e d  in  

th e  s a tu r a t io n  e x t r a c t  by  th e  p r o c e d u r e s  u s e d  in  d e te rm in in g  th e  c a lc iu m  

a n d  m a g n e s iu m  in  th e  w a te r  a n a ly s is .

T o ta l e x t r a c ta b le  c o n s t i tu e n ts .  T h e .le a c h a te s  f r o m  th e  a m m o n i­

um  e x tr a c t io n  in  d e te rm in in g  th e  c a t io n  e x ch a n g e  c a p a c i ty  w e re  u s e d  in  

d e te rm in in g  th e  to ta l  e x t r a c ta b le  so d iu m , p o ta s s iu m , c a lc iu m , a n d  m a g ­

n e s iu m  a c c o rd in g  to  m e th o d s  d e s c r ib e d  in  th e  U. S. D. A. H andbook  60 (63).

E x c h a n g e a b le  so d iu m . T h r e e  m e th o d s  w e re  e m p lo y e d  to  e s t im a te

th e  e x c h a n g e a b le  so d iu m . T he  f i r s t  m e th o d  i s  a  c a lc u la t io n  in  w h ich  th e  
( . . . j ' - : ' ' ' - - ~ '

s o lu b le  so d iu m  fo u n d  in  th e  s a tu r a t io n  e x t r a c t  i s  s u b t r a c te d  f r o m  th e

to ta l  so d iu m  re m o v e d  in  th e  a m m o n iu m  a c e ta te  so lu tio n . T h e  s e c o n d

m e th o d  d e s c r ib e d  by  P ip e r  (47) w as  e m p lo y e d  by  th e  w r i t e r  w ith  a  few

m o d if ic a t io n s . Tw o d u p lic a te  10 gm . s o i l  s a m p le s  w e re  w e ig h ed  ou t

a n d  t r a n s f e r r e d  to 100 m l.  c e n tr i fu g e  tu b e s .  T h e  w r i t e r  a d d e d  50 m l.

of 60 p e r c e n t  e th y l a lc o h o l to e a c h  c e n tr i fu g e  tu b e . T he  tu b e s  w e re

s to p p e r e d  a n d  sh a k e n  on  a  m e c h a n ic a l  s h a k e r  fo r  f iv e  m in u te s .  T h e

tu b e s  w e re  th e n  p u t in to  a  w a te r  b a th  w ith  a  t e m p e r a tu r e  of 5 0 °  C . fo r



73

te n  m in u te s .  T h e  tu b e s  w e re  th e n  p u t in to  a n  I n te r n a t io n a l  c e n tr i fu g e  

s iz e  2, N o. E l 004, a n d  c e n tr i fu g e d  fo r  a b o u t te n  m in u te s .  T he c la r i f i e d  

s u p e r n a ta n t  liq u id s  w e re  th e n  d e c a n te d . T he s a m p le s  w e re  th e n  s t i r r e d  

w ith  tw o a d d itio n s  of 50 m l. of 80 arid  90 p e r c e n t  e th y l a lc o h o l r e s p e c ­

t iv e ly . T h e  w a sh in g s  w e re  d is c a r d e d .  A f te r  th e  s o lu b le  s a l t s  w e re  

re m o v e d , th e  s o i l  s a m p le s  w e re  t r e a t e d  w ith  fo u r s u c c e s s iv e  50 m l. 

a l iq u o ts  of N a m m o n iu m  a c e ta te  an d  c e n tr i fu g e d  a n d  h a n d le d  a s  a b o v e .

T he  r e p la c e d  s o lu t io n s  w e r e  th e n  m a d e  up to 200 m i l l i l i t e r  v o lu m e , 

th o ro u g h ly  m ix e d  a n d  a n  a l iq u o t  p o r t io n  ta k e n  fo r  th e  d e te r m in a t io n  o f 

e x c h a n g e a b le  so d iu m  a n d  p o ta s s iu m  on th e  f la m e  p h o to m e te r  a s  d e s c r ib e d  

by C h ap m an  a n d  P r a t t  (15). T h e  th i r d  p r o c e d u r e  u s e d  in  e s t im a tin g  th e  

e x c h a n g e a b le  so d iu m  p e r c e n ta g e ,  c e n te r s  a ro u n d  tw o r e g r e s s i o n  e q u a ­

t io n s , y  = 51 . 24x  -  397. 87 w ith  r  = 0. 843, a n d  y  = 23. 22x  -  184. 99 w ith  

r  z 0. 666 . T h e s e  two e q u a tio n s  a r e  b o th  d e s c r ib e d  a n d  d is c u s s e d  by 

C hang, e t a l .  (12). T he  f o r m e r  e q u a tio n  a c tu a l ly  p ro d u c e d  h ig h e r  v a lu e s  

th a n  th e  l a t t e r  eq u a tio n , b u t b e c a u s e  of m is s in g  d a ta , a m m o n iu m  a c e ta te  

pH  v a lu e s ,  th e  l a t t e r  e q u a tio n  w a s  n e c e s s a r y .



E X P E R IM E N T A L  R E S U L T S  A N D  DISCUSSION

T h ro u g h o u t th e  c o u r s e  o f  th is  e x p e r im e n ta t io n  f r o m  1954 to  • 

1961, s o i l  s a m p le s  w e re  ta k e n  a n d  a n a ly z e d  in  th e  l a b o r a to r y  fo r  th e  

fo llo w in g : th e  to ta l  so lu b le  s a l t ,  th e  e x c h a n g e a b le  so d iu m  p e rc e n ta g e ,  

th e  e x c h a n g e a b le  so d iu m , th e  e x c h a n g e a b le  p o ta s s iu m , th e  s o i l  pH  

v a lu e , a n d  th e  to ta l  c a t io n  e x c h a n g e  c a p a c i ty .  T h e  ju s t i f ic a t io n  fo r  

th e s e  c h e m ic a l  a n a ly s e s  w a s  b a s e d  upon  th e  b e l ie f  th a t  a  k n o w led g e  of 

so il  c h a n g e s  a c c o m p a n y in g  s o i l  m a n a g e m e n t a n d  c ro p  c u l tu r a l  p r a c t i c e s  

w o u ld  p ro v id e  a  fo u n d a tio n  fo r  f u tu r e  r e c o m m e n d a t io n s  in  f a r m  p r a c t i c e s .

T he w a te r s  u s e d  fo r  i r r i g a t i o n  p u r p o s e s  f r o m  1954 to  1961 

w e re  a l l  a n a ly z e d  a n d  c o m p ile d  fo r  c o m p a r a t iv e  p u r p o s e s .  T h e  to ta l  

s o lu b le  s a l t s ,  th e  e x c h a n g e a b le  so d iu m  p e rc e n ta g e ,  a n d  th e  s o d iu m -  

a b s o r p t io n - r a t io  w e re  p a r t i c u l a r ly  n o te d . T h e  i r r i g a t i o n  w a te r s  u s e d  

in  th e  1954 to  1962 s tu d y  w e re  a n a ly z e d  p e r io d ic a l ly  n o t to  p ro v id e  a  

so lu tio n  to  th e  p ro b le m  of g ro w in g  c r o p s ,  bu t to  p ro v id e  a  r e a s o n  fo r  

th e  e x is te n c e  a n d  w o rs e n in g  of th e  s a l t  a n d  p a r t i c u l a r ly  th e  so d iu m  

p ro b le m . .

C ro p  y ie ld  a n d  s ta n d  c o u n t d a ta  w e re  c o l le c te d  a n d  s t a t i s t i c a l l y  

a n a ly z e d .
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S o il pH  V a lu e s

No pH  d a ta  w e re  o b ta in e d  on  s o il  s a m p le s  c o l le c te d  f ro m  F ie ld  

D in  1954 a n d  1955. In  1956, p H  v a lu e s  w e re  d e te r m in e d  on  th e  s a tu ­

r a t e d  s o il  p a s te ,  th e  1:5 s o i l - w a te r  r a t i o ,  a n d  th e  s a tu r a te d  a m m o n iu m  

a c e ta te  s o i l  p a s te .  In  1961, h o w e v e r , on ly  pH  v a lu e s  fo r  th e  s a tu r a te d  

s o il  p a s te  w e re  o b ta in e d  on s o i l  s a m p le s  c o l le c te d  th a t  y e a r .  T he m e a n  

pH  v a lu e s  f o r  1956 a n d  1961 a r e  s u m m a r iz e d  in  T a b le s  19 a n d  20.

F o r  a l l  t r e a tm e n t s  th e  o v e r a l l  t r e n d , n o te d  in  th e  1956 

s u m m a ry , c o n s is te n t ly  sh o w e d  th a t  th e  s u r f a c e  two in c h -d e p th  s a m ­

p le s  w e re  n o t h ig h ly  a lk a l in e .  T h e  p H  v a lu e s  d e c r e a s e d  w ith  d e p th  to  

th e  s e c o n d  fo o t. S a m p le s  ta k e n  f r o m  th e  th i r d - f o o t  d ep th  w e re  h ig h e r  

in  pH  v a lu e  th a n  th e  s e c o n d - fo o t  d e p th  s a m p le s  by a t  l e a s t  0 . 2 of a  

u n it. T h e s e  t r e n d s  w e re  n o te d  in  a l l  th e  d a ta  on th e  s a tu r a te d  s o il  

p a s te ,  th e  1:5 s o i l - w a te r  r a t io ,  a n d  th e  a m m o n iu m  a c e ta te  s o i l  p a s te .

In  c o m p a r in g  the  1961 to  th e  1956 d a ta  on th e  s a tu r a te d  s o il  

p a s te  pH  v a lu e s  c e r t a in  t r e n d s  w e re  n o te d . S a m p le s  c o l le c te d  f r o m  th e  

s u r f a c e  o n e -fo o t d u r in g  th e s e  tw o p e r io d s  w e re  a l l  s im i la r  w ith  e s s e n ­

t i a l ly  no c h a n g e  in  pH  v a lu e s .  In  th e  n e x t lo w e r d ep th  th e  a v e r a g e  

d e c r e a s e  in  pH  v a lu e  f r o m  1956 to  1961 w as  l e s s  th a n  0. 1 o f a  pH  

u n it a n d  th e  pH  d e c r e a s e d  a b o u t 0 . 2 of a  u n it fo r  th e  24 to  36 in c h e s  

d ep th .
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E l e c t r i c a l  C onductance , E . C .

In  th e  fo u r  s u m m a r ie s  m a d e  fo r  th e  y e a r s  1954, 1955, 1956, 

a n d  1961, th e  e l e c t r i c a l  c o n d u c ta n c e  m e a n s  of th e  e x p e r im e n ta l  p lo t  

s o i ls  w ith  d if f e r e n t  w a te r  q u a li ty  t r e a tm e n ts  a r e  show n a t  th e  d if f e r e n t  

d e p th s  in  T a b le s  17, 18, 19, a n d  20. In  th e  fo llo w in g  d is c u s s io n s ,  th e s e  

m e a n  v a lu e s  w ill  be  c o n s id e r e d  u n le s s  o th e rw is e  in d ic a te d .

In  th e  s u m m a ry  m a d e  f o r  1954, show n in  T a b le  17, th e  fo llo w ­

in g  r e s u l t s  w e r e  n o te d : in  g e n e r a l  th e  E . C. d e c r e a s e d  w ith  d ep th  in to  

th e  s o i l  p r o f i le ,  a n d  th e  h ig h e s t  E . C . v a lu e s  w e re  n o te d  fo r  e x p e r im e n ta l  

p lo t  in c lu d e d  u n d e r  b o th  g ro u p  th r e e  a n d  fo u r  c o n s is t in g  o f p lo t  n u m b e rs  

3, 8, 13, 24, 29, 31, 4, 11, 18, 19, 27, a n d  32 . T h e s e  tw o g ro u p s  of 

p lo ts  w e r e  th e  o n ly  o n es  c o n s is te n t ly  r e c e iv in g  th e  w e ll  w a te r  o r  p o o r  

q u a lity  w a te r .

T h e  s u m m a r y  m a d e  fo r  th e  1955 p e r io d ,  T a b le  18, sh o w ed  v e r y  

l i t t l e  c h a n g e s  in  th e  s a l t  c o n te n t of th e  s o i ls  o v e r  th e  p re v io u s  s u m m a ry  

m a d e  in  1954. T he g e n e r a l  t r e n d  n o te d  in  1954, th a t  o f th e  d e c r e a s e  in  

m e a n  v a lu e s  w ith  d e p th  in to  th e  p r o f i le ,  w as  s t i l l  e v id e n t e v en  a f te r  one 

c o m p le te  y e a r  of w a te r  t r e a tm e n t .  S ta t i s t i c a l ly  no s ig n if ic a n t  d i f f e r e n c e s  

am o n g  w a te r  q u a li ty  t r e a tm e n t s  w e r e  n o te d  on  th e  f i r s t - f o o t - d e p th  s o il  

s a m p le s  ta k e n  in  1955 ( s e e  T a b le  3). A t th e  s e c o n d  a n d  th i r d  fo o t le v e ls ,  

th e  E . C. of s o i l  s a m p le s  ta k e n  u n d e r  d if f e r e n t  w a te r  q u a li ty  t r e a tm e n t s  

w e re  s t i l l  s ig n if ic a n t ly  d i f f e r e n t  f r o m  e a c h  o th e r .  T h e r e  w as  v e r y  l i t t l e
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c h an g e  in  E . C. v a lu e s , o v e r  th e  p re v io u s  y e a r .  A ny r e a l  d if f e r e n c e s  

p ro b a b ly  a r e  n o t due to th e  t r e a tm e n ts  b u t a r e  due in s te a d , to  th e  i n h e r ­

e n t c h a r a c t e r i s t i c s  of th e  s o i ls  in  th e  p lo ts  w h ic h  w e r e  c h o s e n  fo r  e a c h  

t r e a tm e n t .  F o r  in s ta n c e ,  th e  m e a n  E . C . v a lu e s  fo r  p lo ts  c h o se n  fo r  

t r e a tm e n t s  th r e e  a n d  fo u r  w h ic h  u s e d  w e ll w a te r  e x c lu s iv e ly  w e re  h ig h e r  

b e fo re  th e  w a te r  t r e a tm e n ts  w e r e  in t r o d u c e d  on  f ie ld  D.

In  1956, T a b le  19, th e r e  w a s  a  d e f in ite  i n c r e a s e  in  s a l t s  o v e r  

m o s t  of th e  v a lu e s  o b ta in e d  in  e i th e r  1954 o r  1955. T he in c r e a s e  in  v a l ­

u e s  r a n g e d  f r o m  a  low  o f 1 .2 2  m m h o s . /c m ;  .to a  h ig h  v a lu e  of 6. 19 , 

m m h o s . / c m .  T h e  h ig h e s t  i n c r e a s e  o v e r  th e  p re v io u s  tw o y e a r s  in  E . C . 

of th e  s o i l  e x t r a c t s  w as  n o te d  u n d e r  t r e a tm e n t  fo u r  w h e re  th e  s o il  w as  

i r r i g a t e d  a n d  le a c h e d  tw ic e  w ith  w e ll  w a te r .  In  t r e a tm e n ts  one a n d  tw o, 

w h e re  r i v e r  w a te r  w as  u s e d  e x c lu s iv e ly , th e  m e a n  E . C. v a lu e s  w e re  - 

s l ig h t ly  h ig h e r  th a n  in  t r e a tm e n t s  th r e e ,  f iv e , a n d  s ix  w h e re  s o m e  w e ll 

w a te r  w a s  u se d . T h e  m a in  d if f e r e n c e  d u r in g  th is  p e r io d  w as  th e  ch an g e  

>n t r e n d  n o te d , a s  in  1954 a n d  1955. T h e  d e c r e a s e  in  E . C . v a lu e s  w ith  

d ep th  in to  th e  p r o f i le  no lo n g e r  w a s  e v id e n t i n  a n y  o f th e  t r e a tm e n t s .

T he h ig h e s t  i n c r e a s e  in  E . C. v a lu e s ,  in  c o m p a r is o n  to  o th e r  d e p th  s a m ­

p le s ,  o c c u r r e d  m a in ly  in  th e  s e c o n d - fo o t  d ep th  s a m p le s .  S ta t i s t ic a l ly ,  - 

th e  w a te r  q u a li ty  t r e a tm e n t s  w e r e  a l l  s ig n if ic a n t ly  d i f f e r e n t  fo r  th e  s u r ­

fa c e  c r u s t  (tw o in c h  d e p th ) s a m p le s ,  th e  f i r s t - f o o t  d ep th  s a m p le s ,  a n d  

th e  s e c o n d - fo o t  d ep th  s a m p le s .  T he  th i r d - f o o t  s a m p le s  w e re  n o t s ig n i f i ­

c a n tly  d i f f e r e n t  due to  d i f f e r e n t  w a te r  t r e a tm e n ts  ( s e e  T a b le  3). In  th e
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s u r f a c e  tw o in c h  d ep th , t r e a tm e n t s  one , tw o, f iv e , a n d  s ix  a r e  s ig n if i ­

c a n tly  d i f f e r e n t  f r o m  t r e a tm e n ts  th r e e  a n d  fo u r ( s e e  T a b le  4 ). T he  d if ­

f e r e n c e s  a r e  due  to th e  s o u rc e  o f w a te r  u s e d  fo r  p re p la n t  a n d  p o s t  le a c h ­

in g  p u r p o s e s ,  a n d  n o t due to  th e  s o u rc e  o f w a te r  to i r r i g a t e  th e  c ro p .

T he  r i v e r  w a te r  c o n tro l le d  a c c u m u la t io n  of s a l t s  b e t te r  th a n  w e ll w a te r .  

T he  tw o t r e a tm e n t  c o m b in a tio n , w e l l - w a te r  le a c h in g , a n d  w e l l - w a te r  

i r r i g a t io n ,  b o th  a r e  l e s s  e f fe c t iv e  th a n  th e  o th e r  t r e a tm e n t s  to  k e e p  th e  

s a l t s  f lu s h e d  o u t o f th e  s u r f a c e  tw o in c h  d ep th . T h e  t r e a tm e n t  c o m p a r i ­

so n  on th e  f i r s t - f o o t  d e p th  s a m p le s  sh o w e d  th a t  t r e a tm e n ts  one, tw o, 

fiv e , a n d  s ix  a r e  a l l  s ig n if ic a n t ly  d i f f e r e n t  f r o m  t r e a tm e n t  fo u r  ( s e e  

T a b le  3). The. d if f e r e n c e s  a r e  due  to  th e  s o u rc e  of te a c h in g  w a te r  a n d  . 

n o t due to i r r i g a t i o n  w a te r  s o u r c e .  R iv e r  w a te r  w a s  m o r e  e ffe c t iv e  

th a n  w e ll w a te r  fo r  c o n tro l l in g  s a l t  a c c u m u la t io n . T h e  t r e a tm e n t  c o m ­

b in a tio n  o f w e l l - w a te r  le a c h in g , p r e p la n t  a n d  p o s t  le a c h in g , a n d  w e l l -  

w a te r  i r r i g a t i o n  s e e m s  to  be l e s s  e f fe c t iv e  a t  th is  d ep th  to  k e e p  th e  s a l t  

le a c h e d  dow n th a n  th e  r i v e r  w a te r  le a c h in g  a n d  r i v e r  o r  w e ll w a te r  i r r i ­

g a tio n  c o m b in a tio n s . T he  d if f e r e n c e  n o te d  am o n g  t r e a tm e n t s  on  th e  

s e c o n d -fo o t d ep th  s a m p le s ,  t r e a tm e n t s  f iv e , s ix , a n d  one  a r e  s ig n if ic a n tly  

d if f e r e n t  f r o m  th r e e  a n d  fo u r .  T h e  d if f e r e n c e s  a r e  due to  th e  s a m e  r e a ­

son  g iv e n  a b o v e  e x c e p t th a t  in  th e  l a t t e r  c a s e  th e  d is t in c t io n s  a r e  n o t a s  

c l e a r ly  d e f in e d  a s  in  th e  f o r m e r .

T h e  1961 s u m m a ry  o f E . G. v a lu e s  sh o w ed  d e f in ite  i n c r e a s e s  

o v e r  th e  1956 a n a ly s e s ,  p a r t i c u l a r ly  in  th e  th i r d - f o o t  d e p th s  (s e e  T a b le
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3). In  g e n e r a l ,  th e  E . C . v a lu e s  in  th is  s u m m a ry  in c r e a s e d  w ith  d ep th  

in to  th e  p r o f i le  w h ich  i s  ju s t  o p p o s ite  th e  t r e n d s  n o te d  in  th e  1954 a n d  

1955 s u m m a r ie s .  T he  h ig h e s t  i n c r e a s e  in  E . C. o v e r  th e  p re v io u s  s u m ­

m a r y  th ro u g h o u t th e  th r e e - d e p th  le v e l s ,  w e re  n o te d  in  th e  fo llo w in g  

t r e a tm e n t s :  th r e e ,  f iv e , a n d  s ix , w h ile  th e  lo w e s t i n c r e a s e  in  E . G. 

w as  n o te d  u n d e r  t r e a tm e n t  tw o . In  th e  s u m m a ry , th e  i n c r e a s e  in  s a l t s  

in  th e  s u r f a c e - f o o t  d ep th , a m o n g  d i f f e r e n t  t r e a tm e n t s ,  in  a l l  c a s e s  a r e  

r e la t iv e ly  low  in  c o m p a r is o n  to  th e  tw o lo w e r d e p th s . T h e  in c r e a s e s  

r a n g e d  f ro m  a n  E . C . of 0. 52 to  3. 36 m m h o s . / c m . w ith  a  d e c r e a s e  u n ­

d e r  t r e a tm e n t  one f ro m  5. 53 to  4 . 92 m m h o s . / c m .  S ta t is t ic a l ly ,  t r e a t ­

m e n t one w as  s ig n if ic a n t ly  d i f f e r e n t  f r o m  t r e a tm e n ts  f iv e , fo u r ,  th r e e ,  

a n d  s ix  in  th e  s u r f a c e  fo o t ( s e e  T a b le  3). T he d i f f e r e n c e s  a r e  d u e .n o t 

to  th e  s o u r c e  of w a te r  u s e d  f o r  p r e -  o r  p o s t - le a c h in g ,  b u t r a t h e r  due to  

th e  s o u r c e  o f w a te r  u s e d  fo r  i r r i g a t in g  th e  c ro p .

On th e  s e c o n d - fo o t  d ep th  s a m p le s ,  th e  fo llo w in g  w as  n o ted : 

t r e a tm e n ts  one , tw o, s ix , a n d  f iv e  a r e  a l l  s ig n if ic a n t ly  d i f f e r e n t  f r o m  

t r e a tm e n t  th r e e  ( s e e  T a b le  3). T h e  d if f e r e n c e s  a r e  due to th e  s o u rc e  

of w a te r  u s e d  fo r  le a c h in g  a n d  n o t due to  w a te r  s o u rc e  u s e d  d u r in g  c ro p  

g ro w th . T h e  l e a s t  a m o u n t o f s a l t s  w as  le a c h e d  f r o m  th e  s e c o n d - fo o t  . 

d ep th  w h e re  o n ly  w e ll  w a te r  w a s  u s e d .

