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ABSTRACT
 

The goal of an irrigation system is to distribute a sufficient volume
 

of water such that it can be applied by farmers to the crop root zone soil
 

moisture reservoir in required amounts and at the proper time for optimum
 

production. Volume Two, after presenting an overview of the irrigation
 

system and study design for approaching it, proceeded to derail the local
 

legal system and constraints within which farmers labor. This volume, then, 

builds upon Volume Two by presenting findings having to do with outcomes
 

or consequences of the existing system as it is presently structured.
 

This volume is organized as follows:
 

1. 	Chapter One begins by comparing actual mogha discharges on sample
 

watercourses to those which are authorized. One of 
the 	conse

quences of the existing system is that there are significant 

differences between prescribed and actual discharges. The dis

cussion then turns to problems of watercourses, field ditches, 

and farm layouts; it concludes with a discussion of the gener

ally 	poor level of watercourse maintenance.
 

2. 	 Chapter Two treats delivery efficiency as a major consequence of 

the existing system and examines variation in sample farmer con

veyance efficiencies by looking at associations with differences 

in water supply, farm watercourse position, ;;oil type, and farmer 

behavior. Efficiency is examined in two major ways: 1) the 

losses between mogha outlet and sample farmer field nakka; and 

2) the losses per thousand feet of watercourse distance.
 

3. Chapter Three focuses on a third set of consequences--the effi

ciency of water application to crop root zones. Explanatory
 

vii
 



variables for this dependent variable include season and time
 

of application, agro-climatic region, water supply situations,
 

soil types, farm size, location on the watercourse, and farmer
 

behavior.
 

4. 
Conveyance efficiency values, when combined with efficiency of
 

water application, yield overall irrigation efficiencies.' Irri

gation efficiencies are the subject of Chapter Four and they are
 

analyzed by many of the same independent variables employed in
 

the two preceding chapters.
 

Thapters Five and Six examine consequences of the existing irri

yation system as they are reflected in cropping patterns,
 

-ropping intensities, and yields of wheat, rice and cotton.
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CHAPTER ONE 

PHYSICAL AND SOCIAL CHA ACT E11I SICS OF THE IRRIGATION SYSTEM 

I. ACTUAL MDCI"m DIC;HIA PYRU1N.-01 R S I1_..SCHt ARCGE: A(. Y PRO 

Moghas are the outlet lJ :huIr LIhi. detLiieC the voluie of flow from 

the canal to the watur cour e chanIil. m outlet size .is tixed by the
 

Irrigationl 
 rtment, anm Irr.gj tirn 0pa-t~mnt offi.,ial -- t.e Overseer

is charged wihLCi. rWpoosi it . 1,; nnit-Nuing.; e L mo in accor

dance with pru. ridc¢ ;,h .i i;.t ,n-, ai 
 it is i] I fupm.r an1.yonC to 

alter moghas wi hoiutL Bice:, prnss Approval oif the Irri gation Department.
 

This section oI Chapter (mi proIs&Cis data comparig actma] mJasulred mogha
 

discharges to the (discharge prescribed by the Trrigationm D,parLment. It
 

is important to note, however, that:
 

1. Whereas prescribed flows might well be above tlhe meaisured flows 

due to the fact that a given canal is runninr loss than full 

capacity, actual flows through the mogha should not normially 

exceed prescribcd flows unless an unauthorized alteration has 

taken place; 

2. The data presented reflect only one complete rotation of irriga

tion turns (warabondi) for a 168 hour period and do not represent 

measurements over a full cropping season or seasons. The 

measurements reported here are based on data gathered over 

24 hour periods each day for seven consecutiv days by flumes 

with time recorders. 

Table 1 presents data comparing actual to authorized mogha discharges. 

The reader may examine Table 1 by comparing differences between type of 

canal on which the mogha is located (perennial/nonperennial) or by type 



Table 3. Actual versus authorized mogha discharge (cubic feet per second).
 

Actual Authorized Actual Authorized 
mean meeeiru mean 
moghla molhaI mo,1a mIha 

Watercourse C rtc.ist D i7nater,-our djsc hrpe dischar e; Difference 

Perennial i npe runni 
101-1 O27 00..0.6I- . 4- 73, 5. , "08J-1 -. 8 	 . A -0.20 
101-2+ I 2 .08 2.86 3.00 -0.14 
102-14- ' 20' 1, .76 -.1 A " • 2.3F S ising 

103-1+ 0 30 0.49 -0 1ssng .90 rising 
04-97 0.74 2- i 1 1 of" -0.40 

104-2 0 .3 0.50 0 . 3 1
104-3 2 8 0.26 i0 114 0 9 I 1.06 -0,08 
1.06-"1* _ 1 1.87 0.30 -0 91 1. 19 -0.28 
107-1H. 1.852 . 15 -03" 0 83 0.74 09 
107-2++ .,3 0_3 C 0.35 0.131.76 G. 8 
107-3+i 0 2.17 -0.1 - 0 74 0.97 -0.23 
109-1" i 1.11 0 11 1 27 0.77 0.50

C.,9 -_ 41 	 0.61 l -1 5+ 00.7766' 9.7] 0.052 

10-14- 0.70 14 -0.a. " _15-6 0 i 1.02 -0.23 
1]_0-2+- -54 1.35 0.19 1.15 1.47 
112-1 2u missiis inm ' SD 0.67 .75 
11- 0.41 0.38 C0 110-3-- N,,mogha - noncommanded 

1, 1.170 0.77 Q. I Correlation between actual and authorized 
13-1 0.57 0.76 -0 .19 d mogh a discharges, Pearson's r 

0.33 1verall 

13-3 1.41 i1.36 0.05 i'Perennial .34(244)
 

1.43 .1.76 	 .52(339)
 

0.84 2.50 -Nonperennia1 	 .93(95) 
0.98 2.08 -,.60 iPublic TW* .92(43) 

16 0.54 1.09 -0.55 !Private T-+ .79(152)
 
1 -[ 0.46 0.50 -0.04 Heavy Density+-+ .36(79)
 

39 1.30 1 Private TW's 
SD 	 0 .64 1 (6+)
 

tubewells on w:atercourse
 
+Private tuhewelis on watercourse
 
++Six or more private tubewells on watercourse
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of supplementation of canal supplies (public and private tubewells).
 

Given the lack of time series data, it is not possible to reach conclu

sions about why ch,-re is ,ahgho:r coeffici ent of correlation between
 

actual and a]i1d
l ozud di stcarq; s o" nonp aL-iannial watercourses as compared 

to perennl N ,m:- i , .n actual 

discharges is 1o,,,r V. r LMM Wt.urcour:es with a heavy private tubewell 

dens ity than four o th, L.Ean dS. 

One tact ' iffcts moha discharge is mogha submergence due to 

[uI. cor.itL t.\een and authorized 

vr 


a high wat ercourse ,vn _I relat ive to the nogha. Moghas which have 

problems ot submergence are 
those at 102-1, 107-2, 107-3, 110-1, and 110-2
 

(see Figures 3, II, 12, 16 and 117, Appendix II, Part A, Section 3, 

Volume VI for witercourse slope profiles). 

Given the relatively high standard deviation values on Table 1, and
 

the operation of a complex set of variables uncontrolled in this study,
 

further research employing time series data will be necessary to sort out 

the factors explaining variability of differences between actual and
 

authorized mogha discharges.
 

