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Defini t ions 

Meska - Generally speaking a ''meska" is  a p r i v a t e l y  owned t e r t i a r y  
canal serv ing  30 t o  more than 200 feddans. 

Marwa - In t r a d i t i o n a l  i r r i g a t i o n  systems a l'marwaft is  a farmers 
cons t ruc ted  f i e l d  d i t c h  se rv ing  a number o f  small (say 6 
meters x 6 meters) bas ins .  

Sakia - A water wheel, genera l ly  powered by animals f o r  l i f t i n g  
water from meskas t o  f i e l d s ,  

Tambour - A water l i f t i n g  device usual ly  powered by human labor ,  
a l s o  c a l l e d  "archemedian screw. I t  



Area - Sq. meter Acre - Feddan Hectare 

1 feddan (fed) = 4,200.8335 = 1.03805 = 1 = 0.42008 
1 a c r e  = 4,046,856 = 1 = 0.96335 = 0.40469 
1 hec ta re  (ha) = 10,000 = 2.47105 = 2.38048 = 1 
1 sq ki lometer  = 1 0 0 ~ 1 0 ~  = 247.105 = 238.048 = 100 
1 sq  mile - - 259x10 = 640 = 616.4 = 259 

Water Use : 

1 b i l l i g n  m5 =. 810,710 ac re - fee t  
1,000 m3 = 0.81071 acre- foot  = 9.72852 acre-inch 
1,000 m /feddan = 0.781 acre- foot /acre  = 9.372 acre-inch/acre 

= 238 mm of r a i n f a l l  

Commodity Measurements 

Egyptian Weight Weight 
Unit i n  kg i n  lbs  

Cotton (unginned) 
Cotton ( l i n t  o r  ginned) 
Sugar, onion, f l a x  s t raw 
Rice (rough o r  unmilled) 
L e n t i l s  
Clover 
Broadbeans, fenugreek 
Wheat, chickpeas, lupine  
Maize, Sorghum 
Linseed 
Barley, cot tonseed,  sesame 
Groundnuts ( in  s h e l l s )  

Metric kantar  
Metric kantar  
Kantar 
Dar i ba 
Ardeb 
Ard eb 
Ardeb 
Ardeb 
Ardeb 
Ardeb 
Ardeb 
Ardeb 

Other 

1 ardeb = 198 l i t e r s  = 5.62 bushels (U.S.) 
1 ardeb/feddan = 5.41 bushels/acre 
1 kg/feddan = 2.12 lb / ac re  

1 '~rom Contemporary Egyptian Agr icul ture ,  by H. A. Tobgy . 



FARM . SYSTEMS MANAGEMENT 

BY 

D r .  Hassan Wahby - Aly* 

( f o r  t h e  workshop t o  be h e l d  i n  New Mexico)  

August 11-23,  1 9 8 0  

A s  i r r i g a t i o n  water p l a y s  a m a j o r  role  i n  a g r i c u l t u r a l  

p r o d u c t i o n ,  a t t e n t i o n  must be g i v e n  t o  i ts management. 

T h e r e  are many c o n f l i c t i n g  i d e a s  r e g a r d i n g  its management 

and  e f f e c t ,  upon c r o p  y i e l d .  E x c e s s i v e  u s e  o f  i r r i g a t i o n  

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

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

A s  a matter of  f a c t ,  h i g h  crop y i e l d  c a n  o n l y  be m e t  i f  o n e  

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

s y s t e m .  S o i l  and  w a t e r  c o n s e r v a t i o n  are t h e  main e l e m e n t s  i n  

t h e  s y s t e m ,  and  must  be f u l l y  u t i l i z e d  b e f o r e  a c h i e v i n g  optimum 
7 

p r o d u c t i o n .  F a r m e r s  a t t i t u d e s  seem t o  be a ma jo r  c o n s t r a i n t  

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

d u e  t o  t h e i r  c u l t u r e ,  t r a d i t i o n s ,  e x p e r i e n c e ,  and  b e h a v i o r  

d i f f e r e n c e s  f rom o n e  place t o  a n o t h e r ,  even  i n  t h e  same 

c o u n t r y .  Management c o n c e p t s  c a n n o t  be imposed upon f a r m e r s  

u n l e s s  t h e y  d o  b e l i e v e  i n  i t ,  and  t h i s  r e p r e s e n t s  t h e  most 

d i f f i c u l t  a s p e c t o f  imp lemen t ingwa te r  management p rograms .  

Someti-mes, f a r m e r s  r e s p o n d  t o  t h e  e x t e n s i o n  s e r v i c e s  o f f e r e d  

t o  them by competent  gove rnmen t s ,  a u t h o r i t i e s ,  and i n t e r n a t i o n a l  

- 

* D i r e c t o r ,  Egypt  Water U s e  and  Management P r o j e c t  



a g e n c i e s  f o r  5jevelopment  i f  t h e y  c a n  see and  t r y  d i f f e r e n t  

p r a c t i c e s  as p u t  f o r t h  by t h e  g o a l s  o f  s u c h  p r o j e c t s .  

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

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

s o i l  and  c o n t r o l  water a p p l i c a t i o n  t o  f a r m s .  Such a s y s t e m  

w i l l  b e s t  meet t h e  r e q u i r e m e n t s  o f  t h e  p l a n t s  o v e r  t h e i r  

v a r i o u s  growing  s t a g e s .  I t  is i m p o r t a n t  t o  d e s i g n  a f a r m i n g  

s y s t e m  t h a t  c a n  b e  o p e r a t e d  e f f i c i e n t l y  w i t h  l e a s t  cos t .  A t  

t h e  same t i m e ,  i t  s h o u l d  be f l e x i b l e  i n  o r d e r  t o  g i v e  m a r g i n a l  

o p p o r t u n i t i e s  t o  d e c i s i o n  maker s  t o  a d o p t  p o l i c i e s  and  make 

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

t h a t  may o c c u r .  A pay-of f  s y s t e m  is n o t  n e c e s s a r i l y  o f  a 

modern t y p e .  The s y s t e m  a d o p t e d  w i l l  depend t o  g r e a t  e x t e n t  

on t h e  a v a i l a b l e  r e s o u r c e s  o f  manpower and  e n e r g y  a l o n g  t h e  

c o s t s  o f  o p e r a t i o n  and  m a i n t e n a n c e .  I n  o r d e r  t o  implement  

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

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

o p e r a t  i o n .  T h i s  n e e d s  m u t u a l  c o o p e r a t i o n  and  t r u s t  among 

t h e  s c i e n t i f i c  p e o p l e  work ing  i n  t h i s  f i e l d  w i t h  farmers. 

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

a g r o n o m i s t s ,  s o c i o l o g i s t s  and e c o n o m i s t s  s h o u l d  b e  e s t a b l i s h e d  

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

make a p p r o p r i a t e  d e c i s i o n s .  



S i n c e  f a r m  management s y s t e m s  are  v e r y  complex and  

c h a l l e n g i n g ,  i t  must  a t t r a c t  t h o s e  compe ten t  p e r s o n s  

c o n c e r n e d  w i t h  food  p r o d u c t i o n .  A s  p o p u l a t i o n  i n  t h e  w o r l d  

i n c r e a s e s  r a p i d l y ,  t h e  demand f o r  food  increases. I n  t h e  - 
l a s t  two d e c a d e s ,  some c o u n t r i e s  which  h a v e  r u n  s h o r t  o f  w a t e r  

r e s o u r c e s  have  f a c e d  s h o r t a g e  o f  food  a n d / o r  s u f f e r e d  f rom 

famine  and s t a r v a t i o n .  Such i n c i d e n t s  come t o  a t t e n t i o n  o f  t h e  

U n i t e d  N a t i o n s  and  i n t e r a n t i o n a l  a g e n c i e s  t o  t a k e  m a j o r  r o l e  

i n  s o l v i n g  t h e s e  p rob lems  which  migh t  t h r e a t e n  mankind.  

D i f f e r e n t  a p p r o a c h e s ,  o p t i o n s ,  and  a l t e r n a t i v e s  h a v e  been  

e x e r c i s e d  i n  o r d e r  t o  i d e n t i f y  p rob lems  and l o o k  f o r  t h e i r  

s o l u t i o n s .  Through e x p e r i e n c e ,  i t  h a s  b e e n  found  t h a t  a h i g h l y  

s k i l l e d  l e v e l  o f  management must  b e  e s t a b l i s h e d  t o  l a y  o u t  t h e  

p r i n c i p l e s  and  methods  o f  s o i l  and  water management on f a r m s  

i n  v e r y  e f f i c i e n t  and  economic ways.  

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

y i e l d ,  and  i n  o r d e r  t o  d e s i g n  a f a r m i n g  s y s t e m  t h a t  p a y s  o f f  

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

p o i n t s  : 

I From t h e  E n g i n e e r i n g  P o i n t  o f  V i e w  

a.  Water Management 

I n  o r d e r  t o  s a t i s f y  t h e  n e e d s  o f  p l a n t s  f o r  water 



o v e r  t h e i r  g rowing  s t a g e s ,  w i t h o u t  s u b j e c t i n g  them t o  stresses I 
- 1  

o f  any  k i n d ,  e i t h e r  f rom s h o r t a g e  o f  i r r i g a t i o n  water or  f r o m  I 

* 
h i g h  water t a b l e  an  i r r i g a t i o n  s y s t e m  s h o u l d  b e  d e s i g n e d  t o  I 

p r o v i d e  them w i t h  t h e  p r o p e r  amount o f  water before r e a c h i n g  

t h e  w i l t i n g  p o i n t .  Th' is  is i n  o r d e r  n o t  t o  s u b j e c t  p l a n t s  t o  

s t r e s s e s ,  o r  d e f i c i e n c i e s  u n d e r  any  c i r c u m s t a n c e s .  

The rise o f  w a t e r  t ab le  from l e a c h i n g  a n d  o v e r - i r r i g a t i o n  

may a d v e r s e l y  a f f e c t  t h e  f a r m  l a n d  l e a d i n g  t o  a s e r i o u s  l o s s  1 

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

improved  t h r o u g h  p r o p e r  i r r i g a t i o n  a n d  d r a i n a g e  pract ices .  

G e n e r a l l y ,  t h e  effect  o f  a r i s i n g  water t a b l e  h a s  b e e n  t o  

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

c a u s e  t h e  l a n d  t o  be abandoned .  T h e r e f o r e  c o n t r o l  o f  t h e  

water t ab le  i s  e s s e n t i a l  so a s  n o t  t o  permit  t h e  water 

t a b l e  t o  be m a i n t a i n e d  i n  t h e  r o o t  z o n e  o f  p l a n t s .  Under  

c o n d i t i o n s  o f  e x c e l l e n t  water q u a l i t y  a n d  t h e  a b s e n c e  o f  

s o i l  s a l i n i t y ,  h i g h  water t ab les  may b e  t o l e r a t e d  t o  

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

a r e  ' s a t i s f i e d .  

I n  p r a c t i c e ,  a t h o r o u g h  knowledge  a n d  e x p e r i e n c e  

i n  knowing t h e  impact o f  e a c h  o f  t h e  f o l l o w i n g  i t e m s  o n  t h e  



s y s t e m ,  a n d  how t h e y  are i n t e r r e l a t e d  t o  e a c h  o ther  are 

needed  : 

a.1.  A v a i l a b i l i t y  o f  i r r i g a t a o n w a t e r  i n  q u a n t i t y  a n d  

q u a l i t y .  

a .  2 .  Type and  c h s r a ; c . k r i s t i c s  of w a t e r  c o u r s e s  w i t h  

r e s p e c t  o f  c o n v e y a n c e  and  d i s t r i b u t i o n  f rom main 

c a n a l s  t o  t h e  small d i t c h e s .  

a .3 .  Conveyance losses i n  t h e  n e t w o r k  o f  w a t e r  

c o u r s e s .  

a . 4 .  Type and  c o s t  of me thods  of i r r i g a t i o n .  

a . 5 .  C o n d i t i o n  of w a t e r  t ab le  and  i ts f l u c t u a t i o n  

w i t h  t i m e .  

a .6.  C o n d i t i o n s  a n d  k i n d  o f  a q u a t i c  weeds  i f  t h e y  

e x i s t  i n  w a t e r c o u r s e s .  

S t a b i l i t y  of t h e  open  c h a n n e l s .  



a . 8 .  Type o f  f i e l d  i r r i g a t i o n ,  b a s i n ,  b o r d e r ,  

s h o r t  o r  l o n g  f u r r o w s .  

a . 9 .  F i e l d  i r r i g a t i o n  e f f i c i e n c y .  

a . l O .  P r a c t i c e ,  a t t i t u d e ,  b e h a v i o r ,  and  c o o p e r a t i o n  

o f  farmers. 

P r o p e r  management p l a y s  a s i g n i f i c a n t  r o l e  i n  d e s i g n i n g  

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

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

d r a i n a g e  s y s t e m s  may be d i f e r r e d .  o r  c o s t s  g r e a t l y  r e d u c e d  

f o r  s u c h  s y s t e m s .  T h i s  is  a good i n v e s t m e n t  and  s a v e s  

a l o t  o f  t h e  c a p i t a l  amount which  is t o  b e  s p e n t  t o  meet 

d r a i n a g e  r e q u i r e m e n t s .  

When t h e  water t a b l e  is c o n t r o l l e d ;  a e r a t i o n  c a n  b e  

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

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

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

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

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

s a l t s  which  i n  t u r n  may b e  d e t r i m e n t a l  t o  t h e  c r o p  y i e l d s .  - 
T h e r e f o r e ,  ' p r o p e r  a p p l i c a t i o n  o f  w a t e r  i n  a p p r o p r i a t e  amounts  

combined w i t h  o t h e r  good management p r a c t i c e s  p r o v i d e s  a 



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

I1 From t h e  Agronomy V i e w p o i n t :  

An o b j e c t i v e  o f  improved i r r i g a t i o n  water management is 

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

p r a c t i c e s ,  b u t  a l so  i n  c o m b i n a t i o n  w i t h  good agronomy 

p r a c t i c e s ,  t h a t  mus t  be t a k e n  i n t o  c o n s i d e r a t i o n  a n d  

j o i n t l y  imp lemen ted .  T h e s e  ag ronomic  p r a c t i c e s  i n c l u d e  

p r o p e r  p l a n t  s t a n d  d e n s i t y  and  s e l e c t i l n g  good v a r i e t i e s  

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

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

P e s t  C o n t r o l :  

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

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

t o  optimum y i e l d s .  I n  f a c t ,  t h e r e  are many p l a n t s ,  s u c h  as 

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

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

t h e i r  y e i l d s  w i l l  be c o n s i d e r a b l y  decreased. T h e r e  are 

many c o u n t r i e s  w h e r e t h e  economy d e p e n d s  e n t i r e l y  o n  

a g r i c u l t r a l  p r o d u c t i o n .  A t t e n t i o n  s h o u l d  be g i v e n  t o  c o n t r o l  

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

economy is s a v e d  f rom s e r i o u s  loss .  



I n s e c t  a n d  P e s t  C o n t r o l  M e a s u r e s :  

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

t h e  k i n d  a n d  v a r i e t y  of , c r o p  g rown .  A s  r e g a r d s  c o t t o n ,  

f o r  example ,  e a r l y  p l o w i n g  o f  f i e l d s  is e s s e n t i a l  i n  o r d e r  

t o  e x p o s e  t h e  soi.1 t o  t h e  s u n  h e a t  f o r  t h e  r e a s o n a b l e  

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

i n s e c t i c i d e s a n d  p e s t i c i d e s  h a s  p r o v e d  t o  b e  e f f e c t i v e  

as a r e l e v a n t  c o n t r o l  m e a s u r e  a p p l i e d  i n  i n f e s t e d  f i e l d s  

t h r o u g h  s p r a y i n g .  However, f i e l d  o b s e r v a t f m s s h a v e  shown 

t h a t  t h e  a p p l i c a t i o n  of some k i n d s  of c h e m i c a l s  y e a r  

a f t e r  y e a r  p r o d u c e s  a n  immunity w i t h  c e r t a i n  i n s e c t s  and  p e s t s .  

T h e r e f o r e ,  l a b o r a t o r y  and  f i e l d  e x p e r i m e n t s  s h o u l d  b e  made 

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

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

Weed C o n t r o l :  

Farm a n d  w a t e r c o u r s e  weed consume c o n s i d e r a b l e  q u a n t i t i e s  

o f  water and  c r e a t e s  p r o b l e m s  t h a t  hamper h i g h  c r o p  y i e l d .  

I n  f a r m s ,  weed c a u s e  a  f a l s e  p l a n t  d e n s i t y  a n d  consumes much 

o f  t h e  p l a n t  nutritive e l e m e n t s  and  w a t e r  i n  t h e  s o i l .  F u r t h e r -  

more t h e  e x i s t e n c e  o f  weeds on  f a r m s  and  w a t e r c o u r s e s  i n c r e a s e s  

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

f o r  w a t e r  d i s t r i b u t i o n  on f i e l d s .  P r o p e r  weed c o n t r o l  w e l l  



permit good water management and an  e f f i c i e n t  water -  d i s t r i b u t i o n  

sys tem.  

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

The impact o f  f e r t i l i z e r s  on c r o p  y i e l d  is w e l l  

r e c o g n i z e d .  However, water and f e r t i l i z e r s  used i n  p r o p e r  

amounts and a t  t h e  p r o p e r  t i m e  w i l l  b r i n g  abou t  economic 

u t i l i z a t i o n  o f  r e s o u r c e s  

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

some l a n d s  may have  t h e i r  s o i l  f e r t i l i t y  r educed  due  t o  

e x c e s s i v e  l e a c h i n g  and p e r c o l a t i o n  t o  t h e  water t a b l e .  For  

example, low s o i l  f e r t i l i t y  o c c u r r s  i n  Upper Egypt ,  where 

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

Farmers  are  accustomed t o  e x c e s s i v e  a p p l i c a t i o n s  of water 

and do n o t  r e c o g n i z e  t h e  a d v a n t a g e s  o f  t h e  new p e r e n n i a l  

s y s t e m  t h e y  a r e  now u s i n g .  On t h e  o t h e r  hand,  s o i l  a l k a l i n i t y  

h a s  i n c r e a s e d  on some l a n d s  due  t o  poor  i r r i g a t i o n  p r a c t i c e s .  

A s  a r e s u l t  o f  t h i s ,  some l a n d s  have become a l k a l i n e .  

Consequen t ly ,  t h i s  needs  s o i l  a m e l i o r a t i o n  f o r  r e c l a m a t i o n ,  

and t h i s  r e a l l y  r e p r e s e n t s  a l o s s  of c a p i t a l ,  money and t i m e .  

Land c l a s s i f i c a t i o n  s u r v e y s  are e s s e n t i a l  f o r  p r o v i d i n g  

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

d e t a i l e d  s o 5 1  and l a n d  i n f o r m a t i o n  on t h e  s p e c i f i c  areas 

s e l e c t e d  or p roposed  f o r  development .  



' v e r y  v a l u . a b l e  i n f o r m a t i o n  r e g a r d i n g  s o i l  c o n s e r v a t i o n  a l w a y s  
. , 

f u r n i s h e s  a b a s i s  f o r  e s t i m a t i n g  t h e  l e n g t h  o f  t i m e  r e q u i r e d  

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

To b u i l d  t h e  s o i l  f e r t i l i t y ,  m o r e  a t t e n t i o n  s h o u l d  

b e  given ., t o  n u t r i e n t  b a l a n c e  a n d  m i c r o n u t r i e n t  r e q u i r e m e n t s ,  

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

A g r i c u l t u r a l  M e c h a n i z a t i o n :  

6 

M e c h a n i z a t i o n  is a n  i m p o r t a n t  m e a n s  f o r  r a i s i n g  t h e  

p r o d u c t i v i t y  o f  t h e  a g r i c u l t u r a l  r e s o u r ' c e s  a l r e a d y  a v a i l a b l e  
. , 

a n d  r e d u c i n g  p r o d u c t i o n  costs  i n  s o  f a r  a s  d u e  r e g a r d  is p a i d  

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

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

m a c h i n e r y .  T h e r e  is n o  d o u b t  t h a t  t h e  i n t r o d u c t i o n  o f  

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

o f  o p e r a t i o n  a n d  m a i n t a i n s  f i e l d s  l e v e l l e d  f o r  b e t t e r  management  

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

i r r i g a t i o n  on u n e v e n  l a n d  l e a d s  t o  l o w  g e r m i n a t i o n l e v e l s .  

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

a l w a y s  p a y s  o f f  p r a t i c u l a r l y  when l a b o r  c h a r g e s  are  h i g h .  

Tbe success of mechanizal j o n  d e p e n d s  o n  t h e  a v a i l a b i l i t y  

o f  t h e  r e q u i s i t e  number  o f  w e l l  t r a i n e d  a n d  s k i l l e d  p e r s o n n e l  

t o  o p e r a t e ,  m a i n t a i n  a n d  r e p a i r  t h e  m a c h i n e r y .  



The Generalization of Agricultural Mechanization: 

The generalizationof agricultural mechanization is, in. 

fact, the role of the State in making mechanized services 

available to the growers, especially to those who are not 

able to possess such equipment, to achleve this end, the 

following measures may be recommended: 

1. Encouraging individual growers through extension 

to make more use of machinery. 

2. Supplying machinery to existing agricultural 

cooperatives at reasonable prices and encouraging 

the formation of others while giving them the 

necessary guidance in selecting the apropriate 

type of machinery. 

3. Encouraging the companies to provide mechanized 

services for the growers, especialy whwecooperatives 

do not exist. 

However, it should be noted that labor charges have raised 

as a result of the development of civilization. This is 

besides, fuel prices which reached a climax on a world scale. 

All this acts as a constraint for the generalization 



o f  a g r i c u l t u r a l  m e c h a n i z a t i o n ,  t hough  i t  p a y s  o f f  and  p r o v i d e s  

a f u l l  a u t o m a t i o n  s y s t e m  c h a r a c t e r i z e d  m o s t l y  by q u i c k  

p e r f o r m a n c e ,  a c c u r a c y ,  e a s y  and  good f a r m  management;  t h u s  

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

maximum. 

S o i l  and  Land Improvement:  

A s u i t a b l e  s o i l  is  o n e  o f  t h e  b a s i c  e l e m e n t s  upon which  rests 

c r o p  p r o d u c t i o n ,  a s  i t  p r o v i d e s  t h e  r e q u i s i t e  env i ronmen t  f o r  

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

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

as well a s  p rob lems  o f  i ts  improvement ,  i n  o r d e r  t o  p r o v i d e  

t h e  a p p r o p r i a t e  env i ronmen t  f o r  t h e  p l a n t s .  

The s u c c e s s i v e  c u l t i v a t i o n  o f  f i e l d  c r a p s  i n  c e r t a i n  a r e a s  
I 

h a s  l e d  t o  d e c r e a s i n g  s o i l  n u t r i e n t  c o n t e n t s  and  c o n s e q u e n t l y  1 

t o  a f f e c t i n g  t h e  m i n e r a l  b a l a n c e .  I n  t h e  meant ime,  t h e  

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

water t a b l e  and  t h e  i n c r e a s e  o f  s o i l  s a l i n i t y ,  and  a l k a l i n i t y ;  

t h u s  c r e a t i n g  many p rob lems .  

I n d u s t r i a l i z a t i o n  o f  Fhrm P r o d u c t i o n  on  S i t e  

The main problem c o n f r o n t i n g  any  d e v e l o p e d  c o u n t r y  ar ises  



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

a r e  b u t  two a l t e r n a t i v e  s o l u t i o n s  t o  t h i s  problem: e i t h e r  t o  

make a v a i l a b l e  more l a n d ,  which u n f o r t u n a t e l y  n a t u r a l l y  

l i m i t e d ,  o r  t o  p r o v i d e  o t h e r  means o f  employment i n  o r d e r  t o  

ab so rb  t h e  s u r p l u s  p o p u l a t i o n .  Here ,  i n d u s t r i a l i z a t i o n  

becomes a  n e c e s s i t y ,  a s  a g r i c u l t u r a l  development canno t  a l o n e  

s o l v e  t h e  problem o f  o v e r p o p u l a t i o n ,  no t  t o  ment ion t h e  

n e c e s s i t y  o f  d i v e r s i f y i n g  t h e  economy. 

I n d u s t r i a l  and a g r i c u l t u a l  developments  a r e  q u i t e  o f t e n  

viewed a s  competing w i t h  each  o t h e r .  The c o n t r a r y  is i n  f a c t  

t r u e ,  f o r  t hey  a r e  bo th  complementary t o  each  o t h e r .  T h i s  

complementary r o l e  shou ld  be t a k e n  i n t o  c o n s i d e r a t i o n  f o r  

t h o s e  c o u n t r i e s  embarking on economic development t o  a t t a i n  

s u s t a i n e d  and b road - sca l e  r e s u l t s .  A deve lop ing  a g r i c u l t u r e  

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

p r o v i d e  an  expanded market  f o r  i n d u s t r i a l  p r o d u c t s ,  whether  

t h e y  are consumer goodsor a g r i c u l t u r a l  r e q u i s i t e s .  Moreover,  

i t  w i l l  b e  a b l e  t o  p r o v i d e  r a w  m a t e r i a l s  f o r  deve lop ing  

i n d u s t r y  a s  w e l l  a s  food f o r  t h e  growing i n d u s t r i a l  p o p u l a t i o n .  

On t h e  o t h e r  hand,  a p r o g r e s s i n g  i n d u s t r y  g i v e s  a tremendous 

impetus  t o  t h e  development of a g r i c u l t u r e  because  o f  t h e  :i 

i n c r e a s e d  demand on t h e  v a r i o u s  a g r i c u l t u r a l  p r o d u c t s .  

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



t h e  development  o f  a g r i c u l t u r e  i s  n o t  one  and t h e  same. Some 

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

o t h e r s  do n o t .  Examples o f  t h e  f i r s t  t y p e  a r e  t h e  p r o c e s s i n g ,  

m a n u f a c t u r i n g  and power i n d u s t r i e s .  P r o c e s s i n g  i n d u s t r i e s  

improve t h e  v a l u e  of  r a w  m a t e r i a l s  p r i o r  t o  t h e i r  e x p o r t .  

These  may c r e a t e  new m a r k e t s  f o r  v a r i o u s  a g r i c u l t u r a l  p r o d u c t s ,  

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

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

ab road .  An o p p o s i t e  t y p e  is t h e  t h e  e x t r a c t i n g  i n d u s t i r e s .  

These  do  n o t  b e n e f i t  a g r i c u l t u r e  i n  t h e  same way as t h e  f i r s t  

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

c o n s e q u e n t l y t h e y d o  n o t  consume a g r i c u l t u r a l  p r o d u c t s  i n  

t h e  same s e n s e .  

T h e r e f o r e ,  i t  w i l l  be more b e n e f i t a b l e  t o  t h e  c o u n t r y  

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

a g r i c u l t u r a l  r a w  m a t e r i a l s  t a k e  p l a c e  on farm s i t e s ,  because ,  

t h i s  s a v e s  t i m e  as  w e l l  a s  t r a n s p o r t  e x p e n s e s  b f  such 

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

meantime, i n d u s t r i a l i z a t i o n  o f  farm p r o d u c t s  on s i t e  e n c o u r a g e s  

s e t t l e m e n t  i n f i e l d s  and a v o i d  immigra t ion  t o  c i t i e s ,  p a r t i c u -  

l a r l y  t h e  c a p i t a l s  which are s u f f e r i n g  from o v e r p o p u l a t i o n .  

Moreover,  t h i s  w i l l  be f o r  t h e  i n t e r e s t  and w e l f a r e  of f a r m e r s  

t h e m s e l v e s ,  a s  i t  w i l l  i n c r e a s e  t h e i r  income r e s o u r c e s  and 

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

a g r i c u l t u r e .  The i n d u s t r i a l i z a t i o n  of  farm p r o d u c t s  on s i t e  



may i n c l u d e  c o t t o n  s p i n n i n g  and weaving, wool and o t h m f i b r e s ,  

p u l p ,  p a p e r ,  wood, l e a t h e r  t r a i n i n g ,  s u g a r  manufac tu r ing ,  f r u i t  

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

T h i s  is b e s i d e s  development r u r a l  i n d u s t r i e s  and h a n d i c r a f t s .  

T h e s e i n d ~ t r ~ i e s  engage f u l l  and p r a t - t i m e  r u r a l  wokers.  

However, t h e y  are now handicapped by t h e  i n e f f i c i e n c y  of t h e  

implements and t o o l s  i n  u s e ,  t h e  l a c k  of  t e c h n i c a l  knowledge, 

t h e  n o n - a v a i l a b i l i t y  of  s u i t a b l e  raw m a t e r i a l s  and t h e  l a c k  

o f  b o t h  f i n a n c i n g  and marke t ing  f a c i l i t i e s .  P o u l t r y  and honey- 

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

S p e c i a l i z e d  u n i t s  shou ld  'be e s t a b l i s h e d  f o r  t h e  p r e p a r a t i o n  

o f  l o c a l  raw m a t e r i a l s  needed by t h e  v a r i o u s  i n d u s t r i e s  and t h e  

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

i n c r e a s e  t h e i r  p r o d u c t i v i t y .  These  u n i t s  shou ld  be l o c a t e d  i n  

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

f l a x  s p i n n i n g  a s  w e l l  a s  f o r  dye ing  and p r e p a r a t i o n  of c l o t h .  

T h i s  is b e s i d e s  molasses  p r o d u c t i o n ,  s t r a w  work and perfume 

manufac tu re .  A s p e c i a l  o r g a n i z a t i o n  shou ld  be e s t a b l i s h e d  

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

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

f a c i l i t i e s  and s e r v i c e s .  

Water Management and Farming Systems From t h e  E c o l o g i c a l  P o i n t  

o f  V i e w :  

Pe rhaps  t h e  most e f f e c t i v e  f a c t o r ,  which is o f  paramount 



impor tance  and s h o u l d  be  g iven  p r i o r i t y  i n  t h e  e v a l u a t i o n  and 

development of  wa t e r  management and fa rming  s y s t e m s ,  is t h e  

env i ronmenta l  c o n d i t i o n s  p e r v a i l i n g  i n  a r e g i o n  o r  c o u n t r y .  

I t  i s s c i e n t i f i c a l l y  known t h a t  t h e  age  of  any p r a t i c u l a r  

form o f  l i f e  is t h e  age  of  t h a t  p a r t i c u l a r  environment i n  

w h i c h  i t  l i v e s ;  and a s  environment changes  t h roughou t  t h e  a g e ,  

s o  do t h e  d i f f e r e n t  forms o f  o r g a n i c  l i f e  w h i c h  l i v e  i n  

i ts  m i d s t .  To a t t e m p t  t o  l i v e  unadapted t o  environment is 

t o  p e r i s h ,  and much h a s  p e r i s h e d .  Adap ta t ion  is e v o l u t i o n ,  

and where a d a p t a t i o n  r e f u s e s  t o  f u n c t i o n ,  e v o l u t i o n  s t o p s .  

T h i s  p r i n c i p l e  is a lmos t  c e r t a i n l y  r e s p o n s i b l e  f o r  t h e  

change and development o f  a l l  modes o f  l i f e  on e a r t h .  

Na ture  is c o n s t a n t l y  a d a p t i n g  o rgan i sms  t o  env i ronment ;  b u t  

p e r f e c t  a d a p t a t i o n  can never  b e  a t t a i n e d .  I t  i s  n a t u r e  which 

s u p p l i e s  v a r i a t i o n .  Environment,  under  t h e  g u i s e  of n a t u r a l  

s e l e c t i o n  is t h e  so l e  agen t  which domina tes  and de t e rmines  

v a r i a t i o n ,  s o m e t i m e s  d i s c a r d i n g ,  sometimes p e r p e t u a t i n g ,  

I n  o u r  modern a g e ,  man is  t r y i n g  t o  modify and deve lop  

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

i n  i r r i g a t i o n  and fa rming  w i t h o u t  due a t t e n t i o n  t o  

environment.  A c e r t a i n  developed method o r  sys tem of i r r i g a t i o n ,  

o r  farming used i n  onecount ry  o r  r e g i o n  c o u l d  n o t  b e  o r  



d i f f i c u l t  t o  be a p p l i e d  i n  o t h e r  places. The rea .son  f o r  t h i s  

is t h e  d i f f e r e n c e s  o f e n v i r ~ n m e ~ t s i n  which t h e  u s e r s  o r  g r o w e r s  

l i v e .  They are s u b j e c t  t o  t h e i r  t r a d i t i o n a l  methods  which 

t h e y  are accus tomed t o  u s e  d u r i n g  t h e  e l a p s e  o f  t i m e s .  

T h e r e f o r e ,  i t  is d i f f i c u l t  t o  change  s u c h  t r a d i t i o n a l  

a n d  c o n v e n t i o n a l  me thods ,  u n l e s s  t h r o u g h c a n p l e t e  convincement  

on t h e i r  p a r t ,  t hough  t h i s  w i l l  be f o r  t h e i r  mere i n t e r e s t  

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

p r o d u c t i o n .  Because  f a r m e r s , u s e r s  and g r o w e r s  l i v e  i n  r u r a l  

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

t h e i r  t r a d i t i o n a l  practices o f  i r r i g a t i o n  and f a r m i n g  may be 

s u b j e c t  t o  e x t e r n a l  d i r e c t i o n  o r  d i r e c t e d  from w i t h i n .  

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

and fa rming  s h o u l d  c o n t i n u e  smooth ly  i n  s t a g e s  a l o n g  a  c o u r s e  

o f  p r o g r e s s i v e  e v o l u t i o n  and development .  C e r t a i n  methods  

may f a i l  and  d i s c a r d e d ;  o t h e r s  may show t h e i r  s u c c e s s  and  

c o n t i n u e  t o  e v o l v e .  

I n  t h e  meant ime,  s o i l  and  w e a t h e r  c o n d i t i o n s  as w e l l  

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

c o u l d  be a p p l i e d  i n  a c e r t a i n  p l a c e  may n o t  be a p p l i c a b l e  

i n  o t h e r s  d u e  t o  t h e  d i f f e r e n c e  o f  t h e s e  e l e m e n t s .  Moreover ,  

t h e  soc io -economica l  c o n d i t i o n s ,  e d u c a t i o n  and c u l t u r e  o f  f a m e r s  



and  g r o w e r s  and  t h e i r  a b i l i t y  t o  a d h e r e  t o  t h e  e x t e n s i o n  

s e r v i c e s  t o  b e  o f f e r e d  t o  them by t h e  government  and c o n c e r n e d  

a g e n c i e s  are o f  g r e a t  s i g n i f i c a n c e  t o  p l a n n e r s  and  d e s i g n - m a k e r s  

o f  r e l e v a n t  deve lopment  p r o j e c t s ,  a s  t h e s e  e l e m e n t s  a r e  t h e  

b a s e s  of t h e  s u c c e s s f u l  programs t o  b e  s c h e d u l e d .  

CONCLUSION 

From t h e  f o r e g o i n g ,  i t  is e v i d e n t  t h a t  t h e  deve lopment  

of f a r m i n g  s y s t e m s  h a s  now become o f  v i t a l  i m p o r t a n c e  t o  t h e  

s u r v i v a l  and w e l f a r e  o f  human i ty  and  is t h e  k e y s t o n e  t o  e n s u r e  

food  s e c u r i t y  i n  t h e  coming y e a r s  f o r  t h e  whole  p o p u l a t i o n s  

o n  e a r t h .  I n  t h e  menat ime,  i t  is p r o f i t a b l e  t o  f a r m e r s  and  

n a t i o n a l  e c o n o m i c s ,  as it raises t h e i r  s t a n d a r d  of  l i v i n g  and  

i n c r e a s e s  t h e  g o v e r n m e n t ' s  r e v e n u e s .  I t  is t h e r e f o r e  hoped 

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

ment ioned  above  be w e l l  e v a l u a t e d  and  a p p r i a s e d  b e f o r e  t h e  

i m p l e m e n t a t i o n  o f  any  i r r i g a t i o n  o r  f a r m i n g  development  p r o j e c t ,  

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

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

Owing t o  f o o d s h o r t a g e  e x p e c t e d  t o  t a k e  p l a c e  i n  t h e  

whole  w o r l d  i n  t h e  coming y e a r s ,  d u e  t o  t h e  e x c e s s i v e  i n c r e a s e  

o f  p o p u l a t i o n ,  it h a s  now become i m p e r a t i v e  t o  d e v e l o p  f a r m i n g  

management s y s t e m s  and  water management p r o j e c t s  on  a large 

s c a l e  t o  i n c r e a s e  a g r i c l u t r a l  p r o d u c t i o n  t o  a maximum t o  a v o i d  



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

which  pay o f f  w i t h  r e a s o n a l b e  i n t e r n a l  r a te  o f  r e t u r n  f o r  t h e  

w e l f a r e  o f  f a r m e r s  and  n a t i o n s  as  w e l l .  
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SOCIAL DIMENSIONS OF EGYPTIAN IRRIGATION PATTERNS 

Edward Knop, Mohamed S. Sallam, S h e i l a  Knop and Mona El-Kady 

This  paper  dea l s  with s o c i o c u l t u r a l  f a c t o r s  i n f luenc ing  farmer 's  

i r r i g a t i o n  p r a c t i c e s  i n  t h r e e  r e p r e s e n t a t i v e  "old landsw a g r i c u l t u r a l  

a r eas  o f  Egypt t s  Ni le  Val ley,  In  a  sampling o f  i n s t ances  where t h e r e  

i s  v a r i a t i o n  among farmers i n  how "ideal l t  t h e i r  p resent  i r r i g a t i o n  

p r a c t i c e s  a r e ,  s o c i o c u l t u r a l  and s i t u a t i o n a l  f a c t o r s  a r e  considered f o r  

explana t ions  o f  t h e  "more i d e a l t '  and " l e s s  i d e a l t t  farmer p r a c t i c e s .  

The purpose o f  such an a n a l y s i s  a s  t h i s  i s  t o  i d e n t i f y  s o c i o c u l t u r a l  

f a c t o r s  t h a t  can be modified by experimental programs and government 

p o l i c i e s  i n  support  o f  more i d e a l  i r r i g a t e d  a g r i c u l t u r a l  p r a c t i c e s  i n  

Egypt and o t h e r  a r i d  a r e a s  t o  which t h e  g e n e r a l i z a t i o n s  might apply. 

This  paper  i s  a  s h o r t  summary o f  some s o c i a l  background and 

s i t u a t i o n a l  f a c t o r s  r e l evan t  t o  an i r r i g a t e d  a g r i c u l t u r e  development 

p r o j e c t  underway i n  Egypt, The r e p o r t  i s  based on: 1) personal  i n s i g h t s  

o f  p r o j e c t  f i e l d  s t a f f ,  2) secondary d a t a  and r e p o r t s ,  and 3) in te rv iews  

o f  75 case  s tudy  farmers r e p r e s e n t a t i v e  of  t hose  l i v i n g  i n  t h e  t h r e e  

a r e a s  o f  p r o j e c t  f i e l d  work. The l a r g e r  p r o j e c t  is  an i n t e r d i s c i p l i n a r y  

e f f o r t  t o  improve farm l e v e l  i r r i g a t i o n  and agronomic p r a c t i c e s  through 

problem iden t i f i ca t ion / so lu t . i on  app l i ed  research  t o  be followed b v  r u r a l  

'neighborhood l e v e l  extensi.on/demonstration p i l o t  programs i n  s eve ra l  

t a r g e t  a r eas  o f  Egypt. 

THE EGYPTIAN CONTEXT 

Almost a l l  a g r i c u l t u r e  i n  Egypt is  i r r i g a t e d  farming, About h a l f  

of  t h e  n a t i o n ' s  40 mi l l ion  populat ion a r e  engaged i n  a g r i c u l t u r e  i n  t h e  

narrow, f c r t i l e  Ni le  Val ley,  where improvements i n  a g r i c u l t u r a l  p r a c t i c e s  

have been underway f o r  many yea r s .  Egyptian f amers  a r e  no t  t r a d i t i o n a l  



peasant farmers for the most part, but rather small-scale commercial farm 

operators extensively influenced by an elaborate national program of 

2 agricultural production and development. Presently, they have reached 
3 

a very high level of agricultural production by world standards. But 

rapid population growth, relatively little I'choice landft and limited 

supplies of other agricultural production inputs, including water, calls 

into question whether future consumptive needs in the nation can be met 

domestically. Additionally, there is evidence that unenlightened 

management of presently ample water resources is leading to the loss of 

some of the best Nile Valley agricultural land to water-logging and 

salinization, placing the nationts agricultural sufficiency in double 

jeopardy . 4 

In a nation where Iffood is lifet1 in both physical and socioemtional 

senses, something must be done while there is still lead time. The 

Egypt Water Use Project, jointly sponsored by the Government of Egypt 

and U. S. AID, operates from within the Egyptian government to enlighten 

and influence farmers toward practices that are more ideal in the eyes 

of irrigated agriculture experts. It is noteworthy, here, that tough 

"farmer control" approaches as well as elaborate ''high technologytt 

approaches are being perceptively resisted in favor of the gentler, 

simpler "g~ass rootsr1 development app~oaches emphasizing improved 

basic technology and farmer practices, There is awareness, as well, 

that improvement in/of institutional services supporting irrigated 

ag~iculture development must accompany self-help development efforts, 

Much of the sociological literature on irrigated ag~iculture 

development has focused on the st~ucture and functioning of support 

institutionsVb Most attention here will be given the intermediate 



a n a l y t i c  l e v e l  of  farmers '  more-or-less i d e a l  i r r i g a t e d  a g r i c u l t u r e  

p r a c t i c e s ,  but with explanatory i n s i g h t s  coming from the  h ighe r  l e v e l  

of s o c i a l  system's  ope ra t ion ,  and from t h e  lower l e v e l  o f  fa rmer ' s  

cogn i t i ons ,  a t t i t u d e s  and va lues .  Sample i s s u e s  of f a rmer t s  p r a c t i c e s  

t o  be analyzed have been chosen a s  r e p r e s e n t a t i v e  o f  d i f f e r e n t  f a c e t s  

of r e l evan t  farm ope ra t ion ,  

DESCRIPTIVE OVERVIEW OF IRRIGATED AGRICULTURE PATTERNS 

The t y p i c a l  Egyptian farmer ope ra t e s  small  p l o t s  o f  land (average 

s i z e :  two t o  t h r e e  ac re s ,  i n  s e v e r a l  s epa ra t e  p i e c e s ) ,  a l l  o r  much o f  

which he o r  h i s  family owns. Cropping is normally cont inuous,  a l lowing 

two o r  t h r e e  h a r v e s t s  pe r  year .  Major summer crops inc lude  co t ton ,  r i c e ,  

corn and suga r  cane; major w in te r  c rops  inc lude  wheat, f l a x ,  vege tab les ,  

beans, c i t r u s  and c love r .  Summer crops,  considered t h e  more important 

ones,  a r e  l a r g e l y  sub jec t  t o  assignment and con t ro l  by l o c a l - l e v e l  

counc i l s  implementing na t iona l  product ion a n d p o l i c y  gu ide l ines  o f  t h e  

Egyptian Agr icu l ture  Minis t ry ,  

The i r r i g a t i o n  system i n  Egypt r e g u l a t e s  t h e  d e l i v e ~ y  o f  Ni le  water  

( s to red  i n  Lake Nasser,  behind t h e  Aswan High Dam) through a phys i ca l  

conveyance system, a system o f  water  law, and an admin i s t r a t i ve  system. 

S ince  t h e  l a t e r  19601s,  most o l d  a g r i c u l t u r a l  land has  been under 

perennia l  i r r i g a t i o n ,  with water  d e l i v e r y  be ing  I1rotatedH i n  on/off  

cyc l e s  which vary  i n  length  ( i  . e . ,  4 /4 ,  7/7, 5/10 days) between loca t ions  

and times of t h e  year  according t o  s o i l  t e x t u r e ,  crop p a t t e r n s  and 

c l i m a t i c  cond i t i ons .  In  most a r e a s ,  water  must be l i f t e d  a s h o r t  

d i s t a n c e  from t h e  conveyance channel t o  t h e  f i e l d  l e v e l ,  c o n s i s t e n t  with 

government p rov i s ions  t o  discourage excess ive  water  a p p l i c a t i o n  and 

con t ro l  water  t a b l e  l e v e l s .  T r a d i t i o n a l l y ,  t h e  I r r i g a t i o n  Min i s t ry ' s  



j u r i s d i c t i o n  extends from Lake Nasser s to rage  t o  the  end o f  public  

canals ,  and includes r e s p o n s i b i l i t y  f o r  system design,  cons t ruct ion ,  

management, maintenance and enforcement o f  i r r i g a t i o n  law ( in  

conjunction with o the r  c i v i l  a u t h o r i t i e s ) ,  Water, under Islamic 

t r a d i t i o n ,  i s  a f r e e  commodity t o  be shared f a i r l y  and equi tably  by 

a l l  with an es tabl i shed use r i g h t  and needs which provides the  

p r i n c i p l e  underlying government water  codes. 

Because area  and l o c a l  farmer circumstances, a s  well a s  t r a d i t i o n s ,  

d i f f e r  somewhat throughout Egypt, the  e f f o r t  t o  develop and manage a 

f a i r ,  universa l  body o f  law regu la t ing  i r r i g a t i o n  p r a c t i c e s  is  d i f f i c u l t ,  

and o f t en  r e s u l t s  i n  common ex t ra lega l  o r  i l l e g a l  i r r i g a t i o n  p rac t i ces  

a t  the  l o c a l  l eve l .  A well-developed na t iona l  research program def ines  

many t echn ica l ly  i d e a l  water management p r a c t i c e s  which a r e  incorporated 

i n t o  pe r iod ic  r ev i s ions  of  t h e  water  law, but only extension education 

programs can eventual ly  ensure general understanding and acceptance 

of these  i d e a l s  a t  the  v i l l a g e  l e v e l ,  

Other 's  experience and pas t  research on farmer i r r i g a t i o n  p r a c t i c e s  

i n  Egypt suggest : 6 

1, Farmers of ten  apply g r e a t e r  amounts of  water t o  f i e l d s  than is  

optimal f o r  crop y ie lds  and good s o i l  management, i n  p a r t  because a )  

they do not understand non-visible so i l -p lant -water  r e l a t ionsh ips  occuring 

beneath the  e a r t h ' s  surface ,  b) water is  ava i l ab le  and they do not  want 

t o  chance s t r e s s i n g  crops by under- i r r iga t ion ,  c )  they do not  apprecia te  

the  idea o f  timing i r r i g a t i o n s  a s  well a s  they might, and d) they a r e  

r e l u c t a n t  t o  devia te  from the  t r a d i t i o n a l  p r a c t i c e  of  maximally in tens ive  

f i e l d  f looding,  a s  was p rac t i ced  during t h e  annual Nile f lood before  

perennial  i r r i g a t i o n  was poss ib le ,  



2 .  Farmer's f requent ly  do not  understand o r  follow appropr i a t e  

drainage p r a c t i c e s ,  which, i n  combination with a p p l i c a t i o n  of  excess 

water ,  con t r ibu te s  t o  t h e  accumulation o f  s a l i n i t y  i n  t o p s o i l .  

3.  Farmer's concerns about g e t t i n g  adequate water  t o  crops a r e  

prompted by problematic maintenance o f  publ ic  and/or p r i v a t e  de l ive ry  

d i t c h e s ,  o f t en  l i m i t i n g  equ i t ab le  access  t o  water;  t h i s  absence o r  

improper maintenance of  d ra ins  i s  commonly considered t h e  unavoidable 

cause o f  water-logging and s a l i n i t y  problems. 

4 .  Farmers genera l ly  do not  demonstrate much voluntary  cooperat ion 

i n  sched~ l l ing  i r r i g a t i o n s  along a de l ive ry  system, o r  i n  maintaining 

t h e  p r i v a t e  po r t ions  of  t h e  de l ive ry  and drainage system, government 

support  of  such cooperat ion has l a r g e l y  taken t h e  form o f  o f f i c i a l  

coercion when p a r t i c u l a r  s i t u a t i o n s  become q u i t e  problematic ,  

5. Otherwise hard-working farmers o f t e n  favor " l e a s t  e f f o r t "  

i r r i g a t i o n  and r e l a t e d  p r a c t i c e s  because s u f f i c i e n t  water  permits  them 

Ce.g,, avoiding n igh t  i r r i g a t i o n s  and l eve l ing  land wel l ,  having young 

ch i ld ren  supervise  animal-powered i r r i g a t i o n s ,  e t c , ) ,  In response, 

t h e  government approaches c o n s e ~ v a t i o n  of water and land p roduc t iv i ty  

by fo rc ing  farmers t o  work harder  (i , e ,  , having t o  l i f t  water,  e t c . )  , 

SUMMARY 01: OBSERVED IRRIGATION PATTERNS 

Data from our interviews with 75 case  s tudy farmers i n  t h r e e  

~ e p r e s e n t a t i v e  regions of Egypt (Minya Governate i n  Upper Egypt, 

Giza Governate i n  Middle Egypt, and Kafr E l  Sheikh Governate i n  t h e  

c e n t r a l  Delta a rea )  show : 

1. Farmers o f t en  i r r i g a t e  more f r equen t ly  than necessary ,  and 

o f t en  apply more water per  i r r i g a t i o n  than i s  i d e a l .  Average numbers 

and i n t e r v a l s  of i r r i g a t i o n s  pe r  major category of spring/summer crol>s, 

and corresponding recommended f i g u r e s  a r e  shown i n  Table 1.  . 



Table 1. Average number of total irrigation and average intervals per 
major crop category by farmer's anticipated/actual practice* and expert 
recommendations 

Farmerls Practice Expert Recommendations 
- - - - 
X Total X Interval X Total X Interval 

Irrigations (in days) Irrigations (in days) 

Cotton (n = 25) 10.0 16.8 7-9** 14-21** 

Wheat, flax (n = 8) 8.4 15.0 3-6** 15-30*** 

Corn (n = 8) 8.6 12.7 5-7** 12-14** 

Sugar Cane (n = 7) 16.0 15.7 10-14** 12-18** 

Vegetables 
melons (n = 9) 18.4 12.1 7-lo** 7-IS*** 

Clover (n = 12) 
2 

11.6 14.3 4-6** 15-30*** 

Citrus (n = 1) 6.0 15.0 Variable l0-20***~ 

Rice (n = 11) unsure 1.5 Flooded Continuously 
4 

*Farmer-reported data. 

l~ncludes several multi-season crops like artichokes. 
L Only full-season berseem included. 

'~urin~ flowering and fruit-development period. 

4~ice is puddled and kept under constant irrigation, with sufficient 
water being added recurrently to maintain immersion. 
**EIWP Agronomy Staff estimates for single-season crops under normal 
conditions in study areas. 
***C.L.M. Bentvelsen and G.O. Vittenbagaard, "Crop Water Requirements 
and Irrigation Schedules," Alexandria, ARE: UNDP/FAO, Working Paper 
No. 3, p. 12 (Table 6, most comparable North Tahrir data). 



2 .  Farmers note  r e l i a n c e  on t h e  fol lowing c r i t e r i a  f o r  when t o  

begin an i r r i g a t i o n :  67% ind ica t ed  i n t e r v a l  s i n c e  l a s t  i r r i g a t i o n  

( r e l a t e d  t o  supply r o t a t i o n  cyc le)  was a  cons ide ra t ion :  43% ind ica t ed  

when t o p s o i l  appeared dry o r  developing cracks and another  13% s a i d  

when t o p s o i l  r e s i s t e d  crushing i n  t h e i r  hands (both o f  which, jn  

t y p c i a l l y  heavy Ni le  Valley s o i l s ,  occurs  considerably before  t h e  

middle and lower root  zones a r e  d e f i c i e n t  o f  mois ture) .  Only one 

farmer o f  t he  75 ind ica t ed  use o f  even a  simple sub- so i l  moisture 

inspec t ion  procedure, though t h i s  is t h e  most i d e a l .  S ix ty- four  

percent  o f  the  farmers noted t h a t  p l a n t  appearance (e .g . ,  dry looking,  

limp o r  yellowing) was a  c r i t e r i o n  they  used, although a l l  o f  t hese  

v i s u a l  cues usua l ly  mean something o t h e r  than d rough t - s t r e s s .  When 

t h e s e  cucs do happen t o  i n d i c a t e  unde r - i r r iga t ion ,  eventual  y i e l d  i s  

diminished its it is  too l a t e  t o  remcdy t h c  s i t u a t i o n ,  t h e  p l a n t  having 

been v i s i b l y  s t r e s s e d  before  water  was app l i ed .  

3. Interviews revealed farmers end an i r r i g a t i o n  according t o  t h e  

following c r i t e r i a :  67% jndica ted  when a l l  t h e  f i e l d  i s  covered 

with water ,  while t h e  remaining 33% s a i d  they  stopped when the  water 

reached a po in t  o f  t h e  f i e l d  from which it could be dra ined  onto the  

remainder o f  t h e  f i e l d  ( t h e  more d e s i r a b l e  p r a c t i c e  both f o r  water  

conserva t ion  and wa te r - logg ing / sa l in i ty  c o n t r o l ) .  J u s t  over  one- th i rd  

a l s o  jndicated they considered t h e  depth of  water  on t h e  border  o f  t h e i r  

bas ins  o r  furrows, most of  t h e s e  (75%) s topping a t  :~hout  f i v e  ce r~ t imc tc r  

minimum ilveragc d c l ~ t h ,  iilthough t h c  remilining cluilrtcr s a i d  about 10 cnl. 

depth was one of  t h e i r  criteria, Usually, given t h e  a p p l i c a t i o n  

i n t e r v a l s  and bas in  i r r i g a t i o n  p r a c t i c e s  followed, l e s s  than f i v e  

cent imeters  would be ample f o r  heavy s o i l s .  No o t h e r  c r i t e r i a  ( length  



o f  time water had been appl ied ,  personal  convenience, pe rco la t ion  

evidence, e t c . )  were noted ,  Often t h e  l o s s  of flow i n  t h e  channel 

prompts t h e  i n t e r r u p t i o n  o f  an i r r i g a t i o n  f o r  p a r t  o f  a day, o r  even 

s evera 1 days. 

4. Unlevel f i e l d s  r e q u i r e  t h e  app l i ca t ion  of excess ive  water  t o  

lower po r t ions  so  t h a t  an appropr i a t e  amount can reach h ighe r  p a r t s .  

Rather p r imi t ive ,  but  e f f e c t i v e  l e v e l i n g  techniques a r e  known t o  a l l  

farmers,  but  r equ i re  cons iderable  t ed ious  l abor .  Th i r ty - th ree  percent  

o f  t h e  case  s tudy farmers d id  no te  some form of  land- leve l ing  opera t ion ,  

and 47% ind ica t ed  i r r i g a t i n g  t h e i r  f i e l d s  dur ing  seed bed prepara t ion  

t o  a d j u s t  water  flows before  p l a n t i n g .  Most farmers growing row 

crops  furrowed t h e i r  f i e l d s  (80%), which o f t e n  f a c i l i t a t e s  t h e  even 

d i s t r i b u t i o n  and conservat ion o f  water .  

5. I d e a l l y ,  farmers should apply j u s t  t h e  amount o f  water  t h e  

root-zone w i l l  accept ,  making f i e l d  drainage unnecessary. I f  excess 

water  i s  appl ied ,  it should be removed t o  prevent  both super-sa tura t ion ,  

causing roo t  r o t  and evaporat ion,  concent ra t ing  s a l t s  i n  t h e  t o p s o i l .  

O f  t h e  case  s tudy  farmers,  28% ind ica t ed  they  had s e r i o u s  drainage 

problems and/or inadequate drainage oppor tun i t i e s ,  and another  14% 

s a i d  they  occas iona l ly  had dra inage  problems, Nineteen percent  s a i d  

they  d i d  not  d ra in  t h e i r  f i e l d s  because they  app l i ed  no t  excess water.  

(Most o f  t hese  were among those who stopped i r r i g a t i o n s  be fo re  water 

reached t h e  end o f  t h e  f i e l d ) ,  Forty-seven percent  i n d i c a t e d  they  

d r a i n  e x t r a  water i n t o  c o l l e c t o r  d r a i n s  when it  is necessary,  30% 

d r a i n  back i n t o  t h e  supply channel,  and 5% l e t  t h e  excess water  

evaporate  off (impressions a r e  t h a t  a  much h igher  percentage do t h i s  

t o  a l i m i t e d  e x t e n t ) ,  



6.  Farmers do not have a c l e a r  understanding o f  t h e  concept "water 

t a b l e , "  even i n  i ts  popular form, and tend t o  over-est imate i t s  depth 

below t h e i r  f i e l d s .  The average measured water t a b l e  i n  p r o j e c t  f i e l d  

a r e a s  f luxua te s  from approximately 60-130 crns, while  farmers es t imate  

t h e  water t a b l e  beneath t h e i r  land t o  average approximately 280 crns. 

Related, and perhaps more important,  almost none (1%) o f  t h e  farmers 

had a reasonable idea  of root-zone water-plant  r e l a t i o n s h i p s ,  and very 

few had an adequate understanding of t h e  causes o f  water-logging (19%) 

and s a l i n i z a t i o n  (7%).  

7. The farmers noted t h a t ,  o f  t h e  75 s p e c i f i c  land p l o t s  focused 

on i n  t h i s  research ,  12% had problems with water-logging (of which 4% 

were thought minor o r  occasional  problems) and 22% had s a l i n i t y  problems 

(12% thought minor o r  occas ional ) .  

8. Most of  t h e  farmers be l ieved  t h a t  they normally received 

adequate amounts of  water (71%), and t h a t  t h e  timing o f  d e l i v e r y  was 

gene ra l ly  s a t i s f a c t o r y  (79%).  Only 13% ind ica t ed  they  usua l ly  got  

inadequate amounts (7% gene ra l ly  inadequate timing) and another  16% 

ind ica t ed  d e f i c i e n t  supply during t h e  summer season only (15% inadequate 

t iming).  Those on t h e  t a i l  h a l f  of minor conveyance channels be l ieved  

they  gene ra l ly  received inadequate amounts of  water f a r  more o f t e n  than 

o t h e r s  (22% t a i l  t o  5% head),  although those  a t  t h e  head h a l f  more o f t e n  

f e l t  a summer shortage (23% head t o  8% t a i l ) .  There i s  no h e a d - t a i l  

d i f f e rence  concerning timing of  de l ive ry .  

9. The "inadequate amounts1' noted above gene ra l ly  r e f e r  t o  daytime 

de l ive ry ,  a s  water  i s  usua l ly  a v a i l a b l e  a t  n igh t .  The Egyptian water 

de l ive ry  system, with i t s  long major canals ,  is  designed f o r  equ i t ab le  

day-night supply; some n ight  i r r i g a t i o n  i s  a design f e a t u r e  o f  t h e  system, 



making inf requent  n igh t  i r r i g a t i o n s  a  v i o l a t i o n  of  t h e  i d e a l .  Approximately 

h a l f  (51%) o f  t h e  case  s tudy farmers sometimes i r r i g a t e  a t  n igh t .  The 

mean r e l a t i v e  frequency of night- to-day i r r i g a t i o n  among those  who 

sometimes do is  37% of t h e i r  i r r i g a t i o n s  (a 19% r e l a t i v e  frequency fo r  

t h e  e n t i r e  sample). The predominant condi t ion  under which n igh t  

i r r i g a t i o n  is ,  o r  would be, p rac t i ced  is  i n  s u f f i c i e n t  day d e l i v e r y  (52%).  

Other reasons inc lude  being busy during t h e  day (9%),  t h e  b e l i e f  t h a t  
7 

n igh t  i r r i g a t i o n  i s  b e t t e r  f o r  t h e i r  p a r t i c u l a r  crops (19%) , a  shor tage  

o f  day labor  (4%),  e t c .  

10. Another occasional  response t o  inadequate d e l i v e r y  system 

supply o f  water is  i r r i g a t i n g  with water from d r a i n s ,  an i l l e g a l  p r a c t i c e  

which assumes d r a i n  water is  considerably more s a l i n e .  Only 3% o f  t h e  

case  s tudy farmers ind ica t ed  using d r a i n  water o f t e n  f o r  i r r i g a t i o n  

(probably t r u t h f u l ,  given t h e  candor o f  responses t o  many more s e n s i t i v e  

ques t ions  i n  t h e  in terv iews) .  

11. One major f a c t o r  con t r ibu t ing  t o  u n s a t i s f a c t o r y  supp l i e s  of day 

water i s  competition among farmers f o r  what is a v a i l a b l e .  I d e a l l y ,  they  

a r e  assumed t o  work out  some form o f  informal arrangement among themselves 

f o r  equ i t ab le  access  t o  water along each minor watercourse, but  it o f t e n  

does not  happen t h a t  way. The common r u l e  i n  Egypt is  whoever comes 

f i r s t  g e t s  t h e  water a s  long a s  it i s  a v a i l a b l e  a t  t h a t  p o i n t  o f  t h e  

channel,  and o t h e r s  wait  t h e i r  t u n .  This p r a c t i c e  may promote b e n e f i c i a l  

s o c i a l i z i n g  among farmers,  but  it imposes p a r t i c u l a r  hardships  and 

i n e f f i c i e n c i e s  on those  f u r t h e r  down water courses.  Equi tab le  voluntary  

scheduling o f  t u r n s  t o  water ,  ensuring a  good d e l i v e r y  volume f o r  f a s t e r  

app l i ca t ion ,  is  t h e  o f f i c i a l  i d e a l ,  and t h e r e  a r e  s t a t u a t o r y  provis ions  

f o r  fo rc ing  e q u i t a b l e  access  t o  water.  



When farmers were asked if they would prefer a farmer-coordinated 

scheduling of turns or the present "who comes first" system, about 

half (47%) said they prefer the present system. The most common 

explanation was that it would be too difficult, or impossible, to reach 

agreement on a schedule with 50-100 farmers involved, and that trying 

to enforce the schedule would strain some delicate interpersonal 

relationships. As well, there are various "understandingst1 about 

turns among farmers now: 29% are involved in informal agreements with 

near neighbors or those sharing ownership of a water lifting wheel 

and 27% indicated there were informal norms on their ditch to let 

"busy people" and other Ilspecial cases" go first. Two private 

ditches (5% of the sample) are presently on a loose form of voluntary 

scheduling. 

12. Maintenance problems with supply and drainage channels is 

another issue involving cooperation among farmers which interferes 

substantially with water availability and drainage practices. Approxi- 

mately half (53%) of the farmers indicated they were dissatisfied with 

the maintenance of public canals and drains, which is a government 

responsibility, but even more (65%) were dissatisfied with the 

maintenance of the private ditches and drains serving them, which is their 

own collective respo~sibility. Thirty-nine percent specifically 

acknowledged problems with their neighborst throwing trash and dirt in 

the ditches and drains (primarily the larger government ones), and with 

their taking dirt from the soil embankments of the public and private 

ditches, causing them to leak water and ruin roadways as well as to 

inundate crops. The Irrigation and Agriculture Ministries promote 

voluntary cooperation in channel cleaning and maintenance as an ideal, 

but also use coercive powers when this is not forthcoming. 



Conceptual Model 

The Ithuman factortt operating in most topics of interest is difficult 

to understand and manage primarily because it involves a variety of 

causal dimensions working in interactive and feedback fashion. One way 

to view this is summarized in Figure 1. 

Figure 1. Basic Social Dynamics Model 

Background Factors Situational Factors 

individuals ' Social Structure and nalyses of 
Or anization constraints, Resultant 

expectations, 
.opportunities Behaviors Social BehaviorIInteractien g g3nd means for 1 

+ 

Setting 

Each of the "boxed-in" sections of Figure 1 respresent a major 

Inter-personal 
influences and 

category causal components for behavior. Background factors are 

Progess 
Toward 
Goal - 
Attainment 

I A. Individual 

"patterned," or persistent across situations and more-or-less integrated 

T 1 

+ 

within a ulevelll of social reality as well as between them. These 

Individual Attitudes, satisfaction Knowledge, Emotions B. Collective 

levels of social reality include: (1) the tlextrapersonalu level of 

1 achievements 

social structure and organization (i.e., groups, rules, authority, 

pattern, division of labor, communication provisions, etc., which are 

characteristics of collectives of people rather than individuals); (2) 

the "interperonsalll level of mutual influence between people, and 

individual behaviors that take other people into account; and (3) the 

"intra-personalu level of attitudes, knowledge, emotions and all such 

considerations that contained within our individual selves. 



The need f o r  t h i s  " leve ls t1  d i s t i n c t i o n  i s  two-fold. F i r s t ,  we know 

t h a t  t h c  t h r e e  l eve l s  do not  correspond well :  o f t en ,  f o r  i n s t ance ,  

r u l e s  and ac tua l  behaviors do not  correspond, o r  personal  a t t i t u d e s  

and behaviors do not  correspond on a  g ive  t o p i c .  Therefore t h e  explarlation 

of given behaviors may come more from one l eve l  than another  and may even 

involve con t rad ic to ry  guidance from o t h e r  s o c i a l  l e v e l s .  Second, when 

we understand t h e  causes of  given behaviors and wish t o  change theni, we 

r e a l i z e  t h a t  d i f f e r e n t  approaches t o  change a r e  most appropr i a t e  f o r  each 

l e v e l .  S p e c i f i c a l l y ,  (A) s t r u c t u r a l  and organiza t ional  change i s  usua l ly  

accomplished by enactment o f  a u t h o r i t i e s  and/or c o l l e c t i v e  dec is ion  

making and enforcement procedures,  whereas (B) s o c i a l  behavior and i n t e r -  

a c t i o n a l  change is b e s t  achieved by informal in t e rpe r sona l  inf luence  

i n  t h e  s i t u a t i o n  of  concern, and (C) change o f  a t t i t u d e s ,  knowledge, e t c .  

is  most appropr i a t e ly  pursued by long-term educat ional  approaches t h a t  

use t r u s t e d  guidance toge the r  with learn ing  experiences i n  (o r  dup l i ca t ing )  

real-world circumstances. 

Background f a c t o r s  provide t h e  "general" explanat ions f o r  behavior .  

In add i t ion .  t h e  s i t u a t i ~ n a l  component may heav i ly  inf luence  r e s u l t i n g  

behaviors i n  a  " p a r t i c u l a r i s t i c t 1  way. For in s t ance ,  our  "normal:' 

behaviors may become a l t e r e d  i n  p a r t i c u l a r  s i t u a t i o n s  due t o  c o n s t r a i n t s ,  

expecta t ions  o r  oppor tun i t i e s  o f  t h a t  s i t u a t i o n .  In t imes of r ap id  change, 

s i t u a t i o n a l  f a c t o r s  may be t h e  major ones accounting f o r  our  b e h a v ~ o r s .  

Par t  o f  t h e  s i t u a t i o n  involves c h a r a c t e r i s t i c s  o f  t h e  physical  and soc ia l  

s e t t i n g ,  including the  i n t r u s i o n  of  background f a c t o r s .  The r e s t  c~f t hc  

s i t u a t i o n  i s  mado I I ~  o f  people inf luencing  one another  whilc  a n a l y z i n g  

what t h e y  shoi~ld  and can accomplish i n  t h a t  s i t u a t i o n .  Background 



f a c t o r s  l i k e  r u l e s ,  h a b i t s ,  f e e l i n g s ,  e t c . ,  p l ay  an important,  and maybe 

t h e  predominant p a r t  i n  t h e  process,  o f  course.  

The ind iv idual  and c o l l e c t i v e  behaviors t h a t  emerge i n  t h e  s i t u a t i o n  

have r e s u l t s  both i n  terms of  progress  toward goal at ta inment  and i n  

terms o f  t h e i r  "feedbacktt on the  s i t u a t i o n  and t h e  r e l evana t  background 

f a c t o r s .  For in s t ance ,  people seeking t o  ge t  continuous d e l i v e r y  of 

i r r i g a t i o n  water f o r  t h e i r  a r e a  may i n  t ime be success fu l ,  bu t  i n  t h e  

process a l s o  e f f e c t  changes i n  government inspec t ion  provis ions ,  t h e i r  

own coopera t ive  i r r i g a t i o n  p r a c t i c e s ,  and t h e i r  knowledge and a t t i t u d e s  

about p l an t - so i l -wa te r  r e l a t i o n s h i p s .  

The r e l a t i v e  importance o f  each category of  causa l  component 

( s t r u c t u r a l ,  i n t e r a c t i o n a l ,  a t t i t u d i n a l ,  s i t u a t i o n )  varkes i n  t ime 'and  

among t o p i c s ,  r e q u i r i n g  explora tory  work be done when dea l ing  with a 

new t o p i c  o r  s e t t i n g  o f  s o c i a l  inqui ry .  The theory  r e s u l t i n g  from 

r e l a t e d  pas t  research  i s  an important guide i n  such explora tory  s tudy,  

of  course,  but  t h e  deduct ive approach more t y p i c a l  of  s o c i a l  s c i ence  

research  i s  most r e l i a b l e  only  a f t e r  more-inductive explora tory  r e sea rch  

i s  completed. This  s tudy r ep resen t s  an explora t ion  i n t o  s o c i a l  background 

and s i t u a t i o n a l  dimensions o f  i r r i g a t i o n  p r a c t i c e s  i n  Egypt. Based 

on f ind ings ,  we can r e l a t e  t h e  Egyptian c a s e  t o  conclusions o f  s t u d i e s  

done elsewhere, giving impl ica t ions  f o r  e f f e c t i v e  program a c t i o n  

among Egyptian farmers.  

Background and S i t u a t i o n a l  Fac tors  t o  I r r i g a t i o n  P a t t e r n s  

In a s p e c i f i c  context  l i k e  i r r i g a t i o n  p r a c t i c e s  and preferences ,  

t h e  major background f a c t o r s  have been summarized i n  t h e  two preceeding 

s e c t i o n s .  Consistent  with t h e  genera l  conrep tua l i za t ion  summarized i n  

t h i s  s ec t ion ,  we now t u r n  a t t e n t i o n  t o  some ' spec i f i c  v a r i a b l e s  o f  p o t e n t i a l  



r e ? ;  evance f c r  t~ntierstar:dj.~!.g farmers i r r i g a t i o n  behaviors  and a t t i t u d e s .  

m lhere  a r e  nlariy convel~t:iortec! xnys t o  "divide up'' causa l  f a c t o r s  f o r  

ana . lys i s ,  as 1cl:g ;is vnrl:.a5?e.s f ron  a l l  s o c i a l  l e v e l s  a r e  ir?.cludcc!. 

ti-.z.c e;r,pl!isis 1.5 gi.ven t n  obta in ing  a broad saiopling of  background and 

s i t t ~ a t  j.oi~rji f'nctcjr:; : l~ocight. p o r t s n ~ i a l l y  ~ e l c v a r ~ t  t o  improving our 

i~ndcsstandi.ng o l' ~ ; ~ ~ I I I C  r ' s i x r i g a t i o n  pirt ems.  As i nd ica t ed  i n  t h e  

paper i  s in t ro t l i~c t i .on ,  w e  concent ra te  here  on v a r i a b l e s  r e l a t e d  t o  farmers 

s t r u c l u r e d  backgrounds, behaviors ,  b e l i e f s ,  and s i t u a t i o n s  r a t h e r  than  

on c h a r a c t e r i s t i c s  cf t h e  i r r i g a t i o n  system. The r a t i o n a l l e  f o r  grouping 

these  var iabies  i n t o  the fo!.lowing ca t egor i e s  inc ludes  cons ide ra t ions  

o f  bo th :  ( I )  concept~ual ,  commona1it.y which they  sha re  i n  he lp ing  t o  

expla in  observed i ~ r i g a t i o r i  behaviors and a t t i t u d e s , a n d  (2)  programic 

ccmlr:cdity they  hatre f o r  l a t e r  a t tempts  t o  manage t h e s e  v a r i a b l e s  by 

a l . t e n ~ a . t i v e  in te rvent lo! ;  ~ p p r o a c h e s .  

.5:>ecificai l y  , ~ t 3  f.;r~': ccnsid2r:  ( I )  - phys!.cal s i t u a t i o n  f a c t o r s ,  

. l i k e  ~ i b i i ~ ! , ; ~  t,~.i; i..::su: .~;rimdy plot. is ic:c.a":ed neai-cr t h e  hea.d c.r t a i l  o f  

t h c  xz-t 1.r deliver.; c !~z i~; :e l ,  m d  xilether the f ~ ~ r ~ n e r s  a r e  'bothered by 

?~-cklt!n:; s o l %  s a ? i . n ~ . t y  ox unlevel fields. Thes:. both share characteristics 

.. . 
n:: uci?; p.yisicz.? conc.litj.or?s o f  t h c  setting ant? a r e  factors mnost!y 

avail6bi s t o  ts:.:c1;:? ~ c a l  s o l u i  i o ? ~  as suppl.emen'ted by s o c i a l  oyganizat ion 

an2 educa. tiori. 

I?: s'l~ozll-: bi: n E t e d  here  I:!~at a v a r i e t y  of' a d d i t i o n a l  physics:. 

sit.crsti.on \ra::ial:ics were i d e n t i f i e d  f o r  prel iminary ana1.ysj.s of t h e  k i n d  

repo.l..-.-t 2; here (2. g. . perceived wat er-l?ggi.ng, a s s e s s  t o  i r r i g a t c  water 

sui)p!.en~c~\tal t o  r.:\;\t yrovii.<!ii tlirougll tiie publ. ic de1j:very system, c t c . ) .  

I :  1 I .  I .  I .  i I I :; . I . I  ( I )  t i ~ c ) : : ; ~  S ~ I O W ~ I ~ ~  

tlic s:-ol;;-:~st cry !;:[?st i:rj >~:isi:i?~?t cqr i r i  c s l  tel . i t inns!r 11~s ~ i t i r  dependent 

(out ccxe.; ;tarizbl e:i ~:i.!.os :J!, :-;nc!/or (2:) i hose best  represerl t ing tile broad 
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range of  types o f  causal f a c t o r s  we o r  o the r s  thought p o t e n t i a l l y  

re levant .  The r a t i o n a l l e ,  then,  was t o  obta in  a r e l a t i v e l y  shor t  

l i s t i n g  o f  d i f f e r i n g  f a c t o r s  cont r ibut ing  t o  an explanation o f  observed 

i r r i g a t i o n  pa t t e rns  so  t h a t  these  could be more e a s i l y  compared f o r  

t h e i r  r e l a t i v e  cont r ibut ion  and implicat ions f o r  program a t t e n t i o n .  

This p r a c t i c e  of i n i t i a l l y  examining many va r i ab les ,  then reducing them 

t o  a shor t  r ep resen ta t ive  l ist ,  was followed f o r  a l l  of  t h e  following 

ca tegor ies  of  va r i ab les .  

I t  should a l s o  be noted t h a t  we a r e  deal ing  here with farmers'  

sub jec t ive  perceptions of  t h e i r  circumstances r a t h e r  than our own 

ob jec t ive  determination of these .  Accordingly, a  man's f i e l d s  may 

r a t h e r  l eve l  o r  s a l t - f r e e ,  but  he th inks  they should be more-so, whereas 

another man may be s a t i s f i e d  with ob jec t ive ly  less- favorable  f i e l d  

condit ions.  While i n  general we may assume t h a t  g r e a t e r  concern over 

one 's  condi t ions  means they a r e  worse than t h e  average condit ions he 

knows, i n  individual  cases t h a t  is  not necessa r i ly  so. More importantly, 

t h e  farmerst sub jec t ive  perceptions t e l l  us  something about himself a s  

well a s  h i s  land, which i s  a s  important t o  know when planning in te rven t ion  

s t r a t e g y  a s  i s  only the  ob jec t ive  c h a r a c t e r i s t i c s  o f  the  s e t t i n g  and 

s i t u a t i o n  (which i s  a l s o  being c o l l e c t e d ) .  

The second category of  va r i ab les  we examine f o r  t h e i r  causal 

cont r ibut ions  a r e  intervening s o c i a l  s i t u a t i o n  s t r u c t u r a l  f a c t o r s  (11). 

Included here  a r e  such matters  a s  t h e  number of  loca l  f ami l i e s  t h e  case 

study farmer o r  h i s  wife a r e  r e l a t e d  t o ,  how many chi ldren  they have 

a t  home, and whether he is  a fu l l - t ime  o r  par t - t ime farmer. In an 

in tervent ion  program, t h e  r o l e  of  such soc ia l  s t r u c t u r e  f ac to r s  should 

bc understood, but they a r c  obviously not usually matters  f o r  experimental 

manipulation. 



Next (111), a variety of individual socio-economic and demographic 

structured factors are considered. These include the farmer's age and 

schooling, his ?resent or past status as an official (indicating lacal 

resptct and infll~ence) and the size of his farming operation and cattle 

herd (indicating his socio-economic status). 

Then (IV), the farmer's integratioa into information patterns/ 

and networks is considered. Included here are such structural and 

interactional variables as whether he gets government extension pullica- 

tions in his honie, whether he gets information on periodic canal 

closures directly from irrigation/agriculture department personnel, the 

number of others he often turns to for advise on irrigation problems or 

practices, and how many of these are officials working in a capacity 

where they should be more expert in this regard. 

Because cne's intrapersonal satisfaction with, and beliefs about, 

his local structural and interactional community is a major factor 

affecting peisor~ztl moralle and long-term committment reflected in most 

thzt is done within that setting, several items examine farmer's 

evalcations of their -- community (V). One of these concerns beliefs 

about t.he quality of local leadership now as compared with 10 years ago, 

one concerns beliefs about how integrated or independent local people 

are, and a third concerns whether the case study farmers are sufficiently 

dissatisfied and uncommitted to their community that they would like to 

leave it. E~raluations of one's self (VI) are bim~lar to those community 

both in terms of confidence and satisfactor with one's performance arid 

the likelihood of extending this to influencing other's circumstances. 

Items usod here  il~cluclc whether tht* farmer believes he ordinarily 

avoids bc1l:lvior-s and decisions that in tiine prove to be mistakes, and 



and whether he wishes he had more inf luence/ leadersh ip  i n  l o c a l  a f f a i r s  

than  he now has .  

Relevant t o  both understanding farmers '  p re sen t  p r a c t i c e s  and t h e  

prospects  f o r  changing t h e s e  is t h e i r  recept iveness  t o  innovat ions and 

change (VII) ,  Here seve ra l  s p e c i f i c  mat te rs  a r e  included f o r  a n a l y s i s ;  

t h e  farmer 's  f a t a l i s m  (o r  b e l i e f  t h a t  l i f e ' s  events  a r e  con t ro l l ed  by 

o t h e r s  having t h e  power t o  do so ,  making a t tempts  t o  change one 's  

circumstances f u t i l e ) ;  whether t h e  farmer be l i eves  changes which have 

occurred a r e  more t o  h i s  bene f i t  than detr iment;  whether he i s  following 

t h e  inc reas ing ly  common new p r a c t i c e  of  paying ~ e l a t i v e s  f o r  t h e i r  labor ;  

and whether he i s  engaging i n  some mechanization o f  h i s  farming opera t ion .  

F ina l ly ,  we consider  a s e r i e s  o f  farmerst  percept ions  on appropr ia te ,  

e f f e c t i v e  general  approaches t o  improving l o c a l  l i v i n g  cond i t ions  (VII I ) .  

Included he re  a r e :  (A) farmer b e l i e f s  about t h e  importance o f  na t iona l  

po l i cy  and programs f o r  r e a l i z i n g  ac tua l  l oca l  development and whether 

t h e  government's pass ing  new ~ u l e s  r equ i r ing  behavioral  changes a c t u a l l y  

he lps  much i n  t h e  process;  (B) whet he^ such educat ional  processes a s  

s p e c i a l  demonstrations by expe r t s  o r  expanding and s t rengthening  t h e  

e f f e c t i v e n e s s  o f  formal educat ional  programs ope ra t ing  a t  t h e  v i l l a g e  

l e v e l  a r e  important i n  t h e  v i l l a g e r s ?  eyes; (C) fanners1  b e l i e f s  about 

t h e  importance o f  e s t ab l i shed  community processes l i k e  informal loca l  

l eade r sh ip ,  publ ic  meetings t o  in f luence  decision-making processes  and 

good information on events  of probable l o c a l  consequences f o r  l o c a l  

improvements; (D) t h e i r  views on t h e  p o t e n t i a l  of  s e l f - h e l p  organiza t ions  

and processes ,  inc luding  whether these  approaches a r e  valued a s  use fu l  

i n  ru ra l  development and whet.ller they hc l i evc  more can be accomplished 

by a coordinated c o l l e c t i v e  approach t o  l o c a l  problem solv ing;  and f i n a l l y ,  



(E) what r o l e  t h e  farmer s ee s  i n  s t r eng then ing  t r a d i t i o n  va lues  o f  t h e  

Egyptian v i l l a g e ,  a s  having increased  c a r i n g  about one ano the r ' s  needs 

and we l f a r e ,  and having g r e a t e r  ~ e s p e c t  and p r i v i l e g e  f o r  t hose  who 

show g r e a t e s t  i n i t i a t i v e  and e f f o r t  f o r  community-wide b e n e f i t s .  

I r r i g a t i o n  Dependent Var iab les  

From t h e  range o f  s p e c i f i c  i r r i g a t i o n  p r a c t i c e s  on which in t e rv i ew  

d a t a  have been c o l l e c t e d ,  s e v e ~ a l  have been chosen a s  dependent (outcome) 

8 
v a r i a b l e s  f o r  t h i s  a n a l y s i s .  The v a r i a b l e s  were s e l e c t e d  t o  r ep re sen t  

a broad range o f  I r r i g a t i o n  concerns i n  Egypt, and a r e  ones which show 

accep tab l e  v a r i a t i o ~ l  in p r a c t i c e  w i th in  each geographical  a r e a  sampled. 
9 

Each has  been chosen t o  a l s o  r e p r e s e n t  v a ~ i a t i o n  i n  how i d e a l  t h e  

f a rmer ' s  p r a c t i c e s  a r e  under t h e  p r e v a i l i n g  circumstances.  When tlre 

independent (causa l )  v a r i a b l e s  d i s cus sed  above a r e  r e l a t e d  t o  t h i s  range 

o r  i r r i g a t i o n  t o p i c s ,  it i s  p o s s i b l e  t o  determine s o c i a l  background and 

s i t u a t i o n a l  f a c t o r s  which provide  more genera l  explana t ions  o f  i d e a l  

p r a c t i c e s ,  and thosc  which app ly  on ly  t o  a more l i m i t e d  type  o f  d e s i r a b l e  

i r r i g a t i o n  p a t t e r n .  Knowing t h i s  enables  us  t o  examine t h e  i d e n t i f i e d  

causa l  f a c t o r s  f o r  ea se  and p r i o r i t y  o f  experimental  p rogra~n management 

i n  t h e  Egyptian s e t t i n g ,  

The s p e c i f i c  i rri g a t  ion p a t t e r n s  be ing  analyzed inc lude  : (A) whether 

land l e v e l i n g  practices, however b a s i c ,  were uscd i n  secdbed p repa ra t i on  

(subsequent ly  c a l l  ed ' ' f i e l d  l eve l  ing") ; (B) if t h e  p r a c t i c e  o f  s topping  

t h e  a p p l i c a t i o n  before  it reached t h e  end of t h e  f i e l d ,  with excess  water  

be ing  spread  t o  t h e  remainder o f  t h e  f i e l d ,  was followed dur ing  i r r i g a t i o n s  

(" l imited i r r i g a t i o n u )  lo; (C) t h e  r e l a t i v e  frequency o f  n i g h t  i r r i g a t i o n s  

p r a c t i c e d  ("R. F , n i  gh.t i r r i g a t i o n " )  ; ( D l  whether t h e  farmer was concerned 

about neighbors '  t a k i n g  s o i l  from conveyance chznnel embankments, caus ing  



t h e i r  de te r io ra t ion  ("ditch maintenance concern") ; and (E) whether t h e  

farmer favored voluntary scheduling of  i r r i g a t i o n s  among neighboring 

fanners ("scheduling turns") , 

The i n t e r r e l a t i o n s h i p s  between these  var iables  a r e  shown i n  Table 

2A and B. The f i r s t  contains simple b i v a r i a t e  c o r r e l a t i o n s ;  t h e  second, 

Verimax r o t a t e d  f a c t o r  loadings as  an i n d i c a t o r  o f  causal  commonality. 

These f indings  t e l l  us t h a t  t h e r e  i s  an underlying common dimension i n  

t h e  empirical  working of some va r i ab les  ( l eve l ing  and l imi ted  i r r i g a t i o n s ;  

l eve l ing  and t h e  r e l a t i v e  frequency of  night  i r r i g a t i o n ) ,  but  t h a t  o the r  

va r i ab les  operate a s  r e l a t i v e l y  d i s t i n c t ,  independent phenomenon (concern 

f o r  d i t c h  maintenance; preference f o r  scheduling t u r n s ) .  Accordingly, we 

may expect severa l  s e t s  of  causal  p a t t e r n s  t o  emerge, suggest ing the  

need f o r  d i f f e r i n g  s p e c i f i c  approaches t o  t h e i r  improvement, o r  a very 

broad general approach i f  they  a r e  t o  be addressed together  by a s i n g l e  

i r r i g a t i o n  improvement program, F u l l e r  a t t e n t i o n  w i l l  be given applied 

implicat ions a s  s e t s  of  empirical r e l a t ionsh ips  a r e  explored. 

Analysis o f  Social  Background and S i tua t iona l  Causal Factors 

Table 3 summarizes b i v a r i a t e  r e l a t ionsh ips  between t h e  c o n s t a n t ,  

s e t  of independent var iables  and the  i r r i g a t i o n  p a t t e r n s  being explained. 

Note t h a t  t h e  dependent var iables  have been arranged with t h e  most s t r i c t l y  

technica l  phenomenon on the  l e f t ,  gradually phasing t o  t h e  most s t r i c t l y  

s o c i a l  phenomenon on t h e  r i g h t ,  Independent va r i ab les  have been grouped 

t o  f a c i l i t a t e  i n t e r p r e t a t i o n  and reference during t h e  following commentary. 

Before turning a t t e n t i o n  t o  t h e  explanation o f  s p e c i f i c  i r r i g a t i o n  

p r a c t i c e s ,  severa l  general observations on c h a r a c t e r i s t i c s  of  r e l a t ionsh ips  

i n  t h e  da ta  matrix may be made, 



Table 2 (A) : Cor re l a t ion  --------. mat r ix  --.. of delendent  --- v a r i a b l e s  - 
Ditch  

F i e l d  Limited R;F. Night Maintenance Scheduling 
Level ing I r r i g a t i o n  I r r f g a t i o n  Concefn - ---- Tul'ns - 

F i e l d  
Level ing 1 - 0 0  

Limited 
I r r i g a t i o n  -. 44* 1.00 

R.F. Night 
I r r i g a t i o n  .36* -15 

Di tch  
Maintenance . . 

Concern .4Ok .18* .28* 1.00 

Scheduling . . 

Turns -.I3 -. 0.9 . -.05 . -05 ..1 ,00. 
. , 

---- --- - 
* s i g n i f i c a n t  at  o r  beyond .05 l e v e l ;  11-75. 

Table 2 (R)  : Vcrinmx f a c t o r  ---- loadings  f o r  dependent v a r i a b l e s  - - 
17act.or 1 Factor  2 F a c t o r  3 F a c t o r  4 ...------.---- 

F i e l d  . . 

Leveling -. 41t9( -.44* -.05 -.. 2 7 

Limited 
I r r i g a t i o n  - . /4 3 -: - .'08 

R.P. Night 
I r r i g a t i o n  -. . 1.6 --. 60* .07 .01 

Ditch 
Maintenance 
Concern 

Scheduling 
Turns .17. 

-- --------- -- ------ - --.- --- --------. 
*beyond .40 c u t t i n g  p o i n t .  



Table 3: Correla t ion matr ix  of se lec ted  idea l  i r r i g a t i o n  pa t t e rns  with explanatorv va r iab les  
Ditch 

Field  Limited R.F. Night Maintenance Sched l i n g  Y 
L ~ V E ~ I I I ~ '  l r r i R a t  ion2 l r r i g a t  ion3 concern4 Turns - -- 

1.PHYSICAL SITUATION FACTORS 
Head l ta i l  loca t ion  
Perceived s a l i n i t y  
Perceived adequacy of f i e l d  levclriess 

1I.SOCIAL SITUATION FACTORS 
Number of r e l a t e d  fami l i e s  
Ntnnber of ch i ld reu  st home 
~u l l - t ime /par t - t ime  farmer 

1II.SOCIOECONOE.IIC 6 DIWOCRAPHIC CHARACTERISTICS 
Age -.25* - .23*  .OO -. 10 .03 
Schooling -.29* -.29* -.22* -.27* -.08 
Present government/council o f f i c i a l  -.33* -. 27* . O 1  - . I8  .04 
Pas t  government/council o f f i c i a l  -.27* -.I3 .09 -.lo .08 
Total  a r e a  (feddans) farmed .02 -.02 .12 .14 - .04 
Number of c a t t l e  owned .35* .19* .17 .18 - .02 

I V .  INFORMATION PAZTERNS 
Get extension mate r i a l s  f o r  home -.I5 - .06 - .27* -.21* - .03 
Get c losure  information from i r r i g .  o f f i c i a l s  -.32* -. 31" - .02 - . I 3  .19 
Number turned t o  f o r  i r r i g a t i o n  advice .25* .26* .16 .27* - .09 
Number ag. o f f i c i a l s  asked f o r  i r r i g .  advice -.49* -.34* -.29* -.I7 .20* 

V . EVALUATION OF COMMUNITY 
( b e l i e f )  l o c a l  l eadersh ip  weaker now .30* .13 .O 1 .29* - .09 
(b.) l o c a l  people too much go own ways - .06 -.06 -. 38* -.23* .05 
Would l i k e  t o  move elsewhere -.37* -.I1 -. 42* -.25* .10 

V I  . PERSONAL EVALUATION 
Seldom makes mistakes 
Wishes more leadership 

VII.RECEPTIVENESS TO CHANGE 
(b.) l i f e  con t ro l l ed  by powerful; e f f o r t s  f u t i l e  .39* .16 -.02 .18 - .27* 
(b.) most l o c a l  changes t o  h i s  b e n e f i t  -.24* .08 - .04 -.28* .03 
Pays r e l a t i v e s  f o r  se rv ices  they give .32* .26* .15 - .02 .O 1 
Gross index of i r r i g .  ag. mechanization - .38* -. 35* - . I4  -.22* .O 1 

VIIL.BELIEFS ABOUT APPROACHES 'Ip RURAL DEVELOPMENT 

A.GOVERNMENT RESPONSIBILITY 61 POWER 

Natl.  policy/progs. import. f o r  l o c  . devel., .ll .09 -. 20* -. 09 -.38* 
Govennnent r u l e s  fo rc ing  change he lps  -.3Q* . l o *  . n4 - .2n* -02  

B . EDUCATIONAL PROCESSES 
Demonstrations by exper t s  use fu l  -.22* - .06 -.22* -. 18 - .02 
B e t t e r  a d u l t  b youth educat ion use fu l  -. 30* -. 35* -.21* -.09 .10 

C.ESTABLISHED COMMUNITY PROCESSES 
Informal l o c a l  l eaders  importance -. 37* -. 36* - .10 - .29* .2 7* 
Publ ic  mtgs . t o  inf luence o f f i c i a l  decis ions  -. 49* -.43* -.I4 - .04 .27* 
Get t ing b e t t e r  information i n  v i l l a g e  import. -.42* -. 36* -. 19* -.04 .24* 

D.ORGANIZATION FOR SELF-HELP 
Making organized l o c a l  e f f o r t s  valued -.24* -. 26* .18 -.I3 .03 
More accomplished by c o l l e c t i v e  e f f o r t s  .36* .36* .27* .08 . 00 

E.REINFORCEMENT OF TRADITIONAL VALUES 
More car ing about each others 'needs valued .17 .19* .O 3 .35* - .08 
More reapec t /p r iv i l ege  f o r  a l t ru i sm needed -.32* -. 31* -.25* - .01 .OO 

*Signif icant  a t  o r  beyond the ,05 l e v e l ;  n=75. 
Note: s igns  on r e l a t i o n s h i p s  r e f l e c t  va r i ab le  coding p r a c t i c e s ,  not  necessa r i ly  i n t u i t i v e  causal  d i r e c t i o n .  
lPlul t ip le  r egress ion  c o e f f i c i e n t  with these  variablea=.87 (76X of var iance explained) .  
2Multiple regress ion c o e f f i c i e n t  with these  va r iab les= .  79 (62% of var iance explained) . 
3 ~ u l t i p l e  regress ion c o e f f i c i e n t  with these  var iables=.  82 (67% of var iance explained) . 
4 ~ u l t  i p  lc regress ion coef Eicient  with these va r iab les= .  88 (78% of var iance explained) . 
' ~ u l t i ~  regress ion c o e f f i c i e n t  with these  ver iables=.81 (66% of var iance explained) .  



1. Overa l l ,  judging by t h e  number of s i g n i f i c a n t  r e l a t i o n s h i p s  observed 

i n  each coluinn, t h e  more s t r i c t l y  t echn ica l  the  phenomenon i s ,  t h e  more I 
thoroughly it is explained by these  predominately s o c i a l  v a r i a b l e s .  I t  

must be noted, however, t h a t  t h e s e  va r i ab les ,  a s  with most t h a t  a r e  

co l l ec ted  hy interview method, concent ra te  on ind iv idua l ' s  c h a r a c t e r i s t i c s  1 
i 

and perceptions ra t t ie r  than on ob jec t ive  s t r u c t u r a l  cha rac te r i . s t i c s  of  1 

t h e  s o c i a l  s e t t i n g .  Presumably, indiv idual  c h a r a c t e r i s t i c s  a r e  most 

useful  i n  expla in ing  those ind iv idua l ' s  p r a c t i c e s ,  whereas system 

c h a r a c t e r i s t i c s  a r e  most usefu l  i n  explaining c o l l e c t i v e  f e a t u r e s  o f  

l i f e .  