In  th e  th i r d - f o o t  d e p th s , t r e a tm e n ts  tw o a n d  one  w e re  s ig n i f i ­

c a n tly  d i f f e r e n t  f ro m  t r e a tm e n t s  f iv e  a n d  th r e e  (s e e  T a b le  3). T he
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In  n e a r ly  a l l  c a s e s ,  r i v e r - w a t e r  le a c h in g  a n d  r i v e r - w a t e r  

i r r i g a t io n  w as  d e f in ite ly  a  b e t te r  c o m b in a tio n  to  k e e p  th e  s a l t s  f lu s h e d  - 

down ou t of th e  s o i l - r o o t  zo n e  th a n  a l l  o th e r  c o m b in a tio n s . On th e  o th e r  

e x tr e m e , th e  c o m b in a tio n  of w e l l - w a te r  le a c h in g  a n d  w e l l - w a te r  i r r i g a ­

tio n  w a s  l e a s t  e f fe c t iv e  in  k e e p in g  s a l t  f ro m  a c c u m u la tin g . 'v

E x c h a n g e a b le -S o d iu m - P e r c e n ta g e s ,  E S P

E a c h  v a lu e  in c lu d e d  in  e a c h  of th e  1954, 1955, 1956, a n d  1961 

s u m m a r ie s  i s  a  m e a n  of a  g ro u p  of s o i l  s a m p le s  ta k e n  a t  d if f e r e n t  d e p th s  

f ro m  th e  e x p e r im e n ta l  p lo ts  l i s t e d  in  th e  r ig h t  h a n d  m a r g in  u n d e r  p lo t 

n u m b e r , T a b le s  17, 18, 19, a n d  20. T h e s e  m e a n  v a lu e s  w il l  be c o n ­

s id e r e d  a s  g u id e s , r e f le c t in g  th e  g e n e r a l  t r e n d  of th e  s ix  p lo ts  to g e th e r ,  

in  th e  fo llo w in g  d is c u s s io n s  u n le s s  o th e rw is e  in d ic a te d .

In  g e n e r a l ,  d u rin g  th e  1954 p e r io d , ■ th e  e x c h a n g e a b le - s o d iu m - 

p e r c e n ta g e s ,  E S P , s u m m a r iz e d  in  T a b le  17; sh o w ed  a n  in c r e a s e  w ith  

d ep th . T h e  th i r d - f o o t  d e p th  s a m p le s ,  in  a l l  c a s e s ,  h a d  h ig h e r  E S P  v a l ­

u e s  th a n  th e  top  tw o -fo o t d ep th  s a m p le s .  T h e re  w as  c o n s id e r a b le  v a r i a ­

tio n  a m o n g  p lo ts  w ith  r e s p e c t  to  E S P  v a lu e s  in  1954 e v en  b e fo re  th e  

e x p e r im e n ta l  i r r i g a t io n  t r e a tm e n ts  b e g an . No s ig n if ic a n t  g e n e r a l  t r e n d  

a p p e a re d .

d if f e r e n c e  i s  due to th e  s o u rc e  o f i r r i g a t io n  w a te r  u s e d  fo r  le a c h in g . •

R iv e r  w a te r  p e r m i t t e d  l e s s  s a l t  a c c u m u la t io n  th a n  w e ll  w a t e r . r
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A f te r  a  y e a r  of d i f f e r e n t ia l  i r r i g a t io n  a n d  w a te r  q u a li ty  t r e a t ­

m e n ts ,  th e  1955 d a ta  sh o w ed  v e r y  l i t t l e  c h an g e  in  m o s t  c a s e s  in  th e  E S P  

v a lu e s  o b ta in e d  by d e p th s  in  c o m p a r is o n  to  th e  p r e v io u s - s u m m a r y  m a d e  

in  1954. T he  " g r e a te s t  i n c r e a s e  in  E S P  o c c u r r e d  in  th e  th i r d - f o o t  s a m ­

p le s  u n d e r  t r e a tm e n t  tw o, w h ic h  in v o lv e s  th e  u s e  of r i v e r  w a te r  f o r  one  

p r e p la n t  a n d  one  p o s t  te a c h in g  a n d  c ro p  i r r i g a t io n .  T h e  g r e a t e s t  d e ­

c r e a s e  in  E S P  v a lu e  w as  n o te d , a t  th e  s a m e  d ep th , u n d e r t r e a tm e n t  fo u r ,  

w h ic h  in v o lv e s  th e  u s e  o f w e ll  w a te r  fo r  one p r e p la n t  a n d  one p o s t  te a c h ­

in g  a n d  fo r  c ro p  i r r i g a t io n  s o u r c e .  T he in c r e a s e  in  p e rc e n ta g e  a m o u n te d  

to 8. 9 a n d  th e  d e c r e a s e  in  p e r c e n ta g e  a m o u n te d  to  5. 9 in  E S P  r e s p e c ­

tiv e ly . T h e  g e n e r a l  t r e n d  n o te d  in  th e  1954 s u m m a ry , th e  E S P  i n c r e a s ­

in g  w ith  d ep th  dow n in  th e  s o i l  p r o f i le ,  w as  s t i l l  e v id e n t a f te r  one c o m ­

p le te ly  d i f f e r e n t  w a te r  q u a l i ty  t r e a tm e n t .

T h e  E S P  v a lu e s  o b ta in e d  fo r  th e  1956 d a ta  w e re  c a lc u la te d  f ro m  

th e  tw o r e g r e s s i o n  e q u a tio n s  b a s e d  on  th e  r e la t io n s h ip  b e tw ee n  th e  1:5 

s o i l - a q u e o u s  so lu tio n , a n d  th e  n e u t r a l  s a l t ,  a m m o n iu m  a c e ta te  p a s te  pH  

v a lu e s ,  a s  p ro p o s e d  by C hang  a n d  c o - w o r k e r s  (12). T h e  c a lc u la te d  

E S P  v a lu e s  p ro d u c e d  by th e  tw o e q u a tio n s  a r e  n o t th e  s a m e . T h is  i s  

i l l u s t r a t e d  n ic e ly  by  th e  d a ta  in  th e  A p p en d ix  in  T a b le  24. T he  r e a s o n  

th e  s e c o n d  e q u a tio n  w as  n e c e s s a r y  in  th e  ab o v e  c a lc u la t io n  w as due  to  

th e  f a c t  th e r e  w e re  too  m a n y  m is s in g  d a ta  in  th e  a m m o n iu m  a c e ta te  pH  

v a lu e s .  T he  d a ta  l i s t e d  in  th e  A p p en d ix  u n d e r  E S P  w e re  a l l  u s e d  in  m a k ­

in g  th e  s t a t i s t i c a l  a n a ly s e s  d u r in g  th is  p e r io d .  T h e  v a lu e s  p ro d u c e d  by
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th e  a m m o n iu m  a c e ta te  pH  v a lu e s  a n d  th e  E S P  r e g r e s s i o n  e q u a tio n  p r o b ­

a b ly  g av e  th e  b e s t  in d ic a t io n  of th e  E S P  b e c a u s e  th e  v a lu e s  p ro d u c e d  

w e re  s im i la r  to  E S P  d e te r m in e d  in  th e  1954, 1955, a n d  1961 s o il  a n a ly s e s .  

T h e  c a lc u la te d  v a lu e s  u s e d  in  m a k in g  th e  1956 E S P  s u m m a ry  a r e  th o s e  - 

c a lc u la te d  f ro m  th e  a m m o n iu m  a c e ta te  pH  w ith  a  few  b a s e d  on the  1:5 

s o i l - w a te r  pH  a n d  th e  E S P  r e g r e s s i o n  eq u a tio n .

T he  E S P  v a lu e s  d e c r e a s e d  w ith  d e p th  down in to  th e  s o i l  p r o f i le .  

T h e  h ig h e s t  E S P  v a lu e s  w e r e  n o te d  in  th e  s u r f a c e  tw o - in c h e s  u n d e r  

t r e a tm e n t  th r e e ,  42 . 8, a n d  t r e a tm e n t  fo u r ,  45 . 9. B oth  t r e a tm e n ts  a r e  

s im i la r  in  th a t  th e y  b o th  r e q u i r e  w e ll  w a te r  a t  a l l  t im e s .  In  th e  s u r f a c e  

tw o - in c h  d ep th , t r e a tm e n t s  o n e , tw o, s ix , th r e e ,  a n d  f iv e  a r e  a l l  s ig n i f i ­

c a n tly  d i f f e r e n t  f r o m  t r e a tm e n t  fo u r  ( s e e  T a b le  5). T he l a t t e r  t r e a tm e n t  

u s e d  w e ll  w a te r  e x c lu s iv e ly . T h u s  th e  ab o v e  d if f e r e n c e  i s  d e f in ite ly  due 

to th e  s o u r c e  o f le a c h in g  w a te r .  R iv e r  w a te r  i s  p r e f e r r e d  o v e r  w e ll 

w a te r  f o r  le a c h in g  p u r p o s e s .  T h e  o th e r  t r e a tm e n t s  d id  n o t p ro v id e  

s ig n if ic a n t  d i f f e r e n c e s .  W hen th e  1955 a n d  1956 E S P  s u m m a r ie s  w e re  

c o m p a re d , th e  fo llo w in g  r e s u l t s  w e r e  n o te d : E S P  in c r e a s e s  w e re  n o te d  

in  th e  f i r s t - f o o t  s a m p le s  u n d e r  t r e a tm e n t s  o n e , tw o, th r e e ,  a n d  fo u r , 

a n d  d e c r e a s e s  in  E S P  v a lu e s  w e r e  n o te d  in  b o th  th e  s e c o n d -  a n d  th i r d -  

fo o t s a m p le s  u n d e r  t r e a tm e n ts  o n e , tw o, th r e e ,  fo u r ,  a n d  s ix . T r e a t ­

m e n ts  one a n d  two f e a tu r e d  r i v e r  w a te r  fo r  le a c h in g  a n d  c ro p  i r r i g a t i o n  

s o u r c e .  T r e a tm e n ts  th r e e  a n d  fo u r  b o th  u s e d  w e ll w a te r  fo r  le a c h in g  

a n d  c ro p  i r r i g a t i o n  s o u r c e .  T h e  h ig h e s t  i n c r e a s e  in  E S P , 4 . 2, o c c u r r e d
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u n d e r  t r e a tm e n t  fo u r  in  th e  f i r s t  fo o t s a m p le s .  T h e  n u m b e r  of d e c r e a s e s  

e x c e e d e d  th e  i n c r e a s e s  in  E S P  in  th is  s u m m a ry .

In  th e  1961 s u m m a ry  of E S P  v a lu e s ,  th e  fo llo w in g  r e s u l t s  w e re  

n o te d : in  g e n e r a l ,  th e  E S P  a t  th e  s e c o n d -fo o t d ep th  i n c r e a s e d  m o r e  th a n  

o th e r  d e p th s  a n d  th e  h ig h e s t  E S P  v a lu e s  w e re  n o te d  u n d e r  t r e a tm e n ts  

th r e e ,  fo u r ,  a n d  f iv e  a ls o  a t  th e  s e c o n d -fo o t d ep th . In  g e n e r a l ,  u n d e r  

t r e a tm e n t s  o n e  a n d  tw o, th e  E S P  m e a n s  d e c r e a s e d  th ro u g h o u t th e  th r e e  

d e p th s  w h ile  in  t r e a tm e n t s  th r e e  a n d  fo u r  th e  h ig h e s t  in c r e a s e s  in  E S P  

w e re  n o te d  th ro u g h o u t th e  th r e e  s o i l  d e p th s . S ta t is t ic a l ly ,  in  th e  f i r s t ­

fo o t ( s e e  T a b le  6), t r e a tm e n t s  one  a n d  tw o, b o th  f e a tu r in g  r i v e r  w a te r  

fo r  le a c h in g  an d  c ro p  i r r i g a t i o n  s o u r c e ,  w e re  s ig n if ic a n tly  d if f e r e n t  

f r o m  t r e a tm e n t  s ix  w h ich  u s e d  r i v e r  w a te r ,  one p r e p la n t  a n d  one p o s t  

le a c h in g , a n d  w e ll w a te r  f o r  c ro p  i r r i g a t i o n  s o u rc e ,  a n d  t r e a tm e n ts  

th r e e  a n d  fo u r , b o th  f e a tu r in g  w e ll  w a te r  fo r  le a c h in g  a n d  c ro p  i r r i g a ­

tio n  s o u r c e .  T h e  d if f e r e n c e  i s  due to  th e  s o u rc e  of i r r i g a t i o n  w a te r ,  

r i v e r  w a te r  p r e f e r r e d  o v e r  w e ll  w a te r ,  a n d  n o t due to  th e  s o u r c e  of 

le a c h in g  w a te r .  T h e  o th e r  t r e a tm e n t s  d id  n o t p ro v id e  s ig n if ic a n t  ' 

d i f f e r e n c e s .

C a tio n  E xchange  c a p a c i ty , C . E . C.

In  g e n e r a l ,  in  a l l  th e  s u m m a r i e s , : th e  C . E .  C . v a lu e s  d e c r e a s e d  

w ith  d ep th  down in to  th e  s o i l  p r o f i le .  O v e r a l l ,  th e  C .E .  C. r a n g e d  f r o m
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10 to  3 4 .4  m e q . / l00 g tn . T he  h ig h e s t  C .'E . C . w e re  n o te d  in  th e  1961 

a n a ly s e s .

P o ta s s iu m

In  g e n e r a l ,  th e  1961 s u m m a ry  sh o w ed  th a t  th e  s o i l s , a l l  d e -  >• 

c r e a s e d  in  p o ta s s iu m  w ith  d e p th  dow n in to  th e  s o i l  p r o f i le .  T he o v e r ­

a l l  e x c h a n g e a b le  p o ta s s iu m  c o n te n t  r a n g e d  f r o m  0. 5 to  1 .3  m e q . / 1 00 gm .

T o ta l  D is s o lv e d  S o lid s

T h e s e  v a lu e s  in  p . p . m . w e re  c a lc u la te d  a n d  th e y  fo llo w  th e  

s a m e  t r e n d  a s  th e  E C  x  10^ v a lu e s ,  b e c a u s e  th e  to ta l  d is s o lv e d  s o lid s  

v a lu e s  a r e  r e l a t e d  by  th e  f a c to r  o f 700. -

S h o r t  s tap le"  co tto n , v a r i e ty  1517C , w as  p la n te d  on f ie ld  D in  

th e  s p r in g  of 1955; h o w e v e r , d u e  to  a  v e r y  p o o r  s e e d lin g  s ta n d  r e s u l t ­

in g  f ro m  c o ld  w e a th e r  a n d  h ig h  w in d s , th e  p o o r y ie ld s  p ro d u c e d  u n d e r  

th e  d if f e r e n t  w a te r  q u a li ty  t r e a tm e n t s  w e re  n o t r e c o r d e d .

T he  l in t  y ie ld s  of s h o r t  s ta p le  c o tto n , v a r i e ty  1517C, h a r v e s te d  

in  1956, w e re  s ig n if ic a n t ly  d if f e r e n t  am o n g  th e  d if f e r e n t  w a te r  q u a li ty  

t r e a tm e n t s .  S ta t i s t ic a l ly ,  a s  show n in  T a b le  7, th e  y ie ld s  o b ta in e d  u n ­

d e r  d i f f e r e n t  t r e a tm e n ts  th a t  y e a r  w e re  due to th e  s o u r c e  of w a te r  u s e d
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fo r  p r e p la n t  a n d  p o s t  te a c h in g s  a n d  n o t due to  th e  s o u rc e  of w a te r :u s e d  _ 

fo r  c ro p  i r r i g a t io n .

In  1957 a n d  1958, y ie ld s  of s h o r t  s ta p le  l in t  co tto n , v a r i e ty  

1517C, p ro d u c e d  u n d e r  d if f e r e n t  w a te r  q u a li ty  t r e a tm e n t s  w e re  n o t s ig ­

n if ic a n tly  d if f e r e n t  ( s e e  T a b le s  8 a n d  9). F r o m  1956 to  1958, th e  c o tto n  

y ie ld s  p ro d u c e d  in  e a c h  t r e a tm e n t  d e c r e a s e d  w ith  t im e . T h is  t r e n d  

sh o w s up in  th e  to ta l  p ro d u c tio n  y e a r  b y  y e a r  a s  fo llo w s : in  1956,

17, 328 p o u n d s  of l in t  c o tto n  w e r e  p ro d u c e d , w h ile  in  1957, 14, 732 p o u n d s 

w e re  p ro d u c e d ; a n d  in  1955, th e  y ie ld s  p ro d u c e d  a m o u n te d  to  o n ly  12, 277 

p o u n d s , a  d e c r e a s e  of 4, 951 p o u n d s  a s  c o m p a r e d  w ith  th e  1956 y ie ld  

p ro d u c tio n .

S ta n d  c o u n ts  ta k e n  on  s h o r t  s ta p le  c o tto n , v a r i e ty  1517C , s e e d ­

lin g s  on  tw o d i f f e r e n t  d a te s ,  J u ly  31 a n d  A u g u s t 25, 1959 ( s e e  T a b le s  21 

a n d  22), b o th  sh o w e d  s ig n if ic a n t  d if f e r e n c e s  am o n g  th e  w a te r  q u a li ty  

t r e a tm e n t s .  T h e  d i f f e r e n c e s ,  b o th  in  y ie ld  a n d  s ta n d , show n in  T a b le s  

13 a n d  14, w e r e  due to  th e  s o u r c e  of w a te r  u s e d  fo r  i r r i g a t i o n  a n d  n o t 

due to  th e  s o u rc e  of w a te r  u s e d  fo r  p r e p la n t  a n d  p o s t  le a c h in g . T he 

d a ta , in  g e n e r a l ,  in d ic a te  th a t  th e  g e rm in a t io n  of c o tto n  s e e d s  w as  

a d v e r s e ly  a f fe c te d  by th e  p o o r e r  w a te r  q u a li ty  of th e  w e ll w a te r  a s  c o m ­

p a r e d  w ith  th e  b e t te r  q u a li ty  of r i v e r  w a te r .

In  I9 6 0  A r iv a t  b a r l e y  w a s  p la n te d  on  F ie ld  D. T h e  b a r le y  c ro p  

w as  u s e d  a s  a  n u r s e  c r o p  fo r  a lf a lf a ,  v a r i e ty  M o ap a . T h e  b a r le y  y ie ld s
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p ro d u c e d  u n d e r  d if f e r e n t  w a te r  q u a li ty  t r e a tm e n t s  w e r e  n o t s ig n if ic a n tly  

d i f f e r e n t  f r o m  e a c h  o th e r  ( s e e  T a b le  10).

T h e  y ie ld s  of a l f a l f a  h a y  p ro d u c e d  in  1961 a n d  1962 on F ie ld  D 

w e r e  n o t s ig n if ic a n tly  d i f f e r e n t  d u r in g  a  g iv en  y e a r  fo r  a  g iv en  i r r i g a ­

tio n  le a c h in g  t r e a tm e n t  ( s e e  T a b le s  11 a n d  12). T he  to ta l  y e a r ly  y ie ld  

d a ta .w e r e  in c o m p le te  in  1961 a n d  b e c a u s e  of th is  no c le a r  c o m p a r is o n s  

c a n  be  m a d e  b e tw ee n  th e  1961 a n d  1962 y ie ld s .

. ; ‘ ‘ -

U ‘ ;
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T h e  o b je c t iv e  o f th is  r e s e a r c h  w as  to  L earn  how  to  m a n a g e  a n d  

u s e  i r r i g a t i o n  w a te r s  of r e l a t i v e ly  p o o r  q u a li ty  w hen  w a te r s  o f .b e t te r  ,

q u a li ty  b e c o m e  l im i te d  o r  b e c o m e  u n a v a ila b le . S uch  w a te r  p ro b le m s  

a s  th e s e  a r e  know n to  o c c u r  th ro u g h  m a n y  a r e a s  in  th e  S o u th w e s t. In  

A r iz o n a , one su c h  a r e a  now e x is t s  in  th e  U p p er G ila  V a lle y  w h e re  th e  

a m o u n t o f s u p p le m e n ta l  g ro u n d  w a te r  p u m p e d  e a c h  g ro w in g  s e a s o n  d e ­

p e n d s  p r i m a r i l y  on  th e  G ila  R iv e r  flow  a v a ila b le  fo r  d iv e r s io n ;  , B e c a u s e  

th e  g ro u n d  w a te r  h a s  a  h ig h  s a l t  c o n te n t a n d  a  h ig h  so d iu m  c o n te n t in  r e ­

la t io n  to  th e  o th e r  c a t io n s ,  th e  u s e  o f th is  w a te r  d u r in g  p e r io d s  of r i v e r  

w a te r  s h o r ta g e  i n c r e a s e s  th e  p ro b a b i l i ty  of s a l t  a c c u m u la t io n  a n d  in c r e a s  

in g  th e  a d s o r p t io n  of so d iu m  on  th e  s o i l  e x c h a n g e a b le  s i t e s .  .P r e v io u s  

la b o r a to r y  a n d  f ie ld  s tu d ie s  h a v e  show n th a t  th e  u s e  of w e ll  w a te r  f ro m  

th e  U n iv e r s i ty  of A r iz o n a  A g r ic u l tu r a l  E x p e r im e n ta l  S ta tio n  F a r m  a s  a n  

i r r i g a t io n  s o u rc e  e n c o u r a g e s  e x c e s s iv e  a d s o r p t io n  of so d iu m  (39, 40).

M cG e o rg e , e t a t .  (40) h a v e  show n th a t  th e  w e ll  w a te r  i n c r e a s e d  

f r o m  2, 148 p . p . m . to ta l  s a l t s  in . 1945 to  4 , 091 p . p . m .  to ta l  s a l t s  in  

1948. A lth o u g h  i t  h a s  v a r i e d  s in c e  1948, th e  s a l in i ty  r e m a in e d  a t  th is  

c o n c e n tr a t io n  to  1951. In  c o n t r a s t  th e  w a te r  s a m p le s  c o l le c te d  a n d  a n a ­

ly z e d  d u r in g  th e  1954 to  1962 p e r io d  sh o w ed  th a t  th e  to ta l  s o lu b le  s a l t s

87
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w as  s l ig h t ly  l e s s  th a n  th e  1951 c o n c e n tra t io n .  T he to ta l  s o lu b le  s a l t s  ' 

v a r i e d  in  c o n c e n tr a t io n  f ro m  2, 721 p . p . m . to  3, 995 p .p .  m . w ith  3, 369 

p . p . m . a s  th e  m e a n  v a lu e . .T h e  s o d iu m - a b s o r p t io n - r a t io  show n v a r i e d  

f r o m  9 to  26 w ith  a  m e a n  v a lu e  e q u a l to  20. 4 , w h ile  th e  so lu b le  so d iu m  

p e r c e n ta g e  v a r i e d  f ro m  66 to  87 p e r c e n t  w ith  a  m e a n  v a lu e  of 82 p e r c e n t .  

S ta t i s t i c a l ly  no c o r r e la t io n  w a s  n o te d  b e tw e e n  th e  to ta l  d is s o lv e d  s o l id s ,  

th e  s o d iu m - a b s o r p t io n - r a t io ,  a n d  th e  so lu b le  so d iu m  p e r c e n ta g e  w ith  

r e s p e c t  to  t im e  d u r in g  th e  1954 to  1962 p e r io d .  U sin g  th e  a v e r a g e  

c o l le c te d  v a lu e s  of th e  e l e c t r i c a l  c o n d u c ta n c e s  a n d  th e  s o d iu m - a b s o r p t io n -  

r a t io  s , th e  w a te r  c l a s s i f i c a t io n  of th e  w e ll  w a te r  on  th e  E x p e r im e n ta l  

F a r m  fo r  th e  1945 to  1951 a n d  th e  1954 to  1962 p e r io d s  in  c o m p a r is o n , 

w e re  e s s e n t ia l ly  th e  s a m e , a  C 4S4 c l a s s ,  a  v e r y  h ig h  s a l i n i ty - v e r y  h ig h  

so d iu m  i r r i g a t i o n  w a te r .