Table 2 presents data showing the difference in moghu discharge 

factors in cubic feet per second per one thousand acres of land. The
 

actual discharge factor represents the actual mogha discharge per thousand
 

acres calculated us a quotient:
 

Actual mean mocha discharge (viiLhted by time)
r1.000 x 
Actual measured cultivated command area
 

The authorized discharge factor represents the Department of Irrigation
 

prescribed mogha discharge per thousand acres also calculated as a
 

quotient:
 

1000 x Moghadischare authorized by Irrigation )epartment

Authorized culturable command area as determined from 
Irrigation Department records
 



Table 2. Distribution of discharge factor 

Actual 

ptuti1
Acua
Authorize ctu i otenta 

1discharge di.cha rgL Uischarge 
Watercourse factor facyorj factor 

Perennial 

101-1 2.89 5.22 5.22 

101-2+ 3.24 5.91 9.5 

102-10- 3.27 229 .9.1 

103-i+ 4.41 2.34 7.03 

104-1+ 4.68 12 16 i2.16 
104-2+ 3.030 5 ]. S.65 
104-3 4.48 6.22 62 
106-1* 3 39 -4 7.57.05 

107-1-H- 3.34 2.26 .SS 
107-2- 3.33 3.3 10.90 

107-3+2 	 3.54 .7, 

109-1* 2.84 3.29. 6.07 
109-2-	 88 3."7 8.46 
110-1+- 4.55 1.96 30.53 
110-2+f"5 4.5 	 16.561.. 36S 

112-1 missing 3.31 3.31 
1122 .73 5.9 5.9411 -320 6 6 6.69 
113-1 3.30 3.70 3.70 
113-2 3.83 7.01 7.01 

113-3 3.33 4.59 4.59 
116-1 11..62 11.35 1. 35 
116-2 9.59 4.,49 4.49 
116-3 4.41 1.99 1.99 

116-4 -. 72 .85 8,85 

X1 

_3.S 4.S2 10.73 

SD !.42 2.67 8.17 
*Public tubeweils 
+Private tubewells
 

+-HHeavy density of private tubewells
 

values (cusecs per thousand acres). 

Gross 	 Actual Gross
 
potentialLd' Authorized Actual potential potential
disqcharge[ di.scharge Idisahrge dischargeldischarge 

factor - Watercours factor auctr factor 1 factor 

I .... 
5.222 	 105-0 1 4.29 3.92 77 .48 
9.15 	 i108-1* 5.0. 5.6; .50 11.56 

11,* . issin. 77.66 
7.03 	 1 * 7.66!]1-2' 5 


L2.16 i114- 52 .. 11.07
.9 11.97 

20.35 114-2 5.5- t1.?.59 	 3.59 

.1 	 52 !
 
114-4 5.51 ",04 A.:- 4.S 

Un , 2-1 6.02 1.1k- 7.1 7.M, 
1 6.1 .. . 

K3 + 610 ] l -w4 t 1457 
n i.o715-4 6.75 W.t- K... 14.60 

S ;'i- -. 20. 30 .52 
30.53 	 115-6 6.00, , T1 2.92 

16.56 X F 	 9 
3.31 	 SD J9 . 
5.91 ' 	Noncommandei6.69 { 	 !]Q-34-f no mogh .. _a_ .i:: ..... ,._! .. . . .:L_2 
3.70 'IISjngle correlation between I:in.;:><, -rvlv:Awn between 
7.0i authorized and actual dis<- aunhrr'L~o disy -: ind% nctu1W 

4.59 	 charge factors (Pearson's r'-chiryc : no rE ,ar'n's r) 
I.35 	 N 
4.49 	 Overall .29(330) overM:iL .039 (389) 

33.05 Perennial .08(235) Perennial .032 (270) 
8.85 	 Nonperennial .70(95) Nonpurcnn2al .120 (119) 

Public T4 .54(93) Public W .356 (67) 
11.81 Private TW .54(152) Private TW .062 (152)
8.71 Heavy Density -.06(79) Heavy Density .790 (79)
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The actual potential discharge factor represents the following quotient:
 

Actual mogha discharge + discharge of all public and
 
private tubewells*
Authorized ctltulrabl].e command area as determined from x10 

Irrigation Department records 

The 	 gross poten Lial di schafge factoir eq-iils: 

Actual mogha + di schar e of pl t 1)1 & + discharge of 
dischr- e iwte tubew illegal. 

Autnoric1Uu ..t(II~t -a1, iumarea as determined from x 1000 
I[ri-4at ior Departmient records 

The analysis of Tiib le 2 data is severely constrained by the lack of 

time series data. There is a low overall correlation betweeii actual and 

authorized discharge factors. The relatiLoship drops on perennial. water

couirses, but is stron e)ii n p) renia I watercourse s. l,ittc on1u examines
 

the correlation between authorized and cross potential 
 djscLOrgc, factors 

(see Table 2), one finds no association overall on perceni:l] aud non

perennial watercourses. Yet for watercourses with 	pubjio, private, and 

a. high density (six or more) of private tubewells the relatjonship becomes 

positive 	and strong. 

Table 3 provides information regarding the actual average time in 

minutes tor each irrigation turn (warabundi) and the authorized time on a 

per acre basis. It is interesting to note that for 377 farms evaluated, 

the simple correlation between actual and authorized mirnutes per acre is 

a .86. Yet there is imuch variat ion anoing- farms on a given watercourse 

command area. Miiny v.riables influence tile actual tLime consumed in a 

given irrigation--c.g. , the power and influence of the irrigator, season 
*The rate of discharge of private tubewells is assumed to be 0.6 cusecs. 
The rate of discharge of public tubewells was measured at the well 
during field irrigation evlua tions. 

**The rate of discharge of each illegal mogha is assumed to equal one 
cubic foot per second. 
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Table 3. Actual versus authorized warabundi time. 

Actul Aurhorized Actual Authorized 
ave±r e ,versa \ c average average 

warn bundi w~i ribund i waaeb1)ud I warabundi 
Watercourse -tie/_acre. tbo.cre ",atercourse t.q/e/'acre time/acre
Perennial ----------------------- uui __alL 

101-1 23.0 :30 105--I I( ." 20
 
101-2+ 28.43 ' 19.9 20
 
102-14+ i9.L I 1 -1 '5.4 33
 
103-1+ 78.8 91 1 -. 4 ,4 28
 
104-1.+ 62.2 o1 1- 60.0 53
 
104-2- 5,.a -2 32. 0 32
 
104-3v- 224.0 .74 4.5 x
44-3 53
 
106-l' 20.5 18 114--. 53.6 47
 
107-14f 14.5 16 4115-1 86.9 82
 
107-24+ ]5.8 19 i! 115-2 190.2 177
 
107-3+f 34.3 29 115-3+ 144.0 
 53
 
109-1" 2%.1 2 6 !'.115-4 115.9 79 

109-2* 31.1 26 I1.15-5+ 103.9 82
 
110-4++ 2' 21 115-6 _ 54.5 59
 
110-21+ 
 24, ] 34 X 67.0 54.54
 
112-1 
 12.5 x 22 SD 47.67 38.19
 
112-2V 1,6.1 73 Nonconnanded (no canal water)

112-3 '39.7 37 110-3++ 	 no mogha 
113-i 65.5 44
 
113-2v 40.2 27
 
113-3V 32.8 25
 
116-D! 136.2 59
 
116-2) 94.2 46
 
116-3 37.1 41
 
116-4' 191.8 95
 

51.9 40.84 
SD 44.60 29.18
 
*Public tub.l
 
+Private tubewel is
 
+Heavy 	density of private tubewells
 

(six or more)
 
Y'(Act auth)=(Act CCA<' Auth CCA) 

104-3 Has much sn:aller area served than authorized because all of the water 
must be lifted by jhallar. 

112-2 Has much smnller area served than authorized because of a significant 
high area nenir head of watercourse command area due to unlevel land. 

113-1) 
113-2 ..... due to large uncuIE ,ivatedv. teorlogged rua 

mogha113-3) near 
116-1) ..... due to large ,mcult iceted weatoer logge:d areas in command 
116-2(116-3 is not affected as much, has the Brohi Baluch farmers 
116-4)and 6+ illegal moghas). 
115-3) 
115-4......due to large uncultivated areas 
115-5)
 
x(Act < Auth) = (Act CCA > Auth CKA)
 
101-1 Farmers have expanded command area
 
112-1 Htugh areas expanded beyond original planned CCA
 
114-3 " " " " " 
 " "
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of the year, quantity of water in the canal system, and trading
 

arrangements.
 

II. WATERCOURSE AND FIELD CHANNEL LENGTH AND FARM IAYOUT CHARACTERISTICS 

This section focuses on several characteristics of watercourse and 

field channels, layouts of farms and fields of both sample and nonsample 

farms on the 40 sample watercourse command areas. 

Farmers io PakibanL face a number of constraints in applying water 

to their fields.--unreliable canal supplies, lack of technology for ade

quately leveling fields and for improving the inefficient main water

courses. There is also a problem, .in some areas, of land fragmentation 

which results in many widely scattered noncontiguous land units, each with 

its separate irrigation time. Farmers respond to these constraints in 

several ways, some of which are ingenious. For example, they construct 

small basins for increased Water control. Small bunded units are more 

amenable to Leveling with available techniques. Because the fields are 

small, farmers also must create an intricate maze of smll field channels. 