This has two immediate j.mplications, Inferences from personal 

experience i n  the  s e t t i n g  w i l l  be required t o  a  g r e a t e r  ex tent  i n  explaining 

t h e  v a r i a b l e s  which a re  more s o c i a l  i n  cha rac te r .  A s  we l l ,  t h e i r  g r e a t e r  

degree of  system-level causat ion implies  a  g r e a t e r  degree of  system-level 

f a c i l i t a t i o n  i n  char-rging them, making t h j s  a  slower, more complex process. - 
For ins tance ,  education, o r  incen t ives ,  o r  reward-punishment reinforcement,  

o r  coercion s t r a t e g i e s  would probably be more e f f e c t i v e  i n  promoting 

the  more technica l  and indiv idual  o f  i d e a l  p r a c t i c e s ,  but  t h e  r e a l i z a t i o n  

of accomplishments which a r e  more s o c i a l  i n  c h a r a c t e r  presupposes both 

t h e  modific:ation o f  tht: i ~ ~ s t i t u t i o n a l  s t r u c t u r e  i t s e l f  and t h e  use o f  

indiv idual ly-or iented  s t r a t e g i e s  with t h e  sub jec t  populatiorl a s  well  a s  

wi th in  t.he changing i n s t i t u t i o n a l  support s t r u c t u r e ,  And s ince  t h e  

s o c i a l  context  provides b e t t e ~  oppor tun i t i e s  f o r  e f f e c t i v e  I1backlash," 

t h e  slower, more "gentlet '  of indiv idual ly-or iented  s t r a t e g i e s  a r e  

o r d i n a r i l y  requi red  t o  avoid counter-productive consequences. 

2 .  Note a l s o  i n  Table 3 t h a t  few independent va r i ab les  show 

s ign i f i can t .  r e l a t ionsh ips  i n  most columns. Since these  i r r i g a t i o n  



prac t i ces  represent  r e l a t i v e l y  independent phenomenon (note Table 2 and 

discuss ion) ,  we would expect d i f f e r e n t  causal  var iables  t o  explain each, 

and d i f f e r e n t  approaches t o  be appropriate f o r  t a rge ted  change o f  each. 

The c l o s e s t  we come t o  an exception is  i n  the  category of "established 

community processes, l t  Farmers' b e l i e f  i n  the  values o f  informal leader-  

sh ip ,  ge t t ing  many people tegether  with o f f i c i a l s  t o  influence decis ions ,  

and g e t t i n g  good information on what i s  happening l o c a l l y  provides t h e  

broadest s ing le  bas i s  f o r  explaining i d e a l  i r r i g a t i o n  p rac t i ces .  Commitment 

t o  developing and re inforc ing es tab l i shed  community processes repeatedly 

appears i n  o the r  ana lys i s  of  these  da ta  t o  be a p a r t i c u l a r l y  s i g n i f i c a n t  

causal dimension i n  a broad range o f  s p e c i f i c  top ics .  

In turning a t t e n t i o n  t o  explanations of  s p e c i f i c  i r r i g a t i o n  pa t t e rns ,  

Tab1 e 3 shows : 

Land Leveling 

The i d e a l  p r a c t i c e  of t r y i n g  t o  l eve l  one's f i e l d  during seedbed 

preparat ion is associated with;  (A) being located nearer  t h e  head o f  

a d i t c h  (perhaps because more people pass by the re ,  a f f e c t i n g  t h e  

cherished "good farmert! image of hard labor and fine-looking crops) ; 

(B) thinking one has s a l i n i t y  problems; (C) be l ieving one has adequately 

l eve l  land f o r  good i r r i g a t i o n ;  (D) being younger; (E) having l e s s  

schooling (probably fewer o ther  i n t e r e s t s  and commitments than farming); 

(F) not being a present  o r  pas t  o f f i c i a l ;  (G) having more c a t t l e ;  (11) 

being l e s s  l i k e l y  t o  get  information d i r e c t l y  from i r r i g a t i o n  o f f i c i a l s ;  

(I) being more l i k e l y  t o  tu rn  t o  o the r  farmers f o r  i r r i g a t i o n  advice, but  

less l i k e l y  t o  t u r n  t o  a g r i c u l t u r e  o r  i r r i g a t i o n  o f f i c i a l s  fo r  advice; 

(J) being more l i k e l y  t o  th ink loca l  informal leadership is  weaker now 

than i t  was 10 years ago; (K) being l e s s  desirous o f  moving from the  

community; (L) wishing he had more an informal leadership s t a t u s  



than he does; (M) being l e s s  l i k e l y  t o  t ake  t h e  f a t a l i s t i c  p o s i t i o n  

t h a t  l i f e  is  c o n t r o l l e d  by those  with more power than him, s o  why t r y  

changing i t ;  (N) be l iev ing  t h a t  most changes i n  t h e  v i l l a g e  work t o  h i s  

b e n e f i t ;  (0) being more l i k e l y  t o  have adopted t h e  newer p r a c t i c e  o f  

paying r e l a t i v e s  f o r  t h e  use  o f  t h e i r  animals o r  labor ;  (P) having a 

more mechanized farm opera t ion;  (Q) being l e s s  l i k e l y  t o  value t h e  

government's making r u l e s  t o  fo rce  changes; (R) s ee ing  t h e  importance 

o f  demonstrations of  improved techniques and improved education i n  genera l ;  

(S) be l i ev ing  e f f e c t i v e  informal leadersh ip  i s  e s s e n t i a l  t o  loca l  

development, along with pub l i c  meetings f o r  speaking one's mind t o  

o f f i c i a l s  and g e t t i n g  good information on whatever imposi t ions might a f f e c t  

him, (T) be l i ev ing  i t  important t h a t  l o c a l  people ge t  t oge the r  t o  t r y  t o  

so lve  t h e i r  problems i n  t h e i r  own ways; (U) be l i ev ing  t h a t  more can 

gene ra l ly  be accomplished by c o l l e c t i v e  approaches than by indiv idual  

e f f o r t s ;  an3 (V) t h a t  more r e spec t  and p r i v i l e g e  a r e  due those  people 

who work hard f o r  community b e n e f i t s .  

The o v e r a l l  p a t t e r n  t h a t  begins t o  emerge he re  is  t h a t  farmers who 

bother  t o  attempt l eve l ing  t h e i r  f i e l d s  f o r  improved water d i s t r i b u t i o n  

a r e  more proud, independent, consc ient ious  and s a t i s f i e d  farmers who a r e  

concerned about t h e  loca l  a r e a ' s  p re sen t  p o t e n t i a l s  f o r  c o l l e c t i v e l y  

r e so lv ing  t h e i r  own problems, but  committed t o  t h i s  path i n  preference 

t o  c o l l e c t i v e  o r  personal  r e l i a n c e  on government, save f o r  educat ional  

b e n e f i t s ,  Accordingly, they favor  a grass- roots  l eve l  extension education 

and organiza t ion  approach t o  loca l  i r r i g a t e d  a g r i c u l t u r e  development, 

Conversely, those  who do not  at tempt l e v e l i n g  t h e i r  land show less 

evidence of  t hese  c h a r a c t e r i s t i c s ,  



Thus severa l  s t r a t e g y  dilemmas a r e  introduced, Should a l t e r n a t i v e  

approaches, such as  incent ives  o r  government regula t ions  and inspections,  

be r e l i e d  upon f o r  those who devia te  from t h e  i d e a l ,  o r  should a long- 

term program be undertaken t o  f i r s t  transform the  farmers following the  

l e s s  i d e a l  p r a c t i c e  i n t o  more proud, independent, conscientious farmers 

s o  t h a t  they w i l l  then take  more ca re  i n  t h e i r  farming operat ions and be 

more responsive t o  extension approaches? I f  those farmers who now follow 

t h e  more idea l  p r a c t i c e  bel ieve  l e s s  in  government ass i s t ance  and 

regula t ion,  what would t h e  consequences of  such a s t r a tegy  be on t h e i r  

conscientious farming p rac t i ces ,  and why a r e  not  those more recept ive  

t o  government guidance now t r y i n g  the  advisable p r a c t i c e  o f  land level ing?  

Theexaminationof causal  r e la t ionsh ips  with o t h e r  i r r i g a t i o n  pa t t e rns  

sheds l i g h t  on t h e  s t r a t e g y  mat ter ,  

Limited I r r i g a t i o n s  

When considering the  p r a c t i c e  o f  stopping an i r r i g a t i o n  before 

water reaches the  end of the  f i e l d ,  the  same bas ic  explanatory theme 

o f  t h e  previous p r a c t i c e  app l i es ,  The wst noteworthy d i f fe rences  include:  

[A) perceptions o f  how leve l  h i s  land is make no di f ference;  (B) 

judgements about changes i n  q u a l i t y  of loca l  leadership and propensity 

t o  out-migrate a r e  inconsequential;  (C) he is  more l i k e l y  s e l f -  

confident with h i s  correc tness  i n  independent decis ions ;  (D) he is  l e s s  

convinced most loca l  changes a r e  t o  h i s  benef i t ;  and (E) he is  not a s  

l i k e l y  t o  value exper t ' s  demonstrations of new techniques, but does value 

general education. 

The only r e a l  s h i f t  i n  pat terning here  from t h e  previous i r r i g a t i o n  

p a t t e r n  seems t o  be a g rea te r  comitment t o  s e l f - r e l i a n c e  i n  farm operat ions 



among those  who s top  i r r i g a t i o n s  p r i o r  t o  t h e  f looding  of e n t i r e  f i e l d .  

Otherwise, previous ly  d iscussed  p a t t e r n s  gene ra l ly  hold t r u e  here  a l s o .  

Night I r r i g a t i o n  

3 .  Those who most f r equen t ly  p r a c t i c e  n i g h t  i r r i g a t i o n s  a r e  more 

l i k e l y  t o  have these  c h a r a c t e r i s t i c s ;  (A) some perceived s a l i n i t y  

problems; (B) more c h i l d r e n  a t  home ( i t  i s  unc lear  whether he sends 

t h e  ch i ld ren  t o  i r r i g a t e ,  o r  leaves  the  house t o  avoid them o r  having 

more o f  them); (C) he is  both l e s s  l i k e l y  t o  r ece ive  a g r i c u l t u r e  

ex tens ion  ma te r i a l s  i n  h i s  home and t o  t u r n  t o  a g r i c u l t u r a l  o f f i c i a l s  f o r  

i r r i g a t i o n  advice ;  (D) he is more l i k e l y  t o  be l i eve  t h e  community is made 

up o f  independent people who go t h e i r  own sepa ra t e  ways; (E) he would 

not  l i k e  t o  leave  t h e  community; (F) he does not  sense  t h a t  na t iona l  

l e v e l  government has a s  g r e a t  of value i n  promoting l o c a l  development 

a s  does lower l e v e l s  of  governments; (G) he does va lue  e x p e r t ' s  demon- 

s t r a t i o n s  and general  educat ion;  (H) he d e s i r e s  good information on 

t h i n g s  having l o c a l  consequences; ( 1 ) h i s l e c t i v e  e f f o r t s  a r e  more 

e f f e c t i v e  than  ind iv idua l  ones; and (J) he f e e l s  people who make 

e f f o r t s  on behalf  of t h e  community do not  g e t  t h e  r e spec t  o r  p r i v i l e g e s  

they  deserve.  

I t  i s  noteworthy t h a t  l oca t ion  on a supply d i t c h  does not  appear 

r e l a t e d  t o  t h e  r e l a t i v e  frequency o f  n igh t  i r r i g a t i o n s ,  although d a t a  

reviewed e a r l i e r  showed loca t ion  was r e l a t ed  t o  whether farmers d i d  

o r  d i d  not sometimes p r a c t i c e  n ight  i r r i g a t i o n .  The da ta  i n  t h i s  

s ec t ion  suggos t t hat  thosc prilci i c  i ny! frcclucn t r ~ i g l ~ t  i r1.i gat ions :irc 

more independent pcople who do so f o r  t h e i r  ow11 personal  reasons,  whereas . 
those  who p r a c t i c e  infrcyucnt  n ight  i r r i g a t i o n  a r e  prompted by day water - 
shor tages- - for  w h i  cll thcy  pub1 i c  ly  :;l~ow rcsc!llt ~ncnt. Othcr r c l n t  ionships 



noted here  a l s o  show a  tendency toward p a r t i c u l a r i s t i c  causa t ion ,  where 

i n  s i t u a t i o n a l  f a c t o r s  play a  major r o l e .  The s e l f - r e l i a n c e  and independent 

themes appear again,  f o r  in s t ance ,  but  together  with emphasis on g e t t i n g  

export  advise ,  planning information and loca l  cooperat ion ( a l l  o f  which 

he now th inks  d e f i c i e n t ) .  

An impl ica t ion  of  the more p a r t i c u l a r i s t i c  and s i t u a t i o n a l  causal  

p a t t e r n  noted here ,  and t o  a  l e s s e r  degree i n  the  two previous i r r i g a t i o n  

p a t t e r n s ,  i s  t h a t  any s tandardized  (univers i ty-appl ied ,  common-element) 

p lan  f o r  improved i r r i g a t i o n  p r a c t i c e s  w i l l  be l e s s  e f f e c t i v e  than  one 

which appeals s p e c i f i c a l l y  t o  t h e  p a r t i c u l a r  needs and circumstances of 

ind iv idua l  fanners ,  r e q u i r i n g  it be more f l e x i b l e ,  with mul t ip le  

a l t e r n a t i v e  dimensions. 

Ditch Maintenance Concern 

4 .  Concerns about v i l l a g e r s  tak ing  d i r t  from d i t c h  embankments a r e  

a s soc ia t ed  with these  s i t u a t i o n a l  and personal  c h a r a c t e r i s t i c s :  (A) 

being more l i k e l y  t o  th ink  one has s a l i n i t y  problems; (B) be l i ev ing  

one has inadequately l eve l  land; (C) having fewer r e l a t i v e s  i n  t h e  

community than  most; (D) being a  f u l l - t i m e  r a t h e r  than par t - t ime farmer; 

(El being l e s s  l i k e l y  t o  received a g r i c u l t u r e  extension ma te r i a l s ;  (F) 

t u rn ing  t o  more o t h e r  farmers f o r  i r r i g a t i o n  advice ;  (GI be l i ev ing  l o c a l  

leaderships  has d e t e r i o r a t e d  and (11) t h a t  l oca l  people go t h e i r  own 

sepa ra te ,  s e l f i s h  ways; ( I )  a l l  the  same, being l e s s  l i k e l y  t o  want t o  

leave the  comnunity; (J) wanting t o  be more a  l eade r  than he is now; 

( h  1 lit1 I cqv i I I ~  I I N I : ~ [   lot::^ I c I I ( ~ I I ~ ~ * +  (I 1.t- t i 1  1 1  I:, I I ~ + I W  t'i I , ; I I I ~  1 I,) I w i t b g  I I I O I * ~ ~  

mechanized i n  h i s  fa rmopera t ions ;  ( M )  more l i k e l y  t o  be l i eve  change 

should not  be pursued through laws forc ing  change; ( N )  p l ac ing  o f  high 



value on informal leader's role in local development, and (0) more likely 

to emphasize people caring more about one another's needs. 

As attention turns here to a more-clearly t'social" matter of 

irrigation relevance, we find a response pattern that is sometimes 

popularly called the "solid citizent' phenemenon. Those adhering to the 

ideal of not altering ditch embankments, and withing others also would 

not, appear to be particularly conscientious both regarding their 

farming and their community, They are rather satisfied with their 

lot in one sense, their personal circumstances, but less satisfied with 

how their community is realizing its potentials. They value the role 

of local leadership, of which they wish they were more a part, and 

believe local people should care more about their neighbor's welfare. 

No one would argue with these aspirations. How they can be realized, how- 

ever, is a more difficult matter, to which attention shall be turned * 

shortly . 
Scheduling Turns 

5. Those favoring the voluntary scheduling of irrigation turns on 

minor supply channels have these characteristics: (A) more often think 

they have salinity problems; (B) are more likely full-time farmers; (C) 

more often turn to agricultural officials for advice; (D) are more likely 

to be fatalistic, feeling that life is controlled by people with more 

power than themselves; (E) less likely value national government's 

contributions to local development as highly as those of lower governmental 

levels; and (F) do not consider established community processes effective. 

Sincc this item dealt wit11 preferences rather than actual practices, 

it demonstrates an important mind-set found i n  Egypt which wishes for 
? 

better practices, but shows little initiative to pursue them. Nothing-- 

not even government force for change--holds promise to such people. 



Given t h e  importance o f  g ra s s - roo t s  cooperat ion and coord ina t ion  i n  

suppor t  of improved i r r i g a t e d  a g r i c u l t u r e ,  t h e  dynamics of  t h i s  s i t u a t i o n  

deserve b r i e f  a t t e n t i o n .  

Many a s p e c t s  o f  i d e a l  i r r i g a t e d  a g r i c u l t u r e  would be f a c i l i t a t e d  by 

g r e a t e r  coopera t ion  and coord ina t ion  among neighboring farmers ,  which 

they  seem t o  recognize.  But r ecogn i t i on ,  while  a  necessary  cond i t i on ,  

i s  not  s u f f i c i e n t  t o  g e t  t h e  job done. Other  a t t i t u d e s  and s o c i a l  

s e n s i t i v i t i e s  o f t c n  i n t e r f e r e  with t h e  r e a l i z a t i o n  o f  coope ra t ive  

e f f o r t s  t o  ea se  i r r i g a t i o n  t a s k s .  The most common ? a t t e r n  i s  t h a t  t hose  

most d i r e c t l y  and adverse ly  a f f e c t e d  (perhaps ope ra t ing  land nea r  t h e  

end o f  a  conveyance channel,  o r  on water-logged o r  s a l i n e  land) ,  w i l l  

a t tempt  t o  so lvc  t h e i r  prol,len~ by themselves--i~~formslly f i r s t ,  thcn morc 

o f f i c j a l l y  i f  ~ l cces sa ry - - i~ lvo lv ing  as few o t h c r s  a s  prnc t ic i t l  (n~orc o f t e n  

r e l a t i v e s  than  n o n - r e l a t i v e s ) .  

In te rv iew d a t a  show very l i t t l e  vo luntary  o rgan iza t ion  among t h e s e  

case  s tudy  farmers (only 22% p a r t i c i p a t e  i n  even one voluntary  o rgan iza t ion  

arrangement),  a l though t h e r e  is  s t r o n g  commitment t o  t h e  i d e a  i n  

p r i n c i p l e .  E ighty- three  pe rcen t  i n d i c a t e d  t h a t  t h e  most important  t h i n g s  

t o  want come only  through coopera t ion ,  and n ine  percent  s a i d  i t  was 

more en joyable  t o  work on something with o t h e r s ,  Data and impressions 

suggest  a  de f i c i ency  o f  in formal ,  vo luntary  l eade r sh ip  i n i t i a t i v e  is  a  

major f a c t o r ,  a s  i s  not  wanting t o  r i s k  an tagoniz ing  o r  of fending  o t h e r s  

sha r ing  t h e  crowded, s e n s i t i v e  v i l l a g e  environment. Given a  r e l a t i v e l y  

low l e v e l  o f  farmer coo rd ina t ion ,  it i s  not  s u r p r i s i n g  t h a t  t h e r e  i s  

both re1 i ancc on govcrnmcnt outhori  t i c s  f o r  s o l v i ~ l g  ind iv idua l  ' s  problems, 

and r o l u c t r ~ n c c  t o  usc t .h i s  c l f C i c i : ~ l  rcsourcc-. As wcl I ,  givcli t h c  

r ~ a t j o n a l  tcndcricy toward pcrsonal  i tlclol)o~~clo~~c(: i 11 suclr so,. i ;I l toll text s , 



t h e r e  a l s o  i s  sornetimes evidence o f  l o c a l  resentment toward a u t h o r i t i e s  

and t h e  power resources  t hey  possess .  What sometimes appea r s ,  t hen ,  a s  

a  I l least  e f f o r t 1 '  ( o r  l a z i n e s s )  tendency among farmers on ma t t e r s  l i k e  

schedul ing  i r r i g a t i o n s  o r  coo rd ina t ing  t o  c l ean  d i t c h e s ,  i s  more 

c o r r e c t l y  a Illens t s o c i a l  r i s k "  tendency,  

In  t h e  ma jo r i t y  o f  farm-operation t a s k s ,  t h e  farmer sllows much 

independent i n i t i a t i v e ,  making him a good farmer by world s t anda rds ,  bu t  

t h e  i r r i g a t i o n  contex t  i s  one i n  which many o f  h i s  p r a c t i c e s  both 

d i r e c t l y  a f f e c t ,  and a r e  a f f e c t e d  by, t hose  o f  h i s  ne ighbors ,  and s o  a r e  

more o f f i c i a l l y  r egu la t ed .  Such r e g u l a t i o n  comprises h i s  a b i l i t y  t o  

a c t  i n  h i s  accustolned informal and independent fash ion .  I n  such a  ! ' social  

bind,"  it is normal t o  a c t  less and worry more (which, perhaps,  causes  

him t o  exaggera te  s i g n s  of  p o t e n t i a l  c rop  s t r e s s ,  apply more water  than 

needed, be r e l u c t a n t  t o  d r a i n  o f f  excess  water  when o t h e r s  have been 

wa i t i ng  f o r  t h e i r  t u r n ,  e t c , ) ,  

In n e u t r a l  con tex t s ,  l i k e  f a c t u a l  information exchange, t h e  r e l a t i o n -  

s h i p s  alnorlg farmers  and wi th  i r r i g a t i o n  department o f f i c i a l s  a r e  

good. Recal l  most s a i d  t h e y  got good advanced information on p e r i o d i c  

canal  c l o s u r e s ,  f o r  i n s t ance .  In  a l e s s - n e u t r a l  con tex t ,  however, l i k e  

be ing  forced  t o  i r r i g a t e  a t  n i g h t  because o f  inadequate  water  supply 

du r ing  t h e  day, bo th  neighbors  and t h e  government a r e  blamed and 

r e sen t ed ,  undermining coopera t ive  p o t e n t i a l s  by encouraging s o c i a l  

av0ida.nc.e and f a t a l i s m .  

Let us b r i e f l y  c o l ~ s i d c r  one o t h e r  example o f  d i f f i c u l t .  soc.ial 

dynamics. Although t h e  f i r s t  f ou r  i r r i g a t i o n  p a t t e r n s  examined showed 

v a r i a t i o n  i n  s p e c i f i c  causal  c o n t r i b u t i o n s ,  a ve ry  genera l  p a t t e r n  

seemed t o  emerge: t hose  farmers  most c l o s e l y  adher ing  t o  idea l  p r a c t i c e s  



were more conscientious persons, or iented toward t h e i r  community's welfare. 

They were more knowledgeable, observant and ser ious  about t h e i r  farming, 

and in te res ted  i n  learning more about successful  p rac t i ces .  They seemed 

qu i t e  r e a l i s t i c  and pragmatic about t h e i r  own and t h e i r  neighbors' 

s i tua t ions ,  not  put t ing much f a i t h  i n  grandiose o r  coercive development 

t a c t i c s .  Such personal a t t r i b u t e s ,  of course, a r e  llbackgroundu ones 

t ha t  cannot be ea s i l y ,  quickly o r  simply developed i n  o thers  t o  make 

them prac t i ce  idea l  pa t t e rns  of i r r i g a t i o n  o r  anything e l s e .  

What can be done t o  transform those pressed i n to  a defensive, 

f a t a l i s t i c ,  Illow soc i a l  r i sk"  posture without r i sk ing  re inforc ing these 

problematic tendencies? Clearly, forcing behavioral compliance with 

i dea l s  i n  the  hope t h a t  these  eventually w i l l  become habi t  is  not 

r e a l i s t i c ,  The most probably r e s u l t  of  such an approach i s  making t h e  

t a r g e t  people more a l ienated,  thus  more a burden than a benef i t  t o  

t h e i r  soc ia l  and economic systems, 

The bes t  a l t e rna t i ve  is  t o  seduce and/or prod them out of t h e i r  

capt ivat ing mind-set i n to  a more hopeful, understanding one. Such only 

occurs gradually a s  they a r e  helped t o  develop new o r  s t ronger  idea l s ,  

and a r e  given confidence t h a t  they can contr ibute  t o  the  achievement 

of  those i dea l s  through successful  experience and soc ia l  support,  

Unfortunately, nat ional  government cannot do much d i r e c t l y  i n  t h i s  

process except help s e t  the  s t age  by s t r uc tu r a l  changes and pa t i en t ly ,  

pe r s i s t en t l y  support the  l ong~ te rm  self-help development process rooted 

i n  t h e i r  places of  residence and work, 

As matters of supportive pol icy  o r  approach, appropriate i nd i r ec t  

ac t ions  might include: (A) promoting education aimed a t  increasing 

bas ic  understandings i n  the  t a rge t  population; (B) ensuring t h a t  



reasonable  i ncen t ives  accompany i n v i t a t i o n s  t o  r i s k ,  and t h a t  some 

rewards ( i n c l u d i ~ i g  s o c i a l  ones)  be  given f o r  e f f o r t  and inc reased  

understanding,  not  exc lus ive ly  f o r  success ;  (C) developj  ng t h e  

s o c i a l  cohesiveness  and informal  communications p a t t e r n s  w i th in  t h e  

community and work enviroilments, and then  encouraging s o c i a l  p r e s su re  

as t h e  major prod;  (D) a s s i s t i n g  and f a c i l i t a t i n g  t h e  development o f  

new l o c a l  l e ade r sh ip  p o t e n t i a l ,  i n i t i a t i v e  and s k i l l  by e s t a b l i s h i n g  

o p p o r t u n i t i e s  and incen t ives  (again,  l a r g e l y  s o c i a l )  f o r  new l e a d e r s  

t o  e n t e r  an expanded ve r s ion  o f  l e a d e r s h i p  s t r u c t u r e ;  (E) ensu r ing  

t h a t  i n s t i t u t i o n a l  support  f e a t u r e s  and r e g u l a t i o n s  undergo r e g u l a r  

review and adjustnlcnt t o  keep them c o n s i s t e n t  wi th  understandings and 

behaviora l  p a t t e r n s  developing a t  t h e  g r a s s  r o o t s  l e v e l .  The s t r u c t u r a l  

change process  r~orrnally r e q u i r e s b o t h  depa r tu re s  from u n i v e r s a l  s t anda rds  

and p rov i s ions  f o r  genuine i n p u t / p a r t i c i p a t i o n  from persons throughout 

g r a s s  r o o t s  l e v e l s  (so t h e y  may l e a r n  t h e  p roces s ,  experience t h e  

s ense  of personal  s i g n i f i c a n c e ,  f e e l  i d e n t i t y  with t h e  outcome, and 2dd 

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

Obviously,  t h i s  i s  a  h i g h l y  complex and ex t ens ive  undertaking which 

works i n  support  o f  va r ious  r u r a l  development o b j e c t i v e s  i n  a d d i t i o n  t o  

i d e a l  i r r i g a t i o n  p r a c t i c e s .  I t  is not  n e c e s s a r i l y  expensive i n  terms o f  

money r equ i r ed ,  but 1 s  i n  terms o f  human s k i l l  and commitment. I t  

should be  pursued by degrees  w i th in  l o c a l  s e t t i n g s ,  o f  course ,  and 

focused on a r e a l i s t i c a l l y  f e a s i b l e  number of people ,  s o  t h a t  they  

and t h e i r  gradual  success  can s e r v e  a s  t h e  b e s t  t e a c h e r  f o r  o t h e r s ,  

Other  narrower approaches t o  i r r i g a t e d  a g r i c u l t u r e  development should 

p a r a l l e l  t h e  i n s t i t u t j o n a l i z a t i o n  o r  expansion o f  t h i s  b a s i c  development 

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

p a t t e r n s  a r e  forthcoming and t h a t  s o c i a l  system c o n t i n u i t y  is preserved .  



For longer-run ef fect iveness ,  h ~ w e v e ~ , t h e r e s e e m s  no bet ter  option for 

Egypt than t o  invest  well in  the cult ivat ion of the "basicI1 rural 

development seeds now being planted around the country by an enlightened 

national leadership. 
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Bureaucracy and Development: Ins igh t s  from Egypt 

The nat ions  and peoples of the  world a r e  engaged i n  an unprecedented 

surv iva l  challenge i n  which bureaucracy and development a r e  c e n t r a l  mat ters .  

The r e spons ib i l i t y  f o r  managing world order a s  well  a s  bas ic  s a t i s f a c t i o n  of 

personal needs is  increas ingly  being taken on by bureaucracies and multi- 

na t iona l  consor t i a  who, i n  tu rn ,  point  t o  "development" a s  the  major means 

o r  condit ion f o r  r e a l i z i n g  in te rna t iona l  order  and personal well-being. But 

t h e i r  success i n  pursu i t  of both has been disappointing t o  them and t h e i r  

cons t i t u i en t s ,  desp i te  the  investment of extensive  resources. Development 

profess ionals ,  both wi thin  and outs ide  these  bureaucracies,  r egu la r ly  confide 

t h a t  bureaucrat ic  s t r uc tu r i ng  and functioning represent  the  most immediate 

and conspicuous impediment t o  r e a l i z i ng  r e a l  development i n  the  na t iona l  

contexts  of t h e i r  experience, whether East  o r  West, c a p i t a l i s t  o r  s o c i a l i s t ,  

"developed" o r  "developing" nation.  Yet, they wonder, is  the re  any good 

a l t e r n a t i v e  t o  r e l i ance  on bureaucracy? 

Unquestionably, commonly-encountered fea tu res  of bureaucracies do o f ten  

impose severe l im i t a t i ons  on the  e f fec t iveness  of development processes, and 

ye t  major bureaucracies con t ro l  most processes and resources upon whl.ch so- 

c i e t a l  development depends. The r e l a t i onsh ip  between bureaucracy, develop- 

ment and human condit ions of j u s t i c e ,  peace and prosper i ty  a r e  complex but  

c r i t i c a l  t o  understand i.n order t ha t  a sp i ra t ions  f o r  a  b e t t e r  l i f e  f o r  a l l  

can be pursued r a t i o n a l l y  and e f f ec t i ve ly .  It is argued here  t h a t  reform of 

bureaucracies,  i n  ways t ha t  support t h e i r  u l t imate  and universa l  hman  ser-  

v i c e  r e s p o n s i b i l i t i e s ,  i s  e s s e n t i a l  i n  t h i s  time of su rv iva l  chellenge. 

Fur ther ,  i t  is argued that: t h i s  reform i s  b e s t  acccmplished when bureaucracies I 

reccgnize, honor and incorporete "basic" development processes i.n t h e i r  i n t e rna l  

operations as wel l  a s  i n  t h e i r  se rv ice  e f f o r t s .  These matters  a r e  f i r s t  as- 

sessed conceptually,  and then empir ica l ly  i n  the vel l -sui ted  case of Egypt. 



Conceptual Assessment 

Bureaucracy . 
Bureaucracy, Max Weber argued i n  h i s  pioneering explora t ions  of t he  

concept, is  t h e  ul t imate ly  r a t i o n a l  means of s t r uc tu r i ng  l a rge ,  complex goal- * 

seeking e f f o r t s  (Weber, 1947). me reasons were simple: bureaucracy, a s  a n  

" ideal  type" of organized r e s p o n s i b i l i t i e s  and r i g h t s ,  was t o  avoid i r r e l e v a n t  

and counter-productive common fea tu res  of o ther  organizational forms. His to r i -  

c a l  and contemporary evidence abounded in  support of Weber's content icn  t h z t  

h ighly  ambitious, sustained undertakings a re  f a c i l i t a t e d  o r  enabled by bureau- 

cratic organizat ional  provisions. 

Y e t  Weher and many subsequent s tudents  of bureaucracy have been bothered 

by fea tu res  i n  t he  functioning of real-world bureaucracies which compromise the  

r a t i o n a l i t y  and e f fec t iveness  of the  organizat ional  form (.Ritzer, 1975; Goodman 

and Pennings, 1975). Five of these problemztic fea tu res  of spec i a l  relevance 

t o  bureaucrat ic  support of devel.opment processes include: 
4 

1. Bureaucratic emphasis upon impersonal, impar t i a l  r a t i o n a l i t y  and univers-  

alistic treatment runs counter t o  the  frequent need for- s t rong infus ions  of 
~ ;< 

S a f f ec t i ve  and p a r t i c u l a r i s t i c  considera t ion,  e spec ia l ly  re levan t  i n  mat ters  of 

human service and i n s t i t u t i o n a l  reform--and, many would add, b a s i c  organiza- 

t i o n a l  e f fec t iveness  (Bennis, 1973; Thompson, 1975, Goodman and Pennings, 1977). 

What i s  needed, espec ia l ly  i n  developing contexts,  i s  "bureaucracy w i t h  heart. ' '  

2. I n  major bureaucracies,  the re  is a tendency . to pursue many d iverse ,  

imprecise, unpr io r i t i zed ,  of ten  incons i s ten t  goals ,  frequently expanding the  

bureaucrat ic  j u r i sd i c t i on  beyond what is comprehenstble and managable. What 

r e s u l t s  i s  a non-thematic "mixed agendaM s i t u a t i o n  t h a t  i s  always confusing 

and sometimes paralyzing (Elgin and Bushnell,  1977) . When longer-range human 

service is the  ob jec t ive ,  a s  with develcpment, c l a r i t y  of progrmmatfc goals  

is o f t en  s o  lacking t ha t  the  development of coherent means f o r  pursuing them 



is unat ta inable .  m e  absence of a concensual value-framewcrk and d ive rse  

ves ted- in te res t s  a r e  major f a c t o r s  impeding j d e a l i s t i c  and r e a l i s t i c  goal- 

d e f i n i t i o n ,  which a r e  p a r t i c u l a r l y  problematic i n  developing contexts .  

3. Rational  means f o r  pursuing goals  presumably rest on knowledge of 

normal causal  r e la t ionsh ips  r e s u l t i n g  from research and experience (Blau, 

1974). Y e t  such knowledge is of ten  l imi ted ,  and t h e  s p e c i a l i z a t i o n  charac- 

t e r i s t i c  of bureaucracies p lus  ves ted- in te res t s  promote d i f fe rences  of ex- 

p e r t  opinion about appropr ia te  means t o  pursue given goals ,  p a r t i c u l a r l y  t h e  

broader and more innovative ones c h a r a c t e r i s t i c  of development processes.  

4. Under c o ~ d i t i o n s  of uncer ta in ty  about appropr ia te  goals  o r  means, 

r o l e  performance proaotes what we have come t o  c a l l  ' bu reaucra t i c  behavior." 

While at var iance  with the  bureaucra t ic  " ideal  ," conservative,  non-cmuni -  

c a t i v e ,  defens ive  r o l e  performance f requent ly  emerges, a s  does contagious 

d i s t r u s t  of o the r ' s  competence and motives. When pressure from above, below 

o r  ou t s ide  is added, t h e  a u t h o r i t a r i a n  p a t t e r n  of preoccupation with c o n t r o l l i n g  

peers ,  subordinates  o r  c o n s t i t u e n t s  becomes common, a s  does i t s  counterpar t  

" r e t r e a t i s t "  r e z c t i o n  (Kaufman, 1977; Merton, 1957). Both o rgan iza t iona l  

e f f e c t i v e n e s s  and ~ e r v i c e  t o  development processes presupposes these  p a t t e r n s  

can be avoided o r  e f f e c t i v e l y  reversed when apparent.  

5. Many s tudents  of s o c i a l  organizat ion argue t h a t  e x i s t i n g  bureaucracies 

opera te  p r i ~ a r i l y  i n  support  of t h e  es tab l i shed  s o c i e t a l  o rde r  of which they 

are a n  i n t e g r a l  p s r t ,  and, even more-so, they opera te  i n  support  of t h e i r  own 

bureaucra t i c  s e l f - i n t e r e s t  (Ferns, 1978; Coleman, 1974). This ''maintenance 

preoccupatior" cbviously does not  prepare them wel l  t o  b e  rrajor instruments of 

developmental changes i n  s o c i e t i e s  (Grindle, 1977; Prasad, 1974; O'~onne1,  1978). 

Some organ iza t iona l  scho la r s  (Buckley , 1967 ; I n g a l l s ,  19 76) go eveE f u r t h e r  , 

claiming bureaucracies do not  even e f f e c t i v e l y  promote t h e i r  own mslntenance, 

b u t  i n s t e a d  te.nd t o  take the r se lves  and t h e i r  s o c i e t y  t o r a r d  s t agna t ion  



( technical ly  "entrophy, " or  the l o s s  of ef fcctive creative vigor) . m e  c o u ~ t e r -  

point  (Parsons and S h i l l s ,  1957) is  t h a t  bureaucracies serve a s o c i e t a l  in te -  

g ra t ive  function,  keeping d i f f e r en t  s o r t s  of developments "in balance," evefi 

i f  slowed (e.g., the catch-up workings of "culture lag"). 

These general l imi ta t ions  i n  t he  functioning of many bureaucracies t o  

support development processes s e t  the context f o r  l a t e r  assessment of ap- 

p ropr ia te  bureaucratic reform. Brief a t t en t ion  must f i r s t  be given what 

"development" is. 

Development 

Most generally,  development is increasing co l lec t ive  and personal 

c a p a b i l i t i e s  t o  reasonably es tab l i sh  and e f f ec t i ve ly  pursue comonly-held 

s o c i a l  ideals .  As such, i t  is both the  process and the products of conceptual- 

i z ing ,  mobilizing and in s t i t u t i ona l i z ing  i d e a l i s t i c  goal-seeking and problem- 

solving e f f o r t s  (Warren, 1977; Meadows, 1971; Nisbet, 1969). More spec i f i ca l l y ,  

however, the term development is used to  mean several  r a the r  d i f f e r en t  things. 

1. The popular conception of development focuses on a nat ion 's  having 

acquired a r e l a t i v e l y  advanced technology which enables g rea te r  consumptive 

bene f i t s  with l e s s  productive labor  (Chodak, 1973). Perhaps " industr ia l izat ion" 

would be a preferable  term f o r  this process. It r e f l e c t s  the  b i a s  of the  

Western world's h i s t o r i c  experience (which is probably inappropriate f o r  most of 

the contemporary world); is keyed t o  production economics of one o r  another 

.form (which is an unduly narrow perspective on process means); depends upon the 

resourcefulness of a r e l a t i ve ly  small, exclusive category of experts a s  w e l l  a s  

surplus  resources (thus depreciating the r o l e  of those who become surplus labor ,  

while cap i ta l iz ing  upon the people and resources i n  scarces t  supply i n  "less 

developed" s e t t i ngs )  ; e tc .  

2. A broader and more bas ic  conception of development gives emphasis t o  

" in s t i t u t i on  building" and intermediate-level i n s t i t u t i o n a l  accomplishments 



which become the means f o r  se l f -d i rec ted  "modernization" (Thomas, e t  a 1  . , 1973) . 
Examples include r a i s i n g  l i t e r a c y  r a t e s ,  increas ing per c a p i t a  GNP, improving 

medical condi t ions ,  slowing populat ion growth, e t c .  Unquestionably, these  

are c r i t i c a l  ingredients  of s o c i e t a l  development, and they do give reasonable 

a t t e n t i o n  t o  approaches beyond n a t i o n a l  production economics. But they s t i l l  

tend t o  d i r e c t  developmental processes toward modernizatfon i n  a Western sense ,  

and r e l y  upon methods, e x p e r t i s e  ,and innovations t h a t  r equ i re  mainly pat ience  

(vs. p a r t i c i p a t i o n )  from the  masses. Cap i ta l i z ing  upon personal  i n t e r e s t  and 

i n i t i a t i v e  y i e l d s  the  major development resource i n  any s e t t i n g ,  and minimizes 

t h e  problems of a l i e n a t i o n  which o f ten  accompanies .d'isrupted c u l t u r a l  con t inu i ty .  

3. Increasi'ngly, a t h i r d  concept&, '%asid development , I t  is  being em- 

phasized wi th in  t h e  c i r c l e  of development-process p ro fess iona l s  (Wilner, 19.75; 

Biddle and Biddle, 1965; Arensberg and Niehoff,  1971). This conception i s  

rooted i n  t h e  b e l i e f  t h a t  a people's acquirfng i n s i g h t  and experience with 
I 

self-guided development processes keyed t o  their e x i s t i n g  resources  and values  

is t h e  b a s i c  means and end of t h e i r  development. Various terms summarize 

aspects  of t h i s  approach: "grass-roots i n i t i a t i v e ; "  "appropriate technology;" 

"meaningful p a r t i c i p a t i o n ;  " l ea rn ing  by doing; I t  e t c  . Major outcomes include 

some quick, t ang ib le  accomplishments t h a t  l i e  wi th in  e a s i e r  reach,  d i r e c t  

s a t i s f a c t i o n  with popular p a r t i c i p a t i o n  i n  the  development process,  and 

s t rengthening the  personal  and i n s t i t u t i o n a l  bases  f o r  f u r t h e r  incremental  

development. This conception of development is  bel ieved t o  b e s t  insure  e f -  

f i c i e n t  use of l imi ted  development resources,  favor a broad d i s t r i b u t i o n  of 

development b e n e f i t s  wi th in  the  populat ion,  minimize c u l t u r a l  d i s rup t ions  

which o f t e n  accompany change processes,  and avoid the  "s t r ings"  of i n t e r n a t i o n a l  

dependency with which most nat ions  i n  t i m e  w i l l  have t roub le  l i v l n g .  

While these  s e v e r a l  understandings of development can presumably be mutually 

suppor t ive ,  they tend t o  be  competi t ive i n  f i e l d  appl icaffon.  Usually, p r i o r i t y  



i n  o f f i c i a l  c i r c l e s  i s  given t o  p u r s u i t  of "short  cut" t echn ica l  acquis t ions ,  

cos t ing  t h e  more broad and gradual ' bas ic"  development processes the  a t t e n t i o n  

and resources they deserve. It would seem l o g i c a l  t h a t  development e f f o r t s  

begin with,  o r  a t  least include,  a 'basic ' '  development emphasis. On the  o the r  

hand, i t  i s  not  su rpr i s ing  t h a t  the  complex dynamics of development comonly 

begin  '!backward," whereby i n i t i a l  at tempts a t  development f i n d  governments 

and o the r  bureaucracies borrowing technology i n  a quest  f o r  pay-offs of modern- 

i z a t i o n ,  i n  time being forced t o  r e a l i z e  t h a t  ever  more-basic development 

approaches a r e  required  t o  support i n i t i a l  development a s p i r a t f o n s  t h a t  have 

proved overly-simplist ic .  

I n  f a c t ,  t h e r e  a r e  no short-cuts  t o  e f f e c t i v e ,  balanced development, b u t  

probably only t h e  more experienced, most-developed people can apprecia te  t h i s .  

When t h e  deeper l e v e l  of 'bas ic"  development begins t o  b e  r e a l i z e d ,  these  more 

broad and s u b t l e  'developmental processes feed back upon t h e  bureaucra t i c  i n f r a -  

? 

s t r u c t u r e s  which p r e c i p i t a t e d  the  development process,  pushing them toward 

reform. Where t h e r e  is  bureaucra t i c  responsiveness, the  process goes f u l l  
C 

cycle ,  and complete, perpetual  development processes a r e  i n s t i t u t i o n a l i z e d .  

Conceptual Interrelation~hips'.and'Implications 

Bureaucracy os tens ib ly  i s  highly  r a t i o n a l  e s tab l i shed  a o c i a l  s t r u c t u r e  

f o r  organizing purposive a c t i v i t i e s .  Development, r egard less  of i n t e r p r e t a t i o n ,  

is  innovative r a t i o n a l  processes and products  of i d e a l i s t i c  goal-seeking o r  

problem-solving. Accordingly, bureaucracy and development should i d e a l l y  

opera te  i n  a complementary fashion,  with bureaucracy playing a c e n t r a l  r o l e  

i n  support of development processes,  and with these ,  i n  t u r n ,  keeping bureau- 

cracy more adaptive and e f f e c t i v e  i n  a changing s o c i a l  context .  Unfortunately, 

however, t h i s  complementary functioning is  seldom f u l l y  rea l i zed .  Too o f ten ,  

t h e  soc ia l -  and self-maintenance concerns of bureaucracies run counter  t o  the 

a s p i r a t i o n s  of development proponents, e s p e c i a l l y  those favor ing more "basic" 



forms of development. 

Spec i f i ca l ly ,  bureaucracies,  a s  i n t e g r a l  pa r t s  of an es tabl ished s o c i a l  

order,  usually support developments t ha t  extend the  c a p a b i l i t i e s  of t h a t  

order ,  o r  inc rease  i ts  e f f i c iency .  Such developments a r e  t yp i ca l l y  of the  

technological  form c h a r a c t e r i s t i c  by the  f i r s t  i n t e rp r e t a t i on  of develop- 

ment introduced above. The more "basic" forms of development, on the  o ther  

hand, tend t o  take  the  es tab l i shed  order a s  nothing more than a s t a r t i n g  

po in t  from which something considerably d i f f e r e n t  and b e t t e r  might eventual ly  

emerge. Addit ionally,  "basic" development proponents value  and seek t o  

s t rengthen non-bureaucratic forms of s o c i a l  organization such a s  community, 

voluntary assoc ia t ions ,  s o c i a l  movements, e t c  . Not only does this th rea ten  

t o  diminish bureaucracies '  r e l a t i v e  importance i n  soc ie ty ,  a t  l e a s t  f o r  

awhile; it  a l s o  seems t o  challenge t he  r o l e  of specia l ized experti'se r e su l t i ng  

from previous development which is i n s t i t u t fona l i z ed  f n  them. Thus i't is no t  

su rpr i s ing  t h a t  t he r e  is o f t en  antagonism between the  custodians of bureau- 

cracy and ba s i c  development advocates. 

The underlying po in t s  of contention a r e  important t o  consider. F i r s t ,  

i s  t he  long-term d r i f t  toward giving bureaucracies more r e spons ib i l i t y  f o r  

doing th ings  f o r  us r e a l l y  development ( i .e , ,  a r e  we now more ab le  t o  

e f f e c t i v e l y  and e f f i c i e n t l y  r e a l i z e  our human idea l s )?  Second, is tlie d r i f t  

toward increaskngly-collectivized respons ib f l t ty  f o r  s o c i e t a l  and personal  

welfare u l t imate ly  doomed t o  a se l f -des t ruct ive  col lapse  (3-e., a r e  we s e t t i n g  

t he  condit ions f o r  undermining individual  respons ib i l i ty ,  commitment, com- 

petence and c r e a t i v i t y  upon which bureaucrat ic  e f fec t iveness  r e s t s ) ?  Third, 

a r e  the  heightened tensions of the present  ind ica t ive  t h a t  a col lapse  fs 

nearing as we load more responsi 'bflfty f o r  c r i t f c a l  bu t  i l l u s i t r e  development 

on a source incapable of s a t i s f a c t o r i l y  de l ive r ing  our de s i r e s?  

Such complex i s sues  cannot be  b r i e f l y  assessed,  l e t  alone resolved. Some 



i n s i g h t s  c e n t r a l  t o  the  themes of t h i s  paper, however, follow. F i r s t ,  

bureaucracies have enabled some forms of development t h a t  a r e  of considerable 

r e a l i z e d  o r  p o t e n t i a l  b e n e f i t ,  l a r g e l y  of m a t e r i a l i s t i c  na ture .  But these  

a r e  gained a t  t h e  c o s t  of some previous b e n e f i t s  l i k e  having a sense of 

community, f e e l i n g  of personal  worth and s o c i a l  s ign i f i cance ,  e t c .  Importantly,  

these  new b e n e f i t s  and l o s s e s ,  i f  well-understood together ,  can p r e c i p i t a t e  

f u r t h e r  development of a '!basictt  nature t h a t  i n  t i m e  y i e l d s  a genera l ly  com- 

p l e t e  and s a t i s f y i n g  balance of b e n e f i t s  (Caplow, 1975; Zurcher, 1977; 

Cornuelle,  1975; Brown, 1977). These should be expected t o  vary between 

s o c i e t i e s  and most o f t e n  n o t  take  the  form of conventional " indus t r i a l i za t ion"  

o r  even "modernization." 

Second, t h e  d r i f t  toward bureaucra t i c  dependence does probably conta in  

t h e  seeds of se l f -des t ruc t ion  i f  dominant bureaucracies  r e fuse  timely re- 

formation (Roy, 1975; OIDonnell, 1973; Berkley, 1971). Pragmatic and ideo- 

l o g i c a l  pressures  on them, and from wi th in  them, w i l l  doubt less  y i e l d  t h e  

needed re f  o m  of many major bureaticracies , while t h e  r e luc tance  of o t h e r s  w i l l  

c o s t  them t h e i r  dominance. We might expect the  o v e r a l l  r e s u l t  t o  be a d i v e r s e  

blend of communal and bureaucra t i c  organiza t ional  c h a r a c t e r i s t i c s  based i n  

new cpnceptions of goa l s  and r a t i o n a l  means (Thayer, 1973; Herbst ,  1976). 

Third,  present  domestic and i n t e r n a t i o n a l  tens ions  probably s f g n a l  both 

t h e  f a l t e r i n g  of overloaded bureaucracies and a p o t e n t i a l  approach of an 

h i s t o r i c  p ivo t  po in t  from which w e  can t i p  ourse lves  i n t o  a new developmental 

e r a  of profound accomplishment and s a t i s f a c t i o n  ( ~ e n n i s ,  1973). How those 

i n s i d e  and ou t s ide  bureaucracies  respond t o  the  challenge i s  dec i s ive .  I f  

pressures  come i n  a form t h a t  encourage o f f i c i a l  r e s p o n s ~ v e n e s s  ($s . t h a t  

promote bureaucra t ic  des t ruc t ion)  and bureaucracies a r e  more open, f l e x i b l e  

and percept ive ,  they w i l l  probably ad jus t  t o  maintaln o r  inc rease  t h e i r  

s e r v i c e  e f fec t iveness  (Goodman, Pennings, e t  a l . ,  1977). But times of 



' bu reaucra t i c  f a l t e r i n g  a r e  no t  the  times we might expect  them t o  be  most 

responsive o r  prepared f o r  s u b s t a n t i a l  r e f  o m  ( ~ a u b  , 1969 ; Greenberg, 19 70) . 
One key t o  a  favorable  outcome i s  bureaucracies '  w i l l ingness  and pre- 

paredness t o  v o l u n t a r i l y  undertake t h e i r  own "basic" development during the  

"easy times" befo re  g r e a t  pressure  f o r  t h e i r  reform mounts. I n  the  absence 

of such pressure ,  they can experiment i n  a  non-defensive mood,free of pre- 

occupation wi th  t h e i r  organiza t ional  maintenance and without having t o  y i e l d  

t o  an tagon i s t s  whose adversa r i a l  positTon would b e  strengthened by concessions. 

Another key t o  success fu l  reform is f i rm commitment t o  the s e r v i c e  of some 

i d e a l i s t i c  s o c i e t a l  goa1.s which transcend t h e i r  own bureaucra t i c  welfare  

(always t h e  l e g i t i m i z i n g  dimension f o r  a  s o c i e t a l  subsys-tem). 

Concerning t h e  means of s o c i e t a l  and bureaucra t fc  development, b.oth 

t h e  o rgan iza t iona l  e f fec t iveness  l i t e r a t u r e  (Dyer, 1976; Goodman and Pennings, 

1977) and t h e  b a s i c  development l i t e r a t u r e  (Biddle and Biddle,  1965; Arensberg 

and Niehoff,  1971) emphasize the  following t o  be  pursued i n  approximately t h i s  

order :  

1. c a p i t a l i z i n g  upon, and developing f u r t h e r ,  person's  i n t e r e s t  i n  

a s p i r a t i o n s  and procedures f o r  achieving them; 

-2. assur ing  adequate incen t ives  ( inc luding non-monetary ones) t o  

j u s t i f y  e f f o r t ;  

3. providing opportunity and encouragement f o r  increased involvement 

i n  goal-seeking processes;  

4.  bu i ld ing  i n s i g h t  ( e spec ia l ly  a  sense of the  "bigger p ic ture"  and what 

con t r ibu tes  t o  i t s  f u t u r e  r e a l i z a t i o n ) ;  

5. recognizing and promoting innovativeness;  

6. c a p i t a l i z i n g  upon and f a c i l i t a t i n g  personal  i n i t i a t i v e ;  

7. i n s t i t u t i o n a l i z i n g  ( Incorpora t ing  i n t o  the  bureaucracy a s  normal 

opera t iona l  procedures) t h e  procedures and products of t h i s  process;  



8. i n t e g r a t i n g  the  s t r u c t u r e  of the  whole t o  maintain i n t e r n a l  consis-  

tency of approach and ac t ions .  

It is important  t o  note t h a t  i n  t h e  bureaucra t i c  context ,  the  use of 

a u t h o r i t y  i n  t h e  promotion of development processes is  sometimes necessary ,  

b u t  more o f t e n  counter-productive. The mat t e r  i s  a complex one, b u t  genera l ly  

involves t h e  fol lowing considera t ions .  F i r s t ,  the  fo rc ing  of compliance with 

developmental processes does l i t t l e  t o  promote understanding of them, but, 

rather]promotes "backlash." A s  w e l l ,  i t  represen t s  a precedent con t ra ry  t o  

t h e  s p i r i t  of b a s i c  development processes. Accordingly, authorf tar fanism 

should be avoided a s  a major t a c t i c  f o r  most persons involved i n  t h e  process-- 

p a r t i c u l a r l y  those  i n  t h e  c l i e n t  population. It is genera l ly  inappropr ia t e  

t o  assume people w i l l  "get used to" and " learn  t o  l i k e "  changes they a r e  

unwil l ing t o  accept  vo lun ta r i ly .  

But when time pressures  f o r  responsiveness a r e  coupled with a s c a r c i t y  . 
of development resources ,  i t  is  o f t e n  necessary t o  use  a u t h o r i t a r i a n  t a c t i c s  

. with  s p e c i a l  c a t e g o r i e s  of people--especially func t ionar i e s  i n  t h e  process-- 

who would otherwise s u b s t a n t i a l l y  impede development progress.  I n  t h i s  

t r i c k y  mat ter ,  t h e  b e s t  r u l e  of thumb seems t o  be: wfth f u n c t i o n a r i e s ,  f irst  

c a j o l e ,  then,  i f  e s s e n t i a l ,  fo rce  them i n t o  t h e  s e r v i c e  of b a s i c  development 

processes ( i f  they r e a c t  negat ive ly  t o  the  exe rc i se  of a u t h o r i t y ,  i t  pushes 

them toward sympathy wi th  the  s p i r i t  of b a s i c  development ; i f  they "withdraw," 

a t  l e a s t  they a r e  l e s s  an impediment). And with d i s s i d e n t  c o n s t i t u e n t  min- 

o r i t i e s  and oppor tun i s t s ,  they sometimes must be  neu t ra l i zed  when they favor  

t o t a l i t a r i a n  o r  unduly devis ive  approaches ( incons i s t en t  with t h e  ' bas ic"  

development approach), so t h a t  r e l a t i v e  s o c i a l  o rde r  and democratic processes p r e v a i l .  

F i n a l l y ,  t h e  i n t e g r a t i v e  funct ion  of bureaucracy. in  development needs con- 

s i d e r a t i o n .  Major bureaucracies ,  l i k e  governments, c o n t r o l  the  means f o r  exten- 

s i o n  and i n s t i t u t i o n a l i z a t i o n  of developmental processes throughout a s o c i e t y ,  . 

and they hold t h e  r e s p o n s i b i l i t y  f o r  keeping t h e i r  s o c i e t y  in teg ra ted  



and i n  balanced l inkage  with o t h e r  s o c i e t i e s .  The t o o l s  of pub l i c  po l i cy ,  

f i s c a l  a l l o c a t i o n s ,  education programs, e t c . a r e  important f o r  maximizing the  

d i f f u s i o n  of the  development e thos ,  approach and accomplishments. Fur the r ,  

determined governments can b e s t  ensure an equ i t ab le  d i s t r i b u t i o n  of develop- 

ment's b e n e f i t s  throughout the  populat2:on. As w e l l ,  i n s i g h t f u l  o f f i c i a l s  

can use t h e i r  coordinat ive  r e s p o n s i b i l i t i e s  t o  ensure t h a t  the  imbalances of 

more rapid  change i n  some s e c t o r s  of l f f e  (e.g., technology adoption,  creeping 

mater ia l i sm,  e t c . )  be slowed and compensated f o r  by compensating changes i n  

o t h e r  s e c t o r s  of l i f e  (education,  s o c i a l  cohesion, mora l i ty ,  e t c . ) .  

The Egyptian Context 

A l l  of t h e  foregoing has  r o o t s  i n  the  s o c i a l  science. l i t e r a t u r e ,  b u t  

r ep resen t s  i d e a s  t h a t  took on new meaning and formulat ion during the  authors '  

prolonged res idence  i n  Egypt. Because both  bureaucracy and development a r e  

predominant i n  t h a t  na t ion ' s  s i t u a t i o n ,  and because t h i s  case is  superbly 

i l l u s t r a t i v e  of problems and opt ions  i n  t h e  i n t e r f a c e  of the  two, we now 

examine s e v e r a l  dimensions of the  Egyptian case.  One di.mension i s  t h e  

h i s t o r i c  context  of bureaucra t i c  and n a t i o n a l  development the re ;  another is  

cons ide ra t ion  of s e l e c t e d  d a t a  from surveys of Egyptian farmers and o f f i c i a l s  

regarding n a t i o n a l  development processes;  and a t h i r d  is revfew of a bold and 

unique s o c i a l  experiment underway i n  Egypt t o  overhaul t h e  n a t i o n a l  bureau- 

cracy i n  support  of development processes. 

H i s t o r i c a l  Highl ights  

It i s  sometimes heard i n  Egypt t h a t  the  "pharoahs' revenge" was, a c t u a l l y ,  

t h e  c r e a t i o n  of bureaucracy, and t h a t  the  curse  of many c e n t u r i e s  of fo re ign  

r u l e  was bureaucrn t i za t ion  t o  t a  problclnatic ul tinla tc.  1lrc:rc can be no 

doubt t h a t  t h e  development of rudimentary ancient  bureaucracies  enabled amazing 

t a n g i b l e  accomplishments by the pharoahs, and t h a t  the  ensuing yea r s  were made 

d i f f i c u l t  by - the  bureaucra t i c  c o n t r o l  of o u t s i d e r s  and Egyptians. A s  w e l l ,  t he re  



is  ample evidence t h a t  Egypt's contemporary development a s p i r a t i o n s  a r e  

sometimes compromised o r  f r u s t r a t e d  by h e r  dominant bu reauc rac ie s ,  and t h a t  

- t h e s e  a r e  i n  o t h e r  ways enabled and f a c i l i t a t e d  by them. 

The "bureaucracies"  of t h e  pharoahs, i t  should b e  noted ,  were probably 

e f f e c t i v e  p r imar i ly  because they recognized and honored s p e c i a l i z e d  personal  

competencies ( p a r t i c u l a r l y  f o r  c r e a t f v f t y ) ,  and because they  had surp lus .  

r e sources  t o  i n v e s t  on a s p i r a t i o n s  which went f a r  beyond s u r v i v a l  needs.  

Much of t h e  c r i t i c a l  competence was used t o  coordina te  human e f f o r t s s i t u a -  

t i o n a l l y  i n  p u r s u i t  of t e c h n i c a l  a s p i r a t i o n s .  A s  f o r  those  bu reauc rac ie s '  

o t h e r  management c h a r a c t e r i s t i c s ,  they  presumably were clumsy, o f t e n  counter-  
3 9 

product ive ,  and u l t i m a t e l y  dependent on i n c e n t i v e s ,  reward andpunfstiment 
. . 

and i n t e r p e r s o n a l r e s p e c t  t o  make them work (ga rd ine r ,  19622. Ih s h o r t ,  t h e y  

were a n  embryonic form of h e i r a r c h i a l  s o c i a l  o rgan iza t ion ,  a u t h o r f t a r i a n  con- 

t r o l  ( a  concep tua l ly  s e p a r a t e  m a t t e r )  and communal p a t t e r n s  (another  s e p a r a t e  

m a t t e r ) .  

During t h e  ma jo r i ty  of r e c e n t  m i l l e n i a ,  Egypt h a s  been under  tlie byureau- 

c r a t i c  c o n t r o l  of a l i e n  p a r t i e s .  Y e t '  t h i s  s t a t e  of subjugat ion  liy changing 

p a r t f e s  w i t h  d i f f e r i n g  t r a d i t i o n s  and a s p i r a t t o n s  apparent ly  d i d  n o t  s i g n i f i -  

c a n t l y  alter h e r  c u l t u r e .  The s t r o n g e s t  of t he  a l i e n  regimes were ha ted  and 
.. . 

r a t h e r  p a s s i v e l y  endured whi le  l i f e  went on a s  usua l .  (To thi's day,  c o u n t l e s s  

c u l t u r a l  p a t t e r n s  can be t r aced  t o  t h e i r  e a r l y  pharaonic precedents.)  In con- 

t r a s t ,  s e v e r a l  e x t e r n a l  i n f luences  t h a t  were accompanied by minimum-to-modest 

b u r e a u c r a t i c  r u l e  had s u b s t a n t i a l l y  more impact. 

The Greeks (332-20 BC) had massive in f luence  (even t o  t h e  e x t e n t  of con- 

t r i b u t i n g  common ph i losoph ica l  o r l e n t a t i o n s  and muchof  t h e  c o l l o q u i a l ~ l a n g u a g e )  , 

y e t  t h e i r  r e l a t i o n s h i p  wi th  Egypt was one of mutually-agreeable uni'on r a t h e r  

t h a n  domination and opera ted  p o l i t i c a l l y  v i a  the  Greek p a t t e r n  of democrat ic  

v i l l a g e  confedera t ions .  I n  c o n t r a s t ,  the  Roman period (30 BC-642 An) 
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emphasized var ious  technical  accomplishments implemented through the r a t he r  
I 1 

I 
f o r ce fu l  form of Roman bureaucracy. The l a s t i n g  inf luences  a r e  neg l ig ib le ;  j 
what remain a r e  only such technological  a n t i q u i t i e s  a s  aquaducts, monuments 

- i 
and adminis t ra t ive  buildings.  f i e  f i r s t  Chr is t ians  f i l t e r e d  i n  (c: 45 AD) 

without t he  resources t o  dominate, and began successful ly  convertfng the  

country t o  t h e i r  r e l i g i o n  without bureaucrat ic  mandate. I n  f a c t ,  the  

eventual  bureaucrat iza t ion and p o l i t i c i z a t i o n  of Ch r i s t i an i t y  became a major 

f a c t o r  i n  its Egyptian dec l ine ,  though its philosophic influence is evident  

today throughout the  Egyptian populat ion (on the  e n t i r e  period,  Be l l ,  1948). 

The Arabs a r r ived  i n  t he  l a t t e r  p a r t  of the f i r s t  millenium (64O), possess- 

ing t h e  power t o  m i l i t a r i l y  subjugate Egypt. But they chose t o  use  this power 

spar ingly ,  attempting ins tead an fdeological  v i c to ry  withfn the '  country. 

Using incent ives ,  persuasion and r e l a t i v e l y  few men, they managed an enduring 

transformation of Egypt which allowed f o r  maintafning t r a d i t i o n a l  pa t t e rns  i n  

sysn thes i s  wi th  the  new (Lone-Poole, 1969) . The Islamic f a i t h .  they' brought, 

when sub t ly  blended with e a r l y  Chr i s t i an  and Pharaonic b e l i e f s ,  is the  c u l t u r a l  

mainstay of t he  major i ty  of Egyptians today. 

By au thor i ty  of f i r s t  the  Arabs and then the  Ottomans, theWameluke 

s lave-sul tans  (c: 1260-1798) served a s  an imported ru l i ng  c l a s s ,  manning 

power posf t ions  i n  t he  bureaucracy. Under them, bureaucra t i c  dominance i n  

Egypt reached i t s  ul t imate ,  bringing t o  a s t a n d s t f l l  development of he r  peoples 

and the  nation.  Opportunities f o r  i n i t i a t i v e  and innovation were p r a c t i c a l l y  

non-existent.  Puni t ive  methods of ru l ing  and con t ro l l ing ,  l a rge ly  i n  t h e  

i n t e r e s t  o f .bureaucra t i c  se l f -service ,  were the order of the  day. The 500 

year  period of Vameluke r u l e  has  come t o  be  thought of as the  Egyptian Dark 

Ages. It is i n t e r e s t i n g  t o  note t h a t  even with h e r  s t rong  development pre- 

cedent, Egypt's development was a t  i t s  lowest ebb d u r h g  tliis perfod-the most 

bureaucrat ic  of he r  h i s t o ry  (Moorehead, 1962). 



Napoleon came and quickly ].eft (1798-1800), using h i s  armies pr imar i ly  

t o  " l ibe ra te"  the  land from the Mameluke bureaucracy, but  not  t o  dominate 

Egyptians. H i s  presence was f e l t  pr imar i ly  through inf luence  and diplomacy. 

In  t h e  few years the  French were the re ,  the  'high cu l tu re"  inf luence  took 

hold ,  p r e c i p i t a t e d  a move toward education and genera l  enlightenment, c rea ted  

domestic a s  we l l  a s  fo re ign  apprecia t ion f o r  Egypt's anc ien t  c i v i l i z a t i o n ,  

and today remains a conspicuous f o r c e  i n  t h e  g e n t i l i t y  and diplomacy of t h e  

country (Moorehead, 1962) . 
The l a s t  r u l i n g  dynasty was quasi-Turkish i n  o r i g i n ,  i n i t i a t e d  by the  

s t r o a  man, Muhammed A l i ,  and rever ted  t o  much of t h e  prvious bureaucra t i c  

t r a d i t i o n  of e a r l i e r  r u l e r s .  A l i  broke with Turkey t o  es . tabl ish  an Egyptian 

r o y a l  form of the  same t r a d i t i o n ,  with one important added dimension. He 

saw need f o r  technological  development and i n v i t e d  fo re ign  inf luence  and 

assistance--most noteably B r i t i s h .  Thus, development of a planned, technological  . 
s o r t  took hold and has  pervaded Egypt up t o  present  times (Marlowe, 1965, 1975). 

. Upon reviewing the h i s t o r y  of bureaucracy i n  the  land of i t s  o r t g m ,  one 

is  l e f t  s e r i o u s l y  quest ioning j u s t  how important i t  is, r e l a t i v e  t o  o the r  

o rgan iza t iona l  and opera t iona l  forms, i n  the  rou t ines  of t h e  country o r  i n  

t h e i r  development. S imi lar ly ,  one wonders about the  ex ten t  and nature  of 

inf luence  t h a t  gradual  s o c i a l  and c u l t u r a l  development have on bureaucracies 

i n  such a country. Technological development, bureaucracies '  

/ 
f o r t e ,  had a good h e a d s t a r t  i n  Egypt during h e r  e a r l y  bureaucra t i c  hi-story, 

ye t  s u b s t a n t i a l  technological  development was not  evident  i n  Egypt's. 

bureaucra t ic  m i d - ~ a r s .  On the o the r  hand, many developments of o the r  s o r t s ,  

over which the  r u l i n g  bureaucracy had l i . t t l e  con t ro l ,  d id  occur. It  would 

seem t h a t  processes only i n c i d e n t a l  t o  bureaucracy, f requent ly  not  charac te r i s -  

t i c  of i t ,  loom l a r g e s t  i n  development processes ,  and a r e  slow i n  a f f e c t i n g  it .  

To charac te r i ze  present-day Egypt, Western observers consider  the country 



b u r e a u c r a t i c a l l y  encumbered p r imar i ly  due t o  the  government's broad and deep 

presence  i n  t h e  s o c i e t y .  I n  t h i s  sense ,  Egypt is s i m i l a r  t o  many o t h e r  

developing c o u n t r i e s ,  e s p e c i a l l y  those w i t h  a s t r o n g  c o l o n i a l  precedent .  

Egyptian o f f i c i a l s  gene ra l ly  a r e  educated, capable and pe rcep t ive .  V i l l a g e r s ,  

as w e l l ,  a r e  impressive f o r  t h e i r  depth of understanding,  a s t u t e n e s s ,  candor 

and independence. I n  a t r u e  sense ,  they are n o t  a peasant  populatfon;  r a t h e r  

they  a r e  smal l - sca le  commercial farmers and businessmen (Baer ,  19'69; C r i t c h f i e l d ,  

1978).  For reasons  as these ,  Egypt ians  cons ider  tliemselves- q u i t e  developed as 

n a t i o n s  go, b u t  r e s t r a i n e d  by resource  l i m i t a t i o n s  and i n h i b i t i n g  r e g u l a t i o n s .  

Following t h e  1952 r evo lu t ion  of independence, t h e  country adopted a 

g e n e r a l  s t r a t e g y  of  development similar t o  t h a t  of Eas t e rn  European s o c i a l i s t  

s t a t e s ,  wh i l e  r e t a i n i n g  p r i v a t e  ownership of smal l  Fus-inesses and farms 

(Binder,  1978). What emerged was a d i s t i n c t l y  "mixed economyt' and massfve 

government, which a s p i r e s  t o  ope ra t e  as- a "benevolent tecfinocracy'' o r  

"hureaucracy with hea r t . "  Expert  po l i cy  bodies ,  composed of adminis t ra t3ve  

o f f i c i a l s ,  app l i ed  r e s e a r c h e r s ,  p ro fes so r s  and/or p o l i t i c i a n s  r e g u l a r l y  con- 

templa te  problems and g o a l s ,  and r e v i s e  o r  e s t a b l i s h  programs and p o l i c i e s  

f o r  b u r e a u c r a t i c  management, sometimes wi th  i n s t t t u t i o n a l f z e d  o p p o r t u n i t i e s  

f o r  c i t i z e n  inpu t .  These procedures have y i e lded  a s e t  of well-conceived, 

ambit ious,  though conventional  long-range n a t i o n a l  development p l ans  and 

s t r a t e g i e s .  Unfor tunate ly ,  t h e  country l acks  t h e  c a p i t a l  and m a t e r l a l  

r e sources  t o  implement them very  f u l l y ,  and is hindered fn deployment of 

human resources  by p r e f e r e n c e s  f o r  urban amenit ies .  

Current Surveys 

During 1978 and 1979, app l i ed  r e s e a r c h  a c t i v i t i e s  w i t h  t h e  Egypt Water 

Use p ro jec t  ,' a government-operated i r r i g a t e d  a g r i c u l t u r a l  development effort , 

a f fo rded  t h e  oppor tuni ty  t o  c o l l e c t  d a t a  from a sample of farmers- and o f f i c i a l s  
I 

t h a t  a r e  r e l e v a n t  he re .  A sample of 75 case  s tudy v i l l a g e r s  a r e  gene ra l ly  



Table 1. Perceptions of How Much Help Selected Groups Can Contr iGute . to  Rural Development, i n  Percents 
. . . . . . . . , .  . . . .  . . .  . . .  . . 

Category 

A. Minis t ry  O f f i c i a l s  and 
Parliament* 

B. Governate and D i s t r i c t  
Government Of f ic ia l s*  

C. Local-level 
Government O f f i c i a l s  

D. Experts  i n  Applied 
S c i e n t i f i c  Research 

Vi l lagers :  
Of f ic ia l s :  

Vi l lagers :  
Of f i c i a l s  : 

Vil lagers  : 
Off ic ia l s :  

Vi l lagers :  
Of f ic ia l s :  

(3) 
Can be 
most 
he lp fu l  

2  5  
59 

37 
63 

6  3  
6  9  

79 
63 

(2) 
Might 
be some 
help  

4 1 
3 3  

5 1  
33 

31 
2  8  

19 
3  1 

(1) 
Would 
be no 
he lp  

3  3  
6  

12 
4  

7  
4  

3  
6  

(0) 
Would h u r t  
more than 
help  Total  (N) 

100 (75) 
100 (80) 

100 (75) 
100 (83) 

100 (75) 
100 (83) 

100 (75) 
100 (86) 

- 
X score  

1.92 
2.47 

2.25 
2.57 

2.56 
2.65 

2.76 
2.57 

E. Local Informal Vi l lagers :  45 2  4  27 4  100 (75) 2.11 
Leaders / In f luen t ia l s  Of f i c i a l s  : 32 4  1 19 8  100 (84) 1.96 

F. Local Ci t i zen ' s  Vi l lagers  : 6 4  2 9  5  1 100 (75) 2.56 
Organizations Of f i c i a l s :  60 2  7  7  6  100 (84) 2.40 

G.  V i l l age  People Making Vi l lagers :  5  5  2 9  15 1 100 (75) 2.37 
an E f f o r t  t o  Solve Off ic ia l s :  59 26 11 5 100 (85) 2.39 
Some of Their Problems 
by Themselves 

. . 

*Chi square s ign i f i cance  beyond .05 



represen ta t ive  of the  r u r a l  population i n  sample v i l l a g e s  of the three  

d i s t i n c t  areas  of Egypt: the Nile Delta i n  the nor th ;  Middle Egypt i n  

genera l  proximity t o  Cairo; and c e n t r a l  Upper Egypt i n  the  country's south.  

A v a s t  range of da ta  were co l l ec ted  from them i n  successive rounds of i n t e r -  

views over t h e  two years .  Near the  end of 1979, a  number of comparable items 

were put t o  88 government o f f i c i a l s  responsible f o r  various m i n i s t r i e s '  and 

agencies'  development work i n  the  same a reas  of v i l l a g e  study.  These included 

personnel opera t ing a t  the  v i l l a g e  l e v e l ,  d i s t r i c t  and g w e r n a t e  l e v e l s  and 

a t  the  na t iona l  l e v e l .  Comparisons of general  response d f s t r i 3 u t i h n s  t o  

s e l e c t e d  items t h a t  bear  on po in t s  r a i sed  above a r e  offered here  i n  s imples t  

form, accompanied by i n t e r p r e t i v e  na r ra t ive .  

Table 1 compares v i l l a g e r s '  and o f f i c i a l s "  perceptions on how h e l p f u l  

s e v e r a l  bureaucra t i c  and non-bureaucratic ca tegor ies  of people a r e  thought 

t o  be i n  development processes. Most genera l ly ,  we can conclude from these  

d a t a  t h a t  v i l l a g e r s  perceive  a l e s s e r  r e l a t f v e  contr ibut fon t o  t h e i r  develop- 

ment from higher government o f f i c i a l s ,  bu t  t h a t  t h e  value  of government 

personnel a t  t h e  l o c a l  l e v e l  r i s e s  roughly t o  t h e  same l e v e l  as- o the r s '  

contr ibut ions .  A noteable exception is  t h a t  the  g r e a t e s t  confidence i s  

shown applied research s p e c i a l i s t s ,  who operate from th-e na t iona l  l e v e l ,  

b u t  o f t e n  come i n t o  contact  with l o c a l  people i n  the  l f n e  of work, and a r e  

genera l ly  judged competent, productive i n  practical ways, and key i n  wl i a t -  

ever  success a t echnocra t i c  government has with development. Offi 'cials a t  t h e  

l o c a l  l e v e l ,  s i m i l a r l y ,  a r e  i n  a c r i t i c a l  pos i t ion  f o r  a f f e c t i n g  the  p r a c t r c a l  

success of programs and p o l i c i e s ,  know l o c a l  condi t ions  b e s t ,  and a r e  genera l ly  

more f l e x i b l e  and p a r t i c u l a r i s t i c  i n  t h e i r  handling of policy.  

I n  a country where the  government holds almost t o t a l  jur isdi 'c t ion  and 

r e s p o n s i b i l i t y  f o r  development, and where a technocra t ic  approach-has long 

prevai led  with considerable success,  i t  might be thought surpri'sing t h a t  



Table 2. Perceptions of How Valuable/Essential  Selected Development S t r a t eg i e s  and Tact ics  Could Be, 
i n  Percents 

(3) (2) (1) 
Most Value/ Some Value/ No Value/ 
Es sen t i a l  Importance Importance Tota l  (N) X score 

A. Having the  Govlt Make New Rules Vi l lagers :  2 5 33 41 100 (75) 1.84 
t o  Require t h a t  Some People Of f i c i a l s :  2 5 31 45 100 (85) 1.80 
Change Their  Ways (Behaviors) 
i n  t h e  Vi l lage  

B. Having Govlt Planners Direct  
Change 

Vi l l agers  : 
Off i c i a l s :  

C. Having the  Gov' t Do More 
Public Works Like Roads 5 
Water Systems f o r  the Vi l lage  

Vi l l agers  : 
Off ic ia l s :  

D. Having More Money o r  Credit  
f o r  the  Village* 

Vi l l agers  : 
Off i c i a l s :  

E. More and Better Education f o r  
Adults and Children* 

Vi l lagers :  
Of f i c i a l s :  

F. Having Experts Avail. t o  Ans- 
w e r  Questions When You/They 
Want To Know How To Do Things 
~ e t t e r *  

Vil lagers :  
Of f i c i a l s :  

Vi l lagers :  68 
Of f i c i a l s :  74 

G. Having an Ef fec t ive ,  Represen- 
t a t i v e  Vi l lage  Council t o  In- 
f luence Govlt Decisions 

H. Having More Ef fec t ive  Local 
Leadership 

Vi l lagers :  88 
Off ic ia l s :  80 



Table 2. Continued 
. . 

I. Having B e t t e r  Informal  Coopera- 
t i o n  o r  Organiza t ion  Among 
Local People 

J. Having More Respect and P r i v i -  
l e g e s  f o r  Those People Who 
Work Hard f o r  V i l l a g e  Improvements 

K. Having Local People Care More 
About Each Other 's  Needs 

(3)  (2) (1) 
Most Value/ Some value /  No Value/ 
E s s e n t i a l  Importance Importance To ta l  (N) X score  

Vi l l age r s :  8 8 11 1 100 (74) 2.86 
O f f i c i a l s  : 81  16 3 100 (88) 2.77 

Vi l l age r s :  83 7 0 100 (75) 2.83 
O f f i c i a l s  : 89 8 4 100 (88) 2.85 

V i l l a g e r s :  7 9 16 5 100 (75) 2.73 
O f f i c i a l s :  8 3 15 2 100 (88) 2.80 

* Chi square  s i g n i f i c a n c e  beyond .05 



non-bureaucratic groups a r e  considered a s  important a s  they a r e  by both  

v i l l a g e r s  and o f f i c i a l s .  A s  s h a l l  be  explored f u r t h e r  i n  fol lowing d a t a ,  

Egyptians hold views of development processes t h a t  a r e  q u i t e  s i m i l a r  t o  

those  of Western development-process- exper t s  o r i en ted  toward ''basic'' develop- 

ment. Accordingly, they recognize and understand t h e  r o l e  of l o c a l  i n i t i a t i v e ,  

p a r t i c i p a t i o n  and o rgan iza t ion  i n  combination with government e f f o r t s .  The 

r e l a t i v e l y  low importance assigned l o c a l  l e a d e r s  and i n f l u e n t i a l s  r e f l e c t s  

a judgment about t h e i r  w i l l ingness  and prepara t ion  t o  c o n t r i b u t e  much. Other 
/ 

d a t a  demonstrate v i l l a g e r s t  d e s i r e  f o r  both  s t rong  l o c a l  l e a d e r s h i p  and e x p e r t  

p r o f e s s i o n a l  a s s i s t a n c e  wi th  voluntary o rgan iza t ion  and l o c a l  human resource  

mobi l iza t ion .  

The o f f i c i a l s t  responses i n  Table 1 most gene ra l ly  demonstrate they  

cons ider  everyth ing  b u t  l o c a l  l eade r sh ip  of about equa l  importance, again  

i n d i c a t i n g  a b e l i e f  i n  a balanced,broad-gauged approach. t o  r u r a l  development 

emphasized i n  t h e  p ro fess iona l  l i t e r a t u r e .  It f s  noteworthy t h a t  t h e  only 

two i t e m s  showing a s i g n i f i c a n t  di.fference f n  percept ions  between v i l l a g e r s  

and o f f i c i a l s  concerns the  importance of n a t i o n a l  and in termedia te- level  

government. Presumably, t h i s  r e f l e c t s  the  o f f i c i a l s '  b e l i e f  i'n t h e i r  bureau- 

c r a t i c  work, and t h e  v i l l a g e r s '  occas ional  f r u s t r a t i o n s  t h a t  t h e i r  develop- 

ment, t i e d  t o  unseen d i s t a n t  bureaucra ts"  c l a h i n g  the  r e s p o n s a i l i t y ,  is 

no t  progress ing  a s  r a p i d l y  a s  i t  plight. 

T&le 2 compares pe rcep t ions  on  t h e  p ropr i e ty  and e f f e c t f ~ e n ~ s s  of s e l e c t e d  

development s t r a t e g i e s  and t a c t i c s ,  some of which are more t y p i c a l  of bureau- 

c r a t i c  approaches, and some less so.  From these  d a t a ,  i t  i s  c l e a r  t h a t  n e i t h e r  

v i l l a g e r s  o r  o f f i c i a l s  put much f a i t h  i n  the  use of b u r e a u c r a t i c  power t o  

f o r c e  development. O f f i c i a l s  and v i l . lagers  a l i k e  th ink  t h e  p r o f e s s i o n a l  

planning approach h a s  much merit, and emphasize the  importance of t h e  govern- 

ment providing s e r v i c e s  i n  t h e  pub l i c  works category ( the  f i r s t  concept of 



development). Along with t h i s ,  most th ink  i t  e s s e n t i a l  t h a t  a d u l t  and 

youth educat ion  be emphasized a s  government's con t r ibu t ion ,  cons ider ing  it 

both a condi t ion  g r e a t l y  f a c i l i t a t i n g  s p e c f f i c  development aims and the  

main a l t e r n a t i v e  t o  d i r e c t  bu reauc ra t i c  con t ro l / fo rce . '  Understandably, 

v i l l a g e r s  favor  p r a c t i c a l  how-to-do-it educatfon cons i s t en t  wfth t h e l r  

personal  i n t e r e s t s  and problems, which tends  n o t  t o  be  t y p f c a l  of Egyptian 

"grammar school" pub l i c  educat ion.  

It is i n t e r e s t i n g  t o  note  t h e  r e l a t i v e l y  low ranking given t o  inc reas ing  

l o c a l  money o r  c r e d i t  a s  a s t r a t e g y  i n  suppor t  of development a s p i r a t i o n s .  

Egyptians, l i k e  many people, o f t e n  g ive  the  impression they think a l l  t h e i r  

problems would be solved i f  they had more money. But upon thoughtfu l  

r e f l e c t i o n ,  they apparent ly  th ink  f i s c a l  resources  a much-less. important  

f a c t o r  i n  development than many o t h e r  th ings ,  inc luding having a more c a r i n g ,  

r e s p e c t f u l ,  infomally organized s o c i a l  environment. A p r i n c i p l e  disagree-  

ment among t h e  world 's  development p ro fess iona l s  is p r e c i s e l y  t h e  i s s u e  of 

how dominant f i n a n c i a l  po l i cy  should be. The indus t r fa l / technology develop- 

ment emphasis, most associ'ated with development v i a  bureaucracy,  g ives  high 

p r i o r i t y  t o  f i s c a l  growth a s  a p r i n c i p l e  means and end of development. 

Development p r o f e s s i o n a l s  of o the r  persuas ions- -par t icu lar ly  the  "basic" 

development camp--downplay the f i s c a l  f a c t o r  on var ious  pragmatic grounds. 

Egyptian v i l l a g e r s  and o f f i c i a l s  a l i k e  demonstrate t h e i r  i n t u i t i v e  b e l i e f  

h e r e  t h a t  a broad conception of development means, and perhaps goa l s ,  i s  

most appropr ia te .  

An important  i tem i n  Table 2 ,  G ,  shows s t r o n g  support  f o r  having 

f n s t i t u t i o n a l i z e d  provis ions  through which cf t5zens  can in f luence  dec f s ions  

of Gureaucracfes.which a f f e c t  them--to put  pressure  on them, i n  a sense.  

This is one of s e v e r a l  s i m i l a r  ftems which showed e s s e n t i a l l y  the same 

response pa t t e rn ,  Egyptians seem comfortable wfth a t echnocra t i c  approach 



' Table 3. Selected Socio-cultural  Perceptions Relevant t o  Development Processes,  i n  Percents  

Items 

A. The Main Purpose of Government Is To Help L i f e  
i n  a Country Change f o r  the  Be t t e r  

B. Necessary Changes Usually Have t o  Be Forced on 
People, f o r  They Usually Won't Understand t h e  
Need f o r  It Well Enough t o  Change Voluntari ly* 

C. People Could Have a Very Good Li fe  i n  t h i s  
Country without Changing the  Basic Ways Things 
Get Done 

D. I f  Changes A r e  Necessary, They Should Take 
Place  Slowly, so  t h a t  People Can Adjust t o  %em* 

E. Most Events i n  Our Lives A r e  Controlled by 
Others with More Power than U s ,  so 'Ihere Is Not 
Much Point  i n  Our Trying t o  Change Things* 

F. Even When Something Seems Like a Good Idea  t o  
Most People, It Is Very D i f f i c u l t  t o  G e t  Many 
of Them To Do Much About It. 

G. People i n  the  Vi l lage  A r e  Tolerant  of 
D i f f e r i n g  Viewpoints 

Vi l lagers :  
O f f i c i a l s  : 

Vil lagers :  
O f f i c i a l s :  

Vi l l agers  : 
O f f i c i a l s :  

Vi l l agers  : 
O f f i c i a l s :  

Vi l l agers :  
O f f i c i a l s :  

Vi l l agers :  
(only) 

Vi l l agers :  
(only) 

Not 
Agree Sure Disagree Tota l  (N) 

*Chi square  s ign i f i cance  a t  o r  beyond .05 



t o  development, b u t  b e l i e v e  o the r  "grass-roots" approaches are a n  e s s e n t i a l  

complement. I n  f a c t ,  t h e r e  is  s t r o n g  evidence t h a t  t hey  b e l i e v e  more i n  a 

balanced citizen-government p a r t n e r s h i p  approach than i n  domfnance of e i t h e r  

government o r  themselves (Sallam, e t  a l . ,  1980).  Such depends upon be ing  

a b l e  t o  d i r e c t l y  i n f l u e n c e  b u r e a u c r a t i c  processes ,  keeping them responsive 

t o  t h e  p r e v a i l i n g  p u b l i c  w i l l  and condi t ions .  I n  o t h e r  words, they assume 

bureaucrac ies '  s e r v i c e  i n  development wiJ.1 b e  most e f f ec tLve  if they remain 

open and adapt ive .  

F i n a l l y ,  Table 2 shows f o u r  non-bureaucrattc development ma t t e r s .  t o  b e  

extremely important i n  v i l l a g e r s '  and o f f i c i a l s '  th inking:  b u i l d i n g  l o c a l  

informal  l e a d e r s h i p ;  i n c r e a s i n g  informal  o rgan iza t ion ;  improving s o c i a l  

i n c e n t i v e s  f o r  t hose  who work h a r d e s t  f o r  l o c a l  improvements-; and promoting 

a more t'caring" commlrnity atmosphere. TIiese m a t t e r s ,  a t  t h e  co re  of t h e  

"basic" development approach, can be  made compatible with. b u r e a u c r a t i c  

func t ion ing ,  and supported by i t ,  b u t  presupposes t h e  i n f u s i o n  of t h e  same 

c h a r a c t e r i s t i c  i n t o  bureaucracy. The Egyptian technocracy r e q u i r e s  f u r t h e r  

development along t h e s e  l i n e s  be fo re  a v i a b l e  p a r t n e r s h i p  wi th  the  people 

f o r  more e f f e c t i v e  n a t i o n a l  development can be  reali 'zed the re .  

Table 3 con ta ins  response p a t t e r n s  t o  s e v e r a l  i s s u e s  in t roduced above. 

Concerning pe rcep t ions  of t h e  main purpose of government, bo th  o f f i c i a l s  

and v i l l a g e r s  overwhelmingly agree  i t  is- t o  promote and f a c i l i t a t e  develop- 

ment ( a s  c o n t r a s t e d  w i t h  ma in ta in fng  s tab .Zl i ty  , mfnimizi'ng deviance,  e t c  .)_. 

By impl i ca t ion ,  i t  should f u n c t i o n  more as a fu ture-or rented  s o c i e t a l  s e r v i c e  

o rgan iza t ion  r a t h e r  t han  a present -or ien ted  s o c i e t a l  maintenance one. Th i s ,  

of course ,  is  d i f f i c u l t  f o r  a l a r g e ,  c e n t r a l i z e d  bureaucracy ope ra t ing  under 

cond i t ions  of high c o n s t i t u e n t  expec ta t ions ,  severe resource  l i m i t a t i o n s  and 

e x t e r n a l  p o l i t i c a l  and m i l i t a r y  p res su res ,  a s  is t h e  Egyptian government. 

A major s t r a t e g i c  mis take  such a c e n t r a l i z e d  bureaucracy might make is  t o  s e t  



on a path of forc ing developmental changes when they suspect  c i t i z e n s  would 

no t  understand enough t o  w f l l i n g l y  go along with. For tunate ly ,  Egyptian 

o f f i c i a l s ,  l i k e  v i l l a g e r s ,  s e e  t h i s  a s  an inappropr ia t e  s t r a t e g y ,  perhaps 

because they know from experience i t  would n o t  r e s u l t  i n  l a s t i n g  e f f e c t i v e n e s s ,  

o r  because they l ack  t h e  resources requi red  f o r  enforcement, o r  because they 

know i t  t o  c l a s h  wi th  o the r  aims they a r e  promoti'ng. One of tliese o the r  aims 

i s  t o  r e f o m  t h e  b a s i c  ways th ings  have tended t o  g e t  done i n  t h e  country 

which, p resen t ly ,  i s  mainly by bureaucra t i c  d i c t a t e  i n  t h e  c l a s s i c  c o l o n i a l  

t r a d i t i o n .  Probably t h e  Egyptian government has adopted this po l i cy  of 

bureaucra t i c  reform because they r e a l i z e  i t  Is the soundest ,  though. n o t  

e a s i e s t , o p t i o n  t o  pursue i n  a  s e t t f n g  wliere c i t i z e n s  h-ope f o r  rapi'd change, 

b u t  a r e  s t i l l  being t r u s t i n g l y  p a t i e n t .  

I n  s e t t i n g s  where f a t a l i s t i c  a t t i t u d e s  p r e v a i l ,  t h e r e  i s  g r e a t e r  

acceptance of bureaucra t i c  con t ro l .  Fatal ism is o f t e n  used a s  an fndica-  

t o r  of b a s i c  underdevelopment, and made a  f i r s t  t a r g e t  of developmental 

a t t e n t i o n ,  s o  t h a t  o t h e r  development aims can b e  e f f e c t i v e l y  pursued. Table 

3 d a t a  show Egyptians a r e  we l l  along t h e  6 a s i c  development path Fy b e l i e v i n g  

t h e i r  op t ion  f o r  e f f e c t i v e  grass-roots  i n i t i a t i v e  i s  open, Importantly,  

when t h e  people of a  n a t i o n  b e l i e v e  they s h a l l  no t  be  c o n t r o l l e d ,  they 

cannot b e  con t ro l l ed ,  precluding t h e  e f f e c t i v e n e s s  of a u t h o r i t a r i a n  bureau-. 

c r a t i c  t a c t i c s ,  Such a  sense of independence witliln a  nafLcon i s  a  precondi t ion  

of b a s i c  development, . b u t  i t  a l s o  jeopordizes t h e  a b i l i t y  o r  wi l l ingness  of 

people t o  v o l u n t a r i l y  combine f o r c e s  f o r  developments wfulch.requfre a  common 

e f f o r t .  This dilemma probably I n  p a r t  accounts f o r  reasonably weak informal 

l o c a l  l eader sh ip  and voluntary  s a c i a l  organiza t ion  i n  Egypt. Table 3 d a t a  

and impress ion i s t i c  evidence suggest v i l l a g e r s  a r e  inc l ined  t o  v o l u n t a r i l y  
. . 

come together  and a c t  on good ideas  f o r  l o c a l  improvements. The ingredient  

which seems t o  l e t  t h i s  happen is c r e d i b l e  l eadersh ip  wi th  i n i t i a t i v e - - h a v i n g  



respec ted  persons wi th  good i d e a s  who a r e  w i l l i n g  t o  s t e p  forward t o  advocate 

them. Probably l o c a l  o f f i c i a l s  o r  t r u s t e d  o u t s i d e  e x p e r t s  could ,  and do,  

s e r v e  t h i s  f u n c t i o n  a s  w e l l  as l o c a l  informal  l e a d e r s .  

Often weaker l o c a l  l e a d e r s h i p  T n i t i a t i v e  is a func t fon  of  communfty in -  

t o l e r a n c e  of i nnova t ive  ideas .  People,  understandably,  o f t e n  do no t  wish. t o  

r i s k  t h e i r  s o c i a l  s t and ing  by s t epp ing  forward t o  advocate  an i d e a  t h a t  may 

prove unpopular. But, aga in ,  t h e  d a t a  sugges t  t h a t  t h i s ,  is- n o t  a s e r i o u s l y  

c o n s t r a i n i n g  f a c t o r  among t h e  Egyptian v i l l a g e r s  sampled. I n  t h i s  s ense ,  

a l s o ,  Egypt shows s i g n s  of cons iderable  p rog res s  i n  h e r  b a s i c  development, 

Bureauc ra t i c  Reform Experiments 

Reference h a s  been made t o  t h e  unique,  bo ld  experiments  i n  b u r e a u c r a t i c  

reform Egypt h a s  r e c e n t l y  undertaken t o  f a c i l i t a t e  h e r  r u r a l  and n a t i o n a l  

development (Mansfield,  1976). It i s  too  e a r l y  t o  know t h e  even tua l  success  

o f  t h i s  emerging p l an ,  b u t  i t  i s  a l r eady  noteworthy f o r  what Zs GeTng done, 

and t h a t  i t  i s  b e i n g  done. 

Following t h e  1952 r e v o l u t i o n ,  ve ry  complex, c e n t r a l i z e d  b u r e a u c r a t i c  

s t r u c t u r e s  and processes  emerged i n  Egypt. I n  t i m e  i t  Gecame apparent  t o  

many, p a r t i c u l a r l y  P re s iden t  Sadat ,  t h a t  abuses and mal funct ions .  w i t h i n  t h e  

government were proving counter-productzve t o  development needs (Sadat ,  1978).  

Accordingly, h e  i n i t i a t e d  a "co r rec t ive  revolu t ion"  i n  1973 t o  reduce t h e  

exces ses  of t h e  previous  r evo lu t ion .  A f i r s t  s t e p  was t o  open up  t h e  country 

and government bureaucracy t o  o u t s i d e  in f luence ,  This  was r i s k y  i n  s e v e r a l  

con tex t s .  It enabled  "outsiders""  obse rva t ion  and review of a u t h o r f t i e s - '  

performance throughout t h e  ranks ,  which e a s i l y  may nave l e f t  them' f e e l i n g  

threa tened .  Also, t h e  "opening" allowed exposure t o  t h e  world of Egypt's 

problems. Too, t h e  opening r a i s e d  p o t e n t i a l  f o r  competf.tfon between power- 

f u l  Western and Soviet-block natl'ons t o  e x e r c i s e  t h e i r  v a r i o u s  i d e o l o g i c a l  

i n f luences  w i t h i n  Egypt. Sov ie t  i n f luence  was e v i d e n t  e a r l y ;  Western 



inf luence  has  been evident  more recent ly .  Support of o the r  Arab o r  Is lamic  

coun t r i e s  was apparent u n t i l  the  recent  s p l i t  over Sadat ' s  peace i n i t i a t i v e .  

