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ADOPTION OF IRRIGATION TECHNOLOGY: THE EFFECTS 
OF PERSONAL, STRUCTURAL, A N D  ENVIRONUENTAL VARIABLES 

Don E. A l b r e c h t  a n d  B o v a r d  L a d e w i g  
D e p a r t m e n t  o f  R u r a l  S o c i o l o g y ,  
T e x a s  A & M  U n i v e r s i t y  

ABSTRACT D u r i n g  t h e  p a s t  d e c a d e ,  t h e r e  h a s  b e e n  a 
g r o w i n g  i n t e r e s t  i n  e x p a n d i n g  t h e  l i s t  o f  f a c t o r s  a f f e c t i n g  
t h e  a d o p t i o n  a n d  d i f f u s i o n  o f  a g r i c u l t u r a l  t e c h n o l o g y .  I t  
h a s  b e e n  s u g g e s t e d  t h a t  m o s t  p r e v i o u s  r e s e a r c h  e f f o r t s  h a v e  
b e e n  i n s e n s i t i v e  t o  c o n t e x t u a l  v a r i a b l e s  a n d  i n s t i t u t i o n a l  
c o n s t r a i n t s .  The p h y s i c a l  e n v i r o n m e n t  h a s  b e e n  s u g g e s t e d  a s  
o n e  c o n t e x t u a l  v a r i a b l e  t h a t  h a s  b e e n  l a r g e l y  i g n o r e d  i n  
p a s t  a d o p t i o n - d i f f u s i o n  r e s e a r c h .  The p r e s e n t  s t u d y  t e s t e d  
f o r  t h e  r e l a t i v e  e f f e c t s  o f  a s i t e - s p e c i f i c  i n d i c a t o r  o f  t h e  
p h y s i c a l  e n v i r o n m e n t  ( s a t u r a t e d  t h i c k n e s s ) ,  a s  w e l l  a s  
p e r s o n a l  a t t r i b u t e s  a n d  f a r m  s t r u c t u r a l  c h a r a c t e r i s t i c s  f o r  
t h e  a d o p t i o n  o f  i r r i g a t i o n  i n n o v a t i o n s  i n  t h e  T e x a s  H i g h  
P l a i n s .  The r e s u l t s  r e v e a l e d  t h a t  s a t u r a t e d  t h i c k n e s s  i s  a n  
i m p o r t a n t  v a r i a b l e  i n  u n d e r s t a n d i n g  t h e  a d o p t i o n  o f  t h e  
i r r i g a t i o n  i n n o v a t i o n s  c o n s i d e r e d .  W h i l e  a m u l t i v a r i a t e  
a n a l y s i s  r e v e a l e d  t h a t  f a r m  s i z e  o v e r a l l  w a s  t h e  m o s t  
i m p o r t a n t  v a r i a b l e ,  t h e  e n v i r o n m e n t a l  f a c t o r  w a s  m o r e  
i m p o r t a n t  t h a n  t r a d i t i o n a l  r e s e a r c h  v a r i a b l e s  s e l e c t e d  f o r  
u s e  i n  t h i s  s t u d y .  I t  i s  c o n c l u d e d  t h a t  t h e  u s e  o f  
e n v i r o n m e n t a l  v a r i a b l e s  d o e s  c o n t r i b u t e  t o  o u r  k n o w l e d g e  o f  
a d o p t i o n  of t e c h n o l o g y  a n d  s h o u l d  be  i n c l u d e d  i n  s t u d i e s  o f  
t h e  d i f f u s i o n  o f  i n n o v a t i o n s .  

I n t r o d u c t i o n  

D u r i n g  t h e  p a s t  h a l f  c e n t u r y .  t h e  d e v e l o p m e n t  o f  
i m p r o v e d  a g r i c u l t u r a l  t e c h n o l o g i e s ,  a n d  t h e  e v e n t u a l  
a d o p t i o n  of  t h e s e  t e c h n o l o g i e s  by f a r m  o p e r a t o r s ,  h a s  l e d  t o  
e x t e n s i v e  c h a n g e s  i n  a g r i c u l t u r e  a n d  A m e r i c a n  s o c i e t y  
( B e r a r d i  a n d  G e i s l e r ,  1 9 8 4 ;  C o c h r a n e .  1 9 7 9 ;  D i l l m a n  a n d  
H o b b s ,  1 9 8 2 ;  H a w l e y  a n d  M a z i e ,  1 9 8 1 ;  S u m m e r s ,  1 9 8 3 ) .  
A d o p t i o n  o f  y i e l d - i n c r e a s i n g  a n d  l a b o r - s a v i n g  t e c h n o l o g i e s  
h a s  e n a b l e d  f a r m e r s  t o  i n c r e a s e  y i e l d s ,  e x p a n d  o p e r a t i o n s ,  
a n d  i n c r e a s e  e f f i c i e n c y  r a t i o s .  M o d e r n  t e c h n o l o g y  i n  
a g r i c u l t u r e  a l s o  h a s  r e d u c e d  t h e  n e e d  f o r  h u m a n  l a b o r  
( B e r t r a n d .  1 9 7 8 )  a n d  h a s  r e s u l t e d  i n  f a r m  p r o d u c t i o n  
b e c o m i n g  i n c r e a s i n g l y  c o n c e n t r a t e d  on f e w e r  a n d  f e w e r  f a r m s  
( P a a r l b e r g ,  1 9 8 0 ;  S t o c k d a l e ,  1 9 8 2 ) .  

B e c a u s e  o f  t h e  e x t e n s i v e  i m p l i c a t i o n s  o f  t h e  a d o p t i o n  
o f  a g r i c u l t u r a l  t e c h n o l o g i e s  f o r  A m e r i c a n  s o c i e t y ,  i n t e r e s t  
r e m a i n s  h i g h  i n  t h e  a d o p t i o n  a n d  d i f f u s i o n  o f  i n n o v a t i o n s  i n  
g e n e r a l ,  a n d  f a r m  t e c h n o l o g y  i n  p a r t i c u l a r  ( F l i e g e l  a n d  v a n  
Es.  1 9 8 3 ;  R o g e r s .  1 9 8 3 ) .  U n f o r t u n a t e l y .  c u r r e n t  r e s e a r c h e r s  
f a c e  a s i m i l a r  p r o b l e m  t o  t h a t  f a c e d  by r e s e a r c h e r s  of  
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A l b r e c h t  a n d  L a d e w i g  

p r e v i o u s  d e c a d e s - - a l l  m e m b e r s  o f  t h e  p o p u l a t i o n  o f  p o t e n t i a l  
a d o p t e r s  d o  n o t  a d o p t  s i m u l t a n e o u s l y  a n d  some n e v e r  a d o p t .  
T h i s  i n c o m p l e t e  l e v e l  o f  a d o p t i o n  p r e v a i l s  d e s p i t e  t h e  
t h e o r e t i c a l  a n d  p r a c t i c a l  j u s t i f i c a t i o n  f o r  t h e  p r a c t i c e s ,  
d e s p i t e  t h e  e c o n o m i c  r a t i o n a l i t y  f o r  a d o p t i o n ,  d e s p i t e  t h e  
t h o r o u g h n e s s  w i t h  w h i c h  i n f o r m a t i o n  i s  d i f f u s e d  t h r o u g h  
v a r i o u s  m e d i a .  a n d  d e s p i t e  t h e  l e n g t h  o f  t i m e  t h e  p r a c t i c e s  
h a v e  b e e n  a d v o c a t e d  ( C o p p ,  1 9 5 6 ) .  

I n  a t t e m p t i n g  t o  i d e n t i f y  f a c t o r s  a f f e c t i n g  a d o p t i o n ,  
d i f f u s i o n  r e s e a r c h  f o c u s e d  o n  d i f f e r e n c e s  b e t w e e n  a d o p t e r s  
a n d  n o n a d o p t e r s  i n  t e r m s  o f  e c o n o m i c ,  s o c i a l .  p s y c h o l o g i c a l ,  
a n d  d e m o g r a p h i c  c h a r a c t e r i s t i c s  ( B r o w n .  1 9 8 1 ) .  N u m e r o u s  
s t u d i e s  a l s o  e x a m i n e d  d i f f e r e n c e s  i n  c h a r a c t e r i s t i c s  o f  t h e  
i n d i v i d u a l  f a r m  u n i t  ( R o g e r s ,  1 9 8 3 ) .  More r e c e n t  r e s e a r c h ,  
h o w e v e r ,  i n d i c a t e s  t h a t  w h i l e  s u c h  d i f f e r e n c e s  may e x i s t ,  
t h e s e  f a c t o r s  a l o n e  d o  n o t  a d e q u a t e l y  e x p l a i n  d i f f e r e n c e s  i n  
a d o p t i o n  ( C r a w f o r d  a n d  Ward,  1 9 7 4 ;  F l i e g e l  a n d  v a n  E s ,  1 9 8 3 ;  
G o s s ,  1 9 7 9 ) .  A d d i t i o n a l  e x p l a n a t o r y  f a c t o r s  b e i n g  
r e c o m m e n d e d  i n c l u d e  t h e  r e l a t i o n s h i p  b e t w e e n  a d o p t i o n  a n d  
e n v i r o n m e n t a l  c o n d i t i o n s  ( A s h b y ,  1 9 8 2 ;  D u n l a p  a n d  M a r t i n ,  
1 9 8 3 )  a n d  b e t w e e n  a d o p t i o n  a n d  i n s t i t u t i o n a l  c o n s t r a i n t s  
( B r o w n ,  1 9 8 1 ;  G o s s ,  1 9 7 9 ;  H a v e n s  a n d  F l i n n ,  1 9 7 5 ;  H o o k s  e t  
a l . ,  1 9 8 3 ) .  