Many nakka cuts are required to divert water onto fields that often have 

excessive elevation differences within them. Given short supplies of 

water, farmers often are forced to engage in extra-legal activities such 

as creating illegal moghas and cutting nakkas into the main watercourse 

channel to irrigate problem fields. Also, where fields with topographical 

problems are best served by private tubewells, it is both a common and a 

rational practice for farmers to violate legal regulations and trade canal 

water for tubewell water. When tubewell water is traded it is usually not 

on a par basis in terms of minutes due to differences in discharge rates 

between tubewells and the canal mogha and due to perceived differences in 

water quality. Farmers also develop other approaches to obtain more water. 
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These are discussed in some detail in Volume V. Any long term observer
 

of Pakistani farmer responses to their physical and legal constraints
 

imposed by the present irrigation svsterm must marvel at their sagacity. 

This study his conF tmed an earl i er oh serva tion that ot lie farm level in 

Pakistan the farmer is pr ese"t ' the W prt in iriation 

A. saur our Qtercourca ron- fi ol Channel Length 

Measured lengths of t e totAl main and branch watercourses plus field 

channel length in milles are swnM in Table A. The t.otal miles of water

course and fHolchannl.1enoth for the 11, -64 :cres o, culti vat:ed land 

for the 40 sample commands in 1I.5 m.ie or an averaige of bout 9.29 

miles per command are.. The (lt ivated acre for the individuai com-

I as wteourse field 

channels. Note, for e tamplp the qmnl! cutired r s o watercourse 

commands 103-1, 104-1, (4-2, 10-3 a.n lhe nncommanded area 

of site 110-3. The site ,' . . o ly acr-' :'imrilv because it 

mand areas vary radicai7 well the riles and 

101 , 10 

is a jhallar lift command whierp [il n!am t:o be lifted fromca I,>,nlies have 

the main watercourse to :irigate thi s qt!a . l- . al;tlar Iifts 

usually average only about .2--.3 cusecs of d~icha;.ue depending on the 

variability of both animals ann men. Site 104 watercourse commands are 

small because they are located at the tail of a ,distributarywhere water
 

supplies are usually very low. Watercourse 104-3 is like 103-1 in that
 

all water is lifted by jhallar to serve the land. At this site farmers
 

often cut directly into the rajbah or dLstributary to receive scarce
 

supplies. Picture Glossary Figure IIM shows where this was done. These
 

data suggest that there is hardly a typical watercourse command in 

Pakistan. Even at village sites as 107, 1.10 and others we note great 

variations in size of commanded area and miles of conveyance channels. 
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Table 4. 
Actual gross cultivated area and total watercourse

length (main and branch watercourse plus field
channel length) for 40 sample watercourse sites.
 

We 
command 
site 

Actual 
gross 
cultivated 
area 
kacres) 

Total 
watercourse 
length 
(miles) 

WC Actual Total 
cornmand gross watercourse 
site cultivated length 

area (miles) 
(acres) 

101-1 

101-2 

102-1 

103-1 

104-1 

104-2 

104-3 

106-1 

107-1 

107-2 

107-3 

109-1 

109-2 

110-1 

110-2 

112-1 

1.12-2 
112-3 

113-1 

113-2 

113-3 

116-1 

116-2 

116-3 

116-4 

PERENNIAL 

448 

455 

538 

130 

165 

216 

83 

515 

742 

684 

303 

349 

324 

361 

419 

1377 

145 
952 

274 

407 

468 

213 

219 

282 

115.2.73 

14.05 

13.47 

13.34 

4.55 

3.73 

4.25 

1.58 

17.04 

42.30 

30.24 

18.63 

11.46 

12.28 

8.79 

8.06 
15.12 

2.37 
8.45 

15.63 

5.23 

11.40 

3.32 

5.42 

7.03 

-

NONPERENNIAL 

105-1 571 14.75 
108-1 519 12.15 
111-1 333 7.27 
111-2 241 9.09 
114-1 170 3.74 
114-2 365 9.44 
114-3 295 4.31 
114-4 198 5.55 
115-1 121 4.07 
115-2 62 1.76 
115-3 75 2.02 
115-4 101 2.93 
115-5 104 2.68 
115-6 233 7.17 

NONCOMMANDED AREA 

110-3 119 5.42 
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A striking fact from Table 4 is not only the variation but the actual
 

miles of channels. The mean and median miles of the conveyance system
 

from the mogha to the last farm on the cotimmara areas respectively are 9.3 

and 7.2 miles. The range, however, is J.6 miles at 104-3 site to 42.3
 

miles at site 107-1. Likewise, whe one thinks in terms of the average
 

cultivated acreage for coumand a'eas one ,ust realize that the ranges are 

as extrene as 45 acres at site 104-3 site to 695 acres at 107-1 site. 

There are coo mpy special cases to assume that the typical command area in
 

Pakistau is 400 acres as we did in thel introduction of this report. When 

one speaks of an av.,rage or typical rommand area he must use the same cau

tion as speaking about average weather or average water s upply situations. 

Table 5 provides summary data about watercourse and farm chracter

istics to be examined in this section of the report. This table shows 

total cultivated acreage for commands at 16 viilage sites and information 

about watercourse length, nakka cuts, bunded units a nd unihoer of parcels 

per site. Figure 2 shows the authorized vul tivatble command area (CCA) as 

compared with the actual CCA. Note that at all 3imple sites, except 102, 

104, 105, 106, 108, 109, 111, 112, 113, 115 and 116, farmers are cultivat

ing more than the authorized CCA. Where possible, givpn private supple

mental tubewell water in addition to canal supplies, farmers attempt to 

extend their cultivated acreages as much as possible. Two of these sites, 

107 and 110, have a combined total of 40 private tubewells and have the 

largest CCA extension. At sites 102, 105 and 109, there are fields which 

are too high for irrigation by gravity from public tubewel1 and canal water 

supplies. Site 106 has a considerable area at the tail influenced by 

salinity and waterlogging and 111 has nonperennial supplies. 



TABLE 5. 
Village level summary data--watercourse characteristics
 

Village Number Number 
Number Actual Total 
 AGCA Number Number 
 Total Total
of of 
 gross v ater- acres of of 
 barren acres
water- farms separate commandJ course 
 per 
 nakka bundedcourses 
 parcels area 
 Ienqth 
WC cuts units
(,C) 
 (acres) (miles) length
 

101 
 2 wc 15 205 
 903 27.52 33 
 2576 3921 99 
 1002
102 1 wc 9 
 34 538 L3.53 
 40 1719 983 
 10 548
 
103 1 wc 16 
 27 
 130 1.48 29 
 438 616 
 2 132
104 3 wc 36 
 48 464 9., 56 49 
 783 636 
 86 550
105 1 wc 
 8 
 54 571 15.50 
 37 1007 968 
 64 635
106 1 wc 
 12 110 
 515 16.25 32 
 1403 1044 
 23 538
 
107 3 wc 55 
 588 1729 91.17 
 19 5714 4982 
 104 1833

108 1 WC 9 
 35 
 519 12.15 
 43 1162 923 
 12 531
109 2 wc 14 71 
 673 23.74 28 
 2553 1266 
 3 676
 
110 3 wc 27 
 157 899 
 21.84 
 41 2393 1939 
 4 903

11 2 wc 24 
 25 
 574 16.36 
 35 1420 1024 
 130 704
112 3 wc 34 
 64 1974 25.94 
 76 1931 1466 
 847 2821

113 3 wc 
 26 
 52 1149 32.26 
 36 1717 1444 
 437 1.586

114 4 wc 39 
 71 1028 23.04 
 45 2319 2317 
 108 1136
113 6 wc 39 
 67 
 696 20.63 
 34 1780 1751 
 88 784

116 4 wc 26 
 22 
 829 18.50 
 45 1919 1718 
 330 1159
 

Totals 40 wc 
 13,191 372.47 35.4** 
 30,834 26,998
 
Totals*
 
for


40 wc 
 329.8 9.31 
 771 675
 
**Obtained by dividing the total 
area cultivated 
(13,191 acres) by the total watercourse length


(372.47 miles).
 