T h e  G ila  R iv e r  w a te r  s a m p le s  a n a ly s e s  fo r  th e  p re v io u s  tw o 

p e r io d s ,  th e  1945 to  1951 a n d  th e  1954 to  1962, c o m p a r e d  m u c h  th e  

s a m e  a s  th e  E x p e r im e n ta l  F a r m  w e ll  w a te r .  : U sin g  a v e r a g e  c o l le c te d  

v a lu e s  of th e  e l e c t r i c a l  c o n d u c ta n c e s  a n d  th e  SAR fo r  th e  tw o p e r io d s ,  

th e  G ila  R iv e r  w a te r  c h a n g e d  in  i t s  c l a s s i f i c a t io n  f ro m  i t s  p r e v io u s  

c l a s s  of C 3S1, a  h ig h  s a l in i ty - lo w  so d iu m  w a te r ,  to  a  C3S3 c la s s ,  a  

h ig h  s a l in i ty -m e d iu m  so d iu m  i r r i g a t io n  w a te r .  The c h e m ic a l  c o m p o s i­

tio n , th a t  of th e  to ta l  so lu b le  s a l t s ,  th e  SAR, a n d  th e  so lu b le  so d iu m  

p e r c e n ta g e  w ith  r e s p e c t  to  t im e  sh o w ed  c o n s id e r a b le  v a r ia t io n s  d u r in g  

b o th  p e r io d s .  M o s t o f th e  v a r ia t io n  in  th e  r i v e r  w a te r* s  c o m p o s i tio n
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c a n  b e  a c c o u n te d  by  th e  f a c t  th a t  th e  G ila  R iv e r  w a te r  i s  s u p p le m e n te d  

w ith  w e ll w a te r  d u r in g  low  flo w , a n d  i t  b e c o m e s  m ix e d  w ith  w a te r  f ro m  

o th e r  s o u r c e s  d u r in g  i t s  t r a n s p o r t  to  th e  U n iv e r s i ty  of A r iz o n a  A g r ic u l ­

t u r a l  E x p e r im e n ta l  S ta tio n  F a r m .  ; : : : >

T he  p r e l im in a r y  e x a m in a tio n  of s o i l  s a m p le s  c o l le c te d  f ro m  

F ie ld  D in  1954 sh o w ed  th a t  th e  m a jo r i ty  of th e s e  s a m p le s  h a d  e l e c t r i c a l  

c o n d u c ta n c e s  of l e s s  th a n  4 m m h o s . / c m . T h e  e x c h a n g e a b le - s o d iu m - 

p e r c e n ta g e  on  th e  o th e r  h a n d  r a n g e d  f ro m  31. 7 to  45 . 3 p e r c e n t  w ith  th e  . 

m a jo r i ty  of th e s e  p e r c e n ta g e s  b e in g  le s s  th a n  35 p e r c e n t ;  A c c o rd in g  to  

th e  U. S. S a lin i ty  L a b o r a to r y  c la s s i f i c a t io n  th e  m a jo r i ty  of th e s e  s o i ls  

w o u ld  be c l a s s e d  u n d e r  n o n - s a l in e - a lk a l i  s o i ls  th o u g h  so m e  of th e s e  

s o i ls  w o u ld  be  in c lu d e d  u n d e r  s a l i n e - a lk a l i  s o i l s .

T h e  r e s u l t s  of th e  s o i l  s u r v e y  in  1954 sh o w ed  th a t  th e r e  w e re  

th r e e  p ro m in e n t  s o i l  s u r f a c e  t e x tu r e s :  c la y  lo a m , s i l ty  c lay : lo a m , a n d  

lo a m , on F ie ld  D! A t e a c h  of th e  s a m p lin g  s i t e s  w h e re  s o i l  b o r in g s  

w e re  m a d e , th e  s o i l  te x tu r e  c h a n g e d  w ith  d ep th  in to  th e  p ro f i le  f r o m  th e  

s u r f a c e ,  f i r s t  to  sa n d y  lo a m  a n d  th e n  to  f in e  s a n d  in  th e  m a jo r i ty  of th e  

c a s e s .  M any  of th e  s o i l  p r o f i l e s  e x a m in e d  w e re  s t r a t i f i e d  w ith  h o r iz o n - -  

ta l  s o i l  t e x tu r a l  l a y e r s ,  s i l t  lo a m  in  m o s t  c a s e s .  T h e s e  s o i l  s t r a t i f i c a -  i 

t io n s  w e r e  n o te d  w ith  a  h ig h e r  f r e q u e n c y  a t  th e  lo w e r d e p th s  in  m o s t  

c a s e s .  S o m e  a c c u m u la t io n  a n d  d is p e r s io n  of l im e  w e re  m o re  n o tic e a b le  

th a n  in  o th e r s  am o n g  th e  s o i l  p r o f i le s  e x a m in e d . B y s im p le  la b o r a to r y  

t e s t s ,  m o s t  of th e  s o i l  s a m p le s  r a n g e d  f ro m  m o d e r a te  to s t ro n g ly
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c a lc a r e o u s  in  n a tu r e .  T h e  s u b s t r a tu m  p e r m e a b i l i ty  r a n g e d  f r o m  m o d e r ­

a te  to  h ig h ly  p e r m e a b le  to  w a te r  in  m a n y  a r e a s .  In  m a n y  a r e a s  o f the  

f ie ld  i t  w a s  n o te d  e s p e c ia l ly  w h e re  th e  s u r f a c e  te x tu r e s  w e re  c la y  lo am  

a n d  s i l ty  lo a m  th a t  th e  s o i l  s u r f a c e  in f i l t r a t e d  w a te r  v e r y  s lo w ly  a n d  on 

d ry in g , s o il  c ra c k in g  w as  o b s e r v e d .

I t  w a s  e v id e n t f r o m  th e  p r e l im in a r y  a n a ly s e s  of th e  s o i l  s a m -  • 

p ie s  ta k e n  f ro m  F ie ld  D in - 1954 th a t  th e  s o i l  p ro b le m  w as  c lo s e ly  r e l a t e d  

to  th e  p o o r  in ta k e  of w a te r  a t  th e  s u r f a c e  arid th e  s u b s t r a tu m  p e r m e a b i l i ty ,  

in  m a n y  c a s e s ,  a n d  th e  h ig h  e x c h a n g e a b le  so d iu m  p e r c e n ta g e  on th e  s o i l  

ex ch an g e  c o m p le x e s .

To so lv e  th e  p ro b le m  due to  s lo w  in ta k e  of w a te r  a n d  th e  s u b ­

s t r a tu m  p e r m e a b i l i ty ,  th e  s o i ls  oh F i e ld  D w e r e  p lo w e d  to  a  d ep th  of 30 

in c h e s  to  d i s r u p t  th e  h o r iz o n ta l  s o i l  s t r a t i f i c a t io n s  a n d  to  m ix  the  s u r ­

fa c e  s o i ls  w ith  th e  lo w e r s o i l  s u b s t r a tu m . In  c o m p a r is o n  to  p a s t  p e r ­

fo rm a n c e ,.  d e ep  p low ing  w a s  v e r y  s u c c e s s f u l  in  p ro m o tin g  r a p id  w a te r  

p e n e tr a t io n  in to  th e  s o i l s  on F i e ld  D.

In  v iew  of th e  la c k  of s u c c e s s  w ith  e c o n o m ic  q u a n t i t ie s  of g y p su m  

a s  a  s o i l  c o n d it io n e r  to  k e e p  th e  so d iu m  a b s o r p t io n  u n d e r c o n tro l ,  a  p r o j ­

e c t  w as  in i t i a t e d  in  1954, on F ie ld  D on th e  U n iv e r s i ty  o f A r iz o n a  A g r ic u l ­

t u r a l  E x p e r im e n ta l  S ta tio n  F a r m ,  to  d e te r m in e  i f  i t  w o u ld  be  p o s s ib le  to  

b e s t  m a in ta in  th e  s o i l - w a te r  e q u i l ib r iu m  by  u s in g  v a ry in g  p ro p o r t io n s  of 

th e  in f r e q u e n t  su p p ly  of G ila  R iv e r  w a te r  in  r e l a t io n  to  th e  w e ll  w a te r  

s o u rc e  on  th e  f a r m  in  c o m b in a tio n  w ith  d eep  p lo w in g  a n d  c ro p  m a n a g e m e n t.
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S ix  i r r i g a t i o n  m a n a g e m e n t a n d  w a te r  q u a li ty  t r e a tm e n t s :w e r e  

im p o s e d  on  th e  36 b o r d e r s  w ith in  F ie ld  D th ro u g h o u t th e  s e v e n - y e a r ,  

p e r io d  f r o m  1955 to  1962. T he  in d iv id u a l t r e a tm e n ts  h a v e  b e e n  g iv e n  

p r e v io u s ly .  '

S o il s a m p le s  w e re  ta k e n .f ro m  a l l  th e  36 b o r d e r s  a n d  a n a ly s e s  

fo r  th e  fo llo w in g  y e a r s ,  1955, 1956, a n d  1961. T h e se  a n a ly s e s . to g e th e r  

sh o w e d  th e  fo llo w in g  r e s u l t s :

1. T he  s a tu r a te d  s o il  p a s te  pH  v a lu e s  d id  n o t i n c r e a s e  o r  d e ­

c r e a s e  a p p re c ia b ly  to  a n y  d e g re e  in  th e  s u r f a c e  dep th ; h o w e v e r , th e r e  

w e re  pH  v a lu e  d e c r e a s e s  n o te d  in  th e  tw o lo w e r d e p th s , 12 to  24 in c h e s ,  

a n d  24 to  36 in c h e s .  S ta t i s t ic a l ly ,  no  s ig n if ic a n t  d i f f e r e n c e s  w e re  n o te d  

am o n g  th e  d if f e r e n t  t r e a tm e n t s  w ith  r e s p e c t  to  th e s e  pH  v a lu e s  d u r in g  

th e s e  two p e r io d s ,  1956 a n d  1961.

2. T he  e l e c t r i c a l  c o n d u c ta n c e  s tu d ie s  sh o w e d  a  p r o g r e s s i v e  

i n c r e a s e  by  y e a r s .  T h is  w as  n o te d  am o n g  a l l  w a te r  t r e a tm e n t s .  T he 

h ig h e s t  i n c r e a s e  in  e l e c t r i c a l  c o n d u c ta n c e  v a lu e s  w as  on  s o il  s a m p le s  

ta k e n  f ro m  p lo ts  t r e a t e d  w ith  w e ll w a te r  e x c lu s iv e ly  b o th  a s  a  le a c h in g  

a n d  c ro p  i r r i g a t io n  s o u r c e .  In  a l l  c a s e s  th e  two lo w e r d e p th  s o il  s a m ­

p le s  h a d  th e  h ig h e s t  E . C . v a lu e s .  In  p r a c t i c a l l y  a l l  c a s e s  th e  r i v e r -  

r i v e r  c o m b in a tio n  of le a c h in g  a n d  i r r i g a t i o n  w as  m o r e  e f fe c t iv e  th a n  th e  

w e ll w a te r - w e l l  w a te r  c o m b in a tio n  o f le a c h in g  a n d  i r r i g a t io n .  H o w ev e r, 

d u rin g  th e  p e r io d  o f th is  s tu d y  th e r e  w as  a  p r o g r e s s i v e  i n c r e a s e  in  s a l t  

a c c u m u la t io n  d e sp ite  th e  u s e  of r i v e r  w a te r  w h en  i t  w as  a v a i la b le .
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3. T h e re  w e re  a  n u m b e r  of s u b s ta n t ia l  i n c r e a s e s  in  th e  e x ­

c h a n g e a b le  so d iu m  p e r c e n ta g e  a m o n g  th e  d if f e r e n t  w a te r  t r e a tm e n t s .

T he  in c r e a s e  in  E S P  v a r i e d  s o m e w h a t am o n g  th e  d i f f e r e n t  t r e a tm e n ts  

b u t o v e r a l l  th e  r i v e r - r i v e r  c o m b in a tio n  o f  le a c h in g  a n d  i r r i g a t i o n  w a s  

m o r e  e f fe c t iv e  in  k e e p in g  th e  e x c h a n g e a b le  so d iu m  p e r c e n ta g e  dow n a s  

c o m p a r  ed  to  th e  w e ll w a te r - w e l l  w a te r  c o m b in a tio n  of le a c h in g  a n d  

i r r i g a t io n .  , . . : .

4 . T he u s e  of r i v e r - r i v e r - w a t e r  c o m b in a tio n s  w ith  le a c h in g  

t r e a tm e n ts  w a s  m o s t  e f fe c t iv e  in  r e d u c in g  th e  s u r f a c e  s a l t  a c c u m u la t io n

5. T he y ie ld s  p ro d u c e d  u n d e r  th e  r i v e r  p re le a c h in g  w e re  the  

h ig h e s t  in  m o s t  c a s e s .  : T h is  a p p e a r e d  to be r e l a t e d  to  th e  p la n t  s ta n d  

p ro d u c e d  in i t i a l ly .

6. T he  y ie ld  o f c o tto n  d e c r e a s e d  a s  t im e  p r o g r e s s e d  e v en

though  in  m o s t  c a s e s  th e r e  w a s  no s ig n if ic a n t  d if f e r e n c e  am o n g  th e
i . . . . . : . \ . - . v -  ',  ' .

d if f e r e n t  w a te r  t r e a tm e n t s .  ’ . - ,
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A P P E N D IX



T a b le  1. S o il T e x tu re  S u rv e y *  m a d e  in  D e c e m b e r , 1954, b e fo re  W a te r  Q u a lity  T r e a tm e n ts  w e re  i n ­
t ro d u c e d  on F ie ld  D on th e  U n iv e r s i ty  of A r iz o n a  S a ffo rd  E x p e r im e n ta l  F a r m .

i C
Cl
L
F s l
L s
S cl

L E G E N D

- C la y
-  C lay  L o am
- L o am
- F in e  S andy  L o a m
-  L o a m y  Sand
- S andy  C lay  L o a m

S i d  -  S il ty  C la y  L o am
S il -  S i l t  L o a m
SI -  S an d y  L o am
V fs -  V e ry  F in e  Sand
V fs l -  V e ry  F in e  S andy  L o am

A s s ig n e d A s s ig n e d P lo t  N u m b e r D ep th :
T r e a tm e n ts R e p l ic a t io n s a n d  H ole In c h e s T e x tu re

1 1 D a l 0 -1 0
1 0 -1 6
1 6 -2 4
2 4 -3 0

L , m o d , san d y
L , f in e  s a n d  f r a c t .  te n d e n c y  to w a rd  s t r a t .  
L s , m e d ,
L , m e d . S

3 0 -3 6  H eav y  V fs i
3 6 -4 2  H eav y  S il
4 2 -4 8  SI o r  h e a v y  V fs l

1 2 D alO  0 -  6
6-12:

12-18
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

C l
C l
L ig h t SI
L ig h t SI o r  L s  w ith  c o n s id e r a b le  s i l t  in c lu d e d  
L ig h t SI • _ . 
v f s i  . ::_
SI , 't
L ig h t SI TO

T



T a b le  1. (C o n tin u ed )

A s s ig n e d
T r e a tm e n ts

1

1

A s s ig n e d  P lo t  N u m b e r D ep th :
R e p l ic a t io n s  a n d  H ole  In c h e s

3 D e l7 0 -  6
6 - 1 2

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

4 Db21 \ 0 -  6
6 -1 2

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

5 D c26 0 - 6
6 - 1 2

12-15
1 5 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

T e x tu re

C l
C l
L ig h t C l
SI
SI
V fs l w ith  so m e  th in  s i l t  s t r a t a  
V fs l w ith  so m e  th in  s i l t  s t r a t a  
V fs l

C l ‘
C l, w ith  m o re  s a n d  
V fs l
F s l ,  th in ly  s t r a t .  w ith  S il 
V fs l
V fs l s t r a t .  w ith  S il
V fs l
V fs l

C l
C l
C l
F s l
F s l
V fs l w ith  S il s t r a t a
V fs l w ith  s t r a tu m  o f l ig h t SI
S il (o r V fs l w ith  th ic k  S il s t r a t a )
V fs l
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T a b le  1. (C o n tin u ed )

A s s ig n e d A s s ig n e d P lo t  N u m b e r D ep th :
T r e a tm e n ts R e p l ic a t io n s a n d  H ole In c h e s T e x tu re

1 6 Db36 0 -  6 S i d
6 -1 2 S i d

1 2 -1 8 Set
1 8 -2 4 F s l  w ith  c o n s id e ra b le  a m o u n ts  of s i l t  a n d  V fs
2 4 -3 0 F s l
3 0 -3 4 F s l
3 4 -3 6 s i  ;

' 3 6 -4 2 L ig h t SI
4 2 -4 8 L ig h t SI, s t r a t .  w ith  S il
4 8 -5 4 Fssl -  V fs l

2 1 D c2 : 0 -  6 C l
6 -1 2 L ig h t Cl

1 2 -1 8 H eavy  L
1 8 -2 4 H eav y  L
2 4 -3 0 L  .. , • ' •; ; : ." i i; :

r  * 3 0 -3 6 V fs l
- ■ , ; . - 3 6 -4 2 V fs l to  S it

4 2 -4 8 V fs l

2 2 D a7 0 - 6 C l -  V fs f r a c t io n  , ,
6 —12 C l

1 2 -1 6 H eavy  SI , ! >;
1 6 -3 6 F s l ,  c lo s e  to  V fs l , '
3 6 -4 0 S a m e  w ith  1" s t r a tu m  of S il
4 0 -4 8 L ig h t SI .
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T a b le  1. (C o n tin u ed )

A s s ig n e d
T r e a tm e n ts

2

2

A s s ig n e d  P lo t  N u m b e r D ep th :
R e p l ic a t io n s  a n d  H ole  In c h e s

3 D b l5  0 -  6
6 - 1 2

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

4 D a22 0 -  6
6-12

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

5 Db30 0 -  6
6 - 1 2

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2

4 2 -4 8
4 8 -5 4

T e x tu re

C l
C l
Scl
SI
V fs l
V fs l
V fs l
V fs l

S i d  
S i d  '
F s l
F s l
F s l ,  n e a r ly  V fs l 
F s l
F s l ,  n e a r ly .V f s l  .
F s l ,  n e a r ly  V fsl, v e r y  th in ly  s t r a t .  w ith  S il

: . ' r : • . . .■ • tr.
S i d
C l
S cl
L  w ith  s l ig h t  p r e d o m in a n c e  o f S 
SI
SI w ith  c o a r s e  s a n d  f r a c t io n  
SI w ith  c o a r s e  s a n d  f r a c t io n ,  s t r a t .  w ith  S il 

a n d  V fs l
V fs l s t r a t .  w ith  S il 
V fs l s t r a t .  w ith  S il
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T ab le 1. (C ontinued)

A s s ig n e d A s s ig n e d P lo t  N u m b er D ep th :
T r e a tm e n ts R e p l ic a t io n s . a n d  H ole In c h e s T e x tu re

2 6 D c35 0 -  6 S i d
• 6 -1 2 C l

1 2 -1 8 C l
1 8 -2 4 V fs l
2 4 -3 0 V fs l
3 0 -3 6 F s l
3 6 -4 2 F s l
4 2 —48 V fsl

3 1 Db3 0 -  6 L ig h t C l
6 —12 L ig h t C l

12-21 Scl.
2 1 -2 4 L ig h t SI
2 4 -3 0 s i
3 0 -3 6 V fs l w ith  S il s t r a t .
3 6 -4 2 F s l
4 2 -4 8 F s l ,  c o n ta in s  so m e  m e d . s a n d

3 2 D c8 0 -  6 C l
6 —12 C l

1 2 -1 8 L ig h t C l
1 8 -2 4 S i d
2 4 -3 2 H eav y  L
3 2 -3 6 V fs l
3 6 -4 2 V fs l w ith  S il s t r a t .
4 2 -4 8 V fs l
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T a b le  l f (C o n tin u ed )
*.

A s s ig n e d  A s s ig n e d  P lo t  N u m b e r D ep th :
T r e a tm e n ts  R e p l ic a t io n s  a n d  H o le  In c h e s

3

3

3

3 D a l3 0 -  6
6 —12

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

4  ..........................D b24 ............. 0 -  6
6 —12

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

5 Dc29 0 -  6
6-12

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 4
4 4 -4 8

T e x tu re

C l, I so m e w h a t s i l ty
C l
SI
SI
SI to  V fs l 
V fs l 
S il 
V fs l

C l
Cl i
Li
F s l
V fs l
V fs l
V fs l w ith  S il s t r a t .
V fs l, w e ll  s t r a t .  w ith  S il

S ic  l
C l
F s l
F s l
SI
L s
LiS i !/. ..;'
V fs l w ith  S il s t r a t a
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T a b le  1* (C o n tin u ed )

A s s ig n e d
T r e a tm e n ts

A s s ig n e d
R e p l ic a t io n s

P lo t  N u m b e r 
a n d  H ole

D ep th :
In c h e s T e x tu re

3 6 D a34 0 -  6 
6 -1 2  

1 2 -1 5  
1 5 -1 8  
1 8 -2 4  
2 4 -3 0  
3 0 -3 6  
3 6 -4 2

S i d  .
S i d  t
S i d
F s l
F s h  : / I , '
F s l ,  th in ly  s t r a t .  w ith  S il 
F s l ,  c lo s e  to  SI 
F s l  s t r a t .  w ith  S il

4 1 D a4 0 -1 0 L ig h t C l
1 0 -1 8 H eav y  L
1 8 -2 4 F s l
2 4 -3 0 F s l  w ith  a  l i t t l e  m o re  s i l t
3 0 -3 6 S il -  V fs i ;
3 6 -4 2 S il -  V fs l
42 —48 S il, th in ly  s t r a t .  w ith  V fs l

4 2 D e l l 0 -  6 C l ■: - ;
6 —12 C l

i.K'..: 7 1 2 -1 8 C l
1 8 -2 4 C l
2 4 -3 0 H eavy  SI _ . ... .
3 0 -3 6 s i  > ̂  * -
3 6 -4 2 F s l ,  { n ea rly  V fs l
4 2 -4 8 V fs l
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T a b le  1. (C o n tin u ed )

A s s ig n e d
T r e a tm e n ts

4

4

A s s ig n e d  P lo t  N u m b e r D ep th :
R e p l ic a t io n s  a n d  H ole  In c h e s

3 D b l8  0 - 6
6-12  

1 2 -1 8  
1 8 -2 4  
2 4 -3 0  

' 3 0 -3 6
3 6 —42 
4 2 -4 8  
4 8 -5 4

4 D a l9  0 -  6
6-12

1 2 -1 5

1 8 -2 4" < * ; . i
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

5 D b27 0 - 6
6-12 

1 2 -1 8  
1 8 —24

2 4 -3 0

T e x tu re

L ig h t C l 
L ig h t C l
L ig h t C l o r  h e av y  L  
F s l , " w ith  S il s t r a t .
SI, f a i r l y  lig h t 
SI, f a i r l y  lig h t 
L ig h t SI 
L s  
L s

C l
L ig h t C l, V fs f r a c t io n  
L ig h t C l
S I ..... ............ - -....................... .. ......-................. ..... .
SI w ith  2" of S il s t r a t .
F s l  to  V fs l w ith  1" S il s t r a tu m  
F s l  -  V fs l 
L ig h t S t
L ig h t SI, rhed . s a n d  

S ic  l
C l ‘ :
C l w ith  S i d  s t r a t .
T r a n s ,  zo n e , g y p su m  in  u p p e r  2 " , s a n d ie r  

b e low  
C l
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T a b le  1, (C o n tin u ed )

A s s ig n e d A s s ig n e d P lo t  N u m b e r D ep th :
T r e a tm e n ts R e p l ic a t io n s a n d  H ole In c h e s T e x tu re

3 0 -3 6 F s l  -  V fs l
3 6 -4 2 V fs l
4 2 -4 8 V fs l
4 8 -5 4 V fs l, S il s t r a t i f i e d

4 6 D c32 0 -  6 C l s ;
6 —12 C l

1 2 -1 8 S cl
1 8 -2 4 F s l
2 4 -3 0 F s l
3 0 -3 6 F s l  .
3 6 -4 2 V fs l, S il s t r a t a
4 2 -4 8 V fs l, th in ly  s t r a t .  w ith  S il

5 1 Dc5 0 -  6 L ig h t C l
6 t1 2 L ig h t C l

1 2 -1 8 L ig h t C l, r a t h e r  s i l ty
1 8 -2 4 L ig h t C l, r a t h e r  s i l ty
2 4 -3 0 L ig h t C l, m o re  s a n d
3 0 -3 6 V fs l
3 6 -4 2 V fs l, w ith  S il s t r a t .
4 2 -4 8 S am e

- .. < ' 60
1



T a b le  1. (C o n tin u ed )

A s s ig n e d  A s s ig n e d  P lo t  N u m b e r D ep th :
T r e a tm e n ts  R e p l ic a t io n s  a n d  H ole  In c h e s

5

5

2 D blZ  0 - 6
6-12

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

3 D a l6 0 -  6
6 -1 2

1 2 -1 8  
1 8 -2 4  
2 4 -3 0  
3 0 -3 3  
3 3 -3 6  
3 6 -4 2  
4 2 -4 8

0 - 6  
6 - 1 2  

1 2 -1 8  
1 8 -2 4  
2 4 -3 0  
3 0 -3 6  
3 6 -3 9  
3 9 -4 2  
4 2 -4 8

■5 4 D c20

T e x tu re

C l
C l
S cl
SI
SI
V fs l a n d  S il s t r a t .
S il
V fs l

C l w ith  a  l i t t l e  m o re  s a n d  
L ig h t Scl 
H eav y  SI •
L  " '

SI
L s
L s

C l
L ig h t C l
L ig h t C l
F s l
SI
SI
SI
L s
L s

o



T a b le  1. (C o n tin u ed )

A s s ig n e d A s s ig n e d P lo t  N u m b er D ep th :
T r e a tm e n ts R e p l ic a t io n s a n d  H ole In c h e s T e x tu re

5 5 . D a25 0 -  6: S id ,  f a i r l y  h e av y
- ' : - ‘ ' ■ 6 -1 2 S i d ,  f a i r l y  h eav y , c o n ta in s  s c a t t e r e d  g y p su m

1 2 -1 8 ■ ' ... " ' — " -- - • ■ - - -...... -
1 8 r 24 S i d
2 4 -3 0 F s l
3 0 -3 6 F s l
36.-42 F s l ,  th in ly  s t r a t .  w ith  S il
4 2 r 48 F s l ,  b o rd e r in g  on V fs l

5 6 Db33 0 1 o S i d
6 r 12 S i d

1 2 -1 8 S cl, f in e  s a n d  f r a c t io n
... . . 1 8 -2 4 F s l ,  b o rd e r in g  on V fs l

2 4 -3 0 F s l ,  b o rd e r in g  on V fs l
3 0 -3 6 F s l
3 6 -4 2 V fs l s t r a t .  w ith  S il
4 2 -4 8 V fs l  s t r a t .  w ith  S il

. . . .  ;

6 1 Db6 0 -  6 C l
6 -1 2 C l

1 2 -1 8 C l
1 8 r 24 V fs l
2 4 -3 0 V fs l
3 0 -3 6 V fs l, s l ig h t ly  c o a r s e
3 6 -4 2 F s l  s t r a t .  w ith  S il

N 1 00 V fs l  s t r a t .  w ith  S il



T a b le  1. (C o n tin u ed )

A s s ig n e d
T r e a tm e n ts

6

6

A s s ig n e d  P lo t  N u m b e r D ep th :
R e p l ic a t io n s  a n d  H ole  In c h e s

2 Db9 0 -  6
6 - 1 2

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

3 D e l 4 0 - 6
6-12

1 2 -1 8
1 8 -2 4
2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 8

4 Dc23 0 -  6
6 -1 2

'  ," ; 1 8 —24
2 4 -3 0  
3 0 -3 6  
3 6 -4 2  
4 2 -4 8

T e x tu re

C l
C l
C l
S cl

F s l .
V fs l
F s l
F s l

& :
C l
C l
S cl
S c l, m o re  san d y
V fs l
F s l
V fs l w ith  so m e  s i l t  s t r a t .