R e s e a r c h e r s  i n  d e v e l o p i n g  c o u n t r i e s  h a v e  f o u n d  t h e s e  
a d d i t i o n a l  e x p l a n a t o r y  v a r i a b l e s  t o  b e  i m p o r t a n t  i n  
u n d e r s t a n d i n g  t h e  a d o p t i o n  a n d  d i f f u s i o n  o f  a g r i c u l t u r a l  
t e c h n o l o g y  ( A s h b y ,  1 9 8 2 ;  A s h b y  a n d  C o w a r d ,  1 9 8 0 ;  G a r t r e l l  
a n d  G a r t r e l l ,  1 9 8 0 ) .  F o r  e x a m p l e ,  a f t e r  e x a m i n i n g  t h e  
a d o p t i o n  o f  " g r e e n  r e v o l u a t i o n "  t e c h n o l o g i e s  i n  s i x  l o w -  
i n c o m e  c o u n t r i e s .  P e r r i n  a n d  W i n k e l m a n  ( 1 9 7 6 : 8 9 3 )  made t h e  
f o l l o w i n g  c o n c l u s i o n :  

The m o s t  p e r v a s i v e  e x p l a n a t i o n  o f  why some f a r m e r s  
do n o t  a d o p t  new v a r i e t i e s  a n d  f e r t i l i z e r s  w h i l e  
o t h e r s  do i s  t h a t  t h e  e x p e c t e d  i n c r e a s e  i n  y i e l d  
f o r  some f a r m e r s  i s  s m a l l  o r  n i l ,  w h i l e  f o r  o t h e r s  
i t  i s  s i g n i f i c a n t .  d u e  t o  d i f f e r e n c e s  ( s o m e t i m e s  
s u b t l e )  i n  s o i l s ,  c l i m a t e ,  w a t e r  a v a i l a b i l i t y ,  
o r  o t h e r  b i o l o g i c a l  f a c t o r s .  

H o w e v e r ,  t h e  v a l u e  o f  s u c h  f a c t o r s  f o r  u n d e r s t a n d i n g  
a d o p t i o n  i n  a h i g h l y  i n d u s t r i a l i z e d  a g r i c u l t u r a l  s y s t e m  h a s  
n o t  b e e n  e x p l i c i t l y  a s s e s s e d  i n  r e c e n t  y e a r s .  T h i s  i s  
s o m e w h a t  s u r p r i s i n g  s i n c e  o n e  o f  t h e  f e w  s t u d i e s  t o  e x a m i n e  
t h e  r e l a t i o n s h i p  b e t w e e n  t h e  p h y s i c a l  e n v i r o n m e n t  a n d  
a d o p t i o n  ( G i b b o n s ,  1 9 6 4 )  f o u n d  t h a t  t h e  r a t e  o f  i r r i g a t i o n  
d e v e l o p m e n t  i n  T e x a s  c o u n t i e s  was  i n v e r s e l y  r e l a t e d  t o  t h e  
a m o u n t  o f  r a i n f a l l  i n  t h e  c o u n t y  a n d  t o  t h e  c o s t  o f  
i r r i g a t i o n .  I n  o t h e r  w o r d s ,  f a r m e r s  a d o p t e d  i r r i g a t i o n  a s  a 
f a r m i n g  p r a c t i c e  i n  a r e a s  w h e r e  i t  w a s  n e e d e d  m o s t  ( l o w  
r a i n f a l l )  i f  t h e  c o s t s  w e r e  n o t  e x c e s s i v e .  He c o n c l u d e d  
t h a t  a t t e m p t s  t o  u n d e r s t a n d  t h e  d i f f u s i o n  o f  i r r i g a t i o n  i n  
T e x a s  w i t h o u t  c o n s i d e r i n g  s u c h  e n v i r o n m e n t a l  c o n d i t i o n s  
c o u l d  be  m i s l e a d i n g .  

T h e  p u r p o s e  o f  t h i s  p a p e r  i s  t o  a p p l y  a n  e x t e n d e d  
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a d o p t i o n  m o d e l  t o  t h e  a d o p t i o n  o f  i r r i g a t i o n  t e c h n o l o g y  i n  
t h e  T e x a s  H i g h  P l a i n s - - a n  a r e a  f a c e d  w i t h  d i m i n i s h i n g  w a t e r  
r e s o u r c e s  a n d  a n  i n c o m p l e t e  l e v e l  o f  a d o p t i o n  o f  e n e r g y -  
e f f i c i e n t  a n d  w a t e r - e f f i c i e n t  i r r i g a t i o n  t e c h n o l o g y .  T h i s  
e x t e n d e d  m o d e l  i n c l u d e s  s o m e  p e r s o n a l  a t t r i b u t e s  a n d  f a r m  
c h a r a c t e r i s t i c s  c o m m o n l y  u s e d  i n  p r e v i o u s  a d o p t i o n  r e s e a r c h  
e f f o r t s  a n d  s o m e  l o c a t i o n - s p e c i f i c  e n v i r o n m e n t a l  f a c t o r s .  
T h e  p a p e r  c o n t i n u e s  w i t h  a b r i e f  o v e r v i e w  o f  i r r i g a t i o n  i n  
t h e  T e x a s  H i g h  P l a i n s  a n d  o f  r e c e n t  i n n o v a t i o n s  r e l a t e d  t o  
i r r i g a t i o n .  Some v a r i a b l e s  a s s u m e d  t o  b e  i m p o r t a n t  i n  t h e  
a d o p t i o n  o f  i r r i g a t i o n  i n n o v a t i o n s  a r e  t h e n  d i s c u s s e d .  
F i n a l l y ,  t h e  r e l a t i v e  s t r e n g t h s  o f  t h e  d i f f e r e n t  v a r i a b l e s  
i n  e x p l a i n i n g  a d o p t i o n  v e r s u s  n o n a d o p t i o n  a r e  e m p i r i c a l l y  
a s s e s s e d .  B e c a u s e  o f  t h e  i m p o r t a n c e  o f  i r r i g a t i o n  t o  
a g r i c u l t u r e  o n  t h e  H i g h  P l a i n s  ( G r e e n ,  1 9 7 3 )  a n d  t h e  
c o n t r i b u t i o n  o f  a g r i c u l t u r e  t o  t h e  g e n e r a l  e c o n o m y ,  
k n o w l e d g e  o f  f a c t o r s  a f f e c t i n g  t h e  a d o p t i o n  o f  e n e r g y -  
e f f i c i e n t  a n d  w a t e r - e f f i c i e n t  i r r i g a t i o n  t e c h n o l o g y  c a n  
p r o v i d e  a b a s i s  f o r  i n c r e a s e d  u n d e r s t a n d i n g  o f  t h e  e x t e n t  
a n d  d i r e c t i o n  o f  f u t u r e  c h a n g e s  o f  b o t h  t h e  f a r m  a n d  n o n f a r m  
e c o n o m y  a n d  p o p u l a t i o n  t h r o u g h o u t  t h e  G r e a t  P l a i n s  ( F l i e g e l  
a n d  v a n  E s ,  1 9 8 3 ) .  

I r r i g a t i o n  i n  t h e  T e x a s  H i g h  P l a i n s  

I n  r e c e n t  d e c a d e s ,  t h e  T e x a s  H i g h  P l a i n s  h a s  b e c o m e  o n e  
o f  t h e  m o s t  p r o d u c t i v e  a g r i c u l t u r a l  r e g i o n s  i n  t h e  U n i t e d  
S t a t e s .  Much o f  t h i s  i n c r e a s e d  p r o d u c t i v i t y  i s  a d i r e c t  
r e s u l t  o f  t h e  c o n v e r s i o n  o f  m i l l i o n s  o f  a c r e s  f r o m  d r y l a n d  
t o  i r r i g a t e d  a g r i c u l t u r e ,  w i t h  t h e  v a s t  m a j o r i t y  o f  t h e  
i r r i g a t i o n  w a t e r  b e i n g  d r a w n  f r o m  t h e  e x t e n s i v e  O g a l l a l a  
a q u i f e r  ( B i t t i n g e r  a n d  G r e e n ,  1 9 8 0 ;  G r e e n ,  1 9 7 3 ) .  
I r r i g a t i o n  d e v e l o p m e n t  n o t  o n l y  i n c r e a s e d  c r o p  p r o d u c t i o n  
( C a s e y  e t  a l . ,  1 9 7 5 ) .  i t  a l s o  h a d  m a j o r  s o c i a l  a n d  e c o n o m i c  
i m p l i c a t i o n s .  As a g r i c u l t u r e  f l o u r i s h e d ,  s o  d i d  a l l i e d  a n d  
s e c o n d a r y  b u s i n e s s e s  ( B i t t i n g e r  a n d  G r e e n ,  1 9 8 0 ) .  I n  f a c t ,  
i t  a p p e a r s  t h a t  i r r i g a t i o n  d e v e l o p m e n t  r e s u l t e d  i n  h i g h e r  
l e v e l s  o f  a g r i c u l t u r a l  e m p l o y m e n t  a n d  a g r e a t e r  l i k e l i h o o d  
o f  p o p u l a t i o n  r e t e n t i o n  i n  r u r a l  a r e a s  t h a n  o t h e r w i s e  w o u l d  
h a v e  b e e n  p o s s i b l e  ( A l b r e c h t  e t  a l . ,  1 9 8 4 :  A l b r e c h t  a n d  
M u r d o c k ,  1 9 8 5 ;  G i b b s ,  1 9 6 4 ;  G r e e n ,  1 9 7 3 ) .  