*Not Weighted
 



FIGURE 2. AUTHORIZED C.C.A. VERSUS ACTUAL C.C.A. IN ACRES FOR COMMANDS AT VILLAGE SITES 
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The mean cultivated acreage per mile of watercourse and field channel 

length as shown in Table 5 is about 35.4 miles. The median is a little 

over 30 acres per mile of conveyance channels. This suggests a major
 

problem in routing water to fields and a high potential for watercourse 

losses. Several factors make it necessary for farmers to develop the 

intricate patterns of lengthy conveyance channels. Land fragmetaion, 

topographical problems of high fields, and small discharges of water, 

especially at tails of command areas, are major factors involved. These 

are described in the remainder of this section. 

B. Land Fragmentation on Watercourse Commands 

Fragmentation of holdings refers to the noncontinguous parcels of 

land which comprise farm units. While the data in Table 5 summarizes 

the iKformation on separate parcels it must be remembered that these 

data refer only to sample command areas. Farmers also have other 

parcels on nearby command areas. At site 107 some farmers had parcels 

two to three miles or more apart. Fragmentation is a problem for 

farmers because: it makes for wastage of time and labor; extra expense 

is incurred in moving people, animals, seed, fertilizer, equipment and 

produce from one field to another; Lhe problem of securing crops from 

thieves and predators is exacebrated; land is wasted in excess bunds, 

banks, boundaries and field ditches; mechanization is constrained by 

small size of fields and problems Af field access; irrigation water is 

lost through dead storage and leakage in long irregular conveyance 

channels.
 

Table 6 shows the degree of land fragmentation on 307 reporting 

sample farms. Earlier data about separate parcels is reference to all 

farms on the 40 commands. The mean number of parcels is about 2 for 
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Table 6. Mean, median and range of parcel size for
 
sample farms by sample farm size and tenure classes,
 

Farm size No.of farms Mean Median Range*
 
classes reporting
 
(acres)
 

Under 2.5 53 1.7 1.4 1-7
 

2.5 - 7.49 82 1.9 1.5 1-5 

7.5 -12.49 74 2.5 2.0 1-21
 

12.5 - 24.99 74 2.1 1.5 i1-11 

25.0 - 49.99 17 2.4 2.0 1-6 

50.0 and over 7 3.7 2.8 1-10
 

Totals 307 2.1 1-21
 

Tenure classes 

Owner-operators 215 2.1 1.6 1-21 

Owner-cum-tenants 46 2.2 2.0 1-6 

Tenants 46 2.0 1.4 1-7 

*Range of separate parcels for the farms in each farm size
 

category.
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farns under 2S acres and 3 for the 24 farms with 25 acres or more of 

cultivated holding. However, for some indi':idlial farms there are as 

many as 7 or more separate parcels. For example, cf the sample farms 

of the 7.5-12.49 acre class size, one has as many as 21 separate parcels. 

When tenure classes are examined in relationship to land fragmentation, 

little difference is noted. All classes have both a mean and median 

of approximately two separate or noncontiguous parcels. One owner
 

operatcr, for example, has 21 separate patrcels which presents major
 

problems.
 

According to an earlier study where farmers have separate parcels
 

on a watercourse command area with a pucca warabundi system, "There is
 

no flexibility possible... and if a farmer has fragments in squares
 

which are watered on separate days, he must have a crop in a part or
 

whole of each fragment in order to use the water ivailable to him during
 

that squares' irrigation (Gibb, 1966, Vol. 10:5). This statement does 

not usually hold in practice because farmers have evolved a system of 

trading irrigation turns as a means to partially overcome this constraint. 

During the survey, investigators observed several types of water trading 

systems in operation. The pucca, "inflexible distribution system," 

is actually quite flexible in practice. On some commands, the rozewari 

method is used where water is allotted to a square or large0 block of 

land on the pacca warabundi system within which farmers allocate water 

on an informal basis. We also observed that where farmers have not 

worked out informal trading agreements much water is lost in conveyance 

due to seepage, leaks, spills, and dead storage. Water often does not
 

follow a systematic route from mogha down the command area from square
 

to square. Other studies have shown that farmers lose much water by
 

http:7.5-12.49
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moving water back forthand between sections of the command area
 

using their warabundi turn on the parcu of land 
 whose crop is most in 

need of the water (Kemper at al., 1975). Observations show t hat this 

is often piract ica]. whero Farmers have a nutmber of separat o parcels to 

irrigate. ELniners, making. irr'igat ion -vAH iWien; on the survey,
 

were often perpL exed wheli 0 
 r~r t otl->, it% d f n rms to ridUi L val.ua : ions
 

where irrigations were 
 schejdl nr 'irdiLug to the putuc warbuiidi only 

to find that the qcneduI e was not h nugol lowd. te ,hrhot rtyAt
 

farmers seldom trade irrig.eation 
 turns on tho poec a warabundi sy, ,term is
 

not correct. Trading 
 of turns during the surv,'y e ane auchi a problem 

that the sampling pr-edures ha-id to be changed. At sitan 101 to 110,
 

irrigation evaluations w,'ere mad1 After 
 the samp.le was randoml y'selected
 

and interviews ,.onducted. Several re turn trips 
lad ro be made to sample 

farms to complete evaLuations. About one sixth of the arms were not
 

evaluated because engineers; could not fino 
 the tarmer i i rating during
 

his turn. This problem was solved 
 later in the survey is engineers 

learned to follow the water up and down,, .Is on, t was diverted to meet
 

farmers' demands and overcome problems of 
 aMud f rgm ntation.
 

Overall, for the A0 command 
 areas, fragncnlent. i of holdings does 

not appear to be a major problem for improvemnent of farm design and 

precision land leveling. Table 7 provides a summary A. thlie separate 

parcels for each village site by perennial and nonperecnial commands. 

The average number of separate parcels for all farms on the 40 commands 

is only two per farm, the median is also two and the ranpe is from 1. 

to 21. Note that the average parcel sizesize is 5.6 acres. Parcel 

represents a key variable affecting the adoption of prccis;ion land leveling. 

Parcel size determines the ease of use of tractor drawn soil scrapers 
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Table 7. Summary data on farm size ard land fragmentation for total area
 
in commands at village sites (includes sample and nonsample 
farms unless otherwise designated). 

Command type Actual Average Number Average Average 
and Gro s Number farm of No. of acres per 

village Cultitv d of size separate parcels separate 
site . . Area (acre farms (acres) parcels per farm parcels 

Perennial. 

101-2 wc 981 88 11.1 205 2.3 4.8 

102-1 wc 522 34 15.4 34 1.0 15.4 

103-1 wc 149 17 8.8 27 1.6 5.5 

104-3 wc 411 22 18.7 48 2.2 8.6 

106-1 wc 540 51 10.7 110 2.2 4.9 

107-3 wc 2054 427 4.8 588 1.4 3.5 

109-2 wc 730 46 15.9 71 1.5 10.3 

110-3 wc 1032 107 9.6 157 1.5 6.6 

112-3 wc 1974 26* 75.9* 64* 2.5 30.8* 

113-3 wc 1149 24* 47.9* 52* 2.2 22.1* 

116-4 wc 829 18* 46.1* 22* 1.2 37.7* 

Nonperennial
 
105-1 wc 458 36 12.7 54 1.5 8.5 

108-1 wc 561 28 20.0 35 1.3 16.0 

111-2 wc 574 15" 38.3* 25* 1.7 23.0*
 

114-4 wc 1028 36* 28.6* 71* 2.0 14.5*
 

115-6 wc 696 36* 19.3* 67* 1.9 10.4* 

*Denotes only sample farms (not total farms).
 



and planers. Existing farm units of five or six acres in size can be
 

developed into more efficient units for irrigation by reducing the number
 

of small basins and simultaneously returning to production valuable land
 

area required presently for bunds and farm conveyance channtels. The
 

parcels in viilagcs 102, 108, and 109 are larger because these villages
 

were settled about 1948--much later than most other villages. Village
 

sites 108 and 109 also have a larger percentage of larger landlords than
 

other sites.
 