A r e l a t e d  f a c e t  of the  cor rec t ive  revolut ion has. been t o  inc rease  the 

c a p i t a l i s t  "mix" i n  t h e  b a s i c a l l y - s o c i a l i s t  economy. P r i v a t e  e n t e r p r i s e ,  

r a t h e r  heavi ly  taxed,  is  viewed a s  a means t o  generate c a p i t a l  necessary t o  

sponsor needed domestic programs and t o  a r r i v e  a t  a favorable f n t e r n a t i o n a l  

balance of payments. Increas ingly ,  p r i v a t e  s e c t o r  i n i t i a t i v e  is  being 

encouraged i n  areas  a s  tourism, t r anspor ta t ion ,  housing and a g r i c u l t u r a l  

development. Egypt ian-national and " jo in t  venture" (Egyptian with foreign) 

investments a r e  sought, with a requirement t h a t  Egyptians hold c o n t r o l l i n g  

i n t e r e s t .  

Modest emphasis is  being placed on enhancing Egypt's Tnf ras t ruc tu re ,  

p a r t i c u l a r l y  t r anspor ta t ion  and cormnunfcatbn. E f f o r t  Is b.eEng di'rected toward 

r e v i t a l i z i n g  and refurbishing Tndust r ia l  capab- i l i t ies ,  wi'.ttInut much. a d d i t i o n a l  

i n d u s t r i a l  expansion. Also, t h e  reopening of t h e  Suez Canal s i g n a l l e d  Egypt's 

open-door po l i cy  a s  we l l  a s  h e r  i n t e r e s t  i n  commerce. Heavy empliasis is being 

placed on continued development i n  t h e  a g r l c u l t u r a l  s e c t o r ,  p a r t i c u l a r l y  on 

"old lands" of the  N i l e  Valley. And, r u r a l  development of a more general  

na tu re  is  being .promoted. 

h e  major commonality of the 1952 revolut ion of independence and t h e  

more recent  co r rec t ive  revolut ion fs the  a t t e n t i o n  given t o  t h e  b a s i c  s u r v i v a l  

needs of Egypt's c i t i z e n s .  The government provides extens ive  food, c l o t h i n g ,  

housing and medical ~ u l i s ~ d i e s ,  old-age, d i s a b i l i t y  and acc iden ta l  death b e n e f i t s ,  

along with a v a r i e t y  of o the r  s o c i a l  welfare programs. 

More s i g n i f i c a n t  than t h e  changes noted above, though, have b.een the  v a r i e t y  

of ac t ions  taken t o  i n i t i a t e  and ensure progress toward bureaucra t fc  reform, 

Enlightened leadership ,  provided by Pres ident  Sadat and other  high-ranking 

Egyptians, has  encouraged bureaucra t ic  reform through p o l i t i c a l  processes,  



adminis t ra t ive  p o l i c i e s  and personal  example. P o l i t i c a l  p a r t i e s  and Parliament 

have been dissolved and reformed i n  an e f f o r t  t o  evolve what could b.est be  

described a s  a multi-party-of-the-middle system. Only ext remis t  views of the  

f a r  r i g h t  and l e f t  a r e  unrecognized i n  cur ren t  p o l i t i c a l  pa r ty  s t r u c t u r i n g .  

More moderate, though d i f f e r i n g ,  pos i t ions  a r e  included. A loosening of 

c e n t r a l i z e d  c o n t r o l  has ,  t o  be s u r e ,  been accompanied by safeguards intended 

t o  ensure s t a b i l i t y .  Pe r iod ica l ly ,  when i n t e r n a l  s e c u r i t y / s t a b i l i t y  a re  

thought t o  be  threatened,  con t ro l s  a r e  t ightened and people a r e  encouraged 

t o  "cool down." Increas ingly ,  methods f o r  "reform with s t a K i l i t y l '  a r e  of 

t h e  s o r t  t h a t  do not  int imidate.  Empt's c i t i z e n s .  
. . 

Vast d e c e n t r a l i z a t i o n  of govefirment bureaucracy. is .  underway. I n f t l a t e d  

i n  December, 1979, by Pres ident  Sada t t s  granti'ng of p r e s i d e n t i a l  powers. f o r  

domestic concerns t o  each of ~ g y p t ' s  governors, t K i s  pol icy  s h i f t  he ra lds  

what could prove t o  b e  a new and s i g n i f i c a n t  e r a  i n  both bureaucra t i c  s t r u c -  
. . 

t u r i n g  and funct ioning In ,  and development o f ,  Egypt. Coupled with -much 

increased power a t  t h e  governate l e v e l  h a s  been a s.ort of reyenue-sharing 

approach t o  d i s t r i b u t i o n  of funds. Also, governors and o t h e r s  a r e  encouraged 

t o  develop p i l o t  and demonstration programs t o  meet l o c a l  needs, f o r  which 

n a t i o n a l  g r a n t s  a r e  avai lable .  Much na t iona l  p u b l i c i t y ,  recogni t ion  and honor 

a r e  given these  model programs and those who i n s t i t u t e  them. 

Considerab.le emphasis has a l s o  been placed on t h e  up-grading of a b i l i t i e s  

of middle-level bureaucrats  a t  t h e  governate and l o c a l  a s  wel l  a s  na t ibna l  

l e v e l s .  Many programs of in-service t r a i n i n g  have heen itnplemented, with 

focus on managerTa1 a s  well  a s  t echn ica l  s k i l l s .  nus- ,  the  f k s t  avenue used 

i s  an educational  one; those who,after t r a i n i n g , a r e  not  able  t o  funct ibn 

according t c  expecta t ions  a r e  f i r s . t  encouraged, then pressured tomove o u t  

of these  important bureaucra t ic  pos i t ions .  Throughout, emphasis l"s on pro- 

mating a coupling of individual  i n i t i a t i v e  a n d  innovation with commensurate 



i n d i v i d u a l  r e spons ib i l . i t y ,  r a t h e r  than bu reauc ra t i ca l ly -d i f fused  r e s p o n s i b i l i t y .  

Egypt h a s  a long t r a d i t i o n  of educat ion and educa t iona l  i n s t i t u t i o n s .  I n  

r ecen t  yea r s ,  emphasis h a s  been placed on speeding the democra t iza t ion  of edu- 

ca t ion .  Free  pub l i c  school  educat ion  f o r  a l l  and free'universftyeducation 

f o r  those  who q u a l i f y  academical ly have been p rac t f ced  s i n c e  t h e  1952 revo- 

l u t i o n .  Today emphasis i s  on curriculum revis5ons  ( p a t i a n a l  c u r r i c u l a e  h a s  

been used; governates  a r e  now being  encouraged t o  develop new/adapt e x f s t i n g  
. . 

c u r r i c u l a e ) ,  and on l e s s  formal means t o  reach  a l a r g e  number of a d u l t s  

throughout t h e  n a t i o n  wi th  needed information and s k i l l s .  A r e c e n t l y - e s t a b l i s h e d  

n a t i o n a l  ex tens ion  and r u r a l  development i n s t i t u t e  provides- leaders f i ip  i n  

t r a i n i n g  and o t h e r  suppor t  a c t i v i t i e s  f o r  l o c a l  extensfon personnel .  I n  a d d i t i o n ,  

an ex tens ion  couiponent is f r equen t ly  fncluded i'n specfa l -purpose  p r o j e c t s  of t h e  

va r ious  m i ~ i s t r f e s  and governates .  Also, t h e r e  a r e m a n y  Egyptian j o u r n a l s  and 

newspapers, a long wi th  n a t i o n a l  te levi 's ion and r a d i o  stations.-,  wWch s e r v e  an  

educat ional  a s  w e l l  as- news and enter ta inment  func t ion .  Sadat ,  h i m s e l f ,  s e r v e s  

a s  an educator  a s  h e  t r a v e l s  throughout t h e  country meeting w5th l o c a l  groups 

f o r  t h e  purpose of exp la in ing  government p o l i c i e s ,  p o s i t i o n s  and programs. H i s  

o f t e n  long and emotional speeches t o  Parl iament  (heard by  m i l l i o n s  -via t .v .  and 

r ad io )  a r e  an e x c e l l e n t  example o r  h i s  d e s i r e  f o r  "everytbirig t o  b e  a s  c l e z r  t o  

t h e  people as i t  is  with me" (Sadat ,  1979, p. 162) , 

Throughout t h e s e  (and o ther )  reform e f f o r t s ,  t h e r e  a r e  common elements ,  

Taken toge the r ,  t hey  r e f l e c t  a mul t i - face ted  a t tempt  t o  overcome t h e  f i v e  
. . 

b u r e a u c r a t i c  problems noted e a r l i e r  i n  t h i s  paper.  And, a num.ber of t h e  

c h a r a c t e r i s t i c s  cecessa ry  t o  f u l f i l l  t h e  aim of r e s t r u c t u r i n g  bureaucracy a r e  

a l s o  ev ident .  

More i n s i g h t  i n t o  t h e  c o r r e c t i v e  r e v o l u t i o n  c r n  be gleaned from a review 

of P res iden t  Sadat ' s  autobiography, I n  Search of I d e n t l t y  (1978). I n  p a r t i c u l . a r ,  

h i s  r e fe rences  t o  and i d e n t i f i c a t i o n  wi th  Egyptian v i l l a g e  l i f e ,  t h e  s p i r i t  of 



t h e  people and t h e  va lues  of t h e  v i l l a g e  (e.g., freedom, beauty ,  d i g n i t y ,  l ove ,  

sove re ign ty  of t h e  i r ,dividual ,  c o l l e c t i v e  e f f o r t )  sugges t  t h e  b.asis  f o r  common 

a s p i r a t f  ons , goa.ls and means c o n s i s t e n t  w i th  those  v a l u e s  .. He d e s c r i b e s  love  

as "a human safeguard a g a i n s t  a l l  s o c i a l  p i t f a l l s .  To l w e  means t o  g i v e ,  

and t o  g ive  means t o  bui ld. .  ." (p.110), H e  is  c r i t i c a l  of ma te r i a l i sm and 

power as human va lues .  H e  s t a t e s  t h a t  t h e  n o t i o n s  of a power-based 'cmpunity 

and a benevolent  d i c t a t o r s h i p  a r e  incompatible  w i t h  t h e n a t u r e  and temperament 

of the Egyptian people. 

H n a l l y ,  . it i s  apparent  t h a t  Sadat  is. a d e e p l y  religfous-man, as-- a r e  h o s t  

of h i s  countrymen. The va lues  noted '  above a r e  consl 's tent  w i t h  t h e  m a j o r f t ~  

Sunni Moslem and minor i ty  Coptic  C h r i s t i a n  f aTtFs, a s  t h e y  a r e  w i t h  most o t h e r  

major r e l i g i o n s .  I n  t h e  p r a c t i c e  of Egyptian Sunnf I s lam,  the e a r t h l y  l o c u s  

of a u t h o r i t y  a ~ d  r e s p c n s i b i l f t y  f o r  dec is ioninakfng r e s t s  wi th  t h e  community, 

through cornuni ty  concensus. Thus t h a e  f s  a s t r o n g  va lue-bas is  f o r  'b.asicl' 

development i n  Egypt, a s  w e l l  a s  t h e  pragmatic d e s i r e  and unusuzl  enl ightenment  

i n  t h e  h i g h e s t  b u r e z u c r a t l c  c i r c l e s .  One hopes t h i s  fs sufficient f o r  success .  > 

Conclu d o n s  

Cons idera t ion  of t h e  r e l a t i o n s h i p  between bureaucracy and development 

i n  Egypt prompts s e v e r a l  gene ra l  conclusions.  Egyptians were a1110r.g the  

f i r s t  t o  embark on e sys temat ic  development course which, among o t h e r  t h i n g s ,  

y i e lded  a rudimentary form of b u r e a u c r a t i c  o rgan iza t fon  t o  f e c i l i t a t e  its 

civil progrE.ss. I n  time, t h e  f u l l e r  development of thin  orgrniza t i 'ona l  form 

began t o  impede i t s  development, p a r t i c u l a r l y  i n  t h e  hands of al iens-who 

wished t o  c o n t r o l  and e x p l o i t  t h e  country,  When p e r i o d s  of new in f luence -were  

f e l t  i n  t h e  development of t h e  c u l t u r e ,  they  tended t o  c w e  i n  non-lurenucr:~t lc  

form, o r  dur ing  times wllcn t h e  bureaucracy of S t a t e  was undergoing devel.opment 

o r  t ransformat ion .  

The major  except ion  t o  this g e n e r a l i z a t i o n  h a s  been wi th  t h e  impressive 



technological  developments during the  l a s t  hundred years of Western inf luence ,  

and,par t icular ly ,dur ing the  pas t  th i r ty - f ive  years of Egypt's revolutionary 

se l f - ru le .  There a r e  consequences of t h i s  r ecen t  developmental h i s t o r y  t h a t  

a r e  bothersome t o  Egyptians ranging from t h e  President  t o  t h e  v i l l a g e  farmer, 

however, and they a r e  undertaking an i n s i g h t f u l ,  voluntary  ' rcorrect ive 

revolution" before  c r i s i s  b e f a l l s  them. Their r a t i o n a l e s  and ac t ions  a r e  

i n s t r u c t i v e .  

They begin  with concerns f o r  t h e  "human s p i r i t  , I1  independence, freedom 

and d ign i ty ,  i n i t i a t i v e  and cammftment t o  common s o c i a l  i'deals rooted i n  t h e i r  

h i s t o r i c  communal so lzdar i ty .  They sense t h a t  t h e i r  technocracy h a s  brought 

b e n e f i t s ,  but  a l s o  problems they wish t o  reso lve ,  l i k e  suliverted 

i n i t i a t i v e  and communal s o l i d a r i t y .  Percept ively ,  they look  t o  bu l ld ing  t h e  

i n s t i t u t i o n a l  support s t r u c t u r e s  i n  a reas  l i k e  education,  r e l i g f o n ,  l o c a l  

se rv ices ,  e t c .  w h i l e  increas ing grass-roots  " s p i r i t , "  dfgni ty  and autonomy 

through d e c e n t r a l i z a t i o n  and relaxed con t ro l s  on t h e  v a s t  "moderate" popula- 

t ion .  Clear ly ,  they do not  be l i eve  the  fo rce  of bureaucracy can e f f e c t f v e l y  

be  used t o  mandate development--only t o  po in t  t h e  way while s ~ p p o r t ~ n g  and 

allowing i t  t o  emanate from t h e  people. This process Is r e s u l t i n g  i n  an 

incremental b a s i c  reform of t h e  n a t i o n a l  bureaucracy s o  i t  can more e f f e c t i v e l y  

support development processes, I n  t h e  process,  n a t i o n a l  b.ureaucracy gains  
. . 

c r e d i b i l i t y  and popular support ,  s trengthening f t  a s  a major f o r c e '  f o r  on-- 

going balanced s o c i e t  a1  development. 

This process is not  without problems, however. 13.1 t h e  Egyptian case 

s e v e r a l  ma t te r s  a r e  re levant .  It must b e  r e a l i z e d  t h a t  any unaccustomed 

approach w i l l  be  viewed uneas i ly  and suspic iously  by many who'are involved. 

Pres ident  Sadat and h i s  fel low-reformists  a r e  doub t less  o f t e n  thought naive 

by those who do not  share  t h e i r  profound insfghts-,  and many wi-thin the  

country a r e  l e f t  confused and disor iknted when t h e  fami l i a r  bureaucra t ic-  



a u t h o r i t a r i a n  p a t t e r n s  a r e  a l t e red .  Many Egyptians, i n  f a c t ,  show evidence 

of a  wait-and-see a t t i t u d e .  Thus i t  i s  important t h a t  p e r s i s t e n c e  of the  

reform/development be  followed f o r  s u f f i c i e n t  time s o  t h a t  t h e  i n d f r e c t  

r e s u l t s  of success can be  f e l t  throughout t h e  s o c i e t y  and so  t h a t  methods i n  

t h e  s o c i a l  experiment can be improved 6.y experience.. 

I n  t h e  meantime, t h e  top  l e v e l s  of government must ensure tk popular 

c r e d i b i l i t y  t h a t  underpins good f a i t h  , and con t ro l  t h e  d e v i s i v e  in f luences  

of oppor tun i s t s  and extemis ts  who could jeopordize t h e  s o c i e t a l  s t a b i l i t y  

on which t h e  process  depends. More par tscular ly ,  hef  ghtened f n f  l a t i o n  which 

accompanies developmental surges  must be  con t ro l l ed ;  an e q u i t a b l e  d i s t r i -  

bu t ion  of development b e n e f i t s  must be r e a l i z e d ;  long-term personal  c o m i t -  

.merits t o  nat?.onal development according t o  t h e  previous model cannot b e  

betrayed;  r e l u c t a n t  key bureaucra ts  must sometimes be prodded i n t o  compliance 

wi th  t h e  new scheme; p r o f i t e e r i n g  must be con t ro l l ed ;  e t c ,  A p a r t i c u l a r  

dilemma i n  t h e  process is  how t o  s h i f t  from h i e r a r c h i a l  a u t h o r i t y  l i n e s  t o  

a  matr ix  form of na t iona l  organiza t ion  without unduly f r u s t r a t i n g  o r i e n t a t i o n s  

and e f f o r t s .  For ins tance ,  former h- ierarchfes  extending d o n  t o  t h e  v i l l a g e  

l e v e l  have not  been cancel led ,  bu t  cross-cut by the  investment of p r e s i d e n t i a l  

powers t o  governors and t h e i r  s t a f f s .  Only good f a i ' . h ,  good informal com- 

munication and coordinat ion  p a t t e r n s ,  and the ' congen ia l  s p i r i t  of the .  Egyptian 
. .  . 

people .have  prevented t h i s  s i t u a t i o n ' f r o m ' 6 e c ~ i h g  problemati'c..' 

The s p i r i t  and charac te r  of the  Egyptian people is s i g n i f i c a n t  i n  another  

regard.  The bureaucra t i c  reform/basic development process is f a c i l i t a t e d  

hy t h e  f a c t  t h a t  F:gypt-.f.ans a r e  s t r o ~ ~ g l y  independent as indlvl .duals  and a na t ion ,  

y e t  h ighly  value  comrnilnal p a t t e r n s  and problem-solving processes.  A s  a r e s u l t ,  

they do not  t ake  t h e i r  bureaucracies a s  s e r i o u s l y  a s  many do, perhaps because 

they have had t o  co-exist with them f o r  centur ies .  For such people,  r e a l  . 
r evo lu t ion  means, more than anything e l s e ,  f ind ing  an a l t e r n a t i v e  t o  l i f e - b y - '  



.Perhaps the  same people who invented bureaucracy a s  a by-product of t h e i r  

pioneering ea r l y  development a r e  now i n  the  process of working.out a new form 
. . 

f o r  t he  organization of developmental e f f o r t s .  This may provide the  world 

wi th  a model even more s i gn i f i c an t  than t h a t  of bureaucracy. Unquestfonably, 

t h e i r  experiment with voluntary government-initiated revolution serves  a s  a 

noteworthy pioneering e f f o r t  i n  t h e  quest of f u l l  development despf te  l imi ted  

resources. One might even argue tFiat tFre h ighest  l e v e l  of developmental 

achievement a na t ion  can reach is the  i n s t f t u t i o n a l i z a t i o n  of '%asicl '  

development pa t t e rn s  i n  t h e i r  s o c i e t a l  organization.  If t h i s  i s  so ,  

Egypt may now 6 e  among t he  most developed of nat ions .  
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l /  31 OPTIMAL DESIGN OF FURROW IRRIGATION SYSTEMS- --- 

2/ %/ J.  Mohan Reddy and Wayne Clyma- 

In t roduc t ion  

Sur face  i r r i g a t i o n  i s  t h e  most widely p r a c t i c e d  method of i r r i g a t i o n  
(Goldberg, 1974). This  widespread use of su r f ace  i r r i g a t i o n  methods 
r e f l e c t s  i t s  f e a s i b i l i t y  under many circumstances,  low energy requi re -  
ments and s i m p l i c i t y  of opera t ion  ( P i l l s b u r y ,  1968). The poor pe r fo r -  
mance of su r f ace  i r r i g a t i o n  systems suggest  a  need f o r  b e t t e r  system 
des ign  and management. 

Water i s  one of t he  l i m i t i n g  f a c t o t s  of  a g r i c u l t u r a l  product ion.  
Improved designs of i r r i g a t i o n  systems would r e s u l t  i n  more e f f e c t i v e  
and e f f i c i e n t  use of water resources .  The purpose of t h i s  paper i s  t o  
develop a  design procedure using genera l ized  geometric programming t h a t  
r e s u l t s  i n  optimal system design of furrow i r r i g a t i o n  systems cons ider ing  
a  number of design v a r i a b l e s  and system c o n s t r a i n t s .  

An i r r i g a t i o n  system has s e v e r a l  v a r i a b l e s  t h a t  a f f e c t  i t s  . 
performance. These a r e :  t h e  flow r a t e ,  s lope  of t h e  f i e l d ,  f i e l d  
dimensions, roughness, furrow shape and s o i l  i n f i l t r a t i o n  c h a r a c t e r i s -  
t i c s .  Time of inf low,  inf low r a t e ,  f i e l d  l eng th ,  furrow spacing and n e t  
depth of i r r i g a t i o n  a r e  ope ra t i ona l  v a r i a b l e s  t o  be determined i n  t h e  
des ign .  Variables  such a s  i n f i l t r a t i o n  r a t e ,  roughness and furrow shape 
a r e  given f o r  a  p a r t i c u l a r  f i e l d .  Time of  inf low,  inf low r a t e  and f i e l d  
dimensions u sua l ly  a r e  cons t ra ined  f o r  a  p a r t i c u l a r  des ign .  An optimal 
design must consider  these  v a r i a b l e s  and any system c o n s t r a i n t s .  

Optimal design of an i r r i g a t i o n  system should cons ider  r e t u r n s  from 
t h e  crop and cos t s  of system ope ra t i on  t o  maximize p r o f i t .  Reddy (1980) 
has developed such an approach f o r  border  i r r i g a t i o n  by r e l a t i n g  system 
design v a r i a b l e s  t o  system performance and system performance t o  crop 
y i e l d .  Because t h e s e  r e l a t i o n s h i p s  a r e  no t  y e t  a v a i l a b l e  f o r  a  furrow 
i r r i g a t i o n  system, optimal design of t h e  system w i l l  be based on minimi- 
z a t i o n  of c o s t s .  I n  t h e  design of an i r r i g a t i o n  system, t h e r e  a r e  many 
combinations of va lues  f o r  t h e  v a r i a b l e s  t h a t  would f u l f i l l  t h e  r equ i r e -  
ments of t h e  system, b u t  wi th  d i f f e r e n t  c o s t s .  There w i l l  be a  combina- 
t i o n  t h a t  w i l l  involve minimum des ign  expendi ture  and a t  t h e  same t ime 
meet a l l  t h e  system c o n s t r a i n t s .  
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Literature Review 

Research on optimization of surface irrigation system design has 
been limited. The works of Marjai, Oroszlany, and Wellisch (1958), Wu 
and Liang (1970) and Nugteren (1973) were restricted to optimizing a 
single variable. Marjai, Oroszlany, and Wellisch (1958) considered 
uniform wetting of the length of run as their objective, and derived 
theoretical equations for optimum inflow rate into closed end furrows 
under a given set of field conditions. The theoretical results were 
corroborated by experimental results. Wu and Liang (1970) considered 
length alone as the optimizing variable. They developed a cost function 
in terms of length assuming all the other system variables are constant. 
By simulating the cost function for different length combinations, they 
obtained the optimum length for a furrow irrigation system. Nugteren 
(1973) applied differential calculus in optimizing different single 
variables holding all other variables constant. 

Mathematical optimization of furrow irrigation system design was 
not possible until recently for two main reasoxis. First, appropriate 
mathematical equations expressing the relationship between the quantity 
that needs to be optimized and the system variables were not available. 
Even empirical relationships were not available. Recently, the Soil 
Conservation Service (SCS) developed design equations for furrow irriga- 
tion (USDA, 1979). Second, the theory of mathematical optimization 
(geometric progranlming) to handle negative coefficients either in the 
objective function and/or the constraints was limited. Dembo (1972) 
presented a condensation technique to handle negative coefficients. 
Utilizing the available mathematical relationships for furrow irrigation 
and the theory of geometric programming, a furrow irrigation system can 
now be designed optimally. 

Mathematical Features of Furrow Irrigation 

Before optimizing any problem, the mathematical relationships 
between the system design variables, the function to be optimized and 
the constraints to be satisfied must be available. The mathematical 
relationships used in this paper for the design variables were obtained 
from Ley and Clyma (1980) as modified from the SCS furrow design proce- 
dures (USDA, 1979). The relationships are summarized here and further 
details are available in the references. 

The equivalent average inflow depth is: 

where D = equivalent average gross inflow or applied depth, mm a 

Qf = average furrow inflow rate, Ips 

Ti = inflow time, min 

W = furrow spacing, m 

L = length of the furrow, m 



The equivalent average intake depth for the furrow length is given 
by : 

where Di = equivalent average intake depth for the entire furrow 
length, mm 

a,b,c = constants in the infiltration function 

g,h = advance coefficients for given intake family 

(P+K) = equivalent average wetted perimeter where P is 
defined by Equation (5) and K is a constant of 0.21 

The values of g, h and P are defined as: 

where C2,h,d = functions of intake family 

K1 = 4.831 for metric units 

n = Manning's coefficient assumed equal to 0.04 for 
furrows 

So = slope of the furrow 

The equivalent average runoff depth, D is given as: r ' 

The relationship for equivalent design application depth for the design 
length is given as: 

where DU = equivalent design application depth or requirement, 
mm 

Ti-T = intake opportunity time at point Ld, min 
x)Ld 

Ld point along furrow at which the design application 
is to be infiltrated, m 



The equivalent average deep percolation for this section, x = 0 to 
x = Ld, is given by: 

where = equivalent average deep percolation depth for the 
Dp)o-Ld section, mm 

Di)~-~d = equivalent average intake depth for the section, mm 

The equivalent average intake depth is given by the following: 

where Tea) L~ = average opportunity time for the section, min 

The equivalent average deep percolation depth for the full furrow length 
is estimated as: 

where Dp = equivalent average deep percolation depth for the full 
furrow length, mm 

Finally, the equivalent average root zone storage depth is defined as: 

D a u = Da - Dr - Dp . (DaU - < D l  (11) 

where Dau = equivalent average root zone storage depth, mm 

The relationships presented above are quasi-rational. The recession 
component was assumed negligible in the derivation of the above relation- 
ships. Hence, when the recession component is significant, this optimi- 
zation technique gives only an approximate solution. 

Optimization Technique 

The system defined by the above equations can be analyzed by 
nonlinear programming. Genera 1 ized geometric programming (GGP) , which 
is applicable to engineering design problems of this type, is a type of 
nonlinear programming that is most appropriate for this problem. The 
same technique was presented by Karmeli and Oron (1979) for closed 
conduit irrigation (sprinkle and trickle) systems. Generalized geometric 
programming is formulated with an objective function of the form: 



Go(;) = objective function in terms of system variables and 
cost coefficients 

with K2 constraints in the form: 

( 2 )  = P )  - Q 1 .  k = 0.1,2, . . , K2 . (13) 

Gk(;) = constraint function in terms of system variables and 
constants 

The quantities, pk(;) and Qk(k) are called posynomials. They are the 

terms in the objective and constraint functions with positive and nega- 
tive coefficients, respectively. They have the following forms: 

in which K2 = number of constraints in the problem; I = number of terms 
with positive coefficients [pk(x)]; J = number of terms with negative 
coefficients [Q~(X)]. Each term in a posynomial is defined as the 

product of a constant and one or more system variables with exponents. 
These terms, Uik and Vjk, are defined as follows: 

where Uik,Vjk = terms with positive and negative coefficients, 
respectively in the objective function and 
constraints 

Cik'Cjk = constants in each term of the objective function 
or constraints 

xQ = system variable 



bikP,f jkP exponents f o r  t h e  system v a r i a b l e s  

L1 = number of v a r i a b l e s  i n  t h e  system 

Equations (12) and (13) a r e  c a l l e d  s ignomials .  A signomial i s  def ined 
a s  t h e  d i f f e r e n c e  of two posynomials. The major s t e p  i n  t h e  formulat ion 
of GGP i s  t h e  t r a n s f e r  of t h e  signomials i n t o  posynomials with one term,  
c a l l e d  monomials. This  i s  accomplished by a  process  of condensation a s  
def ined  by Dembo (1972). Af t e r  t h e  monomials a r e  ob ta ined ,  t h e  con- 
s t r a i n t s  and t h e  o b j e c t i v e  func t ion  a r e  l i n e a r i z e d  by t ak ing  t h e  n a t u r a l  I 
logar i thm of t h e  monomial func t ion .  This s e t  of equat ions i s  solved by 
l i n e a r  programming and convergence of t h e  s o l u t i o n  t o  t h e  o r i g i n a l  I 

problem i s  obtained by a d d i t i o n a l  c o n s t r a i n t s  c a l l e d  "cuts"  t o  t h e  
o r i g i n a l  problem. By so lv ing  t h e  l i n e a r  program a f i n i t e  number of 
t imes ,  an optimum s o l u t i o n  t o  t h e  o r i g i n a l  nonl inear  problem i s  obta ined .  
Ver i f ica t - ion  of a  g loba l  optimum s o l u t i o n  must be performed. Dembo (1972) 
mentioned t h a t  t h e  g loba l  optimum i s  assured  i f  an i n i t i a l  f e a s i b l e  
s o l u t i o n  i s  a v a i l a b l e  t o  i n i t i a t e  t h e  algori thm. The g loba l  optimum i s  
v e r i f i e d  here  by s imula t ion .  

I 

The va lues  of t h e  v a r i a b l e s  ob ta inable  from t h e  above technique 
w i l l  be continuous (non- in teger ) .  I n  t h e  design of an i r r i g a t i o n  system 
some of t h e  v a r i a b l e s  such a s  t h e  number of l eng ths  of run,  number of 
s e t s ,  and number of furrows pe r  s e t  should have i n t e g e r  va lues .  There- 
f o r e ,  a  d i f f e r e n t  technique must be a t tached  t o  t h e  above procedure t o  
ob t a in  an optimal s o l u t i o n  t h a t  has t h e  va lues  of t h e s e  v a r i a b l e s  a s  
i n t e g e r s .  The branch-and-bound (Benichou, Gauthier ,  Gi rode t ,  Hentges, 
R ib i e r e ,  and Vicent ,  1971) technique i s  chosen here  t o  express  the  
r e l a t e d  v a r i a b l e s  i n  an i n t e g e r  form. 

D e f i n i t i o n  of Object ive Funct ion and Cons t ra in t s  

The most commonly chosen o b j e c t i v e  func t ions  a r e  e i t h e r  maximization 
of p r o f i t  o r  minimization of c o s t s .  For  an i r r i g a t i o n  system, maximiza- 
t i o n  of p r o f i t  r equ i r e s  an e x p l i c i t  r e l a t i o n s h i p  between t h e  system 
design v a r i a b l e s  and crop y i e l d s .  Reddy (1980) has developed such a 
r e l a t i o n s h i p  f o r  wheat and a  border  i r r i g a t i o n  system. For t h i s  app l i ca -  
t i o n  t o  furrow i r r i g a t i o n  systems, minimization of system design c o s t s  
was chosen a s  t h e  ob j ec t ive  func t ion  f o r  optimal des ign .  

The c o s t s  involved i n  t h e  des ign  of a  furrow i r r i g a t i o n  system I 

include:  (1) t h e  c o s t  of water ;  (2) t h e  c o s t  of l abo r ;  (3) t h e  c o s t  of 
headland f a c i l i t i e s  such a s  t h e  head d i t c h ;  and (4) t h e  c o s t s  of environ- 
mental e f f e c t s  such a s  deep p e r c o l a t i o n  and runoff on water q u a l i t y .  
The e f f e c t  of poor i r r i g a t i o n  p r a c t i c e s  on y i e l d ,  such a s  deep percola-  
t i o n  on f e r t i l i z e r  l each ing  and reduced y i e l d  and u n d e r i r r i g a t i o n  on 
crop s t r e s s  and r e s u l t i n g  y i e l d ,  w i l l  be neglected i n  t h i s  a n a l y s i s  
s i n c e  r e tu rns  have not  been computed. The environmental e f f e c t s  w i l l  
a l s o  be neglected f o r  s i m p l i c i t y  of p r e sen t a t i on  and because of a  gene ra l  
l a c k  of appropr ia te  da t a  on the  c o s t s  of  water  q u a l i t y  degradat ion.  I 

When runoff recovery is  t o  be included i n  t h e  system des ign ,  then  c o s t s  
of t h e  recovery can be considered i n  t he  water  c o s t s .  Benef i t s  of t h e  
recovery may a l s o  reduce o t h e r  system design c o s t s .  The c o s t  func t ion  
f o r  optimal design i s  a s  fol lows:  , I 



c o s t  of c o s t  c o s t  of  
water  of headland 

l abo r  f a c i l i t i e s  

Go(Qf , T ~ , L )  = c o s t  func t ion  f o r  system des ign ,  $ / f i e l d  

c1 = c o s t  c o e f f i c i e n t  of water (from e i t h e r  a  cana l  o r  a  w e l l ) ,  
$/ha-m 

c2 = c o s t  of l abo r ,  $ /h r  

a = f r a c t i o n  of t h e  time l abo r  i s  u t i l i z e d  dur ing  t h e  
i r r i g a t i o n  time 

c3 = c o s t  of d i t c h  cons t ruc t ion ,  $ / l i n e a r  meter 

np = number of l engths  of run i n  t h e  f i e l d  

WF = width of t he  f i e l d ,  m 

n  = number of i r r i g a t i o n s  per  season i 

n = number'of furrows i r r i g a t e d  pe r  s e t  f s  

n  = number of s e t s  i n  t h e  width d i r e c t i o n  
W 

I n  add i t i on  t o  t h e  c o s t  func t ion ,  t h e r e  a r e  limits on t h e  system 
v a r i a b l e s  c a l l e d  c o n s t r a i n t s .  These c o n s t r a i n t s  l i m i t  t h e  des ign  v a r i -  
a b l e s  t o  f e a s i b l e  va lues .  Maximum flow p e r  furrow based on phys i ca l  o r  
l e g a l  boundaries ,  o r  r a i n f a l l  e ro s ion ,  and furrow spacings based on 
crop,  machinery o r  farmer prefe rence  a r e  a l l  examples of c o n s t r a i n t s  
f r equen t ly  s p e c i f i e d  f o r  a  p a r t i c u l a r  design.  A l l  t he se  c o n s t r a i n t s  
must be met t o  have a  f e a s i b l e ,  optimal design.  

The c o n s t r a i n t s  f o r  a  given des ign  a r e  s p e c i f i e d  a s  fol lows:  

< 1 
Q Q m a x  ; G2 Qf/Qf)max - 

But Q i s  given a s  fol lows:  max 

Qf)max = maximum non-erosive s t ream, Ip s  

A = c o e f f i c i e n t  dependent on e ros iveness  of s o i l  and 
assumed 0.63 

S = s lope  of furrow i n  percent  



Usually the depth of irrigation is specified based on an optimal 
depletion level for a given crop for maximum yields. Reddy (1980) has 
used another strategy which consisted of simulating the results of a 
given set of field and hydraulic conditions to result in a specific 
field distribution of water. The resulting constant field distribution 
of water is used to simulate crop yield for segments of the field. Yield 
is then related to a constant, seasonal water requirement efficiency and 
a design depth of irrigation. Other strategies are possible to result 
in relationships that can be used to obtain both an optimal design depth 
and optimal seasonal performance. In this application the optimal 
design depth is assumed to be given. 

The SCS furrow irrigation design procedure requires that the length 
of the field over which the design depth is to be met by a given irriga- 
tion be specified. This length, K L, is called the design length, Ld. 3 
An appropriate design strategy would be to determine the optimal design 
length. In this application, the frequency used design length of 0.9L 
(Kg = 0.9) was assumed. 

The design application depth at 0.9L should be greater than or 
equal to the optimum depth of requirement. The constraint for this 
condition becomes as follows: 

where Dopt = optimum depth of requirement, mm 

The constraint can be expanded as shown below: 

The average amount of irrigation water supplied to the root zone is 
defined by the product of the water requirement efficiency and the 
design depth. Efficiency can also be restricted to be greater than or 
equal to some specified amount for optimum yields (Reddy, 1980). There- 
fore, the optimum average depth of water to be provided to the root zone 
is the product of the optimum water requirement efficiency and the 
optimum depth of irrigation water. The amount of irrigation water 
provided for the root zone should be greater than or equal to this 
optimum average. The constraint of Equation (22) can also be specified 
as: 



where ER = water  requirement e f f i c i e n c y .  Equat ion (24) s p e c i f i e s  t h a t  

a t  0.9L of t h e  f i e l d  l e n g t h ,  t h e  dep th  of i r r i g a t i o n  should be a t  l e a s t  
equa l  t o  t h e  opt imal  depth.  Th is  l e n g t h  can be any o t h e r  f r a c t i o n  of  
t h e  l e n g t h  of run.  But f o r  t h i s  case  0.9L i s  used.  Equat ion (26) ,  on 
t h e  o t h e r  hand, s p e c i f i e s  t h a t  t h e  average dep th  i n f i l t r a t e d  i n t o  t h e  
r o o t  zone must be a t  l e a s t  equa l  t o  t h e  p roduc t  of t h e  op t imal  dep th  
t imes t h e  d e s i r e d  water  requirement e f f i c i e n c y .  I n  Equat ion (26) ,  Kj 
determines  t h e  f r a c t i o n  of t h e  f i e l d  l e n g t h  t h a t  i s  i r r i g a t e d  t o  t h e  
opt imal  l e v e l  which i s  unknown a t  t h e  s t a r t  o f  i r r i g a t i o n .  The va lue  o f  
Kg is cons t r a ined  by: 

E i t h e r  Equat ion (24) o r  (26) i s  s u f f i c i e n t .  Equat ion (24) was used i n  
t h i s  a n a l y s i s .  

The l e n g t h  of run cannot be g r e a t e r  t han  t h e  a c t u a l  f i e l d  l e n g t h  
given.  A s h o r t e r  l e n g t h  of run i nc r ea se s  t h e  c o s t  of ope ra t i on  and t h e  
l onges t  l eng th  may r e s u l t  i n  a  l e s s  uniform d i s t r i b u t i o n  o f  water  a long  
t h e  l e n g t h  of t h e  f i e l d .  There fore ,  t h e  f i e l d  l e n g t h  could be r e s t r i c t e d  
a t  bo th  extremes: 

where LF = l eng th  of t h e  f i e l d ;  Lmax = maximum l e n g t h  o f  t h e  run; and 

L = minimum l eng th  o f  t h e  run min 

S i m i l a r  c o n s t r a i n t s  can be  p laced  on t ime ,  number of furrows p e r  
s e t ,  and number of s e t s  w i th  a  given number of furrows and furrow spacing 
f o r  t h e  width o f  t h e  f i e l d .  They a r e  a s  fo l lows :  

- - -  "anwTi < 
" l n w T i  5 Tmax + G8 T rnax 



where n = number of sets in the width of the field; n = number of 
W f 

furrows in the field; n = number of furrows per set; f s Tmax = maximum 

time availble per irrigation; T. = time of application per set; and 
1 

Q = total flow rate available at the field. 

A~~lication of Techniaue 

An example field is analyzed and an optimal design for a furrow 
irrigation developed. The data for the field including the constraints 
and cost coefficients are given in Table 1. The optimal design is 
developed by generalized geometric programming and the optimal solution 
verified by system simulation. 

Table 1. Data for optimal design for example system. 

Field Variables and Constants 

So = 0.001; If = 1.5; Du = D = 76 mm; LF = 805 m; WF = 402 m; 
opt 

n = 0.04; Q = 158 Ips; W = 0.76 m; ni = 5 

From USDA (1979): If = 1.5; a = 2.283; b = 0.799; c = 6.985; h 2.227; 

d = -1.227 and C2 = 13767 

Constraints 

D 76 mm; K3 = .9; Lmax = 402 m; Lmin = 91.5 m; QfInin 
opt 

= 0.63 Ips; 

Qf)max = 3.2 Ips; Tmax = 8000 min 

Cost Coefficients 

Cost of Water, c = $40/ha-m; Cost of Labor, c2 = $3/hr; Cost of 1 

Ditch construction, c3 = $3.25/meter length; and a = 1.0 

The objective of the design is to minimize the cost of. water, 
labor, and head ditch construction. The negative effects of environ- 
mental pollution by runoff and deep percolation, and reduced crop yield 
from stress are not considered. Therefore, the cost function becomes: 

G o min = nenw [ni (0.00024 nfsQfTi + 0.05T. ) + 2 .5nfs] 
1 (34) 



The c o n s t r a i n t s  of t h e  system a r e  given a s  fol lows:  

S imi l a r ly ,  l eng th  and time can be cons t ra ined  a s :  

I n  c o n s t r a i n t  G (Equation 37) ,  a  new v a r i a b l e  v  i s  def ined  t o  3 
s imp l i fy  t h e  complexity of t h e  c o n s t r a i n t  which i s  given a s :  

I n  o rde r  t o  avoid t h e  unboundedness of t h e  v a r i a b l e ,  a  pena l ty  func t ion  
i s  added t o  t h e  c o s t  func t ion .  Therefore ,  t h e  c o s t  func t ion  becomes: 

Go min 
= 0.0012QfTingnfsnw + 0.25Tingnw 

I n  t h e  l i n e a r i z a t i o n  procedure t h e  c o s t  func t ion  i s  added a s  an 
a d d i t i o n a l  c o n s t r a i n t  t o  t h e  problem. This  c o n s t r a i n t  i s  formulated, 
aga in ,  a s  an upper bounding c o n s t r a i n t  by t h e  i n t roduc t ion  of an addi-  
t i o n a l  v a r i a b l e  (u)  i n t o  t h e  problem of t h e  fol lowing form: 

Min u  (46) 



A l l  t h e  c o n s t r a i n t s  a r e  l i n e a r i z e d  a t  an a r b i t r a r y  i n i t i a l  po in t  a s  
descr ibed by Dembo (1972). The i n i t i a l  p o i n t  need not  be a  f e a s i b l e  
p o i n t .  Af te r  l i n e a r i z a t i o n ,  t h e  problem becomes a  l i n e a r  programming 
problem. A genera l ized  geometric programming code was developed t o  
so lve  t h e  above problem. 

Resul t s  and Discussion 

By applying t h e  genera l ized  geometric programming technique ,  t h e  
fol lowing optimal values  of t h e  v a r i a b l e s  were ob ta ined:  L = 402 m ,  
Qf = 3.15 I p s ,  Ti = 371 min, nQ = 2 ,  n fs  = 50 and nw = 10.6. These 

va lues  s a t i s f y  a l l  t h e  c o n s t r a i n t s  imposed i n  t h e  problem c lose ly .  I f  
more refinement i s  needed, these  va lues  can be r e i t e r a t e d  u n t i l  every 
c o n s t r a i n t  i s  e x a c t l y  s a t i s f i e d .  The above s o l u t i o n  i s  optimum, b u t  t o  
v e r i f y  whether t h i s  i s  t h e  g loba l  optimum, a  s imula t ion  s tudy was done. 
This  s tudy  revealed t h a t  t he se  va lues  a r e ,  i n  f a c t ,  t h e  minimum va lues ,  
i . e . ,  t h e  g loba l  optimal design was obtained.  The optimal va lues  
obtained by s imula t ion  a r e :  L = 402 m ,  Qf = 3.15 i p s ,  Ti = 375 min, 

- nQ - 2 ,  n fs  = 50 and nw = 10.6.  These va lues  a r e  presen ted  i n  Table 2 .  

The above va lues  of t h e  number of s e t s  i n  t h e  width d i r e c t i o n  (nw) 

a r e  n o t  convenient because they  do not  r ep re sen t  an i n t e g e r  number of 
ope ra t i ng  s e t s  i n  t h e  width d i r e c t i o n  (n = 10.6).  F r a c t i o n a l  s e t s  do 

W 

no t  have any phys i ca l  meaning. Hence, a f t e r  t h e  optimum was obta ined ,  
t h e  branch-and-bound technique was used i n  which t h e  va lue  of nw was 

increased  and decreased t o  t h e  nex t  i n t e g e r  number of s e t s .  The optimal 
va lues  of t h e  o t h e r  v a r i a b l e s  were obtained by s i m i l a r  procedure a l s o  
f o r  t h e  two d i f f e r e n t  va lues  of nw. 

A flow c h a r t  of t h e  procedure i s  

depic ted  i n  Figure 1. By comparing t h e  c o s t  of design f o r  t h e  two 
va lues  of nw, t h e  minimum va lue  was accepted a s  t h e  opt imal  design.  The 

va lues  of t h e  v a r i a b l e s  a r e  given a s :  L = 402 m,  Qf = 3-15 I p s ,  T. = 
1 

357 min, nQ = 2 ,  n fs  = 48, and nw = 11. The optimal c o s t  of seasonal  

i r r i g a t i o n  was $187.40/ha. 

Summary 

Generalized geometric programming and t h e  S o i l  Conservation Serv ice  
design procedure f o r  furrow i r r i g a t i o n  systems were combined t o  ob t a in  
an opt imal  system design cons ider ing  a  number of design v a r i a b l e s  and 
system c o n s t r a i n t s .  The optimal design was v e r i f i e d  by s imula t ion  using 
t h e  design equat ions and cons ider ing  t h e  c o n s t r a i n t s .  Generalized 
geometric programming and cu r r en t  q u a n t i t a t i v e  des ign  procedures can now 
be combined t o  ob t a in  optimal system designs t h a t  r e s u l t  i n  improved 
on-farm water  management a t  minimum c o s t  t o  t h e  farmer.  Costs considered 
were water ,  l abo r  and d i t c h  cons t ruc t ion .  



Table 2. Seasonal cos t  ($/ha) of irr igat ion for a given f i e l d  as  a function of length, 
inflow ra te ,  time of  i rr iga t ion ,  and system constraints .  

Cost of  Irr igat ion 
L = 100 m L = 201 L = 268 m L = 402 m 

Time Inflow Rate (Ips)  Inflow Rate (Ips)  Inflow Rate (Ips)  Inflow Rate (Ips)  
(minutes) 1.26 1.89 2.52 3.15 1.26 1.89 2.52 3.15 1.26 1.89 2.52 3.15 1.26 1.89 2.52 3.15 

425 - - -- - - - - - - - - - - - - - - - - - - - - - - - - 261 -- 
*Missing data (--) represent infeas ible  so lut ions .  



Constraint violated 

G1O 

Constraint violated 
None 

Solution 
Qf=3. 15 Ips nQ=2 

L=402.4 m nfs=50 

Ti=343 min nw=10.6 

Solution 
Qf=3. 15 Ips nQ=2 

L=402.4 m nfs=50 

Ti=371 min nw=10.6 

Optimal solution 
but, number of 
sets, n = 10.6 

W 

Feasible Feasible and 
Solution ~p timal 

solution 

Qf = 2.99 Ips nQ = 2 Qf = 3.16 Ips nQ = 2 
Ti = 393 min nfs = 53 Ti = 357 min n = 48 f s 

Seasonal Cost of Seasonal Cost of 
Irrigation = $189.4/ha Irrigation = $187.4/ha 

Figure 1. Flow chart of the solution procedure. 
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Symbol Definition 

Gk = constraint function in terms of system variables and 
constants 

I = number of terms in each constraint with positive coefficient 

J = number of terms in each constraint with negative coefficient 

K2 = number of constraints 

L1 = number of variables in the problem 

'ik9'jk = coefficients of cost function or constraints 

x2 = variable of the system 

5 - exponents of variables in the objective function and 
ika' Jka - constraints 

'iktVj k = terms in the objective function and the constraints . 
C 1 = cost coefficient for water ($/ha-m) 

2 = cost coefficient for labor ($/hr) 

C3 = cost of ditch construction ($/meter length) 

CI = fraction of the time labor is utilized during the irrigation 
time 

"F = width of the field, m 

"e = number of lengths of run 

n f s = number of furrows irrigated per set 

n 
W 

= number of sets in the width direction 

A = a constant ( . 6 3 )  

D 
opt 

= optimum depth of requirement, nnn 

n i = number of irrigations/season 

u and v = variables 

L~ = length of the field, m 

E~ = water requirement efficiency 

L = maximum length of the run, m max 



Symbol Definition 

Lmin = minimum length of the run, m 

Q = total flow rate available at the field, Ips 

T = maximum time available for irrigating the field, min max 

Qf)min = minimum flow rate into the furrow, Ips 

Qf)max = maximum non-erosive stream size into the furrow, Ips 



IRRI GATION SYSTEM IMPROVEMENT CONCEPTS~I 
215/ Wayne Clyma and Thomas W. Ley- 

INTRODUCTION 

There are nearly 227 million irrigated hectares in the world today 
and the rate of increase each year is not more than 4 million hectares. 
Thus, there is an opportunity to utilize techniques for improvement of 
irrigation systems at a ratio of more than 60 to 1 when compared to 
designing new systems. Increasing world food production and reducing 
energy costs both require more effective and efficient operating irriga- 
tion systems. 1rrigati.on system improvement is the key to effective 
system improvement for an efficient irrigated agriculture. 

The purpose of irrigation system improvement is to help farmers 
make decisions that result in better system operation. System design 
has traditionally specified appropriate values for the variables for 
operation of each system. Many farmers do not operate their systems 
according to the original design or may operate without an explicit 
design. 

A major deficiency in irrigation water management today is the lack 
of follow-up in improving system operation, This follow-up involves 
evaluation of operating systems to identify deficiencies in design and 
system operation. Operational levels of performance that equal or 
exceed potential (design) levels are the objective. 

Irrigation system design is perceived by engineers and emphasized 
in textbooks as an important activity in irrigation. System design 
principles embody the engineer's state-of-the-science and the farmer's 
state-of-the-art of irrigation to define the operational variables of 
the system for effective, efficient operation. System design specifies 
the potential level of performance of a system. Evaluation identifies 
the actual level of performance. Irrigation system improvement is the 
process of assisting farmers to change from their current level of 
operation to their potential level. This paper will define concepts and 
procedures for a systematic process of irrigation system improvement. 

IIPrepared under the support of the United States Agency for 
International Development, Contracts AID/NE-C-1351 and AIDIDSAN-C- 
0058. All reported opinions, conclusions or recommendations are those 
of the authors and not those of the funding agency of the United 
States Government. 
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IMPROVEMENT PROCESS 

The i r r i g a t i o n  system improvement process c o n s i s t s  of the  following 
t h r e e  s t e p s :  

1. System design 

2.  System evalua t ion  

a .  F i e l d  da ta  c o l l e c t i o n  and a n a l y s i s  

b.  Design 

c  . Performance 

d  . Management 

3. Sys tem improvement 

a .  Redesign 

b. Management 

This th ree - s t ep  process should be appl ied  t o  every i r r i g a t i o n  system 
assumed t o  be i n  need of improvement. S tep  1, cons i s t ing  of system 
design,  is necessary t o  determine t h e  p o t e n t i a l  l e v e l  of performance of 
the  system. This can be an e x p l i c i t  system design used i n  developing a  
new i r r i g a t e d  area  where t h e  system i s  then  constructed.  I f  t he  system 
is a l ready i n  opera t ion ,  then system design def ines  the  va lues  of t h e  
v a r i a b l e s  f o r  system opera t ion  and t h e  p o t e n t i a l  l e v e l  of performance of 
a  p a r t i c u l a r  f i e l d .  The design values f o r  system performance a r e  
se l ec ted  according t o  appropr ia te  agronomic, economic, engineering and 
soc io log ica l  c r i t e r i a .  

System evalua t ion ,  S tep  2 ,  i s  t h e  c o l l e c t i o n  of s p e c i f i c  f i e l d  da ta  
which a r e  used t o  q u a n t i t a t i v e l y  evalua te  t h e  design,  performance, and 
management of t h e  system (Ley and Clyma, 1980a; Ley and Clyma, 1980b). 
E x p l i c i t  da ta  a r e  co l l ec ted  concerning s lope ,  i n f i l t r a t i o n  r a t e ,  flow 
r a t e  of i r r i g a t i o n ,  runoff from the  f i e l d ,  advance, recess ion ,  s o i l  
water content  and o the r  important design v a r i a b l e s  and system parameters 
a s  t h e  f i r s t  a c t i v i t y .  These da ta  a r e  analyzed t o  de f ine  t h e  values of 
each system v a r i a b l e  and parameter.  

The second a c t i v i t y  is  t o  use t h e  s p e c i f i c  f i e l d  da ta  co l l ec ted  
during t h e  evalua t ion  t o  develop a  new design.  This design is  compared 
e x p l i c i t l y  with t h e  design i n  Step 1. The r e s u l t s  a r e  evaluated t o  
determine t h e  adequacy of t h e  design i n  terms o f :  . ( I )  knowledge about 
s p e c i f i c  values f o r  system v a r i a b l e s  i n  t h e  i n i t i a l  design (Step 1 ) ;  and 
(2)  t h e  adequacy of the  design procedure t o  represent  the  performance of 
t h e  system. The r e s u l t s ' o f  these  analyses i n d i c a t e ,  f o r  example, t h a t  a  
furrow design was inadequate because the  i n f i l t r a t i o n  r a t e  was i n  e r r o r  
o r  i n c o r r e c t l y  assumed. The r e s u l t s  may show t h a t  the  values f o r  system 
v a r i a b l e s  f o r  t h e  design and t h e  evalua t ion  a r e  d i f f e r e n t  and a  d i f f e r -  
e n t  l e v e l  of system performance r e su l t ed .  This  i n d i c a t e s  t h a t  t h e  
design procedure was not  appropr ia te  f o r  t h i s  p a r t i c u l a r  f i e l d .  



The third activity in system evaluation includes determination of 
system performance. This is accomplished by calculation of the 
appropriate system efficiencies and the spatial distribution of applied 
water from the measured data. System performance as measured by the 
evaluation is compared directly with the values specified from the 
design which is the potential level of performance. The differences in 
performance between design and evaluation indicate the need for 
improvement. 

A comparison of system design variables and performance parameters 
from the design and the evaluation allows a determination of the ade- 
quacy of management decision making as the fourth activity of an evalua- 
tion. The three basic management decisions of how to irrigate, when to 
irrigate, and how much water to apply can each be separately evaluated. 
System evaluation collectd specific data on system operation and deter- 
mines the adequacy of system design, performance and management decision 
making. 

System improvement, Step 3, is achieved from a knowledge of 
potential performance derived from design and the actual performance 
measured by the evaluation. A new design for the system may be neces- 
sary because of farmer preference, system constraints, farmer con- 
straints, or new knowledge by the designer about how to solve system or 
farmer problems. The design in this instance is a new strategy for 
specifying system operation that the farmer can more effectively manage. 
Examples of redesign include changes in the length of run, furrow spac- 
ing or border width, and flow rate for an irrigation. 

The results of the design and evaluation will produce insight as to 
how the farmer makes his management decisions. Perhaps knowledge 
about how flow rate and time influences how much water is applied during 
an irrigation may be lacking. New knowledge from the evaluation can 
assist the farmer to make a better deqision. Perhaps an inflexible 
water supply may be a constraint on when the farmer irrigates. A new 
design depth, flow rate and time of irrigation that improves system 
performance under this constraint may improve the farmer's management 
decision. Any improvements presented to the farmer would indicate the 
present level of system performance and the expected level after 
improvement. The key to the improvement process is the combining of 
system design with system evaluation to achieve a better understanding 
of system operation and thus better solutions to system problems. 

DESIGN AND EVALUATION CONCEPTS 

In system improvement, design and evaluation are integral 
components. Necessary to any design or evaluation is the requirement 
that the system be defined. This section will present concepts for the 
definition, design and evaluation of an irrigation system. 

System Definition 

The irrigation system consists of the following subsystems: (a) 
water delivery, (b) water application, (c) water use, and (d) water 
removal. In any study of an irrigatian system (design or evaluation), 



the basic subsystem to define first is the water use subsystem. 
Providing water use for plants is the fundamental goal of the three 
other subsystems. Thus, the functions of the water use subsystem are 
the functions of the other bbsystems. 

In the definition of each subsystem, a three-step procedure is 
followed: 

1. Define the functions of each subsystem. 

2. Identify the subsystem state variables. 

3. Specify the performance parameters and criteria for improvement. 

The functions of each subsystem specify the reasons for the 
operation of the subsystem. A traditional function is to supply water 
for plant growth. Many other functions are evident to farmers. The 
engineer, who engages in system improvement activities, may find a 
particular irrigation by a farmer unnecessary. This classification may 
be contradicted by the farmer because he considers the irrigation essen- 
tial. These farmer defined functions of an irrigation are important to 
system operation and essential in system improvement. 

Subsystem state variables must be specified to encompass a complete 
description of the system. The values state variables take on in opera- 
tion may be explicit cause for poor system performance. The classifica- . 
tion of the system (border or furrow and level or graded) and the 
boundary and initial conditions for the particular system are all 
necessary in this systematic description of the system. 

The performance parameters are those factors used to evaluate 
system performance and commonly would include the availability factor or 
other appropriate stress parameters (Hart, 1975). These would be speci- 
fied for a particular crop, field, and climatic zone. Other performance 
parameters to be considered are water application efficiency, water 
requirement efficiency, and runoff and deep percolation ratios. A 
measure of the uniformity of distribution for a particular field may 
also be important. The desired values of these performance parameters 
would be selected based on socio-economic conditions for a farm in a 
particular area. 

System Design 

System design as a procedure has been described with both general 
and specific steps (Hart, 1975). Experience in combining system design 
with evaluation suggests several new concepts for design. 

First, farmers operate their irrigation system over a season. Most 
approaches traditionally design for the peak use period. Gates (1980) 
suggested that these peak period designs may produce unacceptable per- 
formance. Further, farmers operate their systems to achieve better 
performance than current peak period designs. 



Engineering designs traditionally use peak period consumptive use 
and some crop stress criteria to establish a design depth. This design 
depth more explicitly should be called a crop design depth criteria. 
Ley and Clyma (1980~) showed that b reducing the design depth by only 
15 percent, with a water required& efficiency above 90 percent, the 
application efficiency could be increased from less than 70 to 85 
percent. Thus, a design depth based on system hydraulics criteria 
should be an additional design consideration. With the more explicit 
design procedures available for furrows (USDA, 1979), system hydraulics 
can effectively change design criteria. In the instance reported by Ley 
and Clyma (1980c), the low terminal intake rates of the soil required 
the application of much water to achieve the last few millimeters of 
deficiency. Thus, a hydraulic design depth should become a new design 
criteria. 

Another system design concept needs application in irrigation 
scheduling. Irrigation scheduling implies the specification of how, 
when and how much to irrigate. Traditionally this has been the specifi- 
cation of when to irrigate based on some stress criteria and how much to 
irrigate based on a calculation or measurement of soil water deficiency. 
"How" includes the specification of the operational variables for the 
system. In the past, this usually has not been included but was implied 
in some of the earlier concepts of irrigation scheduling described by 
Jensen (1975). 

Keller (1979) used the concept of specification of how to irrigate 
through an explicit system design for center-pivot irrigation systems in 
the San Luis Valley of Colorado. A comparison of system design param- 
eters and variables to those existing during system operation was used 
to enumerate and classify system assumptions in a traditional irrigation 
scheduling application. Incorporation of the concepts of irrigation 
scheduling into an improvement process would lead to more effective 
water management. Gates (1980) and Ley and Clyma (1979) concluded that 
irrigation scheduling alone does not result in the greatest improvement 
in on-farm water management. System design and evaluation combined with 
irrigation scheduling would result in the ireatest improvement. 

System Evaluation 

Evaluation of irrigation systems has not been accorded much 
importance in the past. For example, only recently did Merriam and 
Keller (1978) publish a book devoted to the evaluation of irrigation 
systems. Other texts dealing extensively with irrigation, especially 
system design, have dealt minimally or not at all with evaluation 
(Schwab et al., 1966; Hart, 1975; Israelson and Hansen, 1962; and 
Booher, 1974; Withers and Vipond, 1974). 

The authors suggest the following purposes for irrigation system 
evaluation. 

1. Evaluation of farmer practice in conjunction with irrigation 
sys tem hydrit~li cs . 

2. Evaluation of irrigation system hydraulics. 



The major emphasis of the first purpose is the identification of 
how farmers operate and manage an irrigation system. Thus, this 
activity of evaluation should be focused on observing and measuring the 
particular conditions and results of farmer irrigation practice. It is 
imperative that activities;that are related to the evaluation do not 
influence farmer decisions. The data should be collected during an 
irrigation that is regularly scheduled by the farmer and not scheduled 
for the convenience of the evaluators. 

Evaluation of system hydraulics may require the specification of a 
number of variables. In this instance an attempt is being made to 
compare the results of a design or a particular design model with the 
actual operation of the hydraulic system. Thus, it may be desirable to 
specify soil water deficiency, flow rate during irrigation, duration of 
irrigation, or a number of other variables which would make the com- 
parison between model and actual system more explicit. 

The functions of irrigation system evaluation are as follows: 

1. Determine system variable values such as intake family, 
Manning's n or roughness, rate of advance, etc. 

2.  Measure the operation of a system to evaluate where 
improvements in the system can be made. 

3. Determine the applicability of design models or procedures for 
refining system operation. 

4. Determine in a geographic area the problems potential for 
improvement of irrigation system operation. 

5. Understand decision-making processes and knowledge levels of 
farmers to define programs which would improve management 
decisions. 

The emphasis of this particular evaluation actj.vity is on 
irrigation engineering. Irrigation systems in general do not operate to 
accomplish the distribution of irrigation water but operate for the 
purpose of growing crops to provide economic or social benefits. Thus, 
a realistic evaluation of an irrigation system should consider agro- 
nomic, economic, and social aspects of a farmer's goals in addition to 
irrigation engineering aspects. Clyma, Lowdermilk, and Corey (1978) and 
Lowdermilk, Clyma and Early (1978) have discussed in substantive detail 
such an interdisciplinary evaluation of irrigation systems. Clyma and 
Ali (1977) have also suggested how a state-of-the-art concept can be 
applied to the evaluation of the irrigation engineering aspects of 
particular systems in a geographic area. El Kady, Clyma and Abu-Zeid 
(1979) and Ley and Clyma a(1979) have also applied this particular 
process to a geographic area in Egypt and Colorado, respectively. Thus, 
the focus of this particular report is on the irrigation engineering 
aspects of irrigation system evaluation. The procedure is directly 
complementary to the research-development process for improvement of 
on-farm irrigation (Clyma, Lowdermilk, and Corey, 1977). 



The first function of irrigation system evaluation is to determine 
values for system design variables and parameters for utilization in 
future designs. For example, in a particular geographic area the rela- 
tionship between intake family and soil type may need to be established 
by field verification. Other irrigation system design parameters also 
may need field verification. 

Measurements of an irrigation on a particular farmer's field to 
evaluate the system design, operation and management, and performance is 
the second function of system evaluation. This evaluation is with a 
specific farmer and a field at a specific time. Carefully coordinated 
data of the variables of system operation such as soil moisture defi- 
ciency, infiltration rate, irrigation stream, and other system variables 
are measured explicitly. These variables are measured while evaluating 
the knowledge and decision-making process that a farmer uses in select- 
ing values for the operational variables. With this type of carefully 
collected and coordinated system data, an evaluation of system design, 
performance, and management can be accomplished. 

Field evaluation of particular design models or improvement 
procedures is an important aspect of system evaluation in function 3. 
For example, Fangmeier and Strelkoff (1979) documented the validity of 
the zero inertia model from irrigation system evaluations. The SCS 
graded border design procedure was then validated using the zero inertia 
model (Fangmeier and Strelkoff, 1979). 

Frequently, while accomplishing functions 1, 2, and 3 on specific 
fields and farms, function 4 is also accomplished. The emphasis in 
function 4 is a study of a geographic area to accumulate reliable data 
which will define the state-of-the-art of irrigation in an area. The 
state-of-the-art concept requires the identification of how farmers use 
known irrigation principles to manage and operate an irrigation system. 
This activity defines problems, suggests solutions, and provides insight 
in how to assist farmers to achieve system improvement. This function 
was fulfilled in studies by Clyma and Ali (1977), El Kady, Clyma and 
Abu-Zeid (1979) and Ley and Clyma (1979). 

Function 5 required much thought before being included as one of 
the activities in irrigation system evaluation. The reason for this 
consideration is that this activity would best be accomplished as an 
interdisciplinary study as suggested by Clyma, Lowdermilk, and Corey 
(1977). The emphasis on this activity is on identifying explicitly the 
knowledge level of farmers, their decision-making process, and the 
physical results of their decision-making process or knowledge level to 
determine where improvement is needed. For example, documentation of 
this process in an area could result in identification of the fact that 
farmers did not understand the relationship between soil rootzone 
storage and the rate of consumptive use of a particular crop such as 
reported by Lowdermilk, Clyma and Early (1978). With this knowledge 
available, an education program could be designed to improve farmer 
understanding of rootzone storage and crop water use. Advice through 
irrigation scheduling would be another approach to assisting a farmer in 
this activity. 



IMPROVEMENT PROCESS EXAMPLE 

The improvement process  i s  i l l u s t r a t e d  i n  t h e  fo l lowing  example. 
The method of  i r r i g a t i o n  s tud i ed  i s  furrow i r r i g a t i o n .  A furrow i r r i g a -  
t i o n  system near  Greeley,  Colorado, was eva lua t ed  dur ing  t h e  sunmer of  
1979 (Gates ,  1979). Data f o r  t h e  fol lowing example was taken from t h i s  
p a r t i c u l a r  system. The SCS furrow i r r i g a t i o n  des ign  procedure (USDA, 
1979) was u t i l i z e d  f o r  system des ign  a s  modified by Ley and Clyma 
( 1 9 8 0 ~ ) .  System eva lua t ion  procedures  u t i l i z e d  a r e  found i n  Ley and 
Clyma (1980b).  

An i n i t i a l  des ign  was formulated from t h e  system parameters  and 
v a r i a b l e s  given i n  Tables  1  and 2 ,  r e s p e c t i v e l y .  S tep  1  i n  Table  2  i s  
t h e  i n i t i a l  des ign  based on a v a i l a b l e  d a t a ,  s i t e  der ived  d a t a  and 
assumptions.  The s o i l  i n t a k e  family was ob ta ined  from SCS s o i l  survey 
da t a  and t h e  Colorado I r r i g a t i o n  Guide (USDA, 1978).  

An eva lua t ion  of t h e  f i e l d  was conducted (Gates ,  1979) a t  a  
r e g u l a r l y  scheduled i r r i g a t i o n .  The measured va lues  of t h e  system 
v a r i a b l e s  and performance de r ived  from t h e  e v a l u a t i o n  a r e  given i n  
Table 2 ,  S tep  2a.  The major d i s c r epanc i e s  f o r  t h e  system v a r i a b l e s  a r e  
s o i l  i n t a k e  fami ly ,  de s ign  depth ,  inf low r a t e  and inf low t ime.  The 
r e s u l t  i s  unacceptable  l e v e l s  of measured system performance i n  S t ep  2a,  
Table 2 .  

Before developing a new des ign ,  t h e  adequacy of t h e  des ign  
procedure should be eva lua t ed .  The r e s u l t s  a r e  shown a s  S t ep  2a ,  Table  
2 under p r e d i c t e d  performance. Some discrepancy between system pe r fo r -  
mance from t h e  eva lua t ion  and t h e  des ign  were obta ined .  

Study of t h e  measured i n t a k e  func t ion  and t h e  SCS 1 .5  furrow i n t a k e  
family func t ion  i l l u s t r a t e s  t h e  problem. The measured i n t a k e  func t ion  
does no t  p a r a l l e l  t h e  SCS i n t a k e  func t ions  b u t  c ros se s  s e v e r a l  of  them 
when p l o t t e d .  This  means t h a t  t h e  SCS i n t a k e  func t ion  w i l l  tend t o  
ove re s t ima te  t h e  amount of i n t a k e  dur ing  t h e  i n i t i a l  s t a g e s  of  i r r i g a -  
t i o n  a s  compared t o  t h e  measured i n t a k e  func t ion ,  r e s u l t i n g  i n  an under- 
e s t i m a t i o n  of runoff l o s s e s .  During t h e  l a t t e r  s t a g e s  of i r r i g a t i o n ,  
t h e  SCS i n t a k e  func t ion  may be s l i g h t l y  underes t imat ing  t h e  i n t a k e .  The 
o v e r a l l  combined e f f e c t  i s  t h e  ove rp red i c t i on  of water  a p p l i c a t i o n  
e f f i c i e n c y .  A c e r t a i n  amount of d i sc repancy  i n  s imu la t i ng  system per -  
formance wi th  a  des ign  procedure i s  t o  be expected.  Other minor devia-  
t i o n s  may a l s o  be c o n t r i b u t i n g  t o  t h e  d i sc repancy  bu t  o v e r a l l  d e v i a t i o n  
i s  s t i l l  accep tab l e .  I t  i s  assumed t h a t  i n  t h i s  p a r t i c u l a r  i n s t a n c e ,  
t h e  d e v i a t i o n s  a r e  acceptab le  and t h e  des ign  procedure deemed s u i t a b l e ,  
without  f u r t h e r  modi f ica t ion ,  a s  a  t o o l  t o  be used f o r  sugges t ing  
improvements t o  the  f a rmer ' s  ope ra t i on .  

With da ta  from t h e  eva lua t ion ,  a  new des ign  is formulated.  The 
r e s u l t s  a r e  given a s  S tep  2b i n  Table 2 .  The performance developed from 
t h e  des ign  provides  a  h igh  l e v e l  of performance f o r  t he  system. There 
a r e  a  number of d i s c r epanc i e s  between t h e  new des ign  (Step 2b) and t h e  
f a rmer ' s  ope ra t i on .  The inf low time i s  1.7 t imes t h e  d e s i r e d  time and 
t h e  inf low r a t e  i s  s l i g h t l y  low. The major d i s c r epanc i e s  between des ign  
and ope ra t i on  a r e  t h a t  t h e  farmer i r r i g a t e d  t oo  soon and t h e  amount of 
water  app l i ed  was excess ive  because of the  longer  inf low time i n  system 
ope ra t i on .  



Table 1 .  System parameters f o r  example system. 

To ta l  a v a i l a b l e  water  = 19.3 cm Bulk s p e c i f i c  g r a v i t y  = 1.33 
F i e l d  capac i ty  = 22.84% Rootzone depth = 1.2 m 
Permanent A v a i l a b i l i t y  f a c t o r  = 0.4 
w i l t i n g  po in t  = 10.75% 

Table 2 .  System v a r i a b l e s  and performance parameters f o r  va r ious  
s t e p s  of  t h e  improvement p roces s .  

Var iab le  S tep  1 S tep  2a S tep  2b&2c S tep  3b 
( i n i t i a l  des ign)  ( eva lua t ion )  (new des ign)  (management 

improvement ) 

Length (m) 275 275 2 75 

Slope (m/m) 0.0032 0.0032 0.0032 

Furrow 
Spacing(m) 1.5 

In take  
Family 

Design 
Depth (mm) 76 

Inf low 
Rate(1ps)  0.54 1 .7  

76 I r r i g a t e d  too  
soon 

Inflow Time 1200 495 300 I r r i g a t e d  t o o  
long 

1 / Performance- 

Measured Predic ted  S tep  2c 

76 35 45 96 

90 100 100 94 

0.24 0.08 0.05 0.04 

0.00 0.57 0.50 0.00 

s / x  - - - - 
I / ~ h e  performance parameters  a r e  a p p l i c a t i o n  e f f i c i e n c y  (Ea) ,  water  

requirement e f f i c i e n c y  (E ) ,  runoff  r a t i o  (R ), and deep p e r c o l a t i o n  r t 
r a t i o  (R ) (Ley and Clyma, 1980b). 

P 



System improvement, S t ep  3,  i s  t h e  nex t  s t e p  of  t h e  improvement 
p roce s s .  Comparison o f  t h e  new des ign  w i t h  t h e  e v a l u a t i o n  have a l r e a d y  
i d e n t i f i e d  t h a t  t h e  major improvements needed i n  t h e  system o p e r a t i o n  
a r e  t h e  f a r m e r ' s  d e c i s i o n s  of when and how much t o  i r r i g a t e .  Th is  
improved management of  t h e  system i s  p r e sen t ed  t o  t h e  fa rmer  f o r  h i s  
accep tance .  The e x p l i c i t  recommendations a r e  a s  f o l l ows :  

1. The farmer  should i n c r e a s e  t h e  f low r a t e  p e r  furrow from 1 . 7  
t o  1 . 7 7  I p s  (26.9 t o  28.0 gpm). 

2 .  The farmer  should w a i t  u n t i l  t h e  s o i l  wa t e r  d e f i c i e n c y  i s  a t  
t h e  de s ign  l e v e l  b e f o r e  i r r i g a t i n g .  Perhaps he can make u se  
of  Colorado Extens ion  S e r v i c e  i n fo rma t ion  on i r r i g a t i o n  
schedul ing  t o  improve t h i s  d e c i s i o n .  

3. The in f low t ime needs t o  be reduced t o  a  f ive -hour  s e t  f o r  
t h i s  f i e l d  t o  reduce deep p e r c o l a t i o n .  S ince  a  h igh  wa t e r  
t a b l e  i s  a l r e a d y  a  p o t e n t i a l  problem f o r  t h i s  f i e l d ,  t h e  more 
t han  50 p e r c e n t  deep p e r c o l a t i o n  r e s u l t i n g  from h i s  p r e s e n t  
p r a c t i c e  may i n f l u e n c e  t h e  fa rmer  t o  a ccep t  t h e  new in f l ow  
t ime and change t h e  amount of  wate r  a p p l i e d .  

With t h e  above a n a l y s i s  complete ,  t h e  improvement p roce s s  has  
demonstra ted how a  farmer  can improve h i s  system performance.  Also,  t h e  
improvement p roce s s  p rov ide s  d i r e c t  i n s i g h t  i n t o  i r r i g a t i o n  system 
improvement needs .  

I - I These i r r i g a t i o n  system improvement concep t s ,  bo th  t h e  improvement 
p roce s s  and t h e  de s ign  and e v a l u a t i o n  concep t s ,  a r e  recommended t o  
i n d i v i d u a l s  and o r g a n i z a t i o n s  f o r  adopt ion  a s  a  s y s t e m a t i c  method f o r  
a ch i ev ing  more e f f e c t i v e  on-farm wate r  management-both f o r  t h e  U.S. and 
t h e  world .  

SUMMARY 

I r r i g a t i o n  system improvement concep ts  a r e  p r e sen t ed  a s  an 
improvement p r o c e s s .  The improvement p roce s s  e x p l i c i t l y  combines i r r i -  
g a t i o n  system des ign  w i th  i r r i g a t i o n  system e v a l u a t i o n  t o  a ch i eve  a n  
unders tand ing  of system o p e r a t i o n  and prov ide  recommendations f o r  system 
improvement. New concepts  f o r  de s ign  and e v a l u a t i o n  a r e  sugges ted .  I n  
de s ign  t h e s e  were a s  f o l l ows :  

1. S p e c i f i c a t i o n  of de s ign  wate r  requirements  based on c rop  
c r i t e r i a  and system h y d r a u l i c s  c r i t e r i a .  

2.  Cons ide r a t i on  of temporal  e f f e c t s  on de s ign  c r i t e r i a .  

3. Use of  de s ign  procedures  t o  s p e c i f y  v a l u e s  f o r  system 
v a r i a b l e s  du r ing  system o p e r a t i o n  t o  improve e x i s t i n g  systems 
and a s  an e x p l i c i t  p a r t  o f  i r r i g a t i o n  schedul ing .  

4 .  Use of de s ign  t o  s p e c i f y  p o t e n t i a l  l e v e l s  of  system 
performance f o r  a l l  o p e r a t i n g  systems.  



Irrigation evaluation concepts were as follows: 

1 .  Use evaluation to verify designs. 

2. Use explicit comparison of values of design variables and 
performance parameters to evaluation values to identify needs 
for improvement. 

3. Use evaluation results to identify operational and management 
problems. 

4. Use evaluation to improve particulr fields but use area 
analyses to design programs to improve on-farm water manage- 
ment in an area. 

5. Use the improvement process for an interdisciplinary approach 
to water management improvement. 

An example of the improvement process was used to illustrate how 
deficiencies in design data result in unacceptable system performance. 
Recommendations to the farmer included changing inflow rate, inflow time 
and criteria for when he irrigated in order to achieve substantial 
improvement in system performance. 
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ON-FARM WATER MANAGEMENT PRGGhkPlS iN EGYPT -.---.-..----.----.----- 

by 

1 / Mahmoud Abu-Zeid* -- 

INTRODUCTIQN 

Not a very long time ago, Egypt started to focus attention on water 
management. Among the most important reasons for that, was the need to 
facilitate additional water for future agriculture expansion, beside pre- 
serving soil fertility from salinity and water logging problems. 

A central question for management of irrigation water in Egypt is 
whether water can be considered as a major constraint for agriculture. 
Several studies have indicated that lack of water management specially on 
the farm level is a major constraint. 

The construction of the High Dam in 1970, changed the irrigation water 
regime of the River Nile. It was necessary, then, to review irrigation 
efficiencies estimates. Now is is possible to have full control of down- 
stream discharges from the dam according to actual water requirements and 
optimize water supplies for irrigation. From the agricultural point of 
view, Egypt has nearly an ideal combination of environmental resources for 
crop production. Climate is excellent all the year round for.most crops. 

It may be useful to indicate that a close look to the subject of on- 
farm water management in Egypt was not realizeddueto several reasons among 
which the most important are the following: 

1. Cooperation and harmonization between the concerned organizations 
responsible for water application, management, and agriculture. 
It is the policy that the Ministry of Irrigation is responsible 
for water distribution up to the farm outlet. From there on to 
the water courses and to the fields it is mainly the concern of the 
farmer with no means or capabilities to improve his practices in 
this domain. 

2. Maximum concern to maintain irrigation systems and minimum involve- 
ment in farm water management. 

3. Availability of irrigation water, all the year round, at no direct 
cost to the farmer. 

* Chairman, water Research Center, Cairo, EGYPT 
1/ - 
Presented a t  FA0 Expert Consultation Meeting On-Farm Water Management, 
Be l t sv i l l e ,  Maryland, May 1980. 



4. The inherent desire of the majority of farmers to continue tradi- 
tional methods of irrigation. 

I .  

5. Fragmentation of land into small and separated holdings. 

6 :  The rigid system of water rotations. 

7. The limited number of technicians trained in soil and water manage- 
ment with poor communications between farmers and extension-agents. 

,* 
8. Lack of institutions concerned with farm water management. 

9. Poor links between irrigation engineering graduates and agricul- 
tural graduates. Courses for irrigation graduates are more con- 
cerned with engineering and hydrological questions while for agri- 
cultural graduates the agronomical and agricultural aspects are 
the predominent. 

The great interest of the Egyptian government in developing policies 
and strategies for water resources planning, and agriculture has helped 
very much in focusing attention on the problem of on-farm water management. 

The water policy for Egypt which was concluded in 1975 enables a better 
utilization of the present available water resources, and will allow a 
horizontal expansion of an area of about 2.8 million acres. 

In the year 1977, the strategy for irrigation development in Egypt for 
the year 2000 was developed to comprise the following main objectives: 

1. Irrigation should take place at the proper time and in the amount 
required by the plant. 

.. 2. Providing all agricultural land with proper and comple~e field 
irrigation and drainage systems which will enable optimum distri- 
bution of water, with minimum losses. 

3. Pricing of irrigation water so that the farmer pays for what he 
uses. 

Therefore, it was necessary to link between national water management 
programs of water resources planning and on-farm water management programs. 

SUMMARY OF WATER MANAGEMENT RELATED ACTIVITIES BEFORE THE YEAR 1975: 

1. Field experiments covering the country for crop water requirements 
conducted by the Ministry of Irrigation. 

2.  Experiments by the Ministry of Irrigation to improve and develop 
field irrigation outlets. 



3 .  Evapo-transpiration studies carried out by the Ministry of Agri- 
culture. 

4. Some dispersed activities by Agricultural Extension teams of the 
Ministry of Agriculture, mainly related to agronomical practices. 

5. Some researches conducted by Universities staff (Engineering and 
Agricultural) on the same subjects mentioned above. 

These previous activities indicate that the closer look to the 5roblem 
of on-farm started to be at a serious level after the year 1975. Whatever, 
was the reasons, on-farm management became of main concern to agthorities 
with the help of several problem identification studies and feasibility 
reports conductcd by many national and international groups. All of these 
studies have indicated that on-farm water management is one of the mhin con- 
straints to agricultural development in Egypt. 

In the year 1975, the Ministry of Irrigation in Egypt initiated the 
Water Research Center with ten Research Institutes. One of these institutes 
is the Water Management and Irrigation Technologies Research Institute. 

The institute has outlined its work program having the farm water 
management as its main activity. This was practically the first time in 
Egypt where an interdisciplinary approach is taken. Teams of specialists 
in all related fields work together in field applied programs. These teams 
comprise of: Irrigation Engineers, Agronomists, Soil Scientists, Agricul- 
tural Economists, and Sociologists. 

CONSTR4INTSiUZl LIMITATIONS IN OPERATION AND MAINTENANCE OF THE EXISTING 

IRRIGATION SYSTEM IDENTIFIED BY ONGOING FARM MANAGEMENT PROGRAMS 

Irrigation in Egypt has been always categorized as either basin or 
irrigation. Basin irrigation was developed as a means to capture 

the flood water of the Nile and to release it after a period of ponding. 
With the construction of the High Dam, perennial irrigation beczne possible 
throughout Egypt and the practice of basin irrigation as described.herein 
was continued. The major thrust during the years 1960-1972 was to establish 
an irrigation network and the capability to convey year-round water tc~ the 
entire valley and to additional developed lands with lesser importance to 
water management practices and improved on-farm water management. Some irri- 
gation practices followed .by the farmers in basin irrigation had to be 
changed. 

The approach which was developed for on-farm water management in Egypt 
was put under field implementation during the year 1976. 



The o ld  a g r i c u l t u r a l  l a n d s  o f  Egypt were s e l e c t e d  a s  a f i r s t  phase t o  
focus  inprovement programs on. This  was f o r  many r e a s o n s ,  among which i s  
t h e  e a r l y  economical r e t u r n s  which could be  ga ined ,  b e s i d e s  s av ing  water  
a t  a minimum c o s t  f o r  h o r i z o n t a l  expansion. 0 .  

m e  program is s t r u c t u r e d  t o  f u n c t i o n  on an i n t e r d i s c i p l i n a r y  b a s i s  t o  
improve t h e  s o c i a l  and economical c o n d i t i o n s  of t h e  sma l l  farmer through 
development and u s e  of improved i r r i g a t i o n  water  management and a s s o c i a t e d  
p r a c t i c e s .  The program c o n s i s t s  of s e v e r a l  over lapping  phases  w i t h  t h e  
o b j e c t i v e s  o f :  1) i d e n t i f y  t h e  major c o n s t r a i n t s  t o  improve on-farn water  
management and op t ima l  water  d e l i v e r y  system o p e r a t i o n s ;  2) deze rn ine  and 
e s t a b l i s h  t h e  u s e  of opt imal  i r r i g a t i o n  and r e l a t e d  agronomic p r a c t i c e s  e t  
t h e  farm l e v e l  i n  r e p r e s e n t a t i v e  p i l o t  a r e a s ;  3)  e s t a b l i s h  improved water  
c o n t r o l  p r a c t i c e s  f o r  t ha  water  d e l i v e r y  and d ra inage  systems i n  t h e  p r o j e c t  
a r e a s ;  4 )  develop p l ans  f o r  o r g a n i z a t i o n  and implementat ion of expanded 
f u t u r e  progran:s based on r e s u l t s  i n  t he  p i l o t  p r o j e c t  a r e a s ;  and 5 )  develop 
and t r a i n  q u a l i f i e d  s c i e n t i s t s  and t e c h n i c i a n s  who w i l l  c a r r y  on and conduct 
on-farm water  management n a t i o n a l  programs. 

The key concepts  of t h i s  p roces s  imply a  system approach which i n c l u d e s  
t h e  socio-economic i n s t i t u t i o n a l  and p h y s i c a l  a s p e c t s  o f  t h e  i r r i g a t i o n  sys-  
t e m  implemented by an i n t e r d i s c i p l i n a r y  team, w i t h  t h e  fa rmer ,  a s  t h e  p r i -  
mary concern and f o c a l  p o i n t .  

On t h e  p rev ious ly  mentioned b a s i s ,  t h e  Min i s t ry  of I r r i g a t i o n  and t h e  
USAID have i n i t i a t e d  a  f ive-year  water  management p r o j e c t  i n  c o l l a b o r a t i o n  
wi th  t h e  Min i s t ry  of  Agr i cu l tu re .  

A c t i v i t i e s  a r e  conducted i n  t h e  p i l o t  a r e a s ,  t o t a l l i n g  124,000 a c r e s ,  
(each r e p r e s e n t i n g  a  p a r t i c u l a r  c ropping  p a t t e r n  and unique water  insnagement 
problems).  Taken a s  a  group, t h e s e  t h r e e  a r e a s  r e p r e s e n t  n e a r l y  t h e  s n t i r e  
range f o r  c r o p s  and ag ro -c l ima to log ica l  c o n d i t i o n s  encountered i n  t h e  o l d  
a r e a s  of Egypt. 

Wrth r e s p e c t  t o  water  use  on t h e  farm l e v e l ,  one o f  t h e  most s i g n i f i -  
c a n t  f indir .gs  has  been with r e s p e c t  t o  exces s ive  u s e  of water .  Tnere has  
been s e v e r a l  reasons  f o r  fzrmers  t o  over  i r r i g a t e ,  among which a r e :  f i e l d  
gcomctry, i n f i l t r a t i o n  r a t e s ,  f i e l d s  topography, water  supply r a t e s ,  t h e  
r o t a t i o n  system, and the  depth  of t h e  water  t a b l e .  However, i n  ot!ler c a s e s ,  
w i t h i n  the  same a rea  served by the  same c a n a l  o r  water  cou r se ,  some f i e l d s  
may s u f f e r  from l a c k  of i r r i g a t i o n  water .  Surveys i n  such cases  have i n d i -  
c a t e d  t h a t  such c a n a l s  g e t  i n  gene ra l  f a i r  average  wa te r  d u t e i s  f o r  a l l  
l ands .  

Coupled wi th  t h e  above mentioned reasons  many farmers  have abandoned 
n i g h t  i r r i g a t i o n ,  and because t h e  i r r i g a t i o n  system i s  o r i g i n a l l y  b u i l t  on 
24 hour o p e r a t i o n ,  much of t h e  water  d e l i v e r e d  t o  t h e  branch c a n a i s  a t  r i ight  
f lows d i r e c t l y  t o  t h e  d r a i n s .  



Thc l a c k  of s o c i a l  o r g a n i z a t i o n  among f a n n e r s ,  formal o r  vo lun ta ry ,  
c a u s e s  c o m u n i c a t i o n  problems and does n o t  promote coopera t ion  among f a r -  
mers wi th  r e s p e c t  t o  water  use .  Many of t h e  c a s e s  r ega rd ing  water  s h o r t -  - 
ages  a t  the  end of i r r i g a t i o n  d i t c h e s  could l a r g e l y  be overcome through 
improved c o m u n i c a t i o n  and improved r e s p e c t  f o r  o t h e r s .  

Inadequate and i n a c c u r a t e  c o m u n i c a t i o n  between farmers  and government 
o f f i c i a l s ,  l e a d s  t o  susp ic ion  and d i s t r u s t  ev iden t  towards those  t e c h n i c a l  
s p e c i a l i s t s .  

. - Severa l  agronomical problems have been c l e a r l y  i d e n t i f i e d .  Although 
most Egyptian farmers  a r e  r e s o u r c e f u l ,  y e t  they  do n o t  have t h e  b e n e f i t  of 
modern r e sea rch  and technology a v a i l a b l e  through r e sea rch  i n  Egypt f o r  
improved agronomic p r a c t i c e s .  

Some of t h e s e  poor p r a c t i c e s  i d e n t i f i e d  inc lude :  low d e n s i t y  of p l a n t s ,  
d e f i c i e n c y  i n  macro and micro n u t r i e n t s  i n  some s o i l s ,  and s a l i n i t y  and 
s o d i c i t y  management. 

A ~ r i c u l t u r a l  economical surveys  wi th in  t h e  p r o j e c t  have i n d i c a t e d  t h a t  
t h e r e  a r e  some reasons  behind t h e  p resen t  i n a b i l i t y  of a  farmer t o  accumu- 
l a t e  h i s  r e s e r v e s  t o  inlprove and manage h i s  system. Among t h e s e  reasons  a r e :  
1) excess ive  c o s t  of l i f t i n g  water  on t h e  farm l e v e l ,  t h e  p resen t  c a n a l  sys-  
tem desj.gned on l i f t i n g  b a s e s ,  t h e r e f o r e  most farmers i n  Egypt l i f t  water  
w i th  s imple manual, animal o r  power means. Gravi ty  d i s t r i b u t i o n  systems i n  
some a r e a s  e l i m i n a t e  l i f t i n g  c o s t s  but  give t h e  farmer a  tendency t o  over  
i r r i g a t e .  2) Excessive s l a c k  time i n  crop r o t a t i o n .  Tlie average s l a c k  
t ime i n  c rop  r o t a t i o n  f o r  p r o j e c t  a r e a s  i s  about  16%. This  non p roduc t ive  
time i s  dae t o  t r a d i t i o n  o r  non-capi ta l  i n t e n s i v e  methods, and could be 
reduced by b e t t e r  farm planning,  e f f i c i e n t  land  p r e p a r a t i o n  methods, and 
improved water  d i s t r i b u t i o n  systems.  3) Lack of d a t a  f o r  farm planning.  
Farmers have no farm reco rds  f o r  f a rmplann ing  and management. They depend 
pn memory f o r  r e c a l l i n g  p a s t  performance of input -output  d a t a .  

Among t h e  engineer ing  problems -- i d e n t i f i e d  a r e :  1) unequal i r r l g a t i c n  
water  d i s t r i b u t i o n  a long c a n a l s ,  i l l e g a l  i n t a k e s  t o  p r i v a t e  i r r i g a t i o n  
d i t c h e s ,  problems of weed growch i n  c a n a l s  and d r a i n s ,  l a c k  of wGcer mea- 
s u r i n g  dev ices ,  uneven water  d i s t r i b u t i o n  i n  f i e l d s ,  seepage from t h e  i r r i -  
g a t i o n  system, and inadequacy of f i e l d  o u t l e t s  and farm water  c o n t r o l  i r r i -  
g a t i o n  works. 

APPROACHES M'D SOLUTIONS APPLIED TO INTRODUCE WATER MANAGE-QNT TECHNIQC'ES 

TO THE FARXER 

Teaching and convincing a farmer t o  do a  d i f f e r e n t  job  i s  q u i t e  a  
d i f f i c u l t  t a sk .  It i s  obvious t h a t  he must be convinced through demonstre- 



tions in which he must participate with his own hands. Several demonstra- 
tions and field trials have been taking place at the various project sites. 
Some of these trials have been evaluated and proposed for national large 
scale implementation. Among these pilot trials are the following: * 

1. Land Leveling and Redesigning of the Field Irrigation System. 
Lack of precisely leveled fields is a consistent and major problem 
for many fields in Egypt. Thz project has initiated 2 land level- 
ing program using project equipment at no cost to the farmer. The 
project engineers hslp the farmer also to redesign his field irri- 
gation system. Small basins have been eliminated znd replaced with 

C lorg borders or furrows. Farmers are pleased and satisfied with 
the easiness irrigntions are accomplished, with minimum labor 
inputs. More of them are asking for similar service. 

2. Irrigation Schednling. Soirie moisture determination instruments 
conbined with soil sampling have been used as an indicator of when 
to irrigate. Under the rotation system, some limitations are 
faced. However, progress is being made to convince farcers to 
irrigate according to soil moisture storage in the plan-roots 
soil profile. 

3. Lininp, Irrigation Ditches and Modification of Water Deliverv System. 
~ _ I _ - - . ~ - _ - -  - 

In one of the project a r c s s  t h e  branch canal is lined w i ~ h  scveral 
irrigation ditckic:~ using dif fercnt materials. The watcr delivery 
in this area is changed toacontinuous flow basis. Water schedul- 
ing alternatives have been tried on the irrigation ditch scale 
(water course, or Meska). The most difficult obsticle is the far- 
mer's acceptance to carryout these trials. Assurance of the pro- 
ject to the farmer of a minimum crop yield or providing some farm- 

ing implements proved to be successful. 

4. Water Delivery by Pipeline System. In an attempt to eliminate 
seepage fron open canals in lighter soils and provide becter con- 
trol of water delivery to farners,a buried pipeline water deltvery 
lowpressure system is presently executed in one of the project 

' areas. Water scheduling will be tried and operation and mainten- 
ance charges will be paia by the farmers. It is an attempt to 
get the farmers to cooperate with each other in the use of water. 

5 .  Irrigation Water Control Structures. To monitor and u.easure water 
flowing in subcatchments of irrigation districts, many water mea- 
suring structures have Eccn built in the three project areas. Con- 
tinuous measurement of discharges, groundwater levels, and water 
quality sampling are being taken. These measurements when combined 
with evapo-transpiration data, collected from project agro-neteoro- 
logical stations, will provide basis for water budget analysis. 



6. Improved Agronomical P r a c t i c e s .  Many f i e l d  t r i a l s  have occurred 
with farmers t o  improve t h e i r  agronomical p r a c t i c e s  by im?roving 
seed bed p r e p a r a t i o n  and p l a n t  s t a n d s  by use  of a g r i c u l t u r a l  machi-, . 
nery. Considerable e f f o r t s  have been made i n  working wi th  t h e  
farmers t o  demonstrate  t h e  e f f e c t s  of improved s o i l  f e r t i l i t y  and 
methods of c o n t r o l l i n g  i n s e c t s .  Considerable confidence h a s  been 
b u i l t  between t h e  farmers and p r o j e c t  personnel  i n  exacu t ing  such 
agronomic p r a c t i c e s .  

