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We a r e  t r ansmi t t i ng  herewith our f i n a l  r e p o r t s  i n  s i x  volumes on the  
watercourse survey e n t i t l e d  "Farm I r r i g a t i o n  c o n s t r a i n t s  and Farmersf Responses: 
Comprehensive F i e l d  Survey i n  Pakis tan."  These volumes represen t  a  tremendous 
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Besides t h e  au tho r s  of t he se  r e p o r t s ,  numerous u n i v e r s i t y  s t a f f  members have 
p a r t i c i p a t e d  i n  the  d a t a  reduc t ion  and a n a l y s i s ,  a s  w e l l  as d r a f t i n g  t h e  
prepara t ion  of t a b l e s .  

This  s tudy has  consumed tremendous resources  of t h i s  p r o j e c t ,  b u t  we have 
f e l t  t h e  e f f o r t  was worthwhile. Hopefully,  your s t a f f  w i l l  a l s o  f e e l  proud of 
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We s i n c e r e l y  a p p r e c i a t e  your l eade r sh ip  i n  f a c i l i t a t i n g  t h e  completion of 
t h i s  e f f o r t  and we look forward t o  continued cooperat ion i n  seeking t o  improve 
on-fanu water  management i n  Pakis tan .  

S incere ly ,  

John 0. Reuss 
P r o j  e c t  Codi rec tor  Chief of Pa r ty  P r o j e c t  Codi rec tor  
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AB STRAC'l' 

The preceding Volume 111 h a s  examined phys ica l ,  agronomic, and 

socio-economic f a c t o r s  t h a t  ope ra t e  t o  undercut a g r i c u l t u r a l  p roduc t iv i t y .  

Th i s  volume p re sen t s  an exar~lination of f a c t o r s  a s soc i a t ed  wi th  low 

crop  y i e l d s  wi th  an emphasis on farmer percept ions .  Farmers were asked, 

"Would you desc r ibe  t h e  major f a c t o r s  which l i m i t  your p re sen t  crop 

y ie lds?"  Farmers were f o r t h r i g h t  i n  i d e n t i f y i n g  c o n s t r a i n t s .  The 

farmer perce ives  water ,  more p a r t i c u l a r l y ,  l a c k  over c o n t r o l  of water 

q u a n t i t y  and timing a s  a  major c o n s t r a i n t .  Also revealed a r e  problems 

wi th  c r e d i t ,  l a c k  of information about key s o i l / p l a n t / w a t e r  r e l a t i o n s h i p s ,  

l a c k  of knowledge about t he  magnitude of water  l o s t  i n  conveyance and 

o v e r i r r i g a t i o n ,  i n a c c e s s i b i l i t y  of information and s e r v i c e s  from govern- 

ment o rgan iza t ions  and absence of l o c a l  o rgan iza t ion  a t  t h e  v i l l a g e  

l e v e l  t o  d e a l  wi th  c o n s t r a i n t s .  

Crop y i e l d  d a t a ,  when examined i n  r e l a t i o n  t o  s e v e r a l  c o n s t r a i n t s ,  

i n d i c a t e  t h e  importance of farm l o c a t i o n ,  water a v a i l a b i l i t y ,  unce r t a in ty  

of i r r i g a t i o n  supp l i e s ,  un l eve l  f i e l d s ,  water logging and s a l i n i t y ,  and 

c l ima te - so i l  condi t ions .  Severa l  agronomic and economic c o n s t r a i n t s  

such a s  a v a i l a b i l i t y  and u t i l i z a t i o n  of major phys ica l  i npu t s  and c r e d i t  

a r e  examined. A s e c t i o n  is included on t h e  u t i l i z a t i o n  of recommended 

p r a c t i c e s  and improved farm techniques and farmer adapt ion  behavior .  

This  m a t e r i a l  i s  followed by a  d e s c r i p t i o n  of knowledge and information 

c o n s t r a i n t s  f ac ing  farmers ,  r e l a t e d  t o  i r r i g a t i o n  p r a c t i c e s ,  cropping 

dec i s ions ,  and i n s t i t u t i o n a l  s e rv i ce s .  The volume concludes w i th  a  

s e c t i o n  desc r ib ing  i n s t i t u t i o n a l  and o rgan iza t iona l  c o n s t r a i n t s .  These 

r e l a t e  t o  the  i r r i g a t i o n  law and r egu la t i ons ,  underorganizat ion of farmers ,  



l a c k  of farm l e v e l  i n s t i t u t i o n a l  s e r v i c e s ,  c o n f l i c t  and non-cooperation,  

and t h e  importance of t h e  d i s t r i b u t i o n  of s o c i a l  power and i n f l uence .  
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CHAPTER ONE 

INTRODUCTION: FARMER PERCEPTION OF CONSTRAINTS 

Preceding s e c t i o n s  have presen ted  ana ly se s  which demonstra te :  

1 )  t h a t  much water  i s  l o s t  i n  conveyance through watercourses--overal l  

approximately  33 percen t  per  t h o u s a n d f e e t ;  2) t h a t  water  is  f r e q u e n t l y  

ma l -d i s t r i bu t ed  making f o r  much over  and u n d e r i r r i g a t i o n ;  3) t h a t  

cropping i n t e n s i t i e s  vary  d i r e c t l y  w i th  wate r  s u p p l i e s ;  and 4 )  t h a t  

c rop  y i e l d s  a r e  d i r e c t  f u n c t i o n s  of water and f e r t i l i z e r  a v a i l a b i l i t i e s .  

Yet,  what of farmer pe r cep t i ons?  How important  a r e  water  problems as 

perceived by farmers?  

Sample farmers  were asked which problem, among a l is t  of farm 

problems, posed t h e  most important  c o n s t r a i n t  t o  i nc r ea sed  a g r i c u l t u r a l  

p roduc t ion  on t h e i r  farms. F igu re  2 d i s p l a y s  t h e  o v e r a l l  d i s t r i b u t i o n  

of farmer responses .  Farmers i d e n t i f y  problems w i th  water  t o  be  t h e  

most l i m i t i n g  f a c t o r  i n  t h e i r  a t t emp t s  t o  i n c r e a s e  a g r i c u l t u r a l  production-- 

by a lmost  t h r e e  t o  one they  s i n g l e  ou t  water  problems a s  more cons t r a in -  

11 ing  than a l l  o t h e r  farm problems combined.- 

I f  one examines F igure  2 d a t a  r e l a t i v e  t o  farmer  wate rcourse  

p o s i t i o n ,  t h e  s t r o n g  tendency t o  i d e n t i f y  wate r  problems a s  t h e  major 

farm c o n s t r a i n t  ho ld s  up. Even fa rmers  l oca t ed  a t  "head" p o s i t i o n s ,  

where, presumably, water supply problems a r e  l e s s  s eve re ,  s e l e c t e d  

water problems over a l l  o t h e r  farm problems combined by a 1 . 8 : l  r a t i o  

(See Table  1 ) .  Table  1 makes i t  c l e a r ,  however, t h a t  t h e r e  i s  a tendency 

t o  b e  more concerned about  wate r  c o n s t r a i n t s  a s  one moves away from t h e  

mogha t o  "middle", " t a i l "  and "mult iple"  wate rcourse  p o s i t i o n s .  

l / T h e r e  is reason  t o  b e l i e v e  t h a t  fa rmers  tended t o  i n f l a t e  water  - 
problems r e l a t i v e  t o  o t h e r  farm problems given t h a t  respondents  knew 
t h a t  r e s e a r c h e r s  were a s s o c i a t e d  w i th  a water  management p r o j e c t .  
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Table 1. Farmer percept ion of major cu r r en t  farm problem by water- 
course pos i t i on .  

Ra t io  of sample farmer s e l e c t e d  water  
Watercourse p o s i t i o n  problems vs .  a l l  o t h e r  farm problems 

combined.* 

Head 1 .8 : l  

Middle 3 .5: l  

T a i l  3.1:l  

Mul t ip le  P o s i t  ions  4.1:l  

*Ratios cons t ruc ted  from Figure 2 d a t a .  

A d e t a i l e d  breakdown of fanner  percept ions  i s  a f forded  by Table 2 

which r e v e a l s  t h e  e f f e c t  of cana l  type (perennial/nonperennial) and t h e  

presence of tubewells  along wi th  watercourse pos i t i on .  Where t h e r e  i s  

no tubewell  supplementation of cana l  supp l i e s ,  farmers  d i s p l a y  an 

i nc reas ing  tendency t o  perce ive  water  a s  t h e  major problem a s  they 

s h i f t  t o  l o c a t i o n s  away from t h e  mogha. Looking down t h e  columns of 

Table 2 i t  becomes c l e a r  t h a t  farmers  on nonperennial  cana l s ,  who a r e  no t  

served by tubewells  t o  supplement cana l  supp l i e s ,  d i s p l a y  a d i s t i n c t l y  

heightened tendency t o  perce ive  water problems a s  t h e i r  most c r i t i c a l .  

This  is most e a s i l y  observed by examining t h e  r a t i o s  recorded a t  t h e  

bottom of each Table 2 column. Each r a t i o  is simply a s ta tement  of t h e  

propor t ion  of t h e  farmers  i d e n t i f y i n g  water a s  t h e  major problem r e l a -  

t i v e  t o  t h e  proport ion of farmers i d e n t i f y i n g  a l l  o t h e r  farm problems 

combined. 

I f  one t akes  t h e  next  s t e p  and compares farmers  of t h e  two extreme 

categories-- those on perennia l  watercourses  p l u s  tubewell  supplementation 

a s  a g a i n s t  t hose  farmers on watercourses  wi th  only seasona l  cana l  supply 



~ ~ b i , .  2. Farmer p e r c e p t i o n s  o f  maior  farm problem bv wa t e r cou r se  p o s i t i o n  c o n t r o l l i n q  f o r  c a n a l  t v w  and p r e sence  o f  t ubewe l l  

Machinery/ 9  2  5 0  0 0 1 1  0  0  2  
P a r t s  
(Pe r cen t )  (3.7)  ( .82)  (2 .1)  - - 1  - - ( - 41 )  ( - 4 1 )  ( 2 )  

PERENNIAL CANALS w 
Major With Tubewells  Without Tubewel l s  With Tubewel l s  Without Tubewells  
Farm M u l t i p l e  M u l t i p l e  M u l t i p l e  M g l t i p l c  Row 

Problem Head Middle T a i l  P o s i t i o n  T o t a l  Head Middle T a i l  P o s i t i o n  T o t a l  Head Middle T a i l  p o s i t i o n  T o t a l  Head Middle T a i l  P o s i t i o n  T o t a l  T o t a l  

Extens ion/  0  0 I. 0  1 
Roads 
( p e r c e n t )  - - ( .41)  - ( .41) (1.6)  

Water 30 29 30 1 90 
( p e r c e n t )  ( 1 2 . 3  9  1 2 3  ( .41) (36.9) 

F e r t i l i z e r /  4  3 5 0  5  1 1 2 
Seed 
( p e r c e n t )  (1.6)  (1.2)  (2.1) - (2.1) ( . 4 l )  ( - 4 1 )  (.a21 ( 3 - 7 )  

I n s e c t i c i d e  2  1 2 0  0  0  0  I 0 0 0  0  0  0  
(2.1)  - - - - ( pe r cen t )  ( - 8 2 )  ( - 4 1 )  ( - 82 )  - - - - 

23 21 3 1  11 86  
(9.4) (8.6) (12.7) (4.5)  (35.2) 

C a p i t a l /  0 2 0 0  1 0 1 0  2  
C r e d i t  
( pe r cen t )  - ( .82) - - ( .82 I (.41) - ( - 4 1 )  - 

I 
( 2 )  

Labor 0  0 0 0  0 2 0 0  0  0  1 0 0  
Shor tage  
(pe r cen t )  - - - - - (.a21 - - - ( 1 )  

12  4  4 1  1 6  9  
(16)  (9)  (12) (4)  (41) 

Lack o f  Land 3 1 1 1  0 0  2  
(pe r cen t )  (1.2)  ( 4 1 )  ( 4 1 )  ( 4 1  - ( 2 )  - (2 )  

NoMajor  0  0  0  1 0 1 0  2  0 
Problem 

0 ~ 0 ~  (2.0)  
Column 21  11 1 6  5  7  
T o t a l  
( pe r cen t )  (20.1) (15.6) (18.0) ( .82) (54.5) (13.5) (11.9) (13.9) (6 .1)  (45.5) (21)  (11) (16) (5)  (53)  (15)  ( 8 )  (17) ( 7 )  (47) 

PERENNIAL N = 244 ?IONPERENNIAL N = 100 
TOTAL N = 344 

Ra t i o  o f  Water 
Problems t o  a l l  3.4: l  3.4:1 

f' 
8.4:1 

Other  Problems 
Combined 

12  8  16  6  42 
(12) ( 8 )  (16) ( 6 )  (42) 

259 
(75.3) 



and no tubewell  supplementation--it  can be observed t h a t  t h e  l a t t e r  

a r e  much more l i k e l y  t o  perceive t h e i r  major farm problem t o  be a s soc i a t ed  

w i th  water ( see  Table 3 ) .  A s  Table 3 i n d i c a t e s ,  sample farmers  on 

pe renn ia l  watercourses  supplemented by publ ic  tubewells  a r e  more l i k e l y  

t o  i d e n t i f y  nonwater problems a s  t h e i r  major problem. Yet,  t h e  ma jo r i t y  

of farmers  experiencing t h e  r e l a t i v e l y  favorab le  water supply cond i t i ons  

s t i l l  spec i fy  water problems t o  be t h e i r  major c o n s t r a i n t  t o  improved 

a g r i c u l t u r a l  production. 

An examination of percept ions  of farm problems by s i z e  of farmer 

landholdings r e v e a l s  t h a t  respondents  i n  a l l  s i z e  c a t e g o r i e s  s e l e c t  

water problems a s  those  most important ( s e e  Table 4 ) .  Looking down t h e  

columns of Table 4,  t h e  tendency t o  perce ive  water problems a s  t h e  

most important ho lds  up by wide margins ac ros s  a l l  s i z e  c a t e g o r i e s .  I n  

no ca tegory  i s  t h e  r e l a t i o n s h i p  reversed .  Whereas water  problems out- 

weigh a l l  o t h e r  nonwater problems i n  t he  percept ions  of farmers  of a l l  

f ou r  c a t e g o r i e s ,  t h e  r a t i o s  of water t o  nonwater problems jump i n  a 

major way among farmers  on nonperennial  cana l s  w i th  no tubewell  supple- 

mentation. 

I f  water problems a r e  viewed t o  be c e n t r a l ,  a f u r t h e r  ques t ion  i s  

i n  o rde r .  What s p e c i f i c  water problems do sample farmers  tend t o  

perceive a s  being most important?  F igure  3 d i s p l a y s  t he  o v e r a l l  p a t t e r n  

of sample farmer percept ions .  Approximately 47 percent  more farmers  

r e p o r t  t h e i r  major problem t o  be i n s u f f i c i e n t  mogha ( o u t l e t )  d i scharge  

i n t o  t h e  watercourse than a l l  o the r  water problems combined. Only 

one i n  e i g h t  farmers  perce ives  t he  major water  problem t o  be a s soc i a t ed  

wi th  watercourse l o s s e s ,  and about  one i n  t en  s e e s  t h e  major problem t o  

be dead s to rage  l o s s e s  i n  poorly cons t ruc ted  watercourses .  Sample 



Table 3. Sample farmer perceptions of major farm problems by watercourse position comparing farmers with 

-- perennial  upp plies and public tubewells to farmers with nonperennial supplies and no tubewells. 

Perennial Nonperennial 
Public Tubewell Only -- No Tubewell 

Multiple Multiple 
Head Middle Tail Positions Head Middle Tail Positions Total 

Water 6 
Problems 
(percent) (7.9) 

Nonwater 6 
Problems 
Combiried 
(percent (7.9) 



T a b l e  4 .  Sample f a r m e r  o f  m a j o r  Earn1 prob lems  by s i z e  a n d  l a n d  h o l d l n g s  ( a c r e s )  c o n t r o l l i n g  f o r  c a n a l  t y p e  and t u b e w e l l  s u p p l c m e n t a t l o n  

Major  Farm 
Problem 

iVor1perenninl 
With Tubewel l s  - Without  T u b e w e l l s  

P e r e n n i a l  
With Tubewel l s  Wi thout  Tubewel l s  

< 2 . 5  7 . 5  1 2 . 5  25 T o t a l  < 2 . 5  7 . 5  1 2 . 5  25 T o t a l  < 2 .5  7 . 5  1 2 . 5  25 T o t a l  < 2.5 7 .5  1 2 . 5  2 5  T o t a l  
2 .4  7 . 4  12 .4  24 + 2 .4  7.4 1 2 . 4  24 + 2 . 4  7 .4  1 2 . 4  24 + 2 . 4  7 . 4  1 2 . 4  24 + 

Water 1 2  
( p e r c e n t )  (12)  

Machinery/  2  
P a r t s  
( p e r c e n t )  ( 2 )  

E x t e n s i o n /  0  
Roads 
( p e r c e n t )  - 

F e r t i l i z e r /  0  
Seed 
( p e r c e n t )  - 

I n s e c t i c i d e s  0  
( n e r c e n t  ) - 

Lack Land 0  
( p e r c e n t )  - 

C a p i t a l /  1 
C r e d i t  
( p e r c e n t )  (1) 

Lack Labor 0  
( p e r c e n t )  - 

0  0  1 0  2  1 0  0  3 
4 1  - ( 0 . 4 )  1 - ( . E l )  ( -411  - - (1 .2 )  

34 35 25 27 120 34 29 23 
- 

4  111 
l ( 8 . 7 )  (14 .1)  (12 .0)  ( 9 . 5 )  (1 .7 )  (46.1)  

TOTAL N = 341  PERENNIAL N = 241  
2 . 3 : l  3 . 4 : l  

No Problem 1 
( p e r c e n t )  (1) -- 

Column T o t a l  1 6  
( P e r c e n t s )  ( 1 6 )  

R a t i o  o f  Water  
Problems v s .  
A l l  O t h e r  
Problems Combined 



SAMPLE FARMER PERCEPTION OF 
MAJOR PROBLEM WITH WATER 

LEGEND 

N = 257 
( ) = PERCENTAGE OF N 
S = SUM OF H,MIPIT 
H = HEAD POSITION 
M = MIDDLE POSITION 
T = TAIL POSITION 
P = MORE THAN ONE POSITION 

=TOTAL FOR ALL POSITIONS 
= SUBTOTALS BY WATERCOURSE POSITION 

FIGURE 3 .  FARMERS REPORTING SPECIFIC WATER PROBLEM. 



farmer  p e r c e p t i o n s  tend t o  emphasize t h e  problem of mogha supply and t o  

be  d i r e c t e d  away from wate rcourse  channel  l o s s e s .  Programs f o r  water-  

c o u r s e  r e c o n s t r u c t i o n  and improvement w i l l  need t o  overcome t h i s  b i a s  

i n  p e r c e p t i o n .  

The s t r o n g  tendency t o  see t h e  problem of wa te r  t o  be  inadequa te  

mogha d i s c h a r g e  h o l d s  up even when t h e  d a t a  a r e  examined by t h e  type  of 

c a n a l  (perennial/nonperennial), presence  of tubewel l s ,  and wate rcourse  

p o s i t i o n  as r e v e a l e d  by Table  5 .  Looking down each of t h e  columns, 

one can de te rmine  t h a t  " i n s u f f i c i e n t  mogha d i scharge"  r e c e i v e s  a 

g r e a t e r  f requency of endorsement than  a l l  o t h e r  wa te r  r e l a t e d  problems 

combined. R a t i o s ,  e x p r e s s i n g  t h e  r e l a t i v e  p r o p o r t i o n s  of f a r m e r s  

s e l e c t i n g  " i n s u f f i c i e n t  mogha d i s c h a r g e t t  a s  t h e i r  major wa te r  problem 

v s .  t h o s e  s e l e c t i n g  a l l  o t h e r  w a t e r  problems, are found a t  t h e  bottom 

of each o f  t h e  f o u r  column c a t e g o r i e s  i n  Tab le  5 .  It is c l e a r ,  as 

might b e  expected,  t h a t  f a rmers  on nonperenn ia l  c a n a l  commands and who 

a r e  n o t  se rved  by tubewel l s  of any type ,  a r e  more prone t o  e x p r e s s  

t h e i r  major  wa te r  problem i n  terms of i n s u f f i c i e n t  d i s c h a r g e ,  b u t  t h e  

d i f f e r e n c e  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Across  a l l  c a t e g o r i e s  of 

farm p o s i t i o n ,  f a rmers  s h a r e  a  h i g h  p r o p e n s i t y  t o  s e e  t h e i r  problem a s  

i n s u f f i c i e n t  supply  as opposed t o  b e t t e r  management of e x i s t i n g  s u p p l i e s .  

T h i s  is t r u e  of fa rmers  a t  t h e  "head" j u s t  as much a s  t h o s e  who a r e  

l o c a t e d  "downstream." 

An i n t e r e s t i n g  q u e s t i o n  s u g g e s t s  i t s e l f .  S i n c e  fa rmers  t end  t o  be  

w a t e r  q u a n t i t y  o r i e n t e d  i n  t h e i r  p e r c e p t i o n s ,  do t h o s e  who exper ience  t h e  

lowes t  d e l i v e r y  e f f i c i e n c i e s  tend t o  view wate r  problems a s  hav ing  g r e a t e r  

p r i o r i t y  than  do b e n e f i c i a r i e s  of h i g h e r  d e l i v e r y  e f f i c i e n c i e s ?  To 

answer t h i s  q u e s t i o n ,  t h o s e  fa rmers  e x p e r i e n c i n g  low farm d e l i v e r y  



Table 5. Sample farmer perceptions of which water problems most constrain increased agricultural production by watercourse posltion 
controlling for canal type and presence of tubewells. 

If Major Farm Watercourse Attribute 
Problem is 
Water Related, 
it is 
Specifically: 

Insufficient Mogha 
Discharge 

(percent) 

Diesel Fuel 
Electricity 

(percent) 

Watercourse Losses 
(percent) 

Unleveled Fields 
(percent) 

Lack Lift Pump 
(percent) 

i4acf recurse 
Dead Storage 
(percent) 

Canal Closings/ 
Tubewell shutdowns 
(percent) 

Column Total 
(Percent) 

Nonperennial Perennial 
With Tubewells Without Tubewells With Tubewells Without Tubewells 

Multiple Multiple Multiple Multiple Row 
Head Middle Tail position Total Head Middle Tail position Total Head Middle Tail position Total Head Middle Tail position Total Total 

8 4 8 3 23 10 7 13 2 32 1 21 15 18 1 55 11 11 13 8 43 I 153 

Nonperennial N = 82 
Ratio of Insufficient 
Discharge Problem 
To All Other 1.4:l 3.2:l 
Problems Combined 

Total N = 256 Perennial N = 174 

1.5:l 1.1:l 



ef f ic ienc ies - -def ined  a s  one ha l f  of a  s tandard dev ia t i on  below t h e  

sample mean o r  lower--were compared t o  farmers having farm d e l i v e r y  

e f f i c i e n c i e s  one ha l f  of a  s tandard  dev ia t i on  o r  more above t h e  sample 

mean of a l l  d e l i v e r y  e f f i c i e n c i e s .  The r e s u l t s  of t h i s  comparison a r e  

displayed i n  Table 6 .  Inspec t ion  of Table 5 r e v e a l s  a  s l i g h t  tendency 

f o r  farmers s u f f e r i n g  from "low" d e l i v e r y  e f f i c i e n c i e s  t o  g ive  h igher  

p r i o r i t y  t o  water  problems; y e t ,  t h e  d i f f e r e n c e  is not  s t a t i s t i c a l l y  

s i g n i f i c a n t .  

I n  sum, then,  of a l l  farm problems, water  looms overwhelmingly a s  

t h e  perceived c o n s t r a i n t  t o  increased  product ion.  Water problems out- 

d i s t a n c e  those  a s soc i a t ed  wi th  machinery and machinery p a r t s ,  f e r t i l i z e r ,  

seeds,  i n s e c t i c i d e s ,  l a c k  of l and  and l abo r ,  and sho r t ages  of c a p i t a l  

and c r e d i t .  When i n v e s t i g a t o r s  probed s p e c i f i c  problems farmers c la im 

t o  have wi th  regard t o  water ,  sample farmers r e v e a l  a  c o n s i s t e n t  tendency 

t o  view t h e i r  problem a s  i n s u f f i c i e n t  supply. I n v e s t i g a t o r s  may be  . 

impressed with t h e  s u b s t a n t i a l  l o s s e s  from watercourses  and over- 

i r r i g a t i o n ,  bu t  farmers '  percept ions  a r e  focused on ob ta in ing  g r e a t e r  

supp l i e s  a t  t h e  mogha. Problems a s soc i a t ed  with poor watercourse 

condi t ions ,  and consequent l o s s e s  of water ,  t ake  a  subord ina te  p o s i t i o n  

i n  t h e  eyes of farmers  a c r o s s  a l l  watercourse p o s i t i o n s ,  types of cana l  

commands, and tubewell  water  a v a i l a b i l i t y  c a t e g o r i e s .  The obvious 

impl ica t ion  is t h a t  i f  farmers a r e  t o  be e f f e c t i v e l y  mobilized t o  

undertake t h e  arduous t a s k s  of watercourse r econs t ruc t ion  and maintenance 

so  a s  t o  improve r e l a t i v e l y  poor d e l i v e r y  e f f i c i e n c i e s  i d e n t i f i e d  i n  

foregoing volumes, farmers must be made aware of t h e  s i g n i f i c a n c e  of 

t h e i r  l o s s e s  i n  poorly cons t ruc ted  watercourses  and i n  t h e i r  f i e l d s .  



Table ---- 6. Sample farmer pe rcep t ion  of  major farm problem by farm d e l i v e r y  e f f i c i e n c y .  

Major Perceived Farm Problems 
Farm 

Del ivery  No Cap i t a l /  Machinery/ Extension/ F e r t i l i z e r /  
E f f i c i e n c y  Problem Water C r e d i t  p a r t s  Roads Seed I n s e c t i c i d e s  Labor 

Low 1 46 1 4 3 7 2 1 
1-34% (.9) (40.0) (.9) (3 .5)  (2 -6) (6 .1)  (1.7) (-9) 
1/2 s.d. 
below 
sample 
mean 

High 
76+% 
1/2 s .d .  
above 
sample 
mean 



CHAPTER TWO 

PHYSICAL CONSTRAINTS 

Given t h e  importance  f a n n e r s  p l a c e  on wa te r  a s  a  c o n s t r a i n t  t o  

c r o p  p r o d u c t i v i t y ,  Chapter  Two examines p h y s i c a l  f a c t o r s  a f f e c t i n g  

w a t e r  management. C e n t r a l  v a r i a b l e s  of i n t e r e s t  h e r e  i n c l u d e :  farm 

l o c a t i o n ,  wa te r  a v a i l a b i l i t y ,  u n c e r t a i n t y  of w a t e r  d e l i v e r y ,  l e v e l n e s s  

of f i e l d s ,  w a t e r  adequacy and w a t e r l o g g i n g .  

I .  PHYSICAL FARM LOCATION AND YIELDS 

The l o c a t i o n  of a  command a r e a  on a  minor c a n a l  o r  d i s t r i b u t a r y ,  

and t h e  l o c a t i o n  of farms on a  g i v e n  command, i m p o r t a n t l y  a f f e c t  w a t e r  

s u p p l i e s .  For example, s i t e  104,  w i t h  t h r e e  command a r e a s ,  h a s  o n l y  

one p r i v a t e  t u b e w e l l .  T h i s  s i t e  i s  a l s o  a t  t h e  d i s t r i b u t a r y  t a i l .  

Average p e r  a c r e  y i e l d s  f o r  wheat ,  paddy r i c e ,  and c o t t o n  r e s p e c t i v e l y  

a r e  o n l y  1 4 ,  1 5 ,  and 3 maunds, due t o  c a n a l  wa te r  s h o r t a g e s .  Even 

d u r i n g  k h a r i f  season ,  f a rmers  were making c u t s  d i r e c t l y  i n  t h e  d i s -  

t r i b u t a r y  t o  i n c r e a s e  w a t e r  s u p p l i e s .  Of 25 i r r i g a t i o n  e v a l u a t i o n s  a t  

t h i s  s i t e ,  1 8  were u n d e r i r r i g a t i o n s  r e s u l t i n g  i n  a weighted mean f i e l d  

a p p l i c a t i o n  e f f i c i e n c y  of  9 1  p e r c e n t .  When examined i n  terms o f  t h e  

amount of  w a t e r  s u p p l i e d  r e l a t i v e  t o  t h e  s o i l  m o i s t u r e  d e p l e t i o n ,  f a r m e r s  

a p p l i e d  67 p e r c e n t  of t h e  r e q u i r e d  w a t e r .  

Crop y i e l d s  on a  g i v e n  command a r e a  a r e  r e l a t e d  t o  t h e  l o c a t i o n  of 

t h e  farm. S i n c e  l o s s e s  of  i r r i g a t i o n  w a t e r  a r e  a  f u n c t i o n  of d i s t a n c e ,  

farms a t  t h e  t a i l s  of commands w i t h  h i g h  t o t a l  l o s s e s  o f t e n  e x p e r i e n c e  

lower  pe r  a c r e  y i e l d s  t h a n  farms l o c a t e d  a t  t h e  heads  of command a r e a s .  

Table  7 p r o v i d e s  i n f o r m a t i o n  abou t  e f f e c t  of farm l o c a t i o n  on c r o p  y i e l d s .  



T a b l e  7. Crop Y i e l d s  and l o c a t i o n  o f  f a r m  on  w a t e r c o u r s e  command r e a c h .  

- --- 
I r r i g a t i o n  

L o c a t i o n  o f  E f f i c i e n c y  Number Number Number 
Farm on  (Ed x Ea)  o f  Wheat of  R i c e  o f  C o t t o n  
Command A r e a  Mean Median Farms Md/Acre Farms Md/Acre Farms ~ d / A c r e  

Head 4 7  P, 50% 111 20 25 20 55 11 

Middle  

T a i l  32 35 37 22 11 1 3  22 6  

T a b l e  8 .  C o n t r o l  o v e r  w a t e r  s u p p l i e s  and y i e l d s / a c r e  o f  whea t  and c .o t ton .  

Command C o n t r o l  o v e r  P r i v a t e  
A r e a  S i t e  Supplementa l  Tubewell  Wheat C o t t o n  
and N o .  o f  w a t e r  s u p p l i e s  D e n s i t y  Y i e l d s  Y i e l d s  
Commands (Tw=Tubewell ) (Acres )  CCA/TW Md/Acre Md/Acre 

107-3wc Very good 
(26 Tw) 

Good 
( 6  Tw) 

Poor 
( 2  Tw) 



11. WATER AVAILABILITY AND CROP YIELDS 

Chapter Four of Volume Three i nc ludes  d a t a  showing t h e  importance 

of t h e  wate r  supply s i t u a t i o n  f o r  c rop  y i e l d s .  A t  t h i s  p o i n t  t hose  

f i n d i n g s  a r e  summarized. F i r s t ,  weighted average  wheat y i e l d  pe r  a c r e  

f o r  228 pe r enn i a l  command farms is 22 maunds a s  compared w i th  on ly  17 

maunds f o r  t h e  94 farms on nonperennial  commands. Likewise ,  r i c e  

y i e l d s  a r e  about  1 maund l e s s  on nonperennial  commands and c o t t o n  

y i e l d s  a r e  3  maunds l e s s  f o r  farms on nonperennial  commands a s  com- 

pared w i th  p e r e n n i a l  commands. There i s  ve ry  l i t t l e  c u l t i v a t i o n  of 

r i c e  o r  c o t t o n  on nonperennia l  commands except  where t h e r e  a r e  p u b l i c  

o r  p r i v a t e  tubewel l s .  Secondly, g iven  t h e  importance of water  c o n t r o l  

f o r  i r r i g a t i n g  i n  accordance w i th  crop needs ,  p r i v a t e  tubewel l  owners 

have average wheat y i e l d s  f o u r  maunds g r e a t e r  pe r  a c r e  than  fa rmers  

who u se  p u b l i c  tubewel l s ,  and s i x  maunds g r e a t e r  than  fa rmers  who u se  

no tubewel l  wa t e r .  I n  terms of r i c e  y i e l d s ,  p r i v a t e  tubewel l  farms have 

a  weighted mean y i e l d  of 23 maundslacre as compared t o  19 maunds f o r  

fa rmers  where t h e r e  a r e  p u b l i c  tubewel l  s u p p l i e s  and 14 maunds where 

t h e r e  a r e  no tubewel l s .  Owners of tubewel l s  have c o t t o n  y i e l d s  of 1 3  

maundslacre a s  compared w i t h  8  maunds f o r  fa rmers  w i t h  pub l i c  tubewel l  

s u p p l i e s .  Farmers w i th  improved water  s u p p l i e s  tend t o  u t i l i z e  more 

f e r t i l i z e r  than  o t h e r  fa rmers .  Tubewell owners, on t h e  average ,  u t i l i z e  

about  20 t o  25 pe r cen t  more n i t r o g e n  than  fa rmers  w i th  no tubewel l  s u p p l i e s .  

111. UNCERTAINTY OF DELIVERY 

The u n c e r t a i n t y  of d e l i v e r y  i s  g r e a t e s t  f o r  fa rmers  on non- 

p e r e n n i a l  commands w i t h  no tubewel l  supplements t o  c ana l  s u p p l i e s .  

S i t e s  114 and 115 have such sample farms. The weighted average  y i e l d  

of wheat pe r  a c r e  is  about  15  t o  16 maunds a s  compared t o  a n  average  of 



22 maundslacre f o r  t h e  228 p e r e n n i a l  f a rmers .  Y e t ,  u n c e r t a i n t y  of wa te r  

s u p p l i e s  on p e r e n n i a l  commands i s  a l s o  s u b s t a n t i a l  because  fa rmers  do 

n o t  r e c e i v e  r e l i a b l e  in format ion  abou t  c a n a l  openings  o r  c l o s u r e s .  The 

upper Indus  Basin  wa te rcourse  survey (Gibb, 1966: Vol. 1 0 ,  p. 110) 

p r o v i d e s  d a t a  abou t  t h e  f requency and p a t t e r n  of c a n a l  c l o s u r e s .  For 

7 nonperenn ia l  commands, t h e  a v e r a g e  days  t h e  c a n a l  was open were 180,  

b u t  t h e  s t a n d a r d  d e v i a t i o n  is 40 days  w i t h  a range  of 124 t o  228 days .  

The same t y p e  of v a r i a b i l i t y  is found on 1 3  p e r e n n i a l  commands where 

t h e  c a n a l s  are opened f o r  a n  average  of 300 days  a y e a r  w i t h  a wide 

range  of 241 t o  336 days .  Year ly  changes are s u b s t a n t i a l  and t h e  un- 

c e r t a i n t y  of w a t e r  d e l i v e r y  i s  g r e a t .  

C losures  f o r  annua l  maintenance on p e r e n n i a l  commands u s u a l l y  t a k e  

p l a c e  i n  December and January.  Though n o t  a bad t ime i n  r e s p e c t  t o  

c r o p  needs,  t h e  d a t e s  a r e  n o t  a d e q u a t e l y  announced nor  a r e  s t r i c t  

schedu les  main ta ined .  C l o s u r e s  a f t e r  heavy r a i n s  o r  d u r i n g  a f l o o d  are 

o f t e n  n e c e s s a r y  i n  J u l y ,  August and September, b u t ,  f a rmers ,  of c o u r s e ,  

have no forewarning.  C losures  a t  o t h e r  t imes  f o r  emergency r e p a i r s  o r  

s h o r t a g e s  of wa te r  a r e  unavoidable .  When t h e s e  t a k e  p l a c e  i n  March, 

A p r i l ,  October and November a t  l and  p r e p a r a t i o n - t i m e ,  t h e  impact is 

s u b s t a n t i a l  on cropping d e c i s i o n s  and c r o p  y i e l d s .  At one p a r t i c u l a r  

wa te rcourse  i n  a n o t h e r  su rvey  d u r i n g  a p e r i o d  of c a n a l  c l o s u r e  i n  

r a b i ,  1974 (Lowdermilk, C l y m a ,  E a r l y ) ,  one of t h e  a u t h o r s  r e c e i v e d  from 

t h e  c a n a l  depar tment  a copy of t h e  r a t i o n i n g  schedu le  f o r  fa rmers .  The 

pub l i shed  schedu le ,  however, was n o t  fo l lowed.  

As a means of overcoming u n c e r t a i n t y  of d e l i v e r y ,  f a rmers ,  who can ,  

hav? , i n s t a l l e d  p r i v a t e  tubewel l s  where groundwater q u a l i t y  p e r m i t s .  As 

an,.warnple of the. importance of p r i v a t e  tubewel l s ,  we c i t e  t h e  c a s e  of 



v i l l a g e  107 where t h e r e  a r e  26 p r i v a t e  t u b e w e l l s ,  of which about  75 

p e r c e n t  a r e  owned j o i n t l y  by smal l  f a rmers .  Except f o r  one c a s e ,  a l l  

t h e s e  t u b e w e l l s  belong t o  t h e  members o f  t h e  same k i n s h i p  group. The 

tubewel l  d e n s i t y  on t h e  t h r e e  wa te rcourse  commands is one w e l l  pe r  abou t  

75 a c r e s .  Given t h e  c o n t r o l  over  i r r i g a t i o n  s u p p l i e s ,  t h e  weighted average  

y i e l d  p e r  a c r e  of wheat is 30 maunds f o r  52 f a r m e r s ,  and t h e  average 

y i e l d  of c o t t o n  is 1 3  maunds p e r  a c r e .  No r i c e  is c u l t i v a t e d  by sample 

f a r m e r s  a t  t h i s  s i t e  due t o  t h e  l a c k  of medium t o  f i n e  loam and c l a y  

loam s o i l s .  These y i e l d s ,  w i t h  good wate r  c o n t r o l ,  compared w i t h  

average y i e l d s  f o r  p e r e n n i a l  commands, a r e  f i v e  maundslacre h i g h e r  f o r  

wheat and t h r e e  maunds p e r  a c r e  h i g h e r  f o r  c o t t o n  ( s e e  Tab le  8 ) .  I n  

Tab le  8 t h e  c r o p  y i e l d s  of s i t e  107, w i t h  good wate r  c o n t r o l ,  a r e  

compared w i t h  two o t h e r  command a r e a s  i n  t h e  same agro-c l imat ic  zone 

w i t h  s i m i l a r  s o i l s .  The c l i m a t i c  r e g i o n  h a s  an  e s t i m a t e d  annua l  

a tmospher ic  e v a p o r a t i v e  d e f i c i t  of  60 i n c h e s .  S i t e  102 i s  a c o t t o n  

dominated command a r e a  i n  Multan D i s t r i c t ,  a s  i s  s i t e  107. The on ly  

d i f f e r e n c e  between t h e  s i t e s  is d e n s i t y  of p r i v a t e  t u b e w e l l s .  S i t e  114 

i s  a l s o  a c o t t o n  dominant command a r e a  i n  t h e  same c l i m a t i c  r e g i o n  

l o c a t e d  a t  Bahawalpar. I t  i s  a nonperenn ia l  a r e a  w i t h  a v e r y  low d e n s i t y  

of p r i v a t e  t u b e w e l l s .  

I n  t h e  comparison of t h e s e  t h r e e  t y p e s  of commands t h e  d i f f e r e n c e s  i n  

y i e l d s  a r e  s t r i k i n g .  These d a t a  show t h e  importance of c e r t a i n t y  of 

s u p p l i e s  of i r r i g a t i o n  wate r .  T h i s  n o t  on ly  i n f l u e n c e s  y i e l d s  p e r  a c r e ,  

b u t ,  a s  d i s c u s s e d  e a r l i e r ,  a l s o  g r e a t l y  i n f l u e n c e s  c ropp ing  i n t e n s i t i e s .  

A s  one group of a n a l y s t s  s t a t e s  (World Bank, 1976: Vol. 111, p. 1 ) :  

Given t h e s e  d i f f i c u l t i e s ,  i t  is n o t  s u r p r i s i n g  t h a t  i n d i v i d u a l  
f a rmers  a r e  r e l u c t a n t  t o  i n v e s t  i n  o t h e r  m a t e r i a l  a g r i c u l t u r a l  
i n p u t s  n e c e s s a r y  f o r  a c c e p t a b l e  y i e l d s  because  t h e  b a s i c  i n p u t ,  
wa te r ,  i s  u n r e l i a b l e .  



I V .  UNLEVEL FIELDS AND CROP YIELDS 

A major research  need i n  Pakis tan  is r e l a t e d  t o  b e n e f i t s  and c o s t s  

of pe rc i s ion  land l eve l ing .  It is  s u r p r i s i n g  t h a t  l i t t l e  empir ica l  d a t a  

e x i s t  about the  inf luence  of land l eve l ing  on crop y i e l d s .  Though we 

d i scuss  the  need f o r  more l e v e l  bas ins  of i r r i g a t i o n ,  we have no primary 

d a t a  from t h i s  survey about y i e l d s  of crops and p rec i s ion  land l eve l ing .  

We, however, present  a v a i l a b l e  d a t a  t o  document t h e  importance of t h e  

r e l a t ionsh ip  of land l e v e l i n g  and crop y i e l d s .  

One study (Wahla and Reuss, 1976) of measured f i e l d  l eve lness ,  

co t ton  s tands ,  and y i e l d s ,  found t h a t  co t ton  y i e l d s  were reduced by 50 

percent o r  more by unlevel  f i e l d s .  The s tudy revealed water appl ied t o  

low e l eva t ion  a r e a s  i n  f i e l d s  was 4.65 a c r e  inches more than the  high 

e l eva t ion  spot  and 2.54 inches more than t h e  middle e l eva t ion  spot .  

The mean number of co t ton  s t a l k s  per 400 square f e e t  was 124 a t  high 

e l eva t ions ,  130 a t  middle e l eva t ions  and 80 a t  low e leva t ions .  Like- 

wise, y i e l d s  i n  maunds per a c r e  were 7.5 a t  high e l eva t ions ,  8 .1  a t  

middle e l eva t ions  and 3.8 a t  low e l eva t ions .  Mean e l eva t ions  between 

the  high and low spo t s  f o r  t h i s  s tudy were 4.65 inches wi th  a  range of 

3.0 t o  10.6 inches. 

Though f i e l d  l eve lness  was est imated by s i g h t  i n  t h e  Lower Indus 

Basin watercourse s tudy i n  1963-64 (MacDonald, 1966: Vol. I ) ,  t he  

i n v e s t i g a t o r s  found a r e l a t i o n s h i p  between crop y i e l d s  f o r  s eve ra l  crops 

and t h e  l eve l ing  standard of f i e l d s .  Their  es t imates  a r e  presented 

below i n  Table 9. 



Table 9.  Re la t ionsh ip  between l eve lnes s  and crop y i e l d s  (maundslacre). 

Estimated l e v e l i n g  s tandard  
Crop Poor F a i r  Good 

Rice 7 1 3  32 
Cot ton 6 7 11 
Wheat 6 14 14 
Sugarcane 300 530 460 

Though w e  a r e  no t  s u r e  what "poor," " f a i r "  and "good" l e v e l i n g  i s  i n  

a c t u a l  inches of e l e v a t i o n  d i f f e r e n c e ,  i t  is  widely accepted t h a t  

p r ec i s ion  land l e v e l i n g  is  r e l a t e d  t o  improved crop y i e l d s .  The Lower 

Indus s tudy ,  using t h e s e  crude e s t ima te s ,  r e p o r t s  t h a t  of 3850 a c r e s  

observed, 32 percent  were "poorly l eve l ed , "  60 percent  were " f a i r l y  

l w e l e d "  and only 8 percent  were " w e l l  leveled."  It can be argued t h a t  

one can ga in  an approximation of f i e l d  l e v e l n e s s  by observing t h e  p a t t e r n s  

of water movement ac ros s  f i e l d s ,  bu t  t h i s  method i s  no t  always accura te .  

Evaluat ions of f i e l d s  a f t e r  p r ec i s ion  land l e v e l i n g  i n  Multan 

D i s t r i c t ,  Mian Channu, t h e  Shadab P r o j e c t  near  Lahore and i n  Sargodha 

D i s t r i c t  have shown t h a t  t h e r e  is  a sav ings  of from one-third t o  one-half 

t h e  water on p rec i s ion  l eve l ed  f i e l d s  a s  compared t o  t r a d i t i o n a l  un leve l  

f i e l d s  (Al i ,  Clyma, Ashraf,  1975: p. 27). Severa l  s t u d i e s  have i n d i r e c t l y  

examined the  i n f luence  of land l e v e l i n g  on y i e l d s  but  have no t  i s o l a t e d  

i t s  e f f e c t  s epa ra t e  from o t h e r  improved p r a c t i c e s .  For example, i n  a 

demonstration program near  Lahore i n  1974-75 r a b i  wheat season,  s e v e r a l  

t r i a l s  were conducted wi th  a package of t r a d i t i o n a l  p r a c t i c e s  ve r sus  a 

package of improved p r a c t i c e s .  The t r a d i t i o n a l  p r a c t i c e s  w e r e  sowing 

wi th  pora,  low f e r t i l i t y  of 50 l b s .  of n i t rogen  and t r a d i t i o n a l  i r r i g a -  

t i o n  p r a c t i c e s .  The improved package of p r a c t i c e s  was seeding wi th  



d r i l l ,  h igh f e r t i l i t y  (150 l b s .  of N and 37 t o  75 l b s .  of P20S) and 

i r r i g a t i o n  a p p l i c a t i o n s  according t o  s o i l  mois ture  dep le t i on .  The v a r i o u s  

r e p l i c a t i o n s  were on a f a rmer ' s  f i e l d  t h a t  had j u s t  been p r e c i s i o n  leve led  

before  sowing wi th in  t h e  t o l e r ance  of 0 . 1  f o o t  from high t o  low e l eva t ion .  

The types  of t rea tments  and r e s u l t s  a r e  shown i n  Table 10  f o r  Chenab 70 

high y i e ld ing  wheat v a r i e t y  sown on November 17 wi th  a seed r a t e  of 40 

l b s .  of seed t o  t h e  ac re .  

Table 10. Mean y i e l d s  of g r a i n  and amount of i r r i g a t i o n  water  used by 
wheat a t  Mohlinaal v i l l a g e  (Lahore D i s t r i c t )  ( r a b i  1974-75).* 

Acre 
inches Yield Maundsl 

Treatment i r r i g a t i o n  maundsl a c r e  
No. Type Treatment water  a c r e  inch  

1 Pora sowing low f e r t i l -  
i t y  (50 l b s  N and 0.0 
P20S) t r a d i t i o n a l  irri- 
g a t  ion. 

2 Pora-low f e r t i l i t y -  
improved i r r i g a t i o n .  

3 Broadcast,  h igh f e r t i l -  
i t y  155 l b  N-split  
a p p l i c a t i o n  75 l b s  P20S 
improved i r r i g a t i o n  14.5 46.2 3.19 

4 Pora-high f e r t i l i t y -  
t r a d i t i o n a l  i r r i g a t i o n  24.5 49.6 2.02 

5 Pora-high f e r t i l i t y  
improved i r r i g a t i o n  

*Department of Agr i cu l tu re ,  Punjab, On-Farm Management S tud ie s ,  S e r i e s  No. 
1, Lahore, Pakis tan ,  November 1976. (Note t h e  a c r e  inches of i r r i g a t i o n  
water ,  do n o t  inc lude  about t h r e e  inches of r a i n f a l l . )  



A c t u a l l y  o n l y  t h r e e  f a c t o r s  were t e s t e d  i n  t h i s  exper iment .  These 

were i r r i g a t i o n ,  f e r t i l i t y  and sowing method. A l l  p l a n t s  were on a  

l e v e l  f i e l d .  We should n o t e ,  however, t h e  i n c r e a s e  i n  y i e l d s  due t o  

f e r t i l i z e r .  I r r i g a t i o n  p r a c t i c e s  a t  t r e a t m e n t  5  provided 3 .7  mds p e r  

a c r e  i n c h  of w a t e r  a p p l i e d  compared w i t h  o n l y  2  mds p e r  a c r e  i n c h  f o r  

t r e a t m e n t  4  which d i f f e r s  on ly  i n  i r r i g a t i o n  p r a c t i c e s .  

Probably  t h e  most s i g n i f i c a n t  f i n d i n g  from t h e s e  exper iments  i s  t h e  

s a v i n g s  i n  wa te r  between t h e  t r a d i t i o n a l  and t h e  improved i r r i g a t i o n s .  

Water a s  a n  i n p u t  should  be  r e l a t e d  t o  y i e l d  pe r  a c r e  i n  o r d e r  t o  g a i n  

a r e a l i s t i c  v a l u e  of wa te r .  For example, i f  we e s t i m a t e  t h e  c o s t  of 

wa te r  a t  t h e  f a r m e r ' s  f i e l d  a t  R s .  50  p e r  a c r e  f o o t  t h e  average  s a v i n g s  i n  

wa te r  between t r e a t m e n t s  1 and 2  as w e l l  as 3 and 4  is R s .  41.65 p e r  a c r e  

(10" + 12" = .83 x  R s .  50) .  Another l e s s o n  t o  g a i n  from t h e s e  t r i a l s  

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

fa rmers  s t i l l  must l e a r n  new management p r a c t i c e s .  It is a l s o  sugges ted  

from t h e s e  d a t a  t h a t  f a rmers  tend t o  o v e r i r r i g a t e  wheat.  

While t h e s e  d a t a  do n o t  i s o l a t e  t h e  impact of l and  l e v e l i n g  on y i e l d s ,  

they do i n d i c a t e  i t s  importance.  Research is s o r e l y  needed about  t h e  

a c t u a l  b e n e f i t s  i n  o r d e r  t o  m o t i v a t e  fa rmers  t o  adop t  t h e  p r a c t i c e .  

Exper ience i n d i c a t e s  t h a t  l and  l e v e l i n g  can i n f l u e n c e  y i e l d s  by producing 

i n c r e a s e d  u n i f o r m i t y  of s t a n d s ,  g r e a t e r  u n i f o r m i t y  of growth, and reduced 

f e r t i l i z e r  l o s s e s .  E x t r a  a c r e s  brought  i n t o  p roduc t ion  due t o  w a t e r  

s a v i n g s  a l s o  add t o  p roduc t ion .  There  must be  some way t o  h e l p  fa rmers  

become more wate r  consc ious  over  t ime. Maunds of p roduc t ion  p e r  u n i t  

o f  wa te r  should  become a  s t a n d a r d  method of d i s c u s s i n g  y i e l d s .  I f  one 

can e x p r e s s  y i e l d s  i n  terms of n i t r o g e n ,  one can a l s o  e x p r e s s  y i e l d s  i n  

terms of u n i t s  o f  wa te r  u t i l i z e d .  



V.  WATER ADEQUACY AND YIELDS 

The water  adequacy measure h a s  s e v e r a l l i m i t a t i o n s .  A major  weakness 

i s  t h a t  i t  does  n o t  r e f l e c t  i r r i g a t i o n  adequa te ly  throughout  a given 

season. It on ly  t e l l s  u s  how much t h e  farmer may have i r r i g a t e d  a t  a 

given po in t  i n  t ime. We w i l l  u s e  t h i s  measure,however, where t h e  weighted 

mean water  adequacy v a l u e s  are 150 pe r cen t  o r  more, and compare them t o  

y i e l d s  f o r  t h r e e  c rops  ( s ee  Table  1 1 ) .  A l l  s i t e s  except  s i t e s  1 0 1  and 110 

(Table 11)  are p u b l i c  tubewel l  supplemented commands. S i t e  110 h a s  a 

ve ry  h igh  p r i v a t e  tubewel l  d e n s i t y  (27 TW f o r  1384 a c r e s ) .  

S i t e s  where s u b s t a n t i a l  o v e r i r r i g a t i o n  took p l a c e  a r e  compared w i th  

u n d e r i r r i g a t e d  s i t e s  as shown i n  Table  11. The major d i f f e r e n c e  i n  

y i e l d s l a c r e  between t h e  two groups i s  f o r  t h e  r i c e  c rop .  

Tab le  11. Adequacy of i r r i g a t i o n  and y i e l d s  pe r  a c r e .  

Wheat Rice  Cot ton 
No. Adequacy of y i e l d s  y i e l d s  y i e l d s  

S i t e s  Farms i r r i g a t i o n  mdslacre  mds lacre  mdslacre  

101  - lwc 5 153 

109 - 2wc 12  234 

116 - 4wc 2 1 276 

105 - lwc 5 321 

110 - 2wc 2 7 167 

Weighted 
T o t a l s  7 1 220 15  17 2 

A l l  Other 
Commands 
Weighted 251 7 4 21  11 9 



V I .  WATERLOGGING AND YIELDS 

Two sites, both perennia1,where s u b s t a n t i a l  water logging is  evident  

a r e  sites 113 and 116. A t  s i t e  113, t h e  f o u r  commands have s e r i o u s  

water logging problems a t  t h e  t a i l  reaches.  A t  s i t e  116 water logging i s  

a problem throughout t h e  four  command a r e a s  because t h e  farmers  have 

excess  i r r i g a t i o n  supp l i e s  throughout t h e  year  and excess ive  d i s t r i b u t a r y  

e l e v a t i o n  r e l a t i v e  t o  f i e l d s  l e a d s  t o  v i s i b l y  ev ident  seepage. I n  

a d d i t i o n ,  t h e  dra inage  system i s  not  adequate.  Yield d a t a  i n  Table 12 

a r e  only i n d i c a t i v e  s i n c e  t he re  a r e  few head and t a i l  cases ,  we cannot 

draw s t rong  conclusions.  I n  a l l  cases ,  where we have d a t a ,  wi th  t h e  

except ion of r i c e  a t  s i t e  116, t h e  d i f f e r e n c e  i n  head and ta i l  y i e l d s  

a r e  obvious. This  sugges ts  t h a t  waterlogging i s  u s u a l l y  g r e a t e r  a t  t h e  

t a i l s  of a f f e c t e d  command a r e a s  than a t  t h e  heads. More d a t a ,  however, 

a r e  requi red  t o  a s c e r t a i n  t h e  magnitude of water logging d i f f e r e n c e s .  

Table 12. Yields  of head and t a i l  farms on heav i ly  waterlogged command 
a reas .  

Wheat Rice Cotton 
Command No. y i e l d  No. y i e l d s  No. y i e l d s  

s i t e s  farms mdslacre farms mdslacre farms mdslacre 

113 - 4 wc 

Head Farms 3 33.7 1 27.0 2 7 .O 

T a i l  Farms 7 28.0 1 13.0 3 2.1 

116 - 4 wc 

Head Farms 2 10.0 6 10.7 0 - 
T a i l  Farms 4 9.7 11 12.5 0 - 
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CWPTER THREE 

AGRONOMIC AND ECONOMIC CONSTRAINTS 

Physical  water supp lycons t r a in t  r ep re sen t  on ly  one major s e t  of 

problems confront ing farmers i n  Pakis tan .  

I r r i g a t i o n  water  management inc ludes  no t  only t h e  more e f f i c i e n t  

conveyance and u t i l i z a t i o n  of water ,  b u t  a l s o  inc ludes  in su r ing  t h e  

a v a i l a b i l i t y  and proper  u t i l i z a t i o n  of c rop  i n p u t s ,  ex tens ion  s e r v i c e s ,  

and farm technology requi red  f o r  higher  c rop  y i e l d s .  Some of  t hese  

inpu t s  farmers can provide themselves,  bu t  most depend upon p o s i t i v e  

government p o l i c i e s  and we l l  organized s e r v i c e s  which reach e f f e c t i v e l y  

t o  t h e  farm l e v e l .  The ag ra r i an  s t r u c t u r e ,  inc luding  tenure  p a t t e r n s  and 

farm s i z e ,  o f t en  inf luences  t h e  a b i l i t y  of farmers t o  ob ta in  what s e r v i c e s  

and inpu t s  a r e  ava i l ab l e .  Often, many of t h e s e  f a c t o r s  a r e  n o t  included 

i n  an examination o f  i r r i g a t i o n  systems, bu t  they  determine t h e  success  

o r  f a i l u r e  of t hese  systems a t  t h e  farm l e v e l .  

This  chapter ,  t h e r e f o r e ,  p re sen t s  a d e s c r i p t i o n  o f  t h e  magnitude 

of agronomic and economic c o n s t r a i n t s  which p re sen t ly  confront  sample 

farmers . 
I. AVAILABILITY OF SELECTED INPUTS 

The r e p o r t s  by sample farmers on a v a i l a b i l i t y  of  two c r u c i a l  

i npu t s ,  tubewell  water and f e r t i l i z e r ,  a r e  presented  g raph ica l ly  i n  

Figure 4 by farm s i z e  category.  This  information and d a t a  d isp layed  

i n  Table 1 3  show a s i g n i f i c a n t  r e l a t i o n s h i p  between a v a i l a b i l i t y  of 

both f e r t i l i z e r  and tubewell  water and farm s i z e  (see Figure 4 and 

Table 1 3 ) .  The l a r g e r  t h e  farm s i z e  t h e  more e a s i l y  a v a i l a b l e  is 

supplemental tubewell  water--the same genera l  r e l a t i o n s h i p  holds f o r  

f e r t i l i z e r .  Of t h e  24 fanners  w i th  25 a c r e s  o r  more of land ,  67 per- 

cen t  r e p o r t  tubewell  water a s  e a s i l y  a v a i l a b l e  as compared t o  only  
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FIGURE 4. PERCENTAGE OF SAMPLE FARMERS REPORTING AVAILABILITY OF FERTILIZER AND 
TUBEWELL WATER 



Table 13. Percentage of sample farmers reporting availability of fertilizer 
and tubewell water. 

Fertilizer Tubewell Water 

Farm '# of Not With Easily # of Not With Easily 
Characteristics Farms Available Difficulty Available Farms Available Difficulty Available 

Farm Size Class 
(Acres ) 

Under 2.5 72 12.5 38.9 48.6 
2.5-7.49 97 7.2 48.5 44.3 
7.5-12.49 100 2.0 36.0 62.0 
12.5-24.99 87 1.1 35.6 63.2 
25.0-49.99 17 - 11.8 88.2 
50 or More 8 - - 100.0 

(~2=34 .o ) * *  
d.f. = 10 

Tenure 

Owners 254 5.9 38.6 55.5 
Owner-Tenants 56 3.6 35.7 60.7 

Tenants & 71 2.9 36.6 60.1 
Contractors 

Weighted Totals 381 

* Denotes significance between .05 and .001 
**Denotes significance at the .001 level or higher 



about 30 percent of the farmers with under 12.5 acres of cultivated 

holdings. Figure 4 shows a small percentage of farmers who report tha t  

f e r t i l i z e r  i s  not available. While f e r t i l i z e r  i s  available somewhere 

a t  some pr ice ,  these farmers report t ha t  due t o  a lack of capi ta l  and/or 

ava i lab i l i ty  a t  the  nearest agency, f e r t i l i z e r  i s  essent ia l ly  unavail- 

able t o  them a t  the time required. 

Table 13 also shows ava i lab i l i ty  of f e r t i l i z e r  and tubewell water 

by tenure groups. L i t t l e  difference i s  shown in  the ava i lab i l i ty  of 

f e r t i l i z e r  and tubewell water by tenure groups. However, of the t o t a l  

381 farmers reporting only 57 percent report f e r t i l i z e r  a s  "easily 

available." Reasons given for  lack of f e r t i l i z e r  ava i lab i l i ty  include 

i ts  high cost and lack of c red i t ,  distance t o  agency and i ts  frequent 

nonavailability a t  agencies when required. For the t o t a l  sample, 45 

percent of the farmers do not have tubewell water available and 18 percent 

report t h a t  it i s  available but with d i f f icu l ty .  Reasons given are lack 

of credi t ,  heavy demand on private tubewells, topographical problems 

and distance from the tubewells t o  the i r  farm plots .  

Farmers were questioned about the ava i lab i l i ty  of improved seed 

and pesticides. Seed ava i lab i l i ty  refers  primarily t o  high yielding 

wheat var ie t ies  and cotton seed of proven quality.  Farmers frequently 

use the i r  own seed o r  those available from other farmers; therefore, 

there is  l i t t l e  difference as  shown i n  Table 1 4  between farm s ize  and 

land tenure classes i n  the ava i lab i l i ty  of seed. Farmers tend to  

perceive tha t  t he i r  own farm-produced seeds are  of good quality. Seed 

quality,  and services t o  improve the avai labi l i ty  of improved seed, 

has been a problem in Pakistan over the years. Several studies have 

examined t h i s  problem in  de t a i l  and have recommended action for  



improved seed production, s tandards,  and d i s t r i b u t i o n  (Johnson, Douglas, 

1970: Report 1 3 ) .  

Farmers consis tent ly  report  t h a t  pes t i c ides  and insec t i c ides  a r e  

not avai lable  i n  t h e  market (see Table 1 4 ) .  Sixty-three percent of t h e  

339 report ing farmers s t a t e  t h a t  insec t i c ides  a r e  not avai lable  even i f  

one has the  c a p i t a l  t o  purchase them. Only about 54 percent of t h e  

l a r g e r  farmers with 25 o r  more acres  repor t  t h a t  these  inputs  a r e  e a s i l y  

avai lable .  Other s tud ies  (Mendivil, 1966) repor t  t h a t  t h e  a v a i l a b i l i t y  

and proper use of insec t i c ides  a r e  a major problem, espec ia l ly  f o r  r i c e  

and cotton farmers. Our purpose here is  t o  present  farmer 's  r epor t s  

of a v a i l a b i l i t y  and suggest t h a t  a problem e x i s t s .  

11. AVAILABILITY OF CREDIT FOR SELECTED CROP INPUTS 

Figure 5 and Table 15 present  information about t h e  a v a i l a b i l i t y  

of c r e d i t  o r  c a p i t a l  f o r  f e r t i l i z e r ,  seed and pes t ic ides  by farm 

s i z e  c lasses .  A s  expected, smaller farmers with under 12.5 acres  of 

cul t iva ted  holdings, consis tent ly  face  g rea te r  problems with c r e d i t  

f o r  a l l  inputs.  However, farmers with 25 acres  o r  more a l s o  face  

c r e d i t  const ra in ts .  For example, of these  l a rge r  farmers 68 percent 

repor t  c r e d i t  e a s i l y  avai lable  f o r  f e r t i l i z e r .  For seed and pes t i c ide ,  

the re  is  no i n s t i t u t i o n a l  c r e d i t  avai lable ,  so  repor t s  of a v a i l a b i l i t y  

r e f e r  t o  personal sources. A s  mentioned above, farmers do not perceive 

seed a s  a major problem since they use farm-produced seed. The c a p i t a l  

o r  c r e d i t  required f o r  seed i s  usually very small i n  comparison with 

other inputs.  However, f o r  the  t o t a l  sample, only 32 percent  of t h e  

sample farmers repor t  t h a t  they have c a p i t a l  o r  can obtain c r e d i t  from 

some source f o r  t h e  purchase of improved seed. 