C l, g y p su m  ;
C l

l* 1 * * • - •

SI
SI
S il
V fs l
V fs l w ith  S il s t r a t a

112



T a b le  1. (C o n tin u ed )

A s s ig n e d
T r e a tm e n ts

A s s ig n e d
R e p l ic a t io n s

P lo t  N u m b e r 
a n d  H ole

D ep th :
In c h e s T e x tu re

6 5 D a28 0 -  6 
6 -1 2

S i d
S id )

1 2 -1 8
1 8 -2 4

S ic l ) g y P su m  
" C l '

2 4 -3 0
3 0 -3 6
3 6 -4 2
4 2 -4 5

F s l ,  a p p ro a c h in g  V fsi -----------
F s l
F s l  :
F s l

4 5 -4 8 S il
4 8 -5 2 F s l

6 6 Da31 0 -  6 S i d
■ ■ 6 -1 2 C l

1 2 -1 8 SI
1 8 -2 4 F s l

- -.... ................ . " ' - • ■ ' ■ 2 4 -3 0
3 0 -3 6

,JF*S1- - ■ -
SI

■ ! :• 3 6 -4 2 SI s t r a t .  w ith  S il ’ •
4 2 -4 8 V fs l s t r a t .  w ith  S il •

'•‘S o il S u rv e y  m a d e  by th e  S. S o il C o n s e rv a t io n  S e rv ic e .  -....... - ........

U)



T a b le  2. S u m m a ry  of S o il T e x tu re s  a n d  T o ta l  S o lu b le  S a lts  of S o ils  on F ie ld  D b e fo re  D eep  F lo w -

— ....... . i n g i n  1954. ... ------ -- ----- • - * - ...... ■ -- ' - • - ■ - - - - - ■

" • •* ' ....- ■' ■ .......... P a r t i c l e  S ize  D is tr ib u t io n  ................. ' ' ' --

F ie ld S o il S an d S il t C la y  F in e  C lay ..

N u m b e r D ep th  2 .0 - .  0 5 m m . . 0 5 - . 0 0 2 m m . . 0 0 5 - . 0 0 0 m m . . 0 0 2 -. 0 00m m . C o llo id TSS

in c h e s  ----- ppm

D 4 a 0 -1 0 49. 1 26. 8 28. 5 24. 1 1 5 .9 1483
1 0 -1 8 53. 6 24. 8 25. 5 2 1 .6 1 3 .9 1308
1 8 -3 0  ......... 63. 6 2 1 .3  _ - . . ..... 1 9 .9 960
3 0 -4 8 56, 6 27. 3 1 9 .5  1 6 .1

;
9 .9 1244

D 12a 0 -1 2 46. 6 30. 3 32. 5 23. 1 1 6 .9 2375
1 2 -3 0 70. 6 14. 8 1 6 .1  1 4 .6 9 .4 1316

- ---  --  ' 3 0 - 4 8 .......... . . .6 1 .0 ............. 2 4 .9 16. 6 ...... 1 4 .1 8 .9 1050

; • ’ :
D 6b 0 -1 8 44. 0 22. 4 37. 1 3 3 .6 2 1 .4 1962

1 8 -3 0 56. 9 20. 3 21.  6 23.  7 1 4 .4 1149
3 0 -4 2 ............... 59. 5....... .............2 2 .8 .......— .... 19. 7 ................. . .... .... 17. 7 12 ..4 ...... 1142
4 2 r 48 66. 9 16. 8 1 8 .7  1 6 .3 1 0 .1 1149

i " . '' -  ;



T a b le  2 . (C o n tin u ed )

P a r t i c l e  S ize  D is tr ib u t io n

F ie ld
N u m b e r

S o il
D ep th

S an d
2. 0 —. 0 5 m m .

S il t
. 0 5 - .  0 0 2 m m .

C la y
.. 0 0 5 - . 00 0 m m .

F in e  C lay  
. 0 0 2 -. 000m m . C o llo id TSS

in c h e s p p m

D 21b 0 -1 2 51. 7 1 9 /9 31. 8 2 8 .4 17. 3 652
-1 2 -3 0 - 66. 7 19. 0 1 7 .8 14. 3 8 .8 996

3 0 -4 8 55. 7 27. 6 1 9 .2 16. 7 10. 1 1700

D 33b 0 -1 2 3 5 .9 2 2 .4 46 . 1 4 1 .7 2 5 /5 3702
1 2 -1 8 45. 9 1 9 .9 • 38. 1 3 4 .2 1 9 .5 4968
1 8 -3 6 66. 4 1 9 .9 16. 1 13. 7 8 .9 4038
3 6 -4 8 5 6 .9 27. 0 1 9 .1 1 6 .1 9 .4 4968

D 14c 0 -1 8
1 8 -3 0
3 0 -4 8

44. 9
5 4 .4
5 9 .4

2 1 .5  
1 8 .0
2 3 .5

37. 6 
30. 6

. . 1 9 .6

! 33. 6 
' 27. 6 
' 1 7 .1

2 0 .4
1 6 .4  

9 .9  '

1685
1494
1887

D 20c 0 -  6 4 1 .9 ' 26. 5 36. 6 3 1 .6 ! 17. 9 1981
6 -1 8 4 3 .4 25. 0 3 6 .1 31. 6 : 1 8 .9  .. 1332

1 8 -2 4 66. 9 1 6 .0 1 9 .6  . : 17.1 1 0 .9 1128
2 4 -3 9 77. 1 12. 0 ......  1 1 .9 .. 1 0 .9 7 .9 1050
3 9 -4 8 89. 6 5. 0 ' 5 .4  : j 5 .4 3 .4 636 115
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T a b le  3.. T he  E l e c t r i c a l  C o n d u c tiv ity  M ean  C o m p a r is o n s  B e tw e e n  S ix
D if f e re n t  W a te r  Q u a lity  T r e a tm e n ts  on th e  D if fe re n t  D ep th
S a m p le s  of C ajo n  C lay  L o am  T a k e n  in  1955, 1956, 1961.

D ep th  S a m p le s

0 to  12 in c h e s  12 to  24 in c h e s  24 to 36 in c h e s

m e n ts Y e a r Y e a r Y e a r

1955 1956 1961 1955 1956 1961 1955 1956 1961

E . O X o UJ

(m m h o s . /c m )

1 3. 9ab 5. 6 a * * 4. 9 a 3. 6ab 7. Sab 9. l a 3. 2 a 1 5. 8a 1 1 .5 a
2 3. 3a 5. 5a 6. Sab 3. 3a 8. la b c 10. 8ab 3. 2 a 75. 3a 10. l a
3 4 . 4b 6. 4ab 8. 3b 4 .7 c 8. 9bc 16. 3c ; 4 . 4b „ 6. 2a 14. lb
4 4 .4 b 7 .3 b 8. Ob 4 . Ib c 10. 3c 1 3 .6bc 4. 2b 6. 8a 12. Sab

.5 . 3. 6ab 5. l a 7 .3 b 3. Sab 6. l a 13. lb 3 .4 a 5 .4 a 14. 0b
6 3. Sab 5. Oa 8 .4 b 3. 4 ab 7. Sab 12. Oab 3. 7ab 5. 2a 12. 6b

S ta n d ­
a r d •-

e r r o r N .S . 0 .4 0. 6 0. 2 0. 8 1. 0 0. 3 . N. S. 0. 8

: • ' i .  '

* T h o se  m e a n  w ith  th e  s a m e  l e t t e r  b e lo n g  to  th e  s a m e  p o p u la tio n .
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T a b le  4 . T he  E l e c t r i c a l  C o n d u c tiv ity  M ean  C o m p a r is o n  b e tw ee n  S ix
D if fe re n t  W a te r  Q u a lity  T r e a tm e n ts  on th e  S u r fa c e  Two In ch
S a m p le s  of C a jo n  C la y  L o am  ta k e n  in  1956.,

R e p l ic a t io n s  W a te r  Q u a lity  T r e a tm e n ts

1 2 3 ... . - ... .■ 4 ........ 5 6

E . C . x 103
(m m h o s. /c m .  )

1 3 .9 7 4 . 15 2 .8 3 8. 30 3 .4 0 3. 43
2 4 .7 7 3 .1 3 5 .9 0 9 .2 3 3. 60 4. 73
3 3 .4 5 3 .9 7 4 .4 3 8 .0 7 3. 60 3. 77
4 3. 30* 3. 17 6. 80 ' 6 .7 5 2. 70 3 .6 5
5 . 3. 63 3. 40 7 .9 3 9 .2 3 2 .9 7 3 .0 3
6 . 2. 60 4 . 75 1 0 .2 6 1 0 .3 7 3 .6 2 - '3 . 4 0

Sum 2 1 .7 2 2 2 .5 7 3 8 .1 5 ' 51. 95 19. 89 • 22. 01

M ean s 3. 62 3. 76 6. 36 8. 66 3. 32 3. 67

EM S b 1. 56 : s x  = 0 .5 1

C o m p a r is o n  of In d iv id u a l M ean s  -  New D u n can  M u ltip le  R a n g e .

W a te r  Q u a lity  T r e a tm e n ts

5 1 6 2 3 4

3. 32 3. 62 3 .6 7  3. 76 6. 36 8. 66

^ C a lc u la te d  v a lu e  (m is s in g  d a ta )
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T a b le  5. T h e  E x c h a n g e a b le -S o d iu m -P e rc e n ta g e  M ean  C o m p a r is o n s
B e tw een  S ix  D if fe re n t  W ate r Q u a lity  T r e a tm e n ts  on th e
D if fe re n t  D ep th  S a m p le s  o f C a jo n  C la y  L o am  T a k e n  in  1955,
1956, a n d  1961.

D ep th  S a m p le s .......... .... . -

„  . 0 to  12 in c h e s  -12 to  24 in c h e s  24 to 36 in c h e sT r e a t ­
m e n ts  Y e a r  Y e a r  Y e a r

E x c h a n g e a b le -S o d iu m -P e rc e n ta g e

1 32. 5a* 31. 8a 30. 2a 3 3 . 8ab 32. 3a 34. 0a 3 3 .9 a 33. 7a 32 . 0a
2 33. 7a 34. l a 30. 8a 3 1 . 5a 34. l a 37. la b 40 . l a 32. 6a 3 3 . 2ab
3 3 1 .5a 31. 7a 36. lb 33 . l a b  3 1 .7 a 40 . 2b 35. 0a 2 6 .5 a 36. 9ab
4 33. 3a 3 0 .4 a 3 7 .2 b 34. 5ab  26. 2a 4 1 .9 b 37. 6a 2 9 .4 a 3 5 . Sab
5 3 5 .4 a 39. Ob 3 4 . Oab 3 3 . 2ab  2 9 .6 a 3 9 .2ab 39. 0a 3 0 .4 a 4 0 .5 b
6 36. 2a 27. 8a 35. 7b 3 5 .7b 30. 2a 41 . 2b 3 9 .4 a 29. 6a 3 7 . la b

S ta n d ­
a r d

e r r o r 2. 6 2. 5 1. 2 1. 1 2 .6 2. 0 . 2 .4 2. 8 2. 2

* T h o se  m e a n  w ith  th e  s a m e  l e t t e r  b e lo n g  to  th e  s a m e  p o p u la tio n .
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T a b le  6. T he  E x c h a n g e a b le -S o d iu m -P e rc e n ta g e  M ean  C o m p a r is o n s
B etw een  S ix  D if fe re n t  W a te r  Q u a lity  T r e a tm e n ts  on th e
S u r fa c e  Two In c h  S a m p le s  of C ajo n  C lay  L o a m  T a k e n  in
1956.

R e p l ic a t io n s  C a lc u la te d  E x c h a n g e a b le -S o d iu m -P e rc e n ta g e

1 2 3 4 5 6

%

1 3 9 .2 36. 1 32. 1 4 6 .9 37. 7 42 . 8
2. 3 6 .6 37. 7 42 . 8 4 4 . 3 37. 7 37. 7
3. 3 9 .2 37. 7 44 . 3 43 . 8 41 . 8 37. 7
4 2 9 .0 37. 7 46 . 1 -4 5 .4 33. 6 3 5 .1
5 4 1 .8 26. 3 4 7 .9 43 . 8 37. 7 40 . 2
6 3 0 .0 44 . 3 28. 6 52 . 0 4 5 .4 37. 7

Sum 2 1 5 .8 " 219. 8 2 3 1 .8 2 7 6 .2 2 3 3 .9 2 3 1 .2

M ean 3 5 .9 7 36. 63 38. 63 4 6 .0 3 3 8 .9 8 3 8 .5 3

EM S = 2 7 .5 4 s -  = 2. 14

C o m p a r is o n  of In d iv id u a l M ea n s  -  New  D uncan  M u ltip le  R a n g e .

In d iv id u a l

W a te r  Q u a lity  T r e a tm e n ts  

1 2 6 3 5 4

35. 97  36. 63 38. 53 " 3 8 .6 3  3 8 .9 8m e a n 46. 03
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T a b le  7. Y ie ld :o f C o tto n  P ro d u c e  U n d e r S ix  D if fe re n t  W a te r  Quality-
T r e a tm e n ts  in  1956.

R e p l ic a t io n s  W a te r  Q u a lity  T r e a tm e n ts

1 2 3 4 5 6

lb s /p lo t  *

1 515 513 408 401 514 495
2 531 526 435 456 558 499
3 478 529 452 376 458 541
4 575 530 540 449 524 550
5 505 426 487 411 506 501
6 388 433 422 430 483 483

Sum 2992 2957 2744 2523 3043 3069

M ean s 498 . 66 492 . 83 4 5 7 .3 3 4 2 0 .5 0 5 0 7 .1 6 511.51

EM S = 1253. 60 S -  n 14.X 45

C o m p a r is o n  of In d iv id u a l M ean s  -  New D uncan  M u ltip le  R an g e .

W a te r  Q u a lity  T r e a tm e n ts

4 3 2 1 5 6
In d iv id u a l

m e a n s 420 . 50 4 5 7 .3 3 492 . 83 4 9 8 .6 6 507. 16 5 1 1 .5 0

* p lo t s iz e .  T he  in d iv id u a l p lo t  m e a s u r e d  220 f e e t  long  by  27 f e e t  w id e .
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T a b le  8. Y ie ld  of C o tto n  P r o d u c e  U n d er S ix  D if fe re n t  W a te r  Q u a lity
T r e a tm e n ts  in  1957.

R e p l ic a t io n s  W a te r  Q u a lity  T r e a tm e n ts

1 2 3 4 .... ' ' 5.......... 6

- " - .... .. " • —  ' '  ' l b s /p lo t  * - - - - - -

1 411 423 318 333 307 416
2 455 415 338 386 480 435
3 404 458 384 405 423 426
4 526 453 693 417 457 703
5 536 442 320 409 485 352
6 313 339 148 325 329 268

Sum 2645 2530 2201 2275 2481 2600

M ean s 440 . 83 4 2 1 .6 6 366. 83 379. 17 413. 50 4 3 3 .3 3
y  i . ;

EM S = 5714. 6 s x  = 30. 86

C o m p a r is o n  of In d iv id u a l M ea n s  -  N ew  D uncan  M u ltip le  R a n g e .

W a te r  Q u a lity  T r e a tm e n ts

3 4 5 2 " 6 ~ 1
1

M ean s 366. 83 379. 17 413. 50 421 . 66 433. 33 440 . 83

v p lo t s iz e .  T he in d iv id u a l p lo t  m e a s u r e d  220 f e e t  long  by  27 f e e t  w id e .
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T a b le  9. Y ie ld  of C o tto n  P ro d u c e  U n d er S ix  D if fe re n t  W a te r  Quality-
T r e a tm e n ts  in  1958.

R e p l ic a t io n s  ' ' W a te r  Q u a lity  T r e a tm e n t s '

* ......... 1 2 3 ' ......4 ....." ......' ........6

lb s /p lo t  *

1 365 366 250 307 304 280
2 378 231 351 352 402 321
3 420 462 374 276 330 387
4 512 480 288 334 430 314
5 384 283 369 382 319 351
6 250 287 303 284 2 9 1 ------- 260 -

Sum 2309 2109 1935 1935 2076 1913
/ .  - V

M ean s 384. 83 351.513 322. 50 322. 50 346. 00 3 1 8 .8 3

EM S = 3378. 7 s x  =: 23. 73
- — .. ----  . .... .

C o m p a r is o n  of In d iv id u a l M ean s  -  New D u n can  M u ltip le  R a n g e .

. . ... - - - - W a te r  Q u a lity  T r e a tm e n ts

6 3 4 5 2 1
In d iv id u a l ■ '

m e a n s 3 1 8 .8 3 322.513 3 2 2 .5 0 346. 00 3 5 1 .5 0 384. 83

* p lo t s iz e .  T he  in d iv id u a l p lo t  m e a s u r e d  220 f e e t  long  by 27 f e e t  w id e .
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T a b le  10. Y ie ld  of B a r le y  G ra in  U n d er S ix  D if fe re n t  W a te r  Q u a lity
• T r e a tm e n ts  in  I9 6 0 .

R e p l ic a t io n s W a te r  Q u a lity  T r e a tm e n ts
* • ' " - --

1 2 3 ....... ~ 4 ------ 5 ... ' • ' 6

 ̂ - - - - - ..... ' ........ - l b s / p l o t *  — ...
-------- - _ ..

1 310 327 332 322 197 273
2 294 310 314 350 324 270
3 227 319 310 211 343 335
4 327 297 257 260 276 236
5 244 118 264 237 208 247
6 176 290 195 250 191 191

' ;
Sum 1578 1661 1672 1630 1539 1552

V : "
M ean s 263. 00 276. 83 278. 67 271. 67 256. 50 258. 67

EM S = 2 5 7 9 .4 2 s x  = 20. 73

C o m p a r is o n  o f In d iv id u a l M ean s  -  New D uncan  M u ltip le  R a n g e .

W a te r  Q u a lity  T r e a tm e n ts

In d iv id u a l
m e a n s  256. 50 258. 67 263. 00 271. 67 276. 83 278. 67

* p lo t s iz e .  T h e  in d iv id u a l  p lo t  m e a s u r e d  220 fe e t  long  by 27 f e e t  w id e .
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T a b le  11. Y ie ld  o f A lfa lfa  H ay  U n d e r S ix  D if f e re n t  W a te r  Q u a lity
T r e a tm e n ts  in  1961.

R e p l ic a t io n s  W a te r  Q u a lity  T r e a tm e n ts

1 2 3 4 ....... - 5 .... 6

lb s /p lo t  *

1 344 505 489 424 363 410
2 456 427 285 387 . 228 276
3 332 534 367 345 420 . 285
4 490 401 420 388 395 339
5 282 389 276 281 397 381
6 509 480 428 ..... 377 325 338

Sum 2413 ’ 2736 2265 2202 2128 2029

M ean s 402 . 17 4 5 6 .0 0 3 7 7 .5 0 367. 00 3 5 4 .6 7 338. 17

EM S = 4 3 2 0 .4 s x  = 26. 83

C o m p a r is o n  of In d iv id u a l M ean s  -  New D uncan  M u ltip le  R an g e

... . . . . . . W a te r  Q u a lity  T r e a tm e n ts

6 5 4 3 1 2
In d iv id u a l • ; ■ , '

m e a n s 3 3 8 .1 7 3 5 4 .6 7 367. 00 - 377. 50 4 0 2 .1 7 456. 00

* p lo t s iz e .  T h e  in d iv id u a l p lo t  m e a s u r e d  220 f e e t  long  by  27 f e e t  w id e .
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T a b le  12. Y ie ld  o f A lfa lfa  H ay  P r o d u c e  U n d er S ix  D if fe re n t  W a te r
' Q u a lity  T r e a tm e n ts  in  1962.

R e p l ic a t io n s
-• •

W a te r  Q u a lity  T r e a tm e n ts
’ ...... " " " ■ " . -

1 2 3 4  -- 5 6

....... - ' l b s /p lo t  *
. . . . . .  ... . ...

1 1762 1945 1462 1511 1293 1475
: 2 1178 1451 1418 1121 1299 1475
3 1080 1046 1180 1117 1357 1470
4 1251 1230 1125 1146 1450 990
5 973 924 1466 1077 1235 ; 1129
6 • 1054 1307 1225 1445 1284 1198

Sum 7298 7903 7876 7417 7918 7737

M ean s  

EM S =

1 2 1 6 .3 3  

34, 713 . -

1317. 17 

s -  -  76,

1 3 1 2 .6 7  

. 06

1236. 17 1319. 67 1289.5

C o m p a r is o n  of In d iv id u a l M ean s  -  New D uncan  M u ltip le  R an g e .

W a te r  Q u a lity  T r e a tm e n ts

1 4 6 . . . . . . .  3 2 .............  5
In d iv id u a l

m e a n s  1216. 33 1236. 17 1 2 8 9 .5 0  1312. 67 1317. 17 1319 .67

❖ plot s iz e .  T he  in d iv id u a l  p lo t  m e a s u r e d  220 f e e t  long by  27 f e e t  w id e .
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T a b le  13. S tan d  C o u n t of C o tto n  S e e d lin g  U nder S ix  D if fe re n t  W a te r
Q u a lity  T r e a tm e n ts  in  1959.