The largest and smallest noncontiguous parcels of sample farms
 

were measured. Table 8 provides these data by village site. Modal
 

frequencies are underlined for both largest and smallest separate
 

parcels for each sample village site. This information is relevant
 

for land leveling, espcially for the design of more efficient farms 

for improved irrigation practices. Our interest is in the percentage
 

frequencies for each separate parcel size interval and these values
 

can be inspected in Table 8. Sites 102 and 109 have the highest per

centage of sample farms, the largest parcels of which are in 10-15
 

acre range. The 102 site was primarily settled at partition (after
 

1947), and the Cooperative Farming Society provided refugees holdings
 

of 12.5 acres each with one condition that that parcel not be divided
 

when inherited by neirs. Site 109 is one where 50 percent of the farms
 

are owned by farmers with holdings of 25 acres or more. Village
 

sites with farms having a majority of largest parcels in the 5 to 10 

acre categery are sites 104, 105, 107, 108, 110, 112 and 113. A precision
 

land leveling program with the purpose of leveling fields and designing
 

larger farm irrigation units is very feasible. Of the 40 command areas,
 

23 have a majority of farms with separate parcels over 5 acres in size
 



Table 8. 
 Percentage distribution of farmers by parcel size for each village site on the basis of
largest and smallest parcels**
 

# LARGEST PARCEL 
 SMALLEST PARCEL
.Village Par-
 _ PARCEL SIZE (ACRES)site cels 2.6-1 51- 0. 15.1- (PARCEL S1i(ACPES)
.- 2.1- 3.1- 4.1- 51-ii .i
 
101" wc 5 1320.0 10.0_ 15.0% 25.70 
125 53
I 
 3 .0_- 3-%.0 67!6%2.%67
20 3.0 
 .05 ___._ 115.0-15.1+ 

103-1 Wc 16 37._5 25._0 112.5 12.5 112.5 
 - 12.5 25._0 18.8 112.5
104-3 wc - 12.5 112.5
12 8.3 25.0 25.0 25.0 126.7 - 6.3
6.7 40.0 -67 13.3 6. 6.7 %20.0
 
105-1*we 
 2 
 - - 150.0 
 - 50.0 - -
 I
 

- - 50.0  50.0

106-1*wc 
 12 - 58.3 25.0 
 - 16.7 - 25.0 25.0 33.3 8.3 
 8.3
 
107-3 wc 
 55 30.9 30.9 34.5 
 1.8 '.8 
 - 40.0 9.1 5.5 
 9.1 10.9 
 1 1.8 1.8
108-1*wc 
 9 
 - - 33.3 22.2 33.3 
 11.1 11.1  -
 -
 - 44.. 1.1 33.3

l09-2*wc 
 13 15.4 7.7 15.4 
 38.5 - 23.1 7.7 
 7.7 7.7 7.7 
 15.4 
 7 308 115.4

110-3 wc 
 25 12.0 16.0 48.0 8.0 8.0 8.0 
 36.0 4.0 8.0 8.0 
 8.0 24.2 4.0 8.0
ll1-2*wc 
 17 52.9 11.8 12.8 
11.8 - 11.8 44.4 16.7 
 5.6 -. .. 
 i!. 11.1

112-3 wc 
 25 4.0 28.0 36.0 12.0 20.0  44.4 12.0 
 - 8.0 4.0 4.0
 
113-3 wc 
 21 4.8 4.8 47.6 19.0 19.0 4.8 4.8 9.5 
 14.3 19.0 
 - 28.6 14.3 9.5114-3 wc 34 26.5 32.4 11.8 17.6 11.8 - 55.9 
 5.9 5.9 
 8. 5.9 5.9 5.9 5.9

115-6 wc 
 38 47.4 21.1 13.2 5.3 5.3 
 7.9 60.5 10.6 7.8 
 5.3 2.6 
 - 2.7 10.5
116-4 wc 
 17 41.2 23.5 29.4  - 5.9 11.8 17.6 
 17.6 123.5 5.9 17.6  5.9
 

Totals 
 320 23.8 22.5 26.3 12.2 10.3 5.0 
 34.5 1. 
 8 5.5 15.2 8.0 9.1

-:Denotes comiands supplied with public tubewells.
**Modal cate.ories 
are underlined for both largest and smallest parcels for each sample village site.
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which could be redesigned into more efficient irrigation units. Small
 

parcels, however, will remain unless there is a stronger emphasis given 

to land consolidation programs. Farmers, however, can benefit even 

with such small units, if small and appropriate technologi es are made 

available for improved land leveling. In Pakistan, to date there has 

been insufficient attention given small. scale teclhno logies for either 

land leveling or other farm operat ions, Obhervation ,nd experience in 

operating these small units show, du, to the lack of long equipment 

runs and many field corners to neyot-ate, that both plowing and other 

operations leave small areas either untilled or poorly tilled for good 

seedbed preparation. The information presented in Table 8 shows that 

there is a substantial potential. for improving the scale of farm units 

by improving the present layout or design of farm units. Longer runs 

with fewer irrigation channels and bunds not only result in a saving 

of land but also in more control of irrigation water for more efficient 

irrigation practices.
 

C. Irrigation Basin Size
 

The size of the irrigation basins, or bunded units, used for flood
 

irrigation in Pakistan are influenced by a number of factors: water 

supply, the position of the farm in the command area, soil types, 

watercourse slope, field topography, farm size and type of crop. Many 

of these factors are interrelated and combine to make the type of water 

supply situation and the volume of water discharged critical variables.
 

The basins are usually only about .2 to .4 of an acre in size because 

farmers have learned that such small basins are necessary to distribute 

small volumes of water over land leveled by guess work. Larger basins 

are not feasible under present conditions because with typical small
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supplies of water it is difficult to cover unlevel areas. 
 Table 9
 

provides information on the size of 
bunded units by site categorized
 

into perennial and nonperennial commands. 
The percentages of bunded
 

units are cummulative for each interval size expressed in 
tenths of an
 

acre. 
The percentage is underlined where 50 percent or 
more of the
 

cases 
fall in the median category. 
Of the almost 27,000 bunded units
 

for 40 commands or 11,865 cultivated acres there is 
an average of about
 

2.3 bunded units per acre. 
Note that those sites which have a majority
 

of basins in the 
.5 < .6 size, category and larger, tend 
to be supported
 

by public and private tubewells. 
At site 103, for example where the
 

majority of farms fall in the 
.1 < .2 acre basin interval, there is
 

only one small private tubewell. 
At this site all canal water is
 

lifted by jhallars to irrigate these small basins. 
 A jhallar lift
 

probably will average a volume of 
.2 to 
.3 cusecs over time, depending
 

on the power of animals. 
 Sites 116, 115 and 114-1 have no public tube

well supplements to the caital supply and 
the last two mentioned sites
 

have 10 nonperennial commands on which a high frequency of Persian wells
 

exists. The bunded units must be small to 
be served by the 0.04 to
 

0.10 cusec discharge. It is interesting that of those village sites
 

where about 15 percent or more of the farms have basins in the range
 

of one or more acres--106, 109, 104, 110, 112, 105, 108 and 111--all
 

except 104 and 112 have public tubewell supplies or a high density of
 

private tubewells (ll0).2/
 

1/At site 116 there are no tubewells and for the 10 command areas at sites

114 and 115 
there are only 6 small private tubewells.
2 /See Appendix II, A-11 for a summary bundedof unit sizes for each of the
40 command areas of the 6 commands with 20 percent or more basins one 
acre or greater in size, 4 of these are on public tubewell commands.
In contrast, of the 9 commands with 10 percent or more of the farms
with basin sizes under .1 of an acre all of these are on nontubewell 
watercourse commands or where there is only one private tubewell. 



Table 
9. 	 Size of irrigation basins in acres by watercourse command water supply situation and village

sites (cumulative percentages and median intervals).
 

Type of watercourse 
command and public 

No. 
of Cumulative percentages of burided unit sizes (acres) 

vs. nonpublic tube- bunded!f 
well supplements junitswe l su p emns un t 

PERENNIAL 

< ±1.< 
j.< ~2 ~I4,5.2<.3 4 3<.4 1.4<.S 

r 

5'b
.5--.6 

7~ 
1-.0<.7 

a 
.7<.8 

F
R.<.9 -9<i.0 1.0+ 

Public tubewell 
106-1 wc 

109-2 wc 
Nonpublic tubewell 

1044 

1266 
3.2% 

1.4 
13.2% 
4.2 

25.4% 
13.3 

I 

37.6'-
22.1 

49.9% 
37.7 

81 .0, 
0. 4 

41 

3. 9 8 
T4.95-7, 

8. 
e6 2 
85.5 

100.0% 

100.0 

101-2 wc 
102-1 wc 

3921 
983 

2.3 
1.5 

15.5 
4.5 

47.2 
13.7 

62.1 
1.5 

70.0 
30. 6 

86. 
)4. 