FIGURE 5. PERCENTAGE OF SAMPLE FARMERS REPORTING AVAILABILITY OF CREDIT FOR FERTILIZER, 
SEED AND PESTICIDES 



Table 15. Percentage of sample farmers reporting availability of 

credit or capital for fertilizer, seed and pesticides. 

Farm 
Character- 
istics 

Farm Size 

Under 2.5 71 67.6 18.3 14.1 66 63.6 16.7 
2.5-7.49 93 49.5 32.3 18.3 88 56.8 14.8 
7.5-12.49 95 37.9 33.7 28.4 85 54.1 22.4 
12.5-24.99 82 29.3 30.5 40.2 - 78 39.7 16.7 
25.0-49.99 17 47.1 52.9 15 - - 33.3 
50 or More 8 100.0 8 12.5 - - 

(x2=4 1.8) * * 
Tenure 

Owners 249 40.2 29.3 30.5 232 49.1 15.1 
Owner-Tenants 52 38.5 44.2 17.3 48 43.8 33.3 
Tenants & 65 54.0 18.5 30.2 60 58.3 16.7 
Contractors (x2=11.9) * 

d.f, = 4 
Weighted 366 42.1 29.5 28.5 340 50.0 17.9 
Totals 

Pesticides 

* Denotes significance between .05 and .001 
**Denotes significance of .001 or higher 

f r Fertilizer Seed 
# of 
Farms 

'# of 
Farms 

# of 
Farms 

-Not 
Avail- 
able 

Not 
Avail- 
able 

Not 
Avail- 
able 

With 
Diffi- 
culty 

With 
Diffi- 
culty 

With 
Diffi- 
culty 

Easily 
Avail- 
able 

~asily 
Avail- 
able 

Easily 
Avail- 
able 



A s  expected, there  is  a s ign i f i can t  r e la t ionsh ip  between c a p i t a l  or 

c r e d i t  a v a i l a b i l i t y  f o r  pes t i c ides  when needed and farm s i z e .  

Sample farmers were questioned about the  a v a i l a b i l i t y  of c a p i t a l  

o r  c r e d i t  f o r  t r a c t o r  h i r e  and household use. Household use i s  included; 

because, especia l ly  f o r  small farmers, it is d i f f i c u l t  t o  segregate 

productive and consumptive uses of c r e d i t .  Table 16 shows t h a t  t h e  

l a rge r  t h e  farm s i z e ,  the  more e a s i l y  avai lable  is c r e d i t  o r  c a p i t a l  

f o r  t r a c t o r  h i re .  With t h e  t r a c t o r  owners excluded, about 58 percent 

of farmers with 25 o r  more acres  repor t  "eas i ly  avai lable"  while only 

11 percent of farms with l e s s  than 25 acres  i n  cu l t iva ted  holdings give 

t h i s  repor t .  For smaller farmers and tenants ,  c a p i t a l  o r  c r e d i t  f o r  

t r a c t o r  h i r e  i s  only minimally avai lable .  Tractor h i r e  r a t e s  have 

increased rapidly  over the  l a s t  few years due t o  general i n f l a t i o n ,  

import cos t s ,  and t h e  energy c r i s i s .  

Table 16 a l so  contains reported information on a v a i l a b i l i t y  of 

c r e d i t  f o r  household uses which include sickness,  weddings, t r a v e l ,  

and home improvements. Whatever t h e  source of t h e  c a p i t a l  o r  c r e d i t ,  it 

is  much more d i f f i c u l t  f o r  small farmers. About 25 percent of t h e  

fanners with under 7.5 acres  repor t  t h a t  it is  e a s i l y  avai lable  (usually 

from r e l a t i v e s  o r  f r i e n d s ) .  In  contras t  about 80 percent of farmers 

with 25 or  more acres  repor t  e a s i l y  avai lable .  

111. MAJOR SOURCES OF CREDIT 

The major sources of c r e d i t  a r e  non ins t i tu t iona l ,  which, i n  order 

of importance, a re  family, f r i ends ,  money lenders ,  and commission agents. 

Table 17 and Figure 6 show the  percentages of farmers report ing major 

sources of c red i t .  About 72 percent of t h e  farmers repor t ing give 

"family o r  f r iends"  a s  major c r e d i t  sources. Only '9 percent repor t  



Table 16. Percentage of sample farmers reporting availability of 

capital or credit for tractor hire and household use. 

Tractor Hire Household Use 

Farm # of Not With Easily # of Not With Easily 
Characteristics Farms Available Difficulty Available Farms Available Difficulty Available 

Farm Size Class 
(Acres) 

Under 2.5 66 83.3 9.1 7.6 67 59.7 17.9 22.4 
2.5-7.49 82 81.7 13.4 4.9 87 43.7 26.4 29.9 
7.5-12.49 85 78.8 12.9 8.2 89 42.7 23.6 33.7 
12.5-24.99 76 59.2 17.1 23.7 70 35.7 15.7 48.6 
25.0-49.99 16 18.8 31.3 50.0 14 14.3 14.3 ' 71.4 
50 or More 8 12.5 12.5 75.0 8 12.5 - 87.5 

(x2=68. 5,10df) * (x2=32. 5,lOdf) * 

Tenure 

Owners 228 68.9 13.6 17.5 225 41.3 19.6 39.1 
Owner-Tenants 52 76.9 17.3 5.8 50 40.0 26.0 34.0 
Tenants & 53 77.3 13.7 9.8 60 53.4 20.7 28.3 
Contractors (~2=6.8,6df) * (x2=8. 3,6df) * 
\<e igh ted  333 71.5 14.1 14.4 335 43.0 20.6 36.4 
Totals 

*Denotes significance at the .001 level or higher 



T a b l e  1 7 .  P e r c e n t a g e  of s a m p l e  farmers r e p o r t i n g  major s o u r c 2 s  
o f  c r e d i t  by  f a r m  s i z e  a n d  t e n a n c y .  

Farm s i z e  
c l a s s  
(acres) 

Farm 
c h a r a c t e r -  
i s t ics  

Under  2 . 5  25 8 .0  

2 .5  - 7.49 5 1  9 . 8  

7 . 5  - 1 2 . 4 9  55 1 4 . 5  

1 2 . 5  - 24 .99  5 1  27.5  

25 .0  - 49.99 1 5  2 6 . 7  

50 o r  more 7  71.4 

2  ( X  = 4 5 . 7 , 2 0 d f ) * *  

T e n u r e  

No.of 
f a r m s  

Owners 1 4 3  25.2 

Owner- 
t e n a n t s  29 6.9 

Bank or  o t h e r  
i n s t i t u t i o n  

T e n a n t s  & 
contractors  32 - 

Weighted  
T o t a l s  204 1 8 . 6  

L e n d e r ,  l a n d l o r d  
or  c o m m i s s i o n  
agent 

* D e n o t e s  6 . 9  p e r c e n t  o f  t h e  f a r m e r s  who a l so  r e p o r t  " s e l f . "  
* * D e n o t e s  s i g n i f i c a n c e  a t  t h e  . 0 0 1  level  or  h i g h e r .  

F a m i l y  o r  
f r i e n d s *  



I F A R M  S I Z E  I T E N U R E  

= NO Source 
U = Bank or other Institution 

50 or More Owners Owner- Tenants and I Tenants Contractors 

FIGURE 6. PERCENTAGE OF SAMPLE FARMERS REPORTING MAJOR SOURCES OF CREDIT 
BY FARM S l Z E  AND TENANCY.  



sources  i nc lud ing  t h e  l and lo rd ,  money l ende r ,  o r  commission agent .  The 

commission agen t s ,  i n  t h e  markets o r  mandis, o f t e n  advance cash t o  

farmers  a g a i n s t  p a r t i c u l a r  farm products  such a s  wheat, c o t t o n ,  o r  r i c e ,  

which a r e  pledged t o  them f o r  marketing a f t e r  ha rves t .  While no farmer 

with 25 a c r e s  o r  more r e p o r t s  use of t h e  money l ende r ,  commission agen t ,  

o r  l and lo rd ,  about 41 pe rcen t  r e p o r t  i n s t i t u t i o n a l  sources .  None of 

t h e  r e p o r t i n g  t e n a n t s  and only  7 pe rcen t  of t h e  owner-cum-tenants r e p o r t  

use of  i n s t i t u t i o n a l  sources .  However, 25 pe rcen t  of  t h e  owners r e p o r t  

using some i n s t i t u t i o n a l  sources .  Tenants make much use  of  c r e d i t  

advanced by landlords .  

Sample wheat farmers  were quest ioned about  t h e i r  a c t u a l  u se  of 

i n s t i t u t i o n a l  c r e d i t  f o r  f e r t i l i z e r  t o  be used f o r  wheat. Table 18 

shows t h e  d i s t r i b u t i o n  of 54 farmers who made use  of  i n s t i t u t i o n a l  

c r e d i t  by farm s i z e  ca tegory .  Given such a small  number o f  farmers  

r ece iv ing  i n s t i t u t i o n a l  c r e d i t  f o r  f e r t i l i z e r  purchases ,  it is 

d i f f i c u l t  t o  make gene ra l i za t i ons .  However, on t h e  b a s i s  of  t h e s e  d a t a  

(Table 1 8 ) ,  wenote  t h a t  t h e  weighted average of farmers ,  wi th  under 12.5 

a c r e s  who rece ived  c r e d i t ,  is  11 percen t  and f o r  farmers  wi th  over  1 2 . 5  

a c r e s  37 percent .  Though t h e r e  a r e  only 8 farmers  wi th  50 a c r e s  o r  

more, it is important  t o  no t e  t h a t  about 63 pe rcen t  of  t h e s e  used 

i n s t i t u t i o n a l  c r e d i t .  The new c r e d i t  program, opera ted  through a develop- 

i n g  network of  r u r a l  banks,  has  made much p rog re s s  i n  t h e  l a s t  few 

yea r s ,  b u t  t h e  pe renn ia l  problem e x i s t s  of  making more c r e d i t  a v a i l a b l e  

t o  smal l  o p e r a t o r s  and t enan t s .  Though n o t  shown i n  t a b u l a r  form, of  

232 owners, 46 (19.8%) used i n s t i t u t i o n a l  c r e d i t  f o r  f e r t i l i z e r  i n  t h e  

1975-76 season; of 52 owner-cum-tenants, 5 o r  about 10 pe rcen t  used 

c r e d i t .  Of 57 t e n a n t s  only threeemployed i n s t i t u t i o n a l  c r e d i t .  



Table 18. Percentage of farmers who utilized institutional 
credit for fertilizer (wheat crop, 1975-76). 

* 

X* = 26.1 with 5 degrees of freedom, significant at .001 level. 

Farm size 
class (acres) 

Under 2.5 

2.5-7.49 

7.5-12.49 

12.5-24.99 

25.0-49.99 

50.0 and above 

We.ighted 
Totals 

Farmers 
reporting I 

No. 

66 

88 

8 9 

78 

17 

8 

346 

Percentaqe 
Some use 

4.5 

11.4 

14.6 

24.4 

23.5 

62.5 

15.6 

of farmers 
No use 

95.5 

88.6 

85.4 

75.6 

76.5 

37.5 

84.4 



I V  . UTILIZATION OF INORGANIC FERTILIZER 

Table 19  prov ides  an  w e r v i e w  of t h e  percen tages  of sample farmers  

u t i l i z i n g  v a r i o u s  l e v e l s  of bo th  n i t r o g e n  and phosphat ic  f e r t i l i z e r ,  by 

farm s i z e  and t e n u r e  c l a s s e s  f o r  wheat which i s  c u l t i v a t e d  by a l l  bu t  20 

of t h e  369 sample fa rmers ,  f o r  t h e  1975-76 season.  

Nineteen pe r cen t  of t h e  sample wheat fa rmers  r e p o r t  u s ing  no 

i no rgan i c  n i t r ogen ;  roughly 60 percen t  of t h e  fa rmers  r e p o r t  u s ing  from 

26 t o  5 1  n u t r i e n t  pounds of n i t r o g e n  per  a c r e  which i s  equ iva l en t  t o  

one-half t o  one bag of n i t r o g e n  i n  t h e  form of u r ea .  Only 1 3  pe r cen t  

r e p o r t  us ing  t h e  equ iva l en t  of one t o  two bags of u r ea .  S ince  on ly  

about  8 percen t  of t h e  sample wheat fa rmers  c u l t i v a t e  l o c a l  v a r i e t i e s ,  

t h e  l e v e l  of n i t r o g e n  u s e  is  v e r y  low. Depending on t h e  p rev ious  c r op ,  

s o i l  f e r t i l i t y ,  type  of s o i l ,  and manure a p p l i e d ,  t h e  recommended 

l e v e l s  of n i t r o g e n  i n  n u t r i e n t  l b s / a c r e  range  from about  t h e  equ iva l en t  

of 101  l b s .  of N t o  150 l b s .  Only a  s m a l l  pe rcen tage  of t h e  sample 

farmers  r e p o r t  u s ing  over  102 l b s .  of n i t r ogen .  There i s  a  s i g n i f i c a n t  

r e l a t i o n s h i p  between farm s i z e ,  land t e n u r e \ c l a s s e s  and t h e  q u a n t i t y  of 

f e r t i l i z e r  used ( s e e  Table  1 9 ) .  

The s i t u a t i o n  f o r  phosphorus is more c r i t i c a l  i n  t h a t  f u l l y  76 

percen t  of sample farmers  r e p o r t  u s ing  none. Genera l ly ,  t h e  recommended 

amount of phosphorus per  a c r e  i s  about  5 1  n u t r i e n t  pounds, t h e  equ iva l en t  

of one bag of DAP o r  t r i p l e  super  phosphate.  Only 22 pe r cen t  r e p o r t  

u s ing  from one-half t o  one bag of phospha t ic  f e r t i l i z e r ,  and on ly  8 

fa rmers  r e p o r t  u t i l i z i n g  over  one 5 1  n u t r i e n t  pounds pe r  a c r e .  The 

s imple  c o r r e l a t i o n  c o e f f i c i e n t  between y i e l d s  of whea t /ac re  and bo th  

n i t r o g e n  and phosphorus a r e  .43 and .48 which i n d i c a t e s  t h e  importance 

of t h e s e  f e r t i l i z e r s  f o r  inc reased  y i e l d s .  Tenant fa rmers  h a r d l y  u se  



Table  19.  F e r t i l i z e r  u se  f o r  wheat w i t h  farm s i z e  ( a r e a  c u l t i v a t e d )  and t e n u r e  c l a s s e s .  

Farm s i z e  and 
t e n u r e  c l a s s e s  

Farm s i z e  
c l a s s e s  ( a c r e s )  

< 2.5 
2.5-7.49 
7.5-12.49 

12.5-24.99 
25.0-49.99 
50.0 & above 

No. of 
farms 

6 9 
93 
96 
8 6 
17  

8 

Tenure c l a s s e s  

Owners 21 - 5 5 12 12 
Owner-cum-tenants 9 - 6 2 2 4 5 
Tenants  2 3 - 6 7 6 5 

2 
(X =23.4,9df ,  Sign=.005) 

Weighted T o t a l s  369 19 - 58 1 3  1 0  

Percen tage  of fa rmers  us ing  
n u t r i e n t  l b s .  of n i t r o g e n  , 

7 2 2 6 2 - - 
78 - 22 - - 
91 7 1 - - 

2 (X =12.8,6df ,  Sign=.04) 

76 - 22 2 - 

None 

Percen tage  of fa rmers  u s ing  
n u t r i e n t  l b s .  of phosphorus 

None 

38 - 52 6 4 
24 - 55 1 4  7 
18  - 61  1 3  8 

6 - 62 17  1 5  
6 - 65 1 8  12  
- - 50 1 3  3 7 

2 (X =50.1,21df,  Sign=.001) 

9 6 - 4 - - 
7 5 - 24 1 - 
7 1 - 2 8 1 - 
7 7 - 2 0 3 - 
5 3 - 4 1 6 - 
37 - 50 1 3  - 

2 
(X =47.9,14df,  Sign=.0001) 

1-25 
l b s .  

1-25 
l b s .  

25-51 
l b s .  

52-101 
l b s .  

26-51 
l b s .  

1 0 2 6  
above 

52-101 
l b s .  



phosphatic f e r t i l i z e r s ,  a s  91 percent  o r  60 of 67 farmers  r e p o r t  no use.  

Twenty-eight percent  of t h e  t enan t s  r e p o r t  wer using phosphat ic  

f e r t i l i z e r  and only 16 percent  r e p o r t  having adopted i t  on a r egu la r  

b a s i s .  Both t r i a l  and adopt ion of phosphatic f e r t i l i z e r s , a s  would be 

expected,are  s i g n i f i c a n t l y  r e l a t e d  both t o  farm s i z e  and t enu re  s t a t u s .  

A. F e r t i l i z e r  Use and Farm Type I 

Table 20 provides  information on t h e  average n u t r i e n t  pounds of 

n i t rogen  u t i l i z e d  by farmers on d i f f e r e n t  farm s i z e  and tenure  c a t e g o r i e s  

f o r  f i v e  major crops -- wheat, co t ton ,  r i c e ,  berseem fodder  and sugarcane. 

Ranges i n  recommended l e v e l s  of n i t rogen  per  a c r e  f o r  t h e  c rops  a r e :  

wheat - 75 t o  150 l b s ;  co t ton  - 50 t o  75 l b s ;  r i c e  - 75 t o  150 I b s ;  

berseem - 50 t o  75 l b s ;  and sugarcane 100 t o  200 l b s  per  a c r e .  I n  

comparison t o  t he  minimum va lues ,  l e v e l s  of n i t rogen  f o r  a l l  c rops  a r e  

low. Overa l l ,  sample farmers  u t i l i z e  about 60 percent  of t h e  minimum 

recommended l e v e l  f o r  wheat, 68 percent  f o r  co t ton ;  47 percent  f o r  r i c e ;  

34 percent  f o r  berseem, and 54 percent  f o r  sugarcane. Farmers do 

u t i l i z e  farm yard manure--especially f o r  berseem, sugarcane, and r i c e .  

However, t h e r e  is seldom s u f f i c i e n t  farmyard manure t o  provide adequate 

n i t rogen  (Lowdermilk, 1972: 397-399). 

L i t t l e  v a r i a t i o n  is observed between farm s i z e  c l a s s e s  and l e v e l s  

of n i t rogen  used except  between those  farms over 12.5 acr'es i n  s i z e  and 

those  smal le r .  Farms wi th  over 12.5 a c r e s  u t i l i z e  about 10-15 more 

l b s .  of n i t rogen  f o r  wheat bu t  very l i t t l e  more f o r  co t ton .  Rice farms 

which a r e  over 12.5 a c r e s  use  a weighted average of 44 l b s .  of N/acre 

a s  compared wi th  3 1  l b s .  f o r  smal le r  farmers.  Almost no d i f f e r e n c e s  

a r e  d e t e c t a b l e  between farm s i z e  c l a s s e s  and t h e  amounts of n i t rogen  

appl ied  f o r  t he  berseem crop .  This  probably r e s u l t s  from t h e  f a c t  t h a t  



Table 20. Average n u t r i e n t  pounds of i no rgan ic  n i t r o g e n l a c r e  f o r  s e l e c t e d  c rops  by farm s i z e  
and t enu re  c a t e g o r i e s .  

c h a r a c t e r i s t i c s  l ~ e ~ o r t i n ~  Wheat ( farms Cotton 1 Farm 

Farm s i z e  
ca tegory  

Average n u t r i e n t  l b s ,  
Farms I No. I 

< 2.5 69 3 5 
2.5-7.49 9 3 43 
7.5-12.49 96 4 7 

12.5-24.99 8 6 60 
25.0-49.99 17 61  
50 and above 8 8 3 

Tenure category 

Owner o p e r a t o r s  247 49 

Tenants 6  7  
43 1 3 7 

27 1 

Owner-cum- 
t e n a n t s  5  5  4  9  

Weighted t o t a l s  369 48 1 212 34 1 

3 4 3 8 

. of i no rgan ic  
No. 

farms Rice 

n i t r o g e n  app l i ed / ac re  
I NO. I NO. Sugar- 

farms Berseem farms cane 



a l l  sample farmers  use  r e l a t i v e l y  h igh  l e v e l s  of farm manure f o r  t h i s  

crop.  For sugarcane, t h e  amount of n i t rogen  repor ted  is  f o r  one season 

only  and not  f o r  t h e  t o t a l  two seasons requi red  f o r  t h i s  crop.  Larger  

farmers  wi th  25 o r  more a c r e s  average 25 t o  45 l b s .  more n i t r o g e n  per  

a c r e  per season than smal le r  farmers .  

I n  terms of tenure  c a t e g o r i e s ,  t enan t s  c o n s i s t e n t l y  apply  l e s s  

n i t rogen  t o  a l l  t h e  c rops ,  except  wheat, than owners o r  owners-cum- 

t enan t s .  However, t h e  d i f f e r e n c e s  i n  l e v e l s  appl ied  range from only  

about 6 t o  15  l b s .  f o r  a l l  t he  c rops .  

Table 21 p re sen t s  t h e  same da t a  broken down i n  c a t e g o r i e s  of n i t rogen  

use by farm s i z e  groups. This  g ives  a  c l e a r e r  p i c t u r e  of t h e  percentages 

of farmers  of each farm s i z e  c l a s s  who u t i l i z e  no n i t rogen  and va r ious  

l e v e l s .  A s  one examines t h e  column l ab l ed  "none", i t  i s  obvious t h a t ,  

except  f o r  t h e  berseem crop ,  t h e  d i f f e r e n c e s  a r e  explained p r imar i l y  

by farm s i z e .  

Table 22 p re sen t s  d a t a  on l e v e l s  of n i t rogen  use  f o r  t he  f i v e  c rops  

by t enu re  c a t e g o r i e s .  Under "no use" i t  i s  important t o  no te  t h a t  when 

t enan t s  a r e  compared with owner ope ra to r s  who r e p o r t  "no use" of n i t rogen ,  

important d i f f e r e n c e s  e x i s t  f o r  c o t t o n  and berseem crops .  Thirty-two 

percent  of owner .operators  r e p o r t  using no n i t rogen  f o r  c o t t o n  a s  

compared t o  46 percent  f o r  t he  t enan t  farmers .  Sixty-one percent  of t h e  

owners use no purchased n i t rogen  i n p u t s  f o r  berseem a s  compared wi th  72 

percent  f o r  t enan t s .  A l a r g e r  percentage of owner ope ra to r s  u se  52 

n u t r i e n t  pounds o r  more per  a c r e  than  t enan t  farmers .  However, f o r  t h e  

t h r e e  t enu re  c l a s s e s  t h e  d i f f e r e n c e s  i n  l e v e l s  of n i t rogen  used f o r  wheat 

and berseem a r e  t h e  on ly  ones which a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  



Table 21 .  Percentages of farmers using various l e v e l s  of 
n u t r i e n t  lbs .  of ni t rogen/acre f o r  se lec ted  
crops by farm s i z e  c l a s ses .  

Farm s i z e  ca te-  Percentages of farmers using various l e v e l s  
gory by crop of nitrogen/acre 

Farms None Under 25-51 52-101 102 & 

Under 2.5 Acres NO. - 25 l b s  l b s  l b s  more l b s  

Wheat 69 37.7 5.8 46.4 5.8 4.3 
Rice 26 34.6 3.8 50.0 - 11.5 
Cotton 25 40.0 4.0 44.0 4.0 8.0 
Sugarcane 15 53.3 6.7 20.0 6.7 13.3 
Berseem 54 61.1 13.0 25.9 - - 

2.5-7.49 Acres 

Wheat 93 23.7 9.7 45.2 14.0 7.5 
Rice 42 50.0 9.5 33.3 2.4 4.8 
Cotton 50 30.0 10.0 50.0 10.0 - 
Sugarcane 5 4 20.4 1.9 42.6 18.5 16.7 
Berseem 90 73.3 4.4 18.9 3.3 - 

7.5-12.49 Acres 

Wheat 96 17.7 6.3 55.2 12.5 8.3 
Rice 47 42.6 4.3 44.7 2.1 6.4 
Cotton 55 34.5 10.9 45.5 7.3 1.8 
Sugarcane 67 28.4 1.5 46.3 14.9 9.0 
Berseem 9 0 60.0 5.6 30.0 3.3 1.1 

12.5-24.99 Acres 

Wheat 86 5.8 3.5 58.1 17.4 15.1 
Rice 41 22.0 7.3 63.4 4.9 2.4 
Cotton 62 - 32.3 8.1 45.2 9.7 4.8 
Sugarcane 66 15.2 6.1 50.0 16.7 12.1 
Berseem 76 60.5 9.2 25.0 2.6 2.6 

25.0-49.0 Acres 

Wheat 17 5.9 - 64.7 17.6 11.8 
Rice 8 12.5 12.5 75.0 - - 
Cotton 12 41.7 8.3 50.0 - - 
Sugarcane 17 5.9 - 47.1 41.2 5.9 
Berseem 15 40.0 - 53.3 6.7 - 

50.0 and Over 

Wheat 8 - - 50.1 12.5 37.5 
Rice 5 20.0 - 20.0 - 60.0 
Cotton 8 12.5 - 62.5 12.5 12.5 
Sugarcane 8 - - 37.5 25.0 37.5 
Berseem 7 71.4 - 28.6 - - 

Weighted Tota ls  

*Wheat 369 19.3 6.0 52.0 13.0 9.7 
*Rice 169 36.1 6.5 47.9 2.4 7.1 
Cotton 212 33.0 8.5 47.2 8.0 3.3 

*Sugarcane 227 21.6 3.1 44.5 18.1 12.8 
*Berseem 332 63.2 6.9 26.2 2.7 .9 

* Denotes s ign i f i cance  between farm s i z e  c l a s s e s  of .03 o r  g r e a t e r  
using x2 and 20 df, 



Table 22. Percentages of farmers utilizing various levels 
of nutrient lbs. of nitrogen per acre for selected 
crops by tenure categories. 

Tenure Percentage of Farmers Using Various Levels of 
Cateqories Nitrogen 

# None/ Under - - 102 & 
Farms Acre 25 Lbs/ Lbs/ Lbs/ Over Lbs/ 

Acre Acre Acre Acre 

Wheat 247 20.6 4.5 50.6 12.1 12.1 
Rice 108 35.2 4.6 48.1 2.8 9.3 
Cot ton 141 31.9 7.8 49.6 7.8 2.8 
Sugarcane 147 20.4 2.7 43.5 19.7 13.6 
Berseem 224 60.7 7.1 28.1 2.7 1.3 

Owner-Tenants 

Wheat 55 9.1 10.9 50.9 23.6 5.5 
Rice 21 33.3 4.8 52.4 - 9.5 
Cotton 34 23.5 8.8 47.1 14.7 5.9 
Sugarcane 39 12.8 2.6 56.4 15.4 12.8 
Berseem 50 64.0 6.0 28.0 2.0 - 

Tenants 

Wheat 67 22.3 7.5 58.2 7.5 4.5 
Rice 40 40.0 12.5 45.0 2.5 - 
Cotton 37 45.9 10.8 37.8 2.7 2.7 
Sugarcane 41 34.1 4.9 36.6 14.6 9.8 
Berseem 58 72.4 6.9 17.2 3.4 - 

Weiahted Totals 

*Wheat 369 19.2 6.0 52.0 13.0 9.7 
Rice 169 36.1 6.5 47.9 2.4 7.1 
Cotton 212 33.0 8.5 47.1 8.0 3.3 
Sugarcane 227 21.6 3.1 44.5 18.1 12.8 
*Berseem 332 63.2 6.9 26.2 2.7 .9 

* Denotes significance at .Ol level between tenuy categories (x2 
= 26.2 for wheat; d. f. = 12) and for berseem ( X  = 24.2; d. f.= 12). 



B. Se lec ted  I n s t i t u t i o n a l  Var iab les  and U s e  of F e r t i l i z e r  

Farmers f a c e  cons iderab le  c o n s t r a i n t s  i n  a v a i l a b i l i t y  of f e r t i l i z e r  

and c r e d i t  f o r  f e r t i l i z e r  purchases.  Table 23 presen t s  information t o  

show t h e  l e v e l s  of u s e  of n i t rogen  by a v a i l a b i l i t y  of f e r t i l i z e r ,  m i l e s  

t o  t h e  n e a r e s t  f e r t i l i z e r  agency, a v a i l a b i l i t y  of c r e d i t  o r  c a p i t a l  f o r  

f e r t i l i z e r ,  and t h e  u se  of i n s t i t u t i o n a l  c r e d i t .  There is no c o n s i s t e n t  

p a t t e r n  which shows t h e  farmers  who r e p o r t  "easy a v a i l a b i l i t y  of 

f e r t i l i z e r "  u t i l i z e  more n i t rogen /ac re  than farmers  who r e p o r t  experiencing 

problems i n  acqui r ing  i t .  

S ince  a  major f a c t o r  i n f luenc ing  f e r t i l i z e r  use  i s  a v a i l a b i l i t y  of 

c r e d i t ,  Table 23 provides  information about repor ted  u se  of f e r t i l i z e r  

f o r  wheat and a v a i l a b i l i t y  of c r e d i t  

One in f luence  on l e v e l s  of f e r t i l i z e r  use  is d i s t a n c e  t o  t h e  n e a r e s t  

f e r t i l i z e r  agency. Farmers o f t e n  r e q u i r e  f e r t i l i z e r  a t  a  p lace ,  time and 

p r i c e  where they can make use  of i t .  S tud ie s  i n  Pak i s t an  (Lowdermilk, 

1972: 400) show t h a t  small  farmers  e s p e c i a l l y  do n o t  make purchases  u n t i l  

ve ry  s h o r t l y  before  they apply f e r t i l i z e r .  One of t h e  reasons  f o r  t h i s  

i s  u n r e l i a b i l i t y  of i r r i g a t i o n  supp l i e s .  The information i n  Table 23 

shows no c l e a r  r e l a t i o n s h i p  between n i t rogen  use  and d i s t a n c e  t o  t h e  

n e a r e s t  agency except f o r  t h e  one v i l l a g e  s i t e  which has  a  f e r t i l i z e r  

agency loca t ed  i n  i t .  The 12 sample farmers  i n  t h i s  v i l l a g e  do r e p o r t  

u t i l i z i n g  s l i g h t l y  higher  l e v e l s  per  a c r e  than farmers  who a r e  no t  a s  

c l o s e  t o  agenc ies .  One explana t ion  f o r  t h e  o v e r a l l  l a c k  of r e l a t i o n s h i p  

between d i s t a n c e  and f e r t i l i z e r  u s e  is t h a t  farmers  a r e  a b l e  t o  t rans-  

po r t  f e r t i l i z e r  r a t h e r  long d i s t a n c e s  by camels,  donkeys, buses ,  and 

cyc l e s .  



Table 23. Percentages of farmers using various levels of nutrient - 
lbs. of nitrogen/acre for wheat by reports of avail- 
ability of fertilizer and credit and miles from fertilizer - 
agency and utilization of institutional credit for -- 
fertilizer 

Availability of # Percentage of Farmers Utilizing Various 
Fertilizer, Credit Farms Levels of Nitrogen 
& Use of Credit - 

None Under 26-51 52-101 102 or More 
25 ~ b s  Lbs Lbs Lb s 

* 1. Availability 
of Fertilizer 

Not Availabile 18 77.8 5.6 11.1 - 5.6 
W/Difficulty 132 16.7 5.3 49.2 17.4 11.4 
Easily 219 14.2 6.6 58.0 11.8 9.4 

2. Miles to 
Fertilizer Agency 

Located in Village 12 8.3 - 58.3 8.3 25.0 
Under 2 Miles 69 29.0 7.2 47.8 7.2 8.7 
2.0-4.99 151 20.5 7.3 51.7 11.3 9.3 
5.0-7.49 128 13.3 4.7 52.9 18.8 9.4 
10.0% & Above 9 22.2 - 55.6 11.1 11.1 

* 3. Availability 
of Credit for 
Fertilizer 

Not Available 140 30.7 7.9 46.4 7.1 7.9 
W/Difficulty 104 17.3 3.8 54.8 16.3 7.7 
Easily 102 6.9 3.9 60.8 16.7 11.8 

* 
4. Utilization of 
Institutional Credit 

No Use 275 22.9 6.5 51.6 12.0 6.9 
Some Use 53 3.8 1.9 54.7 22.6 17.0 

*Respectively 1,3,4 above have chi square values of 49.9, 29.3, 
& 18.9 which are significant at the .001 level. , 



There is  a  r e l a t i o n s h i p  hetween a v a i l a b i l i t y  of c r e d i t  o r  c a p i t a l  

and use  of n i t rogen  f o r  wheat which is  s t a t i s t i c a l l y  s i g n i f i c a n t .  How- 

ever ,  t h e  d i f f e r e n c e  does no t  appear t o  be very  g r e a t  o r  extremely important  

except  f o r  farmers  who use  no n i t rogen .  This  f i nd ing  sugges ts  t h a t  

increased  c r e d i t  f a c i l i t i e s  would be h e l p f u l  f o r  i nc reas ing  f e r t i l i z e r  

use.  This  view i s  s t rengthened  when farmers  a r e  grouped i n  r e l a t i o n s h i p  

w i th  a c t u a l  u se  of i n s t i t u t i o n a l  c r e d i t  f o r  f e r t i l i z e r  (Table 2 4 ) .  Though 

only  53 of t h e  328 farmers  f o r  whom w e  have d a t a  r epo r t ed  using c r e d i t  

from t h e  new r u r a l  c r e d i t  program operated by t h e  Nat iona l  Bank of 

Pakis tan ,  i t  i s  ev ident  t h a t  those  who r e c e i v e  c r e d i t  u t i l i z e  h igher  

l e v e l s  of f e r t i l i z e r  f o r  wheat. The d i f f e r e n c e s  i n  Table 24  a r e  d e f l a t e d  

because included i n  t h e  "no use  of i n s t i t u t i o n a l  c r e d i t "  a r e  l a r g e  land- 

l o r d s  who d i d  no t  r e q u i r e  c r e d i t  s e r v i c e s .  

C. F e r t i l i z e r  Use and Water Supply 

A major f a c t o r  i n f luenc ing  f e r t i l i z e r  u se  i s  t h e  water  supply 

s i t u a t i o n ,  e s p e c i a l l y  r e l i a b i l i t y .  Table 25 provides  a  breakdown of 

n i t rogen  use  by f i v e  c rops  and by pe renn ia l  ve r sus  nonperennial  water- 

course  commands. Wheat is  t h e  only c rop  t h a t  shows a  s i g n i f i c a n t  

d i f f e r e n c e  i n  f e r t i l i z e r  u s e l a c r e  between farmers  of t h e  two types  of 

command a reas .  Farmers on pe renn ia l  commands tend t o  apply h igher  l e v e l s  

of n i t rogen  t o  wheat a s  compared t o  farmers  on nonperennial  commands. 

For o t h e r  c rops  t h e  d i f f e r e n c e s  a r e  no t  important .  For example, of those  

farms us ing  52 l b s .  o r  more per  a c r e  t h e  fol lowing percentages f o r  

farmers  on t h e  two types  of commands a r e  given i n  Table 2 5 a  The major 

d i f f e r e n c e s  between pe renn ia l  and nonperennial  farmers  a r e  f o r  t h i s  

l e v e l  of n i t rogen .  None of t h e s e  d i f f e r e n c e s  a r e  s i g n i f i c a n t  between 

l e v e l s  of u se  except  f o r  t h e  wheat crop.  



Table 24. Utilization of institutional credit for 
fertilizer for wheat crop and levels of 
use in nutrient lbs./acre. (1975-76 
rabi season.) 

Lbs. of Nutrient Utilized No Utilized Some 
Lbs. of Fertilizer Institutional Institutional 
Applies Credit for Credit for 

Fertilizer Fertilizer 
(n=275) (n=5 3 ) 

Nitrogen 

None 22.9 
Under 51 Lbs. 58.2 
52-101 Lbs. 12.0 
102 and Over Lbs. 6.9 

Total 100.0 100.0 

Phosphorus 

None 80.5 
Under 51 Lbs. 18.4 
52-101 Lbs. 1.1 
102 and Over Lbs. - 
Total 100.0 100.0 



T a b l e  25 .  P e r c e n t a g e s  o f  f a r m e r s  u s i n g  v a r i o u s  l eve l s  o f  
n u t r i e n t  l b s .  o f  n i t r o g e n / a c r e  f o r  s e l e c t e d  c r o p s  
by  p e r e n n i a l  and  n o n p e r e n n i a l  commands. 

Water S u p p l y  # P e r c e n t a g e  of F a r m e r s  A p p l y i n g  Amounts o f  
S i t u a t i o n  & o f  N i t r o g e n / A c r e  
S e l e c t e d  Farms 
C r o p s  None Under 25-51 52-101 1 0 2  & More 

2 5  Lbs L 

TYPE COMMAND 

P e r e n n i a l  

*Wheat 256 11 .7  4 .7  56 .3  1 5 . 6  1 1 . 7  
R i c e  1 2 6  35.7  5 .6  49 .2  3 .2  6 . 3  
C o t t o n  1 5 1  29.8  7 . 3  49 .7  9.9 3 . 3  
S u g a r c a n e  1 9 1  1 9 . 9  3 .7  42.9 19 .4  1 4 . 1  
Berseem 243 6 0 . 1  78 .3  28.0 3.7 .8  

N o n p e r e n n i a l  

Wheat 1 0 1  33 .7  9.9 44.6 6.9 5.0 
R i c e  3 1  48.4  1 2 . 9  29 .0  - 9.7 
C o t t o n  6 1  41.0  1 1 . 5  41.0  3 . 3  3 .3  
S u g a r c a n e  34 32.4  - 52.9 1 1 . 8  2.9 
Berseem 79 72.2 6 .3  20 .3  - 1 . 3  

*Deno te s  x2 3 2 . 1  w i t h  4 d i f . ,  and  s i g n i f i c a n t  a t  . 001  level f o r  
w h e a t  o n l y  



Table 25a. Percentage of sample farmers  us ing  52 l b s  o r  more n i t rogen lac re .  

~ e r L t b i a l  (2) 
.-. 

Difference  
Crop command s Nonperennial i n  1 and 2  

Wheat 2  7 
Rice 10 
Cotton 13 
Sugarcane 3 3 

Table 26 provides  summary information on t h e  average n u t r i e n t  

pounds of n i t r o g e n  used per  a c r e  f o r  f i v e  c rops  under s e v e r a l  water  

supply s i t u a t i o n s .  

There is l i t t l e  d i f f e r e n c e  among tubewell  c a t e g o r i e s  i n  t h e  mean 

l e v e l s  of n i t r o g e n  app l i ed  f o r  wheat except f o r  sample farms on pub l i c  

tubewell  supplemented commands ( s ee  Table 26) .  This  r e l a t i o n s h i p  is  

reversed f o r  t h e  average n u t r i e n t  pounds of n i t rogen  app l i ed  f o r  co t ton  

because t h e  farmers  on pub l i c  tubewell  watercourses  c u l t i v a t e  p r imar i l y  

t h e  low y i e l d i n g  "desi" o r  l o c a l  v a r i e t i e s  which do no t  respand a s  w e l l  

t o  n i t rogen  a s  do upland v a r i e t i e s .  Cot ton,  on t h e s e  commands, i s  

c u l t i v a t e d  almost e n t i r e l y  f o r  home use.  Nitrogen l e v e l s  f o r  r i c e  on 

pub l i c  tubwell  supplemented commands a r e  about 13-15 l b s l a c r e  higher  than 

f o r  commands wi th  some p r i v a t e  tubewells .  

Under i t e m  5 ,  ( s e e  Table 26) " a c t u a l  number of p r i v a t e  tubewells ,"  

t h e  commands wi th  both pub l i c  and p r i v a t e  tubewel l s  a r e  excluded. I n  

r e l a t i o n s h i p  t o  d e n s i t y  of tubewells ,  t h e r e  is  l i t t l e  d i f f e r e n c e  i n  

a p p l i c a t i o n s  of n i t rogen  f o r  wheat, bu t  f anne r s  on commands wi th  t h r e e  

o r  more tubewells  apply s i g n i f i c a n t l y  h igher  l e v e l s  o f  phosphorus/acre.  

When farmers '  r e p o r t s  of tubewell  water  a v a i l a b i l i t y  ( s ee  i t e m  3,  

Table 26) a r e  compared wi th  t h e i r  r e p o r t s  of n u t r i e n t  pounds of f e r t i l i z e r  



Table 26. Summary of average nutrient lbs. of nitrogen and 
phosphorus/acre for wheat, cotton and rice crops 
by water supply situation. 

*Commands with public and private tubewells excluded. 

Water supply 
situation 

1. Type of command 

Perennial 
Nonperennial 

2. Tubewell 
supplements 

None 
Private TW 
Public 
Private & public 

3. Farmers' reports 
of tubewell 
availability 

Not 
W/difficulty 
Easily 

4. Farmers' reports 
of use of TW 

No use 
Buys TW water 
Owns TW 

5. Actual No. of 
private TW* 

Under 3 
3 - 6  
7 or more 

w eat 
~urrlent 
lbs/acre 

Farms 
No. 

~E?t,i% t 
lbs/acre 

256 54 16 
101 35 4 

162 45 9 
154 49 17 
33 55 12 
20 50 5 

146 43 7 
64 53 18 
126 53 16 

193 45 8 
123 49 15 
44 57 26 

63 48 8 
33 59 28 
57 48 21 

N 
lbs 

Farms 
No. 

Rice Nutrlent 
lbs/acre 

P 
lbs 

Farms N 
No. lbs 

151 37 9 
61 27 0 

78 36 4 
92 38 9 
24 20 6 
18 24 0 

65 31 3 
50 36 9 
83 34 9 

90 36 4 
83 29 6 
34 42 16 

26 27 0 
27 45 7 
39 43 19 

N 
lbs 

P 
lbs 

P 
lbs 

126 36 1 
31 48 1 

71 33 1 
55 35 0 
27 48 5 
16 25 3 

75 31 1 
22 25 0 
57 44 3 

94 32 0 
58 39 3 
13 40 0 

26 28 0 
9 40 0 
20 41 0 



appl ied  f o r  t h e  t h r e e  crops one no t e s  t h a t  t h e  more e a s i l y  a v a i l a b l e  t he  

tubewell  water ,  t he  h igher  t h e  l e v e l s  of both n i t rogen  and phosphorus 

f e r t i l i z e r  use.  However, t h e r e  is  l i t t l e  d i f f e r e n c e  noted f o r  co t ton  

farmers  who tend t o  apply about  t h e  same amounts of f e r t i l i z e r  regard- 

l e s s  of t he  supplemental water  supply s i t u a t i o n .  

Item 4 (Table 26) compares farmers '  r e p o r t s  of tubewell  use  t o  l e v e l  

of f e r t i l i z e r  a p p l i c a t i o n .  I n  comparing farmers  who r e p o r t  "no use" of 

tubewells  w i th  farmers  who own tubewells  i t  i s  w i d e n t  t h a t  t h e  l a t t e r  

apply about 12 l b s .  more n i t rogen  f o r  wheat; 6 l b s .  more f o r  co t ton ;  and 

8 l b s .  more f o r  r i c e .  The same p a t t e r n  ho lds  f o r  phosphorus except  f o r  

r i c e  crops.  

I n  summary, d a t a  i n  Table 26 r e v e a l  t h a t  t h e  water supply s i t u a t i o n  

is s i g n i f i c a n t l y  r e l a t e d  t o  f e r t i l i z e r  use f o r  most c rops .  

D. Levels  of Nitrogen and Location of Farm on Watercourse 

Command Area 

Given t h e  g r e a t e r  average t o t a l  l o s s e s  of cana l  water f o r  farms 

loca ted  a t  t h e  t a i l  reaches  of comrnand a r e a s ,  i t  i s  expected t h a t  farmers  

a t  t a l l  c m a n d  a r e a s  w i l l  u t i l i z e  less f e r t i l i z e r  than head farmers .  

However, t h e r e  a r e  s e v e r a l  major f a c t o r s  which may reduce t h e  impact of 

watercourse l o c a t i o n .  F i r s t ,  sample farmers  gene ra l l y  u t i l i z e  r e l a t i v e l y  

low l e v e l s  of f e r t i l i z e r  f o r  a l l  c rops  f o r  which we have da t a .  I n  

genera l ,  they a r e  c u r r e n t l y  applying l e s s  than h a l f  t h e  recommended 

l e v e l s  of n i t rogen  f o r  major c rops  and almost no phosphorus. Secondly, 

t h e  d i f f e r e n c e s  between head and t a i l  farms a r e  masked due t o  t h e  l o c a t i o n  

of p r i v a t e  tubewells  and Pe r s i an  we l l s .  Thi rd ly ,  c r e d i t  and f e r t i l i z e r  

a v a i l a b i l i t y  a f f e c t  f e r t i l i z e r  u se .  



U t i l i z a t i o n  of n i t rogen  f e r t i l i z e r  i n  n u t r i e n t  l b s / a c r e  f o r  f i v e  

c rops  is presented i n  Table 27 by head and t a i l  f a n  l o c a t i o n .  Farms 

loca t ed  a t  t h e  middle command reaches  and those  wi th  ho ld ings  a t  more 

than  one l o c a t i o n  on t h e  watercourse a r e  excluded. Two l o c a t i o n  c r i t e r i a  

a r e  employed. The f i r s t  is t h e  p o s i t i o n  est imated by t h e  r e sea rche r ,  

and t h e  second i s  t h e  measured p o s i t i o n  ad jus t ed  f o r  a l l  watercourse 

commands a t  v i l l a g e  s i t e s .  The information provided w i t h  each measure 

f o r  t h e  f i v e  crops suggest  t h a t  t h e r e  is a c t u a l l y  ve ry  l i t t l e  d i f f e r e n c e  

i n  f e r t i l i z e r  u se  f o r  head and t a i l  farms. Therefore ,  Table 28 provides  

d a t a  on t h e  a c t u a l  number of tubewells  a t  each l o c a t i o n  and t h e  u t i l i z a -  

t i o n  of f e r t i l i z e r .  

Table 28. Average n u t r i e n t  pounds of n i t rogen  appl ied  f o r  wheat, r i c e  
and co t ton / ac re  by p r i v a t e  tubewell  equ iva l en t s  f o r  p o s i t i o n  
of water  on watercourse command. 

-.- 

Head P o s i t  ion 

Watercourse p o s i t i o n  
and number of tube- 
we l l  equiva len ts*  

No. of tubewells  

- 

. Average n u t r i e n t  pounds of n i t r o g e n l a c r e  
No. of No. of No. of 
farms Wheat farms Rice farms Cotton 

None 5  7  52 2  6  37 29 44 
1-2 6  3 62 40 44 2  9  3  5  
3  o r  More 12 5  6  - - 12 49 - - - - 
Weighted T o t a l s  132 5  7  6  6  4  1 7 0  41 

T a i l  P o s i t i o n  

No. of tubewells  

None 69 5  7  37 3  8  42 3 0 
1-2 27 5  9  6  34 2  0 3  8  
3  o r  More 16 69 2  - - - 38 - 15  - 5 6 - 
Weighted T o t a l s  112 59 45 37 7 7  3 7 

*Pr iva t e  tubewell  equ iva l en t s  combine pub l i c  tubewel l s  a t  head p o s i t i o n  
and p r i v a t e  tubewells .  One pub l i c  tubewell  s e rv ing  one command a r e a  is 
counted a s  3  p r i v a t e  tubewel l s ;  one pub l i c  tubewell  s e rv ing  2  command 
a r e a s  i s  counted a s  2  p r i v a t e  tubewells .  



Table 27. D i f f e r e n c e s  i n  n u t r i e n t  l b s .  of  i n o r g a n i c  n i t r o g e n  
f e r t i l i z e r  p e r  a c r e  f o r  s e l e c t e d  c r o p s  by head and' 
t a i l  farms on w a t e r c o u r s e  command area r e a c h e s .  

Watercourse 
p o s i t i o n  No. Head No. T a i l  
v a r i a b l e s  farms l b s .  N fa rms l b s .  N 

Watercourse 
p o s i t i o n  

Wheat 

Co t ton  

R i c e  

B e r s e e m  

Sugarcane 

*Adjusted 
w a t e r c o u r s e  
p o s i t i o n  

Wheat 

Co t ton  6 6  37 33 3 9 

R i c e  45 43 27 34 

Berseem 95 19 51 15 

Sugarcane 55 47 44 55 

*Denotes t h e  a d j u s t e d  p o s i t i o n  of t h e  farm i n  r e l a t i o n s h i p  t o  
t h e  l o n g e s t  w a t e r c o u r s e  i n  t h e  v i l l a g e .  



The information i n  Table 28 shows no c l e a r  p a t t e r n  of n i t rogen  use  between 

head and t a i l  farms. Only s l i g h t l y  more n i t rogen  i s  used f o r  t h e  t h r e e  

c rops  by head farmers  ve r sus  t a i l  farmers .  Where no tubewells  a r e  

a v a i l a b l e  f o r  head o r  t a i l  farms, i t  i s  n o t  ev ident  t h a t  head farmers  use 

more n i t rogen  except f o r  c o t t o n  c rops .  Almost no d i f f e r e n c e  e x i s t s  

between head and t a i l  farms w i t h  up t o  two tubewells  and where t h e r e  a r e  

t h r e e  o r  more tubewells ,  t a i l  farmers  appear t o  u se  more f e r t i l i z e r  than  

head farmers.  On t h e  b a s i s  of t h i s  d a t a  we must conclude t h a t  t h e r e  is  

l i t t l e  d i f f e r e n c e  between head and t a i l  farms i n  t h e  u se  of n i t rogen  

f e r t i l i z e r .  The l a r g e  number of p r i v a t e  tubewells  and Pe r s i an  w e l l s  on 

watercourse commands reduces t h e  impact of watercourse pos i t i on .  

E. Use of Nitrogen and Major Phys i ca l  S o i l  Textura l  Types 

Another f a c t o r  which may in f luence  n i t rogen  use  is  t h e  d i f f e r e n c e  

i n  t e x t u r a l  s o i l  types.  The phys i ca l  s o i l  types  l i s t e d  i n  Table  29 a r e  

t e x t u r a l  c l a s s e s  ranging from l i g h t  medium sandy loam t o  f i n e  c l a y  loams. 

The most c o n s i s t e n t  p a t t e r n  observed i n  t h e s e  d a t a  i s  t h e  s l i g h t l y  h igher  

l e v e l s  of n i t rogen  used f o r  farms wi th  more sandy s o i l s .  When a l l  o t h e r  

t e x t u r a l  types a r e  grouped, t hose  farmers  wi th  more sandy s o i l s  r e p o r t  

s l i g h t l y  h igher  l e v e l s  of n i t rogen  used f o r  wheat, co t ton ,  r i c e ,  and 

berseem than farms which have s o i l s  t h a t  a r e  predominately of o t h e r  

t ex tu re s .  Though these  d i f f e r e n c e s  a r e  no t  g r e a t ,  t h i s  sugges ts  

t h a t  farmers  w i th  more sandy s o i l s  have learned  from experience t h a t  

h igher  l e v e l s  of n i t rogen  a r e  requi red  due t o  increased leaching  of 

n i t r a t e s  i n  sandy s o i l s .  The a c t u a l  d i f f e r e n c e s  i n  l e v e l s  of n i t rogen  

between farms wi th  light-medium sandy loam when a l l  o t h e r s  a r e  grouped 

and weighted a r e  on ly  6 l b s .  f o r  wheat, 11 l b s .  f o r  co t ton ;  5 l b s .  f o r  

r i c e ;  and 14 l b s .  f o r  berseem. For sugarcane farmers  wi th  more sandy s o i l s ,  

t h e r e  is  a  lower repor ted  u se  of n i t rogen  than f o r  o t h e r  farms. 



T a b l e  2 9 .  Average n u t r i e n t  p o u n d s  o f  i n o r g a n i c  n i t r o g e n / a c r e  f o r  selected c r o p s  b y  
g e n e r a l  p h y s i c a l  s o i l  t e x t u r e  classes.  

P h y s i c a l  S o i l  
T e x t u r e  T y p e s  

L i g h t  Medium 
Sandy Loam 

Med ium Loam 

Med ium F i n e  Loam 

F i n e E o a m - c l a y  Loam 

M u l t i - S t o r i e d  

# of 
F a r m s  C o t t o n  

7  4 3  

1 6  2 0  

1 6  1 9  

3 0  3 2  

1 4 3  3 8  
- - 

# of 
F a r m s  W h e a t  

2 6  5 3  

2 8  4 5  

4 9  4 8  

9 6  4 7  

1 7 0  4 8  
- - 

W e i g h t e d  T o t a l s  3 5  
-- 

# of 
F a r m s  S u g a r c a n e  

1 7  4  8  

2 0  5 3  

2 6  6 5  

44  4 5  

1 2 0  5 5  
- - 

# of 
F a r m s   ice 

11 4 0  

1 4  3 1  

3 6  2 9  

7 1  3 9  

3 7  - 3 4  - 

2 2 7  5 4  

# of 
F a r m s  B e r s e e m  

2 3  3 0  

2 2  1 0  

5 0  2 1  

8 7  9  

1 5 0  1 9  - - 

1 6 9  3 5  3 3 2  1 7  



F. V a r i e t i e s  of Wheat and Levels of F e r t i l i z e r  

Of t h e  349 sample farmers  growing wheat, only 22 c u l t i v a t e  only 

l o c a l  v a r i e t i e s  and 7  grow both l o c a l  and high y i e ld ing  v a r i e t i e s  ( s ee  

Table 30) .  Farmers who c u l t i v a t e  HY wheat r e p o r t  u s ing  much h ighe r  

l e v e l s  of both n i t rogen  and phosphorus than farmers  growing only l o c a l  

v a r i e t i e s .  For example, growers of HYV's have a  weighted average of 

28 l b s .  more n i t rogen  and 6  l b s .  more phosphorus than growers of l o c a l  

v a r i e t i e s  ( s ee  Table  30) .  There i s  a l s o  some d i f f e r e n c e  between t h e  

l e v e l s  of n i t rogen  used f o r  d i f f e r e n t  HY v a r i e t i e s .  Of t h e  55 farmers  

growing t h e  l a t e  v a r i e t y  SA 42, 4  farmers  wi th  t h e  Blue S i l v e r  v a r i e t y ,  

and t h e  14 farmers  wi th  o the r  v a r i e t i e s  tend t o  u se  more f e r t i l i z e r  than 

o t h e r  HYV wheat growers. Farmers who c u l t i v a t e  t h e  l a t e  v a r i e t y  SA 42 

tend t o  apply more f e r t i l i z e r  because SA 42 i s  o f t e n  used fol lowing t h e  

co t ton  crop because i t  f i t s  b e t t e r  wi th  t h i s  cropping p a t t e r n  than 

e i t h e r  Mexi-Pak 65 o r  t h e  e a r l y  v a r i e t y ,  Chenab 70. The 4  farmers  who 

grow Blue S i l v e r  have holdings of 25 a c r e s  o r  more; t h e r e f o r e ,  they may 

have more c a p i t a l  f o r  f e r t i l i z e r .  

Table 30 d a t a  do show t h a t  farmers  apply more f e r t i l i z e r  f o r  t h e  

HYV of wheat than  f o r  l o c a l  v a r i e t i e s .  However, most of t h e  HYV farmers 

a r e  s t i l l  us ing  less than one-half t h e  recommended l e v e l s  of f e r t i l i z e r  

f o r  high y i e l d s .  

V.  OWNERSHIP AND UTILIZATION OF SELECTED FARM TECHNOLOGIES 

The technologies  examined inc lude  those  which range from small  

low c o s t  t echnologies ,  such a s  improved plows, t o  t h e  more c o s t l y  ones 

such a s  t r a c t o r s  and th re sh ing  machines. Both ownership and use  a r e  

examined i n  r e l a t i o n s h i p  t o  farm s i z e  and land t enu re  c l a s s e s  t o  a s c e r t a i n  

t h e  r e l a t i v e  acces s  sample farmers  have t o  such technologies .  F igure  7  



Tab le  30. Average n u t r i e n t  pounds of  i n o r g a n i c  f e r t i l i z e r  a p p l i e d  
p e r  a c r e  f o r  v a r i o u s  v a r i e t i e s  o f  wheat. 

I 
- 

N u t r i e n t  I b s .  of  N i t r o q e n  and Phosporus/Acre 

High Y i e l d i n g  
Var ie t ies  1 310 1 51 

Wheat V a r i e t y  

Local  Variet ies 
I 

1 I 

I 1 

For Various,  wheat  v a r i e t i e s  

Mexi-Pak 65 104 
Chenab 70 t 133 
SA 4 2  55 
Blue  S i l v e r  ' 4 
Other  HYV i 1 4  

I 
I 

Weighted T o t a l s  1 339 1 48 * 340 1 1 2  ! 339 1 60 - 

No. 
of 

,Farms 

I 

44 j 104 
4  9  134 
61  j 55 
99 4  

1 14 58 1 

i 

N i t r o g e n  
No. 

I 

No. 
' 

N i t r o g e n  
o f  

Farms 
o f  

Farms 
Phosphorus P l u s  

Phosphorus 



FIGURE 7. UTILIZATION OF IMPROVED FARM TECHNOLOGY 



provides a graphic p re sen ta t ion  of t h e  ownership and use of t hese  

technologies  f o r  t he  389 sample farmers .  I n  terms of ownership and use ,  

t h e  following percentages of sample farmers own t h e  types of farm equip- 

ment l i s t e d  below: 

Farm equipment i t e m  

Bullock c u l t i v a t o r  
Bullock mouldboard plow 
Bullock r a b i  wheat d r i l l  
Trac tor  
Threshing machine 
Tubewell 
Trac tor  wi th  backblade 

f o r  land l e v e l i n g  

Percentages (rounded) 
Owners Use - 

Implements such a s  t h e  bul lock  c u l t i v a t o r ,  mouldboard plow and t h e  

r a b i  wheat d r i l l ,  r e l a t i v e l y  low i n  c o s t ,  have been recommended by t h e  

Agr icu l ture  Department s i n c e  the  e a r l y  1900's .  However, un l ike  t h e  fodder 

chopper, which was introduced about t h e  same t i m e  and i s  owned by about 

75 percent  of t h e  sample farmers,  these  o the r  improved implements have 

not  widely d i f fused  among farmers.  For example, t h e  improved bul lock  

powered c u l t i v a t o r  and mouldboard plow c o s t  about R s .  100 each and both 

a r e  an improvement over t h e  l o c a l  plow, which has  no inve r s ion  a c t i o n  and 

c o n s i s t s  of a s i n g l e  crude t i n e  wi th  a s o l e  and a s t e e l  share .  While 

t h e  improved mouldboard plow has  been proven t o  do a b e t t e r  job of 

plowing deeper and turn ing  under of organic  ma t t e r ,  s t i l l  only about 29 

percent  of t h e  farmers r e p o r t  using t h i s  implement, and only 20 percent  

r e p o r t  us ing  t h e  3 t o  4 t i n e  c u l t i v a t o r ,  which is  e s p e c i a l l y  good f o r  

weeding and row crop c u l t i v a t i o n .  Farmers r e p o r t  s e v e r a l  f a c t o r s  which 

he lp  expla in  t h e  l a c k  of acceptance of t hese  implements. F i r s t ,  they 

o f t e n  complain t h a t  t h e  d r a f t  requi red  f o r  t he  mouldboard plow i s  g r e a t e r  

than t h a t  f o r  t h e  l o c a l  plow. Avai lab le  da t a  confirm t h i s  reasoning of 



t he  farmer a s  an e a r l i e r  s tudy (Roberts, 1951: p 77) shows t h a t  t h e  l o c a l  

plow which makes a  furrow of about 4.5 x 9 inches r e q u i r e s  only 130 

l b s .  of t o t a l  d r a f t  a s  compared with t h e  common r a j a  mouldboard plow 

which makes a  furrow of 6 x 9 inches and r equ i re s  a  t o t a l  d r a f t  of 170 

l b s .  One must a l s o  consider  t h e  f a c t  t h a t  bul locks o f t e n  do not  r ece ive  

adequate n u t r i t i o n  and vary a g r e a t  d e a l  i n  t h e i r  s t r eng th .  Farmers 

r e p o r t  t h a t  t h e  usual  6-8 hours t o  plow an a c r e  of land with a  t r a d i t i o n a l  

plane i s  increased by about 20-25 percent  when a mouldboard plow is  

used s i n c e  t h e  bul locks must be r e s t e d  more o f t en .  Farmers a l s o  r e p o r t  

t h a t  t h e  turn ing  a c t i o n  of t h e  improved plow c r e a t e s  deeper and wider 

furrows which leave  the  f i e l d s  i n  a  more unlevel  condi t ion  than t h e  more 

shallow plowing wi th  t h e  d e s i  plow. While these  reasons appear v a l i d ,  

t h e  major f a c t o r  is  probably r e l a t e d  t o  r e p a i r s  and spa re  p a r t s  which a r e  

o f t e n  d i f f i c u l t  o r  impossible t o  ob ta in  from v i l l a g e  blacksmiths.  

Vi l lage  blacksmiths a r e  usual ly  unable t o  c a s t  spa re  p a r t s ,  such a s  t h e  

mouldboard, sha res  and t i p s .  Usually major r e p a i r s  and spa re  p a r t s  a r e  

only obta inable  i n  the  shops of small towns. Both t h e  v i l l a g e  black- 

smith and carpenter  a r e  paid a  f ixed  amount of crop produce on an annual 

b a s i s  f o r  r e p a i r  of l o c a l  farm implements; t he re fo re  no cash is needed 

by t h e  farmer a t  t h e  time he needs t h e  p a r t .  The l o c a l  implements, un l ike  

improved ones, can be made and repa i red  i n  t h e  v i l l a g e  by l o c a l  a r t i s a n s .  

U n t i l  v i l l a g e  blacksmithy technology i s  improved and t h e  spare  p a r t s  

problems solved, i t  is  understandable why these  implements a r e  not  widely 

accepted. 

Tables 31, 32 and 33 provide information about t h e  ownership and 

use  of these  technologies  i n  r e l a t i o n s h i p  t o  both farm s i z e  and land tenure 

c l a s s e s .  It i s  evident  from Table 31 t h a t  t h e r e  is a s i g n i f i c a n t  



Table 31. Percentage of sample farmers reporting use of bullock cultivator, mouldboard plow and 
rabi drill (bullock). 