7.  Economic Analysis  and Farm Records. Cost e n t e r p r i s e  d a t a  Gave 
been prepared f o r  20 d i f f e r e n t  c rops .  This  informat ion  is  va luab le  
f o r  planning a t  a l l  l e v e l s  i nc lud ing  t h e  farmer.  

Farm reco rds  a r e  being maintained wi th  t h e  a s s i s t a n c e  of pro- 
j e c t  s t a f f  and farmers a r e  t r a i n e d  t o  s e e  t h e  va lue  of t h e s e  
records  i n  making f u t u r e  d e c i s i o n s  regard ing  management a l t e r n a -  
t i v e s  . 

8. Soc io log ica l  Fac to r s ;  Soc io log ica l  surveys  have been c a r r i e d  o u t  
. by p r o j e c t  s t a f f .  These s u r v e y s  h e l p  i n  b e t t e r  unders tanding  of 

t he  Egyptian farmers  pe rcep t ions  of a l t e r n a t i v e  ex tens ion  s t r a t e g i e s  
and t h e i r  coope ra t ion  i n  r u r a l  development. A l l  ex t ens ion  s e r v i c e  
f o r  t h e  p r o j e c t  is c a r r i e d  ou t  by t h e  soc io logy team who g o t  s p e c i a l  
t r a i n i n g .  Contac ts  w i th  fa rmers  a r e  f i r s t  cons idered  by t h e  team. 
New i d s a s ,  fa rmers  need and problems a r e  always d iscussed  i n  open 
meetings. The p r o j e c t  h a s  t r i e d  t o  work outwater-course organiza-  
t i o n s  e l e c t e d  by t h e  group of fa rmers  served by a  s i n g l e  water- 
course.  I n  scme of these  water-courses up t o  50 farmers  may irri- 
g a t e  from one water-course. 

I n  some c a s e s ,  l i k e  i n t r o d u c t i o n  of i r r i g a t i o n  frequency pro- 
grams. The farmers '  r e p r e s e n f a t i v e s  played an important  r o l e .  I n  
o t h e r  c a s e s  they  took r e s p o n s i b l i t y  of t h e  watercourse  and t h e  
f i e l d  d ra inage  systems and theysucceeded t o  ge t  a l l  f a r ~ z r s  on t h e  
water  course  t o  be involved.  Good human r e l a t i o n s  between t h e  t e a 3  
members and t h e  farmers helped i n  breaking  t h e  b a r r i e r  e x i s t i n g  
between e x t e n s i v e  s p e c i a l i s t s  and farmers  i n  p r o j e c t  a r e a s .  

9. Train ing .  Considerable p r o j e c t  t ime and e f f o r t  a r e  being made i n  
t r a i n i n g  p r o j e c t  and m i n i s t r i e s  personnel  i n  water  management. - -  - 

On-job t r a i n i n g  i s  given throughout t h e  cour se  of t h e  p r o j e c t  
wi th  p a r t i c u l a r  emphasis dur ing  i n i t i a t i o n  of a c t i v i t i e s  i n  each 
p r o j e c t  s i t e .  Shor t  courses  of one t o  t h r e e  months d u r a t i o n  of 
appl ied  t r a i n i n g  i n  va r ious  s p e c i a l i t i e s  a r e  designed and con- 
ducted p e r i o d i c a l l y  i n  Egypt and abroad. Spec ia l  f i e l d  t o u r s  
have been ar ranged i n  t h e  U.S. and o t h e r  c o u n t r i e s  t o  g e t  p a r t i -  
c i p a n t s  acquain ted  wi th  modern d e l i v e r y  systems and management 
p r a c t i c e s  i n  o t h e r  c o u n t r i e s .  A l l  l e v e l s  of t r a i n e e s  have been 



cons idered;  d e c i s i o n  makers, water  management s p e c i a l i s t s  and 
t e c h n i c i a n s .  . 

The Min i s t ry  of I r r i g a t i o n  i s  i n i t i a t i n g  a  n a t i o n a l  Water 
Management T r a i n i n g  Center  i n  t h e  v i c i n i t y  of Cai ro  t o  h e l p  i n  
sp read ing  water  management techniques  among i r r i g a t i o n ,  a g r i c u l -  
t u r e  and o t h e r  r e l a t e d  s u b j e c t s '  g raduates .  

It was a l s o  p o s s i b l e  t o  i n i t i a t e  i n  one of t h e  l o c a l  uni-  
v e r s i t  ies  a new department f o r  w a t e r  s c i e n c e s  and technolog$ where 

.- water  nanagcment i s  one of t h e  main majors .  
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Whatever t h e  importance end t h e  c o n t r i b u t i o n  of t h e  b a s i c  measures 
t aken  s o  f a r ,  which have indeed made a  good s t a r t  t o  handle  a t r a d i t i o n a l  
problem i n  Egypt, t h e  scope and tempo of a c t i v i t i e s  have t o  b e  cons ide r -  
ab ly  enlarged t o  a  s c a l e  t o  keep pace w i t h  t h e  needs and urgency of massive 
and f a r  reached development p l ans .  

It can be  s t a t e d  t h a t  t h e  main fundamental s t e p s  t o  implement a  p o l i c y  
f o r  on-farm water  management have a l r e a d y  s t a r t e d .  However, t h e r e  i s  no 
doubt t h a t  t h e  ongoing p i l o t  programs need a  few y e a r s  f o r  e v a l o s t i o n  be fo re  
launching l a r g e  s c a l e  p r o j e c t s .  

One of t h e  impor tan t  s t e p s  taken  a l r e a d y  is t h e  i n i t i a t i o n  of t h e  
Egypt on-farm water  p r o j e c t  (EWUP) w i t h  i t s  a s s o c i a t e d  t r a i n i n g  a c t i v i t i e s .  
Although t h i s  p r o j e c t  i s  s t i l l  i n  i t s  e a r l y  phases ,  bu t  some of t h e  f i n d -  
i n g s  and e a r l y  recommendations a r e  t a k i n g  a  n a t i o n a l  i n t e r e s t .  Examples 
of t h a t  a r e  micro land  l e v e l l i n g ,  and l i n i n g  of  wacer cou r ses .  

The p r o j e c t  i s  a l s o  f a c i l i t a t i n g  b e t t e r  c o m u n i c a t i o n  channe l s  between 
a l l - i n v o l v e d  a u t h o r i t i e s .  Spreading of recommended p r a c t i c e s  i n  a r e a s  
a d j a c e n t  t o  t h e  p r o j e c t  124  thousand a c r e s  i s  cons idered  now. 

Wic!lin a  few years through t h e  ongoing t r a i n i n g  programs i n t e r d i s c i p -  
l i n a r y  water management teams s h a l l  be  a v a i l a b l e  t o  implenent ,  moni tor ,  
and e v a l u a t e  l a r g e  s c a l e  p r o j e c t s .  

It is  be ing  reconmended t h a t  on t h e  i r r i g a t i o n  d i s t r i c t  s c a l e  (20 - 
70000 a c r e s )  wa te r  management tzams should be formed t o  work wi th  t h e  
fa rmers  and t o  h e l p  them i n i t i a t i n g  fa rmers  o rgan iza t ions .  

The Min i s t ry  of I r r i g a t i o n  i s  p r e p a r i n g  a water  management n a t i o n a l  
p r o j e c t  i n  one of t h e  N i l e  D e l t a  Governorates  (350000 a c r e s ) .  Most of t h e  
Governorate i s  provided wi th  f i e l d  t i l e  d r a i n s .  It is one of  t h e  main con- 
c e r n s  t o  j u s t i f y  t h e  need f o r  f i e l d  d ra inage  wi th  on-farm water  nanagement. 



The ElAJP Project is studying now the need and scale of formulating 
farmers organizations within or outside the existing semi-governmental 
cooperative systems on the village scale. 

It is the belief now that special water management farmers organiza- 
tions are needed. 



21 3/ By Mona E l  Kady, Wayne Clyma and Mahmoud Abu-Zeid- - 

Background 
I r r i g a t i o n  i n  Egypt began about 6000 y e a r s  ago. The annual  f l o o d ,  

occur r ing  from August t o  October ,  l e d  t h e  i n h a b i t a n t s  of Egypt t o  prac-  
t i c e  bo th  r i v e r  t r a i n i n g  and i r r i g a t i o n  t o  improve t h e i r  e x i s t e n c e .  
Towards t h i s  o b j e c t i v e ,  a s e r i e s  of c o n t r o l  works such a s  t h e  Del ta  
Barrage (1840) and Aswan Dam (1902) were b u i l t .  The works were mainly 
f o r  i r r i g a t i o n  purposes bu t  were a l s o  f o r  f lood  c o n t r o l .  

The o l d e s t  known method of i r r i g a t i o n  p r a c t i c e d  i n  Egypt was b a s i n  
( f l ood ing )  corresponding t o  t h e  annual f looding  of t h e  N i l e .  Basin 
i r r i g a t i o n  c o n s i s t e d  of ponding water  on a r e a s  f looded by t h e  N i l e  and 
growing crops on r e s i d u a l  s o i l  moisture  a f t e r  t h e  water  receeded. S ince  
t h e  cons t ruc t ion  of t he  Del ta  Barrage,  perennial .  i r r i g a t i o n  has  been 
p r a c t i c e d  i n  lower Egypt. A f t e r  t h e  completion of t h e  High Aswan Dam 
(1970),  t h e  e n t i r e  c u l t i v a t e d  a r ea  i n  Egypt was placed under pe renn ia l  
i r r i g a t i o n .  

Before t h e  High Aswan Dam, t h e  u l t i v a t e d  a r ea  was decided by t h e  5 a y u a l  s t o r a g e  i n  Aswan (5  b i l l i o n  m / yea r )  and Gabal Ael ia  (2 b i l l i o n  
m / yea r )  r e s e r v o i r s ,  t h e  base  flow of t h e  N i l e  and some use  from 
groundwater. This  a r e a  averaged about  1 . 7  m i l l i o n  ha (4 m i l l i o n  
Feddans*) under pe renn ia l  i r r i g a t i o n  and 0.42 m i l l i o n  ha (one m i l l i o n  
Feddans) under bas in  i r r i g a t i o n  of which about 0 .25 m i l l i o n  ha (0.6 
m i l l i o n  Feddans) were served by w e l l s  i n  t h e  summer. 

3 A f t e r  t h e  completion of t h e  High Aswan Dam, 55.5 b i l l i o n  m /year  
was made availab1.e f o r  i r r i g a t i o n  purposes .  This  volume allowed t h e  
conversion of a l l  b a s i n  i n t o  p e r e n n i a l  i r r i g a t i o n  a s  well a s  t h e  i r r i g a -  
t i o n  of a d d i t i o n a l  a r e a .  Pe renn ia l  i r r i g a t i o n  p r e s e n t l y  encompasses 
about 2.6 m i l l i o n  ha (6 .1  m i l l i o n  Feddans) of  which about  0 .4  m i l l i o n  ha 
(1.0 mi l - l ion  Feddans) a r e  new l ands .  The cropping in t ens i . t y  i n  Egypt i n  
1978 i s  ve ry  c l o s e  t o  2 .0  o r  an average of two crops  p e r  yea r  a r e  grown 
on each f i e l d .  

Presen t  p e r e n n i a l  i r r i g a t i o n  r ece ives  water  from s t o r a g e  behind t h e  
High Aswan Dam through scheduled r e l e a s e s  of flow t o  t h e  N i l e  (Fig.  1 ) .  
Barrages d i v e r t  water  t o  major cana l s  a t  s e l e c t e d  p o i n t s  and d e l i v e r  
water  t o  supply cana l s  adminis te red  by Governorates and then  I r r i g a t i o n  
D i s t r i c t s .  The d i s t r i c t s  ran.ge i n  a r ea  from 8 t o  24 thousand ha (20 t o  
100 thousand Feddans).  The major cana l  flow i s  based on t h e  water  

Alprepared under suppor t  of United S t a t e s  Agency f o r  I n t e r n a t i o n a l  
Development, Cont rac t  AIDINE-C-1351. A l l  r epor ted  op in ions ,  conclu- 
s i o n s  o r  recommendations a r e  those  of t h e  au tho r s  and not  t hose  of t he  
funding agency of the United S t a t e s  Government. 

- 

?''learn Lender, Mansour ia  D i s t r i c t  , Egypt Water Use and Management 
P r o j e c t ,  Minis t ry  of I r r i g a t i o n ,  Cai ro ,  ARE; Assoc ia te  P ro fe s so r ,  
Agr i cu l tu ra l  and Chemical Engineer ing Department, Colorado S t a t e  
Un ive r s i t y ,  F o r t  C o l l i n s ;  and D i r e c t o r ,  Water Research Center ,  
Min i s t ry  of I r r i g a t i o n ,  Ca i ro ,  ARE, r e s p e c t i v e l y .  

*Feddan = 4200 s q .  meter = 0.42008 h e c t a r e  
Underlined words a r e  t hose  used i n  Egypt and could be un fami l i a r  f o r  
o t h e r  c o u n t r i e s .  

/ p r e sen t ed  December 1980 ASAE meeting, N e w  Or leans ,  Louisiana 



requirements  of t h e  a r ea  se rved  a s  determined by (1)  t h e  crops grown, 
(2) s o i l  t y p e ,  ( 3 )  t h e  a rea  i r r i g a t e d ,  and (4)  t h e  expected d i s t r i b u t i o n  
and farm a rea  water  l o s s e s .  D i s t r i c t  supply cana l s  (Wolfe, Shahin and 
I s s a ,  1979) s e rve  branch and subbranch cana l s  which provide  water  t o  
p r i v a t e  farm supply channels  (Meskas). 

Water i s  suppl ied  t o  a  D i s t r i c t  on a  two o r  t h r e e  i n t e r v a l  
r o t a t i o n .  The l eng th  of t h e  i n t e r v a l  depends on t h e  crops grown. 
I n t e r v a l s  a r e  t y p i c a l l y  4  and 7  days.  On t h e  t h r e e  i n t e r v a l  r o t a t i o n ,  
f o r  example, t h e  upper,  middle and lower reaches of t h e  cana l  r ece ive  
water  f o r  an i n t e r v a l  i n  t u r n .  For t h e  fou r  day and t h r e e  i n t e r v a l  
r o t a t i o n ,  a  branch cana l  would r ece ive  water  f o r  fou r  days and then  f o r  
e i g h t  days would r ece ive  no water  (Wolfe, Shahin and I s s a ,  1979).  

Regula t ion  of t h e  flow t o  a  branch cana l  i s  r e l a t e d  t o  t h e  
a v a i l a b l e  flow i n  t h e  d i s t r i c t  supply cana l ;  however, water  i s  supp l i ed  
based p r i m a r i l y  on t h e  water s u r f a c e  e l e v a t i o n  on t h e  downstream s i d e  of 
t h e  i n l e t  g a t e .  Usual ly  t h e r e  i s  no de te rmina t ion  o r  a l l o c a t i o n  of a  
s p e c i f i c  flow r a t e  a t  any p o i n t  w i th in  t h e  d i s t r i c t .  Thus, t h e  more 
water  a  group of farmers  use  on a  branch c a n a l ,  t h e  lower t h e  water  
s u r f a c e  e l e v a t i o n  and t h e  more water  suppl ied  t o  t h a t  branch cana l .  

On a  branch cana l  a s  shown i n  F igure  2 ,  water  i s  conveyed t o  
farmers  through an o u t l e t  which s u p p l i e s  a  p r i v a t e  channel (Meska) t h a t  
s e rves  i nd iv idua l  farms. An o u t l e t  may se rve  on ly  one o r  s e v e r a l  farm 
supply p o i n t s .  One farmer o r  a  small  group of farmers  may t ake  water  a t  
one supply p o i n t .  Flow through t h e  o u t l e t  t h a t  s e rves  each Meska i s  
r egu la t ed  h y d r a u l i c a l l y  by the  s i z e  of t h e  o u t l e t  and by assuming t h a t  
t h e  supply r a t e  t o  t h e  branch cana l  r e s u l t s  i n  a  s p e c i f i c  downstream 
water  s u r f a c e  e l e v a t i o n .  The top  of t h e  p ipe  o u t l e t  i s  l oca t ed  25 cm 
below t h e  des ign  water  su r f ace  e l e v a t i o n .  This  e l e v a t i o n  i s  l oca t ed  up 
t o  50 cm below t h e  s u r f a c e  of t h e  surrounding land.  Ac tua l ly ,  because 
of v a r i a t i o n s  i n  supply and use r a t e s ,  l o c a l  topography and t h e  i n s t a l -  
l a t i o n  by farmers  of a d d i t i o n a l  unauthorized o u t l e t s ,  flow r a t e s  through 
each Meska o u t l e t  vary  widely.  

Typ ica l ly  each farmer o r  group of farmers  must l i f t  t he  water  from 
t h e  supply channel t o  t h e  f i e l d .  L i f t i n g  i s  u s u a l l y  accomplished by t h e  
Shadouf*, Tambour:=:, o r  Sakia"-i'+ us ing  animal o r  human power. Sometimes 
e l e c t r i c a l  o r  d i e s e l  powered pumps a r e  used. The informal  r o t a t i o n  o r  
s imultaneous use systems r e s u l t  i n  l i f t s  widely vary ing  from t h e  o f f i -  
c i a l  maximum l i f t  of 50 cm. The o f f i c i a l  government p o l i c y  i s  t o  supply 
water  below t h e  ground s u r f a c e  thus  r equ i r ing  farmers t o  l i f t  water  f o r  
i r r i g a t i o n .  The s t a t e d  purpose of t h i s  p r a c t i c e  i s  t o  d i scourage  
exces s ive  use of water  by t h e  farmers .  

Primary, secondary and farm c o l l e c t o r  d r a i n s  s e r v e  most i r r i g a t e d  
a r e a s  i n  Egypt. Subs t an t i a l  numbers of s u r f a c e  f i e l d  d r a i n s  a l s o  have 
been i n s t a l l e d .  Many d r a i n s  a r e  not well maintained and a s  a  r e s u l t  are 
no t  e f f e c t i v e .  

*~hadouf  - Consis t s  of a  bucket on a  po l e  with a  counter  balance and a  
man l i f t i n g  t h e  water  supply. 

hkTambour - Archimedes screw powered by human l abo r .  
>%+Sakia - water  wheel u s u a l l y  opera ted  by animal power (bu l lock ,  donkey 

o r  camel).  
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State-of-+,he-Art Approach - 
Art accord ing  t o  t h e  American H e r i t a g e  D ic t i ona ry  (1976) i s  "A 

system of p r i n c i p l e s  and methods employed i n  t h e  performance of a  s e t  of 
a c t i v i t i e s :  t h e  a r t  o f  b u i l d i n g . "  The s t a t e - o f - t h e - a r t  of on-farm 
i r r i g a t i o n  p r a c t i c e s  r e v e a l s  t h e  p r i n c i p l e s  and methods employed by t h e  
farmers  i n  t h e i r  p r a c t i c e  of i r r i g a t i o n .  Clyma and A l i  (1977) used t h i s  
p rocedure  t o  d e f i n e  p r i o r i t y  problems and sugges t  proposed s o l u t i o n s  
f o r  on-farm i r r i g a t i o n  systems i n  P a k i s t a n .  Clyma, Kemper and Ashraf 
(1977) a l s o  app l i ed  t h e  approach t o  d e f i n e  p r a c t i c e s  and problems f o r  
t h e  wa t e r  d e l i v e r y  system i n  Pak i s t an .  Th is  r e p o r t  d e s c r i b e s  t h e  
system,  t h e  p rocedure  f o r  d a t a  c o l l e c t i o n  and uses  s t a t e  v a r i a b l e s  f o r  
wa t e r  a p p l i c a t i o n  t o  d e s c r i b e  and d e f i n e  t h e  s t a t e - o f - t h e - a r t  of farmer  
i r r i g a t i o n  p r a c t i c e s  t o  i d e n t i f y  p r i o r i t y  on-farm i r r i g a t i o n  problems i n  
t h e  Mansouria D i s t r i c t .  

FARM COLLECTOR DRAIN 1 

I I 

MFCKA A 1 

MESKA INLET 
MEASUREMENT 

FARM COLLECTOR DRAIN 

F i g u r e  2 .  Arrangements of Branch Cana l ,  Meska, Head D i t c h ,  F i e l d  D i t c h  
and Dra ins  w i th  Measuring P o i n t s  f o r  Fram Water Supply.  

I 
, I 
i 



Water App l i ca t i on  --- Subsystem 
The wate r  a p p l i c a t i o n  subsystem i s  p a r t  of t h e  on-farm i r r i g a t i o n  

system. The on-farm i r r i g a t i o n  system c o n s i s t s  of  t h e  fo l l owing  f o u r  
subsystems: 

1. Water De l i ve ry  
2 .  Water App l i c a t i on  
3. Water Use 
4.  Water Remova 1 
The wate r  a p p l i c a t i o n  subsystem s e r v e s  t h e  fo l lowing  f u n c t i o n s :  
1. Supp l i e s  des igned  amounts of  wate r  t o  a  f i e l d .  
2 .  D i s t r i b u t e s  d e s i r e d  amount of  wate r  w i th  t h e  designed 

un i fo rmi ty .  
3. Meets c rop  t o l e r a n c e s  f o r  seed  germina t ion  and emergence, 

i nunda t i on ,  s a l i n i t y  c o n t r o l ,  a e r e a t i o n ,  t empe ra tu r e ,  c r u s t i n g  
and o t h e r  s p e c i a l  requ i rements .  

4 .  Meets minimum and maximum amounts c r i t e r i a  f o r  c rop  
p roduc t i on .  

5 .  S a t i s f i e s  e r o s i o n  c o n t r o l  s t a n d a r d s .  
6 .  P rov ides  nece s sa ry  s u r f a c e  d r a inage .  
7 .  Is economical ly  a p p r o p r i a t e  and s o c i a l l y  a c c e p t a b l e  t o  t h e  

management a b i l i t i e s  of  t h e  fa rmer .  
The p roce s se s  of  wate r  a p p l i c a t i o n  t o  a  f i e l d  can be de sc r i bed  by 

t h e  fo l l owing  s t a t e  v a r i a b l e s :  
1. F i e l d  geometry ( l e n g t h  and wid th)  
2. S lope  
3. I n f i l t r a t i o n  r a t e  
4.  Su r f ace  roughness 
5 .  Channel shape 
6. Water supply  r a t e  
7 .  Management 

The boundary and i n i t i a l  c o n d i t i o n s  of  t h e  system must a l s o  b e  s p e c i f i e d  
t o  comple te ly  d e s c r i b e  t h e  s t a t e  of  t h e  system.  

Watel' a p p l i c a t i o n  system management is  accomplished by t h e  farmer  
by o p e r a t i n g  t h e  system t o  meet f u n c t i o n a l  o b j e c t i v e s  ( u s u a l l y  u n s t a t -  
e d ) .  I n  t h e  p roce s s  he  answers t h e  fo l l owing  t h r e e  b a s i c  management 
q u e s t i o n s :  

1. How do I i r r i g a t e ?  
2 .  When do I i r r i g a t e ?  
3. How much wate r  do I apply? 
Q u a l i t a t i v e  and q u a n t i t a t i v e  d e s c r i p t i o n s  of  t h e  v a r i a b l e s  which 

d e f i n e  t h e  wate r  a p p l i c a t i o n  p roce s s  and of how a  farmer a r r i v e s  a t  
answers t o  t h e s e  management q u e s t i o n s  a r e  used t o  d e s c r i b e  t h e  s t a t e - o f -  
t h e - a r t  of  wa te r  a p p l i c a t i o n .  I n  t h i s  s e c t i o n ,  t h e  s t a t e  v a r i a b l e s  w i l l  
be d i s cus sed .  F i r s t ,  however, t h e  d a t a  c o l l e c t i o n  procedure  w i l l  be  
d e s c r i b e d .  

Procedure  - The Egypt Water Use and Management P r o j e c t  (1979) has  
s e l e c t e d  t h r e e  a r e a s  f o r  improvement i n  Egypt of  which t h e  Mansouria 
D i s t r i c t  i s  t h e  f i r s t  such a r ea  ( s ee  l o c a t i o n  map i n  F igu re  1 ) .  The 
p r o j e c t  des ign  i nvo lve s  f o u r  phases  of  a  research-development  p r oce s s  
i n c l u d i n g  (1) problem i d e n t i f i c a t i o n  s t udy  of  t h e  e x i s t i n g  system, ( 2 )  
s e a r c h  f o r  s o l u t i o n s  t o  d e f i n e  problems, (3)  assessment  of  s o l u t i o n s  
working with  fa rmers  and ( 4 )  implemerrta t i  on of a  development program 



w i t h  a l l  f a rmers  i n  t h e  a r e a  u s i n g  farmer  accep ted  s o l u t i o n s  (Clyma, 
Lowdermilk and Corey, 1977) .  The p r o c e s s  was developed from e x p e r i e n c e  
i n  P a k i s t a n  ( L a t t i m o r e ,  unda ted) .  An i n t e r d i s c i p l i n a r y  team of agrono- 
mists, economis t s ,  e n g i n e e r s  and s o c i a l o g i s t s  p l a n s  and e x e c u t e s  t h e  
p r o c e s s  (Egypt Water Use and Management P r o j e c t ,  1979).  

R e p r e s e n t a t i v e  farms on t h r e e  branch c a n a l s  (Beni Magdoul, K a f r e t  
Nassa r ,  and E l  Hammami) were s e l e c t e d  f o r  t h e  s t u d y  ( F i g u r e  3) .  The 
s e l e c t i o n  o f  t h e  farms were based on agronomic, e n g i n e e r i n g  and s o c i o -  
economic c r i t e r i a  (Egypt Water Use and Management P r o j e c t ,  1979) .  I n  
t h i s  s t u d y  o f  i r r i g a t i o n  p r a c t i c e s ,  each i r r i g a t i o n  was monitored f o r  
each  f i e l d  f o r  t h e  season .  

On each s i t e  t h e  f o l l o w i n g  d a t a  were c o l l e c t e d :  
1. Water D e l i v e r y  Data ( s e e  F i g u r e  2 )  

- Flow r a t e  w i t h  t ime  downstream of  t h e  i n l e t  o f  t h e  Meska 
- Flow r a t e  n e a r  t h e  s i t e  where w a t e r  i s  l i f t e d  
- Flow r a t e  j u s t  o u t  o f  t h e  Sak ia  
- Flow r a t e  a t  t h e  i n l e t  o f  t h e  f i e l d  

2.  Water ApplicaLion Data 
- F i e l d  and bunded u n i t *  dimensions  
- Time f o r  f i l l i n g  t h e  bunded u n i t s  
- Beginning and end ing  t ime  of  each i r r i g a t i o n  
- E l e v a t i o n s  o f  s e l e c t e d  f i e l d s  and bunded u n i t s  

3 .  Water Use Data 
- S o i l  m o i s t u r e  measured g r a v i m e t r i c a l l y  b e f o r e  and a f t e r  each  

i r r i g a t i o n ,  i n i t i a l l y  a t  one l o c a t i o n  and s u b s e q u e n t l y  a t  
f o u r  l o c a t i o n s  i n  each f i e l d  

- Q u a n t i t y  o f  wa te r  used i n  i r r i g a t i o n  
- EC measurements f o r  i r r i g a t i o n ,  groundwater and d r a i n a g e  

w a t e r  
- Mois tu re  t e n s i o n  a t  15,  30,  45 cm d e p t h  i n  s e l e c t e d  f i e l d s  

on s o i l  
- Crop e v a p o t r a n s p i r a t i o n  e s t i m a t i o n s  u s i n g  t h e  Jensen-Haise  

methodht(Jensen,  1973) 
4 .  Water Removal Data 

- How much runof f  occur red  and where it went 
- Groundwater l e v e l s  a t  s e v e r a l  l o c a t i o n s  around t h e  boundary 

and i n t e r n a l  t o  a  f i e l d  on a  d a i l y  b a s i s .  
5 .  Farmer P r a c t i c e  In format ion  

- Land p r e p a r a t i o n  d a t a :  t o o l s  used ,  f i e l d  geometry,  
l e v e l i n g ,  f a l l o w  t ime  between two s u c c e s s i v e  c r o p s  

- P l a n t i n g  d a t a :  d a t e  o f  p l a n t i n g ,  t h e  f a r m e r ' s  p l a n t i n g  
p r a c t i c e s ,  seeds  (how much, k i n d ,  t i m e ) ,  f e r t i l i z e r s  ( k i n d ,  
amount, t ime)  

- Growing d a t a :  p r a c t i c e s  each t ime  of  i r r i g a t i o n ,  d i s e a s e ,  
weeds and i n s e c t  c o n t r o l  

- H a r v e s t i n g  and y i e l d  d a t a .  

*Bunded u n i t  - T h i s  d e s c r i b e s  t h e  s m a l l e s t  i r r i g a t i o n  u n i t  wi th  a  r i d g e  
o r  bund comple te ly  e n c l o s i n g  an a r e a  and cropped f l a t  o r  on r i d g e s  
i n t e r n a l  t o  t h e  boundary. 

*Evapot ransp i ra t ion  e s t i m a t i o n  f o r  E l  Mansouria d i s t r i c t ,  Egypt,  u s i n g  
d i f f e r e n t  e q u a t i o n s  and f i e l d  d a t a  a r e  under  p r e p a r a t i o n  by M .  E l  
Kady, F .  Shah in ,  M .  Abu-Zeid. 
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Figure 3 .  Location map for  Kafret Nassar ( K . N . ) ,  Beni nagdoul (B.H.C.) 
and E l  Hammami ( E . H . C . )  branch canals  in  Mansouria D i s t r i c t .  



System C l a s s i f i c a t i o n  -- - The c l a s s  and t ype  of  i r r i g a t i o n  system 
used by farmers  must be determined b e f o r e  e v a l u a t i n g  t h e  a p p r o p r i a t e n e s s  
o f  each s t a t e  v a r i a b l e  f o r  farmer  p r a c t i c e .  I n  t h e  Mansouria d i s t r i c t  
on ly  s u r f a c e  i r r i g a t i o n  i s  p r a c t i c e d  ( a s  opposed t o  s p r i n k l e r  o r  
t r i c k l e ) .  I n  gene ra l  two c i a s s e s  o f  s u r f a c e  i r r i g a t i o n  systems a r e  
common, l e v e l  and graded.  I n  e i t h e r  system c l a s s  wate r  may be d i s -  
t r i b u t e d  by one of two t y p e s ,  b a s i n  o r  furrows.  S tandard  c r i t i e r a  f o r  
e v a l u a t i n g  an i r r i g a t i o n  system va ry  w i th  t h e  c l a s s  and t ype  of system. 

The p r i n c i p l e s  by which each c l a s s  and t ype  of  system o p e r a t e  a r e  
d i f f e r e n t  and t h e  method of management should r e f l e c t  t h e s e  p r i n c i p l e s .  
Level i r r i g a t i o n  systems ( z e r o  g rade)  r e q u i r e  t h e  a d d i t i o n  of a  s p e c i f i c  
q u a n t i t y  of waLer t o  a  f i e l d  such t h a t  t h e  t ime wate r  covers  near  and 
d i s t a n t  a r e a s  of t h e  f i e l d  do n o t  r e s u l t  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  
t o t a l  i n f i l t r a t i o n .  While wa t e r  i s  ponded on a  f i e l d ,  i n f i l t r a t i o n  and 
t h e  d i s t r i b u t i o n  of wate r  w i th  l e n g t h  ( o r  width)  i s  approx imate ly  
p r o p o r t i o n a l  t o  t h e  e l e v a t i o n  v a r i a t i o n  w i t h i n  t h e  f i e l d  (high s p o t s  and 
low s p o t s ) .  Thus,  l e v e l  i r r i g a t i o n  systems r e q u i r e  p r e c i s i o n  l e v e l i n g  
i f  good d i s t r i b u t i o n  of wate r  i s  t o  r e s u l t .  

Graded i r r i g a t i o n  systems r e q u i r e  t h e  c a r e f u l  ba l anc ing  of advance 
and r e c e s s i o n  t imes  w i th  t h e  a p p r o p r i a t e  f low r a t e  t o  app ly  t h e  d e s i r e d  
a p p l i c a t i o n  dep th .  Degree of p r e c i s i o n  i n  l e v e l i n g  i s  n o t  a s  s t r i n g e n t ,  
b u t  t h e  management knowledge and expe r i ence  of t h e  farmer  must be com- 
b ined  w i th  an a p p r o p r i a t e  de s ign .  Otherwise ,  u n d e r i r r i g a t e d  o r  over-  
i r r i g a t e d  s e c t i o n s  i n  t h e  f i e l d  w i l l  r e s u l t  and a p p r e c i a b l e  runof f  w i l l  
occur .  Grea t e r  s k i l l  and knowledge and more c a r e f u l  management by t h e  
farmer  i s  r equ i r ed  f o r  good wate r  management w i th  graded i r r i g a t i o n  
sys tems .  

Most farmers  i n  t h e  Mansouria d i s t r i c t  appear  t o  assume t h e i r  
f i e l d s  have z e r o  g rade .  They i n t roduce  wa t e r  i n t o  a  bunded u n i t  u n t i l  
t h e  a r e a  i s  covered and a l l ow  t h e  wate r  t o  s t a n d  and i n f i l t r a t e  i n t o  t h e  
s o i l .  Th is  p r a c t i c e  i s  fol lowed i n  bo th  t h e  sandy s o i l  o f  E l  Harmnami 
and t h e  c l a y  loam s o i l  of Beni Magdoul. They a l s o  i r r i g a t e  bunded u n i t s  
w i th  s l o p e s  t h a t  a r e  o p p o s i t e  t o  t h e  d i r e c t i o n  of i r r i g a t i o n  i n d i c a t i n g  
t h a t  t h e y  do n o t  use  t h e  f i e l d  g rade  i n  accomplishing t h e  d i s t r i b u t i o n  
of  w a t e r .  A more d e t a i l e d  a n a l y s i s  o f  how farmers  use  s l o p e  and f i e l d  
geometry t o  app ly  wa t e r  w i l l  be  g iven  i n  subsequent  s e c t i o n s .  

I n  one p a r t i c u l a r  a r e a  on t h e  Beni Magdoul c a n a l ,  farmers  on one 
p a r t i c u l a r  Meska -- appear  t o  use  a  graded system of i r r i g a t i o n .  The 
l e n g t h  of t h e  f i e l d  l i e s  from Meska t o  d r a i n  and fa rmers  appear  t o  use  
c r i t e r i a  of in f low t ime  and ponding on t h e  lower end of t h e  f i e l d  t o  
app ly  wa t e r .  No o t h e r  a r e a s  have been i d e n t i f i e d  i n  t h e  D i s t r i c t  which 
appear  t o  use  t h e  graded system.  

Farmers i n  t h e  Mansouria D i s t r i c t  use  bo th  b a s i n  and furrow type's 
o f  systems.  Furrows a r e  used f o r  most summer c rops  i n c l u d i n g  co rn ,  
v e g e t a b l e s ,  and peanu t s .  Major excep t i ons  a r e  c i t r u s  and r i c e .  Winter 
c rops  b roadcas t  i n  f l a t  b a s i n s  a r e  berseem and wheat.  Most o t h e r  w i n t e r  
c rops  a r e  grown wi th  fu r rows ,  e s p e c i a l l y  t h e  v e g e t a b l e s .  Cri t i e r a  f o r  
a p p r o p r i a t e  s l o p e  ( e s p e c i a l l y  d e v i a t i o n s  and flow r a t e )  a r e  d i f f e r e n t  
f o r  furrows a s  compared t o  b a s i n s .  These d i f f e r e n c e s  w i l l  be d i s cus sed  
under t h e  a p p r o p r i a t e  s t a t e  v a r i a b l e .  

F i e l d  Geometry - The l e n g t h  and width o f  a  u n i t  enc losed  by a  r i d g e  
i s  t h e  i r r i g a t i o n  o r  bunded u n i t  f o r  a  farm. When a  farmer  e s t a b l i s h e s  
t h i s  u n i t ,  he e s t a b l i s h e s  many c h a r a c t e r i s t i c s  of h i s  i r r i g a t i o n  system.  



The head d i t c h  a s  shown i n  F igu re  2  t r a n s p o r t s  wa t e r  from t h e  l i f t  
t o  t h e  boundary of  t h e  f i e l d .  Th i s  channel  is  always a t  t h e  same loca-  
t i o n  wi th  r e s p e c t  t o  t h e  f i e l d .  However, i n t e r n a l  f i e l d  channe ls  vary 
i n  l o c a t i o n  from one c rop  t o  t h e  n e x t .  Th i s  i s  p r i m a r i l y  because t h e  
farmer p e r c e i v e s  t h a t  l o c a t i n g  t h e  d i t c h  i n  t h e  same p l a c e  may make t h a t  
l and  l e s s  p roduc t i ve .  The r e s u l t  i s  more d e l i v e r y  l o s s e s  th rough  t h e  
f i e l d  d i t c h e s  because o f  t h e  h ighe r  i n f i l t r a t i o n  r a t e s  a f t e r  plowing. 
The i n t e r n a l  f i e l d  channe ls  use  8 t o  14 p e r c e n t  o f  t h e  f i e l d  a r e a .  

Seve ra l  f i e l d  geomet r ies  and i r r i g a t i o n  sequences  w i l l  now be 
de sc r i bed .  Typ i ca l  arrangements  of bunded u n i t s  and t h e i r  d imensions ,  
f i e l d  d i t c h e s ,  head d l t c h e s ,  l i f t ,  Meska and sequence by which t h e  u n i t s  
a r e  i r r i g a t e d  a r e  shown i n  F i g u r e  -1 th rough  5  ( f )  from a c t u a l  c a s e  
s t udy  f i e l d s .  There a r e  many n i n o r  v a r i a t i o n s  of t h e s e  arrangements  b u t  
t he se  r e p r e s e n t  t y p i c a l  f i e l d  l a y o u t s .  

The major p o i n t s  t o  observe  a r e  t h e  fo l lowing:  
1. The s i z e  and s i z e  v a r i a t i o n  of  t h e  bunded u n i t s  even w i t h i n  

one f i e l d .  
2 .  The a r e a  used by head d i t c h e s  and f i e l d  d i t c h e s  and t h e  

d i s t a n c e  wate r  must t r a v e l .  
3.  The v a r i a t i o n  i n  t h e  d i r e c t i o n  wa t e r  t r a v e l s  i n  t h e  d e l i v e r y  

channe ls  and w i t h i n  each bunded u n i t  du r ing  an i r r i g a t i o n .  
4 .  The range i n  number of bunded u n i t s  s imul taneous  i r r i g a t e d  

even w i t h i n  t h e  same f i e l d .  
One c a s e  s t udy  farmer  (F igu re  5 ( a ) )  began h i s  i r r i g a t i o n  from t h e  

end f a r t h e s t  from t h e  supply  by i r r i g a t i n g  two b a s i n s  t o g e t h e r  (S1). 

I n  t h e  n e x t  sequence,  S2 ,  f o u r  b a s i n s  a r e  i r r i g a t e d  and f o u r  a r e  

i r r i g a t e d  s imu l t aneous ly  f o r  t h e  r e s t  of t h e  f i e l d .  
A second c a s e  s t u d y  fa rmer  (F igu re  5 ( b ) )  has  a  head d i t c h  l o c a t e d  

a t  t h e  s i d e  of h i s  f i e l d .  Some of  t h e  f i e l d  d i t c h e s  a r e  used t o  supply  
b a s i n s  on bo th  s i d e s  of t h e  d i t c h .  Others  s e r v e  on ly  one s i d e  of t h e  
d i t c h .  The farmer f i r s t  s imul taneous ly  i r r i g a t e s  t h e  fou r  b a s i n s  de s ig -  
na ted  S  and t hen  t h e  fou r  b a s i n s  de s igna t ed  S Then b a s i n s  S  1 2  ' 3 '  S4' S5 
and S  a r e  i r r i g a t e d  i n  sequence,  one a t  a  t ime .  6 

A t h i r d  farmer (F igu re  5 ( c ) )  i r r i g a t e s  f o u r  b a s i n s  t o g e t h e r  
beg inn ing  from t h e  end n e a r e s t  t h e  water  sou rce .  Four a r e  i r r i g a t e d  
each  t ime  i n  sequence u n t l l  t h e  f i e l d  is  completed.  Note t h e  v a r i a t i o n s  
i n  dimensions o f  each  b a s i n  even though f o u r  a r e  always i r r i g a t e d  
t o g e t h e r .  

F i g u r e  5 (d )  shows a  permanent head d i t c h  a long  one s i d e  o f  a  
f o u r t h  f a r m e r ' s  f i e l d  w i th  an i n t e r i o r  f i e l d  channel  between each  b a s i n .  
I n  eve ry  i n s t a n c e  b u t  t h e  l a s t ,  b a s i n s  on ly  on one s i d e  ( t h e  upstream 
s i d e  from t h e  head d i t c h  d i r e c t i o n  of f low) of t h e  f i e l d  channel  a r e  
i r r i g a t e d .  They a r e  i r r i g a t e d  i n  sequence S  S2,  Sg . . . and S6 a s  

i n d i c a t e d  i n  F igu re  5 ( d ) .  Only t h e  l a s t  channel  i s  used t o  i r r i g a t e  
two b a s i n s  (S7 and S  ) s imu l t aneous ly ,  one on each  s i d e  of t h e  f i e l d  
d i t c h .  8 

Figu re  5 ( ( 1 )  i 1 l u s l r a t cw  ;I l i f l l ~  l'armcnr's l icul(l th'll is vclry lorig 
and narrow wi l.h a hea(l  (1 i 1c.h 011 one ti i t l c .  and i r r  i g a t  i o n  t h a t  btvgins from 
t h e  f a r  end.  One basil1 i s  i r r i g a t e d ,  then  a n o t h e r ,  u n t i l  the f i e l d  i s  
complete.  Another farmer  owns t h e  a d j a c e n t  a r e a  and has  ano the r  head 
d i t c h  t o  s e r v e  h i s  f i e l d .  The r e s u l t  i s  an  e x t e n s i v e  network of head 
d i t c h e s  and f i e l d  d i s t r i b u t i o n  channe ls  which uses  l and  and i n c r e a s e  
d e l i v e r y  l o s s e s  from t h e  l i f t  t o  t h e  f i e l d .  



The r e l a t i o n s h i p  between flow r a t e  and a r e a  i r r i g a t e d  i s  e s t a b l i s h e d  by 
t h i s  u n i t .  A farmer usua1.ly does n o t  know nor  manage an  e x p l i c i t  f low 
r a t e .  The d e v i a t i o n s  from mean e l e v a t i o n  a r e  determined by t h e  bound- 
a r i e s  of t h e  bunded u n i t  s i n c e  a farmer  u s u a l l y  e s t a b l i s h e s  t h e s e  bound- 
a r i e s  a f t e r  l e v e l i n g .  The sequence and number of u n i t s  s imul taneous ly  
i r r i g a t e d  u s u a l l y  become f i x e d  by t h e  s e l e c t i o n  of  t h e  s i z e  of t h e  
bunded u n i t s  . 

I n  t h e  Mansouria d i s t r i c t ,  farmers  use  bunded u n i t s  t h a t  range i n  
s i z e  from approximately  2 x 4 m t o  8 x 18 m and a r e a s  t h a t  range from 
0.0008 t o  0.014 ha (0.002 t o  0.03 Feddans) .  I n  g e n e r a l ,  furrows and 
r i d g e s  do n o t  have e x a c t  spac ings  nor  dimensions s i n c e  t hey  g e n e r a l l y  
a r e  formed by hand. Two types  o f  furrows a r e  p r e v a l e n t  w i th  t h e  fol low- 
i ng  spac ings :  

1 .  Narrow furrows wi th  spac ings  between furrows rang ing  from 20 
t o  40 cm, u s u a l l y  used f o r  crops  such a s  corn  w i th  one row of  
p l a n t s  pe r  r i d g e .  

2.  Wide furrows wi th  spac ings  between furrows rang ing  from 60 t o  
80 cm, u s u a l l y  used f o r  v e g e t a b l e s  and sometimes having two 
rows of  p l a n t s  p e r  bed. 

The r i d g e  h e i g h t  between furrows u s u a l l y  ranges  between 12 and 15 
cm. F igu re  4 shows t y p i c a l  dimensions of furrow systems f o r  v a r i o u s  
c rops .  The ranges  f o r  t h e  d i f f e r e n t  dimensions were taken from measure- 
ments of f a rmer s '  f i e l d s .  Ridges which d e f i n e  each i r r i g a t i o n  u n i t  a r e  
u s u a l l y  n o t  much, i f  any,  h i g h e r  t han  t h e  i n t e r i o r  r i d g e s  which form 
fur rows .  The boundary r i d g e s  a r e  f r e q u e n t l y  over topped by i r r i g a t i o n  
wa t e r .  Th is  may cause some damage t o  c rops  i n  nearby bunded u n i t s  when 
i r r i g a t i o n  wate r  i s  n o t  needed. 

While a farmer knows ve ry  w e l l  t h a t  he should n o t  over top  t h e  
furrow r i d g e  nor  inunda te  h i s  p l a n t s ,  he  f r e q u e n t l y  must do s o  i n  o r d e r  
t o  cover  t h e  h igh  a r e a s  i n  a g iven  b a s i n .  

TOP Base Channel Ridge Bas i n  
Crop Width Width Width Height Length Width 

- - - - - - -- -. . - - - . -- - - - . - - 

a h c d L W 
cms cms cms cms ms ms 

--. ~ .. . - -. . 

Squash 70- 85 85-100 18-25 15-20 8-20 3- 8 

Tomatoes 60- 90 70- 100 20-40 12-18 8-20 3- 8 

Cabbage 10- 20 38- 40 30-42 12-22 8-20 3- 8 

Eggplant  10- 20 35- 40 18-25 10-20 8-20 3- 8 

Watermelon 140-200 200-250 20-25 20-25 15-30 10-20 

Corn 12- 20 35- 40 15-25 10-15 5-15 3-12 
-- 

Figu re  4. Typica l  Dimensions o f  Furrows f o r  Various  Crops i n  t h e  
Mansouria D i s t r i c t .  





The f i e l d  i n  F i g u r e  5 ( f )  i s  i r r i g a t e d  w i t h  f lows  from b o t h  e n d s ,  
most o f t e n  a t  t h e  same t ime .  Two b a s i n s ,  one on e i t h e r  s i d e  o f  the  head 
d i t c h ,  a r e  i r r i g a t e d  a t  each  end.  I n  t h e  middle  on ly  one b a s i n  a t  a  
t ime  i s  i r r i g a t e d .  Farmers i n  an  a r e a  betweer1 t h e  two Meskas - i r r i g a t e  
most of t h e  f i e l d s  i n  t h i s  manner. The r e a d e r  s h o u l d  n o t e  t h e  s m a l l  
s i z e  of  each  bas i r i  and t h e  wide ly  v a r y i n g  sequence of  i r r i g a t i o n  i n  a  
f i e l d .  

I n  summary, a n a l y s i s  of f i e l d  geometry s u g g e s t s  t h a t  t h e  s i z e  and 
shape o f  t h e  f i e l d s  i n  Mansouria d i s t r i c t  a r e  mainly  a resu1. t  o f  t h e  
u r ~ l e v e l n e s s  of  t h e  l and  and t h e  t r a d i t i o n a l  methods used i n  l e v e l i n g ,  
sowing,  plowing and c u l t i v a t i o n .  ?'he r a t e  o f  t h e  f low and t h e  a v a i l -  
a b i l i t y  o f  w a t e r  a r e  n o t  major  f a c t o r s  f o r  t h e  farmer  i n  tlesi.gning h i s  
f i e l d .  T h i s  i s  demons t ra ted  by t h e  f a c t  t h a t  t h e  s i z e  of  bunded u n i t s  
do n o t  change when a  Tambour i s  used i n s t e a d  o f  a  S a k i a  a l t h o u g h  t h e  
f low i s  reduced by a t  l e a s t  h a l f  (Tab le  4 ) ) .  

S l o p e  - The s l o p e  and d e g r e e  of  l e v e l n e s s  of a  f i e l d  i s  an 
i m p o r t a n t  c h a r a c t e r i s t i c  of  i r r i g a t i o n  sys tems i f  good w a t e r  management 
i s  t o  be practiced. I n  graded i r r i g a t i o n  s y s t e m s ,  s l o p e  i s  combined 
w i t h  f low r a t e  and i n f i l t r a t i o n  r a t e  t o  d i s t r i b u t e  t h e  d e s i r e d  amount of  
w a t e r  t o  a f i e l d .  S l o p e  v a r i a t i o n  i s  p e r m i t t e d  b u t  d e v i a t i o n s  a r e  
c a r e f u l l y  i n c o r p o r a t e d  i n t o  t h e  d e s i g n  t o  p r e v e n t  uneven d i s t r i b u t i o n  o f  
w a t e r  and t o  minimize e x c e s s  r u n o f f .  S i n c e  graded sys tems a r e  n o t  
common i n  Egyp t ,  f u r t h e r  a n a l y s i s  o f  graded sys tems  w i l l  n o t  be  
p r e s e n t e d .  

Level  ( z e r o  g r a d e )  i r r i g a t i o n  sys tems r e q u i r e  p r e c i s i o n  l e v e l i n g .  
The d e v i a t i o n s  from d e s i g n  e l e v a t i o n  w i t h i n  a  bunded u n i t  may n o t  exceed 
+ 0 . 0 5  f t  (f 1 . 5  cm) a s  a n  a c c e p t a b l e  s t a n d a r d  (USDA, 1974) .  No d i f -  
f e r e n c e  between l e v e l  b a s i n s  o r  furrows a r e  sugges ted  a s  many f i e l d s  
change from fu r rows  t o  f l a t  p l a n t e d  e a c h  s e a s o n .  I n  no i n s t a n c e  i s  a  
r e v e r s e  g r a d i e n t  ( i n  t h e  d i r e c t i o n  of i r r i g a t i o n )  p e r m i s s i b l e .  S l o p e s  
of f i e l d s  and v a r i a t i o n  of  e l e v a t i o n s  w i t h i n  a  bunded u n i t  i n  Mansouria 
D i s t r i c t  w i l l  now b e  reviewed.  

Tab le  1  g i v e s  t h e  f i e l d  l e n g t h ,  t h e  f a l l  of  t h e  f i e l d  from t h e  end 
n e a r e s t  t h e  Meska t o  t h e  end n e a r e s t  t h e  d r a i n ,  t h e  maximum d i f f e r e n c e  
i n  e l e v a t i o n  measured i n  t h e  f i e l d ,  and t h e  s l o p e  computed a s  t h e  f a l l  
d i v i d e d  by t h e  f i e l d  l e n g t h .  A f a l l  between Meska -- and d r a i n  of  a p p r o x i -  
m a t e l y  10 cm commonly o c c u r s  i n  t h e  Mansouria D i s t r i c t .  Farmers do n o t  
appear  t o  u s e  t h l s  s l o p e  t o  d i s t r i b u t e  w a t e r  w i t h i n  t h e  b a s i n  s i n c e  
w a t e r  i s  i n t r o d u c e d  i n t o  b a s i n s  from b o t h  d i r e c t i o n s .  

More d e t a i l e d  d a t a  on bunded u n i t s ,  and a s  a  r e s u l t  f i e l d s ,  a r e  
p r e s e n t e d  i n  Tab le  2 .  The b a s i c  e l e v a t i o n  d a t a  c o n s i s t e d  of  15 t o  30 
e l e v a t i o n s  i n  each  bunded u n i t  from t h r e e  o r  f o u r  bunded u n i t s  a l o n g  t h e  
l e n g t h  o f  a  f i e l d .  The f i e l d  e l e v a t i o n s  a r e  computed from a l l  u n i t s  
measured w h i l e  t h e  bunded u n i t  e l e v a t i o n s  a r e  r e s t r i c t e d  t o  t h a t  u n i t .  
F i e l d  e l e v a t i o n s  ranged from 9 t o  20 cm between maximum and minimum. 
T h i s  i s  a  s i g n i f i c a n t  e l e v a t i o n  d i f f e r e n c e s  between b a s i n s .  

The i n d i v i d u a l  bunded u n i t  e l e v a t i o n s  ranged from 5 t o  20 cm ir i  

e l e v a t i o n .  A l l  exceeded tht. c r i t i e r a  f o r  a  l t ~ v e l  b a s i n  g i v e n  a s  3 cm. 
Only 10 p e r c e n t  were l e s s  t h a n  doub le  t h e  r e q u i r e d  range and 80 p e r c e n t  
were more t h a n  doub le  t h e  r e q u i r e d  range .  The minimum range  of  t h e  
o t h e r  10 p e r c e n t  was 5 cm. Furrow bunded u n i t s  a l s o  exceeded t h e  range  
i n  e l e v a t i o n  c r i t e r i a .  I n  a d d i t i o n ,  20 p e r c e n t  o f  t h e  furrows had a  
r e v e r s e  s l o p e  which i s  u n a c c e p t a b l e .  



Table  1. S lopes  of F i e l d s  i n  t h e  Mansouria D i s t r i c t .  
- --a 

F i e l d  Length F a l l  
Canal S i t e  F i e l d  (m) (cm) Max. D i f .  Slope 

B.M. 1 
2  

E.H. 1 
4 
8  

These d a t a  sugges t  t h a t  u n l e v e l  f i e l d s  a r e  u s u a l  i n  Mansouria s i n c e  
a l l  f i e l d s  exceeded t h e  l e v e l n e s s  c r i t e r i a .  Fur thermore,  s e r i o u s  un- - 
l e v e l n e s s  e x i s t s  s i n c e  t h e  c r i t e r i a  a r e  u s u a l l y  exceeded by s e v e r a l  
magnitudes.  Lack of p r e c i s i o n  l e v e l e d  f i e l d s  i s  a  c o n s i s t e n t  and major 
problem f o r  t h e  Mansouria d i s t r i c t .  P roper  l e v e l i n g  i s  a  p r e r e q u i s i t e  
f o r  a p p l i c a t i o n  of t h e  p roper  amount of wate r  a s  w e l l  a s  f o r  d e r i v i n g  
t h e  b e n e f i t s  o f  good wate r  management and p rope r  i n p u t s  f o r  i nc r ea sed  
c rop  p roduc t i on  (Johnson,  Khan and Hussa in ,  1978) .  

S t u d i e s  by A l i ,  Clyma and E a r l y  (1975) of l e v e l  systems i n  P a k i s t a n  
have shown t h a t  d e v i a t i o n  from l e v e l  o f  on ly  3 cm s i g n i f i c a n t l y  a f f e c t  
f a r m e r ' s  i r r i g a t i o n  p r a c t i c e s .  F i r s t ,  t o  cover  a  h igh  a r e a  on a  l e v e l  
f i e l d  r e q u i r e s  a d d i t i o n a l  wa te r .  Farmers must cover  t h e  hi.gh a r e a  o r  
s a l i n i z a t i o n  of  t h e  a r e a  w i l l  e l i m i n a t e  t h e  growing c rop  o r  s e v e r e  
s t r e s s  from inadequa te  wate r  w i l l  d r a s t i c a l l y  reduce c rop  y i e l d .  
Second, s i n c e  wate r  i s  ponded on a  l e v e l  f i e l d ,  t h e  d i s t r i b u t i o n  of  
wa t e r  w i l l  be approximately  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  i n  e l e v a t i o n  
r e s u l t i n g  i n  excess  wate r  i n  low a r e a s  and inadequa te  wate r  i n  h igh  
a r e a s .  

I n f i l t r a t i o n  Ra te  - I n f i l t r a t i o n  data:: f o r  Beni Magdoul and t h e  --- 
c l a y  loam s o i l  i s  c h a r a c t e r i z e d  by a t e r m i n a l  i n t a k e  r a t e  o f  l e s s  t h a n  
0 .2  mm/min (1 .2  cmlhr ) .  I n  E l  Hammami where a  sandy o r  a  sandy loam 
predominates ,  t e rmina l  i n t a k e  r a t e s  o f  1 t o  2  mm/min (6-12 cm/hr) were 
measured. An e v a l u a t i o n  of des ign  c r i t e r i a  sugges t s  t h a t  s u c c e s s f u l  
l e v e l  and graded i r r i g a t i o n  systems can be des igned  and managed f o r  
s o i l s  w i th  i n f i  ILraLion r a t e s  c~xrcc~ciing 7 .5  c.m/hr S I I C ~ I  a s  e x i s t s  a t  
E l  llamrnami . 

%Developed by M .  Semaika and Harold Golus ,  agronomis t s ,  u s ing  a  double  
r i n g  i n f i l t r o m e t e r .  



Table  2 .  Range i n  E l eva t i on  of Bunded Uni t s  f o r  Se l ec t ed  F i e l d s .  

F i e l d  V a r i a t i o n  U n i t O t o  Uni t  

Heac F i e l d  
L o c a t i o n  E l e v a t i o n  

(m)  

S t a n d a r d  
Range Max. Hin.  D e v i a t i o n  
(cm) 
.-a - -. - -- - - -- -. . - - - -- - - 

Level  83s i11  w i t h o u t  Furrows .~ - F i e l d  V a r i a t i o n  

B.H. S i t e  2 ,  F i e l d  2  
F i e l d  4  
F i e l d  5 
B.tl. S i t e  6 

B.H. S i t e  7  
B.H. S i t e  1 
8.11. S i t e  4  
B.M. S i t e  5  

L ~ v e l  Basin Without  Furrows_~_~~fied-U~!~-V~!r~ a t  i o n  - - - - - - - - - - - - - 
B.H. S i t e  3 

B.H. S i t e  2 
F i e l d  ( 2 )  

B.H. S i t e  2  
F i e l d  ( 4 )  

B.H. S i t e  2 
F i e l d  ( 5 )  
B.H. S i t e  6  

B.H. S i t e  7  

B.M. S i t e  ( 1 )  

E.H. S i t e  ( 8 )  

Level  B a s i n  w i t h  Furrows - Bunded U n i t  V a r i a t i o n  

R F  R  F  R  F  R F  Ridge Furrow 

E.H. S i t e  6  1 7 . 7 0  1 7 . 6 2  
E.H. S i t e  6 1 7 . 7 2  1 7 . 6 3  
E.H. S i t e  8 ( X )  1 6 . 9 6  1 6 . 8 6  - - -- 1 6 . 9 2  1 6 . 7 8  -- -- 1 7 . 6 6  1 7 . 5 4  



Table 3.  Amount of Water Applied Per  I r r i g a t i o n  f o r  F i r s t  I r r i g a t i o n  
and A l l  a d d i t i o n a l  I r r i g a t i o n s  f o r  Beni Magdoul, E l  Hammami 
and Kaf re t  Nassar Canals f o r  Summer Season, 1978. 

- F i r s t  I r r i g a t i o n  A l l  - Addit ional  A l l  Canals 
Applied 
Water :B M EH KN BM EH KN - - - - A I M .  

-. 

Percent  Percent  No. Percent  

T o t a l  ( P c t . )  

T o t a l  (No.) 

Table  3 sugges ts  t h a t  t h e  farmers  apply  heavy i r r i g a t i o n s  e a r l y  i n  
t h e  season.  Perhaps t he se  i r r i g a t i o n s  a r e  needed t o  l each  s a l t  from t h e  
s o i l  s u r f a c e  dur ing  t h e  time when p l a n t  seedings a r e  most s e n s i t i v e .  
However, p rev ious  s t u d i e s  (Clyma and A l i ,  1977)  have shown t h a t  t h e s e  
heavy a p p l i c a t i o n s  a r e  t h e  a c c i d e n t a l  r e s u l t  of h igh  i n f i l t r a t i o n  r a t e s  
a f t e r  t i l l a g e  and before  o r  j u s t  a f t e r  p l a n t i n g .  The d i f f e r e n c e  between 
t h e  median amount of 60 t o  80 mrn (Table 3 )  f o r  most i r r i g a t i o n s  and t h e  
median f o r  e a r l y  i r r i g a t i o n  must be a t t r i b u t e d  t o  i n i t i a l  i n t a k e  r a t e .  

I n f i l t r a i o n  r a t e s  a f f e c t  t h e  d i s t r i b u t i o n  of water  i n  a  f i e l d .  The 
time d i f f e r e n c e  between when water  f i r s t  covers an a r e a  and when i t  
recedes from an a r ea  i s  c a l l e d  t h e  "opportuni ty  time" f o r  i n f i l t r a t i o n .  
On h igh  i n f i l t r a t i o n  r a t e  s o i l s ,  smal l  d i f f e r e n c e s  i n  oppor tun i ty  t ime 
r e s u l t  i n  l a r g e  d i f f e r e n c e s  i n  amount of water  i n f i l t r a t e d  and poor d i s -  
t r i b u t i o n  of water  r e s u l t s .  The average amount of  water  app l i ed  t o  a  
f i e l d  may equal  consumptive use  e s t i m a t e s .  When most of t h e  water  
i n f i l t r a t e s  i n  only one p a r t  of t h e  f i e l d ,  major o v e r i r r i g a t i o n  and 
u n d e r i r r i g a t i o n  s t i l l  occurs .  A s  d i scussed  under s lope  f o r  l e v e l  (zero  
grade)  systems,  d i f f e r e n c e s  i n  e l e v a t i o n  produce d i f f e r e n c e s  i n  
oppor tun i ty  t ime and r e s u l t  i n  low i r r i g a t i o n  e f f i c i e n c i e s  because of 
poor d i s t r i b u t i o n .  

Sur face  Roughness - Surface  roughness i s  v a r i a b l e  throughout t h e  
season. In some areas surface clods formed during t i l l age  may compli- 
c a t e  water  d i s t r i b u t i o n  and r e q u i r e  a  h ighe r  flow r a t e  f o r  t h e  g r e a t e r  
depth of flow necessary  t o  cover t h e  c lods .  Vegeta t ion  d e n s i t y  



e s p e c i a l l y  i n  sugarcane and L'or'der c r o p s ,  i n c r e a s e s  a s  t h e  season  
p r o g r e s s e s .  'The r e s u l t  i s  t h a t  t h e  amount of wa te r  r e q u i r e d  t o  cover  a  
t i e l d  a s  well  a s  t h e  dep th  of f low a r e  i n c r e a s e d .  On such c rops  t h e  
amount of wa te r  a p p l i e d  p e r  i r r i g a t i o n  may i n i t i a l l y  d e c r e a s e  a f t e r  t h e  
p r e - i r r i g a t i o n  b u t  t h e n  began t o  i n c r e a s e  a s  v e g e t a t i o n  d e n s l t y  i n -  
c r e a s e s  d u r i n g  t h e  season .  For  many c rops  and f i e l d s ,  roughness i s  no t  
a  s i g n i f i c a n t  v a r i a b l e .  

Channel Shape - A number o f  f i e l d s  and c r o p s  a r e  b r o a d c a s t  i n  s m a l l  
b a s i n s .  D i s t r i b u t i o n  of w a t e r  t o  t h e s e  f l e l d s  i s  n o t  m a t e r i a l l y  a f f e c t -  
ed by channel  shape.  A m a j o r i t y  o f  t h e  summer c rops  ( e x c e p t  r i c e )  and 
numerous w i n t e r  c rops  (excep t  berseem and wheat)  a r e  grown on r i d g e s  and 
i r r i g a t e d  by f u r r c w s .  Furrows i n  t h e  Mansouria D i s t r i c t  have a  v a r i e t y  
o f  dimensions b u t  some t y p i c a l  s p a c i n g s  and p r o f i l e s  a r e  shown i n  F i g u r e  
4 .  Farmers a l s o  appear  t o  r e g u l a t e  t h e  f low r a t e  and dep th  of w a t e r  
a p p l i e d  t o  a t t e m p t  t o  i n s u r e  t h a t  most c r o p s ,  e s p e c i a l l y  v e g e t a b l e s ,  a r e  
n o t  inundated d u r i n g  i r r i g a t i o n .  Th is  f a c t o r  more t h a n  any o t h e r  ap- 
p e a r s  t o  i n f l u e n c e  t h e  number o f  b a s i n s  f i l l e d  s i m u l t a n e o u s l y  and t h e  
t ime  of  f i l l i n g  a c c o r d i n g  t o  fa rmers .  Some f i e l d s  a p p e a r  t o  be d r a i n e d  
i f  e x c e s s  w a t e r  i s  a p p l i e d  o r  t h e  ponding t ime  becomes e x c e s s i v e .  No 
d a t a  a r e  c u r r e n t l y  a v a i l a b l e  on t h e  e f f e c t  o f  channel  shape on i n f i l -  
t r a t i o n  r a t e ,  w a t e r  d i s t r i b u t i o n  o r  s a l t  movement. 

Water Supply Ra te  - A farmer  i r r i g a t e s  a  f i e l d  o f  a  g i v e n  geometry,  
s l o p e ,  i n f i l t r a t i o n  r a t e ,  s u r f a c e  roughness and channel  shape .  There  i s  
a n  a p p r o p r i a t e  f low f o r  t h e  g i v e n  c o n d i t i o n s  t h a t  shou ld  be used f o r  
e f f e c t i v e ,  q u a n t i t a t i v e  w a t e r  management. I n  some i n s t a n c e s  t h e  v a l u e  
of one of t h e  above v a r i a b l e s  on t h e  v a l u e s  of a  combinat ion o f  
v a r i a b l e s  r e s u l t  i n  l i m i t i n g  t h e  l e v e l  of w a t e r  management t h a t  a  farmer  
can a c h i e v e .  For  example, an  u n l e v e l  f i e l d  limits t h e  e f f i c i e n c y  o f  a n  
i r r i g a t i o n  even when t h e  p r o p e r  f low r a t e  i s  used.  An u n l e v e l  f i e l d  
combined w i t h  a  h igh  i n f i l t r a t i o n  r a t e  f u r t h e r  reduces  t h e  e f f i c i e n c y  of 
an  i r r i g a t i o n  f o r  a  g iven  f low r a t e .  I f  an  i n a p p r o p r i a t e  f low r a t e  i s  
u s e d ,  t h e  maximum a c h i e v a b l e  e f f i c i e n c y  f o r  an i r r i g a t i o n  i s  f u r t h e r  
reduced.  Flow r a t e  may be  c o n s i d e r e d  t o  be t h e  f i n a l  v a r i a b l e  by which 
fa rmers  can make management d e c i s i o n s  t h a t  r e s u l t  i n  good w a t e r  
management. 

Q u a n t i t a t i v e  approaches  t o  wa te r  a p p l i c a t i o n  t o  a  f i e l d  r e q u i r e  
t h a t  t h e  f low r a t e  and t i m e  of i r r i g a t i o n  of a f i e l d  be  known. The 
c o n v e n t i o ~ l a l  approach i s  t o  measure t h e  f low r a t e .  I f  t h e  w a t e r  de- 
l i v e r y  sys tem s u p p l i e s  a  c o n s t a n t ,  known f low r a t e ,  t h e n  t h e  measurement 
of t h e  t ime  of wa te r  a p p l i c a t i o n  can be used t o  q u a n t i t a t i v e l y  app ly  
w a t e r  t o  a f i e l d .  The c o n s t a n t  f low r a t e  must be w i t h i n  a  s p e c i f i c  
range i f  an  e f f i c i e n t  i r r i g a t i o n  i s  t o  be ach ieved .  The f low r a t e  must 
a l s o  meet adequacy c r i t e r i a  f o r  e r o s i o n  c o n t r o l ,  f o r  a n  a p p r o p r i a t e  f low 
d e p t h  and f o r  p r o p e r  d i s t r i b u t i o n  i n  t h e  f i e l d .  

P roper  d i s t r i b u t i o n  of w a t e r  w i t h i n  a  bunded u n i t  r e q u i r e s  t h e  f low 
r a t e  t o  be s u f f i c i e n t l y  h i g h  such t h a t  t h e  d i f f e r e n c e  between opportun-  
i t y  t imes  f o r  each  end of t h e  b a s i n  w i l l  n o t  r e s u l t  i n  s u b s t a n t i a l  
d i f f e r e n c e s  i n  t o t a l  w a t e r  i n f i l t r a t e d .  With t h e  v e r y  smal l  bunded 
u n i t s ,  f low r a t e s  appear  t o  be adequa te  f o r  p r o p e r  d i s t r i b u t i o n  w i t h i n  
each bunded u n i t .  Flow d e p t h  a p p e a r s  t o  h e  adequa te  f o r  each bunded 
u n i t  whether  t h e  crop i s  on r i d g e s  o r  f l a t .  The depth  o f  f low sometimes 



Teble  4. Summary o f  measured f low r a t e s  f o r  c a s e  s t u d y  fa rms .  

Area 

K . N .  
K . N .  

B . M .  
B . M .  
B.M. 
B.M. 
B . M .  

B.M. 
B.M. 
B.M. 
B.M.  
B.M. 

B.M. 
B.M. 
B.M. 
B. M .  
B.M. 

E.H. 
E.H. 
E.H. 
E.H. 
E.H. 

E.H. 
E.H. 
E.H. 
E.H. 
E.H. 

E.H. 
E.H. 
E.H. 
E.H. 
E.H. 
E.H. 

Farm No. F i e l d  No. Crop 
--- 1978 - ... .- 

( 1 )  ( 1  Corn 
(1) (1  Berseem 

(1) (1) Corn 
(2)  (1)  Corn 
( 2 )  (2) Corn 
(2)  ( 3 )  Corn 
(2)  (4)  Corn 

(2)  (5 ) Corn 
(3)  (1 ) Corn 
(3) (1) Rerseem 
(4)  (1)  Corn 
(5 1 (2)  Corn 

(5 ) (1 1 Veget . 
(5 ) Berseem 
(6) (1) Veget . 
(6) (1) Veget . 
(7 ) (1 ) Corn & Veg. 

(1 ) (1) Berseem & Corn 
(1) (2) Corn & Veget .  
(1 (3) Corn & Pepper  
(1) (4  ) Corn 
(1 ) (5 Corn & Pepper  

(1) ( 6 )  Corn & Pepper  
(1) (7 ) Corn & Pepper  
(1 ) (8)  Corn & Pepper 
(1 ) (1) .., Squash 
(1 (7) Squash 

(1 ) (8) Squash 
(1 ) (6)  Squash 
(1 ) (5 Squash 
(1) (3) Squash 
(6)  (1 ) Veget . 
(8) (1) Peanu t s  & Veget .  

Flow Ra te  l i t / s e c .  T p e  o f  L i f t  
Max. Min. Av . 

. -- - - - - - . .- - - . -. - - - - -- - .. - . . . . -. - - - .- .- -. . . . . . - 

g r a v i t y  14.80 2.70 7.50 
13.10 1.2 6 .0  

Tambour 18.0 6 .0  12.0 
Tambour 16.0 7.4 11.0 
Tambour 16.0 8 .0  12.0 
Tambour 12.0 5 .0  10.0 
Sa k i a  17.4 3.1 12.0 

Sakia  22.0 5 .3  14.0 
S a k i a  19.3 11.2 15.0 
S a k i a  13.5 6.8 11.0 
S a k i a  29.4 6 . 2  18.2 
S a k i a  23 8 16.0 

S a k i a  2 3 8 16.0 
S a k i a  20.4 5.5 17.0 
S a k i a  21.3 5 .3  12.0 
Tambour 12.6 5 . 2  8.7 
S a k i a  15.5 6 .5  12.0 

S a k i a  5 0 2 0 40 
S a k i a  3 6 15 2 8 
S a k i a  6 1 2 7 40 
S a k i a  50.5 28.5 35 
S a k i a  5 2 25 3 5 

S a k i a  3 8 16 2 9 
S a k i a  64 18.6 41 
S a k i a  65 2 6 45 
S a k i a  3 8 13 2 8 
S a k i a  54 2 0 3 5 

S a k i a  46 25 3 5 
S a k i a  58 2 5 3 5 
S a k i a  3 8 15 2 8 
S a k i a  3 7 13 2 5 
S a k i a  2 2 8 17 
pump 2 4 8 18 



o v e r t o p s  r i d g e s  b u t  t h i s  i s  p r o b a b l y  r e l a t e d  t o  h i g h  a r e a s  and r e v e r s e  
s l o p e s  w i t h  t o o  l a r g e  a  f low r a t e .  i n a d e q u a t e  r i d g e  h e i g h t s  a r e  p r o v i d -  
ed i n  some i n s t a n c e s  f o r  t h e  ponded d e p t h  r e s u l t i n g  i n  o v e r t o p p i n g .  The 
e x t r e m e l y  s h o r t  l e n g t h s  of  run  l a r g e l y  p r e v e n t  e r o s i o n  from b e i n g  a  
problem. 

A c o n s t a n t  f low r a t e  can  b e  s u b s t i t u t e d  f o r  a  metered f low a s  
mentioned e a r l i e r .  S i n c e  fa rmers  do n o t  know o r  measure t h e  f low r a t e  
i n  Mansouria I l i s t r i c t ,  a n  e v a l u a t i o n  of t h e  cons tdncy  o t  t h e  available 
f low r a t e  p r o v i d e s  some measure of  the1  r a b i l i t y  t o  q ~ ~ n n t i t a t  i v r ~ l  y 
manage w a t e r .  

The wa te r  supp ly  r a t e  t o  f i e l d s  depends on t h e  nlcthod used f o r  
l i f t i n g  w a t e r .  T a b l e  4 i n d i c a t e s  t!lr range i n  f low r a t e s  f o r  e a c h  s t u d y  
farm a s  a f u n c t i o n  o f  t h e  method of l i f t i n g  w a t e r .  A Tarhour  - supp1ic.s 
w a t e r  a t  between 5  dnd 18 l / s  w h i l e  t h e  S a k i a  ---- - flow rar1gt.s between 3 and 
61 11s .  Another e f f e c t  i s  a l s o  illustrated i n  T a b l e  4 .  The f low f o r  
b o t h  methods t e n d s  t o  range from n e a r  z e r o  t o  a t  l e a s t  50 p e r c e n t  more 
t h a n  t h e  mean. S i n c e  t h e  f low r a t e  v a r i e s  s o  w i d e l y ,  i t  i s  e x c e e d i n g l y  
d i f f i c u l t  f o r  a  f a rmer  t o  a p p l y  a  uniform amount o f  w a t e r  t o  each s m a l l  
b a s i n  i n  a  f i e l d .  

The fa rmer  i r r i g a t i n g  a  v a r i a b l e  number o f  b a s i n s  of  w i d e l y  
v a r y i n g  s i z e  w i t h  a n  unmeasured and h i g h l y  v a r i a b l e  f low r a t e  i s  
u n l i k e l y  t o  a c h i e v e  e f f i c i e n t  a p p l i c a t i o n  o f  w a t e r  even i f  a l l  o t h e r  
c o n d i t i o n s  a r e  i d e a l .  S i n c e  t h e  fa rmer  u s e s  c r i t e r i a  o t h e r  t h a n  flow 
r a t e  t o  i r r i g a t e  a  b a s i n ,  t h e  geometry of  h i s  i r r i g a t i o n  u n i t s  makcs 
good w a t e r  management d i f f i c u l t  i f  n o t  i m p o s s i b l e .  

Two a d d i t i o n a l  f a c t o r s  a f f e c t  t h e  r a t e  a t  which w a t e r  i s  s u p p l i e d  
t o  a  f i e l d .  Water i s  supposed ly  s u p p l i e d  t o  t h e  fa rmer  a t  t h e  n e c e s s a r y  
r a t e  a t  a n  e l e v a t i o n .  There  i s  no i n t e r n a l  r e g u l a t i o n  by f a r m e r s  on a  
Meska o f  t h e  t ime  o f  u s e  ( f o r m a l l y  o r  i n f o r m a l l y ) .  Meska o u t l e t s  a l s o  
have been e n l a r g e d  w i t h o u t  a u t h o r i z a t i o n .  T h e r e f o r e ,  s i m u l t a n e o u s  and 
heavy u s e  of  t h e  wa te r  a t  t h e  upper  r e a c h e s  of t h e  Meskas -- lowers  t h e  
w a t e r  l e v e l  below t h e  a u t h o r i z e d  l e v e l .  The r e s u l t  i s  a  h l g h e r  l i f t  f o r  
a  g i v e n  f low r a t e .  S i n c e  t h e  power r e q u i r e d  t o  l i f t  a g i v e n  flow r a t e  
i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  l i f t ,  t h e  lowered wa te r  l e v e l  i n c r e a s e s  
t h e  e f f o r t  r e q u i r e d  f o r  a  c o n s t a n t  f low r a t e .  Humans, when u s i n g  t h e  
Tambour, o r  a n i m a l s ,  when u s i n g  t h e  S a k i a ,  must  r e s t  more o f t e n ,  o t h e r -  
w i s e  t h e r e  w i l l  l i k e l y  be  a n  o v e r a l l  reduction o r  v a r i a t i o n  i n  t h e  f low 
r a t e  a s  t h e  l i f t  i n c r e a s e s  and d e c r e a s e s .  A t  a  g i v e n  l i f t  p o i n t  i n  a  
p a r t i c u l a r  a r e a ,  f low r a t e s  v a r y  w i d e l y  over  t ime  because  t h e  human and 
animal  power s u p p l y ,  t h e  power r e q u i r e d ,  and t h c  w a t e r  s u p p l y  a v a i l a b l e  
a l l  a r e  v a r i a b l e .  The r e s u l t  i s  a  c o n s t r a i n t  t o  good w a t e r  management 
by f a r m e r s .  

Management - The fa rmer  o p e r a t e s  h i s  w a t e r  a p p l i c a t i o n  sys tem based 
on h i s  p e r c e i v e d  o b j e c t i v e s  and manages t h e  wa te r  based  on h i s  knowledge 
and s k i l l s .  His management o f  t h e  sys tem r e s u l t s  from how he answers  
t h e  q u e s t i o n :  When do I i r r i g a t e ?  How much w a t e r  do I a p p l y ,  and how'? 

Mansouria D i s t r i c t  f a rmers  u s e  l e v e l  b a s i n s  o r  bunded u n i t s  r a n g i n g  2  i n  a r e a  from 8 t o  120 m w i t h  l e n g t h  t o  width  r a t i o s  r a n g i n g  from 1 t o  2 
( s e e  F i g u r e  5 ) .  Depending on t h e  c r o p ,  t h e  b a s i n s  may be f l a t  o r  have 
f u r r o w s ,  b u t  e a c h  i s  i r r i g a t e d  a s  a  l e v e l  i r r i g a t i o n  u n i t .  The farmer  
b a s i c a l l y  i n t r o d u c e s  w a t e r  u n t i l  t h e  a r e a  i s  covered ,  pe rhaps  t o  a  g iven  
d e p t h ,  and t h i s  d e t e r m i n e s  how much wa te r  he a p p l i e s .  Thus,  t h e  
d e c i s i o n  o f  when t o  i r r i g a t e  i s  h i s  p r imary  management v a r i a b l e  and 



Tab1.e 5 .  I r r i g a t i o n  Frequency i n  E l  Mansouria D i s t r i c t .  

D i s t r i b u t i o n  
I r r i g a t i o n  
Frequency E l  Hamami Beni Magdol -- Kafar  Nasar A l l  Canals  
i n  days N O .  Pe r cen t  No. Pe r cen t  No. Pe rcen t  No. Pe r cen t  

21 < 24 8 7 6 5 1  7  15 6  
25 7 28 1 1 I 7 2 1 
29 7 32 1 1 1 0 . 5  
33 7 36 1 1 1 0 . 5  
37 7 - 40 

> 40 3 -- - 2 -- -. -- - -- 3 1 -- 

T o t a l  123 100 117 100 14 100 254 100 

appea r s  t o  be based on s e v e r a l  c o n s i d e r a t i o n s  (Table  5 ) .  A f a r m e r ' s  
o b j e c t i v e s  appear  t o  be t o  manage h i s  a v a i l a b l e  wate r  supply  f o r  
adequa te  c rop  produc t ion  i nc lud ing  s a l i n i t y  c -on t ro l ,  f o r  c rop  r e s i d u e  
management, t o  f a c i l i t a t e  t i l l a g e ,  t o  promote germina t ion  and emergence, 
t o  p rov ide  e a r l y  s e e d l i n g  growth and t o  ma in t a in  adequa te  s o i l  mo i s tu r e .  

The methods fa rmers  use  t o  i r r i g a t e  l i m i t  s e v e r e l y  t h e  l e v e l  of 
e f f e c t i v e  wate r  management t h e y  can ach i eve .  The methodology f o r  
r e g u l a t i n g  f low r a t e  and amount of wate r  a p p l i e d  r e s u l t s  i n  much 
v a r i a t i o n  of t h e  amount. Methods f o r  d i s t r i b u t i n g  wate r  r e s u l t  i n  an  
e x t e n s i v e  d i s t r i b u t i o n  system. F i e l d s  a r e  un l eve l  t o  an unaccep tab le  
deg ree ,  bunds a r e  of inadequa te  h e i g h t  and t h e  s i z e  of  each  f i e l d  v a r i e s  
by s e v e r a l  magnitudes.  The system of i r r i g a t i o n  limits t h e  p o t e n t i a l  
l e v e l  of  wate r  management f o r  fa rmers .  

Amounts of wate r  app l i ed  by fa rmers  du r ing  an i r r i g a t i o n  a r e  
ex t remely  v a r i a b l e .  Th is  v a r i a b i l i t y  r e s u l t s  d i r e c t l y  from t h e i r  method 
of de te rmin ing  how much wate r  t o  app ly .  The t ime t o  cover  a  g iven  a r e a  
w i th  water  depends on t h e  flow r a t e ,  s l o p e ,  geometry,  i n f i l t r a t i o n  r a t e ,  
s u r f a c e  roughness and channel  shape .  Farmers '  c r i t e r i a  f o r  app ly ing  
w a t e r ,  when combined w i th  t h e  system of app ly ing  w a t e r ,  l imits good 
wate r  management. Other  f a c t o r s  i n f l u e n c e  t h e  amount of wate r  a p p l i e d .  

The amount of wate r  a p p l i e d  du r ing  t h e  f i r s t  i r r i g a t i o n  and a l l  
a d d i t i o n a l  i r r i g a t i o n s  a r e  g iven  i n  Tab le  3. On a l l  t h r e e  branch c a n a l s  
t h e  f i r s t  i r r i g a t i o n  r e s u l t s  i n  a  g r c a t c r  a r n o ~ ~ n t  of wate r  a p p l i e d  than 
do subsequent  i r r i g a t i o n s .  The median amount of w a t r r  a p p l i e d  f o r  t h e  
f i r s t  and subsequent  i r r i g a t i o n s  f o r  each branch canal  was a s  f o l  lows: 

F i r s t  Subsequent 

-- (mm) 
B .  M .  160 > 180 60 > 80 
E . H .  120 140 40 % 60 
K .  N .  120 - 140 60 > 80 



The r e s u l t s  s u g g e s t  t h e  f i r s t  i r r i g a t i o n  is  a  l a r g e  amount o f  
w a t e r .  The p r imary  c a u s e  of t h e  i r r i g a t i o n  amount i s  p robab ly  t h e  h i g h  
i n f i l t r a t i o n  r a t e s  a f t e r  plowi-ng f o r  t h e  i r r i g a t i o n .  The e s t i m a t e s  o f  
s o i l  m o i s t u r e  d e f i c i e n c y  and o b s e r v a t i o n s  of  t h e  w a t e r  t a b l e  b o t h  i n d i -  
c a t e  t h e  i r r i g a t i o n  i s  e x c e s s i v e .  

9 

The median a p p l i c a t i o n  f o r  subsequen t  i r r i g a t i o n s  a r e  much s m a l l e r  
and i n  t h e  60 t o  80 mm i n t e r n a l  f o r  Beni Magdol and Kaf'ar Nasar and 40 
t o  60 mm f o r  E l  Hamami. The s m a l l e r  median amount on E l  Hamami may not 
be  s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  t h e  l i m i t e d  d a t a  c o l l e c t e d  but. cou ld  b e  
e x p l a i n e d  by t h e  predominal~ce  of  v e g e t a b l e s  a t  E l  Hamami. Fa rmers1  
p e r c e p t i o n s  t h a t  v e g e t a b l e s  need s m a l l e r  i . r r i g a t i o n s  may c a u s e  t h c  
r e s u l t  obse rved .  A s i g n i f - i c a r l t  number of i r r i g a t i o n s  exceed 80 mm on 
a l l  b ranch  carial s i r id ica t  ing cons i d e r a b l c  v a r i a h i  1 i t y  i n  t h e  amount of  
w a t e r  a p p l i e d  d u r i n g  an i r r i g a t i o n .  

The n e x t  mailagement d e c i s i o l l  f a r m e r s  make i s  when do 1 i - r r i g a t e .  
The f requency  of  i r r i g a t i o n  f o r  s e l e c t e d  c r o p s  a t  Beni Magdol and E l  
Hamami i s  shown i n  Tab le  5 .  The r e s u l t s  a r e  d i f f e r e n t  f o r  each  s i t . e  
s i n c e  a t  l e a s t  'both t h e  r o t a t i o n  arid s o i l s  a r e  d i f f e r e n t .  

Beni Magdol, a n  a r e a  of  p redomina te ly '  heavy t e x t u r e d  s o i l s ,  was 
p rov ided  w a t e r  cont . inuously  . Thus,  f a r m e r s  may i r r i g a t e  whenever t h e y  
f e e l  t h e i r  c r o p s  need w a t e r .  U n d e r . t h e  "demand1' sys tem,  t h e  median 
i r r i g a t i o n  f requency  was 9 t o  12 days  (Tab le  5 ) .  Fur the rmore ,  110 

f a r m e r s  i r r i g a t e d  d u r i n g  t h e  i n t e r v a l  o f  f o u r  days  o r  l e s s .  The l o n g e r  
i n t e r v a l s  between i r r i g a t i o n  (28 p e r c e n t  o f  t h e  i r r i g a t i o n s  were 17 o r  
more days a p a r t )  r e p r e s e n t  i r r i g a t i o n s  e a r l y  and l a t e  i n  t h e  c ropp ing  
s e a s o n  o r  d u r i n g  t h e  i n t e r v a l  between c r o p s .  

E l  Hamami, a n  a r e a  of  p redomina te ly  sandy t e x t u r e d  s o i l s ,  was 
s u p p l i e d  w a t e r  f o r  f o u r  days  and f o r  e i g h t  days  w a t e r  was u n a v a i l a b l e .  
P r e v i o u s  g e n e r a l  o b s e r v a t i o n s  had sugges ted  t h a t  some fa rmers  i r r i g a t e d  
a t  t h e  b e g i n n i n g  and end of  t h e  four-day p e r i o d  when w a t e r  was 
a v a i l a b l e .  Twenty-f ive  p e r c e n t  o f  t h e  i r r i g a t i o n s  by s t u d y  fa rmers  came 
a t  a  f r equency  o f  f o u r  o r  fewer days  (Tab le  5 ) .  Four teen  p e r c e n t  a t  
f i v e  t o  e i g h t  days  and 39 p e r c e n t  were l e s s  t h a n  n i n e  d a y s .  The median 
f requency  was s t i l . l  9 t o  12 days  w i t h  o n e - t h i r d  o f  t h e  i r r i g a t i o n s  
coming d u r i n g  t h i s  t ime  i n t e r v a l .  I n  p r i n c i p l e ,  a l l  i r r i g a t i o n s  a t  E l  
Hamami shou ld  have come i n  t h e  9 t o  12 o r  21 t o  24 day i n t e r v a l s  s i n c e  
t h o s e  a r e  t h e  i n t e r v a l s  on t h e  r o t a t i - o n .  S i n c e  57 p e r c e n t  of t h e  
i r r i g a t i o n s  came a t  i n t e r v a l s  o t h e r  t h a n  a  m u l t i p l e  o f  12 d a y s ,  t h e n  t h e  
w a t e r  came from c a n a l  s t o r a g e ,  d r a i n s ,  ground w a t e r ,  w a t e r  made a v a i l -  
a b l e  o u t s i d e  t h e  o f f i c i a l  r o t a t i o n  o r  from more t h a n  one i r r i g a t i o n  
d u r i n g  t h e  f o u r  days  w a t e r  i s  o f f i c i a l l y  a v a i l a b l e .  

L imi ted  d a t a  on K a f r e t  Nassar  s u g g e s t  t h e  same p a t t e r n  of  
i r r i g a t i o n  f requency .  However, no i r r i g a t i o n s  came a t  a f r equency  o f  
8 days  o r  less.  The median f requency  f o r  a l l  c a n a l s  was 9 t o  12 d a y s .  

The s h o r t  i r r i g a t i o n  i n t e r v a l s  a t  E l  Hamami s u g g e s t  f a r m e r s  a p p l y  
w a t e r  a t  more f r e q u e n t  i n t e r v a l s  t h a n  d e s i r e d  i n  a t t e m p t i n g  t o  p r o v i d e  
w a t e r  t o  c r o p s  from r o t a t i o n s  t h a t  a r e  l o n g e r  t h a n  p r e f e r r e d .  The h i g h  
f requency  i r r i g a t i o n s  p robab ly  i n c r e a s e  o v e r - i r r i - g a t i o n .  The farmer  
p robab ly  t h i n k s  t h e  succeed ing  i n t e r v a l  w i t h o u t  i r r i g a t i o n  would a f f e c t  
c rop  growth and y i e l d .  On some p o r t i o n s  o f  t h e  branch c a n a l  w a t e r  sup- 
p l i e s  a r e  i n a d e q u a t e  (Wolfe,  Shahin  and l s sa ,  1979) .  When w a t e r  is 
a v a i l a b l e ,  t h e  fa rmer  c o n t i n ~ ~ e s  t o  i r r i g a t e  a l l  c r o p s  t o  i n s u r e  a g a i n s t  
expec ted  f u t u r e  s h o r t a g e .  



Farmers a l s o  appear  t o  i r r i g a t e  f o r  reasons o t h e r  than t o  r e p l e n i s h  
s o i l  mo i s tu r e .  Need f o r  t i l l a g e ,  f o r  example, may r e q u i r e  t h a t  a  f i e l d  
be  i r r i g a t e d .  Removal of c rop  r e s i d a e  may r e q u i r e  a n  i r r i g a t i o n .  
Sometimes removal o f  r e s i d u e  and t i l l a g e  a r e  bo th  accomplished from t h e  
same i r r i g a t i o n .  Prov id ing  wate r  f o r  germina t ion  and emergence and 
s a l i n i t y  c o n t r o l  would appear  t o  be t h e  purpose o f  t h e  p r e p l a n t i n g  
i r r i g a t i o n .  While cons ide r ab l e  exce s s  wate r  may be a p p l i e d ,  t h e  i r r i -  
g a t i o n  i s  s t i l l  nece s sa ry  f o r  c rop  p roduc t i on .  Perhaps a  more c a r e f u l  
i nven to ry  o f  why farmers  g i v e  p a r t i c u l a r  i r r i g a t i o n s  t o  p a r t i c u l a r  c rops  
a t  p a r t i c u l a r  t imes  may r e v e a l  a d d i t i o n a l  reasons  why fa rmers  app ly  
wate r  i n  a d d i t i o n  t o  s o i l  mo i s tu r e  rep len i shment .  

Seasona l  a p p l i c a t i o n  of wate r  t o  c r o p s ,  farms,  f i e l d s  and c a n a l s  
a r e  g iven  i n  Tab le  6 .  For  corn  t h e  range in s ea sona l  wate r  a p p l i e d  was 
from 401 t o  1170 mm. Seasona l  e v a p o t r a n s p i r a t i o n  i s  e s t i m a t e d  a t  600 
mm. Thus 40 p e r c e n t  of t h e  f i e l d s  r e ce ived  l e s s  wa t e r  a p p l i e d  t han  t h e  
e s t ima t ed  consumptive use .  However, t h e  h i g h e s t  corn  y i e l d  occur red  on 
a  f i e l d  t h a t  rece ived  o n l y  480 mm. Average sensona l  wa t e r  a p p l i e d  by 
cana l  was a s  f o l l ows :  

Canal --- mm - 
K a f r e t  Nassar  518 
E l  Hamami 650 ' 
Beni Magdol 7  12 

The smal l  number of o b s e r v a t i o n s  f o r  K . N .  limits any 
i n t e r p r e t a t i o n .  'The d l f f e r r n c e  between E . H .  and B.M. i s  smal l  and cou ld  
r e f l e c t  a n  u n a v a i l a b i l i t y  of wate r  r a t h e r  t han  a d i f f e r e n c e  i n  farmer  
p r e f e r e n c e  o f  u se .  The con t inuous ly  a v a i l a b l e  wa t e r  on B.M. d i d  not  
r e s u l t  i n  a  g r e a t l y  i nc r ea sed  average s ea sona l  a p p l i c a t i o n  of  wa t e r .  

Water a p p l i c a t i o n  t o  squash a t  E l  Hamami ranged between 388 and 590 
mm. The h i g h e s t  y i e l d  was on 12 p e r c e n t  l e s s  wate r  t han  t h e  maximum and 
t h e  minimum amount a p p l i e d  r e s u l t e d  i n  on ly  25 pe r cen t  l e s s  y i e l d .  

Water Tab le  Condi t ions  -- 
Depth t o  wate r  i n  t h e  p r o j e c t  a r e a  ranges  from 60 t o  150 cm wi th  

s m a l l ,  i s o l a t e d  v a r i a t i o n s  on an  annual  b a s i n .  The wa t e r  t a b l e  
f l u c t u a t e s  du r ing  t h e  season  w i th  a  r i s e  immediately a f t e r  each 
i r r i g a t i o n  and a  d e c l i n e  between i r r i g a t i o n s ,  bu t  u s u a l l y  a n  o v e r a l l  
g r adua l  b u i l d  up of  t h e  wate r  t a b l e  du r ing  t h e  season  o c c u r s .  The r a t e  
o f  d e c l i n e  of t h e  wa t e r  t a b l e  du r ing  t h e  season  between i r r i g a t i o n s  i s  
g r e a t e s t  du r ing  t h e  pe r i od  of h i g h e r  consumptive use  sugges t i ng  t h a t  
d e c l i n e s  occur  b o t h  from l a t e r a l  ou t f low and wate r  use  from t h e  wate r  
t a b l e  by p l a n t s .  A genera l  decl  inc  occltrs du r ing  t h e  pe r i od  of annual 
cana l  c l o s u r e .  F igu re  6 i I lusLraLes  this  phenomena l o r  Lhc summer 
s ea son .  