R e p l ic a t io n s  — W a te r  Q u a lity  T r e a tm e n ts

1 . ___2 .... ........3 ' ........ ......... 4  ........- ... 5 ... ...... 6 ...

A v e ra g e  p la n t  c o u n t/5 0  f e e t  of ro w

1 200 211 32 76 : 18 53
2 256 242 30 93 1 6 6 80
3 269 271 60 19 61 203
4 216 274 116 65 : 72 124
5 188! 179 36 151 ■136 148
6 247 25 3 - - 38 - .....48 104 . . 6 0 ......

Sum 1376 1430 312 452 457 668

M ean s 2 2 9 .3 3 ' 2 3 8 .3 3
■■ o  .

5 2 .0 75. 33 76. 16 111.33

EM S = 1 7 1 9 .0 9 Sx  = 1 6 .9 3

‘ ---------- - ---  -• — -- .......  • ........ ......  - .... . ' - - ... ..

C o m p a r is o n  of In d iv id u a l M ean s  -  New D uncan  M u ltip le  R ange."

W a te r  Q u a lity  T r e a tm e n ts

4 3 2 1 5 6

4 2 0 .5 0  4 5 7 .3 3  4 9 2 .8 3  4 9 8 .6 6  507. 16 511 .50
In d iv id u a l

m e a n s



127

T a b le  14. S tan d  C oun t o f C o tto n  S eed lin g  U nder S ix  D if fe re n t W a te r
Q u a lity  T r e a tm e n ts  in  1959.

R e p l ic a t io n s
' ? ■ : ; ! ’

W a te r  Q u a lity  T r e a tm e n ts

1 2 3
!

: 4
■

5 ' 6

■
A v e ra g e s  of F o u r  C oun t

i ■ ,
1 207

! , -
216 38 ■ 87 21 66

2 247 227 41 107 114 i 86
3 219 : 260 71 i 53 115 i  227
4 220 272 138 , 117 136 161
5 167 1 9 4 ; 64 183 176 178
6 231 235 64 76 157 1 77

Sum 1291 1404 416 ' 623 719 j 795

M ean s 215. 17 2 3 4 .0 0  6 9 .3 3 103. 83 119. 83 132. 50

EM S =: 1 7 3 6 .9 9 s -  = 17. 01
( X

C o m p a r is o n  of In d iv id u a l M ean s  -  New D uncan  M u ltip le :R a n g e .

'
1 W a te r  Q u a lity  T r e a tm e n ts

3 4  5 ; : 6 . i j '• 2
In d iv id u a l ' :

m e a n s 69. 33 103. 83 119. 83 . 1 3 2 .5 0 215. 17 234. 00



T a b le  15. S om e C h e m ic a l C o n s ti tu e n ts  F o u n d  in  th e  G ila  R iv e r  W a te r  U se d  fo r  I r r ig a t io n  P u r p o s e s
on th e  U n iv e r s i ty  of A r iz o n a  S a ffo rd  F a r m  f ro m  1954 th ro u g h  1962.

M o n th , 

S a m p le d • C a M g N a N a N a /C a SA R* TSS**

- - - - - - - • m e q /L i t e r % • - ......... ppm

■ ...... ' • -' .................. 1954 - — - ....—* -----------• ......... ..........................

A u g u s t 4 .2 0. 3 1 2 .8 74 3. 6 8 .5
1 ■
1164

S e p te m b e r 6 .0 1 .3 1 1 .0 60 2 .2 5 .7 2406

' ' ....... -  .........  ' - - '  ■- ........ .. - - - ■ ............... 1955

M a rc h 4 .2 1 .9 19 76 5. 2 1 0 .9 1636
M ay 3 .8 2. 0 29 83 4 .5 1 7 .0 1318
Ju n e  ....................... 3 . 8 ........ ..........1 .8  ...... ..... 16; 2 74 4 .9 9 .7 . 1387
A u g u s t 2. 0 0 .9 3 .2 52 1 .9 2. 3 430
A u g u s t 3 .8 ...  0. 9 0 .7 13 0 .5 " 0 .5 "  .... 360
S e p te m b e r 3 .2 1. 2 9 .9 69 5 .2

f
6; 7 940

; v ' 1956 - ; r

A p r i l 3 .0 2. 2 14. 3 73 5. 5 8 .9 1332
M ay 3 .0 1 .2 21. 8 84 8. 2 1 5 .1 i  711
Ju n e - - ■ 2 • . . .  - 1 .4  — ........ 1 5 .0 ...............79 6 .6 10." 6 .... . ....1 2 1 7 ,
J u ly  ...................... .......  2. 1..... 3. 3 16. 7 : 75 9. 1 10. 2 1413
O c to b e r 2. 7 1 .3 13. 0 76 5 .5 9. 2 1103

*SAR m e a n s  S o d iu m -A d s o rp tio n -R a tio  a n d  i s  c a lc u la te d  f ro m  th e  eq u a tio n : SAR = Na+
v / . ( C a + + + M g+ + )/2

**TSS m e a n s  to ta l  so lu b le  s a l t s .  - - -  - 128



T a b le  15. (C o n tin u ed )

M onth
S a m p le d C a Mg N a N a N a /C a SAB. TSS

% ppm

1957

Ju n e ' 2 .7

00o

1 3 .0 78 5 .4 9 .8  ....... 1088
N o v e m b er 2. 2 1. 0 3 .3 51 1. 7 2 .6 460

1958 «

May- 1:3 0 .4 3. 0 63 2:6 3. 2 363
A u g u s t 3 .0 1 .4 8 .0 64 3 .0 • 5 .4 817
A u g u s t 2 .6 1. 5 7 .2 64 3. 1 5. 0 760

1959

M a rc h 3 .4 1. 3 10. 1 68 3 .4 6. 6 999
A p r i l 3. 0 1. 2 13. 6 76 5. 1 9 .4 1217
May- 4. 7 1 .9 19. 6 75 4. 7 10. 8 1713
M ay 5. 3 2. 3 17. 1 69 3. 7

0000 1614
Ju ly 4 .9 2. 1 16. 0 69 3 .8 8. 5 1509
N o v e m b e r 3. 0 1 .2 3. 8 47 1. 4 2. 6 547

I9 6 0

Ju n e 3. 5 1. 2 1 3 .3 74 4. 3

F-00 1193

1961

A u g u s t 2 .2 0 .9 6 .9 69 3 .6 5. 6 691



T a b le  15. (C o n tin u ed )

M onth
S a m p le d C a Mg N a N a N a /C a SAR TSS

- m e q / L i t e r ------— ' % ....... ppm

1962

Ju n e 3 .5 1 .4 1 1 .9 71 3 .9 7. 6 1112
A u g u s t 2. 0 0. 8 3 .3 54 1 .9 2. 8 433
S e p te m b e r 5. 6 2. 7 16. 3 66 3 .3

o00 1610
O c to b e r 2. 7 1 . 0

oCO 45 1 .3 2. 2 455

130



T a b le  16. S o m e  C h e m ic a l C o n s ti tu e n ts  of th e  U n iv e r s i ty  of A r iz o n a  S a ffo rd  F a r m  W ell U se d  fo r  
I r r i g a t io n  P u r p o s e s  f ro m  1954 th ro u g h  1962.

M onth
S a m p le d C a ■ Mg N a N a N a /C a SA R* TSS**

-------------- m e q /L i t e r  - - % ...... ppm

1954

F e b r u a r y 7; 9 1 .9 51 84 7i 4 2 3 .1 3995
A p r i l 6. 0 1. 0 46 87 8 .8 24. 6 3364
A u g u s t 10. 5 1. 0 46 80 5. 0 1 9 .2 3534
S e p te m b e r 6 .3 3 .5 20 67 3. 7 9 .0 2721

' . 1955

^ F eb ru a ry 5. 0 1 .9 41 86 9 .3 2 2 .2 3072
M a rc h 7. 6 3. 2 37 77 5. 6 1 5 :9 3071
A p r i l 5 .6 2 .6 46 , 85 ,9." 6 22. 8 3469
Ju n e 5. 5 1 .8 49 87 10. 3 2 5 .6 3647
A u g u st 7. 9 ’ 1 .6 46 83 6. 8 22. 3 3558

1956

J a n u a r y 5 .5 1. 5 41. 3 86 8: 7 22. 1 3124
F e b r u a r y 4; 1 2: 0 4 2 .4 87 1 1 .9 2 4 .4 3146
A p r i l 4 :6 2. 0 42 . 6 86 1 1 :9 2 3 .5 3474
M ay 5 :5 2. 1 43 . 4 85 9 :1 22; 9 3412
Ju n e 4 .4 1. 0 27. 0 83 7 .0 1 6 .5 1927
J u ly 3. 6 3. 5 46 . 8 86 1 4 .9 24; 9 3467

*SAR m e a n s  S odium  -A d s o rp t io n - R a tio  a n d  i s  c a lc u la te d  f ro m  th e  eq u a tio n : SAR ■ _______N at________

*#TSS m e a n s  to ta l  so lu b le  s a l t s .  (C a* ‘*'+ M g++)/2
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T a b le  16. (C o n tin u ed )

M onth
S a m p le d C a Mg N a N a N a /C a SAR TSS

• - m e q / L i t e r ------------ % ppm

1956

O c to b e r 5. 5 1 .4 4 1 .0 85 8. 6 2 1 .6 3530
O c to b e r* 3. 1 2. 3 2 2 .5 80 8 .3 14. 61 1798

1957 . . . .

A p r i l 7 .4 3; 0 47; 0 82 7. 3 20. 6 3698
A p r i l 6. 2 2. 6 4 9 .2 84 9 .0 2 3 .5 3735
A p r i l '6 .  3 2. 2 4 9 .5 85 9 .0 2 4 .0 3702
A p r i l 5; 8 2; 8 46; 3 84 9 :2 22; 4 3788
Ju n e 5. 8 . 2 .5 5 2 .9 86 1 0 .5  ..... ■ —  ̂ - • -..—.........3955
Ju ly 5. 6 2. 3 5 1 .2 86 1 0 .4 25. 8 3811

■ 1958 : - .

M ay 5 .9 1 .5 46 . 2 86 9 :6 22; 2 3503
J u ly .................. .... ............5. 3 . .... ........ 2 . 3 ...... 3 7 .9  .... 83 ........ ...........8 .2 . . . ........19. 5 2951 ....
A u g u s t 5 .9 3 .4 46 . 2 . . 83 9 .0 21. 3 3554
S e p te m b e r 6. 0 ........ 2. 7 4 8 .9 85 9: 3 2 3 .5 " ........ 3685
N o v e m b e r 5. 3 2. 8 43 . 8 84 9 .4 2 1 .8 3328
D e c e m b e r 9 .1 3 .2 43 . 0 78 5 .4 1 7 .4 3552

* M ix e d -W e ll a n d  R iv e r  W a te r w



T a b le  16. (C o n tin u ed )

M onth
S a m p le d C a Mg N a N a N a /C a SAB. TSS

% ppm

1959

M a rc h 8. 7 3. 8 42 . 7 77 •5. 6 1 7 .1 3518
A p r i l 6 .9 2. 7 4 7 .9 83 - 7. 9 2 1 .9 3709
A p r i l 6. 5 2 .9 38. 6 80 6 .8 1 7 .9 3473
May- 6. 3 2 .9 48. 3 84 8. 8 22. 6 3701
M ay 6 .5 2. 7 4 7 .0 84 8. 3 2 2 .0 3614
M ay 6 .4 3. 1 • 4 6 .8 83 8 .4 2 1 .6 3599
Ju n e 16. 6 ■ 3. 8 54 . 6 73 3 .8 •17. 1 ’ 4823
Ju n e 12. 2 5', 8 5 7 .3 76 5 .4 19 .1 4906
N o v e m b er 5. 9 2. 5 42 . 2 84 • 8 .4 20. 7 3268

I960

r .  ■ =-; i
M a rc h
A p r i l  ’
Ju n e

7. 8 
10. 3 
1 2 .4

3 .4  
4. 3 
4 . 3

4 0 .1  
..." 3 0 .3

3 6 .7

78
.6 7

69

5 .9  
'3 . 4  
3 .4

1 7 .0  
1 1 .2  
12. 7

3334
2903
3877

; 1962 . . % . ’ ' :

J a n u a ry 4. 7 2 .9 4 0 .4 83 9 .9 20. 8 3165
F e b r u a r y  ) 4. 8 . 2. 7 3 9 .1 .84 ; 9 .4 .2 0 .2 3081
Ju n e  ' 1 2 .8  , ' 3 .9 i 3 3 .8 6 6 ■ 3 .0 1 1 .7 3298



T a b le  17. S om e C h e m ic a l C h a r a c t e r i s t i c s  o f C a jo n  C la y  L o am  T a k e n  in  1954 b e fo re  T r e a tm e n t
w ith  W a te r  o f D if fe re n t Q u a lity .

N u m b e r D ep th
f e e t

EC  x  103 
(m m h o s . /c m .)

C, E . C, 
m e q . /1 0 0  g m .

E x c h . N a 

m e q . /1 0 0  gm .

E x ch .
N a

%

H^O S o lu b le  N a 
in  th e  S a tu r a te d  

P a s te

%

T o ta l
S o lu b le

S a lt
ppm

1, 10, 17 1 3 .9 3 21. 8 7 .4 33. 7 31. 5 2751
21, 26, 36 2 3 .5 7 19. 2 6. 5 3 3 .9 34. 2 2499

3 3 .2 2 1 2 .5 9 .3 34. 1 3 3 .9 2254

2, 7, 15 1 3. 17 2 0 .9 6 .6 31. 7 28. 3 2219
22, 30, 35 2 3 .2 7 18. 3 5. 8 3 1 .5 31. 5 2289

•- 3 3 .2 5 1 0 .4 4. 2 40. 6 4 0 .1 2275

3, 8, 13 1 4 .3 5 2 1 .6 7. 1 3 2 .9 • 3 1 .5 3045
24, 29, 34 2 4. 68 18. 6 6 .2 33. 2 ’ 3 3 .2 3276

3 4. 43 13. 0 4 .4 3 3 .9 3 2 .4 3101

4, 11, 18 1 4. 83 22. 5 7 .4 32. 8 33. 3 3381
19, 27, 32 2 4 :1 2 1 9 .9 6 .9 34. 5 3 4 .5 2884

3 4 .3 2 1 0 .9  • 5. 0 • 45. 3 ; • ; 3 8 .9  y 7 3024 '
..1 : ' "

5, 12, 16 ■ T 3 .5 2 2 3 .2 7 .9  ' 34. 0 • 3 5 .4 2464 -
20, 25, 33 2 3 .4 8 18. 3 6. 1 33. 3 33. 2 2436

3 3. 37 1 1 .8 4 .6  . 38. 8 3 9 .0 2359. , ,

6, 9, 14 1 ' : 3 .4 8 • 23. 8 ! ' 8. 6 ■ 36. 0 • 36. 2 2436
23, 28, 31 2 3 .4 2 1 7 .3 6 .1  ' ' 3 5 .4 * 3 5 .7 2394

' 3 3. 67 12. 3 4. 6 3 7 .7 39. 0 2569
D a ta  r e p r e s e n t  m e a n s  of tw o r e p l i c a t e d  s a m p le s .  Cw E . G. m e a n s  c a tio n  e x ch a n g e  c a p a c ity .
EC  m e a n s  e l e c t r i c a l  c o n d u c tiv ity

134



T a b le  18. S om e C h e m ic a l C h a r a c t e r i s t i c s  o f Cajon. C la y  L o am  T ak en  in  1955 a f t e r  P a r t i a l  W a te r
T r e a tm e n ts  w ith  D if fe re n t  Q u a lity .

T r  e a tm e n t
P lo t

N u m b e r D epth EC  x  103 C. E . C . E x ch . N a
E x ch .

Na

T o ta l
S o lu b le

S a lt
‘ .......... . f e e t (m m h o s . / c m .) m e q . /1 0 0  gm . m e q . /1 0 0  gm . % ppm  ...

1
R iv e r  w a te r  s o u rc e : 1, 10, 17 1 3 .9 3 22. 5 7 :4 3 2 :9 2751
I r r ig a t io n  a n d  p r e ­ 21, 26, 36 2 3 .5 3 19. 2 6 .5 3 3 .9 2471
p la n t  le a c h in g . 3 3 .2 2 12. 3 4 .2 34. 1 2254

2
R iv e r  w a te r  s o u rc e : 2, 7, 15 1 3 .3 0 20. 8 7 .0 33. 7 2310
I r r ig a t io n  a n d  tw o 22, 30, 35 2 3 .2 8 18. 3 s : 8 31. 7 2296
te a c h in g s : one p r e ­ 3 3. 22 10. 5 5. 2 49. 5 2254
p la n t  a n d  one p o s t
le a c h in g .

W ell w a te r  s o u r c e : 3, 8, 13 1 : 4 . 3 6 . , 22. 7 7. 7 33. 9 3052
I r r ig a t io n  a n d  one  , 24, 29, 34 2 4 .6 8 1 8 .6 6. 1 32. 8 3276
p r e p la n t  le a c h in g . ‘ 3 ‘ 4 .4 5 13. 3 4 .4 33. 1 3115

4
W ell w a te r  s o u rc e : 4, 11, 18 1 4 . 44 22. 6 7 .5 33. 0 3108
I r r ig a t io n  a n d  tw o 19, 27, 32 2 4 . 12 1 9 .9 6. 8 34. 2 2884
le a c h in g s :  one p r e - 3 4. 21 11. 1 4 .4 39. 6 2947
p la n t  a n d  one p o s t 
le a c h in g .
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T a b le  18. (C o n tin u ed )

P lo t
T r e a tm e n t  N u m b e r D epth  

- f e e t
E C  x  103 

(m m h o s . / c m .)
Ci E; Ci  

m e q . /  100 g m .
E x ch . N a 

m eq . / 1 00 gm .

E x ch .
N a
%

T o ta l
S o lu b le

S a lt
ppm

5
W ell w a te r  s o u r c e :  5, 12, 16 1 3. 55 23. 2 7 .9 34. 1 2485
I r r ig a t io n .  R iv e r  20, 25, 31 2 3. 47 18. 5 6 .1 33. 0 2429
w a te r  s o u rc e :  one 3 3. 37 1 2 .0 4 .6 38. 3 2359
p r e p la n t  le a c h in g .

6
W e ll w a te r  s o u r c e :  6, 9, 14 1 3. 81 23. 6 8. 6 3 6 .4 2667
I r r ig a t io n .  R iv e r  23, 28, 31 2 3. 42 1 7 .2 6 .1 35. 5 2394
w a te r  s o u r c e :  one 3 3 .6 9 1 2 .2 4 . 5 ' 36. 9 2583
p r e p la n t  an d  one ;

p o s t  le a c h in g .

D a ta  r e p r e s e n t  m e a n s  of th r e e  r e p l i c a t e d  s a m p le s .  
C ; E i Ci m e a n s  c a tio n  e x c h a n g e  c a p a c i ty .
E C  m e a n s  e l e c t r i c a l  c o n d u c tiv ity . •
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T a b le  19. S o m e  C h e m ic a l C h a r a c t e r i s t i c s  of C a jo n  C la y  L o a m  T ak en  in  1956 a f te r  T r e a tm e n t  w ith
D if f e re n t  W a te r  Q u a lity .

T o ta l
P lo t  C a lc u la te d  S o lu b le

T r e a tm e n t N u m b e r D ep th  EG x  103
in c h e s  (m m h o s . /c m .)

P a s te

PH

1:5 r a t io  
pH

n h 4a c

pH
N a

%

S a lt
ppm

1
R iv e r  w a te r  s o u rc e : 1, 10 2 3 .6 8 8 .1 2 9 .4 1 8 .4 7 36. 1 2576
I r r ig a t io n  a n d  one p r e - 17, 21 12 5 .5 8 7 .9 2 9 .1 9 8 .4 6 3 5 .6 3906
p la n t  le a c h in g . 26, 36 24 7. 27 7. 92 9 .2 6 8. 40 32. 5 5089

36 5 .8 2 8. 10 9 .4 6 8 .4 1 33. 0 4074

2
R iv e r  w a te r  s o u rc e : 2, 7 2 3. 76 8. 11 9 .3 3 8 .5 2 3 8 .7  , 2732
I r r ig a t io n  a n d  two 15, 22 12 5 .5 1 7. 93 9 .2 2 8 .4 7 36. 1 , 3857
te a c h in g s :  one p r e ­ 30, 35 24 8 .0 8 7. 84 9 .1 0 8. 37 31. 0 5656
p la n t  a n d  one p o s t 36 5 .2 9 8. 04 9 .3 5 8 .4 8 3 6 .6 ’ 8703
le a c h in g .

.........-  * ■ • - • • ............................... .. - ...... ....... -------------- .... .......... - -

W ell w a te r  s o u rc e : 3, 8 2 6 .5 1 8. 12 9. 34 8. 60 42. 8 4557
I r r ig a t io n  a n d  one p r e ­ 13, 24 ; 12 6. 36 8. 06 9. 07 8 .4 7 36. 1 4952
p la n t  le a c h in g . 29, 34 24 8. 86 7. 84 8 .9 7 8. 32 23. 3 6202

36 .6 .1 5 7. 99 9. 07 8 .4 3 34. 1 4305

4
W ell w a te r  s o u rc e : 4 , 11 2 8 .6 6 8. 14 9 .4 1 8, 66 45. 9 6062
I r r ig a t io n  a n d  tw o 18, 19 12 7 .4 8 7. 97 9 .1 1 8 .4 9 37. 2 5236
le a c h in g , one  p r e p la n t 27, 32 24 1 0 .3 1 7. 81 8. 89 8. 36 30. 5 7217
a n d  one  p o s t  le a c h in g . 36 6. 85 8. 04 9 .2 1 8. 39 32. 0 4795
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T a b le  19. (C o n tin u ed )

T r e a tm e n t
P lo t

N u m b e r D ep th  EC  x  103
in c h e s  (m m h o s . /c m .)

P a s te

PH

1:5 r a t io  

pH

n h 4a c

PH

C a lc u la te d
N a

% ' .

T o ta l
S o lub le

S a lt

ppm

5
W ell w a te r  s o u rc e : 5, 12 2 3 .3 2 8. 11 9 .4 0 8. 53 3 9 .2 2324
I r r ig a t io n .  R iv e r 16, 20 12 5. 05 7. 96 9 .0 7 8 .4 3 34. 1 3535
w a te r  s o u rc e :  one 25, 33 24 6 .0 9 7. 97 9 .0 8 8 .4 3 3 4 .1 4263
p r e p la n t  le a c h in g 36 5. 43 8. 09 9. 23 8. 43 34. 1 3801

6
W ell w a te r  s o u r c e : . 6, 9 2 3. 67 8. 07 9 .3 9 8 .5 2 3 8 .7 2569
I r r ig a t io n .  . R iv e r 14, 23 12 5. 03 8. 04 9. 00 8 .4 7 3 6 .1 3521
w a te r  s o u r c e :  one 28, 31 24 7. 26 7 .9 1 9.01 8. 41 3 3 .1 5082
p re p la n t  a n d  one  p o s t 36 5 .2 1 8. 12 9. 32 8. 40 ' 3 2 .5 3647
le a c h in g .

D a ta  r e p r e s e n t  m e a n s  of t r i p l i c a te d  s a m p le .
C i E iC i  m e a n s  c a t io n  e x ch a n g e  c a p a c i ty .
E C  m e a n s  e l e c t r i c a l  c o n d u c tiv ity . j
NH4AG m e a n s  0. 13N A m m o n iu m  a c e ta t io n  so lu tio n . 
1:5 r a t i o  m e a n s  1 p a r t  s o i l  to 5 p a r t s  w a te r .
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T a b le  20. S o m e C h e m ic a l  C h a r a c t e r i s t i c s  o f C a jo n  C lay  L o am  ta k e n  in  1961 a f te r  S ix  Y e a rs  of
T r e a tm e n t  w ith  D if fe re n t W a te r  Q u a lity ;

P lo t
N u m b e r D ep th E C  x  103 P a s te C ; E ; C;

E x c h .
Na

E x c h .
Na E x c h . K

T o ta l
S o lu b le

S a lt
f e e t (m m h o s . / PH m e q . / . m e q . / % m e q . / p p m .

c m .) 100 g m . 100 gm . 100, g m .