* Denotes significance between .05 and .001 
**Denotes significance at .001 level or higher 

Bullock Rabi Drill 

# of No Rents Owns 
Farms Use or 

Borrows 

7 6 93.4 1.3 5.3 
9 7 91.8 4.2 4.1 
9 9 82.8 11.1 6.1 
8 7 81.6 5.7 12.6 
17 58.8 23.5 17.6 
8 50.0 37.5 12.5 

X2= 35.2 (loci£)** 

256 84.8 7-6 7.6 
5 6 85.3 9.0 5.7 

72 85.8 7.1 7.1 

384 85.2 7.5 7.4 

Farm 
Character- 
istics 

'-TY 

Under 2.5 
2.5-7.49 
7.5-12.49 
12.5-24.99 
25.0-49.99 
50 or More 

Tenure 

Owners 
Owner-Tenants 

Tenants & 
Contractors 
Weighted 
totals 

Bullock Cultivator 
# o f  No Rents Owns 
F a n s  Use or 

Borrows 

7 4 95.9 4'. 1 0 
9 5 83.2 11.6 5.3. 
9 7 78.4 8.2 13.4 
8 5 75.3 16.5 8.2 
17 52.9 29.4 17.6 
8 25.0 12.5 62.5 

x2= 56.7 (10df) ** 

251 76.5 13.5 10.0 
54 79.6 7.4 13.0 

71 92.9 5.7 1.4 

3 7 6 80.1 11.2 8.8 

Mouldboard Plow 
# of No Rents Owns 
Farms Use or 

Borrows 

7 7 83.1 9.1 7.8 
97 75.3 16.5 8.2 
9 9 73.7 17.2 9.1 
8 7 59.8 13.8 26.4 
17 47.1 29.4 23.5 
8 50.0 0 50.5 

~ 2 =  35.5 (10df) **  

257 - 68.1 14.8 17.1 
5 6 66.1 25.0 8.9 

7 2 86.1 7.1 7.1 

x2=15.1(4df)* 

. 385 71.2 14.8 14.0 



T a b l e  32. P e r c e n t a g e  o f  sample f a r m e r s  r e p o r t i n g  u s e  o f  t r a c t o r  plow, t r a c t o r  t r o l l e y  and  tractor 
w i t h  b l a d e  for l a n d  l e v e l i n g .  

* D e n o t e s  s i g n i f i c a n c e  between .05 and .001 
**Denotes s i g n i f i c a n c e  a t  t h e  .001 level or above 

Farm 
C h a r a c t e r -  
i s t ics  

Farm S i z e  
Cate .  ( A c r e s )  

Under 2 .5  
2.5-7.49 
7.5-12.49 
12.5-24.99 
25.0-49.99 
50 o r  More 

T e n u r e  

Owners 
Owner-Tenants 

T e n a n t s  & 
C o n t r a c t o r s  
Weighted 
t o t a l s  

T r a c t o r  Plow 

# o f  N o  R e n t s  Owns 
Farms U s e  

75 82.7 16.0 1 .3  . 
9 8 53.1  44.9 2.0 
9 9 51.5 45.4 3.0 
86 39.5 52.4 8 . 1  
1 7  11.8 76.5 11.8 
8 12.5 25.0 62.5 

x2=102. 3 ( 1 5 d f )  **: 

256 47.7 45.3 7.0 
56 46.4 51.8 1.8 

7 1 76.0 23.1 1.4 

x2=24 - 7 (9df)  * 
383 52.7 42.1 5.2 

T r a c t o r  T r o l l e y  

# o f  N o  R e n t s  Owns 
Farms U s e  

76 97.4 1 . 3  1 . 3  
9 8 85.7 13.3  1 .0  
9 9 84.8 1 2 . 1  3.0 
8 7 75.9 1 8 . 3  5 .7  
1 7  41.2 47.1  11.8 

8 25.0 12.5 62.5 

x2=105.5 (15df)  ** 

257 79.4 14.8 5.8 
5 6 85.7 12 .5  1 . 8  

7 2 90.3 7.1 1.4 

385  82.3 13.1  4.4 

T r a c t o r  With  B l a d e  

# o f  No R e n t s  Owns 
Farms U s e  

7 6 98.7 1 . 3  0 
9 4 92.6 7.4 0 
9 8 88.8 11.2  0 
8 6 81.4 13.9 4.7 
1 7  58.8 29.4 11.8 

8 62.5 12.4 25.0 

x2=60.3 ( 1 5 d f )  

85.0 11.9 3.2 253 
5 4 90.7 9.3 0 

7 2 97.2 2.8 0 

379 88.1  9.7 2.1 



Table 3 3 .  Reported median r a t e s  of  h i r i n g  t r a c t o r s  f o r  l a n d  
p r e p a r a t i o n ,  c a r t a g e ,  l a n d  l e v e l i n g  and h i r i n g  
t h r e s h e r s  a t  s e l e c t e d  v i l l a g e  s i t e s .  

*One s e e r  e q u a l s  approx imate ly  2 . 2  pounds. 

V i l l a g e  
s i t e s  

1 0 1  

102 

10 3 

104 

105 

106 

107 

108 

109 

110 

111 

112 

116 

Median h i r e  p r i c e  i n  rupees  f o r  s e l e c t e d  t e c h n o l o g i e s  

Thresher  
seers * 

5  s e e r  

6  seer 
- 
30Rs/hr 

5  seer 

R s .  20/hr 
- 
- 
- 

6  s e e r  
- 

and/or  
' T r a c t o r  

Land 
P e r  

a c r e  

17 

2  3 
- 

15  
- 
- 

1 3  

20 

18 

27 

35 

35 

35 

Land 
l e v e l i n g  

P e r  
hour  

25 

24 
- 
- 

2 1  
- 

25 
- 
- 
- 
- 

35 

35 

p r e p a r a t i o n '  
P e r  
hour  

- 
- 
- 

1 5  

20 

19 
- 
- 
- 
- 
- 
- 
- 

i 

i n  s h a r e  o f  c r o p  

T r a c t o r  
P e r  
t r i p  ' 

( m i l e s  i n  
round 

t r i p = m )  

(m=10) 15  

( m = 1 2 )  17 
- 
- 
- 
- 

: m = l l )  15  
- 
- 
- 
- 
- 
- 

t r o l l e y  
P e r  

maund 

58 
- 
- 
- 
- 
- 

Rs.5/hr 
- 
- 

Rs.lO/hr 
- 
- 
- 

, 



r e l a t i o n s h i p  between farm s i z e  and t h e  ownership and use  of t h e  improved 

c u l t i v a t o r ,  mouldboard plow and t h e  r a b i  d r i l l .  For respondents wi th  

farms under 7.5 a c r e s ,  89 percent  r e p o r t  no t  us ing  t h e  c u l t i v a t o r ;  79 

percent  do not  use  t h e  mouldboard plow; and 92 percent  do not  make use  of 

t h e  r a b i  wheat d r i l l .  Both t r i a l  and adoption a r e  s i g n i f i c a n t l y  r e l a t e d  

t o  farm s i z e .  It does appear t h a t  c a p i t a l  does e n t e r  i n t o  t h e  u s e  of 

even these  low c o s t  implements. However, about t h e  same percentages of 

t h e  sample farmers  r e n t  o r  borrow these  implements as own them f o r  a l l  

s i z e  groups except t h e  l a r g e r  farmers.  Very few a c t u a l l y  r e n t  t h e s e  

implements; borrowing from neighbors i s  t h e  r u l e .  

I n  regard t o  ownership and use  by tenure  ca t egor i e s ,  t h e  only 

s i g n i f i c a n t  r e l a t i o n s h i p  is  f o r  use  and ownership of t h e  mouldboard plow 

where owner ope ra to r s  both r e n t  and own t h e  imprwed plow more than 

t enan t s .  

A s  expected, t he  ownership and use  of t r a c t o r s  f o r  s eve ra l  purposes 

a r e  each h ighly  r e l a t e d  t o  farm s i z e .  Table 32 provides information t o  

show t h e  use  of t r a c t o r s  f o r  plowing (pr imar i ly  seedbed p repa ra t ion ) ,  t h e  

ca r t age  of goods t o  and from market, and f o r  land l eve l ing .  It i s  

important t o  no te  t h e  f a i r l y  high use  of t h e  t r a c t o r  f o r  a l l  purposes by 

a l l  bu t  t h e  smal les t  farmers wi th  under 2.5 ac re s .  Small farmers with 

7.5 a c r e s  o r  more u t i l i z e  t r a c t o r s  more than one would expect .  Given 

l i b e r a l  import p o l i c i e s ,  e s p e c i a l l y  i n  t h e  l a t e  19601s,  t h e  number of 

t r a c t o r s  i n  t h e  Punjab Province a lone  r o s e  a t  a phenomenal r a t e .  While 

only 5.2 percent  of t h e  sample farmers own t r a c t o r s ,  nea r ly  ha l f  of t h e  

farmers  r e p o r t  using them from time t o  time f o r  c u l t i v a t i o n ;  about 18 per- 

cen t  u t i l i z e  t r a c t o r  t r o l l e y s ,  and about 12 percent  use  them f o r  rough 

land l e v e l i n g .  



The c o s t  of h i r i n g  t r a c t o r s  has  increased  r a p i d l y  i n  t h e  l a s t  

few yea r s  due t o  genera l  i n f l a t i o n  and t h e  h igh  c o s t  of spa re  p a r t s  

and f u e l .  The r a t e s  charged f o r  d i f f e r e n t  ope ra t i ons  a s  repor ted  by 

sample farmers  a r e  shown i n  Table 3 3 .  These r a t e s  vary  i n  r e l a t i o n s h i p  

t o  t he  demand i n  c e r t a i n  v i l l a g e  a r e a s  and t h e  type  of work r equ i r ed .  

A t  a l l  v i l l a g e  sites t h e r e  were i n s u f f i c i e n t  t r a c t o r s  i n  t h e  a r e a  t o  meet 

t h e  demand of f anne r s  f o r  land p repa ra t i on ,  e s p e c i a l l y  i n  t h e  per iod 

between r a b i  and khar i f  when t h e  t ime c o n s t r a i n t  is  g r e a t  i n  g e t t i n g  i n  

t h e  next  crop. A t  v i l l a g e  101  t h e r e  were fou r  wheat t h r e s h e r s  working 

f u l l  t i m e  i n  May-June of 1975 and many farmers  complained t h a t  they 

could no t  u t i l i z e  t he se  due t o  demand and high c o s t .  

T rac to r  r a t e s  f o r  land p repa ra t i on  a l s o  vary  i n  r e l a t i o n s h i p  t o  

t h e  a c t u a l  job requi red .  Farmers u sua l ly  pay by t h e  a c r e  and t h e  t r a c t o r  

ope ra to r  t y p i c a l l y  plows t h e  f i e l d  twice with a  c u l t i v a t o r .  It u s u a l l y  

r e q u i r e s  about one hour f o r  t h i s  double opera t ion  which would r e q u i r e  

12-16 hours f o r  a  bu l lock  team. Farmers who engage i n  i n t e n s i v e  opera- 

t i o n s  always f a c e  a  cons iderab le  t ime c o n s t r a i n t  a t  r a b i  wheat th resh-  

i ng  when f i e l d s  must be prepared f o r  t h e  khar i f  co t ton  crop.  T rac to r  

plowing is a l s o  i n  demand f o r  t h e  f i r s t  plowing a f t e r  a  sugarcane crop 

due t o  t h e  heavy crop r e s idues  and r o o t s  t h a t  have t o  be removed o r  

turned under f o r  the  next  crop.  

Table  34 provides  information by farm s i z e  and land t enu re  

c a t e g o r i e s  f o r  use  of tubewells  ( inc lud ing  pub l i c  tubewells  under h i r e )  

and th re she r s .  There i s  less d i f f e r e n c e  f o r  use  of tubewells  i n  r e l a t i o n -  

s h i p  t o  farm s i z e  than might be expected s i n c e  about  45 percent  of t h e  

sample farmers  have acces s  t o  publ ic  o r  p r i v a t e  tubewells .  However, i t  

is  ev ident  t h a t  farmers  of 12.5 a c r e s  o r  more have more acces s  t o  tubewells  



TABLE 34. Percentage of farmers reporting use of tubewell and thresher. 

Tubewell Thresher 

Farm # o f  No Rents Owns # o f  No Rents Owns 
Characteristics Farms Use Farms Use 

Farm Size 
(Acres) 

Under 2.5 76 73.7 22.4 3.9 
2.5-7.49 96 61.5 32.3 6.3 
7.5-12.49 98 55.1 30.6 14.3 
12.5-24.99 86 46.5 39.5 14.0 
25.0-49.5 17 17.6 52.9 29.4 
50 or More 7 0 42.9 57.1 

(~2=4~.2,10df)** 

Tenure 

Owners 254 57.1 27.2 15.7 
Owner-Tenants 54 57.4 35.2 7.4 
Tenants & 72 51.4 50.0 0 
Contractors (x2=22. 3.4df) * *  - 

Weighted Totals 380 55.9 32.7 11.6 

* Denotes significance between .05 and .001 
**Denotes significance at the .001 level or higher 



than smal le r  farmers.  Use of t h r e s h e r s  i s  p r imar i l y  f o r  farms wi th  25 

or  more a c r e s  i n  c u l t i v a t e d  holdings.  No t e n a n t s  repor ted  us ing  t h r e s h e r s  

and only about 9 percent  of t h e  o t h e r  f anne r s  r e p o r t  us ing  th r e she r s .  

No t enan t s ,  of course ,  own tubewells  but  only 50 percent  r e p o r t  using 

them a s  compared t o  57 percent  of t he  owners and owner-cum-tenant sample 

farms. This  is inf luenced g r e a t l y  by t h e  l a r g e  percentage of t enan t s  i n  

t h e  Sargodha D i s t r i c t  publ ic  tubewell  SCARP a r e a ,  where i n  f i v e  command 

a r e a s ,  48 percent  of t h e  sample farmers  were t enan t s .  Only about nine- 

t e en  percent  of t h e  sample farmers  on t h e  o t h e r  watercourse commands 

2  / were tenants.-  

Tubewell r e n t a l  r a t e s  vary  g r e a t l y  f o r  t h e  sample watercourses .  

On publ ic  tubewell  supplemented commands, farmers  pay t h e  tubewell  c o s t  

wi th  t h e i r  cana l  water  r a t e s  known a s  abania .  The two r a t e s  a r e  combined 

and paid seasona l ly .  P r i v a t e  tubewell  water  r a t e s  vary i n  r e l a t i o n s h i p  

t o  t h e  est imated d ischarge ,  t h e  demand s i t u a t i o n ,  and t h e  p a r t i c u l a r  

type of tubewell--diesel o r  e l e c t r i c .  

For example, on one command a t  v i l l a g e  101 two p r i v a t e  tubewell  

owners wi th  d i e s e l  powered w e l l s  charged R s .  8  t o  11 per  hour. A t  v i l l a g e  

s i t e  102 wi th  six p r i v a t e  tubewell  owners, r a t e s  ranged from 6  t o  11 

rupees per  hour. However, a t  s i t e  104 wi th  2  e l e c t r i f i e d  tubewells  r a t e s  

were rupees 4  per hour.  V i l l age  107 wi th  26 d i e s e l  powered p r i v a t e  tube- 

w e l l s  f o r  3 command a r e a s  wi th  a  t o t a l  c u l t i v a t e d  a r e a  of over  2000 a c r e s ,  

r a t e s  ranged from 8  t o  9  rupees with an average of rupees 8.6 per hour.  

A t  v i l l a g e  s i te  110, c o n s i s t i n g  of 3 command a r e a s  ( t o t a l  c u l t i v a t e d  a r e a  

equa l l i ng  896 ac re s )  wi th  26 d i e s e l  powered tubewells ,  hourly r a t e s  

were about 10-12 rupees per  hour. However, a  custom preva len t  a t  t h i s  

2 / I t  must be remembered t h a t  one of t h e  c r i t e r i a  f o r  s e l e c t i o n  of sample - 
commands included those  wi th  a  predominance of smal l  ope ra to r s .  



si te  was'the charge of one-third of t h e  ha rves t .  Given an ayerage of 

20 maunds of wheat per  a c r e  t h i s  would amount t o  about Rs. 270 f o r  

i r r i g a t i o n  water .  One of t h e  t h r e e  commands r e c e i v e s  no cana l  water ,  

t h e r e f o r e  t h e  r e n t a l  r a t e s  f o r  tubewells  a r e  high.  

A. Ownership of Miscellaneous Farm Technologies 

Table 35 provides  information about t h e  ownership of such technol- 

og ies  a s  t h e  ba r  harrow, fodder choppers and rubber - t i red  bu l lock  c a r t s  

by farm s i z e  c l a s s e s .  Probably t h e  most wide-spread improved farm 

machine i n  Pak i s t an  is  t h e  fodder c u t t e r  which has  knives  mounted on a 

l a r g e  wheel about fou r  f e e t  i n  diameter  and a s imple feed box and gear  

device  f o r  feed ing  t h e  fodder i n t o  t h e  machine. I n  t h e  e a r l y  1940's t h e r e  

were an es t imated  100,000 of t he se  i n  t h e  Punjab Province a lone  and 

today i n  Pakis tan  t h e  number is probably over a m i l l i o n  (Roberts,  1951: 

p 100) .  The c h a r a c t e r i s t i c s  r e l a t e d  t o  t h e  spread of t h i s  innovat ion  

a r e  i t s  e f f i c i e n c y  and saving of l abo r .  It a l s o  he lps  t o  economize on 

fodder which is  b e t t e r  prepared than t h e  f i n e  chopped fodder  us ing  t h e  

slow hand toka s i m i l a r  t o  a bu t che r ' s  meat c l e a v e r .  About th ree-quar te rs  

of t h e  sample f anne r s  own t h e s e  hand operated machines and t h e r e  is 

l i t t l e  d i f f e r e n c e  between farm s i z e  groups except  f o r  t h e  sma l l e s t  farmers  

w i th ,unde r  2.5 a c r e s .  The demand f o r  t he se  fodder  c u t t e r s  is g r e a t  and 

they a r e  produced a t  r a t h e r  low c o s t  throughout t h e  Provinces  of Punjab 

and Sind. A v a r i a t i o n  of t h i s  machine i s  one powered by bul locks  us ing  

a system s i m i l a r  t o  t h a t  of t h e  Pe r s i an  w e l l  o r  w a t e r l i f t .  These machines 

powered by camels o r  bu l locks  have an hourly product ion of 20 t o  40 

maunds of green fodder  per  hour a s  compared t o  6-8 maunds/hour f o r  

t h e  hand opera ted  fodder  choppers. Only 1 3  percent  of t h e  sample 

farmers own t h e s e  machines; about 38 percent  of l a r g e r  farmers  r e p o r t  



T a b l e  3 5 .  S e l e c t e d  f a rm t e c h n o l o g i e s  by f a rm s i z e  c l a s s e s .  

P e r c e n t a  e o f  sample f a r m e r s  owning 
Farm s i z e  INO. o f  1-d l ~ u l l o c k  pow-1 Rubber =; 1;arms 1 harrow 1 f o d d e r  i e r e d  f i d d e r  1 t i r e d  

chopper  chop er  b u l l o c k c a r t  

Under 2 . 5  1 77 1 O 1 5 3 - 4  1 5 - 2  1 0 

50.0 and o v e r  ( 8 1 25.0 1 1 0 0 . 0  1 37.5 1 1 2 . 5  

Weighted 
T o t a l s  

*Denotes  s i g n i f i c a n c e  between .05  and .001  l e v e l .  
**Denotes s i g n i f i c a n c e  a t  t h e  . 001  l e v e l  o r  h i g h e r .  

2 X i f  s i g n i f i c a n t  
and 5 d e g r e e s  
o f  f reedom 

21.3**/ 25.6" 

1 



owning them a s  compared t o  only 10 t o  15  percent  of t h e  farmers owning 

7.5 t o  50 ac res .  This  machine, when operated by d i e s e l  engines o r  

e l e c t r i c i t y ,  o f t e n  a t .  tubewell l oca t ions ,  can produce anywhere from 30 

t o  150 maunds of f r e s h  fodder per hour. 

The l i g h t  bar  harrow introduced i n  the  Punjab about 1918 c o n s i s t s  

of a  wooden o r  i ron  t r i a n g u l a r  framewith 17 t o  20 i r o n  po in t s  o r  t i n e s .  

T h e t i n e s a r e  s lan ted  s l i g h t l y  backwards on improved models t o  reduce 

the  uprooting of p l an t s .  With a  width of about 4 f e e t ,  a  farmer can 

cover about 4 t o  5 a c r e s  i n  about 8 hours.  This  implement is  used 

pr imar i ly  f o r  harrowing wheat, co t ton ,  and sugarcane i n  t h e  e a r l y  s t ages  

and is very use fu l  when highly pulvarized s o i l s  develop c r u s t a t i o n  a f t e r  

a  r a i n  shower. The problem of c r u s t a t i o n  is s e r i o u s  i n  some a r e a s  where 

s o i l s  have l i t t l e  organic mat te r  and tend t o  s e a l  over ,  g r e a t l y  reducing 

p lant  germination and emergence. Twenty-one percent  of t h e  sample 

farmers r e p o r t  owning harrows, bu t ,  a s  seen i n  Table 35, they a r e  i n  

g r e a t e r  use  by farmers with 25 o r  more a c r e s  i n  c u l t i v a t e d  holdings.  

A l l  except t h e  very  small farmers own a t r a d i t i o n a l  bul lock c a r t  

because t r anspor t  by camels is about twice a s  c o s t l y .  Since t h e  weight 

of t h i s  c a r t  i s  about 1200 l b s .  and has no wheel bear ings  t h e  average 

load is about 1600 t o  2000 Ibs .  f o r  d i r t  roads which r equ i re s  f a i r l y  

t a l l  and l a r g e  bul locks.  Larger farmers,  with much ca r t age ,  increas ingly  

a r e  using wheel bearings and improved pneumatic t i r e s  on bul lock c a r t s .  

Tes t s  made i n  the  e a r l y  1900's found t h a t  such improved bul lock c a r t s  

could c a r r y  4500 l b s .  of sugarcane a s  compared t o  2000 l b s .  f o r  con- 

ven t iona l  c a r t s  a t  a  speed t h a t  was 15-20 percent f a s t e r  (Roberts,  

1951: 109-110). Twenty percent of t he  sample farmers own these  improved 

c a r t s .  However, again we no te  t h a t  t h e  l a r g e r  fanners  tend t o  use  them 



more. Given the  in t roduc t ion  of t he  t r a c t o r ,  t he  l a r g e  fanners  a r e  

i nc reas ing ly  using t r a c t o r  t r o l l e y s .  A l l  t h e  sample t r a c t o r  farmers ,  

f o r  example, a l s o  own t r o l l e y s .  A s  seen  i n  Table 32, many t r a c t o r  

owners a l s o  develop a  p r o f i t a b l e  s i d e  bus iness  of t r anspor t ing  goods t o  

and from market . 
V I .  TRIAL AND ADOPTION OF SELECTED HYV CROP VARIETIES AND PRACTICES 

Farmers were asked i f  they had "ever t r i e d t '  s e v e r a l  crop v a r i e t i e s  

and improved p r a c t i c e s .  I n  add i t i on ,  they were asked i f  they were making 

r egu la r  use  of t hese  innovat ions o r  no t .  Adoption is usua l ly  def ined  a s  

t he  incorpora t ion  of a  new crop v a r i e t y ,  technology, o r  innovat ion i n t o  

t h e  farm opera t ion  on a  r egu la r  b a s i s .  A summary of e i g h t  p r a c t i c e s  is  

given i n  Table 36 by farm s i z e  i n  order  t o  determine t h e  d i f f e r e n c e  i n  

t r i a l  and adoption f o r  va r ious  v a r i e t i e s  o r  p r a c t i c e s .  

High y i e ld ing  wheat--Chenab 70 and S.A. 42--are e a r l y  and l a t e  

v a r i e t i e s  r e spec t ive ly .  Though these  a r e  no t  a s  popular a s  some o the r  

HYV v a r i e t i e s  w i th  farmers ,  such a s  Mexipak 69 and t h e  o lde r  Mexipak 

65 v a r i e t y ,  they have become widely used f o r  e a r l y  and l a t e  sowings. 

While 65.9 percent  of t h e  sample farmers have t r i e d  Chenab 70, 57 percent  

(or  81  percent  of those  who t r i e d  i t )  have adopted t h i s  v a r i e t y .  How- 

ever ,  t h e  l a t e  v a r i e t y  sown i n  the  Punjab between November 25 t o  

December 15 has been t r i e d  by only 42 percent  of t h e  sample farmers  and 

adopted by 36 percent--about 86 percent  of those  who t r i e d  i t .  S.A. 42 

i s  a more spec i a l i zed  v a r i e t y  used pr imar i ly  a f t e r  co t ton  and r i c e  i n  

very i n t e n s i v e  farming. Larger farmers have t r i e d  and adopted both of 

t hese  v a r i e t i e s  i n  g r e a t e r  numbers than smaller  ope ra to r s  a s  seen from 

the  r e p o r t s  of sample fanners  ( s ee  Table 36).  Though no t  shown i n  

Table 36, owner ope ra to r s  have put both of t h e  HW's t o  t r i a l  and have 





adopted them i n  g r e a t e r  numbers than tenant  farmers .  Only 45 percent  of 

t h e  sample t enan t s  adopted Chenab 70 and only 21 percent  have adopted 

S.A. 42 a s  compared t o  62 and 42 percent  of t h e  owner ope ra to r s  i n  t h e  

sample. 

Of t h e  293 r i c e  farmers ,  which inc ludes  t hose  who produce r i c e  

f o r  home consumption a s  w e l l  a s  f o r  t h e  market,  34 percent  r e p o r t  they 

have t r i e d  t h e  HYV of r i c e  bu t  only 21 percent  r e p o r t  they have adopted 

t h i s  v a r i e t y .  The v a r i e t y  of r i c e  which has  t h e  g r e a t e s t  domestic a s  

we l l  a s  fo re ign  demand i s  t h e  aromatic  "basmati" v a r i e t y  which has  

q u a l i t i e s  i n  g r e a t  demand i n  t h e  Middle Eas t ,  bu t  is not  a  high y i e ld ing  

v a r i e t y .  The f a c t  t h a t  only 21 percent  of t h e  farmers  adopted t h e  HYV 

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

Most of t h e  HYV of r i c e ,  such a s  Irri-PAK,were found i n  Sind Province where, 

f o r  some y e t  undetermined reason,  t h e  popular basmati  v a r i e t i e s  l o s e  t h e i r  

aromatic  q u a l i t i e s .  A s  seen from Table  36 t h e r e  is a  s i g n i f i c a n t  

r e l a t i o n s h i p  between farm s i z e  and both t r i a l  and adopt ion of t h e  new r i c e  

v a r i e t i e s .  The most p l a u s i b l e  explana t ion  f o r  t h i s  i s  t h a t  t h e  ma jo r i t y  

of t h e  sample farmers  c u l t i v a t e  r i c e  f o r  home consumption and p r e f e r  t o  

u se  e i t h e r  basmati  o r  o t h e r  l o c a l  v a r i e t i e s  due t o  t a s t e  and cooking 

q u a l i t i e s .  

Line p l a n t i n g  of r i c e  s eed l ings ,  o f t e n  r e f e r r e d  t o  a s  t h e  Japanese 

o r  P h i l i p p i n e  method, i s  u s u a l l y t h o u g h t t o  add s u b s t a n t i a l l y  t o  y i e l d s  due 

t o  more uniform p l a n t  popula t ions  and g r e a t e r  e f f i c i e n c y  i n  weeding and 

a p p l i c a t i o n  of both f e r t i l i z e r  and i n s e c t i c i d e s .  However, of t h e  r epo r t -  

i ng  r i c e  growers, on ly  18 percent  s t a t e d  t h a t  they  had t r i e d  t h i s  p r a c t i c e  

and only 8 percent  repor ted  us ing  i t  on a  r egu la r  b a s i s .  While l a r g e r  

farmers  repor ted  having t r i e d  t h i s  more than smal le r  farmers ,  t h e  



d i f f e r e n c e  is n o t  g r e a t  except  f o r  farms over 25 a c r e s  a s  compared wi th  

t h e  very  smal l  farms. The major c o n s t r a i n t  i n  us ing  t h i s  p r a c t i c e  i s  t h e  

s k i l l e d  l abo r  requirement.  Most of t h e  r i c e  i s  t r ansp l an t ed  but  some is  

s t i l l  broadcast  a l though t ransp lan ted  r i c e  u s u a l l y  is thought t o  y i e l d  4 t o  

5  maundslacre more (Gibb, 1966: 156-159). An e a r l i e r  s tudy shows t h a t  

t r a n s p l a n t i n g  an a c r e  of r i c e  r e q u i r e s  about 34 man hours  by s k i l l e d  l abo r .  

Transp lan t ing  t h e  s eed l ings  i n  rows r e q u i r e s  much superv is ion  t o  s e e  t h a t  

t h e  depth  of s eed l ing  placement and t h e  spac ing  is proper .  The c o s t  today 

f o r  t r a n s p l a n t i n g  r i c e  is probably about 16  t o  20 rupees /acre .  Only 

farmers  a t  sites 110 and 116 produced r i c e  p r imar i l y  f o r  t h e  market on 

a  l a r g e  scale;  o t h e r  sample farmers  used e i t h e r  ca sua l  l abo r  o r  t h e i r  

own l abo r  f o r  t r ansp l an t ing .  

A major f a c t o r  expla in ing  low crop y i e l d s ,  e s p e c i a l l y  of r i c e  and 

co t ton ,  a r e  poor p l a n t  p r o t e c t i o n  measures. The l a c k  of e a s i l y  a v a i l a b l e  

i n s e c t i c i d e s  and p e s t i c i d e s ,  low c o s t  sp raye r s  and d u s t e r s ,  and knowledge, 

r e s u l t  i n  few f anne r s  u s ing  i n s e c t i c i d e s .  For example, of 292 r i c e  farmers  

on ly  1 7  percent  r epo r t ed  u s ing  i n s e c t i c i d e s  and only  11 percent  had adopted 

them on a  r e g u l a r  b a s i s .  Of 368 fanners  who grow c o t t o n  only  20 percent  

repor ted  having t r i e d  p l a n t  p r o t e c t i o n  measures and only 11 percent  had 

adopted them. 

Probably t h e  only v i a b l e  s o l u t i o n  i s  t o  make m a t e r i a l s  and cheap 

machines a v a i l a b l e  t o  farmers  and t each  them how t o  e f f e c t i v e l y  c o n t r o l  

t h e i r  p e s t  and i n s e c t  problems. Also systemic m a t e r i a l s ,  n o t  r e q u i r i n g  

sophis t icatedequipment ,  a r e  needed which farmers can apply a t  t h e  t ime of 

t r ansp l an t ing  seed l ings .  

The problem of p l a n t  p r o t e c t i o n  is j u s t  a s  s e r i o u s  w i th  c o t t o n  

( e s p e c i a l l y  upland v a r i e t i e s )  a s  wi th  r i c e .  Given t h e  l a r g e  co t ton  



acreage i n  t h e  Punjab and Sind i t  is  s u r p r i s i n g  t h a t  only 11 percent  of 

t h e  sample farmers  repor ted  having adopted r egu la r  i n s e c t  and p e s t  

c o n t r o l  measures. S tud i e s  (Gibb, 1966: 148) have shown t h a t  good p l a n t  

p ro t ec t i on  measures can almost  double y i e l d s  given o t h e r  improved 

p r a c t i c e s .  Major i n s e c t s  t h a t  c r e a t e  damage t o  c o t t o n  a r e  j a s s i d s ,  m i t e s ,  

and b o l l  worms. E f f o r t s  a r e  made i n  co t ton  r eg ions ,  such a s  Multan, t o  

conduct s p e c i a l  campaigns us ing  both  a e r i a l  spray ings  and ground crews by 

t h e  Department of Agr icu l ture .  Though these  e f f o r t s  a r e  h e l p f u l ,  t h e  

Department a lone ,  wi th  l i m i t e d  funds and s t a f f ,  cannot expect t o  s e r v i c e  

t h e  p l a n t  p r o t e c t i o n  needs of farmers .  Here aga in  farmers  themselves 

can b e s t  do t h e  job provided they have t h e  m a t e r i a l s  and the  t r a i n i n g .  

No amount of propoganda w i l l  do t h e  job u n t i l  farmers  have more e a s i l y  

a v a i l a b l e  m a t e r i a l s  and equipment. I n  a l l  survey s i t e s  where farmers  

grow c o t t o n  a  common complaint was t h e  l a c k  of i n s e c t i c i d e  a v a i l a b i l i t y .  

Another f a c t o r  c r e a t i n g  low crop y i e l d s  i s  t h e  low l e v e l  of u se  

of phosphat ic  f e r t i l i z e r s  ( s ee  Table  36) .  E a r l i e r  i n  t h e  examination of 

f a c t o r s  r e l a t e d  t o  d i f f e r e n c e s  i n  wheat, co t ton ,  and r i c e  y i e l d s  it was 

found t h a t  l e v e l  of u s e  of phosphorus was major.  The s imple c o r r e l a t i o n  

between u s e  of t h i s  f e r t i l i z e r  and y i e l d s  of wheat, c o t t o n ,  and r i c e  

gave c o e f f i c i e n t s  r e s p e c t i v e l y  of .48, .28 and .22. Of t h e  377 sample 

farmers  r epo r t i ng ,  only 43 percent  repor ted  t h a t  they have ever  t r i e d  

phosphat ic  f e r t i l i z e r  and only 31  percent  repor ted  us ing  i t  on a  r egu la r  

ba s i s .  A s  expected both  t h e  t r i a l  and adopt ion of t h i s  f e r t i l i z e r  is  

h igh ly  c o r r e l a t e d  w i th  farm s i z e .  Whereas, of t h e  l a r g e s t  farmers ,  100 

percent  r e p o r t  " t r ia l"  and 62 percent  r e p o r t  "adoption," bu t  of t h e  

smal les t  farmers ,  only 11 percent  r e p o r t  ever  t r y i n g  phosphorus f o r  any 

c rops  and only about  6 percent  r e p o r t  us ing  i t  on a  r egu la r  b a s i s .  



Severa l  conclusions can be drawn from t h i s  d i s cus s ion  of t r i a l  

and adopt ion of t he se  seven important i n n w a t i o n s .  F i r s t ,  i n  a l l  c a se s ,  

except  t he  adopt ion of l i n e  p l an t ing  of r i c e  s eed l ings  t h e r e  i s  a  s t rong  

r e l a t i o n s h i p  between both t r i a l  and adopt ion of t h e  s e l e c t e d  technologies-- 

h igh  percentages of t hose  who g i v e  t h e  innovat ion a  t r i a l ,  adopt i t .  

Second, f o r  HYV of r i c e ,  l i n e  p l an t ing  of r i c e  s eed l ings ,  p l an t  p r o t e c t i o n  

measures f o r  r i c e  and co t ton ,  and use  of phosphat ic  f e r t i l i z e r s ,  both 

t he  t r i a l  and adopt ion r a t e s  a s  repor ted  by sample farmers  a r e  s e r i o u s l y  

low. Third,  s i n c e  a l l  of t h e s e  p r a c t i c e s  a r e  e s s e n t i a l  f o r  improved 

y i e l d s ,  new approaches a r e  necessary t o  a s s u r e  they w i l l  become accepted 

by farmers.  This  w i l l  r e q u i r e  nothing less than a  t ransformat ion  of t h e  

convent ional  o rgan iza t ions  which have t h e  r e s p o n s i b i l i t y  t o  s e rve  farmers .  

Programs must be r e s t r u c t u r e d  and s t a f f  upgraded t o  work i n t e n s i v e l y  i n  

t r a i n i n g  farmers .  Though farmers  can be  suppl ied  more water ,  t h i s  a lone  

w i l l  do l i t t l e  t o  i n c r e a s e  p re sen t  low crop  y i e l d s .  Any program f o r  

improving t h e  on-farm i r r i g a t i o n  system must have a  s t rong  i n p u t  of 

e f f e c t i v e  farm l e v e l  adv i so r s  t o  demonstrate t o  farmers  what i s  poss ib l e  

using a  comprehensive management approach t o  crop product ion.  

V I I .  UTILIZATION OF RECOMMENDED PRACTICES FOR HIGH YIELDING WHEAT 

VARIETIES 

Perhaps t h e  most e f f e c t i v e  work of t h e  Agr i cu l tu re  Department 

and i ts  s p e c i a l  farm r a d i o  programs h a s  been t h e  propagat ion of informa- 

t i o n  about improved p r a c t i c e s  f o r  t h e  HYV of wheat. Since 1965, ex tens ion  

workers, supported by r a d i o  programs and f e r t i l i z e r  d i s t r i b u t o r s ,  have 

a l s o  probably e s t ab l i shed  more demonstration p l o t s  f o r  t h e  high y i e l d i n g  

wheat v a r i e t i e s  than  f o r  a l l  o t h e r  c rop  v a r i e t i e s .  More than t e n  years  

of ou ts tanding  r e sea rch  on t h e  high y i e ld ing  v a r i e t i e s  has  been conducted 



by t h e  research  i n s t i t u t e s  and a g r i c u l t u r a l  u n i v e r s i t i e s  by s t a f f  t r a ined  

a t  CYMITT i n  Mexico. I n  choosing t o  examine t h e  u t i l i z a t i o n  of recommended 

p r a c t i c e s  of t h e  HYV of wheat, i t  must be r e a l i z e d  t h a t  wheat production i s  

l e s s  complex than crops such a s  r i c e ,  co t ton ,  o r  sugarcane and HYV have 

been promoted in t ens ive ly  f o r  over 10  years  i n  Pakis tan .  Yields  a r e  s t i l l  

low (see  Volume 111, Chapter S ix ) .  Many f a c t o r s  r e s u l t  i n  t h e  low average 

y i e lds .  I n  r ecen t  years ,  y i e l d s  have reached a  p la teau  and some observers  

r e p o r t  a  s l i g h t  decrease  i n  y i e l d s .  E a r l i e r  (Volume 111, Chapter Six)  we 

have seen t h a t  bo th  water supply and l e v e l s  of f e r t i l i z a t i o n  expla in  about 26 

percent  of t h e  v a r i a t i o n  i n  y i e l d s .  Other f a c t o r s  include sowing d a t e s ,  

proper seedbed prepara t ion ,  seed depth,  seed r a t e s ,  seed placement, i n t e r -  

a c t i o n s  between nitrogen-phosphorus f e r t i l i z e r s  and va r ious  l e v e l s  of 

i r r i g a t i o n ,  s p l i t  a p p l i c a t i o n s  of n i t rogen  wi th  d i f f e r e n t  s o i l s ,  l w e l -  

nes s  of f i e l d s  and leaching  of n i t r a t e s  by excess ive  water app l i ca t ion .  

The information presented i n  Table 37 is d e s c r i p t i v e  i n  t h e  sense  

t h a t  is compares what sample farmers  r e p o r t  t h e i r  p r a c t i c e s  a r e  i n  

r e l a t i o n s h i p  t o  recommended p rac t i ce s .  Recommended p r a c t i c e s  a r e  a l l  

taken from t h e  annual r e p o r t s  and s p e c i a l  pub l i ca t ions  of t h e  Punjab 

Agr i cu l tu ra l  Research I n s t i t u t e  (PARI) formerly known a s  t h e  Ayub Research 

I n s t i t u t e .  The l a t e s t  w r i t t e n  recoxmuendations a v a i l a b l e  a t  t h e  t ime of 

t h e  survey were those  f o r  1974-75. Spec ia l  r e f e rence  i s  made t o  each 

recommendation and i ts  source i n  t h e  p re sen ta t ion  of d a t a .  Many con t ro l l ed  

p l o t  experiments have been conducted i n  both Pak i s t an  and Ind ia  f o r  most 

of t h e  recommendations examined and, where app ropr i a t e ,  t hese  w i l l  be  

c i t e d .  



T a b l e  37 .  Summary t a b l e  o f  farmers' u t i l i z a t i o n  of recom- 
mended management p r a c t i c e s  f o r  h i g h  y i e l d i n g  wheat  
v a r i e t i e s .  

Management p r a c t i c e s  N o .  of  
(Recommended p r a c t i c e  f a r m s  P e r c e n t a g e  
shown by a s t e r i s k )  r e p o r t i n g  u s i n g  

1. P r o p e r  r a n g e  f o r  
d a t e  o f  sowing 
a .  Does n o t  u s e  1 4 8  43.0 
b .  W i t h i n  f 4 d a y s  86 25.0* 
c. Uses correct r a n g e  110  32.0* - 

344 
2. Seedbed p r e p a r a t i o n  

a .  L o c a l  plow 
b .  Mouldboard plow 
c. T r a c t o r  plow 

3. Seed Depth 
a .  Off by more t h a n  . 5 "  
b .  W i t h i n  2 . 5 "  
c. Correct r a n g e  

4. S e e d i n g  method 
a. B r o a d c a s t  
b .  Kera 
c. P o r a  
d .  D r i l l  

5. L e v e l  o f  N ( n u t r i e n t  l b s .  ) 
a .  None 69 
b .  < 75 241  + ( I 9 7 0  8 7 )  65.0 
c. 75-99 8 2.0 
d. 100-114 29 7.8* 
e. 115+ - 24 6.5* 

371 
6. L e v e l  o f  P ( n u t r i e n t  l b s / a c r e )  

a.  None 269 + ( 1 9 7 0 9 3 )  71.7 
b .  < 25 6 1 . 6  
c. 25-49 6 1 . 6  
d.  50 or  more 94 25.1* - 

375 
7. S p l i t s  f e r t i l i z e r  a p p l i c a t i o n  

a .  No 232 63.7 
b .  Y e s  - 132 + (1970  41)  36.3* 

364 
8 .  Seed  r a t e  ( s e e r / a c r e )  * 

a .  < 36 64 34.2 
b.  36-39 1 6  8 .6  
c. 40 o r  more 107  + ( I 9 7 0  39)  57.2* - 

187 

+ d e n o t e s  p e r c e n t a g e s  u s i n g  s e l e c t e d  p r a c t i c e s  f o r  H W  wheat  i n  
1970.  See  ~ o w d e r m i l k ,  D i f f u s i o n  o f  Dwarf Wheat P r o d u c t i o n  Tech- 
nology! 1972! op .  c i t .  pp.  310-312. 



A. Sowing Dates 

The recommended sowing d a t e s  ( J o i n t  Recommendations, 1974) f o r  

t h e  v a r i e t i e s  used by sample farmers f o r  bo th  Punjab and Sind Provinces  

a r e  given below: 

Var i e ty  and Province 

1. Punjab 
Chenab 70 
Lyal lpur  73 
Mexi-Pak 69 
Sandal 
S.A. 42 
Blue S i l v e r  

2. Sind 
Pak 70 
Chenab 70 
Mexi-Pak 70 

Recommended Sowing d a t e s  

Oct. 25 - NOV. 20 
Nov. 1 - Nov. 20 
Nov. 10  - NOV. 25 
Nov. 20 - Dec. 10  
Nov. 25 - Dec. 15  
Nov. 25 - Dec. 1 5  

Oct. 20 - Nov. 20 
Oct. 20 - Nov. 20 
Nov. 1 - Nov. 20 

Farmers were asked t o  provide t h e  range of sowing d a t e s  used f o r  

t h e  p a r t i c u l a r  v a r i e t y  they c u l t i v a t e d  f o r  t h e  1975-76 season. These 

d a t e s  were then compared wi th  t h e  recommended range of sowing d a t e s  f o r  

t h e  v a r i e t y  used by t h e  farmer ( s ee  Table 37) .  A major c o n s t r a i n t  on 

meeting t h e  recommended sowing d a t e s  is t h e  l a c k  of r e l i a b i l i t y  of cana l  

i r r i g a t i o n  s u p p l i e s  f o r  farmers  who do not  have easy acces s  t o  tubewell  

i r r i g a t i o n  supp l i e s .  For example, i n  1974 t h e  monsoon r a i n s  terminated 

e a r l y  and t h e r e  was l i t t l e  r a i n f a l l  from August 6 t o  December 1. Rivers  

were a t  t h e i r  lowest levels i n  about 90 years .  Added t o  t h i s  problem, 

engineer ing problems a t  t h e  famous Ta rbe l l a  Dam, which was almost completed, 

n e c e s s i t a t e d  t h e  e a r l y  r e l e a s e  and l o s s  of a l l  waters  i n  s to rage .  Canal 

r a t i o n i n g  had t o  be enforced,  and farmers  without supplemental s u p p l i e s  

were unable  t o  sow t h e i r  wheat on t i m e .  Even when cana l  s u p p l i e s  a r e  , 

r e g u l a r ,  farmers  seldom can sow a l l  t h e i r  wheat crop a t  t h e  same t i m e .  

Therefore  de l ays  i n e v i t a b l y  take  p lace .  



B. Seedbed Prepara t ion  

Improved methods of seedbed prepara t ion  have been recommended s i n c e  

1965 f o r  t h e  HYV and though t h e r e  a r e  l i t t l e  a v a i l a b l e  d a t a  t o  i s o l a t e  

t h e  importance of deep plowing us ing  a  mouldboard plow, i t  i s  usua l ly  

recommended. Farmers can prepare a  good seedbed wi th  t h e  l o c a l  d e s i  plow, 

but i t  does not  run deep and usua l ly  6  t o  8  plowings and plankings a r e  

necessary t o  c o n t r o l  weeds. F i e ld  observa t ions  i n d i c a t e  t h a t  o f t e n  t h e  

l o c a l  plow leaves  unplowed gaps, due t o  t h e  l a c k  of s o i l  imrersion.  

Local plows running a t  a  shallow depth a l s o  r e s u l t  i n  excess ive  plowings 

which breakdown t h e  s o i l  s t r u c t u r e ,  thereby e s t a b l i s h i n g  a  condi t ion  t h a t  

c r e a t e s  s o i l  c r u s t a t i o n  when r a i n f a l l  occurs.  Excessive f i n a l  plowings 

a l s o  r e s u l t  i n  much moisture dep le t ion .  Of t h e  371 sample farmers ,  only 

27 percent  r e p o r t  using t h e  mouldboard plow and t r a c t o r  plowing f o r  seed- 

bed prepara t ion .  I n  an  i n t e n s i v e  f i e l d  s tudy i n  1970 (Lowdermilk, 1972: 

371-72) i t  was found t h a t  on ly  28 percent  of t h e  350 sample farmers i n  

t h e  Multan D i s t r i c t  used these  improved methods of  seedbed prepara t ion .  

However, t h e  major c o n s t r a i n t s  of farmers t o  using t h e  inproved plow a r e  

spare  p a r t s  and l ack  of r e p a i r  f a c i l i t i e s  i n  v i l l a g e s .  Also, f o r  t h e  

smal le r  farmers ,  c o s t  may be  an  obs t ac l e .  

C .  Seeding Depth and Seeding Method 

Studies  have shown t h a t  due t o  t h e  s h o r t e r  and weaker c o l e o p t i l e  

of HYV of wheat a s  compared t o  l o c a l  v a r i e t i e s  such a s  AC 273 and AC 591 

t h e  depth  of seeding is c r i t i c a l  f o r  good seed emergence. Several  

s t u d i e s  have inves t iga ted  t h e  importance of t h i s  f a c t o r  (Lowdermilk, 

1972: 371-72). Singh (Singh, 1969: 136) found t h a t  depths of 5.0 t o  

7.5 (2" to2 .9")  gave t h e  bes t  r e s u l t s  when o the r  f a c t o r s  were con t ro l l ed .  

Also, research  r e s u l t s  and recommendations i n  Pakis tan  have s t r e s s e d  t h e  

importance of uniform seeding depths of 2  t o  2.5 inches.  



Farmers i n  Pakis tan  through long yea r s  of t r i a l  and e r r o r  have 

found t h a t  l o c a l  v a r i e t i e s  can be seeded a t  a dep th  up t o  4 inches  o r  

more us ing  t h e  kera  and pora methods. About 30 percent  of t h e  sample 

farmers  r e p o r t  t h a t  they s t i l l  use  depths  of seeding t h a t  a r e  3 t o  4 inches .  

Some r e p o r t  5 t o  6 inches.  About 34 percent  ( s ee  Table 37) r e p o r t  dep ths  

from p l u s  o r  minus about .5 inches  of t h e  recommended depth of 2.5 t o  

3.0 inches  and about t h e  same percentage r e p o r t  sowing a t  t h e  recommended 

depth.  More r e sea rch  is  needed t o  i s o l a t e  t h e  importance of t h i s  f a c t o r  

on p l a n t  emergence and y i e l d s .  Even very  shal low dep ths  of seeding o f t e n  

reduce y i e l d s  from t h e  l a c k  of mois ture  i n  t h e  top  one t o  two inches  of 

t h e  seedbed due t o  excess ive  plowings. 

Related t o  seed depth i s  t h e  method requi red  f o r  adequate  depth 

and uni formi ty  i n  seed placement. Sowing is  usua l ly  done by broadcas t ing ,  

t h e  use of kera ,  which is  d ibb l ing  t h e  seed i n  furrows, t h e  use  of pora,  

which is  a p ipe  wi th  a small  funne l  secured behind a small  l o c a l  furrow 

plow, o r  t h e  u se  of an automatic  r a b i  wheat d r i l l .  The pora and t h e  d r i l l  

a r e  recommended because "they g ive  t h e  b e s t  r e s u l t s  i n  a l l  provinces  a s  

they in su re  uniform s t ands  and a l s o  save seed"(~ointRecommendat ions,  

1974: 71).  

When seed i s  broadcast  u s u a l l y  an  e x t r a  plowing and planking a r e  

used t o  cover t h e  seed.  Th i s  broadcast  method, whi le  r e q u i r i n g  only 

about 0.3 of a man hour /acre  a s  compared wi th  about 1 0  hours /acre  us ing  

t h e  pora method, l e aves  many seeds  uncovered which b i r d s  e a t  o r  i n  t h e  

top  l e v e l s  of t h e  s o i l  p r o f i l e  where mois ture  is  r a p i d l y  deple ted  (Gibb, 

1966: p. 94).  Recommendations suggest  (.JointRecommendations, 1975: 7) t h a t  

both wi th  t h e  broadcast  and kera  methods a t  l e a s t  30 percent  more seed a r e  

requi red  t o  a s s u r e  b e t t e r  p l an t  populat ions.  The pora and kera  methods 



usua l ly  l eave  t h e  seed a t  a  depth of 3 t o  5  Inches,  which is too  deep f o r  

good emergence of t h e  HYV. However, i f  we inc lude  pora a s  an improved 

seeding method wi th  t he  d r i l l ,  about 38 percent  of t h e  sample farmers  

can be s a i d  t o  use improved sowing methods. The automatic  bu l lock  powered 

seed d r i l l  i s  a  s imple device ,  without  a  f e r t i l i z e r  a t tachment ,  which has  a  

seed box mounted on wheels with 4  t o  5  tubes  and c o u l t e r s  which can be 

c rude ly  set f o r  t h e  seed r a t e  requi red .  The c o u l t e r s  can be set i n  s l o t s  

f o r  t h e  depth requi red .  While t h e s e  l o c a l l y  made machines a r e  crude,  

they a r e  a  g r e a t  improvement over o t h e r  methods; they provide more uniform 

seed depth  and placement a t  a  g r e a t e r  speed than t h a t  of t h e  ke ra  o r  pora 

method. 

D. Levels  of F e r t i l i z e r  U s e  and Methods of Appl ica t ion  

Levels  of phosphorus/acre f o r  t h e  HYV of wheat average only 11 

n u t r i e n t  l b s  f o r  sample farmers  ( s ee  Table 37) .  Seventy-two percent  of 

t h e  sample farmers  r e p o r t  they  use  none a t  a l l .  Because only 25 percent  

use  t h e  recommended l e v e l s  one i s  no t  su rp r i s ed  a t  low y i e l d s .  The s imple 

c o r r e l a t i o n  c o e f f i c i e n t  f o r  phosphorus and y i e l d s  i s  .48 which sugges ts  

i t s  importance f o r  y i e l d s .  The 1974-75 recommendations ( J o i n t  Recommenda- 

t i o n s ,  1974-5: p. 7-10) s t a t e  t h e  fol lowing:  

"Last y e a r ' s  r e p o r t s  i n d i c a t e  t h a t  t h e  o v e r a l l  r a t i o  of n i t rogen  
t o  phosphorus was c l o s e  t o  6 : l .  This  year  we aim f o r  4 : l  i f  no t  
t o  t h e  i d e a l  of 2 : l .  However, on account of ex t ens ive  u se  of 
n i t rogenous  f e r t i l i z e r  over t h e  l a s t  8  t o  9  yea r s  a  g r e a t  deple- 
t i o n  i n  phosphorus a v a i l a b i l i t y  has  occurred.  Some of t h e  b e s t  
y i e l d s  have been obtained us ing  a  1:l ra t io . . .whea t  i s  extremely 
s e n s i t i v e  t o  phosphorus de f i c i ency  and t h e  e f f e c t s  on y i e l d  when 
t h i s  element i s  i n s u f f i c i e n t  a r e  spec tacu la r . "  

It is  i n t e r e s t i n g  t h a t  t h e  r a t i o  of n i t rogen  t o  phosphorus by sample 

farmers was 4 .6 : l  (51 l b s .  of N and 11 l b s .  of P) f o r  t h e  season 1975-76. 

The amount of phosphorus i s  important ,  bu t  i t s  placement i s  

c r u c i a l  (Qureshi and Khan, 1970: 91). D r i l l i n g o r  banding t h i s  f e r t i l i z e r  



a t  a  proper depth i s  important  f o r  i ts  improved a v a i l a b i l i t y  t o  t h e  p l a n t .  

The method of broadcast ing phosphatic f e r t i l i z e r  followed by plowings and 

planking l eaves  amounts a t  v a r i a b l e  depths  and o f t e n  much remains on t h e  

s o i l  su r f ace  o r  only a  few cent imeters  from t h e  su r f ace .  Since phosphorus 

does no t  move i n  t h e  s o i l  and is  no t  l o s t  through leaching ,  t h e  high Ph 

of many s o i l s  i n  Pakis tan ,  e s p e c i a l l y  a s  s a l t s  move upward, a l s o  a f f e c t  

i ts  a v a i l a b i l i t y  t o  p l a n t s .  The problem of low l e v e l s  of use of phosphorus 

have been ev ident  s i n c e  t h e  l a t e  1960 ' s  f o r  HYV of wheat. I n  1970, 

(Lowdermilk, 1972: p .  256-298) a  sample survey i n  Multan D i s t r i c t  repor ted  

t h a t  93 percent  of 350 HY wheat growers used no phosphorus a t  a l l .  

Equally important t o  t h e  use of f e r t i l i z e r  i s  proper t iming of 

a p p l i c a t i o n .  A l l  recommendations c a l l  f o r  s p l i t t i n g  t h e  n i t rogen  and, 

of course,  a l l  t h e  phosphat ic  f e r t i l i z e r s  a r e  t o  be app l i ed  a t  t ime of 

sowing o r  a  few days before .  Since t h e  v a s t  ma jo r i t y  of our  sample farmers  

apply only one bag of n i t rogen ,  they  do no t  s p l i t  t h e  a p p l i c a t i o n s  bu t  

apply a l l  a t  t h e  time of sowing ( s ee  Table 37).  A t  a  minimum, when more 

than one bag i s  app l i ed ,  about  ha l f  should be appl ied  a t  t h e  f i r s t  o r  

second i r r i g a t i o n  g iven  t y p i c a l  s o i l  condi t ions .  When farmers  u t i l i z e  

a  bag of f e r t i l i z e r  i n  one a p p l i c a t i o n  and i r r i g a t e  b a s i n s  by f looding ,  

a  cons iderab le  amount of t he  n i t r a t e s  a r e  leached through t h e  r o o t  zones. 

This  l o s s  is  g r e a t l y  acce l e r a t ed  on the  more sandy s o i l s .  Kemper (Kemper, 

1975e: 458-465) and o t h e r s  have inves t i ga t ed  t h i s  phenomenon and f i n d  t h a t  

a  s u b s t a n t i a l  percentage of t h e  c o s t l y  n i t r a t e s  a r e  unava i lab le  t o  p l a n t s  

due t o  leaching  depending on t h e  s o i l  type  and cond i t i on ,  i n f i l t r a t i o n  

r a t e s ,  and volume of water appl ied .  

Almost a l l  f e r t i l i z e r s  a r e  broadcast  and most a r e  app l i ed  i n  one 

a p p l i c a t i o n  a t  seeding. The g e n e r a l l y  recommended l e v e l s  of f e r t i l i z e r  



requi red  a r e  next  t o  impossible  t o  a s c e r t a i n  due t o  t h e  d i f f e r e n c e s  i n  

n a t u r a l  s o i l  f e r t i l i t y ,  s o i l  type,  t h e  n u t r i e n t  u t i l i z a t i o n  of preceding 

crop,  t h e  amount of farm yard manure used, t h e  i r r i g a t i o n  water  supply 

s i t u a t i o n ,  t h e  amounts of phosphorus e s p e c i a l l y  appl ied  t o  previous 

c rops  and t h e  method of applying f e r t i l i z e r .  E a r l i e r ,  gene ra l  recommenda- 

t i o n s  were given f o r  t h e  provinces  w i th  l i t t l e  cons ide ra t i on  f o r  t h e s e  

f a c t o r s .  I n  r ecen t  yea r s  more usab le  recommendations a r e  given which 

inc lude  t h e  gene ra l  s o i l  f e r t i l i t y  type  inc luding  very  high,  high, average,  

and deple ted  f e r t i l i t y  ca t ego r i e s .  The average,  a f t e r  a  summer crop,  is  

100 n u t r i e n t  l b s .  of N and 50 l b s .  of P wi th  no potash ( J o i n t  Recommenda- 

t i o n ,  1974: pp. 7-12). I f  w e  assume, f o r  our  sample of wheat farmers ,  

average f e r t i l i t y  a f t e r  a  summer crop a s  a  comparison, w e  no t e  t h a t  

about 20 percent  of t h e  farmers  used no purchased i n p u t s  of n i t rogen ;  

65 percent  used less than 75 n u t r i e n t  l b s . ,  2  percent  used from 75-99 

l b s .  and only 14 percent  used t h e  recommended r a t e  of 100 l b s .  o r  more 

( s ee  Table  37) .  These a r e  low levels,  indeed, and, c o n s t i t u t e  a  major 

reason f o r  low y i e l d s .  E a r l i e r ,  i n  t h e  examination of f a c t o r s  r e l a t e d  t o  

v a r i a t i o n  i n  y i e l d s ,  w e  found t h a t  n i t rogen  and phosphorus used a lone ,  

w i th  o the r  f a c t o r s  c o n t r o l l e d ,  explained about 21 percent  of t h e  v a r i a t i o n .  

The simple c o r r e l a t i o n  c o e f f i c i e n t  f o r  n i t rogen  and wheat y i e l d s  was .43. 

The simple c o r r e l a t i o n  c o e f f i c i e n t  f o r  s p l i t  a p p l i c a t i o n s  and y i e l d s  was 

.43. However, s i n c e  only farmers  us ing  h igher  l e v e l s  of N s p l i t  t h e i r  

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

c o r r e l a t e d  a t  .51. 

E. Seed Rates  

Proper seed r a t e s  a r e  r e l a t e d  t o  many f a c t o r s  such a s  t h e  d a t e  

of sowing, t h e  method of sowing, and t h e  s o i l  type.  For example, recomrnenda- 

t i o n s  ( J o i n t  Recommendations, 1974) c a l l  f o r  25 t o  30 seer f o r  farmers  



who use  t h e  pora method o r  automatic  seed d r i l l s  and 40  seer f o r  t h e  

broadcast  method. La te  sowing recommendations f o r  t h e  v a r i e t i e s  used by 

sample farmers a r e  35-40 s e e r  f o r  pora and d r i l l  methods and 45-50 see r  

f o r  broadcast ing.  Since t h e  ma jo r i t y  of sample farmers  use  broadcast  and 

kera  methods, and 43 percent  a r e  no t  a b l e  t o  meet t h e  recommended sowing 

d a t e ,  l e t  u s  assume t h a t  40 seer i s  a  minimum amount r equ i r ed .  We no te  

i n  Table 37 t h a t  about 4 3  percent  of t h e  sample farmers  u se  l e s s  than 40 

seer. The use  of gene ra l l y  low seed r a t e s  a r e  probably r e l a t e d  t o  

t r a d i t i o n  because t h e  c o s t  of a  few l b s .  of e x t r a  seed is ve ry  l i t t l e  

(about R s .  l / s e e r )  , and seed of t h e  HYV a r e  e a s i l y  a v a i l a b l e  from fanners '  

own seed supp l i e s  o r  from neighbors.  The Punjab i  farmer speaks of t r a d i t i o n a l  

seed r a t e s  of 32 seer and 36 seer, and fanners  exp la in  t h a t ,  wi th  t h e  ke ra  

and pora method, they can sow almost t h e  exac t  amount of 32 t o  36 seer 

evenly over an a c r e  of l and .  Many f a c t o r s  a r e  r e l a t e d  t o  t h e  a c t u a l  

p l a n t  popula t ion  a c h i w e d .  However, given t h e  high pH of a r i d  s o i l s ,  

s a l i n i t y  problems, and t h e  t r a d i t i o n a l  methods of seeding,  i t  appears  

t h a t  higher  seed r a t e s  would r e s u l t  i n  o f f - s e t t i n g  some of t h e s e  problems 

and r e s u l t  i n  h igher  y i e l d s .  Recommendations a r e  o f t e n  e s t a b l i s h e d  from 

t h e  b e s t  management cond i t i ons  of r e sea rch  s t a t i o n s  and do no t  t ake  i n t o  

f u l l  cons ide ra t i on  t h e  a c t u a l  cond i t i ons  and p r a c t i c e s  a t  t h e  farm l e v e l .  

I n  an  e a r l i e r  s tudy  (Lowdermilk, 1972: pp 441-446) seed r a t e  of wheat 

HW was s i g n i f i c a n t l y  r e l a t e d  t o  y i e l d s / a c r e .  

U n t i l  t h e  water supply s i t u a t i o n  i s  improved t h e r e  i s  l i t t l e  

t h a t  t h e  fanner  can do t o  sow o r  p l a n t  c rops  on time. Likewise, increased 

c o s t  of f e r t i l i z e r s  have probably r e s u l t e d  i n  lower l w e l s  of use .  To 

o f f s e t  t h i s  problem improved f a c i l i t i e s  f o r  i n s t i t u t i o n a l  c r e d i t  w i l l  be 

necessary,  e s p e c i a l l y  f o r  smal l  farmers  and t enan t s .  However, even i f  



t he se  c o n s t r a i n t s  a r e  removed, farmers  i n  gene ra l  need more he lp  i n  improv- 

ing  t h e i r  farm management p r a c t i c e s .  Fanners a r e  r a t i o n a l  and a r e  doing 

t h e  b e s t  they can given t h e i r  c o n s t r a i n t s .  The problem is  t h e  l a c k  of 

farm l e v e l  s e r v i c e s  and information t o  a s s u r e  t h a t  farmers  have improved 

product ion p o s s i b i l i t i e s .  It has  been assumed t h a t  given more water  and 

more f e r t i l i z e r s  farmers  would au tomat ica l ly  i nc rease  t h e i r  l e v e l s  of crop 

product ion without  cons iderab le  i n p u t s  of o the r  i n s t i t u t i o n a l  s e r v i c e s .  