Much a t t e n t i o n  r e c e n t l y  h a s  b e e n  d i r e c t e d  t o w a r d  t h e  
f a c t  t h a t  p u m p a g e  f r o m  t h e  O g a l l a l a  a q u i f e r  i s  c o n s i d e r a b l y  
g r e a t e r  t h a n  t h e  e s t i m a t e d  r e c h a r g e  ( S u p a l l a  e t  a l . ,  1 9 8 2 )  
a n d  t h a t  i n  t h e  l o n g  t e r m ,  t h e  a q u i f e r  w i l l  n o t  s u p p o r t  
p r e s e n t  l e v e l s  o f  i r r i g a t i o n  ( S h e l l e y ,  1 9 8 3 ;  W i l l i a m s  a n d  
B a n k s ,  1 9 8 2 ) .  P u m p a g e  f r o m  t h e  O g a l l a l a  a l s o  f a c e s  a  s e c o n d  
m a j o r  p r o b l e m - - r i s i n g  e n e r g y  c o s t s  ( P i m e n t e l  a n d  P i m e n t e l ,  
1 9 7 9 ) .  S i n c e  1 9 7 2 ,  t h e  p r i c e  o f  n a t u r a l  g a s ,  t h e  
p r e d o m i n a n t  f u e l  u s e d  t o  p o w e r  i r r i g a t i o n  p u m p i n g  p l a n t s ,  
h a s  i n c r e a s e d  b y  9 0 0  p e r c e n t  ( A l l e n ,  1 9 8 3 )  a n d  h a s  b r o u g h t  
i n t o  q u e s t i o n  t h e  e c o n o m i c  f e a s i b i l i t y  o f  c o n t i n u e d  
i r r i g a t i o n  o f  H i g h  P l a i n s  a g r i c u l t u r e .  No t  o n l y  i s  t h e  c o s t  
o f  e n e r g y  i n c r e a s i n g ,  b u t  a s  t h e  w a t e r  t a b l e  d e c l i n e s ,  t h e  
a m o u n t  o f  e n e r g y  r e q u i r e d  t o  l i f t  a u n i t  o f  w a t e r  i n c r e a s e s .  

T h e  i m p l i c a t i o n s  o f  r e v e r t i n g  t o  d r y l a n d  a g r i c u l t u r e  i n  
t h e  T e x a s  H i g h  P l a i n s  c o u l d  b e  e x t e n s i v e  ( K r o m m  a n d  W h i t e ,  
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1 9 8 3 ;  S u p a l l a  e t  a l . ,  1 9 8 2 ;  T e m p l e r ,  1 9 8 3 ) .  A d e c l i n e  i n  
t h e  a m o u n t  o f  i r r i g a t i o n  i n  t h e  G r e a t  P l a i n s  c o u l d  r e s u l t  i n  
r e d u c e d  a g r i c u l t u r a l  p r o d u c t i v i t y ,  f e w e r  a n d  l e s s  p r o d u c t i v e  
f a r m s .  a n d  a d e c l i n e  i n  b o t h  t o t a l  a n d  f a r m  p o p u l a t i o n  
( A l b r e c h t  a n d  M u r d o c k .  1 9 8 5 ) .  M a i n t a i n i n g  i r r i g a t i o n  a s  a 
f e a s i b l e  a l t e r n a t i v e  i n t o  t h e  f o r e s e e a b l e  f u t u r e  d e p e n d s  
p r i m a r i l y  on a l a r g e  n u m b e r  o f  f a r m  o p e r a t o r s  a d o p t i n g  m o r e  
e f f i c i e n t  i r r i g a t i o n  t e c h n i q u e s .  R e s e a r c h e r s  h a v e  a s s u m e d  
t h a t  t h e  u s e  o f  t h e s e  t e c h n o l o g i e s  w i l l  a l l o w  f a r m e r s  t o  
m a i n t a i n  c u r r e n t  l e v e l s  o f  c r o p  p r o d u c t i o n  w h i l e  r e d u c i n g  
b o t h  t h e  a m o u n t  of  w a t e r  pumped a n d  t h e  e n e r g y  u s e d .  T h u s ,  
t h e  a d o p t i o n  o f  e f f i c i e n t  i r r i g a t i o n  t e c h n i q u e s  s h o u l d  
b e n e f i t  b o t h  t h e  i n d i v i d u a l  f a r m e r  a n d  a H i g h  P l a i n s  s o c i e t y  
t h a t  d e p e n d s  on a p r o d u c t i v e  a g r i c u l t u r a l  economy.  

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

F o u r  i m p r o v e d  i r r i g a t i o n  t e c h n i q u e s  r e c o m m e n d e d  t o  
f a r m e r s  i n c l u d e  f u r r o w  d i k i n g ,  s o i l  m o i s t u r e  d e t e c t i o n ,  
c e n t e r - p i v o t  s p r i n k l e r s ,  a n d  r e t u r n  p i t s .  

F u r r o w  d i k i n g :  T h i s  i r r i g a t i o n  t e c h n i q u e  i n v o l v e s  -- 
p l a c i n g  d i k e s  a t  s p e c i f i e d  i n t e r v a l s  i n  t h e  f u r r o w  t o  r e d u c e  
w a t e r  r u n o f f  ( C l a r k ,  1 9 7 9 ) .  By h o l d i n g  t h e  w a t e r  i n  t h e  
f u r r o w ,  m o r e  o f  i t  c a n  be u s e d  by t h e  p l a n t .  F u r r o w  d i k i n g ,  
t h e r e f o r e ,  n o t  o n l y  c o n s e r v e s  w a t e r ,  i t  a l s o  r e d u c e s  e n e r g y  
c o s t s  s i n c e  l e s s  p u m p i n g  i s  r e q u i r e d .  

S o i l  m o i s t u r e  d e t e c t i o n :  F a r m e r s  t y p i c a l l y  
s c h e d u l e  i r r i g a t i o n  by  w a t c h i n g  t h e i r  c r o p s  a n d  a p p l y i n g  
w a t e r  w h e n  t h e y  s e e  s i g n s  o f  w i l t i n g  o r  s t r e s s .  H o w e v e r ,  
u s i n g  a b o v e - g r o u n d  p l a n t  p a r t s  a s  m o i s t u r e  i n d i c a t o r s  i s  n o t  
e f f i c i e n t .  By t h e  t i m e  p l a n t s  s t a r t  t o  w i l t  f r o m  l a c k  o f  
w a t e r .  y i e l d s  h a v e  a l r e a d y  d i m i n i s h e d .  O v e r w a t e r i n g ,  o n  t h e  
o t h e r  h a n d ,  a l s o  r e d u c e s  y i e l d s  a n d ,  i n  a d d i t i o n ,  d r i v e s  up  
i r r i g a t i o n  e n e r g y  c o s t s  a n d  r e d u c e s  w a t e r  s u p p l i e s .  

I r r i g a t i o n  c a n  b e  f i n e  t u n e d  b y  d e t e c t i n g  m o i s t u r e  
l e v e l s  i n  t h e  r o o t  z o n e .  M o i s t u r e - d e t e c t i n g  d e v i c e s  
f a c i l i t a t e  m o r e  e f f i c i e n t  i r r i g a t i o n  s c h e d u l i n g  a n d  c a n  
r e d u c e  i r r i g a t i o n  p u m p i n g  by a n  e s t i m a t e d  2 0  t o  50  p e r c e n t  
( S v e n s o n ,  1 9 8 3 ;  C l a r k  a n d  H i l e r ,  1 9 7 3 ) .  

C e n t e r - p i v o t  s p r i n k l e r s :  H i s t o r i c a l l y ,  m u c h  o f  t h e  
c r o p l a n d  i r r i g a t e d  i n  t h e  H i g h  P l a i n s  h a s  b e e n  f u r r o w  
i r r i g a t e d .  I n  r e c e n t  y e a r s .  c e n t e r - p i v o t  s p r i n k l e r  
i r r i g a t i o n  s y s t e m s  h a v e  i n c r e a s e d  i n  p o p u l a r i t y  b e c a u s e  o f  
t h e i r  l o w e r  l a b o r  r e q u i r e m e n t s ,  t h e i r  a d a p t a b i l i t y  t o  
r o l l i n g  t e r r a i n  a n d  s a n d y  s o i l s ,  a n d  t h e i r  h i g h e r  
a p p l i c a t i o n  e f f i c i e n c y .  K e e s e  ( 1 9 8 0 )  r e p o r t s  t h a t  s p r i n k l e r  
i r r i g a t i o n  h a s  a n  8 0  p e r c e n t  w a t e r  e f f i c i e n c y  r a t i n g ,  
c o m p a r e d  w i t h  6 0  p e r c e n t  f o r  f u r r o w  i r r i g a t i o n .  T h u s ,  t h e  
u s e  o f  c e n t e r - p i v o t s  c o n s e r v e s  b o t h  w a t e r  a n d  e n e r g y .  A 
m a j o r  d r a w b a c k  t o  t h e  c e n t e r - p i v o t  s y s t e m ,  h o w e v e r ,  i s  i t s  
h i g h  i n i t i a l  c o s t .  