Ca re fu l  d e l i n e a t i o n  of t h e  r e l a t i o n s h i p s  betweerr wate r  a p p l i e d ,  
wa te r  s t o r e d  i n  t h e  r o o t  zone,  dowr~ward flow t o  t h e  wate r  t a b l e  a s  deep 
p e r c o l a t i o n  and subsequent  u se  o f  wate r  from t h e  wate r  t a b l e  by t h e  
growing c rop  has  n o t  been q u a n t i t a t i v e l y  de f i ned  t o  d a t e  (1979).  Care- 
f u l ,  q u a n t i t a t i v e  d e f i n i t i o n  of t h e s e  r e l a t i o n s h i p s  i s  impor tan t  t o  
d e f i n i n g  t h e  e x a c t  e f f e c t  o f  t h e  a p p l i c a t i o n  of i r r i g a t i o n  wa t e r  t o  t h e  
f l u c t u a t i o n  of  t h e  wa t e r  t a b l e .  Approximate budgets  based on e s t i m a t e s  
o f  consumptive use  and publ i shed  d a t a  on c rop  wate r  use  from a  wate r  
t a b l e  i n  a  g iven  s o i l  a t  an  approximate  dep th  were used t o  develop a  
sample wate r  budget f o r  a  f i e l d .  



I 
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F i g u r e  6 .  Water t a b l e  f l u c t u a t i o n  a t  e a c h  time of i r r i g a t i o n .  



Table  6. Seasoricl App l i c a t i ons  of Water t o  Corn and Squash. 

Area Farm No. F i e l d  No. Applied Water Yield  
mm Ard/f 

B.  M .  
B.M. 
B.M. (1977) 
B.M. (1977) 
B.M. (1977) 
B.M.  
B.M. 
B.M.  
B.M.  
B.M.  
B.M. 
B.M. 
B.M. 
K . N .  
K . N .  (1977) 
E.H. 
E.H. 
E.H. 
E.H. 
E.H. 

SQUASH 

E.H. 
E.H. 
E.H. 

11.92 
14.4 
10 Min. 401 mm 
10 Max. 1170 mm 
8 

11.07 
11.0 
6 .0  

12 
12 
6.29 
6.55 

10.5 
8 
8 .5  
8 
9 .5  

10 
9 
9 .2  

1 1 417.1 257.9 Min. 380 
1 8 525.5 5618.9 Max. 590 
1 6 590.7 5254 
1 5 419.7 5071.3 
1 7 380.4 4348 

S t u d i e s  (Doorenbas and P r u i t t ,  1977; Clyma and A l i ,  1977) have 
shown where t h e  wate r  t a b l e  i s  l e s s  t han  one meter  from t h e  s u r f a c e ,  80 
p e r c e n t  o r  more o f  t h e  c rop  consumptive u se  can be supp l i ed  from t h e  
water  t a b l e .  When c a l c u l a t i o n s  of consumptive u se  a r e  made and compared 
t o  wate r  a p p l i e d ,  excess  i r r i g a t i o n  wate r  i s  a p p l i e d  e a r l y  and l a t e  
du r ing  t h e  c ropping  season .  When t h e  h igh  wate r  t a b l e  i s  cons ide r ed ,  
t h e  r e s u l t i n g ,  e s t ima t ed  s e a s o n a l  wate r  ba l ance  s u g g e s t s  t h a t  more than  
50 p e r c e n t  o f  t h e  seasona l  consumptive u se  was met by upward flow from 
t h e  wate r  t a b l e .  S o i l  mo i s tu r e  t e n s i o n s  i n  a  l i m i t e d  number of s i t e s  
gave v a l u e s  g r e a t e r  t han  f i e l d  c a p a c i t y  a t  t h e  15 cm dep th  but l e s s  t han  
f i e l d  c a p a c i t y  a t  a l l  t imes f o r  t h e  30 and 45 cm d e p t h s .  S ince  no n e t  
annual rise i n  t h e  wate r  t a b l e  p r e s e n t l y  o c c u r s ,  t h e  s u r p l u s  s ea sona l  
wate r  a p p l i c a t i o n  is  compensated by non -bene f i c i a l  consumptive u se  
and /or  d r a inage  ou t f low.  



Circumsta r i t i a l  ev idence  of  t h e  r i s e  i n  Lhe w a t e r  t a b l e  and b a s i c  
d a t a  o ~  c o n t r i b u t i o n s  of t h e  w a t e r  t a b l e  t o  consumptive u s e  bo th  s u g g e s t  
t h a t  e x c e s s  w a t e r  i s  a p p l i e d  d u r i n g  each  i r r i g a t i o n .  T h i s  e x c e s s  w a t e r  
c a u s e s  t h e  f l u c t u a t i n g  w a t e r  t a b l e  and i s  v e r y  e f f e c t i v e  a t  l e a c h i n g  
f e r t i l i z e r  o u t  o f  t h e  c r o p  r o o t  zone.  The p r e s e n c e  o f  t h e  w a t e r  t a b l e  
a t  a  s h a l l o w  d e p t h  a s s u r e s  t h e  upward m i g r a t i o n  o f  s a l t s  and s a l i n i z a -  
t i o n  o f  t h e  s o i l  w h i l e  p r e v e n t i n g  t h e  l e a c h i n g  of s a l t s  p a s t  t h e  w a t e r  
t a b l e .  Areas t h a t  p r e s e n t l y  a r e  r a p i d l y  becoming s a l i n e  cou ld  be  con- 
t r o l l e d  o r  r ec la imed  i f  t h e  w a t e r  t a b l e  were lowered.  P re l imi r i a ry  d a t a  
s u g g e s t  t h a t  t h e  f l u c t u a t i n g  w a t e r  t a b l e  e f f e c t i v e l y  r e s t r i c t s  t l ie  roo t  
zone of  c r o p s  t o  t h e  minimum d e p t h  of  Lhe w a t e r  Lable o r  l e s s .  T h i s  is  
30 t o  a t  most 50 cm. During p e r i o d s  o f  peak co~rsumpt ive  u s e ,  t h e  c r o p  
i s  s t r e s s e d  from t h e  l a c k  of  an adequa te  r o o t  sys tem.  Crop s t r e s s  c a n  
s i g n i f i c a n t l y  reduce  y i e l d s .  

F a c t o r s  A f f e c t i n g  Crop Y i e l d  .- 

I n  c o n n e c t i o n  w i t h  t h e  s t u d y  o f  on-farm i r r i g a t i o n  p r a c t i c e s ,  t h e  
y i e l d  o f  t h e  c r o p  and a  number o f  f a c t o r s  t h a t  i n f l u e r l c e  y i e l d  were 
measured.  These v a r i a b l e s  and t h e i r  v a l u e s  f o r  each s i t e  a r e  l i s t e d  i n  
Tab le  7 .  Because t h e  number of  s i t e s  were i n a d e q u a t e  t o  p r o v i d e  s u f f i -  
c i e n t  a c c u r a c y  f o r  a  s t e p - w i s e  m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s ,  t h e  
number of  independen t  v a r i a b l e s  were l i m i t e d  t o  t h r e e  and a  r e g r e s s i o n  
a n a l y s i s  conduc ted .  Nine teen  d i f f e r e n t  combina t ions  of  t h r e e  indepen-  
d e n t  v a r i a b l e s  were e v a l u a t e d .  The r e s u l t s  s u g g e s t e d  t h a t  s e e d i n g  r a t e ,  
t o t a l  w a t e r  a p p l i e d ,  and h a r v e s t  d a t a  were t h e  most s i g n i f i c a n t  v a r i -  
a b l e s  (Tab le  8 ) .  Tha t  model and t h r e e  a d d i t i o n a l  ones  a r e  shown i n  
T a b l e  8 .  The c o e f f i c i e n t s  f o r  a l l  v a r i a b l e s  were n e g a t i v e  e x c e p t  manure 
and n i t r o g e n  f e r t i l i z e r  a p p l i e d .  Only t h e  c o e f f i c i e n t  f o r  t o t a l  w a t e r  
a p p l i e d  a p p e a r s  t o  n o t  i n c l u d e  z e r o  i n  t h e  c o n f i d e n c e  i n t e r v a l  which 
s u g g e s t s  t h a t  a s  t h e  w a t e r  a p p l i e d  i n c r e a s e s ,  t h e  y i e l d  d e c r e a s e s .  
Near ly  75% o f  t h e  v a r i a t i o n  i n  y i e l d  can be  e x p l a i n e d  by s e e d i n g  r a t e ,  
t o t a l  w a t e r  a p p l i e d  and h a r v e s t  d a t a  and i s  s i g n i f i c a n t  a t  t h e  .009 
l e v e l .  T h i s  e f f e c t  i s  s u p p o r t e d  by t h e  p r e v i o u s  s e c t i o n s  which s u g g e s t -  
ed o v e r - i r r i g a t i o n  was t h e  p r a c t i c e .  A s t u d y  by Johnson ,  Khan and 
Hussa in  (1979) s u g g e s t e d  t h a t  when a  f a c t o r  o r  a  number of  f a c t o r s  a r e  
l i m i t i n g ,  y i e l d  i s  n o t  s i g n i f i c a n t l y  a f f e c t e d  by many o f  t h e  f a c t o r s  of 
p r o d u c t  i o n .  

A d d i t i o n a l  d a t a  and a n a l y s e s  a r e  needed t o  i d e n t i f y  t h e  f a c t o r s  
t h a t  a f f e c t  p r o d u c t i o n  under  t r a d i t i o n a l  f a rming  p r a c t i c e s .  The i d e n t i -  
f i c a t i o n  o f  t h e s e  f a c t o r s  i s  impor tan t  i n  d e t e r m i n i n g  t h o s e  f a c t o r s  
which l i m i t  c r o p  p r o d u c t i o n  and would idenLi f y  t h e  p r i o r i t y  prohl  ems 
need ing  s o l u t i o n .  

Summary and Conc lus ions  - 
I r r i g a t i o n  p r a c t i c e s  i n  t h e  Mansouria D i s t r i c t  o f  Egypt were 

s t u d i e d  d u r i n g  t h e  summer s e a s o n  o f  1978. The p r i n c i p a l  c r o p  was c o r n  
a l t h o u g h  a  number of  v e g e t a b l e  c r o p s  were a l s o  grown. 

The s t a t e - o f - t h e - a r t  of  f a rmer  i r r i g a t i o n  p r a c t i c e s  r e l a t e d  t o  t h e  
s t a t e  v a r i a b l e s  f o r  w a t e r  a p p l i c a t i o n  were a s  f o l l o w s :  

1. F i e l d  geometry - Farmers i r r i g a t e d  s m a l l  b a s i n s  (0.0008 t o  
0 .014 h a )  w i t h  row c r o p s  on r i d g e s  o r  b r o a d c a s t  c r o p s  on t h e  f l a t .  The 
number and s i z e  o f  bunded u n i t s  i r r i g a t e d  s i m u l t a n e o u s l y  v a r y .  From 8  
t o  14 p e r c e n t  o f  t h e  f i e l d  a r e a  i s  consumed by f i e l d  d i s t r i b u t i o n  
d i t c h e s .  The s i z e  o f  t h e  b a s i n  does  n o t  a p p e a r  t o  v a r y  w i t h  t h e  w a t e r  
s u p p l y  r a t e .  



Table 7. Regression Var i ab l e s  f o r  Corn Yie ld .  

- -- 

(1)  (2  (3) (4)  (5 )  (6)  (7 )  (8)  (9 (10) (11) (12) 
K .  N .  K . N .  BM78 BM78 BM78 BM78 BM78 BM78 BM78 I3477 BM77 BM77 
1978 1977 F7 F4F2 F3 F2F4 F2F2 F2F3 F5 F2F3 F2F5 F2F4 

Yie ld  (Ard/F) 8 . 0  

Seed Rate  42.00 
(kg/ f 

No. of 
I r r i g a t i o n s  6 

Area ( f )  1 .90  

Manure 200 
(dg/F) 

F e r t i l i z e r  N 66 
(kg/ f ) 

T o t a l  Water 
Applied 0.54 

3 2 
(m /m 

Pre -p l an t  
I r r i g a t i o n  Yes 

P l a n t i n g  
Date 1 / - 3 9 

Plowing2/ 
Date - 3 9 

Harvest  
31 Date - 10 

Frequency of  
I r r i g a t i o n  

4 / 
12.5 

(days)  - 

IIDays from May 15 

Yes No No No Yes No No No No N o  No 

8 13 5 6 4 5 2 7 18 18 -17 9 12 10 

8 - 42 4 7 4 1 2 7 12 18 -19 9 5 9 

1 0 3 0 3 1 15 3 10 -13 7 6 7 

12.0 12.5 17.5 16.5 12.5 14 .0  14.5 13 .5  14.0 13.5 14.5 

- 

l / ~ a y s  from May 15 ?/Days from September 1  l l ~ e d i a n  va lue  of range 



Table  8. R e s u l t s  o f  4 3 - Var i ab l e  Models. 

V a r i a b l e s  I n  Value o f  - F-Va l u e  Beta Overa l l  O v e r a l l  F ( f 0 r  
Model Model C o e f f i c i e n t  S i g n i f i c a n c e  E l a s t i c i t y  2 S i g n i f i c a n c e  eqn. r s t d .  e r r o r  

Seed Ra te  

1 T o t a l  Appl ied 
Water 

Harves t  Data 
(Cons tan t )  

Seed Ra te  

2 T o t a l  Applied 
Water 

Manure Applied 
(Cons tan t )  

Seed Ra te  

3 T o t a l  Applied 
Water 

N-Fe r t  
Applied 
(Cons tan t )  

Seed Ra te  

4 T o t a l  Applied 

F req .  of  
I r r i g a t i o n  
(Cons tan t )  



2 .  S l o p e  - The bunded u n i t s  i n  a  f i e l d  were i r r i g a t e d  w i t h o u t  
r e g a r d  t o  s l o p e  (assumed z e r o  o r  l e v e l ) .  E l e v a t i o n  v a r i a t i o n s  w i t h i n  a  
b a s i n  ranged from 5 t o  20 cm w h i l e  t h e  maximum range  s p e c i f i e d  (USDA, 
1979) f o r  l e v e l  b a s i n s  is 3 cm. 

3. I n f i l t r a t i o n  r a t e  - E a r l y  season  i n f i l t r a t i o n  r a t e s  a p p e a r  t o  
r e s u l t  i n  e x c e s s i v e  a p p l i c a t i o n s  o f  i r r i g a t i o n  wa te r  a t  t h e  f i r s t  i r r i -  
g a t i o n .  Terminal  ~ n t a k e  r a t e s  ranged from 1 . 2  cm/hr on a  c l a y  sloam 
s o i l  t o  6 t o  12 cm/hr on a  sandy loam s o i l .  

4 .  S u r f a c e  rougtiness - No s i g n i f i c a n t  e f f e c t s  of  s u r f a c e  rough- 
n e s s  on i r r i g a t i o n  p r a c t i c e s  were obse rved .  

5 .  Channel s h a p ~  - Furrows were used w i t h  c r o p s  t h a t  a r e  s e n s i -  
t i v e  t o  inur ldat jon.  Farmers appear  t o  a t t e m p t  t o  r e g u l a t e  r a t e  and 
amount o f  wa te r  a p p l i e d  t o  c o n t r o l  i n u n d a t i o n  but  a r e  n o t  always 
s u c c e s s f u l .  

6 .  Water s u p p l y  r a t e  - V a r i a b l e  f low r a t e s  and v a r i a b l e  a r e a s  f o r  
bunded u n i t s  l i m i t  f a rmers  a b i l i t y  t o  a p p l y  a  s p e c i f i e d  amount of w a t e r  
t o  a  f i e l d .  Tambour f low r a t e s  r ange  from 5 go 18  l / s  and S a k i a  f low 
r a t e s  r ange  from 3 t o  61 1 1 s .  The maximum f low r a t e  is  f r e q u e n t l y  t w i c e  
t h e  mean. 

7 .  Management - Farmers  a p p e a r  t o  i r r i g a t e  f i e l d  sys tems  which do 
n o t  p e r m i t  good wa te r  management because  t h e y  a r e  u n l e v e l ,  and t h e  a r e a  
i r r i g a t e d  and flow r a t e s  a r e  v a r i a b l e .  His d e c i s i o n  on when t o  i r r i g a t e  
i s  i n f l u e n c e d  by t h e  c a n a l  r o t a t i o n  w i t h  25 p e r c e n t  o f  h i s  i r r i g a t i o n s  
on a  f o u r  day i n t e r v a l .  When w a t e r  i s  c o n t i n u o u s l y  a v a i l a b l e ,  no f r e -  
q u e n c i e s  l e s s  than f o u r  days  o c c u r r e d  and t h e  median f requency  was 9  t o  
12 d a y s .  The amount of  w a t e r  a p p l i e d  a p p e a r s  e x c e s s i v e  w i t h  t h e  s e a -  
s o n a l  a v e r a g e  a p p l i c a t i o n  esLimated t o  b e  more t h a n  t w i c e  a s  much a s  can 
be  s t o r e d  i n  t h e  s o i l .  The r e s u l t  i s  l e a c h i n g  o f  f e r t i l i t y  and a  f l u c -  
t u a t i n g  w a t e r  t a b l e .  Both l i m i t  c r o p  p r o d u c t i o n .  

8 .  The f a c t o r s  which a f f e c t  c r o p  y i e l d  were e v a l u a t e d  b u t  
i n a d e q u a t e  d a t a  d i d  n o t  p e r m i t  q u a n t i f i c a t i o n .  P r e l i m i n a r y  r e s u l t s  
s u g g e s t  t h a t  i n c r e a s e d  w a t e r  a p p l i c a t i o n  d e c r e a s e d  y i e l d s  s u g g e s t i n g  
t h a t  e x c e s s  w a t e r  w3s a p p l i e d .  No f a c t o r s  e x c e p t  f e r t i l i z e r  had a  p o s i -  
t i v e  a f f e c t  on y i e l d  o u t  of  10 f a c t o r s  e v a l u a t e d .  More d a t a  a r e  needed 
t o  d e f i n e  t h e  c a u s e  and e f f e c t  r e l a t i o n s h i p s  b u t  r e s u l t s  from o t h e r  
s t u d i e s  s u g g e s t  one o r  more f a c t o r s  a r e  l i m i t i n g  w i t h  t h e  r e s u l t  t h a t  
s u p p l y i n g  t h e  t r a d i t i o n a l  f a c t o r s  of  p r o d u c t i o n  do n o t  r e s u l t  i n  
p o s i t i v e  i n c r e a s e s  i n  y i e l d  (Johnson,  Khan and Hussa in ,  1978) .  Leve l  
b o r d e r s  were recommended f o r  improvement o f  t h e  on-farm sys tem.  Evalua-  
t i o n  of  t h e  new system i s  p r e s e n t l y  (1979) b e i n g  conducted i n  Egypt .  

Recommendations -- 
The a u t h o r s  recommend t h e  f o l l o w i n g  a c t i v i t i e s  be e v a l u a t e d  a s  

p o t e n t i a l  s o l u t i o n s  t o  t h e  above d e f i n e d  problems.  
1 .  Design an improved, p r e c i s i o n  l e v e l e d ,  w a t e r  a p p l i c a t i o n  

sys tem f o r  a  Farm on bo th  Beni Magdotrl and El Hammami branch c a n a l s  
u s i n g  the  c r i t e r i a  d e f i n e d  by USDA (1974) f o r  l e v e l  b o r d e r s .  

2 .  C o n s t r u c t  t h ~  i r r i g a t i o r ~  sys tem and p r o v i d e  i r r i g a t i o n  
a d v i s o r y  a s s  isL;incfl La L l l ~  l a rmcbrs o n  Lhc opera1 ion arltl marlagement of 
the  sys tem.  

3 .  Col l c c t  e v a l u a t i o n  d a t a  on t h e  s o c i a l ,  economic,  c r o p  
p r o d u c t i o n  a n d  erlgineerlr lg aspects  o f  t h e  o p e r a t i n g  i r r i g a t i o n  sys tem.  
The r e s u l t s  f o r  t h e  improved sys tem w i l l  b e  compared w i t h  t h e  t r a d i -  
t i o n a l  sys tem t o  e v a l u a t e  a p p r o p r i a t e n e s s  of  t h e  new sys tem and f u r t h e r  



unders tand  t h e  f a r m e r ' s  management d e c i s i o n s .  F i n a l  recomrnendati.ons 
must a w a i t  t h e s e  r e s u l t s  b e f o r e  s u g g e s t i n g  s o l u t i o n s  t o  t h e  above 
d e f i n e d  problems. 
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FURROW IRRIGATION PRACTICES IN N O R T P Y  COLO.RAD$ 
T. W .  Ley and W .  Clyma 

INTRODUCTION 

For t h e  p a s t  t h r e e  i r r i g a t i o n  seasons,  furrow i r r i g a t i o n  
eva lua t ions  have been conducted on s e v e r a l  farms in  the  For t  C o l l i r ~ s  
and Greeley a reas  of Northern Colorado. A data  base c o n s i s t i n g  o f  six 
farms has been e s t a b l i s h e d .  These da ta  werc used i n  a s t r u c t u r e d  
a n a l y s i s  t o  de f ine  i r r i g a t i o n  p r a c t i c e s  i n  the a r ea .  This  anL31ysis 
provides a  d e f i n i t i o n  of p r i o r i t y  problems In furrow i r r i g a t i o n  i n  the 
a r e a .  The s o l u t i o n  of t hese  problems i s  the b a s i s  f o r  improvement of 
on-farm water management. This  paper p re sen t s  an ar ialysis  ( \ '  - I ,g ; j t i  on  
p r a c t i c e s  and a  d e f i n i t i o n  of p r i o r i t y  problems. 

PROCEDURES 

The on-farm i r r i g a t i o n  system c o n s i s t s  of t h e  fo l lowing  f o u r  
subsystems: 

1. Water de l ive ry .  
2. Water a p p l i c a t i o n .  
3. Water use.  
4 .  Water removal. 

This  paper  focuses on a  s tudy of t he  water  a p p l i c a t i o n  subsystem. 
tb The s t a t e  v a r i a b l e s  a f f e c t i n g  t h e  a p p l i c a t i o n  of water t o  f i e l d  a r e  a s  2 
-4 

fol lows:  

1. f i e l d  length  
2. f i e l d  s lope  
3. furrow inf low r a t e  
4 .  furrow in t ake  r a t e  
5.  furrow roughness 
6 .  channel shape 

With t h e  boundary and i n i t i a l  condi t ions  s p e c i f i e d ,  t h e  s t a t e  of 
t h e  system i s  def ined .  Q u a l i t a t i v e  and q u a n t i t a t i v e  d e s c r i p t i o n s  of the  
above v a r i a b l e s  and of farmer dec i s ions  on management of t h e  system i n  
terms of how t o  i r r i g a t e ,  when t o  i r r i g a t e ,  and how much water t o  apply ,  
completely d e f i n e  and desc r ibe  t h e  s t a t e - o f - t h e - a r t  of water a p p l i c a t i o n  
f o r  t h e  i r r i g a t i o n  system. 

A s t r u c t u r e d  a n a l y s i s  of t h e  s t a t e  v a r i a b l e s  and farmer management 
has been used by Clyma and A l i  (1977) and E l  Kady, Clyma and Abu-zeid 
(1979) t o  de f ine  i r r i g a t i o n  p r a c t i c e s  i n  a r e a s  of Pakis tan  and Egypt,  
r e s p e c t i v e l y .  In  t h e s e  t r a d i t i o n a l  i r r i g a t i o n  systems no e x p l i c i t  design 

I Research Associate  and Associate  P ro fe s so r ,  r e s p e c t i v e l y ,  
Agr icu l tura l .  and Chemical Engintering Department, 
Colorado S t a t c  Univers i ty ,  Fort Coll i n s ,  Colorado. 

'7 
'Prepared under support  o f  Uni t cd  S t a t e s  Agency f o r  I n t e r n a t i o n a l  
I)evelopment , Contract AID/NE -1 351 . All repor ted  opin ions .  conclus ions  
o r  recommendatior~s a r e  those  o f  t h e  au thors  and not those  o f  t h e  
funding agencies  o f  t he  United S t a t e s  Government. - 

%resented December 1979, ASAE meeting New Orleans,  Louisiana 



procedures  were a v a i l a b l e .  When e x p l i c i t  des ign  procedures  a r e  a v a i l a b l e ,  
a  d e t a i l e d  a n a l y s i s  of o p e r a t i o n a l  and des ign  v a l u e s  f o r  each s t a t e  
v a r i a b l e  and each farmer management d e s c i s i o n  prov ides  a  q u a n t i t a t i v e  
comparison of t h e  app rop r i a t enes s  o f  i r r i g a t i o n  p r a c t i c e s  i n  t h r  a re ; ) .  
Not on ly  a r e  i r r i g a t i o n  p r a c t i c e s  de f ined ,  bu t  d e v i a t i o n s  of syslem 
performance from p o t e n t i a l  performance ( a s  determined by d e s  i p,n s t a n d a r d s )  
a r e  q u a n t i f i e d .  The s u i t a b i l i t y  of p r e s e n t  i r r i g a t i o n  p r a r t - i  c- rs  ; ire 
eva lua t ed  and p r i o r i t y  problems i d e n t i f i e d  by t h e  magnitude of t h e s e  
d i f f e r e n c e s .  

A d e t a i l e d  furrow i r r i g a t i o n  system e v a l u a t i o n  y roc,edure prc:stxlt etI 
by Ley (1978) was used t o  c o l l e c t  system o p e r a t i o n  and management d a t a  
du r ing  a  t o t a l  of 21 i r r i g a t i o n s  on Y furrow i r r i g a t e d  f i c : lds  o I  s i x .  
d i f f e r e n t  farms i n  t h e  a r e a .  On s e v e r a l  of  t-hese f i e l d s  e v a l u a t i o n s  w c ~ . e  
conducted throughout  t h e  i r r i g a t i o n  season .  Only l imited da ta  , ! r r ;  rl\.:ai!- 
a b l e  on two of t h e  f i e l d s .  The e v a l u a t i o n  procedure and cilrthods of 5at.a 
a n a l y s i s  ( s e e  S a l a z a r ,  1977 and Ley, 1978) were or iginai1.y  designed t o  
e v a l u a t e  each of t h e  s t a t e  v a r i a b l e s  and farmer managemenl of t h e  system 
a s  p r ev ious ly  l i s t e d .  I n  a l l  c a s e s ,  t h e  wate r  a p p l i c a t i o n  subsystem under 
s t udy  was c l a s s i f i e d  a s  graded furrows wi th  t h e  f ree-ou t f low downstream 
boundary cond i t i on .  Corn, suga r  b e e t s  and f i e l  d  beans represen t  t he 
m a j o r i t y  of c rops  grown i n  t h e  a r e a  i r r i g a t e d  by furrows.  Other  c rops  
were cucumbers, on ions ,  c a r r o t s ,  sorghum and o t h e r  vege t ab l e s .  

R e s u l t s  ob ta ined  from t h e  da t a  c o l l e c t i o n  and a n a l y s i s  procedures  
were combined and ca t ego r i zed  by s t a t e  v a r i a b l e .  Actual system perforrii-. 
ance a s  a  r e s u l t  of management d e c i s i o n s  by fa rmers  was determined.  
Values of t h e  s t a t e  v a r i a b l e s  observed were compared t o  o v e r a l l  dcs ign  
recommendations a s  Sormulated us ing  an SCS desigri procedure f o r  furrow 
i r r i g a t i o n  systems.  SCS des ign  recommendations (USDA, 1978b) s u c l ~  ns 
maximum l eng ths  of run f o r  e r o s i o n  c o n t r o l  and e r o s i o n  c o n t r o l  c r i t e r i a  
f o r  maximum s l o p e s  and furrow flow r a t e s  were a l s o  compared t o  farmer 
p r a c t i c e .  Actual  l e v e l s  of performance were compared t o  des ign  ( o r  
p o t e n t i a l )  l e v e l s  of performance i n  conjunc t ion  wi th  t h e  s t a t e  v a r i a b l e  
and management d e c i s i o n s  t o  determine key s t a t e  v a r i a b l e  and rnar~agement 
d e f i c i e n c i e s .  This  l e ads  t o  i d e n t i f i c a t i o n  of p r i o r i t y  problems and 
u l t i m a t e l y  improvement o f  on-farm water  management. 

The SCS furrow i r r i g a t i o n  de s ign  procedure  uses  a  volume b a l a n c e  
approach t o  determine a p p r o p r i a t e  s e t  t ime and furrow inf low r a t e s  fo r  
s t o r i n g  a  given dep th  i n  t h e  r o o t  zone given des-ign parameters  such a s  
l e n g t h  of run,  i r r i g a t e d  furrow spac ing ,  furrow s l o p e  and a  furrow i n t a k e  
fami ly .  Design l e v e l s  of e f f i c i e n c y  ( i r r i g a t i o n  performance) can be 
s p e c i f i e d  and t hen  on ly  accep t ab l e  combinations of v a r i a b l e s  r e s u l t .  
Th is  de s ign  l e v e l  r e p r e s e n t s  t h e  p o t e n t i a l  performance of  t h e  system.  

A des ign  was formulated f o r  each of t h e  systems s t u d i e d .  The 
approach was t o  de s ign  t h e  system t o  apply  t h e  c rop  requiremer~t  dur ing  
t h e  peak use p e r i o d .  Thus, an i r r i g a t i o n  schedul ing  procedure based on 
c l i m a t i c  d a t a  f o r  t h e  a r e a ;  crop growth c h a r a c t e r i s t i c s ;  des ign  a v a i l -  
a b i l i t y  f a c t o r  f ,  t h e  f r a c t i o n  of t h e  t o t a l  a v a i l a h l e  wate r  wi th in  t h e  
roo t  zone of  t h e  crop t h a t  i s  r e a d i l y  a v a i l a b l e  (Ha r t ,  1975);  and s o i l  
water  ho ld ing  c h a r a c t e r i - s t i c s  was used t o  determine des ign  appli.catio11 
dep ths  f o r  t h e  peak use i n t e r v a l  of each c rop .  S o i l  i n t a k e  c h a r a c t e r i s t i c s  

- 
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f o r  each  f i e l d  were r e p r e s e n t e d  u s i n g  a  s i n g l e  furrow i n t a k e  f a m i l y .  
The v a l u e  was t aken  roughly a s  t h e  mean i n t a k e  f a m i l y  determined u s i n g  
i r r i g a t i o n  e v a l u a t i o n  d a t a .  I n  t h e  fo rml l l a t ion  o f  e a c h  d e s i g n ,  an 
a t t e m p t  was made t o  s e l e c t  v a l u e s  f o r  t h e  d e s i g n  prlrametcrs a s  c l o s e  a s  
p o s s i b l e  t o  t h e  a c t u a l  o p e r a t i o n ,  i . e . ,  t h e  same s l o p e ,  l e n g t h ,  i r r i g a t e d  
furrow s p a c i n g ,  e t c .  T h i s  a l l o w s  d i r e c t  evaluat . ion of farmer  opers t io r ,  
and management of t h e  system when s u c c e s s f ~ l l  d e s i g n s  could  be forrn111.ated. 

The f o l l o w i n g  s e c t i o n s  p r e s e n t  t h e  s t a t e  v a r i a b l e  a l i a lyses  h y  
comparison t o  d e s i g n  recommendat i.ons and summar- i z e  r c s ~ i l  t s  o f  t h e  
d e s i g n s  a s  compared w i t h  t h e  a c t u a l  system. T h e  samct cowpar-ison of 
fa rmer  management d e c i s i o n s  w i t h  recommended ma~ragerneilt dc>c.isions f o l l o w s  
t o  i l l u s t r a t e  d e f i c i e n c i e s  i n  management. F ina l . ly ,  k e y  r e s u l t s  and coil- 
c l u s i o n s  concerrl ing t h e  s t a t e - o f - t h e - a r t  of furrow i r r  ign t  i o r ~  prac.' ; r e s  
i n  t h e  a r e a  a r e  p r e s e n t e d .  Recommendations f o r  in~provcrn~nl  ( ; '  ( : . I  -.! . 1-1:: 

w a t e r  management i n  t h e  a r e a  a r e  a l s o  suggesLcd. 

STATE VARIABLE ANALYSIS 

F i e l d  Len t h - -  Although furrow l e n g t h s  r a n g i n g  from 175-725 m 
(575-& were observed ,  t h e  m a j o r i t y  o f  observed l e n g t h s  f a l l  
between 350-650 n~ (1150-2130 f t ) .  Depending on t h e  farm s i z e  and farm 
b o u n d a r i e s ,  f i e l d s  g e n e r a l l y  were l a i d  o u t  between e s t a b l  i shed roadways 
[ i . e . ,  county  roads  nominal ly  spaced a t  800 m (one-ha l f  m i l e )  i n t e r v a l s ]  
o r  t r a d i t i o n a l  farm roadways. T h i s  accounts  f o r  t h e  p r e v a l e n c e  o f  l o n g e r  
run  l e n g t h s .  I n  g e n e r a l ,  l i t t l e  o r  no r e g a r d  was g i v e n  s o i l  b o u n d a r i e s  
o r  s o i l  i n t a k e  r a t e s  i n  d e t e r m i n i n g  run l e n g t h s ,  e . g . ,  l e n g t h s  o f  run  
much t o o  long were found on s a n d i e r  s o i l s ,  w h i l e  s h o r t e r  l e n g t h s  were 
found on loam and c l a y  loam s o i l s .  The p r e v a l e n c e  o f  t h e  l o n g e r  l e n g t h s  
of furrows a l l o w s  more e f f i c i e n t  u s e  o f  farm equipment ,  l e s s  l a b o r  d u r i n g  
i r r i g a t i o n  and l e s s  inves tment  i n  f i e l d  d i s t r i b u t i o n  f a c i l i t i e s .  

The SCS (USDA, 1978b) p r o v i d e s  a  p rocedure  f o r  de te rmin ing  maximum 
run l e n g t h s  based on adequa te  d r a i n a g e  o f  r a i n f a l l - r u n o f f  w i t h o u t  e r o s i o n  
o r  over topp ing  of furrow r i d g e s .  The p r o c e s s  i n v o l v e s  d e t e r m i n i n g  a  
maximum furrow l e n g t h  f o r  a  g i v e n  s p a c i n g  and s l o p e  such t h a t  t h e  p r e -  
d i c t e d  r u n o f f  volume from a  6  h r -2  y r  s to rm f o r  a  g i v e n  h y d r o l o g i c  s o i l  
group i s  d r a i n e d  a t  a  non-e ros ive  f low r a t e .  The average  r a i n f a l l  from 
a  6  h r - 2  y r  f requency  s to rm f o r  t h e  Lar imer  and Weld county a r e a s  o f  
Nor thern  Colorado i s  approx imate ly  33 mm ( 1 . 3  i n ) .  From SCS (USDA, 1964) ,  
t h e  s o i l s  i n  t h e  a r e a  were c l a s s i f i e d  i n  h y d r o l o g i c  s o i l  groups  B and C 
w i t h  r u n o f f  curve  numbers 80 and 85 assumed. P r e d i c t e d  runof f  d e p t h s  
ranged between 4 . 8  t o  8 . 4  mm (0 .19 t o  0 . 3 3  i n ) .  Based upon a  p r e d i c t e d  
r u n o f f  d e p t h ,  f i e l d  s l o p e  and furrow s p a c i n g ,  a  maximum run  l e n g t h  was 
de te rmined .  The r e s u l t s  o f  t h i s  a n a l y s i s  f o r  t h e  f i e l d s  s t u d i e d  a r e  
p r e s e n t e d  i n  Tab le  1. S e v e r a l  o f  t h e  a c t u a l  run  l e n g t h s  ( n e a r l y  50 
p e r c e n t )  observed were s l i g h t l y  l o n g e r  t h a n  recommended. These were 
furrow l e n g t h s  g r e a t e r  t h a n  600 m (1970 f t )  on t h e  s o i l s  w i t h  h i g h e r  
c l a y  c o n t e n t .  

Maximum d e s i g n  furrow l e n g t h s  a r e  a  f u n c t i o n  o f  s o i l  i n t a k e  r a t e ,  
d e p t h  o f  a p p l i c a t i o n ,  furrow g r a d e  and maximum non-e ros ive  furrow s t ream.  
I n  most i n s t a n c e s ,  f a rmers  appeared t o  b e  aware o f  t h e s e  f a c t o r s  and 
a c t e d  a c c o r d i n g l y .  They g e n e r a l l y  ach ieved  uniform a p p l i ( . a t i o n s ,  though 
u s u a l l y  i n e f f i c i e n t  due t o  l a c k  of p r o p e r  management. 0n'e farmer  used 
a  l e n g t h  o f  run more t h a n  t w i c e  t h e  maximum recommended ( a s  de te rmined  
from SCS Colorado I r r i g a t i o n  Guide,  USDA, 1978a) .  Although he a c t u a l l y  
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Table 1. SCS Yaximum Lengths of Run as Limited by Rainfall Erosion. 
(Average 6 hr-2 yr rain 2 33 mm (1.3 in.). Hydraulic condition of furrows assumed good.) 

P r e d i c t e d  1.ength (m) 
Hvdrolog ic  S o i l  Group! Runoff S l o p e  Allowable Actual  

S i t e  ~ u n o f f  c u r v e  NO.  depth (mm) ( p e r c e n t  
.- 

1 Cl85 8 .4  0 . 4 5  600 625 

. 
... 

--- . -. - - - -. .- . . . . - - - - - --- 
'Eon! SCS (CSDA, 196;) 

-From SCS (USDA. IC78h) 



was do ing  a  f a i r  job  of i r r i g a t i n g ,  problems w i t h  o v e r - i r r i g a t i o n  a t  t h e  
upper end and u n d e r - i r r i g a t i o n  a t  t h e  lower end n a t u r a l l y  o c c u r r e d .  

I n  a l l  b u t  one i n s t a n c e ,  a c c e p t a b l e  d e s i g n s  were formuldted f o r  
t h e  a c t u a l  furrow l e n g t h s  s t u d i e d  ( s e e  Appendix 1 f o r  t a b l e s  o f  d e s i g n  
r e s u l t s  and e v a l u a t i o n  r e s u l t s ) .  For  t h a t  c a s e  [ s i ~ e  1 where t h e  a c t u a l  
l e n g t h  was n e a r l y  800 m (one-half  m i l e )  on a  c l a y  loam s o i l ] ,  an a c c e p t -  
a b l e  d e s i g n  was fo rmula ted  f o r  a l e n g t h  one h a l f  o f  t h e  a c t u a l  l e n g t h .  
A l l  o f  t h e  d e s i g n s  f o r  furrow l e n g t h s  approach ing  800 m (one-half  m i l e )  
were o n l y  m a r g i n a l l y  a c c e p t a b l e  ( d e s i g n s  were a c c e p t a b l e  i f  wa te r  a p p l i c a -  
t i o n  e f f i c i e n c y ,  t h e  f r a c t i o n  o f  t o t a l  w a t e r  a p p l i e d  made a v a i l a b l e  f o r  
p l a n t  u s e ,  was g r e a t e r  t h a n  70 p e r c e n t ,  w i t h  l e s s  t h a n  10 p e r c e n t  deep 
p e r c o l a t i o n  and 20 p e r c e n t  runof f  l o s s e s ,  w h i l e  w a t e r  requirement e f f i -  
c i e n c y ,  t h e  f r a c t i o n  of t h e  p l a n t  water- r equ i rement  d c t u a l l y  nlct i r l r  a n  
i r r i g a t i o n ,  was g r e a t e r  t h a n  85 t o  90 p e r c e n t ) .  'There i s  a d - ! i  I !e 
i n d i c a t i o n  t h a t  t h e  l o n g e r  furrow l e n g t h s ,  400 m t o  800 rn r . )  11%-lourtt i  
m i l e  t o  one-half  m i l e )  p l a c e  a  l i m i t a t i o n  on e f f i c i e n t  ~ d t e i -  a p p l i c a t i o n  
i n  t h e  a r e a .  Designs fo rmula ted  f o r  s h o r t e r  runs  on t h e  same f i e l A s  
i n d i c a t e d  improved system performance cou ld  be a t t a i n e d .  Agronomic, 
economic and i n s t i t u t - i o n a l  f a c t o r s  may c o n s t r a i n  t h e  f a r m e r ' s  a b i l r t y  t o  
change h i s  sys tem and improve h i s  w a t e r  management. The more  e f  i l c l e ~ ~ t  
u s e  o f  wa te r  i n  t h e  f u t u r e  may become a n  i m p o r t a n t  f a c t o r  i n  t h e  a r i d  
Western s t a t e s  c a u s i n g  fa rmers  t o  a l t e r  t h e i r  l e n g t h  o f  run .  

F i e l d  Slope-- Furrow g r a d e s  rang ing  from 0.3% t o  1% were observed 
on t h e  f i e l d s  s t u d i e d .  The a v e r a g e  g r a d e  and s e v e r a l  measures of t h e  
v a r i a t i o n  i n  t h e  s l o p e  a l o n g  t h e  e v a i u a t e d  l e n g t h  a r e  p rov ided  i n  
T a b l e  2.  Inc luded  i s  t h e  r o o t  mean s q u a r e  (RMS) e r r o r  ( s e e  T a b l e  2 f o r  
d e f i n i t i o n )  o f  t h e  a c t u a l  f i e l d  e l e v a t i o n s  v e r s u s  a  l e a s t  s q u a r e s  p r e -  
d i c t i o n  of f i e l d  e l e v a t i o n s  a t  s t a t i o n s  a l o n g  t h e  run .  The RMS e r r o r  i s  
an  i n d i c a t i o n  of t h e  u n i f o r m i t y  o f  t h e  a c t u a l  furrow g r a d e .  Larger  
v a l u e s  i n d i c a t e  l a r g e r  v a r i a t i o n  i n  t h e  g r a d e ,  w h i l e  s m a l l e r  v a l u e s  
i n d i c a t e  a  more uniform grade .  Although somewhat l a r g e  v a l u e s  were 
encounte red  (10 t o  15 p e r c e n t  RMS e r r o r ) ,  t h e  u n i f o r m i t y  o f  a p p l i c a t i o n  
f o r  an  i r r i g a t i o n  on t h e s e  p a r t i c u l a r  f i e l d s  was s t i l l  a c c e p t a b l e .  I n  
a l l  c a s e s ,  t h e  furrow g r a d e s  observed were l e s s  t h a n  t h e  SCS maximum 
g r a d e s  f o r  e r o s i v e  s o i l s  based on a  30 min-2 y r  f requency  r a i n f a l l  and 
g iven  i n  Tab le  2 a s  1 . 3  t o  1.9 p e r c e n t .  

A l l  o f  t h e  f i e l d s  s t u d i e d  had a t  one t ime o r  a n o t h e r  been graded 
o r  land-planed supposedly  t o  a  uniform grade .  Seedbed p r e p a r a t i o n ,  
p l a n t i n g  and c u l t i v a t i o n  o p e r a t i o n s  c o n t r i b u t e d  t o  t h e  d e v i a t i o n s  
observed .  

I n  a l l  c a s e s ,  t h e r e  were no problems i n  f o r m u l a t i n g  a c c e p t a b l e  
d e s i g n s  f o r  t h e  a c t u a l  f i e l d  s l o p e s  ( l e a s t  s q u a r e s  s l o p e s )  s t u d i e d .  The 
u n i f o r m i t y  of g r a d e ,  however, i s  an  impor tan t  f a c t o r  i n  o b t a i n i n g  uniform 
wate r  a p p l i c a t i o n .  I n  a t  l e a s t  o n e - t h i r d  o f  t h e  c a s e s  s t u d i e d ,  t h e  u n i -  
f o r m i t y  of g r a d e  should b e  improved ( a s  i n d i c a t e d  by RMS e r r o r s  g r e a t e r  
t h a n  10 p e r c e n t )  t o  improve t h e  u n i f o r m i t y  o i  a p p l i c a t i o n .  

Furrow Inf low Rate--  Furrow in f low r a t e  is perhaps  tht. motit e a s i l y  --- - 
c o n t r o l l e d  s t a t e  v a r i a b l e  and t h e  s i n g l e  most impor tan t  f a c t o r  in  e f f i -  
c i e n t  w a t e r  a p p l i c a t i o n  g i v e n  p a r t i c u l a r  f i e l d  and s i t e  c o n d i t i o n s .  
I n  a l l  t h e  f i e l d s  s t u d i e d ,  w a t e r  was i n t r o d u c e d  t o  t h e  furrows by means 
o f  s i p h o n  t u b e s .  Farmers u s u a l l y  knew a  rough e s t i m a t e  o f  t h e i r  t o t a l  
w a t e r  supp ly  r a t e  and would a c c o r d i n g l y  s e t  a s p e c i f i c  number of s i p h o r ~  
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Table 2. Furrow Slope Data Analyses. 

Length 
2/ Root- Least Square= Total Flax. Fall Hin. Fall 

Evaluated Slope (dm) Mean Square Fall in 25 m X Diff. from in 25 m % Diff. from 
Site (a (r2) Error (m (a) L.S. Slope (m) L.S. Slope 

1 625 0.0045 0.1062 2.61 0.134 +19.2 0.043 -62.1 
(0.999) 

9 640 0.0941 0.1654 2.51 0.177 +72.8 0.028 -72.8 
(0.996) - - - - -  -. 

I'SCS (USDA, 1978b) recommended maximum slopes for erosion control: -1.3 - P 'max 30 

where P30 = 2 vr-30 min rainfall (in.) 

for N. Colorado P30 a 0.6 - 0.8 in. (15 m - 20 mm) 

~'RMS error = 
I n  

J ('act - 'pred 
-- 

) 

n- 1 

where Yact = actual elevation of station 

'pred 
= least squares prediction of elevation of station 

N - number of stations 



t ube s  p e r  i r r i g a t i o n  set w i t h  a  p a r t i c u l a r  s i z e  and number of s iphons  p e r  
furrow.  The f a r m e r ' s  expe r i ence  and g e n e r a l  knowledge of  what happens on 
h i s  f i e l d  from i r r i g a t i o n  t o  i r r i g a t i o n  was h i s  b a s i s  f o r  de te rmin ing  how 
many t ubes  t o  s e t  and how t o  set them. Only l i m i t e d  knowledge of sip11011 
d i s c h a r g e  v e r s u s  head r e l a t i o n s h i p s  seemed t o  be  used by fa rmers .  By 
v i s u a l  i n s p e c t i o n  of  t h e  t ubes  and c o n d i t i o n s  i n  t h e  head d i t c h ,  fa rmers  
a t t empted  t o  a ch i eve  equa l  f low r a t e s  i n t o  a l l  furrows by use  o f  d i t c h  
checks i n  t h e  head d i t c h .  I n  a  few i n s t a n c e s ,  an i r r i g a t e d  furrow was a  
I I guess  row" ( t h e  r e s u l t  o f  o v e r l a p  i n  t i l l a g e  o p e r a t i o n s )  and t h e  farmer  
used a  l a r g e r  f low r a t e  t h e r e .  However, t h e  observed p r e v a l e n t  p r a c t i c e  
was t o  a t t emp t  t o  compact a l l  furrows e q u a l l y  d u r i n g  t i l l a g e  o p e r a t i o n s  
t o  e l i m i n a t e  v a r i a t i o n s  i n  i n t a k e .  

I n  most c a s e s ,  mean furrow f low r a t e s  f o r  each i r r i g a t i o n ,  G i .  
g e n e r a l l y  decreased  from i r r i g a t i o n  t o  i r r i g a t i o n  through t h r  . .J:.OII 

(Table 3 ) .  The furrow in f low r a t e  was much l a r g e r  f o r  ! ' ~ e  1 s t  i r r i g a -  
t i o n  t han  f o r  o t h e r  i r r i g a t i o n s  on two s i t e s  ( S i t e s  6 and 7) where 
s ea sona l  d a t a  a r e  a v a i l a b l e .  With more f r i a b l e  s o i l  c o n d i t i o n s  and h ighe r  
i n t a k e  r a t e s  e a r l y  i n  t h e  s ea son ,  farmer  use  l a r g e r  in f low s t reams  i n  
o r d e r  t o  o b t a i n  f a s t e r  r a t e s  o f  advance.  Other  r e a sons  f o r  t h e  t r e n d  i n  
d e c r e a s i n g  in f low r a t e  a s  t h e  season  p rog re s se s  i n c l u d e  r educ t i ons  i n  
t o t a l  wa t e r  supply  a v a i l a b l e  and farmer  p e r c e p t i o n  t h a t  reduced f low 
r a t e s  a r e  r equ i r ed  t o  g e t  t h e  wa t e r  through t h e  f i e l d  a s  t h e  s o i l  i n t a k e  
r a t e  changes.  

Other  s ea sona l  furrow in f l ow  c h a r a c t e r i s t i c s  a r e  shown i n  Tab le  4. 

The mean s ea sona l  i n f l ow ,  0 f o r  each s i t e  when compared t o  t h e  i n d i v i -  s ' 
d u a l  i r r i g a t i o n  mean, oi, shows t h a t  f o r  t h r e e  s i t e s  where s ea sona l  d a t a  

I 

a r e  a v a i l a b l e  t h e  f low r a t e  dec r ea se s  du r ing  t h e  season .  The s t a n d a r d  
d e v i a t i o n s  (s;) f o r  t h e s e  s i t e s  ranges  from 0.17 t o  0.27 Qps,  ano the r  

i n d i c a t i o n  of t h i s  change. The s t a n d a r d  d e v i a t i o n  of i n d i v i d u a l  furrow 
f lows from t h e  mean f low f o r  a  s e t ,  ( s ; ) ~ ,  i s  a  measure of t h e  f a r m e r ' s  

a b i l i t y  t o  r e g u l a t e  t h e  same f low r a t e  t o  each furrow.  These ranged 
from 0 .08  t o  0 .18  Qps,  about  5 t o  15 p e r c e n t  o f  t h e  average  f low.  
V a r i a t i o n s  i n  i n d i v i d u a l  obse rva t i ons  o f  f low r a t e  down a  furrow a r e  
g iven  by s t a n d a r d  d e v i a t i o n s ,  (s;) t ,  f o r  i n d i v i d u a l  furrows t h a t  ranged 

from 0 .03  t o  0 . 26  2ps r e p r e s e n t i n g  about  2  t o  30 p e r c e n t  of t h e  average  
f low.  I n  t h r e e  of t h e  seven  s i t e s  f low v a r i a t i o n  w i th  t ime down a  s i n g l e  
furrow was 10 t o  30 p e r c e n t  o f  t h e  average f low.  S a l a z a r  (1977) s t a t e s  
t h e s e  v a r i a t i o n s  i n  observed f lows a r e  due t o :  

a )  head s t a b i l i z a t i o n  i n  t h e  head d i t c h  and wate r  l e v e l  
f l u c t u a t i o n s  i n  t h e  head d i t c h  du r ing  an i r r i g a t i o n ,  

b) o b s t r u c t i o n s  t o  s iphon  d i s cha rges  such a s  weeds, 
c )  farmer  ad jus tment  o f  s iphon  d i s cha rge  a f t e r  s t a r t  of 

i r r i g a t i o n ,  
d)  e r r o r s  i n  measurement of furrow in f l ow  r a t e .  

No fa rmers  a t t empted  t o  use  cutback in f low r a t e s  du r ing  an i r r i g a t i o n .  
I n  90 p e r c e n t  o f  t h e  i r r i g a t i o n s  s t u d i e d ,  fa rmers  used non-erosive 

furrow s t r eams .  E ros ion  c r i t e r i a  f o r  l i m i t i n g  t h e  maximum a l l owab le  
furrow s t ream t o  3 .15 Qps/furrow (50 gpm/furrow) o r  (0 .79/So,  p e r c e n t )  

Pps/furrow [ (12  . 5 / s 0 ,  p e r c e n t )  gpm/furrow] whichever i s  l e s s  were used.  
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Table 3. Mean Furrow Inflow Rate, 6. (2ps) , for Three Furrows for 
1 each Irrigation. 

----. -- 
IRRIGATION NO. 

SITE 1 2 3 4 5 6 

- 
NA = not available 



Table  4. Seasonal C h a r a c t e r i s t i c s  of Furrow Inflow Rates.  1 

S i t e  No. of  Observat ions Seasonal Mean Inflow Standard Deviation (2ps) 

Rate (2ps)  Gs Season Furrow s i n g l e  Observation 
s - n x (s;If n ( s ; ) ~  

'only one i r r i g a t i o n  was observed a t  S i t e s  4 and 8. 

s -  = Standard dev ia t ion  of seasonal  mean furrow inflow (Qps).  
X 

(s;)~ = Standard d e v i a t i o n  of  mean ind iv idua l  furrow inflows from mean 
inflow f o r  an i r r i g a t i o n  s e t .  

( s ; ) ~  = Standard d e v i a t i o n  of  s i n g l e  observat ions  of furrow inf  low r a t e  
from mean ind iv idua l  furrow inflow r a t e .  



The average inf low r a t e  f o r  two ou t  of t h e  21 i r r i g a t i o n s  eva l t ia t rd  
exceeded t h e  maximum a l lowable  in f low r a t e .  These were both du r ing  t h e  
i n i t i a l  i r r i g a t i o n .  In  those  i n s t a n c e s ,  p o s t - i r r i g a t i o n  furrow p r o f i l c  
da t a  showed t h a t  s u b s t a n t i a l  e ro s ion  a t  t h e  upper end arid sed imenta t ion  
a t  t h e  lower end of  t h e  furrows had occurred when compared t o  p e r i r r i g a t i o n  
furrow p r o f i l e s .  

I n  p r a c t i c a l l y  a l l  i n s t a n c e s ,  farmers used furrow inf low r a t e s  
l a r g e r  than  those  formulated from des ign  ( s ee  Appendix A). The d i f f e r -  
ences ranged from one t o  two-and-one-half t imes t h e  des ign  flow r a t e  i n  
18 out  of  21 i r r i g a t i o n  e v a l u a t i o n s .  This  i s  p a r t i c u l a r l y  obvious f o r  
t h e  i n i t i a l  i r r i g a t i o n  of t h e  season.  The d i r e c t  impact of t h i s  p r a c t i c e  
was t h a t  runoff l o s s e s  g r e a t e r  than  25 pe rcen t  occur red  i n  n e a r l y  60 
pe rcen t  of t h e  ca se s .  I n  t h e  des igns ,  runoff l o s s e s  were corisistclt!y 
he ld  t o  a  maximum of 20 pe rcen t  and f r e q u e n t l y  l e s s .  

Furrow inf low r a t e  i s  i n d i r e c t l y  p a r t  of t h e  fa rmer '  :: r. ~llsgement 
d e c i s i o n  of how much water  t o  apply .  An inf low r a t e / l ~ f l o w  : (me cowbina- 
t i o n  d e f i n e s  an average a p p l i c a t i o n  depth f o r  g iven  i r r i g a t e d  furrow 
cond i t i ons .  Design r e s u l t s  f o r  va r ious  inf low r a t e / i n f l o w  time combina- 
t i o n s  r e s u l t  i n  t h e  same app l i ed  depth  b u t  y i e l d  d i f f e r e n t  l e v e l s  of 
performance. Thus, while  f a rmer ' s  o f t e r  perce ived  a  need t o  use l a r g e r  
heads f o r  qu i cke r  advance r a t e s ,  they  may no t  be aware t h a t  b e t t e r  
performance may be achieved wi th  sma l l e r  inf low r a t e s  and longe r  s e t  
t imes .  F u r t h e r  d i s c u s s i o n  i s  presen ted  i n  t h e  a n a l y s i s  of farmer 
management. 

Furrow In t ake  Rate-- A volume ba lance  procedure was u t i l i z e d  t o  

determine t h e  SCS furrow i n t a k e  family ( I f )  f o r  each of L h r  i r r i g a t i o n s  

eva lua t ed .  The r e s u l t s  a r e  presen ted  i n  t h e  r i g h t  hand column of 
Table  5 .  The t r end  of t h e s e  d a t a  show a dec rease  i n  furrow in t ake  r a t e  
a s  t h e  season p rog re s se s .  This  gene ra l  t r e n d  i s  t o  be expected and has 
been observed by o t h e r  r e s e a r c h e r s  (Clyma and A l i ,  1977; E l  Kady, e t . a l .  
1979). The seasona l  mean v a l u e  and t h e  most l i k e l y  des ign  va lue  ( taken  
a s  t h e  s ea sona l  mean va lue  rounded t o  t h e  n e a r e s t  furrow i n t a k e  fami ly)  
a r e  a l s o  g iven .  Table  5  a l s o  i nc ludes  a  de te rmina t ion  of  furrow i n t a k e  
fami ly  f o r  each of t h e  f i e l d s  s t u d i e d  based on an SCS s o i l  s e r i e s  c l a s s i -  
f i c a t i o n  and use  of t h e  SCS Colorado I r r i g a t i o n  Guide (USDA, 1978a) 
des ign  group and furrow i n t a k e  fami ly  t a b l e s .  Determinat ion of furrow 
i n t a k e  fami ly  f o r  de s ign  purposes based on a  s o i l  series c l a s s i f i c a t i o n  
i s  f a i r  bu t  i n  some i n s t a n c e s  may y i e l d  u n r e l i a b l e  des igns ,  a s  can be 
seen  by comparison of t h e  two d i f f e r e n t  i n t a k e  fami ly  v a l u e s  i n  Table 5 
determined by d i f f e r e n t  methods. Information on s o i l  type  and t e x t u r e  
on ly  may no t  be  adequate  f o r  de s ign  purposes .  F i e l d  t r i a l s  a r e  then  
necessary  t o  determine i n t a k e  c h a r a c t e r i s t i c s .  

Seasonal va lues  of furrow in t ake  fami ly  ob ta ined  by volume balance 
methods were u t i l i z e d  i n  t h e  formula t ion  of des igns  f o r  each o f  Lhe  
f i e l d s  s t u d i e d .  [n g e n e r a l ,  t h e  va lue  used i n  design was near1 y t~clnal 
t o  t h e  mid-season (peak use i n t e r v a l )  va lue .  

Eva lua t ion  r e s u l t s  ( s e e  Appendix A) show t h a t  t h e  t r e n d  f o r  
decreas ing  i n t a k e  r a t e s  a s  t h e  season p rog re s se s  made i t  i n c r e a s i n g l y  
d i f f i c u l t  f o r  t h e  farmer t o  meet t h e  crop requirement .  Farmers d i d  no t  
appear t o  be  f u l l y  aware of  t h e  e f f e c t s  of decreas ing  i n t a k e  r a t e s  on t h e  
amount of water  app l i ed .  The r e s u l t s  showed t h a t  i n  s e v e r a l  i n s t ances  
management dec i s ions  of farmers  r e s u l t e d  i n  t h e  development of cumulative 
s o i l  water  d e f i c i t s  caus ing  c rop  s t r e s s  a s  t he  season progressed .  Other 
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Table 5. Comparison of Furrow In take  Family a s  Determined by SCS 
S o i l  S e r i e s  C l a s s i f i c a t i o n  Versus Values Obtained by 
Volume Balance Procedure f o r  each I r r i g a t i o n .  

.----- 

SCS Colorado I r r i g a t i o n  6 u i d r  D ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ y o [ I f ~ r ~ ~  
Data Baaed on S o i l  S e r i e s 2  Volume ~alan:e  -- - - - -. . - - .- . - - . . - . . - 

Ave. AWC 
SCS S o i l  S e r i e s  D e u - l ~ n  i n  1 .2  m P ~ r r r ~ w  Int . l k e  

S i t e  S o i l  Type  C l a e e i f i c a t  ion  G r o ~ ~ p  (nun) F4rntl  l y  ( I ; . )  I r r f g .  # - - - - _ - - - - - - . - - - . - -  ------- - . - - . .. - - . - -- - . . - 

1 Clay loam Nonn Clay 5 208. '! 0 .5  I/ I 0.40 
loam, 0-1% 

a lopes  

Ign v a l u e  ( 0 .  .i5) 
- ---.--.----- ----- -.--- 

2 6 3  Sandy c l a y  Mixture  o f :  S i t c  2 
loam t l  1 .40 

S o i l s  have A l tvan  L h SL, 11 172.7 0 .5  - 1.0  I ----- 1.00 
been h i g h l y  0-1% alopea  

16 
mean - 1.20 

mixed Otero  SL 6 FSL, 129.5 0 . 5  - 1.0 
0-1% s l o p e s  d e s t ~ n  v a l u e  ( 1 . u ) )  

Nunn CL, 5  20R.7 . 0.5  S i r e - 3  
0-1% alopea  11 1 I . 00 

2 0.45 - - -. ---- 
mean 0 . 7 2  

de s ign  v a l u e  (0.70) 
-- -- -- - - - 

Clay loam Nunn Clay loam 5 208.3 0 .5  I1 0.45 
0-1% (dominant) 

(some S a n t a n t a  loam) des ign v a l u e  (0.45) 

5 Clay loam/ Kim loam 0-3% 12 193.0 0.5 # 3 0.45 
SCL (dominant ) 

(some Nunn CL) 
0 0.30 -- 

mean - 0.42 

des ign v a l u e  (0.45) 
-.--.-- ---.---- ---. ----- 

6 SL Vona LS and 14 142.2 1 . 0  # 1 0.50 
SL, 0-3% 

? 0. 15 
o r  3 0.45 

Aecalon SL, 
0- 3% 

4 0.40 

5 0.40 

nap shows l a r g e  p a r t  of f i e l d  t o  have moderate s a l i n i t y  and W.T. 
e f f e c t .  Smal ler  a r e a  hae  severe s a l i n i t y  and W.T. e f f e c t .  

6 0.30 -- 
mean 0.40 

deelgn v a l u e  (0.40) 
----.- -- - * - - - -- - - --------- -- - - -. - - -- - . - .- --- - - - -- - ---- 

7 SCL Havereon I., 0-1Z 12 L93.0 0 .5  ! 1 1 .7  
CL/C Otero  SL, 1-3% Lb 1 2 9 . 5  0 . 5  - 1 .0  2 0 .9  

(moat l y  Haverson L) 
3 I .o --- 

mean 1.20 

des ign v a l u e  (1.0) 

' ~ e a u l t a  from p a r t i c l e  s i z e  a n a l y s i s  of samples c o l l e c t e d  i n  f i e l d .  

'SCS Colorado I r r i g a t i o n  Guide (USDA. 1918a).  



d e s i g n  d e f i c i e n c i e s  such  a s  improper furrow l e n g t h s  and improper i n f l ow  
t ime l i n f l ow  r a t e  combinat ions  a l s o  c o n t r i b u t e  t o  t h i s  e f f e c t .  

Furrow Roughness-- Manning's e q u a t i o n  and roughness f a c t o r  was 
assumed t o  adequa t e ly  r e p r e s e n t  furrow f low c o n d i t i o n s  i n  a l l  c a s e  
s t u d i e s .  Although furrow i r r i g a t i o n  r e p r e s e n t s  non-uniform, s p a t i a l l y  
v a r i e d  f low,  a  c o n d i t i o n  of s t e a d y  s t a t e  f low i s  approached a s  t h e  s o i l  
reaches  i t s  b a s i c  i n t a k e  r a t e .  Assumptions a r e  t h a t  t h e  f~ l r row  is 
p r i s m a t i c  and t h a t  t h e  c r o s s  s e c t i o n  i s  symmetr ical  about  n v e t - t l c a l  
c e n t e r l i n e .  

S a l a z a r  (1977) p r e s e n t s  p rocedures  t o  de te rmiue  Manning's n  which 
were u t i l i z e d  t o  de te rmine  roughness f o r  each fu r row.  Values measured 
ranged from 0.010 t o  0 .047.  The m a j o r i t y  of v a l u e s  were l e s s  than  0 .03 .  
Ramsey and Fangmeier (1976) determined Manning's n va lue s  ra'. . , . , lq from 
0.02 t o  0 . 04  w i th  d m a n  nea r  0 .03  i n  controlled furrow i r r  , , a t l o n  t r i a l s .  
Values of Manning's n  i n  t h e  l i t e r a t u r e  (King and B r a t e r ,  1963; Chow, 
1959; Schwab, e t . a l . ,  1966) f o r  s t r a i g h t ,  uniform e a r t h e n  channe ls  range 
from 0.015 t o  g r e a t e r  t h a n  0 .04 depending on t h e  c o n d i t i o n s  o f  t h e  channe l .  
I n  f u r rows ,  where t h e  h y d r a u l i c  r a d i u s  i s  smal l  and t h e  r e l a t i v e  e f f e c t s  
of channel  o b s t r u c t i o n s  ( c l o d s ,  weeds, e t c . )  a r e  l a r g e ,  h i g h e r  v a l u e s  nea r  
0 .04  a r e  f e a s i b l e .  The SCS furrow des ign  p r o c ~ d u r e  assumes a  c o n s t a n t  
n  v a l u e  o f  0 .04 .  

S a l a z a r  (1977) showed t h a t  assuming a  c o n s t a n t  v a l u e  f o r  n i n  a  
furrow i r r i g a t i o n  s i m u l a t i o n  model does n o t  s i g n i f i c a n t l y  a f f e c t  p r e d i c -  
t i o n s  o f  i r r i g a t i o n  performance.  The s t u d y  d i d  show t h a t  s i g n i f i c a n t  
v a r i a t i o n s  i n  furrow roughness can occu r  a long  a  s i n g l e  furrow l e n g t h  f o r  
a n  i r r i g a t i o n  and th rough  t h e  i r r i g a t i o n  season .  Roughness v a r i a t i o n s ,  
however, cause  d i f f e r e n c e s  i n  t o t a l  furrow i n t a k e  due t o  t h e  correspond-  
i n g  changes i n  furrow wet ted  p e r i m e t e r .  The r e a l  e f f e c t  of roughness 
v a r i a t i o n s  on p r e d i c t i n g  i r r i g a t i o n  performance i s  dependent  on t h e  
r e l a t i o n s h i p  between furrow i n t a k e  and furrow wet ted  p e r i m e t e r .  Ramsey 
and Fangmeier (1976) showed t h a t  i n t a k e  r a t e  v a r i e d  a s  a  l i n e a r  f u n c t i o n  
of  furrow wet ted  p e r i m e t e r .  Ley (1978) showed t h a t  roughness  v a r i a t i o n s  
from a  c o n s t a n t  average  v a l u e  can r e s u l t  i n  moderate d e v i a t i o n s  i n  p r e -  
d i c t i o n s  of i r r i g a t i o n  performance when a  1:l l i n e a r  r e l a t i o n s h i p  between 
furrow i n t a k e  and furrow wet ted  p e r i m e t e r  i s  assumed. For  i n s t a n c e ,  
changing t h e  furrow roughness ove r  a  range from 40 p e r c e n t  t o  160 p e r c e n t  
o f  a  g iven  average  v a l u e  f o r  an  i r r i g a t i o n  r e s u l t e d  i n  cor responding  
changes i n  p r e d i c t e d  wate r  a p p l i c a t i o n  e f f i c i e n c y  from 84  p e r c e n t  t o  
110 p e r c e n t  o f  t h e  measured v a l u e  (Ley, 1978) .  F u r t h e r  s t u d y  of  t h e  
e f f e c t s  o f  furrow roughness v a r i a t i o n  on furrow i n t a k e  and u l t i m a t e l y  
p r e d i c t i o n  of i r r i g a t i o n  performance i s  i n d i c a t e d .  

Channel Shape-- Channel o r  furrow shape d e f i n e s  t h e  furrow wet ted  
pe r ime t e r  f o r  a  g iven  s e t  o f  f low c o n d i t i o n s  and u l t i m a t e l y  may have a n  
e f f e c t  on t o t a l  furrow i n t a k e .  Assuming o t h e r  f a c t o r s  c o n s t a n t ,  i t  i s  
obvious t h a t  two d i f f e r e n t  c r o s s  s e c t i o n s  w i l l  y i e l d  two d i f f e r e n t  f low 
d e p t h s ,  two d i f f e r e n t  wet ted  pe r ime t e r s  and most l i k e l y  two d i f f e r e n t  
i n t a k e  volumes. The a c t u a l  r e l a t i o n s h i p  between furrow wet ted  p e r i m e t e r  
and i n t a k e  ha s  n o t  been s u b s t a n t i a l l y  q u a n t i f i e d  a s  p r e v i o u s l y  s t a t e d .  

S a l a z a r  (1977) found t h a t  d e s c r i b i n g  furrow c r o s s - s e c t i o n a l  f low 
a r e a  a s  a  power f u n c t i o n  of  f low dep th  was most r e p r e s e n t a t i v e  of t h e  
c r o s s - s e c t i o n a l  p r o f i l e  d a t a  c o l l e c t e d  th rough  an  i r r i g a t i o n  scason .  
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Even though t h e  c r o s s  s e c t i o n s  approached a  t r a p e z o i d a l  shape  a s  t h e  
season  p r o g r e s s e d ,  a  power f u n c t i o n  f i t t e d  b e t t e r  because  t h e  bottom 
of  t h e  furrows a c t u a l l y  never  became h o r i z o n t a l .  S a l a z a r  (1977) a l s o  
p r e s e n t e d  r e s u l t s  which showed t h a t  t h e  assumption of  a  s i n g l e  furrow 
shape  t o  r e p r e s e n t  t h e  e n t i r e  season  d i d  n o t  r e s u l t  i n  s i g n i f i c a n t  e r r o r  
i n  volume b a l a n c e  computat ions  of i r r i g a t i o n  performance.  T h i s  was t r u e  
even when s i g n i f i c a n t  shape changes occur red  a long  t h e  furrow l e n g t h  
from t h e  beg inn ing  t o  t h e  end of  t h e  season .  Furrow prof i1 .e  d a t a  from 
t h e s e  s t u d i e s  showed t h a t  t h e  average  c r o s s - s e c t i o n a l .  f low a r e a  i n c r e a s , . .  
th rough  t h e  i r r i g a t i o n  season  (Table  6 ) .  The c r o s s  s e c t i o n s  beconie wider- 
w i t h  f l a t t e r  bot toms.  Tn a l l  c a s e s ,  a t  t h e  end of t h e  season  t h e  furrows 
e x h i b i t e d  deep,  wide,  n e a r l y  f l a t -bo t tomed  c r o s s  s e c t i o n s  a t  thr  upper 
end and somewhat s h a l l o w e r  s e c t i o n s  a t  ttie lower end.  The O C C I I ~ ~ ,  r ' \  o f  
e r o s i o n  and sed imenta t ion  a t  t h e  upper  and lower e n d s ,  resljec t ' , I ,  

seemed t o  produce t h i s  e f f e c t .  
M i s r e p r e s e n t a t i o n  of t h e  furrow c r o s s - s e c t i o n a l  1 l o w  ;.lr,:ia car) r e s r l l t  

i n  s i g n i f i c a n t  e r r o r  depending,  of  c o u r s e ,  on t h e  r e l a t i o r i s h i p  between 
furrow wet ted  p e r i m e t e r  and i n t a k e .  Ley (1978) showed t h a t ,  when a  1 : l  
l i n e a r  r e l a t i o n s h i p  between furrow wet ted  p e r i m e t e r  and i n t a k e  i s  assunled, 
changing t h e  c r o s s - s e c t i o n a l  f low a r e a  over  a. range from 10 p e r c e n t  t o  
130 p e r c e n t  of  t h e  average  v a l u e  r e s u l t e d  i n  cor responding  changes i n  
p r e d i c t e d  wate r  a p p l i c a t i o n  e f f i c i e n c y  from 70 t o  130 p e r c e n t  of  t h e  
measured v a l u e .  E r r o r s  i n  measur ing c r o s s - s e c t i o n a l  f low a r e a  t h e r e f o r e  
produce e q u i v a l e n t  e r r o r s  i n  de te rmin ing  system performance under t h i s  
assumption.  F u r t h e r  s t u d y  of t h i s  phenomenon i n  furrow i r r i g a t i o n  i s  
i n d i c a t e d .  

The SCS furrow d e s i g n  p rocedure  assumes furrows a r e  r e p r e s e n t e d  a s  
s m a l l  t r a p e z o i d a l  c h a n n e l s .  An e m p i r i c a l  r e l a t i o n s h i p  (which encompasses 
a  range o f  t r a p e z o i d a l  s h a p e s )  d e f i n e s  furrow wet ted  p e r i m e t e r  a s  a  

'2 f u n c t i o n  of t h e  h y d r a u l i c  c h a r a c t e r i s t i c  (Qn/S ) A c o n s t a n t  i s  added 
0 

t o  t h i s  r e l a t i o n s h i p  t o  c o n v e r t  t h e  t r a p e z o i d a l  we t ted  p e r i m e t e r  t o  an 
e q u i v a l e n t  h o r i z o n t a l  we t ted  w i d t h .  The r e s u l t i n g  v a l u e  is  u l t i m a t e l y  
used t o  d e f i n e  e q u i v a l e n t  and e q u i v a l e n t  average  i n f i l t r a t i o n  d e p t h s  
u s i n g  t h e  SCS i n f i l t r a t i o n  f u n c t i o n s .  The p rocedure  i s  n o t  meant t o  
account  f o r  t h e  e f f e c t s  of  we t ted  p e r i m e t e r  v a r i a t i o n s  on furrow i n t a k e .  
I n s t e a d ,  i t  i s  a  means f o r  c o n v e r t i n g  i n t a k e  voluine through a curved 
furrow s u r f a c e  t o  a n  e q u i v a l e n t  a v e r a g e  dep th  a s  is  commonly d e f i n e d  f o r  
o t h e r  s u r f a c e  i r r i g a t i o n  methods where t h e  e n t i r e  s u r f a c e  i s  i n u n d a t e d .  

FARMER MANAGEMENT 

I n  de te rmin ing  how fa rmers  i r r i g a t e ,  t h e  cor ic lus ion 1s t h a t  t h e y  
u s e  furrow i r r i g a t i o n  a s  a t r a d i t i o n a l  method f o r  i r r i g a t i o n  of row 
c r o p s .  I t  i s  a  p r a c t i c e  used from g e n e r a t i o n  t o  g e n e r a t i o n  wi th  r e f i n e -  
ments mainly  b e i n g  made i n  t h e  methods of  i n - f i e l d  d e l i v e r y  and 
d i s t r i b u t i o n .  While ga ted  p i p e  i s  used i n  t h e  a r c a ,  t h e  p r e v a l e n t  p r a c -  
t i c e  u s e s  s iphon  t u b e s  f o r  d i r e c t i n g  wate r  i n t o  cacti i r r i g a t e d  f ~ ~ r r o w .  
Another d e c i s i o n  fa rmers  make ahout how t o  j r r i g a t e  i s  w h ~ t h e r  t o  i r r i g a t t l  
every  furrow o r  a l t e r n a t e  fu r rows .  Design r c s u l t s  i n d i c a t e  e i t h e r  method 
i s  a c c e p t a b l e .  L i g h t e r ,  more f r e q u e n t  a p p l i c a t i o n s  a r e  n e c e s s a r y ,  
however, when i r r i g a t i n g  a l t e r n a t e  furrows on a  h e a v i e r  s o i l  i n  o r d e r  t o  
s a t i s f y  t h e  c r o p  requirement  a t  each  i r r i g a t i o n .  On t h e  o t h e r  hand 
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Table 6 .  Seasonal  Var i a t ion  i n  C h a ~ e l  Shape and Surface  S torage  f o r  Various Flow Depths. 

- 

S i t e  I r r i g a t i o n  No. 
2 

Cross-sec t iona l  Flow 2 Cross-sec t iona l  Flow a rea  (cm ) f o r  Flow Depth (cm): 
Area Equation 

2  
%(cm 1, Y (cm) 

3 ave 11.6 y 1.27 

4  ave 10.6 y 1.39 

2 ave 14.1 y 14 .1  34.2 57.5 1.28 

3  ave 

' a f t e r  S a l a z a r  (1977) 

'b--before i r r i g a t i o n  p r o f i l e s  
a - - a f t e r  i r r i g a t i o n  p r o f i l e s  
ave--average of be fo re  and a f t e r  p r o f i l e s .  



i r r i g a t i o n  of  every  furrow on l i g h t e r  s o i l s  may r e s u l t  i n  o v e r - i r r i g a t i o n  
and l e ach ing  of n u t r i e n t s  from t h e  c rops  roo t  zone.  Both extremes were 
observed a s  can be s een  i n  Appendix A ,  Tab les  A1 and A6, f o r  S i t e s  1 and 
6 ,  r e s p e c t i v e l y .  The most common p r a c t i c e  i n  t h e  a r e a  i s  t o  i r r i g a t e  
a l t e r n a t e  furrows.  

As a  r e s u l t  of t h i s  p r a c t i c e  and combinat ions  of o t h e r  f a c t o r s  such  
a s  improper a p p l i c a t i o n  t imes ,  i n c o r r e c t  i r r i g a t i o n  t iming  and decreased  
s o i l  i n t a k e  r a t e s  a s  t h e  season  p r o g r e s s e s ,  f a rmers  were n o t  meeting c rop  
requ i rements .  Cumulative s o i l  wa te r  d e f i c i t s  formed through t h e  season  
a s  opposed t o  a  g iven  d e f i c i t  l e v e l  a t  each i r r i g a t i o n  ( s e e  e v a l u a t i o n  
r e s u l t s  i n  Appendix A). The compensating f a c t o r  seems t o  be t h a t  f a i r l y  
c o n s i s t e n t l y  o v e r i r r i g a t i o n  a t  i n i t i a l  i r r i g a t i o n s  of t h e  season  p rov ide s  
s o i l  wa te r  s t o r a g e  i n  t h e  p o t e n t i a l  c rop  r o o t  zone f o r  t h e  c rop  t o  draw 
upon l a t e r .  I n  one i n s t a n c e ,  a  farmer  r e a l i z e d  he was no t  apn'v;r>: t h e  
d e s i r e d  amount and changed h i s  management a t  t h e  t h i r d  irr117.lLion of t h e  
season  t o  i r r i g a t e  eve ry  furrow.  Eva lua t i on  r e s u l t s  inc!icatect t h e  c rop  
requ i rements  were t h u s l y  s a t i s f i e d  a t  t h e  expense of  some deep p e r c o l a t i o n  
l o s s e s  through t h e  r e s t  of  t h e  season  (Table  A6, Appendix A). 

I t  may o f t e n  be t h e  c a s e ,  however, t h a t  f a n n e r ' s  a r e  c o n s t r a i n e d  hy 
t h e i r  a v a i l a b l e  wate r  supply  t o  i r r i g a t e  on ly  eve ry  o t h e r  furrow i n  o r d e r  
t o  sequence through i n  t ime t o  s t a r t  t h e  i r r i g a t i o n  p r o c e s s  a g a i n  and i n  
do ing  s o ,  a r e  doing an  inadequa te  job of  i r r i g a t i n g .  Th i s  i n d i c a t e s  a  
de s ign  d e f i c i e n c y  a t t r i b u t a b l e  t o  p o s s i b l y  s e v e r a l  f a c t o r s  o r  combina- 
t i o n s  of  f a c t o r s .  These i n c l u d e  improper s t ream s i z e s ,  furrow l e n g t h s  
which a r e  t o o  long ,  i n s u f f i c i e n t  system c a p a c i t y ,  e t c .  In format ion  needs 
t o  be supp l i ed  t o  fa rmers  concern ing  t h e i r  p a r t i c u l a r  o p e r a t i o n  a s  t o  
whether  o r  no t  t h e y  should be  i r r i g a t i n g  every  fu r row,  i f  they  have t h e  
system c a p a c i t y  f o r  t h i s  and i f  n o t ,  i f  t h e y  can s u c e s s f u l l y  i r r i g a t e  
a l t e r n a t e  fu r rows .  System des ign  a l t e r a t i o n s  may be r e q u i r e d .  

Seve ra l  f a c t o r s  appear  t o  de te rmine  how farmers  dec ide  when t o  
i r r i g a t e .  The d e c i s i o n  i s  based on expe r i ence  from p rev ious  s ea sons ,  
v i s u a l  o b s e r v a t i o n  of t h e  c rop ,  a  f i x e d  t ime i n t e r v a l ,  o r  t h e  time 
r e q u i r e d  t o  c y c l e  through h i s  f i e l d s .  I n s t i t u t i o n a l  f a c t o r s  may o f t e n  
r e q u i r e  him t o  " c a l l "  f o r  wate r  on a  p a r t i c u l a r  day  t o  have wate r  on a  
l a t e r  day i n  t h e  week. This  may r e q u i r e  t h e  farmer  t o  u se  t h e  wate r  
even though he i s  aware t h a t  he d o e s n ' t  need i t .  Depending on t h e  wate r  
supply  a v a i l a b l e ,  f a rmers  may s t a r t  i r r i g a t i o n  based or1 v i s u a l  observa-  
t i o n s  of t h e  c rop .  They t hen  c o n t i n u a l l y  i r r i g a t e  through t h e  peak use  
p e r i o d  o r  some s t a g e  of  c rop  growth w i th  t h e  i r r i g a t i o n  i n t e r v a l  t h e  
t ime  r e q u i r e d  t o  cyc l e  through t h e i r  f i e l d s .  

I n  approximately  two- th i rd s  of t h e  i r r i g a t i o n s  s t u d i e d ,  r e s u l t s  
i n d i c a t e  farmers  had dec ided  t o  i r r i g a t e  t o o  soon ( i . e . ,  t h e  a c t u a l  
a v a i l a b i l i t y  f a c t o r  a t  i r r i g a t i o n  t ime was l e s s  t h a n  t h e  de s ign  
a v a i l a b i l i t y  f a c t o r ) .  Approximately h a l f  of t h o s e  i r r i g a t i o n s  r e s u l t e d  
i n  some deep p e r c o l a t i o n .  The remainder were u n d e r i r r i g a t i o n s  and 
r e s u l t e d  i n  t h e  cumulat ive  r o o t  zone s o i l  wa te r  d e f i c i t  ( s e e  Appendix A). 
For  t h e  o t h e r  one - th i rd  of t h e  i r r i g a t i o n s  s t u d i e d ,  i n  approx imate ly  
60 p e r c e n t  of  t h o s e ,  t h e  fa rmers  wai ted  t oo  long  ( s o i l  wa te r  d e f i c i t  
l a r g e r  t h a n  des ign  a l l owab le )  and i n  gene ra l  wa te r  requirement  e f f i c i e n -  
c i e s  much l e s s  than  50 p e r c e n t  r e s u l t e d .  Thus, i n  on ly  14 p e r c e n t  of  
t h e  c a s e s  s t u d i e d  d i d  a  farmer  d e c i d e ,  by co inc idence ,  t o  i r r i g a t e  a t  t h e  
c o r r e c t  a l lowable  d e p l e t i o n .  When t h i s  d i d  happen on ly  marginal  perform- 
ance was s t i l l  t h e  r e s u l t ,  a s  t h e  fa rmers  were no t  u s i n g  i n f l ow  r a t e /  
in f low t ime combinat icns  t o  a ch i eve  good l e v e l s  of performance.  Poor 
i r r i g a t i o n  t iming  and t h e  observed i n a b i l i t y  t o  app ly  t h e  c o r r e c t  an~ount  
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of wate r  combined w i th  such  f a c t o r s  a s  d e c r e a s i n g  i n t a k e  r a t e s  and 
dec r ea s ing  water  supply  through t h e  season  r e s u l t  i n  t h e  cumula t ive  s o i l  
wa te r  d e f i c i t s  and poor wate r  requirement  e f f i c i e n c i e s .  

The f a r m e r ' s  d e c i s i o n  on how much wate r  t o  app ly  i s  l i nked  t o  t h e  
f a c t  t h a t  they  o f t e n  w i l l  o p e r a t e  w i th  a  c o n s t a n t  s e t  t ime through t h e  
season .  The s e t  t ime chosen was based on farmer  expe r i ence  dnd most 
o f t e n  was two 12-hr s e t s  p e r  day on t h e  f i e l d s  l onge r  t han  400 m (one- 
f o u r t h  m i l e )  and was anywhere from 3 t o  8 hours  on t h e  s h o r t e r  f i e l d s  
s t u d i e d .  I n  combination w i th  t h i s ,  f a rmers  would s e t  s o  many t ubes  p e r  
furrow t o  ach i eve  an  advance t ime w i t h i n  two- th i rd s  t o  t h r e e - q u a r t e r s  
of  t h e  t o t a l  s e t  t ime ,  i n d i c a t i n g  t h a t  advance t ime i s  o f t e n  a f a c t o r  
i n  a  f a r m e r ' s  d e c i s i o n  on how long he should i r r i g a t e .  There  are  no 
conc lu s ive  d a t a  t o  suppo r t  t h i s ,  however, a t  t h i s  t ime .  A t  any r a t e .  
e v a l u a t i o n  r e s u l t s  (Appendix A) show h i g h l y  v a r i a b l e  a p p l l c a  t i  ( to  d t y t h s  
even though s e t  t imes  were f a i r l y  c o n s t a n t .  Th i s  i s  due t o  . v a r i a t i o n  
i n  i n f l ow  r a t e s  from i r r i g a t i o n  t o  i r r i g a t i o n  a s  de sc r i bed  l X , j r l ~ e r .  

With b a s i c  knowledge of h i s  t o t a l  f low r a t e  and t h e  a r e a  i r r i g a t e d  
p e r  s e t  i n  a  g iven  s e t  time, t h e  farmer  can o b t a i n  a  rough e s t l m a t e  of 
t h e  average  app l i ed  dep th .  However, t h e r e  does  no t  seem t o  be any 
account  f o r  runoff  o r  deep p e r c o l a t i o n  l o s s e s  i n  a d j u s t i n g  t h i s  amount 
t o  some s t o r e d  dep th .  Thus, a  l a r g e  v a r i a b i l i t y  i n  t h e  r o o t  zone s t o r a g e  
a t  each  i r r i g a t i o n  w i th  cor responding  v a r i a b i l i t y  i n  i r r i g a t i o n  per fonnanr tb  
a t  each  i r r i g a t i o n  a l s o  r e s u l t e d .  

The i n a b i l i t y  of  farmers  t o  app ly  t h e  r i g h t  amount of  wate r  a t  t h e  
r i g h t  time i s  more c l o s e l y  r e l a t e d  t o  improper system d e s i g n  and l a c k  of 
knowledge of  t o t a l  a v a i l a b l e  wate r  supply ,  s iphon  head-d i scharge  r e l a -  
t i o n s h i p s  and c o r r e c t  in f low r a t e l i n f l o w  t ime combinat ions  t o  a ch i eve  
good system performance r a t h e r  t han  t o  l a ck  of  knowledge of p l a n t - s o l l -  
wa te r  r e l a t i o n s .  Th i s  seems t o  be e v i d e n t  i n  t h a t  some of  t h e  fa rmers  
and i r r i g a t i o n  systems eva lua t ed  were ach i ev ing  f a i r l y  good seasona l  
performance even though t h e r e  may have been l a r g e  d e v i a t i o n s  from system 
d e s i g n  recommendations. 

IRRIGATION PERFORMANCE 

Furrow i r r i g a t i o n  performance was de f i ned  by f o u r  pa r ame te r s :  

1. water  a p p l i c a t i o n  e f f i c i e n c y  (p r ev ious ly  d e f i n e d ) ,  
2 .  water  requirement  e f f i c i e n c y  ( p r e v i o u s l y  d e f i n e d ) ,  
3. runoff  r a t i o ,  t h e  f r a c t i o n  of  a p p l i e d  wate r  l o s t  a s  

runof f  from t h e  end of t h e  f i e l d ,  
4 .  deep p e r c o l a t i o n  r a t i o ,  t h e  f r a c t i o n  of  a p p l i e d  wate r  

l o s t  a s  deep p e r c o l a t i o n  and no t  b e n e f i c i a l l y  used by 
t h e  p l a n t  system. 

I r r i g a t i o n  performance a t  a l l  s i t e s  was unaccep t ab l e  based on 
p r ev ious  c r i t e r i a  f o r  a c c e p t a b l e  wate r  a p p l i c a t i o n  and wate r  requirement  
e f f i c i e n c i e s ,  and a l l owab le  l o s s e s .  A t  two s i t e s ,  ( S i t e s  6 and 7 ) ,  some 
a c c e p t a b l e  performance occur red .  However, on ly  one o f  s i x  i r r i g a t i o n s  
( S i t e  6 )  and two o f  t h r e e  i r r i g a t i o n s  ( S i t e  7) were a t  a c c e p t a b l e  l e v e l s  
of  performance.  Thus on ly  t h r e e  of  t h e  21 i r r i g a t i o n s  monitored had 
a c c e p t a b l e  performance.  E i g h t y - f i v e  p e r c e n t  o f  t h e  i r r i g a t i o n s  needed 
improvement . 
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Water a p p l i c a t i o n  e f f i c i e n c i e s  ranged from 35 t o  88 percent  wi th  
a  median near  70 pe rcen t .  Water requirement e f f i c i e n c i e s  ranged from 
33  t o  100 pe rcen t  wi th  a  median near  86 p e r c e n t .  Deep p e r c o l a t i o n  
r a t i o s  ranged from 0.00 t o  0 .57 wi th  a  median of 0 .00.  Runoff r a t i o s  
ranged from 0.08 t o  0 .48  with a  median near  0 .26.  

SUMMARY AND CONCLUSIONS ---- 

St ruc tu red  a n a l y s i s  o f  t h e  s t a t e  v a r i a b l e s  and f a c t o r s  which d e f i n e  
t h e  s t a t e  of i r r i g a t i o n  p r a c t i c e s  i n  an a r ea  have been performed with a  
l i m i t e d  s e t  o f  furrow i r r i g a t i o n  eva lua t ion  da t a  on seve ra l  furrow i r r i -  
g a t i o n  systems i n  Northern Colorado. A p r e l imina ry  d e s c r i p t i o n  o f  t " ~  
s t a t e - o f - t h e - a r t  of furrow i r r i g a t i o n  p r a c t i c e s  i n  t h i s  a r ea  ha,.  thus  
been p re sen t ed .  De ta i l ed  a n a l y s i s  of t h e  evaluat ' ion da t a  .in(! ramparison 
of a c t u a l  cond i t i ons  with des ign  s tandards  and recommeildat l o  a y i e l d  t b c  
fo l lowing  conc l~ l s ions  : 

1. F i e l d  Length. -- Nearly 50 pe rcen t  o f  t h e  systeols s t u d i e d  had 
furrow l eng ths  longer  t han  recommended f o r  e ros ion  c o r ~ t r o l .  
These occur red ,  i n  g e n e r a l ,  on t h e  heav ie r  s o i l s .  Design 
r e s u l t s  show t h a t  while  marginal ly  accep tab l e  r e s u l t s  can be 
achieved on t h e  longer  run l eng ths  from 400 m t o  800 m 
(1/4 mile t o  1 /2  mi l e ) ,  improved system performance can be 
a t t a i n e d  on t h e  run l eng ths  of 400 in (1 /4  mi le )  o r  l e s s .  

2 .  F i e l d  Slope.  -- Acceptable grades ranging from 0 . 3  pe rcen t  
t o  1 pe rcen t  were observed. The uni formi ty  of  grade i n  a t  
l e a s t  one - th i rd  of t h e  f i e l d s  s t u d i e d  could be improved t o  
i n c r e a s e  un i formi ty  of a p p l i c a t i o n .  No grades  g r e a t e r  t han  
t h e  1 . 3  pe rcen t  t o  1.9 pe rcen t  maximum recommended grades  
f o r  e ros ion  c o n t r o l  i n  t h e  a r e a  were encountered.  

3. Furrow Inflow Rate .  -- Furrow inf low r a t e s  were observed t o  
g e n e r a l l y  decrease  through t h e  season.  I n  most i n s t a n c e s ,  
t h e  in f low streams observed were l e s s  than  t h e  maximum allow- 
a b l e  non-erosive s t ream,  except  f o r  t h e  f i r s t  i r r i g a t i o n  of 
t h e  season ,  when farmers  tended t o  use  r e l a t i v e l y  l a r g e r  
s t reams.  I n  n e a r l y  85 pe rcen t  of t h e  i r r i g a t i o n s  eva lua t ed  
t h e  observed inf low r a t e s  were l a r g e r  t h a n  those  formulated 
by des ign .  The r e s u l t  was l a r g e  runoff  l o s s e s .  

4.  Furrow In t ake  Rate .  -- In t ake  r a t e s  were observed t o  g e n e r a l l y  
decrease  through t h e  i r r i g a t i o n  season.  Determinat ion of  an 
SCS i n t a k e  fami ly  based on s o i l  s e r i e s  c l a s s i f i c a t i o n  may be 
u n r e l i a b l e  a s  compared t o  va lues  ob ta ined  us ing  volume ba lance .  
Farmers do not  appear  t o  be aware of t h e  e f f e c t s  o f  decreas ing  
i n t a k e  r a t e s  on t h e  amount of water  s t o r e d  i n  t h e  r o o t  zone. 

5 .  Furrow Roughness. --  Furrow roughness was cha rac t e r i zed  us ing  
Manning's n .  Values ranging from 0.010 t o  0.047 were observed.  
SCS des ign  procedures  use  an n  of 0 .04.  The e f f e c t s  o f  
roughness v a r i a t i o n s  on t o t a l  i n t a k e  volume and f i n a l l y  on 
i r r i g a t i o n  performance needs f u r t h e r  s tudy .  Roughness was found 
t o  vary  s i g n i f i c a n t l y  a long a  s i n g l e  furrow and from i r r i g a t i o n  
t o  i r r i g a t i o n  through t h e  season.  

6.  Channel Shape. --  Furrow c r o s s  s e c t i o n s  were r ep re sen t ed  by 
a  power r e l a t i o n s h i p  between c r o s s - s e c t i o n a l  flow a rea  and 
flow depth .  SCS des ign  procedures  d e f i n e  furrow shape a s  
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a  t r a p e z o i d a l  c r o s s  s e c t i o n .  S i g n i f i c a n t  shape changes were 
found t o  occu r  a l ong  a  furrow from t h e  beg inn ing  t o  end of 
t h e  season .  The e f f e c t s  of  shape v a r i a t i o n s  on t o t d l  i n t a k r  
volume and i r r i g a t i o n  performance r e q u i r e s  f u r t h e r  s t u d y .  

7 .  Management. -- A s i g n i f i c a n t  d e c i s i o n  fa rmers  make i n  d e c ~ d i n g  
how t o  i r r i g a t e  i s  whether t o  i r r i g a t e  eve ry  furrow o r  on ly  
a l t e r n a t e  fu r rows .  The p r e v a l e n t  p r a c t i v e  i s  t o  i r r i g a t e  
a l t e r n a t e  fu r rows ,  however, t h i s  may be a  major f a c t o r  i l l  the 
u n d e r i r r i g a t i o n  which i s  o c c u r r i n g ,  p a r t i c u l a r l y  on thtn 
h e a v i e r  s o i l s .  Farmers may be  i n f l uenced  on when t o  i r r i g d t e  
by d e l i v e r y  c o n s t r a i n t s .  I n  approx imate ly  two- th i rd s  01 t h e  
c a s e s  s t u d i e d ,  fa rmers  i r r i g a t e d  t o o  soon.  I n  combination 
w i th  an  i n a b i l i t y  t o  app ly  t h e  r i g h t  amount of w a t e r ,  i n n f f i -  
c i e n t  (over-  and u n d e r i r r i g a t i o n )  i r r i g a t i o n s  of t e n  re.;, ! t ~ d .  
Improper in f low t i m e / i n f  low r a t e  combinat ions  resu  I l I n  t h i s  
i n a b i l i t y  t o  app ly  and s t o r e  t h e  r i g h t  amou~ '  of w ~ t e r  
e f f i c i e n t l y .  