This  is  a  ques t ionable  assumption. One doubts t h a t  water  and f e r t i l i z e r  

c o n s t r a i n t s  a lone  exp la in  t h e  p re sen t  low p l a t eau  of wheat y i e l d s  i n  

Pakis tan .  Some (Borlaug and Morales, 1969: 8-10) have s t r e s s e d  t h e  

m u l t i p l e  f a c t o r s  which r e s u l t  i n  low wheat (HYV) yields--farmers unaware 

of t he  proper d a t e s  of sowing, dep th  of seeding,  amounts and timing of 

f e r t i l i z e r  i npu t s ,  poor q u a l i t y  of seed used, seed r a t e s  t oo  low and 

broadcast ing seeding methods, inadequate  depth of plowing f o r  seedbed 

prepara t ion ,  l a c k  of phosphat ic  and n i t rogen  f e r t i l i z e r s .  

F. Farm S ize  C la s se s  and U t i l i z a t i o n  of Recommended P r a c t i c e s  

f o r  HYV of Wheat 

Table 38 shows t h e  d i f f e r e n c e s  i n  use of t h e  recommended p r a c t i c e s  

by sample farmers  d i s t r i b u t e d  among s i x  d i f f e r e n t  farm s i z e  c a t e g o r i e s .  

Some of t h e  p r a c t i c e s  r e q u i r e  i n p u t s  of c a p i t a l  and equipment n o t  e a s i l y  

a v a i l a b l e  t o  small  farmers  such a s  t h e  improved plow f o r  seedbed prepara- 

t i o n  and recommended l e v e l s  of n i t r o g e n ; o t h e r s ,  such a s  seeding depth,  

seeding method, s p l i t  a p p l i c a t i o n s  of f e r t i l i z e r  and seed r a t e s  do no t  

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

A s  seen from Table 38, seeding d a t e  was n o t  found t o  be s i g n i f i c a n t l y  

r e l a t e d  t o  s i z e  of farm. However, note  t h a t  about 50 percent  of t he  farmers 

w i th  holdings of 25 o r  more a c r e s  a c t u a l l y  used t h e  recommended seeding d a t e *  



Table 38.  Percentage of farmers using recommended management p rac t i ces  f o r  HYV of wheat by farm 
s i z e  c l a s ses .  

Range of Seedbed Phos- S p l i t  
Farm s i z e  sowing prepara- Seeding Seeding Nitrogen phorus applica-  Seed 
c l a s s e s  d a t e s  t ion  depth method r a t e s  r a t e s  t i o n  of r a t e s  
( ac res )  ( a )  (b)  (c) (dl (el ( f )  nitrogen(g1 (h)  

(n=344) (n=371) (n=342) (n=371) (n=371) (n=375) (n=364) (n=187) 

Under 2.5 27.9 12.5 23.7 48.6 4.2 5.5 15.3 82.4 

50.0 and above 50.0 75.0 87.5 75.0 50.0 54.0 62.5 42.9 

A l l  s i z e s  32.0 26.9 35.4 38.3 14.3 25.1 36.3 57.2 

Chi square values 2 2 2 2 2 2 x2=13.6 x2=61.4 X=19.4 X=26.9 X=72.2 X =52.2 X =24.2 X =13.1 

Degrees of freedom 10 15 15 15 20 15 5 10 

Signi f icance  l e v e l  (i) NS .001 NS .03 .001 .001 .001 NS 

The recommended range of sowing da tes  f o r  H W  used by farmer. 
Use of bullock powered mouldboard plow o r  t r a c t o r  f o r  deep plowing. 
Use of 1 .5  t o  2.5 inch depths. 
Use of pora o r  d r i l l  methods. 
Use of 100 n u t r i e n t  lbs .  of ni trogen o r  more. 
Use of 50 o r  more n u t r i e n t  lbs .  of phosphatic f e r t i l i z e r s .  
S p l i t s  n i t rogen app l i ca t ions .  
Uses 40 s e e r  o r  more seed. 
Note t h a t  t h e  degrees o f  freedom include severa l  ca tegor ies  a s  shown 
l a r g e r  number of degrees of freedom than "yes" "no" ca tegor ies  would 

i n  Table 38, t he re fo re  t h e  
give.  



This  may suggest  t h e  f a c t  t h a t  l a r g e  farmers having tubewells  have more 

c o n t r o l  over i r r i g a t i o n  supp l i e s .  Seedbed p repa ra t i on  which r e q u i r e s  an  

improved r a j a  mouldboard plow o r  t r a c t o r  plow i s  found t o  be r e l a t e d  t o  

farm s i z e  because a s  found e a r l i e r  l a r g e r  farmers  own more imprwed plows 

and make g r e a t e r  u se  of t r a c t o r s  f o r  seedbed prepara t ion .  Seeding depth 

and seed r a t e  a r e  no t  s i g n i f i c a n t l y  r e l a t e d  t o  farm s i z e ,  though l a r g e r  

farmers  use  more d r i l l s  than smal le r  farmers.  However, t h e  small fanner  

could e a s i l y  u se  t h e  pora method a t  no e x t r a  c o s t .  The levels of n i t rogen  

and phosphat ic  f e r t i l i z e r s  used a r e  h igh ly  r e l a t e d  t o  farm s i z e  a s  expected 

because l a r g e r  farmers  c o n t r o l  t h e  means of ob t a in ing  inc reas ing ly  c o s t l y  

i n p u t s  of f e r t i l i z e r .  Also t h e  s p l i t  a p p l i c a t i o n  of n i t rogen  depends on 

t h e  amounts used and e a r l i e r  we found t h a t  t h e  simple c o r r e l a t i o n  between 

n i t rogen  used f o r  wheat and s p l i t  a p p l i c a t i o n s  equa l s  .51. 

I n  conclusion,  we f i n d  t h a t  farm s i z e  exp la in s  much of t h e  

d i f f e r e n c e  i n  u t i l i z a t i o n  of recommended p r a c t i c e s  f o r  HW of wheat. 

Larger farmers  no t  only a r e  a b l e  t o  f i nance  t h e  improved p r a c t i c e s  which 

r e q u i r e  increased  c a p i t a l  bu t  a l s o  they a r e  a b l e  t o  r ece ive  more b e n e f i t s  

from extens ion  and o t h e r  s e r v i c e s  than smal le r  farmers .  

G .  Summary Regression Analys i s  of Adoption of Improved Farm 

Technologies 

Af t e r  examining t h e  types  and l e v e l s  of t echnologies  u t i l i z e d  

by sample farmers ,  a  summary r eg re s s ion  a n a l y s i s  is presented t o  search  

ou t  f a c t o r s  which he lp  exp la in  t h e  d i f f e r e n c e s  i n  adopt ion l e v e l s .  How- 

ever ,  f i r s t  a  no t e  of warning should be given about grouping a  number of 

innovat ions i n t o  an index. A g r i c u l t u r a l  innovat ions  u s u a l l y  have unique 

ind iv idua l  c h a r a c t e r i s t i c s  i n  r e l a t i o n s h i p  t o  such f a c t o r s  a s  d i v i s i b i l i t y ,  

complexity, cos t -bene f i t s ,  congruence wi th  o ld  p r a c t i c e s ,  and v i s i b i l i t y .  



Therefore ,  o f t e n  i t  i s  important  t o  s tudy  each i nnova t i on  s e p a r a t e l y  r a t h e r  

than  i n  an  index. With t h i s  r e s e r v a t i o n ,  t h e  adopt ion  index?' which is 

descr ibed  i n  Volume V I ,  Appendix I - B ,  is  used a s  t h e  dependent v a r i a b l e  

t o  a s c e r t a i n  t hose  independent v a r i a b l e s  which may have some i n f l u e n c e  on 

fa rmers '  adopt ion  behav iors .  The adopt ion  index has  a  t o t a l  p o s s i b l e  s c o r e  

of 29. The mean, median and ranges  of s c o r e s  ob ta ined  by sample fa rmers  

a r e  r e s p e c t i v e l y  5 .7 ,  5 .0  and 0-16. Use of an innova t ion  by h i r e ,  e t c . ,  

i s  scored t h e  same a s  f o r  ownership. 

The v a r i a b l e s  wi th  t h e  h i g h e s t  i n t e r c o r r e l a t i o n s  a r e  between mass 

media exposure  and t h e  farm management knowledge index ( r  = . 38) ,  and mass 

media - educa t ion  ( r  = .44) .  Other v a r i a b l e s  show much less i n t e r c o r r e l a t -  

The r e g r e s s i o n  model used is:  

where a  and b  are t h e  parameters  t o  be es t imated :  

x  is t h e  farm management knowledge index  
1 

x is  l e v e l  of educa t ion  (yea r s  of formal  educa t ion  completed) 
2  

x  farm s i z e  ( a c r e s  owned) 
3 

x4 type  of command (dummy v a r i a b l e  - 1 = p e r e n n i a l ;  0  = nonperennia l )  

X5 
age of farmer  i n  y e a r s  

6  
t enu re  s t a t u s  (dummy v a r i a b l e )  owner = 1, owner-cum-tenant = 2,  
and t enan t  = 3 

x7 mass media u se  index 

x  use  of tubewel l  (dummy v a r i a b l e ,  no u s e  = 0 ,  h i r e  = 2, owner- 
8 

s h i p  = 3 )  

The t h r e e  most important  f a c t o r s  which h e l p  t o  e x p l a i n  about  58 

percen t  of t h e  d i f f e r e n c e  i n  adopt ion  r a t e s  are: farm management knowledge, 

l e v e l  of educa t ion ,  and farm s i z e .  One would expect  h i g h  i n t e r c o r r e l a t i o n s  

3/The index ha s  no t  been t e s t e d  f o r  s c a l i b i l i t y  a t  t h i s  p o i n t .  - 



of t h e  f i r s t  two f a c t o r s  and farm s i z e  but  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  

obtained between farm management knowledge and adopt ion ( r  = .16) and 

adopt ion ( r  = .33) a r e  r e l a t i v e l y  low. It w i l l  be r e c a l l e d  t h a t  t h e  

farm management knowledge index ( s ee  Volume V I ,  Appendix B) is composed 

of e i g h t  recommended o r  improved product ion p r a c t i c e s  f o r  HW of wheat. 

It i s  used h e r e  a s  a  proxy f o r  a  fa rmer ' s  gene ra l  knowledge about  

a g r i c u l t u r a l  innovat ions  and a s  noted from Table  39 t h i s  v a r i a b l e  

exp la in s  about  46 percent  of t h e  v a r i a t i o n  i n  adopt ion r a t e s .  

Level of educat ion of t he  farmer respondent and farm s i z e  combined 

a l s o  exp la in  j o i n t l y  about  11 percent  of t h e  v a r i a t i o n  i n  adopt ion.  

Education is important i n  t h a t  i t  is c o r r e l a t e d  t o  management knowledge 

and mass media exposure r e s p e c t i v e l y  w i th  c o e f f i c i e n t s  of .28 and .44. 

This  r a t h e r  high i n t e r c o r r e l a t i o n  wi th  mass media exposure reduces t h e  

c o n t r i b u t i o n  of mass media a t  s t e p  7 i n  t h e  r eg re s s ion .  



T a b l e  39.  Summary o f  s t e p - w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,  s e l e c t e d  i n d e p e n d e n t  
v a r i a b l e s  and r e l a t i o n s h i p s  w i t h  a d o p t i o n  i n d e x .  

B e t a  

.286 

.713  

.010 

1 . 0 5 1  

.040 

.507  

.049 

.077  

S t e p s  

1 

2  

3  

4  

5  

6  

7  

8 

V a r i a b l e s  

Farm management 
knowledge i n d e x  

L e v e l  o f  e d u c a t i o n  

Farm s i z e  (owned) 

Type o f  w a t e r c o u r s e  
command ( p e r e n n i a l  
v s .  n o n p e r e n n i a l )  

Age o f  f a r m e r  

Tenure  s t a t u s  

Mass media i n d e x  

U s e  o f  t u b e w e l l  

*Note t h a t  t h e  t r a t i o  = Beta  o r  r e g r e s s i o n  c o e f f i c i e n t  + S.E. o f  Be ta .  
F  v a l u e s  o r  v a r i a n c e  r a t i o s  r e q u i r e d  a r e  2.36 and  3.50 f o r  one  and s e v e n  d e g r e e s  
o f  f reedom f o r  t h e  .05  and . O 1  l e v e l s  o f  s i g n i f i c a n c e .  

* * * S i g n i f i c a n t  a t  . 0 0 1  l e v e l .  
* * S i g n i f i c a n t  a t  . O 1  l e v e l .  

a ~ i g n i f i c a n t  a t  . 0 7  l e v e l  

S .E .of*  
B e t a  t r a t i o  

M u l t i p l e  
R 

Mul t i  l e  
R P F i n a l  F* 

r a t i o  



CHAPTER FOUR 

KNOWLEDGE AND INFORMATION CONSTRAINTS 

I n  a d d i t i o n  t o  phys ica l  and economic c o n s t r a i n t s  a r e  a number of 

o t h e r  product ion c o n s t r a i n t s  having t o  do wi th  knowledge and information 

problems. The modernization of any a g r i c u l t u r a l  s e c t o r  r e q u i r e s  a set of 

i n s t i t u t i o n s  providing farmers  wi th  adequate ex tens ion  s e r v i c e s ,  agra- 

bus iness  s e r v i c e s  and information systems which provide a s teady  s t ream of 

innovat ions ,  i deas ,  and new knowledge. A s  modernization proceeds,  demands 

f o r  adequate s e r v i c e s  and information i n c r e a s e  because t h e  margins f o r  r i s k  

reduce a s  a g r i c u l t u r e  i t s e l f  becomes more complex. Farmers i n  Pakis tan  

s o r e l y  r e q u i r e  improved informat iona l  s e r v i c e s  which p re sen t ly  a r e  poor i n  

q u a l i t y  and i n  s h o r t  supply--especially f o r  small  ope ra to r s .  

The purpose of t h i s  chapter  i s  t o  i d e n t i f y  f a c t o r s  which make i t  

d i f f i c u l t  f o r  farmers t o  make r a t i o n a l  cropping dec i s ions .  The problem 

l ies  n o t  s o  much wi th  t h e  farmer h imse l f ,  who responds p o s i t i v e l y  t o  

i n c e n t i v e  programs, bu t  wi th  t h e  l a c k  of app rop r i a t e  s e r v i c e s  f o r  many 

farmers  i n  Pakis tan .  Espec ia l ly  wi th  regard t o  i r r i g a t i o n  p r a c t i c e s ,  t h e  

farmer,  through t r i a l  and e r r o r ,  i s  more exper t  than t h e  p r e s e n t l y  poorly 

t r a ined  f i e l d  workers ass igned t o  a s s i s t  him. 

I. FARMERS' REPORTS OF MAJOR FACTOR IN DECISION MAKING TO CULTIVATE 

SELECTED CROPS 

Farmers' percept ions  of major f a c t o r s  involved i n  t h e i r  d e c i s i o n s  

t o  c u l t i v a t e  c e r t a i n  c rops ,  a r e  presented i n  graphic  form f o r  a l l  v i l l a g e  

sites ( see  F igures  8 and 9 ) .  Mul t i p l e  f a c t o r s  a r e  u sua l ly  i n f l u e n t i a l  

i n  making cropping dec i s ions .  However, t o  ga in  an overview of farmers '  

percept ions ,  farmers  were asked t o  r e p o r t  t h e  most important f a c t o r  involved 
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FIGURE 8. FARMERS1- REPORTS OF MAJOR FACTOR I N  DECISION MAKING TO 
CULTIVATE SELECTED CROPS 
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FIGURE 9 .  FARMERS' REPORTS OF MAJOR FACTOR I N  DECISION MAKING TO 
CULTIVATE SELECTED CROPS 



i n  t h e i r  dec i s ions  t o  c u l t i v a t e  co t ton ,  r i c e ,  wheat, fodder ,  and sugar- 

cane c rops .  Each of t h e  v i l l a g e  si tes a r e  examined sepa ra t e ly .  

It i s  ev ident  t h a t  t he  major f a c t o r s  f o r  farmers  i n  v i l l a g e  101, 

wi th  pe renn ia l  i r r i g a t i o n  supp l i e s ,  two p r i v a t e  tubewells ,  and a  high water 

t a b l e  a t  t h e  lower command reach,  t h a t  market p r i c e  and home consumption 

a r e  t h e  major f a c t o r s  r epo r t ed .  However, f o r  co t ton  and r i c e  "perceived 

water supply ava i l ab l e "  becomes important  f o r  r i c e  growers e s p e c i a l l y .  

Note t h a t  100 percent  of t h e  15  sample farmers  r e p o r t  market p r i c e  a s  t h e  

s i n g l e  most important  f a c t o r  f o r  t h e  dec i s ion  t o  c u l t i v a t e  sugarcane. 

This  i s  one of t h e  v i l l a g e  s i t e s  near  a  sugar  m i l l  and a l l  sample farmers  

c u l t i v a t e  l a r g e  a r e a s  of sugarcane. Near t h e  t a i l  of t h e  command a r e a s  

t h e  high water t a b l e  a l s o  provides  much mois ture  f o r  c rops .  

V i l l age  102 is predorninatly wheat-cotton pe renn ia l  command a r e a  

with s i x  p r i v a t e  tubewells  f o r  a  c u l t i v a t e d  a r e a  of 369 a c r e s .  Here, 

due t o  t h e  high water demands f o r  co t ton ,  over  37 percent  of t h e  farmers  

r e p o r t  perceived water  supply a v a i l a b l e  a s  t h e  major f a c t o r  i n  c u l t i v a t i n g  

co t ton  and about 50 percent  g ive  t h e  same r e p o r t  f o r  r i c e .  Market p r i c e  

p l ays  t h e  dominant r o l e  i n  t h e  dec i s ion  t o  c u l t i v a t e  co t ton  and fodder  

i s  a l l  c u l t i v a t e d  f o r  home use.  No sample farmers  c u l t i v a t e  sugarcane 

on t h i s  watercourse command where sugarcane is  a  minor crop. 

V i l l a g e  103 is  on a  pe renn ia l  command and has  one p r i v a t e  tubewell .  

A l l  c ana l  water  is l i f t e d  from t h e  watercourse by j h a l l a r  w a t e r l i f t s  which 

provide a  v a r i a b l e  d i scharge  of from .2 t o  .4 cusecs  depending on t h e  

speed of t h e  animals.  The water f a c t o r  becomes important  he re  f o r  c o t t o n  

and wheat wi th  r e s p e c t i v e l y  60 and 37 percent  of t h e  farmers  r epo r t i ng  

"perceived cana l  water supply" a s  t h e  most important f a c t o r .  While market 

p r i c e  is  repor ted  f o r  fodder ,  t h e  p r i c e  near  Lahore C i ty  i s  usua l ly  good 



due t o  a  s t rong  demand, and much fodder i s  used f o r  milch cows whose 

products  a r e  marketed i n  t h e  c i t y .  

Likewise, farmers  on t h r e e  perennia l  commands a t  s i t e  104 market 

much fodder and a l s o  milk products  i n  Lahore markets ;  t he re fo re ,  p r i c e  and 

home use  become important  f o r  dec i s ions  t o  c u l t i v a t e  fodder .  P r i c e  p lays  

a  r o l e  i n  r i c e  c u l t i v a t i o n  and t h e  water  supply s i t u a t i o n  f o r  t h e  wheat 

crop. The small  ac reages  of r i c e  a r e  p r imar i l y  f o r  home use  a s  i s  t h e  

sugarcane crop.  

S i t e  105 i s  a  nonperennial  command wi th  one pub l i c  tubewell  w i th  a  

d i s cha rge  of 1.8 cusecs .  Market p r i c e  is  ins t rumenta l  f o r  a l l  c rops  b u t  

fodder ,  and farmers '  perceived water s u p p l i e s  a r e  n o t  i n f l u e n t i a l  i n  

cropping dec i s ions  due t o  t h e  f a i r l y  good tubewell  supply which provides  

s u b s t a n t i a l  r e l i a b i l i t y  and c o n t r o l  of i r r i g a t i o n  supp l i e s .  

S i t e  106 i s  both a  pe renn ia l  cormnand and one t h a t  has  t h e  e x t r a  

r e l i a b i l i t y  and s u p p l i e s  of water  from a  pub l i c  tubewell  w i th  a  measured 

d ischarge  of 1 .3  cusecs  a s  t h e  t ime  of t h e  survey. Market p r i c e  p l ays  a  

r o l e  i n  dec id ing  t o  c u l t i v a t e  co t ton ,  r i c e ,  wheat, and sugarcane. There 

is  a  sugar  m i l l  about  10-15 miles from t h i s  command a r e a  and sample farmers  

c u l t i v a t e  t h i s  crop.  Again, given t h e  publ ic  tubewell  s u p p l i e s  and 

r e l a t i v e l y  good water  c o n t r o l ,  t h e  perceived water supply s i t u a t i o n  i s  

only s l i g h t l y  important  f o r  c o t t o n  and r i c e  c u l t i v a t i o n .  

V i l l age  107 wi th  t h r e e  pe renn ia l  c m a n d  a r e a s  and 26 d i e s e l  

powered p r i v a t e  tubewells  grows r i c e  and fodder  on ly  f o r  home use .  Small 

ac reages  of sugarcane a r e  c u l t i v a t e d ,  and a  few sample farmers  se l l  some 

cane and country sugar  t o  v i l l a g e  shops f o r  l o c a l  consumption. Due t o  

t h e  high d e n s i t y  of tubewells ,  s i x t e e n  of which are j o i n t l y  owned, t h e  

i n t e n s i t y  of cropping is  very  high. The v i l l a g e  i s  completely made up of 



refugees from former Indian Provinces near Amritsar. About 40 and 47 per- 

cent  of t he  farmers r e spec t ive ly  r epor t  "perceived canal  supplies ' '  a s  

important i n  dec is ion  making f o r  co t ton  and wheat c u l t i v a t i o n .  Market 

p r i c e  i s  t h e  dominate f a c t o r  i n  co t ton  production f o r  t h e  55 farmers a t  

t h i s  s i t e  loca ted  i n  Multan D i s t r i c t  a t  t h e h e a r t o f  t h e  co t ton  b e l t .  

Market p r i c e  is  a l s o  the  most important cons idera t lon  f o r  about 25 percent 

of t h e  wheat farmers.  

Respondents a t  s i t e  108, a  nonperennial command with two p r i v a t e  

tubewells  and a  publ ic  tubewell,  r epor t  t h a t  t r a d l t i o n a l  p r a c t i c e s  play a  

most important r o l e  i n  t h e i r  dec is ions  f o r  wheat, r i c e ,  and cot ton .  Market 

p r i c e  i s  more important f o r  sugarcane, a s  7 of t h e  8 sample farmers grow cane 

f o r  a  l o c a l  sugar m i l l .  P r i c e  is  a l s o  f a i r l y  important i n  dec i s ion  making 

f o r  a l l  o the r  crops except fodder,  a s  about 25 percent of t h e  farmers 

r epor t  t h i s  a s  an important f a c t o r .  Figure 9 provides d a t a  f o r  s i t e s  109 

t o  116. 

I n  summary, s eve ra l  observat ions can be made about farmers'  per- 

cept ions about major f a c t o r s  i n  t h e i r  dec is ions  t o  c u l t i v a t e  c e r t a i n  crops.  

F i r s t ,  f o r  fodder ,  t h e  primary f a c t o r  involved i s  home consumption. 

Secondly, where wheat, r i c e ,  co t ton  and sugarcane a r e  marketed and where 

the re  i s  a r e l a t i v e l y  f a i r  t o  good water supply s i t u a t i o n ,  farmers '  

r e p o r t s  show t h a t  market p r i ces  a r e  of g r e a t e s t  concern t o  most respondents -- 

espec ia l ly  sugarcane and cot ton .  Thirdly,  t he  water supply s i t u a t i o n  

r ep resen t s  a  major f a c t o r  f o r  some farmers a t  a l l  s i t e s  f o r  one o r  more 

crops.  Fourthly,  each s i t e  has  i t s  own p a r t i c u l a r  water supply s i t u a t l o n  

which inf luences  farmers ' responses. The presence of supplemental sources 

of i r r i g a t i o n  water i s  important--tubewells and Pers ian  wells--providing 

more con t ro l  and r e l i a b i l i t y  of i r r i g a t i o n  suppl ies .  



11. WATER APPLICATION--TIMING, METHODS AND QUANTITY 

The a p p l i c a t i o n  of i r r i g a t i o n  water a s  we l l  a s  i t s  d i s t r i b u t i o n  among 

farmers  is  a s  much a  human problem a s  a  phys ica l  one. The primary focus 

of t h i s  s e c t i o n  is  t o  l e a r n  from sample farmers what t h e i r  a t t i t u d e s  and 

l e v e l s  of knowledge a r e  about c e r t a i n  i r r i g a t i o n  p r a c t i c e s  and soil-water- 

p l an t  r e l a t i o n s h i p s .  This  w i l l  provide some idea  of "where they are"  and 

whqt might be requi red  t o  he lp  them improve t h e i r  knowledge and consequently 

t h e i r  i r r i g a t i o n  behaviors .  Where poss ib le ,  we w i l l  make some rough 

comparisons of information presented by farmers wi th  a c t u a l  measurements 

of amounts of water appl ied  and s i z e  of i r r i g a t i o n  bas ins .  This  w i l l  pro- 

v ide  a  comparison between what they r e p o r t  they do and what they a c t u a l l y  

do. 

A s  discussed i n  t h e  previous chapters ,  improvements i n  t h e  d i s t r i b u -  

t i o n  and a p p l i c a t i o n  of i r r i g a t i o n  water  g r e a t l y  depends on t h e  farmer 

himself .  We cannot assume t h a t  phys ica l  improvements of watercourses  and 

land l e v e l i n g  s e r v i c e s  a lone  w i l l  make much impact on farmers '  per  a c r e  

y i e l d s  o r  l e v e l s  of l i v i n g  without  changes i n  farmers '  knowledge l e v e l s .  

A. When t o  i r r i g a t e ?  

Farmers were asked how they make dec i s ions  t o  i r r i g a t e  crops.  Their  - 

responses a r e  summarized i n  F igure  10 and a r e  grouped under va r ious  water 

supply s i t u a t i o n s .  While farmers were asked t o  rank t h e  t h r e e  most 

important f a c t o r s ,  only t h e  most important cons idera t ion  i s  displayed i n  

F igure  10. The f i r s t  impression gained from Figure 10  i s  t h a t  t h e r e  is  

l i t t l e  d i f f e r e n c e  i n  responses of t h e  376 sample farmers r ega rd l e s s  of t h e  

water supply s i t u a t i o n .  

For t h e  t o t a l  sample,about 60 percent  of t h e  farmers  rank a s  t h e  

most important method i n  making dec i s ions  when t o  i r r i g a t e  t he  v i s u a l  



FIGURE 10. FARMERS' REPORTS OF MAJOR METHODS OF DECISION MAKING TO IRRIGATE CROPS BY 
TUBEWELL SUPPLEMENTED AND NONSUPPLEMENTED WATERCOURSES 



observa t ion  of c rop  p l an t s .  The second most important method repor ted  is 

11 when t h e  s o i l  s u r f a c e  appears  dry." The t h i r d  most important method 

repor ted  i s  fa rmers '  remembrance of t h e  t i m e  of l a s t  i r r i g a t i o n .  These 

t h r e e  types  of dec i s ion  making were a l s o  repor ted  more o f t e n  by farmers  a s  

f i r s t  and second most important methods used. It is  s i g n i f i c a n t ,  t h a t  of 

t h e  376 farmers  r epo r t i ng ,  only 11 repor ted  t e s t i n g  t h e  s u b s o i l  mois ture  by 

digging wi th  a  c u s s i e  (spade) and "feel ing" t h e  s o i l .  

Some crop  p l a n t s ,  such a s  maize and co t ton ,  do i n d i c a t e  t o  a  degree 

s o i l  mois ture  requirements  whi le  o t h e r  p l a n t s  a r e  near  t h e  w i l t i n g  po in t  

b e f o r e  stress s i g n s  a r e  v i s i b l e .  Also, s o i l  s u r f a c e  observa t ions  a lone  

g i v e s  l i t t l e  i n d i c a t i o n  of mois ture  s to red  i n  t h e  r o o t  zones. 

Farmers appear t o  have no adequate  methods of deciding when t o  

i r r i g a t e .  This  i s  t o  be expected given t h e  absence of on-farm water  

management ex tens ion  o r  advisory  s e r v i c e s  i n  Pakis tan ,  and when i t  is  

remembered t h a t  farmers  have r e l a t i v e l y  l i t t l e  c o n t r o l  over t h e  t iming of 

water.  We do no t  know, bu t  w e  suspec t  t h a t  much of t h e  over and under- 

i r r i g a t i o n  observed i n  t h i s  survey r e s u l t e d  from t h e  l im i t ed  knowledge of 

farmers  a s  w e l l  a s  o t h e r  c o n s t r a i n t s ,  such a s  l i m i t e d  c o n t r o l  over t iming 

of cana l  water  supp l i e s .  A s  repor ted  e a r l i e r ,  dur ing  t h e  survey w e  

observed farmers  i r r i g a t i n g  during s u b s t a n t i a l  r a i n f a l l s .  We recorded 

d a t a  on s e v e r a l  farms where farmers  appl ied  water when t h e r e  was zero 

s o i l  mois ture  dep le t i on .  Farmers were a l s o  observed opening f i e l d  i n l e t s  

and going away al lowing t h e  water  t o  completely f i l l  t h e  bas in  and over- 

flow i n t o  t h e  next  f i e l d .  

B. When t o  s t o p  an  i r r i g a t i o n ?  

Farmers were asked how they dec ide  when t o  s t o p  an i r r i g a t i o n  f o r  a  

p a r t i c u l a r  ba s in .  About 47 percent  repor ted  "when water  reaches  t h e  f a r  



border," 33 percent  reported "when water covers  a l l  t h e  high spots , "  

and 10 percent  of t h e  378 r epor t ing  farmers  s t a t e d  "when a c e r t a i n  depth 

of water is appl ied  t o  t h e  basin."- 4 /  Another 10  percent  i nd ica t ed  

" j u s t  before  t h e  i r r i g a t i o n  water  reaches t h e  f a r  border." The bar  graph 

displayed i n  Figure 11 provides farmer r e p o r t s  f o r  f i v e  d i f f e r e n t  water  

supply s i t u a t i o n s  on t h e  40 sample commands. Farmers on pub l i c  tubewell 

supplemented commands, u sua l ly  wi th  more a v a i l a b l e  water ,  and commands 

with medium d e n s i t y  of p r i v a t e  tubewells ,  p r e fe r  t o  completely f i l l  t h e  

bas ins .  The major concern of farmers on nonsupplemental commands i s  t o  cover: 

t h e  high spots .  Unlevel f i e l d s  present  many problems t o  farmers.  With 

high and low spo t s  i n  a f i e l d ,  some a r e a s  r ece ive  excess  water while  

o t h e r s  r ece ive  too  l i t t l e .  By t h e  time many farmers  have appl ied  amounts 

of water t o  completely cover bas in  high spo t s ,  s o i l  moisture requirements 

have been exceeded. Where n i t rogen  f e r t i l i z e r  has  been appl ied ,  i t  is 

expected t h a t  much of t h e  n i t r a t e  i s  leached ou t  and l o s t .  Actual ly ,  

o v e r i r r i g a t i o n  of crops can be viewed a s  a t r i p l e  menace because i t  c r e a t e s  

waterlogging and s a l i n i t y  problems, leaches  expensive n i t r a t e s ,  and reduces 

t h e  q u a l i t y  of groundwater by mixing with s a l t s - - a l l  r e s u l t i n g  i n  t h e  

reduct ion  of crop y i e l d s .  It is  s i g n i f i c a n t  t h a t  only on commands wi th  

publ ic  tubewells ,  and commands with a medium t o  high d e n s i t y  of p r i v a t e  

tubewells ,  do 10 t o  20 percent  of t h e  farmers  r e p o r t  t h a t  t h e y ' s t o p  

i r r i g a t i o n s  before  water  reaches t h e  f a r  border of t h e  bas in .  This  probably 

r e s u l t s  from t h e  g r e a t e r  volume of water  f o r  i r r i g a t i o n s  which farmers  

4/However, i n  comparison t o  farmers '  r e p o r t s ,  a c t u a l  observa t ions  of 291 - 
farmers  while  i r r i g a t i n g  showed t h a t  t h e  fol lowing percentages of farmers 
stopped i r r i g a t i o n s  when: watercompletely f i l l e d  bas in  (70%); when 
i r r i g a t i o n  time over  (11%); when few marks l e f t  (6%);  when high s p o t s  
covered (3%); o t h e r  (10%). (Other inc ludes  those who appeared a t  f i e l d  
t o  open t h e  nakkas f o r  i r r i g a t i o n  and never re turned .  Eighteen of t hese  
26 farmers  were from publ ic  tubewell o r  excess  water  commands.) 
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LEGEND 1 I 
I No Tubewells 
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I I I Rivate Tubewell Low Density ( 1 - 3) 
I V  Private Tubewell Medium Densit (4-6) 
V Private Tubwel l  High Density !7 or more) 

FIGURE I I. SUMMARY OF FARMERS' REPORTS OF METHOD USED TO STOP AN IRRlGATlON BY 
TUBEWELL SUPPLEMENTED AND NONSUPPLEMENTED WATERCOURSES 



know w i l l  cover t h e  f i e l d  completely.  It i s  a l s o  i n t e r e s t i n g  t h a t  only 

about 2  percent  of t h e  farmers  r e p o r t  a  knowledge of t h e  r equ i r ed  t ime i t  

t akes  t o  i r r i g a t e  t h e i r  ba s in s .  Farmers need improved technology f o r  

l and  l e v e l i n g  and ex tens ion  advice  on how, how much and when t o  i r r i g a t e .  

C. ~ a r m e r s '  Reports of Water Applied f o r  a  Typical  I r r i g a t i o n  

Each farmer was asked what he would cons ider  a  good i r r i g a t i o n  f o r  

h i s  s o i l s  i n  terms of "inches of water appl ied ."  It must be  r e a l i z e d  

t h a t  farmers  have no way of knowing how much water  they apply i n  a c r e  

inches  because they have no a c c u r a t e  method of measuring water .  The 

fa rmers '  concept is  t h e  amount of water  o r  d e l t a  ponded i n  t h e  b a s i n  when 

an i r r i g a t i o n  i s  completed. This  method does no t  i nc lude  i n f i l t r a t i o n  

r a t e s  dur ing  an i r r i g a t i o n .  F igure  12 shows fa rmers '  r e p o r t s  of inches  of 

d e l t a  appl ied  t o  t h e i r  ba s in s  f o r  what they cons ider  t o  be  a  t y p i c a l  

i r r i g a t i o n .  Farmers were asked i n  each c a s e  t o  i n d i c a t e  on t h e i r  hand 

and f i n g e r s  t h e  depth of water  they u s u a l l y  pond on t h e i r  f i e l d s .  These 

estimates, though only crude approximations,  were then made by t h e  i n t e r -  

viewers  and repor ted  i n  i n t e r v a l s .  However crude t h e  e s t ima te ,  f u l l y  75 

percent  of t h e  sample farmers  repor ted  2 . 0  inches  o r  more. By t h e  t i m e  

water has  been ponded a t  t h i s  depth,  depending on t h e  s i z e  of t h e  bas in ,  

t h e  s o i l  mois ture  de f i c i ency ,  t h e  roughness of t h e  s o i l  su r f ace ,  t h e  

i n f i l t r a t i o n  r a t e  i n t o  t h e  s o i l  p r o f i l e ,  and t h e  s l o p e  o r  l eve l .  of t h e  

f i e l d ,  i t  i s  l i k e l y  t o  be  more than double t h e  requi red  amount of water  

f o r  t he  p a r t i c u l a r  crop.  F igure  12  shows t h e  modal number of es t imated 

water dep ths  farmers  r e p o r t  they pond on t h e i r  ba s in s .  This  information is  

presented by t h e  fou r  es t imated atmospheric evapora t ive  reg ions  o r  zones. 

The median depths  i n  t h e  low d e f i c i t  zone is  from 2 .0  t o  under 3 . 0  inches.  

However, f o r  t h e  low t o  medium d e f i c i t  zone t h e  median is  3 . 5  t o  under 
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4.0  inches .  Th i s  is  t h e  reg ion  w i th  f i v e  commands supplemented by pub l i c  

tubewel l s .  The median i n t e r v a l  f o r  fa rmers  i n  t h e  medium t o  h igh  zone is 

2.0 t o  under 3.0 inches  a s  is  t h e  c a s e  f o r  t h e  h igh  a tmospher ic  evapo ra t i ve  

zone. However, i n  t h i s  zone about  15  pe r cen t  of t h e  fa rmers  r e p o r t  

app ly ing  5 i n ches  o r  more. 

Table  40 prov ides  a  c l e a r e r  p i c t u r e  of respondent  e s t i m a t e s  of wate r  

dep th  app l i ed  a s  i t  compares fa rmers '  r e p o r t s  t o  t h e  wate rcourse  supple- 

mental  supply.  Table  40 shows fa rmers '  r e p o r t s  of i nches  of d e l t a  ponded 

i n  t h e i r  b a s i n s  f o r  what t hey  cons ide r  t o  b e  a  "good" o r  t y p i c a l  i r r i g a -  

t i o n .  We n o t e  t h a t  about  74 percen t  of t h e  fa rmers  r e p o r t  ponding up t o  

about 2.5 t o  3 .0  i nches  per  i r r i g a t i o n .  

D. Number of I r r i g a t i o n s :  Another Crude Measure Used by P a k i s t a n i  

Farmers 

Determining t h e  number of i r r i g a t i o n s  r e p r e s e n t s  a  ve ry  inadequa te  

way of e s t i m a t i n g  i r r i g a t i o n  adequacy--there being no a c c u r a t e  in format ion  

about  how much water i s  a c t u a l l y  app l i ed - - i t  is  t h e  fa rmers '  measure- 

Even r e s e a r c h  i n s t i t u t e s  i n  P a k i s t a n  o f t e n  u se  t h i s  as a measure o f  c rop  

requirements  ( J o i n t  Recommendation f o r  Wheat Produc t ion ,  1974: 2-13). To 

examine t h e  d i f f e r e n c e s  between r e p o r t s  of what fa rmers  u s u a l l y  apply and 

what t hey  pe r ce ive  t h e  optimum number of i r r i g a t i o n s  t o  be, fa rmers  were 

quest ioned about wheat--a c rop  c u l t i v a t e d  i n  a l l  r eg ions .  The i r  r e p o r t s  

a r e  p resen ted  i n  Tab le  41. Tab le  41 i n d i c a t e s  t h a t  fa rmers  i n  each r eg ion  

d i f f e r  g r e a t l y  a s  t o  u s u a l  and optimum numbers of i r r i g a t i o n s .  For 

example, a t  s i t e  107 w i t h  26 p r i v a t e  t ubewe l l s  f o r  3 command a r e a s  i n  t h e  

Multan Region, t h e r e  i s  wide v a r i a t i o n  between fa rmers  as t o  b o t h  optimum 

and u sua l  number of i r r i g a t i o n s .  



T a b l e  40. C u m u l a t i v e  p e r c e n t a g e s  o f  e s t i m a t e d  i n c h e s  o f  w a t e r  f a r m e r s  r e p o r t  t h e y  pond 
i n  b a s i n s  f o r  a  "good" i r r i g a t i o n  b y  t i m e  o f  command and  s i t e .  

Type of 1 No. J ~ u m u l a t i v e  p e r c e n t a g e s  o f  e s t i m a t e d  i n c h e s  o f  water f a r m e r s  r e p o r t  

T DO^ ' t 
know 

command 
and  
sites 

P e r e n n i a l  
1 0 1  

102** 

1 0 3  

1 0 4  

106*  

107**  

l o g *  

l l O * *  

1 1 2  

1 1 3  

116  

N o n p e r e n n i a l  
105*  

108" 

l l l *  

1 1 4  
1 1 5  

VJeighted 
t o t a l s  

* D e n o t e s  p u b l i c  
**Deno te s  commands s u p p l e m e n t e d  b y  6  o r  more p r i v a t e  t u b e w e l l s  o n l y .  

f a r m s  
r e p o r t - ,  

inq  

1 5  

9 

1 6  

36 

1 2  

5 5  

1 4  

27 

34 

26 

26 

8  
9  

24 

39 
39 

389 

t h e y  
< 2  

33 .3  

44 .4  

25 .0  

30.6 

0  

35 .8  

7 . 1  

11.1 

4 .0  

26.9  

31.9  

1 2 . 5  
11.1 

0 

1 5 . 8  
18 .4  

20.4 

t u b e w e l l  

4 .0 -4 .5  

93 .3  

88 .8  
- 

94 .5  

8 3 . 3  

88 .8  

92 .9  

96 .3  

68 .0  
- 

72 .7  

100 .0  

88.9  
- 

71.0 
81.6  

87 .3  

pond  i n  
2 .0-2.5  

5 3 . 3  

77.7 

75.0  

55.6  

8 .3  

64 .3  

35.7 

40.7 

40.0 

69.2 

50.0  

25.0 
33 .3  

45.0 

4 2 . 1  
34.2 

48.9 

s u p p l e m e n t e d  

93 .3  

88 .8  
- 

94 .5  

83 .3  

90 .7  

92.9  

96.3 

68.0  
- 

72.7 

- 
88.9 
- 

71.0 

81 .6  

8 7 . 3  

4.5-5.015.0-5.0 

93 .3  

1 0 0 . 0  
- 

97 .3  

100 .0  

90 .7  

100 .0  

96.3  

80 .0  
- 

95.4 

- 
100.0 

- 
89.4 

100 .0  

90.9  

i r r i g a t i o n  
3.5-4.0 

9 3 . 3  

88 .8  
- 

94 .5  

8 3 . 3  

88 .8  

92 .9  

9 6 . 3  

68 .0  

1 0 0 . 0  

72 .7  

87.5  
88 .9  

100 .0  

71.0 
81.6  

87 .0  

b a s i n s  f o r  
2.5-3.0 

86.6  

88 .8  

100 .0  

83.4  

33 .3  

86.9  

50.0  

85.2 

64.0  

84 .6  

68 .2  

37.5  
77 .8  

75.0  

50 .5  
65 .8  

74 .2  

commands 

a good 
3.0-3.5 

86.6  

88 .8  
- 

83.4 

33 .3  

86.9  

5 7 . 1  

85.2  

64.0 

84.6 

68.2 

37.5  

77.8 
80.0  

50 .5  
68.4 

75.0  
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Table 4 1 .  Number o f  optimum and u s u a l  i r r i g a t i o n s r e p o r t e d  by 
farmers  f o r  h igh  y i e l d i n g  v a r i e t i e s  o f  wheat by 
v i l l a g e  s i t e .  

Nonperennial  
105* I 

optimum 6.7 
u s u a l  26.7 

optimum - 
u s u a l  - 

Type of  
command 

and 
v i l l a g e  site 

optimum 
usua l  

optimum 
u s u a l  

optimum 
u s u a l  

optimum 
u s u a l  

optimum 
usua l  

optimum 
u s u a l  

optimum 
u s u a l  

Es t imated  number o f  i r r i g a t i o n s  
exc lud ing  p r e i r r i g a t i o n s  

optimum 8 .3  29.2 29.2 -- 
u s u a l  20.0 40.0 25.0 I i 1-1 

N o .  
farms 
r e p o r t -  

i ng  

optimum - 7 5 . 0 2 5 . 0  
u s u a l  25.0 6 2 . 5 1 2 . 5  

Optimum 
and 

u s u a l  
12+ 

% 
< 3 4-5 6-7 8-9 10-11 

optimum 

"6 

optimum ( 3.4 
u s u a l  27.4 

* = P u b l i c  tubewel l  supplemented. 
** = High d e n s i t y  of p r i v a t e  t ubewe l l s .  

% % % % 



Table 41 d a t a  showdifferencesbetween what farmers  u sua l ly  apply 

and what they would op t imal ly  apply i f  water were a v a i l a b l e .  For example, 

farmers  on t h e  4 watercourses  a t  s i t e  107, where tubewell  water i s  e a s i l y  

a v a i l a b l e ,  repor ted  d i f f e r e n c e s  i n  number of optimum i r r i g a t i o n s  r equ i r ed  

from 4 t o  5 t o  a s  many a s  14 o r  more. Most sample farmers  ( see  Table  41) 

r e p o r t  from 4 t o  5 i r r i g a t i o n s  a s  u sua l  and i n d i c a t e  t h a t  6-7 i r r i g a t i o n s  

would be  opt imal .  Note t h a t  t h e  ma jo r i t y  of farmers  a t  s i t e  107, wi th  26 

p r i v a t e  tubewells ,  r e p o r t  8-9 i r r i g a t i o n s  a s  "usual" and 12 o r  more f o r  

optimum. Farmers a t  110, a l s o  w i th  26 p r i v a t e  tubewel l s ,  r e p o r t  6  t o  7  

i r r i g a t i o n s  f o r  both u sua l  and optimum. However, t h i s  is  a  low annual  

atmospheric evapora t ive  d e f i c i t  a r e a  and one watercourse is  no t  served by 

a  cana l .  Pub l i c  tubewell  command farmers  tend t o  r e p o r t  h igher  va lues  

f o r  bo th  "usual" and "optimum" i r r i g a t i o n s  than nonpublic tubewell  command 

farmers  except  f o r  those  watercourses  served by a  h igh  dens i ty  of p r i v a t e  

tubewells .  

Table 42 d i s p l a y s  cumulative percentages of farmers  applying va r ious  

numbers of i r r i g a t i o n s  by t h e  d e n s i t y  of p r i v a t e  tubewel l s  on watercourse 

commands. Data i n  Table 42 i n d i c a t e  t h a t  numbers of i r r i g a t i o n s  f o r  c rops  

can be  expected t o  i nc rease  a s  farmers  r e c e i v e  more water .  However, when 

more water  is  a v a i l a b l e  farmers  w i l l  need t o  he lp  t o  l e a r n  how t o  apply 

t h e  r i g h t  amounts a t  t h e  r i g h t  t ime. Farmers,by applying excess  water  t o  

crops,can decrease  y i e l d s  s u b s t a n t i a l l y .  

111. FARMERS' KNOWLEDGE OF SOIL-WATER-PLANT RELATIONSHIPS 

I n  o rde r  t o  apply i r r i g a t i o n  water  e f f i c i e n t l y ,  an i r r i g a t o r  must 

have some knowledge of soi l -water-plant  r e l a t i o n s h i p s .  The farmer must 

know gene ra l l y  about t h e  pene t r a t i on  of water  and p l a n t  r o o t  systems i n t o  

t h e  s o i l ,  crop water  requirements,  c r i t i c a l  s t a g e s  of p l a n t  growth, and 

varying water  requirements  a t  each s t age .  



Table 42. Number of irrigations and density of tubewells on 
watercourse commands (irrigations for HYV of wheat 
only). 

*x2 value 116.7 - 21 df significant at .001 level. 
**x2 value 103.6 - 21 df significant at .001 level. 

Private 
tubewell 
supplementary 
equivalents 

None 
usual 
optimum 

Under 3 
usual 
optimum 

3-6 
usual 
optimum 

7 or more 
usual 
optimum 

Weighted 
totals 
*usual 
**optimum 

Note: Private tubewell equivalents result from counting 
public tubewells serving one command area as 3 private tube- 
wells and public tubewells serving 2 commands as 2 private 
tubewells and combining these with the number of private 
tubewells on watercourse commands. 

No. 
of 
farms 

reporting 

126 
135 

62 
62 

77 
78 

Cumulative percentages of farmers 
using estimated number of irrigations 
excluding 

< 3 

39.7 
5.9 

29.0 
4.8 

16.9 
1.3 

43 7.0 
45 2.2 

4-5 

81.8 
58.1 

74.2 
35.4 

57.2 
30.8 

16.3 
8.9 

65.0 
40.1 

308 
320 

27.3 
4.0 

preirrigations 
6-7 

92.9 
84.8 

91.9 
51.1 

78,O 
68,O 

34.9 
26.7 

80.9 
66.0 

8-9 

96.9 
92.9 

95.1 
95.4 

94.9 
75.9 

60.5 
44.5 

91.0 
82.4 

10-11 

96.9 
95.9 

95.1 
95.0 

I 

79.1 
60.1 

94.5 
87.7 

12+ 

100 
100 

100 
100 

100 
100 

100 
100 

98.8 ) 100 
83.6 1100 

1 



A. Which crop u t i l i z e s  most water?  

Farmers were f i r s t  asked t o  compare c rops  according t o  t h e i r  t o t a l  

water  requirements  f o r  a  f u l l  cropping season--wheat v s .  co t ton ,  and 

c o t t o n  v i s  a  v i s  berseem. Figure 13 d i s p l a y s  t h e  farmers '  r e p o r t s .  It i s  

s u r p r i s i n g  t h a t  of 371 farmers  r e p o r t i n g ,  54 percent  repor ted  t h a t  wheat 

r e q u i r e s  more t o t a l  water  than c o t t o n  ( f a l s e ) ,  and 7 percent  r e p o r t  both 

c rops  a s  u t i l i z i n g  t h e  same amounts--also f a l s e .  Only 32 percent  repor ted  

c o r r e c t l y  t h a t  c o t t o n  r e q u i r e s  more t o t a l  i r r i g a t i o n  water  than wheat f o r  a  

f u l l  crop cycle.?' While t h e r e  a r e  d i f f e r e n c e s  i n  r e l a t i o n s h i p  t o  

c l i m a t i c  zones,  they a r e  not  s o  g r e a t  a s  t o  conclude t h a t  wheat i n  r a b i  

season u t i l i z e s  more t o t a l  mois ture  than co t ton .  A g r e a t e r  percentage of 

farmers  on commands dominated by co t ton  a t  s i t e s  102, 107, 112 and 114 

r epo r t ed  co t ton  a s  us ing  more t o t a l  water  than farmers  on o t h e r  commands. 

However, f o r  c o t t o n  ve r sus  berseem, 90 percent  of t h e  farmers  repor ted  

c o r r e c t l y  t h a t  berseem u t i l i z e s  more water than co t ton .  Only a t  s i t e  116, 

where no c o t t o n  i s  c u l t i v a t e d ,  were a  l a r g e  percentage of t h e  farmers  i n  

doubt.  F i f t y  percent  of t he  20 r e p o r t i n g  farmers  s t a t e d  they d i d  n o t  know 

due t o  l ack  of c o t t o n  c u l t i v a t i n g  experience.  

B. Most c r i t i c a l  i r r i g a t i o n  f o r  HYV of wheat? 

Farmers were asked t o  g i v e  t h e i r  views about  t h e  most c r i t i c a l  

i r r i g a t i o n  f o r  wheat HYV's a f t e r  p r e - i r r i g a t i o n .  Of t h e  358 farmers  

r e p o r t i n g  f o r  t h e  t o t a l  sample, 41 percent  repor ted  t h e  f i r s t  i r r i g a t i o n  o r  

kor which u s u a l l y  t akes  p l ace  1 5  t o  25 days a f t e r  sowing t h e  crop.  Thi r ty-  

f i v e  percent  repor ted  t h e  i r r i g a t i o n  j u s t  before  heading begins .  These 

judgements r e f l e c t  recommendations widely propagated by t h e  Agr i cu l tu re  

Department v i a  farm r a d i o  and ex tens ion  workers. 

51Total water requirements  i n  t h e  Punjab us ing  t h e  Blaney-Criddle method a r e  - 
given i n  a c r e  inches  f o r  t h e  fol lowing:  c o t t o n  33"; wheat 16"; and 
berseem 48". (See Watenpaugh and Hussain, 1966: Appendix Tables  1-5.) 
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Figure 14 shows t h e  views of farmers a s  t o  t h e  most c r i t i c a l  i r r i g a -  

t i o n  by agro-cl imatic  regions.  Over 50 percent  of t h e  farmers  i n  t h e  low 

mois ture  d e f i c i t  a r e a  and t h e  low t o  medium mois ture  d e f i c i t  reg ion  r e p o r t  

kor o r  t h e  f i r s t  i r r i g a t i o n  a s  most c r i t i c a l  and about 4Q percent  i n  t h e  

"high" zone g ive  t h i s  r e p o r t .  

C .  Fanners '  Views About Stages of Growth of Cotton P l a n t s  and Water 

Reauirements 

Farmers were presented wi th  p i c t u r e s  of fou r  s t a g e s  of growth of 

a  co t ton  p l a n t  -- 1) seedl ing ,  2) f i r s t  f lower,  3) f lowering and f i r s t  

b o l l  formation, and 4) f u l l  b o l l  formation (Watenpaugh and Hussain, 

1966: Table 1 ) .  F igure  14 shows farmers '  views about co t ton  growth s t ages  

and water requirements i n  r e l a t i o n s h i p  t o  agro-cl imatic  reg ion .  Under t h e  

f u l l  b o l l  s t a g e  when i r r i g a t i o n  should be stopped o r  g r e a t l y  reduced, no te  

t h a t  i n  a l l  4  agro-cl imatic  reg ions  from 60 t o  71 percent  of t h e  farmers 

s t a t e  t h a t  t h e  h ighes t  l e v e l s  of i r r i g a t i o n  a r e  requi red .  A t  t h e  s eed l ing  

s t a g e  when i r r i g a t i o n  demands a r e  r e l a t i v e l y  low, 8 t o  16 percent  of t h e  

farmers  i n  t h e  low t o  medium, medium, and high evapora t ive  d e f i c i t  reg ions  

s t a t e  t h a t  t h i s  s t a g e  has  t h e  h ighes t  i r r i g a t i o n  demand. 

Table 43d i sp l ays  sample farmers '  percept ions  of co t ton  water  requi re -  

ment during four  s t ages  of development. 

D .  Fanner 's  Est imates  of Depth of I n f i l t r a t i o n  of I r r i g a t i o n  Water 

Farmers were a l s o  asked t o  provide e s t ima te s  of t h e  depth of water 

i n f i l t r a t i o n  i n t o  s o i l s .  The s p e c i f i c  ques t ion  was: "Given f i v e  inches of 

water ponded i n  one of your bas ins ,  how deep would you e s t ima te  i t  would 

i n f i l t r a t e  i n t o  t h e  s o i l ? "  This  was an at tempt  t o  s e e  i f  t h e i r  concepts 

corresponded t o  e s t ima te s  of r o o t  system pene t r a t ion  i n t o  s o i l .  Responses 
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Moisture Deficit ( 70 inches per year ) 

Vi l lages 103, 104, 1 10 Villages 112, 113,115, 116 
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Just before Heading 

FIGURE 14. FARMERS REPORTS OF MOST CRITICAL IRRIGATION FOR WHEAT AFTER 
PRE - IRRIGATION BY AGRO - CLI MATIC REGIONS 



Table 43. Farmers' r e p o r t s  of water requi red  a t  four  growth s t a g e s  of 
co t ton .  

F i f t y  farmers who d id  not  know and 24 who d id  not  provide usable  responses 
a r e  excluded from t h e  t ab l e .  

Water t o  
apply 

"None" 
"Least" 
"MOS t" 

To ta l s  

Actual 
Demand 

Table 44. Farmers' e s t ima te s  of depth of i n f i l t r a t i o n  of f i v e  inches  of 
water  ponded on t h e i r  f i e l d s  i n t o  s o i l  p r o f i l e .  

Estimate 
depth of 
i n£  il t r a t i o n  Number Percentage Cumulative 
( inches)  r epo r t ing  r e p o r t i n g  percentage 

No. 
r epo r t ing  

315 
315 
315 

- 

315 

48.0 and over 6 1 .8  94.5 

Stages of growth 
Flowering 
and f i r s t  Bol l s  

Seedling F i r s t  b o l l  f u l l y  
(about 6") flower formation formed 

% % % % 
55.9 16.4 5.6 1.9 
34.6 62.9 28.5 32.1 
9.5 20.8 65.8 66.0 

100.0 100.0 100.0 100.0 

Low Moderate High None 

Don ' t know - 18 5.5 

To ta l  329 100.0 



a r e  presented i n  Figure 15.  Across a l l  phys ica l  s o i l  types ,  sample farmers  

r e p o r t  e s t ima te s  a s  shown i n  Table 44. 

We note  t h a t  about 60 percent  of t h e  farmers  e s t ima te  depths  up 

t o  o r  l e s s  than  18 inches.  Only 10.2 percent  of t h e  respondents  render  

e s t ima te s  i n  excess  of 30 inches.  When farmer e s t i m a t e s  a r e  examined by 

genera l  phys ica l  s o i l  types on respondent farms i n  F igure  15,  one no t e s  

t h e  modal depths  r epo r t ed .  For example, 30 percent  of t h e  farmers  wi th  

sandy loam s o i l s  s u r p r i s i n g l y  r e p o r t  dep ths  of 6 inches  o r  l e s s ,  and only 

about 30 percent  r e p o r t  dep ths  of 18 inches  o r  more. 

Many f a c t o r s  o t h e r  than phys ica l  s o i l  t e x t u r e  i n f luence  i n f i l t r a -  

t i o n  r a t e s - - so i l  s t r u c t u r e ,  t h e  presence of organic  ma t t e r ,  r o o t  channels ,  

cracks,  small  animal burrows, s o i l  s a l i n i t y  and a l k a l i n i t y  which may r e s u l t  

i n  sodic ,  hardpans,  o r  s t r a t a  i n  t he  s o i l  p r o f i l e .  For most s o i l s  t h e r e  i s  

i n f i l t r a t i o n  over a 50 cm. depth .  Of 157 observa t ions  on 20 watercourses  

a t  t he  50 cm. depth t h e  r a t e s  of i n f i l t r a t i o n  ranged from about 30 cm. 

t o  99 cm. per day wi th  an average of about 45 cmlday (Gibb, 1966; p. 367-375). 

E. Farmers' Est imates  of Root Depth Pene t r a t i on  f o r  Se lec ted  Crops 

A s  has  been shown, farmers  perce ive  a shal low depth of i n f i l t r a t i o n  

of water  whatever t h e  s o i l  cond i t i ons .  I n  o rde r  t o  examine f u r t h e r  f a rmer ' s  

concepts  of dep ths  of mois ture  and r e l a t i o n s h i p  t o  i r r i g a t i o n ,  they were 

ques t ionedin  s t r u c t u r e d  in te rv iews  a s  t o  t h e i r  e s t ima te s ,  i n  inches ,  of 

r o o t  system pene t r a t i on  of f i v e  major c rops .  The responses  a r e  presented 

g raph ica l ly  i n  F igure  16 f o r  co t ton ,  sugarcane, r i c e ,  wheat and berseem. 

It is ev ident  t h a t  f o r  a l l  c rops  farmers  have a gene ra l  concept t h a t  r o o t  

systems f o r  most crops p e n e t r a t e  from less than  6 t o  only about 12  inches  

i n t o  t h e  s o i l  p r o f i l e .  Actual  responses  f o r  wheat, r i c e ,  and berseem 

(Egyptian Clover) were i n  t h e  range of 2.5 t o  about 3.5 inches,a  f a c t  n o t  
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revealed by t h e  l a r g e  i n t e r ~ a l s  employed i n  t h e  F igure  16. It is  known 

t h a t  r o o t  systems of a l l  t he se  crops pene t r a t e  t o  36 o r  more inches .  Cotton 

and berseem r o o t  systems o f t e n  extend t o  72  o r  more inches  i n  good s o i l s .  

While t h e  l a c k  of farmer knowledge i s  documented about r o o t  

system pene t r a t i on  and depths  of water  i n f i l t r a t i o n ,  we  a r e  n o t  s u r e  how 

t h i s  r e l a t e s  t o  over  and u n d e r i r r i g a t i o n .  It i s  poss ib l e  t h a t  farmers  

apply more o r  l e s s  water than i s  requi red  a t  t imes because they do not  

have a  concept of s o i l  moisture  s to rage .  The l a c k  of such a  concept may 

be a  reason why farmers  simply observe s o i l  su r f ace  c h a r a c t e r i s t i c s .  It 

was observed dur ing  eva lua t ions  t h a t  some farmers  were amazed t h a t  k ing  

tubes  would r evea l  s o i l  moisture  i n  samples from f o u r  f o o t  dep ths .  

A t  t h e  time of t h e  survey, a  f i e l d  day was conducted on a nonsample 

watercourse command by t h e  Agr i cu l tu re  Department t o  demonstrate t h e  

importance of land l e v e l i n g  and improved i r r i g a t i o n  p r a c t i c e s .  Since 

survey d a t a  had ind i ca t ed  t h a t  farmers  do not  have a  we l l  developed concept 

of s o i l  moisture  s to rage  o r  t h e  a b i l i t y  of r o o t  systems t o  p e n e t r a t e  t o  

g r e a t  dep ths  t o  u t i l i z e  a v a i l a b l e  s o i l  mois ture ,  a  s o i l  p r o f i l e  observa t ion  

p i t  was dug t o  demonstrate t o  farmers t h e  depths  which both  r o o t s  and 

i r r i g a t i o n  water  move i n t o  t h e  s o i l  p r o f i l e .  When farmers  observed t h i s  

f o r  themselves they repor ted  t h a t  t h i s  was t h e  f i r s t  time they had ever  

be l ieved  t h a t  i t  was pos s ib l e  f o r  r o o t s  t o  p e n e t r a t e  so  deeply.  There was 

d i scuss ion  f o r  days among farmers  about t h i s  new discovery.  

While we do not  know how t h i s  l a c k  of knowledge may be r e l a t e d  t o  

over and u n d e r i r r i g a t i o n  and consequent water logging and s a l i n i t y ,  i t  i s  

probable t h a t  concepts  of shal low r o o t  systems and water  i n f i l t r a t i o n  may 

exp la in  why farmers  tend t o  o v e r i r r i g a t e  co t ton  a f t e r  t h e  crop has  matured. 

Anurgentneed e x i s t s  f o r  farm l e v e l  ex tens ion  personnel  who understand 



so i l -wate r -p lan t  r e l a t i o n s h i p s .  To t h e  r e s e a r c h e r s '  knowledge, no e f f o r t  

h a s  been made t o  he lp  fa rmers  understand t h e s e  r e l a t i o n s h i p s  except  i n  a 

few l i m i t e d  exper imental  a r e a s .  

F. Extension F i e l d  A s s i s t a n t s '  Lack of Knowledge of  Root Depths 

Farmers,  of cou r se ,  should no t  be expected t o  unders tand r o o t i n g  

dep th s  o r  dep ths  of wate r  i n f i l t r a t i o n  because they  have never  been 

exposed t o  t h i s  in format ion .  Nor have members of t h e  ex t ens ion  s t a f f .  

During t h e  wate rcourse  survey  i n  Sargodha D i s t r i c t  t h e r e  was an  oppo r tun i t y  

t o  admin i s t e r  some of t h e  same ques t i ons  about  so i l -p lan t -wate r  r e l a t i o n -  

s h i p s  t o  ex t ens ion  f i e l d  workers.  

Table 45 r e v e a l s  t h e  responses  of 19 f i e l d  a s s i s t a n t s  t o  t h e  ques t i on ,  

"Give your e s t i m a t e s  i n  i nches  of t h e  r o o t i n g  dep th s  of t h e  fo l lowing  

crops. ' '  Extension f i e l d  workers ,  l i k e  farmers ,  have had l i t t l e  o r  no 

t r a i n i n g  i n  such s u b j e c t  a r e a s ;  they  too  know l i t t l e  about  c rop  r o o t i n g  

systems and water  i n f i l t r a t i o n .  For example, from 60 t o  90 pe r cen t  r e p o r t  

t h a t  c rops  such as maize, wheat, r i c e ,  berseem and p o t a t o e s  have r o o t  

systems which p e n e t r a t e  no more than  6 inches  i n t o  t h e  s o i l  ( s ee  Table  45) .  