R e t u r n  p i t s :  F a r m e r s  i n  t h e  H i g h  P l a i n s  who u s e  f u r r o w  
i r r i g a t i o n  o f t e n  h a v e  e x c e s s i v e  w a t e r  r u n o f f  f r o m  t h e  l o w e r  
e n d  o f  t h e  f i e l d .  One c o n s e r v a t i o n  t e c h n i q u e  c o n s i s t s  o f  
d i g g i n g  a  p i t  t o  c a t c h  t h e  w a t e r  r u n o f f .  T h i s  w a t e r  c a n  
t h e n  b e  p u m p e d  f r o m  t h e  p i t  a n d  r e c y c l e d  o v e r  t h e  c r o p s ,  
t h u s  r e d u c i n g  t h e  u s e  o f  u n d e r g r o u n d  w a t e r  (CAST, 1 9 8 2 ) .  
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R e t u r n  p i t s  a l s o  r e d u c e  e n e r g y  c o s t s  b e c a u s e  p u m p i n g  w a t e r  
f r o m  a r e t u r n  p i t  i s  c h e a p e r  t h a n  p u m p i n g  f r o m  a n  a q u i f e r  
f a r  b e l o w  g r o u n d  s u r f a c e .  B e c a u s e  t h i s  t e c h n i q u e  i s  
a p p l i c a b l e  o n l y  t o  f a r m e r s  u s i n g  f u r r o w  i r r i g a t i o n ,  o u r  
r e t u r n  p i t  a n a l y s i s  w i l l  e x c l u d e  f a r m e r s  u s i n g  o n l y  
s p r i n k l e r  i r r i g a t i o n  s y s t e m s .  

F a c t o r s  a f f e c t i n g  a d o p t i o n  

T h e  a d o p t i o n  o f  f a r m  t e c h n o l o g y  r e p r e s e n t s  o n e  o f  t h e  
m o s t  p o p u l a r  a r e a s  o f  r u r a l  s o c i o l o g y  r e s e a r c h ,  w i t h  
l i t e r a l l y  t h o u s a n d s  of  r e s e a r c h  a r t i c l e s  b e i n g  p u b l i s h e d  on 
t h i s  t o p i c .  D e t a i l e d  t h e o r e t i c a l  d i s c u s s i o n s  o f  t h e  
v a r i a b l e s  e x a m i n e d  and  t h e i r  r e l a t i o n s h i p s  t o  a d o p t i o n  c a n  
b e  o b t a i n e d  f r o m  t h e  r e f e r e n c e s  c i t e d  a n d  a r e  n o t  i n c l u d e d  
h e r e .  

The p u r p o s e  of  t h i s  p a p e r  i s  t o  e x a m i n e  t h e  i m p o r t a n c e  
o f  e n v i r o n m e n t a l  v a r i a b l e s  i n  i m p r o v i n g  o u r  u n d e r s t a n d i n g  o f  
f a c t o r s  a f f e c t i n g  t h e  a d o p t i o n  o f  w a t e r - e f f i c i e n t  a n d  
e n e r g y - e f f i c i e n t  i r r i g a t i o n  t e c h n o l o g y .  I n  t h e  p r e s e n t  
a n a l y s i s .  f i v e  v a r i a b l e s  a r e  u s e d  t o  e x p l a i n  t h e  a d o p t i o n  o f  
i r r i g a t i o n  t e c h n o l o g y .  

E d u c a t i o n :  The  a d o p t i o n  o f  r e c o m m e n d e d  and  e f f i c i e n t  
f a r m i n g  p r a c t i c e s  r e q u i r e s  c e r t a i n  m a n a g e r i a l  s k i l l s ,  many 
o f  w h i c h  a r e  g a i n e d  t h r o u g h  e d u c a t i o n  ( A b d - E l l a  e t  a l . ,  
1 9 8 1 ) .  P a s t  r e s e a r c h  g e n e r a l l y  h a s  f o u n d  e d u c a t i o n  t o  b e  
p o s i t i v e l y  r e l a t e d  t o  a d o p t i o n  ( A j a g a ,  1 9 8 0 ;  B e a l  a n d  
S i b l e y ,  1 9 6 7 ;  C a r l s o n  e t  a l . ,  1 9 8 0 ;  Nowak a n d  K o r s c h i n g ,  
1 9 8 2 ;  R o g e r s  w i t h  S h o e m a k e r ,  1 9 7 1 ) .  We h y p o t h e s i z e  t h a t  
e d u c a t i o n  w i l l  b e  p o s i t i v e l y  r e l a t e d  t o  a d o p t i o n  o f  
i r r i g a t i o n  t e c h n o l o g i e s .  

C o m m u n i c a t i o n :  T h e  q u a l i t y  a n d  q u a n t i t y  o f  ----- --------- 
c o m m u n i c a t i o n  w i t h  c h a n g e  a g e n t s  h a s  l o n g  b e e n  c o n s i d e r e d  a n  
i m p o r t a n t  f a c t o r  i n  t h e  d i f f u s i o n  o f  i n n o v a t i o n s .  E m p i r i c a l  
r e s e a r c h  c o n s i s t e n t l y  h a s  shown t h a t  p e r s o n s  who h a v e  m o r e  
c o n t a c t  w i t h  c h a n g e  a g e n t s  a n d  who h a v e  m o r e  c o n f i d e n c e  i n  
t h e  i n f o r m a t i o n  p r o v i d e d  by c h a n g e  a g e n t s  a r e  more  l i k e l y  t o  
a d o p t  t h e  i n n o v a t i o n  a n d  t o  a d o p t  i t  e a r l i e r  t h a n  o t h e r s  
( R o g e r s  w i t h  S h o e m a k e r ,  1 9 7 1 ;  F l i e g e l ,  1 9 6 5 ) .  T h u s ,  we 
e x p e c t  a  p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  a c h a n g e  a g e n t  
c o m m u n i c a t i o n  s c o r e  a n d  t h e  a d o p t i o n  o f  i r r i g a t i o n  
t e c h n o l o g i e s .  

Farm s i z e  ( a c r e s ) :  A l a r g e r  f a r m  s i z e  t y p i c a l l y  m e a n s  
t h a t  t h e  f a r m e r  h a s  more  r e s o u r c e s  a n d  t h u s ,  a g r e a t e r  r i s k -  
t a k i n g  a b i l i t y .  A l o n g  l i n e  o f  a d o p t i o n  r e s e a r c h  
c o n s i s t e n t l y  h a s  f o u n d  a  p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  f a r m  
s i z e  a n d  t h e  a d o p t i o n  o f  a g r i c u l t u r a l  i n n o v a t i o n s  ( A b d - E l l a  
e t  a l . .  1 9 8 1 ;  B e a l  a n d  S i b l e y ,  1 9 6 7 ;  C a r l s o n  e t  a l . ,  1 9 8 0 ;  
H o o k s  e t  a l . ,  1 9 8 3 ;  R o g e r s  w i t h  S h o e m a k e r ,  1 9 7 1 ) .  We 
h y p o t h e s i z e  a  p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  t h e  a d o p t i o n  o f  
i r r i g a t i o n  t e c h n o l o g y  and  f a r m  s i z e .  

F a r m  t e n u r e :  T e n u r e ,  o r  t h e  f a r m  o p e r a t o r ' s  l e g a l  -- 
s t a t u s  r e l a t i v e  t o  t h e  l a n d .  h a s  p r o v e n  t o  b e  a n  i m p o r t a n t  
v a r i a b l e  i n  u n d e r s t a n d i n g  t h e  a d o p t i o n  o f  a g r i c u l t u r a l  
i n n o v a t i o n s .  T y p i c a l l y ,  o w n e r s  a r e  m o r e  i n n o v a t i v e  t h a n  
r e n t e r s  ( L a s l e y  a n d  N o l a n ,  1 9 8 1 ;  Nowak a n d  K o r s c h i n g ,  1 9 8 2 ) .  
I n  many c a s e s ,  r e n t e r s  l a c k  t h e  d e c i s i o n - m a k i n g  f r e e d o m  t o  
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a d o p t  i n n o v a t i o n s .  T h u s ,  we h y p o t h e s i z e  t h a t  i n n o v a t i v e n e s s  
w i l l  i n c r e a s e  a s  t h e  r a t i o  o f  l a n d  o w n e d  t o  t o t a l  l a n d  
f a r m e d  i n c r e a s e s .  

S a t u r a t e d  t h i c k n e s s :  T h i s  i s  t h e  d e p t h  o f  t h e  a q u i f e r  
u n d e r  t h e  f a r m .  Where t h e  s a t u r a t e d  t h i c k n e s s  i s  s h a l l o w ,  
t h e  v o l u m e  o f  w a t e r  t h a t  c a n  b e  p u m p e d  i s  l e s s ,  s m a l l e r  
p u m p s  m u s t  b e  u s e d ,  a n d  t h e r e f o r e  t h e  c o s t  o f  l i f t i n g  a n  
- - 

a c r e - f o o t  o f  w a t e r  i s  i n c r e a s e d .  T h u s ,  f o r  f a r m e r s  w i t h  l o w  
s a t u r a t e d  t h i c k n e s s ,  i r r i g a t i o n  i s  b e c o m i n g  e c o n o m i c a l l y  
l e s s  f e a s i b l e .  Under  t h e s e  c i r c u m s t a n c e s ,  f a r m e r s  a r e  l e s s  
l i k e l y  t o  a d o p t  i r r i g a t i o n  i n n o v a t i o n s  s i n c e  t h e  c h a n c e s  o f  
r e c o u p i n g  t h e i r  i n v e s t m e n t  a r e  r e d u c e d .  A c c o r d i n g l y ,  we 
h y p o t h e s i z e  t h a t  f a r m e r s  w i t h  a l o w e r  s a t u r a t e d  t h i c k n e s s  
w i l l  b e  l e s s  l i k e l y  t o  h a v e  a d o p t e d  t h e  i r r i g a t i o n  
i n n o v a t i o n s .  