8 .  I r r i g a t i o n  Performance.  -- E i g h t y - f i v e  p e r c e n t  of t h e  
i r r i g a t i o n s  eva lua t ed  had unaccep tab le  performance.  High 
runof f  l o s s e s  r e s u l t e d  i n  low wate r  d p p l i c a t i o n  e f f ~ c ~ z n c i t l \  
Low wate r  requirement  e f f i c i e n c i e s  r e s u l t e d  from cumu l d t  ivr. 
s o i l  wa te r  d e f i c i t s ,  poor t iming  and i ~ i s u f f  i c i e r l t  a p p !  i c a t  i o n s .  

RECOMMENDATIONS 

1. There i s  p o t e n t i a l  f o r  improvement i n  on-farm wate r  management 
i n  t h e  a r e a ,  p a r t i c u l a r l y  i n  a i d i n g  fa rmers  i n  d ~ t e r m ~ n i n g  t h e  
c o r r e c t  amount of wate r  t o  app ly ,  u s i n g  t h e  a p p r o p r i a t e  range 
of i n £  low r a t e / i n f  low t imes  f o r  e f f e c t i v e  appl  i c a  ti on and t.hert 
de te rmin ing  when t o  i r r i g a t e .  Perhaps  t h e  g r e a t e s t  a i d  rau  be 
accomplished o f f e r i n g  de s ign  recommendations t o  fa rmers  on t h e  
ranges  of furrow in f l ow  r a t e s  and s e t  times t h e y  should be u s i n g .  
I r r i g a t i o n  adv i so ry  s e r v i c e s  th rough  e x t e n s i o n  o r  by i r r i g a t i o n  
schedul ing  can e f f e c t i v e l y  improve t im ing  and amounts o f  water  
a p p l i e d .  

2 .  Design recommendations should be r e a d i l y  a v a i l a b l e  and 
implemented on t h e  l onge r  f i e l d s  t o  improve system 
performance on t h e s e  f i e l d s .  

3 .  S o c i a l ,  economic, agronomic and i n s t i t u t i o n a l  c o n s t r a i n t s  
t o  improved system des igns  and management a l t e r n a t i v e s  ~ ~ e e c !  
t o  be f u l l y  developed t o  de te rmine  t h e  most f e a s i b l e  problem 
s o l u t i o n s .  The u l t i m a t e  goa l  would be  t o  improve e x i s t i n g  
wate r  a p p l i c a t i o n  and wate r  requirement  e f f i c i e n c i e s  from 
observed ranges  of  35 t o  88  pe r cen t  and 33 t o  100 p e r c e n t ,  
r e s p e c t i v e l y ,  t o  p o t e n t i a l  va lue s  of  75 t o  95 p e r c r n t  ~ n d  
85 t o  100 p e r c e n t  r e s p e c t i v e l y .  
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Appendix A .  

Table  Al. Design and Evalua t ion  Resu l t s  f o r  S i t e  1 .  
-- -- - - - . - - -. . . .. - . 

IRRIGATlON NO. 
PARAMETER DESIGN 1 2 3 4 5 

Furrow spac ing ,  
m ( f t >  0.76 (2.50)  1 .52(5)  1 .52(5)  1 .52(5)  1.52!5) 1 . 5 % ( 5 )  

Furrow l e n g t h ,  625 625 625 625 625 
m ( f t )  312 ( 1 0 2 5 ) ~  (2050) (2050) (2050) (2050) (20.50) 

Furrow s l o p e ,  % 0.45  0.45 0.45 0 .45  0.45 0 . 4 5  

Design depth  o r  
s o i l  water  40 4 4 6 7 8: 328 
d e f i c i t ,  mm ( i n )  88.9 (3 .5)  (1 .6)  (1 .7 )  (2 .6)  ( 3 . h )  (5 .0)  

Furrow inf low 0.50-0.63 1.22 1 .53  1 .48  1.12 1.09 
r a t e ,  I p s  (gpm) (8-10) (19.3) (24 .4)  (23.3)  i17 .8)  (17 .3)  

Inf low t ime,  
min 7 20 670 714 698 705 691 

Average depth  91-115 53 .3  68.4 64.4 43.5 48 
a p p l i e d ,  mm ( i n )  (3.6-4.5) (2 .1 )  (2 .7)  ( 2 . 5 j  (1 .7 )  ( 1 . 9 )  

Average r o o t  
zone s t o r a g e ,  76-83 35.2 43. 49.6 35.7 42 .2  

mm ( i n )  (3 .0-3.3)  (1 .4)  (1 .7)  (1 .9)  (1 .4)  ( 1 . 7 )  

Furrow i n t a k e  
1 

fami ly  ( I f )  0 .45 0.40 0.40 0.50 0.35 0.45 

A v a i l a b i l i t y  
f a c t o r  ( f )  0 .4  0.18 0.20 0.30 0.39 0.57 

I r r i g a t i o n  
i n t e r v a l ,  days 13  - - 11 13 9 12  

Water app l i ca -  
t i o n  e f f i c i e n c y ,  

Ea (%) 72-84 6 6 63 7 7 82 8 8 

Water r equ i r e -  
ment e f f i c i e n c y ,  

Er ( I )  86-93 88 9 8 7 4 4 1 33 

Runoff r a t i o ,  
Rt  (dec)  0.16-0.28 0 .33  0.36 0 .23  0.18 0 .12  

Deep Perco la -  
t i o n  r a t i o ,  

Rp (dec)  0 .00  0.00 0 .01  0.00 0 .00  0 .00  
--------- - - -  ---.----.----- - - 
S o i l  type i s  c l ay  loam.  T o t n l  a v a i l a b l e  water  -- 0 . 1 4  m / G  (2:2k'i;$ft). 
Crop is corn with assumed n~aximurn root zone o f  1 .2  m ( 4  f l  ) .  

1 Note t h a t  design i s  f o r  i r r i g a t i o n  of every furrow and o n e - h a l f  of 
observed l eng th .  



Table A2. Design and Evaluation Results for Site 2. 

--- - - - - - - -. - - -. . 
IRRIGATION NO. 

PARAMETER DESIGN 1 2 

Furrow spacing, m (it) 1.52 (5.0) 1.52 (5.0) 1.52 (5.0) 

Furrow length, m (ft) 175 (575) 175 (575) 175 (575) 

Furrow slope, % 0.38 0.38 0.38 

Design depth or soil 
water deficit, mm (in) 73.1 (2.9) NA ' i.2 (2.8) 

Furrow inflow rate, 2ps 0.63-0.82 
(g~m) (10-13) 1.19 (18.9) 1.34 (21.3) 

Inflow time, min 480 430 300 

Average depth applied, 68-89 
nm (in) (2.7-3.5) 119 (4.7) 91.1 (3.6) 

Average root zone 65-70 
storage, m (in) (2.6-2.8) N A 58.3 (2.3) 

Furrow intake, 
1 

family (If) 

Availability factor (f) 0.4 N A 0.4 

Irrigation interval, 
days 11 

Water application 
efficiency, Ea (%) 79-96 (<7512 6 4 

Water requirement 
efficiency, E (%) r 

89.5-96 (100) 

Runoff ratio, Rt (dec) 0.04-0.21 (>O. 25) 0.36 

Deep percolation ratio, 
R (dec) 0.00 (>O. 00) 0.00 
P 
- -- --- . - ---------. - --.-- - --A . - .- . ... .- . . -. - ... 
Soil type is sandy clay loam. Total available water = 0.15 m/m 
(1.83 in/ft). Crop is corn with assumed maxi.mun1 root zone of 1.2 m 
(4 ft). 

'NA = not available 

'~stimated values for performance parameters. 



Table A3. Design and Evaluation Results for Site 3. 

IRRIGATION NO. 
PARAMETER DESIGN 1 2 

Furrow spacing, m (ft) 1.12 (3.67) 1.12(3.67) 1.12(3.67) 

Furrow length, m (ft) 175 (575) 175 (575) 175 (575) 

Furrow slope, % 0.43 0.43 0.43 

Design depth or soil 
water deficit, mm (in) 50.8 (2.0) NA 50 ( I  .!I71 

Furrow inflow rate, 0.44-0.57 0.85 0.81 
gps (gpm) (7-9) (13.4) (12.9) 

Inflow time, min 360 418 300 

Average depth applied, 49-63 111.6 73.1 
nrm (in) (1.9-2.5) (4 4) (2.9) 

Average root zone 
storage, mm (in) 46-49 

Furrow intake, 
t 

family (If) 

Availability factor (f) 0.35 

Irrigation interval, 
days 7 

Water application 
efficiency, Ea (%I 78-95 (<7312 52 

Water requirement 
efficiency, Er ( X )  91-97 (100) 7 6 

Runoff ratio, Rt (dec) 0.05--.20 (>O. 27) 0.48 

Deep percolation 
ratio, R (dec) 0.0-0.02 (>O. 00) 0.00 

P 

Soil type is sandy clay loam. Total available water = 0.16 m/m 
(1.93 in/ft). Crop is dry beans with assumed maximum root zone of 
0.9 m (3 ft). 

'NA = not available 
2~stimated values for performance parameters. 



Table A4. Design and Evaluat ion r e s u l t s  f o r  S i t e  4 .  

 IRRIGATION^ 
PARAMETER DESIGN 1 

Furrow spac ing ,  m ( f t )  1.12 (3.67) 1.12 (3.67) 

Furrow l eng th ,  m ( f t )  175 (575) 175 (575) 

Furrow s lope ,  % 0.36 0.36 

Design depth o r  s o i l  
water  d e f i c i t ,  mm ( i n )  58.7 (2 .3)  80 (3.2)  

Furrow inflow r a t e ,  
2 ~ s  (gpm) 0.25-0.35 (4-5.5) 0.62 (9.8)  

Inflow t ime,  min 720 202 

Average depth app l i ed ,  
mm ( i n )  56-77 (2.2-3.0) 42.4 (1.7)  

Average roo t  zone 
s to rage ,  mm ( i n )  50-55 (2-2.2) 27 (1 .1)  

Furrow i n t a k e  
t 

family ( I f )  0.45 

A v a i l a b i l i t y  f a c t o r  ( f )  0.30 

I r r i g a t i o n  i n t e r v a l ,  
days 7-10 

Water a p p l i c a t i o n  
e f f i c i e n c y ,  Ea (%) 71-90 

Water requirement 
e f f i c i e n c y ,  E (%) r 86-93 

Runoff r a t i o ,  Rt  (dec)  0.1-0.3 

Deep p e r c o l a t i o n  r a t i o ,  
R (dec)  0.00 

P  
- 

S o i l  type i s  c l ay  loam. To ta l  a v a i l a b l e  water = 0.18 m/m (2.2 i n / f t ) .  
Crop i s  cucumbers with assumed maximum roo t  zone of 1.05 m (3 .5  f t ) .  



Table A5. Design and evaluation Results for Site 5. 

-- - -- - -- . - -. . . - 
IRRIGATION NO. 

PARAMETER DESIGN 3 4 
-- - . ~ 

Furrow spacing, m (ft) 1.12 (3.67) 1.12 (3.67) 1.12 (3.67) 

Furrow length, m (ft) 365 (1200) 365 (1200) 365 (1200'1 

Furrow slope, % 0.98 0.98 0.98 

Design depth or soil 
water deficit, mm (in) 61 (2.4) 70 (2.8) 95 (J .7 )  

Furrow inflow rate, 0.57-0.76 
2 ~ s  (gpm) (9-12) 0.77 (12.2) 0.70 (11.1) 

Inflow time, min 720 45 0 696 

Average depth applied, 60-80 
mn (in) (2.4-3.2) 53 (2.1) 80.9 (3.2) 

Average root zone 
storage, mm (in) 52-56 (2-2.2) 38 (1.5) 44 (1.7) 

Furrow intake 
I 

family (If) 

Availability factor (f) 0.33 0.38 0.52 

Irrigation interval, 
days 9 

Water application 
efficiency, Ea (%) 70-86 

Water requirement 
efficiency, E (%) r 

85-92 

Runoff ratio, Rt (dec) 0.14-0.30 0.29 0.46 

Deep percolation ratio, 
R (dec) 0.00 

P 
-- . -- 

Soil type is clay loam. Totat available water = 0.15 m/m (1.83 in/ft.). 
Crop is sugar beets with maximum assumed root zone of 1.2 m (4 ft). 



Table  A6. Design and Eva lua t i on  R e s u l t s  f o r  S i t e  6 .  

IRRIGATION NO' 
PARAMETER DESIGN 1 2 3 5 6 

- 
Furrow spac ing ,  0 .76 0 .76 0 .76  

m ( f t )  0 . 76 (2 .5 )  1 .52(5)  1 .52(5)  ( 2 . 5 )  ( 2 . 5 )  (2 .5 )  

Furrow l e n g t h ,  625(2050) 625 625 625 625 625 
m ( f t j  (2050) (2050) (2050) (2050) (2050) 

Furrow s l o p e ,  % 0 .66  0 .66  0.66 0 .66  0 .66  0 .66  

Design dep th  o r  
s o i l  wa te r  47 .1  46.6 56 .3  8 4 5 1 
d e f i c i t , m m ( i n )  65(2 .56)  ( 1 . 85 )  ( 1 . 8 )  ( 2 . 2 )  ( 3 . 71  ( 2 .  :?) 

Furrow in f l ow  0.76-0.88 1 .41  1.14 1 .10  1.06 0 -05 
r a t e , g p s ( g p m )  (12-14) (22 .3)  (18)  ( 12 .5 )  (16 .8)  ( 15 .2 )  

In f low tj.me, 
min 720 596 574 56 1 674 671 

Average dep th  68-80 52.6  40 100.9 9 2 8 5 
a p p l i e d ,  mm ( i n )  (2 .7-3.2)  ( 2 . 1 )  ( 1 . 6 )  ( 4 . 0 )  ( 3 . 6 )  ( 3 . 4 )  

Average r o o t  
zone s t o r a g e ,  55-58 40 3 1 5 6 . 3  6 6 5 1 
mm ( i n )  (2 .2-2.3)  ( 1 . 6 )  ( 1 . 2 )  (2 .2 )  ( 2 . 6 )  ( 2 . 0 )  

Furrow i n t a k e  
1 

fami ly  ( I f )  0 .40  0 .52  0 .35 0 .45 0 .40  0 .30 

A v a i l a b i l i t y  
f a c t o r  ( f )  0 .40  0.29 0.29 0 .35 0 .52  0 . 3 1  

I r r i g a t i o n  
i n t e r v a l ,  days 9 - - 8 7 13  2 1 

Water a p p l i c a -  
t i o n  e f f i c i e n c y ,  

Ea (%I 72-81 7 6 78 5 6 7 1 5 9 

Water r equ i r e -  
ment e f f i c i e n c y ,  

Er (%I 85 - 89 85 6 7 100 7 8 9 9 

Runoff r a t i o  , 
R t  (dec)  0.16-0.21 0 .21 0 .22  0 .20  0 .29 0 .25 

Deep p e r c o l a -  
t i o n  r a t i o ,  

R ( dec )  0.04-0.07 0 .03  0.00 0 .24  0 .00  0 .16  
P 

S o i l  t ype  i s  sandy loam. T o t a l  a v a i l a b l e  w a t e r x 0 . 1 4  m/m m3- 
Crop i s  co rn  w i th  assumed maximum roo t  zone of 1 . 2  m ( 4  f t ) .  

'1nconplete  d a t a  f o r  I r r i g a t i o n  No. 4 .  I r r i g a t i o n  i n t e r v a l  from No. 3 
t o  No. 4 was 8 days .  ET d a t a  show a s o i l  wa te r  d e f i c i t  of  on ly  44 mtn 
( 1 . 7  i n ) ,  every  furrow was i r r i g a t e d ,  o v e r - i r r i g a t i o n  was i n d i c a t e d .  



Table A7. Design and Evaluat ion Resul t s  f o r  S i t e  7. 

----- .-.- 
IRRIGATION NO. 

PARAMETER DESIGN 1 2 3 

Furrow l e n g t h ,  m ( f t )  285 (938) 275 (902) 275 (902) 275(902) 

Furrow s l o p e ,  % 0.32 0.32 0.32 0.32 

Design depth o r  s o i l  
water d e f i c i t ,  mm ( i n )  85.3 (3 .4)  42 .5(1 .7)  54.4(2.1! ?5 .8(3 .4)  

Furrow inf low r a t e ,  1.01-1.39 
2 ~ s  (gpm) (16-22) 1.7 (27) 1.17(18.6)  1.32(20.9)  

Inflow t ime,  min 600 495 378 504 

Average depth app l i ed ,  83- 115 
m ( i n )  (3.3-4.5)' 122.5(4.8) 71.3(2.8) 96 .3(3 .8)  

Average roo t  zone 81-84 
s t o r a g e ,  m ( i n )  (3.2-3.3) 42.5(1.7)  54.4(2.1)  77.7(3.1)  

Furrow i n t a k e  
I 

family ( I f )  1.00 1.50 0.9 1.00 

A v a i l a b i l i t y  f a c t o r  ( f )  0 .40 0.20 0.26 0.40 

I r r i g a t i o n  i n t e r v a l ,  
days 14 

Water appl . icat ion 
e f f i c i e n c y ,  Ea (%) 73-97 

Water requirement 
e f f i c i e n c y ,  E (%) 

r 
95-98 100 100 9 1 

Runoff r a t i o ,  Rt  (dec)  0.02-0.21 0.08 0.19 0.19 

Deep p e r c o l a t i o n  r a t i o ,  
R (dec) 0.01-0.06 0.57 0.05 0.00 

P 
- 

S o i l  i s  loam. To ta l  a v a i l a b l e  water = 0.18 m/m (2.13 i n / f t ) .  
Crop i s  corn wi th  assumed maximum roo t  zone of 1 . 2  m (4  f t ) .  
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Abstract 

Interdisciplinary applied research in on-farm water management 
involves the collection, analysis, storage, and utilization of large 
amounts of data. A carefully defined system of data management is, 
therefore, an important part of the total research effort. 

This paper describes such a data management system which has been 
developed by the Egypt Water Use and Management Project. The system 
includes the following components: (1) realization of information 
requirements (2) an identification of data needed to provide this 
information (3) design of data collection program (4) procedures for 
recording and preparing data for computer processing (5) methods of 
data analysis including the necessary computer programs (6) methods of 
data storage and retrieval and (7) strategies for data utilization. 

The operation of the data management system is described for a 
study of irrigation practices for a cotton crop in the region near 
Kafr El Sheikh, Egy-pt. An identical framework for data management is 
suggested for other intimately related sociological, agronomic, and 
economic agricultural subsystems. The combined data management program 
applied to the project as a whole provides for interdisciplinary data 
utilization. 

Introduction 

The Egypt Water Use and Management Project is one of several 
interdisciplinary research/demonstration efforts which have sought 
or are seeking to facilitate increased crop production in developing 
countries through improvement of on-farm water management. Such research 
projects involve the collectior~ of large amounts of data. Consequently, 
the problem frequently encountered is that data tend to "pile upfv with- 
out being analyzed and shared among the various disciplines for the 
intended purpose of answering the questions addressed in the project's 
goals and objectives. 
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Out of recogni t ion  of  t h i s  r a t h e r  s e r i ous  problem, t h e  Egypt 
Watcr Use P ro j ec t  has r e c e n t l y  devoted cons iderab le  e f f o r t  toward 
a  s tudy of  da t a  management systems and has begun t o  apply a  "systems 
approach" i n  some o f  i t s  da ta  management a c t i v i t i e s .  The purpose o f  
t h i s  paper is  t o  p resen t  t h e  r e s ~ i l t s  of  a  general  s tudy of  d a t a  
management systems and t o  i l l u s t r a t e  t h e  a p p l i c a t i o n  o f  t h e s e  r e s u l t s  
through an example da t a  c o l l e c t i o n  program. 

General Considerat ions  i n  Data Management 

The term "data management." i s  o f t e n  thought t o  r e f e r  merely t o  t h e  
mechanical and procedural  means whereby d a t a  a r e  placed i n t o  some 
organized s to rage  so  t h a t  they  may be e a s i l y  r e t r i e v e d  a t  a  l a t e r  t ime 
f o r  a n a l y s i s .  A da t a  management system would then  cons i s t  of  a s to r age  
dev ice  along with a c a t a log  o r  index f o r  f i nd ing  s t o r ed  d a t a .  

Th is  i s  a  r a t h e r  l im i t ed  view of d a t a  management, though, and one 
which poses severa l  problems. The most s e r i ous  o f  t h e s e  problems i s  
probably t h a t  no account i s  taken o f  t h e  q u a l i t y  o r  use fu lness  o f  t h e  
d a t a .  Qua l i ty  is used t o  r e f e r  t o  t h e  degree t o  which t h e  da t a  
c o l l e c t e d  a c t u a l l y  r ep r e sen t s  t h e  f i e l d  s i t u a t i o n .  l l sefulness  r e f e r s  
t o  t h e  s u i t a b i l i t y  o f  da t a  f o r  i t s  intended purposes.  Another problem 
i s  t h a t  t h e  medium f o r  s t o r i n g  t h e  da t a  might not  be s u i t a b l e  f o r  t h e  
types  o f  ana lyses  which w i l l  need t o  be performed. 

S t i l l  a  t h i r d  problem e x i s t s ,  namely t h a t  a given observat ion 
can have d i f f e r e n t  meanings, depending on t h e  method o f  c o l l e c t i o n  o r  
l abora tory  a n a l y s i s .  This  i s  p a r t i c u l a r l y  a  problem when data  a r e  
c o l l e c t e d  i n  an i n t e r d i s c i p l i n a r y  research  e f f o r t  s i n c e  ind iv idua l  
d i s c i p l i n e s  o f t e n  have very d i f f e r e n t  accepted procedures f o r  measuring 
t h e  same q u a n t i t i e s .  

Because of  t he se  and o the r  problems commor~ly encountered i n  d a t a  
management, it becomes necessary t o  expand and gene ra l i z e  t h e  common 
percept ion of  t h e  t e r n  t o  inc lude  design o f  da t a  c o l l e c t i o n  procedures,  
methods f o r  process ing d a t a  and a  p lan  f o r  u l t ima t e  u t i l i z a t i o n  of  t h e  
informat ion.  The broader o r  I1systems" perspec t ive  f o r  d a t a  management 
has been discussed by Ward (1978) and Ward (1979) f o r  water q u a l i t y  
monitoring networks. 

The terms "data" and " informat iont t  w i l l  sometimes be used i n t e r -  
changeably; however i n  t h e  s t r i c t  sense ,  d a t a  r e f e r s  t o  obsema t ions  
a s  they  a r e  recorded i n  t h e  f i e l d  o r  l abora tory  whi le  information r e f e r s  
t o  t h e  r e s u l t s  obtained from a n a l y s i s  and syn the s i s  of d a t a .  There i s ,  
of course ,  considerable  over lap  between t h e  two terms.  

Definine Information Needs 

An o u t l i n e  of  a  genera l i zed  d a t a  management system i s  shown i n  
Table 1 .  The f i r s t  phase of t he  system is t h e  d e f i n i t i o n  o f  information 
needs ,  The i n v e s t i g a t o r  must ask severa l  ques t ions !  What system am I 
working with? What a r e  t h e  boundaries of t h a t  system? In how much 
d e t a i l  do I need t o  de sc r i be  t h a t  system? What do T need t o  know i n  o rde r  



t o  make an adequate descr ip t ion?  e t c .  Once t h e  information needed t o  
descr ibe the  na ture  and operation of t he  system has been i d e n t i f i e d ,  
t h e  inves t iga tor  may proceed t o  l is t  a s  many of the f a c t o r s  which may 
l i m i t  the  performance of t he  system as possible .  This second s t e p  of 
course assumes t h a t  t h e  research objec t ive  is  t o  improve the performance 
of the  system. 

A s  an example of def ining information needs, consider the  water 
appl ica t ion  subsystem of the  on-farm i r r i g a t i o n  system. Conceptually, 
t h i s  subsystem is bounded on one s i d e  by the  water de l ivery  subsystem 
and on the o ther  by the  water removal subsystem (El Kadp, Clyma and 
Abu-Zeid, 1979). The u n i t  of i n t e r e s t  i s  the f i e l d  which has well-  
defined physical boundaries. This system must be described i n  enough 
d e t a i l  t o  perform a reasonably accurate  water balance f o r  t he  system 
f o r  individual  i r r i g a t i o n s  with p a r t i c u l a r  emphasis on the  quant i ty  of 
water supplied t o  the root  zone of t h e  crop o r  water use subsystem. Thus, 
t he  quan t i t i e s  of water ( input ,  output ,  and s torage)  f o r  t he  system 
a s  a  funct ion of both time and space (uniformity over the  f i e l d )  must 
be determined. The f a c t o r s  which l i m i t  the  performance of the system 
a r e  nonideal r a t e s  and timing of water input t o  t he  f i e l d  and nonideal 
d i s t r i b u t i o n  of i n f i l t r a t e d  water volumes over t h e  f i e l d  sur face .  

Defining Data Needs 

The second phase of the da ta  management program is  a  de f in i t i on  of 
da t a  needs. This i s  l a rge ly  an extension of the  f i r s t  phase, but on 
a  more s p e c i f i c  l e v e l ,  

The performance of a  system under considerat ion i s  conveniently 
evaluated i n  terms of a  s e t  of performance ind ices ,  For example, a  
useful  performarlce index of an agronomic system is crop y i e ld .  I t  i s  
important t o  s e l e c t  and ca re fu l ly  def ine  those performance indices  which 
w i l l  be used f o r  each system o r  subsystem under considerat ion a s  ea r ly  
a s  possible .  Much thought must be devoted t o  t he  i s sue  of whether t h e  
se lec ted  performance indices  a c t u a l l y  contain the  information one wishes 
t o  know. 

Performance indices  may be measured d i r e c t l y  o r  may be a  function 
of one or  more measured va r i ab l e s ,  The second phase of da t a  management 
should include a  l i s t i n g  of a l l  var iab les  which must be measured i n  
order  t o  evaluate  the underlying na ture  of t h e  system, the  s t a t e  of 
t h e  system a t  a  p a r t i c u l a r  time, o r  the performance of  t he  system. 

Returning t o  the water appl ica t ion  subsystem example, two useful  
performance indices  a r e  appl ica t ion  e f f ic iency  and water requirement 
e f f i c i ency .  Application e f f ic iency  is defined a s  the  volume of water 
s tored  i n  the  root  zone f o r  a  p a r t i c u l a r  i r r i g a t i o n  divided by the  volume 
appl ied.  Water requirement e f f i c i ency  i s  defined a s  t h e  volume of water 
s tored  i n  t he  root  zone divided by the  volume ava i l ab l e  f o r  s torage  
o r  t he  deficiency.  



In o rder  t o  adequately  c h a r a c t e r i z e  t h e  opera t ion  o f  t h e  water 
app l i c a t i on  subsystem, t h e  appropr ia teness  o f  t h e  s t a t e  va r i ab l e s  must 
be determined and t h e  system parameters (both v a r i a b l e s  and cons t an t s )  
measured t o  determine t h e  performance o f  t h e  system. Since management 
dec i s i ons  of  t h e  farmer a l s o  i n f l uence  system performance, t h e s e  
dec i s i ons  should be eva lua ted .  

The s t a t e  v a r i a b l e s  of  t h e  system (El Kady, Clyma and Abu-Zeid) 
a r e  a s  fol lows:  

1 .  F ie ld  geometry 
2 .  F ie ld  s lope  
3 .  Surface roughness 
4 .  I n f i l t r a t i o n  r a t e  of s o i l  
5 .  Channel shape 
6 .  Water supply r a t e  

The system cons t an t s  and v a r i a b l e s  necessary t o  eva lua t e  perforn~a.nce 
a r e  a s  fol lows:  

1.  S o i l  p r o p e r t i e s  (bulk d e n s i t y ,  f i e l d  c apac i t y  and w i l t i n g  po in t )  
2 .  S o i l  water s t a t u s  
3 .  Runoff from t h e  f i e l d  a s  a  func t ion  o f  t ime 
4 .  Advance and recess ion  of water on t h e  f i e l d  
5 ,  I n f i l t r a t i o n  volumes a s  a  func t ion  o f  t ime and space 
6. Inflow t o  t he  f i e l d  a s  a func t ion  of t ime 

Management dec i s i ons  t o  be eva lua ted  a r e  how, when and how much t o  
i r r i g a t e .  These a r e  evaluated with  t h e  performance i nd i ce s  and t h e  
system va r i ab l e s  and cons t an t s .  



From a systems modeling viewpoint, the first six of these variables 
(field geometry, slope, roughness and soil properties) may be considered 
as state variables, those which describe the state of the system at a 
particular time. Additionally inflow would be considered as an input 
to or excitation of the system while runoff and infiltration would be 
considered as. outputs from or responses of the system. 

Evaluating the performance of this system involves measuring and 
comparing the useful output of the system (water stored in the root 
zone) against inputs (water applied) or against nonuseful outputs 
(runoff and excess infiltration). The comparison is made using the 
irrigation efficiency parameters described earlier . 
Design of a Data Collection Program 

The third phase of data management is the design of a data 
collection program. The design begins with the listing of variables to 
be measured as discussed above and goes on to specify the number of 
observations to be taken for each variable and how these observations 
are to be located in both space and time. The design is based on the 
answer to a question from phase one, "In how much detail must the 
system be described?" and on the additional consideration of what 
degree of confidence must be placed in the resulting description. 

The design problem should generally be viewed in a statistical 
context. A common approach is to determine the number of samples 
required in order to achieve a specified confidence interval width 
about the sample mean of the measured variable. In order to utilize 
this approach, it is necessary to have some estimates of the spatial 
and temporal variability of the measured variable. 

As an example, the design of the data collection program for the 
water application subsystem should include the frequency in time with 
which inflow measurements are made, If the inflow rate is nearly 
constant or slowly variable, as might be the case with a canal gravity 
flow system or pumped well, flow measurements taken every two hours 
or so might be sufficient. On the other hand theruse of manual or 
animal-operated lift devices (such as Sakia or Tambour*) would produce 
highly variable flow rates which should perhaps be measured continuously 
or very frequently. Consider also the case of measuring infiltration 
rates and soil properties at various points in the field. The number of 
points at which observations are to be taken will be larger for fields 
which have a large spatial variability of soil properties. A more 
complete discussion of the confidence interval approach to sampling 
frequency selection is presented in Ward et a1 (1979). 

A further consideration in sampling program design is the quality 
control of data in the field. This item must be dealt with by the 
investigator on an individual basis and should include such things as 
preparation of easy-to-use data forms and supervision and spot checking 
technicians who collect data. 

-- 
Sakia - draft-animal powered water wheel 
Tambour - Archimedes screw type pump, hand powered 



Data Analys is  

Data a n a l y s i s  i s  t h e  p rocess  by which measurements from f i e l d  o r  
l a b o r a t o r y  experiments a r e  conver ted  i n t o  informat ion which i s  u s e f u l  
t o  t h e  i n v e s t i g a t o r .  The types  o f  d a t a  a n a l y s e s  which a r e  t o  be 
performed a r e  determined by in fo rmat ion  needs  and in tended u s e s  o f  t h e  
d a t a .  I t  i s ,  t h e r e f o r e ,  important  t o  o u t l i n e  in tended d a t a  a n a l y s i s  
procedures i n  t h e  p lanning s t a g e s  o f  a  p r o j e c t ,  

Common methods o f  d a t a  a n a l y s i s  i n c l u d e  (1) c a l c u l a t i o n  o f  summary 
s t a t i s t i c s ,  (2 )  a n a l y s i s  o f  v a r i a n c e  and r e g r e s s i o n ,  ( 3 )  t c s t s  o f  
hypotheses,  and (4)  mapping and g r a ~ l h i c a l  d i s p l a y  o f  d a t a .  Summary 
s t a t i s t i c s  a r e  uscd f o r  t h e  purpose o f  condensing t h e  informat ion 
conta ined in manv recorded p i e c c ~  of  d a t a  i n t o  a s i r lg lc  nurnher. Two 
commonly uscd .;ilmnmary s t a t i s t i c s  a r e  t h e  sample mean arid v a r i a n c e  o f  
a  s e t  o f  o b s e r v a t i o n s .  A measure o f  "how good" an e s t i m a t e  o f  t h e  mean 
i s  may be obta ined by p l a c i n g  conf idence l j m i t s  on i t .  Although 
l e s s  s t r a i g h t f o r w a r d ,  i t  i s  p o s s i b l e  and q u i t e  d e s i r a b l e  t o  p l a c e  
conf idence l imits  on t h e  e s t i m a t e s  o f  o t h e r  summary s t a t i s t i c s  a s  we l l .  
I r r i g a t i o n  e f f i c i e n c y  parameters  a r e  examples of  summary s t a t i s t i c s  which 
a r e  a p p r o p r i a t e  f o r  t h e  water a p p l i c a t i o n  subsystem. These parameters  
summarize l a r g e  amounts o f  d a t a  i n c l u d i n g  advance and r e c e s s i o n  d a t a  and 
s o i l  nloisture d a t a .  

Analys is  o f  v a r i a n c e  and r e g r e s s i o n  a r c  used to  determine cause  and 
e f f e c t  r e l a t i o n s h i p s  between v a r i a b l e s  under i n v e s t i g a t i o n  and t o  
e v a l u a t e  whether o r  no t  t h e s e  r e l a t i o n s h i p s  a r e  s i g n i f i c a n t .  An 
example a p p l i c a t i o n  o f  a n a l y s i s  o f  v a r i a n c e  f o r  an agronomic subsystein 
would be a  s tudy  o f  s e v e r a l  yea r s  o f  corn  y i e l d  d a t a  from s e v e r a l  
farms t o  s e e  whether o r  not  t h c r e  i s  a  s t a t i s t i c a l l y  s i g n i f i c s n t  d i f f e r e n c e  
i n  y i e l d  aillong t h e  farms.  For t h e  water  a p p l i c a t i o n  subsystem example, 
an a p p l i c a t i o n  o f  r e g r e s s i o n  i s  t h e  de te rmina t ion  o f  t h e  f u n c t i o n a l  
r e l a t i o n s h i p  o f  i n f i l t r a t i o n  depth  t o  o p p o r t u n i t y  t ime.  Confidence 
limits may bc placed on r e g r e s s i o n  c o e f f i c i e n t s ,  j u s t  a s  t h e y  can f o r  
summary s t a t i s t i c s ,  p rov id ing  a  u s e f u l  measure o f  t h e  "goodnesstt of  the  
e s t i m a t e .  

The a n a l y s i s  of  v a r i a n c e  example mentioned e a r l i e r  was a  t e s t  o f  t h e  
hypo thes i s  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  corn y i e l d s  among 
s e v e r a l  farms.  Many o t h e r  tries o f  t e s t s  of  hypotheses a r e  u s e f u l .  
For example it might be d e s i r a b l e  t o  t e s t  whether t h e  r e g i o n a l  mean 
v a l u e  o f  some i r r i g n t i o n  e f f i . c i cncy  parameter  i n  an a r e a  where l i f t  
dev ices  a r e  used was s t a t i s t i c a l l y  d i f f e r e n t  from t h e  r e g i o n a l  mean 
v a l u e  o f  t h e  same parameter in :In a r e a  whcre g r a v i t y  flow is  used.  

Data ]nay a l s o  be analyzed i n  a  sense  simply by d i s p l a y i n g  i t  
p r o p e r l y  through t h e  u s e  o f  maps, c h a r t s ,  graphs ,  e t c .  Visual  
p r e s e n t a t i o n s  such a s  t h e s e  a r e  probably  one o f  t h e  most e f f e c t i v e  
means o f  conveying in fo rmat ion  on a  p a r t i c u l a r  s u b j e c t  t o  a  nonexpert  
i n  t h a t  f i e l d ,  and should ,  t h e r e f o r e ,  have much p o t e n t i a l  a p p l i c a t i o n  
i n  i n t e r d i s c i p l i n a r y  r e s e a r c h .  

The possibilities a r e  almost  l i m i t l e s s ,  and a n  exhaus t ive  l i s t  of  
d a t a  a n a l y s i s  procedures i s  no t  n e c e s s a r y ,  The key po in t  i s  t h a t  
t h e  t y p e s  and amounts o f  d a t a  which must be c o l l e c t e d  f o r  t h e  d a t a  t o  



convey meaningful information without being redundant is highly 
dependent on the nature of the analysis to be performed. Data analysis 
should, therefore, be considered well before the collection process is 
begun. 

A final consideration in data analysis is that of quality control 
of recorded data. This would usually take the form of a preanalysis 
check to eliminate data points which are obviously incorrect, Simple 
preliminary analysis may ofton be performed to eliminate data which are 
counter-physical. For example data which indicate that a mass balance 
is violated should not be included in one's analysis. 

Data Storage and Retrieval 

Data storage and retrieval are the terms which commonly come to 
mind when data management is mentioned, The important considerations 
in planning a data storage and retrieval system are (1) minimization 
of time and effort required in both the storage and retrieval operations 
(2) minimization of errors due to handling of data, and (3) maximization 
of availability of data to potential users. Decisions must be made 
regarding the method of data recording in the field and the means by 
which data are to be converted into a form suitable for electronic 
data processing and storage, 

Data forms for use in the field should be constructed in such a 
way that they are easy to use and are as self-explanatory as possible. 
In addition, calculations involved in filling out forms and transferrring 
data from one form to another should be minimized, The use of pencil- 
marked computer cards or of precoded data forms suitable for direct 
keypunching is therefore desirable. Computer cards could then, if 
necessary, serve as the primary storage medium for the data. 

More compact forms of data storage are afforded by computer tapes 
or disks. Small desktop computers such as the HP9825 calculator 
system allow data to be stored on tapes or disks without a card 
punching operation. Data may also be transferred to tapes or disks 
from punched or pencil-marked cards. Disk storage is preferable to tape 
storage because it allows faster access of the data. 

Although the choice of a storage medium is important, the critical 
decision is one of how the data are to be organized within the 
storage medium. Proper selection of file content and arrangement on 
a tape, for example, can greatly facilitate future efforts at data 
analysis. A logical approach to this problem is to prepare data 
analysis programs and data storage programs at the same time and perhaps 
to incorporate both in one program. Data can therefore be stored on 
the same tape, or disks, as are the primary analyses routines. An 
important concept in preparing programs of this type is that provision 
should be made for convenient updating of the files by adding, 
substracting, or correcting data entries. 

A practical means of providing for interdisciplinary data utiliza- 
tion is the establishment of a data bank. Under a data bank system one 
or two sets of all of the data collected for a project would be kept in 
a central location for convenient accessibility by all investigators. 



Each investigator would also maintain his own data files and would be 
responsible for regularly adding his data to the data bank. 

Some impartant considerations in establishing a data bank system 
are the following: 

1. Data should be stored along with appropriate identification. 
This would normally include the time and place of collection. 'Thc 
method of collection or analysis and the person or group doing the 
collecting should often bc recorded also. 

2. Provisior~s should bc made for investigators to duplicntc 
parts of the data bank for thcir own analysis. Storing the data on 
computer tapcs and disks will allow this to h e  done casily. 

3. A single storage medium, i,e., computer tape, disk, or punched 
cards should usually be cllosen as the primary storage medium. 

4 .  A regular time-table for updating the data bank should be 
agreed upon in order to minimize the time lag between data collection 
and data availability to other investigators. 

5. An extensive data index or catalog should be prepared in order 
to let all the researchers involved know what data is available and 
how to access it. 

Data and Information Utilization 

A plan for data utilization closes the loop of the data management 
system by defining the ways in which data and information will be used 
to mcet the needs set forth in the first phase. As discussed earlier 
the data may be used initially to descril~e the system and to identify 
problcm areas or factors which limit systcm performance. Also the 
data collected cnrly can serve as a baseline or standard of comparison 
for evaluation of proposed solutions in the future. As time goes on 
data may be used for the actual formulation and evaluation of alternative 
solutions. 

,In important consideration in the data utilization plan is the 
identification of potential data users, including those outside the 
discipline by which the data are collected, Data collection and 
storage efforts may then be adjusted so that collected data may be 
utilized to the fullest. For example soil moisture data is needed for 
agronomy, irrigation engineering, and groudwater budget studies. In 
order to be ujeful to the various disciplines, the meaning of recorded 
observations, as dictated by the methods of analysis, must be clear. 
The data catalog should therefore specify that soil moisture data are 
recorded as "grams of water per gram of soil, dry weight basis, 
samples dried at 105°C" or whatever is appropriate, Furthermore, an 
irrigation or agronomy study would probably need soil moisture data 
only as deep as the root zonc, while a groundwater budget study requires 
data throughout the soil profile to the water table. An early definition 
of such needs would allow a collection procedure to be developed which 
could serve both purposes without unnecessary duplication of effort. 



Example Application : Regional Measurement 
of Irrigation Water Volumes 

Let us now consider the application of each of the above components 
of the data management system to a single study with well-defined 
information needs. One of the goals of the Egypt Water Use Project is 
to evaluate the adequacy of the existing system of water delivery by 
canals considering the distribution of water to the fields in both 
space and time. 

Informat ion Needs 

In order to study this question in detail for a specific situation, 
the following hypothetical information need is established. "How 
much water is applied (under the present system) to the cotton crop 
in the Nile Delta region near Kafr El Sheikh?" 

Data Requirements 

One would like to know the volume of water applied to each field 
of cotton in the region during each irrigation of the cotton season 
over a period of several years, This would be very costly to measure. 
Since time and money are both in short supply, the first step in 
agreeing on reasonable data requirements is to select a small study 
region of a couple of hundred hectares (corresponding to the current 
Abu Riah study region of the EWUP) and to decide to limit the study 
to a single season. It would still be very costly to measure all of 
the water applied within the study area, The next step, therefore, 
is to design a program of sampling or measuring water applied at 
intervals in both space and time rather than measuring continuously. 
The design problem consists of deciding how often to sample. 

Design of the Data Collection Program 

The physical variables to be measured periodically are flow rates 
into fields and times associated with each flow measurement. Initially, 
field areas must also be measured so that measured water volumes may 
be translated into application depths and then extrapolated into volumes 
of water used for the entire region. 

There are two major criteria for deciding how often to sample 
water applications. The first consideration is to sample often enough 
so that the results will contain sufficient information. The second is 
minimize costs by sampling at the lowest acceptable frequency, A 
statistically sound way of dealing with this problem is to choose 
sampling intervals in space and time such that an acceptable confidence 
interval width about the desired statistic (regional volume of water 
used) is achieved. For present purposes a confidence interval may 
be defined as an interval containing the sample estimate of the regional 
volume of water used for which there is a given probability that the 
true volume lies with the interval. For example if 951 confidence 
interval about the regional application volume is given by [ X  - A, X + A], 
where X is the sample estimate of volumes, there is a 95% chance that 



t h e  t r u e  volume is  conta ined wi th in  t h e  i n t e r v a l ,  I t  i s  apparent  t h a t  
t h e  smal le r  t h e  i n t e r v a l ,  t h e  more informat ion is  ob ta ined  by t h e  
sampling program. 

An express ion f o r  a 95% conf idence i n t e r v a l  width about t h e  sample 
e s t i m a t e  o f  reg iona l  water a p p l i c a t i o n  may be developed a s  fo l lows i  

The e s t i m a t e  of water app l ied  is  given by 

where R = e s t i m a t e  of  water volume a p p l i e d  t o  e n t i r e  reg ion  (cubic meters)  

N, = to ta l .  number o f  h e c t a r e s  occupied by c r o p  r 
N = number o f  h e c t a r e s  over  which water  a p p l i e d  is  a c t u a l l y  measured 

1 

N2, i = number o f  flow measurements taken f o r  h e c t a r e  i dur ing  t h e  

season 

3 

Q j  , i  
= j t h  measured flow (m /min taken f o r  h e c t a r e  i) 

A t  = t ime i n t e r v a l  between observa t ions  (assumed cons tan t  f o r  

sampling program) 

I n  o r d e r  t o  f i n d  a conf idence i n t e r v a l  about R ,  we need t o  know 
the  var ia i lce  o f  tile e s t i m a t e  a s  given below. 

2 
N~ v a r  [R] = - v a r  N1 C LN2, i  

1 
Q j  , i A t  

i=1 j=1  

Now assume t h a t  t h e  va r iance  of t h e  f low r a t e s  i s  a cons tan t  f o r  

t h e  reg ion .  (Let v a r  [ Q .  . ]  = o2 f o r  a l l  i and j )  . Let us  f u r t h e r  
3 3 1  

assume t h a t  t h e  measured flow r a t e s  a r e  independent and remember t h a t  

A t  = c o n s t a n t .  We can now w r i t e  

2 N N~ 2 2 z2, i (11 
v a r  [R] = - A t  a 

1 i=1 j=1  
N 

Now observe t h a t  ~ ~ ' ~ ( 1 )  = N 2 , i  
j=1 



1 
and t h a t  Z N Z j i  = N1 (N2 ,avg) 

i=l 

where N = t h e  average number o f  flow measurements taken a t  each 
2'avg 

po in t  d l ~ r i n g  t h e  season. 
T 

In add i t i on ,  - - N3,avg avg  
N~~ avg ~t 

where N = t h e  average number of  i r r i g a t i o n s  dur ing  t h e  season f o r  
3'avg 

an ind iv idua l  farm i n  t h e  region 

T = t h e  average leng th  o f  an i r r i g a t i o n  (minutes) 
avg 

A t  = t ime i n t e r v a l  between flow measurements (minutes) 

Therefore ,  i 2 , i  (1) = N1 N3,avg Tavg 
A .. 

N 2 
and var  [R] = T - T 

At  0q2 N 3 ~ a v g  avg 
1 

F ina l l y ,  a 95% confidence i n t e r v a l  above R is  given by 

[R - 1.96 var  [R] 'I2, R + 1 .96 va r  [R] 1/2] 

where 1.96 i s  t h e  s tandard normal dev i a t e  corresponding t o  a p r o h a b i l i t y  

l eve l  o f  2 .5%)  and va r  [R] i s  given by t h e  above express ion.  

One can now s e l e c t  a sampling frequency i n  t ime, A t ,  and i n  space,  

N1 - , which w i l l  provide any de s i r ed  confidence band o r  l eve l  o f  p r ec i s i on  
N~ 
i n  t h e  e s t ima t e ,  R. An under lying assumption here  is  t h a t  s u f f i c i e n t  

information has  a l ready  been gathered i n  o rde r  t o  ob t a in  reasonable  

2 es t imates  o f  t h e  q u a n t i t i e s  a ; N3#avg'  *T avg . This  assumption i s  

j u s t i f i a b l e  f o r  t h e  Egypt Water Use P ro j ec t ,  which has  a t  p resen t  been 

c o l l e c t i n g  d a t a  f o r  over a year ,  but  might be r e s t r i c t i v e  i f  one were 

t o  apply t h i s  approach t o  sampling program design t o  a brand new research  

e f f o r t .  

The remainder of  t h e  sampling program des ign ,  such a s  t h e  
s e l e c t i o n  of  f i e l d s  t o  monitor,  w i l l  be based on more sub j ec t i ve  c r i t e r i a  
including r ep re sen t a t i ve s ,  a c c e s s i b i l i t y ,  and farmer cooperat ion.  



Note t h a t  t h i s  des ign approach assumes t h a t  t h e  same farms w i l l  he 
monitored dur ing t h e  e n t i r e  season,  which i s  reasonable  s i n c e  i t  
provides  o r  s imple r  opera t ion  and f o r  dea l i ng  with  a minimum number 
o f  farmers.  

Data Analysis 

Routine a n a l y s i s  would inc lude  computation o f  app l ied  volumes 
and equivalent  depths f o r  each monitored p l o t  f o r  each i r r i g a t i o n .  
Regional mean depths  and var iances  from f i e l d  t o  f i e l d  should a l s o  
be computed f o r  each i r r i g a t i o n .  In add i t i on  monthly and seasonal  
means o f  app l i c a t i on  depths  should be computed along with var iances  
over time (from i r r i g a t i o n  t o  i r r i g a t i o n )  f o r  ind iv idua l  forms. An 
average temporal var iance f o r  a l l  monitored farms i s  a l s o  a  u se fu l  
s t a t i s t i c .  

The u l t ima t e  q u a n t i t y  o f  concern i s  t h e  t o t a l  volume app l ied  
over  t h e  s tudy a r e a  f o r  t h e  season expressed a s  a  depth and conver ted 
t o  a  t o t a l  water volume f o r  t he  r eg ion ,  

Data S toraee  and Re t r ieva l  

Data forms a r e  designed f o r  convenient recording o f  heads i n  
flumes and t imes of  measurement, Computer programs a r e  designed so  t h a t  
da t a  can he en te red  d i r e c t l y  from farms f o r  computation o f  flow volumes 
f o r  each i r r i g a t i o n .  The d a t a  management p o l i c i e s  of  t h e  Egypt Water 
Use P ro j ec t  provide f o r  d a t a  s t o r age  on both t h e  o r i g i n a l  form and 
on computer c a s s e t t e  t a p e ,  For i r r i g a t i o n  flow measurements one f i l e  
is  used per  i r r i g a t i o n ,  and a  f i l e  c a t a l o g  i s  kept  s e p a r a t e l y .  The 
u se r  i s  a b l e  t o  r e t r i e v e  t h e  raw d a t a  from t h e  t ape  as  well  a s  from 
t h e  o r i g i n a l  forms. 

Data U t i l i z a t i o n  

Water app l i c a t i on  da t a  i s  rout imely used by t h e  engineer ing group 
i n  Cairo  i n  o rde r  t o  a s s e s s  t h e  e f f e c t i v e n e s s  o f  t r a d i t i o n a l  and 
improved i r r i g a t i o n  methods, This  p a r t i c u l a r  s tudy  i s  designed t o  
provide information f o r  eva lua t ing  t h e  e x i s t i n g  d e l i v e r y  system and 
f o r  performing a  co s t -bene f i t  a n a l y s i s  o f  improvements i n  t h a t  system. 
The main por t ion  o f  t h e  s tudy i s  t o  be performed by an engineer ing 
graduate  s tuden t  a t  Colorado S t a t e  Univers i ty  i n  cooperat ion with 
both t h e  engineer ing and economics groups i n  For t  Col l ins  and i n  Cairo 
I t  i s  important ,  t h e r e fo r e ,  t o  provide f o r  t h e  smooth exchange of  
information and ideas  between Egypt and t he  U.S. 

The mechanics o f  t he  s tudy w i l l  involve t h e  comparison of  actual  
water use with es t imated requirements o f  t he  c rop ,  account ing f o r  
system and f i e l d  e f f i c i e n c i e s .  

I f  it appears t h a t  s u b s t a n t i a l l y  more water  i s  being used than i s  
necessary - " subs t an t i a l l y "  i s  eva lua ted  v i a  confidence l i m i t s  on t h e  
r e s u l t s  - t h e  water saved by reduced a l l o c a t i o n  can be es t imated .  Also 
t h e  water savings from improved system e f f i c i e n c y  can be es t imated.  
Conversely, i f  l e s s  water than requ i red  i s  being used,  t he  economic 



benefit due to increased water allocation can be estimated from crop 
production functions. 

The important consideration is that the required accuracy of 
results for the economic study should have some influence on the 
design of the sampling program. 

Summary and Conclusions 

The general data management system discussed here consists of 
seven components, beginning with a delineation of information needs 
and ending with a statement of data utilization strategies. The system 
should be viewed as a closed or "feedbacktt loop which constantly updates 
and improves itself over time. It is extremely important that each 
data collection effort of a project should give attention to all seven 
components, leaving none out as trivial or irrelevant. It is equally 
important that - all data users (disciplinary groups) should have 
adequate input in the design of data collection programs. As an 
illustration of this point, consider the water application measurement 
example. One would normally look to an engineering group alone to design 
the water measurement system. If however the accuracy of estimated water 
application volumes required for a reasonable cost-benefit study is not 
considered in the data collection program design, it is probable that 
either too little or too much data will be collected. The input of 
economists should, therefore, be solicited at the outset. 

This illustration of the relevance of the ultimate uses of data 
to the design of sampling programs may also serve to illustrate one 
final point. The inte~actions of the various components of a data 
management system are extremely complex, There are, therefore, no cut 
and dried approaches toward effective data management. The problem 
is one which deserves the careful and continual consideration of all 
scientists involved in a joint research effort and requires an extreme 
amount of communication and coope~ation for an effective solution, 
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TABLE 1. OlJTLINE OF GENERAL DATA MANAGEMENT SYSTEM 

I. Information Needs 

A. Description of System 
0. Identification of Limiting Factors 

11. Data Needs 

A .  Performance Indices (such as yield) 
B. Measured Variables 

111. Design of Data Collection Program 

A .  Sampling in Space 
B. Sampling in Time 
C. Quality Control of Data in Field 

IV. Data Analysis 

A .  Summary Statistics 
0, Analysis of Variance and Regression 
C. Tests of Hypotheses 
D. Mapping, Graphical Displays, etc, 
E. Quality Control Checks on Recorded Data 

V, Data Storage 

A ,  Data Forms 
B, Computer Cards 
C. Computer Tapes, Disks 

VI, Data Retrieval 

A ,  Data Bank 
B, Data Catalogs 

VII. Data and Information Utilization 

A .  Description of System 
0 ,  Identification of Problems 
C. Baseline or Stand.ard of Comparison for Evaluation of Proposed 

Solutions in Future 



AN ECONOMIC ANALYSIS OF WATER LIFTING WITH A DIESEL PUMP 

FOR A FARM AT EL HAMMAMY - 1/ 

Studies suggest mechanization of lifting water could 

generate more food production and income for Egypt. Any general 

shift to mechanical lifting, however, will require thousands of 

individual farmer decisions. This paper looks at this question 

from the point of view of a typical Egyptian farm. 

The analysis is focused on a farm of 2 feddans and 11 kerats 

located near Kafr Hakime Village in the Giza Irrigation District. 

It emphasizes the economic aspects but the engineering, socio- 

logical and agronomic relationships are apparent. 

We identify and show the economic interrelationships among 

variables which are important to farmer's decisions about water 

lifting methodc. Simply on the basis of intuition one would 

expect that capital intensive systems would not likely be 

profitable for small farms of 2 or 3 feddans. The authors 

believe the important point is to consider the decision making 

framework herein presented rather than the absolute gains or 

losses to the specific farm. 

The analysis considers the net economic effect to a specific 

farm measured as changes in net farm income, from shifting to 

a system of lifting water with a diesel pump. .It evaluates the 

1/ This paper was prepared by Economists Gene Ouenemoen and - 
~l Shinnawi for presentation at a training seminar on 
water management for middle eastern countries sponsored 
by the Research Institute for Natzr Management and Irriga- 
tion Technology, Ministry of Irrigation, November 1979. 



~rofitability to the farmer of purchasing a portable diesel 

pump. In the first case he will use the pump only for irrigating 

his own land; in the second case he will pump water for his 

neighbors as an additional area. The first case assumes he will 

abandon his share in two sakias; the second case assumes he makes 

an agreement with his neighbors to sell the two sakias and he 

will pump their water for an annual fee. 

The Existing Situation 

The farm consists of three parcels of land. Two feddans 

and 1 kerat are owned, while 10 kerats are rented. The map or 

page 4 shows the general location of these parcels. Note the 

rented parcel is more than 3.0 kilometers from the farmer's 

home in K a f r  Hakime Village. 

A farm plan for the agricultural year October 1, 1978 to 

September 3 G ,  1979, indicates that the farm expect-s to have g r o s s  

of LE 1,900, expenses of LE 333, and a net farm income 

of LE 1,56?. The economic objective of most farm families is to 

net farm income within certain constraints reflecting 

family attitudes toward risk, work, leisure, and conformity to 

social norms. Many of the variables in the following analyses 

reflect these constraints which were determined by talking to 



t h e  farmer .  The changes  i n  income shown i n  t h e  f o l l o w i n g  

a n a l y s e s  t h e n ,  may be  c o n s i d e r e d  a s  changes  i n  n e t  farm income 

s u b j e c t  t o  c e r t a i n  f a m i l y  d e t e r n i n e d  c o n s t r a i n t s .  

The Farm P l a n ,  i n  t h e  form o f  a  complete  farm budge t ,  

d e p i c t s  c ropp ing  p a t t e r n s  and p r a c t i c e s ,  l i v e s t o c k  p r o d u c t i o n ,  

r e s o u r c e s  c o n t r o l l e d  and g e n e r a l  p r o d u c t i o n  t echno logy .  The 

a n a l y s e s  o f  t w o  sys tems  u s i n g  a d i e s e l  pump are i n t e n d e d  t o  be 

s p e c i f i c  t o  t h i s  farm. 

The fa rmer  i n  t h i s  example i s  p robab ly  r e p r e s e 1 . t a t i v e  of  

many r a t i o n a l  and p r o g r e s s i v e  Egypt ian  f a rmer s .  H e  i s  i n t e r e s t e d  

i n  c o n s i d e r i n g  a l t e r n a t i v e s  which would n15,ke h i s  l i f e  bet ter  

th rough  h i g h e r  income and/or  non/monetary a m e n i t i e s .  H e  i s  n o t ,  

however, i n t e r e s t e d  i n  a d o p t i n g  t echno loqy  of any k ind  i f  it makes 

him worse o f f .  

The t w o  c a s e s  which f o l l o w  are p r e s e n t e d  a s  p a r t i a l  budge t s .  

They c o n s i d e r  t h e  chanqes  i n  income and expenses .  Using t h e  Farm 

P l an  as  a b a s e  w e  a s k ,  "What t h i n g s  w i l l  change i f  t h e  f a rmer  

d e c i d e s  to  l i f t  wa t e r  w i t h  a  d i e s e l  pump?" Such changes  may: 

(1) add costs; ( 2 )  r e d u c e  r e t u r n s ;  ( 3 )  add r e t u r n s  and ( 4 )  r educe  

costs f o r  t h e  e n t i r e  farm c o n s i d e r e d  a s  a  whole. The - n e t  e f f e c t  

o f  a l l  t h e s e  c o n s i d e r a t i o n s  i n t e r a c t i n g  w i l l  i n d i c a t e  t h e  magnitude 

and d i r e c t i o n  o f  change on t h e  f a r m e r ' s  n e t  farm income. 
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Each case is presented on a single page as a partial budget. 

This is followed by a detailed explanation of the computations 

for each entry. 



CASE NO. 1 

CHANGE FROM USING TWO SAKIAS TO USING A DIESEL PUMP 

Added C o s t s :  

1. Annual cost  o f  s t o r a g e  and s e c u r i t y  

2. Annual f i x e d  costs o f  pump, motor and c a r r i a g e  

3. Annual cost  o f  f u e l ,  o i l  and g r e a s e  

4 .  Labor t o  o p e r a t e  t h e  pump 

5. Annual a v e r a g e  main tenance  and r e p a i r s  

6 .  Moving pump between l a n d  p a r c e l s  w i t h  donkey 

Reduced Returns  : 

7 .  None 

TOTAL ANNUAL COSTS 

Added Returns  : 

8 .  V a l u e  of more c r o p s  produced 

9 .  Value o f  more m i l k  p roduc t i on  

1 0 .  Value of more c a l f  p roduc t i on  

Reducec Cos t s  : 

11. Boy t o  drive c o w  t u r n i n g  s a k i a s  

12 .  Repa i r s  and main tenance  o f  s a k i a s  

TOTAL ANNUAL BENEFITS 

TOTAL ANNUAL BENEFITS 

TOTAL ANNUAL COSTS 

LE 32 (loss) 

BEST AVAILABLE COPY 



DATA AND COMPUTATIONS FOR CASE NO. 1 

This analysis assumes the farmer would purchase a pump for 

use on Field #1 and #2, They are 4 9  kerats in size. He would 

not use the pump on Field # 3  because this field is three kilo- 

meters away and it is already irrigated by an electric pump on 

a fee basis. 

The following data and computations explain the entries in 

the partial budget for Case No. 2 :  

1. The farmer lives approximately 1500 meters from fiel3s 

#1 and #2. Consequently he feels it would be necessary to 

construct a building for the security of a portsbl~ pump. A 

small building could be constructed at a cost of LE 200. 

Depreciation, LE 200 S 20 years LE 10 

Interest on investment LE 200 3: .10 

Maintenance and repairs LE 2 

Total Annual Cost LE 22 

2. Basic information and assumptions about the pump: 

Make: Klisler, made in India (K . Dl) 
Size: Motor, 6.5 horsepower diesel 

3 Pump, 6 inch intake, discharge 150cm /hr. or 

4 2  liters/second. 



I n i t i a l  i n v e s t m e n t  is  LE 765 f o r  pump, motor ,  c a r r i a g e  and 

i n t a k e / d i s c h a r g e  p i p e s .  

D e p r e c i a t i o n ,  LE 765 + 20 y e a r s  LE 38 

I n t e r e s t  on i n v e s t m e n t  LE 765 x .10 
LE 38 

2 

T o t a l  Annual F ixed  C o s t s  LE 76 

3 .  F u e l ,  o i l  and g r e a s e  i s  computed a t  LE 0.066 p e r  hour .  

T h i s  i s  based on f u e l  consumption o f  1 .4  l i t e r s  p e r  hour a t  a 

p r i c e  o f  LE 0.725 p e r  hour .  The remain ing  c o s t  i s  f o r  g r e a s e  

and o i l .  The hours  of  u s e  assumes 24 i r r i g a t i o n s  p e r  y e a r  o f  3 

hours  e a c h  on 2 .08 f eddans .  

2 4  x 3 x 2.08 x ,066 = LE 9.86 

4. Labor t o  o p e r a t e  t h e  pump would be f u r n i s h e d  hy t h e  

farmer. H e  h a s  e x p e r i e n c e  w i t h  d i e s e l  pumps and i s  w i l l i n g  t o  

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

5. Based on e x p e r i e n c e  w i t h  o t h e r  p o r t a b l e  pumps it i s  

e s t i m a t e d  t h a t  on t h e  a v e r a g e  f o r  20 y e a r s  t h e  annua l  ma in tenance  

and r e p a i r  c o s t s  would b e  a b o u t  LE. 2.5 1:lir feddan o r  LE 5.0  f o r  

t h e  farm. Maintenance and r e p a i r s  are p r i m a r i l y  a s s o c i a t e d  w i t h  
I 

i 
I 

u s e  and are assumed t o  i n c r e a s e  i n  d i r e c t  p r o p o r t i o n  t o  t h e  

numbers of  f eddans  i r r i g a t e d .  

1/ The manufac tu re r  estimates t h e  working l i f e  of t h i s  pump t o  - 
be 5 0 , 0 0 0 b o c h ~ U u ~ ~  Its a n n u a l  u s e  on 2.08 feddans  w i l l  be  a b o u t  

I 
I 

150 hours.pn8er  a i n t y  a b o u t  p o t e n t i a l  o b s o l e s c e n c e  w e  choose  
t o  p l a c e  t h e  l i f e  a t  twen ty  y e a r s  r e c o g n i z i n g  t h a t  wear-out  
l i f e  i s  l o n g e r .  



6. The pump weighs about 350 kilograms. It will be moved 

between Fields #1 and # 2 ,  a distance of + kilometer, with the 
farmer's donkey. The farmer assumes zero opportunity cost for 

the donkey time required to move the pump. 

7. After discussing the matter with the farmer it is 

believed that a shift to lifting water with diesel pumps would 

not reduce the production from any farm enterprises. 

8. It is expected that lifting water with a diesel pump, 

~l'nich has a capacity of 42 liters per second compared to 35 for 

a sakia, will result in higher crop yields. A larger flow of 

water should permit more timely irrigation of crops, better 

distribution of water in the fields and less leaching of nitrogen. 

The combined effect is expected to add :.t least LE. 5.0 per feddan 

annually or LE 10.0 for the farm. 

9. The cow will produce more milk when relieved of the work 

of turning the sakias. The cxpected increase is: 

With no work: 183 days lactation x 4 kg. x LE. 0.15 LE 110 

Current production 

Increase 



10. The c o w  would be expec t ed  t o  produce  a  l a r g e r  c a l f  i f  

s h e  d i d  n o t  work t h e  s a k i a .  A l s o  s h e  would produce  more c o n s i s -  - 
t e n t l y .  T h i s  c an  be r e p r e s e n t e d  by a n  i n c r e a s e  o f  25 p e r c e n t  

o v e r  p r e s e n t .  I 

25 p e r c e n t  x LE 45 LE 11.0 

11. P r e s e n t l y  t h e  f a rmer  f i n d s  it n e c e s s a r y  t o  pay a  boy 

LE 0.08 p e r  hour t o  d r i v e  t h e  cow when t u r n i n g  t h e  s a k i a .  H e  

e s t i m a t e s  i r r i g a t i n g  t i m e  t o  b e  96  hou r s  p e r  y e a r  f o r  e a c h  feddan .  
I , 
I 

96  hours  x 2.08 f eddans  x LE 0.08 LE 16 .0  

12 .  The fa rmer  c u r r e n t l y  pays  h i s  s h a r e  of  r e p a i r s  f o r  t h e  . I  
1 

two s a k i a s  e ach  yea r  which he e s t i m a t e s  a t  LE 2.0 p e r  y e a r .  I f  1 
I 

. a  

i 
h e  used a d i e s e l  p u m ~  he would a v o i d  t h i s  o b l i g a t i o n .  I 



CASE NO. 2 

CHANGE FROM USING TWO SAKIAS TO USING A DIESEL PUMP, SELL COW, DISMANTLE 

AND SELL SAKIAS, LIFT WATER FOR FORMER SAKIA OWNERS ON A FEE BASIS 

Added Costs: 

1. Annual cost of storage and security 

2. Annual fixed costs of pump, motor and carriage 

3. Annual cost of fuel, oil and grease 

4. Labor to operate the pump 86 

5. Annual average maintenance and repairs 

6. Moving pump between land parcels with donkey 

7 .  Purchase of fertilizer to replace cow manure 12 

Reduce2 Returns : 

7 .  Milk produced from cow 

5'. Value of calf 

TOT:,.L ANNUAL COSTS 

Add& Returns: 

10 .  Value of more crops produced 

11. Fees ccllected for pumping water 

1 2 .  Rent of l a d  formerly occupied by sakias 

13. Sale of crops used for cow feed 161 

Reduced Costs: 

14. Bog to drive cow turning sakias 

15. Repairs and maintenance of sakias 2 

16. Breeding services and misc. expenses for cow 1 

TOTAL ANNUAL BENEFITS LE 359 

TOTAL ANNUAL BENEFITS LE 359 

TOTAL ANNUAL COSTS LE 366 

LE 7 (loss) 



DATA AND COMPUTATIONS FOR CASE NO. 2 

T h i s  a n a l y s i s  i s  similar t o  Case  N o .  1. However it a l s o  

i n c l u d e s  t h e  e f f e c t  o f  s e l l i n g  t h e  s a k i a s  and  t h e  c o w  and  l i f t i n g  

water on a f e e  b a s i s  f o r  t h e  f o r m e r  co-owners  o f  t h e  s a k i a s .  

The f o l l o w i n g  d a t a  and  c o m p u t a t i o n s  e x p l a i n  t h e  b r i e f  

e n t r i e s  i n  t h e  p a r t i a l  b u d g e t  f o r  Case  K G .  2.  

1. The b u i l d i n g  f o r  s t o r a g e  and ~ t ? r - : : r l t y  i s  t h e  same as  

f o r  Case  N o .  1. 

2. The a n n u a l  f i x e d  ~ ' 1 s t ~  f o r  t:., :: ( j + ; ~ x ,  1.,2:.,:-~ and  carrial; ;!  

i s  computed t h e  same as f o r  Case NG. ? c::::cpt t h 3  t i he s a l v a g e  

v a l u e  of t h e  s a k i a s  and  cow i s  subt rac : -c<:  f rom t l ; r  i r i i t i a l  

i n v e s t m e n t  o f  t h e  pumpset .  

S a l v a g e  o f  s a k i a s  : 

S a k i a  N o .  1 - Sz:kia N o .  2 

S a l e  of s a k i a  LE 1 3 0  LE 130  

Labor  fo r  d i s m a n t l i n g  -10 

N e t  S a l v a g e  LE 120 

The f a r m e r  s h a r e s  o n e - f o u r t h  o f  s a k i a  N o .  1 ~ n d  o n e - s i x t h  

o f  s a k i a  N o .  2 f o r  a t o t a l  o f  I,E 50. The sa1.e of .t.he c o w  i s  

f o r  LE 250. T h e r e f o r e ,  t h e  i n i t i a l  i n v e s t m e n t  i n  Case N o .  2 i s  

LE 765,  t h e  amount  i n  Case  N o .  1;less LE 300 which  e q u a l s  LE 4 6 5 .  
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D e p r e c i a t i o n  LE 465 4- 20 y e a r s  

I n t e r e s t  on i n v e s t m e n t  LE 465 x  .10  

2  

T o t a l  Annual F ixed  C o s t s  

3. F u e l ,  o i l  and g r e a s e  i s  computed a t  LE 0.066 p e r  hour  

j u s t  a s  i n  Case No. 1. The number o f  h o u r s  pumping was d e t e r -  

mined f o r  1 2  f e d d a n s  r a t h e r  t h a n  2.08 a s  i n  Case No. 1. 

24 t i m e s  x 3 h o u r s  x 1 2  f e d d a n s  x LE 0.066 = LE 57.02 

4 .  The f r , : . c . r  r e q u i r e s  some h i r e d  l a b o r  t o  o p e r a t e  t h e  

pum? f o r  12 f e d i ; a n s .  H e  w i l l  h i r e  and t r a i r  :. hoy t o  h e l p  him 

and s . : I . l l  l a y  i.~.;. ircy LE 0 .10  p e r  hour f o r  'i!. - ~ - > . n n i n ?  t l l r : . :  of 

t h e  1:::np. 

- .  
:'- t~rnes 1.: 1: h o u r s  ,L 1 2  f e d d a n s  x LE . . I = LE :I.: , 

5. Xaintenance  and r e p a i r s  a r e  chargzL: at LE 2 . 5  1 cr 

fedden.  Twelve f e d d a n s  t i m e s  LE 2 . 5  e q u a l s  1.E 30. 

C;. The same a s  i n  Case No. 1 - no c!lzr:;s w i l l  he : ~ : ? e  

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

7 .  I n  o r d e r  t o  m a i n t a i n  t h e  s o i l  cc,:.:.~- rlon a t  i t s  p r e s e n t  

l e v e l  t h e  fa rmer  b e l i e v e s  he w i l l  have t o  , : t chase  1;:ancre t o  

r e p l a c e  t h a t  l o s t  r e s u l t i n g  from t h e  s a l e  o-' his c o ~ .  The cow 

produces  80 camel l o a d s  a n n u a l l y  which w i l l  c o s t  : i i - i ~  L!? 0.15 

p e r  load .  H e  w i l l  u s e  h i s  camel t o  t r a n s p o i - t  t h e  r : , , ~ n u r ~  a t  z e r o  
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c h a r g e .  

80  came l  l o a d s  manure  x LE 0 .15  = LE 1 2 . 0  

8 .  From t h e  f a r m e r ' s  Farm P l a n  it w i l l  be s e e n  t h a t  t h e  

c o w  p r o d u c e s  m i l k  v a l u e d  a t  LE 68 p e r  y e a r .  

9 .  The Farm P l a n  i n d i c a t e s  t h a t  on  t h e  a v e r a g e ,  c a l f  

p r o d u c t i o n  i s  v a l u e d  a t  LE 45 p e r  y e a r .  T h i s  t a k e s  i n t o  a c c o u n t  

t h e  fac: t ? l ~ t  some y e a r s  it i s  h i g h e r  b u t  some y e a r s  n o  c a l f  i s  

3 roduc :  ' .  

1 0 .  iis i n  Case  ?lo. 1 w e  assur!.c L,-2tt.r.:: j . r : . i q z t i o r i  e f f i c i e n c l r  

..-; . - 11 rc'$:.::~t i n  LE 1 0  more incorn€) ;':-,-,:, L ~ E .  i: ;;:;.-,- ' t. 2 .  09 fedr lans  c 

~ i i ~ l i  1-c:ar. . 
11. W e  assume t h e  o w n e r s  o f  -t:-ic diq-r  -- . .L.-.  - ... , (. . i :, s a k i a s  w i l l  

c g r e e  t o  pay  t h e  pump owner f o r  l i .=L inc ;  wattll-.  T h e s e  owners  

1-.ive a  t o t a l  o f  1 9  f e d d a n s  a n d  wi:! l pay  a t  1 :%: I .- 1 , ~  0 .70  p e r  

t i m e  o f  i r r i g a t j o n  f o r  e a c h  fedd;:rl. 

1 0  f e d d a n s  x 24 t i m e s  x LE O .  7 0  = LE l G I . ; ! :  

12 .  The f a r m e r s  w i l l  b e  a:-.!(: t o  farn: t h e  l a n d  f o r m e r l y  
! 
I 

o c c u p i e d  by t h e  s a k i a s .  To c a p t ,  t i  . ~ l i t h o u t  c o n s i d e r -  

i n g  a l l  the ~ , ~ c ( > J I I ~  illid CXL:)~I~SC;!;  ; I  . ,  >(.: i :> l .o(l v: i I 1 1  f i ~ r ~ ~ ~ i ~ \ \ j  L 1 1 . i ~  
i 
I 

l a n d  l e t  u s  sixnply u s e  t h e  markcC A #-t.c. of ~ , c i  r e n t a l ,  LE 3 p e r  I 

! 

k e r a t .  The f a r m e r ' s  s h a r e  o f  t h e  s ~ l ~ i a s ,  i a n d  r e n t s  a n d  n e t  
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gain are computed as follows: 

.25 share x LE 3 = LE 0.75 

.17 share x LE 3 = LE 0.50 

Farmer's share 

of rent LE 1.25 

13. A significant savings to the farmer from selling his 

cow will be the value of crops formerly fed to cow. These are 

taken from the farmer's Farm Plan. 

90. C kj.? ograms of concentrate LE 3 

7.5 kei.:.? s of 1:erseem x LE 15.0 113 

2 can~~l loads cf straw 20 

5 ker .5-L~ maize fo r r .ge  x LE 5 25 

'?':ltal Value c;: COW Feed LE 161 

14. 'resently the farmer finds it necessary to pay a boy 

LE 0.08 ;XI !lour to dr i . ,~c  the cow when turning the sakia. He 

estimates irrigating t i ~ ~ e  to be 96 hours per year for each 

feddan. 

15. 7'he farz:ci- currently pays his share of repairs for 

the two sil1;j.a~ ezc!; ).ear which hc estimates at LE 2.0 per year. 

If he used a diesel. [pump he would avoid this obligation. 

BEST AVAILABLE COPY 



16. The Farm Plan indicates the farmer has been paying 

LE 1 per year for breeding services and miscellaneous expenses 

for the COW. 



Evaluation of Case No. 1 

Case No. 1 indicates the farmer will lose LE 32 per year 

if he invests in the pumpset. In other words his net farm 

income would be reduced from LE 1,567 to LE 1,535. Even though 

not large, a negative change in income does not provide justi- 

fication for the farmer to learn a new system o,f irrigation 

and take the added risks. It would provide nothing for the 

farmer's labor to operate the pump or for the use of his donkey 

to move the pump between parcels of land. It is also 1': z l y  

that if the farmer and his resources were more fully erll l c y e d  

he would assign a positive opportunity cost to his l c b r i  zr.2 

the use of his donkey. This would result in an even q - c a t e r  

loss of income. 

It is not surprising that this case indicete: a negative 

change in income. The capacity of even a small diesel pump 

exceeds the requirements of a farm which would use it for only 

two feddans. 

Evaluation of Case No. 2 

The bottom line of Case No. 2 indicates the farmer would 

lose LE 7.0 per year if he purchased and used a diesel pump 

according to the specified plan. The potential gains neigh- 

boring farmers may receive from this arrangement are not included 



in the analysis. Even though fixed costs are spread over 

SO twelve feddans in Case No. 2, other costs change m that 

the alternative is nearly as unprofitable as Case No. 1. 

Hired labor for pumping becomes a significant factor in 

Case No. 2. This illustrates that farm management decisions 

involve production variables which are not necessarily li- 

near and/or continuous with respect to scale or farm size. 

The results of Case No. 2 are contingent on the neighbor 

farmers paying LE 0.70/feddan/irrigation for hiring the pump 

to lift irrigation water. The variablc ~ c r t s  of lifting 

water (fuel, oil, grease, maintenance/; . 2.1 ~s cnd lzhor) are 

LE 0.6O/feddan/irrigation. The 6iffe~-:::t. Is L,E 0 . 3 0 ,  

assuming twenty four irrigations per 1 . t  - r ,  :.--r?. can ;cc  the 

farmer would gain LE 2.40 an;.ually for t :q:l-i additional feddan 

he irrigated on a fee basis. P c r  excrn l~ i~  if he cocld convince 

other farmers having 10 feddarls to hire his pump he would gain 

LE 24.0. 

This is shown clearly in Figure 1. At point E, with 12 

feddans of land being irrigated by the diesel pump, the farmer 

will lose LE 7 per year. If he could add 10 feddans at LE 0.70 

per irrigation, his annual net income would increase LE 2 4  

(point C). If he charged the neighbor farmers LE 0.80 per 

irrigation his income would increase LE 4 8  (point D) . 
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Figure I .  R e l a t i o i l s h i p  between a c r e a g e ,  p r i c e  chr,rgcd f o r  u s i n g  t i ; <  

d i e s e l  pump and changes jn  farin income f o r  case No. 2 



Points A and B show the break-even acreage for this 

farmer at pumping charges of LE 0.70 and LE 0.80 respectively. , 

- ! 
The maximum acreage which could be irrigated depends on 

I 

d 

the number of hours each day the pump will run. At Kafr 

Hakime water is delivered 4 days on and 8 days off. With a 

pump capacity of 3 hours per feddan it can be seen the maximum 

is 32 feddans per irrigation turn. 

4 days x 24 hours = 32 feddans maximum 
3 hours per feddan 

If 2armers are willing to pump only 12 hours the maximum would 

be 10 feddans. 

I 

! 
It has been demonstrated thzt the r ~ , t c  charged the neighbor I 

farners for pumping water is a secsitive vc::. 'able in the analysis. - i 
I 

Kotice also that a part of the vzriable .:pri of pumping irriga- ! 
t 

tion water is labor, LE 86 for the diesel pc rp  and LE 16 for the 

sakias. If family labor is used the "cost" of these factors 

may be retained as family incoiiic:. In C'cl:e ;lo. 2 the potential 

net gain to the farm family ~ o u l d  be the Cj'ference between 

diesel and sakia "labor costs" or LE 70.0 per year. These 

C 
gains could also be extended if additicnal contrasts were made 

with neighboring farmers to hire the pump. 
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In both cases 1 and 2 it may not be necessary to construct 

a building for security of the pump. Some farmers would find 

it convenient to keep it in thefr:house. This would, of 

course, save LE 22 of expenses per year. 

Case No. 2 has important agronomic implications. The 

loss of cow manure needs to be compensated for in soil main- 

tenance and management. Are there more economical methods 

of doing this than purchasing manure? Also what alternatives 

are appropriate if many farmers dispose of animals and the 

supply of manure for purchase is exhausted? Another agronomic 

question invoives crop alternatives for berseem and maize 

forage which are no longer needed for cow feed. Are there 

more profitable alternatives? 

The farm family's "v:ay of life" may be substantially 

disturbed by the alternative proposed in Case No. 2. The 
,,yt.. '*-' .- 

family,--flc,w dependent on outside sources for the 450 kilo- 

grams of n i l k  which is lost with the sale of the cow. Also 

the social. arangements involving the operation of the two 

sakias are affected. Perhaps the disturbances are not serious. 

However they are almost certain to enter into the farmer's 

decision framework as he ponders the feasibility of alternative 

sys tern. 



Conclusions 

The analysis indicates that small acreages are not 
p o s , ' C ; v e  

likely to show a . . response to alternative water 

lifting systems that require substantial amounts of capital. 

It also indicates there are inter-relationships between 

family food requirements, family labor supply, water 

delivery capacities, soil maintenance, animal numbers and 

cropping patterns. When one factor is changed, e.g. the 

m&dod of lifting water, each of the inter-related factors 

must be considered. 

This analysis suggests that lifting water by diesel 

pumps may be one method of increasing farm family inccrce 

if substantial scale can be achieved, As with most capital 

inte~sive technology sufficient size or scale of operation 

must be achieved to reduce unit fixed costs to acceptable 

levels. 
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ABSTRACT 

Egypt is  moving forward t o  t a k e  advantage t h a t  t h e  completion o f  

t h e  Aswan High Dam has given h e r  t o  improve t h e  l i v i n g  cond i t i ons  o f  h e r  

people.  To opt imize t h e  u t i l i z a t i o n  o f  t h e  Ni le  water ,  s t u d i e s  a r e  being 

conducted t o  improve t h e  t o t a l  u t i l i z a t i o n  o f  t h e  N i l e  River .  These 

s t u d i e s  range from t h e  macro l e v e l  "Nile River  master  plan" t o  t h e  micro 

l e v e l  "on-farm water management.11 Both a r e  needed. This  paper  desc r ibes  

t h e  on-farm water management p r o j e c t  and some o f  t he  f i n d i n g s  t o  d a t e .  



FARE1 WATER MANAGEMENT I N  THE N I L E  VALLEY 

2' E. V. ~ i c h a r d s o n l '  and R. H. Broobs- 

In t roduc t ion  

The completion o f  High Aswan Dam i n  1965 changed t h e  i r r i g a t i o n  

water  regime o f  t h e  ~ i i e  River .  P r i o r  t o  High Aswan Dam t h e  Egypt ian 

i r r i g a t i o n  farmer through c e n t u r i e s  o f  i r r i g a t i o n  p r a c t i c e  had developed 

water  management systems i n  coo rd ina t ion  wi th  t h e  N i l e  River  f l u c t u a t i o n s .  

The cons t ruc t ion  o f  High Aswan D a m  with i t s  immense s t o r a g e  c a p a c i t y  of  

1 :9  t imes  t h e  average annual f low o f  t h e  N i l e  River  (127.6 m i l l i o n  a c r e  

f e e t )  gave t h e  Egyptian government complete c o n t r o l  of  t h e  N i l e  River .  

P r i o r  t o  completion Egypt and h e r  i r r i g a t i o n  fa rmers  were a t  t h e  mercy 

o f  t h e  f l u c t u a t i o n s  t h a t  n a t u r a l l y  occurred i n  t h e  N l l e  River .  Flows 
6  

could be a s  low a s  36 x  10 m i l l i o n  a c r e  f e e t  o r  a s  h igh  a s  122 x  10  
6  

6  m i l l i o n  a c r e  f e e t  p e r  yea r .  Average annual flow i s  87 x  10 m i l l i o n  

a c r e  f e e t .  With t h e  low f lows  t h e r e  would be no f l o o d i n g  and no c rops  

would grow. IVith t h e  high f low,  excess  f l ood ing  would occur .  I n  

e i t h e r  case  d i s a s t e r  of  major p ropor t i ons  d i d  occur .  

There a r e  t hose  who d i spa rage  t h e  accomplishments of  t h e  High 

Aswan Dam say ing  t h e  s i d e  e f f e c t s  a r e  t oo  c o s t l y  a  p r i c e  t o  pay t o  o b t a i n  

an assured  water  supply.  The s i d e  e f f e c t s  o f  High Aswan D a m  have been 

most ly  o v e r s t a t e d ,  f o r  example',-the l o s s  o f  f e r t i l i t y .  Recent s t u d i e s  

on t h e  l o s s  of f e r t i l i t y  i n d i c a t e  t h a t  t h e  l o s s  of n i t r o g e n ,  potassium 

and o t h e r  n u t r i e n t s  supp l i ed  by t h e  f l ood ing  N i l e  waters  a r e  i n s i g n i f i -  

c an t  i n  comparison t o  t h e  amounts needed i n  o r d e r  t o  t a k e  advantage of  

t h e  p o t e n t i a l  p roduct ion  t h a t  could be provided by Egypt ' s  s o i l ,  water  

and p l a n t  r e s o u r c e s .  

To o b t a i n  t h e  maximum b e n e f i t s  o f  t h i s  new re sou rce ,  t h e  High 

Aswan Dam, t h e  Egyptian government has  s t a r t e d  many s i g n i f i c a n t  s t u d i e s .  

These i nc lude  t h e  N i l e  blaster Plan s tudy  t o  op t imize  t h e  u se  of t h e  

N i l e  waters  and s t u d i e s  a t  t h e  farm l e v e l  t o  determine t h e  a p p r o p r i a t e  

i r r i g a t i o n  p r a c t i c e s  t o  maximize food and f i b e r  p roduct ion  from t h e  

abundant water  r e s o u r c e  t h a t  is a v a i l a b l e .  

With t h e  assured  water supply of  t h e  magnitude t h a t  w i l l  be  

a v a i l a b l e  from t h e  High Aswan t h e  Egyptian Government now has  t h e  

y ~ r o  f e s s o r  o f  C i v i l  Engineer ing,  Colorado S t a t e  Un ive r s i t y .  

Z'professor of A g r i c u l t u r a l  Engineer ing,  Oregon S t a t e  Un ive r s i t y .  
- 



oppor tun i ty  f o r  both v e r t i c a l  and h o r i z o n t a l  expansion o f  t h e  i r r i g a t e d  

a g r i c u l t u r e  i ndus t ry .  Simple c a l c u l a t i o n s  from t h e  amount o f  water  

a v a i l a b l e  and t h e  water requirements  i n  t h e  o l d  l ands  i n d i c a t e  t h a t '  

t h e r e  i s  approximately 12 m i l l i o n  a c r e  f e e t  o f  water a v a i l a b l e  f o r  

h o r i z o n t a l  expansion a f  t h e  a g r i c u l t u r a l  i n d u s t r y .  More s o p h i s t i c a t e d  

s t u d i e s - l o o k i n g  a t  t h e  r e t u r n  flow, dra inage  water  and a v a i l a b l e  ground 

.water  i n  t h e  o l d  lands  s i g n i f i c a n t l y  i n c r e a s e  t h i s  amount. Hor izonta l  

expansion w i l l  probably r e q u i r e  more s o p h i s t i c a t e d  i r r i g a t i o n  t echn iques  

such a s  s p r i n k l e r ,  d r i p ,  macro-drip-or bubblgr ,  because t h e  new l a n d s ,  

o r  s o i l  do not  have t h e  e x c e l l e n t  c h a r a c t e r i s t i c s  a s  t h e  a l l u v i a l  s o i l s  

i n  t h e  Ni le  Del ta  and Val ley.  V e r t i c a l  expansion w i l l  r e q u i r e  new 

. i r r i g a t i o n  techniques.  The i r r i g a t i o n  techniques  t h a t  t h e  farmer 

p r a c t i c e d  i n  t h e  o l d  l ands  w i l l  probably have t o  be changed because now 

t h e  Egyptian farmer has  an e n t i r e l y  new system under  which t o  ope ra t e .  

P r i o r  t o  High Aswan t h e r e  were f requent  sho r t ages  o f  water .  These 

sho r t ages  by n e c e s s i t y  r equ i r ed  t h e  farmer t o  v e r y  c a r e f u l l y  manage t h e  

water .  With t h e  abundant water supply t h a t  i s  now a v a i l a b l e  from High 

Aswan, t h e  Egyptian farmer has  become c a r e l e s s .  His o l d  methods wi th  an 

abundant supply wastes water .  H i s  o l d  methodologies o f  i r r i g a t i o n  and 

r e l a t e d  p r a c t i c e s  w i l l  need t o  change. The On-Farm Water Management 

P r o j e c t  o b j e c t i v e  i s  t o  work wi th  t h e  Egyptian farmer and deteymine 

those  modern p r a c t i c e s  of i r r i g a t i o n  and r e l a t e d  agronomic p r a c t i c e s  

t h a t  a r e  b e s t  s u i t e d  f o r  t h e  o l d  lands  o f  Egypt and t h e  Egyptian c u l -  

t u r a l  and s o c i a l  c h a r a c t e r i s t i c s .  

Egypt Water Use and Mann2ement P r o j e c t  

P r o j e c t  o b j e c t i v e s  a r e  t o  (1) i d e n t i f y  t h e  major c o n s t r a i n t s  t o  

improve on-farm water  management and opt imal  wa te r  d e l i v e r y  system 

ope ra t i ons ;  (2) determine and e s t a b l i s h  t h e  u s e  o f  opt imal  i r r i g a t i o n  

and r e l a t e d  agronomic p r a c t i c e s  a t  t h e  farm l e v e l  i n  r e p r e s e n t a t i v e  

p i l o t  a r ea s ;  (3)  e s t a b l i s h  improved water  c o n t r o l  p r a c t i c e s  f o r  t h e  

water  d e l i v e r y  and d ra inage  systems i n  t h e  p r o j e c t  a r e a s ;  (4) develop 

p l ans  f o r  o rgan iza t ion  and implementation o f  expanded f u t u r e  programs 

based on r e s u l t s  i n  t h e  p r o j e c t  a r e a s ;  and (5) develop and t r a i n  q u a l i f i e d  

s c i e n t i s t s  and t e c h n i c i a n s  who w i l l  c a r r y  on and conduct on-farm wa te r  

management a c t i v i t i e s .  



A c t i v i t i e s  a r e  conducted i n  t h r e e  p i l o t  a r e a s ,  each r e p r e s e n t a t i v e  

of a p a r t i c u l a r  cropping p a t t e r n ,  s o i l  cond i t i ons  and unique water  

management problems. Taken a s  a group, t h e s e  a r e a s  r e p r e s e n t  n e a r l y  t h e  

e n t i r e  range o f  c rop  and ag ro -c l ima to log ica l  cond i t i ons  encountered i n  

t h e  "old lands."  

The E l  blinya a r e a  i n  t h e  Upper Ni le  is  t y p i c a l  o f  a r e a s  w i th  loamy 

s o i l s ,  fragmented ho ld ings ,  d r a inage  problems, a g r av i ty - f ed  i r r i g a t i o n  

system and c ropping  p a t t e r n  cen te red  on sugarcane,  c o t t o n ,  maize and 

sorghum. The blansouria a r e a  nea r  Cai ro  t y p i f i e s  l i g h t e r  sandy a l l u v i a l  

s o i l s ,  l e s s e r  d r a inage  problems, a l i f t  i r r i g a t i o n  system, fragmented 

hold ings  and a cropping system l a r g e l y  of  c i t r u s ,  f r u i t s  and v e g e t a b l e s .  

.The Sakha a r e a  i n  t h e  n o r t h  c e n t r a l  Del ta  c o n t a i n s  heavy c l a y  loam 

s o i l s ,  somewhat l a r g e r  ho ld ings ,  major d ra inage  and s a l i n i t y  problems, 

a l i f t  i r r i g a t i o n  system and major c rops  o f  paddy r i c e ,  c o t t o n  and 

wheat. 

I n  each o f  t h e  a r e a s ,  p r o j e c t  a c t i v i t i e s  w i l l  be implemented i n  

t h r e e  over lapping  and i n t e r r e l a t e d  components. The f i r s t  component 

involves  on-farm surveys  t o  o b t a i n  t h e  d a t a  base  concerning e x i s t i n g  

farm product ion ,  i d e n t i f y  problems (Problem I d e n t i f i c a t i o n ) ,  and t o  

determine t h e  r e sea rch  r e q u i r e d  t o  so lve  t h e  problems (So lu t ion -Sea rch ) .  

Information ga ined  would s e r v e  as t h e  b a s i s  f o r  de s ign  o f  app l i ed  

r e s e a r c h  programs wi th  fa rmers  and e v e n t u a l l y  f o r  t h e  des ign  o f  

production/demonstration programs i n  t h e  p i l o t  a r e a s  (Implementation).  . 
The second component o f  t h e  p r o j e c t  i s  t o  develop a d a t a  

base  concerning q u a n t i t y  and q u a l i t y  of  water  e n t e r i n g  and l e a v i n g  each 

i r r i g a t i o n  d i s t r i c t .  Th i s  d a t a  w i l l  be used f o r  management d e c i s i o n s  

f o r  water  d e l i v e r y  and dra inage  on a d i s t r i c t  b a s i s .  A c t i v i t i e s  i n  t h e  

f i r s t  two components would be undertaken i n  t h e  e a r l i e s t  s t a g e s  o f  t h e  

p r o j e c t  t o  provide  a b a s i s  f o r  app l i ed  r e s e a r c h  and demonstrat ion 

programs t o  be  conducted a s  t h e  t h i r d  component and would con t inue  

throughout t h e  p r o j e c t  a s  a source  o f  feedback information f o r  con t inua l  

improvement o f  water  management p r a c t i c e s .  

The t h i r d  component has  two major s t a g e s  i n  which t h e  f i r s t  s t a g e  

w i l l  i nvolve  on-farm r e s e a r c h  programs based on informat ion  developed i n  

t h e  f i r s t  two p r o j e c t  components and on r e s u l t s  a l r e a d y  obta ined  from 



on-going r e sea rch  i n  Egypt. The on-farm t e s t i n g  may vary  from a  few 

farmers and a  few feddans t o  seve ra l  hundred farmers and t h e i r  hold ings  

depending on t h e  type o f  research  involved. Included i n  t h e  f i r s t  s t age  

of t h e  t h i r d  component a r e  s t u d i e s  of  d e l i v e r y  systems improvements 

which w i l l ,  by n e c e s s i t y ,  r e q u i r e  r e l a t i v e l y  l a rge  blocks o f  land 

determined by d e l i v e r y  canal  conf igura t ion .  These s t u d i e s  w i l l  inc lude  

eva lua t ion  of  water d e l i v e r y  on a  demand b a s i s  a s  well  a s  s t u d i e s  of  

water d e l i v e r y  on a  g r a v i t y  b a s i s  a t  var ious  r a t e s  of flow. Ou t l e t  

design and a  continuous eva lua t ion  o f  t h e  d e l i v e r y  system w i l l  a l s o  be 

major a spec t s  o f  t h e  program. 

Other a spec t s  of  t h e  f i r s t  s t age  o f  on-farm research  inc lude  

. s a l i n i t y  balance experiments,  p a r t i c u l a r l y  i n  Kafr E l  Sheikh d i s t r i c t ,  

and c o r r e l a t i o n  between s o i l  t e s t s  and f e r t i l i t y  experiments.  The 

l a t t e r  w i l l  depend on r e s u l t s  from a  s o i l  t e s t  program undertaken a s  

p a r t  of  t h e  f i r s t  component and w i l l  be d i r e c t e d  toward o tp imiza t ion  of  

f e r t i l i z e r  input  f o r  small farmers.  