Attempts t o  improve t h e  a v a i l a b i l i t y  of  i r r i g a t i o n  wate r  must be accompanied 

by a concer ted  e f f o r t  t o  p rov ide  fa rmers  t h e  knowledge of how t o  more 

e f f e c t i v e l y  u t i l i z e  t h e  wate r .  

I V  . ACTUAL AMOUNTS OF WATER APPLIED BY SAMPLE FARMERS 

I n  c o n t r a s t  t o  fa rmers '  e s t i m a t e s ,  t h e  a c t u a l  weighted average  

amounts app l i ed  by 312 fa rmers  a r e  p resen ted  i n  Table  46. Note t h a t  

fa rmers  a t  s i t e  106 ( p u b l i c  tubewel l )  a p p l i e d  a median amount of 4.0 t o  

4 .5  inches  whi le  fa rmers  a t  s i te  1 0 1  app l i ed  a median of 3 . 0  t o  3 .5  a c r e  

inches .  Four pub l i c  tubewel l s  a t  s i t e s  105, 108, 109 and 111, each s e r v e  

two t o t a l  wa te rcourse  commands; t h e r e f o r e ,  f a rmers  on t h e s e  commands have 



Table 45. Field assistants' estimates of rooting depths of 
the following crops. 

Depth of 
root 
penetration 
(inches ) 

3 

3- 6 

6-12 

12-18 

18-24 

24-36 

36-42 

42-48 

48 or more 

Don't know 
or 

no response 

Totals ! 

-. 
Cotton 

- 

1 

2 

2 

6 

1 

- 

3 

- 

19 

t 

Estimated 
actual depthj5'-6' 

Number 

Maize 

10 

7 

4 . 1  

- 
- 

1 

- 
- 

- 

- 

19 

3'-5' 

reporting 

Rice 

5 

7 

1 

- 
- 
1 

- 

- 

1 

4 

19 

9"-12" 

for 

Wheat 

7 

10 

- 
- 
- 

1 

- 
- 

1 

- 

19 

crop 

Lucerne 

1 

4 

2 

2 

- 
- 
- 
- 

3 

7 

19 

each 

Berseem 

7 

6 

1 

- 
- 
- 
- 
- 

1 

4 

19 

4'-5' 

Pota- 
toes 

4 

8 

4 

1 

- 

- 
- 
- 
- 

2 

19 

5'-6' 3'-3.5' 1.5-2.5' 



Table 46. Actual acre inches of water applied by sample farmers by type of command 
and villase site. 

Type of No. 
command farms Cumulative percentages of measured acre inches of water 
and report- applied by farmers 
sites ina 2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-4.5 4.5-5.0 5.0+ 
Perennial 
101 

Nonperennial 
105* 7 14.2 71.4 71.4 71.4 71.4 71.4 85.7 100.0 

weighted 
Totals 312 43.5 62.2 72.5 80.4 84.0 88.3 92.7 100.0 

*Denotes public tubewell supplemented commands. 
**Denotes private tubewell supplemented commands with six or more tubewells. 



more l i m i t e d  wate r  s u p p l i e s  and a l s o  r e c e i v e  supplemental  w a t e r  on ly  on 

a l t e r n a t e  c a n a l  warabundi schedu les .  S i t e s  103,  112,  113 ,  116,  114 ,  and 

115 have no tubewel l  supplements and t h e  m a j o r i t y  of sample fa rmers  a t  

t h e s e  s i t e s  a p p l i e d  under 2.5 i n c h e s  of w a t e r .  The m a j o r i t y  of f a r m e r s  

a t  s i t e s  103,  116, and 115 a p p l i e d  l e s s  t h a n  2.0 a c r e  inches .  Of t h e  

t h r e e  commands w i t h  d e n s i t i e s  of p r i v a t e  t u b e w e l l s  e q u a l l i n g  6  o r  more 

( s i t e s  102, 107 and 110) have median i n t e r v a l s  of 2.0 t o  2.5 i n c h e s ,  and 

3 .0  and 3 .5  i n c h e s .  S i t e s  102 and 107 a r e  l o c a t e d  i n  t h e  medium h i g h  

annua l  a tmospher ic  e v a p o r a t i v e  d e f i c i t  area of abou t  60" and 110  i s  l o c a t e d  

i n  t h e  low d e f i c i t  a r e a  of abou t  40" p e r  y e a r .  

A .  Water Supply S i t u a t i o n  

Table  47 d i s p l a y s  d a t a  r e g a r d i n g  measured a c r e  i n c h e s  a p p l i e d  by 

head and t a i l  f a rmers  under v a r y i n g  wate r  supply  s i t u a t i o n s .  I n  g e n e r a l ,  

t h e  w a t e r  supply  s i t u a t i o n  a l o n e  e x p l a i n s  v e r y  l i t t l e  of t h e  v a r i a t i o n  i n  

amounts of wa te r  a p p l i e d .  D i f f e r e n t  l o c a t i o n s  of p r i v a t e  t u b e w e l l s  a l o n g  

command r e a c h e s  mask d i f f e r e n c e s  between head and t a i l  farms. Note t h a t  

o n l y  i n  one c a s e  w a s  t h e  median a c r e  i n c h  v a l u e  f o r  t a i l  lower a s  compared 

t o  head fa rmers  and t h i s  was on a  p u b l i c  tubewel l  supplemented command. 

The l a r g e  r a n g e s  i n  a c r e  inches  a p p l i e d  r e s u l t  from fa rmers  l e a v i n g  t h e  

f i e l d  a f t e r  s t a r t i n g  an  i r r i g a t i o n .  For  example, t h e  two l a r g e  extremes 

of 19.8  and 19.7 a c r e  i n c h e s  were a p p l i e d  by two f a r m e r s  a t  s i t e s  115 and 

112. The f i r s t  was a p p l i e d  t o  a  r i c e  paddy and t h e  second t o  a  p r e i r r i g a t i o n  

f o r  p l a n t i n g  sugarcane .  The f i r s t  al lowed t h e  f i e l d  t o  be  i r r i g a t e d  f o r  

360 minutes  w i t h  a nakka d i s c h a r g e  of . 3  c u s e c s ;  t h e  second allowed wate r  

t o  r u n  f o r  100 minu tes  w i t h  a f i e l d  i n l e t  d i s c h a r g e  of .8 of a cusec .  

Farmers o f t e n  s imply t u r n  t h e  wa te r  i n t o  a f i e l d  and l e a v e .  On some 

o c c a s i o n s  we have observed fa rmers  s t a r t  a n  i r r i g a t i o n  l a t e  a t  n i g h t  and 



Table 47. Acre inches of water applied by water supply 
situation. 

*Data 
for 

Water supply 
situation 
factors 

1. Tubewells 
None 

Private 

Public 

. repres 
sample 

ent the weighted means of several evaluations 
farms. 

- 
+.. 

- 

- 

-. 

- 

No. of 
farms 

159 

114 

Mean acre* 
inches of 
water applied 

2.4 

2.6 

Both 15 2.1 

24 3.5 

I 
.l- 4.7 

Median 
acre inches 
applied 

2.1 

2.1 

2.9 

2.7 

2.1 

1.4 

2.3 

2.9 

2.3 

2.9 

2.3 

3.3 

2. Position of farm 
on command 

Head 

Middle 

Tail 

3. Farm field 
inlet nakka 
Q in cusecs 

2.4 

1.9 

1.9 

1.3 

1.8 

2.6 

2.1 

2.2 

2.1 

3.1 

Range of 
acre inches 
applied 

.2-19.7 

.l-19.8 

2.7 

97 

41 

58 

.2-19.7 

.7-12.8 

.l-17.0 

.l- 4.1 

.2-19.7 

.8-19.8 

.l- 4.4 

.7- 9.8 

1.2- 3.4 

1.1- 7.7 

1.1- 7.5 

I 
up to .20 

.21-. 40 

.41-. 60 

.61-. 70 

.71-. 90 

57 

53 

52 

24 

I 4 3 

.91-1.0 1 10 

1.1 and over I 71 1 



\ 

al low the  water t o  run u n t i l  morning o r  u n t i l  the  next  farmer wanted h i s  

t u rn .  

Under i tem (2) ,  Table 47, t he  measure f o r  farm l o c a t i o n  i s  the  

engineers '  measurement--i.e., t h e  l eng th  of each watercourse was divided 

i n t o  t h i r d s .  

B. Seasons and Days Since Last  I r r i g a t i o n  

Table 48 provides t h e  a c r e  inches of water appl ied  by season. In  

May through August, when t h e  evapo-transpirat ion r a t e s  a r e  h igh  f o r  a l l  

khar i f  (summer) crops and e s p e c i a l l y  co t ton ,  r i c e ,  and sugarcane. Note 

t h a t  t h e  mean a p p l i c a t i o n s  equal  3 . 0  a c r e  inches f o r  t hese  months vs .  2.2 t o  

2.3 a c r e  inches f o r  o the r  months. Under i tem ( 2 ) ,  Table 48, t h e r e  i s  a 

r e l a t i o n s h i p  between days s i n c e  t h e  l a s t  i r r i g a t i o n  and t h e  a c r e  inches 

appl ied .  This  w i l l  be shown more c l e a r l y  i n  t h e  r eg re s s ion  model where 

o the r  v a r i a b l e s  a r e  con t ro l l ed .  

C .  Type of I r r i g a t i o n  

The p a r t i c u l a r  type of i r r i g a t i o n  a s  wel l  a s  crop ma tu r i t y ,  

season, and human v a r i a b l e s  a r e  i n f l u e n t i a l  i n  determining amounts of 

i r r i g a t i o n  water appl ied .  See Table 49 f o r  t h e  p re sen ta t ion  of d a t a  

r e l a t i n g  types of i r r i g a t i o n  t o  amounts of water per  i r r i g a t i o n .  

V.  SUMMARY REGRESSION ANALYSIS OF SELECTED FACTORS AND ACRE INCHES 

OF WATER APPLIED 

Several  regress ion  models were used t o  search  out  t h e  f a c t o r  which 

expla in  t h e  v a r i a t i o n  i n  amounts of water ( ac re  inches)  appl ied by sample 

farmers.  The numerous v a r i a b l e s  which inf luence  fa rmer ' s  dec i s ions  t o  

apply va r ious  amounts of i r r i g a t i o n  water a r e  so  complex t h a t  t h e  l i s t  

becomes almost unmanageable. The f i n a l  regress ion  model, a  product of a  

step-wise method, exp la ins  about 33 percent  of t h e  d i f f e r e n c e  i n  a c r e  



Table 48. Acre inches of water applied by season and by days 
since last irrigation. 

Range 
of acre 
inches 
applied 

.l-19.7 

.2- 5.3 

.7-19.8 

1.0- 4 .5  

.l- 7.7 

. 5 -  8.8 

.l-19.8 

Time of 
irrigation 

1. Season 

NovaI Dec., 
Jan., Feb. 

March,April 

May, June, 
July, Auq. 

Sept. , 
October 

2. Days since 

Farms 
Eval- 
uated 

127 

51 

120 

13 

20 or more 112 

Mean acre 
inches of 
water 
applies 

2.3 

2.2 

3.0 

2.2 

Median 
acre 
inches 
applied 

1.9 

2.0 

2 . 6  

1.9 

2.4 

2.3 

2.9 

2.1 

2.0 

2 . 4  



1 2 7  

T a b l e  4 9 .  A c r e  i n c h e s  of w a t e r  appl ied a n d  t y p e  of i r r i g a t i o n .  

T y p e s  of 
i r r i g a t i o n  
crops 

P r e i r r i g a t i o n s  

S u g a r c a n e  

C o t t o n  

Mixed crops 

F o d d e r  

Whea t  

G a r d e n s  

N o .  of 
f a r m s  
eval- 
u a t e d  

5 5  

24  

5  

5 8  

8 1  

6 7  

7  

Mean 
acre i n c h  

appl i -  
c a t i o n s  

3 . 3  

3 .4  

2 . 7  

2 . 4  

2 . 3  

2 . 0  

3 . 7  

1 

M e d i a n  
acre i n c h e s  

appl ied  

2 . 9  

2 . 8  

2 . 3  

2 . 2  

1 . 9  

1 . 9  

3 . 2  

I 

R a n g e  of 
acre i n c h e s  

appl ied  

.7 -19 .7  

1 . 0 -  5 . 5  

1 . 2 -  5 . 4  

.l- 6 . 5  

. 2 -12 .8  

.4-  5 . 4  

1 . 9 -  7 . 7  

I 



inches appl ied  by sample farmers .  Other v a r i a b l e s  no t  included i n  t h e  f i n a l  

r eg re s s ion  model a r e  l i s t e d  bu t  no t  discussed i n  d e t a i l .  

The model used is: 

y = a + b x  
1 1  + b x  + b3x3 + b4x4 .... b x  2  2  9  9  

where a  and b  a r e  t h e  parameters  t o  be es t imated .  

x = f i e l d  nakka Q (d i scharge)  i n  a c r e  inches 
1 

x2 = dummy v a r i a b l e ,  p r e i r r i g a t i o n  + sugarcane + c o t t o n  + garden = 
1; wheat, fodder ,  o t h e r  = 0 

x3 = number of days s i n c e  l a s t  i r r i g a t i o n  

x4 = depth of inches  of farmers '  es t imate  of water i n f i l t r a t i o n  
i n t o  s o i l  

x  = dummy v a r i a b l e  f o r  i r r i g a t i o n s  from May t o  September = 1 
5 

x = minutes of water appl ied  ad jus ted  wi th  bas in  f i e l d  s i z e  6 

x7 = d i s t a n c e  i n  measured f e e t  t o  mogha o u t l e t  

x  = dummy v a r i a b l e  -- type  of tubewell  supplements - none = 0; 
p r i v a t e  TW = 1; publ ic  TW = 2 

xg = use  of tubewell  (dumy v a r i a b l e )  -- no use  = 0;  some use  
( h i r e )  = 1; and TW ownership = 2 

Table 50 p r e s e n t s  t h e  f a c t o r s  found t o  be most i n f l u e n t i a l .  A s  

seen i n  t h e  t a b l e ,  t h e  six v a r i a b l e s  a r e  presented i n  o rde r  of importance. 

The more water  a v a i l a b l e  a t  t h e  f i e l d  o u t l e t ,  a s  measured by flumes, 

has  a  c o r r e l a t i o n  c o e f f i c i e n t  of .38 w i th  a c r e  inches  and exp la in s  over 1 4  

percent  of t h e  d i f f e r e n c e  i n  amounts appl ied  by sample farmers .  

The p a r t i c u l a r  type  of i r r i g a t i o n ,  such a s  p r e i r r i g a t i o n  f o r  sugar- 

cane,  co t ton  and o the r  c rops ,  c o r r e l a t e s  p o s i t i v e l y  w i th  a c r e  inches  appl ied  

( .34) .  When con t ro l l ed  by water  a v a i l a b l e  a t  t h e  farm a t  t ime of i r r i g a t i o n  

t h i s  v a r i a b l e  exp la in s  8 percent  of t h e  v a r i a t i o n .  Days s i n c e  t h e  las t  

i r r i g a t i o n ,  when con t ro l l ed  by t h e  nakka d ischarge  and type  of c rop , exp la in s  

about 5 percent  of t h e  d i f f e r e n c e  i n  amounts app l i ed .  The s imple c o r r e l a t i o n  

was .27--a va lue  which i s  reduced when o t h e r  v a r i a b l e s  a r e  c o n t r o l l e d .  



Tab1.e 5 0 .  R e g r e s s i o n  A n a l y s i s :  A c r e  i n c h e s  o f  w a t e r  a p p l i e d  a n d  selected v a r i a b l e s .  

S t e p s  i n  M u l t i p l e  M u l t i p l e  F i n a l  
s t e p - w i s e  S . E .  of t F  
m u l t i p l e  V a r i a b l e s  B e t a  B e t a  r a t i o  R  R~ r a t i o  
r e g r e s s i o n  

1 F i e l d  n a k k a  Q . 7 7 1 4  . I 7 7 7  4 .34**  . 3 7 7  . I 4 2  18 .84***  

2  T y p e  of i r r i g a t i o n  . 6 3 2 0  . 2 2 4 6  2 . 8 1 *  . 4 7 3  . 2  24 7.92*** 

3. Days  s i n c e  l a s t  
i r r i g a t i o n  . 0 1 6 3  - 0 0 4 5  3.62** . 5 2 0  - 2  70 12 .97***  

4.  F a r m e r s '  e s t i m a t e  
of w a t e r  i n f i l -  
t r a t i o n  . I 2 9 3  . 0 5 1 9  2 . 4 9 *  . 5 4 1  . 2 9 2  6 .21** 

5 .  S e a s o n  of 
i r r i g a t i o n  

6 .  A d j u s t e d  m i n u t e s  
of i r r i g a t i o n  - . 0 0 0 2  . 0 0 0 1  2 . 0 0  - 5 6 4  . 3 1 8  5,16* 

7. D i s t a n c e  t o  mogha - . 0 0 0 0 5  . 0 0 0 0 4  1 . 2 5  . 5 7 0  . 3 2 4  1 . 4 3  

8 T y p e  t u b e w e l l  
s u p p l e m e n t s  
f o r  command - . 0714  . I 3 0 9  . 5 5  . 5 7 1  . 3 2 6  . 3 0  

9  U s e  of t u b e w e l l  - . 0 3 2 0  . 0 9 7 0  .33 . 5 7 1  . 3 2 7  -11 

* * * D e n o t e s  s i g n i f i c a n c e  a t  . 0 0 1  l e v e l .  
* * D e n o t e s  s i g n i f i c a n c e  a t  . O 1  l eve l .  

* D e n o t e s  s i g n i f i c a n c e  a t  . 0 5  level .  



Fourth,  t h e  fa rmers '  e s t ima te s  of how deep i n t o  t h e  s o i l  p r o f i l e  

of medium loam s o i l s  f i v e  inches of ponded water  w i l l  i n f i l t r a t e  is p o s i t i v e l y  

and s i g n i f i c a n t l y  r e l a t e d  t o  t h e  amounts appl ied  t o  c rops  when o t h e r  

v a r i a b l e s  d i scussed  above a r e  control led--yet ,  t h i s  v a r i a b l e  c o n t r i b u t e s  

l i t t l e  t o  t h e  reduc t ion  of unexplained va r i ance  i n  water  a p p l i c a t i o n .  The 

season of i r r i g a t i o n  (summer months of May through September ve r sus  o t h e r  

months) is a l s o  p o s i t i v e l y  r e l a t e d  t o  a c r e  inches  app l i ed .  The s imple 

c o r r e l a t i o n  is .29, b u t ,  when con t ro l l ed  by o the r  v a r i a b l e s ,  t h i s  f a c t o r  

adds only a  l i t t l e  over one percent  t o  t h e  t o t a l  d i f f e r e n c e  explained.  

Minutes of i r r i g a t i o n  explained very l i t t l e  of t h e  d i f f e r e n c e s  i n  amounts 

appl ied .  However, no te  t h a t  t h e  r e l a t i o n s h i p  is inve r se ,  t h a t  i s ,  t h e  more 

time t h e  less t h e  q u a n t i t y  appl ied .  Farm i n l e t  d i s cha rges  a r e  o f t e n  a s  

low a s  .1 o r  less; i t  may r e q u i r e  hours t o  i r r i g a t e  a  bas in .  Often 

engineers  had t o  remain a t  f i e l d s ,  where nakka d i scha rges  were .1 t o  .2 

cusecs ,  f o r  a s  much a s  6-8 hours  before  an i r r i g a t i o n  was completed. This  

was e s p e c i a l l y  t r u e  a t  t a i l  farms and where t h e  source  of i r r i g a t i o n  water  

was j h a l l a r  water  l i f t s  and Pe r s i an  w e l l s .  

Other v a r i a b l e s  shown i n  Table 50, s u c h , a s  d i s t a n c e  t o  t h e  mogha, 

type  of tubewll  supplements a v a i l a b l e  on t h e  command and gene ra l  u se  of 

tubewells  combined, explained less than one percent  of t h e  d i f f e r e n c e  i n  

a c r e  inches appl ied  when t h e  o t h e r  v a r i a b l e s  d i scussed  were c o n t r o l l e d .  

Other v a r i a b l e s ,  no t  included i n  t h i s  r eg re s s ion  model, which were no t  found 

t o  be important were f i e l d  l e v e l n e s s ,  type of command, day-night i r r i g a t i o n s ,  

agro-cl imat ic  reg ions ,  s o i l  mois ture  de f i c i ency  and d e n s i t y  of tubewells  on 

commands. Six v a r i a b l e s  exp la in  about 32 percent  of t h e  d i f f e r e n c e s  i n  

amounts app l i ed .  



Overa l l ,  t h e  more wate r  a v a i l a b l e  a t  t h e  farm o u t l e t  t h e  more farmers  

tend t o  apply i n  i r r i g a t i o n s .  Farmers do a c t  r a t i o n a l l y  i n  t h e i r  judgments 

of what c rops  need more water  and when they need more wa t e r .  However, i t  

is na ive  t o  expec t  fa rmers  wi thout  adequate  ex t ens ion  and in format ion  s e r v i c e s  

t o  know more p r e c i s e l y  about  improved i r r i g a t i o n  p r a c t i c e s .  Farmers f a c e  

cons ide r ab l e  c o n s t r a i n t s  b u i l t  i n t o  t h e  p r e s e n t  i r r i g a t i o n  system where 

smal l  f a rmers ,  e s p e c i a l l y ,  have l i t t l e  o r  no c o n t r o l  over  wate r  s u p p l i e s .  

Without a  s t r o n g  farm l e v e l  s e t  of i n t e g r a t e d  i n t e n s i v e  ex t ens ion  i n p u t s  

by t r a i n e d  f i e l d  workers,  one can expect  on ly  one r e s u l t - - t h a t  fa rmers  

w i l l  n e i t h e r  improve wate r  u se  e f f i c i e n c i e s  o r  g r e a t l y  i n c r e a s e  p r e s e n t  

low crop  y i e l d s .  The key i s  t o  p rov ide  fa rmers  new produc t ion  p o s s i b i l i t i e s  

and a  con t inuous  f low of adequate  in format ion  so  t h a t  they  can i n c r e a s e  

c rop  ou tpu t  w i t h  dec r ea s ing  per  u n i t  i npu t  c o s t s .  I n  no a g r i c u l t u r a l  

s e c t o r  i n  t h e  world h a s  t h i s  been p o s s i b l e  simply by prov id ing  more wate r .  

V I .  FARMERS' VIEWS ABOUT W O R  SOURCES OF WATERCOURSE CONVEYANCE LOSSES 

Farmers i n  Pak i s t an  a r e  p e r c e p t i v e  about many of t h e  c o n s t r a i n t s  

t h a t  conf ron t  them. While they o f t e n  do n o t  know t h e  t e c h n i c a l  a s p e c t s  

of many of t h e i r  i r r i g a t i o n  problems nor  t h e  t e c h n i c a l  s o l u t i o n s ,  they o f t e n  

a r e  a b l e  t o  i d e n t i f y  problem a r e a s  t h a t  a r e  s i g n i f i c a n t  t o  them. For 

example, sample fa rmers  were asked i n  i n t e rv i ews  t o  g i v e  t h e i r  views of t h e  

major sou rce s  o f  l o s s  of c a n a l  wa te r  from t h e  mogha o u t l e t  t o  f i e l d s .  Though 

each command a r e a  p r e s e n t s  d i f f e r e n t  problems, w e  have grouped t h e  sample 

wate rcourses  by v i l l a g e  s i t e s  and p r e sen t  fa rmers '  views of major sou rce s  

of conveyance l o s s e s  i n  Tab le  51. Our purpose h e r e  is  t o  unders tand t h e  

major f a c t o r s ,  a s  perceived by fa rmers ,  i n  o rde r  t o  compare t h e s e  w i th  t h e  

e x t e n t  and magnitude of conveyance l o s s e s  on i n d i v i d u a l  wate rcourses .  



Table 51. Farmers '  r e p o r t s  of major sou rces  of conveyance l o s s e s  from mogha t o  
farm f i e l d  d i t c h e s  by watercourses .  

- - --- - - -- -- . - --- 
Watercourse 
Number 

& 
S p i l l s  

:ages of Farmers Reporting Losses 
- 

- 
Vert ical1  Dead I ~ r a s s ,  1  vapor-1 Rodent / S i l t  

116-4wc 
Weighted 
T o t a l s  , 

2 4  - 12.5 

3 7 8  20.6 

Di tch 
Seepage 

Animal 
I n s e c t  
Holes i n  
Banks 

S to rage  Deposi ts  Trees  
Phyras- 
t ophy te s  

- 
a t i o n  



Farmers, i n  in te rv iews ,  o f t e n  d i scussed  s o l u t i o n s  t o  some of t h e  

problems repor ted  such a s  more r e g u l a r  and improved c lean ing  of water- 

courses  and i n s t a l l a t i o n  of pucca nakkas a t  watercourse junc t ions .  How- 

ever ,  they had no s o l u t i o n s  f o r  improper e l w a t i o n  of channels  and d i t c h  

seepage. Why then,  i f  farmers r e a l i z e  some of t h e s e  problems, do they  not  . 
organize  t o  s o l v e  some of them without  e x t e r n a l  a s s i s t a n c e ?  F i r s t ,  farmers  

a r e  unaware of t h e  magnitude of t he se  l o s s e s  on ea r then  watercourses;  

second, t h e r e  has  been no concerted e f f o r t  by t h e  I r r i g a t i o n  Department t o  

enforce  r e g u l a t i o n s  t o  i n s u r e  t h a t  watercourses  a r e  cleaned r e g u l a r l y ;  

t h i r d ,  farmers  have n o t  been given i n c e n t i v e s  f o r  watercourse improve- 

ments nor  have t h e r e  been t r a i n e d  engineers  o r  programs designed t o  he lp  

t o  so lve  t h e s e  problems; f o u r t h ,  u n t i l  therecentCSU/AID re sea rch  program 

f ind ings  t h e r e  was an assumption i n  o f f i c i a l  c i r c l e s  t h a t  on-farm d e l i v e r y  

e f f i c i e n c i e s  were r e l a t i v e l y  high.  F i f t h ,  farmers  need he lp  i n  developing 

t h e i r  own water  u s e r s  o rgan iza t ions  t o  promote e f f e c t i v e  coopera t ion  f o r  

t h e  c o n t r o l  and improvement of t h e  on-farm system. 

V I I .  FARMERS' PERCEPTIONS OF FIELD LEVELNESS COMPARED WITH ACTUAL SURVEY 

RESULTS OF SAMPLE FARMS (See Table 52) .  

Farmers i n  Pakis tan  do understand t h e  importance of l e v e l  f i e l d s  f o r  

i r r i g a t i o n  a s  i s  seen  from t h e i r  e f f o r t s  t o  l e v e l  f i e l d s  and t h e i r  u se  of 

ve ry  small  b a s i n s  t o  c o n t r o l  water .  Farmers u se  t h e  t r a d i t i o n a l  krah or  

k r ah i e fo r  l e v e l i n g .  The krah is used w i t h  two teams of bu l locks  and is 

a  board drag used t o  shape f i e l d s .  The k rah i e  is used w i t h  one team. 

The l e v e l i n g  ope ra t i on  is crude ;  t h e  farmer t r i e s  t o  remember where t h e  low 

and h igh  s p o t s  were when h e  appl ied  i r r i g a t i o n  water .  Ear th  is moved 

from spo t  t o  spo t  on t h e  f i e l d  depending on t h e  fa rmer ' s  judgment and s k i l l .  

Severa l  farmers  repor ted  t h a t  "Water t e l l s  u s  when our  f i e l d s  a r e  l eve l . ' '  



Table  5 2 .  Pe rcen tage  of  f a r m e r s  r e p o r t i n g  f i e l d s  i n s u f f i c i e n t l y  
l e v e l  f o r  qood i r r i g a t i o n  and p e r c e n t a g e  of  a c t u a l l y  
surveyed sample farms w i t h  f i e i d s  . Z  of  a  f o o t  o r  
more o f f  l e v e l .  

V i l l a g e  
s i tes 

No. 
of  

farm: 

Percen tage  o f  farmers  
who r e p o r t  f i e l d s  not  
s u f f i c i e n t l y  l e v e l  
f o r  qood i r r i q a t i o n s  

No. 
o f  

farms 

P e r c e n t a g e  of  sample 
farms w i t h  f i e l d s  of  
.Z f o o t  o r  more o f f  
l e v e l .  (Survey r e s u l t s )  

3 

Weighte 



We o f t e n  observed fa rmers  t r y i n g  t o  coax wate r  over  h igh  s p o t s  du r ing  

i r r i g a t i o n s  w i t h  t h e i r  f e e t  o r  cussie--a shove l - l ike  implement. 

Farmers were a l s o  asked i f  they  perceived t h e i r  f i e l d s  t o  be 

s u f f i c i e n t l y  l e v e l  f o r  good i r r i g a t i o n .  It is  i n t e r e s t i n g  t h a t  49 percen t  

of t h e  266 r e p o r t i n g  fa rmers  s t a t e d  t h a t  t h e i r  f i e l d s  were s u f f i c i e n t l y  

l e v e l  whi le  5 1  pe r cen t  r epo r t ed  t h a t  t h e i r  f i e l d s  were n o t  l e v e l  ( s e e  

Table  52) .  The remainder of 123 fa rmers  e i t h e r  d i d  n o t  know o r  d i d  n o t  

r e p o r t .  Th i s  i n d i c a t e s  t h a t  roughly h a l f  t h e  fa rmers  r e p o r t i n g  a r e  

aware t h a t  t h e i r  f i e l d s  a r e  n o t  l e v e l  and need a t t e n t i o n .  Many surveys  i n  

P a k i s t a n  have shown t h a t  f i e l d s  are n o t  l e v e l  t o  t h e  p r e c i s i o n  r equ i r ed  f o r  

dead l e v e l  b a s i n  i r r i g a t i o n .  Unlevel f i e l d s  r e s u l t  from s i l t  accumulat ions  

f l u shed  through t h e  wate rcourse  system which fa rmers  c l e a n  from f i e l d  

d i t c h e s  t o  i nco rpo ra t e  i n t o  s o i l s .  Also methods of plowing and c u l t i v a t i o n  

as w e l l  as d igg ing  e a r t h  t o  block wate rcourses  f o r  i r r i g a t i o n s  g r e a t l y  

c o n t r i b u t e  t o  u n l e v e l  f i e l d s .  

• Table  52 compares fa rmers '  p e r cep t i ons  of f i e l d s  be ing  adequa te ly  

l e v e l  w i t h  t h e  percen tage  of sample fa rmers '  f i e l d s  which a r e  .2 of a  f o o t  

o r  more o f f  dead l e v e l .  The purpose i s  t o  on ly  compare fa rmers '  g ene ra l  

views about  t h e  need f o r  improved land  l e v e l i n g  w i t h  t h e  need as determined 

by ins t rument  surveying methods. 

V I I I .  ACTUAL OBSERVATIONS OF FARMERS' BEHAVIOR DURING IRRIGATION EVALUATIONS 

A f t e r  about h a l f  of t h e  wate rcourse  survey had been completed,  a check 

l is t  was developed f o r  eng inee r s  t o  record  s e l e c t e d  a c t i v i t i e s  of fa rmers '  

behav iors  du r ing  e v a l u a t i o n  of f i e l d  a p p l i c a t i o n  e f f i c i e n c i e s .  These check 

lists were inc luded  i n  t h e  i r r i g a t i o n  eva lua t i on  record  books and maintained 

by t h e  eng inee r s  making eva lua t i ons .  Though t h e s e  behav io r a l  d a t a  a r e  n o t  

complete,  i t  is impor tan t  t o  unders tand some of t h e  a c t i o n s  of fa rmers  which 



may prov ide  i n s i g h t s  abou t  how they  can  be  a s s i s t e d  t o  improve p r e s e n t  

i r r i g a t i o n  p r a c t i c e s .  Tab les  5 3  and 5 4  prov ide  t h e s e  d a t a .  

A .  I n s p e c t i o n  and Repair  of Leaks and S p i l l s  

Before and d u r i n g  an  i r r i g a t i o n  i t  is impor tan t  t h a t  an  i r r i g a t o r  

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

and up t h e  wa te rcourse  toward t h e  mogha. For example, each  nakka c u t  is a  

p o t e n t i a l  l e a k  and t h e s e  must be  s e a l e d  by compaction.  A l l  j u n c t i o n s  must 

b e  checked t o  a s s u r e  t h a t  e a r t h e n  dams a r e  n o t  l e a k i n g .  Areas a l o n g  t h e  

wa te rcourse  w i t h  i n s u f f i c i e n t  f r e e  board must b e  improved t o  reduce  s p i l l s .  

Farmers a r e  a l s o  aware t h a t  o c c a s i o n a l l y  o t h e r  f a r m e r s  might t r y  t o  d i r e c t  

some of t h e  wa te r  i l l e g a l l y .  Farmers a l s o  have t o  check t h e  bunds around 

t h e  b a s i n .  

Table  53 shows t h a t  abou t  72 p e r c e n t  of t h e  i r r i g a t o r s  were a c t i v e  

i n  i n s p e c t i n g  f o r  l e a k s  and s p i l l s .  Only s m a l l  d i f f e r e n c e s  a r e  noted 

between farm s i z e  and t e n u r e  c l a s s e s .  For farms over  25 a c r e s  of 

c u l t i v a t e d  l and  t h e r e  a r e  t o o  few c a s e s  t o  make g e n e r a l i z a t i o n s .  Tab le  5 4  

examines t h e s e  b e h a v i o r s  by t u b e w e l l  supplements  f o r  commands and by t h o s e ,  

f a rmers  who r e p o r t  u s e  of tubewel l s .  The d i f f e r e n c e s  i n  i n s p e c t i o n  and 

r e p a i r  of l e a k s  and s p i l l s  a r e  n o t  g r e a t  excep t  f o r  f a r m e r s  on commands 

w i t h  no t u b e w e l l s  and t h o s e  w i t h  p r i v a t e  t u b e w e l l s  as supplements.  T h i s  

may r e f l e c t  t h e  g r e a t e r  v a l u e  p laced  on t h e  a v a i l a b l e  s u p p l i e s .  However, i n  

terms of u s e  of t u b e w e l l  w a t e r ,  we f i n d  a lmos t  no d i f f e r e n c e s .  Other  

f a c t o r s  must be  invo lved .  

B. Who I r r i g a t e s :  Farmer Opera to r ,  Se rvan t  o r  Small  Boy? 

A s  in fo rmat ion  i n  Tab le  55 shows, abou t  77 p e r c e n t  of t h e  farmer  

o p e r a t o r s  themselves  were observed i r r i g a t i n g  t h e i r  f i e l d s .  However, abou t  

1 8  p e r c e n t  of t h e  i r r i g a t i o n s  e v a l u a t e d  were performed by s e r v a n t s ,  small 

boys (12 y e a r s  of a g e  o r  younger) ,  o r  someone o t h e r  t h a n  t h e  fa rmer .  



T a b l e  53.  P e r c e n t a g e  o f  f a r m e r s  who w e r e  o b s e r v e d  i n  s e l e c t e d  i r r i g a t i o n  b e h a v i o r s  
b y  f a r m  s i z e  a n d  t e n u r e  classes. 

F a r m  S i z e  C l a s s  

F a r m s  
c h a r a c t e r i s t i c s  

U n d e r  2 . 5  
2 .5-7 .49  
7 .5-12 .49  
12 .5 -24 .99  
25 .0-49 .99  
5 0  & O v e r  

T e n u r e  C l a s s e s  

F a r m s  
R e p o r t -  
i n g  
# 

Owner 
Owner -Tenan t  
T e n a n t  

W e i g h t e d  T o t a l s  

P e r c e n t a g e  o f  F a r m e r s  O b s e r v e d  i n  t h e  F o l l o w i n g  -- 
F a r m e r  
I n s p e c t s  
f o r  
L e a k s /  
S p i l l s  

F a r m e r  
R e p a i r s  
L e a k s /  
S p i l l s  

I r r i g a t o r  
L e a v e s  A f t e r  
O p e n i n g  
F i e l d  Nakka 

F a r m e r  
H i m s e l f  
I r r iga tes  

S m a l l  Boy 
o r  
S e r v a n t  
I r r iga tes  

I r r iga to r  
R e m a i n s  
i n  F i e l d  
T h r o u g h o u t  
I r r i g a t i o n  



Table 54. Percentages  of fa rmers  observed i n  s e l e c t e d  i r r i g a t i o n  behaviors  by water supply s i t u a t i o n .  

Water Supply 
S i t u a t i o n  

TW Supplemented 
WC Commands 

None 
P r i v a t e  
Pub l i c  
Both 

Weighted T o t a l s  

Farmers' Reported 
Use of TW 

No Use 
Buys TW Water 
Owns TW 

Weighted T o t a l s  

Farms 
No. 

----- -- 

In spec t s  
f o r  Leaks/ 
S p i l l s  

Percenta  es of Farmers Observed i n  t h e  Following & Farmer I Small Boy I I r r i g a t o r  / I r r i g a t o r  
Leaks/ 
S p i l l s  

Himself 
I r r i g a t e s  

o r  Servant  
I r r i g a t e s  

~ e m a i n s  
a t  F i e l d  
Throughout ' 

  eaves F i e l d  
Af t e r  Opening 
Nakka 



Table  55. A c t u a l  f i e l d  o b s e r v a t i o n s  of s e l e c t e d  b e h a v i o r  o f  
t h e  i r r i g a t o r  and s t a t u s  o f  i r r i g a t i o n .  

*Age of  s m a l l  boys w e r e  e s t i m a t e d  by t h e  e n g i n e e r s  a t  t i m e  
o f  t h e  a c t u a l  i r r i g a t i o n .  

S t a t u s  o f  
i r r i g a t o r  

Owner- 
o p e r a t o r s  

Owner- 
o p e r a t o r ' s  
son 
(12 y e a r s  
o r  l e s s ) *  

Tenant 

S e r v a n t  o f  
l a n d l o r d  

T o t a l  

Returned 
t o  .mogha 

f o r  
checking 

37 

6 1  

35 

6  

36 

Opened nakka 
f i e l d  i n l e t  
and remained 
a t  f i e l d  
th roughou t  
i r r i g a t i o n  

75 

86 

50 

50 

6  8  

No. 
of  

obse r -  
v a t i o n s  

134 

2 3  

63 

1 8  

238 

I n s p e c t e d  
f o r  l e a k s  

and 
s p i l l s  

57 

70 

73 

56 

62 

Repai red  
l e a k s  

and 
s p i l l s  

62 

78 

73 

50 

66 



About 82 percent  of t h e  farmers f r r i g a t e d  themselves f o r  farms under 12.5 

a c r e s  but  f o r  farms with over 12.5 a c r e s  only 62 percent  of t h e  farmers 

i r r i g a t e d  themselves. A s  farm s i z e s  i nc rease ,  i t  i s  necessary t o  depend on 

o t h e r s  f o r  t he  l a b o r e r ' s  work of i r r i g a t i o n .  This  may be important because 

of 18 se rvan t s  of landlords  observed i r r i g a t i n g ,  44 percent  d id  no t  i n spec t  

f o r  l e a k s  and s p i l l s ;  50 percent  made no r e p a i r s  t o  l eaks  o r  s p i l l s ,  only 

one-third of t h e  se rvan t s  re turned  t o  t h e  mogha t o  check on water  supp l i e s .  

Half of t h e  18 se rvan t s  simply came t o  t h e  f i e l d ,  opened t h e  nakka and 

departed ( see  Table 55) .  It  is a l s o  i n t e r e s t i n g  t h a t  50 percent  of t h e  

t enan t s  and t h e  se rvan t s  of l a r g e  l and lo rds  d id  not  remain a t  t h e  f i e l d s  

during t h e  i r r i g a t i o n .  Our f i e l d  observa t ions  show t h a t  such behavior 

r e s u l t s  i n  o v e r i r r i g a t i o n  and f looding .  

C .  Trading of I r r i g a t i o n  Turns 

A d e t a i l e d  d i scuss ion  of farmers '  r e p o r t s  of t r ad ing  i r r i g a t i o n  

t u r n s  appears  i n  Volume V ,  Chapter 1. This  i s  an ex t r a - l ega l  a c t i v i t y  on 

systems wi th  t h e  l e g a l  regula ted  warabundi t u r n  system and some o f f i c i a l s  

deny i ts  widespread ex is tence .  While 33 percent  of t h e  farmers r e p o r t  

t r ad ing  f u l l  t u r n s ,  68 percent  r e p o r t  t r ad ing  p a r t i a l  t u r n s  ( see  Volume 

V ,  Table 1 ) .  

I n  t h e  execut ion of t he  f i e l d  work, engineers  t ak ing  measurements 

f o r  i r r i g a t i o n  eva lua t ions  on command a r e a s  n igh t  and day were a b l e  t o  record 

the  p r a c t i c e  of shar ing  and t r ad ing  i r r i g a t i o n  t u r n s  on a  sub-sample of 

farms. I n  f a c t ,  t h e  widespread p r a c t i c e  of t r ad ing  presented a  major problem 

t o  the  a g r i c u l t u r a l  engineers .  Af t e r  t h e  sample farm was chosen and t h e  

warabundi time noted, i t  w a s  f a i r l y  o f t e n  t h a t  t h a t  p a r t i c u l a r  farmer 

had decided t o  t r a d e  h i s  water a l lo tment  t o  another  farmer.  It became so  

c o s t l y  t o  r e t u r n  t o  v i l l a g e  s i t e s  t o  eva lua te  p a r t i c u l a r  farms due t o  



t r ad ing ,  t h a t  midway i n  t h e  survey sampling procedure a s  descr ibed i n  

Volume V I ,  Appendix 1 had t o  be changed. Tables  56 and 57 p r w i d e  informa- 

t i o n  about "exchange of i r r i g a t i o n  tu rns"  and " i r r i g a t o r s  extending warabundi 

t ime f o r  i r r i g a t i o n s . "  These p r a c t i c e s  a r e  examined by farm s i z e  and t enu re  

c l a s s  groups i n  Table 56 and by water supply s i t u a t i o n  i n  Table 57. 

Table 56 shows t h a t  of t h e  records  kept  on 186 farms, about 30 

percent  t raded i r r i g a t i o n  t u r n s  and over 30 percent  of t h e  farms observed 

extended t h e i r  i r r i g a t i o n  t u r n  beyond t h e  a l l o t t e d  t i m e  t o  complete i r r i g a t i o n s .  

Long f i e l d  experience is  not  necessary t o  understand t h i s  wide-spread 

p r a c t i c e .  Farmers o f t e n  r e q u i r e  more than  t h e  a l l o t t e d  t i m e  t o  complete t h e  

i r r i g a t i o n  of a p a r t i c u l a r  f i e l d  o r  crop.  Since farmers  have d i f f e r e n t  

p l an t ing  per iods  and d i f f e r e n t  crop mixes, t h e  demand f o r  water  is  no t  t h e  

same throughout a command a rea .  Another f a c t o r  i n  t r a d i n g  is r e l a t e d  t o  

tubewells .  Often,  due t o  poor topography, tubewell  water w i l l  reach 

problem f i e l d s  w i th  b e t t e r  e f f i c i e n c y  than cana l  water ,  t h e r e f o r e ,  farmers  

confronted wi th  such problems o f t e n  t r a d e  cana l  water f o r  tubewell  water .  

It appears  from Table 56 t h a t  l a r g e r  farmers  exchange i r r i g a t i o n  t u r n s  

s l i g h t l y  more than smal l  farmers  which may be explained by t h e  t r a d i n g  of 

cana l  f o r  tubewell  water .  No r e a l  d i f f e r e n c e s  a r e  observable  f o r  ex tens ion  

of warabundi t i m e  i n  r e l a t i o n s h i p  t o  farm s i z e  c l a s s e s .  However, t h e r e  is 

a s l i g h t  tendency f o r  owners t o  t r a d e  p a r t i a l  t u r n s  more than owner- 

t e n a n t s  and t enan t s .  Trading r e q u i r e s  a network of mutual o b l i g a t i o n s  

e s t a b l i s h e d  over time, such a s  t h e  custom of vangar,  seri and mangna; 

owners a r e  more e s t ab l i shed  than t h e  t enan t s .  

I n  terms of t h e  water supply s i t u a t i o n ,  t h e r e  appears  t o  be a higher  

propens i ty  f o r  t r a d i n g  i r r i g a t i o n  t u r n s  on pub l i c  tubewell  supplemented 

watercourses  than o the r  types  of watercourses .  Though t h e  sample s i z e  i s  



Tab le  5 6 .  Pe rcen tage  o f  f a rmer s  observed i n  s e l e c t e d  i r r i g a t i o n  behav io r s  by farm s i z e  
and l a n d  t e n u r e  c l a s s e s .  

Pe rcen tage  of I r r i g a t o r s  Observed i n  A c t i v i t i e s  

Farm 
C h a r a c t e r i s t i c s  

Exchange I r r i g a t o r  Farmers Farmers Farmers 
of Extends Observed Observed Observed 
I r r i g a t i o n  Warabundi S t e a l i n g  Arguing Over F i g h t i n g  
Turns  Time f o r  Water Warabundi Over Water 

I r r i g a t i o n  Turn & Time 

Farm S i z e  C l a s s  
( A c r e s )  

Under 2 . 5  
2.5-7.49 
7.49-12.49 
12.5-24.99 
25.0-49.99 
50 & Above 

Tenure C l a s s e s  

Owners (n=119)28.6 (n=115)31.3 (n=119)15.1 (n=112) 3.6 (n=112) 2.6 
Owners-Tenants (n=27) 22.2 (n=26) 23.1  (n=26) 11.5  (n=26) 3.8 (n=26) 3.8 
Tenan t s  & C o n t r a c t o r s  (n=40) 35.0 (n=41) 36.6 (n=42) 28.6 (n=42) 2.4 (n=42) 2.4 

T o t a l s  



T a b l e  5 7 .  P e r c e n t a g e  o f  i r r iga to r s  observed i n  selected i r r i g a t i o n  b e h a v i o r s  b y  water 
s u p p l y  s i t u a t i o n  a n d  f a r m e r s '  r e p o r t s  o f  u s e  o f  t u b e w e l l s .  

P e r c e n t a g e  o f  I r r iga to r s  O b s e r v e d  i n  A c t i v i t i e s  

Water S u p p l y  # o f  F a r m e r s  I r r iga to r  F a r m e r s  F a r m e r s  F a r m e r s  
S i t u a t i o n  F a r m s  O b s e r v e d  E x t e n d s  S t e a l i n g  A r g u i n g  O v e r  O b s e r v e d  

E x c h a n g i n g  W a r a b u n d i  Water ~ a r i b u n d i  F i g h t i n g  
W a r a b u n d i  Time Time O v e r  Water 

S 

T u b e w e l l  
S u p p l e m e n t s  
None (n=107) 2 1 . 5  (n=105)  2 4 . 8  (n=109)  1 0 . 1  (n=102)  2 . 0  (n=102)  2 . 0  
P r i v a t e  (n=52)  2 6 . 9  (n=50)  3 2 . 0  (n=52) 1 7 . 3  (n=51)  3 . 9  (n=51)  2 . 0  
P u b l i c  (n=15)  46 .7  ( n = 1 5 )  46 .7  ( n = 1 4 )  28 .6  ( n = 1 4 )  - (n=14)  - 
B o t h  (n=12)  8 3 . 3  ( n = 1 2 )  6 6 . 7  (n=12)  7 5 . 0  ( n = 1 3 )  1 5 . 4  ( n = 1 3 )  1 5 . 4  

TOTALS 1 8 6  29.0 (n=182) 3 1 . 3  (n=187)  1 7 . 6  ( n = 1 8 0 )  3 . 3  (n=180)  .6  

F a r m e r s  ' 
R e p o r t s  o f  U s e  
o f ~ W  Water 
None (n=124) 29 .0  (n=123)  3 4 . 1  (n=126)  1 9 . 0  (n=121)  2 . 5  ( n = 1 2 1 )  1 . 7  
B u y s  Water (n=50)  3 4 . 0  ( n = 4 9 )  3 0 . 6  (n=49)  1 6 . 3  ( n = 4 8 )  6 .2  ( n = 4 8 )  6 .2  
Owns TW ( n = 9 )  - ( n = 7 )  - ( n = 9 )  11.1 (n=7)  - (n=7)  - 
TOTALS 1 8 3  29 .0  (n=179)  31 .8  (n=184)  1 7 . 9  ( n = 1 7 6 )  3.4 (n=176)  2.9 



smal l ,  about 65 percent  of farmers  on pub l i c  tubewell  watercourses  were 

observed t r ad ing  t u r n s  a s  compared t o  about 23 percent  of farmers  i n  o the r  

types of commands. A s i m i l a r  r e l a t i o n s h i p  e x i s t s  f o r  t r a d i n g  p a r t i a l  t u rns .  

The b e t t e r  t h e  water supply s i t u a t i o n ,  t h e  more preva len t  i s  t r ad ing .  

D .  S t e a l i n g  of Water, Disputesand F i g h t s  

Table 56 shows t h e  percentages of farmers  a c t u a l l y  observed s t e a l i n g  

water ,  d i s p u t e s  overheard between farmers  over water ,  and a c t u a l  f i g h t s  

about water d i s t r i b u t i o n  problems. It is not  c l e a r  t h a t  t h e r e  i s  any 

important r e l a t i o n s h i p  w i th  t he se  observed a c t i o n s  and farm s i z e  ca t ego r i e s .  

However, t e n a n t s  were observed s t e a l i n g w a t e r  more than o t h e r  farmers .  This  

may r e s u l t  from a g r e a t e r  water  c o n s t r a i n t  on t h i s  category a s  compared t o  

o t h e r  farmers .  Some t enan t s  repor ted  t o  i n t e rv i ewer s  t h a t  they d id  n o t  

r ece ive  t h e i r  f a i r  sha re  of water from l and lo rds .  Very few cases  of 

d i s p u t e s  and a c t u a l  f i g h t s  were observed, t h e r e f o r e ,  no g e n e r a l i z a t i o n  

can be made. Table 57 shows more s t e a l i n g ,  d i s p u t e s  and f i g h t s  on publ ic  

tubewell  supplement watercourses  than on e i t h e r  nonsupplemented o r  p r i v a t e  

tubewell  supplemented watercourses .  Also farmers  who own t h e i r  tubewel l s  

appear t o  experience fewer ca se s  of s t e a l i n g  and f i g h t i n g  than o t h e r  farmers ,  

but t h e  sample s i z e  is too  small  t o  draw conclusions.  
\ 

E. I r r i g a t i o n  Behaviors and Se lec ted  Fac to r s  

Table 58 a l lows  an examination of s e v e r a l  farmer behaviors  by p o s i t i o n  

on command a r e a ,  time of i r r i g a t i o n ,  and by command type.  

I n  r e l a t i o n s h i p  t o  farm p o s i t i o n  on t h e  command a r e a ,  d i f f e r e n c e s  

appear between t a i l  farms ve r sus  head and middle farms. S l i g h t l y  fewer 

farmers (about 10-12%) a t  t h e  t a i l  reaches were observed in spec t ing  and 

r e p a i r i n g  l e a k s  and s p i l l s .  Also fewer t a i l  farms were i r r i g a t e d  by two 

o r  more i nd iv idua l s .  



Table 58. Observed i r r i g a t i o n  behavior o f  farmers  by p o s i t i o n  on command, 
t ime of i r r i g a t i o n  and type  o f  command. 

P o s i t i o n  on Observed i r r i g a t i o n  behavior  of  farmers 
watercourse Inspec ts  Repairs  Checks Remains Two or  Trading S t e a l -  
command and l eaks  l e a k s  back a t  f i e l d  more f u l l  i ng  
t i m e  o f  and and t o  dur ing  farmers t u r n s  water* 
i r r i g a t i o n  s p i l l s  s p i l l s  mogha i r r i g a -  irri- 

t i o n  g a t i n g  

1. Watercourse 
wos i t i o n  

Head (n=124) 69 7 1 3 1 62 2 4 
Middle (n=87) 6 9 71 60 70 23 
T a i l  (n=53) 5 8 5 8 43 6 0 1 3  

2. Night/day 
i r r i g a t i o n s  

Night (n=56) 61  - 63 34 63 
Day (n=179) 6 3 64 42 63 

3. Season and 
night /day 

a )  win te r  (n=141) 62 NA 4 0 5 1 N A 
b )  winter/day 

(n=102) 64 N A 5 0 61  N A 
C )  win te r /n igh t  

(n=39) 5 6 N A 13  26 N A 
d )  summer (n=74) 50 N A 3 0 47 N A 
e )  summer/day 

(n=67) 46 N A 26 44 N A 
f )  summer/night 

(n=7) 8 6 N A 71 7 1 N A 

4. Se lec ted  t y p e s  
of  commands 

a )  J h a l l a r  system 
(n=44) 7 5 8 0 7 3 5 2 57 20 2 

b )  Pe r s i an  w e l l s  
(n=9 3 8 2 80 6 0 7 8 16 13  6 

c )  Publ ic  tubewell  
(n=52) 60 56 42 69 63 6 9 5 0 

d )  High dens i ty  
p r i v a t e  tubewell  (n=12) (n=12) (n=12) 

(n=28) 64 64 N A 89 8 0 0 
e) Excess water 

command ( sites 
113,116) (n=54) 41 4 3 35 4 8 44 3 5 17 

*Only 7 observa t ions  of  water  d i s p u t e s  and 4 f i g h t s .  Respect ively 4 and 2 

of t h e s e  were a t  s i t e s  114-115 nonperennial commands wi th  a t o t a l  of 
43 Pers ian  we l l s .  



It was thought  t h a t  i r r i g a t o r s  a p p l y i n g  wate r  a t  n i g h t  would be  l e s s  

c a r e f u l  than  d u r i n g  d a y l i g h t  p e r i o d s  i n  i r r i g a t i n g .  T h i s  d o e s  n o t  appear  

t o  be  t h e  c a s e  ( s e e  Table  5 8 ) .  However, a s  shown i n  i t em 3  (Tab le  5 8 ) ,  

w i n t e r  day and n i g h t  behav iors  d i f f e r  i n  terms of i n s p e c t i o n  f o r  l e a k s  and 

s p i l l s ,  checking back t o  t h e  mogha and remaining i n  t h e  f i e l d .  One must 

exper ience  t h e  sharp  d rop  i n  n i g h t  t empera tu res  i n  t h i s  a r i d  r e g i o n  t o  

a p p r e c i a t e  t h i s  f a c t o r .  The d a t a  on b e h a v i o r s  f o r  summer d a y s  and n i g h t s  

i s  m i s l e a d i n g  i n  t h a t  we have o n l y  seven c a s e s  f o r  summer n i g h t  i r r i g a t i o n s .  

I n  r e g a r d  t o  v a r i o u s  t y p e s  of wa te r  supp ly  s i t u a t i o n s  and i r r i g a t i o n  

behav iors  ( t h e  d a t a  under i t em 4 of Tab le  5 8 ) ,  it  a p p e a r s  t h a t  f a r m e r s  on 

c o m a n d s  w i t h  p u b l i c  t u b e w e l l s ,  h i g h  d e n s i t y  of p r i v a t e  t u b e w e l l s  (7+), o r  

where t h e r e  is a n  e x c e s s  wa te r  supply  s i t u a t i o n ,  a r e  l e s s  l i k e l y  t o  come t o  

i n s p e c t  and r e p a i r  l e a k s  and s p i l l s  and t o  check back t o  t h e  mogha. It 

is a l s o  i n t e r e s t i n g  t h a t  bo th  t h e  i n c i d e n c e  of t r a d i n g  t u r n s  and s t e a l i n g  

of wa te r  is g r e a t e r  on p u b l i c  t u b e w e l l  suppIemented commands t h a n  o t h e r  

t y p e s  of commands. 

F. A g r i c u l t u r a l C a s t e s  and I r r i g a t i o n  Behaviors  

The major a g r i c u l t u r a l  c a s t e s ,  f o r  which t h e r e  a r e  d a t a  on i r r i g a t i o n  

behav ior ,  a r e  d i s p l a y e d  on Table  59. It must be remembered t h a t  no d a t a  

e x i s t s  f o r  more than  h a l f  of t h e  sample fa rmers  because  t h e  i r r i g a t i o n  

behav ior  check l ist was des igned mid-way through t h e  f i e l d  work. 

The Pa than ,  Ra jpu t  and Baluch fa rmers  a r e  n o t  u s u a l l y  l i s t e d  among 

t h e  l e a d i n g  a g r i c u l t u r a l  c a s t e s .  It i s  obvious ,  from t h e  incomplete  d a t a  

a v a i l a b l e ,  t h a t  abou t  30 t o  35 p e r c e n t  fewer Pa thans ,  R a j p u t s  and Baluchs 

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

o t h e r  fa rmers .  E s p e c i a l l y  i n  t h e  c a s e  of Pa thans  and R a j p u t s ,  n o t e  t h a t  a 

very  small p e r c e n t  of t h e  farm o p e r a t o r s  i r r i g a t e d  themselves .  I n  f a c t ,  of  



Table 59. Summary of irrigation behaviors observed, by engineers, and 
selected agricultural castes/tribal groups. 

*of the nine observations for the Pathan Group, eight of the irrigations 
were applied by servants. 

**The presence of engineers conducting measurements on these farms 
undoubtedly was a big influence on the farmer irrigation behavior 
especially in the number of farmers who remained at their fields to 
observe the engineers. 

Caste/ 
trival 
group 

Ar ian 

Jat 

Kakkis 

Dogar 

Pathan 

Rajput 

Baluch 

Weighted 
totals 

Operator 
irrigates 
himself 

- -  
( % I  

9 5 

8 7 

9 6 

90  

ll* 

4 3 

88 

85 

P 

Obser- 
va- 
tions 

40 

3 8 

2 4 

20 

9 

7 

1 7  

155 

Inspects 
leaks, 
spills 

( % I  

70 

7 4 

7 5 

7 5 

4 4 

43 

4 1  

6 6 

Irrigation 
Repairs 
leaks, 
spills 

( % I  

65 

79 

75 

7 5 

44 

4 3 

4 1  

66 

Two or 
more 
farmers 
irrigate 

( % I  

5 

3 7 

3 3 

15 

11 

2 9 

18 

2 1 

Checks 
mogha 

( % I  

4 0 

3 7 

58 

40 

2 2 

2 9 

3 5 

4 0 

behaviors observed 

Remains 
at field 

( % I  

6 5 

6 3 

79 

60 

44 

5 7 

29 

6 1 



t he  n ine  Pathan farms observed e i g h t  of t h e  i r r i g a t i o n s  were appl ied  by 

se rvan t s  . 
IX. FARMERS' KNOWLEDGE OF IMPROVED MANAGEMENT PRACTICES FOR HYV OF WHEAT 

E a r l i e r  i n  t h i s  Volume (Chapter Three) ,  da t a  were presented about 

sample farmer u t i l i z a t i o n  of recommended p r a c t i c e s  f o r  high y i e ld ing  

v a r i e t i e s  of wheat. A decade ago, a t  t h e  incept ion  of t h e  HYV Programs, 

C l i f t o n  Wharton s t r e s s e d  t h e  importance of new farming s k i l l s  and knowledge: 

Farmers must l e a r n  new farming s k i l l s ,  and e x p e r t i s e  of a higher  
order  than was needed i n  t r a d i t i o n a l  methods of c u l t i v a t i o n .  The 
new agronomic requirements a r e  q u i t e  d i f f e r e n t  a s  regards  p l an t ing  
d a t e s ,  and p lan t ing  depths ,  f e r t i l i z e r  r a t e s  and t imings,  i n s e c t i c i d e ,  
p e s t i c i d e ,  and fungic ide  a p p l i c a t i o n s ,  water ing and many o the r s .  
Unless app ropr i a t e  extension measures a r e  taken t o  educate  farmers 
with r e spec t  t o  t hese  new farming complexi t ies  t h e  higher  y i e l d s  
w i l l  no t  be obtained.  (Wharton, 1968: 464-67) 

This  s ta tement  i s  most r e l evan t  today. Farmers l a c k  information from 

extension and o the r  sources ,  e s p e c i a l l y  about t h e  wheat HYVts--a f a c t  

which c o n s t i t u t e  a major c o n s t r a i n t  on improving y i e l d s  ( s ee  Table 60) .  

Farmers were asked t o  g ive  t h e  recommended sowing d a t e s  ( J o i n t  

Recommendations f o r  Wheat Production, 1974-5: 618-26) -- i n  t h e i r  agro- 

c l ima t i c  reg ions  -- f o r  t h e  Chenab 70 wheat v a r i e t y .  I n  Sind, t h e  

recommended d a t e s  a r e  October 20 t o  November 20 and, i n  t h e  Punjab, 

October 25 t o  November 20. Table 60 i n d i c a t e s  t h a t  only about 35 percent  

of t h e  sample farmers could g ive  t h e  proper range of d a t e s .  However, 18 

percent  were wi th in  p lus  o r  minus 4-5 days of t h e  recommended da t e s .  

When farmers were asked t o  g ive  t h e  recommended method of seedbed 

prepara t ion  ( see  Table 601, only about 33 percent  gave a c o r r e c t  response-- 

e i t h e r  t h e  improved r a j a  plow o r  t r a c t o r  plowing. Likewise, only 43 per- 

cen t  of t h e  sample farmers repor ted  pora o r  d r i l l  a s  t h e  recommended 

seeding methods. A s  t o  seeding depth,  62 percent  of t h e  farmers  reported 

depths w i th in  p lus  o r  minus ha l f  an inch  of t h e  recommended depth.  



T a b l e  6 0 .  P e r c e n t a g e  o f  f a r m e r s  w i t h  k n o w l e d g e  o f  recommended pract ices  f o r  h i g h  
y i e l d i n g  w h e a t  va r i e t i e s  b y  f a r m  s i z e  classes. 