An a r g u m e n t  c o u l d  b e  m a d e  f o r  e x p e c t i n g  t h i s  
r e l a t i o n s h i p  t o  b e  o p p o s i t e  o f  w h a t  i s  h y p o t h e s i z e d .  
F a r m e r s  p u m p i n g  w a t e r  f r o m  a r e a s  w h e r e  t h e  a q u i f e r  i s  
s h a l l o w  may h a v e  a g r e a t e r  m o t i v a t i o n  t o  c o n s e r v e  t h e i r  
l i m i t e d  w a t e r  r e s o u r c e s .  However ,  t h e r e  a r e  s e v e r a l  r e a s o n s  
why we e x p e c t  f a r m e r s  w i t h  a l a r g e r  s a t u r a t e d  t h i c k n e s s  t o  
h a v e  a d o p t e d  more  of  t h e  e f f i c i e n t  i r r i g a t i o n  t e c h n o l o g i e s .  
F i r s t ,  w i t h  e n e r g y  e x p e n s e s  s o  h i g h ,  t h e  c u r r e n t  p r o f i t  
m a r g i n  f o r  i r r i g a t i o n  i s  q u i t e  s m a l l .  I n  m o s t  c a s e s ,  t h e  
v a l u e  o f  a d d e d  p r o d u c t i o n  f r o m  i r r i g a t i o n  b a r e l y  e x c e e d s  t h e  
i r r i g a t i o n  c o s t s  ( i n c l u d i n g  e n e r g y ,  l a b o r ,  a n d  t h e  i n i t i a l  
c o s t  o f  t h e  s y s t e m ) .  O f t e n ,  a l o n g  l i f e  e x p e c t a n c y  i s  
n e e d e d  t o  j u s t i f y  a n  i n v e s t m e n t  i n  a new t e c h n o l o g y .  a n d  
t h e r e  i s  n o t  t h i s  a s s u r a n c e  i n  a s h a l l o w  w a t e r  a r e a .  
S e c o n d ,  a l l  f a r m e r s  i n  t h e  r e g i o n ,  r e g a r d l e s s  o f  t h e i r  own 
g r o u n d w a t e r  s i t u a t i o n ,  a r e  a w a r e  o f  t h e  p r o b l e m  o f  d e c l i n i n g  
w a t e r  t a b l e s  a n d  p r o b a b l y  f e e l  s o m e  n e e d  t o  c o n s e r v e  t h e  
w a t e r  r e s o u r c e s .  

To  t e s t  t h e s e  h y p o t h e s e s ,  d a t a  w e r e  c o l l e c t e d  u s i n g  
t e l e p h o n e  i n t e r v i e w s  w i t h  a r a n d o m  s a m p l e  o f  f a r m e r s  i n  
t h r e e  c o u n t i e s  ( P a r m e r ,  H o c k l e y ,  a n d  H a l e )  i n  t h e  T e x a s  H i g h  
P l a i n s .  T h e s e  t h r e e  c o u n t i e s  w e r e  s e l e c t e d  t o  p r o v i d e  a 
d i v e r s i t y  i n  s a t u r a t e d  t h i c k n e s s .  P a r m e r  C o u n t y  h a s  a 
r e l a t i v e l y  p l e n t i f u l  g r o u n d w a t e r  s u p p l y ,  H o c k l e y  C o u n t y  a 
l i m i t e d  g r o u n d w a t e r  s u p p l y ,  a n d  H a l e  C o u n t y  i s  i n t e r m e d i a t e .  

A l i s t  o f  f a r m e r s  p r o d u c i n g  c r o p s  i n  t h e  t h r e e  c o u n t i e s  
was o b t a i n e d  f r o m  a g r i c u l t u r a l  a g e n c i e s ,  a n d  a p r o p o r t i o n a t e  
r a n d o m  s a m p l e  w a s  d r a w n .  T e l e p h o n e  i n t e r v i e w s  w e r e  
c o n d u c t e d  i n  e a r l y  1983. w i t h  a t o t a l  o f  394 f a r m  o p e r a t o r s  
b e i n g  c o n t a c t e d .  Of t h e s e ,  338 i n t e r v i e w s  w e r e  s u c c e s s f u l l y  
c o m p l e t e d  f o r  a r e s p o n s e  r a t e  o f  86 p e r c e n t .  Of t h e  338 
f a r m e r s  i n t e r v i e w e r e d ,  307 c u r r e n t l y  i r r i g a t e  and  a r e  u s e d  
i n  t h e  p r e s e n t  a n a l y s i s .  A c o m p a r i s o n  o f  t h e  
c h a r a c t e r i s t i c s  o f  t h e  i n t e r v i e w e d  Z - a r m e r s  w i t h  t h e  
p o p u l a t i o n  o f  c r o p  p r o d u c i n g  f a r m e r s  i n  t h e  t h r e e  c o u n t i e s  
a s  r e p o r t e d  i n  t h e  1982 C e n s u s  o f  A g r i c u l t u r e  r e v e a l s  
e x t e n s i v e  s i m i l a r i t i e s .  s u p p o r t i n g  t h e  c o n t e n t i o n  t h a t  t h e  
s a m p l e  i s  r e p r e s e n t a t i v e .  
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M e a s u r e m e n t  o f  v a r i a b l e s  

D e p e n d e n t  v a r i a b l e s :  T h e  i n t e r v i e w e d  f a r m e r s  w e r e  
a s k e d  w h e t h e r  t h e y  h a d  a d o p t e d  e a c h  o f  t h e  f o u r  i r r i g a t i o n  
t e c h n o l o g i e s .  R e s p o n s e s  f o r  e a c h  of  t h e s e  i t e m s  w e r e  c o d e d  
a s  e i t h e r  y e s  o r  no .  

I n d e p e n d e n t  v a r i a b l e s :  E d u c a t i o n  w a s  t h e  n u m b e r  o f  
s c h o o l  y e a r s  c o m p l e t e d .  V a l u e s  on t h i s  v a r i a b l e  r a n g e d  f r o m  
l e s s  t h a n  a g r a d e  s c h o o l  e d u c a t i o n  t o  t w o  f a r m e r s  who h a v e  
Ph.D. d e g r e e s .  The m e d i a n  e d u c a t i o n a l  l e v e l  was h i g h  s c h o o l  
g r a d u a t e .  A c o m m u n i c a t i o n  s c o r e  w a s  d e t e r m i n e d  b y  a s k i n g  
r e s p o n d e n t s  how h e l p f u l  e a c h  o f  n i n e  s o u r c e s  o f  i n f o r m a t i o n  
w e r e  i n  p r o v i d i n g  r e l e v a n t  i n f o r m a t i o n  o n  i r r i g a t i o n  
t e c h n o 1 o g y . l  P o t e n t i a l  r e s p o n s e s  r a n g e d  f r o m  " o f  n o  h e l p "  
( s c o r e  o f  1)  t o  " e x t r e m e l y  h e l p f u l "  ( s c o r e  o f  5 ) .  T h e s e  
n i n e  i t e m s  w e r e  t h e n  s u b m i t t e d  t o  c o m m o n  f a c t o r  a n a l y s i s  
f r o m  w h i c h  o n e  f a c t o r  e m e r g e d .  The f a c t o r  s c o r e  g e n e r a t e d  
b y  t h i s  p r o c e d u r e  w a s  t h e n  u s e d  i n  s u b s e q u e n t  a n a l y s i s .  A 
h i g h e r  s c o r e  r e p r e s e n t s  m o r e  t r u s t  i n  t h e  i n f o r m a t i o n  
p r o v i d e d  by t h e  i r r i g a t i o n  c h a n g e  a g e n t s .  

Farm s i z e  was t h e  t o t a l  n u m b e r  o f  a c r e s  o p e r a t e d ,  b o t h  
o w n e d  a n d  r e n t e d .  V a l u e s  o n  t h i s  v a r i a b l e  r a n g e d  f r o m  2 5  
a c r e s  t o  m o r e  t h a n  7 , 0 0 0  a c r e s ,  w i t h  a n  a v e r a g e  o f  1 , 0 3 5  
a c r e s .  F a r m  t e n u r e  w a s  t h e  r a t i o  o f  l a n d  o w n e d  t o  t o t a l  
l a n d  f a r m e d .  O n e - t h i r d  o f  t h e  f a r m e r s  w e r e  f u l l  t e n a n t s ,  1 5  
p e r c e n t  w e r e  f u l l  o w n e r s ,  a n d  t h e  a v e r a g e  f a r m e r  o w n e d  3 3  
p e r c e n t  of  t h e  a c r e a g e  h e  f a r m e d .  

S a t u r a t e d  t h i c k n e s s  was  m e a s u r e d  by a s k i n g  f a r m e r s  t h e  
d e p t h  o f  t h e  a q u i f e r  u n d e r  t h e i r  f a r m . 2  V a l u e s  o n  t h i s  
v a r i a b l e  r a n g e d  f r o m  l e s s  t h a n  5 0  f e e t  u p  t o  2 5 0  f e e t .  T h e  
a v e r a g e  f a r m e r  had  a s a t u r a t e d  t h i c k n e s s  o f  9 1  f e e t .  