1
R iv e r  w a te r  s o u r c e : 1, 10 1 4 .9 2 8 .0 5 2 8 .5 8. 6 30. 2 1 .2 3444
I r r ig a t io n  a n d  one 17, 21 2 9. 12 7. 86 21; 9 7 .4 33. 8 1. 0 6384
p r e p la n t  le a c h in g . 26, 36 3 1 1 .4 8 7. 89 12. 1 4 .5 3 1 .9 0 .5 8036

2
R iv e r  w a te r  s o u rc e : 2, 7 1 6 .5 4 7 .9 5 27. 7 8 .4 30. 3 1 .2 4578
I r r ig a t io n  a n d  tw o 15, 22 2 10. 78 7; 80 20; 1 7 .4 36. 8 1. 0 7546
lc a c h in g s :  one  p r e ­ 30, 35 3 1 0 .1 0 7. 81 13. 0 4. 3 33 . 1 0; 5 7070
p la n t  a n d  one  p o s t
le a c h in g .

3
W ell w a te r  s o u r c e : 3, 8 1 8 .3 3 8. 00 3 1 .4 1 1 .3 36. 0 1. 3 5831
I r r ig a t io n  a n d  one 13, 24 2 16. 33 7. 82 2 4 .8 9 .8 3 9 .5 0 .9 11431
p r e p la n t  le a c h in g . 29, 34 3 1 4 .1 0 7 .8 6 14. 1 5 .2 3 6 .9 0. 5 9870

4
W ell w a te r  s o u r c e : 4, 11 1 8. 00 7 .9 9 29. 8 11. 1 37 . 2 1. 2 5600
I r r ig a t io n  a n d  tw o 18, 19 2 1 3 .5 5 7. 84 2 5 .4 10. 5 4 1 .3 1. 1 9485
te a c h in g s :  one p r e - 27, 32 3 12. 27 7. 86 14; 4 5. 1 3 5 .4 0. 6 8589
p la n t  a n d  o n e  p o s t  
le a c h in g .
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T a b le  20. (C o n tin u ed )

T r e a tm e n t
P lo t

N u m b e r D ep th

f e e t
E C  x  103

(m m h o s . /  
c m .)

P a s te

pH
C.iE.iC^:
m e q . /  

100 gm ;

E x c h .
Na

m eq . /  
100 gm .

E x c h .
N a

%

E x c h . K

m e q . /  . 
100 g m .

T o ta l
S o lu b le

S a lt

ppm

5
W ell w a te r  s o u rc e : 5, 12 1 7 .2 7 7 .9 8 30. 3 1 0 .2 33. 7 1 .2 5089
I r r ig a t io n .  R iv e r 16, 20 2 1 3 .0 7 7. 79 24. 2 9 .5 39. 3 1. 1 9149
w a te r  s o u rc e :  one 25, 33 3 14. 03 7. 80 14. 5 5 .9 40 . 7 0 .5 9821
p r e p la n t  le a c h in g .

6
W ell w a te r  s o u r c e : 6, 9 1 8 .4 0 8. 04 31. 3 IN  2 3 5 .9 1. 3 5880
I r r ig a t io n .  R iv e r 14, 23 2 1 1 .9 7 7. 81 25. 8 1 0 .4 40 . 3 1. 0 8379
w a te r  s o u r c e :  one 28, 31 3 12. 62 7. 85 14. 8 5. 5 37. 2 0. 6 8834
p r e p la n t  a n d  one 
p o s t  le a c h in g .

D a ta  r e p r e s e n t  ; m e a n s  of tw o r e p l i c a t e d  s a m p le s .  
C* E* C* m e a n s  c a tio n  e x ch a n g e  c a p a c ity .
E C  m e a n s  e l e c t r i c a l  c o n d u c tiv ity .
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T a b le  21. C o tto n  S ee d lin g  S ta n d  C o u n ts  U n d er S ix  D if fe re n t  W a te r  
Q u a lity  T r e a tm e n ts  in  1959.

. N u m b e r o f p la n ts  p e r  50 -fo o t ro w on 7 /3 1 /5 9

P lo t  N u m b e r Iw # 2w 3e 4e A v e ra g e

1 192 227 190 191 200
2 183 225 207 229 211
3 0 92 37 0 32
4 79 75 137 12 76
5 17 33 14 7 18
6 27 47 60 77 53
7 232 246 246 242 242
8 89 6 4 20 30
9 74 92 105 ; 47 80

10 291 237 256 241 256
11 199 81 74 17 = 93
12 28 50 125 60 66
13 45 36 87 70 60
14 169 263 175 206 203
15 268 275 305 236 271
L6 40 14 102 88 ; 61
17 244 230 267 333 269
18 7 4 52 14 19
19 127 109 0 23 65
20 62 66 78 83 72
21 177 247 157 284 216
22 285 269 241 301 274
23 110 133 133 118 124
24 183 63 160 . 58 116
25 127 85 201 132 136
26 118 120 250 265 188
27 125 99 142 239 v 151
28 209 48 216 118 148
29 2 9 84 ■ 48 36
30 168 105 211 233 179
31 87 102 6 45 60
32 84 17 80 11 48
33 97 120 65 132 104
34 6 10 44 93 38
35 271 218 238 289 253
36 296 267 252 172 247

w = w e s t  s id e  o f th e  b o r d e r ;  e = e a s t  s id e  of th e  b o r d e r



142

T a b le  22; C o tto n  S eed lin g  S ta n d  C o u n ts  u n d e r  S ix  D if fe re n t W a te r 
Q u a lity  T r e a tm e n ts  in  1959.

N u m b e r of p la n ts  p e r  5 0 -fo o t ro w  on 8 /2 5 /5 9

P lo t  N u m b e r 1 w 2w 3e 4e A v e ra g e

1 254 196 192 184 207
2 170 224 285 185 216
3 82 2 58 8 38

i4 87 63 183 16 87
5 25 35 7 18 21
6 37 71 87 70 66
7 233 207 234 233 227
8 12 79 17 55 41
9 114 49 48 131 86

10 285 235 230 239 247
11 213 109 84 21 107
12 99 88 159 n o 114
13 26 75 103 79 71

. 14 249 267 220 173 227
■ 15 271 264 255 249 260

16 23 150 178 108 115
17 212 186 371 108 219
18 54 5 25 127 53
19 148 235 35 48 117
20 252 72 148 73 136

v 21 230 171 201 276 , 220
22 250 280 263 293 272

• 23 104 247 128 165 ' 161
24 187 69 159 135 138
25 147 129 219 209 176 ,

■ 26 163 159 190 156 167
27 140 164 245 183 183

. 28 113 215 174 210 178
29 24 18 99 115 .64
30 144 223 201 208 194
31 91 124 31 62 77
32 100 30 102 73 76
33 164 207 70 187 157

. 34 27 16 80 133 64
35 251 256 202 229 . 235
36 208 284 195 236 . 231
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T a b le  23i S om e C h e m ic a l C h a r a c t e r i s t i c s  of C a jo n  C lay  L o am  T a k e n  
in  1955.

, P lo t  
N u m b e r D ep th

fe e t
K C x  103 Ci E , C;

(m m h o s . /  m e q . /  
c m . ) 100 gm .

E x c h ,
Na'_.

m e q . /  
100 g m .

E x c h . N a 

%

T o ta l S o lu ­
b le  S a lt

pp m

1 1 5 .0 15. 1 5. 2 3 4 .4 3500
1 1 3 .5 9 .9 3. 5 3 5 .4 2450
1 1 2 .4 10. 6 2. 7 2 5 .5 1680
1 2 4 .4 2 6 .1 8 .9 34. 1 3080
1 2 3. 8 1 9 .9 5 .2 26. 1 2660
1 2 3. 1 1 4 .7 6 .3 4 2 ,9 2170
1 3 3 .5 20. 0 6. 5 3 2 .5 2450
1 3 3 .0 1 0 .5 3 .9 37. 1 2100
1 3 2. 6 1 3 .2 3. 1 23; 5 1820

10 1 4. 1 32. 1 1 5 :2 : 4 ? ; 4 2870
10 1 4 .0 26. 2 8. 1 30.  9 2800
10 1 3 .9 23. 0 9 .0 39. 1 2730
10 2 4. 2 24. 0 7 .2 3 0 .0 2940
10 2 2 .9 1 5 .9 5. 1 32. 1 2030
10 2 3. 0 1 0 .4 4 . 0 3 8 .5 2100
10 3 4 .5 — — — - - — — 3150
10 3 3 .7 — — - — — — 2590
10 3 2 .9 12. 1 4 ,5 37. 2 2030

17 1 4 .1 2 6 .9 8. 3 3 0 .9 2870
17 1 3. 3 26. 3 8. 6 32, 7 2310
17 1 2 .5 16. 8 4. 1 24. 4 1750
17 2 3. 8 1 8 .2 7 .0 3 8 .5 2660
17 2 Z. 3 24. 6 9 .2 3 7 .4 1610
17 2 2. 6 17. 2 4 .1 23. 8 1820
17 3 4 . 7 — - —— - -  - 3290
17 3 2 .2 — — — — 1540
17 3 1. 5 10. 6 3 .7 34. 9 1050

21 1 4. 5 2 2 .3 8. 2 36. 8 3150
21 1 3. 0 2 0 .5 5 .4 26. 3 2100
21 1 3. 0 2 1 .4 8 .7 40 . 7 2100
21 2 3 .6 25. 0 7 .9 31. 6 2520
21 2 2. 2 2 1 .5 6 .1 2 8 .4 1540
21 2 3 ,9 24. 6 8 .4 34. 1 2730
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T a b le  23. (C o n tin u ed )

P lo t
N u m b e r D ep th

f e e t

E C  x  103

(m m h o s . /  
c m . )

C . E . C .

m e q . /  
100 gm .

E x c h .
N a

m e q . /  
100 g m .

E x c h . N a 

%

T o ta l S o lu ­
b le  S a lt

ppm

21 3 3. 2 _ _ _ _ 2240
21 3 2 .5 — — — - — — 1750
21 3 2 .9 15. 1 5 .0 33; 1 2030

26 1 3 .5 23. 0 9 .4 4 0 .9 2450
26 1 4 .4 1 8 .0 6. 6 36. 7 3080
26 1 5. 6 38. 2 1 1 .1 29. 1 3920
26 2 2. 6 23. 2 8 .3 35. 8 1820
26 2 3 .0 13. 0 4 . 8 3 6 .9 2100
26 2 6 .6 <— — — — — — 4620
26 3 3 .2 1 6 .4 6 .5 39. 6 2240
26 3 2; 7 1 0 .0 3. 1 3 1 .0 1890
26 3 6. 5 1 9 .8 7 .4 3 7 .4 4550

36 1 6 .5 29. 2 7 .2 24. 7 4550
36 1 4 .2 26. 0 6. 7 25. 8 2940
36 1 3 .4 1 9 .6 4 .4 2 2 .4 2380
36 2 5 .5 2 3 .8 10. 3 43 . 3 3850
36 2 4. 8 1 7 .5 5 .4 3 0 .9 .3360
36 2 2. 2 7 .2 2; 0 2 7 .8 1540
36 3 4. 5 . 8 . 6 3. 3 3 8 .4 3150
36 3 2 .4 7. 8 2. 5 32; 1 1680
36 3 1 ;5 3. 1 0. 7 22. 6 1050

2 1 3 .4 1 4 .6 5 .0 35. 2 2380
2 1 2 .7 9 .0 4 .8 53. 3 1890
2 1 1 .6 16. 7 3 .6 21. 6 1120
2 2 4 .5 2 9 .1 10; 2 35. 1 3150
2 2 2; 4 20. 6 5 .7 27. 7 1680
2 2 2; 8 1 4 .1 2 .4 17. 0 I9 6 0
2 3 4. 5 2 9 .5 8 .7 29; 5 3150
2 3 2. 8 18. 3 5 .2 28; 4 I9 6 0
2 3 2.-8 9 .0 3 .1 34. 4 I9 6 0

7 1 3 .8 30; 3 13 .1 43. 2 2660
7 1 3 .6 30. 1 1 0 .4 34. 6 2520
7 1 3. 3 16. 8 7 .4 44 . 0 2310



Table 23. (Continued)
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P lo t  E x c h . T o ta l So lu
N u m b e r D ep th

f e e t
E C  x  103

(m m h o s . /  
c m . )

C iE iC i-
m e q . /  

100 g m .

N a
m e q . /  

100 g m .

E x c h . N a 

%

b le  S a lt  

ppm

7 2 3 .0 2 1 .6 6. 3 29. 2 2100
7 2 3 .4 1 9 .2 8 .0 41 . 7 2380
7 2 2 .4 12. 6 4 . 3 34. 1 1680
7 3 4 .0 ’ — — ■ r - . M M 2800
7 3 4 .6 : —  — 3220
7 3 3. 0 12. 7 3. 6 28. 3 2100

t •

15 1 5. 5 26. 7
■ r  ■

8 .2 30. 7 3850
15 1 2 .7 1 5 .3 4 .4 28. 8 1890
15 1 1. 6 26. 1 7 .7 2 9 .5 1120
15 2 4 .4 2 9 .5 6. 5 22. 0 3080
15 2 2. 1 1 0 .9 3 ,4 3 1 .2 1470
15 2 1 .5 18. 6 7 .5 40 , 3 1050
15 3 5 .3 . M M 3710
15 3 1. 3 —  —  ' ■ — — 910
15 3 2. 0 8 .7 4 .7 54 . 0 1400

22 1 4 .8 22. 8 7 .5 3 2 .9 3360
22 1 3 .8 2 2 .3 7 .0 3 1 .4 2660
22 1 4 .3 16. 0 5 .7 35. 6 3010
22 2 3 .4 22. 1 7 .6 3 4 .4 2380
22 2 5. 0 23 . 0 6 .0 26. 1 3500
22 2 5. 7 13. 6 5 .0 36. 8 3990
22 3 2 .9 13. 0 4 .9 37. 7 2030
22 3 3. 2 1 2 .3 4 .4 35. 8 2240
22 3 4 . 0 9. 6 4 .0 4 1 .7 2800

30 1 4 .5 2 1 .9 6 .1 2 7 .9 3150
30 1 2 .9 23. 1 7 .1 30. 7 2030
30 1 3 .2 1 4 .6 4 .4 30. 1 2240
30 2 3  ̂ 6 11. 2 3^5 31. 3 2520
30 2 3. 0 23. 2 7 .8 33. 6 2100
30 2 2. 8 1 2 .4 2 .7 21, 8 I9 6 0
30 3 3. 0 9 .6 3 .5 3 7 .5 2100
30 3 5. 0 7. 6 6 .2 81. 6 3500
30 3 2 .5 5. 1 2. 1 41 . 2 1750



T a b le  23. (C o n tin u ed )

P lo t
N u m b e r D ep th E C  x  103 C . B i C i

E x c h .
Na E x c h .

T o ta l Solu- 
N a b le  S a lt

f e e t (m m h o s . /  
c m . )

m e q . /  
100 g m .

m e q . /  
100 g m ..

% ppm

35 1 3. 0 2 9 .8 10. 3 34. 6 2100
35 1 2 .9 2 2 .4 7. 8 34. 8 2030
35 1 1 .8 1 7 .2 5 . 0 29. 1 1260
35 2 3 .4 1 9 .4 7. 1 36. 6 2380
35 2 3. 5 1 4 .2 5. 5 38. 7 2450
35 2 2. 2 1 4 .5 •4. 2 2 9 .0 1540
35 3 1. 6 9 .0 3. 5 3 8 .9 1120
35 3 2 .9 7. 6 2 .9 38. 2 2030
35 3 2. 6 7 .6 2 .3 30. 3 1820

3 1 5. 0 ; ■ __ 3500
3 1 4 .5 — — — — 3150
3 1 4. 5 13. 1 2. 1 16. 0 3150
3 2 5. 0 28. 3 7 .6 2 6 .9 3500
3 2 4 .0 14. 7 4 .4 2 9 .9 2800
3 2 7. 0 15. 6 4 .4 28. 2 4900
3 3 6. 2 25. 0 5 .8 23. 2 4340
3 3 4 .0 12. 7 3 .3 26. 0 2800
3 3 4 .0 1 5 .7 3 .7 23. 6 2800

8 1 4 .8 2 9 .5 8 .7 2 9 .5 3360
8: 1 4. 7 32. 3 1 1 .2 34. 7 3290
8 1 4 .4 1 1 .5 2 .8 24. 3 3080
8 2 4 .4 30. 3 1 0 .5 34. 7 3080
8 2 4 . 6 1 9 .2 6 .1 31. 8 3220
8 2 4 .4 1 1 .5 2. 8 2 4 .3 3080
8 3 5. 1 — — — — — *» 3570
8 3 5. 6 — — : — — - - 3920
8 3 4. 4 13. 3 4 .0 30. 1 3080

13 1 5. 5 30. 0 9 .2 30. 7 3850
13 1 4. 1 28. 2 9 .1 32. 3 2870
13 1 4 .0 22.  3 7 .0 3 1 .4 2800
13 2 4 .0 17. 8 5 .8 32; 6 2800
13 2 4 .4 1 3 .5 5 .7 42 . 2 3080
13 2 3 .8 10. 8 4 .1 38. 0 2660
13 3 4 .2 — — — — — — 2940
13 3 5. 1 — — — mm mm 3570
13 3 4 .8 11. 8 4 .6 39. 0 3360
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T a b le  23. (C o n tin u ed )

P lo t
N u m b e r D ep th  E C  x  103 C . E . C .

E x c h . T o ta l Solu-
N a E x c h . N a b le  S a lt

f e e t (m m h o s . /  
c m . )

m e q . /
100 g m .

m e q . /  
100 g m .

% p p m

24 1 3. 6 17. 6 7 .0 3 9 .8 2520
24 1 3. 8 11. 8 4 .0 3 3 .9 2660
24 1 6. 0 2 9 .2 12. 0 41 . 0 4200
24 2 3. 6 1 2 .8 5 .2 40 . 6 2520
24 2 3 .5 10. 6 3 .9 3 6 .8 2450
24 2 8. 0 2 9 .7 1 1 .5 38. 7 5600
24 3 3. 0 7 .6 3. 7 4 8 .7 2100
24 3 2. 8 - -  ' - -  • I9 6 0
24 3 5. 5 1 3 .9 6 .3 45 . 3 3850

29 1 4 . 2 2 2 .4 12. 3 5 4 .9 2940
29 1 4. 1 2 5 .9 8 .7 3 2 .6 2870
29 1 6 .4 22. 1 6 .4 29. 0 4480
29 2 4. 2 16. 0 5. 3 33. 1 2940
29 2 3. 7 2 7 .1 8. 7 32. 1 2590
29 2 6. 6 2 8 .5 8. 5 29. 8 4620
29 3 3 .0 7 .5 2. 5 33. 8 2100
29 3 3 .6 17. 6 7 .0 39. 8 2520
29 3 6 .4 11. 6 4 .1 35. 3 4480

34 1 5 .0 2 8 .7 1 0 .5 36. 6 3500
34 1 2. 1 19. 7 7 .8 3 9 .6 1470
34 1 1. 8 1 8 .2 5 .0 28. 0 1260
34 2 4 .6 2 2 .5 6 .6 29. 3 3220
34 2 6. 5 1 8 .0 6 .6 3 6 .7 4550
34 2 2. 0 8. 0 2 .5 31. 3 1400
34 3 5 .2 1 2 .2 4 .6 3 7 .7 3640
34 3 5. 1 12. 1 4 .8 39. 7 3570
34 3 2. 1 1 1 .5 2 .5 21. 7 1470

4 1 4 .0 r — 2800
4 1 4 .5 24. 1 6 .3 2 6 .1 3150
4 1 10. 5 1 7 .5 5 .5 3 1 .4 7350
4 2 4 . 3 29. 5 9 .1 30. 8 3010
4 2 6. 0 23 . 3 7 .2 3 0 .9 4200
4 2 6 .0 15. 1 3 .6 23. 8 4200
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T a b le  23. (C o n tin u ed )

P lo t
N u m b er D ep th  E C  x  N T  C . E . C .

E x c h .
Na

T o ta l Solu- 
E x c h . N a b le  S a lt

f e e t (m m h o s . /  
c m . )

m e q . /  
100 g m .

m e q . /  
100 gm .

% ppm

4 3 5. 5 _ _ 3850
.4 3 6 .5 - - — - — "" 4550
4 3 5. 0 -  - - - - - 3500

11 1 4 . 3 29. 8 9 .6 32. 2 3010
11 1 4 .5 2 6 .9 9 .2 34. 2 3150
11 1 3 .9 20. 1 5. 5 2 7 .4 2730
11 2 4 . 5 2 0 .9 8. 0 ' 3 8 .3 3150
11 2 4 .6 1 3 .3 4 .8 36. 1 3220
11 2 4 . 2 16. 0 5 .4 33. 8 2940
11 3 4 .8 — — — «* " -mm mm 3360
11 3 5 .8 - - r  - 4060
11 3 4 .4 1 1 .9 4 . 4 37. 0 3080

18 1 4 . 2 2 4 .0 8. 7 36. 3 2940
18 1 3. 6 2 0 .7 8. 1 39. 1 2520
18 1 3. 6 17. 0 6 .4 37. 6 2520
18 2 3. 8 21. 1 7 .5 3 5 .5 2660
18 2 3 .4 14. 1 5. 1 36. 2 2380
18 2 3 .9 1 7 .5 6. 6 37. 7 2730
18 3 4 .5 * — — — — — 3150
18 3 2. 5 . — — — — — — 1750
18 3 3 .5 9 .5 3 .8 40 . 0 2450

19 1 3. 7 2 4 .9 7 .6 30. 5 2590
19 1 3 .2 11. 6 5 .1 44 . 0 2240
19 1 3 .9 1 2 .0 3 .8 3 1 .7 2730
19 2 3 .4 2 3 .0 7 .6 33. 0 2380
19 2 3 .5 1 0 .1 3 .6 35. 6 2450
19 2 3. 2 7 .4 2 .4 3 2 .4 2240
19 3 2 .9 — — — mm — — 2030
19 3 2. 8 ' «• — — — I9 6 0
19 3 3. 3 10. 6 3 .7 3 4 .9 2310

27 1 4 .8 2 3 .5 9 .0 38. 3 3360
27 1 ' 2. 9 29. 1 4 .4 15. 1 2030
27 1 4 .5 33. 0 1 2 .0 3 6 .4 3150



149

T a b le  23; (C o n tin u ed )

P lo t
N u m b e r D ep th

fe e t
E C  x  103 

(m m h o s . /  
c m . )

C .E .C .
m e q . /  

100 gm .

E x c h .
, Na

m e q . /
, 100 g m .