(1) ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  ( 8  
Range of S e e d b e d  S e e d i n g  S e e d i n g  N i t r o g e n  P h o s p h o r u s  S p l i t  

F a r m  s i z e  s e e d i n g  p r e p a r a -  d e p t h  m e t h o d  ra tes  rates  appl ica-  S e e d  
classes d a t e s  t i o n  t i o n  o f  ra tes  
(acres) n i t r o g e n  

( n = 3 4 6 )  ( n = 3 3 7 )  ( n = 3 3 6 )  ( n = 3 3 8 )  ( n = 3 1 8 )  ( n = 3 1 6 )  ( n = 3 1 6 )  ( n = 3 0 4 )  

U n d e r  2 . 5  3 7 . 9  1 4 . 8  2 5 . 0  5 3 . 6  6 . 7  8 . 3  1 8 . 0  68 .4  

5 0 . 0  a n d  above 6 2 . 5  75 .0  7 5 . 0  5 0 . 0  6 2 . 5  75 .0  6 2 . 5  71 .4  

A l l  s i z e s  34 .4  3 2 . 9  3 2 . 1  4 2 . 9  2 7 . 3  35 .8  4 2 . 1  6 0 . 9  

C h i  s q u a r e  
v a l u e s  2  2  2  2  2  2  2  x = 3 2 . 3  x2=65 .9  x =11.1 x = 2 5 . 3  x =57 .9  x =55 .9  x =24 .4  x =12 .9  

D e g r e e s  o f  
f r e e d o m *  1 0  1 5  1 0  20  20 15 5  1 5  

S i g n i f i c a n c e  
l e v e l  . 0 0 1  . 0 0 1  NS NS . 0 0 1  . 0 0 1  . 0 0 1  NS 

* N o t e  t h a t  several c a t e g o r i e s  w e r e  u s e d  i n  t h e  crosstabs,  t h e r e f o r e  t h e  d e g r e e s  o f  
f r e e d o m  v a r y  a n d  are g r e a t e r  t h a n  s i m p l y  " y e s "  " n o "  c a t e g o r i e s  w o u l d  r e q u i r e .  



The ques t ion  r e l a t e d  t o  f e r t i l i z e r  r a t e s  was phrased a s  fo l lows:  

"1n order  t o  ga in  good y i e l d s  f o r  Chenab 70, a f t e r  e i t h e r  c o t t o n ,  r i c e ,  o r ,  

maize and without  using any farmyard manure o r  green manure, how much 

n i t rogen  and phosphorus i s  recommended?" Under t he se  cond i t i ons ,  t h e  

recommendations c a l l  f o r  125-50-0 t o  150-75-30 n u t r i e n t  pounds. However, 

using a  much lower l e v e l ,  100 n u t r i e n t  pounds of n i t rogen ,  only 27 percent  

could r e p o r t  100 l b s  o r  more. Also, on ly  36 percent  of t h e  farmers  

repor ted  50 o r  more n u t r i e n t  pounds of phosphorus. Only 42 of t h e  farmers  

knew about t h e  importance of s p l i t t i n g  n i t rogen  a p p l i c a t i o n s .  

Farmers were asked t o  provide t h e  recommended seed r a t e  f o r  l a t e  

sowings of Chenab 70 v a r i e t y .  The recommended r a t e  i s  from 45 t o  50 s e e r  
\ 

f o r  d r i l l  and broadcast  methods, r e spec t ive ly .  However, only 11 percent  

repor ted  50 s e e r  and about 50 percent  repor ted  40 t o  49 s e e r .  Both of 

these  answers were considered c o r r e c t .  

These f i nd ings  a r e  very s i m i l a r  t o  those  of another  s tudy  of HYV of 

wheat growers e a r l i e r  i n  t h e  Punjab (Lowdermilk, 1972; pp 311-312), t h e  

d a t a  of which show t h a t  t h e r e  i s  s t i l l  need f o r  more focus  i n  he lp ing  

farmers  t o  i nc rease  knowledge of improved p r a c t i c e s  f o r  wheat HYVs. The 

l e v e l s  of f a rmer ' s  knowledge about t he se  p r a c t i c e s  is s u r p r i s i n g l y  low a s  

we l l  a s  i s  t h e i r  u t i l i z a t i o n  of recommended p r a c t i c e s .  New seed technology 

spread i n  Pakis tan  l i k e  a t i d a l  wave. This  was due t o  t h e  perceived 

d i f f e r e n c e s  and experiences of ob t a in ing  higher  y i e l d s  from HYV seed and 

t h e  a b i l i t y  t o  use  t r a d i t i o n a l  p r a c t i c e s  even whi le  adopt ing the  new 

seed. However, p o t e n t i a l  y i e l d s  never were reached. Today, f o r  t h e  most 

p a r t ,  t r a d i t i o n a l  p r a c t i c e s  a r e  s t i l l  being used v i s  a  v i s  t h e  improved 

wheat v a r i e t i e s  i n s t ead  of t h e  complete package of improved complementary 

p r a c t i c e s .  



X. FARMERS' KNOWLEDGE AND USE OF INSTITUTIONAL SERVICES 

Farmers were asked about t h e i r  knowledge, and use ,  of t e c h n i c a l  

a s s i s t a n c e  s e r v i c e s  of i nd iv idua l s  and agencies .  Farmers repor ted  

purposeful  c o n t a c t s  wi th  ex tens ion  workers and t h e  pa twar i  (revenue 

o f f i c e r ) .  This  is  meant t o  provide an e s t ima te  of how much farmers  know 

about c e r t a i n  o f f i c i a l s  and how much they con tac t  them f o r  s e r v i c e s .  

Table 6 1  p ra sen t s  information about farmers '  knowledge of o f f i c i a l s '  

names and t h e  l o c a t i o n  of t h e i r  o f f i c e s  o r  res idences .  About 90 percent  

of t h e  r e p o r t i n g  farmers  could n o t  g i v e  t h e  name of t h e  A g r i c u l t u r a l  

A s s i s t a n t  (A. A.) and 60 percent  could no t  r e p o r t  t h e  l o c a t i o n  of h i s  

o f f i c e  o r  res idence .  The A. A. is  usua l ly  an a g r i c u l t u r a l  g radua te  w i th  

a B. Sc. degree and has superv isory  r e s p o n s i b i l i t i e s  f o r  8-12 f i e l d  

a s s i s t a n t s .  I n  t h e  Lahore Region, t h e  average coverage is about 1 

A g r i c u l t u r a l  A s s i s t a n t  f o r  8355 farms o r  about  83,550 cropped a c r e s .  

This  amounts t o  about 1 A g r i c u l t u r a l  A s s i s t a n t  f o r  209 watercourses ,  given 

an e s t ima te  of 400 a c r e s  per watercourse.  The A g r i c u l t u r a l  A s s i s t a n t  

i s  faced wi th  insurmountable problems i n  working wi th  farmers .  Reports 

have ind i ca t ed  h i s  d u t i e s  a r e  p r imar i l y  r egu la to ry  and o f t e n  he  has  in-  

6 / 
adequate  means of t ranspor ta t ion . -  

The F i e l d  A s s i s t a n t  (F. A.) i s  t h e  Agr i cu l tu re  Department 's  primary 

l i n k  w i th  farmers .  These workers a r e  high school  gradua tes  (10 grades)  

w i th  one o r  two yea r s  of gene ra l  a g r i c u l t u r a l  t r a i n i n g  i n  t h e  ~ e p a r t m e n t ' s  

Training I n s t i t u t e s .  While t h e  q u a l i t y  of t h e i r  work w i l l  be  discussed a t  

6/A number of r e p o r t s  have documented the  problems of t h e  p re sen t  ex tens ion  - 
system. See C .  A. S v i n t h ' s  r e p o r t ,  "Strengthening A g r i c u l t u r a l  Extension 
i n  West ~ a k i s t a n "  (1965-1970), d i s t r i b u t e d  by Planning C e l l  of Department 
of Agr i cu l tu re ,  Lahore, November 1975. Also Lowdermilk, op. c i t .  pp. 318- 
319, 420-437. See a l s o  Dorcey Davey's r e p o r t s  on "Agricul ture  Extension 
i n  West Pakis tan :  Prospect  and Progress, ' '  d i s cus s ion  papers ,  The Ford 
Foundation, Islamabad, March 5,  1970. 



Table 61. Farmers' knowledge of agricultural service personnel. 

- . - - . . - 

No. of Knowledgeof Knowledge of 
Agricultural service farmers officials' name official's location 
personnel* reporting % % 

1. Agricultural Assistant 381 9.7 

2. Field Assistant 376 16.0 

3. Fertilizer Agent 

4. Bank Official 

5. Canal Patwari 

6. Canal Zilladar 383 11.2 

7. Canal Sub-Divisional 
Officer 383 8.9 

N .A. 

N.A. 

77.3 

Table 62. Farmers' reports of contacts in a three month period with 
selected officials and agencies. 

Contacts with officials Number Number of contacts in 3 months 
or agencies reporting None 1-2 3-4 5+ 

% % % % 

1. Agricultural Assistant 381 93.2 5.0 1.0 0.8 

2. Field Assistant 376 88.6 8.5 1.9 1.1 

3. Fertilizer Agent 381 89.7 9.8 0.5 - - 
4. Bank 379 95.2 4.0 0.3 0.5 

5. Canal Patwari 383 68.8 23.9 4.5 2.9 

6. Contacts with 1 and 2 
above plus development 
assistants 382 85.1 10.7 3.4 0.8 

*In the Integrated Rural Development Project areas and in the Mona (WAPDA) 
Development areas Development Assistants, Agricultural Engineers and 
Project Managers are assigned. These were sites 102, 103, 104, 105, 106, 
108, and 109. Respectively 37, 20.0, and 8.8 percent of the sample 
farmers knew the names of these officials. However, only about 5 percent 
of the 125 farmers reported any contacts with any of them. 



* 

--- 
I... 

- 

t h e  conc lus ion  of t h i s  s e c t i o n ,  t h e s e  workers a l s o  f a c e  a n  imposs ib le  t a s k .  

Low l e v e l s  of t r a i n i n g ,  inadequa te  supe rv i s i on ,  inadequa te  housing and 

f a c i l i t i e s ,  low pay, and l a c k  of t ranspor ta t ion- - save  t h e i r  pe r sona l  

b icyc les - - represen t  on ly  some of t h e i r  c o n s t r a i n t s .  A major problem 

i s  t h e  r a t i o  o f  f i e l d  a s s i s t a n t s  (F. A.) t o  farms and c u l t i v a t e d  ac reage .  

I n  t h e  Lahore Region f o r  example, t h e r e  i s  a n  es t imated  r a t i o  of 1 F. A.  

f o r  about  1245 farms and 12,400 a c r e s  o r  about  1 F. A. f o r  each 3 1  water- 

courses .  

Only 16 pe r cen t  of t h e  fa rmers  could r e p o r t  t h e  name of  t h e  F.  A.  

ass igned  t o  t h e i r  a r e a  and on ly  43 percen t  knew t h e  l o c a t i o n  of h i s  o f f i c e  

o r  r e s i dence .  I n  comparison, 22 pe r cen t  of t h e  fa rmers  cou ld  g i v e  t h e  

name of a f e r t i l i z e r  agen t  and 60 pe r cen t  knew t h e i r  c a n a l  pa twa r i .  I t  is  

unders tandab le  t h a t  77 pe r cen t  of t h e  farmers  know t h e  l o c a t i o n  of  t h e  

c a n a l  pa twar i  because t h i s  i n d i v i d u a l  i s  r e s p o n s i b l e  f o r  checking a l l  

c rops  c u l t i v a t e d  f o r  each  season and de te rmina t ion  of c a n a l  wa t e r  a s s e s s -  

ments. It i s  assumed t h a t  fa rmers  know t h e  l o c a t i o n  of f e r t i l i z e r  agenc i e s  

and banks i n  small market towns, t h e r e f o r e ,  r esponses  of fa rmers  

l i v i n g  i n  such c e n t e r s  i s  n o t  r epo r t ed  i n  Tab les  6 1  and 62. 

The z i l l a d a r  is  employed by t h e  Canal Department Revenue branch 

and i n s p e c t s  t h e  work of pa twa r i s .  The Subd iv i s i ona l  O f f i c e r  of t h e  

Canal Department is  i n  charge  of s e v e r a l  c a n a l  d i s t r i b u t a r i e s  and farmers  

c o n t a c t  t h i s  o f f i c e r  f o r  t h e  s e t t l e m e n t  of major c a n a l  wa te r  d i s p u t e s ,  

f o r  changes i n  t h e  warabundi t u r n  system, and f o r  o t h e r  l e g a l  m a t t e r s .  

I n  Table  62 fa rmers '  r e p o r t s  of c o n t a c t s  w i t h  some of t h e s e  o f f i c i a l s  

and agenc i e s  over  a t h r e e  month pe r i od  a r e  p resen ted .  Note t h a t  about 93 

pe r cen t  of t h e  fa rmers  r e p o r t  no c o n t a c t s  w i th  t h e  A g r i c u l t u r a l  A s s i s t a n t  

and 89 pe r cen t  r e p o r t  no purposefu l  c o n t a c t s  w i t h  F i e l d  A s s i s t a n t s  i n  



t h r e e  months. Farmers' con tac t s  with f e r t i l i z e r  agents  a r e  about t h e  same 

a s  those wi th  extension workers. Farmers r e p o r t  having more con tac t s  

wi th  the  patwari  than  wi th  any o the r  l i s t e d  o f f i c i a l  o r  agency. 

Minimum farmer con tac t s  wi th  ex tens ion  workers i s  no t  s u r p r i s i n g .  A 

sample survey of 350 farms, i n  1970, (Lowdermilk, 1972: 281-283) revealed 

t h a t  over a  s i x  month per iod ,  8 1  percent  of t h e  farmers repor ted  no con tac t s  

wi th  t h e  F. A . ,  and 97 percent  reported no con tac t s  wi th  t h e  Agr i cu l tu ra l  

Ass i s t an t s .  A recent  i n t e n s i v e  s tudy (Lowdermilk, Clyma, Ear ly ,  1975) of a  

watercourse near  Lahore revealed about 80 percent  of t h e  farmers  had no 

con tac t  w i th  t h e i r  extension worker i n  t h e  preceding t h r e e  months--his 

o f f i c e  was l e s s  than one m i l e  from t h e i r  v i l l a g e .  

Larger farmers wi th  more in f luence  a r e  expected t o  have more 

knowledge of and con tac t s  wi th  both Agr i cu l tu ra l  A s s i s t a n t s  and F i e l d  

Ass i s t an t s  than small  farmers .  To show these  d i f f e r e n c e s  among farm 

s i z e  and t enu re  c l a s s e s ,  summary Table 6 3  i s  presented.  Table 6 3  r e v e a l s  

a  s i g n i f i c a n t  r e l a t i o n s h i p  between farm s i z e  c l a s s e s  and knowledge a s  

w e l l  a s  con tac t s  wi th  ex tens ion  personnel .  Had t h e r e  been a  l a r g e r  number 

of l a r g e  farmers  i n  t h e  sample t h i s  r e l a t i o n s h i p  i s  expected t o  have been 

much s t ronge r .  However, when tenure  c l a s s e s  a r e  examined t h e  only  

s i g n i f i c a n t  r e l a t i o n s h i p  i s  t h a t  owners and owners-cum-tenants have more 

knowledge of t h e  l o c a t i o n  of t h e  f i e l d  a s s i s t a n t .  

Table 6 3  a l s o  shows t h e  r e l a t i o n s h i p  between d i s t a n c e  of t h e  v i l l a g e  

s i te  from a paved road and farmers '  knowledge and con tac t s  wi th  ex tens ion  

workers. Since access  t o  farms i s  a  major problem f o r  f i e l d  workers wi th  

poor means of t r anspor t a t ion ,  i t  i s  not  s u r p r i s i n g  t h a t  farmers  l oca t ed  

under two m i l e s  from t h e  paved road have more knowledge of t h e  l o c a t i o n  of 



T a b l e  63 .  P e r c e n t a g e  o f  s a m p l e  f a r m e r s  r e p o r t i n g  k n o w l e d g e  o f  name,  l o c a t i o n  a n d  c o n t a c t s  
w i t h  t h e  A g r i c u l t u r a l  A s s i s t a n t  a n d  t h e  F i e l d  A s s i s t a n t .  

Fa rm 
A g r i c u l t u r a l  A s s i s t a n t  F i e l d  ~ s s i s t a n t  

# of Knows Knows Any C o n t a c t  # o t  Knows # of Knows Any C o n t a c t  
C h a r a c t e r i s t i c s  F a r m s  Name Loca- L a s t  3  M o .  F a r m s  Name Farms  Loca-  L a s t  3  M o .  

t i o n  t i o n  

Farm S i z e  C l a s s  

U n d e r  2 . 5  7 5  2.7 32 .0  1 . 3  
2.5-7.49 9 7  8 .2  37 .8  5 . 1  
7.5-12.49 99 1 3 . 1  3 7 . 5  7 . 1  
12 .5 -24 .9  8 5  8 .2  37 .6  9 . 3  
25.0-49.9 1 7  1 7 . 6  52.9  5 .9  
5 0  o r  More 8  50.0  1 0 0 . 0  5 0 . 0  

( ~ 2 = 2 2 . 0  ( ~ 2 = 1 5 . 7  (X2=38.8 
5 d f ) * *  5 d f ) *  1 5 d f )  * *  

T e n u r e  

Owners  2 5 3  1 0 . 7  4 2 . 5  6 .7  253  1 7 . 0  249 45.8  1 3 . 2  
Owner -Tenan t s  5 6  7 . 1  35 .7  5 .4  5 5  1 4 . 5  5 6  50 .0  7 . 1  

T e n a n t s  & 7 2  8 .6  26.8 8 . 5  68 1 3 . 6  7 1  26.8  9 1 . 5 '  
C o n t r a c t o r s  (X2=10.0 

3 d f )  8  
D i s t a n c e  t o  a 
P a v e d  Road 

N o  D i s t a n c e  69 1 1 . 6  48 .5  8 . 6  69  1 7 . 4  6 6  4 5 . 5  1 6 . 2  
U n d e r  2  M i l e s  1 7 6  6.8 41 .8  5 .7  1 7 1  1 2 . 9  1 7 6  47 .2  1 2 . 1  
2  - 4.9 M i l e s  8 1  11.1 2 9 . 1  8 . 6  8 1  1 9 . 8  7 9  31.6  1 1 . 2  
5 - 0 +  M i l e s  5 5  1 4 . 5  2 9 . 1  5 . 5  5 5  1 8 . 2  5 5  41.8  3 .6  

( ~ 2 = 8 . 7  ( ~ 2 = 1 9 . 5  
3 d f )  * 9 d f  1 * 

* D e n o t e s  s i g n i f i c a n c e  b e t w e e n  . 0 5  a n d  . 0 0 1  
* * D e n o t e s  s i g n i f i c a n c e  a t  t h e  . 0 0 1  level o r  h i g h e r  



extension workers than those  loca ted  a t  g r e a t e r  d i s t a n c e s . l l  The 

Agr i cu l tu ra l  A s s i s t a n t ' s  d u t i e s  a r e  pr imar i ly  admin i s t r a t i ve  and supervisory,  

while  t h e  F i e l d  Ass i s t an t  is t h e  d i r e c t  contac t  l i n k  of t h e  Agr i cu l tu re  

Department wi th  farmers.  It i s  noted t h a t  t h e  c l o s e r  t o  t h e  paved road 

t h e  g r e a t e r  t h e  con tac t s  farmers have wi th  F i e ld  Ass i s t an t s .  

To provide a b e t t e r  p i c t u r e  of t h e  a c t u a l  con tac t s  farmers  have wi th  

any extension personnel of t h e  Agr icu l ture  Department, Table 64 provides a 

summary of t h e  combined con tac t s .  

Severa l  genera l  observa t ions  can be made from Table 64. F i r s t ,  

farm s i z e ,  a f a i r l y  adequate proxy f o r  s t a t u s ,  power and in f luence  i n  r u r a l  

Pakis tan ,  i s  usua l ly  s i g n i f i c a n t l y  r e l a t e d  t o  c o n t a c t s  wi th  and knowledge 

about personnel who provide a g r i c u l t u r a l  s e r v i c e s  t o  farmers.  This  is by 

no means a new i n s i g h t .  However, i t  sugges ts  t h e  importance of i n s t i t u -  

t i o n a l  changes i n  br inging more information and s e r v i c e s  t o  small  farmers.  

AsGotschhas shown (Gotsch, 1972)- mal -d is t r ibu t ion  of b e n e f i t s  is embedded 

i n  t he  s t r u c t u r e  of a h ighly  s t r a t i f i e d  r u r a l  soc i e ty .  Small farmers and 

t e n a n t s  cannot be expected t o  have more access  t o  e x i s t i n g  s e r v i c e s  u n t i l  

s p e c i a l  programs a r e  designed t o  meet t h e  needs of these  disadvantaged 

groups. 

Tenure s t a t u s  is  pr imar i ly  important i n  r e l a t i o n s h i p  t o  knowledge 

of t h e  f e r t i l i z e r  agents  and cana l  patwari  ( see  Table 65).  Owner ope ra to r s  

and owner-cum-tenants exhib i ted  more knowledge of t h e s e  s e r v i c e  personnel 

than tenants .  No s i g n i f i c a n t  r e l a t i o n s h i p  was found f o r  knowledge and 

7 / In  an earlier s tudy of t h e  ex tens ion  system i n  one t e h s i l ,  t h e  average - 
d i s t a n c e  of 34 F ie ld  A s s i s t a n t s  from t h e  Agr i cu l tu ra l  A s s i s t a n t ' s  o f f i c e  
was 8.6 miles. However, 20 percent  of t h e  F i e ld  A s s i s t a n t s  l i v e d  over 
10 mi les  away and s e v e r a l  served v i l l a g e s  20 mi l e s  o r  more from head- 
qua r t e r s .  No F ie ld  Ass i s t an t  owned a motor b ike  o r  motorcycle and no 
t r a n s p o r t a t i o n  was provided by t h e  Department f o r  t h e  Agr i cu l tu ra l  
Ass i s t an t  except f o r  a few s p e c i a l  occasions ( see  Lowdennilk, 1972: 423). 



Table  6 4 .  Pe rcen tage  o f  sample f a rmer s  r e p o r t i n g  c o n t a c t  
w i th  a g r i c u l t u r a l  e x t e n s i o n  o f f i c i a l s  d u r i n g  
t h e  l a s t  t h r e e  months. 

Farm # o f  No 1 - 3  4 - 6  7 o r  More 
Charac te r -  Farrns Contac t  V i s i t s  V i s i t s  V i s i t s  

Farm S i z e  
Class ,Acres  

Under 2 .5  75 97.3 2.7 0 0 
2.5-7.49 98 87.8 12.2 0 0 
7.5-12.49 98 89.8 5.1 4.1 1.0 
12.5-24.9 86 75.6 18.6 5.8 0 
25.0-49.9 17 58.8 29.4 5.9 5.9 
50 o r  More 8 37.5 12.5 37.5 12.5 

(x2=81.1 , 15df )  **  
Tenure 

Owners 254 
Owner-Tenants 56 
Tenan ts  & 72 

C o n t r a c t o r s  

No D i s t ance  70 
Under 2 M i l e s  176 
2-4.9 M i l e s  81 
5+ Miles 55 
Weighted 
T o t a l s  382 

** Denotes s i g n i f i c a n c e  a t  t h e  .001 level o r  h i g h e r  



Table 65. Summary table of levels of significance between 
selected variables and farmers' knowledge of and 
contacts with service personnel. 

Summary of significant relationships 

Type of . using Chi square method 

agricultural x2 values Distance to 
service Farm size Tenure paved road of 
personnel classes classes village site 

1. Bank official 

a. Knows none x2=43.2**(5df) NS 2 
x =13. l* (3df) 

2 b. Contacts x =30.3* (15df) NS x2=18. 4* (9df) 

2. Fertilizer 
agent 

2 
a. Knows none x =33.6**(5df) x2=8.0*(3df) x2=45. 4* (3df) 

b. Knows 
location x2=16. O* (5df) x2=9. 8* (3df) x2=30. 5** (3df) 

c. Contacts xL=48. O**(lOdf) NS NS 

3. Canal Patwari 
2 2 a. Knows none x =29.7** (5df) x =11.5* (3df) NS 

b. Knows 2 location x2=29. 5** (5df) x =18.3**(3df) x2=18.9**(3df) 

c. Contacts x2=39. 9**(15df) NS x2=38. 0** (9df) 

4. Canal Zilladar 
2 a. Knows none x =31.3**(5df) NS 

b. Knows 2 location x=29.3**(5df) x2=10.2*(3df) x2=13.6*(3df) 

c. Contacts x2=30. 8* (15df) NS x2=20.0* (9df) 

5. Canal SDO 

a. Knows none NS 

b. Knows 
location x2=14.5*(5df) NS NS 

c. Contacts x2=30. 8* (15df) NS x2=20. 0* (9df) 

*Denotes significance between .05 and .001 
**Denotes significance at the .001 level or higher; df = degrees 
of freedom. 



con tac t s  with e i t h e r  bank o f f i c i a l s  o r  canal  SIjO's because t h e  number of 

farmers having con tac t s  with the  personnel were i n s i g n i f i c a n t  on t h e  whole. 

These r e l a t i o n s h i p s  a l s o  hold f o r  farmers knowledge and con tac t s  with 

o the r  o f f i c i a l s .  The reader  can f u r t h e r  examine these  r e l a t i o n s h i p s  i n  

Volume V I ,  Appendix V ,  P a r t  A. 

X I .  SOURCES AND CHANNELS FOR INFORMATION FOR FARMER CLIENTS 

Lack of adequate flows of a g r i c u l t u r a l  information t o  and from 

farmer c l i e n t s  is a common problem, s i m i l a r  t o  t h e  l a c k  of o ther  e s s e n t i a l  

inputs  and s e r v i c e s  i n  most low income na t ions .  Seldom a r e  these  se rv ices  

in t eg ra t ed ;  piece-meal e f f o r t s  a r e  s t i l l  t h e  r u l e .  I r r i g a t e d  a g r i c u l t u r e ,  

e s p e c i a l l y ,  r equ i re s  good l inkages  between farmers,  I r r i g a t i o n  and Agricul- 

t u r e  Departments a s  wel l  a s  o the r  agencies .  

A. Essen t i a l  Information from t h e  I r r i g a t i o n  Department 

Canal c losures  t ake  p lace  from time t o  time f o r  emergency r e p a i r s ,  

r a t ion ing  of cana l  water ,  and annual r e p a i r s .  Closures on perennia l  

cormnands vary a g r e a t  dea l  ( see  Table 6 6 ) .  November, December and January 

a r e  primary months of c losures  f o r  11 t o  14 days o r  more. However, c losu res  

o f t e n  take place i n  o the r  months, such a s  Apr i l  and October. The incidence 

of c losu res  f o r  o the r  purposes than annual c leaning  pose more of a problem 

f o r  t h e  farmer. E f f o r t s  a r e  made t o  pub l i c i ze  these  c losu res  i n  advance by 

the  I r r i g a t i o n  Department, but  t h i s  information does no t  genera l ly  reach 

t h e  major i ty  of farmers.  Several  farmers repor ted  t h a t  they only l e a r n  

about canal  c losu res  when no water appears i n  t h e  main watercourse. Though 

f u r t h e r  i nves t iga t ions  a r e  needed, we present  t h e  r e p o r t s  of farmers t o  

seve ra l  s p e c i f i c  quest ions about advance information on canal  c losures .  

Figure 17 surmnarizes farmers '  r epor t s .  About 70 percent  of t h e  farmers 

r epor t  "never" rece iv ing  advance information about c losu res  f o r  r e p a i r s .  



Table 66. Mean, median and range of days  of  c a n a l  c l o s u r e s  
f o r  13  p e r e n n i a l  command a r e a s  (1964-65).* 

Months Mean days Median Range of  
o f  y e a r s  o f  days o f  days o f  
1964-65 c l o s u r e s  c l o s u r e  c l o s u r e  

October 1964 

November 

December 

January  1965 

February 

March 

A p r i l  

May 

June 

Ju ly  

August 

September 

October 

November 

*Gibb, S i r  Alexander,  e t  a l . ,  Vol. 10 ,  op. c i t .  p .  109. 



FIGURE 17. FARMERS' REPORTS ABOUT ADVANCE INFORMATION RECEIVED FROM IRRIGATION DEPARTMENT 
( ANY SOURCE ) ABOUT CANAL CLOSURES AND ADVANCE NOTICE FROM FARM LEADERS 
ABOUT WATERCOURSE CLEANING 



Other s t u d i e s  (Reidinger,  1974: 158; Lowdermilk, Clyma, Early,  1975: 63) 

a l s o  r epor t  the  l a c k  of information reaching farmers.  However, i t  i s  

a l s o  t r u e  t h a t  t h e r e  i s  o f t e n  l i t t l e  time t o  inform farmers due t o  

c losures  r e s u l t i n g  from heavy r a i n f a l l ,  f loods ,  and o the r  n a t u r a l  events .  

Closures,  under such condit ions,  a r e  made t o  avoid heavy s i l t  depos i t s  

i n  canals  and d i s t r i b u t a r i e s .  

About 70 percent of t he  repor t ing  farmers s t a t e d  t h a t  they do not 

rece ive  advance no t i ce  about c losu res  f o r  annual cleaning of cana l s  

(see Figure 17 ) .  This i s  su rp r i s ing  i n  t h a t  t hese  c losu res  usua l ly  take  

p lace  i n  December and January f o r  about two t o  th ree  weeks. Farmers i n  

genera l  know about when the  c losu res  take p lace  during t h i s  period of 

r e l a t i v e l y  low water demands. Though they a r e  not  unaware, t h e r e  i s  

o f t e n  much v a r i a t i o n  between t h e  beginning and end of t h e  c losu re  period 

and farmers seldom know the  exact  d a t e s  they w i l l  rece ive  suppl ies .  

However, the I r r i g a t i o n  Department i s  constrained by l ack  of l abor  and 

o ther  resources f o r  maintaining canals  on schedule. 

Canal c losu res  a l s o  take place due t o  o v e r a l l  shortage of i r r i g a t i o n  

water i n  the  system. These r a t ion ing  periods a r e  usual ly  p red ic t ab le  

seve ra l  months i n  advance of the  c losu re  periods.  About 30 percent of 

t h e  farmers r epor t  they usual ly  rece ive  advance information about t he  

c losures  f o r  r a t ion ing  and 25 percent  s t a t e  t h a t  they sometimes rece ive  

such advance in£  ormat ion. 

The l a s t  column of Figure 17 i s  not  r e l a t e d  t o  t h e  information 

about c losure  of canals  but  t o  advance information received by farmers 

about t h e i r  own watercourse cleaning opera t ions .  Tnternal  communication is 

usual ly  good wi th  about 80 percent of t he  farmers r epor t ing  t h a t  they 

rece ive  t h i s  information. This  information is  usual ly  made a v a i l a b l e  by 



t h e  v i l l a g e  l e a d e r s  r e p o r t i n g  t o  t h e i r  r e spec t ive  s o c i a l  groups, by t h e  

v i l l a g e  chaukidar whose r e s p o n s i b i l i t y  i t  is t o  d i ssemina te  such i n f o m a -  

t i o n ,  o r  by t h e  publ ic  address  systems loca ted  a t  most v i l l a g e  mosques. 

The I r r i g a t i o n  Department would do w e l l  t o  develop l i nkages  wi th  t h e s e  

l o c a l  sources  and channels  of communication t o  t h e  farmers.  

Reports  of farmers  suggest  an a r e a  where t h e r e  i s  a  need f o r  

improving communication flows between t h e  I r r i g a t i o n  Department and 

farmers.  For an example, i n  an e a r l i e r  s tudy of 1 3  perennia l  and 7 

nonperennial commands (Gibb, 1966: 109-110), t h e  average days of c l o s u r e s  

were 65 and 185 days r e spec t ive ly .  However, t h e  range f o r  t h e  pe renn ia l  

commands was 45 t o  124 days and f o r  t h e  nonperennial  commands 137 t o  

241 days.  The v a r i a b i l i t y  i n  t iming of c l o s u r e s  i s  h igh .  Table 66 shows 

t h e  v a r i a t i o n s  between months f o r  cana l  c lo su re s  f o r  1 3  pe renn ia l  commands. 

Note t h a t  t h e  average days of c l o s u r e  a r e  given f o r  each month which 

reduces t h e  wide v a r i a t i o n s  among watercourses .  

Table 67 provides  information about t h e  sources  of information from 

which r e p o r t i n g  farmers  rece ived  advance news about impending cana l  c l o s u r e s .  

For t h e  small  percentage of r epo r t i ng  farmers  who r e c e i v e  some of t h i s  

information,  t h e  most important repor ted  source  i s  by minor o f f i c i a l s  of 

t h e  I r r i g a t i o n  Department and r a d i o  o r  newspapers. This  sugges ts  t h a t  

communication channels  e x i s t ,  bu t  t h e  l i nkages  a r e  weak. Though e f f o r t s  

a r e  i n s u f f i c i e n t ,  t h e  I r r i g a t i o n  Department prepares  news r e l e a s e s  f o r  

r a d i o  and l o c a l  newspapers a s  we l l  a s  l e a f l e t s .  Also, l o c a l  l e v e l  

department o f f i c i a l s ,  such a s  pa twar i s ,  ove r see r s ,  and o t h e r s ,  have t h e  

r e s p o n s i b i l i t y  of  informing farmers  of c lo su re s .  The department might 

bu i ld  upon t h e  e x i s t i n g  l i nkage  wi th  v i l l a g e  numbardars who a r e  

r e spons ib l e  f o r  n o t i f y i n g  farmers  of t h e i r  i r r i g a t i o n  assessments.  I n  f a c t ,  



Table  67. Reported s o u r c e s  from which sample f a r m e r s  r e c e i v e  i n f o r m a t i o n  abou t  
c a n a l  c l o s u r e s .  

Knowledge Know f i x e d  
o f  c a n a l  % % d a t e  of  
c l o s i n g  No. % from r a d i o /  % o t h e r  annua l  c a n a l  T o t a l  
f o r  r e p o r t i n g  depar tment  newspaper f a r m e r s  s o u r c e s  c l o s u r e  % 

C l e a n i n g  82 56% 22% 18% 0  4 %  100% 

R e p a i r s  51  39% 37% 18% 2% 4 %  100% 

R a t i o n i n g  108 31% 51% 8 %  2% 8 %  100% 



i n  t h e  o ld  Canal and Drainage Act of 1873 (Canal and Drainage Act, 1974: 

81) t h e r e  is a provis ion  s t a t i n g  t h a t  important  c a n a l  department n o t i c e s  

a r e  t o  be posted i n  a prominent v i l l a g e  l o c a t i o n .  About 16 percent  of 

t h e  farmers  repor ted  t h a t  they gained information about c,losures f o r  

r a t i o n i n g  of cana l  water  through r a d i o  and newspapers ( s ee  Table 67) .  

Farmers were a l s o  asked i f  they ever  received advance seasona l  r e p o r t s  

of t he  cana l  s u p p l i e s  they might expect  f o r  making cropping dec i s ions .  

Only 50 percent  of t h e  farmers repor ted  t h a t  they sometimes o r  u sua l ly  

r e c e i v e  such information.  J u s t  a s  Pak i s t an  has developed a system f o r  

f lood warnings and weather r e p o r t s  which a r e  given p r i o r i t y  coverage by 

r a d i o ,  i t  i s  conceivable  t h a t  a method of g iv ing  seasona l  f o r e c a s t s  of 

expected cana l  water  supp l i e s  could be d iv i s ed .  

Table 68 provides  d a t a  from farmers '  r e p o r t s  which show t h a t  

farmers w i th  higher  mass media s co re s  r ece ive  more information about 

cana l  c l o s u r e s .  I n  f a c t ,  t h e  r e l a t i o n s h i p  is s i g n i f i c a n t  f o r  a l l  types  

of c lo su re s .  The major components of t h e  mass media exposure index a r e  

r e l a t e d  t o  r a d i o  because only 17 of t h e  sample farmers  r e c e i v e  newspapers 

o r  magazines r e g u l a r l y  and only  6 sample farmers  own t e l e v i s i o n  s e t s .  

I n  c o n t r a s t ,  49 percent  of  the  379 sample farmers  repor ted  owning r a d i o s ,  

and 56 percent  r e p o r t  l i s t e n i n g  t o  r ad io  on a r e g u l a r  b a s i s .  No 

s i g n i f i c a n t  r e l a t i o n s h i p  i s  found between the  number of v i s i t s  farmers 

made t o  towns and c i t i e s  and r ece iv ing  advance information about cana l  

c lo su re s .  

It might be expected t h a t  owner ope ra to r s  wi th  l a r g e r  holdings 

would have g r e a t e r  access  t o  Canal Department information about c l o s u r e s  

than o t h e r  farmers.  However, t h i s  does no t  appear t o  be supported by 

d a t a  i n  Table 69. There i s  a tendency f o r  l a r g e r  farmers  t o  r ece ive  



Table 68. Percentage of sample farmers r epor t ing  access t o  advance n o t i c e  of canal  c losures  f o r  r e p a i r ,  
c leaning and ra t ion ing  by mass media exposure index and times v i s i t e d  a town o r  c i t y  i n  the  
l a s t  t h ree  months. 

o r i e n t a t i o n  I farms Never times Usually farms Never times Usually farms Never times Usually 

Mass media 

Urban 

exposure 
index sco re  

Closures f o r  r epa i r  Closures f o r  cleaning Closures f o r  r a t i o n i n g  
/I of Some- // of Some- # of Some - 

2 
(X =56.4,30df)* 

2 
(X =53.8,30df)* 2 

(X =67.4,30df) P m 
Weighted t o t a l s  369 ' 69.1 11.9 19.0 359 70.7 13.9 18.1 350 53.2 25.1 27.7 m 

# of v i s i t s  
t o  a town o r  
c i t y  i n  l a s t  
3 months 

None 2 7 55.6 3.7 40.7 25 60.1 8.0 32.0 26 23.1 38.5 38.5 
1- 2 78 69.2 10.3 20.5 80 66.2 12.5 21.0 72 41.7 23.6 34.7 
3-5 104 66.3 17.3 16 .3  104 64.4 18.3 17.3 100 55.0 22.0 23.0 
6-7 5 8 75.9 13.8 10.3 58 81.0 10 .3  8.6 57 56.1 28.1 15.8 
8 o r  more 96 69.8 9.4 20.8 96 67.7 13.5 18.6 89 44.9 23.6 31.5 

Weighted t o t a l s  363 68.6 12.1 19.2 363 68.0 13.8 18 .1  344 47.4 25.0 27.6 

*Denotes s ign i f i cance  between -05 and .001, 



T a b l e  69 .  P e r c e n t a g e  o f  s ample  f a r m e r s  r e p o r t i n g  access t o  advance  n o t i c e  o f  c a n a l  c l o s u r e s  f o r  r e p a i r ,  
c l e a n i n g  a n d  r a t i o n i n g  by f a r m  s i z e  a n d  t e n u r e .  

terist  i c s  I f a r m s  Never t i m e s  U s u a l l y  f a r m s  Never t i m e s  U s u a l l y  f a rms  Never t i m e s  U s u a l l y  

-- 

Farm c h a r a c -  

Farm class 
S i z e ,  a c r e s  

C l o s u r e s  f o r  r e p a i r  C l o s u r e s  f o r  c l e a n i n g  C l o s u r e s  f o r  r a t i o n i n g  
f/ o f  Some- 8 o f  Some- f l  o f  Some- 

Under 2 . 5  70 74 .3  1 7 . 1  8 .6  7  0  71.4 18 .6  10 .0  66 51 .5  33 .3  15 .2  
2.5-7.49 9  6  7 7 . 1  5 . 2  1 7 . 7  9  5  75.8 7.4 16 .8  90  55 .6  18 .9  25.6 
7.5-12.49 9  5  67 .4  12 .6  20.0 96 68 .8  14 .6  16 .7  9 3  40 .9  3 0 . 1  29 .0  
12.5-24.9 8  5  60 .0  1 6 . 5  23 .5  85  64 .7  1 4 . 1  21.2 79 43.0 22 .8  34 .2  
25.0-49.9 1 7  70 .6  5 . 9  23 .5  1 7  58 .8  17 .6  23 .5  1 6  50 .0  6 . 3  43.8 
5 0  o r  more 8  37 .5  0  62 .5  8  25 .0  1 2 . 5  62.5 8 37.5 25.0 37 .5  

2  
(X =24.7 ,10df)*  

Tenure  

Owners 2 5 1  68 .9  1 3 . 1  17 .9  252 6 7 . 1  1 5 . 1  17 .9  238 4 7 . 1  24 .8  28 .2  
Owner-tenant  54  77 .8  7 .4  1 4 . 8  5 3  84 .9  7.5 7.5 5 1  49.0 27.5 2 3 . 5  
T e n a n t s  & 

c o n t r a c t o r s  6  6  6 2 . 1  1 0 . 9  2 8 . 1  66 6 2 . 1  12 .5  26.6 6 3  47.6 23 .8  29 .5  

Weighted  t o t a l s  3 7 1  69.0 1 1 . 9  1 9 . 1  3 7 1  68.7 1 3 . 5  1 7 . 8  352 47.4 25.0 27.6 

*Denotes s i g n i f i c a n c e  be tween .05  and .001  



more in format ion  t han  sma l l e r  fa rmers  though t h e  d i f f e r e n c e s  do n o t  

appear  impor tan t .  Lack of in format ion  i s  a widespread problem f o r  a l l  

c a t e g o r i e s  of fa rmers .  

B. Farmers '  Use of Mass Media 

I n  any a g r i c u l t u r a l  s e c t o r  wi th  hundreds of thousands of widely  

d i spe r s ed  farm bus ine s s  u n i t s ,  i t  i s  imposs ib le  f o r  ex t ens ion  personne l  

o r  personne l  from agro-business  f i r m s  t o  adequa te ly  s e r v i c e  l a r g e  numbers 

of fa rmers  d i r e c t l y .  I n  Pak i s t an ,  t h e  ex t ens ion  system i s  n o t  on ly  

under s t a f f e d ,  poor ly  t r a i n e d ,  superv i sed  and organ ized ,  i t  i s  a l s o  

cons t r a ined  by l a c k  of m o b i l i t y .  There fore ,  it i s  impor tan t  t o  assess 

t h e  r o l e  of mass media as a p o t e n t i a l  i n  b r i ng ing  t o  fa rmers  some of t h e  

in format ion  they  r e q u i r e .  For  example, wh i l e  r a d i o  has  weaknesses i n  

t r a n s m i t t i n g  complex a g r i c u l t u r a l  in format ion  and i s  u s u a l l y  n o t  

i n f l u e n t i a l  i n  t h e  t r i a l  and adopt ion  s t a g e s  of innova t ion ,  i t  i s  s u i t e d  

f o r  he lp ing  fa rmers  become aware of a g r i c u l t u r a l  innova t ions .  Radio 

ownership and exposure  t o  t h e  r a d i o  media has  g r e a t l y  inc reased  i n  t h e  

r u r a l  a r e a s  o f  P a k i s t a n  as a r e s u l t  of t h e  i nc r ea sed  produc t ion  and 

a v a i l a b i l i t y  of low c o s t  t r a n s i s t o r s .  The A g r i c u l t u r e  Department, through 

i t s  Bureau of  A g r i c u l t u r a l  In format ion  i n  Lahore, ha s  developed a u s e f u l  

and i nnova t i ve  r a d i o  program of 1 5  t o  20 minutes  a i r e d  i n  l o c a l  languages  

each evening throughout  Pak i s t an .  Radio Pak i s t an ,  through i t s  expanding 

r e g i o n a l  s t a t i o n s ,  i s  p l ac ing  increased  focus  on programs f o r  r u r a l  

people  a s  a means t o  promote v a r i o u s  development programs. 

Table  70 prov ides  a summary of mass media a cce s s  and exposure  as 

r epo r t ed  by farmers .  About 50 percen t  of t h e  379 r e p o r t i n g  fa rmers  

owned r a d i o s  i n  1975-76 as compared t o  on ly  21  pe r cen t  of 350 fa rmers  

i n  a sample survey conducted i n  t h e  Punjab P rov i ce  i n  1970 (Lowdermilk, 



Table 7 0 .  Summary table of mass media access and exposure 
reported by farmers. 

Mass media item* 
Number Percentage 
reporting reporting 

1. Ownership of radio 

Owns 
Does not own 

2. Casual radio listening 

None 
Some 

3 .  Times listened to radio 
programs for 30  minute 
periods last week 

None 
1-2 times 
3-5 times 
6 or more times 

4. Farm radio exposure 
last week 

None 
Some 

5. Obtains newspapers 
or magazines 

None 
Irregularly 
Regularly 

6. Read newspaper/ 
magazine last week 

None 
1-2 times 
3-5 times 
6 or more times 

*Six of 3 7 0  reporting farmers owned television sets. Also 
note that the sample sizes vary for the items listed. Some 
of the questionnaires did not contain complete data. 



1972: 324-327). T h i s  is one i n d i c a t i o n  t h a t  r a d i o  ownership and u s e  have 

g r e a t l y  i n c r e a s e d  i n  f i v e  o r  six y e a r s .  About 56 p e r c e n t  of t h e  fa rmers  

r e p o r t  "casual"  o r  l i s t e n i n g  t o  r a d i o  programs from t ime t o  t ime.  I n  

o r d e r  t o  g a i n  some e s t i m a t e  o f  t h e  i n t e n s i t y  of r a d i o  l i s t e n i n g  t h e  

q u e s t i o n  w a s  a sked ,  "How many t i m e s  d i d  you l i s t e n  t o  some r a d i o  program 

f o r  a t  l e a s t  a 30 minu te  pe r iod  d u r i n g  t h e  las t  week?" Thir ty-seven 

percen t  of t h e  r e p o r t i n g  f a r m e r s  r e p o r t e d  one t o  two t imes  and abou t  20 

p e r c e n t  r e p o r t e d  t h r e e  o r  more t i m e s  of l i s t e n i n g  f o r  30 minu te  d u r a t i o n s  

f o r  t h e  p a s t  week ( s e e  Tab le  70) .  Over 55 p e r c e n t  r e p o r t e d  l i s t e n i n g  

a t  some t ime over  t h e  p e r i o d .  One of t h e  popula r  r a d i o  programs i s  t h e  

well-known farm r a d i o  programs which a r e  s p e c i f i c a l l y  des igned t o  h e l p  

keep fa rmers  informed of  new and t i m e l y  a g r i c u l t u r a l  i n n o v a t i o n s  and 

p r a c t i c e s .  A s  seem from t h e  t a b l e ,  70, abou t  54 percen t  o f  t h e  fa rmers  

r e p o r t e d  l i s t e n i n g  t o  t h i s  program a t  l e a s t  once i n  t h e  p a s t  week. These 

f a r m e r s  u s u a l l y  cou ld  g i v e  t h e  c o r r e c t  t ime and s t a t i o n  and 1 3  p e r c e n t  

were a b l e  t o  r e p o r t  t h e  most r e c e n t  farm r a d i o  s u b j e c t  i n  some d e t a i l .  

Given t h e  low l e v e l  of e d u c a t i o n  of sample fa rmers ,  on ly  1 3  per-  

c e n t  r e p o r t e d  o b t a i n i n g  any magazines o r  newspapers on e i t h e r  a r e g u l a r  

o r  i r r e g u l a r  b a s i s  ( s e e  Tab le  70) .  Also abou t  1 3  p e r c e n t  r e p o r t e d  

r e a d i n g  a newspaper o r  magazine i n  t h e  l as t  week. 

Tab le  7 1  shows t h e  d i f f e r e n c e s  i n  r a d i o  ownership and exposure  

t o  r a d i o  by a l l  farm s i z e  and t e n u r e  c l a s s e s .  

Larger  fa rmers  own more r a d i o s  b u t  n o t e  t h a t  t h e r e  i s  no s i g n i f i c a n t  

d i f f e r e n c e  between a c c e s s  t o  r a d i o s  f o r  l i s t e n i n g .  Also,  owner o p e r a t o r s  

and owner-cum-tenants own more r a d i o s  t h a n  t e n a n t s ,  b u t  t e n a n t  f a r m e r s  

have a lmos t  e q u a l  a c c e s s  t o  r a d i o s  f o r  l i s t e n i n g .  Given t h e  wide 

d i s s e m i n a t i o n  of t h e  cheap t r a n s i s t o r i z e d  r a d i o ,  over  50 p e r c e n t  of t h e  



T a b l e  7 1 .  P e r c e n t a g e  of s a m p l e  f a r m e r s  o w n i n g  radios or  h a v i n g  
r e g u l a r  access t o  radios b y  f a r m  s i z e  a n d  t e n u r e  
classes. 

L i s t e n s  
F a r m  N o .  o f  N o .  .of i n  t h e  
c h a r a c t e r i s t i c s  f a r m s  Owns f a r m s  villacre 

Fa rm C l a s s  
S i z e ,  A c r e s  

U n d e r  2 . 5  

2 . 5  - 7 . 4 9  

7 . 5  - 1 2 . 4 9  

1 2 . 5  - 2 4 . 9  

2 5 . 0  - 4 9 . 9  

5 0  or  m o r e  

x 2  

T e n u r e  

Owner s  

O w n e r - t e n a n t s  

T e n a n t s  & c o n t r a c t o r s  

x2 

Weighted t o t a l s  

" D e n o t e s  s i g n i f i c a n c e  b e t w e e n  . 0 5  a n d  . 0 0 1 .  



sample fa rmers  can be reached through t h e  r a d i o  media. Though n o t  shown 

i n  Table  71 no s i g n i f i c a n t  d i f f e r e n c e s  were found between farm s i z e  and 

t enu re  c l a s s e s  i n  t h e i r  knowledge of t h e  t i m e ,  s t a t i o n ,  and s u b j e c t  

m a t t e r  of t h e  farm r a d i o  program. Also,  no impor tan t  d i f f e r e n c e s  were 

found between t h e s e  c l a s s e s  of fa rmers  and t h e  i n t e n s i t y  of l i s t e n i n g .  

I n  terms of o t h e r  mass media such a s  magazines and newspaper u se ,  which 

r e q u i r e  l i t e r a c y ,  t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  between farm s i z e  

c l a s s e s  and t h e i r  r e g u l a r  and i r r e g u l a r  a c q u i s i t i o n  of t h e s e  mass media 

and t h e i r  exposure  t o  them ( s ee  Table  71) .  For  example, of t h e  fa rmers  

w i th  ho ld ings  of under 12 .5  a c r e s ,  only  about  6 pe r cen t  r e c e i v e  newspapers 

and magazines on a r e g u l a r  o r  i r r e g u l a r  b a s i s  a s  compared t o  about  31  

percen t  of t h e  fa rmers  w i t h  ho ld ings  of over 12.5  a c r e s .  Of t h e  8 r epo r t -  

i ng  fa rmers  w i th  50 a c r e s  o r  more of l and ,  h a l f  r e p o r t  ob t a in ing  newspapers 

o r  magazines f o r  read ing .  The d a t a  i n d i c a t e  t h e  r e l a t i v e  importance of 

r a d i o  a s  w e l l  as t h e  p o t e n t i a l  f o r  i t s  inc r ea sed  u s e  i n  r u r a l  P a k i s t a n  

a s  compared t o  p r i n t e d  media. 

C .  Farmers' Radio Program L i s t e n i n g  P re f e r ences  

Farmers were asked t o  rank  t h e i r  p r e f e r ences  f o r  t h e  major t ypes  

of r a d i o  programs a i r e d  i n  Pak i s t an .  Of t h e  326 fa rmers  r e p o r t i n g ,  t h e  

f i r s t  cho i ce s  of t h e  l a r g e s t  pe rcen tage  of sample fa rmers  were mus ica l  

programs followed by t h e  farm r a d i o  program ( s e e  Table  72).  However, 

when f i r s t  and second cho i ce s  a r e  combined, t h e  farm r a d i o  program r anks  

f i r s t  followed by mus ica l ,  world news, r e l i g i o u s ,  d r ama t i c  and l o c a l  

new programs. 



Table 72. Farmer's r e p o r t s  of r a d i o  program l i s t e n i n g  preferences.  

F i r s t  and 
second 

Type of r ad io  Number F i r s t  Second choices  
program repor t ing  choice choice combined 

% % % 

Farm radio  325 21.2 26.8 48.0 

Musical 326 29.4 9.2 38.6 

World news 326 11 .3  17.2 28.5 

Rel ig ious  326 8.0 5.2 13.2 

Drama 325 4.9 5.5 10.4 

Local news 326 3.4 6.7 10 .1  

D .  Farmers' Uses of Sources of Information f o r  Agr i cu l tu ra l  

Information 

Table 73 i n d i c a t e s  t h e  r e l a t i v e  importance of var ious  sources  of 

information used by farmers i n  t h e  t r i a l  and adoption s t ages  of s eve ra l  

improved g r a i n  v a r i e t i e s  and a g r i c u l t u r a l  p r a c t i c e s .  In  rank order ,  

t h e  major sources of information f o r  a l l  innovat ions a r e  o t h e r  fanners ,  

extension personnel,  and farm rad io .  However, extension plays a  major 

r o l e  i n  providing information e s p e c i a l l y  i n  p l an t  p ro t ec t ion  measures 

and t h e  use of t he  r a b i  wheat d r i l l .  The A g r i c u l t u r a l  Department f o r  

many years  was almost t h e  s o l e  source of i n s e c t i c i d e s  and sprayers  and 

i t  has  been a  major r e s p o n s i b i l i t y  of f i e l d  a s s i s t a n t s  t o  he lp  farmers 

spray crops. U n t i l  r ecen t ly ,  extension s t a f f  attempted t o  meet t h e  

needs of farmers f o r  a c t u a l l y  applying p l an t  p ro t ec t ion  measures but  

t h i s  was found t o  be an impossible task .  The Department a l s o  has  made 

r a b i  wheat d r i l l s  a v a i l a b l e  t o  farmers  i n  some a r e a s  and have used them 

i n  t h e i r  demonstration p l o t s .  It must be emphasized t h a t  t h e  r e p o r t s  

i n  Table 73 r e f e r  only t o  t h e  t r i a l  and adoption s t a g e s  and no information 

was co l l ec t ed  on when these  a c t i v i t i e s  took place.  



Table 73. Summary of fanners' sources of information at trial and 
adoption stages for selected agricultural varieties and 
practices. 

Total 
number 

Improved reports 
practices from 
or varieties farmers 

Percentage of reporting farmers using 
various sources of information 

(2+3) 
(1) (2)~ (3) (4) Radio 

Other Farm ~xtension Other plus 
farmers radio personnel sources Extension 

1. High yielding 
varieties 
(wheat, rice, 
bajra) 299 62.9 18.7 16.7 

2. Plant protec- 
tion measures - 
(rice and 
cotton) 6 2 35.5 17.7 40.3 

3. Line planting 
measures 
(cotton and 
rice) 110 48.2 25.5 24.5 

4. Automatic rabi 
wheat drill 3 7 48.6 5.4 37.8 

5. Phosphatic 
fertilizers 5 8 43.1 24.1 24.1 

Weighted totals 
of all practices 
and varieties 566 54.1 19.6 22.9 3.4 41.7 



I n  summary, farm r a d i o  is of growing importance. The advantages 

of  r a d i o  f o r  a count ry  l i k e  Pakis tan  f o r t r a n s m i t t i n g c e r t a i n  types  of 

information t o  h e l p  make farmers  more aware and i n t e r e s t e d  a r e  tremendous. 

Radio acces s  and exposure i s  h igh  i n  t h e  r u r a l  a r e a s ;  i t  is low c o s t ,  

can cover l a r g e  mass audiences a t  g r e a t  speed and messages can be  made 

a v a i l a b l e  i n  r eg iona l  languages.  Disadvantages r e s u l t  from t h e  problem 

of feedback between senders  and r e c e i v e r s  and t h e  f a c t  t h a t  r a d i o  

communications must be r e in fo rced  by in t e rpe r sona l  communications t o  

c r e a t e  s u b s t a n t i a l  a t t i t u d i n a l  and behaviora l  changes. Radio might 

be  used much more f o r  informing farmers  of cana l  c l o s u r e s  and seasona l  

f o r e c a s t  of expected i r r i g a t i o n  supp l i e s .  Spec i a l  r ad io  programs can 

be developed t o  support  t h e  on-farm water  management improvement programs 

e s p e c i a l l y  t o  a rouse  i n t e r e s t  and inc rease  awareness of b e n e f i t s .  It 

appears  t h a t  much g r e a t e r  u se  can be made of r a d i o  than t h e  b r i e f  15  

t o  20 minute d a i l y  farm programs p re sen t ly  e x i s t i n g .  



CHAPTER FIVE 

INSTITUTIONAL AND ORGANIZATIONAI, CONSTRAINTS 

Preceding s e c t i o n s  of t h i s  r epor t  have e s t ab l i shed  t h a t  farmers 

a r e  severe ly  constrained by uncer ta in ty  of water d e l i v e r i e s  i n  regard 

t o  both timing and quant i ty .  Moreover, they a r e  t y p i c a l l y  constrained 

by unlevel  f i e l d s ,  by problems assoc ia ted  with marketing, c r e d i t ,  

f e r t i l i z e r ,  pes t i c ides ,  and by l a c k  of knowledge about bas i c  i r r i g a t i o n  

p rac t i ces .  The i r r i g a t i o n  and a g r i c u l t u r e  departments provide l i t t l e  

e f f e c t i v e  a s s i s t ance .  The l ist  of c o n s t r a i n t s  press ing  upon the  farmer 

does not  s top  a t  t h i s  po in t .  It is  the  ob jec t ive  of t h i s  chapter  t o  

examine c o n s t r a i n t s  imposed by the  l a c k  of e f f e c t i v e  l o c a l  l e v e l  s o c i a l  

organiza t ions .  Physical ,  agronomic and economic c o n s t r a i n t s  can be 

relaxed only i f  l o c a l  organiza t ional  problems a r e  overcome. 

Problems of i r r i g a t i o n  a r e  s o c i a l  because farmers must organize 

c o l l e c t i v e l y  t o  secure i r r i g a t i o n  water ,  t o  t r anspor t  i t ,  d iv ide  i t  

i n t o  usable  shares ,  e n f o r c e r u l e s  f o r  i t s  app l i ca t ion ,  pay f o r  i t ,  and 

dispose of unused por t ions .  The kinds of s o c i a l  organiza t ions ,  t h e i r  

pa t t e rns  of power, dec i s ion  making, c o n f l i c t ,  and cooperat ion which people 

c r e a t e  and maintain f o r  the s o c i a l  con t ro l  of water ,  i n t ima te ly  a f f e c t s  t h e  

product iv i ty  of i ts  use. Attempting t o  comprehend physical  and 

agronomic problems of i r r i g a t i o n  without probing i n t o  underlying s o c i a l  

organiza t ion  f o r  i r r i g a t i o n  is  l i k e  at tempting t o  understand d e f i c i e n c i e s  -.. 
i n  p l an t  growth without r e fe rence  t o  condi t ions  of c l imate .  When water 

moves e f f i c i e n t l y  from r i v e r s ,  through a  network of canals ,  t o  p l an t  

roo t  zones, i t  i s  because people have e f f e c t i v e l y  organized a  dec i s ion  

system capable of enforcing t echn ica l ly  sound r u l e s  f o r  pursuing t h e  



c o l l e c t i v e  i n t e r e s t .  Defec ts  i n  t h e  d e l i v e r y  and a p p l i c a t i o n  of water 

a r e  i nva r i ab ly  a s soc i a t ed  w i th  d e f i c i e n c i e s  i n  s o c i a l  o rganiza t ion .  

Whereas t h e  n a t i o n a l  and p r w i n c i a l  i r r i g a t i o n  bureaucrac ies  may 

r ep re sen t  h igh ly  s t r u c t u r e d  o rgan iza t ions  f o r  t h e  d i v e r s i o n  of water  

from r i v e r s  through a  complex and s o p h i s t i c a t e d  cana l  system, t h e r e  is ,  i n  

Pakis tan ,  an absence of l o c a l  counterpar t  o rgan iza t ions  t o  provide f o r  

e f f e c t i v e  and e f f i c i e n t  d e l i v e r y  of water through watercourses  t o  f i e l d s .  

Nat ional  and p rov inc i a l  bureaucrac ies  a r e  t i g h t l y  s t r u c t u r e d  and pursue 

d e t a i l e d  sets of r u l e s  f o r  macro decision-making a t  t h e  l e v e l  of province,  

bar rage ,  and cana l ,  but  farmers  a t  t h e  l o c a l  l e v e l  a r e  unorganized and 

e f f e c t i v e  l o c a l  l e v e l  cooperat ion f o r  water  management i s  undercut .  

Deta i led  r e g u l a t i o n  and s p e c i a l i z e d  o rgan iza t ion  a t  h igher  bu reauc ra t i c  

l e v e l s  e x i s t s  i n  tandem wi th  under o rgan iza t ion  of watercourses .  I f  

farmers  a r e  t o  succes s fu l ly  r e l a x  phys ica l ,  agronomic and economic 

c o n s t r a i n t s  descr ibed  i n  t h e  foregoing chap te r s ,  farmers  must coopera te  

e f f e c t i v e l y  i n  l o c a l  o rgan iza t ions  which can provide improved water- 

course  s t r u c t u r e s  and a s soc i a t ed  r educ t ions  i n  water  l o s s  and water- 

logging and s a l i n i t y .  Such o rgan iza t ions  could a l s o  promote land l e v e l i n g ,  

be t h e  f o c a l  po in t  f o r  t ransmiss ion  of knowledge of improved p r a c t i c e s  

and c r i t i c a l  a g r i c u l t u r a l  i npu t s .  

This  s e c t i o n  w i l l  proceed i n  t h e  fol lowing manner: F i r s t ,  i t  w i l l  

be contended t h a t  c e n t r a l  phys ica l  c o n s t r a i n t s  faced by farmers  r ep re sen t  

" c o l l e c t i v e  good" problems and t h a t  such problems can only be adequately 

resolved by e f f e c t i v e  farmer o rgan iza t ions  a t  t h e  watercourse and 

v i l l a g e  l e v e l .  Second, e x i s t i n g  informal o rgan iza t iona l  mechanisms 

employed by f anne r s  t o  provide two k inds  of c o l l e c t i v e  goods w i l l  be  

examined. The c o l l e c t i v e  goods represen ted  he re  a r e  school  and mosques. 



Third,  t h e  d i s cus s ion  w i l l  document t h e  l a c k  of e f f e c t i v e  pene t r a t i on  

of n a t i o n a l  and p rov inc i a l  o rgan iza t iona l  s e r v i c e s  i n t o  v i l l a g e  farmer 

l i f e .  Fourth,  i t  w i l l  b e p o s i t e d t h a t  farmers  a r e  cons t ra ined  i n  

important r e s p e c t s  by t h e i r  " b i r a d a r i  boundedness." It w i l l  be documented 

t h a t  i n  t h e  absence of e f f e c t i v e  watercourse o r  o t h e r  l o c a l  o rgan iza t ions ,  

farmers  a r e  cons t ra ined  t o  work wi th in  narrow b i r a d a r i  (brotherhood) 

networks. These networks may be e f f e c t i v e  f o r  secur ing  coopera t ion  from 

b i r a d a r i  members, bu t  many farmers  f i nd  i t  d i f f i c u l t  t o  ven tu re  a c r o s s  

t h e i r  k in sh ip  l i n e s  t o  coopera te  w i th  nonbi radar i  members. F i f t h ,  t h e  

ques t ion  is asked; I f  farmers  need t o  coopera te  t o  improve t h e i r  water  

management, what a r e  t h e  r e q u i s i t i e s  of succes s fu l  cooperat ion? There 

i s  no f u l l y  adequate  theory  of cooperat ion,  and t h e  long l ist  of 

psychological ,  s o c i o l o g i c a l ,  economic and phys i ca l  v a r i a b l e s ,  which 

impinge on cooperat ion,  is so  l a r g e  a s  t o  f a r  exceed t h e  bounds of t h i s  

s tudy.  Nevertheless ,  i t  can be po is ted  t h a t  farmers  w i l l  have h igher  

p r o p e n s i t i e s  t o  coopera te  i n  water  u s e r s  o rgan iza t ions  under c e r t a i n  

condi t ions  of c o n f l i c t  and d i s t r i b u t i o n s  of power. 