A second aspec t  o f  t h e  f i r s t  s t age  o f  on-farm re sea rch  w i l l  be t h a t  - 

of  improvement o f  farm a p p l i c a t i o n  systems. S tud ie s  w i l l  be conducted 

t o  develop optimum combinations o f  such f a c t o r s  a s  flow r a t e ,  f i e l d  

conf igura t ion ,  s lope ,  i n f i l t r a t i o n  r a t e s  and f i e l d  l e v e l i n g ,  a l l  l ead ing  

t o  higher  a p p l i c a t i o n  e f f i c i e n c i e s .  S tud ie s  w i l l  a l s o  be condiicted 

r e l a t e d  t o  replenishment o f  s o i l  water d e f i c i t  and con t ro l  o f  water-  

logging and s o i l  s a l i n i t y .  

A s  a r e s u l t  of  t h e  above r e sea rch  a c t i v i t i e s  and based on d a t a  

developed by t h e  on-farm surveys,  optimal management systems w i l l  be 

designed f o r  on-farm use.  Programs w i l l  be conducted with farmers t o  

determine t h e i r  f e a s i b i l i t y  o f  adoption and a c c e p t a b i l i t y .  Management 

f a c t o r s  w i l l  inc lude  i r r i g a t i o n  methods, f i e l d  c u l t u r a l  p r a c t i c e s ,  seed 

and f e r t i l i z e r  a p p l i c a t i o n  and p e s t  c o n t r o l .  Experiment s t a t i o n  r e sea rch  

w i l l  a l s o  be suggested where b a s i c  d a t a  a r e  no t  a v a i l a b l e  and where new 

problems su r face  from appl ied  r e sea rch .  

The second s t a g e  o f  t h e  on-farm re sea rch  program i s  t h e  design and 

implementation of  p i l o t  programs i n  each of t h e  t h r e e  a r e a s ,  i nco r -  

po ra t ing  high b e n e f i t  t echnologies  developed i n  t h e  f i r s t  s t age .  These 

programs w i l l  t e s t  t h e  a c c e p t a b i l i t y  and r a t e  o f  adoption by farmers o f  

improved management p r a c t i c e s .  Of equal o r  g r e a t e r  importance w i l l  be 



t h e  de te rmina t ion  o f  t h e  most e f f i c i e n t  o rgan iza t ion  approach o r  

approaches,  t h e  t e c h n i c a l  competence of personnel  r e q u i r e d  and t h e  c o s t s  

and b e n e f i t s  involved f o r  t h e  succes s fu l  conduct o f  such programs. The 

emphasis dur ing  t h e  p i l o t  dcmonstration/production phase w i l l  b e  on t h e  

development o f  a  program o r  programs which fa rmers  w i l l  accept  and adopt 

and which can be reasonably  r e p l i c a t e d  f o r  p roduct ion  programs a t  t h e  

r eg iona l  and na t iona l  l e v e l s .  

The program i s  planned and implemented by an i n t e r d i s c i p l i n a r y  team 

of  Egyptian and U.S. p r o f e s s i o n a l  s t a f f .  General supe rv i s ion  and 

t r a i n i n g  w i l l  be handled from t h e  main o f f i c e  i n  Cai ro  wi th  f i e l d  o f f i c e  

personnel  i n  each p i l o t  l o c a t i o n  execut ing  day-to-day programs. Each 

- p r o j e c t  s i t e  i s  expected t o  have a  team o f  f i v e  o r  more Egypt ians  wi th  

t r a i n i n g  a t  t h e  MS l e v e l  i n  t h e  s p e c i a l t i e s  o f  i r r i g a t i o n ,  eng inee r ing ,  

agronomy, a g r i c u l t u r a l  engineer ing ,  a g r i c u l t u r a l  economy and soc io logy .  

T ra in ing  i s  an e s s e n t i a l  element o f  t h i s  p r o j e c t  and w i l l  be 

coord ina ted  and superv ised  by t h e  main o f f i c e  s t a f f  i n  Cairo.  I n -  

s e r v i c e  t r a i n i n g  w i l l  be given throughout t h e  course  of  t h e  p r o j e c t  with 

p a r t i c u l a r  emphasis du r ing  i n i t i a t i o n  o f  a c t i v i t i e s  i n  each p r o j e c t  

s i t e .  Sho r t  courses  o f  one t o  fou r  months' d u r a t i o n  o f  app l i ed  t r a i n i n g  

i n  va r ious  s p e c i a l t i e s  w i l l  be  designed and conducted p e r i o d i c a l l y  i n  

t h e  U . S .  and i n  Egypt. T r a i n i n g  t o u r s  t o  o t h e r  c o u n t r i e s  may a l s o  be 

organized  ' a s  app rop r i a t e  and a s  r equ i r ed .  

. 
Pre l iminary  Findings 

With t h e  o b j e c t i v e  o f  improving e x i s t i n g  management p r a c t i c e s  of  

i r r i g a t e d  a g r i c u l t u r e  i n  Egypt, t h e  problem i d e n t i f i c a t i o n  work i s  

proceeding a s  o u t l i n e d  above f o r  t h e  t h r e e  a r e a s .  A t  p r e sen t  p r e l imina ry  

f i n d i n g s  a r e  a v a i l a b l e  f o r  Mansouria. A summary o f  t h e  problems i d e n t i -  

f i e d  a r e  presen ted  below i n  q u a l i t a t i v e  form. Suppor t ing  q u a n t i t a t i v e  

d a t a  and d e t a i l e d  f i n d i n g s  w i l l  appear i n  subsequent r e p o r t s  p e r t a i n i n g  

t o  i nd iv idua l  d i s c i p l i n e s .  

S o c i a l  and Economic Problems 

S o c i a l  Problems: The s o c i a l  problems i n  Egyptian a g r i c u l t u r e  r e l a t e  

both t o  t h e  f a n  l e v e l  o rgan iza t ion  o f  a g r i c u l t u r e  and t o  n a t i o n a l  p o l i c y  

and c o n t r o l s :  



1. Socia l  Organization Among Farmers. Present ly  i n  t h e  bfansouria 

, D i s t r i c t  t h e r e  i s  a  v i r t u a l  absence of formal, voluntary  organiza t ion  

among farmers on contiguous lands,  and a t .  t he  v i l l a g e  l e v e l .  Standing 

cooperative r e l a t i o n s h i p s ,  on a  l a rge  sca le ,  a r e  not evident .  Unques- 

t ionably ,  the  p ro jec t  w i l l  have t o  g ive  emphasis t o  a s s i s t i n g  farmers 

t o  form Voluntary mutual-aid a s soc ia t ions ,  perhaps along the  l i n e s  of 

U.S. l oca l  water-users a s soc ia t ions ,  but probably broader i n  funct ion  

here.  - 
2 .  Problematic Communications. There -zx i s t  var ious  problems 

with inadequate and inaccura te  communications among neighboring farmers 

and with government o f f i c i a l s .  This s i t u a t i o n  leads  t o  i n e f f e c t i v e  

decision-making by farmers. I t  a l s o  under l i e s  much of  t h e  suspicion 

and d i s t r u s t  evident between farmers and toward government o f f i c i a l s  

and technica l  s p e c i a l i s t s .  Such condit ions a r e  counter-productive t o  

development processes.  Accordingly, improving the  frequency and q u a l i t y  

of information flow must be implemented a s  a  p a r t  of p ro jec t  a c t i v i t i e s .  

3 .  Low blutual Understanding and Respect Between Farmers and 

O f f i c i a l  Technical Personnel. Common perceptions of  problems, shared 

knowledge, cons i s t en t  d e f i n i t i o n s  of a b i l i t i e s ,  and so f o r t h ,  a r e  now 

not an apparent f ea tu re  of r e l a t i o n s  between farmers and the  t echn ica l  

exper ts  with whom farmers have contac t .  Such has obviously d e l e t e r i o u s  

consequences f o r  r u r a l  development a c t i v i t i e s  which depend upon c l o s e  

working cooperation and t r u s t  between these  p a r t i e s  t o  a g r i c u l t u r a l  

improvement. 

4.  Tendency Toward Simple Technical Solut ions  :*en blore 

Appropriate, Enduring and E f f i c i e n t  Al te rna t ives  Ex i s t .  Many examples 

could be o f fe red ;  one r e l a t e d  t o  p ro jec t  a c t i v i t i e s  should serve  t h i s  

purpose. Present ly  t h e r e  i s  a  tendency t o  assume t h a t  l e s s  i r r i g a t i o n  

water w i l l  be appl ied  t o  f i e l d s  i f  t h e  farmer must Itwork harder" t o  

l i f t  t he  water a  g r e a t e r  d i s t ance  t o  f i e l d  l eve l  and i f  amounts o f  

water supplied a r e  c u r t a i l e d .  Thus, cont ro l  s t r u c t u r e s  a r e  b u i l t  and 

the  l e v e l s  of d i t ches  a r e  lowered. Hardship i s  imposed on a l l  farmers 

but p a r t i c u l a r l y  on those  a t  t h e  l a s t  reaches of watercourses who, even 

now, o f t e n  do not r ece ive  t h e  water they need a t  appropr ia te  times. 

Demanding more e f f o r t  from t h e  farmer t akes  him away from o the r  p r i o r i t y  

a l t e r n a t i v e  a c t i v i t i e s  which con t r ibu te  t o  increased a g r i c u l t u r e  



product ion .  He may even be forced  t o  make heavy expendi tures  f o r  

a l t e r n a t i v e  i r r i g a t i o n  methods such a s  pumps. 

I f  t h e  farmer pe rce ives  t h e  crop needs water ,  obse rva t ions  i n d i c a t e  

he w i l l  l i f t  t h e  amount o f . w a t e r  he t h i n k s  i s  r equ i r ed  r e g a r d l e s s  of  

t h e  e f f o r t .  From h i s  knowledge base it is b e t t e r  t o  o v e r - i r r i g a t e ,  

even i f  i t  c o s t s  him i n  t ime and e f f o r t ,  than r i s k  poor y i e l d s  o r  l o s s  

o f  crop from not  applying enough water .  

Educat-ion about  t o p i c s  such a s  e f f i c i e n t  water  management, farmer-  

po l iced  l o c a l  agreements about app rop r i a t e  water  a p p l i c a t i o n ,  schedul ing  

of  i r r i g a t i o n s ,  a r e  f a r  more app rop r i a t e  s o l u t i o n s  t o  t h e  problem of  

excess ive  a p p l i c a t i o n s  of i r r i g a t i o n  water ,  both from t h e  s t andpo in t  

.of t h e  small  farmer and f o r  t h e  na t ion  a s  a  whole. 

5 .  Small-Sized Land Holding and Fragmentation- of  P l o t s .  In  

a d d i t i o n  t o  problems noted by o t h e r s  of  poor economies of  s c a l e  and 

d i f f i c u l t i e s  of us ing  many implements and procedures  which would improve 

farming p r a c t i c e s ,  t h e r e  a r e  s o c i o - p o l i t i c a l  imp l i ca t i ons .  Some o f  t h e s e  

f a l l  under t h e  genera l  heading o f  complicat ing o r g a n i z a t i o n a l  p roces se s  

and coopera t ive  arrangements among fa rmers .  Others  under d iv ided  

10 ) - a l t i e s  and commitments, and s t i l l  o t h e r s  under  impeded r a t i o n a l i t y .  

Economic Problems: The economic team presen ted  t h r e e  problems f o r  
4 

cons ide ra t i on  i n  developing p r o j e c t  p l a n s :  

1 .  Excessive Costs  o f  L i f t i n g  Water. Flost fa rmers  i n  Mansouria 

l i f t  water  with s a k i a s  and tambours. L i f t i n g  water  with a  tambour c o s t s  

t h r e e  t imes  more t han  with a d i e s e l  o r  e l c c t r i c  pump; a  s a k i a  about  two 

t imes more. Gravi ty  d i s t r i b u t i o n  systems should ,  i n  sone a r e a s ,  e l i m i n a t e  ! 
l i f t i n g  c o s t s  completely.  However, one should recognize  t h a t  changing I 

t h e  p re sen t  cana l  systems t o  a  complete g r a v i t y  system could  e n t a i l  con- 
I 
I 

s i d e r a b l e  c o s t  i n  c o n s t r u c t i o n  o f  ba r r ages ,  new cana l  system, e t c .  The 1 

a n a l y s i s  he re  d e a l s  o n l y  with small  s c a l e  l i f t i n g  on a  meska b a s i s .  
I 

! 
The de te rmina t ion  of water  l i f t i n g  c o s t s  i s  based on t h e  assumption ! 

t h a t  human and animal l a b o r  has  a  market va lue .  The s t u d i e s  i n d i c a t e  I 

t h a t  human l abo r  has  a  v a l u e  o f  no t  l e s s  than  L . E .  0.15 pe r  hour a t  

Flansouria even dur ing  seasons  of low l a b o r  demand. The market r a t e  f o r  

animals  i s  about L .E .  0.32 p e r  hour f o r  t u r n i n g  a  medium s i z e d  s a k i a .  

Assuming f u r t h e r  t h a t  t h e  oppor tun i ty  c o s t  of power on farms supplying 
5 

t h e i r  own l a b o r  and animals  c l o s e l y  approximates t h e  market r a t e  a t  

- t h e  margin. 



2. Excessive Slack Time i n  Crop Rota t ion .  The average s l ack  

time i n  c rop  r o t a t i o n s  f o r  t h e  s tudy  farms a t  Mansouria was 16 pe rcen t  

(58 days pe r  year )  f o r  t h e  a g r i c u l t u r a l  y e a r s  1977 and 1978. This  s l a c k  

t ime should be reduced by b e t t e r  farm p lanning ,  coopera t ion  on more 

c a p i t a l  i n t e n s i v e  land p r e p a r a t i o n  methods and improved water  d i s t r i b u -  

t i o n  systems (some land was i d l e  because water  was n o t  a v a i l a b l e  i n  t h e  

meskas) . 
3 .  Lack o f  Data f o r  Farm Planning.  Farmers lack  t h e  d a t a  needed - 

f o r  farm planning and management. They have-no farm r e c o r d s  and must 

r e c a l l  p a s t  performance of  input -output  r e l a t i o n s h i p s  from memory. 

Furthermore, ' they  have almost  no acces s  t o  secondary sou rces  of  i npu t -  

-ou tput  information.  S u b s t a n t i a l  i n c r e a s e s  i n  p r o d u c t i v i t y  and n e t  farm 

income could r e s u l t  i f  fa rmers  were (1) given a s s i s t a n c e  i n  e s t a b l i s h i n g  

r eco rd  systems, (2) provided acces s  t o  secondary input -output  d a t a ,  and 

(3) helped t o  u t i l i z e  t h i s  in format ion  i n  sys t ema t i c  budget ing and farm 

p lanning  . 
Agronomic and Engineering Problems 

Agronomic Problems: The agronomic team i d e n t i f i e d  t h r e e  problems 

which a r e  l i m i t i n g  a g r i c u l t u r a l  p roduct ion  i n  t h e  Mansouria a r e a :  

1 .  Crops Stand Popula t ion .  The number o f  p l a n t s  p e r  u n i t  a r e a  

of  land i s  lo\< a s  percent  o f  optimum number of  p l a n t s  per  f edd in .  

Table  1  shows t h e  optimum number o f  p l a n t s  p e r  feddan f o r  many of  t h e  

major f i e l d  c rops  grown i n  t h e  Mansouria a r e a .  Table  2 summarizes t h e  

pe rcen t  o f  t h e  optimum s t a n d s  found on t h e  on-farm work s i t e s  i n  t h e  

E l  H a m m a m i  and Beni Magdoul a r e a s  of  Mansouria. In  t h e  c a s e  of corn ,  

s t a n d s  were from 24 t o  49 pe rcen t  below optimum. Beni Magdoul had 

b e t t e r  s t a n d s  o f  corn t h a n  d i d  E l  Hammami farms.  However, cons ide rab l e  

improvement i n  both a r e a s  can be made. One f a c t o r  t h a t  may e x p l a i n  why 

s t a n d s  a r e  b e t t e r  i n  Beni Magdoul t han  s t a n d s  i n  E l  Hammami a r e  t h e  

d i f f e r e n c e s  i n  s o i l .  The s o i l s  i n  E l  Mammami being sandy and c o a r s e  

have a  lower water  ho ld ing  c a p a c i t y  and a l s o  have h ighe r  bulk d e n s i t y  

va lues .  

2 .  Fluc tua t ing  Ground Water Table .  High ground water l e v e l s  

a f f e c t  c rop  growth by a f f e c t i n g  s o i l  a e r a t i o n  and t h e  c rop  r o o t i n g  

zone. High c r o p . y i e l d s  can  be ob t a ined  under  high water  t a b l e  condi-  

t i o n s  provid ing  t h e r e  i s  a  low l e v e l  of  s a l i n i t y  i n  t h e  ground water  



Table 1. Optimum Number of  P l a n t s  per  Feddan f o r  Some F ie ld  Crops 
Grown i n  Egypt. 

Wheat 600 f e r t i l e  .heads per m 2 

i f  plan2 has  6 t i l l e r s  - - 600 - - 100 p l a n t s  m 2 

2 6 
4200 (m /feddan) x 100 = 420,000 p l a n t s  per  feddan 

Cotton 60,000 p l a n t s  per  feddan 

Corn 24,000 p l a n t s  pe r  feddan (10 rows i n  7.10 m and 25 cm 
between p l a n t s  w i th in  p l a n t s  i n  a row) 

Rice 33,000 h i l l s  per  feddan and 3 p l a n t s  per  h i l l  which 
t o t a l s  99,000 p l a n t s  per  feddan 

Ber seem 1st c u t  5 - 6 tons/feddan on green weight b a s i s  
2nd c u t  7 - 8 tons / feddan  on green weight b a s i s  
3rd c u t  9 -10 tons / feddan  on green weight b a s i s  
4 t h  c u t  5 - 6 tons/feddan on green weight b a s i s  

Vegetables  Squash 4,000 p l a n t s  p e r  feddan 
Cucumber 3,000 p l a n t s  per  feddan 
Watermelon 2,000 p l a n t s  pe r  feddan 
Pepper 12,000 p l a n t s  p e r  feddan 
Eggplant 10,000 p l a n t s  per  feddan 
Toma t o  10,000 p l a n t s  pe r  feddan 

Oi lc rops  Peanuts 16,000 p l a n t s  pe r  feddan 
Sunflower k3;000 p l a n t s  pe r  feddan 

Table  2. Percent  o f  Optimum P l a n t s  Per Feddan 

S i t e  Corn Eggplant Tomato Corn + Other Crops* Pepper 

E l  Hammami 51.4 73.3 - - 62.2 - - 

Beni blagdoul 75.5 - - 84.0 79.8 128.0 

*Other c rops  tomato, ok ra ,  jew's mallow, cucumber, eggplant  and 
sunflower.  



and t h a t  t h e  l e v e l  of ground water does not  f l u c t u a t e  during t h e  

groriing season. In t h e  Mansouria a r e a  t h e  ground water q u a l i t y  i s  good 

but t h e  l e v e l  f l u c t u a t e s  markedly. Ground water depths on t h e  on-farm 

work s i t e s  i n  E l  Hammami and Beni Magdoul were measured during t h e  

months of  June and J u l y .  The d a t a  a r e  summarized i n  Table 3 .  

Table 3 .  Ground Water Depth Before-nd Af te r  I r r i g a t i o n  Average Depths 
of  Water Table Below t h e  S o i l  Surf'ace Before and Af te r  
I r r i g a t i o n  - cm 

Locat ion  Before I r r i g a t i o n  Range of Depth Values 

E l  Hammami 
Beni Flagdoul 

Af t e r  I r r i g a t i o n  

E l  Hammami 
Ben i blagdou 1 

3 .  S o i l  S a l i n i t y  and Sod ic i ty .  S o i l  survey and c l a s s i f i c a t i o n  

pointed out  t h a t  s a l i n i t y  i s  a problem o r  could be a potent ial-problem 

on 25 percent  of t h e  land a r e a  i n  Beni Magdoul and on 17 percent  i n  

E l  Hammami. S o i l  s o d i c i t y  a s  measured by SAR shows t h a t  9 percent  of 

t he  a r e a  i n  Beni Magdoul and 23 percent  i n  E l  Hammami pose p o t e n t i a l  

problems i f  p re sen t  management p r a c t i c e s  cont inue .  

Engineering Problems: The problems i d e n t i f i e d  by t h e  engineering 

team deal  wi th  both t h e  d e l i v e r y  system and on-farm use  of  i r r i g a t i o n  

water : 

1. Unequal I r r i g a t i o n  Water D i s t r i b u t i o n  Canals. I r r i g a t i o n  

water de l ive red  by t h e  hlansouria canal  system i s  not  d i s t r i b u t e d  equa l ly  

among a l l  t h e  lands  it se rves .  Water a v a i l a b l e  p e r  feddan decreases  

with inc reas ing  d i s t a n c e  from t h e  i n t a k e  of  a canal  o r  branch. A s  a 

r e s u l t  some land r e c e i v e s  more water than it needs, while  some g e t s  

an i n s u f f i c i e n t  amount. I d e n t i f i e d  reasons include:  

a. Ext ra  ( i l l e g a l )  p ipe  i n t a k e s  t o  p r i v a t e  d i t c h e s  have been 

cons t ruc ted .  Those n e a r  t h e  canal  i n t a k e  can r o b  water from l e g i t i m a t e  



pipe i n l e t s  f u r t h e r  down t h e  canal .  In E l  Hammami t h e r e  a r e  t h r e e  

t imes a s  many i l l e g a l  a s  l e g a l  i n t akes .  The o t h e r  reg ions  have only  

a  few l e s s .  

b .  A severe  problem o f  submerged weeds occurred i n  t h e  

concre te- l ined  Beni hlagdoul cana l ,  during t h e  sp r ing  and e a r l y  summer 

1978. Apparently t h e  weeds were nourished by an accumulation up t o  

20 cm of s i l t  i n  the  cana l .  E l  Hammami canal was a l s o  a f f e c t e d ,  but  

i t  had a  severe i n f e s t a t i o n  of  emerged weeds a s  wel l .  Two c l ean ings  

were requi red  i n  each canal  during t h e  spr ing  and summer. P r i o r  t o  

c leaning ,  i r r i g a t i o n s  were delayed f o r  lack of  water .  

c .  Water d e l i v e r y  t o  a  canal  o r  t o  a  p r i v a t e  d i t c h  i s  not  

- u s u a l l y  measured, but i s  con t ro l l ed  only  by t h e  head a t  t h e  i n l e t .  

Consequently, t h e  u s e r s  on a  branch canal can g e t  more by us ing  more 

because t h e  g rad ien t  i s  increased .  On the  o t h e r  hand, they  g e t  l e s s  

vhen ~ e e d s  choke t h e  cana l .  

d . .  Those u s e r s  near  t h e  canal  i n t a k e s ,  who have more water 

a v a i l a b l e ,  a r e  l e s s  inc l ined  t o  i r r i g a t e  a t  n i g h t .  Consequently, water 

i s  more l i k e l y  t o  s p i l l  over  t h e  t a i l  escapes of  t h e  f i r s t  branch 

cana l s ,  due t o  t h e  d iu rna l  f l u c t u a t i o n s ,  than i t  i s  over t h e  l a s t  o r  

lower branches. The r e s u l t  i s  l e s s  t o t a l  water remaining f o r  d e l i v e r y  

t o  t h e  l a s t  branches. , - 

2 .  Uneven Water D i s t r ibu t ion  i n  F ie lds .  I r r i g a t i o n  water i s  

o f t en  not  evenly d i s t r i b u t e d  over a  f i e l d .  High s p o t s  and low spo t s  

appear a s  water i n f i l t r a t e s  a f t e r  an i r r i i a t i o n  of  a  bas in .  One 

observed consequence i s  a  poor s tand i n  t h e  low s p o t s  due t o  prolonged 

ponding. A high spot  could s u f f e r  from t o o  l i t t l e  water absorbed,  

e s p e c i a l l y  i f  t h e  low spot  r ece ives  no excess.  

3 .  Excessive Water Table F luc tua t ion .  The average water t a b l e  

i n  Beni Magdoul r o s e  t o  wi th in  0.72 m ,  0.80 m ,  and 0.76 m from t h e  

s o i l  sur face ,  r e s p e c t i v e l y ,  a t  d i f f e r e n t  t imes dur ing  t h e  sp r ing  and 

summer. J u s t  before t h e  canal  c losu re  i n  January it was observed a t  

only  0.5 m below t h e  ground sur face .  I n  an ind iv idua l  f i e l d ,  it 

u s u a l l y  r i s e s  sharp ly  with each i r r i g a t i o n .  Very l i t t l e  sus ta ined  

roo t  a c t i v i t y  has been observed below t h e s e  p o i n t s  of  h ighes t  r i s e .  
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PRICE POLICY IMPLICATIONS FOR SMALL FARMS IN 

KAFR EL SHEIKH GOVERNORATE 

Historically government has played an important role in 

the agriculture of the Nile Valley and the Delta. Egyptian 

agriculture development has taken place within a relatively 

complex man-made irrigation water delivery system. As a 

result the institutional arrangements which have evolved in 

agriculture include a strong central role for government. 

The cu:::-fA!:c. Governnicnt policy is to set farm prices for 

certain cropk :z levels L~~low world prices. Although there 

may be justiiy~cg "pub1 i: interest" reasons for these policies 

they do k&-?e  2 s i g n i i  icant effect on the incomes of small 

., . . farmers. :::ls is poi~itt~d out in the case of twelve farmers in 

Kafr El S k e i ' . ! ~  Governorat e. Prices assumed for cotton, wheat 

and rice, t F e  c r o p c  i.1-; --!!at Governorate most seriously effected 

by price ( ' ; .  -.~.-iriir.z-clc:n. :re as follows: ( 2  

!I Prepai.!'b by A!. E. Quenemoen, Agricultural Economist, Egyptian 
Water Use Project, hlinistry of Irrrigation for "Workshbp 
on Imp;*oved Farming Systems for the Nile Valley", FA0 
Project EGT/77/001, Cairo, May 7-13, 1979. 

( 2  These are the approximate prices which prevailed during 
the agricult~~ral year 1977-1978. 

BEST AVAILABLE COPY 



Crop Uni t  - Farm P r i c e  World P r i c e  

Wheat a r d a b  8.0 10.0 

R i c e  t o n  65.0 130.0 

Cot ton  k a n t a r  37.0 74.0 

The p r i c e  d i f f e r e n c e s  r e p r e s e n t  a form of  t a x e s  on farm 

e a r n i n g s  and even though farmers do n o t  pay d i r e c t l y  f o r  water 

t h e y  do pay i n d i r e c t l y  i n t o  t h e  n a t i o n a l  t r e a s u r y .  Examinat ion  

of T a b l e  2 i n d i c a t e s  t h a t  income t o  t h e  farm f a m i l i e s  i n  K a f r  

E l  Sheikh ~vou ld  b e  s u b s t a n t i a l l y  h i g h e r  i f  wor ld  p r i c e s  p r e -  

vailec? r t t h e  farm l e v e l .  Some of t h e s e  g a i n s  would be 

absorbet i  b y  h i g h e r  food c o s t s  as r i c e  and wheat are used 

d i r e c t l y  I:y t h e  farm families f o r  home u s e .  Also  t h e r e  are 

s u b s i d i e s  f o r  f e r t i l i z e r ,  i n s e c t  c o n t r o l ,  t r a c t o r  r e n t a l  and 

f o r  soicc o ~ h e r  i n p u t s  whiah maybe would b e  d i s c o n t i n u e d  i f  

p u b l i c  < ~ n d s  were reduced  th rough  e l i m i n a t i o n  of p r i c e  d i s -  

Althbugh w e  c o u l d  a r g u e  t h e  magni tude  of  t h e  e f f e c t  of  

p r i c ~  d i s c r i m i n a t i o n  p o l i c i e s  on i n d i v i d u a l  farmer  inc.ome it 

seems ti, be i r r e f u t a b l e  t h a t  f a r m e r s  p roduc ing  c o n t r o l l e d  
. . . / .  . . ........................ 

(I Innlit  s u b s i d i e s  are s u b s t a n t i a l  i n  t h e  c a s e  of  c o t t o n  
m o u n t i n g  t o  approx imate ly  LE 45 which must be  added t o  
t h e  f a r m e r ' s  c o s t  of approx imate ly  LE 185 per feddan if 
one wants  t o  accoun t  f o r  f u l l  c o s t s .  However, t h i s  is 
r e l a t i v e l y  i n s i g n i f i c a n t  when compared t o  g r o s s  income 
d i f f e r e n c e s  of  LE 350 p e r  f eddan  f o r  farm g a t e  p r i c e s  and 
LE 750 p e r  feddan f o r  wor ld  p r i c e s .  These were t y p i c a l  
p r i c e  r e l a t i o n s h i p s  i n  Egypt d u r i n g  1978. 



table 1:  Stunmary o f  Case Study Farm Rudgets from Y.afr E l  5hci):h Governorate. Agr icu l -  
t u r a l  Year 1978-1979. 
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Animal 
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AU 

5 . 0  

7 .6  

6 . 7  

2 .8  

3 .6  

1 0 . 7  

3 . 8  

7 .2  

5 . 0  

8 .9  

4 .4  

6 .2  

72.9 

6.1 
- 

Farm 
Income 

LE 

1315 

1805 

1667 

901 

1422 

3027 

1042 

2641 

831 

3314 

1104 

1014 

-- -- 
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1 ,  

-.- 
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1 

2 

3 

4 

5 

6 

7 
I 

/ 8 

9 

10 
1 

11 

I 12 

t 
- 
X 

Gross Value 
CropsGrom 

LE 

1389 

1329 

1626 

872 

1326 

2226 

1037 

2375 

64 6 

857 

764 

721 

---- 

15,165 

1264 

------ . 

Expenses 

LE 

528 

923 

751 

471 

770 

1260 

277 

919 

274 

2316 

534 

284 

9,307 

7 7 :  

Feturn t o  Kater ,  
Land and 
Flanagerent 

LE 

787 

882 

91 6 

430 

652 

1767 

4 64 

- 1922 

557 

996 

5 70 

730 

10,977 

915 

Size  

f-k 

6-9  

6-19 

8-8 

4-0  

6-16 

10-18 

4-14 

l b 6  

3-0 

3-0 

3-4 

3-4 

70-2 

5-19 

Crops Grown 
Average Return t o  
Land and Wanagemerit 
Per feddan 

LE 

123 

150 

110 

108 

9e 

1 U  

101 

188 

186 

333 

180 

231 

--- 
157 

Other 

f-k 

1-13 

1 - 0  

3-19 

0-20 

Water,tverage Return t o  hater .  
Land and Management 
per fam fami ly  member 

LE 

87 

147 

51 

54 

65 

221 

116 

91 

111 

250 

114 

91 

--- 
104 

%heat 

f -k  

1-15 

2-16 

1-12 

2-0 

1-0 

1 -0  

0-14 

3-3 

1-0 

0-0 

0-18 

1-0 

Rice 

f-k 

2-21 

3-16 

5-8 

2-0 

2-0 

4 -0  

1-14 

5-14 

1 - 0  

0-12 

0-18 

2-8 

i I 31-15 6-10  7 -3  

2-15 / O - I Z  ! 0-14 
I I -- 

Yaize  

f-k 

0-16 

0-10  

1-0  

0-12 

1 -0  

0-10 

1-10 

1 - 0  

16-6 

1-8 
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T a b l e  2: E f f e c t  o f  Us ing  World P r i c e s  on P l a n n e d  Income f o r  
C a s e  S t u d y  Farms i n  K a f r . E l  S h e i k h  G o v e r n o r a t e ,  
A g r i c u l t u r a l  Year 1978-1979. 
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- 5 - 

c r o p s  have s u b s t a n t i a l l y  lower incomes t h a n  t h e y  would have 

under  world p r i c e s .  

, I m p l i c a t i o n s  f o r  Crop E n t e r p r i s e  S e l e c t i o n  

The s i g n a l s  g i v e n  f a r m e r s  under  a p r i c e  d i s c r i m i n a t i o n  

p o l i c y  w i l l  l e a d  them toward r e s o u r c e  a l l o c a t i o n  which may no t  

b e  c o n s i s t e n t  w i t h  n a t i o n a l  o b j e c t i \ ~ c s .  Fol lowing a n  a n a l y t i c a l  

(1 procedure  e x p l a i n e d  by Upton we p ~ . e s e n t  a  p a r t i a l  budge t  

f o r  s h i f t i n g  one  feddan  of l a n d  frc;:') c o t t o n  t o  soybeans  f o r  

a  s p e c i f i c  f a rmer  a t  Kaf r  E l  Shei!;:.. 

Before proceedj .ng  :.. l. t h ri di.:-ci,:;:;i o n  of t 3e a n a l y s i s  

l e t  u s  d e s c r i b e  brief 111 :!I? ec~-)1;r:: : . i~.  i6gi .c  of ,, p a r t i a l  bud- 

g e t .  I n  i ts  s impl .es t  i'(-:.m : .  p a r ?  . l : : i  !>lidget ii:l:c-lves t h e  

f o l l o w i n g  q u e s t i o n s  f o r  :. s ;  t?cif i . i : ( I  fzrm and a s p e c i f i e d  

change t o  b e  a n a l y z e d :  

( a )  What e x t r a  r e t u r n s  ( g a i n s )  can  be e x p e c t e d ?  

( b )  What e x t r a  c o s t s  w i l l  be  i n c u r r e d ?  

Where t h e  p roposed  change o r  new a c t i v i t y  s u b s t i t u t e s  

fo r  something a l r e a d y  e x i s t i n g  on t h e  s p e c i f i e d  fa rm,  a s  

. . . / .  . . 
......................... 

(I Martin Upton, Farm hlnnagement i n  A f r i c a  - The p r i n c i p l e s  
of P r o d u c t i o n  and P i a n n i  ng - , Oxford U n i v e r s i t y  P r e s s ,  Londt~r-. 
1973. See  p a g e s  282-286. 
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when one  c r o p  s u b s t i t u t e s  f o r  a n o t h e r  o r  a  machine s u b s t i t u t e s  

f o r  l a b o r ,  t h e n  we must a l s o  a s k :  

( c )  What p r e s e n t  c o s t s  w i l l  no l o n g e r  b e  i n c u r r e d ?  

( d )  What p r e s e n t  income w i l l  b e  s a c r i f i c e d ?  

Hence t h e  g a i n  w i l l  be  ( a ) + ( c ) ,  t h e  e x t r a  r e t u r n s  p l u s  

t h e  saved  c o s t s ,  and t h e  t o t a l  c o s t  w i l l  be  ( b ) + ( d ) ,  t h e  e x t r a  

c o s t  p l u s  t h e  p r e s e n t  income f o r e g o n e .  The t o t a l  g a i n  minus 

t h e  t o t a l  c o s t  t h e n  represents t h e  n e t  g a i n  o r  e x p e c t e d  

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

T a b l e  3 s u g g e s r s  t h a t  a s l : ec , i f i c  farmer  a t  Kafr  T: 

Sheikh would gai!? LE 33.0 p e r  yezr i f  iie s h i f t e d  one fec4:.ir:.n 

of  l a n d  from t h e  p r c d u c t i ~ : - I  of c o t t o c  t-o t h e  productil-)!i uI' 

soybeans .  

Given curre!:i c - s t - y r i c e  r e l a t  .ic-)n:i:hips f a c e d  by 1':. . n e r s ,  

soybeans  look  p r ( f l t r . b l e .  I t  shouit i  1-19 n o t e d  t h a t  a ? : : . - : . . e  

p a r t  of ti13 c o s t  of p roduc ing  soybeans ,  t o  t h e  indi\*-idl.:;il 

f a r m e r ,  is t h e  income he  f o r e g o e s  by not: p roduc ing  c o t r c n .  

We see t h a t  t h e  r e t u r n s  a s s o c i a t e d  w i t h  c o t t o n  have 2.:. 

impor tan t  i n f l u e n c e  on t h e  p ro f  i t a b j  l i  t y  of  produci l : ;  -.c:;;beans 
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T a b l e  3:  P a r t i a l  Budget o f  t h e  Economic E f f e c t  on a  Fa rmer ,  
K a f r  E l  S h e i k h  G o v e r n o r a t e ,  f rom S h i f t i n g  o n e  
Feddan o f  Land from C o t t o n  t o  Soybeans .  

1. S p e c i f i c a t i o n :  
P l a n t i n g  o f  s o y b e a n s  and  t h e  r e p l a c e m e n t  o f  an  e x i s t i n g  
c r o p  o f  c o t t o n .  Farm p r i c e s  a r e  used  i n  t h e  c a l c u l a t i o n s .  

2 .  Items i n  t h e  p r e s e n t  s y s t e m  l i k e l y  t o  be changed :  
C o t t o n  a n d  c o t t o n  s t o c k s  no  l o n g e r  a v a i l a b l e .  

. Soybeans r e q u i r e  f o u r  months growing  s e a s o n  i n  t h e  mid- 
d l e  o f  t h e  8 month growing  s e a s o n  f o r  c o t t o n .  

Soybeans w i l l  a p p l y  a s  c r e d i t  t oward  r e q u i r e d  c o t t o n  
a r e a .  

The  c o s t  of p r o d u c i n g  c o t t o n  w i l l  be e l i m i n a t e d .  

3. Estimzi-i.:: x r ~ i n s  and l o s s e s :  

a .  Ex? -:. I. a i u e  of  s o y b e a n s  b .  E x t r x  p r o d u c t i o n  c o s t s  
2nc: l o r z g e  c rops .  

L2 170 
of s c y b e a n s  2nd f o r a g e  
CTI  , ' I - ' : :  . 

. SL-,-cd c,c)sts of p r o d u c i n g  d .  F!c.:,~ced I'C ~ c r r  from 
co t tor , .  ,.. ,.-. -: . .  1. c l n .  

LE 134 L,L 2.5: ; 

T o t a l  g a i n s  LE 304 T 1 c ! 7 271 

Net g a i n s  LE 93  
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I f  a l l  t h e  p r i c e s  and  costs  u s e d  t o  c o n s t r u c t  T a b l e  3 

were g e n e r a t e d  i n  t h e  m a r k e t  s y s t e m  ( a n d  i f  no e x t e r n a l i t i e s  

e x i s t e d )  w e  c o u l d  c o n c l u d e  o u r  a n a l y s i s .  I t  i m p l i e s  t h a t  

s h i f t s  f rom c o t t o n  t o  s o y b e a n s  would be a p p r o p r i a t e  i n  K a f r  

E l  S h e i k h .  However t h e  r e a l  wor ld  is more complex t h a n  t h i s .  

Egyp t ,  l i k e  most c o u n t r i e s  o f  t h e  w o r l d ,  h a s  n a t i o n a l  p o l i c i e s  

which c a u s e  d e v i a t i o n s  from marke t  p r i c e s .  Hence it is 

i m p o r t a n t  t o  a s k  a  second  q u e s t i o n  which c a n  a l s o  be d e a l t  

w i t h  by u s i n g  a  p a r t i a l  b u d g e t ,  "What is t h e  e f f e c t  a t  t h e  

n a t i o n a l  l e v e l  o f  s h i f t i n g  f rom c o t t o n  t o  soybeans?"  

For  a n a l y z i n g  1 . ~ ~ .  economic impact  of  t h i s  q u e s t i o n  a t  

t h e  n a t i o n a l  l e v e l  i t  is n e c e s s a r y  t o  a d j u s t  c o s t s  and  

r e r u r n s  i n  o r d e r  t o  r t + p r e s e n t  TI11  r e a l  p r i c e s  (shadow p r i c e s ) .  

For example t h e  p ~ - . - ~ ~ -  a  f a r m e r  !-:.j s f o r  f e r t i l i z e r  is a  good 

i c d i c a t i o n  o f  i ts  ~ ~ 1 - i ;  t o  him bat i f  t h e  government  s u b s i d i z e s  

p a r t  o f  t h i s  c o s t  t i .  t h e  amc-luct o f  t h e  s u b s i d y  s h o u l d  b e  

c o ~ s i d e r e d  f o r  n a t i f  1 a n a l - i < .  L i k e w i s e  t h e  p r i c e  t h e  

farl!;~r r e c e i v e s  to:. cnotton rriay i L c l ? r e s e n t  h i s  r e t u r n  a d e q u a t e l y  

b u t  the r e t u r n  t o  t b  0 n a t i o n  niay h e  more c o r r e c t l y  r e p r e s e n t e d  

by v:orld p r i c e s .  



The p r o b l e m s  o f  d e t e r m i n i n g  "shadow p r i c e s w  are complex .  

E s t i m a t e s  h a v e  b e e n  made by o t h e r s  a n d  are u s e d  i n  t h @  con-  

s t r u c t i o n  o f  T a b l e  4 .  (' Compare T a b l e s  3 a n d  4 .  Note t h a t  

( a ) ,  E x t r a  v a l u e  o f  s o y b e a n s  a n d  f o r a g e  c r o p s ,  is  t h e  same 

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

a r e  p r i c e d  a t  m a r k e t  v a l u e s  t o  t h e  farmer and  t o  t h e  n a t i o n .  

The c o s t  o f  p r o d u c i n g  s o y b e a n s ,  ( b ) ,  is h i g h e r  i n  T a b l e  4 

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

t o  t h e  gove rnmen t .  The s a v e d  c o s t s  of p r o d u c i n g  c o t t o n ,  

( c ) ,  is a l s o  h i g h e r  i n  T a b l e  4 f o r  t h e  same r e a s o n .  The 

L i g g e s t  change  t a k e s  p l a c e  i n  ( d )  Reduced r e t u r n s  f rom c o t t o n .  

- .  -L:,:S v a l u e  is much l a r g e r  i n  T a b l e  4 t h a n  i n  T a b l e  3 r e f l e c t i n g  

h e  l o s s  of f o r e i g n  exchange  t o  t h e  gove rnmen t  b a s e d  on 

~ o : - l d  p r i ces .  The b o t t o m  l i n e  o f  T a b l e  4 shows a n e t  l o s s  

~f LE 108 c c r p a r e d  t o  a n e t  g a i n  i n  T a b l e  3 o f  LE 33. T h i s  

..cf l ec t s  t h c  d i f f e r e n c e  i n  u s i n g  " f a r m g a t e  p r i c e s "  a n d  ' 'sh:~dow 

:;-icesu. T h e  l a t t e r  a c c o u n t  f o r  t h e  n a t i o n a l  o p p o r t u n i t y  

c o s t s  z s s o c l ~ r e d  w i t h  s h i f t i n g  r e s o u r c e s  f rom p r o d u c i n g  

-ot tori t o  r :.t~rlucing s o y b e a n s .  

(1 S e e  James B. F i t c h ,  Khedr and  W h i t t i n g t o n ,  "The Economic 
E f f i c i e n c y  oP Water U s e  i n  E g y p t i a n  A g r i c u l t u r e :  o p e n i n g  
Round o f  Deba te "  u n p u b l i s h e d  d r a f t  o f  p a p e r  f rom t h e  
M i n i s t r y  o f  A g r i c u l t u r e  a n d  t h e  F o r d  F o u n d a t i o n ,  1 9 7 9 .  



Table 4 :  P a r t i a l  Budget of t h e  Economic E f f e c t  on Egypt 
of S h i f t i n g  One Feddan of Cotton t o  Soybeans. 

1. S p e c i f i c a t i o n :  

Replacing one feddan of c o t t o n ,  an expor t  c rop ,  w i th  one 
feddan of soybeans,  .-an import c rop .  Shadow p r i c e s  a r e  
used t o  e s t i m a t e  c o s t s  and r e tu rns . .  

2 .  Items i n  t h e  p resen t  s y s t e m  l i k e l y  t o  change: 

Costs  of producing co t ton  w i l l  be reduced. 
Foreign exchange from export ing '  c o t t o n  w i l l  d e c l i n e .  
Foreign exchange needed f o r  import ing vege tab le  0 : i . i  \:.i 11 
dec l ine .  

3 .  Estimated g a i n s  and l o s s e s :  

a .  Ext ra  va lue  of soybeans b . Er:t ]*a oduc  t i c j ! i  c..orts 
and fo rage  c rops .  of  5,::: .  ! ~ E . B . ~ s  ;i::r' i c,l-age 

LE 170 crop?. 
!,E 92 

c .  Saved c o s t  of producing d .  Real;.( sc! return i'1-c.m 
co t ton .  cot. trri .  

LE 196 1.E 382 

T o t a l  g a i n s  LE 366 Tota l  c o s t s  LE 474 

Net ga ins  LE <108s 
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Of  c o u r s e  t h e r e  are o t h e r  c o n s i d e r a t i o n s  wh ich  mus t  b e  

c o n s i d e r e d  i n  n a t i o n a l  p o l i c y  d e c i s i o n s .  F o r  examp le  f o o d  

s u f f i c i e n c y  g o a l s  may w e i g h  h e a v i l y  i n  f a v o r  o f  p r o d u c i n g  

s o y b e a n s  i n  o r d e r  t o  b e  more n e a r l y  s e l f  s u f f i c i e n t  i n  

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

c o t t o n  e x p o r t s .  The  most i m p o r t a n t  p o i n t  is  t h a t  n a t i o n a l  

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

s i g n a l s  t o  f a r m e r s .  A s  s u g g e s t e d  by  T a b l e s  3 and 4 t h e  o u t -  

come o f  r e s o u r c e  u s e  a n a l y s i s  may be g r e a t l y  e f f e c t e d  by  

t h e  s e l e c t i o n  o f  p r i c e s  a t t a c h e d  t o  f ~ : ; , u t - o u t p u t  r e l a t i o n s h i p s .  

Capital rormhr i u n  -. 

P a r t i a l  b u d g e t  ana! yc;?,:: of rncc!~..::-:ic~.!. tec i : !  i,:logy f o r  

i n d i v i d u a l  o r  g r o u p s  o f  ;; 1.q -1: o f t c l i  :. .i ,*~\: sub: t;. -; l a 1  p o t e n -  

t i a l  income g a i n s .  T h e  a d o p t i o n  o f  s u c h  t e ch? -~o iogy  i n v a r -  

i a b l y  r e q u i r e s  some i n v e s t m e n t  c a p i t a l .  E x a m i n a t i o n  o f  t h e  

b u d g e t  summar i e s  f r om T a b l c  1 i n d i c a t e s  t h a t  i n :  c.:ne per c a p i t > .  

on e v e n  l a r g e r  t h a n  averaye f a r m s  i n  K a f r  E l  2ij'iiejl;h Governor- .  

a t e  is low i n d e e d ,  r a n g i n g  f rom LE 51 t o  LE 25?1 Iler y e a r  and  

a v e r a g i n g  LE 104. A f t e r  o b t a i n i n g  o n l y  bare n e c . c ~ s s i t i e s  o f  

. . . / .  . . ....................... 
(I F o r  e x a m p l e s  see M .  E .  Quenemoen a n d  ShinnszI Abdel  Aty 

E l  S h i n n a w i ,  "An Economic A n a l y s i s  o f  Rater L i f t i n g  Wi th  
a D i e s e l  Pump f o r  a Farm a t  E l  Hammami'; a r a p e r  p r e s e n t e d  
a t  t h e  UNESCO t r a i n i n g  c o n f e r e n c e  o n  i r r i g r t r i o n  d e v e l o p -  
m e n t ,  EWUP, F e b r u a r y  1979.  



l i f e  these  incomes cannot leave  much balance fo r  c a p i t a l  

investment. 

Would increased income, of a  l e v e l  associa ted  w i t h  world 

p r i c e s  a t  t h e  farm ga t e ,  r e s u l t  i n  more c a p i t a l  investment? 

The answer is almost c e r t a i n l y  yes but t h e  magitude is impor- 

t a n t .  I t  may be i n t e r e s t i n g  t o  conduct experiments i n  

p i l o t  a reas  t o  a s s e s s ' t h i s  magnitude. 

For example a  package of higher farmgate p r i c e s ,  ava i l -  

ab l e  proven technologica l  a l t e r n a t i v e s ,  extension type educa- 

t i o n a l  programs, c r e d i t ,  b i r t h  con t ro l  information and 

general  ilon?e economics a s s i s t ance  may prove t o  be a  good way 

c f  generating c a p i t a l  formation, new investment and eco~crmic 

gro~vt h .  Z:!ch packages a r e  appropr ia te  t o  "farming s y s t e m "  

and shoulc!  be of i n t e r e s t  t o  t h i s  p r o j e c t .  



THE AGRICULTURAL ECONOMICS PROFESSION 
1/ IN EGYPT - CURRENT STATUS AND SPECIAL NEEDS- 

The agricultural economics profession got its start in 

Egypt in the 1940's under the leadership of Professor Monear 

Zalaki who is still active in the Agricultural Economic 

Department at the University of Alexandria. At least a dozen 

of his best students were sent to the United States after 

World War 11, for training (the University of Wisconsin was 

especially favored). Several of these individuals occupy top 

posts in Egypt today, e.g. president of a major universitl-, 

director of the Agricultural Economic Research Institute and 

special economic advisor to President Sadat. 

Prior to 1950 agricultural economics training in the 

Egyptian universities was insignificant. However with the 

influx of U.S. trained agricultural economistsSdepartments 

were established in the major universities and leadership by 

agricultural economists was established in units of government 

responsible for gathering agricultural statistics. 

1/ Prepared by Gene Quenemoen, EWUP and Jim Fitch, Ford - 
Foundation for the American Agricultural Economics 
Association, March 1979. 



In the early 1960's the University of Cairo had an 

exceptionally strong agricultural economics department with 

a large component of Iowa State University trained professors. 

However a combination of factors including economic ideology 

drift in Egypt, internal departmental dissention and attrac- 

tive out-of-country positions for agricultural economists 

caused a gradual decline in this department which has never 

been restored to its former position. 

During the 1960's the balance of emphasis moved from 

Western to Eastern ideology in Egypt. Opportunities for 

graduate training in Western countries wac replaced hy 

Eastern Bloc nations. From 1965 to 1975 there were practi- 

cally no Egyptian graduate students being trained in American 

universities and only a few in Western Europe. Graduate 

training in agricultural economics shifted to U.S.S.R., 

Bulgaria, Czechoslovakia, East Germany, Rumania and Hungary. 

~gricultural development was not given high priority during 

these years of Egypt's history. 

During this period another change was taking place 

which worked against the establishment of centers of excellen- 

ce in agricultural economics training. Regional universities 

i 
were established and professors from the urban universities i 

i 
I 

were required to staff them. At the present time all ten of I -  ! 

the public universities in Egypt have faculties of agriculture 
i 
f 

and agricultural economics departments. 



By 1975 the Egyptian government abolished.many general 

economic organizations - the holding companies that owned 
and controlled the naticn"s business. This was precipitated 

by a definite policy shift toward a more market oriented 

economy and an obvious need for bold action to relieve a 

strangling economy. A concurrent diplomatic break with 

U.S.S.R. dried up the opportunity for sending Egyptian students 

to Eastern Bloc countries for graduate training. 

The Present Situation 

Colleges of agriculture in Egypt offer most students a 

general degree in agriculture. Classes are large. Lectures 

typically include 300 to 500 students. Some of the better 

students are allowed to specialize during the last two years 

in disciplines such as agricultural economics. Most of the 

professors at the regional universities live in Cairo or 

Alexandria and spend only three or four days per week on their 

respective campuses. Thus students have very limited inter- 

action with professors. In addition books are scarce and 

foreign books are both scarce and expensive. Libraries and 

dormatory space are minimal. With these and other limitations 

undergraduate training is weak compared to developed countries. 

The ten Egyptian universities, number of faculty in 

agricultural economics and number of graduate students is 

shown below. 



University 
name/Location 

Approx.Size of Estimated Number of 
Faculty in Students Enrolled 

- 
Agricultural in Graduate Programs 
Economics in Agricultural 

Economics 

Cairo U., Cairo 6 * 

Ein Shams U., Cairo 8 

Al-Azhar U., Cairo 8 

Alexandria U., Alexandria 7 

Assiut U., Assiut 4 

Mennofiya U. , Shebin 
El Kom 

Minya U., Minya 3 

Mansoura U., Kansoura 3 

Tanta U.? Kafr El Sheikh 3 

Zagazig U., Zagazig 

TOTAL 

* Includes four holding degrees in Extension and Rural 

Sociology. 

**  Approximately one-fourth are Ph.D. candidates. 

These figures were obtained by indirect inquiry in some 

cases, and could be off by as much as 20 percent. Neverthe- 

less, the picture of scattered resources and small faculty 

sizes emerges quite unmistakably. 



As indicated above there are approximately fifty Ph.D. 

agricultural economists on the faculty of agricultural economics 

in Egyptian universities. There may be an equal number in 

private business and government ministries but no one seems 

willing to make this estimate with much confidence. It is 

estimated from 15-20 Egyptians are,now enrolled in graduate 

programs in Western countries. The Institute of Agricultural 

Economics Research employs 20 Ph.D. agricultural economists 

and eleven are employed by the Institute of National Planning. 

The directors of both are Ph.D. Agricultural Economists. 

We estimate that the source of training for Ph.D. agri- 

cultural economists presently professionaly active in Egypt 

is about evenly divided among U.S., Eastern Bloc, and Egyptian 

universities with a few from Western European countries. 

Since attempts to organize a professional society have not 

been successful there is no central source of information on 

numbers and training of agricultural economists. The Institute 

of Agricultural Economics Research has 5 Ph.D. trained agri- 

cultural economists from the U.S., 8 from Eastern Bloc countries 

and 7 from Egyptian universities. It also employs 35 M.Sc. 

trained agricultural economists, all from Egyptian universities. 

The Institute of National Planning has two Ph.D. agricultural 

economists from Egypt, 5 from Eastern Bloc countries and two 

each from U.S. and Western Europe. 



As a general rule all M.Sc. agricultural economists 

receive their training in Egypt. There is no financial aid I - 
I 

for students without an M.Sc. degree to go abroad for training. 

System of Training in Egypt 

The general structure of agricultural economics graduate 

training in Egypt is patterned after the U.S. Most depart- 

ments have been strongly influenced by graduate training 

systems developed in Wisconsin, California, Iowa and Cornell. 1 
Each professor will typically have at least one teaching 

assistant. Graduate level courses are offered in areas which 1 - I 
parallel the standard offerings of U.S. universities, e.g. 1 

1 
economic theory, mathematical economics, statistics, production I i 
economics, marketing, econometrics, agricultural policy, I 

economic development, etc. In most cases graduate courses 

are taught in English, however, comprehension is a serious 

problem so the discussion frequently resorts to Arabic. English i 

textbooks and references are used almost exclusively. 

Monthly salaries of university professors in Egypt are 

estimated to be about $ 140 for beginning professors, $ 210 

for associate professors and $ 280 for full professors. Some 

professors supplement this income by working for international 

research organizations and/or by selling their books to 

students. 



Most p r o f e s s i o n a l s  f e e l  t h e  g r a d u a t e  programs i n  Egypt 

a r e  a n a l y t i c a l l y  weak. T h i s  i s  due i n  p a r t  t o  weakness of  

cou r se s  a t  t h e  g r a d u a t e  l e v e l  and t o  l a c k  o f  s i g n i f i c a n t  

r e s e a r c h  e x p e r i e n c e s  by t h e  f a c u l t y  who h e l p  p l a n  and s u p e r v i s e  

t h e  r e s e a r c h .  A rev iew o f  g r a d u a t e  r e s e a r c h  t h e s e s  r e v e a l s  

a  s t r o n g  o r i e n t a t i o n  toward d e s c r i p t i v e  r e s e a r c h .  The i n -  

f r e q u e n t  c a s e s  where a n a l y s i s  i s  a t t emp ted  o f  t e n  demons t r a t e  

t h e  u s e  of  t e c h n i q u e s  which a r e  e i t h e r  i n a p p r o p r i a t e  t o  t h e  

d a t a  being ana lyzed  o r  a r e  s imply e x e r c i s e s  i n  t h e  u s e  of 

t echn iques  on i r r e l e v a n t  d a t a .  

About h a l f  t h e  g r a d u a t e  s t u d e n t s  a r e  suppo r t ed  by a s s i s -  

t a n t s h i p s  from t h e  u n i v e r s i t y .  The o t h e r s  a r e  u s u a l l y  em-  

ployed by a government m i n i s t r y  which p e r m i t s  them t o  be 

away t h r e e  d a y s  p e r  week t o  pursue  g r a d u a t e  s t u d y .  Admitance 

t o  a  g r adua t e  program r e q u i r e s  app rova l  by t h e  r e s p e c t i v e  

department and c o l l e g e .  Gene ra l l y  an  unde rg radua t e  ave rage  

of  "very  good" i s  r e q u i r e d  f o r  admiss ion ( a t  g r a d u a t i o n  

B.Sc. s t u d e n t s  a r e  ranked "pas s " ,  "good", "very  good" and 

" e x c e l l e n t " )  . 

The u s u a l  t i m e  r e q u i r e d  t o  complete an  M.Sc. deg ree  i n  

a g r i c u l t u r a l  economics i s  f o u r  y e a r s .  Seven y e a r s  a r e  u s u a l l y  

r equ i r ed  f o r  a  Ph.D. These t i m e  p e r i o d s  c a n  be  sho r t ened  

somewhat b u t  t h e  s h o r t a g e  of  s t a f f ,  books, l i b r a r y  f a c i l i t i e s ,  

t r a n s p o r t a t i o n  and conununications makes it u n l i k e l y .  I n  many 

c a s e s  t h e  s t u d e n t  f i n d s  t h a t  more t i m e  i s  r e q u i r e d  r a t h e r  t h a n  

less. 



Quality of Traininq 

As indicated before the political-economic ideologies 

of Egypt have undergone rather abrupt changes in the past 

quarter century. The present trend is toward market oriented 

democracy. This should be kept in mind when considering the 

response of Egyptian professional agricultural economists to 

inquiries about the quality or appropriateness of graduate 

training. 

All U.S. trained Egyptian agricultural economists L3te 

U.S. training first, Egyptian training second and Eastern 

Bloc training third. Some even go so far as to say Ee~tcrn 

Bloc training is completely irrelevant to t!!e current needs 

of Egypt's market oriented economy. Some econonists iiith 

Eastern Bloc training agree that what they learned is largely 

inappropriate to Egypt's institutional setting and present 

directions. 

The interviews with in-country agricultural economists 

and employers of agricultural economists was somewhat helpful 

in determining weaknesses of U.S. training. Except for 

individuals who completely disregarded Eastern Bloc training 

there seemed to be general agreement that the U.S. universities 

should give more attention to marx/socialist ideology in order 

that U.S. trained professionals could better understand their 

Eastern Bloc trained colleagues. 



Several respondents mentioned the need for more attention 

to economic development strategies for developing countries. 

As discussed in the last section of this report they were 

divided on how U.S. and Western European trained professionals 

should be assisted to make the transition from working with 

the problem of developed countries to the problems of less 

developed countries. 

Project evaluation (feasibility analysis) was frequently 

mentioned as important in Egypt at the present stage of her 

development. Under the present "open door" economic policy 

the Egyptian government is attempting to attract foreign 

capital into partnership arrangements with Egyptian firms. 

Carefully developed feasibility reports support this process. 

Other areas suggested for more emphasis in U.S. training 

include (1) administrative skills, (2) quantitative analysis, 

(3) techniques of data collection and (4) computer analysis 

of economic data. Administration or management of public and 

private organizations is considered by many people to be the 

single most serious constraint to Egypt's development. Agri- 

cultural economists who have had administrative responsibility 

especially recognize this need. 



Major Problems Ahead 

The most pressing problem for agricultural economists 

to address in Egypt during the next decade is that of 

increasing food production for a burgeoning population. 

Population growth currently exceeds 2+ percent per year and 

most people expect it to continue at that rate at least 

through the next decade. Givea the base of some 40 million 

this means the addition of about one million people per year. 

The most recent F j u e  Year Plan projects a population of 67 

million by the yezr 2000. 

Meanwhile urowth rates for agricultural production are 

disappointing. The five year period from 1971 to 1976 prorisced 

growth rates in yield per feddan of less than 2 percent f c r  

wheat and maize and actual declines in yield for rice, h ~ : ~ n s ,  

sugar cane and cotton. Although yields per unit of land 

are higher than many developing countries they fall short 

of average yields in developed countries by 20 - 40 percent. 

A S  stated in the most recent Five Year Plan tkse poor yields 

are attributed to an inefficient agricultural policy for 

research and extension of research results. 

The Plan calls for expansion of agricultural mechanization, 

implementation of a price policy aimed at optimal crop for- 

mation, land reclamation and establishment of new rural 
* 

communities, expansion of animal and fish protein production, 

expansion of private sector activity, agricultural integration 



with other Arab countries for the purpose of attracting 

capital funds, integration and coordination of agricultural 

research, improvement of food storage facilities, and re- 

building of cooperative societies. These are objectives 

which clearly offer a vital role for persons trained in 

agricultural economics. 

Achievement of these objectives require the solution of 

difficult and complex economic problems. For example poli- 

tical considerations apparently require national subsidization 

of bread which is priced to Egyptian consumers at about ten 

percent of U.S. prices. As a result of such policies Egyptian 

farmers received only 80 percent of world prices for their 

wheat in 1977. Yet at the same time government policy calls 

for increasing production of wheat. Similar situation occur 

for cotton and rice where farmers received 50 percent of world 

prices in 1977. Meanwhile meat is priced throught the free 

market where high prices result in strong incentives for 

farmers to allocate resources to livestock. Other resource 

allocation problems include loss of one sixth of the water 

from the River Nile due to use inefficiencies, shortage of 

foreign exchange for commercial fertilizers and misallocation 

of existing supplies, land reclamation, exploitation of under- 

ground water and under-employment of labor. 



How Can American Universities Help? 

All the persons interviewed reacted positively regarding 

the potential role of American universities in building the 

Egyptian agricultural economics profession. It was hard to 

find a consensus, however, in what this role should be. 

One of the most experienced and respected Egyptian 

agricultural economistsstated there is no substitute for 

thorough training in a developed country which has a favorable 

academic climate (implying books; library; quiet places for 

stud:-, reflection and discussion; scientifically oriented 

colleagues; etc.). He felt research should be done by the 

Ph.D. candidate in the developed country and that if the 

result of such education was a thoroughly trained scholar 

than transference of methods to the developing country would 

be a trivial problem. 

On the other hand a majority of the Egyptian professionals 

felt that other useful measures could be implemented by 

merican universities short of complete reliance on U.S. 

training for Ph.D. course work and thesis research. 

Faculty exchange between American-Egyptian universities 

was frequently mentioned. This would have a two-fold effect 

of providing useful opportunities for Egyptians to update their . . 
training and to keep up on developments in the U.S. The latter 

would be helpful in advising Egyptian students who are slated 



for U.S. training. Secondly it would give American professors 

who are teaching and guiding research of Egyptian students 

knowledge of conditions in Egyptian universities and the 

Egyptian research environment. 

Collaborative research between American and Egyptian 

professionals was also mentioned . It was pointed out that 

this is now taking place with joint work between Egyptian 

professionals and U.S. professionals from Ford Foundation 

and several American universities supported through USAID 

grants. There did not appear, however, to be much interest 

in joint degree offerings for Ph.D. chndidates. The protlem 

of communications was given as the most important r e z s o n  for 

making this impractical. A slight modification of joint 

degrees, favored by several professors, would be to approve 

a specified body of coursework to be taken in the U.S. with 

the thesis and administration of the degree handled by an 

Egyptian university. This could be done at the M.Sc. or Ph.D. 

level. 

Post doctoral programs in the U.S. was encouraged by some 

respondents but they mentioned the problem of developing serious 

and meaningful work. Post doctoral work shouldnot be considered 

as a vacation. Faculty exchange between U.S. and Egypt, with 

specified teaching and research responsibilities, was judged 

to be a more satisfactory alternative. 



None of t h e  in t e rv iewees  suggested t r a i n i n g  i n  t h e  U.S. 

f o r  M,Sc. degrees  a s  important .  They w e r e  unanimous, however, 

i n  t h e i r  suppor t  f o r  s e l e c t i n g  M.Sc. g radua tes  from Egyptian 

u n i v e r s i t i e s  f o r  U.S. t r a i n i n g .  Every respondent  mentioned 

t h e  need f o r  an inf low of a t  l e a s t  a  few f o r e i g n  t r a i n e d  Ph.D. 

a g r i c u l t u r a l  economists over  t h e  nex t  decade and most volun- 

t ee red  t h e  opin ion  t h a t  t h e  U.S. was t h e  b e s t  p l a c e  f o r  t h i s  

t r a i n i n g .  

Lack of Engl i sh  s k i l l s  by f a c u l t y  and s t u d e n t s  was o f t e n  

mentioned a s  a s e r i o u s  c o n s t r a i n t  t o  t h e  development of t h e  

a g r i c u l t u r a l  economics p ro fes s ion .  The a b i l i t y  t o  r ead  t h e  

l i t e r a t u r e  and d i s c u s s  economic i d e a s  i n  Engl i sh  needs improve- 

ment a t  a l l  l e v e l s  of t h e  p ro fes s ion  wi th in  Egypt. I n  t h i s  

r e s p e c t  a l l  people  interviewed were encouraged a t  t h e  p rospec t  

of increased  i n t e r a c t i o n  w i t h  American u n i v e r s i t i e s .  

The fol lowing t o p i c a l  l i s t  summarizes t h e  needs of t h e  

Egyptian a g r i c u l t u r a l  economics p ro fes s ion  and p o t e n t i a l  r o l e s  

of American u n i v e r s i t i e s .  

1. Comprehensive Ph.D. t r a i n i n g  i n  t h e  U.S. A l l  

respondents  mentioned t h e  need f o r  t r a i n i n g  a t  l e a s t  a  few 

Egyptian a g r i c u l t u r a l  economists i n  t h e  U.S. There was 

gene ra l ly  high regard  f o r  U.S. t r a i n e d  people.  Opinions 

d i f f e r e d  about  t h e  magnitude of t h i s  a c t i v i t y .  One h igh ly  

respec ted  sen io r  Egyptian f e l t  t h e r e  was no s u b s t i t u t e  f o r  

. . ./. . . 



U.S. t r a i n i n g  whi l e  o t h e r s  f e l t  a mix of U.S., Egyptian and 

Western European t r a i n i n g  would be r e a l i s t i c  and d e s i r a b l e .  

A l l  agreed t h a t  some means of o u t s i d e  f inanc ing  f o r  U.S. 

t r a i n i n g  must be  found. A s  one Egyptian s t a t e d ,  "Egypt can 

hard ly  a f f o r d  t h e  wheat it must purchase from abroad t o  say 

nothing of g radua te  educa t ion ."  Egypt has  a l a r g e  supply of  

people t r a i n e d  a t  t h e  M.Sc. l e v e l  who could b e n e f i t  from 

U.S. t r a i n i n g .  

2. U.S. cour se  work f o r  c r e d i t  i n  Egyptian u n i v e r s i t i e s .  

This a s s i s t a n c e  would be planned under t h e  guidance of  t h e  

s tuden t s1  g radua te  committee i n  Egypt. I n  c e r t a i n  c a s e s  

t h e  s t u d e n t s 1  g radua te  conunittee may inc lude  q u a l i f i e d  

Americans r e s i d i n g  i n  Egypt. I t  was poin ted  o u t  t h a t  some 

courses  a r e  weak i n  Egypt, e s p e c i a l l y  i n  r e source  economics. 

Spec ia l ly  s e l e c t e d  courses  from U.S. u n i v e r s i t i e s  could h e l p  

s t rengthen  a g radua te  program f o r  an Egyptian Ph.D. candida te .  

3. Facu l ty  exchange. The p o t e n t i a l  b e n e f i t s  from f a c u l t y  

exchange were perceived a s  important .  Egypt needs t h e  

a s s i s t a n c e  o f  U.S. p r o f e s s o r s  f o r  teaching  and r e sea rch  

counseling.  A t  t h e  same t i m e  t h e s e  p r o f e s s o r s  would ga in  

understanding of t h e  teaching-research s i t u a t i o n  i n  Egypt 

which would h e l p  them work wi th  Egyptian s t u d e n t s  i n  t h e  U.S. 

Egyptian p r o f e s s o r s  on l eave  t o  American u n i v e r s i t i e s  could 

update t h e i r  s k i l l s  and prepare  t h e i r  a b i l i t i e s  t o  adv i se  

s tuden t s  going t o  t h e  U.S. f o r  t r a i n i n g .  .../.. . 



4. Visitinq professorship. Egypt is woefully short of 

well trained academic staff to meet the needs of the many 

students. U.S. professors could help with teaching, graduate 

student advising and research counseling. Also the opportu- 

nity for presenting seminars at gatheringsiof faculty and 

students could contribute substantially to the establishment 

of an Egyptian community of scholars in agricultural economics. 

5. Post-doctoral work for Eqyptian professionals. A well 

designed post-doctoral program especially for agricultural 

economists trained in Egypt and Eastern Bloc countries should 

be considered where a faculty exchange program cannot be 

arranged. Exposure to economic and social institutions gained 

from travel to developed countries could have a valuable 

impact on the present development process in Egypt. 

6. Short term specialized training. This may be consi- 

dered for periods of 2 to 6 months when a specialized need 

is recognized for training Egyptian professionals. Often 

times there are no good substitutes for hands-on training 

and the opportunity to make personal observations. 

7. U.S. graduate students come to Egypt for research 

on Ph.D. theses. This would be welcomed by qualified Egyptian 

agricultural economists in several Egyptian universities. 

However it would probably require more development of professor 

exchanges, collaborative research, etc. before it could be 

successful. 



8. Collaborative research. Several Egyptian professionals 

are already involved in collaborative research with American 

agricultural economists. They welcome more opportunity for 

such contacts. 

9. Provide textbooks, journals and related reference 

books. It may not be possible for American universities a s  

such to fulfill this need but it was mentioned as a serious 

problem by most respondents. The development of well stocked 

libraries with multiple volumes of the most important wcrks 

would be highly useful. 



EGYP'l'IJIN ---a-p FARMER'S PERCEPTION OF N,TERN-ATIVE 
EXTENSSON STU?EGIES AND TACTICS IN ZRRICATED - 

-- AGRI CIJLTOIZAL DEVBLOPMENT~ 

Mohamed sallaml, Edward ~ n o ~ * ,  and Sheila ~ n o ~ ~  

A Paper Presented a t  the  
X European Congrcss of Rural Sociology, 

Cordoba, Spain, April ,  1979 

Abstract - 
The paper reports field data characterizing 43 Egyptian 

farmer's perceptions of the suitability and effectiveness of 
various extension strategies and tactics which might be used 
by art irrigated agricultural development project beginning 
applied research work in their several communities. The 
sample of farm operators were given.inventories of structured 
interview items measuring a) beliefs about who might have 
the greatest effect on improved local living conditions; and 
b) judgements about how valuable alternative extension 
approaches would be in local development efforts. 

A range of specific findings are presented in the paper 
which are generally consistent with the theories found in 
the social science and extension literatures. Most generally, 
these Egyptian farmers show a realistic understanding of,the 
value and appropriateness of specific alternative develop- 
ment strategies and tactics, probably far beyond that which 
is usually assumed by technical scientific personnel and 
government officials. Likewise, they believe they, them- 
selvzs, can be the most effective category of people guiding 
and implementing non-technical local imprcvement. 

Governnlcnt of Eg-t Senior Sociologis t ,  Egypt Water Use and Mangement 
Project ,  Cairo, A.H.E. 

Consorti~lm f o r  Intcrnat  ional  Develc!yment/USAID Senior Sociologis t ,  
Egypt Water Us6 and Ptanagement Project ,  Cairo, A.R.E. 

a Independent Adult and Extension Education Spec i a l i s t ,  Cairo, A.R.E. 

Prepared under s.ipp01-t of the  United state* Agency fo r  International 
Development, Contract AID/NP-C-1351, A l l  repmPtedopinlons, conclusions 
o r  recommendations a r e  those of the  authors and not those of the funding 
agency of the  United S ta tes  Government. 



DEVELOPMENT AS PROCESS 

Many peop le  hold t h e  unders tanding  o f  *ldbvelopment" as 

t h e  l e v e l  o f  m a t e r i a l  and economic accomplishrrrents of a 

n a t i o n .  T h i s  l c a d s  them to  conc lude  some r i c h  and powerful  

n a t i o n s  have ach ieved  development, wh i l e  most o t h e r s  who a r c  

poor and less powerful  or  p r e s t i g e o u s  remain c l e a r l y  "under- 

developed".  On t h e  o t h e r  hand, when development is viewed 

a s  a problem-solving or goal seeking p r o c e s s  (as most develop-  

ment e x p e r t s  view i t ) ,  t h e  c o n c l u s i o n s  can  be quite d i f f e t -  

e n t .  Although m a t e r i a l  wea l th  is p a r t  o f  t h e  development 

p i c t u r e ,  it i s  nore a r e s u l t  o f  development t h a n  t h e  p r o c e s s  

i t se l f .  

The p r o c e s s  is what d e s e r v e s  o u r  a t t e n t i o n ,  f o r  it is 

what w e  have t o  work w i t h  when w e  hope t o  b e h e f i t  o u r  nahion 

or o t h e r s .  Most s imply,  development i s  best though t  of  as 

r e a l i z i n g  a growth i n  our human a b i l i t i e s  t o  a c h i e v e  o u r '  

real is t ic  a s p i r a t i o n s .  Mostly,  it i s  p r o g r e s s i n g  i n  o u r  

e f f e c t i v e n e s s  a s  hurnan beings, given  t h a t  w e  have d e s i r e s  

and a p p r e c i a t i o n s  f o r  o t h e r s .  Growth i n  human s e n s i t i v i t i e s  
arrd1 a b i l i t i e s  is b o t h  development ' s  b a s i c  method and o b j e c t -  

i v e .  1 

Given t h i s  "process"  meaning o f  development, i t  i s  t h e  

way people deal w i t h  t h e i r  n a t u r a l  and s o c i a l  environment.  

P u t  a n o t h e r  way, it i s  t h e i r  a c t i v i t y  i n  "developing" more 

t h a n  t h e i r  l e v e l  o f  material worth  of  power t h a t  l e t s  u s  

c a l l  them "developed". Perhaps  t h e  word " p r o g r e s s i v e "  i s  a 
b e t t e r  way t o  t h i n k  of development, f o r  it emphasizes a ' 

s o c i e t y  which makes o p p o r t u n i t i e s  a v a i l a b l e  f o r  c i t i z e n s  t o  , 

grow i n  t h e i r  c a p a c i t y  t o  accomplish t h e i r  g o a l s .  The pro- 

gressive society also p r o v i d e s  e d u c a t i o n a l ,  s o c i a l  and econ- 

o m i c  i n c e n t i v e s  t o  encourage people to  use t h e i r  p r o d u c t i v e  

. . ./. . . 



e n e r g i e s  a t  a ve ry  a c t i v e  l e v e l .  I n  c o n t r a s t ,  t h e  under- 

developed o r  non-progress ive s o c i e t y  is  t h a t  which i s  n o t  

showing i t s  dynarnic human p o t e n t i a l ,  even i f  it has achieved  

a r a t h e r  h igh  l e v e l  of m a t e r i a l  and economic accornplishn\ents. 

Problems i n  t h e  development of poor n a t i o n s  l a r g e l y  

concern c o n d i t i o n s  o f  t h e  r u r a l  popu la t ion ,  which t y p i c a l l y  

forms t h e  s o c i e t y ' s  rnassive base .  I n  these cases , improving 

a g r i c u l t u r e  p l a y s  an impor tan t  p a r t  i n  t h e  s o c i e t y '  s develop-- 

ittbht p rocesses  bo th  because s o  much of t h e  s o c i e t y  i s  d i rec t -  

l y  involved i n  it, and a l s o  because it i s  o f t e n  t h e  pr imary 

b a s i s  o f  t h e  s o c i e t y ' s  w e l f a r e  and s t a b i l i t y .  
- -  . 

-1' 
I n  Egypt, a g r i c u l t u r e  depends upon t h e  p roduc t ive  act- 

i v i t i e s  o f  more than  one--half of Egyptian s o c i e t y ,  and pro- 

v i d e s  s a t i s f a c t i o n  of t h e  b a s i c  needs o f  eve ry  one of  i t s  

4 0  r l l i l l ion pecple .  A l s o ,  a g r i c u l t u r a l  produce and processed  

goods make up t h e  l a r g e s t  p o r t i o n  o f  Egypt ian expor t s .  These 

are a major sou rce  of  hard cur rency  which s u p p o r t s  many b a s i c  

development p rocesses  i n  t h e  count ry .  

Egypt has  l i m i t e d  a g r i c u l t u r a l  l a n d s ,  i n d u s t r i a l  cap- 

aci t ies  and n a t u r a l  r e s o u r c e s ,  and a h igh  r a t e  o f  p o p u l a t i o n  
c j r ~ w t h . ~  Thege'fac-kors make it essential that human e f f o r t s  

be s t i m u l a t e d  and e f i e c t i v e l y  used as a b a s i c  means t o  

ach ieve  g o a l s  of  a h igh  l e v e l  of soc i a l .  w e l f a r e ,  s e c u r i t y  

and s t anda rd  of  l i v i n g  f o r  a l l .  

The approach Egypt has  taken  for r e a l i z i n g  development 

depends l a r g e l y  on a p p l i e d  r e sea rch .  As n a t i o n a l  develop- 

ment a c t i v i t y  has  i n c r e a s e d ,  s o  have i t s  a p p l i e d  r e s e a r c h  

i n s t i t u t i o n s .  P a r t i c u l a r  a t t e n t i o n  has been paid deve loping  
C new means f o r  i n c r e a s i n g  agricultural. product ion  (most Egyp- 

t i a n  a g r i c u l t u r e  i s  i r r i g a t e d )  and improving t h e  w e l f a r e  of 

t t h e  r u r a l  populat-ion. 



It is clear that having found answers to rural problems 

is not enough to solve them, however. The results of the 

research must be diffused and utilized effectively before 

advantage can be realized. Much of the research, in fact, 
must be 0x1 the processes by which the rural population can 

receive and understand information on improved irrigated 

agricultural practices. In many cases this includes the s 

processes by which farmers themselves must cooperatively 

implement ir:,proved practices. 

THE EGYPT WATER USE AND MANAGEMENT PROJECT (EIJUP) 
. 

To meet applied research needs in Egypt, the EWUP was 
begun just over a year ago to provide unique guidance and 
support to the development of irrigated agriculture in 

selected target areas of Egypt representing different types 

of old lands strategically located as diffusion points of 

the country. The project approach to irrigation developn:ent 

has three emphases: 
1) development of n e w  appropriate technologies for 

field diffusion, including bothmaterialand social (proced- 
ural) techniqucs and tools; 

2) extension work--bridging the often large and criti- 

cal gap between scientists and farmers (the emphasis of this 

paper) ; and, 4 

3) traininy/institutionsLization anrong profc~sional 

workers so that more effective means for accampl.ishing sus- 

, :  

(GOE) and the U.S. Agency for International Development .. 

tained agricultural development processes may be realized. 
, - 

a' * 

The project is jointly funded by the Government of Egypt . 

(USAID). It brings together a team of Egyptian and American 
professionals froin several disciplines (agricultural and. I 

1 

civil engineering, agronomy, ccanomics, sociology and . . I 



e x t e n s i o n )  t o  p rov ide  a b road ly  bal.anced team i n  t r u e  i n t e r -  

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

approach i s  t h a t  j t  honors  t h e  themes nncl c a u t i o n s  o f  t h e  

rnore r e c e n t  r u r a l  development 1i teratul .-c.  1) t h a t  na tura l .  

d i f f u s i o n  processes be tfic u l t imate /bas . i c  means o f  e x t e n d i n g  

t h e  program; 2 )  t h a t  it f o c u s  on  economica l ly  f e a s i b l e  

a p p r o r i a t e  t echnology  f o r  farmer  adop t ion ;  3 )  t h a t  t h e  i n t e r -  

mediake o b j e c t i v e s  be broad and balanced t o  keep t h e  develop-  

ment p r o c e s s  u n i t a r y  and a p p e a l i n g  t o  g e n e r a l  f e l t  needs of  

c o n s t i t u e n t  fa rmer  p o p u l a t i o n ;  4 )  t h a t  t h e  u l t i m a t e  o b j e c t -  

i v e s  be  t h e  most b a s i c  ones--improving s o c i a l  l i v i n g  con- 

d i t i o n s  f o r  t h e  f a rmer s  ( e .g . ,  n o t  "developracnL f o r  appear -  

a n c e  ' s  sake", having  " s i g n s  o f  developlnent" , b u t  a c t u a l l y  

r e a l i z i n g  g e n e r a l  p r o c e s s e s  f o r  a c h i e v i n g  improvement o f  

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

s o c i e t y  ) . 
The concep tua l . i z a t i on  o f  t h e  p r o j e c t  i c l cn t i f  ies  t h e  

g e n e r a l  o b j e c t i v e  t o  be  improved socio-economic c o n d i t i o n s  

f o r  t h e  s m a l l  farmer i n  Egypt.  T h i s  i s  t o  be  accomplished 

th rough  improved management p r a c t i c e s  of p r e c i o u s  w a t e r ,  

l and  and o t h c r  a g r i c u l t u r a l  r e sou rces . '+  As background, it 
should  be unders tood  that a f a c t o r  g e n e r a l l y  b e l i e v e d  t o  b s  

e f f e c t i n g  p r e s e n t  a g r i c u l t u r a l  product.i.on and,  more impor- 

t a n t l y ,  t h r e a t e n i n g  sus t -a incd  f u t u r e  a g r i c u l t u r a l  p roduc t ion  

o f  Egypt on l i m i t e d  o ld  lands ,  i s  h igh  water t a b l e ,  s o i l  

sa l in . i .za t ion and by-products  of sub-optimal on-farm w a t e r  

n~anagement--leaching n i t r a t e s ,  etc.  Expressed as a c a s u a l  

sequence,  beg inn ing  b ~ i t h  t h e  Inost inunedj-ate conce rns ,  it i s  

assumed t h a t  improved management o f  i r r i g a t i o n  and re la ted  

a g r i c u l t u r a l  practices w i l l  r e s u l t  i n  iraproved c r o p  y i e l d s  

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

f a c t o r s .  T h i s  p r o v i d e s  t h e  b a s i c  means f o r  g e n e r a l  r u r a l  

and s o c i e t a l  d e v e l o p ~ ~ e n t  s o  t h a t  f  arrners and 21.1 Egypt ian 



c i t i z e n s  can  expe r i ence  more s a t i s f y i n g  and e f f e c t i v e  l i v e s .  

The o p e r a t i o n a l  approach o f  t h e  p r o j e c t  conforms t o  
what i s  o f t e n  c a l l e d  " a c t i o n  r e sea rchw- -o r ,  t h e  a p p l i c a t i o n s  

o f  t h e  procedure:; o f  r e l e v a n t  s c i e n t i f i c  a r e a s  t o  t h e  i d e n t i -  

f i c a t i o n  and s o l u t i o n  o f  p r e s e n t  and a n t i c i p a t - e d  probl.eins o f  

i r r i g a t e d  a g r i c u l t u r e ,  w i t h  c o n s t a n t  feedback and involvement  

of  t h a  c o n s t i t u e n t  popu la t ion .  For i n s t a n c e ,  t h e  "on-farm" 

emphasis  o f  work means t h a t  al.1 development experiment:; are 

conducted on t h e  f i e l d  being worked by p a r t i c i p a n t  f a rmer s  

(vs . s e p a r a t e  "demonstra t ion p l o t s " )  who have been i n v i t e d  

t o  j o i n  t h e  p r o j e c t  i n  a f u l l  working p a r t n e r s h i p ,  and who 

axe thoroughly  i n t e g r a l  i n  t h e  p r o c e s s  a t  a l l  stages and i n  
a l l  ways. T h i s  means, a s  w e l l ,  t h a t  t h e  r e s e a r c h  f o c i  

i n c l u d e  bo th  de t e rmin ing  1) t e c h n i c a l  improvements i n  irri- 

g a t e d  a g r i - c u l t u r e  p r a c t i c e s  and 2)  p rocedures  f o r  be ing  more 

e f f e c t i v e  i n  f a c i l i t a t i n g  fa rmer  unders tanding  and c o o p e r a t i o n  

i n  the j o i n t  v e n t u r e  a c t i v i t y .  The l a t t e r  concern  i s  empha- 

sized i n  t h i s  paper. 

Some o f  t h e  phi losophy c o n t a i n e d  i n  t h e  devolopm&t/ 

e x t e n s i o n  l i t e r a t u r e  d e s e r v e s  smqary t o  p rov ide  a f u l l e r  

e x p l a n a t i o n  and j u s t i f i c a t i o n  o f  t h e  EWUP approach.  

I n  t h e  e x t e n s i o n  p roces s ,  c o n s i d e r a b l e  t i m e  and e f f o r t  

must  be i n v e s t e d  between the t i m e  a new i d e a  i s  a v a i l a b l e  

and t h e  t i m e  it i s  w i d e l y  adopted and a p p l i e d .  T h i s  o f t e n  

i s  due t h e  e x i s t e n c e  of  impediinents which slow or p r e v e n t  

t h e  d i f f u s i o n  and/or a p p l i c a t i o n  of a n  i d e a .  Some o f  t h e s e  

impediments arc due t o  p sycho log ica l  o r  c u l t u r a l  f a c t o r s  

r e l a t e d  t o  socie ty ,  i n d i v i d u a l s  or t o  s i t u a t i o n a l  f a c t o r s  

sur rounding  them. Every s o c i e t y  has  c u l t u r a l ,  s o c i a l ,  econ- 

. . / *  . . 



omic and p o l i t i c a l  c i r cums tances  which make t h a t  s o c i e t y  

d i s t i n c t  from o t h e r  s o c i e t i e s .  Impedilncnts may a l s o  r e s u l t  

from c h a r a c t e r i s t i c s  o f  t h e  i nnova t i on  i t s e l f .  O r ,  t h e r e  may 

be  problems w i t h  t h e  sys tems  which a r e  concerned wi th '  d i f -  

f u s i n g  t h e  a l t e r n a t i v e s  and innova t ions  and t h e  methods o r  

a i d s  which t h e y  employ. 

Ex t ens ion  a lways  aims t o  remove impediments t o  e f f e c t i v e  

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

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

I t  h a s  c r e a t e d  and used a v a r i e t y  o f  methods and a i d s  t o  

d i f f u s e  a g r i c u l t u r a l  a l t e r n a t i v e s  and i n n o v a t i o n s  among 

f a rmer s .  I t  encourages  f a rmer s  themse lves  t o  p a r t i c i p a t e  i n  

t h e  p r o c e s s  by d i f f u s i n g  i n f o r m a t i o n  to  o t h e r  f a rmer s .  

S i n c e  t h e  c h o i c e  o f  e x t e n s i o n  methods i s  of g r e a t ' i r n p o r t -  

ance  t o  program e f f e c t i v e n e s s ,  it is n e c e s s a r y  f o r  e x t e n s i o n  

workers  not o n l y  t o  know advan t ages  and 1 i . m i t a t i o n s  o f  a v a i l -  

a b l e  e x t e n s i o n  raathods, b u t  a l s o  t o  ]:now f a r m e r s  ' p e r c e p t i o n s  

o f  t h e s e  methods. T h i s  a l l o w s  e x t e n s i o n  workers  t o  make 

, d e c i s i o n s  a b o u t  which methods t o  u s e  t a k i n g  i n t o  a c c o u n t  b o t h  

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

a p p r o p r i a t e ,  I n  t h i s  way w e  c an  b e  more s u r e  o f  u s i n g  t h e  

most  e f f e c t i v e  and e f f i c i e n t  methods f o r  t h e  p a r t i c u l a r  

c i r cums tances  i n  which t h e  work i s  t a k i n g  p l a c e .  

Concern.i.ng e x t e n s i o n  methods, t h e  p r o f e s s i o n a l  l i t c r a -  

t u r e  emphasizes s e v e r a l  b a s i c  themes6.  

1) Thc developme~ll-. p r o c e s s  shou ld  be f l cx ib1 .e  and 

i n v o l v e  fa rmer  p a r t i - c i p a t i o n  i n  a l l  developlnent a c t i v i  t i c s  

aimed a t  h i s  r e a l i z i n g  s a t i s f a c t i o n  o f  f e l t  needs, s o  that 

h e  n o t  o n l y  enjoys c o n c r a t c  g a i n s ,  b u t  evcn rnorc i n p o r t a n t l y ,  , 
g e t s  a n  unde r s t and ing  o f  and con f idence -bu i ld ing  e x p e r i e n c e  

w i t h  g r a s s r o o t s  devclopincnt p r o c e s s e s  the~nsel -ves  . 
. . ./. . . 



2)  ~xtension strategy should emphasize capitalizing on 

"felt needs" of farmers to facilitate their personal interest 

and involvement in the process, making relations with con- 

stituents largely a lear~ling/e~pel:inlenting process for them. 

3) Tactics should emphasize activi-ties (or other tan- 

gible "proofs" of the process), keeping decision-making as 
close to grassroots level as possible, i~nproving cormn~~nica- 

tj.ons and social organization in supp0r.t of the process, 

allowing it to be a flexible, incremental process with ample, 

early, if small successes to justify enthusiastic participa- 

tion and broad-basedinterest in the development process. 

In brief explanation of these themes, w e  begin with the 

fact that extension workers must fully understand and con- 

sider worthy and appropriate the alternative or innovations 

to be dif'fused. This implies that the extension worker must 

have good knowledge of the innovation itself and of the 

client population and its environment. To understand new 

or alternative agricultural practices is a matter of tech- 

nical knowledge. Understanding of the client population and 

its environment is accoir!plished through studying those people 

and their circumstances. Of critical irnpc~rtance, the worker 

must learn about: the needs, interests and characteristics 

of tho client population; social, cultural, economic and 

political conclitions/setting of the local area and the nation; 

formal and informal communication and leadership patterns; 

how receptive the client population is to general change 

(e.g., receptivity to adoption of new practices, ideas) and 

how knowledgeable they are about part-Lcular innovations; and 

how and why all of these various factors are related one to 

Such background gives the extension worker the insights 

and underst.anding to be able to decicle if a particular agri- 

cultural. practice is of relevance and approp:ciate to farmers 



i n  a g iven  area. I t  also p r o v i d e s  t h e  b a s i s  f o r  making 

d e c i s i o n s  abou t  how t o  encourage d i f f u s i o n  and a d o p t i o n  o f  

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

A v a r i e t y  of general methods, t o o  Inany t o  s p e c i f y  h e r e ,  

can b e  used t o  prolnote d i f f u s i o n  and adopt ion8 .  ' B r i e f l y ,  

s e v e r a l  I r o a d . c a t e y o r i c s  i t lc lude mass n~rrdia, p u b l i c  mee t ings ,  

on--farm v i s i t a t i o n s  and u s e  o f  expe r imen ta l  o r  demons t r a t i on  

p l o t s .  Dec i s ions  about  which method(s )  t o  use when and w i t h  

which people ,  a r e  guided by i n s i g h t s  gai.ned from p r e v i o u s  

inforn?zkion t h e  e x t e n s i o n  worker has  c o l l e c t e d .  For  example, 

i f  the worker knows t h a t  many farn-lers a r c  comple te ly  unaware 

o f  a new p r a c t i c e ,  a l a r g e  numl?r of t h e m  can be reached  

q u i c k l y  and w i t h  l i t t l e  e f f o r t  t h r o u g h a m a s s  media and p u b l i c  

meet ing  in fo rma t ion  calnpaign which focuses  on e x p l a n a t i o n  o f  

t.he p r a c t i c e ,  i t s  advantages  and l i m i t a t i o n s .  Later, when 

f a rmer s  are aware of t h e  new i d e a ,  more pe r sona l  c o n t a c t  and 

perhaps  t h e  o p p a r t u n i t y  to view r e s u l t s  of  t h e  p r a c t i c e  (on 

a dt?monstrat ion plot, for exainple) may be a p p r o p r i a t e .  A t  

thzse 1-a te r  s t a g e s  i n  the  adopk io~ l -d i f fu s ion  p r o c c s s ,  back- 

ground in fo rma t ion  about  t h e  c l i e n t  popu la t ion  and i ts  con- 

t e x t  i s  par t icu l :+ . r ly  impor t an t ,  a s  it s u g g e s t s  t o  t h e  exten- 

s i o n  worker w h e t h a  h i s  appea1.s should be based i n  psychol-  

o g i c a l ,  economi-c , social or ot-hcr m o t i v a t i o n a l  approaches9.  

F i n a l l y ,  it i s  irnpo:*.-t:ant to  n o t e  t h a t  f a rmer s  themse lves  

arc critical t o  tha extension p roces s .  Tl-~e m o s t  e f f e c t i v e  

proponent  of  a  new p ~ : a c t i c e  i s  t h e  p(?rSCJn who h a s  had s u c -  

c e s s f u l  e x p s r i e n c c  wi th  i t .  Thus ,  the e x t c l ~ s i o n  worker who 

convinces  a smal l  nun?bc?r of farmers t.o experiment w i t h  a n e w  

p r a c t i c e  on a pa r t  of tlrcir osn I.nad, of tor i  f i n d s  t h a t  h i s  

effort..!; arc rnult.ipI.i.cd l\\i3ny t:i:it~:: whr?n thc f e w  farrn~rs 
c.xpe~:.i.ence succc:;::; and t:r?13. t.11r:i.r. rri:.i.~jlil~or r:; ribo~ltr j t , 



STUDY PROCEDURES 

We began this research aware that local and societal 

circumstances vary and can have an effect on the applicabi- 

lity/perceived appropriateness of tactics. As well, the 

situation in recent Egypt is one whre farmers are not accus-- 

tomed to much openness, informality and collaboration between 

technical agriculture personnel a.nd themselves. Therefore, 

the question arose early, "is the general extension litera- 

ture, resulting largely from other situations quite differ- 

ent than tha Middle East and Egypt, good guidance in this 

cacc?" Expressed another way, we wondered: "are the advo- 

cated approraches too different from the expectations and 

recent experiences of Egyptian faremrs, government personnel 

and institutional structure, and tcchnical/scientific per-- 

sonnel to be easily accepted by them?" Thus a first exten- 

sion research priority fell on studying constituent popula- 

tion perceptions of what were appropriate, acceptable and 

eifective ways of working with them in jrrigated agricultural 

development. 