87.7 
855 

8. 6 
C 

89.1 
E6 .4 

89.5 
87.1 

100.0 
100.0 

103-1 wc 

104-3 wc 
107-3 wc 
110-3 wc 

616 

636 
4982 
1939 

13.0 

1.4 
1.2 
4.8 

54.7 

7.4 
13.3 
12.8 

74.7 
20 .0 

) .3 
2G.4 

89. 1 
32. 
701 
35.5 

93.6 
45.7 
8 .9 
47. 9 

97.7 

'34. 

65 .3 

38.7 

6 
5.5 

C .3 

98.9 

7. 
95.8 
70.7 

99.5 

79.1 
96.0 
73.2 

99.7 
23.7 
96.2 
75.6 

100.0 
100.0 
-. 0.1 
100.0 

112-3 wc 
113-3 wc 

1466 

1444 
.2 

3.3 
3.7 
7.6 

21. 
13. 

25.5 
2 

32.2 
3 

7. 7 
. 

31.5 
92.9 

8 2.5 
95.995100.0 

33.7 
97.1 

84.C 
93 

100.0 

116-4 wc 1718 6.1 29.4 59.0 76.3 86.9 92.4 95.8 97.3 98.2 98.4 100.0 
NONPERENNIAL 

Public tubewell 
105-1 wc 
108-1 wc 
111-2 wc 

968 
923 

1024 

3-3 
3.3 
3.8 

14.0 

14.6 
14.6 

23.4 

29.9 
27.8 

33.6 

43.4 
40.9 

51.2 

49.6 
54.8 

73.4 
65.1 
67.2 

77.4 

69.3 
7 

79.1 

72.4 
3.2 

80.0 

75.1 
81.4 

83.3 

76.5 
34.6 

100.0 

100.0 
100.0 

Nonpublic tubewell 
114-4 wc 2317 14.3 39.2 54.3 61.7 68.1 83. 6.4 83.2 C .C 91.1 100.0 
115-6 wc 

Totals 
1751 

'26,998 

11.7 

4.4 

30.2 

17.3 

50.3 
38.6 

66.8 

51.7 

76.6 

62.7 
883.8 
82.7 

8Q.5 

86.0 
91.7 

87.6 
93.6 
3s. 

95.8 
89.9 

100.0 

100.0 

Note: Median intervals underlined. 



23
 

For the 40 commands, about 22 percent of the basins are less than
 

.2 acres in size; 39 percent are under .3 acres and over 50 percent are
 

less than .4 acres. Note that fully 83 percent are under .6 of an
 

acre. In order to gain a clearer understanding of the influence of
 

the water supply situation on size of irrigation basins, basin size data
 

are presented in Table 10. Differences between head and tail farms is
 

masked by the influence of private tubewells and Persian wells located
 

along the watercourse command reaches. Forty-four percent of the 78
 

private tubewells are located at the tail as are 33 percent of the 45
 

Persian wells. Major differences in median size of bunded units are
 

found only for the case of 1 to 2 private tubewells located on commands
 

where the head farm median basin size is .4 acres versus .2 acres for
 

tail farms. This indicates that farmers with greater losses of canal
 

water in conveyance tend to adjust their basin sizes downward in order
 

to control the lower volume of water. Over the total sample, little
 

difference is found between basin sizes for head and tail farms in
 

relationship to type of supplements to canal supplies.
 

Table 11 provides a summary of both median and mean bunded unit
 

sizes of sample farms in relationship to several different water supply
 

situation factors. The modal percentage is underlined to indicate
 

size categories where the highest percentage of sample farms fall. There
 

are no differences in the modal percentage of farms in basin size
 

categories by different farmer reports of tubewell use or 
perceived
 

tubewell water availability (see Table 11). Nearly 60 percent of the
 

farmers who report tubewell water as not available have median basin
 

sizes under .4 acres as compared with more than 53 percent of farmers
 

who report tubewell water as "easily available."
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Table 10. Mean, median and range of farm locations on watercourse command
reach and weighted area of basin (individual bunded units) irri
gated x type of watercourse supply situation. 

Type of f Mean, median, and raine for head and tail farms 
watercourse Head Carms Tail farms 
supply situation Icasesuan IMedian .. CaS... ean RangePang.... Media 

A. Perennial 

1. No tubewells 35 .6 .4 .1-4.0 31 .5 .5 .1-1.1 

2. Public tubewells 
only 10 .5 .4 .3-1.0 4 .7 .6 .5-1.0 

3. Private -3.4 
tubewells (1-2) 22 .4 .4 .1-1.4 47 .3 .2 1 

4. Private
 
tubewells (3+) 77 .6 .3 .1-1.7 .5
21 .4 .1-1.1
 

B . Nonperennial 

I. No tubewells . .. 
 .
 

2. Public tubewells 
only 9 .7 .7 
.3-1.1 14 .6 .5 3-1.6
 

3. Public and
 
private tubewells 2 
 .4 .4 3-.4 2 .4 .4 .3-.4
 

4. Private
 

tubewells (1-2)
 
plus Persian wells 74 .4 .3 C1!2.0 6 .6 .4 2-1.0
 

5. Weighted Mean and 2
 
Total Range 229 .51 01-4.0 125 .45 1-3.4
 

*.01 acres or less.
 



Table 11. Percentage 
of median bunded unit categories and mean bunded unit size by water supply

situation.
 

Bunde Median bundedunit size 
 (acres)
Water supply units 	 Mean bunded unit size (acres)
i .2- .4- .8-
situation <. 2 	 .2- .4- .6N .39 .59 .79 .99 1+ <.2 
 39 .59 1 99 
1. Type of tubew. 1
 

supplement

None 
 146 	 11.7% 43.2'. 37.7%1 
4.1% 2.1%1 1.4% 9.1% 43.8% 34.9% 6.8%
Private 	 4.1% 1.4%
156 	 16.7 51.9 27.6 
 2.6 0.6 
 0.6 	 10.3 55-.8 121.8 10.3 0.6
Public 	 0.6
32 	 - 12.5 75.0  6.3 6.3 
 3.1 9.4 59.4 21.9 -
Public & private 	 6.3
19 	 - 15.8 52.6 5.3 
 5.3 	 21.1 
 -	 10.5 142.1 26.32.Far 	 10.5 10.5
Po ition 

on commnd*I
 
Head

Middle 	 130 9.2 45.4 36.2 3.8 2.3
86 14.0 34.9 	 3.1 5.6 45.4 29.2
44.2 2.3 3.5 1.2 	 15.4 2.3 2.3
10.5 430 131.4 i10.5
Tail 	 3.5 1.2
113 	 15.1 45.1 35.-4 1.8  2.7 12.6 43.0 36.3 6.2 0.9 0.9
 
More than one 
 22 	 9.1 45.5 27.3 9.1 4.5 
 4.5 4.5 45.5 22.7 9.1
3. Reported 	 9.1 9.1
 

use
 
of tubewells

None 	 181 16.0 39.2 39.2 2.2 
 1.7 1.7 I10.8 45.9 32.0 6.6 3.3
Hires Z-	 1.7117 7.7 	 3.
41.0 39.-3 4.3 3.4 	 36.831.64.3 7.8 36.819 1 1.71.7 2.Owns 	 2.6
42 	 7.2 66.7 21.4 2.4  2.4 2.4 61.9 31.6 2.4  2.4
 
4. Reported tubewell
 

water 	availability

Not available 
 133 	 16.5 42.1 34.6 3.8 
 2.3 0.8 10.8
With 	difficulty 62 45.1 33.1 6.0 4.5 0.8
8.1 41.9 45.2 - 1.6 3.2 
 11.2 3 32.3 
 12.9 1.6
Easil, 	 1.6
124 8.1 45.2 36.3 4.0 1.6 4.8 4.0 
 4 33.9 12.9 0.8 
 4.0
5. 	 Command type. 
Perennial 237 	 11.A 3..7 42.6 
 2.1 2.1 
 1.7 	 10.6 51.9 
 2 -1 10.6 3.8 3.8

Nonperennial 
 104 	 13.5 51.9 25.0 2.9 I. 4.8 6.9 	 41.4 3 9.3 2.1 0.8
 

*Interviewer's estimate of farm location, based on "farmer's idea."
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Factors which may influence the size of bunded units are farm size
 

and physical soil types. Smaller farmers in general have less access 

to supplemental tubewell water as well as to land leveling services. 