I. SOCIAL ORGANIZATION AND IMPROVING WATER MANAGEMENT--THE PROBLEM OF 

COLLECTIVE GOODS AND LACK OF INCENTIVE TO ORGANIZE 

A " co l l ec t i ve"  o r  "public" good is one i n  which s i g n i f i c a n t  b e n e f i t  

cannot be denied t o  those  who do n o t  he lp  bear  t h e  c o s t  of providing 

t h e  good (Olson, 1971). For example, an improved watercourse i s  a  

c o l l e c t i v e  good because i nd iv idua l  farmers  w i l l  c a l c u l a t e  a s  fo l lows  

with regard t o  p o t e n t i a l  improvements. I f  one makes an investment of 

t ime, energy, and money t o  improve t h e  s e c t i o n  running through h i s  l and ,  

and many o t h e r  farmers  do no t  do so ,  then t h e  payoff of h i s  work is 

n e g l i g i b l e .  On t h e  o t h e r  hand, i f  many o t h e r s  f o r  some reason undertake 



l i n i n g  and s t r a igh ten ing  on t h e i r  s ec t ions  he w i l l  s t i l l  enjoy a  share  

of t h e  b e n e f i t s  i f  he does l i t t l e  o r  nothing. The " f r ee  r i d e r "  cannot 

be denied t h e  a d d i t i o n a l  amounts of water t h a t  would become a v a i l a b l e  

t o  him a s  r e s u l t  of t he  work of o thers .  Therefore, t h e  r a t i o n a l  

c a l c u l a t i n g  ind iv idua l  w i l l  choose t o  do nothing e i t h e r  way--even assuming 

t h a t  he has information about p o t e n t i a l  b e n e f i t s ,  and t h e  know-how t o  

make the  improvements. This  s i t u a t i o n  can only be mi t iga ted  by t h e  

presence of s o c i a l  organiza t ion  wi th  t h e  power t o  enforce sanct ions  upon 

a l l  members such t h a t  each can be assured t h a t  h i s  con t r ibu t ions  w i l l  

be matched by some acceptable  proport ion of con t r ibu t ion  by o the r s  who 

b e n e f i t .  

Many aspec t s  of i r r i g a t i o n  systems represent  c o l l e c t i v e  good 

problems, but  of p a r t i c u l a r  i n t e r e s t  t o  t h e  r e sea rche r s  i s  t h e  problem 

of watercourse improvement. Data repor ted  i n  e a r l i e r  s e c t i o n s  of t h i s  

study show t h a t  much va luable  water i s  l o s t  i n  poorly designed, con- 

s t r u c t e d ,  and maintained watercourses.  Delivery e f f i c i e n c i e s  a r e  low 

ac ross  sample watercourses wi th  few exceptions.  How can v i l l a g e  farmers 

be e f f e c t i v e l y  organized t o  undertake watercourse recons t ruc t ion  and t o  

subsequently maintain t h e  improved s t r u c t u r e s ?  Because t h i s  quest ion 

was foremost i n  the  minds of t h e  researchers ,  a  por t ion  of t h e  inves t iga-  

t i o n  was devoted t o  an examination of how v i l l a g e r s  organize t o  provide 

t h e  t h r e e  kinds of c o l l e c t i v e  goods a l ready present  i n  v i l l a g e s  which 

farmers must buy and maintain themselves--mosques, schools ,  and water- 

course cleaning/maintenance. (Mechanisms f o r  watercourse c leaning  a r e  

discussed i n  Volume 111, Chapter One, Sect ion V ) .  This s ec t ion  of t he  

repor t  descr ibes  t h e  mechanisms by which v i l l a g e s  organize f o r  t h e  

"co l l ec t ive  goods" represented by schools  and mosques, i n  order  t o  r evea l  



present  p a t t e r n s  of problem so lv ing  and t o  inform f u r t h e r  work on t h e  

problem of organizing farmers  i n t o  e f f e c t i v e  farmer a s s o c i a t i o n s  capable  

of undertaking watercourse improvement a s  w e l l  a s  o the r  a s p e c t s  of 

a g r i c u l t u r a l  development. 

11. METHODS OF ORGANIZING TO BUILD AND MAINTAIN MOSQUES 

Punjabi  v i l l a g e s  t y p i c a l l y  a r e  endowed wi th  two k inds  of mosques-- 

1 )  p r i v a t e  mosques e r ec t ed  by those  who have both t h e  r equ i r ed  r e l i g i o u s  

mot iva t ion  and the  f i n a n c i a l  resources ;  and 2 )  community (Jummah) 

mosques which a r e  open f o r  t h e  use  of a t  l e a s t  major segments of t h e  

v i l l a g e  i f  no t  a l l  groups. The focus  of t h e  i nqu i ry  was on mosques 

of t h e  l a t t e r  kind--the type  thought t o  r e q u i r e  a t  l e a s t  some minimal 

c o l l e c t i v e  a c t i o n  t o  cons t ruc t  and t o  maintain.  Table  74 d i s p l a y s  t h e  

number and type of mosques found i n  sample v i l l a g e s .  

There may be  more than one community (Jummah) mosque f o r  one o r  

bo th  of t h e  fol lowing reasons:  

a .  I n  ca se s  where both Sunni and Shia  Muslims a r e  found i n  t h e  

t h e  same v i l l a g e ,  t h e r e  w i l l  be a J u m a h  Mosque t o  s e rve  

each group. Cooperation i n  t h e  support  of mosques does 

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

a minor i ty  r e l i g i o u s  s e c t  i n  t h e  r u r a l  Punjab and t h a t  is  

r e f l e c t e d  by t h e  f a c t  t h a t  on ly  t h r e e  of t h e  sample v i l l a g e s  

possess  a Shia  community. 

b. Within r e l i g i o u s l y  homogenous v i l l a g e s ,  t h e r e  may be more than 

one Jummah Mosque because of c o n f l i c t  d iv id ing  h o s t i l e  

f a c t i o n s .  This  occurs ,  f o r  example, i n  v i l l a g e  103 i n  

which one Mosque is supported by Gujars  and Kumbos whi le  

t h e  second is  maintained by Rajputs  and Arians.  



Table 74 .  D i s t r i b u t i o n  of Mosques by sample v i l l a g e .  

Number Community Number of 
(Jumah) Mosques P r i v a t e  

V i l l a g e  ~ u n n i *  Shia  Mosques 

*Each sunni  b i r a d a r i  has i t s  own p r i v a t e  mosque. 

Mosques have been cons t ruc ted  i n  one of two ways i n  sample v i l l a g e s .  

A s i n g l e  i n f l u e n t i a l  l e ade r  has  i n  two cases ,  ( v i l l a g e s  110 and 113) 

organized cons t ruc t ion ,  bu t  i n  a l l  o the r  v i l l a g e s  a  'Mosque committee' 

has  been organized which c o n s i s t s  of b i r a d a r i  l e a d e r s  who c o l l e c t  

resources  from t h e i r  r e s p e c t i v e  brotherhoods and, t oge the r ,  cooperate  i n  

a r ranging  f o r  cons t ruc t ion .  The numbardar i n  v i l l a g e  110 assumed 

l eade r sh ip  f o r  mosque cons t ruc t ion  and, over a  t h r e e  year  t ime span, 

c o l l e c t e d  t h e  necessary money f o r  h i r i n g  a  c o n t r a c t o r .  V i l l a g e  106 has  

no community mosque a s  i n f l u e n t i a l  b i r a d a r i s  re fused  t o  cooperate  wi th  

each o t h e r  l eav ing  each t o  bu i ld  i t s  own p l ace  of worship. 



What methods a r e  employed t o  secure f i n a n c i a l  resources  f o r  i n i t i a l  

cons t ruc t ion  and maintenance? I n  a l l  sample v i l l a g e s ,  key informants 

revealed t h a t  b i r a d a r i  l e a d e r s  d id  t h e  a c t u a l  c o l l e c t i o n  of money, g ra in ,  

fodder ,  animals,  bu i ld ing  m a t e r i a l s  and commitments of l abo r .  Every- 

where informal but  i n t e n s e  s o c i a l  p ressure  i s  t h e  device  by which 

commitments a r e  secured.  Gossip, t o  t h e  e f f e c t  t h a t  someone c o n t r i b u t e s  

less than a " f a i r  share" r e l a t i v e  t o  h i s  community s tanding  and resources ,  

i s  t h e  major mechanism of s o c i a l  con t ro l .  Whatever t h e i r  devot ion t o  

Allah,  donors g ive  t o  avoid shame and l o s s  of personal  p r e s t i g e .  When 

r e p a i r s  a r e  needed, i n  two v i l l a g e s ,  b i r a d a r i  i n f l u e n t i a l s  employ 

mosque loudspeakers t o  broadcast  t h e  amounts members of t h e  r e spec t ive  

brotherhoods have so f a r  cont r ibu ted ,  thereby,  e s t a b l i s h i n g  a " f r iendly"  

r i v a l r y  and s t imu la t ing  donat ions.  I n  a l l  v i l l a g e s ,  save t h r e e ,  key 

informants agreed t h a t  con t r ibu t ions  were voluntary  and no f i x e d  t a x  was 

l ev i ed .  However, i n  t h r e e  sample v i l l a g e s ,  more formal arrangements 

have evolved. Key informants i n  two--101 and 107--note t h e  ex i s t ence  

of a "wash" system whereby a spec i f i ed  amount of money i s  exacted per  

a c r e  of c u l t i v a t e d  land--about Rs. 5-7 per  ac re  per cropping season. 

Addit ional  voluntary donat ions a r e  s o l i c i t e d  beyond these  amounts. 

Farmers of v i l l a g e  109 have had a long s tanding c o n t r a c t  with the  

government t o  breed horses  f o r  t h e  army. Each breeder  i s  expected t o  

donate  Rs. 100 per  mare per  year  t o  t he  v i l l a g e  Mosque and School fund. 

Informants were asked whether t h e r e  were farmers  who avoided 

con t r ibu t ing  t o  t h e  Mosque and what, i f  any, s anc t ions  were employed t o  

punish holdouts .  In  no v i l l a g e  a r e  formal sanc t ions  found, and only i n  a 

few ins t ances  do farmers r e fuse  t o  g ive  what i s  considered t h e i r  " f a i r  

sha re  . I' 



111. METHODS OF ORGANIZING TO CONSTRUCT AND MAINTAIN SCHOOLS 

A l l  sample v i l l a g e s  support  a t  l e a s t  a  primary boys school ,  and 

most support  primary school ing f o r  g i r l s .  One suppor t s  schools  f o r  

bo th  sexes  a l l  t he  way through t h e  secondary l e v e l  ( s ee  Table 75) .  

Table 75. D i s t r i b u t i o n  of schools  i n  sample v i l l a g e s  

School 
Primary (1-6) Middle (7-8) Secondary (9-10) 

V i l l age  Boys Girls Boys Girls Boys Girls 

*The g i r l s '  middle school  was, a t  time of d a t a  c o l l e c t i o n ,  i n  process  of 
expanding t o  o f f e r  a  secondary school  curr iculum f o r  g i r l s .  

Only two v i l l a g e s  support  a  boy 's  high school .  

I n  some v i l l a g e s ,  t h e  government des igna ted  a  p a r c e l  of l and  f o r  

l o c a t i n g  a s c h o o 1 ; i n  o t h e r  ca se s ,  v i l l a g e r s  provided land ,  u sua l ly  a  

donat ion from a  generous land owner. I n  a l l  c a se s ,  v i l l a g e s  must organize 



t o  ob t a in  some r e sou rces  t o  cons t ruc t  t h e s c h o o l b u i l d i n g ;  t h e  government 

o f t e n  c o n t r i b u t e s  some cons t ruc t ion  c o s t s  and t y p i c a l l y  pays t h e  t e a c h e r ' s  

s a l a r y .  Table 75 shows t h e  d i s t r i b u t i o n  of schools  by type  i n  t h e  sample 

v i l l a g e s .  

A s  i n  t h e  case  of mosque cons t ruc t ion ,  t h e  b i r a d a r i  groups a r e  t h e  

key mobi l iz ing  o rgan iza t iona l  u n i t ,  supplemented i n  v i l l a g e  102 by a  

Cooperative Farming Soc ie ty  which c o l l e c t s  revenue from farmer payments. 

Some farmers  i n  t h a t  v i l l a g e ,  however, have re fused  t o  j o i n  t h e  coopera t ive  

s o c i e t y  and they  sys t ema t i ca l l y  r e f u s e  t o  c o n t r i b u t e  t o  t h e  school  fund 

o r  t o  a  community mosque. 

I n  t h e  mat te r  of s ecu r ing  a  cont inu ing  f low of funds f o r  maintenance, 

t h e  schoolmaster t y p i c a l l y  c o n t a c t s  b i r a d a r i  l e a d e r s  a t  ha rves t  t ime 

when money and produce is most p l e n t i f u l .  I n  c a s e s  where mosques a r e  

equipped with loudspeakers ,  b i r a d a r i  i n f l u e n t i a l s  and t h e  schoolmaster 

broadcast  t h e  con t r ibu t ions  of r i v a l  b i r a d a r i s  thereby  spu r r ing  competi t ion.  

Where e l e c t r o n i c  ampl i f i ca t i on  i s  no t  a v a i l a b l e ,  b i r a d a r i  l e a d e r s  p l ace  

s o c i a l  p r e s su re  on f e l l ow  k insh ip  members t o  make c o n t r i b u t i o n s  which 

a r e  judged equ i t ab l e ,  given t h e  pe r son ' s  s o c i a l  and f i n a n c i a l  s tanding .  

I n  a l l  sample v i l l a g e s ,  informants  agree  t h a t  few i n d i v i d u a l s  choose t o  

resist t h e  s o c i a l  p ressure  t o  c o n t r i b u t e .  Again i n  v i l l a g e s  101 and 

107, a  quasi-formal "wash" system of f i nanc ing  i s  found i n  which farmers  

c o n t r i b u t e  t o  t h e  school  i n  d i r e c t  p ropor t ion  t o  t h e i r  land hold ings .  

The r a t e  v a r i e s  from v i l l a g e  t o  v i l l a g e ,  t h e r e  i s  no formal mechanism by 

which t h e  "tax" is enforced,  and t h e  money is  c o l l e c t e d  w i th in  b i r a d a r i  

u n i t s  by b i r a d a r i  l e a d e r s .  Informants i n d i c a t e  t h a t  t h e  system gene ra t e s  

school  revenue a t  t h e  r a t e  of approximately R s .  1 t o  2 / ac re  per  cropping 

season. 



I n  no v i l l a g e  i s  t h e r e  any voluntary  a d u l t  l abo r  f o r  school  

maintenance. Funds, and c o n t r i b u t i o n s  i n  produce, a r e  c o l l e c t e d  and 

given t o  t h e  headmaster who then conver t s  t h e  resources  t o  cash and 

h i r e s  a con t r ac to r  o r  l o c a l  l a b o r  depending on t h e  magnitude of t h e  job. 

School c h i l d r e n  provide l abo r  f o r  minor school  improvements. 

Rudimentary informal  forms of v i l l a g e  coopera t ion  e x i s t  f o r  secur ing  

and maintaining c o l l e c t i v e  goods--mosques and schools .  No formal organiza-  

t i o n  w i th  t ax ing  power e x i s t s .  Wri t ten c o n t r a c t s  a r e  nowhere employed 

t o  formalize agreements. Everywhere t h e  s o c i a l  u n i t  through which co- 

ope ra t i on  i s  mobilized i s  t h e  b i r a d a r i  o r  brotherhood k insh ip  group. 

Where b i r a d a r i s  a r e  badly s p l i t  one from another ,  s e r i o u s  problems of 

v i l l a g e  cooperat ion emerge. 

Where b i r a d a r i s  s p l i t  w i th in  over an i s s u e  of enforcement of a  

sanc t ion ,  t h e  b i r a d a r i  l e a d e r s  f a c e  t h e  unpleasant  choice  of a t tempt ing  

t o  fo rce  a p p l i c a t i o n  of t h e  s anc t ion  a t  t h e  r i s k  of s e r i o u s  i n t e r n a l  

b i r a d a r i  antagonisms o r  of withdrawing t h e  sanc t ion .  I n  such c i r -  

cumstances, t h e  s anc t ion  i s  l i k e l y  t o  be  compromised o r  withdrawn. 

Some form of formal farmer organiza t ion  must be cons t ruc ted  i f  

farmers  a r e  t o  be a b l e  t o  c o n t r a c t ,  i n  a  l e g a l l y  binding manner, wi th  

o u t s i d e  o rgan iza t ions  t e c h n i c a l l y  competent t o  undertake major water- 

course  real ignment  and l i n i n g  p r o j e c t s .  Such p r o j e c t s  w i l l  r e q u i r e  

t h a t  farmers  e n t e r  i n t o  formal and enforceable  c o n t r a c t s  w i th  each 

o t h e r  and wi th  con t r ac to r s .  Ex i s t i ng  informal  arrangements among 

i n f l u e n t i a l  b i r a d a r i  l e a d e r s  a r e  inadequate  t o  t he  t a s k  of con t r ac t i ng  

wi th  publ ic  o r  p r i v a t e  c o n t r a c t o r s ,  f o r  c o l l e c t i n g  revenue f o r  payment, 

and t o  s e r v e  a s  a  v e h i c l e  by which improved water  management knowledge 

can be, d i r e c t e d  t o  farmers  from t h e  a g r i c u l t u r a l  ex tens ion  s e r v i c e .  



Whatever specific forms the formal farmer associations eventually assume, 

it is clear that they must adapt to the reality that the farmer acts 

primarily as an agent of a biradari group. 

IV. LACK OF INSTITUTIONAL SERVICES AT THE FARM LEVEL 

Resolving water management problems requires effective local 

farmer organizations. Yet, examination of local village organization 

for schools and mosques reveals that village level organizations do not 

exist which are capable of uniformly applying sanctions. Biradari kinship 

groups are the functioning informal organizations and they vary widely in 

their capacity to meet the demands of providing organizational frameworks 

for the provision of community "public" goods. But, farmers are not 

only constrained by the lack of local organization, they are additionally 

burdened by the absence of effectively organized services in banking, 

agricultural extension, and irrigation. 

Evidence regarding the lack of extra-village institutional services 

is marshalled from sample farmer responses to a series of questions having 

to do with their knowledge of, and contacts with, ten kinds of local 

officials who have responsibilities for working with farmers: 

a. Agricultural Assistants-Department of Agriculture, Extension 

Service. 

b. Field Assistants-Department of Agriculture, Extension Service 

c. Development Assistants-Integrated Rural Development Program 

d. Agricultural Engineers-Integrated Rural Development Program 

e. Project Managers-Integrated Rural Development Program 

f . Bank Officials 

g. Fertilizer Agents 

h. The Canal Patwaris-Irrigation Department 



i. The Canal Z i l l a d a r s - I r r i g a t i o n  Department 

j. The Canal Sub-Divisional O f f i c e r s - I r r i g a t i o n  Department 

Respondents earned a po in t  on a n  I n s t i t u t i o n a l  S e r v i c e s  index f o r  

i d e n t i f y i n g  t h e  l o c a t i o n  of any g iven  o f f i c i a l s '  o f f i c e  o r  r e s i dence .  

Two p o i n t s  were awarded f o r  t h e  c o r r e c t  naming of any g iven  o f f i c i a l .  

I n  a d d i t i o n ,  p o i n t s  were g ran ted  t o  each respondent  on a s l i d i n g  s c a l e  

f o r  having had c o n t a c t s  w i t h  o f f i c i a l s  w i t h i n  t h e  preceding t h r e e  months. 

In  a l l ,  a respondent  cou ld  a c q u i r e  110 p o i n t s  by i d e n t i f y i n g  t h e  l o c a t i o n  

of a t  l e a s t  one r e p r e s e n t a t i v e  of each ca tegory ,  by c o r r e c t l y  naming a t  

least one such r e p r e s e n t a t i v e ,  and by r e p o r t i n g  f r equen t  c o n t a c t s  w i t h i n  

t h e  preceding 90 days.  (The I n s t i t u t i o n a l  Se rv i ce s  Index i s  reproduced 

i n  Volume V I ,  Appendix I.) F igu re  1 8  d i s p l a y s  t h e  d i s t r i b u t i o n  of sample 

farmer s c o r e s  on t h e  I n s t i t u t i o n a l  Se rv i ce s  index.  The s c o r e s  a r e  

skewed sha rp ly .  Overwhelmingly, fa rmers  r e c e i v e  low s c o r e s  by v i r t u e  of 

t h e  f a c t  t h a t  t hey  r e p o r t  l i t t l e  o r  no c o n t a c t s  w i t h  o f f i c i a l s  and they  

most t y p i c a l l y  cannot  name them o r  i d e n t i f y  t h e i r  l o c a t i o n .  Forty-one 

percen t  of t h e  sample fa rmers  s c o r e  no p o i n t s  on t h e  index ,  and 93 per- 

c e n t  e a r n  50 o r  fewer p o i n t s .  Of t h e  l i s t e d  o f f i c i a l s ,  t h e  c ana l  

pa twa r i  i s  most l i k e l y  t o  be  known and con t ac t ed .  Next most l i k e l y  t o  b e  

i d e n t i f i e d  i s  t h e  f e r t i l i z e r  agen t  followed by t h e  A g r i c u l t u r a l  

Engineer and F i e l d  A s s i s t a n t .  

Probing f u r t h e r  i n t o  t h e  problem of l a c k  of i n s t i t u t i o n a l  s e r v i c e s  

f o r  fa rmers ,  Table  76 d i s p l a y s  s c o r e s  on t h e  index broken down by farm 

s i z e  c l a s s .  I n spec t i on  of Table  76 shows t h a t  a l though  86 pe r cen t  of 

t h e  sample fa rmers  s c o r e  1 5  o r  fewer p o i n t s  on t h e  110 po in t  index ,  

l a r g e r  fa rmers  do r e p o r t  a h ighe r  l e v e l  of knowledge and c o n t a c t  i n  

r e f e r e n c e  t o  i n s t i t u t i o n a l  s e r v i c e s .  The cont ingency c o e f f i c i e n t  (C) 



FIGURE 18 .  D i s t r i b u t i o n  o f  farmer s c o r e s  on 
I n s t i t u t i o n a l  S e r v i c e s  Index 
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T a b l e  7 6 .  I n s t i t u t i o n a l  service i n d e x  scores b y  farm s i z e  c a t e g o r y .  

I n s t i t u t i o n a l  
service i n d e x  

score 

P e r c e n t  i n  f a r m  s i z e  c a t e g o r y  ( a c r e s )  
2 .5-  7 .5-  1 2 . 5 -  25-  

< 2 . 4 9  - 7 . 4 9  1 2 - 4 7  2 4 . 9  4 9 . 9  5 0 +  
1 Row 

p e r c e n t  



r evea l s  a moderately s t rong  r e l a t i o n s h i p  between increased farm s i z e  and 

r e p o r t s  of increased i n s t i t u t i o n a l  s e rv i ce .  The "p" va lue  r e v e a l s  t h a t  

the  r e l a t i o n s h i p  would occur by chance l e s s  than one time i n  t en  

thousand. Smaller farmers r epo r t  poorer s e r v i c e s  than l a r g e r  ones,  but  

t h i s  f a c t  should not  mask t h e  low l e v e l  of i n s t i t u t i o n a l  s e r v i c e s  repor ted  

by farmers i n  a l l  farm s i z e  ca t egor i e s .  

I f  one examines t h a t  sub-set of i n s t i t u t i o n a l  s e r v i c e s  having t o  

do wi th  providing farmers wi th  information about cana l  c lo su res  f o r  

c leaning ,  r e p a i r ,  r a t i on ing ,  and seasonal  r e d i s t r i b u t i o n ,  one f i n d s  t h a t  

aga in ,  t h e  farmer is cons t ra ined  by t h e  l a c k  of s e r v i c e  ( see  Table 77) .  

Sample farmers were asked a s  t o  whether they "never," "sometimes," o r  

"often" received information about cana l  c lo su res .  Water i s  a c r i t i c a l  

f a c t o r  i n  crop product ion,  and t h e  I r r i g a t i o n  Department i s  e x p l i c i t y  

mandated t o  inform farmers of impending scheduled cana l  c lo su res ;  y e t ,  

farmers a r e  poorly informed. A respondent who o f t e n  r ece ives  advance 

information from t h e  I r r i g a t i o n  Department by any means could p o t e n t i a l l y  

s co re  16 po in t s  on the  index (see  Access t o  Canal Information Index, 

Volume V I ,  Appendix I) .  Inspec t ion  of Table 77 r e v e a l s  t h a t ,  o v e r a l l ,  

t h e  average sample farmer s co res  only 3 . 3  po in t s .  No farmer i n  t h e  

sample scored ha l f  of t h e  p o t e n t i a l  on t h e  index, bu t  average sco res  

increased a s  farm s i z e  increased.  Larger farmers  do have g r e a t e r  

access  t o  information about impending cana l  c lo su res  than do smal le r  

opera t ions ,  bu t  l a c k  of information c o n s t r a i n t s  sample farmers of a l l  

s i z e s .  



Table 77. Mean sample farmer s co re s  on access  t o  cana l  information 
index by farm c l a s s  ( range of pos s ib l e  s c o r e s  = 0-16) 

Farm Clas s  S i ze  
( ac re s )  Mean Score 

A l l  S i ze s  

~ 2 . 4 9  - 
2.5-7.49 

7.5-12.49 

12.5-24.49 

25.0-49.99 

50.0-74.99 

V .  COOPERATION AND BIRADARI ATTACHMENTS 

Sanct ions a r e  rewards f o r  behaving i n  approved ways and punishments 

f o r  v i o l a t i o n s  of expec ta t ions .  I n  P a k i s t a n i  v i l l a g e s ,  s anc t ions  a r e  

pr imar i ly  appl ied  and enforced by b i r a d a r i  l e a d e r s  w i th in  brotherhood 

groups. It might b e  expected t h a t  farmers  f i n d  i t  d i f f i c u l t  t o  co- 

ope ra t e  wi th  farmers  of o t h e r  b i r a d a r i s  f o r  t h e  simple reason t h a t  

v i o l a t i o n s  of agreements can be  much more e a s i l y  punished when t h e  

v i o l a t o r  i s  a member of t h e  same b i r a d a r i .  However, a s  one ' s  power and 

in f luence  i nc reases  one might expect  t h a t  one ' s  a b i l i t y  t o  put  p ressure  

on o t h e r  b i r a d a r i  l e a d e r s  f o r  enforcement of s anc t ions  would a l s o  

i nc rease .  

An index of " b i r a d a r i  boundedness" was cons t ruc ted  from 11 i t e m s  

on t h e  i n t e rv i ew  schedules  which p e r t a i n  t o  m a t t e r s  such a s  c o n s u l t a t i o n  

about farming problems, cooperat ion i n  watercourse c lean ing ,  borrowing 

money, borrowing t o o l s  and implements, t r a d i n g  water ,  and reques t ing  

a s s i s t a n c e  f o r  approaching o f f i c i a l s  such a s  t h e  SDO, Overseer,  patwari 

( s ee  B i r ada r i  Boundedness Index, Volume V I ,  Appendix I ) .  I f  a farmer 



respondent were t o  i n d i c a t e  t h a t  he would no t  go beyond h i s  b i r a d a r i  f o r  

any a s s i s t a n c e  with regard  t o  any index i t e m s ,  t h e  respondent would 
1 

r ece ive  a  s co re  of 100 meaning he was 100 percent  b i r a d a r i  bounded. 

Conversely, a  s co re  of zero percent  would i n d i c a t e  t h a t  t h e  farmer i n  

ques t ion  would be  w i l l i n g  t o  c r o s s  b i r a d a r i  l i n e s  t o  s ecu re  a s s i s t a n c e  

i n  a l l  m a t t e r s  r e f l e c t e d  on t h e  index. 

Table 78 d i s p l a y s  d a t a  showing t h e  r e l a t i o n s h i p  between " b i r a d a r i  

boundedness" and s i z e  of farmer holdings.  Seventy-nine percent  of t h e  

farmers  a r e  moderately t o  h igh ly  bounded by b i r a d a r i  t ies.  Small 

farmers  show a  s l i g h t  tendency t o  be more bounded bu t  t h e  d i f f e r e n c e  i s  

only marg ina l ly  s i g n i f i c a n t  and t h e r e  is  l i t t l e  s t r e n g t h  t o  t h e  r e l a t i o n -  

sh ip .  

V I .  CONSTRAINTS OF SOCIAL CONFLICT 

Conf l i c t  i s  omnipresent i n  s o c i a l  l i f e ;  i t  cannot be  e l imina ted  i n  

any soc i e ty .  Questions about c o n f l i c t  d i v i s i o n s  have no t  s o  much t o  do 

wi th  t h e i r  e l imina t ion  a s  wi th  t h e i r  o rgan iza t ion  v i s  a  v i s  each other-- 

a r e  a l l i e s  on one i s s u e ,  a l l i e s  on a l l  issues--and w i t h  t h e  presence of 

o rgan iza t iona l  a u t h o r i t i e s  t o  guide,  c o n t r o l ,  and r e s o l v e  c o n f l i c t  among 

opposing p a r t i e s  .8/ I r r i g a t i o n  systems a r e  i n e v i t a b l y  involved i n ,  and 

genera te ,  s o c i a l  c o n f l i c t .  Any set of r u l e s  f o r  d e l i v e r y  and d i s t r i b u t i o n  

of water w i l l  a f f e c t  p a r t i e s  unevenly. Some farmers  w i l l  be advantaged a t  

c o s t s  t o  o t h e r s ,  some va lues  promoted, o t h e r  va lues  w i l l  be undercut .  

Bene f i t s  f o r  farmers  a t  t h e  " t a i l "  of a  watercourse may c l e a r l y  d i s -  

advantage t hose  toward t h e  "head," t h a t  which a s s i s t s  "small" farmers  

8/The p a t t e r n  of c o n f l i c t  c leavages o r  d i v i s i o n s  is  more important  - 
than t h e  sheer  number of c o n f l i c t s  per  se. Data about c o n f l i c t  
pa t te rns- - the  e x t e n t  of po la r iza t iok- -a re  no t  a v a i l a b l e  a t  t h i s  
time f o r  t h e  sample v i l l a g e s ,  bu t  such d a t a  a r e  being gathered a s  
p a r t  of on-going research  e f f o r t s  i n  Pakis tan .  Future  r e p o r t s  w i l l  
show t h e  r e l a t i o n s h i p  of c o n f l i c t  t o  succes s fu l  water management 
improvement e f f o r t s .  



Table 78.  The relationship of biradari boundedness to farm size. 

-- 

Biradari Farm size category 
boundedness 2.5- 7.5-  12 .5-  25-  Row Row 

score <2 .4  7 .49  1 2 . 4  2 4  4 9  50+ sum percent 

Low 0-30 1 7  22 2 0  1 2  0 1 7 2  2 1  

Moderate 31-70 1 6  37  38  37 6 4 1 3 8  4 1 
P 

High 71-100  27  29 26  33 9 3 1 2 7  38 w 
- - 
337 1 0 0  



may be opposed by l a r g e r  ones; what members of one k inship  group may 

e n t h u s i a s t i c a l l y  endorse, members of competing b i r a d a r i  groups may j u s t  

a s  h e a r t i l y  r e j e c t .  It is  no acc ident  t h a t  c o n f l i c t  management, con t ro l ,  

and r e so lu t ion  i s  a s i g n i f i c a n t  funct ion  of i r r i g a t i o n  organiza t ions  

everywhere. Yet, i n  Pakistan,  l o c a l  l e v e l  formal i r r i g a t i o n  organiza- 

t i o n s  do not  e x i s t  which could serve  t o  manage the  i n e v i t a b l e  c o n f l i c t .  

When l o c a l  l e v e l  informal b i r a d a r i  mechanisms f a i l  t o  provide acceptable  

c o n f l i c t  con t ro l  and r e so lu t ion ,  farmers e i t h e r  have t o  accept  an un- 

happy circumstance which may undercut t h e i r  product iv i ty  o r  they must 

go wel l  beyond t h e  v i l l a g e  t o  phys ica l ly  and s o c i a l l y  remote agencies-- 

t h e  pol ice ,  cour t s ,  o r  I r r i g a t i o n  Department. The c o s t s  of pursuing 

c o n f l i c t  i n  t h e  c o u r t s  o r  i r r i g a t i o n  bureaucracy can be a  s u b s t a n t i a l  

burden even f o r  t h e  l a r g e r  farmers. Smaller opera tors  a r e  l a r g e l y  unable 

t o  muster t he  resources f o r  prolonged recourse t o  agencies  beyond the  

v i l l a g e ,  e s p e c i a l l y  when t h e i r  opponents posses more wealth, p re s t ige ,  

and power. 

Sample farmers and key informants were asked about v i l l a g e  c o n f l i c t  

pa t t e rns .  Spec i f i ca l ly ,  they were requested t o  i d e n t i f y  c o n f l i c t  

cleavages between groups (who f i g h t s  wi th  whom), t h e  dominant i s s u e s  

which make up t h e  cleavage (what opponents f i g h t  about ) ,  t h e  d a t e s  

s t a r t e d  and terminated, mechanisms of r e so lu t ion ,  degree of r e so lu t ion ,  

and t h e  degree of h o s t i l i t y  which was generated. 

To be counted, c o n f l i c t s  must represent  a  cleavage i n  t h e  s o c i a l  

network. The term, a s  used here ,  excludes personal d i s s a t i s f a c t i o n ,  

j ea lous i e s ,  and pique which do not  a f f e c t  t he  s o c i a l  o r  community web. 

To be counted, t h e r e  must be i s s u e s  which involve a t  l e a s t  a  small 



group of people who agree  a s  t o  t h e  n a t u r e  of t h e  i s s u e s ,  and t h e r e  

9  1 must be consequences f o r  t h e  group, n o t  j u s t  f o r  a  p a r t i c u l a r  individual . -  

Ninety-nine c o n f l i c t s  meeting these  c r i t e r i a  were repor ted  i n  

f i f t e e n  of t h e  sample v i l l a g e s .  The d i s t r i b u t i o n  of c o n f l i c t s  is 

d isp layed  i n  F igure  19 ,  which r e v e a l s  t h a t  water  r e l a t e d  c o n f l i c t s  

c o n s t i t u t e  approximately 44 percent  of t h e  repor ted  v i l l a g e  d i v i s i o n s .  

Water t h e f t  i s  t h e  source of more v i l l a g e  c o n f l i c t  than  any o t h e r  type 

followed c l o s e l y  by land d i s p u t e s .  

It i s  beyond t h e  purpose of t h i s  r e p o r t  t o  c h a r a c t e r i z e  i n  any 

d e t a i l  t h e  s p e c i f i c  c o n f l i c t  s t o r i e s .  Y e t ,  a  b r i e f  c h a r a c t e r i z a t i o n  of 

c o n f l i c t  i n  a  few sample v i l l a g e s  w i l l  convey t h e  importance of c o n f l i c t  

and i ts '  r e l a t i o n s h i p  t o  a g r i c u l t u r a l  product ion and community coopera- 

t i o n  f o r  water  management improvement. 

V i l l age  101  is cha rac t e r i zed  by major c leavages d iv id ing  t h e  Mulana 

b i r a d a r i  from t h e  J a t a l i a  and t h e  Dinga over  land  and water  c o n f l i c t s ,  

bu t  respondents  i n d i c a t e  t h a t  those  t h r e e  b i r a d a r i s  w i l l  subord ina te  

t h e i r  d i f f e r e n c e s  i n  opposing t h e  ~ h i l a r d s '  ques t  t o  o b t a i n  water  r i g h t s  

on a  p re f e r r ed  watercourse.  A t  t he  r i s k  of over-s implifying,  t h e  Ghilard 

fami ly  owns land which cannot ,  f o r  topographical  reasons ,  be e f f e c t i v e l y  

i r r i g a t e d  from i ts  designated watercourse.  The Ghilard l e a d e r  has  

c o n s i s t e n t l y ,  without  success ,  a t tempted t o  secure  water  from a second 

watercourse which could p o t e n t i a l l y  s e rve  h i s  p l o t s .  - Since 1960, t h e  

Ghilard has  spent  over R s .  10,000 t o  ga in  favor  w i t h  government o f f i c i a l s  

and o t h e r  b i r a d a r i  l e a d e r s .  A marr iage of t he  G h i l a r d ' s  daughter  was 

9 / I n v e s t i g a t o r s  have made an e f f o r t  t o  avoid double count ing of repor ted  - 
conflicts--something easy t o  do a s  respondents  tend t o  mention t h e  
same c leavages  over and over  aga in .  Information taken regard ing  t h e  
p a r t i e s  involved,  t h e  d a t e s ,  t h e  i s s u e s ,  a l low one t o  avoid dupl ica-  
t i o n  i n  count ing.  
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arranged and consummated on t h e  promise t h a t  r i g h t s  on t h e  p re fe r r ed  

watercourse would be forthcoming. A l l  e f f o r t s  have f a i l e d .  Violence 

has  probably been contained only by t h e  f a c t  t h a t  t h e  Mulanas, J a t a l i a  

and Dingas presen t  a  un i ted  oppos i t ion  t o  t h e  Ghi la rds .  Yet, t h e  

opposing p a r t i e s  a r e  locked i n t o  cont inu ing  expendi ture  of r e sou rces  

t o  block each o t h e r  from a t t a i n i n g  t h e i r  r e s p e c t i v e  o b j e c t i v e s .  

I n  v i l l a g e  102, the  Jam J a t  b i r a d a r i  t akes  a  unanimous s tand  on 

one s i d e  ve r sus  Rid J a t s ,  Pahore J a t s  and Arians who s tand uni ted  i n  

oppos i t ion .  This  has  i t s  r o o t s  i n  a  b i t t e r  land d i s p u t e  over which a t  

l e a s t  two an t agon i s t s  have been k i l l e d  and has  overlapped a  c leavage 

between coopera t ive  s o c i e t y  members v s .  noncooperative farmers.  Jam 

J a t s ,  without  a  s i n g l e  except ion have re fused  t o  p a r t i c i p a t e  i n  t h e  

101 coopera t ive  farming e f f o r t  which has  been c o n t r o l l e d  by t h e i r  antagonis ts . -  

Because t he  coopera t ive  s o c i e t y  has  played a  major r o l e  i n  f inanc ing  

t h e  l o c a l  school ,  t he  Jam J a t s  have refused t o  c o n t r i b u t e  t o  i t - -placing 

-. 
another  c leavage r i g h t  on top  of t h e  land and coopera t ive  f i g h t s .  This  

tendency toward high p o l a r i z a t i o n  was exacerbated i n  1974-75, when t h e  

engineers  of t h e  CSU f i e l d  party--attempting t o  i n i t i a t e  cons t ruc t ion  

of an improved watercourse--dealt  excu l s ive ly  Q i t h  t h e  anti-Jam J a t  

l e a d e r s .  Although a  most innocent ove r s igh t ,  t h e  d i r e c t  consequence was 

t h a t  t h e  watercourse improvement p r o j e c t  was ab rup t ly  h a l t e d  midway 

through t h e  cons t ruc t ion  phase by Jam J a t  r e s i s t a n c e .  

The most t a lked  about event  i n  v i l l a g e  104 f o r  yea r s  has  been t h e  

attempted land conso l ida t ion  scheme promoted by t h e  Revenue Department 

i n  t h e  mid-1960's. The v i l l a g e  has  one a g r i c u l t u r a l  caste--Dogar--but 

10/At p a r t i t i o n ,  a r e a s  evacuated by f l e e i n g  Hindu farmers  were a l l o c a t e d  - 
by t h e  Cooperative Farming Soc ie ty  t o  incoming re fugee  farmers  a s  we l l  
a s  t o  l o c a l s .  The coopera t ive  s o c i e t y  r e t a ined  t i t l e  t o  t h e  land.  



has  been deep ly  d iv ided  over  l and  ownership ques t i ons  between t h e  Chung 

and Khamba b i r a d a r i s .  The Revenue Department 's  a t t empt  t o  push ahead 

w i th  t h e  c o n s o l i d a t i o n  p r o j e c t  r e s u l t e d  i n  phys i ca l  combat, t h e  k i l l i n g  

of a  Khamba man, and t h e  j a i l i n g  of two i n f l u e n t i a l  Chungs. The deep 

c leavage  p e r s i s t s  and con t i nues  t o  d i v i d e  fa rmers  who would f i n d  i t  most 

d i f f i c u l t  t o  coopera te  i n  any un i t ed  e f f o r t  t o  improve wate r  management. 

V i l l a g e  109 is  deep ly  s p l i t  over  a  complex set of i s s u e s  invo lv ing  

wate r  s t e a l i n g ,  land ownership d i s p u t e s ,  and women. Attar and Moqul 

b i r a d a r i s  have been opposed s i n c e  1952, bu t  t h i n g s  e s c a l a t e d  a b r u p t l y  

i n  1971 when Bowras, a l l i e d  w i th  t h e  Attars and Kahoots, jo ined  Moquls. 

Respondents a g r e e  t h a t  a t  l e a s t  22 men were d i r e c t l y  involved i n  t h e  

f i g h t i n g s  when v i o l e n c e  peaked i n  t h a t  year .  

There are sample v i l l a g e s  which a r e  n o t  h i g h l y  po l a r i z ed  i n t o  such 

h o s t i l e  corps - -v i l l ages  103, 105, 106, 113,  and 114 f o r  example. 

It is  n o t  a ma t t e r  of de te rmin ing  t h a t  t h e r e  a r e  n e c e s s a r i l y  

fewer c o n f l i c t s  p r e s e n t ,  bu t  i t  is  a  m a t t e r  of de te rmin ing  t h a t  whatever 

t h e  q u a n t i t y  of c o n f l i c t ,  c leavages  a r e  a r ranged  i n  such  a manner t h a t  

they  do n o t  r epea t ed ly  re -enforce  each o t h e r  t o  t h e  p o i n t  of making 

barga in ing  and n e g o t i a t i o n  d i f f i c u l t  and v i o l e n c e  probable .  Th i s  is  

n o t  t o  imply, however, t h a t  even non-polarized c o n f l i c t s  are unimportant 

and can  s a f e l y  be ignored by . agen t s  of change. For  example, t h e  r e s e a r c h e r s  

l e a rned  t h a t  i n  v i l l a g e  106, when i n v i t e d  t o  show a f i l m  on land  owned 

by an  i n f l u e n t i a l  Balwany, t h e  Ta r r aga r r ah  group would r e f u s e  t o  a t t e n d .  

The agen t  of planned change cannot  a f f o r d  t o  i g n o r e  c o n f l i c t  when 

p o l a r i z a t i o n  i s  low--on t h e  c o n t r a r y ,  t h e  o b j e c t i v e  must be  t o  de s ign  

and implement programs of change i n  such a  manner a s  t o  undercut  

t endenc i e s  toward p o l a r i z a t i o n .  To ach ieve  t h i s ,  t h e  change agen t  must b e  



c a r e f u l  t o  1 )  e s t a b l i s h  c r e d i b i l i t y  w i th  groups on a l l  s i d e s  of t h e  

cleavages--something most d i f f i c u l t  when c leavages  a r e  h i g h l y  p o l a r i z e d ,  

and 2) i n s u r e  t h a t  bo th  c o s t s  and b e n e f i t s  of planned programs a r e  

shared w i t h  r e l a t i v e  e q u i t y  by groups on a l l  s i d e s  of t h e  c leavages .  

To i n t roduce  a change program which p l ace s  t h e  b e n e f i t s  l a r g e l y  on one 

s i d e  of an  e x i s t i n g  c leavage  and t o  d i r e c t  t h e  d i sadvantages  l a r g e l y  t o  

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

s o c i a l  d i s r u p t i o n ,  l a c k  of coopera t ion ,  and program p a r a l y s i s  no m a t t e r  

how t e c h n i c a l l y  f e a s i b l e  and /o r  economically j u s t i f i a b l e  t h e  program. 

What agenc i e s  of c o n f l i c t  r e s o l u t i o n  a r e  employed by fa rmers?  

Table  79 r e v e a l s  t h e  d i s t r i b u t i o n  of c o n f l i c t  t ypes  and t h e  h i g h e s t  

agency involved i n  t h e  c o n t r o l  of t h e  c o n f l i c t .  B i r a d a r i s  a r e  involved 

i n  a l l  c o n f l i c t s .  But t h e r e  a r e  occas ions  when in formal  b i r a d a r i  

mechanisms a r e  i n s u f f i c i e n t ;  d i s p u t a n t s  invo lve  agenc i e s  beyond t h e  

v i l l a g e .  

I n  sum, c o n f l i c t s  s u f f i c i e n t l y  important  t o  d i v i d e  groups of 

fa rmers  i n t o  opposing f a c t i o n s  have been found i n  a l l  sample v i l l a g e s  

f o r  which c o n f l i c t  d a t a  were r epo r t ed .  Some v i l l a g e s  a r e  more deep ly  

d iv ided  than  o t h e r s .  For a l l  t ypes  of c o n f l i c t ,  in formal  b i r a d a r i  

mechanisms were brought i n t o  p l ay  and they  c o n s t i t u t e d  c e n t r a l  dev i ce s  

f o r  c o n f l i c t  c o n t r o l  and r e s o l u t i o n .  Land and g e n e r a l  t h e f t  c o n f l i c t s  

tended t o  e s c a l a t e  t o  h ighe r  a u t h o r i t y  beyond t h e  v i l l a g e  more than  

d i d  c o n f l i c t s  r ega rd ing  t h e f t  of wa te r ,  which w a s  t h e  s i n g l e  l a r g e s t  

sou rce  of v i l l a g e  d i v i s i o n .  Farmers, i n  a l l  sample v i l l a g e s  f o r  which 

d a t a  a r e  a v a i l a b l e ,  a r e  cons t r a ined  by t h e  f a c t  t h a t  they  f i n d  coopera- 

t i o n  d i f f i c u l t ,  i f  n o t  imposs ib le ,  i n  some c a s e s ,  a c r o s s  deep c leavages .  

They must i n v e s t  s c a r c e  r e sou rce s  t o  oppose o t h e r  groups which could 

o therwise  be employed f o r  t h e i r  own economic and s o c i a l  development. 



Table  79. C o n f l i c t  f requency and h i g h e s t  agency o f  r e s o l u t i o n  by t y p e  of c o n f l i c t  f o r  
t h e  f i v e  y e a r  p e r i o d  p r eceed ing  i n t e r v i e w s  i n  sample v i l l a g e s  101-115. 

C o n f l i c t  t y p e  Frequency 
Agency of  r e s o l u t i o n  

Cour t  P o l i c e  I r r i g a t i o n  B i r a d a r i *  
Department 

Water t h e f t  36 9  3 2 22 

Watercourse  
l o c a t i o n  

Mogha placement 
en la rgement  

Watercourse  
c l e a n i n g  

Land 33  19  2 - 1 2  

Genera l  t h e f t  
( c r o p s ,  an ima l s ,  
implements)  14  

Women 6 3 - - 3 

R e l i g i o n  0  - - - - 

O t h e r ( r i g h t s  of  way 
f o r  r o a d s  and p a t h s )  2  

*Note: On o c c a s i o n  b i r a d a r i  l e a d e r s  m e e t  a s  panchayat  members t o  c o n t r o l  and r e s o l v e  
conf 1 ic ts  . 



C o n f l i c t  is  found i n  a l l  s o c i e t i e s  and i s  a c e n t r a l  f a c t  of l i f e  i n  a l l  

i r r i g a t i o n  systems,  bu t  P a k i s t a n i  f a r m e r s  l a b o r  under t h e  a d d i t i o n a l  

burden of n o t  having t h e  b e n e f i t  of  formal  c o n f l i c t  r e s o l u t i o n  o rgan iza -  

t i o n  e a s i l y  and inexpens ive ly  a v a i l a b l e  a t  t h e  l o c a l  l e v e l .  

V I I .  THE DISTRIBUTION OF POWER/INFLUENCE 

Sample fa rmers  were asked t o  r a t e  each wate rcourse  fa rmer ,  

i n c l u d i n g  themselves ,  i n  response  t o  t h e  two p a r t  q u e s t i o n :  How much 

inf luence/power  does  a  farmer  have i n  m a t t e r s  of 1 )  wa te rcourse  c l e a n i n g  

and 2) s e t t l i n g  wate rcourse  d i spu tes? -  ''I The s c o r e s  ob ta ined  y i e l d  a  

power s c o r e  f o r  e v e r y  i n d i v i d u a l  farmer  on t h e  sample watercourses--even 

t h o s e  n o t  f a l l i n g  w i t h i n  t h e  s t r a t i f i e d  random sample. The d i s t r i b u t i o n  

of i n f l u e n c e  s c o r e s  f o r  bo th  t h e  t o t a l  p o p u l a t i o n  of f a ~ m e r s  on t h e  

sample wa te rcourses  and f o r  t h e  s t u d y  sample is  d i s p l a y e d  i n  F i g u r e s  

20 and 21. Only i n  t h e  c a s e  of sample f a r m e r s ,  of c o u r s e ,  could  d a t a  

11/See f o r  d i s c u s s i o n s  of power and i n f l u e n c e  i n  P u n j a b i  v i l l a g e s  I n a y a t  
Ulah,  P e r s p e c t i v e s  i n  t h e  Rura l  Power S t r u c t u r e  I n  West ~ a k i s t a n .  
Development Research and Eva lua t ion  Group. Uni ted S t a t e s  A.I.D. 
Miss ion t o  P a k i s t a n ,  A p r i l ,  1963. Also,  Muhammad Raf ique Raza, - Two 
P a k i s t a n i  V i l l a g e s :  A  s t u d y  i n  S o c i a l  S t r a t i f i c a t i o n ,  Lahore,  Univ- 
e r s i t y  of t h e  Punjab,  1969. Much confus ion  s t i l l  e x i s t s  over  p r e c i s e  
meaning of concep t s  of power and i n f l u e n c e .  A v a r i e t y  o f  s c h o l a r s  
have a t t empted  t o  a r r i v e  a t  c o n c e p t u a l l y  c l e a r  d e f i n i t i o n s .  One of 
t h e  most u s e f u l  approaches ,  i n  o u r  judgement, i s  t h a t  of Bachrach 
and Bara tz  who d e f i n e  power i n  terms of t h e  a b i l i t y  t o  invoke t h e  
t h r e a t  of s a n c t i o n s  upon a n o t h e r  p a r t y  i n  o r d e r  t o  s e c u r e  t h a t  p a r t y ' s  
compliance.  I n f l u e n c e ,  on t h e  o t h e r  hand, h a s  t o  do w i t h  s e c u r i n g  
compliance w i t h o u t  employing t h e  t h r e a t  of s a n c t i o n s ,  but  through-  
u s e  of t e c h n i q u e s  of l o g i c a l  o r  moral  p e r s u a s i o n .  See,  P e t e r  Bachrach 
and Morton S. B a r a t z ,  Power and Pover ty :  Theory and P r a c t i c e .  London, 
Oxford, 1970, p. 17-38. 

Because t h e  measures which were t a k e n  on t h e  wa te rcourse  d i d  n o t  s o r t  
o u t  t o  what e x t e n t  a  p a r t i c u l a r  b i r a d a r i  o r  i n d i v i d u a l  f a r m e r ' s  s c o r e  was 
based on o r  e s t i m a t e s  of a b i l i t y  t o  c o n t r o l  s a n c t i o n s ,  t h i s  r e p o r t  
c o n s i s t e n t l y  r e f e r s  t o  b o t h  power and i n f l u e n c e .  There  i s  l i t t l e  
doubt ,  however, t h a t  i n  t h e  c a s e  of h i g h  s c o r i n g  b i r a d a r i s  o r  
i n d i v i d u a l  f a rmers ,  t h a t  a  major  p o r t i o n  of t h e  s c o r e  probably  can  be  
a t t r i b u t e d  t o  c o n t r o l  over  sanctions--power--credit ,  c o n t a c t s  w i t h  
o f f i c i a l s ,  a b i l i t y  t o  wi thhold  food o r  animal  fodder  i n  t imes  of 
s h o r t a g e ,  and a b i l i t y  t o  t h r e a t e n  armed f o r c e .  
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Figure 20. Distribution of Power/Influence Scores for Total Population 
of Farmers on Sample Watercourses. 
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Figure 21. Sample Farmer Distribution of ~ower/Influence of Farmers 
on Sample Watercourses. 



be gathered about  farming ope ra t i ons ,  farmer knowledge, farmer  i r r i g a t i o n  

behavior ,  and o t h e r  persona l  c h a r a c t e r i s t i c s .  By exp lo r i ng  sample farmer 

d a t a ,  i t  i s  p o s s i b l e  t o  l e a r n  something about  t h e  c h a r a c t e r i s t i c s  of 

powerful and i n f l u e n t i a l  f a rmers .  

Looking f i r s t  a c r o s s  t h e  e n t i r e  sample of fa rmers ,  Table  80 

shows t h e  a s s o c i a t i o n  between farmer power/ inf luence s c o r e s  and s e l e c t e d  

farmer c h a r a c t e r i s t i c s .  The major f i n d i n g  d i sp l ayed  i s  t h a t  farmer 

power i s  p o s i t i v e l y  a s s o c i a t e d  w i t h  s i z e  of l andhold ings ,  adopt ion ,  and 

a c c e s s  t o  media.12/ Y e t ,  t h e r e  i s  l i t t l e  s t r e n g t h  t o  t he se  a s soc i a t i ons - -  

they are uniformly weak even though t h e  p r o b a b i l i t y  of t h e  a s s o c i a t i o n  

by chance a l o n e  i s  low i n  a l l  r e l a t i o n s h i p s .  

A few a d d i t i o n a l  comments about  Table 80 a r e  i n  o r d e r .  More 

powerful and i n f l u e n t i a l  sample fa rmers  have no more a c c e s s  t o  informa- 

t i o n  about  c ana l  c l o s u r e s  and schedules  than do t h e i r  l e s s  powerful 

c o u n t e r p a r t s .  As a  ma t t e r  of f a c t ,  t h e  c o r r e l a t i o n  is  nega t i ve ,  a l though  

it is  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Also,  i t  i s  worth  n o t i n g  t h a t  more 

powerful and i n f l u e n t i a l  sample fa rmers  do n o t  tend t o  have much more 

farm management knowledge than  lower s c o r e r s  on t h e  i n f l u e n c e  s c a l e .  

Although more powerful fa rmers  tend t o  r e a l i z e  improved farm and water  

management t echn iques  than do l e s s  powerful fa rmers ,  t h e i r  knowledge of 

such techn iques  is  very  l i t t l e  g r e a t e r .  With regard  t o  i r r i g a t i o n  

p r a c t i c e s  i n  t h e  f i e l d  where fa rmers  were observed,  a f a rmer ' s  power i s  

s l i g h t l y  n e g a t i v e l y  a s s o c i a t e d  w i t h  t h e  e x e r c i s e  of r e spons ib l e  c a r e  i n  

app ly ing  wate r .  Although t h e  r e l a t i o n s h i p  between farmer power and 

c a r e l e s s  i r r i g a t i o n  p r a c t i c e  i s  weak, i t  would occur  by chance l e s s  

12 /S ince  responses  t o  t h e  two p a r t s  of t h e  ques t i on  were i d e n t i c a l ,  - 
va lue s  f o r  t h e  two p a r t s  have been co l lapsed  i n t o  one f o r  purposes 
of r e p o r t i n g  r e s u l t s .  To avoid t h e  c lumsiness  i nhe ren t  i n  t h e  
repea ted  u se  of t h e  hyphenated "power/influence," power and i n f l u e n c e  
w i l l  be used a s  synonyms i n  t h e  t e x t .  



Table 80. Sampe farmer power/influence by selected farmer variables. 

Farmer power/influence 
is associated with 

Pearson Pearson Spearman 
N product moment 2 rho r correlation r~ 

Area owned (acres) 

Area cultivated (acres) 

Adoption index 

Access to canal information index 

Man's media access index 

Man's media exposure index 

Farm management knowledge index 

Farm management utilization index 

Irrigation responsibility index 

Years of education 

Water management knowledge index 

Water aanagement utilization index 

*Significant at the .O1 level 
**Significant at the .001 level 



t han  one i n  a hundred times. F i n a l l y ,  T a b l e  80  shows t h a t  more i n f l u e n t i a l  

f a r m e r s  t end  t o  be  s l i g h t l y  more h i g h l y  educa ted .  The r e l a t i o n s h i p  i s  

weak, b u t  would occur  by chance  less t h a n  once  i n  a thousand times by 

random chance  a l o n e .  

The b i g g e s t  s u r p r i s e  i n  Tab le  80  i s  t h e  un i fo rmly  weak r e l a t i o n -  

s h i p s  between t h e  s o c i a l  power a t t r i b u t e d  t o  sample f a r m e r s  and t h e i r  

l a n d  h o l d i n g s .  Tab le  8 1  shows t h e  d i s t r i b u t i o n  of l a n d  h o l d i n g s  by 

farm s i z e  c a t e g o r y  a s  i t  r e l a t e s  t o  farmer  p o w e r / i n f l u e n c e .  Again,  one 

f i n d s  a modes t ly  p o s i t i v e  a s s o c i a t i o n  b u t  n o t  t h e  k ind  o f  r e l a t i o n s h i p  

one  e x p e c t s  t o  f i n d  i n  a n  a r e a  where l a n d  h a s  a lways  been thought  t o  be  

a ma jo r ,  i f  n o t  pr imary,  s o u r c e  of  power and i n f l u e n c e .  Why i s  power/ 

i n f l u e n c e  n o t  a s s o c i a t e d  w i t h  l a n d  h o l d i n g  s i z e  i n  a much s t r o n g e r  way? 

Power is measured a t  t h e  w a t e r c o u r s e  l e v e l .  The meaning o f  any g i v e n  

l a n d  h o l d i n g  w i l l  v a r y  from w a t e r c o u r s e  t o  w a t e r c o u r s e .  Conceivably ,  

on some w a t e r c o u r s e s ,  a  f a rmer  w i t h  t e n  a c r e s  cou ld  w i e l d  s u b s t a n t i a l  

i n f l u e n c e  v i s  a  v i s  h i s  n e i g h b o r s  who own less. Y e t ,  on a n o t h e r  

w a t e r c o u r s e ,  1 0  a c r e s  of l a n d  h o l d i n g  would b e  much t o o  l i t t l e  g i v e n  t h a t  

o t h e r  w a t e r c o u r s e  members own l a r g e r  amounts. T h e r e f o r e ,  t h e  meaning 

of a g i v e n  number of  a c r e s  c a n  v a r y  wide ly  among w a t e r c o u r s e s  and t h e  

r e l a t i o n s h i p  of  l a n d  t o  power / in f luence  "washes ou t "  when f a r m e r s  from 

a c r o s s  t h e  sample w a t e r c o u r s e s  a r e  ana lyzed  a s  one  u n i t .  To o b t a i n  

a more d i s c r i m i n a t i n g  l o o k  a t  l a n d  and power, t h e  a n a l y s i s  p roceeds  

w a t e r c o u r s e  by w a t e r c o u r s e .  

Two problems a r e  encoun te red  i n  s i n g l i n g  o u t  w a t e r c o u r s e s  

i n d i v i d u a l l y .  F i r s t ,  t h e  number o f  sample f a r m e r s  on any s i n g l e  wa te r -  

c o u r s e  i s  smal l - - ranging from a minimum of 3 t o  a maximum of 2 3  ( s e e  

Tab le  8 2 ) .  The second problem c o n s i s t s  of  t h e  f a c t  t h a t  t h i s  s e c t i o n  



Table 81. Relationship of sample farmer power/influence to farmer landholding size 

Degree of 
power/ 

influence c2.4 

14 

(5.0) 

12 

(4.3) 

16 

(5.7) 

8 

(2-8) 

5 

(1.8) 

3 

(1.1) 

2.5- 
7.49 

13 

(4.6) 

8 

(2.8) 

19 

(6.7) 

7 

(2.5) 

10 

(3.5) 

10 

(3.5) 

Farm size 
I .  5- 
12.4 

9 

(3.2) 

9 

(3.2) 

17 

(6.0) 

8 

(2- 8) 

8 

, (2.8) 

13 

(4.6) 

N = 282 

( ) = 8 - 
49.9 

1 

(-4) 

3 

(1.1) 

4 

(1.4) 

0 

(0) 

4 

(1.4) 

2 

(.7) 

category (acres); 
12.5- 
74.9 

4 

(1.4) 

8 

(2.8) 

19 

(6.7) 

11 

(3.9) 

13 

(4.6) 

17 

(6.0) 

50+ 

0 

(0) 

1 

(.4) 

0 

(0) 

0 

(0) 

0 

(0) 

6 

(2.1) 



Table 82. Number of sample farmers on sample watercourses. 

Mean number of 
sample farmers 
on sample . . . . . . . . . . . . . . . . . . . . .  watercourses 8.66 

Median number . . . . . . . . . . . . . . . . . . . .  7 

. . . . . . . . . . . . . . . . . . . . .  Modal number 7 

flinimumnurnber. . . . . . . . . . . . . . . . . . . .  3 

. . . . . . . . . . . . . . . . . . . .  liaximum number 23 

Watercourse N=42 

Sample farmer N=282 



of t h e  r e p o r t  w i l l  bal loon out  of proport ion i f  d e t a i l e d  d a t a  a r e  

presented f o r  each watercourse.  The answer t o  t h e  f i r s t  problem re so lves  

t h e  second. Those watercourses  wi th  fewer than  n ine  sample farmers  w i l l  

be e l imina ted  from the  p re sen ta t ion  l eav ing  a  subsample of 12  water- 

courses  f o r  cons idera t ion .  Of t h e  12 remaining, t h e r e  a r e  3  f o r  which 

no s o c i a l  power d a t a  were gathered.  Therefore,  a  subsample of n ine  

remains f o r  which required d a t a  e x i s t s  and which a f f o r d  an "n" of n ine  

13  / o r  more farmers.- 

Even by analyzing only se l ec t ed  watercourses  wi th  t h e  g r e a t e s t  

number of sample farmers,  t h e  r e l a t i v e l y  small  "n" i nc reases  t h e  p r o b a b i l i t y  

t h a t  any given r e l a t i o n s h i p  between two v a r i a b l e s  may occur by chance 

alone.  Table 83 d i s p l a y s  t h e  r e l a t i o n s h i p  between sample farmer power 

and a c r e s  of land owned. Of t h e  12 watercourses  represented i n  Table 83, 

6 a r e  cha rac t e r i zed  by s t rong  p o s i t i v e  a s s o c i a t i o n s  between power and 

land Two watercourses  a r e  cha rac t e r i zed  by farmers  wi th  weak 

but  p o s i t i v e  a s s o c i a t i o n s  and four  (watercourses 104-2 ; 111-1; 116-1, and 

13/Note: Three a d d i t i o n a l  v i l l a g e s  w i th  "n's" l e s s  than  nine--114-1, - 
116-1, and 116-4, a r e  included on Tables 83 and 84 t o  he lp  shed l i g h t  
on cases  i n  v i l l a g e s  114 and 116 wherein t h e r e  e x i s t  low o r  nega t ive  
c o r r e l a t i o n s  between power and land c u l t i v a t e d  on t h e  watercourses  
with a  minimally adequate "n". 