Data were collected by structured interviewwith a sample - 
of 4 3  farmers who had agreed to work closely with the project 

on all or a portion of their farms. The selection of these 

farmers was based on c:ngi.neering, agronomic and socio-economic 

criteria. Main criteria were: 1) Farra 1oc:ati.on with respect 

to source of irrigation water; 2) Irrigation systems and 

netl~ods (gravity, differerlt types of lift); 3) soil types; 

4 )  Ownership and other social aspects; 5) Kinds of crops; 

6) Shape .and leveling of fields; and 7) Continuous flow and 

rotational delivcrylO. 

The study units were case study farm operations, from 

which a range of detailed information is being collected by 

all scientific dj.sciplincs represent.ec1 in the project. 



Presen.t.ly two geoy:::aphic a r e a s  a r e  inc luded  i n  t h e  i n t e n s i v e  

s t u d y  work: 1) s e v e r a l  water  cour se  a r e a s  i n  Giza Govern- 

a te--a  small-farm a r e a  of  broaclly mixed c rops  i n c l u d i n g  

v e g e t a b l e s ,  nea r  Cairo;  and 2 )  a water  cour se  a r e a  i n  Kafr 

E l  Sheikh Governate, i n  t h e  cent.cr o f  t h e  N i l e  d e l t a  a r e a .  

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

lands--along t h e  upper N i 1 . e  nea r  E l  Minya--though d a t a  a r e  

nob y e t  a v a i l a b l e  from t h i s  svca f o r  r e p o r t i n g .  

Three s e p a r a t e  rounds of  s t r u c t u r e d  i n t e r v i e w s  were con- 

duc ted  i n  c o l l o q u i a l  a r a b i c  by t h e  p r o j e c t  f i e l d  s o c i o l o g i s t s ,  

who received.  s u p e r v i s i o n  and t r a i n i n g  fro111 t h e  p r o j e c t  s t w o  

s e n i o r  ~ o c i o 1 o g i : ; t s .  The i n t a r v i e w s  were conducted i n  1978 .  

The  f i rs t  i n t e r v i e w  l a r g e l y  concerned agronomic and i r r i g a -  

t i o n  p r a c t i c e s  of t h e  c a s e  s tudy  farmers and used many open- 

ended questions. The second round represent.cd nlore conven- 

t i o n a l  r u r a l  soc io logy  measurement o f  s o c i a l  p a r t i c i p a t i o n ,  

l e a d e r s h i p ,  communication, o r g a n i z a t i o n a l  m a t t e r s ,  and some 

follow-up focused on a t t i t ~ i d c  q u e s t i o n s ,  a g r i c u l t u r a l  and 

i r r i g a t i o n  p~:act iccs  and p o l i r i c s .  T h e  i n t e r v i e w  schedu le  

usad con ta ined  roostly s t r u c t u ~ c d  items w i t h  r e l - a t i v e l y  f e w  

open-ended q u e s t i o n s .  The  t h i r d  round of i n t e r v i e w s  focused  

on  p e r c e p t i o n s  of a p p r o p r i a t e  developmcnt s t r a t e g i e s  and 

t a c t i c s  and o t h e r  g e n e r a l  a t t i t u d e  m a t t e r s  l i k e  community 

s a t i s f a c t i o n  g e n c r a k  r e c ~ p t i v i t y  t o  innovatj-on and change 

processes ,  s e l f - conf idence  i n  decision-making, etc. The 
t h i r d  round, emphns.ized i n  t h i s  paper ,  was e n t i r e l y  fo rced-  

cho ice  i t e : n s ,  f r e q u e n t l y  using Likext- type "agrec-d isagree"  

response  c a t e g o r i e s  ll. 

The schedule  was deve1.oped by a norn:al s o c i a l  s c i e n c e  

procedure. A 3.5.t;(:l:i1t\lrc ~mview and long d i s c u s s i o n s  of con- 

c!c:ptuaI, i. :;~,U(:C ~11:;  ~.IIVO~.VC:{.'I . I : ' ~ : t c l ' r c J ~ ? ~ I  c'L ~ . C ; C U ~ : ;  J or1,r: ~ C O ~ C ,  h e l d  

wi th  s o c i a l  s c i e n c e  coJ.lc?gu~!.: cbrr c.,tI.lct!: ~>ro'jc!c::..$: S 1, I:'gyr~t: and 
elsewhere known t o  he c:.:per j.cncc!cI i n  hsndlincj such t o p i c s  as 



o u r s .  Sample i t e m s  w r e '  compiled and d i s c u s s e d .  The t r a n s -  

l a t i o n  p r o c e s s  was a c r i t i ca l ,  d i f f i c u l t  and e x t r e m e l y  impor- ' 

t a n t  p a r t .  It involved  e x t e n s i v e  d i s c u s s i o n  o f  t h e  compara- 

b i l i t y  o f  local Egypt ian concep t ions  and wes t e rn -o r i en t ed  

s o c i a l  s c i e n c e  concep t ions  of  t h e  ideas involved .  T h i s  was 

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

p a n t s .  A t t e n t i o n  had t o  be g iven  f i n d i n g  e m p i r i c a l  r e f e r e n t s  

t h a t  cou ld  be o f f e r e d  f a rmer s  as  c l a r i f i c a t i o n  o f  t h e  g e n e r a l  

i t e m  w i t h o u t  " l ead ing"  them. The d i s c u s s i o n s  l e d  t o  much 

c l a r i f i c a t i o n  o f  concep t s  and measurement p rocednres .  Before  

u se ,  t h e  i n t e r v i e w  schedu le  was p r e - t e s t e d  and r e v i s e d .  I t  

w i l l  undergo f u r t h e r  r e v i s i o n  b e f o r e  u s e  i n  a la rge-sample  

s t u d y  t o  be under taken  la te r .  

W e  are j u s t  beg inn ing  s y s t e m a t i c  a n a l y s i s  o f  data  from 

t h e  s u b j e c t s  whose r e sponses  are r e p o r t e d  here. S h o r t l y ,  t h e  

r e s u l t s  of computer a n a l y s i s  w i l l  be a v a i l a b l e  t o  de t e rmine  

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

w i t h  a rallge of o t h e r  d a t a  c o l l e c t e d  ( i n c l u d i n g  f a r m e r ' s  demo- 

graph;  c c h a r a c t e r i : ; t i c s ,  irrigatic-111 and agronomic p r a c t i c e s ,  

soc i a l -  p a r t i c i p a t i o n  and c o n n u n i c ~ t i o n  c h a r a c t c r i s t i c s ,  and 

a t t i t u d i n a l  v a r i a b l e s  l i k e  community s a t . i s f a c t i o n ,  rec6p-  

t i v i t y  t o  change,  s e l f  corif idcnce w i t h  dec i s i cn -nak ing ,  etc.) 

I t  should bs noted  t h a t  d a t a  o t h e r  t han  t h e s e  i n t e r v i e w  

re sponses  were used in t k  inter)::;:etation of f i n d i n g s .  W e  

have drawn p e r s o n a l  recollcc t i o n s  and i.mpressions from f i e l d -  

work c o n t a c t s ,  d a t a  and impres s ions  of o t h e r  soc i a l .  s c i e n c e  

r e s e a r c h e r s  working i n  s i m i l a r  Egypt ian c i r c u m s t a n c e s ,  and 

secondary dilta avail .aI-) le on r e l a t e d  r u r a l  development matters 

i n  E g y ~ ) t .  



F I N D I N G S  AND INTERPRETATlONS 

Dii ta a re  s ~ n u n a r i z ~ ~ c l  h e r e  i n  p e r c e n t a g e  d i s t r i b u t i o n s  

accompanying t h e  a c t u a l  i n t e r v i e w  q u e s t i o n s  used i n  t h e i r  

c o l l e c t i o n .  Fo l lowing  data  p r e s e n t a t i o n ,  c o m e n t s  c a l l  a t t e n -  

- t i o n  t o  major f e a t u r e s  of t h a  s e p a r a t e  xcsults, and n o t e  

i m p l i c a t i o n s  of them. I n  t h e  i n t e r p r e t a t i o n  p r o c e s s ,  i n s i g h t s  

from v a r i o u s  o t h e r  d a t a  s o u r c e s  a re  i n t r o d u c e d  when t h e y  con- 

t r i b u t e  backyroulld or  c l a r i f i c a t i . o n .  

The d a t a  on farmers' p e r c e p t i o n s  o f  e x t e n s i o n  s t r a t e g i e s  

and t a c t i c s  are p r e s e n t e d  i n  r e s p o n s e  t o  t h r e e  b a s i c  q u e s t i o n s :  

1) What k i n d s  o f  p e o p l e  make t h e  b i g g e s t  c o n t r i b u t i o n  t o  

l o c a l  r u r a l  development  success? 2 )  What, g e n e r a l l y ,  s h o u l d  

be dona  t o  promote and f s c i l i t a t e  r u r a l  development p r o c e s s e s  

(i.e., w h a t  a r e  good s t r a t e g i e s ) ?  and ,  3 )  H o w ,  more s p e c i -  

f i c a l . l y ,  s h o u l d  t h e s e  s t r a t e g i e s  be implemented (i . e . ,  what 

. axe e f f e c t i v e  t a c t i c s ) ?  F o r  each of thesc q u e s t i o n s ,  xespond- 

ents were asked t o  c?~oosc from a r a n k c  o f  o fken-advoca ted  or 
C used  o p t i o n s ,  i.n t h i s  way . i . nd lca t iny  thi? i ~ n p o r t a n c c  or value 

c ~ f  t h a t  p a r t i c u l a r  i t e m .  

C o n t r i b u t o r s  t o  Rura l  Development 

Responses t o  t h . :  f i r s t  i:;r;lle, "Who makes t h e  biggest 

d i f f e r e n c e ? "  are stzmmari.zed i n  "IV'able 1. The d a t a  shov~  t h e  

f  armcrs ho ld  v iews  c o n s i c  tent; w i t h  'professional. v i ews  j.n thc2 

r u r a l  developn:c?nt and c!xtcnsion litcraiure . T h a t  i s ,  p e o p l e  

a t  t h e  local ( " g r a s s r o o t s " )  Level, assuming t h e y  a r e  func-  

t i o n a l l y  viab1.e as  i n d i v i d u a l s  or  g r o u p s ,  a r e  t h o u g h t  t o  be 

the main ones who p r o v j d e  t.he i n j t i a t i v e  and p r a c t i c a l  i n -  

sights upon which cf I c c t i v e  r u r a l  c'levelopincnt clepcncls . A s  n 

p e r s o n  moves upward in 1cvzl.s G."L i~dt!i:'Li~.i :;trat.ivc> power and 
. re : ;ponsibi l i t .y ,  t h e  presurncci con t - r ih l .~ t i .on  h e  makcs  d i m i n s h e s .  

I n  t b c  farmers view, pexsons  i n  cciltral government m i n i s t r y  
8 . . ./. . . 



TABLE 1. FARMERS' PERCEPTIONS O F  WHO MAKES T H E  1 ,  
BIGGEST DIFPERENCE I N  RURAL DEVELOPMENT PROCESSES -1 

IN PERCENTS (N=43) I 

I t e m :  "What are your  i d e a s  a b o u t  how much I:::>? e a c h  of t h e  f o l l o w i n g  
groups o f  p e o p l e  can h e l p  improve l i f e  i n  a v i l l a g e  l i k c  this?" I 

c.nn IN! most l h i f , h t  he krould be no 
hc 1 )El11 so~~lchcl  helpatall ----. Tot31 3 .  - 1 - 2  - -- I 

A. M i n i s t r y  o f f i c i a l s  and 
P a r l i a m e n t  27.9 18 .6  53 .5  1 0 0  I 

B. Government o f f i c i a l s  a t  
g o v e r n o r a t e  and d i s t r i c t  
l e v e l .  37.2 44.2 18.6 100 I 

C. Chairman and members of 
f i  

t h e  g o v e r n o r a t e  c o u n c i l  
(el-ectecl) . 

D. Government off i c i a l k  at 
v i l l a g e  l eve l .  83.7 14 .0  2.3 100' 

E. Chairman and rnemters o f  
v i l l a g e  c o u n c i l  ( e l e c t e d ) .  27.9 37.2 34.9 

F. L o c a l  i n f o r m a l  l e a d e r s /  
i n £  l u e n t i a l s  . 72 .1  20.9 7.0 1 0 0  

G. L o c a l  c i t i z e n ' s  o r g a n i z a -  
t i o n s  ( a s  c;oop.) 88.4 9 .3  2.3 1 0 0  

H .  E x p e r t s  i n  applied s c i c t n t i -  
f i c  research. 76.8 20.9 2.3 500 

I. Vil . l ; igc p e o p l e  makicg a n  
e f f o r t  t o  s o l v e  t h e i r  prob-  
l e m s  by t h e m s e l v e s .  81.4 

J. Can you  t h i n k  of any  o t h e r  
g r o u p s  of p e o p l e  who m i g h t  
be h e l p f u l ?  What k i n d s ?  



and p o l i t i c a l  p o s i t i o n s  a r e  thought  t o  make t h e  least  d i f -  

f  c rence .  

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

of  dependence upon d i r e c t  a s s i s t a n c e  from h i g h  l e v e l s  of ccn- 

t r a l  government f o r  t h e i r  development. I t  a ~ u s t '  be no ted  t h a t  

t h i s  is a h e a l t h y  n a t i o n a l  s i t u a t i o n  and r e a l i s t i c  a s  w e l l  
as i n s i g h t f u l  on t h e  p a r t  of  t h e  l o c a l  popula t ion .  T h i s  

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

to e x t e n s i v e  n a t i o n a l - l e v e l  r e g u l a t i o n  of agr icu1tura . l  pro- 

d u c t i o n  and market ing,  which is more o r i e n t e d  to  s a t i s f y i n g  

n a t i o n a l  needs  t h a n  l o c a l  farmer i n t e r e s t - s  d i r e c t l y .  Thus 

many f a rmers  o f t e n  see government a c t i v i t i e s  i n  t h e  a g r i c u l -  

t u r e  sector as a n  unwelcomed impos i t i on  (as seems t o  be a 

common c h a r a c t e r i s t i c  of fa rmers  around t h e  wor ld ) .  As w e l l ,  
most asswne i n t e r v e n i n g  f a c t o r s  make n a t i o n a l - l e v e l  a c t i o n s  

less e f f h c t i v e  o r  e f f i c i e n t  t han  l o c a l  ones .  S p e c i f i c a l l y ,  

a)  t h e  fanners asswne t h e i r  l o c a l  s i t u a t i o n s  and problems 

have l i a i t e d  v i s i b i l i t y  t o  h igh  o f f i c i a l s ;  b) t h e  layers o f  

bureaucracy betwecn them and t h e  r n i n i s t r i e s / a s s c m h l p n  are 
o f t e n  thought  t o  f i l t e r  infonaat j -on flow up and implernzn&- 

t i o n  o f  p o 1 j . c ~  down; c) most unders tand  t h a t  n a t i o n a l  l ead-  

ers a r e  f aced  w i t h  a  range  of h i g h l y  p r e s s i n g  problems 

( n a t i o n s 1  s e c u r i t y ,  urban growth,  dcveloprnent resource l i . m i -  
t a t i o n s ,  etc.)  t h a t  occupy a t t e n t i o n s  of t h e  top ;  d )  import- 

a n t l y ,  t o o ,  t h e  r u r a l p o p u l a t i o n s k n o w  t h a t  t h e  n a t i o l ~ a b  

d e s i g n  and implementation i n t e n t i o n s  f o r  r u r a l  development 

i n  Egypt are  good. They recocjnizr: t h a t  on1.y prohlerils of  

l ins i tcd  r e s o u r c e s  and t h e  somet i~ncs  i n e f f e c t i v e  f u n c t i o n i n g  

of i n t e r m e d i a t e - l e v c l  bureaucracy i n t e r f e r e  w i t h  t h e  r e a l i z a -  

t i o n  o f  l o c a l  developii~ent accord ing  t o  p l ans .  They are a l s o  

nwaro t .hat  nsat.ional*-lavc3. pol icy  muck be \iniEor;~n i n  order for 
j u s t i c e  t o  b... served ,  b u t  that a uniform n a t i o n a l  p o l i c y  

often i n t e r f e r e s  w i t h  t h e  government 's  a b i l i t y  to  d e a l  w i t h  



d i f f e r i n g  l o c a l  c i r cums tances  i n  d i f f e r e n t  ways. I n  r e a l i z a -  

t i o n  o f  t h e s e  f a c t s ,  t h e  Egypt ian  P r e s i d e n t ,  a s  of Janua ry ,  

1979, s e t  an  o f f i c i a l  c o u r s e  o f  d e c e n t r a l i z a t i o n  o f  a u t h o r i t y ,  

v e s t i n g  gove rno r s  w i t h  p r e s i d e n t i a l  powers, and Dis t r i c t  

o f f i c i a l s  w i t h  a Vice-Minis te r  s t a t u s  s o  t h a t  autonomy and 

l o c a l i z e d  i n i t i a t i v e  i n  problem-solving might  become r e a l i t y .  

The p o i n t  .is, t h e  f a r m e r s  r e a l i z e  what t.he P r e s i d e n t  

does :  t h a t  peop3.a nearer t h e  l o c a l  l e v e l  who know t h e  prob--  

l e m s  t h e  b e s t  and feel them t h e  s t r o n g e s t  a r c  t h e  same peop le  

who are most c r i t i c a l  i n  t h e i r  s o l u t i o n .  I n t e r m e d i a t e  l e v e l s  

o f  government are viewed as  be ing  t h e  most a p p r o p r i a t e  f o r  

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

I t  i s  impor t an t  t o  n o t e  t h a t  one  c a t e g o r y  o f  p a r t i c i -  

p a n t s  i n  t h e  r u r a l  development p r o c e s s - - s c i e n t i s t s  and t e c h -  

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

They are valu-:?d by f a r m e r s  a s  c o n t r i b u t o r s  who can  g i v e  p rac -  

t i c a l  a d v i c e  d i r e c t l y  a t  t h e  l o c a l  l e v e l  where t h e y  are work- 

i n g .  They can a l s o  g i v e  g e n e r a l  c o u n s e l  t o  t h e  t o p  l e v e l s ,  
, 

where t h e y  have an i n p u t  i n t o  p o l i c y  d e l i b e r a t i o n s .  

A f i n a l  o b s e r v a t i o n  a b o u t t h i s  set o f  d a t a  is impor t an t .  

S i n c e  r u r a l  deve3-opment i s  l a r g e l y  a  p r o c e s s  d c p e n d i ~ g  upon 

r e a l i s t i c  p e r c e p t i o n s  of p o s s i b i 1 i t i . e ~  and p r e r o g a t i v e s  a t  

t h e  l o c a l  l e v e l ,  t h e s e  f a rmer s  g i v e  ev idence  o f  be ing  w e l l  

a l o n g  t h e  p a t h  o f  development.  They are a l r e a d y  q u i t e  

"developed" i n  i . m p o ~ r t a n t  ways. They d i s p l a y  b a s i c  a t t i t u d e s  

and unde r s t and ings  i n  s u p p o r t  o f  t h e  p r o c e s s .  They assume 

t h a t  l o c a l  i n i t i a t i v e  and r e s p o n s i b i l i t y  are a major  f a c t o r  

i n  t h e i r  e n j o y i n g  a b e t t e r  l i f e  i1.1 t h e  v i l l a g e s .  They shou ld  

n o t  be  c o n s i d e r e d  " i g n o r a n t  undeveloped peasan ts ' '  ( a l t h o u g h  

t h e y  o f t e n  seem t o  e n j o y  p l a y i n g  t h i s  r o l e  f o r  non- loca l  

a u d i e n c e s ) .  I n  f a c t ,  t h e y  a r e  b e s t  t hough t  o f  as c l e v e r ,  



hard-working people who are "developing" i n  t h e  t r u e s t  mcan- 

i.ng of  t h e  term. 

Iturn1 1)evclopincnt S t r a t e g i e s  
W e  t u r n  naw t o  t h e  second b a s i c  questAon r a i s e d :  "What 

a r e  farm-:rs' p e r c e p t i o n s  of effective s t r a t e g i e s  f o r  l o c a l  

r u r a l  development?" Themes i n  t h e  professional 1it.erai:ure 

on  t h i s  matter have been suxrmarized above. Table  2 ,  p r e s e n t s  

t h e  f a rmer s '  v iews on t h c  r e l a t i v e  e f f e c t i v e n e s s  o f  a l t e r n a -  

t i v e  s t r a t e g i e s .  

High p r i o r i t y  (i . c. , " e s s c i l t i a l "  ) approaches  acknow-- 

ledged by a o s t  r e sponden t s  i nc lude :  1) improved a d u l t  and 

yotlth e d u c a t i o n a l  programs; 2 )  better in fo rma t ion  on. t h i n g s  

t h a t  a f f e c t  v i l l a g e  l i f e ;  3 )  more e f f e c t i v e  local leader- 

s h i p ;  4 )  improved coope ra t ion  and o r g a n i z a t i o n  among l o c a l  

people ;  5) improved p u b l i c - - s a c t o r  s e r v i c e  s t r u c t u r e  (roads, 

potab1.e wa te r ,  etc. ) ; 6 )  b e t t e r  a v a i l a b i l i t y  o f  o c c u p a t i o n a l  

~ n d  o t h e r  t o o l s ;  7 )  a d d i t i o n a l  l oca l ly -based  i n d u s t r y  t o  

suppls.n!cnt ei:iployment: o p p o r t u n i t i e s  ; 8) s t rcngthenecl  n lo ra l i t y  

(or c o n s c i e n t i o u s  p r o p r i e t y )  i n  d a i l y  behav io r s ;  9)  greater 
r 

respect and p r i v i l e g e s  f o r  t h o s e  who i n v e s t  themse lves  i n  

cormuni ty  improvements. 

The views of sample farmers on needed .el-emcnts o f  

development s t i ' a t c g i a s  are h i g h l y  c o n s i s t e n t  w i t h  t h e  emphases 

of t h e  p r o f e s ~ i ~ o n a l  l i t e r a tu iye .  Both agree a t t e n t i o n  should 

be g i v e n  p rov id ing  l e a r n i n g  e x p e r i e n c e s  f o r  the  c o n s t i t u e n t s ,  

f$o t h e i r  p e r s o n a l  c f f cc t . i venes s  can  be i n c r e a s e d  a s  a basic 

p a r t  of  t h e  p roces s .  T h i s  i n c l u d e s  acquix iny  improved a b i l i -  

t i e s  t-o successfully a t t end  t o  b o t h  r o u t i n e  farming,  hor,~e 

and conm~uni ty  tiis!:~, and t o  t h e  special chnllcnclas of chang- 

i n g  l o c a l  l i f e  through l oca l ly -ba  sed c i e v c l o p ~ ~ ~ e n t a l  p r o c e s s e s .  



TAELE 2. FARMERS' PERCEPTIONS OF ALTERNATIVE 

RURAL DEW,LOPWNT STRATEG1E;S IN PERCENTS (IJ=43) 

I t e m :  "1 have  a list. o f  some g e n e r a l  t h i n g s  o t h e r  p e o p l e  have  t h o u g h t  
m igh t  be h e l p f u l  f o r  impxoving c o n d i t i o n s  i n  t h e  v i l l a g e .  As I 
read e a c h  i d e a  o n  t h e  l i s t ,  would you t e l l  m e  whe ther  you,  your-- 
s e l f ,  c o n s i d e r  it: e s s e n t i a l ,  somewhat i m p o r t a n t  or  n o t  impor t -  
ant f o r  improving l i f e  i n  t h e  vill;,.ge?" 

esscnt i a l  solnzwhat not 
---- Tot a1 import i n r a n t  ---- 

A: More and be t t e r  e d u c a t i o n  
f o r  a d u l t s  and c h i l d r e n .  97.7 2 * 3  - 1 0 0  

B. More effective l o c a l  
l e a d e r s h i p .  93.0 7.0 .I 1 0 0  

C. Having l o c a l  p e o p l e  czre 
more about e a c h  o t h e r ' s  
needs. 76.7 14 .0  9 . 3 ,  1 0 0  

D. Having t h e  government: d o  
more deve lopments  l i k e  
r o a d s  and vat.:ex sys t ems  
f o r  t h e  v i l l a g e .  100 .0  - - 1 0 0  

. Having more money ox  ! 

credit f o r  t h e  v i l l a g e .  55.8 14 .0  30 ,2  1 0 0  

F. Having new i n d u s t r y  come 
t o  t h s  v i l l a g . ~  L area. 93.0 7.0 - 1 0 0  

G. Having be t t e r  c o o p e r a t i o n  
or o r g a n i z a t i o n  among 
l o c a l  peop l e .  90.7 '1.0 2 .3  1 0 0  

H.  h a v i n g  more m o r a l i t y  
( b a s i c  good and p r o p e r  
b e h a v i o r )  i n  v j - l l a g e  l i f e .  100.0  - - 1 0 0  

J. Having new machimes and 
tools  a v a i l e b l e  in t h e  
v i l l a g e  t o  u s e  f o r  o n e ' s  
f a rming  or o t h e r  work. 100.0 - - 1 0 0  

K. IIaving nore r e s p e c t  and 
p r i v i l e g e s  f o r  t h o s e  p e o p l e  
who work h a r d  f o r  v i l l a g e  
improvement s . 97.7 2 .3  - 1 0 0  



TARI,E 2 CONTIN. FARMERS' PERCEPTIONS OP ALTERNATIVE 
RURAL DEVELOPMENT STRATEGIES IN PERCENTS (N=4 3) 

son~cwllnt no t  
---- Total iljtportsnt i q o r t n n t  ---- ---.-- ---- -- ------- 

L. llaving betkcr i.nformn- 
t i o n  on what i s  going t o  
happen t h < ~ t  w i l l  affect 
t h e  v i l l a g e .  95 .4  4 . 6  - 100 

M. Having t h e  govern~ncnt mnke 
n e w  r u l e s  to r e q u i r e  t h a t  
some ;icopl.e change their 
ways {behaviors)  i n  the 
v i l l a g e .  3 9 . 5  25.6 34 .9  100 

-- -- ---- - - ------ 

t 



This  second mat t e r  involves  procedures f o r  improving 

t h e  e f f e c t i v e n e s s  of l o c a l  l e a d e r s h i p  and l o c a l  communication 

and coordina t ion  p a t t e r n s  as key p r iva te - sec to r  p a r t s  of t h e  

f a c i l i t a t i n g  s t r u c t u r e  of dcveloprflent. Related,  public-sect-or 

suppor t s  t h a t  hz lp  s a t i s f y  b a s i c  needs of t h e  population-- 

roads ,  food and water  supply--must be developec? as  a f a c i l i -  

t a t i n g  cond i t ion .  As well, t e c h n i c a l  suppor ts  f o r  ilcvelop- 

ment processes  l i k e  t o o l s  used i n  improved processes  need t o  

be obta ined .  I n  p l a c e s  where p o p u l a t i o ~ ~  p r e s s u r e s  a r e  having 

e f f e c t ,  acqu i r ing  add i t iona l  einployment o p p o r t u n i t i e s  may be 

i n ~ p o r t a n t  suppor t  f o r  more b a s i c  development processes .  

There i s  a l s o  a q u a l i t a t i v e l y  d i f f e r e n t  dimension, bu t  

one as important  as a l l  t h e  o t h e r s .  It  provide2 t h e  sensz 

of va lues  t h a t  are c e n t r a l  i n  t h e  process ,  and a l s o  f u n c t i o n s  

t o  prevent: t~nreasonable  l o c a l  d i s r u p t i o n s  a s  a by-product of  

developrncnt. Specifica.l.ly, farmers  r e a l i z e  t h a t  conunon con- 

c e p t i o n s  of moral s tandards  g e n e r a l l y ,  and r c s p a c t  f o r  and 

r e c o g n i t i o n  of human c o n t r i b u t i o n s ,  s p e c i f i c a l i y ,  must be 

s t rengthcncd a s  a p a r t  of t h e  developncnt processes .  

The number and range of i t e m s  given h ighes t  p r i o r i t y  

demonstrate a mature perspec t ive  on r u r a l  developmsnt pro- 

cesses among t h e s e  farmers;  they  do n o t  na ive ly  look f o r  

simple o r  s i n g l e  approaches t o  t h e i r  development. This  i s  

p a r t i c u l a r l y  ev iden t  when items judged r e l a t i v e l y  less 

c r i t i c a l  (i. e., lower propor t ion  of people t h i n k i n g  them 

e s s e n t i a l )  a r e  considered.  For i n s t a n c e ,  a f a c t o r  o f t e n  

thought t o  be t h e  b a s i c  of  development (even, unfo r tuna te ly ,  

among many prof e s s i o n a i s )  ' i s  feecling mo:\cy o r  c r e d i t  i n t o  

t h e  s o c i a l  system. Given t h e  farmers '  understanding of g ras -  

s r o o t s  development processes ,  t h e y  a r e  r e a l i s t i c  enough t o  

know t h a t  t h e  purpose of new c a p i t a l  can on ly  be i n  support  

of ot .her development e f f o r t s ,  and t h a t  i t  o f t e n  c a r r i e s  wi th  



it d i s t . r i b u t i o n  i n j u s t i c e s  ( i .e . ,  t h e  ques ion  o f  who r e a l l y  

benef 5 ts,  o r  h a s  access t o  r ~ e w  f i s c a l  r e s o u r c e s )  . F u r t h e r ,  

t h e y  assume it would probably  i n v o l v e  s u f f i c i e n t -  a p p l i c a t i o n  

and r e g u l a t i o n  d i f f i c u l t i e s  t o  d i s c o u r a g ~  i t s  e f f e c t i v e  u t i l -  

i z a t i o n  by them. Islamic cu l  t u r c s  promote concep t s  o f  f i s c a l  

s e l f - s u f f i c j c n c y  w i t h i n  f a m i l i e s  or  among f r i e n d s ,  and do n o t  
-1 a c c e p t  t h e  concep t  of "interest." Recent  changes  i n  the 

locr11 bank systc. , !  havc! made some new s o u r c e s  and c o n d i t i o n s  

of  c r c d i t  ava i l t t b l  t i ,  w.i t-.hout much inmed ia t e  cf f  ec t on l o c a l  

deve lopnent  procss: ;es . I n  ba l ance ,  most f a r m e r s  p robab ly  

feel t h e y  have s u f f i c i e n t  access t o  inves tment  c a p i t a l  t o  

s a t i s f y  t h e i r  immediate p r i v a t e - s e c t o r  development expect-a- 

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

new c a p i t a l .  

P o p u l a t i o n  c o n t r o l  as  p a r t  o f  i n t e g r a t e d  r u r a l  dcvelop-  

ment s t r a t e g i e s  doub-L.l.ess r e c e i v e d  r e l a - l i v e l y  low rank ing  f o r  

s e v e r a l  r ea sons .  I n  p a r t ,  it i s  commonly though-L o f  as and 

i n d i r e c t  c a s u a l  cor~ponent  o f  d e v e l o p m s n ~  ( i f  it i s  though t  of 

a t  a l l ) .  biore i m p o r t ~ n t l y ,  however, t.he I s l a m i c  t r a d i t i ~ n  

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

and f a rmer s  f e e l  b a s i c  needs f o r  n u t r i t i o n  and s h e l t e r  are 

be ing  s a t i s f a c t o r i l y  rnct i n  Egypt ian  v i l l a g e s  t h u s  s u p p o r t i n g  

bo th  Islamic and C h r i  s t i - a n  concep t ions  that God w i l l  p r o v i d e  

f o r  t h o s e  He h a s  creat .ed .  Given t h i s ,  it i s  p e r h a p s  n m s t  
notewort-hy t h a t  alritost hn1.f o f  t h e  sample though t  growth con- 

t r o l  a v e r y  important .  strategy m a t t e r .  

I t  is  not s u r p r i s i n g  t h a t  f a r m e r s  s e e  t h e  l o w e s t - p r i o r i t y  

s t r a t e g y  o p t i o n  a s  goveznrnent c o e r c i o n  t o  e f f e c t  changes ,  

even  i f  t h e  changes  a re  though t  impor t an t  ones .  T h i s  approach 

a p p e a r s  a moot cori%[(o:.~ly practices one i n  recent E g y ~ t  

( a l t hough  changes  are p r e s e n t l y  underway i n  this r e g a r d ) .  

There i s  a n e g a t i v e  r e a c t i o n  to  t h e  approach by som2; among 



though not always p l e a s a n t ,  means of g e t t i n g  change. Farm- I 

- 2 2  - I '  
erst  l i k e  e x t e n s i o n  p r o f e s s i o n a l s ,  seem t o  r e a l i z e  t h e  c o e r - .  -J 

o t h e r s  it i s  a f a m i l i a r  approach thought  t o  be an e f f e c t i v e ,  

c i o n  s t r a t e g y  y i e l d s  "development" o n l y  i n  t h e  s e n s e  of  I 

L 

m a t e r i a l  acconpl i shments ,  b u t  n o t  a s  a  p a t h  t o  g r e a t e r  i n d i -  

v i d u a l  i n i t i a t i v e ,  c o o p e r a t i o n  or s a t j . s f a c t i o n .  1 
Rura l  Development T a c t i c s  I ,  

These m a t t e r s  of g e n e r a l  s t r a t e g y  set t h e  s t a g e  f o r  a  

c o n s i d e r a t i o n  o f  f a rmer s '  p e r c e p t i o n s  o f  o p e r a t i o n a l  t ac t ics .  

W e  c o n s i d e r  h e r e  t h e i r  p e r c e p t i o n s  of  how a p p r o p r i a t e  s t r a t -  

e g i e s  can  be e f f e c t i v e l y  implemented by development f i e l d  1 , 

programs. AS b e f o r e ,  sample f a rmer s  were p r e s e n t e d  a series 
I 

of  f r e q u e n t l y  used t ac t ics  which they  w e r e  asked t o  r a t e  i n  

terms o f  p robab le  v a l u e  of  each  i n  r e a l i z i n g  t h e i r  a s p i r a -  

t i o n s .  These d a t a  arc summarized i n  Table  3 .  
I 

, 

It  i s  noteworthy t h a t  f a rmer s  g i v e  emphasis  t o  t h r e e  

general themes: 1) they p u t  more v a l u e  on tac t ics  in t ended  

t o  f a c i l i t a t e  t h e i r  l e a r n i n g  how t o  be more e f f e c t i v e  faxn- I 

ers and v i l l a g e  c i t i z e n s ,  which t h e y  assume t o  be tac t ics  
emphasiz ing h i g h l y  v i s i b l e  demons t ra t ion  t e a c h i n g  keyed t o  

t h e i r  p r e s e n t  pe r sona l  i n t e r e s t s ;  2 )  t h e y  p u t  m o r e  v a l u e  

on t a c k i c a  t h a t  i n t e r f a c ~  farmc:r i n t e r e s t s  and e f f o r t s  w i t h  

t h e  s p e c i a l  a b i l i t i e s  and powers o f  deve lopn~ent  r e s o u r c e  

 expert.^ s o  t h a t  a  b a l a ~ ~ c e d  dcvel .opr~~cnt p a r t n e r s h i p  can be 

realized as a p roces s  l a r g e l y  inplemented by t . he i r  actions, I 
which, i n  t u r n ,  are guided and f a c i l i t a t e d  by s p e c i a l i z e d  I 
knowledge and r e s o u r c e s ;  3 )  t hey  unders tand  t h a t  it i s  essen-  

t i a l  i n  t h i s  p r o c e s s  t o  have and use  good l o c a l  1eadershj .p 

i n  suppor t  and c o o r d i n a t i o n  o f  t h e  p roces s .  For i n s t a n c e ,  I 

s p e c i f i c  i t e m s  which are judged h i g h e s t - p r i o r i t y  t a c t i c s  

i n c l u d e :  



TABLE 3 .  FARMERS' PERCEPTIONS OF ALTERNATIVE 

RURAL DEVELOPMENT TACTICS IN'PEKCENTS ( N = 4 3 )  

Iteln: "IIow v a l u a b l e  do you t h i n k  each  of  t h e  f o l l o w i n g  i d e a s  wou1.d be 
i n  h e l p i n g  cllange t h i n g s  t h a t  need i m p r o v e m e n t i n  t h e  v i l l a g e ? "  

nlost some- no 
valu- what rea l  Totnl 
able valu- value - -.- 

able - 

A. Fi lms  and r u r a l  t h e a t r e  t e l l i n g  how 
t o  do t h i n g s  b e t t e r .  83.7 11 .6  4.7 1 0 0  

B. Pamphlets  t e l l i n g  how t o  do t h i n g s  
b e t t e r .  25.6 46 .5  2'7.9 1 0 0  

C. Expert speakers t e l l i n g  how t o  do  
t h i n g s  b e t t e r .  83.7 14 .0  2.3 100  

D. Occas iona l  demons t r a t i on  by e x p e r t s  ! - t h a t  show how t o  do t h i n g s  b e t t e r .  93.0' 4 .7  2 .3  100 

I 
I 

E. Permanent demons t r a t i on  farms and 
I s hops  t h a t  prove how t o  do t h i n g s  

b e t t e r .  95.4  2.3 2 . 3  100  

F. Having e x p e r t s  a v a i l a b l e  t o  answer 
q u e s t i o n s  when you want t o  know how 
t o  do  t h i n g s  b e t t e r .  93.0 4 .7  2 .3  ' 1 0 0  

G. P o s t e r s  and s logans reminding 
people  what t h e y  should  clo f o r  
improveniei~ts . 27.9 44.2 27 .9  100 

13. Having l o c a l  p u b l i c  mee t ings  a t  
which c i t i z e n s  can  speak t h e i r  
minds t o  i n £  Luence decis ion-makers .  95.4 2 .3  2 .3  100  

I. Having c i t i z e n ' s  o p i n i o n s  and i d e a s  
c o l l e c t e d  by r e s e a r c h e r s  GO d e c i -  
s ion-makers can  know how t h e  peop1.e 
f e e l  a b o u t  t h i n g s .  55.8 4 1 9  2 . 3  100 

* 

J. Having cxper t.. con5;ul tants  nrake 
r e c o n u n e n d a t i o i  f o r  change. 62.8 37.2 - 100  



TABLE 3 CONTIN.: FARMERS' PERCEPTIONS OF 
ALTERNATIVE RURAL DEVELOPMENTTACTICS IN PERCENTS (N=43) 

n~ost somc- no 
valu- what real Total - -- 
able valu- value --- -- 

able  - 

K. Local c i t i z e n s  discussing what they 1 
need and what t h e y  can do t o  get it. 51.2 1 6 . 3  32.5 1 0 0  I 

L. 1Iaving an  e f f e c t i v e ,  r e p r e s e i ~ t a t i v e  
v i l l a g e  counc i l  t o  i n f l u e n c e  govern- 
ment Gecis ions.  95 .4  2.3 2.3 100 

M. ?Iaving a v i l l a g e  committee o r  asso-  
c i a t i o n  fdr guid ing  l o c a l  develop- 
ment. 53.5 30.2 . 100 

N. Having t r a i n e d  government p l anne r s  
d i r e c t  and coord ina te  l o c a l ,  changes. 65.1 23.3 11.6 1 0 0  



A)  Permanent  and  s p e c i a l .  d e m o n s t r a t i o n  a c t i v i t i e s ,  

showing how t h i n g s  c a n  be done  b e t t e r ,  so f a r m e r s  c a n  under-  

s t a n d  and c o n s i d e r  p e r s o n a l  a d o p t i o n  o f  i n n o v a t i v e  p r a c t i c e s ;  

B )  A v a i . l a b i l i t y  o f  e x p e r t  r e s o u r c e  p e r s o n s  wholn f a r m e r s  

c a n  t u r n  t o  f o r  i n f o r i n a t i o n  and gu idance ;  

C) E x p e r t  speakers, f i l m s  and r u r a l  t h e a t r a  t h a t  pre- 

s e n t  i n f d r m a t i o n  oIi p r a c t i c e s  i n  a way t .hat  is  e a s y  f o r  thern 

t o  u n d e r s t a n d  and r e l a t e  to.  

W r i t t e n  ~na t e r i a l s  were u n d e r s t a n d a b l y  judged less v a l u -  

a b l e  by these f a r m e r s ,  t h e  m a j o r i t y  o f  trillonr d o  not; r e a d .  

S i n c e  t h e y  were asked t o  view t h e  development  p r o c e s s  from 

t h e i r  p e r s o n a l  p e r s p e c t i v e s ,  many s p e c i f i c a l l y  commented t h a t  

w r i t t e n  na te r i a l s  waul-d he u s e f u l  f o r  A g r i c u l t u r a l  Coop9ra- 

t i v e  p e r s o n n e l  and o t h e r s  who a d v i s e d  t-hem o n  improved p r a c -  

t ices.  S i d e  co~omcntc rcpor t e d  by i n t c r v i . c w e r s  i n d i c a t e d  

p o s t e r s  and s l o g a n s  were judged r e l - a t i v e l y  1e::s v a l u a b l e  f o r  

s e v e r a l  r e a s o n s .  F i r s t ,  t h e y  a r e  r e c o g n i z e d  as s u p e r f i c i a l  

a c t i o n s  t h a t  d o n ' t  c o n t a i n  enough s u b s t a n c e  t o  p r o v i d e  mean- 

i n g £  u l  g u i d a n c e .  Second,  t h e y  a r e  o f  t e n  thou.ght  t o  s y n ~ h o l i z e  

a n  a p p r o a c h  t o  local  d e v e l o p m e n t - - d e c i s i o n s  imposed from ths 

t o p  down--which t h e  farmers have l i~ t~i tcc l  c o n f i d e n c e  and t r u s t  

i n ;  

n )  I I igh ly  valued i.s t h e  b r i n g i n g  to get he:^ o f  local. 

c i t i z e n s  and pub1i.c dcc:.ision-makers f o r  d i a l o g u e ,  s o  that 

l o c a l s  c a n  have  a d i r e c t  i n f l u e n c e  i n  t h a t  s u b s t a n t i a l  por -  

t i o n  of  t h e i r  l i v e s  t h a t  i s  a d n ~ i n i s t e r e d  f o r  them; 

E) R e l a t e d ,  t h e y  p u t  v e r y  h i g h  v a l u e  on h a v i n g  a n  

e f f e c t i v e  v i l l a g e  c o u n c i l  s t - r u c t u r c  (which i n c l u d e s  l a y  c i t i -  

z e n s  and l o c a l  r e p r e s e n t a t i v e s  of t h e  local government  ser- 

v ice  s t r u c t u r e ) .  



I n  bo th  of these l a s t  cases, as was g e n e r a l l y  true 

educa t ion  tact ics noted e a r l i e r ,  c i t i z e n s  and experts or 
o f f i c i a l s  a r c  cornbinc:d a s  an  j n t e r a c t i v e  f o r c e  f o r  l o c a l  

devel.oyment, cach  having something impor tan t  t o  c o t r i b u t e ,  

i n  complementary f a sh ion .  T h i s  p o i n t  is c l a r i f i e d  when w e  

c o n s i d e r  some sin~i..lar t a c t i c s  tha . t  were n o t  r a t e d  so  h igh ly .  

For  ins tance , '  having r e s e a r c h e r s  c o l l e c t  o p i n i o n s ,  ana lyze  

them and p r e s e n t  them t o  decis ion-- inakcrs  Wits cons ide red  

d i s t i n c t l y  i n f e r i o r  t o  having the o p p o r t u n i t y  f o r  d i r e c t  

dia1,oyue w i t h  t h e  sama people  ( a l though  i n  rnanr ways it would 

be easier ancl s a f e r  t o  work through in t e r lncd ia t e  d a t a  c o l l e c -  

t o r s ) .  

S i r n i l a r i l y ,  t h e y  p u t  less v a l u e  on having t h e  process 

be e n t i r e l y  t h e i r  own, w i thou t  e x p e r t  o r  o f f i c i a l  suppor t .  

Autonomous local c i t i z e n  d i s c u s s i o n s  o r  a g r a s s r o o t s  o rgan iz -  

n t i o n  g u i d i n g  a c t i v i t i e s  do n o t  hold a s  much promise,  largely 

because t h e  fa rmers  r e a l i z e  t h e y  l a c k  c e r t a i n  competencies  

n e c e s s a r y  to  make it woxk w e l l .  

I n  c o n t r a s t ,  t hey  a l s o  do n o t  t h i n k  it v a l u a b l e  ka t u r n  

t h e  development p r o c e s s  ove r  t o  t l ~ c  e x p e r t s  a l o n e .  T h e i r  

con f idence  i n  t h e  pzrformance of e x p e r t  c o n s u l t a n t s  o p e r a t i n g  
indcpznd --.nt.ly of normal comi~uni ty  processes, or of g iwcrnment  

p l a n n e r s  implerncn1:ing t h e  p r o c e s s  i n  t h e i r  b e h a l f ,  i s  less 

t h a n  wj.t.h a colul~ii~ed 1.0cal-expert  e f f o r t .  

IRKLGRTED AGRICULTURE APIJLICP.TIONS 

Based on t h i s  review of l o c a l  p e r s p e c t i v e s  on gena1:al 

devc.loi>~nent strat:cgier-i and t a c t i c s ,  \.re should b r i e f l y  con- 

s i d e r  t h e i r  spucif i c  irt~pl.icaticrns f o r  t h o  development of 

i r r i g a t e d  a g r i c u l t u r e  p r a c t i c e s ,  where t h e y  arc e q u a l l y  

a p p l j  cnblc. 
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F i r s t ,  we shou1.d n o t e  t h a t  t h e  development o f  Egyp t i an  

a g r i c u l t u r e  i s  p r i m a r i l y  a p r o c e s s  o f  improving f a r m c r ' s  

i r r i g a t i o n  and agronomic p r a c t i c e s  s o  tha t .  t h e i r  e f f o r t s  and 

produc t ion  i n p u t s  arc used lnorc cf f e c t i v o l y ,  r e s u l t i n g  i n  

improved y i e l d s .  As a p r o c e s s ,  it must emphasize encourag ing  

and f a c i l i t a t i n g  f a r m e r ' s  unders tanding  t h e  v a l u e  and t ech -  

n i q u e s  o f  a l t e r n a t i v e  farm m3nagenent p r a c t i c e s  s o  t h e y  w i l l  

v o l u n t a r i l y  adop t  a p p r o p r i a t e  p r a c t i c e s ,  l a t e r  a d a p t i n g  them 

t o  f i t  neit s i t u a t i ~ n s  and prcjblcros. F u r t h e r ,  t h e y  must  be 

' ria s a t i s f i e d  With t h e  r e s u l t s  t h a t  t h e y  c-)ncouraye t h e i r  

ne ighbor s  t o  do t h e  ssmc! ,  serv,ing i n f o r r i ~ a l l y  as t h e  most  

e f f e c t i v e  p o n s i b l e  oc- tension agents .  Good knowledge of when 

t o  apply how much i r r i g a t i o n  wate r  o r  f e r t i l i z e r  or  h e r b i -  

c i d e s  i s  b a s i c  i n  t h e  p roces s ,  of  course. 

As w e l l ,  t h e  d e v e l o p a ~ e i ~ t  process must emphasize coo rd in -  

a t i o n  among ncigh!.mviny f a r ~ n e r s  . i n  t h e  Egyptian irrigated 

a g x i c u l t v r c  case, f o r  many aspects  of irt~proved farm manage- 

 cent-, r e q u i r e  a1:tern:: t . ive prac.t i ces  be c?dop.tad by groups o f  

c?d j aeen  t f itrn~srs r a t h e r  tli,zl~ just; sortie i ~ l d i v i c l u a l s  . Coor- 

d i n a t i n g  i n  t h e  ma.intanancc of  p r i v a t e  d i tches  and d r a i n s ,  

c o o p e r a t i n g  t o  o b t a i n  equipment o r  s e r v i c e s ,  p r a c t i c i n g  area- 

wide i n s e c t  c o n t r o l ,  e t c . ,  are i m p o r t i ~ n t  pa r t s  of deve lop ing  

agriculture. They are recognizc:d hy bo th  fa rmers  2nd e x p e r t s  

a s  some o f  t h e  more d i f f i c u l t .  a s p e c t s  o f  the p r o c e s s ,  b u t  

ones  which must be incl.ud.ed as  t h e  coinp1emcn.t: of i n ip~oved  

i n d i v i d u a l  p r a c t i c e s .  I~nprov~. . ;  unders tanding  arnong f armcrs 

f o r  how and when t o  p u r s u s  v o l u n t a r y  coo rd ina t io l l  o f  i n d i -  

' v i d ~ i a l  efforts j.s 2. matter r e q u i r i n g  a c l i l f e r e n t  s o r t  o f  

cxpt?rt assi .s tanci?--the cxtr:n:;iorl of i i l . tc~rn;l t ive ''t;ocial 

~ tec11nulogy"-but  i s  i i l ~  basic t o  th<! nc j r i cu l tu ra l  dc?v,L:lopmcl~t 

p r o c e s s  a s  any t.hirlg c l . c ,~ ,  ii~id t h e  e x  tons.ivu " s p i l l  -over 

v a l u e "  t o  impxovcm:::~Ls i n  oLher arc a s  of community l i f e  as  

w e l l .  

. . ./. . . 



Improving i n f o r m a t i o n  f l o w  between f a r m e r s  and e x p e r t s ,  

and among f a r m e r s  t h e m s e l v e s ,  i s  c e n t r a l  i n  t h e  p r o c e s s .  

E x p e r i e n c e  h a s  shown t h a t  c a n a l  c l o s u r e s ,  new w a t e r  measur-  

i n g  d e v i c e s  or  s t r u c t u r e s ,  t he  p r e s e n c e  o f  a g r i c u l t u r a l  

equipment ,  etc., must  be u n d e r s t o o d  by farmers.to a l l e v i a t e  

d i s r u p t i v e  s u s p i c i o n s  and rumors ,  as  w e l l  a s  work i n  s u p p o r t  

of t h e  a d o p t i o n  and d i f f u s i o n  o f  i n n o v a t i v e  p r a c t i c e s  t h e y  

e n a b l e .  

S t r e n g t h e n i n g  local l c a d a r s h i p ,  coopern1:ion and orgnn-  

i x a t i o u a l  e f f e c t i v c n c s s  i s  l i k e w i s e  an  i m p o r t a n t  a spec t .  of 

t h e  p r o c e s s .  I f  farmers who a d o p t  procedures for laore e f f i -  

c i e n t  a p p l i c a t i o n  of water t o  IS-.: 2 f i e l d s  are s t r e n g t h e n e d  

i n  local i n f l u e n c e ,  t h e i r  role i n  e x t e n d i n g  t h e s e  procedures 

w i l l  be more e f f e c t i v e .  The p r o c e s s ,  i n  f a c t  depcndc upon 

them, f o r  t h e r e  are n o t  enough e x t e n s i o n  a g e n t s  a v a i l a b l e  t o  

c o n v i n c i n g l y  r e a c h  a l l  E g y p t i a n  farmers. I n  t h e  same v e i n ,  

t h e  e f f e c t i v e n e s s  of l a n d - l e v e l i n g  e f f o r t s  a s  p a r t  o f  imprc,v- 

i n g  i r r i g a t i o n  e f  E i c i c n c y  and c r o p  y i e l d s  depends upon f a r m r r s  

c o o r d i n a t i o n  i n  p l a n n i n g  and implementa t ion .  Land p1ot.s arc 

u s u a l l y  t o o  small t o  do t h i s  on  a s i n g l e - f a r m e r  basis and t h c  

governmsnt  d o e s  n o t  h o l d  the l e g a l  or manpower r e s o u r c e s  t.o 

e f f e c t i v e l y  accoricplish t h i s  by i t s e l f .  

B u i l d i n g  the p u b l i c - s e c t o r  s e r v i c e  s t r u c t u r e  i n  s u p p o r t  

of i r r i g a t e d  a y r i c u l t u r a l .  development  l a r g e l y  means assist- 

i n g  t h e  Cooperatives or V i l l a g e  S e r v i c e  Centers to  be more 
e f f e c t i v e  i n  Egypt .  Part.ly, t h i s  call be clone by inc:ceasj.ng 

t h e  t e c h n i c a l  knowledge and s e n s e  o f  r e s p o n s i b i l i t y  of i ts  

o f f i c i a l s ,  but a l s o  it Itlay i n v o l v e  augniel~tincj t h e  implemcr~ t s  

it h a s  a v a i l a b l e ,  a r r a n g i n g  it to  be exempted froin sone 

l o c a l l y  impruden t  p o l i c y  passed  down from above, or encourag-  

i n g  f a r m e r s  t o  l e a r n  how t o  u s e  it and a p p r e c i a t - e  what  it can 

do f o r  them. 



Encouraging and f a c i l i t . a t i n g  support. i n d u s t r y  may be a  

p a r t  of  t h e  process .  As sma l l - sca l e  l and  s c r a p e r s  or new 
c a n n l 1 i n i n g m a t e r : i a l s  are developed,  t h e r e  comes need f o r  

t h e i r  product-ion. Promnotj.ng the yoverni.uent o r  p r i v a t e  sector 

manufacture--prcfcrably i n  a "su.rp1.u~ l a b o r "  r u r a l  srea--is 

something t - h a t  i s  part of t h e  tcc11nicaJ- e x p e r t ' s  r o l e  t h a t  

is o f t e n  c n s i l y  fulf i . .Tled.  

I t  may n o t  seem, on f i r s t  consideration, t h a t  promoting 

m o r a l i t y  o r  mutual r e s p x t  among farmers  i s  a  p a r t  o f  deve l -  

op ing  i r r i g a t e d  agriculture. I t  i s  a ve ry  important p a r t ,  

however. Acknowleclginy, capitalizing upon and s t r e n g t h e n i n g  

major v a l u e  themes of tlie t a r g e t  c ~ r r i i u n i t y  can be c r i t i - c a ' l  

t o  t h e  success of development i f ,  f o r  inst .ancc,  v i l l a g e  

people  t h i n k  proposed changes w i l l  undermine t h e i r  v a l u e  

p o s i t i o n s .  I n  c o n t r a s t ,  b e l i e f s  a b u t  t h c  a lmos t - sacred  

q u a l i t i e s  o f  water  o r  congenia l  r e l a t i o n s  among f ami ly  and 

f r i e n d s  can be used e f f e c . t i v e l y  i n  support  of  i . r r i y a t i o n  or 
ilgronoi>ic ob jec t i .ves .  Xn the f i.nnl a .na lys i s ,  any social 

problems which occur  among Egypt:ic?n fa rmers  that can be even 

h y p o t h e t i c a l l y  t r a c e d  t o  development p r o c e s s e s  underway t r i l l  

lead t o  a y e n c r e l  n e g a t i v e  r e a c t i o n  that can unclerrnine,'the 

permanency of  accor\iplj shments and the  pr0spcc.t-s . fox 13orc. 

Exper ience h a s  showi? t h a t  u s i n g  t h e  a s s e a b l y  at. the n~osques 
on F r iday ,  working through rel i .gious l e a d e r s  and support- 

i n g  l o c a l  concept ions  of  mora1. i ty  by one's example i s  soae- 

t h i n g  irrigated a g r i c u l t u r e  e x p e r t s  m u s t  pay z . t t e n t i o n  to. 

When a t t e n t i o n .  tu rns  t o  technici-ucs f o r  succe.c;sCul ag r i - -  

c u l t u r e  development , ~ e v e r a l  rnat.t;el:s deserve emphasis. A 

f a r m e r ' s  o s ~ e r g e t i c  p a r t i c i p a t i o n  i n  t.he process w i l l  come 

p r i m a r i l y  by h i s  s e e i n g  personal value - i n  i t s  acco1r;:plish- 

ments for him.  If cxyeri:s pay f i r s t  a t t e n t i o n  t.o what farm- 

er s t . i~d.nk t h e i r  f a r m  management pro!)l.cr:~s a r e  , o?hat n!ethoZs 



f a r m e r s  c o n s i d e r  a p p r o p r i a t e ,  and what c o n t r i b u t i o n s  t e c h n i -  

c a l  e x p e r t i s e  can make t o  t h e s e  w i t h i n  t h e  l i m i t s  o f  l o c a l  

r e s o u r c e s ,  t h e n  t h e r e  shou ld  be l i t t l e  t r o u b l e  i n  g e t t i n g  t h e  

f a r m e r s  a t t e n t i o n .  Once a t t e n t i o n  is o b t a i n e d ,  t h e  farmer's 

e x t c n s i v e  i n p u t  t o  t h e  s o l u t i - o n s  of  t .hese probl.ems shou ld  be 

addcd. The s imp le  r u l e  o f  thumb is: never  do  for f a r m e r s  

what  t h e y  c o u l d  poss.iL1.y do  for theinse.l.ver; w i t h  your  h e l p ,  

and ]lever encourzgc them t o  u n d e r t a k e  e f f o r t s  t h a t  c a n n o t  be 

succe?ssful l-y r e p l i c a t e d  by f  arn~ers once  t h e y  have l c a r n c d  

how t h e y  arc done. T h i s  e n a b l e s  i n n o v a t i o n s  to  d i f f u s e  

th rough  t h e  n a t i o n a l  a g r i c u l t u r a l  sector a t  t h e  hands  o f  

farmers, and b u i l d s  i n  a " s a f e t y  valve ' '  f o r  s c r e e n i n g  o u t  

i n n o v a t i o z ~ s  which w i l l  l i k e l y  n o t  work o u t  w e l l .  

Whenever a new p r a c t i c e  can be demons t ra ted '  iri advance 

o f  i t s - t r i a l  a p p l i c a t i o n ,  it should  be. S i m i l a r i l y ,  it 

shou ld  be cxplctined as fu1l.y as t h e  farmer's l e v e l  o f  under-  

s t a n d i n g  w i l l  a l l ow .  The u s e  of a v a r i e t y  o f  t h e  most v i s u a l  

;nd e n j o y a b l e  e d u c a t i o n a l  t e c h n i q u e s  a v a i l a b l e  p roduces  t h e  

g r e a t e s t  comprehension.  With t h i s  unde r s t and ing  comss t h e  

a b i l i t y  t o  e x p l a i n  t o  o t h e r s ,  and t o  f i n d  mod i f i ed  a$p l ica -  

t i o n s  of t h e  t e c l ~ n i q u e  thus  add ing  t o  i t s  v a l u e .  

Fro~n small s u c c e s s e s  the farmers had a role i n  r e a l i z -  

i n g  comzs p r i d e  and en thus i a sm f o r  more of t h e  same. I n  t l ~ i s  

way, s in iple  development e f f o r t s  i n  t i m e  lcad t o  rriore anibis- 

t i o u s  ones t h a t  n a y  be more b a s i c  t o  the developm2nt of irl-i- 

gated a g r j c u l t u r e .  Encouraging t .hree ne ighbo r s  t o  c o o p e r a t e  

i n  uniform l e v e l i n g  o f  t h e i r  a d j a c e n t  f i e l d s ,  f o r  i n s t a n c e ,  

may be a s i g n i f i c a n t .  step t o x a r d  g e t t i n g  211 f a r m e r s  on  t h e  

w a t e r c o u r s e  t o  deve lop  a  s c h e d u l e  for t h e i r  i r r i g a t i o n s .  

Al though t h e  p r o c e s s  rnay be a slow and i n d i r e c t  pnl'.h t o  

a c h i e v i n g  t h o s e  o b j e c t i v e s  t h e  experts i n  t h e  p r o c e s s  value, 
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it is o f t e n  t h e  o n l y  way to  be e f f e c t i v e  i n  t h e  longe r  r u n .  

S ince  t h e  d a t a  cons idered  llere show Egyptian farmers i n  

the areas of Egypt Water U s e  P r o j e c t  a c t i v i t i e s  t o  have a 

developed unders tanding of and pre fe rence  for t h e  s t r a t e g i e s  

and tactics d i s c u s s e d  here, and el-aborated i n  t h e  developmcnt 
8 .  

process  l i t e r a t u r e ,  t h e  major implicfl. tiorls f o r  clevelopntent 

s u c c e s s  among the  far~ners seem t o  be: r e s p e c t  them, t h e i r  

desircs, t h e i r  i d e a s  and t l l c i r  efforts; work wi th  t l~cin p r i -  

mar i l l?  as a resourcc: person, and i n  t i m e  t h c  f r u i t s  of t h e  

p a r t n e r s h i p  f o r  progress shou1.d be a wit212 range of  s p e c i f i c  

b e n e f i t s  f o r  a l l  p a r t i e s  concerned. 



ENDNOTES 

Of t h e  numerous sources  that e l a b o r a t e  on t h i s  in tc rp rc~ t i t t io !~ ,  t h e  
fol lowing r e p r e s e n t  ones which devel-opo t h e  concept and i t s  iknplica- 
t i o n s  i n  somewhat d i f f e r e n t  d i r e c t i o n s :  F i ~ ~ . ~ z l d  L ipp l t ,  Jean # ~ t s a n  
and Rruce Weatlcy , XI19 Dynamics of Pla1111ed CIb~~ngc ,  Kew York: bhrcour t  
Dtaca, 1958; R. H. Carkhuf f , XhcJpe'r,cJ o~r11<!1i t ~ f J g ~ 2 - R e ~ ~ ~ ~ ~ ~ 2 ~ ~ ,  
Kew York: Molt, Rci~rhilrt  and Winston, 1969; C. G. Bzrlne3.0 rird D. ' 

Roussapoulos, The Case_-fur-P;!!i'tic.ipatory Dc:i\r~cracy, New York : C;xo~o-  
nun (Viking) ,' 1971; Denis Goulet,  Tha Cruel  Choice, New Yoxk: --- ....-- ---- 
Atheneum, 1973; Harvey A. Hornstein, o t  al.., Social Int$,~r@c.o~, 
New York: Thj Free  Press ,  1971; D. W. Thomas, c t  a l . ,  L~;t>gt~J$$z!*' 
B u i l d i s ,  Cambridge, Mass.: Sch~nkman, 1972; Szyamn ChoZnk, , ,  

S o c i e t a l  Developnent, New York: Oxford Univers i ty  Press, 1973. 

Mohamed & m e 1  tlindy, e t  a l .  , Wt: Major Cons t ra in t s  - ---- .- t o  .. Increas inq 
d- 

Agr icn l tu ra l  --- P r c d u c t i v t - ,  Washing ton, D .C. : USAID (Foreign 
I b 

Agr icu l tu ra l  Economics Report No. 120) ,  1976; 11. A. El-.Tobyj, 
C o n t e m p o r a r y p t i a n  egriculturc.,, Cairo: Ford FouncXation,'l?76;! - 
E l i a s  H. Tuma, "Populatl.on, Food and Agr icul ture  *-+he Arab C!o~~.i\.trles," 
Middle East Journa l ,  28 (3) ,  1974. 

* .  . - 
The E.W.U.P. approach i s  c o n s i s t e n t  wi th  t h a t  c a l l e d  f o r  by iekFe ,Y. 
Wickham, "The Sociology o f  I r r i g a t i o n :  I n s i g h t s  frm a phi lip pi;^," .. ..: 
Study," Teachinq .-- Forum of t h e  Agr icu l tu ra l  Development Corincil., - 
NewYork (No. 31), 1973, p. 2ff. -I , 

.. . 
: ., ; 

Wayne C l p a ,  Max Lo:;dsrn~il.k and G i l  corey,  "Rapid ~ e c h n o l o ~ y '  Transfer 
for Improvemsnl: o f  011-Fawn Water Management by a Research-Drtvelopnent 
Process,"  F o r t  Co l l ins ,  Colo.: Ehlgineering Research Centsr, 'Coloraclo 
S t a t e  Unj.vszsity, 1978. . x 

Excel lent  axarnples i n  t h e  i r r i g a t e d  a g r i c u l t u r e  context  are found i n  
Michael Cerna, compiler,  "Background Papers ... for t h e  h'orkshop on 
Soci.ologica1 D1.nensions of  I r r i g a t i o n   project.^," World Eank, 
February, 1977. 

I :  

Conrad Arensberg and Arthur Niehoff,  ,,.,,,..-----~ I n t r o d u c i n ~  Soc ia l  Change , 

Chicago : Aldine , 1964. 

W. G. Bennis, K. U. Benne and H. Chin, eds., .----. The ~ l a r l n i n ~ o f  Cha.5e, . - 
New ~ d r k :  Holt Rinehart and Winston, 1969; 11. C. .Sanders, ed.., - 
The Cooperative Extension Service,  Eng3 ewood C l i f f s ,  llcw Jersey: 
_ *  -------- 
Prenticc-Hall ,  1966. 

Good ~ ~ m n a r i e s  from somswhat d i f f e r e n t  d isc : ip l inary  pe r spec t ives  are: 
H. C. Sanders, =id. ; Ei. S. Knowles, The t10d~xn Practice ef Adu1.t 

- - - I  --- - _ _ _  
Fducation, New York: Associat ion Press ,  1370; Asonst~crg an3 Nichoff, 
op. Cit. ; Ronald G. Havelock and Mary C. )lavelock, T r a i n i n u o r  --- --- . - 
Chancj~ AEnts, -- Ann Arbor, Michigan: I n s t i t u t e  f o r  S o c i a l  Research, 
University of Michigan, 1973. 

. . 
BEST AVAILABLE COPY 



9. E v e r e t t  Roger:;, D i f  f l ~ s i o n  of  Innovat ions,  New York: The F ree  Press, 
1962; E. Rogers c.tld P. Shoonmker, C o m ~ ~ n i c a t L ~ n s  of I~o_vati-o,n~, 
New York: The Pree Press, 1971. 

10. When ease study of  common r e s e a r c h  u n i t s  is clona by d i ' s c ' i p l ines  w i t h  
q u i t e  d i f f e r e n t  data needs and methodological t r a d i t i o n s ,  i t  i.s 
u s u a l l y  necessary f o r  a l l  t o  conproxnise som.2 d e s i r e s  for case 
s e l e c t i o n  cr i ter ia  so t h a t  caniparilblc. ~ S s e r v a  tions are avz il.ahlc 
for cros!.-5isi:iplinary anal.ysiu. This . s i t u a t i . o n  p r e v a i l e d  here. 

19. A s  a ne thodo log ica l  no te  o n  t h e  use of s t ruc turec l  ai:hcduJ.es f o r  such 
n popu la t ion ,  we  beyaa by being ~keptical . t h a t  it. wou1.d wozk w e l l ,  
b u t  had 1-easo~r t o  t r y  so t h a t  comparable cross- cult.^;..' Aata on 
t h e s e  matt.c.!rr; could  bz c o l l e c t e d  ar~d analyzed.  Also, wc thought .  it 
might cxpedi te  t h e  c o l l e c t i o n  a n d  proces:!ing of s u c l ~  'a range of 
spccif ic itens. General l.y, we foul.id t i l l  procedure worked wzll., ' and 
o n l y  had th.3 dcf ic ienc : ics  t h a t  app ly  to t h e  u s e  of t h e  pri>cedure 
i n  o t h e r  s e t t i n g s  where forced--c i~oice  iteras ;..re rnore con~ ton ly  used 
(e.g., refe:cc;~ts; must bn clear, as subjects do not o r d i n a r i l y  d e a l  
i n  a b s t r a c t  conceptions i n  a v e r y  nsan fngfu l  way, and so t hey  must 
be anchored i n  real, f a m i l i a r  c i r c u ~ i s t a n c e s  that can he more e a s i l y  
v i s u a l i z e d ) .  We found t tw u s e  of this t y p e  of iten on these and 
other s c a l e s  provoked c a r c f u l  thought. i n  t h e s e  suhjec!.s; t h e r e .  ~72is 
l i t t l e  evidsnce of any cl ichr-condit ionzcl  response patterns. 



1 / I r r i g a t i o n  Technology f o r  Deser t  Land Reclamation- 

2 / E.  V .  Richardson and V .  A, Koelzer- 

l n t roduc t ion  

The i r r i g a t i o n  of d e s e r t  lands provides  both an oppor tun i ty  f o r  

a g r i c u l t u r a l  development and economic ga in  and t h e  p o t e n t i a l  f o r  an 

economic d i s a s t e r .  A r i d i s o l s  of  t h e  d e s e r t  wi th  i r r i g a t i o n  can be 

ve ry  product ive .  However, t hose  lands  o u t s i d e  of  a l l u v i a l  v a l l e y s  

may con ta in  l a r g e  q u a n t i t i e s  of s a l t s ,  have no organic  ma t t e r ,  may be 

low i n  f e r t i l i t y  and o f t e n  have low mois ture  holding capac i ty .  These 

q u a n t i t i e s  r e q u i r e  v e r y  c a r e f u l  water management. S p r i n k l e r ,  d r i p  

and bubbler  i r r i g a t i o n  systems provide  an e f f e c t i v e  method o f  water 

management and can u s u a l l y  provide  b e t t e r  water  management than  t h e  

t r a d i t i o n a l  ba s in ,  furrow and border  s u r f a c e  i r r i g a t i o n  systems. 

This  paper  i s  confined t o  a  d i s cus s ion  of  c e n t e r  p ivo t  s p r i n k l e r s ,  

d r i p  and bubble i r r i g a t i o n  systems. There a r e  many d i f f e r e n t  s p r i n k l e r  

systems, such a s  bur ied  s o l i d  s e t ,  s i d e  r o l l ,  tow-a- l ine,  b i g  gun, hand 

move, t r a v e l i n g ,  o r  boom i n  u s e  today.  But by f a r  t h e  l a r g e s t  s i n g l e  

s p r i n k l e r  system i n  t h e  development o f  new lands  i n  t h e  United S t a t e s  

i s  t h e  c e n t e r  p i v o t  system. I t  has  unique c a p a b i l i t i e s  t h a t  recommend 

i t s  use  f o r  f i e l d  c rops  i n  d e s e r t  land development. 

Drip and a  v a r i a t i o n  of  d r i p  c a l l e d  t h e  bubbler  have s p e c i a l  

q u a l i f i c a t i o n s  f o r  c e r t a i n  a p p l i c a t i o n s ,  i n  p a r t i c u l a r ,  f o r  o rchards  

and some vege tab le  c rops ,  i n  water  s c a r c e  a r e a s  and i n  t h e  use  of 

L'presented a t  t h e  I n t e r n a t i o n a l  Conference on t h e  Appl ica t ions  o f  
Sci ence and Technology f o r  Desert  Development. The American 
Univers i ty  i n  Cai ro ,  Egypt, September 1978 and publ i shed  i n  Advances 
i n  Desert  and Arid Land Technology, Volume 1 ,  Adli  Bishay and 
McGinnies E d i t o r s ,  Harwood Academic Pub l i she r s  1979. 

q ~ r o f e s s o r s  o f  C i v i l  Engineer ing,  Colorado S t a t e  Un ive r s i t y ,  For t  
C o l l i n s ,  Colorado 



h igh ly  s a l i n e  waters .  Because t h e r e  i s  cons iderable  i n t e r e s t  i n  t h e s e  

two systems f o r  d e s e r t  land development; d i scuss ion  of t h e s e  methods 

i s  included i n  t h i s  paper .  

The paper cannot d i s c u s s  a l l  a s p e c t s  of t h e s e  systems, bu t  can 

only b r i e f l y  desc r ibe  them. For more information t h e  r eade r  i s  r e f e r r e d  

t o  t h e  l i t e r a t u r e  c i t e d .  However, t h e  b ib l iography i s  no t  a l l  i n c l u s i v e .  

The paper w i l l  d e s c r i b e  some of  t h e  genera l  advantages of  t h e  t h r e e  

systems i n  c o n t r a s t  t o  s u r f a c e  i r r i g a t i o n  and then  w i l l  d e s c r i b e  each 

system i n  more d e t a i l .  In  gene ra l ,  t h e  paper d e a l s  wi th  t h e  exper i -  

ences and i n v e s t i g a t i o n s  of  t h e  au tho r s  i n  developing new croplands i n  

Nebraska and Colorado. I n  t h e  process  of our  work we have had t o  

i n v e s t i g a t e  va r ious  s p r i n k l e r  systems, d r i p  and bubbler r a t h e r  than t h e  

t r a d i t i o n a l  bas in ,  furrow and border  su r f ace  i r r i g a t i o n  because t h e  

former systems provide  more e f f e c t i v e  water management. 

General 

Water Management i s  applying t h e  c o r r e c t  amount of water  t o  t h e  

s o i l  t o  meet p l a n t  water requirements ,  evaporat ion from t h e  s o i l  and any 

a d d i t i o n a l  water needed f o r  s a l i n i t y  c o n t r o l  without excess  runoff  o r  

deep pe rco la t ion .  

The water requirements  of p l a n t s  i s  not  cons t an t  bu t  changes with 

p l a n t  growth with t h e  l a r g e s t  requirements  g e n e r a l l y  occurr ing  dur ing  

f lowering.  Water a v a i l a b l e  f o r  p l a n t  u se  i s  t h a t  water  held i n  t h e  s o i l  

between f i e l d  c a p a c i t y  and t h e  w i l t i n g  p o i n t .  F i e l d  c a p a c i t y  i s  

amount o f  water s o i l  w i l l  hold aga ins t  d ra inage  by g r a v i t y  and w i l t i n g  

po in t  i s  t h e  amount of water  i n  t h e  s o i l  when p l a n t s  begin t o  w i l t .  

S a t u r a t i o n  i s  t h e  amount of  water  i n  a s o i l  when a l l  a i r  space i s  

occupied by water.  P l a n t s  a b i l i t y  t o  e x t r a c t  water from t h e  s o i l  



decreases  with a  decrease  i n  t h e  amount of water a v a i l a b l e  i n  t h e  s o i l  

and with an inc rease  i n  concent ra t ion  of so lub le  s a l t s .  S o i l s  a t  

s a t u r a t i o n  f o r  any length  of t ime adverse ly  a f f e c t  p l a n t  growth. 

Water holding c a p a c i t y  and i n f i l t r a t i o n  r a t e  ( r a t e  water moves 

down and i n t o  t h e  s o i l )  of s o i l s  depends on i t s  t e x t u r e  and s t r u c t u r e .  

Coarse t ex tu red  so i l s - - sandy so i l s - -have  low water holding c a p a c i t y  

and high i n f i l t r a t i o n  r a t e s .  Whereas f i n e  t ex tu red  s o i l s - - c l a y  and 

s i l t y  c l a y  so i l s - -have  high water holding capac i ty  and low i n f i l t r a t i o n  

r a t e s .  

S a l i n i t y  management i s  r equ i r ed  on a l l  i r r i g a t e d  lands but  i s  

e s p e c i a l l y  important with d e s e r t  s o i l s .  S a l i n i t y  management r e q u i r e s  

e f f i c i e n t  i r r i g a t i o n  and i s  necessary  not  on ly  t o  maintain t h e  

p r o d u c t i v i t y  o f  t h e  lands  being i r r i g a t e d  but a l s o  t o  prevent  d e t e r i o r a -  

t i o n  of  t h e  groundwater aqu i f e r  o r  su r f ace  water supp l i e s  by t h e  r e t u r n  

flow from excess  i r r i g a t i o n .  

A l l  i r r i g a t i o n  waters  con ta in  a  c e r t a i n  concent ra t ion  of s a l t s .  

S a l t  concent ra t ions  may range from one t o  two hundred p a r t s  p e r  m i l l i o n  

(ppm) of  t o t a l  d i sso lved  s o l i d s  t o  a s  l a r g e  a s  2  t o  3,000 ppm. 

Successful  su r f ace  i r r i g a t e d  a g r i c u l t u r e  has  been maintained i n  t h e  

Arkansas River Val ley of Colorado, USA, us ing  su r f ace  i r r i g a t i o n  

techniques with concent ra t ions  of s a l t s  of 2,000 ppm. However c a r e f u l  

water management p r a c t i c e s  have t o  be used.  

T rad i t i ona l  s a l i n i t y  management p r a c t i c e  has been t o  pu t  excess ive  

amounts o f  water on t h e  f i e l d  t o  leach  t h e  s a l t  from t h e  s o i l .  Excessive 

water i s  water ing g r e a t l y  i n  excess  of t h e  water r equ i r ed  by t h e  p l a n t s  

f o r  t r a n s p i r a t i o n  and t h e  water  l o s t  from t h e  s o i l  su r f ace  by evaporat ion;  

t h e  evapot ranspi ra t ion  (ET) requirement of  t h e  crop.  Th i s  ET v a r i e s  



with crops and t h e r e  a r e  va r ious  equat ions  f o r  c a l c u l a t i n g  t h e  ET of 

va r ious  c rops  such a s  t h e  Penman, 1948; Blaney, Cr idd le ,  1947; Jensen,  

Haise,  1963 equat ions .  

Water g r e a t l y  i n  excess  of t h e  ET o f  t h e  crop leaches  t h e  s a l t s  

from t h e  r o o t  zone. However, t h e  excess  water r e t u r n s  t o  t h e  a q u i f e r  

contaminat ing it o r  r e t u r n s  t o  t h e  r i v e r  v i a  su r f ace  and subsur face  

d r a i n s .  These r e t u r n  flows e i t h e r  t o  t h e  a q u i f e r  o r  t o  t h e  su r f ace  

water system c r e a t e  problems downstream. 

Research has shown (Agr i cu l tu ra l  Research, 1974) t h a t  crops u t i l i z e  

mostly t h e  water from t h e  t o p  p o r t i o n  of  t h e  roo t  zone and t h a t  p l a n t s  

can t o l e r a t e  l a r g e r  s a l t  concen t r a t ions  nea r  t h e  bottom of t h e  r o o t  

zone. Thus, it i s  no t  necessary  t o  apply excess  water t o  leach  t h e  

s a l t s  from t h e  p r o f i l e .  With proper  water management whereby excess  

s a l t s  a r e  moved out  of  t h e  upper p a r t  of t h e  r o o t  zone, good y i e l d s  a r e  

maintained,  and deep p e r c o l a t i o n  and s a l t  water contamination i s  

prevented.  The a p p l i c a b i l i t y  of t h e  r e sea rch  has  been demonstrated 

i n  f i e l d  s t u d i e s  i n  Colorado (Agr i cu l tu ra l  Engineering Department, 1976),  

Arizona and o t h e r  a r e a s .  

Not on ly  does good water management decrease  t h e  hazards of  s a l i n i t y  

but  i s  saves water t h a t  can be used elsewhere, decreases  t h e  c a p i t a l  

c o s t s  of  t h e  i r r i g a t i o n  system (smal le r  d i t c h e s ,  l a t e r a l s  o r  pumping 

p l a n t s  and decrease  dra inage  requirements)  and l eaves  va luab le  n u t r i e n t s  

i n  t h e  r o o t  zone. 

A l l  good i r r i g a t o r s ,  r e g a r d l e s s  o f  t h e  i r r i g a t i o n  methods, p r a c t i c e  

good water management and p r o f i t  from t h e  inc rease  i n  c rop  product ion.  

Water management i nc reases  y i e l d s .  Good f e r t i l i z a t i o n  p r a c t i c e s  

i nc rease  y i e l d s .  Good agronomic p r a c t i c e s  i nc rease  y i e l d s  and good 

seeds inc rease  y i e l d s .  But any one of  t h e  p r a c t i c e s  doesn ' t  i nc rease  



y i e l d s  a s  much a s  a l l  o f  them would i n  t o t a l .  I n  f a c t ,  t h e r e  i s  a 

mul t ip ly ing  e f f e c t  of  water management i n  combination with t h e  o t h e r s .  

Yield o f t en  t r i p l e s  and quadruples when water management i s  used along 

with t h e  o t h e r s .  

Sp r ink le r ,  d r i p ,  and bubbler  provide an e f f e c t i v e  method of 

provid ing  good water management. That i s  not  t o  say  t h a t  good water 

management cannot be obtained with su r f acc  i r r i g a t i o n  but  on ly  t h a t  

wi th  s p r i n k l e r ,  d r i p  and bubble and o t h e r  con t ro l l ed  c losed  conduit  

systems t h a t  b r ing  t h e  water from source t o  t h e  consuming p l a n t  water 

c o n t r o l  i s  e a s i e r  t o  accomplish. These methods can be u t i l i z e d  on land 

t h a t  i s  t o o  rough f o r  su r f ace  i r r i g a t i o n  ( cen te r  p ivo t  s p r i n k l e r s  can 

be used on any land t h a t  can be farmed). In  Nebraska, where over  16,000 

c e n t e r  p ivo t  s p r i n k l e r  systems a r e  i n s t a l l e d ,  t h e  only requirement 

wi th  regard  t o  land s lope  i s  t h a t  farm machinery can t r a v e r s e  i t .  

Spr ink le r ,  d r i p  and bubble, because they  apply t h e  c o r r e c t  q u a n t i t y  

of water  t o  t h e  crop a t  t h e  t ime it i s  r equ i r ed  can be used on s o i l s  

ranging from l i g h t  sandy s o i l s  wi th  l a r g e  i n f i l t r a t i o n  r a t e s  and small 

holding capac i ty  t o  heavy c l a y  s o i l s  with small  i n f i l t r a t i o n  r a t e s  and 

l a r g e  holding capac i ty .  

In  sandy s o i l s  su r f ace  i r r i g a t i o n  methods, even with l i n i n g  of 

d i t c h e s ,  small  runs ,  e t c .  w i l l  use  excess  water and cannot r ep l en i sh  

t h e  s o i l  moisture content  o f t en  o r  f a s t  enough t o  prevent  crop l o s s .  

This  i s  o f t e n  a l s o  t h e  case  f o r  hand s e t ,  wheel r o l l  and drag  s p r i n k l e r  

systems. In t h e  s a n d h i l l s  o f  Nebraska and Colorado, USA, c rops  of  

100 t o  200 bushe ls  of corn a r e  r a i s e d  on sand with l e s s  than  two percent  

organic  ma t t e r .  A l l  n u t r i e n t s  a r e  suppl ied ,  o f t en  by t h e  c e n t e r  p ivo t  

s p r i n k l e r .  



In  heavy s o i l s  s u r f a c e  i r r i g a t i o n  may r e q u i r e  t h a t  water be  he ld  on 

t h e  land f o r  excess ive  t imes i n  o rde r  t o  r e p l e n i s h  s o i l  mois ture .  This  

may r e s u l t  i n  excess ive  t a i l  water  runof f  with furrow i r r i g a t i o n  o r  

excess ive  ponding with bas in  i r r i g a t i o n .  However, l e v e l  ba s in s  with o r  

without  furrows,  o r  t a i l w a t e r  r e t u r n  system and o t h e r  improved s u r f a c e  

i r r i g a t i o n  techniques  t h a t  a r e  b c i r ~ g  developed provide methods t o  u t i l i z c  

s u r f a c c  i r r i g a t i o n  on t h e s e  s o i l s .  With any s o i l s  cxccpt f o r  t h e  very 

rough o r  t h c  vcry sandy good water management call bc ob ta ined  with 

s u r f a c e  i r r i g a t i o n .  However, t r a i n i n g  fa rmers ,  water  d i s t r i b u t i o n  

managers and government o f f i c i a l s  t o  p r a c t i c e  good water  management (both 

on-farm and i n  t h e  d i s t r i b u t i o n  system) with s u r f a c e  i r r i g a t i o n  i s  more 

d i f f i c u l t  t han  with c e n t e r  p ivo t  s p r i n k l e r s ,  d r i p  o r  bubble.  

Center  P ivot  S p r i n k l e r  System 

A c e n t e r  p ivo t  s p r i n k l e r  system c o n s i s t s  o f  a machine t h a t  has a  

s e r i e s  of  s p r i n k l e r s  ( e i t h e r  impact t ype  o r  spray  nozz les )  mounted on 

a  p ipe  (p ipe  diameter  being 4 ,  6 ,  o r  8 inches  i n  d iameter  o r  combination 

o f  d iameters  depending on s i z e  of a r e a  t o  be i r r i g a t e d )  t h a t  i s  i n  

t u r n  mounted o r  c a r r i e d  by a  row of  f i v e  o r  more mobile towers .  The 

towers move i n  a  c i r c l e  around a  c e n t e r  p ivo t  where w a t e r  i s  pumped i n t o  

t h e  p ipe .  The source  of water may be a  wel l  loca ted  near  t h e  p ivo t  o r  

from a  cana l  with d i t c h  o r  p ipe  t o  t h e  p i v o t .  The movement of  t h e  

towers around t h e  p ivo t  i s  c o n t r o l l e d  by t h c  outermost tower and an 

alignment device  t h a t  uses  s imple micro swi tches  t o  move the  o the r  towers 

t o  keep up with t h e  o u t e r  tower.  The r a t e  of  advance i s  v a r i a b l e - - u s u a l l y  

from a  complete c i r c l e  i n  18 t o  24  hours  t o  a  complete c i r c l e  i n  t h r e e  
- 

o r  fou r  days.  Water a p p l i c a t i o n  r a t e  i s  d i r e c t l y  j ) roport ionnl  t o  t h e  
'A 

r a t e  3f t r a v e l .  Thus, t h e  mois ture  needs (ET) o f  t h e  crop can be 



exactly met by varying the rate of advance. The towers are driven by 

either electric motors or water drive and the pumps may be electric, 

diesel or gas driven. Pipe pressure at the pivot range from 60 to 100 

pounds per square inch (psi) for high pressure systems and 30 to 70 psi 

for low pressure systems. The systems as developed are simple to operate, 

easy to assemble, relatively fool-proof, and need few spare parts. In 

fact, plants to manufacture the machines using some readily available 

components would be relatively easy to construct in any country and do 

not require a large capital outlay. 

Because center pivots cover a circular area they miss the corner 

and thus only cover 79 percent of the area in any square. If land is 

scarce then the loss of 21 percent of the land from production could be 

important. By nesting the circles, the use of cornering devices or other 

sprinkler systems, the land loss can be decreased. However, if land 

is not expensive then it is usually better to leave the corners fallow 

or utilize them for storage, homes, etc. 

If one center pivot is used in isolation crop production is less 

at the outer edge because of the large loss of soil water to the surrounding 

land and higher evaporation from the land and transpiration from the 

plants resulting from the dry desert air. That is, the inner part of 

the circle benefits from the oasis effect. A big gun sprinkler on the 

end tower enlarges the circle and helps decrease crop loss. To take 

advantage of the oasis effect it is well to install a number of center 

pivots on a block of land and confine the loss of production to the outer 

edge of a large area rather than around a single center pivot. 

In a recent land development (1977) in eastern Colorado ten center 

pivots were installed on 1900 acres. In total 1475 acres were irrigated. 



The land was h i l l y ,  i n  one area  the  slope was so s t eep  t h a t  t r a c t o r s  

could not go up the  slope and had t o  operate downhill. The s o i l  was 

sand ( l e s s  than two percent organic) and a l l  n u t r i e n t s  had t o  be supplied 

using commercial f e r t i l i z e r .  The i n s t a l l a t i o n  s t a r t e d  i n  September and 

the  f i r s t  corn crop planted t h e  following April.  The crop averaged 137 

bushels o r  4.1 tons per  acre.  

Cost of i n s t a l l i n g  t h e  center  p ivots  were as follows: 

Pumps and motor 
Wells 
C.P.  Spr inkler  
P.P 
Concrete pads 
Power ( l i n e ,  transformer e t c )  

o r  $363/acre. In addi t ion  t o  t h e  above cos t s ,  $26,600 was spent i n  land 

development--filling i n  some g u l l i e s ,  e l iminia t ing a small ephemeral lake 

so t h a t  t h e  towers and farm machinery could operate.  

Operating cos t s ,  exclusive of labor,  insurance, taxes ,  e t c .  were . 

a s  follows: 

Seed 
Herbicides, pes t i c ides ,  

and f e r t i l i z e r  
U t i l i t i e s  ( e l e c t r i c )  
Repair E Maintenance 

Overall t h e  c a p i t a l  and operat ing cost  can be recovered with an average 

y ie ld  of  130 bushels per  acre  a t  a  p r i c e  of  $2.00/bushel. 

The above c o s t s  a r e  f o r  i n s t a l l a t i o n  where i r r i g a t i o n  equipment, 

labor and equipment t o  i n s t a l l  t h e  machines and t h e  t o t a l  i n f r a s t r u c t u r e  

is  a l l  s e t  up. In dese r t  lands of Egypt near Cairo a recent  est imate 

of  t h e  i n s t a l l a t i o n  of  a  s ing le  machine p i l o t  projec t  f o r  130 acres  

using a tubewell was $1270/acre. These cos t s  would decrease a s  t h e  

i n f r a s t r u c t u r e  t o  i n s t a l l  and service  t h e  machines developed. A 



pilot project would of course help develop the needed infrastructure 

needed to construct and operate the system and develop the methodology 

for farming with center pivots. For example, the towers tend to cause 

ruts in heavy soils. Sands normally are no problem. It is easier 

to operate farm machines in straight lines (across tower tracks) than 

in circles. The pilot project would develop techniques to farm where 

rutting may be a problem.Also, other questions that a pilot project 

would answer are costs, water efficiency method of applying fertilizer, 

maintenance and so forth. 

Trickle Drip 

Trickle or drip irrigation systems are a network of closed conduits 

that supply small amounts of filtered water periodically to the soil at 

each plant. The system operates at low pressure (5 to 14 lbs per square 

inch). Only the soil in the root zone of each plant is supplied with 

moisture. The network of conduits (usually plastic pipe of 1/2 to 3/4 inch 

in diameter) is laid on the ground along the crop row. The crop is usually 

fruit trees and grapes, but vegetables and in Hawaii, sugar cane, have 

been irrigated by trickle systems. From these lines outlets called 

emitters are placed to provide the water to the plant area. These emitters 

are needed to dissipate the pressure of the pipe network and provide a 

trickle of water to the plant. 

The soil moisture in the root zone of the plant is kept in the 

desired range by intermittent operation of the system. This intermittent 

operation can bc cithcr manually or automatic. Watcr scheduling can Rc 

accomplished by calculations whereby on arid of f  times are established or 

by soil moisture sensors that determine when a given water deficiency 

should be replenished. 



The advantages of the system as given by Keller and Karmeli (1975) 

and K. Shoji (1977) are efficient use of water, because only a small 

surface area of the soil is wetted evaporation is a minimum. Weed growth, 

and loss of water by weeds, is inhibited. Although weeds grow around 

the emitters, in orchards, there are large areas of bare ground that trickle 

irrigation keeps dry. Trickle, as with the other systems mentioned, 

allows for good water management and the control of salinity, Also, be- 

cause it can provide a continuously high soil moisture content trickle 

is advantageous when water with large concentrations of salt must be used. 

Trickle also moves the large concentrations of salt to the outer or 

fringe area of the root zone which keeps the salt concentration in the 

soil in the major part of the zone at tolerable levels. Trickle i n  con- 

trast to sprinkler irrigation eliminates leaf burn and fruit spotting 

because of salt accumulations on the plant. Of course, fertilizer can 

be applied through the system and it is only supplied to the root-one 

of the plant being irrigated, thus,decreasing the amount of fertilizer 

required. 

The major disadvantage to trickle is clogging of the emitters 

either by sediment in the water, algae growth or chemical precipitates. 

To prevent clogging by sediments filters must be used, chemicals are 

added to prevent algae growth and possibly acids or other chemicals are 

added to remove or precent precipitates. Rodents sometimes damage pipes. 

All of the above increase cost and in particular filtering increases 

energy requirements and the complexity of operating the system. In 

general, trickle will be an efficient, effcctivc and economical system 

of irrigation for high value crops, scarce water supply, sediment-free 

water, and high labor costs. 



Bubble Irrigation Systems 

The bubble irrigation is a closed-conduit system similar to trickle 

but operates at much lower pressure (0.7 psi or less vs. 5 to 14 psi for 

trickle) and no emitter. Pressures available from open ditches are 

often sufficient. Bubble does not require filtered water but if sur- 

face water is extremely dirty a method of flushing the main lines and 

laterals may be needed. This can be simply a valve at the end of the 

line so that most of the pipe flow can be periodically discharged. 

Generally the main line and laterals are buried (about 2 ft) to protect 

the pipe and to aid in cultivation. 

The bubble system consists of a network of low pressure pipes of 

2 to 4 inches in diameter. Inexpensive, thin-walled, corrugated plastic 

pipe is sufficient. Small hoses (1/4 to 1/2 inch) go from the plastic 

pipe to the plant to be irrigated. Water flows full in the pipe by 

gravity and delivers the water to the plant by way of small hoses 

which take the place of emitters in the trickle system. The flow rate 

to the plant is controlled by the elevation of the end of the small 

hose either by fastening the end to a stake or the tree. 

The proper elevation of the hose end is determined by trial and 

error with the system in operation until each plant is getting the 

proper amount of water to replenish the soil moisture as determined by 

calculations. Simple calculations of head loss and surveying in a 

preliminary elevation line speeds up the trial and error process. 

Bubble irrigation is well described by Rawling (1977) and is an 

attractive alternative to trickle. It has the same advantages and 

doesn't require the filtering and associated high energy requirements. 



I t  does,  however, r e q u i r e  f a i r l y  uniform land. The land can be  s loping  

bu t  because t h e  system ope ra t e s  by g r a v i t y  l a r g e  changes i n  grade 

cannot be t o l e r a t e d .  Costs  f o r  m a t e r i a l s  f o r  t h e  bubble i r r i g a t i o n  

system i s  est imated by Rawlins (personal  communications) a s  around $370 

p e r  acre .  Mater ia l s  f o r  t h e  same system i n  Polyvinyl ch lo r ide  p ipe  

r equ i r ed  f o r  t r i c k l e  would be $690 p e r  ac re .  

Summary 

Successful  i r r i g a t i o n  of d e s e r t  lands r e q u i r e s  good water  

management which is d i f f i c u l t  t o  ob ta in  wi th  su r f ace  i r r i g a t i o n  systems. 

In  p a r t i c u l a r ,  when developing new lands  c e n t e r  p ivo t  i r r i g a t i o n  

systems provide an exce l l en t  method of ob ta in ing  good water  management 

and l a r g e  c rop  y i e l d s  a t  r e l a t i v e l y  low o v e r a l l  c o s t s  f o r  f i e l d  crops 

such a s  beans, corn, sugar  b e e t s ,  and co t ton .  The system is p a r t i c u -  

l a r l y  wel l  s u i t e d  f o r  rough ground and i s  a good method f o r  s o i l  t);pes 

from sand t o  l i g h t .  

For f r u i t  t r e e s ,  and some vege tab le s ,  a low head, c losed  conduit  

i r r i g a t i o n  system c a l l e d  bubble has  many advantages such a s  low c o s t ,  

s i m p l i c i t y  of opera t ion ,  low energy requirements  and water  savings.  I t  

does r e q u i r e  r e l a t i v e l y  uniform land su r f aces  al though it can be 

engineered f o r  f a i r l y  s t e e p  s lopes  i f  they do no t  have l a r g e  adverse 

breaks i n  grade.  Where, energy may no t  be a problem and rough land, 

a system c a l l e d  t r i c k l e  o r  d r i p  may be a good a l t e r n a t i v e  t o  t h e  bubble.  
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