S t a t i s t i c a l  a n a l y s i s  

T y p i c a l l y ,  f a r m e r  i n n o v a t i v e n e s s  i s  o p e r a t i o n a l i z e d  
w i t h  a s u m m a t e d  i n d e x  o f  i n n o v a t i o n s  a f a r m e r  h a s  u s e d  
( A s h b y ,  1 9 8 2 ) .  S u c h  a p r o c e d u r e  i g n o r e s  v a r i a t i o n s  i n  t h e  
s i t e  s u i t a b i l i t y  o f  t h e  i n n o v a t i o n s  f o r  d i f f e r e n t  
b i o p h y s i c a l  r e s o u r c e s .  T h u s ,  a n a l y s i s  i n  t h i s  s t u d y  w a s  
c o n d u c t e d  s e p a r a t e l y  f o r  e a c h  o f  t h e  f o u r  i r r i g a t i o n  
i n n o v a t i o n s .  

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

 he n i n e  s o u r c e s  o f  i n f o r m a t i o n  e x a m i n e d  i n  t h i s  s t u d y  
i n c l u d e d  i r r i g a t i o n  e q u i p m e n t  d e a l e r s  a n d  r e p r e s e n t a t i v e s ,  
c o u n t y  E x t e n s i o n  a g e n t s ,  f a r m  p a p e r s  a n d  m a g a z i n e s ,  l e n d i n g  
a g e n c i e s ,  o t h e r  f a r m e r s ,  a g r i c u l t u r a l  s c i e n t i s t s ,  t h e  S o i l  
C o n s e r v a t i o n  S e r v i c e ,  p r i v a t e  c o n s u l t a n t s ,  a n d  H i g h  P l a i n s  
W a t e r  C o n s e r v a t i o n  D i s t r i c t  p e r s o n n e l .  

' ~ e s u l t s  by  c o u n t y  w e r e  a s  e x p e c t e d ,  i n d i c a t i n g  t h a t  
f a r m e r s  k n o w  t h e  d e p t h  o f  t h e  a q u i f e r  u n d e r  t h e i r  f a r m s .  
A l s o  a s  e x p e c t e d .  f a r m e r s  r e p o r t e d  t h a t  t h e i r  c o s t s  f o r  
p u m p i n g  i r r i g a t i o n  w a t e r  i n c r e a s e d  a s  t h e  s a t u r a t e d  
t h i c k n e s s  d e c l i n e d .  
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t e c h n o l o g i e s  d i f f e r  s i g n i f i c a n t l y  f r o m  n o n a d o p t e r s  o n  
p e r s o n a l  a t t r i b u t e s  ( e d u c a t i o n  a n d  c o m m u n i c a t i o n ) ,  f a r m  
c h a r a c t e r i s t i c s  ( f a r m  s i z e  a n d  f a r m  t e n u r e ) ,  o r  t h e  
e n v i r o n m e n t a l  f a c t o r  ( s a t u r a t e d  t h i c k n e s s ) .  F o l l o w i n g  t h i s ,  
a m u l t i p l e  l o g i s t i c  r e g r e s s i o n  a n a l y s i s  w a s  u s e d  t o  
d e t e r m i n e  t h e  r e l a t i v e  i m p o r t a n c e  o f  e a c h  p r e d i c t o r  v a r i a b l e  
f o r  e a c h  o f  t h e  i n n o v a t i o n s  s t u d i e d .  L o g i s t i c  r e g r e s s i o n  
was u s e d  i n s t e a d  o f  s t a n d a r d  r e g r e s s i o n  t e c h n i q u e s  t o  a v o i d  
t h e  e s t i m a t i o n  p r o b l e m s  t h a t  r e s u l t  f r o m  t h e  u s e  o f  a 
d i c h o t o m o u s  d e p e n d e n t  v a r i a b l e  ( H a r r e l l .  1 9 8 0 ;  K n o k e  a n d  
B u r k e .  1 9 8 0 ;  N e r l o v e  a n d  P r e s s .  1 9 7 3 ) .  

I n  u s i n g  l o g i s t i c  r e g r e s s i o n .  a  c h i - s q u a r e  s t a t i s t i c  
was c o m p u t e d  f o r  e a c h  i n d i v i d u a l  v a r i a b l e  a n d  f o r  e a c h  m o d e l  
t o  t e s t  t h e  h y p o t h e s i s  t h a t  a p a r a m e t e r  i s  z e r o .  F o r  t h i s  
a n a l y s i s ,  t h e  c h i - s q u a r e  f o r  t h e  m o d e l  o n  e a c h  d e p e n d e n t  
v a r i a b l e  i s  r e p o r t e d ,  a s  i s  t h e  c h i - s q u a r e  t e s t i n g  t h e  
s i g n i f i c a n c e  o f  e a c h  i n d i v i d u a l  p r e d i c t o r  v a r i a b l e  i n  t h e  
model .  I n  a d d i t i o n ,  a D s t a t i s t i c  m e a s u r i n g  t h e  f i t  o f  e a c h  
m o d e l  i s  r e p o r t e d .  T h i s  D s t a t i s t i c  i s  a n a l o g o u s  t o  R -  
s q u a r e  i n  t h e  n o r m a l  s e t t i n g .  I n d i v i d u a l  D s t a t i s t i c s .  
w h i c h  a r e  s i m i l a r  t o  p a r t i a l  R - s q u a r e s ,  a r e  a l s o  s h o w n .  
F i n a l l y ,  t h e  i n t e r c e p t  a n d  - 2 L o g L  f o r  e a c h  m o d e l  a r e  
p r e s e n t e d  ( H a r r e l l ,  1 9 8 0 ) .  

Findings 

T a b l e  1 p r e s e n t s  t h e  p e r c e n t a g e  o f  f a r m  o p e r a t o r s  i n  
t h e  t h r e e  c o u n t y  s t u d y  a r e a  t h a t  h a v e  a d o p t e d  e a c . h  o f  t h e  
i r r i g a t i o n  i n n o v a t i o n s .  As s h o w n  i n  T a b l e  1, o n l y  o n e  o f  
t h e  i n n o v a t i o n s  ( f u r r o w  d i k i n g )  h a s  b e e n  a d o p t e d  b y  a 
m a j o r i t y  ( 5 2 % )  o f  t h e  p o t e n t i a l  f a r m  o p e r a t o r s .  A l a r g e  
m i n o r i t y  ( 3 9 % )  o f  t h e  f a r m e r s  h a v e  a d o p t e d  r e t u r n  p i t s ,  
w h i l e  o n l y  a  s m a l l  p r o p o r t i o n  h a v e  a d o p t e d  c e n t e r - p i v o t  
s p r i n k l e r s  ( 1 6 % )  o r  s o i l  m o i s t u r e  d e t e c t i o n  ( 1 5 % ) .  

T a b l e  1 a l s o  c o m p a r e s  a d o p t e r s  w i t h  n o n a d o p t e r s  o n  e a c h  
of  t h e  i n d e p e n d e n t  v a r i a b l e s .  

P e r s o n a l  a t t r i b u t e s :  I t  w a s  h y p o t h e s i z e d  t h a t  t h o s e  
who w e r e  b e t t e r  e d u c a t e d  a n d  t h o s e  who had  m o r e  c o n f i d e n c e  
i n  t h e  i n f o r m a t i o n  p r o v i d e d  by c h a n g e  a g e n t s  w o u l d  be  m o r e  
l i k e l y  t o  h a v e  a d o p t e d  e a c h  o f  t h e  i r r i g a t i o n  i n n o v a t i o n s .  
A c o m p a r i s o n  o f  t h e  m e a n s  i n  T a b l e  1 r e v e a l s  l i m i t e d  s u p p o r t  
f o r  t h e  h y p o t h e s e s .  O n l y  o n e  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  w a s  f o u n d  b e t w e e n  a d o p t e r s  a n d  n o n a d o p t e r s  f o r  
b o t h  e d u c a t i o n  a n d  c o m m u n i c a t i o n  s c o r e s .  A s  e x p e c t e d ,  t h e  
a d o p t e r s  o f  s o i l  m o i s t u r e  d e t e c t i o n  h a d  h i g h e r  l e v e l s  o f  
e d u c a t i o n  a n d  a l s o  h i g h e r  c o m m u n i c a t i o n  s c o r e s  t h a n  
n o n a d o p t e r s  . 

Farm c h a r a c t e r i s t i c s :  I t  was h y p o t h e s i z e d  t h a t  t h o s e  
w i t h  l a r g e r  f a r m s  a n d  t h o s e  w i t h  a h i g h e r  r a t i o  o f  l a n d  
o w n e d  t o - t o t a l  l a n d  f a r m e d  w o u l d  b e  m o r e  l i k e l y  t o  a d o p t  
e a c h  o f  t h e  i r r i g a t i o n - r e l a t e d  i n n o v a t i o n s .  F o r  f a r m  s i z e ,  
t h e r e  w a s  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  
a d o p t e r s  a n d  n o n a ' d o p t e r s  on a l l  f o u r  i n n o v a t i o n s  ( T a b l e  1). 
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As h y p o t h e s i z e d ,  t h e  a d o p t e r s  o f  e a c h  t e c h n i q u e  h a d  l a r g e r  
f a r m s  t h a n  d i d  t h e  n o n a d o p t e r s .  On t h e  f a r m  t e n u r e  
v a r i a b l e ,  t h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  
a d o p t e r s  a n d  n o n a d o p t e r s  w a s  f o r  c e n t e r - p i v o t  s p r i n k l e r s .  
As e x p e c t e d ,  t h e  r a t i o  o f  l a n d  o w n e d  t o  t o t a l  l a n d  f a r m e d  
w a s  g r e a t e r  f o r  t h e  a d o p t e r s  t h a n  f o r  t h e  n o n a d o p t e r s  o f  
c e n t e r - p i v o t  s p r i n k l e r s .  