14/Note on reading Tables  83-90. The Pearson product  moment c o r r e l a t i o n  - 
c o e f f i c i e n t  ( r )  expresses  t he  s t r e n g t h  of r e l a t i o n s h i p  between two 
v a r i a b l e s .  The va lue  can vary from 4-1 (pe r f ec t  p o s i t i v e  a s s o c i a t i o n )  
t o  zero (no a s soc i a t ion )  t o  -1 (pe r fec t  nega t ive  a s s o c i a t i o n ) .  The 
11 I 1  r va lue ,  when squared ( r2)  i n d i c a t e s  t h e  propor t ion  of  t h e  va r i a -  
t i o n  i n  one v a r i a b l e  which i s  explained by i t s  l i n e a r  a s s o c i a t i o n  with 
t h e  second va r i ab l e .  The "p" va lue  expresses  t h e  p r o b a b i l i t y  t h a t  
t h e  "r" va lue  could be expected t o  occur by chance. A p  va lue  of .01, 
f o r  example, would i n d i c a t e  t h a t  t h e  a s soc i a t ed  r va lue  would be 
expected t o  occur by chance a lone  one time i n  one hundred. By con- 
vent ion ,  a  given r e l a t i o n s h i p  ( r  o r  r 2 )  is s a i d  t o  assume s t a t i s t i c a l  
s ign i f i cance  i f  t h e  p  va lue  i s  equal  t o  o r  less than -05. One should 
never assume t h a t  because a  r e l a t i o n s h i p  l a c k s  s t a t i s t i c a l  s i g n i f i c a n c e  
a t  a  high l e v e l ,  t h a t  t h e  r e l a t i o n s h i p  must n e c e s s a r i l y  l a c k  sub- 
s t a n t i v e  i n t e r e s t  o r  s ign i f i cance .  



Table  8 3 .  Rela t i onsh ip  between sample farmer  power/ inf luence and a r e a  owned. 

Power/Influence Pearson produc t  Pearson Spearman 
i s  a s s o c i a t e d  moment 

2 
rho  

w i t h  a r e a  owned N c o r r e l a t i o n  P= r rs P= 



116-4) r evea l  t h a t  land owned is inve r se ly  r e l a t e d  t o  power/influence 

al though weakly s o  i n  a l l  c a s e s  t h e r e  a r e  high p r o b a b i l i t i e s  t h a t  t he se  

a r e  chance outcomes. A comparison wi th  Table 84 shows t h a t  i n  two of 

t he se  fou r  cases--104-2 and 116-1--the same nega t ive  o r  l a c k  of r e l a t i o n -  

sh ip  appears  between power and land  c u l t i v a t e d .  I n  essence,  l and  owner- 

s h i p  o r  c u l t i v a t i o n  has  l i t t l e  meaning f o r  t h e  power o r  i n f luence  

a t t r i b u t i o n  on these  watercourses .  However, t h e  s o c i a l  networks on 

watercourses  111-1 and 116-4 show s t r o n g  p o s i t i v e  r e l a t i o n s h i p  between 

power and land under c u l t i v a t i o n .  Inspec t ion  r e v e a l s  t h a t  t he se  two 

watercourses  a r e  cha rac t e r i zed  by h igh  tenancy. Many t enan t  farmers  may 

r e c e i v e  r e l a t i v e l y  high power/influence s co re s  because they  c u l t i v a t e  

l a r g e  amounts of land f o r  absentee  l and lo rds .  I n  e f f e c t ,  an owner- 

opera tor  may have less in f luence  on 111-1 o r  116-4 than  a  t enan t  farmer 

who s t ands  i n  f o r  a  l a r g e  l and lo rd .  Land can  be  a s soc i a t ed  w i th  power 

and in f luence  i n  a t  l e a s t  two d i f f e r e n t  ways--owners can d i r e c t l y  

b e n e f i t  from t h e  r e sou rces  which land con fe r s  and t e n a n t s  farming l a r g e  

acreages  f o r  absentee  l and lo rds  can, a t  l e a s t  i n  c e r t a i n  i n s t ances ,  

e x e r c i s e  power/influence on behalf  of t h e  landlord .  Overa l l ,  Tables  

83 and 84 a r e  c o n s i s t e n t .  Land owned and land c u l t i v a t e d  a r e  bo th  

p o s i t i v e l y  assoc' iated wi th  power/influence on t h e  ma jo r i t y  of water- 

courses .  

It is p o s s i b l e  t o  examine o t h e r  c o r r e l a t e s  of power/ inf luence 

on a  watercourse by watercourse b a s i s .  Again, only a  s e l e c t e d  sample 

of watercourses  can be employed due t o  t h e  small number of sample 

farmers  on t h e  ma jo r i t y  of watercourses  on which d a t a  were c o l l e c t e d .  

Tables  85-90 d i s p l a y  t h e  c o r r e l a t e s  of power/influence d i saggrega ted  

t o  t h e  watercourse l e v e l .  Overa l l ,  t h e  same p a t t e r n s  hold up a s  



Table 84. Relationship between sample farmer power/influence and acres of land 
cultivated. 

Power/Influence is 
associated with Pearson product Pearson Spearman 
total acres of land moment rho 
cultivated N correlation P= r 2 

Is P= 



Table  85. R e l a t i o n s h i p  between farmer  power / inf luence  and d i s t a n c e  from t h e  rnogha. 

Power / Inf luence  i s  Pearson  p roduc t  Pearson Spearman 
a s s o c i a t e d  w i t h  moment 2 r ho  
d i s t a n c e  from mogha N c o r r e l a t i o n  P= r ICs P= 



found i n  t h e  pooled d a t a  f o r  a l l  wa te rcourses .  It might b e  s p e c u l a t e d  

t h a t  s o c i a l  i n f l u e n c e  would b e  a s s o c i a t e d  n e g a t i v e l y  w i t h  d i s t a n c e  from 

t h e  mogha--either because  more powerful  f a rmers  would s e e k  t h e  advan tages  

of be ing  proximate  t o  t h e  mogha o r  because  t h e  i n h e r e n t  advan tages  of 

be ing  c l o s e  t o  t h e  source  of supply  i s  i n  i t s e l f  a s o u r c e  of s o c i a l  

power. Tab le  85,  however, r e f u t e s  t h i s  notion--save f o r  two c a s e s ,  

116-1 and 116-2 where t h e  i n f l u e n t i a l s  do t end  t o  be  l o c a t e d  toward t h e  

mogha. However, wa te rcourse  114-3 shows t h e  o p p o s i t e  r e l a t i o n s h i p ;  t h e  

g r e a t e r  t h e  d i s t a n c e  from t h e  mogha t h e  g r e a t e r  t h e  i n f l u e n c e .  I n  7  of 

t h e  11 w a t e r c o u r s e s  on Tab le  85 t h e r e  i s  no r e l a t i o n s h i p  between power 

and wate rcourse  l o c a t i o n .  

Is power / in f luence  a s s o c i a t e d  w i t h  y e a r s  of educa t ion?  Only i n  

two of t h e  n i n e  c a s e s  r e p r e s e n t e d  i n  Table  86; f o r  t h e  most p a r t  t h e  

r e l a t i o n s h i p s  a r e  e i t h e r  n e g a t i v e  (104-2) o r  n o n e x i s t e n t .  

Do sample fa rmers  who a r e  judged t o  be  more powerful  have more 

farm management knowledge t h a n  t h e i r  l e s s  i n f l u e n t i a l  c o u n t e r p a r t s ?  

Only i n  t h r e e  c a s e s  a r e  s t r o n g  p o s i t i v e  a s s o c i a t i o n s  r e v e a l e d  between 

power and farm management knowledge--112-1; 114-1; and 116-1; ( s e e  

Tab le  8 7 ) .  S t rong  n e g a t i v e  r e l a t i o n s h i p s  appear  between t h e s e  v a r i a b l e s  

a s  shown i n  t h e  c a s e s  of 104-1 and 104-2. For t h e  most p a r t ,  knowledge 

of good farm management p r a c t i c e s  is on ly  weakly r e l a t e d  t o  power and 

t h e s e  weak r e l a t i o n s h i p s  have h i g h  p r o b a b i l i t i e s  of o c c u r i n g  by random 

chance.  O v e r a l l ,  t h e r e  i s  l i t t l e  b a s i s  f o r  conc lud ing  t h a t  t h e r e  is any 

r e l a t i o n s h i p  between farmer  power and farm management knowledge. 

I f ,  on most wa te rcourses ,  farm management knowledge i s  n o t  

s t r o n g l y  a s s o c i a t e d  i n  any p o s i t i v e  manner w i t h  s o c i a l  power, one might 

expec t  t h a t  t h e r e  would b e  l i t t l e  a s s o c i a t i o n  between power and i r r i g a t i o n  



Table 86. Relationship between farmer power/influence and years of education. 

Power/Influence Pearson product Pearson Spearman 
is associated moment 2 

rho 
with education N correlation P= r P= 



Table 87. Relationship between sample farmer power/influence and farm management 
knowledge. 

Power/Influence is 
associated with Pearson product Pearson Spearman 
farm management moment 

2 
rho 

knowledge N correlation P= r rs P= 



efficiency. In essence, this expectation is confirmed by Table 88. 

There is no significant positive relationship between farmer influence 

and mean farmer delivery efficiency weighted by the quantity of flow 

at the mogha outlet. Higher power scores among sample farmers are 

associated negatively, if at all, with irrigation responsibility (see 

Table 89). Farmers were observed during their actual irrigation turn 

and their behavior was recorded making it possible to construct scores 

reflecting the care exercised (see irrigation responsibility index, 

Volume VI, Appendix 2). For those nine watercourses for which data 

exist, and for which the number of sample farmers observed is minimally 

acceptable, there is no relationship between power and responsibility 

in three cases; and there is a strong negative relationship approaching 

statistical significance in five cases. In only one case (114-3) do 

the more powerful sample farmers display a propensity to be more 

responsible irrigators. 

Yet, sample farmers who are reputed to be more influencial do tend 

to score higher on the adoption index. On the whole such farmers may 

not possess more farm management knowledge, but they are more prone to 

adopt improved implements, seeds, and practices in 9 of the 11 water- 

courses for which data is displayed on Table 90. 

In sum, then, individual power/influence on watercourse social 

units tends to be strongly associated with land ownership and/or 

cultivation in the majority of instances, more powerful farmers tend to 

havegreaterpropensities to adopt innovations. They have only a slight 

tendency to have experienced more education, and that tendency is 

strongly reversed in specific watercourse units. On the majority of 

watercourses for which data exist, farmer power is either unrelated or 



Table 88. Relationship between farmer power/influence and weighted mean farm delivery 
efficiency.* 

Power/Influence is 
associated with Pearson Pearson Spearman 
weighted mean farm product moment 

2 
rho 

delivery efficiency N correlation P= r rs P= 

*Weighted on mogha Q 



Table 89. Relationship between farmer power/influence and irrigation responsibility 
index. 

Power/Influence 
is associated Pearson product Pearson Spearman 
with irrigation moment 2 rho 
responsibility N correlation P= r rs P= 



Table 90. Relationship between sample farmer power/influence and adoption of 
innovations. 

Power/Influence is Pearson product Pearson Spearman 
associated with moment 

2 rho 
adopt ion N correlation P= r r~ P= 



inverse ly  r e l a t e d  t o  farm management knowledge. There is no o v e r a l l  

tendency f o r  i n f l u e n t i a l  farmers t o  be located toward the  head of 

watercourses, they do not obta in  higher farm de l ive ry  e f f i c i e n c i e s  and 

t h e r e  i s  some p robab i l i ty  t h a t  they a r e  d i s t i n c t l y  l e s s  l i k e l y  t o  be 

ca re fu l  i n  t h e i r  i r r i g a t i o n  behaviors a s  measured by t h e  i r r i g a t i o n  

r e s p o n s i b i l i t y  index. 

Individual  farmer power/influence ana lys i s  reveals  something about 

the  a t t r i b u t e s  of p a r t i c u l a r  farmers, but now i t  i s  poss ib le  t o  proceed 

t o  an ana lys i s  of watercourse network c h a r a c t e r i s t i c s .  We approach the  

watercourse network, a s  d is t inguished from the  indiv idual  farmer , with  

two concepts: 

a .  Cen t ra l i ty  of power--a dimension which t e l l s  what percentage 

of farmers on a given watercourse score some spec i f i ed  amount 

of the  p o t e n t i a l l y  highest  inf luence  score--go%+, 80%+, 

70%+, 60%+, 50%+. The d e f i n i t i o n  and methodology f o r  ca l -  

cu la t ing  "cent ra l i ty"  i s  presented i n  Volume V I  , Appendix 2. 

Obvisously, farmers who score  90%+ of t h e  p o t e n t i a l  score  a r e  

more "central"  i n  the  watercourse dec is ion  network than are 

farmers who score  30% of the  p o t e n t i a l .  The c e n t r a l i t y  

dimension reveals  how many i n f l u e n t i a l s  a t  what l e v e l s  (go%+, 

80%+, 70%+,--50%+) a r e  present  i n  a watercourse network 

ranked cummulatively downward. It is conceivable t h a t  

everybody on a watercourse could score high o r  low on the  

measure--e.g., on watercourse "x", zero percent of the  farmers 

might score f i f t y  o r  more percent of t h e  p o t e n t i a l l y  h ighes t  

power/influence score,  whereas on watercourse "y", a l l  of the  

farmers might score  i n  excess of f i f t y  percent of the  po ten t i a l .  



The c e n t r a l i t y  s co re  f o r  watercourse "x" would t h e r e f o r e  be 

zero  and f o r  watercourse "y" would be 100--at t h e  50% l e v e l .  

b .  Equal i ty  (concent ra t ion)  of power/influence--a dimension which 

d e f i n e s  t h e  ex t en t  t o  which power/influence i s  d i s t r i b u t e d  

equa l ly  among farmers  i n  t h e  watercourse network. The methodology 

is  d iscussed  i n  Volume V I ,  Appendix 2 .  This  s co re  answers t he  

fol lowing quest ion:  I f  one proceeds downward from t h e  top  of 

a ranked frequency d i s t r i b u t i o n  of farmer power/influnce s co re s ,  

how many farmer s co re s  does i t  take ,  when summed, t o  equal  

o r  exceed 50 percent  of t h e  sum of a l l  s co re s .  A condi t ion  of 

g r e a t e s t  pos s ib l e  e q u a l i t y  w i l l  be ob ta ined  i f  i t  t a k e s  

exac t ly  t h e  top  50 percent  of farmer s co re s  t o  equal  50 per- 

cen t  of t h e  sum of a l l  farmer s co re s .  A condi t ion  of g r e a t e s t  

pos s ib l e  i n e q u a l i t y  w i l l  occur i f  it  only t a k e s  t h e  top s i n g l e  

f a rmer ' s  s co re  t o  equa l  o r  exceed 50 percent  of t h e  t o t a l  

scores--something which w i l l  occur when many farmers  a r e  given 

low o r  zero r a t i n g s .  

Whereas an  e q u a l i t y  s co re  may r e v e a l  e q u a l i t y  when a l l  farmers  

a r e  equa l ly  weak o r  when a l l  a r e  equa l ly  powerful,  i t  must be employed 

i n  conjunc t ion  wi th  t h e  c e n t r a l i t y  score  which r e v e a l s  t h e  degree t o  

which t h e r e  i s  weakness o r  s t r e n g t h  along a sample watercourse.  

Watercourse l e v e l  d a t a  f o r  power c e n t r a l i t y  and e q u a l i t y  a r e  

presented i n  Table  91 f o r  a l l  watercourses  except  t he  t h r e e  i n  v i l l a g e  

107 f o r  which no in f luence  d a t a  were c o l l e c t e d .  Table  91 d a t a  a r e  

g raph ica l ly  arrayed i n  F igures  22  and 2 3 .  

A s  a watercourse network a t t a i n s  s co re s  which move i t  v e r t i c a l l y  

on t h e  g r i d s ,  a g r e a t e r  percentage of t he  watercourse populat ion of 



Table 91. Power/influence centrality and equality scores by sample 
watercourses. 

Village Centrality score Equality 
watercourse N* 80% 50% + score 

*NOTE: Because sample farmers estimated the power/influence for all 
watercourse farmers, the 'n' for each watercourse equals the population 
of farmers on the watercourse. Therefore, the centrality and equality 
scores are constructed from data on the entire watercourse farmer 
population, not just sample farmer data. 



Inequality: 
Mony Strong 
Few Weo k Central i ty Equals 80 '1, + 

Equa l i ty  
o f  Strong 

Inequality 
Few Strong 
Mony Weak 

Equality Score Equal i ty  
o f  Weak 

Figure 22. Distribution of power/influence on watercourses 
representing 15 villages. 



Inequality: 
Many Strong 
Few Weok Centrality Equals 5 0  O/O + 

Equality 
of Strong 

Figure 23. Distribution of power/influence on watercourses 
representing 15 villages. 
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fa rmers  s c o r e  80 p e r c e n t  o r  more t h e i r  p o t e n t i a l  power s c o r e  (F igure  22) 

o r  50 p e r c e n t  o r  more a s  on F i g u r e  23. As a network moves h o r i z o n t a l l y  

toward t h e  r i g h t ,  g r e a t e r  e q u a l i t y  of power d i s t r i b u t i o n  i s  i n d i c a t e d .  

The f o u r  c o r n e r s  of t h e  g r i d  r e p r e s e n t  extremes o f  f o u r  p o s s i b l e  combina- 

t i o n s  of c e n t r a l i t y  and e q u a l i t y .  A wate rcourse  s o c i a l  network p laced  

on t h e  upper l e f t  of  t h e  g r i d  would have many fa rmers  s c o r i n g  h i g h l y  on 

t h e  power / in f luence  measure,  b u t  t h e r e  is  a l s o  s u b s t a n t i a l  i n e q u a l i t y  a s  

determined by t h e  f a c t  t h a t  i t  t a k e s  r e l a t i v e l y  few of t h e  most powerful  

f a rmers  t o  account  f o r  50 p e r c e n t  o r  more of t h e  power / in f luence  a t t r i b u t e d  

t o  fa rmers  on t h e  wa te rcourse .  

Watercourses  approaching t h e  upper r i g h t  of F i g u r e  22 and 23 

r e p r e s e n t  a combinat ion of powerful  f a rmers  who a r e  roughly e q u a l  i n  

power. Here we f i n d  t h e  e q u a l i t y  of t h e  s t r o n g .  The lower l e f t  s e c t o r  

of t h e  g r i d s ,  however, r e p r e s e n t  t h o s e  wa te rcourse  networks wherein  on ly  

a few powerful  dominate t h e  many weak i n  a c o n t e x t  of g r e a t  i n e q u a l i t y .  

Here o n l y  a few fa rmers  s c o r e  80 p e r c e n t  of t h e i r  p o t e n t i a l  o r  more on 

F i g u r e  22, o r ,  i n  t h e  c a s e  of F i g u r e  23, o n l y  a few s c o r e  more than  

50 p e r c e n t  of t h e i r  p o t e n t i a l .  The lower r i g h t  quadrant  r e f l e c t s  a 

combinat ion of a t t r i b u t e s  such t h a t  t h e r e  a r e  few o r  no f a r m e r s  who 

a c h i e v e  more t h a n  50 o r  80 p e r c e n t  of t h e i r  p o t e n t i a l  on t h e  power s c o r e ,  

b u t  t h e r e  i s  r e l a t i v e  e q u a l i t y  among t h e  powerless .  

As v i l l a g e  wate rcourse  systems move on t h e  d i a g o n a l  from t h e  lower 

l e f t  d e s i g n a t i n g  g r e a t  i n e q u a l i t y  where o n l y  a few fa rmers  a c h i e v e  

h i g h  c e n t r a l i t y  and where o n l y  a few account  f o r  50 o r  80 p e r c e n t  of 

t h e  a t t r i b u t e d  power t o  t h e  upper r i g h t  of F i g u r e s  22 and 23, one 

would expec t  more r e c e p t i v i t y  of t h e  s o c i a l  networks t o  farm w a t e r  

management o r g a n i z a t i o n a l  e f f o r t s .  The u n d e r l y i n g  premise  i s  t h a t  



organization building efforts will be more productive and sustainable 

when members can mutually sanction each other as opposed to those 

situations of great inequality in which the "weak" have little chance 

to effectively sanction the strong. In such conditions, the weak can 

only withdraw as much as possible from entanglement with the strong-- 

something which undercuts effective organizational participation. 

Granted, networks on the lower left, because they are dominated by the 

few, could be moved to organization effort by the will of a few highly 

central leaders. But, because the few powerful can violate organiza- 

tional rules with relative impunity, the less powerful will have little 

incentive to sacrifice for the organization. The "weak" may be coerced 

into organization efforts initially, but, knowing that they cannot 

police the minority of the strong, they tend to have greater disincentives 

to long term organizational commitment and participation. 

In networks with characteristics represented on the upper right 

sectors of the grids, initial organizing efforts can be expected to be 

more problematic as there is greater opportunity for any sub-set of 

farmers to exercise "veto power" over opponents who emerge across any 

given conflict cleavage. But if conflict cleavages can be kept de- 

polarized, it can be hypothesized that a condition of many highly 

central farmers of relative equality can provide the social base for 

effective long term organizational success. Overall, therefore, the 

working hypotheses are: 

a. The more a watercourse social network takes on the properties 

of the lower left hand sector on Figures 22 and 23 the more 

dependent organizing efforts will be on the support of the 

few powerful farmers who, if persuaded about the advantages 



of water management improvement programs are i n  a  p o s i t i o n  t o  

G c k l y i n i t i a t e  programs b u t  such f a r m e r s  w i l l  f a c e  i n c r e a s i n g l y  

s e r i o u s  problems of o r g a n i z a t i o n a l  f u n c t i o n i n g .  Even sc rupu lous  

observance of o r g a n i z a t i o n a l  r u l e s  by t h e  powerful  w i l l  n o t  

overcome t h e  s u s p i c i o n s  and r e l u c t a n c e  of t h e  l e s s  powerful  t o  

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

b. The more wate rcourse  s o c i a l  networks t a k e  on t h e  p r o p e r t i e s  

of t h e  upper r i g h t  hand s e c t o r ,  t h e  g r e a t e r  t h e  p o t e n t i a l  f o r  

any e x i s t i n g  c o n f l i c t  c l e a v a g e s  t o  b e  d i v i s i v e  and t o  compromise 

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

o r  i s  overcome, t h e  g r e a t e r  t h e  p o t e n t i a l  f o r  e q s t a i n i n g  con- 

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

The importance of f u r t h e r  r e s e a r c h  t o  t e s t  and r e f i n e  t h e s e  g e n e r a l  

hypo theses  cannot  b e  over-emphasized. It must be  c l e a r  t h a t  t h e s e  

hypotheses  a r e  n o t  confirmed by r e s e a r c h  t o  date--they are o n l y  suggested 

by i t .  A d d i t i o n a l  r e s e a r c h  must b e  under taken.  One promising way t o  

proceed would b e  t o  s e l e c t  a sample of s o c i a l  w a t e r c o u r s e s  o r  v i l l a g e  

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

t h o s e  conforming t o  t h e  c r i t e r i a .  Then r e s e a r c h e r s  could  compare t h e  

dynamics of o r g a n i z a t i o n  b u i l d i n g  i n  each  sub-sample. O r g a n i z a t i o n a l  

e f f o r t s  cou ld  be  a t t empted  i n  e a c h  sub-sample under  c o n t r o l l e d  c o n d i t i o n s  

t o  t e s t  t h e  n u l l  hypo theses  t h a t  c o n f l i c t  and power c r i t e r i a  have no 

e f f e c t  on fa rmer  p r o p e n s i t y  t o  o r g a n i z e  e f f e c t i v e  l o c a l  wa te r  manage- 

ment o r g a n i z a t i o n s .  The working h y p o t h e s i s  is t h a t  o r g a n i z a t i o n s  w i l l  

be more q u i c k l y  e s t a b l i s h e d  and more e f f e c t i v e  i n  s o c i a l  networks which 

a r e  n o t  p o l a r i z e d  by c o n f l i c t ,  which have more e q u a l  power d i s t r i b u t i o n s ,  

and a s t r o n g e r  base  f o r  l e a d e r s h i p  as measured by power c e n t r a l i t y .  But 



i t  w i l l  t ake  sys temat ic  r e sea rch  t o  e s t a b l i s h  t h a t  t h e  suggested c r i t e r i a  

a r e  app rop r i a t e  gu ides  t o  planned o rgan iza t iona l  development i n  water  

management. 

What prel iminary evidence can be  brought t o  bear  on t h e  hypotheses 

t h a t  power d i s t r i b u t i o n s  a r e  important  f o r  t h e  problem of organiz ing  

farmers  f o r  improved water  management? Some t e n t a t i v e  i n s i g h t s  can be 

provided by comparing two e x i s t i n g  sub-samples of watercourse s o c i a l  

networks. F ive  networks r ep re sen t  t h e  upper r i g h t  quadrant of F igures  23-- 

116-3; 113-1; 113-3; 110-2; and 104-1. This  i s  t o  say t h a t  each water- 

course network is  cha rac t e r i zed  by a h igh  l e v e l  of c e n t r a l i t y  and e q u a l i t y  

i n  t h e  power d i s t r i b u t i o n .  Th i s  sub-sample is  c a l l e d  t h e  " p l u r a l i s t "  

group. On t h e  o the r  hand, f i v e  watercourse systems from t h e  lower l e f t  

quadrant can be s e l e c t e d  t o  r ep re sen t  t h e  oppos i t e  c h a r a c t e r i s t i c s  of 

few farmers  possessing much c e n t r a l i t y  and of g r e a t  i n e q u a l i t y  i n  t h e  

power d i s t r i b u t i o n s .  The v i l l a g e s  s e l e c t e d  f o r  t h i s  h igh ly  s t r a t i f i e d  

sample a r e  112-1; 112-3; 114-1; 115-4; and 115-5; they a r e  l abe l ed  

"elitists. 

To f i r s t  ga in  an overview of t h e  landholding c h a r a c t e r i s t i c s  of 

t h e  " p l u r a l i s t s "  and "elitists", Table 92 d i s p l a y s  t h e  d i s t r i b u t i o n  of 

tenancy s t a t u s  and range of l and  ownership s i z e s  i n  t h e  two watercourse 

sub-samples. Since land i s  h ighly  a s soc i a t ed  on watercourses  w i t h  power, 

it i s  no s u r p r i s e  t o  see t h a t  among t h e  p l u r a l i s t  sub-sample t h e r e  is  

a much h igher  percentage of owners and r e l a t i v e l y  fewer t e n a n t s  than 

e x i s t  i n  t h e  e l i t i s t  sub-sample. I n  a d d i t i o n ,  one s e e s  on Table  92 

t h a t  t h e  e l i t i s t  sub-sample i s  cha rac t e r i zed  by a g r e a t e r  range from t h e  

sma l l e s t  t o  l a r g e s t  farmer than  i s  t h e  p l u r a l i s t  sub-sample. 



Table 92. Distribution of tenancy status and range of land 
ownership size area. 

N - Pluralist - N Elitest 

Tenancy 

Owners 35 79.5% 26 57.8% 

Pure share 
tenants 

Land ownership 

Largest farm 41 38.2 ac 45 155.8 ac 

Smallest farm 41 7.2 ac 45 5.4 ac 

Table 93. Pluralist and Elitest watercourse sub-samples as 
compared by differences in mean irrigation water 
losses. 

One-tailed 
N Pluralist N Elitest t value probability 
- Mean l o s s /  Mean loss/ 

Water loss 1000 ft 1000 ft 
per thousand 
feet of 
watercourse 35 18.0 43 29.3 -2.0 ,O2 



It can be  contended t h a t  watercourse c leaning  and maintenance 

r e q u i r e  cooperat ion,  and t h a t  cooperat ion i s  f a c i l i t a t e d  by a t  l e a s t  

rough e q u a l i t y  among farmers .  Given g r e a t  i n e q u a l i t y  i n  a r e l a t i o n s h i p ,  

smallness  c r e a t e s  i ncen t ives  t o  withdraw a s  much a s  poss ib l e  from 

r e l a t i o n s h i p s  which can become e x p l o i t i v e  t o  t h e  disadvantage of t h e  

l e s s  powerful. Sustained cooperat ion can be inc reas ing ly  d i f f i c u l t  t o  

maintain a s  i nequa l i t y  of t h e  cooperators  increases--at l e a s t  under 

cond i t i ons  where t h e  l e s s  powerful pa r ty  has  o p p o r t u n i t i e s  t o  withdraw 

from cooperat ion.  One i n d i r e c t  i n d i c a t o r  of e f f e c t i v e  cooperat ion i n  

watercourse c leaning  i s  water l o s s  per  thousand f e e t  of watercourse.  

Table 93 r evea l s  t h a t ,  i n  f a c t ,  t h e  p l u r a l i s t  sub-sample of watercourses  

have w a t e r l o s s e s  s i g n i f i c a n t l y  lower than t h e  e l i t e s t  sub-sample. There 

is a poss ib l e  spur ious  a s s o c i a t i o n  here--other uncontrol led v a r i a b l e s  

may account f o r  t h e  d i f f e r e n c e  i n  water  l o s s e s ,  bu t  t h e  hypothes is  t h a t  

power d i s t r i b u t i o n s  a f f e c t s  w i l l i ngness  t o  engage i n  coopera t ive  a c t i o n  

is worthy of f u r t h e r  i nves t iga t ion .  

Proceding f u r t h e r ,  one might expect t h a t  farmers  i n  p l u r a l i s t  

networks might more e n e r g e t i c a l l y  seek and o b t a i n  knowledge about improved 

farming opera t ions .  Table 94 shows t h a t ,  among farmers  sampled, t h i s  i s  

t h e  case. Farmers l i v i n g  and working i n  networks cha rac t e r i zed  by 

pluralism--greater c e n t r a l i t y  and equality--do o b t a i n  s i g n i f i c a n t l y  h igher  

average farm management knowledge index sco res  than do sample farmers  

l i v i n g  i n  e l i t e s t  s o c i a l  networks. 

Because g r e a t  d i f f e r e n c e s  of power and in f luence  between farmers  

i n  a s o c i a l  network can be a s soc i a t ed  wi th  e x p l o i t a t i o n  of t h e  weak by 

t h e  powerful and can be a s soc i a t ed  wi th  i n e q u a l i t y  i n  acces s  t o  s e r v i c e s  

such a s  extension,  c r e d i t ,  and improved seeds and f e r t i l i z e r s  one might 



Table 94. Pluralist and elitest watercourse sub-samples as 
compared by differences in mean farm water manage- 
ment knowledge index scores. 

One-tailed 
N Pluralist N Elitest t value probability - - 

mean mean 
score score 

Farm manage- 
ment knowledge 
index 41 11.2 45 8.5 

Table 95. Pluralist and elitest watercourse sub-samples as 
compared by differences in mean crop yields per 
acre. 

- - 

Yield in 
maunds/acre N Pluralist N Elitest t value probability 

(maunds) (maunds ) 

Wheat 36 20.5 36 16.9 1.7 .04 

Rice 19 19.7 4 9.7 1.6 .05 



expect  t h e  sub-sample of s o c i a l  networks which a r e  p l u r a l i s t  i n  n a t u r e  t o  

be more product ive a s  measured by crop y i e l d s  per  a c r e .  Table  95 

r e v e a l s  exac t ly  t h a t  f o r  both wheat and r i c e  a l though cau t ion  i s  i n  

o r d e r  about  drawing conclusions i n  t h e  c a s e  of r i c e  because of t h e  small  

number of r i c e  farmers  i n  t h e  sample. Might t h e  d i f f e r e n c e s  i n  y i e l d s  

per  a c r e  be a t t r i b u t e d  t o  water  a v a i l a b i l i t y ?  Table 96 con ta in s  t h e  

d a t a  about t h e  d i f f e r e n c e s  among t h e  p l u r a l i s t  and e l i t i s t  sub-samples 

f o r  two i n d i c a t o r s  of water  a v a i l a b i l i t y :  

a .  Farm d e l i v e r y  e f f i c i e n c y  which measures t h e  amount of water  

l o s t  between t h e  watercourse i n l e t  (mogha) and t h e  farm where 

t h e  i r r i g a t i o n  eva lua t ion  was taken. 

b. A composite v a r i a b l e  t h a t  combines t h e  number of p r i v a t e  

tubewells  on a  watercourse wi th  an a d d i t i o n a l  weighted f a c t o r  

when a  publ ic  tubewell  is presen t .  

Means f o r  farm d e l i v e r y  e f f i c i e n c y  and presence of tubewel l s  show 

l i t t l e  d i f f e r e n c e  between p l u r a l i s t  and e l i tes t  sub-samples. 

Unfortunately t h e  l i m i t s  of t h e  s tudy d i d  n o t  permit  t i m e  s e r i e s  

measurement of s u r f a c e  water  d i scharge  r a t e s  t h a t  could be r e l a t e d  t o  

c rop  y i e l d s .  Coneequently, water a v a i l a b i l i t y  and i ts  r e l a t i o n s h i p  t o  

y i e l d s  must remain inconclus ive .  But, on t h e  b a s i s  of t h e  above d a t a  

on d e l i v e r y  e f f i c i e n c y  and presence of tubewells ,  one can draw a 

t e n t a t i v e  conclusion:  While t h e  p l u r a l i s t  and e l i tes t  sub-samples of 

farmers  r e v e a l  l i t t l e  d i f f e r e n c e  i n  d e l i v e r y  e f f i c i e n c y  o r  tubewell  

water a v a i l a b i l i t y  farmers  i n  p l u r a l i s t  s o c i a l  networks produce s i g n i f i c a n t l y  

g r e a t e r  y i e l d s  of wheat and r i c e  per  ac re .  P l u r a l i s t  farmers  tend t o  

apply more n i t rogen  f e r t i l i z e r  than do t h e  e l i t i s t ,  but  t h e  d i f f e r e n c e s  

a r e  no t  g r e a t  ( s ee  Table  97). Y e t ,  " p l u r a l i s t "  farmers  may produce 



Table 96, Pluralist and elitest watercourse sub-samples as 
compared by differences in mean scores on water 
availability indicators. 

One-tailed 
N Pluralist N Elitest t value probability - - 

Farm 
delivery 
efficiency 35 52.8 44 51.7 .23 .41 

Tubewells 
present 
(public & 
private) 41 0.34 46 0.33 .11 .45 

Table 97. Pluralist and elitest watercourse sub-samples as 
compared by differences in mean pounds of organic 
fertilizer applied to wheat and rice. 

One-tai led 
N Pluralist N Elitest t value probability - - 

Nitrogen 
applied 
to wheat 38 51.4 43 46.6 .6 .27 

Nitrogen 
applied 
to rice 26 43.1 7 7.3 2.9 .001 

Phosphorus 
applied 
to wheat 38 6.7 43 17.2 -2.2 

Phosphorus 
applied 
to rice 25 0 11 0 0 



more per  a c r e  because they have, on t h e  average, no t  only more farm 

management knowledge (Table 94) but  they a l s o  tend t o  adopt improved 

seed v a r i e t i e s  of wheat and r i c e  t o  a  s i g n i f i c a n t l y  g r e a t e r  ex t en t  than 

farmers i n  e l i t e s t  s o c i a l  networks ( see  Table 98) .  

I n  sum, then,  t h e  m a t e r i a l  i n  t h i s  chapter  has  suggested t h a t  

s o c i a l  o rgan iza t iona l  v a r i a b l e s  a r e  c r i t i c a l  t o  e f f e c t i v e  l o c a l  water  

management. Improved watercourses ,  t o  i nc rease  d e l i v e r y  e f f i c i e n c i e s  

and reduce waterlogging, r ep re sen t  c o l l e c t i v e  goods which can only be 

constructed and maintained by farmers organized t o  c o n t r o l  t h e  p o t e n t i a l  

f r e e  r i d e r  who would r a t i o n a l l y  seek t o  secure  b e n e f i t s  of watercourse 

improvement without paying a  propor t iona te  sha re  of t h e  cos t s .  Sample 

v i l l a g e s  do no t  have formal organiza t ions  t o  provide mosques and schools  

but  r e l y  on informal  s o c i a l  p re s su re  opera t ing  wi th in  and among b i r a d a r i  

(brotherhood) groups t o  secure  a  minimum flow of resources  t o  t hese  

community en t e rp r i ze s .  When b i r a d a r i  mechanisms f a i l  t o  c o n t r o l  con- 

f l i c t ,  farmers have no o the r  l o c a l  organiza t ion  t o  which t o  t u r n  f o r  

c o n f l i c t  r e so lu t ion .  They a r e  faced wi th  t h e  unhappy a l t e r n a t i v e s  of 

spending resources  l o c a l l y  t o  prevent  opponents from r e a l i z i n g  t h e i r  

ob jec t ives ,  o r  they may spend resources  t o  pursue c o n f l i c t  r e s o l u t i o n  i n  

r e l a t i v e l y  remote agencies  and courts--each opt ion  f r equen t ly  d r a i n s  

resources  from more product ive purposes. 

Because farmers must cooperate  t o  form l o c a l  watercourse assoc ia-  

t i o n s  t o  provide improved watercourses ,  t o  se rve  a s  a  focus f o r  agency 

t e c h n i c a l  a s s i s t a n c e ,  t o  enhance l o c a l  capac i ty  t o  secure  c o n f l i c t  

r e so lu t ion ,  t h e  ques t ion  a r i s e s  a s  t o  what v a r i a b l e s  might enhance 

l o c a l  cooperat ion.  To explore  t h i s  i n  a  prel iminary manner, two sub- 

samples of v i l l a g e  watercourse networks were examined--one p l u r a l i s t ,  



Table 98. Pluralist and elitest watercourse Sub-samples 

as compared by adoption of 

improved wheat and rice varieties 

One-tailed 
N Pluralist N Elitest t Value Probability 

Chenab 70 41 .73 44 .41 3.1 .001 
Wheat 

High Yielding 41 .36 40 .12 2.6 .006 
Rice 



t he  o t h e r  e l i tes t - -and  the  d a t a  t e n t a t i v e l y  suggest  t h a t  those  v i l l a g e s  

i n  which farmers enjoy t h e  g r e a t e s t  c e n t r a l i t y  and e q u a l i t y  of power 

a r e  those  which a r e  t h e  most product ive and most a b l e  t o  s u s t a i n  

succes s fu l  l o c a l  l e v e l  watercourse o rgan iza t ion  i f  they a r e  no t  

polar ized by re-enforcing l i n e s  of c o n f l i c t  c leavages.  Farmers i n  

p l u r a l i s t  networks a r e  more product ive,  have more water management 

knowledge, and s u f f e r  from less wa te r lo s s  per  thousand f e e t  of water- 

course.  Yet, they do no t  enjoy any s i g n i f i c a n t  advantage wi th  regard  t o  

tubewell ownership o r  c o n t r o l .  
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ENGLISH GLOSSARY 

Agro-Climatic Zone - A r eg ion  where c l i m a t e  makes a  w e l l  def ined demand 
f o r  water  and a  genera l  cropping p a t t e r n  p r e v a i l s  on a m a j o r i t y  of t h e  
farms. 

Alidade and Plane Table - Engineering t e l e scope  and t a b l e  t r i p o d  t o o l s  
used f o r  p r epa ra t i on  of maps t o  s c a l e  i n  t h e  f i e l d s .  

A lka l i ne  S o i l  - A high  pH s o i l  t h a t  c o n t a i n s  s u f f i c i . e n t  sodium t o  cause  
d e l e t e r i o u s  e f f e c t s  on most c rops .  

Appl ica t ion  E f f i c i ency  - The quo t i en t  of s o i l  mois ture  d e f i c i e n c y  and 
nakka d i s cha rge  i n  inches  equiva len t  m u l t i p l i e d  by one hundred t o  
c o n s t r u c t  a  percen tage  va lue .  

Ea = 
s o i l  mois ture  'def ic iency 
nakka d i s cha rge  ( i n  dep th  (100) 

of wate r  equ iva l en t )  

Authorized Supply - The des ign  d i s cha rge  of water  from a mogha. 

Barrage - Headworks w i t h  movable g a t e s  t h a t  a l l ow  f lood  wate rs  t o  pass  
over t h e i r  c r e s t s .  Not t o  be confused wi th  s t o r a g e  dams. 

Barren Land - Land which is  no t  cropped due t o  s a l i n i t y ,  water logging,  
l a c k  of wate r ,  presence of  sand dunes,  e t c .  

Brotherhood (B i r ada r i )  - A l i n e a g e  group of f a m i l i e s  r e l a t e d  a s  b r o t h e r s ,  
sons ,  unc l e s ,  e t c .  t y p i c a l l y  w i th  common i n t e r e s t s  on va r ious  i s sues .  A 
subd iv i s ion  of a  c a s t e  group. 

Bunded Unit  - The s m a l l e s t  f i e l d  u n i t  i r r i g a t e d  as a  s e p a r a t e  u n i t ,  su r -  
rounded by a  smal l  e a r t hen  r i d g e  o r  bund. 

Canal Colony - Large areas of l and  brought i n t o  produc t ion  by I r r i g a -  
t i o n  Department and s e t t l e d  by c u l t i v a t o r s .  

Cas te  - Ances t r a l ,  occupa t iona l  grouping of people implying p r e s t i g e  
g r ada t i ons .  

C e n t r a l i t y  o f  Power - The amount of powerl inf luence a t t r i b u t e d  t o  
-by 25% sample of fa rmer l judges .  A watercourse  
c e n t r a l i t y  va lue  expresses  t h e  percen tage  of a l l  farmers  who s c o r e  
a t  a  s p e c i f i e d  l e v e l  o r  above. 

Command Area - The a r e a  served by a  watercourse  o r  s e t  of watercourses  
i n  a  v i l l a g e .  

Concentrat ion of Power - The ex t en t  t o  which power/ inf luence i s  d i s -  
t r i b u t e d  equa l l y  on a watercourse .  



C o n f l i c t  Cleavage - Line  of d i v i s i o n  between opponents over  a n  i s s u e .  

Conveyance (Del ive ry)  E f f i c i e n c y  - The percen tage  of wa te r  p a s s i n g  t h e  
mogha which r e a c h e s  t h e  f i e l d  nakka o u t l e t .  The nakka d i s c h a r g e  i s  
d i v i d e d  by t h e  mogha d i s c h a r g e  and t h e  q u o t i e n t  i s  m u l t i p l i e d  by 100 t o  
c r e a t e  a pe rcen tage  v a l u e .  

Cropped Area - The sum of t h e  a c r e a g e  under r a b i  o r  k h a r i f  c r o p s  i n  a 
wa te rcourse  command a r e a .  

Cropping I n t e n s i t y  - The number of c r o p s  grown on a g iven  f i e l d  i n  a 
g iven  year  t imes  100 t o  e x p r e s s  a pe rcen tage  v a l u e .  Applied t o  a 
farm, i t  is  t h e  a c r e a g e  of a l l  c r o p s  grown i n  a y e a r  d i v i d e d  by t h e  
a r e a  on which t h e y  were grown t imes  100. 

Cropping P a t t e r n  - The combinat ion and sequence of c r o p s  grown on a 
g iven  farm over  a t ime. 

Cross  C u t t i n g  Cleavage - Opponents on one c o n f l i c t  i s s u e  a r e  a l l i e s  on 
o t h e r  c o n f l i c t  i s s u e s .  Makes f o r  c o o p e r a t i o n  and n e g o t i a b i l i t y  o f  
i s s u e s .  

C u l t u r a l  Command Area - The c u l t i v a t e d  a r e a  of a wa te rcourse  command 
a r e a  which can  be  se rved  by g r a v i t y  i r r i g a t i o n .  

C u t t h r o a t  Flume - A water  measur ing flume d e v i c e  e s p e c i a l l y  s u i t e d  f o r  
low g r a d i e n t  wa te rcourse  channe l s .  

De l ive ry  E f f i c i e n c y  -- See Conveyance E f f i c i e n c y  . 
Del ta  - Amount of wa te r  a p p l i e d  f o r  a n  i r r i g a t i o n .  

Depth of A p p l i c a t i o n  - The average  d e p t h  of wa te r  a p p l i e d  t o  a f i e l d  
ob ta ined  a s  t h e  product  of nakka d i s c h a r g e  ( i n  c u s e c s )  t imes  t h e  t ime 
of a p p l i c a t i o n  i n  hours  d i v i d e d  by t h e  a r e a  i r r i g a t e d  i n  a c r e s .  

Discharge - t h e  vo lumet r ic  r a t e  of wa te r  f low o r  d e l i v e r y ,  expressed  a s  
cub ic  f e e t  pe r  second (cusec)  

Discharge F a c t o r  - The mogha o u t l e t  d e s i g n  c a p a c i t y  from d i s t r i b u t a r y  t o  
wa te rcourse  expressed a s  d i s c h a r g e  p e r  1000 a c r e s  of command a r e a .  

D i s t r i b u t a r y  - The s m a l l e s t  wa te r  channe l  main ta ined  by t h e  government. 
The s i z e  h i e r a r c h y  of c h a n n e l s  would b e ,  i n  descending o r d e r ,  major 
c a n a l ,  minor c a n a l ,  d i s t r i b u t a r y .  Moghas may b e  p laced  on any of t h e s e  
channe l s .  

Duty - The a r e a  i r r i g a t e d  p e r  u n i t  of wa te r  p e r  season  of t h e  y e a r .  

Evaporat ive  Mois tu re  D e f i c i t  - Est imated annua l  a tmospher ic  evapora t ion .  

E v a p o t r a n s p i r a t i o n  - The t o t a l  water l o s t  t o  t h e  atmosphere v i a  evapora- 
t i o n  and p l a n t  t r a n s p i r a t i o n .  



Farm I r r i g a t i o n  E f f i c i e n c y  - The p ropo r t i on  of wa t e r ,  pa s s ing  t h e  mogha, 
which i s  s t o r e d  i n  t h e  r o o t  zone of a  c r o p ,  c a l c u l a t e d  as t h e  product 
of t h e  conveyance e f f i c i e n c y  and a p p l i c a t i o n  e f f i c i e n c y  tfmes 100 t o  
c r e a t e  a percen tage  va lue .  

Gross Command Area - The p o r t i o n  of t h e  e n t i r e  v i l l a g e  a r e a  t h a t  i s  - 
commanded by g r a v i t y  c a n a l  i r r i g a t i o n ;  i nc ludes  roads ,  s choo l s ,  grave- 
ya rd s ,  c a n a l s ,  e t c .  

Groundwater Recharge - Deep p e r c o l a t i o n  which r e p l e n i s h e s  t h e  wate r  
t a b l e .  

Headworks - A d i v i s i o n  w i th  c o n t r o l l a b l e  g a t e s  on a major c a n a l  d i v i d i n g  
water  i n t o  two o r  more minors.  

Landlord - Owner of l and  who does  no t  c u l t i v a t e  t h e  l and .  

Link Canal - Larges t  of t h e  c a n a l s  -- each c a r r i e s  wate r  from t h e  wes te rn  
t o  e a s t e r n  r i v e r s  a s  p a r t  of t h e  Indus Basin  Replacement P r o j e c t  mandated 
by t h e  Indus River T rea ty  w i th  I n d i a  (1960).  

Local (person)  - Person l i v i n g ,  o r  whose fami ly  h a s  l i v e d ,  a t  p r e sen r  
l o c a t i o n  s i n c e  b e f o r e  p a r t i t i o n  of B r i t i s h  I n d i a  i n t o  I n d i a  and Pak i s t an .  

Minor - A water  supply  c a n a l  sma l l e r  i n  d i s c h a r g e  t han  a  major c a n a l  
bu t  g r e a t e r  i n  c a p a c i t y  t han  a  d i s t r i b u t a r y .  

Non-perennial - A s i n g l e  season ,  k h a r i f ,  wa te r  supply  s i t u a t i o n  f o r  a  
wate rcocrse  command a r e a .  

Overlapping Cleavage - Opponents on one c o n f l i c t  i s s u e  a r e  opponents on 
a l l  c o n f l i c t  i s s u e s .  High p o l a r i z a t i o n .  I s s u e s  become d i f f i c u l t  t o  
n e g o t i a t e .  Hur t s  coopera t ion .  

P e r c o l a t i o n  - The downward movement of wate r  through s o i l s .  

Pe r enn i a l  - A y e a r r o u n d  water  supply s i t u a t i o n  f o r  a wate rcourse  command 
a r e a .  

P e r s i a n  Well - A water l i f t i n g  d e v i c e  used on a deep open w e l l  comprised 
of a c h a i n  of bucke ts  o r  e a r t h e n  p o t s  powered by a  p a i r  of bu l l ocks  o r  a 
camel moving i n  a h o r i z o n t a l  c i r c l e .  

- 

P o t e n t i a l  Evapo t r ansp i r a t i on  - The maximum e v a p o r a t i v e  demand which a  
g iven  c l i m a t e  can  p l a c e  on a  g iven  c rop  when t h e r e  i s  no c o n s t r a i n t  on 
wate r  a v a i l a b i l i t y  and c rop  ma tu r i t y .  

P r i v a t e  Tubewell - A s m a l l  d i s cha rge  i r r i g a t i o n  w e l l  i n d i v i d u a l l y  o r  
j o i n t l y  owned by farmers .  

Province - Admin i s t r a t i ve  u n i t  such as Sind,  Ba luch i s t an ,  Punjab and 
North West F r o n t i e r  a r e a s .  



P u b l i c  Tubewell - Large d i s c h a r g e  tubewel l s  i n s t a l l e d  and o p e r a t e d  by 
WAPDA and I r r i g a t i o n  Department . 
Refugee - Person d i s p l a c e d  from I n d i a  a t  p a r t i t i o n .  

S a l i n e  S o i l  - S o i l  which c o n t a i n s  a  s u f f i c i e n t  p e r c e n t a g e  of s o l u b l e  
(non-sodium) s a l t s  t o  impair  c rop  growth. 

SCARP - Acronym f o r  t h e  S a l i n i t y  Cont ro l  and Reclamation P r o j e c t  a r e a s  
where p u b l i c  tubewel l s  a r e  used f o r  lower ing  w a t e r t a b l e s  and augmenting 
wate r  s u p p l i e s .  

Seepage- The l a t e r a l  movement Gf wa te r  through s o i l s .  

S o i l  Mois tu re  Def ic iency  - Est imated i n c h e s  of s o i l  m o i s t u r e  d e p l e t e d  
due t o  e v a p o t r a n s p i r a t i o n .  

Tenant - A non-landowner who c u l t i v a t e s  a  b l o c k  of l and  on a  share -  
c ropp ing  b a s i s  w i t h  a l a n d l o r d .  

Time of A p p l i c a t i o n  - The d u r a t i o n  of a n  i r r i g a t i o n  a p p l i c a t i o n  of t u r n .  

Tubewell - An i r r i g a t i o n  w e l l .  

Union Counci l  - A governmental  s u b d i v i s i o n  of a  t e h s i l  comprised of 
approximately  8 t o  1 0  v i l l a g e s .  

WAPDA - Acronym f o r  t h e  Water and Power Development Auth.ori ty - a  govern- 
ment c o r p o r a t i o n .  

Watercourse - A wate r  supply  channe l  p laced on a  1 6  f o o t  wide government 
r i g h t  of way, c o n s t r u c t e d  and mainta ined by f a r m e r s  t o  d e l i v e r  w a t e r  
from a  mogha o u t l e t  t o  a  fa rmers  f i e l d  d i t c h .  

Watercourse Command Area - The a r e a  s e r v e d  by t h e  wa te r  p a s s i n g  through 
a n  a u t h o r i z e d  mogha. 

Waterlogging - S o i l  c o n d i t i o n  where wa te r  t a b l e  i s  a t  o r  above t h e  ground 
s u r f a c e .  



GLOSSARY OF URDU/PUNJAB AND LOCAL ENGLISH TERMS 

Abadi - Land s e t  a s i d e  f o r  a v i l l a g e  s i t e .  

Abiana - Water r a t e .  

A g r i c u l t u r a l  A s s i s t a n t  - Superv i sor  of f i e l d  a s s i s t a n t  l e v e l  ex t ens ion  
workers i n  t h e  A g r i c u l t u r a l  Extension system. Usual ly  h a s  a  Bachelor of 
Science degree  i n  a g r i c u l t u r e .  

Bagh - Orchard. 

Ba j ra  - Spiked m i l l e t .  

Bakhsheesh - Gra tu i t y .  

Baran i  - Rainfed cropping.  

Berseem - Egyptian c love r .  

Bhusa - Wheat s t r a w  used as animal  f e ed .  

B i r a d a r i  - A brotherhood l i n e a g e  group of  f a m i l i e s  r e l a t e d  through 
b r o t h e r s ,  sons  and unc l e s  w i t h i n  t h e  same c a s t e .  Typ i ca l l y  members t a k e  
common i n t e r e s t s  on i s s u e s .  

Bund - Small e a r t h  r i dge .  - 

Caste  - Ances t r a l ,  o ccupa t i ona l  grouping of people  implying p r e s t i g e  
g r ada t i ons .  

Chaj Doab - Land between Jhelum and Chenab Rivers .  

Chak - Block of l and  set a s i d e  a s  smallest a d m i n i s t r a t i o n  u n i t .  

Chula - Earthen hea r t h .  

Crore  - Ten m i l l i o n ,  100 Lakh. 

Dab - Prep l an t i ng ,  i r r i g a t i o n  and c u l t i v a t i o n  t o  c o n t r o l  weeds. - 

Deh - Adminis t ra t ive  d i v i s i o n  below T e h s i l .  - 
Deputy Commissioner - Admin i s t r a t i ve  o f f i c e r  a t  t h e  d i s t r i c t  l e v e l .  

Desi - Indigenous,  unimproved. 

D i s t r i c t  Revenue C o l l e c t o r  - Revenue o f f i c e r  f o r  t h e  D i s t r i c t  Revenue 
Department. 

D iv i s i ona l  Canal O f f i c e r s  - Adminis t ra t ive  head of a  d i v i s i o n a l  branch of 
a  c ana l  command system. 



Doab - Land between two r i v e r s  i n  Punjab. - 
Execu t ive  Engineer - Mid-level I r r i g a t i o n  Department o r  WAPDA O f f i c i a l .  

F i e l d  A s s i s t a n t  - Loca l  lowes t  l e v e l  e x t e n s i o n  worker ,  e d u c a t i o n  u s u a l l y  
1 0 t h  c l a s s  p l u s  one o r  two y e a r s  of g e n e r a l  t r a i n i n g  i n  a g r i c u l t u r e .  

Fasalana - Payment f o r  reduced wate r  r a t e s .  

Guara - C l u s t e r  bean. 

Gur - Ind igenous ly  prepared coun t ry  s u g a r .  - 

Gunta - 1/40  of a n  a c r e .  

Halqa - C i r c l e  of v i l l a g e s  of which a c a n a l  p a t w a r i  i s  i n  charge  t o  make 
water  dues  assessments .  

Hakim - Local  d o c t o r .  

H a r i  - Share  c ropper  o r  t e n a n t .  

Henna - E n g l i s h  t r a n s l a t i o n  " ~ ~ r t l e "  and known by b o t a n i c a l  name Lawsonia 
a l b a .  Used a s  a l o c a l  orange dye.  

Hukka - Waterpipe.  

Hul - Local  plow. - 

J h a l l a r  - P e r s i a n  w e l l  adap ted  t o  low wate r  l i f t s .  

Jhenab - Land u n i t  used i n  Sind f o r  one-half a c r e .  

Jowar - Sorghum. 

Kacha - Unripe,  unimproved, e a r t h e n ,  random, poor q u a l i t y .  

Kana1 - 1 / 8  of a n  a c r e .  

Kass i  - Hoe-like s h o v e l  used by i r r i g a t o r s .  

Khal - Watercourse ,  conduc t s  wa te r  from mogha t o  f i e l d s .  

Kha t i  - P r o c e s s  of removing s i l t  from t h e  wate rcourse .  

Kharaba - Crop f a i l u r e ,  d e c l a r a t i o n  f o r  reduced w a t e r  r a t e s .  

Kharif  - Warm season  c ropp ing ,  approx imate ly  April-October.  

Khasrah - R e g i s t e r  on revenue due on u n i t s  of l a n d .  

K i a r i  - System recommended by A g r i c u l t u r e  Department f o r  compartment of a 
f i e l d  i n t o  v e r y  s m a l l  b a s i n s  f o r  i r r i g a t i o n .  



K i l l a  - Area of l and  e q u a l  t o  1.11 a c r e .  

K i s t i w a r  - Random l a y o u t  of l a n d  i n  bunded u n i t s .  

Karah - Indigenous  two team b u l l o c k  p u l l e d  s c r a p e r  f o r  moving e a r t h .  

Karahi  - Same a s  ka rah  b u t  powered by one b u l l o c k  team. 

Lakh - One hundred thousand.  

Lucerne - A l f a l f a .  

Ma1 - P r o p e r t y .  - 

Mandi - Char te red  market  c e n t e r .  

Maraba - A s q u a r e  of l a n d  made of 25 p a r c e l s ,  u s u a l l y  a c r e s  o r  s q u a r e s .  

Marla - 1/160  of a n  a c r e ;  1 / 2 0  of a k a n a l .  

Muhavir - Person  o r  f a m i l y  migrated from I n d i a .  

Maund - Uni t  of measure,  82 .3  pounds e q u i v a l e n t  t o  40 s e e r s .  

Mauza - V i l l a g e ,  s m a l l e s t  d i v i s i o n  of  government. 

Moeen - N o n - a g r i c u l t u r a l  c a s t e s  who perform s e r v i c e s  f o r  a s h a r e  of 
a g r i c u l t u r a l  produce ( a l s o  kami).  

Mogha - An ungated o u t l e t  of f i x e d  s i z e  p a s s i n g  w a t e r  from i r r i g a t i o n  
c a n a l  t o  a wa te rcourse .  

Mukamis - Loca l  r e s i d e n t .  

Nakka - O u t l e t  from branch w a t e r c o u r s e ;  i n l e t  t o  a f i e l d .  

Numbardar - V i l l a g e  headman -- f u n c t i o n  of government who c o l l e c t s  
l a n d  revenues .  

N i k a l  Water - Water l e f t  i n  w a t e r c o u r s e  a t  t h e  end of  a complete  r o t a t i o n  
of warabundi.  

Overseer  - I r r i g a t i o n  Department f u n c t i o n a r y  over  p a t w a r i ,  r e s p o n s i b l e  
f o r  maintenance and r e p a i r  of  moghas. 

P a n s a l  Nawees - I r r i g a t i o n  Department g a t e  keeper .  

Pahar - Turn of  wa te r  of  f i v e  hours .  

P a t w a r i  - T i t l e  of revenue o f f i c e r  f o r  I r r i g a t i o n  Department and Land 
Revenue Department.  

P a t t i  - D i v i s i o n  of  a v i l l a g e  under t h e  r e s p o n s i b i l i t y  of  a numbardar o r  
v i l l a g e  l e a d e r .  



Pora  - Seed t u b e  a t t a c h e d  behind plow f o r  seed ing  c rops .  

Pucca - Ripe,  improved, c o n c r e t e ,  s p e c i f i e d  t o  o r d e r ,  h i g h  q u a l i t y .  

Pa rchas  - C h i t s  of paper used f o r  n o t i f y i n g  fa rmer  of revenue assessments .  

Rabi  Hul - Bullock p u l l e d  mouldboard plow. 

Rabi - Cool season  cropping;  approximately  November-March. 

Rauni - Presowing i r r i g a t i o n .  

Rechna Doab - Land between Ravi and Chenab r i v e r s .  

Rej - I r r i g a t i o n  p r i o r  t o  l and  p r e p a r a t i o n .  

Rosewari - I r r i g a t i o n  schedu le  t o  a  p a r t i c u l a r  b l o c k  of l and  on a  par-  
t i c u l a r  day.  

S a i p  System - T r a d i t i o n a l  sys tem by which v i l l a g e  a r t i s a n s  exchange 
t h e i r  goods and s e r v i c e s  w i t h  landed a g r i c u l t u r a l i s t s  f o r  a  p o r t i o n  of 
t h e  crop.  

S a r k a r i  Khal - Watercourse c o n s t r u c t e d  by f a r m e r s  on a  1 6  f o o t  r i g h t - o f -  
way provided by t h e  government f o r  t h e  purpose  of conduct ing wate r  from 
t h e  mogha o u t l e t  t o  t h e  i n d i v i d u a l  f a r m e r s  f i e l d  d i t c h e s .  

Seer  - Uni t  of measure, s m a l l e r  t h a n  ki logram,  2.08 l b .  F o r t y  s e e r  e q u a l  
one maund. 

Sem - Waterlogged s o i l  c o n d i t i o n .  - 

Shamlat - V i l l a g e  common land  u s u a l l y  used f o r  g r a z i n g .  

Sohaga - Wooden p lank  o r  beam drawn by b u l l o c k s  used i n  l a n d  p r e p a r a t i o n .  

Square - 25 a c r e ,  27.5 a c r e  of 16 a c r e  b l o c k  of l and  depending on l o c a t i o n .  

S u b d i v i s i o n a l  O f f i c e r  - I r r i g a t i o n  Department O f f i c i a l  under t h e  Execu t ive  
Engineer .  

Super in tend ing  Canal Engineer - I r r i g a t i o n  e n g i n e e r  who heads  up a c a n a l  
command h y d r o l o g i c  u n i t .  

T e h s i l  - A sub-uni t  of a  d i s t r i c t .  

T e h s i l d a r  - O f f i c i a l  a t  T e h s i l  l e v e l .  

Thal  Doab - Land between Indus  and Jhelum r i v e r s .  

Thur - S a l i n i z e d  s o i l  c o n d i t i o n .  

Tonga - Horse drawn two-wheeled c a r r i a g e .  



Union Counci l  - P o l i t i c a l  s u b d i v i s i o n  of a t e h s i l .  

V a t t a r  - Farmers '  concept  of optimum s o i l  m o i s t u r e  c o n d i t i o n  f o r  plowing. 

Wahn - Watering of a f i e l d  f o r  f i r s t  p loughing f o r  seedbed p r e p a r a t i o n .  

Warabundi - Schedule of i r r i g a t i o n  t u r n  r o t a t i o n s  agreed t o  by f a r m e r s  
e i t h e r  i n f o r m a l l y  ( k a t c h a  warabundi)  o r  under formal  agreement th rough  
t h e  I r r i g a t i o n  Department (pucca warabundi) .  

Warashikni - Taking i r r i g a t i o n  wa te r  o u t  of t u r n .  

Z i l l a d a r  - J u n i o r  member of  S u p e r i o r  Revenue e s t a b l i s h m e n t  of I r r i g a t i o n  
Department. 

Zamin - Land 

Zamindar - Landholder - farmer  