The data, however, in Table 12 do not show much difference in either 

median or mean bunded unit size among, farm size cat:egories. / Size 

intervals in which the majority of the sample farmers fall are shown 

by underlining the modal frequency. 

Table 12 also displays mean and median irr igation basin sizes by 

five general physical soil types; no clear d iifferences are revealed. 

One would expect that where soils are predomlinately of the light to 

medium (sandy loam to loam) category, farmers wo,,Jd have smaller 

basins to more easily moc water across bas ins where infilt ration rates 

are higher. Maintaining blnds on fields with ligit sandy soulIs also 

presents greater problems than with more heavy clay soils. Slight 

differences are observed between farms with more sandy soils and those 

with fine clay soils (see Table 12). More than 65 percent of the mean 

basin sizes of farms with the more sandy soils are under .4 of an 

acre as compared with 46 percent of the farms with predominately fine 

(clay loam) soils. With this exception there is little difference in 

basin sizes by soil types. The general soil type cat egories used are 

either not sufficiently specific or other factors such as water supply 

are more important in explaining differences in basin sizes. 

D. Kacha nakkas: Perennial source of watercourse losses 

The junction nakka is the opening made by the irrigator to convey 

water from the main watercourse to the branch watercourse and eventually
 

to the farm field ditches. The field nakka is the opening made from 

3/Farm size classes are those for cultivated land in the sample water
course command areas, as opposed to land owned. 



Table 12. Percentage of median bunded unit cateqories and mean bunded unit size by farm size class and
 
physical soil types.
 

Farm size class Lunded Median bunded unit size 
(acres) Mean hunded unit size (acres) 
and physical bnits .2- .4-I.6- 8-I1 .2- .4- - .8-

soil types 
 N1 .2 .39 I.59 .79 .99 1+ . 7+
1. Farm size (n acres) I 

9 i+
 

2.49 _'23.4 4'-14 9 23.5<1 2. C% 1.0 i. . .. .. I . 10 ' _,_ 3%2 0.. .. 7.>, 3.1. 2.0%0

2.5-7.49 
 9i 7.7 51.6 33.0 3.3 2.2 2.2 7.7 os._ 8 .8 3.3 1.0 

7.5-12.49 
 62 33.9 8 4.8 
 - 3.2 33.9 41.9 19.4 - 1.612.5-24.99 
 52 9.6 38.5 44.2 3.8 - 1.9 1.9 46-2 3 .5 3.8 5.8 5.8 
25.0-49.99 16 - 56.3 31.3 6.3  6.3 - 375 43.8 18.8 

50 -74.99 22 13.6 18.2 54.5 
 - 13.6 - 9.0 18.2 50 0 22.7  -
75+ 
 12 - 50.0 41.7 - 8.3  - 50. 0 41.7 8.3  -

2. Soil types
 

Light to medium

(sandy loam to loam) 26 11.5 
 53.8 26.9 3.8 - 3.8 7.6 57.7 19.2 7.7  7.7
Medium loam 
 28 3.6 28.6 57.1 
 - 3.6 7.1 7.2Medium to fine (loam to 28.6 46.4 10.9 - 7.1 

u tloam) 56 21.4 37.5 
 32.1 1.8 
 3.6 3.6 14.4 44.6 
 23.2 14.3
clay loam) 3.0 -
Fine (clay loam) --

_I
75 18.9 27.0 40.5 8.1 2.7 2.7 13.8 1 24.3 39. 17.6 5.4 -
Multistoried 169 7.7 52.1 36.1 1.8 1.2 1.2 
 5.4 153.3 30.8 7.1 1.8 
 1.8
 

_____I______ ___ _________________ 

http:25.0-49.99
http:12.5-24.99
http:7.5-12.49
http:2.5-7.49
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the field channel at the basin to be irrigated. Along the main water

course there is a stipulated number of junction nakkas per unit of land
 

to be irrigated--usuallv one nakka per 25 acres of land. Farmers, how

ever, rarely adhere to this st ipulation; the tendency .isfor individual 

farmers to want their own nlaka jinc tions on the main or branch water

course. ihse openings or nnakas are made by malk ing a cut into the ditch 

bank with the kassi (spade). After an iirigat ion is completed, nakka 

cuts are sealed off by soil matcriaL from either the watercourse channel 

or from edges of tlds. As shown in the Photo Glossary Figures 7-C, 

N, X, and AA, there are typically leatky junction and field nakka' all 

along watercourses and field channels. Each nakka cut is a potential 

source of substantial losses in water conveyance. An intensive 

investigation of one watercourse command (Kemper, 1977a: 202-209) 

concluded that as much as 50 to 75 percent of all losses occur at 

junctions and kacha nakkas. As seen from the nakka cut maps in 

Volume VI, Appendix IV, Section B, all nakka cuts were counted and
 

plotted as arrows. Field observations indicate that during irrigations
 

the sealed nakkas often break and farmers must spend considerable time 

checking and repairing upstream channels to seal nakka leaks. The nakka
 

maps represent a clear picture of the magnitude of potential nakka
 

leaks on watercourses. Numerous nakkas are necessary, however, for
 

farmers to conduct water. Both topographical problems and the small
 

volume of water influence the number of nakka cuts per bunded unit.
 

Table 13 provides data on nakka cuts per acre, bunded unit, and
 

farm. The point here has to do with the incidence of nakkas. In
 

individual command areas, nakka cuts range up to 1719 outlets per
 

cormmand area. For the 40 commands, representing great variation in
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Table 13. Summary of bunded units and nakka cuts by water supply situation
 
and village sites.
 

Type watercourse Aweraqe number of bunded units and nakka cuts

command area hunded unit- Nakka cuts on farmer

and supplemental conveyance ditches

canal supplies Per acre Per farm Per acre 
Per bunded Per farm 

unit 

Perennial
 

Public tubewell
 

106-1 wc 
 1.9 20.5 2.6 1.3 27.5 
109-2 wc 1.7 27.5 3.5 2.0 55.5
 

Nonpublic tubewell
 

101-2 wc 
 4.0 44.5 2.6 
 1.0 29.3

102-1 wc 
 1.9 28.9 3.3 1.7 
 50.6

103-1 wc 
 4.1 36.2 2.9 
 1.0 16.2
104-3 WC 1.5 28.9 1.9 
 1.2 35.6

107-3 wc 
 2.4 11.7 2.8 1.1 
 13.4
110-3 wc 1.9 18.1 2.3 1.2 22.4 
112-3 wc 1.6 * 2.2 1.3 * 
113-3 wc 1.9 * 2.3 1.2 *
 
116-4 wc 
 3.0 * 3.4 1.1 
 * 

Nonperennial
 

Public tubewell
 

105-1 WC 2.1 26.9 2.2 
 1.0 18.6

108-1 wc 
 1.6 33.0 2.1 
 1.3 41.5

111-2 wc 
 1.7 
 2.4 1.4 * 

Nonpublic tubewell 

114-4 wc .6 * 2.6 1.0 * 
115-6 wc 
 2.4 * 2.5 1.0 
 * 

Average for 40 wc 
 2.3 27.6 2.6 
 1.2 31.1
 

*Total number of farms in village not known, per farm calculation not made. 
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cultivated acres, the average is 771 nakka cuts per conmand area. 

Table 13 also shows the nakka cuts per acre of cultivated land, per 

bunded. unit, and per farmi. Overal l., there, are approximately 2.6 nakka 

cuts per acre of cultiva ted land in tlhe 40 commanlds. The most nakka 

cuts, 3.5 per are, a.re fo,u d t o-19. fte Tab le 14 shows that there 

is little no variation in : c ukka per bundod unit by type of wateror t-s 

supply situation. Ti major reson is that basin sizes are small. 

throughout th,.e sample sites . 

One would expect fower nakkas per bunded unit and per acre for farms 

with good wa ter ujmi .s--aI mjented by private and public tubewells. This 

is not the case, howeve-r, ais the data in Table 14 show, because 

extra nakkas are also necessary where farmers have un].evel fields. 

Sometimes it takes more nakka openings to route water around more than 

one side of basins. The farmer usually tries to complet--ly cover the 

basin and to accomplish this hie requires extra nakkas along basin sides. 