E n v i r o n m e n t a l  f a c t o r :  I t  w a s  h y p o t h e s i z e d  t h a t  f a r m e r s  
w i t h  a g r e a t e r  s a t u r a t e d  t h i c k n e s s  w o u l d  b e  m o r e  l i k e l y  t o  
h a v e  a d o p t e d  t h e  i r r i g a t i o n  i n n o v a t i o n s .  Of t h e  f o u r  
i r r i g a t i o n  i n n o v a t i o n s ,  s a t u r a t e d  t h i c k n e s s  w a s  
s i g n i f i c a n t l y  r e l a t e d  t o  t h e  a d o p t i o n  o f  t h r e e - - s o i l  
m o i s t u r e  d e t e c t i o n ,  c e n t e r - p i v o t  s p r i n k l e r s ,  a n d  r e t u r n  
p i t s .  As  e x p e c t e d ,  t h e  a d o p t e r s  o f  t h e  i r r i g a t i o n  
t e c h n o l o g i e s  h a d  a s i g n i f i c a n t l y  g r e a t e r  s a t u r a t e d  t h i c k n e s s  
t h a n  n o n a d o p t e r s .  

M u l t i v a r i a t e  a n a l y s i s  

F i n d i n g s  p r e s e n t e d  i n  T a b l e  1 i n d i c a t e  t h a t  f a r m  s i z e  
a n d  s a t u r a t e d  t h i c k n e s s  a r e  t h e  m o s t  i m p o r t a n t  v a r i a b l e s  i n  
u n d e r s t a n d i n g  t h e  a d o p t i o n  o f  i r r i g a t i o n  i n n o v a t i o n s  i n  t h e  
T e x a s  H i g h  P l a i n s .  H o w e v e r ,  b e c a u s e  t e s t s  o f  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  m e a n s  d o  n o t  s h o w  t h e  i n t e r r e l a t i o n s h i p  
o f  i n d e p e n d e n t  v a r i a b l e s  c o n s i d e r e d  c o l l e c t i v e l y ,  a  m u l t i p l e  
l o g i s t i c  r e g r e s s i o n  a n a l y s i s  w a s  c o n d u c t e d .  T h e  r e s u l t s  o f  
t h i s  a n a l y s i s  a r e  s h o w n  i n  T a b l e  2. 

F u r r o w  d i k i n g :  When  a l l  i n d e p e n d e n t  v a r i a b l e s  a r e  
a-- 

c o n s i d e r e d  s i m u l t a n e o u s l y ,  t h e  r e s u l t s  i n d i c a t e  t h a t  o n l y  
f a r m  s i z e  i s  s i g n i f i c a n t l y  r e l a t e d  t o  t h e  a d o p t i o n  o f  f u r r o w  
d i k i n g .  T h e  o t h e r  v a r i a b l e s  d o  n o t  s i g n i f i c a n t l y  c o n t r i b u t e  
a d d i t i o n a l  i n f o r m a t i o n  f o r  u n d e r s t a n d i n g  t h e  a d o p t i o n  o f  
f u r r o w  d i k i n g .  T h e  o v e r a l l  m o d e l  c h i - s q u a r e  w a s  21.12.  a n d  
1 8  p e r c e n t  o f  t h e  v a r i a n c e  w a s  e x p l a i n e d .  

S o i l  m o i s t u r e  d e t e c t i o n :  F o r  t h i s  a n a l y s i s .  t h r e e  
p- 

v a r i a b l e s - - f a r m  s i z e ,  t h e  c o m m u n i c a t i o n  s c o r e .  a n d  s a t u r a t e d  
t h i c k n e s s - - m a d e  a s i g n i f i c a n t  c o n t r i b u t i o n .  E d u c a t i o n  w a s  
s i g n i f i c a n t l y  r e l a t e d  t o  t h e  a d o p t i o n  o f  s o i l  m o i s t u r e  
d e t e c t i o n  i n  t h e  b i v a r i a t e  a n a l y s i s  b u t  n o t  i n  t h e  
m u l t i v a r i a t e  a n a l y s i s .  T h e  o v e r a l l  m o d e l  c h i - s q u a r e  w a s  
2 1 . 2 8 ,  a n d  2 3  p e r c e n t  o f  t h e  v a r i a n c e  i n  a d o p t i o n  w a s  
e x p l a i n e d .  

C e n t e r - p i v o t  s p r i n k l e r s :  T h i s  a n a l y s i s  s h o w s ,  a s  
e x p e c t e d ,  t h a t  f a r m  s i z e  a n d  s a t u r a t e d  t h i c k n e s s ,  f o l l o w e d  
b y  f a r m  t e n u r e ,  w e r e  t h e  m o s t  i m p o r t a n t  v a r i a b l e s  f o r  
d i s c r i m i n a t i n g  b e t w e e n  a d o p t e r s  a n d  n o n a d o p t e r s .  T h i s  
f i n d i n g  w a s  a s  e x p e c t e d ,  b e c a u s e  t h e  h i g h  i n i t i a l  i n v e s t m e n t  
i n  s p r i n k l e r  s y s t e m s  m a y  b e  p r o h i b i t i v e  t o  f a r m e r s  h a v i n g  
s m a l l  f a r m s  o r  l i m i t e d  a m o u n t s  o f  w a t e r .  T h e  o v e r a l l  m o d e l  
c h i - s q u a r e  w a s  1 9 . 0 0 ,  a n d  2 0  p e r c e n t  o f  t h e  v a r i a t i o n  i n  
a d o p t i o n  w a s  e x p l a i n e d .  

R e t u r n   its: I n  t h i s  c a s e ,  o n l y  o n e  o f  t h e  f i v e  ------- ---- 
i n d e p e n d e n t  v a r i a b l e s - - s a t u r a t e d  t h i c k n e s s - - m a d e  a 
s i g n i f i c a n t  c o n t r i b u t i o n  t o  e x p l a i n i n g  t h e  a d o p t i o n  o f  
r e t u r n  p i t s .  T h e  o v e r a l l  m o d e l  c h i - s q u a r e  w a s  14.7.5, a n d  1 4  
p e r c e n t  o f  t h e  v a r i a n c e  w a s  e x p l a i n e d .  
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Table 2. Logistic regression analysis of factors related to the 
adoption of irrigation techniques 

Predictor 
Variables 

Furrow Soil moisture Center-pivot Return 
diking detection sprinklers pits 

Chi D Chi D Chi D Chi D 
square square square square 
(N = 307) (N = 307) (N = 307) (N = 244) 

Personal attributes 

Education 

Communication score 

Farm characteristics 

Farm size 

Farm tenure 

Environmental factor 

Saturated thickness 

D 
Model chi-square 
Intercept 
-2LogL 

*Statistically different at the .05 level of significance. 

\ , , , .  . .  . I , .  . I . ' , .  I , , , , ,  , %  , . I - . \  1 , s , , 5 . . 3 
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Summary and conclusions 

During the past decade, researchers of technology 
transfer have extended their focus of research to include 
the physical environment. While research in developing 
countries has shown location-specific measures of the 
physical environment to be important in understanding the 
diffusion of agricultural technology, the importance of such 
measures in a highly industrialized agricultural system has 
not been explicitly assessed in recent years. In this 
study, a location-specific measure of the physical 
environment (saturated thickness), t w o  personal 
characteristics (education and communication score) and two 
farm structure variables (farm size and farm tenure) were 
used to predict the adoption of four irrigation innovations 
in the Texas High Plains (furrow diking, soil moisture 
detection, center-pivot sprinklers, and return pits). 

A multivariate logistic regression analysis revealed 
that farm size was the most important variable for furrow 
diking, soil moisture detection, and center-pivot 
sprinklers, while saturated thickness was the most 
discriminating variable for return pits. Personal 
attributes proved to be of little importance. Only in the 
case of soil moisture detection--the most recent and perhaps 
the most abstract innovation studied--did personal 
attributes play an importanct role. Our ability to explain 
adoption of irrigation innovations was significantly 
improved with the inclusion of an environmental factor. 

The results of this study provide further evidence that 
the traditional adoption-diffusion model must be expanded to 
include structural and environmental variables. Decades of 
research and thousands of studies have shown that a farmer's 
attitudes, farm characteristics, and personal 
characteristics are important for understanding the 
diffusion of an innovation. However, this study, along with 
other recent research, indicates that it is also critical to 
examine the context within which the farmer operates. That 
a farmer has not adopted a particular technology does not 
necessarily indicate that the farmer is less-innovative. 
Rather, lack of adoption may reflect economic constraints or 
the unsuitability of an innovation, given the natural 
resource structure of a particular farm. Along with Dunlap 
and Martin (1983), we reiterate that it is time to introduce 
the environment into the study of adoption and diffusion of 
agricultural technology. 

References 

Abd-Ella, Mohktar M., Eric 0. Hoiberg, and Richard D. Warren 
1981 "Adoption behavior in family farm systems: an 

Iowa study." Rural Sociology 46 (1) :42-61. 
Ajaga, N. 

1980 "An application of a conventional adoption- 
diffusion model to the adoption of soil 
c o n s e r v a t i o n  by I o w a  farmers.'' Ph.D. 
dissertation, Iowa State University, Ames. 

12

Journal of Rural Social Sciences, Vol. 03 [1985], Iss. 1, Art. 6

https://egrove.olemiss.edu/jrss/vol03/iss1/6



Albrecht, Don E., and Steve H. Murdock 
1985 The Consequences of Irrigation Development in the 

G r e a t  Plains. College Station: Texas 
Agricultural Experiment Station, Technical Report 
85-1. 