E x c h . N a 

%

T o ta l S o lu ­
b le  S a lt  

ppm

27.; 2 4 .5 19. 7 5. 5 2 7 .9 3150
27 2 3. 6 25. 7 9 .2 35. 8 2520
27 2 3. 0 34. 7 13. 1 37. 8 2100
27 3 3. 3 1 2 .4 5. 7 46 . 0 2310
27 3 3. 8 13. 8 5 .7 41 . 3 2660
27 3 4 .9 15. 3 4 .8 3 1 .4 3430

32 1 2. 8 19. 6 7 .4 37. 8 1960
32 1 6 .5 2 4 .5 9 .4 3 8 .4 4550
32 1 4 .5 2 5 .2 8 .7 3 4 .5 3150
32 2 3 .6 1 8 .8 9 .4 5 0 .0 2520
32 2 5 .2 2 1 .7 8 .7 40 . 1 3640
32 2 3 .5 2 5 .4 6 .4 25. 2 2450
32 3 3 .9 1 0 .4 4 .8 46 . 2 2730
32 3 6. 1 8. 4 3 .7 44 . 0 4270
32 3 2. 3 7 .8 3. 0 3 8 .5 1610

"5 1 4 .5 2 9 .9

o00 2 6 .8 3150
;5 1 4 .8 2 8 .1 9 .1 3 2 .4 3360
5 1 2. 6 1 5 .2 3 .4 2 2 .4 1820

55 2 4 .0 2 6 .9 7 .1 2 6 .4 2800
5 2 5 .5 1 9 .6 5 .7 29. 1 3850
5 2 2 .5 1 1 .3 2 .1 18. 6 1750

.5 3 5. 2 — — — — • 3640
: 5 3 3 .9 — — ' — — : 2730

5 3 2. 7 1 3 .3 4 .6 34. 6 1890

12 1 4 . 1 1 1 .9 1 0 .7 9 0 .0 2870
12 1 3. 6 25. 6 8 .4 32. 8 2520
12 1 4 . 2 20 . 8 9 .8 47 . 1 2940
12 2 4 .6 15. 3 5 .9 38. 6 3220
12 2 4. 1 1 6 .9 6; 7 39. 6 2870
12 2 3. 8 1 0 .7 3 .7 34. 6 2660
12 3 5 .5 *» — 3850
12 3 4 . 2 - - 2940
12 3 3. 1 11. 8 4 .6 3 9 .0 2170
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T a b le  23. (C o n tin u ed )

P lo t
N u m b e r D ep th E C  x  103 C .E .  C .

E x c h .
N a E x c h . N a

T o ta l S o lu ­
b le  S a lt

f e e t (m m h o s . / m e q . / m e q . / % ppm
c m . ) 100 g m . 100 g m .

16 1 3. 8 2 5 .5 9. 3 36. 5 2660
16 1 2. 8 24. 1 7 .9 3 2 .8 I9 6 0
16 1 2 .3 18. 7 5. 1 2 7 .3 1610
16 2 3. 8 22. 6 8. 8 3 8 .9 2660
16 2 3 .1 15. 3 6. 5 4 2 .5 2170
16 2 3 .5 1 7 .0 5. 1 30. 0 2450
16 3 4 .8 — — — — i ' .  — - 3360
16 3 2. 5 r  - 1750
16 3 2. 0 1 1 .5 4 . 3 3 7 .4 1400

20 1 1. 6 24. 0 7 .9 3 2 .9 1120
20 1 2 .7  ' 1 7 .4 4 .2 2 4 .1 1890
20 1 2. 6 13. 6 4 .6 33. 8 1820
20 2 3 .5 13. 1 4 .7 3 5 .9 2450
20 2 3. 7 15. 7 4.10 25. 5 2590
20 2 2 .5 11. 6 4 .6 39. 7 1750
20 3 1 .9 ' — - — — • 1330
20 3 3. 1 — *• • 2170
20 3 1 .9 9 .8 4 .9 50. 0 1330

25 1 5 .0 2 5 .2 7 .2 2 8 .6 3500
25 1 3. 1 2 2 .6 5 .5 2 4 .3 2170
25 1 4 .9 35; 3 1 0 .9 3 0 .9 3430
25 2 3 .4 1 9 .4 6 .5 3 3 .5 2380
25 2 2. 6 1 3 .5 3 .7 2 7 .4 1820
25 2 3. 6 3 9 .1 11.’ 3 28. 9 2520
25 3 3 .2 1 6 .4 6. 5 3 9 .6 2240
25 3 2 .7 1 0 .0 3 .1 31. 0 1890
25 3 6 .5 1 9 .8 7 .4 3 7 .4 4550

33 1 3. 6 25. 7
' ' , -

1 0 .9 4 2 .4 2520
33 1 3. 2 2 4 .7 9 .0 3 6 .4 2240
33 1 4 . 6 2 8 .9 1 0 .1 3 4 .9 3220
33 2 4 .2 2 6 .9 1 1 .0 40. 9 2940
33 2 2. 6 15. 1 5 .7 37. 7 1820
33 2 1. 5 22. 8 6 .7 2 9 .4 ' 1050

' i i
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T a b le  23. (C o n tin u ed )

P lo t
N u m b e r D ep th  E C  x  K T  C . E . C .

E x c h .
Na E x c h . N a

T o ta l S o lu ­
b le  S a lt

f e e t (m m h o s . /  
c m . )?

m e q . /  
100 g m .

m e q . /  
100 gm^

% ppm

33 3 3. 8 12. 6 4 .4 3 4 .9 2660
33 3 2. 3 8 .5 4 .0 47 . 1 1610
33 3 1 .5 6 .1 ;1 . 8 2 9 .5 1050

6 1 5. 0 2 7 .0 9 .8 36. 3
/  1 i -
3500

6 1 3. 7 27. 5 13. 1 47 . 6 2590
6 1 3. 2 2 3 .5 6. 7 2 8 .5 2240
6 2 5. 0 1 7 .8 5 .8 32. 6 3500
6 2 4 .0 1 9 .1 6. 0 31. 6 2800
6 2 4. 0 15. 6 ,4 .8 30. 8 2800
6 3 4 .7 . : 3290
6 3 5 .9 ! - -  . 4130
6 3 3 .0 1 2 .7 4 .6 36. 2 2100

9 1 5. 6 30. 7 11. 2 36. 5 3920
9 1 4 .0 23. 8 9 .8 41 . 2 2800
9 1 4 .0 1 0 .5 4.-7 44 . 8 2800
9 2 4 .6 2 3 .5 8. 0 34. 0 3220
9 2 3. 6 1 0 .9 4 . 8 44 . 0 2520
9 2 3 .0 10. 6 3. 8 35. 8 2100
9 3 6. 5 — — — — . 4550
9 3 5. 0 — T — — — r 3500
9 3 2. 7 11. 6 5 .1 44 . 0 1890

14 1 3 .3 2 7 .3 8. 8 3 2 .2 2310
14 1 5. 1 23. 1 7 .5 3 2 .5 3570
14 1 3 .5 2 3 .9 7 .7 32. 2 2450
14 2 3. 3 13. 6 4 .7 34. 6 2310
14 2 3. 3 1 5 .3 4 .8 3 1 .4 2310
14 2 2 .9 1 3 .9 4 .7 33. 8 2030
14 3 2. 6 — - mm mm - - 1820
14 3 3. 3 — - — 2310
14 3 3 .5 1 2 .5 4 .7 37. 6 2450

23 1 3. 2 20. 8 7 .0 33. 7 2240
23 1 3. 7 18. 7 5 .8 31. 0 2590
23 1 7 .5 2 4 .4 1 3 .1 53. 7 5250
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T a b le  23. (C o n tin u ed )

P lo t
N u m b e r D ep th  EC  x  K T  C . E . C .

E x c h .
Na E x c h . N a

T o ta l S o lu ­
b le  S a lt  "

f e e t (m m h o s . /  
c m . )

m e q . /  
100 g m .

m e q . /  
100 g m .

% ppm

23 2 3 .7 18. 1 7 .0 38. 7 2590
23 2 4 .5 1 4 .2 4 .9 3 4 .5 3150
23 2 4. 2 23. 8 10. 3 43 . 3 2940
23 3 3 .0 7 .0 3. 7 52. 9 2100
23 3 4 . 2 12. 8 4 . 2 32. 8 2940
23 3 7. 0 8 .5 4 .9 5 7 .6 4900

31 1 2. 7 2 1 .2 5. 7 26. 9 1890
31 1 3 .2 24. 0 7 .2 30. 0 2240
31 1 1 .5 2 0 .0 10. 1 5 0 .5 1050
31 2 2 .7 1 3 .6 5 .3 3 9 .0 1890
31 2 2 .7 1 5 .2 6. 7 44 . 1 1890
31 2 1. 3 11. 2 3 .8 3 3 .9 . 910
31 3 2 .2 9. 7 2 .9 2 9 .9 1540
31 3 1. 7 8 .3 2. 8 33. 7 1190
31 3 1. 3 ' 8 .6 3 .5 4 0 .7 910
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T a b le  24. S o m e C h e m ic a l C h a r a c t e r i s t i c s  of C a jo n  C lay  L o am  T a k e n
in  1956.

P lo t
No. D ep th

in c h e s

E C  x  103

(m m h o s . /  
c m . )

h 2o
P a s te

pH

h 7o
1:5

pH

1:5
n h 4a c

pH

C a lc u la te d  
E x c h . N a

m e q . /  
100 gm .

T o ta l S o lu ­
b le  S a lt

ppm

1 2 3 .9 7 8 .0 8 9. 48 8 .5 3 3 9 .2 2779
10 2 4. 77 8. 12 9 .3 0 8. 48 36. 6 3339
17 2 3 .4 5 8. 12 9 .4 7 8 .5 3 3 9 .2 2415
21 2 — — 8. 03 9 .3 7 8. 33 2 9 .0
26 2 3 .6 3 8. 17 9 .4 0 8. 58 4 1 .8 2541
36 2 2. 60 8. 23 9 .4 3 8. 35 30. 0 1820

1 12 2. 20 8. 30 9 .3 7 — - 32. 6* 1540
10 12 3. 45 7. 35 8 .6 5 -  - 1 5 .9 * 2415
17 12 6. 50 8. 05 9 .2 5 8. 47 3 6 .1 4550
21 12 6 .4 0 8. 03 9 .3 2 8. 47 3 6 .1 4480
26 12 8 .9 3 7. 87 9. 15 8. 45 3 5 .1 6251
36 12 6. 00 7 .9 2 9 .4 0 8. 45 3 5 .1 4200

1 24 4. 80 7 .9 7 9 .4 3 *  ## 34. 0* 3360
10 24 3 .9 3 8. 13 9 .2 0 — - 28. 6* 2751
17 24 1 0 .5 7 7. 78 9 .2 0 8. 47 3 6 .1 7399
21 24 5. 40 8. 00 9 .3 0 8. 35 3 0 .0 3780
26 24 8. 20 7 .9 0 9 .2 0 8 .4 0 3 2 .5 5740
36 24 10. 70 7. 76 9 .2 2 8. 40 3 2 .5 7490

1 36 4 .3 7 8. 20 9 .6 7 mm mm 3 9 .5 * 3059
10 36 4 . 83 8. 17 9 .2 7 -  *» 30. 3* 3381
17 36 7 .5 3 7 .9 7 9 .3 8 8. 47 3 6 .1 5271
21 36 6. 30 7 .9 7 9 .4 5 8 .5 2 38. 7 4410
26 36 7 .7 0 7. 87 9^38 8. 45 35. 1 5390
36 36 4 .2 0 8 .4 3 9 .5 8 8. 20 2 2 .3 2940

2 2 4 . 15 8. 07 9 . 3 7 8. 47 36. 1 2905
7 2 3. 13 8. 13 9 .1 8 8. 50 3 7 .7 2191

15 2 3 .9 7 8. 13 9 .5 2 8 .5 0 3 7 .7 2779
22 2 3 .1 7 8. 11 9 .4 0 8 .5 0 37. 7 2219
30 2 3 .4 0 8. 10 9 .1 0 26. 3* 2380
35 2 4 .7 5 8. 13 9 .4 3 8 .6 3 4 4 .3 3325
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T a b le  24. S om e C h e m ic a l C h a r a c t e r i s t i c s  of C a jo n  C la y  L o am  T a k e n
in  1956. (C o n tin u ed )

P lo t
N o. D ep th

in c h e s

' f- '

E C  x  103 ,
(m m h o s . /  

c m . )

h 2o
P a s te

PH

h 2o
1:5

pH

1:5
n h 4a c

pH

C a lc u la te d  
E x c h . N a

m e q . /  
100 gm . "

T o ta l S o lu ­
b le  S a lt

ppm

2 12 3 .6 3 8. 17 9 .6 0 3 7 .9 * 2541.
7 12 6 .3 3 7. 88 8. 88 8 .3 5 3 0 .0 4431

15 12 4 .1 3 7. 70 8 .9 0 —  — 2 1 .7 * 2891
22 12 5 .6 0 , 7 .9 8 9 .3 5 8 .5 2 3 8 .7 3920
30 12 5. 97 7. 95 9 .3 3 8. 57 4 1 .2 4179
35 12 7 .4 0 7 .9 3 9 .2 5 8 .4 5 3 5 .1 5180

2 24 3 .8 0 8. 23 9 .6 0 3 7 .9 * 2660
7 24 8 .5 0 7. 83 8 .8 7 8. 43 24. 1 5950

15 24 6. 90 7. 63 8 .9 5 8 .3 5 30. 0 4830
22 24 10. 75 7 .8 3 9 .0 0 8 .3 2 2 8 .4 7525
30 24 9. 47 7. 78 8. 9 8 8. 37 3 1 .0 6629
35 24 9. 07 7. 72 9 .2 2 8 .3 8 3 1 .5 6349

2 36 4 .8 7 8. 10 9. 45 ** mm 3 4 .4 * 3409
7 36 5 .3 3 7 .9 2 9 .2 0 -  * 2 8 .6 * 3731

15 36 4 .7 3 8. 10 8 .9 3 —  — 22. 4* 3311
22 36 6 .9 3 7 .9 8 9 .4 2 8.47 3 6 .1 4851
30 36 5 .1 5 8. 00 9 .5 2 8.53 3 9 .2 3605
35 36 4 .7 5 8 .1 2 9 .5 8 8.45 35.'1 3325

3 2 6  ̂30 8.’ 20 9i 35 mm 3 2 .1 * 4410
8 2 7 .3 0 8 .1 3 9 .3 2 8. 60 42 . 8 5110

13 2 8 .5 0 8. 17 9 .4 5 8. 63 4 4 .3 5950
24 2 6 .8 3 7 .9 7 9. 28 8. 47 3 6 .1 4781
29 2 7. 30 8. 17 9 .4 2 8. 70 4 7 .9 5110
34 2 2. 60 8. 10 9 .2 0 -  - 28 . 6* 1820

3 12 2^83 8. 13 9 .2 0 28. 6* 1981
8 12 5^90 8. 17 8 .8 7 8. 40 3 2 .5 ,4130

13 12 4 .4 3 8; 13 8« 73 — — . 1 7 .7 * 3101
24 12 6 .8 0 8 .0 3 9 .3 0 8 .5 0 3 7 .7 4760
29 12 7 .9 3 7 .9 8 9 .1 5 8. 52 3 8 .7 5551
34 12 10. 26 7 .9 2 9U15 8. 45 35. 1 7182
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Table 24. (Continued)

P lo t
No. D ep th

in c h e s

E C  x  103

(m m h o s . /  
c m . )

h 2o
P a s te

PH

h 2o
1:5

PH

1:5
n h 4a c

PH

C a lc u la te d  
E x c h . N a

m e q . /  
100 gm .

T o ta l S o lu ­
b le  S a lt

ppm

3 24 5. 43 7 .9 0 8. 63 __ 1 5 .4 * 3801
8 24 8 .5 0 7. 83 8. 87 8 .3 5 30. 0 5950

13 24 10. 75 7. 80 8 .9 5 8. 30 2 7 .4 7525
24 24 8. 10 7 .9 0 9. 18 7. 65 28. 2* 5670
29 24 9 .5 0 7. 80 9. 13 8. 38 3 1 .5 6650
34 24 1 0 .9 0 7. 80 9. 12 8 .4 3 34. 1 7630

3 36 4 .1 3 8. 00 8. 63 1 5 .4 * 2891
8 36 4 .3 7 8. 10 9 .1 3 27. 0* 3059

13 36 5 .9 5 7. 95 8 .6 0 1 4 .7 * 4165
24 36 7 .6 3 7 .9 3 9 .3 0 8. 43 34. 1 5341
29 36 8. 37 7 .9 0 9. 25 8. 40 3 2 .5 5859
34 36 6 .4 3 8 .0 7 9 .5 2 8. 45 35. 1 4501

4 2 8 .3 0 8 .1 7 9 .4 0 8. 68 4 6 .9 5810
11 2 9 .2 3 8. 08 9 .6 7 8. 63 4 4 .3 6460
18 2 8 .0 7 8. 13 9 .4 8 8. 62 43; 8 5649
19 2 6. 75 8. 20 9. 43 8. 65 4 5 .4 4725
27 2 9 .2 3 8. 10 9 .1 8 8. 62 4 3 .8 6461
32 2 10. 37 8. 13 9 .3 0 8. 78 5 2 .0 7259

4 12 5 .9 7 7. 88 8 .9 0 21. 7* 4179
11 12 4. 75 8. 00 8 .9 5 — ~ N N 00 * 3325
18 12 — ** — — •m mm ■ — — — — L
19 12 8 .1 0 8. 10 9 .3 3 8 .4 8 36. 6 5670
27 12 9,  10 7 .9 2 9 .2 0 8. 45 3 5 .1 6370
32 12 9 .5 0 7 .9 7 9 .1 8 8 .5 5 40 . 2 6650

4 24 5 .3 0 7. 83 8. 60 1 4 .7 * 3710 s
11 24 6 .4 0 7. 73 8. 83 — *" 20. 0* 4480
18 24 1 4 .4 0 7. 80 9 .0 0 8. 45 35. 1 10080
19 24 11. 75 7 .9 5 9 .1 5 8 .3 3 2 9 .0 8225
27 24 1 2 .9 0 7. 70 8. 65 8. 25 2 4 .9 9030 :
32 24 1 1 .1 0 7. 83 9 .1 3 8. 42 33. 6 7770 ;
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Table 24, (Continued)

P lo t
No. D ep th E C  x  103

h 2o
P a s te

HyO
1:5

1:5
n h 4a c

C a lc u la te d  
E x c h . N a

T o ta l S o lu ­
b le  S a lt

in c h e s (m m h o s . / PH pH PH m e q . / p p m
c m .) .......... 100 gm . '

4 36 3«;60 8 .2 3 8. 83 20, 0* 2520
11 36 5 .3 3 8. 13 9 .1 6 27. 7* 3731
18 36 6 .0 0 8. 05 9 .5 0 8. 50 3 7 .7 4200
19 36 7 .5 3 7. 95 9 .4 0 8. 47 36. 1 5271
27 36 1 1 .5 7 7. 75 8. 80 8. 25 2 4 .9 8099
32 36 7 .0 7 8. 13 9 .5 8 8. 35 30^ 0 4949

5 2 3 .4 0 8. 00 9 .1 8 8 .5 0
’ '•, . -
37 . 7 2380

12 2 3 .6 0 8. 15 9 .4 2 8 .5 0 3 7 .7 2520
16 2 3. 60 8. 15 9 .5 0 8 .5 8 4 1 .8 2520
20 2 2 .7 0 8. 05 9 .3 8 8. 42 33. 6 1890
25 2 2 .9 7 8. 17 9 .4 7 8. 50 3 7 .7 2079
33 2 3 .6 2 8. 12 9. 43 8 .6 5 4 5 .4 2534

5 12 3 .1 3 8 .0 7 8 .6 3 1 5 .4 * 2191
12 12 3^90 7 .9 8 9 .0 8 8 .4 0 32. 5 2730
16 12 3 .3 7 7. 77 9 .0 7 -  - 25 . 8* 2359
20 12 6. 80 8 .0 5 9 .3 0 8 .4 2 33. 6 4760
25 12 6 .1 0 7 .9 3 9 .1 8 8 .4  3 34. 1 4270
33 12 7 .0 0 7 .9 3 9 .1 7 8 .4 7 3 6 .1 4900

5 24 2. 67 8 .3 3
■', '
8. 83

> - * *

20. 0* 1869
12 24 7 .3 3 7 .8 3 8 ,9 0 — — 21. 7* 5131
16 24 4 .0 0 8. 00 9 .1 0 8 ,5 0 37. 7 2800
20 24 6. 80 7 .9 3 9 .2 0 8 .3 2 2 8 .4 4700
25 24 7 .8 7 7. 87 9 .2 3 8 ,4 8 3 6 .6 5509
33 24 - 7. 87 7. 85 9 .2 2 8 .4 0 • - 32 . 5 ...— 5509

5 36 3. 73 8. 40 9. 03 — •. 24. 7* 2611
12 36 5 .4 7 7 .9 7 - 9. 07 — *» 25. 8* 3829
16 36 2 .0 0 8. 32 9 .2 3 — - ,2 9 .3 * - 1400
20 36 7. 17 7 .9 0 9 .2 5 8 .4 0 32. 5 5019
25 36 6. 87 7 .9 5 9 .2 8 8 .4 2 33. 6 4809
33 36 7 .3 3 8. 00 9 .5 0 8 .4 8 36. 6 5131



157

Table 24. (Continued)

P lo t
N o. D ep th

in c h e s
E C  x  103 

(m m h o s . /  
c m . )

h 2o
P a s t e - 

P H .

h 2o
1:5 

PH

1:5
n h 4ACv

pH

C a lc u la te d  
- E x c h . N a 

m e q . /  
100 gm .

T o ta l S o lu ­
b le  S a lt  
: ppm

6 2 3 .4 3 8. 08 9 .3 2 8 .6 0 4 2 .8 2401
9 2 4 . 73 8 .0 7 9 .2 3 8. 50 3 7 .7  . 3311

14 2 3. 77 8. 10 9 .5 0 8. 50 3 7 .7 2639
23 2 3 .6 5 8. 03 9 .4 7 8 .4 5  * 35. 1 ' 2555
28 2 3 .0 3 8 .1 0 9. 32 8 .5 5 4 0 .2 2121
31 2 3 .4 0 8. 02 9 .4 7 8 .5 0 37. 7 . 2380

6 12 3. 00 8. 30 8 .6 7 _ 1 6 .3 * 2100
9 12 4 .0 7 8. 13 9 .0 8 — *• . 2 5 .8 * 2849

14 12 3 .3 3 8. 00 8. 67 — — 1 6 .3 * 2331
23 12 6 .5 5 7 .9 3 9 .1 8 8 .5 0  " 37. 7 4585
28 12 7 .0 5 7 .9 5 9 .2 3 8. 43 • 3 4 .1 .4 9 3 5
31 12 6 .2 0 7 .9 7 9 .1 8 ' 8. 48 3 6 .6 ■' 4340

6 24 6 .2 0 8. 05 " 8. 75 8. 35 3 0 .0 4340
9 24 5 .5 0 7. 85 9 .1 5 8. 45 3 5 .1 3850

14 24 5. 50 7 .9 0 8. 70 1 7 .0 * 3850
23 24 10^30 7 .9 5 9. 05 8. 40 32. 5 7210
28 24 7. 87 7. 82 9 .1 3 8 .3 5 3 0 .0 5509
31 24 8. 20 7. 87 9 .2 8 1 8 . 48 36. 6 5740

6 36 2. 73 8. 37 9 .1 3 ** mm 2 7 .0 * 1911
9 36 . 3 .6 5 8. 23 9 .4 8 8 .5 5 4 0 .2 2555

14 36 5 .9 0 8. 11 8. 87 2 1 .0 * 4130
23 36 'Si 90 8. 17 9 .6 0 8 .5 7 4 1 .2 4130
28 36 7 .9 0 7. 73 9 .2 5 8 .2 7 2 5 .9 5530
31 36 5 .1 7 8. 12 9 .5 8 8. 20 2 2 .3 3619

'^ C a lc u la te d  f r o m  th e  fo llo w in g  R e g r e s s io n  e q u a tio n :

Y = 23 . 22x -1 8 4 . 99, w ith  r  « 0. 666. '

T he  r e s t  of th e  c a lc u la te d  v a lu e s  w e re  e s t im a te d  f r o m  th e  r e g r e s s i o n  
e q u a tio n , Y -  51 . 24x  -3 9 7 . 87, w ith  r  -  0. 843.
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Table 25. Some Chemical C haracteristics of Cajon Clay Loam Taken
in 1961.

P lo t
N o. D ep th

f e e t

EC x  103

(m m h o s . /  
c m . )

P a s te  C . E . C .

pH  m e q . /  
100 g m .

E x ch , E x c h . 
N a  N a
m e q . /  % 

TOO g m .

E x c h . K
m e q . /  

T OO gm .

T o ta l S o lu ­
b le  S a lt

ppm

1 1 4. 20 7. 90 24. 2 6 .8 2 8 .1 1 .1 2940
1 1 4. 40 7 .9 0 2 4 .4 6 .5 . 26. 6 . 1 .1  . 3080
1 2 8. 40 7. 80 2 5 .4 7 .6 29. 9 1. 2 5880
1 2 8 .6 0 7. 80 24. 6 7. 3 29. 7 . 1 .3 6020
1 3 13..00 7 .6 1 1 2 .4 4 .5 3 6 .3 , 0 .7 9100
1 3 1 4 .0 0 7. 59 1 2 .4 4 .1 33. 1 0 .7 9800

10 1 6 .8 0 8. 05 3 1 .5 10. 1 3 2 .1 . 1 . 4  ' 4760
10 1 7. 00 8. 01 3 1 .9 10. 3 3 2 .3 : 1 .5 4900
10 2 1 2 .4 0 7 .7 0 2 7 .3 9 . 5 3 4 .8 7, 1.0 8680
10 2 1 3 .2 0 7 .9 0 27. 2 9 .4 34. 6 1.0 10640
10 3 1 8 .0 0 7. 86 2 1 .1 4. 8 22. 7 0.4 12600
10 3 16. 00 7. 84 21. 9 5. 1 2 3 .3 0.4 11200

17 1 5 .1 0 8 .1 0 26. 7 8 .5 3 1 .8 . 1 . 1 : , 3570
17 1 5. 90 8. 00 2 7 .1 8 .2 3 0 .3 ■ 1.1 4130
17 2 5 .9 0 7 .8 9 1 6 .6 5. 9 35. 5 , 0. 5 , 4130
17 2 6 .1 0 7 .8 1 1 6 .6 6 .1 . 3 6 .7 . 0 .5 4270
17 3 9 .5 0 7 .8 8 9 .6 3. 0 3 1 .2 0 .2 6650
17 3 9 .5 0 8 .9 2 9 .6 3 .0 3 1 .2 0. 2 6650

21 1 2. 70 8. 10 26. 1 8 .3 3 1 .8 1 .2 1890
21 1 2. 70 8 .3 0 2 5 .9 8 .3 32. 0 1 .2 1890
21 2 6. 50 8. 00 2 0 .1 7. 1 3 5 .3 . 0 .7 4550
21 2 6. 30 8 .0 0 20. 1 7. 1 35; 3 0 .7 4410
21 3 9 .7 0 7 .9 0 1 4 .1 4. 8 34. 0 0 .4 6790
21 3 9 . 30 7. 90 1 3 .9 5 .4 38. 8 0 .4 6510

26 1 6 .3 0 8. 00 33. 6 10. 5 3 1 .3 J 1 .2 4410
26 1 6. 30 8. 00 33. 8 10. 7. 3 1 .7 1 .3 4410,
26 2 11. 50 7 .9 0 2 7 .0 8. 6 3 1 .9 1 .7 8050
26 2 1 0 .5 0 7. 70 2 7 .0 9. 2 3 4 .1 : 1 .6 7350
26 3 12. 10 7. 80 20. 0 7 .3 36; 5 0 .9 8470
26 3 11. 70 7. 80 2 0 .0 7 .5 3 7 .5 0 .9 8190
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Table 25. (Continued)

P lo t
No. D epth

fe e t

E C  x  103

(m m h o s . /  
c m .)

P a s te

pH

Ci E . C.

tn e q . / 
100 gm

E x c h . E x c h .
N a Na E x c h .K

m eq . /  % m e q . /
. 100 gm . 100 g m .

T o ta l S o l-  
' u b le  S a lt

ppm

36 1 3. 80 8. 20 2 8 .4 7 .7 27. 1 1. 3 2660
36 1 3. 80 8. 00 28. 4 7 .6 26. 8 1 .3 2660
36 2 8. 70 7. 90 1 5 .5 5 .4 34. 8 0 .9 6090
36 2 9. 30 7. 90 1 5 .5 5 .4 3 4 .8 0 .9 6510
36 3 7. 40 7. 80 7 .1 . 2. 1 29. 6 0 .4 5180
36 3 7. 60 7. 80 6 .9 2. 1 . 3 0 .4 0. 3 5320

2 1 10. 20 7. 60 1 9 .4 5. 6 2 8 .9 0 .9 7140
2 1 9 .8 0 7. 60 1 9 .2 5 .3 27. 6 0 .9 6860
2 2 7 .5 0 7. 50 1 9 .2 7 .0 36. 5 0 .9 5250
2 2 8 .5 0 7. 70 18. 8 7 .0 37. 2 0 .9 5950
2 3 11. 00 7. 40 14. 8 5. 3 35. 8 0. 6 7700
2 3 11; 00 7. 40 1 4 .4 5 .3 36. 8 0. 6 7700

7 1 7 .0 0 7 .9 3 3 5 .0 1 0 .8 3 0 .7 1 .5 4900
7 1 7. 40 7 .9 1 3 5 .0 1 0 .4 29. 6 1 .4 5180
7 2 12. 60 7. 64 17. 3 8 .2 4 7 .5 0 .9 8820
7 2 12. 40 7. 70 17. 3 8 .3 47. 6 0. 8 8680
7 3 12. 00 7. 60 1 7 .0 5i 6 3 2 .9 0 . 6 8400
7 3 1 2 .0 0 7 .6 0 1 7 .0 5 .8 34i 1 0. 6 8400

15 1 4 .9 0 8. 10 28. 8 8 .7 3 0 .2 1. 1 3430
15 1 4i 70 7. 86 2 8 .4 8 .8 31. 0 1. 1 3290
15 2 1 0 .8 0 7. 80 2 2 .0 6 .9 3 1 .4 0 .9 7560
15 2 10. 70 7. 80 2 2 .0 7. 0 31. 8 0 .9 7490
15 3 1 2 .0 0 7 .9 0 1 3 .3 4 .2 31. 6 0 .3 8400
15 3 H i  60 7 .8 0 13. 1 4 .2 32. 1 0 .4 8120

22 1 7 .6 0 8. 10 25. 3 7 .9 31. 2 1. 1 5320
22 1 7. 40 8 .2 0 25. 3 8 .1 32. 0 1 .1 5180
22 2 8 .0 0 8. 00 22. 3 6. 6 29. 6 0 .9 5600
22 2 8. 80 8. 00 22. 3 6 .7 30. 0 0 .9 6160
22 3 9 .2 0 7 .9 0 1 2 .6 3 .9 31. 0 0 .5 6440
22 3 : 8. 80 7 .9 0 13. 2 3 .9 2 9 .5 0 .4 6160
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Table 25. (Continued)

P lo t  E x c h . E x c h . T o ta l Sol -
N o. D ep th  E C  x  10^ P a s te  Gi-E^ Cj; N a N a E x c h . K  b le  S a lt

f e e t  (m m h o s . /  
_________ c m , )

30 1 4 . 70
30 1 4^ 80
30 2 15. 10
30 2 1 4 ,9 0
30 3 8. 00
30 3 9 .0 0

35 1 5 .5 0
35 1 4 .5 0
35 2 10, 00
35 2 1 0 .0 0
35 3 8 ,1 0
35 3 8 .5 0

3 1 9 .2 0
3 1 8. 80
3 2 1 1 .8 0
3 2 1 2 .2 0
3 3 1 3 .1 0
3 3 1 2 ,9 0

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

13 1 7 .7 0
13 1 7 .7 0
13 2 1 8 .2 0
13 2 1 7 .8 0
13 3 1 0 .5 0
13 3 10. 70

pH m e q . /  
100 gm .

m e q . /  
100 gm,

8. 10 27. 5 8 .9
8. 00 2 7 .9 8 .9
7. 88 2 2 .9 8. 8
7. 82 22. 7 8. 8
8. 10 11. 6 3 .7
7 .9 0 1 1 .6 3 .3

8. 00 30*0 8 .5
8 .0 0 2 9 .8 8. 3
7 .9 0 1 7 .0 6. 5
7 .9 0 1 7 .0 ' 6. 6
8. 15 _8J7 3 .4
8. 05 877 3. 1

7. 80 25. 1 8. 1
7 .9 1 25. 1 8 .2
7. 69 2 3 .6 9 .7
7. 71 2 3 .8 9 ,5
7. 60 1 4 .4 5 .3
7 .6 0 1 4 .4 5 .5

7. 88 3 9 .9 1 4 .0
7 .9 2 4 0 .5 13. 1
7 .9 3 33. 7 1 1 .9
7 .9 7 33. 8 1 1 .8
7. 50 1 6 .5 6 .2
8 .5 0 1 6 .5 6 .1

8. 00 33. 8 1 0 .3
8. 04 33. 8 10. 6
7. 75 25. 3 8. 8
7. 79 2 5 .3 9. 1
8. 00 1 6 .7 5 ,2
7 .9 6 1 6 .9 5 .1

% m e q . /  
100 g m .

p p m

3 2 .4 1. 1 3290
3 1 .9 1 .3 3360
3 8 .4 1. 1 10570
3 8 .7 1. 1 10430
3 1 .9 0 .5 5600
28. 8 0 .5 6300

28. 3 1 .4 3850
3 5 .9 1 .4 3150
3 8 .2 1. 1 7000
38. 8 1. 1 7000
39. 1 0 .4 5670
3 5 .6 0 .4 5950

32. 3 1. 0 6440
3 3 .1 1. 0 6160
4 1 . 1 1. 1 8260
3 9 .9 1. 1 8540
36. 8 0. 6 9170
3 8 .2 0 .6 9030

35. 1 1 .8 7000
3 2 .2 1. 7 6860
35. 3 1. 1 10850
3 4 .9 1 .0 10150
37. 6 0 ,6 11977
3 7 .0 0. 6 11830

3 0 .5 1 .3 5390
3 1 .4 1 ,2 5390
3 4 .8 0 .9 12740
3 6 .0 0 .9 12460
31. 1 0. 3 7350
30. 2 0. 3 7490
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F lo t  E x c h , E x c h . T o ta l S o l-
N o, D ep th  E C  x  10 P a s te  C . E .  C . N a N a E x c h , K : u b le  S a lt

f e e t (m m hos, 
c m . )

24 1 9. 30
24 1 9 .5 0
24 2 16. 80
24 2 15. 20
24 3 14. 00
24 3 14. 00

29 1 Hi  60
29 1 6. 80
29 2 19. 80
29 2 20. 20
29 3 1 4 .0 0
29 3 14. 00

34 1 6. 80
34 1 6 .8 0
34 2 1 7 .5 0
34 2 16. 50
34 3 16. 20
34 3 15. 80

4 1 7 .4 0
4 1 6w 60
4 2 15. 10
4 2 1 9 .9 0
4 3 15. 30
4 3 14. 70

11 1 7. 80
11 1 7. 80
11 2 12. 80
11 2 13. 20
11 3 1 3 .4 0
11 3 13; 60

/  pH  m e q . /  
_________ 100 gro

8. 04 27. 7
8. 08 27. 7
7 .9 0 2 1 .4
7 .9 0 2 1 .4
7. 85 14. 2
7. 95 14. 2

8. 07 32. 1
8. 03 3 2 .3
7. 77 2 5 .7
7. 83 26. 1
7. 82 1 2 .3
7 .7 8 1 2 .7

8. 10 29. 2
8. 10 29. 2
7. 81 1 8 .8
7. 79 18. 8
7. 85 10. 3
7 .9 5 10. 3

8 .0 0 2 9 .2
8 .0 0 2 9 .0
7. 82 2 5 .1
7. 78 2 5 .3
7. 60 18. 6
7. 70 1 8 .8

8. 00 2 9 .0
8. 00 2 9 .0
7. 81 2 3 .2
7. 79 2 3 .4
7. 82 1 2 .5
7; 78 12. 7

m e q . /  %
, 100 gm .

1 1 .1  40 . 1
1 1 .0  39. 7
8.6 4 0 .2
8.6 4 0 .2
5 .5  3 8 .7
5 .5  3 8 .7

1 3 .6  4 2 .4
1 4 .2  4 4 .0
1 0 .7  4 1 .6
10. 5 40 . 2 ::

4 .4  3 5 .8
4 . 1 32. 3 .

1 0 .8  3 7 .0
1 0 .4  3 5 .6

9 .4  5 0 .0
9 .2  4 8 .9
4 .4  42 . 7
4  ̂5 4 3 .7

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

5 .8  3 1 .2
5. 4  28 . 7

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

9 . 2 39. 7 .
9 . 3 39. 7 :>
4 .8  3 8 .4
4. 9 38. 6

m e q . /  , ppm
100 gm ,_________

1 .3 6510
1 .3 6650
1 .0 11760
1 .0 10640
0. 6 9800
0. 6 9800

1. 2 5320
1. 2 4760
1. 1 13860
1. 2 14140
0. 6 9800
0 .5 9800

1 .4 4760
1. 5 476000o

12250
0. 8 11550
0. 6 11340
0 .5 11060

1 .3 5180
1 .3 4620
1. 1 10570
1 .2 10430
1 .0 10710
1 .0 10290

1. 3 5460
1. 2 5460
0 .9 8960
0. 8 9240
0 .3 5 9380
0 .4 9520
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Table 25, (Continued)

P lo t  . E x c h . E x c h , T o ta l  S o l-
N o, D ep th  EC  x  103 P a s te  C . E , G, . N a N a E x c h , K uble  S a lt

f e e t (m m h o s . /  pH  
c m , )

m e q . /  
100 g m .

18 1 8 .4 0 7 .9 7 2 2 .5
18 1 8. 00 7. 93 22. 5
18 2 11. 10 7. 90 20. 0
18 2 11. 30 7 .9 0 20. 0
18 3 8 .9 0 8. 15 9. 9
18 3 8. 30 8. 05 9 .9

19 1 5 .2 0 8. 10 23. 6
19 1 4 . 80 8. 10 2 3 .6
19 2 1 0 .5 0 7 .9 3 2 0 .9
19 2 1 1 .5 0 7 .9 7 2 0 .9
19 3 1 1 .0 0 7 .9 5 13. 3
19 3 12. 00 7 .9 1 1 3 .5

27 1 10. 10 8. 02 38. 7
27 1 10. 30 7. 78 3 8 .7
27 2 1 6 .0 0 7. 79 39. 3
27 2 15. 20 7. 77 39. 3
27 3 13. 00 7. 82 2 0 .9
27 3 13. 00 7. 78 2 0 .9

32 1 9. 80 8 .0 5 3 5 .7
32 1 9 .8 0 7 .9 5 3 5 .9
32 2 16. 00 7. 80 23. 7
32 2 1 5 .0 0 7. 80 2 3 .9
32 3 12. 20 7. 85 1 1 .0
32 3 11. 80 7 .9 5 1 1 .0

5 1 8. 00 7. 81 3 0 .4
.5 1 9 .0 0 7. 79 3 0 .4

5 2 1 5 .1 0 7 .5 3 23. 1
5 2 .1 4 :9 0 7 .5 7 23. 1
5 3 1 4 .3 0 7 .5 2 1 7 .9
5 3 14. 70 7 .5 8 1 7 .9

m e q , /  % * m e q , /  ppm
100 gm . 100 g m .

8 .4 37. 3 1 .0 5880
8. 2 36. 4 1 .0 5600
8 .5 4 2 .5 0. 6 7770
8 .5 42; 5 0. 7 7910
3 .8 3 8 .4 0. 3 6230
4. 1 4 1 .4 0 .3 5810

8 .5 3 6 .0 1. 0 3640
8 .6 3 6 .4 0 .9 3360
9 .1 43. 5 0. 8 7350
9 .2 4 4 .0 0. 8 8050
5. 1 3 8 .3 0 .4 7700
5. 1 37. 8 0 .4 8400

14 .1 36. 4 1. 3 7070
1 4 .8 3 8 .2 1. 3 7210
1 3 .9 3 5 .4 1 .9 11200
14. 6 37. 1 2. 1 10640

7 .0 3 3 .5 1 .0 9100
6 .9 33. 0 0 .9 9100

14. 2 39. 8 1 .5 6860
14^ 6 40. 7 1 .4 6860

9 .9 41; 8 0 .9 11200
9 .6 4 0 .2 0; 9 10500
3 .9 35. 5 0 .4 8540
3 .8 3 4 .5 0 .3 8260

1 0 .9 3 5 .9 1. 2 5600
11; 4 3 7 .5 1. 3 6300
10. 6 45. 9 1. 1 10570
10. 2 4 4 .2 1. 1 10430

5 .5 30. 7 0. 6 10010
5 .8 3 2 .4 0. 6 10290
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Table 25. (Continued)

P lo t E x c h . E x c h . T o ta l  Sol
N o. D epth EC  x  103 P a s te  C . E .  C . N a N a E x c h . K a b le  S a lt

f e e t (m m h o s . / PH m e q . / m e q . / % m e q . / ppm
c m . ) 100 g m . 100 gm , ■ 100 g m .

12 1 8. 80 7 .9 4 3 5 .9 8. 6 2 4 .0 1 .0 6160
12 1 9. 00 7 .9 6 35. 5 8 .7 2 4 .5 1 .1 6300
12 2 1 5 .8 0 7. 75 23. 6 9 .1 3 8 .6 0 .9 11060
12 2 1 5 .8 0 7. 79 23. 8 9 .1 3 8 .2 1 .0 11060
12 3 1 8 .9 0 7. 82 1 3 .5 6 .1 4 5 .2 0 .4 13230
12 3 19. 10 7 .7 8 1 3 .5 5 .5 40 . 1 0 .4 13370

16 1 7 .2 0 8. 00 29. 7 9 .9 3 3 .3 1. 1 5040
16 1 7. 00 8. 00 30. 1 9 .7 3 2 .2 1. 2 4900
16 2 1 3 .4 0 7 .9 5 2 2 .4 8 .0 3 5 .7 0. 8 9380
16 2 1 3 .0 0 7. 85 2 2 .4 8. 0 3 5 .7 0. 8 9100
16 3 1 3 .5 0 7 .9 2 12. 5 4 .4 3 5 .2 0 .4 9450
16 3 1 4 .1 0 7. 88 1 2 .5 4 .4 3 5 .2 0 .4 9870

20 1 5 .0 0 8 .5 0 24. 6 8 .9 36^2 1. 1 3500
20 1 4 .8 0 7 .9 0 24. 8 9 .3 3 7 .5 1. 1 3360
20 2 9 .0 0 7 .9 1 25. 7 1 0 .5 4 0 .9 1 .0 6300
20 2 9. 80 7. 89 25. 7 9. 8 3 8 .1 1 .0 6860
20 3 1 1 .0 0 7. 87 15. 3 6 .0 3 9 .2 0. 6 7700
20 3 1 1 .0 0 7. 83 15. 3 5 .9 3 8 .6 0. 6 7700

225 1 7. 10 8. 05 27. 5
•>:

9 .8 35. 6 1. 1 5635
25 1 7 .3 0 8 .0 1 27. 5 9 .4 3 4 .2 1 .2 5607
25 2 1 1 .0 0 7 .9 5 26. 6 10. 2 3 8 .3 1. 7 5565
25 2 llwOO 7. 85 26. 6 10. 6 38. 3 1. 7 5495
25 3 12. 00 7 .9 2 1 5 .4 9 .0 5 8 .4 0. 8 5544
25 3 1 1 .8 0 7. 88 1 5 .4 9 .2 5 9 .7 0. 8 5516

33 1 7 . 20 7 .9 0 33. 5 12. 7 3 7 .9 1. 6 5040
33 1 6. 80 7 .9 0 3 3 .5 13 .1 3 9 .1 1 .6 4760
33 2 14. 10 7. 69 23. 8 9 .4 3 9 .5 1 .0 9870
33 2 1 3 .9 0 7 .7 1 23. 8 9 .0 37. 8 1 .0 9730
33 3 1 4 .0 0 7. 80 1 2 .5 4 .5 36. 0 0 .4 9800
33 3 14. 00 7. 80 12. 7 4 .5 3 5 .4 0 .4 9800

6 1 8 .2 0 7. 89 31. 3 1 1 .4 3 6 .4
S

1. 3 5740
6 1 8 .6 0 7. 81 31. 3 1 1 .9 38. 0 1 .4 6020
6 2 12. 00 7 .7 0 27. 0 1 2 .8 4 7 .4 0 .7 8400



164

T a b le  25. (C o n tin u ed )

P lo t  E x c h . E x c h . T o ta l S o lu -
No. D ep th

f e e t
E C  x  103 

(m m h o s , /  
c m . )

P a s te
PH

C .E .C .
m e q . /  

100 gm .

N a
m e q . /  

100 gm ,

N a
%

E x c h . K  
m e q . /  

100 g m .

b le  S a lt  
ppm

6 2 12*00 7. 70 2 7 .0 12. 8 47*4 0. 7 8400
6 3 1 1 .9 0 7. 71 1 8 .4 6. 6 3 5 .9 0. 6 8330
6 3 1 2 .1 0 7. 69 1 8 .4 6. 8 3 7 .0 0. 6 8470

9 1 1 0 .5 0 8 .0 2 33. 1 1 1 .7 3 5 .3 1 .5 7350
9 1 1 0 .5 0 8. 78 33. 1 1 1 .8 3 5 .6 1. 6 7350
9 2 1 5 .2 0 7. 72 1 9 .3 1 0 .3 5 3 .4 1. 2 10640
9 2 1 5 .8 0 7 .6 8 1 9 .1 9 .9 5 1 .8 1. 1 11060
9 3 1 5 .6 0 7. 89 14. 3 4 .5 3 1 .5 0 .3 10920
9 3 1 5 .4 0 7 .8 7 14. 3 5 .0 3 5 .0 0 .3 10780

14 1 6 .8 0 8. 10 3 0 .7 9 .7 3 1 .6 1 .2 4760
14 1 6, 60 7 .9 0 30. 7 9 .5 3 0 .9 1. 1 4620
14 2 1 2 .6 0 7 .7 1 26. 3 9 .1 3 4 .6 1 .0 8820
14 2 1 2 .6 0 7. 79 26. 3 9 .2 3 5 .0 1 .0 8820
14 3 1 4 .2 0 7 .8 8 1 4 .9 5*4 3 6 .2 0 .4 9940
14 3 13. 60 7. 82 1 4 .9 5 .4 3 6 .2 0*4 9520

23 1 6. 60 8. 10 24. 7 9 .8 3 9 .7 1. 2 4620
23 1 6. 60 8. 10 24. 7 9 .3 3 7 .7 1. 1 4620
23 2 1 3 .2 0 7 .9 4 23. 1 8 .5 3 6 .8 1 .0 9240
23 2 14*00 7 .9 2 23. 1 8. 8 38. 1 1 .0 9800
23 3 1 3 .0 0 7 .9 0 13. 2 4 .8 36*4 0. 5 9100
23 3 1 3 .0 0 7 .9 0 13. 0 4 .9 37. 7 0*5 9100

28 1 8 .0 0 7 .9 5 38*0 14. 3 3 7 .5 1 .4 5600
28 1 8 .4 0 7. 85 38. 1 1 4 .5 38* 1 1 .4 5880
28 2 1 0 .6 0 7. 80 36. 0 1 2 .6 36*0 1 .5 7420
28 2 1 0 .4 0 7 .9 0 35. 8 12 .1 33. 8 1 .5 7280
28 3 1 0 .9 0 7. 81 1 8 .3 7 .5 41 . 0 1 .0 7630
23 3 10. 70 7. 79 1 8 .3 7 .6 4 1 .5 l . l 7490

31 1 1 0 .3 0 8. 00 30. 1 1 0 .2 3 3 .9 1 .4 7210
31 1 9 .7 0 8. 00 30. 1 1 0 .2 3 3 .9 1 .4 6790
31 2 7. 80 8. 00 2 3 .5 9 .5 4 0 .4 0 .9 5460
31 2 7. 40 7 .9 0 2 3 .5 9 .5 4 0 .4 0 .9 5180
31 3 1 1 .0 0 8. 10 9. 8 3 .9 3 9 .8 0 .5 7700
31 3 10. 00 7 .9 0 9 .8 3 .7 3 7 .8 0 .5 7000