Albrecht, Don E., Steve H. Murdock, and Howard Ladewig 
1984 "Understanding farm structure and demographic 

change in agriculturally dependent areas: an 
ecological approach." Paper presented at the 
annual meetings of the American Sociological 
Association, San Antonio, TX. 

Allen, Kim 
1983 "Fuel costs put the squeeze on irrigation." 

Progessive Farmer (April):41-2. 
Ashby, Jacqueline A. 

1982 "Technology and ecology: implications for 
innovation research in peasant agriculture." 
Rural Sociology 47 (2) :234-50. 

Ashby, Jacqueline A., and E. Walter Coward, Jr. 
1980 "Putting agriculture back into the study of farm 

practice innovation: comment on status, knowledge, 
and innovation." Rural Sociology 45 (3):520-23. 

Beal, George M., and Donald N. Sibley 
1967 Adoption of Agricultural Technology by the Indians 

of Guatemala. Ames: Iowa State University, Rural 
Sociology Report No. 62. 

Berardi, Gigi M., and Charles C. Geisler 
1984 The Social Consequences and Challenges of New 

Agricultural Technologies. Boulder, CO: Westview 
Press. 

Bertrand, Alvin L. 
1978 "Rural social organizational implications of 

technology and industry." Pp. 75-88 in Thomas R. 
Ford (ed.) , Rural U.S.A.: Persistence and Change. 
Ames: Iowa State University Press. 

Bittinger, Morton W., and Elizabeth B. Green 
1980 You Never Miss the Water Till ... (The Ogallala 

Story). Littleton, CO: Water Resources 
Publication. 

Brown, Lawrence A. 
1981 Innovation Diffusion: A New Perspective. London: 

Methuen and Co. 
Carlson, John E., Don A. Dillman, and William R. Lassey 

1980 The Farmer and Erosion: Factors Influencing the 
Use of Control Practices. Moscow: Idaho 
Agricultural Experiment Station. 

Casey, James, Ronald D. Lacewell, and Lonnie L. Jones 
1975 Impact of Limited Fuel Supplies on Agricultural 

Output and Net Returns: Southern High Plains of 
Texas. College Station: Texas Agricultural 
Experiment Station, Miscellaneous Publication 
1175. 

CAST (Council for Agricultural Science and Technology) 
1982 Water Use in Agriculture: Now and for the Future. 

Report No. 95, Ames, IA. 

13

Albrecht and Ladewig: Adoption of Irrigation Technology: The Effects of Personal, Struc

Published by eGrove, 1985



Clark, R. Nolan 
1979 "Furrow dams for conserving rainwater." Paper 

presented at Crop Production and Utilization 
Symposium, Texas A&M Research and Extension 
Center, Amarillo, TX. 

Clark, R. Nolan, and E. A. Hiler 
1973 "Plant measurements as indicators of crop water 

deficit." Crop Science 13:466-69. 
Cochrane, Willard W. 

1979 The Development of American Agriculture: An 
Historical Analysis. Minneapolis: University of 
Minnesota Press. 

Copp, James H. 
1956 Personal and Social Factors Associated with the 

Adoption of Recommended Farm Practices among 
Cattlemen. Manhattan: Kansas Agricultural 
Experiment Station, Technical Bulletin 83. 

Crawford, Robert H., and William B. Ward (eds.) 
1974 Communication Strategies for Rural Development. 

Ithaca, NY: Cornell University, College of 
Agriculture and Life Sciences. 

Dillman, Don A., and Daryl J. Hobbs (eds.) 
1982 Rural Society in the U.S.: Issues for the 1980s. 

Boulder, CO: Westview Press. 
Dunlap, Riley E., and Kenneth E. Martin 

1983 "Bringing environment into the study of 
agriculture: observations and suggestions 
regarding the sociology of agriculture." Rural 
Sociology 48 (2) :201-18. 

Fliegel, Frederick C. 
1965 "Differences in prestige standards and orientation 

to change in a traditional agricultural setting." 
Rural Sociology 30 (3) :279-90. 

Fliegel, Frederick C., and J. C. van Es 
1983 "The diffusion-adoption process in agriculture: 

changes in technology and changing paradigms.'' 
Pp. 13-28 in Gene F. Summers (ed.) , Technology and 
Social Change in Rural Areas: A Festschrift for 
Eugene A. Wilkening. Boulder, CO: Westview 
Press. 

Gartrell, John W., and C. David Gartrell 
1980 "Beyond earth, water, weather, and wind." Rural 

Sociology 45 (3) : 524-30. 
Gibbs, Jack P. 

1964 "Human ecology and rational economic behavior: 
agricultural practices as a case in point." Rural 
Sociology 29 (1) :138-51. 

Goss, Kevin F. 
1979 "Consequences of diffusion of innovat ions." Rural 

Sociology 44 (4) :754-772. 
Green, Donald E. 

1973 Land of the Underground Rain. Austin: University 
of Texas Press. 

Harrell, Frank 
1980 "The logist procedure." Pp: 83-102 in S A S  

Supplemental Library User's Guide, 1980 Edition. 
Cary, NC: SAS Institute. 

14

Journal of Rural Social Sciences, Vol. 03 [1985], Iss. 1, Art. 6

https://egrove.olemiss.edu/jrss/vol03/iss1/6



Havens, A. Eugene, and William L. Flinn 
1975 "Green Revolution technology and community 
development: the limits of action programs." Economic 
Development and Cultural Change 23 (3) : 469-81. 

Hawley, Amos H., and Sara Mills Mazie (eds.) 
1981 Nonmetropolitan American in Transition. Chapel 

Hill: University of North Carolina Press. 
Hooks, Gregory 

1980 "The classical diffusion paradigm in crisis." 
Paper presented at the annual meetings of the 
Rural Sociological Society, Ithaca, NY. 

Hooks, Gregory M., Ted L. Napier, and Michael V. Carter 
1983 "Correlates of adoption behaviors: the case of 

farm technologies." Rural Sociology 48 (2) : 308- 
23. 

Keese, C. Wayne 
1980 Furrow Irrigation vs. Sprinkler Irrigation. 

College Station: Texas Agricultural Extension 
Service. Mimeographed. 

Knoke, David and Peter J. Burke 
1980 Log-Linear Models. Sage University Paper Series 

on Quantitative Applications in the Social 
Sciences, Series No. 07-020. Beverly Hills, CA: 
Sage. 

Kromm, David E., and Stephen E. White 
1983 "Response to groundwater depletion in Southwestern 

Kansas." The Environmental Professional 5: 106- 
15. 

Lasley, Paul, and Michael Nolan 
1981 Landowner Attitudes Toward Soil and Water 

Conservation in the Grindstone-Lost-Muddy Creek 
Project. Report to the SCS under cooperative 
agreement C-2-50347. University of Missouri- 
Columbia. 

Nerlove, Marc, and S. James Press 
1973 Univariate and Multivariate Log-Linear and 

Logis:ic Models. Rand Report R-1300-EDA/NIH 
(December), Santa Monica, CA. 

Nowak, Peter J., and Peter F. Korsching 
1982 "Social and institutional factors affecting the 

adoption and maintenance of agricultural BMPS." 
Pp. 349-73 in F. Schaler and G. Bailey (eds.), 
Agricultural Management and Water Quality. Ames: 
Iowa State University Press. 

Paarlberg, Don 
1980 Farm and Food Policy: Issues of the 198U9s. 

Lincoln: University of Nebraska Press. 
Perrin, R., and D. Winkelman 

1976 "Impediments to technical progress on small versus 
large farms." American Journal of Agricultural 
Economics 58 (December) :888-94. 

Pimentel, David, and Marcia Pimentel 
1979 Food, Energy, and Society. New York: Wiley. 

Rogers, Everett M. 
1983 Diffusion of Innovations: Third Edition. New 

York: The Free Press. 

15

Albrecht and Ladewig: Adoption of Irrigation Technology: The Effects of Personal, Struc

Published by eGrove, 1985



Rogers, Everett M., with F. Floyd Shoemaker 
1971 Communication of Innovations: A Cross-Cultural 

Approach, (2nd ed.). New York: The Free Press. 
Shelley, Fred M. 

1983 "Groundwater supply depletion in West Texas: the 
farmer's perspective." Texas Business Review 57 
(6) : 279-83. 

Stockdale, Jerry D. 
1982 "Who will speak for agriculture?" Pp. 319-327 in 

D. A. Dillman and D. J. Hobbs (eds.), Rural 
Society in the O.S.: Issues for the 1980s. 
Boulder, CO: Westview Press. 

Summers, Gene F. (ed.) 
1983 Technology and Social Change in Rural Areas: A 

Festschrift for Eugene A. Wilkening. Boulder, CO: 
Westview Press. 

Supalla, Raymond J., Robert R. Lansford, and Noel R. 
Go1 lehon 

1982 "Is the Ogallala going dry?" Journal of Soil and 
Water Conservation 37:310-14. 

Svenson, Brook 
1983 "Go underground to 'read' your crop's water 

needs." Progressive Farmer 98 (May):56-7. 
Templer, Otis W. 

1983 "Legal constraints on water resource management in 
Texas." The Environmental Professional 5: 72-83. 

Williams, Jean O., and Harvey Banks 
1982 "Groundwater depletion and regional agriculture: 

alternative projections." Texas Business Review 56 
(6) : 270-75. 

16

Journal of Rural Social Sciences, Vol. 03 [1985], Iss. 1, Art. 6

https://egrove.olemiss.edu/jrss/vol03/iss1/6


	Adoption of Irrigation Technology: The Effects of Personal, Structural, and Environmental Variables
	Recommended Citation

	tmp.1576778404.pdf.EiGQi