Nakka cuts per acre vary in relationship to number of basins per acre, 

which, in turn, varies with adequacy of water supply. Note that none 

of the farms with public tubewells have more than 4 nakkas per acre 

while 24 percent of the farmers on commands with private tubewells and 

15 percent of farmers on commands with no tubewells have over 4 nakkas 

per acre. When famn watercourse location is examined there are no major 

differences observed in nakkas petr acre. When farmers' reports of 

tubewell use and tubewell water availability are examined, it is 

interesting to note that a lower percengate of farmers who own tubewells 

have up to two nakkas per acre than other farmers and a greater 

percentage of tubewell owners fall into three to four nakkas per acre 

category. The same trend appears with regard to ease of tubewell
 



Table 14. Cumulative percentages of 	field outlets (nakkas) per bunded unit and. acre 	by water supply
situation.
 

Water supply 
 Nakkas per bunded unit 
 Nakkas per acre
situation 
 N 	(BU)*1 1 2-3 4* 
 <2 3-4 5-6 7-8 
 9+
 
i. 	Type of tubewell
 

supplement
 

146% 

Private 97.2% 100.0%
 
None 	 97.3% 100.0% -% 45.9% 84.9 % 94.5%


156 95.5 99.3 100.0 23.1 
 76.3 94.9 98.7 
 100.0
Public 
 32 90.6 96.9 
 100.0 56.3 
 100.0  -
 -Public + private 
 19 78.9 100 0 
 - 57.9 100.0  -
 -

2. Farm position
 
on command*
 

130 93 8
Head 	 98.4 100.0 35.4 86.9 96.1
Middle 	 97.6 100.0
86 
 94-2 100.0  40.7 80-2
Tail 	 95.3 98.8 100.0
113 
 96 	5 100.0 
 - 31.9 80.6 93.9 98.3 100-0
More 	than one 
 22 
 95.5 100.0  63.6 86.3 
 100.0  -

3 	 Reported use
 
of tubewells
 

None 
 181 
 97.2 100.0  42.0 81.2
Hires 	 93.9 97.2 100.0
117 92.3 98.3 100.0 35.0 
 88.8 96.5 
 99.1 100.0
Owns 
 42 92.9 100.0  21.4 
 80.9 100.0 

4. 	Reported tubewell
 
water availability
 

Not available 
 133 97.0 100.0  40.6 82.0 95.5 
 97.8 100.0
With 	difficulty 
 62 95.2 100.0 - 33.9 82.3 96.8 
 100.0 -
Easily 
 124 93.5 98.3 100.0 31.5 88.8 96.9 
 99.3 100.0
 
5. 	 Command type
 

Perennial 
 237 95.8 99.6 
 100.0 33.8 80.2 
 95.4 98.4 
 100.0
Nonperennial 
 104 93.3 100.0  44.2 89.4 
 95.2 
 98.1 100.0
 

*As estimated by the interviewer.
 
**Bunded units
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This tends to contradict the view
water availability (see Table 14). 


that easier availability of tubewell water results in fewer nakkss per
 

acre. 

Table 15 displays data on nakkas per bunded unit and per acre in 

and five physical soil types. Again,relationship to farm size classes 

unit, no importantbecause there Ls little variation in nakkas per bunded 

differnce<,,tt-', observed. No consistent pattern is detected between 

farm size e asses aid nakkas per acre except for the smallest farm size 

farms have 5 or moreclass of under 2.5 acres. About 30 percent of these 

nakkas per acre as compared to from 6 to 19 percent of the other farm 

size groups. This may reflect the problem of smaller farmers in tube

well water availability and their added efforts to shepherd small amounts 

of water around basins to gain good coverage with limited water supplies.
 

The pattern, however, is not clear as about 18 percent of the farms with
 

50 or more acres also have 5 or more nakkas per acre.
 

One would expect that fields where soils are predominately of a
 

sandy loam texture (light to medium category) farmers would have fewer
 

nakkas to increase the working head of the irrigation supplies in order
 

to gain better coverage of the fields. Evidently this is not the case
 

because a greater percentage of the 26 farms with the more sandy textured
 

soils have 5 or more nakkas per acre than other farms with less sandy soils.
 

E. Field Levelness
 

The most widely used method of applying irrigation water to fields
 

in Pakistan is to continue an irrigation until the basin is completely 

covered with water. This is practiced at Agricultural Research Stations, 

Farmers attempt to cover all
government farms, and by private farmers. 


high spots on fields. Of 376 farmers reporting how they decide to stop 



Table 15. 
 Cumulative -percentage of field outlets (nakkas) per bunded unit and acre by farm size class and.
 
soil types.
 

Farm size classes 
and physical soil types N 

Nakkas per bunded unit 
1 2-3 4-5 

Nakkas per acre 
3-4 5-6 7-8 9+ 

Farm size class 

2.4 98 93.9 99.0 100.0 28.6 71.5 86.8 95.0 100.0 
2.5-7.49 91 96.7 98.9 100.0 37.4 81.A 99.0 100 0 
7.5-12.4 62 100.0 - - 58.1 98.4 - - 100.0 

12.5-24 52 92.3 100.0 - 40.4 88.5 100.0 - -
25 

50 

-49' 

-74 

16 

22 

87.5 

90.9 

100.0 

100.0 

-

-

25.0 

31.8 

93.8 

81.8 

1)0.0 

95.4 100.0 -
75+ 12 91.7 100.0 - 16.7 83.4 100.0 " 

Soil types 

Light (sandy loam)to medium 26 96.2 100.0 34-6 73.1 92.3 96.1 100.0 
Medium(loam) 

(loam to 
28 89.3 96.4 100-0 50.0 96.4 - 100.0 

Medium to fine clay loam) 

Fine (clay loam) 

56 

75 

89.3 

94.6 

100.0 

98.7 

-

100.0 

26.8 

40.5 

73.2 

78.3 

91.1 

94.5 

94.7 

98.6 

100.0 

100.0 
Multistoried 169 97.6 100.0 - 37.9 88.2 97.7 100.0 
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an. irrigation, 47 percent report they stop when water completely covers
 

the basin and 37 percent report stopping when all high spots are covered.
 

When fields are unlevel, low spots often receive too much water and the
 

high points too little water. When a high spot is midway down the f.ield
 

or near the edge of the far basin borders, often the farmer has to apply
 

as much as 5 to 7 acre inches of water to gain coverage. Even then high
 

areas are not covered for a sufficient time to provide adequate moisture
 

to the soil. It is common to find saline patches where there are
 

either no plants or stunted ones due to lack of moisture and high
 

salinity.
 

Given the method of level basin irrigation almost universally
 

practiced in Pakistan, it is important that fields be almost dead level
 

to assure good seed germination, crop emergence, and adequate moisture
 

throughout the growing season for good crop yields. Precision land
 

leveling not only provides conditions for improved crop yields but is
 

a means to achieve improved field design and consequent reduction of
 

land devoted to field channels and bunds. Land leveling is, therefore,
 

a means of increasing the area cultivated as well as to provide more
 

uniform water distribution. A study of measured (by survey instruments)
 

field levelness (Wahla and Reuss, 1976: 281-287), cotton stands and
 

yields found that cotton yields were reduced by 50 percent or more by
 

unlevel fields. The mean number of cotton stalks per 400 square feet
 

was 124 at high elevations, 130 at middle elevations and 80 at low
 

elevations. Likewise yields, in maunds per acre, were 7.5 at high
 

elevations, 8.1 at middle elevations and 3.8 at low elevations. The
 

mean elevation between the high and low spots for this study was 4.65
 

inches with a range of 3.0 to 10.6 inches.
 



Though field levelness was estimated by visual inspection in the
 

Lower Indus Basin Watercourse Study (1963-64); investigators found a
 

relationship between crop yields for several crops and the leveling
 

standard of fields. Their estimates are presented below (Table 16):
 

Table 16. 
 Relationship between levelness and crop yields (maunds/acre).
 

Estimated leveling standard
 
Crop Poor 
 Fair Good
 

Rice 7 
 13 32
 
Cotton 6 
 7 11
 
Wheat 
 6 14 14
 
Sugarcane 300 
 530 460
 

Source: MacDonald, 1966, Vol 1.
 

Though one cannot be certain what "poor," "fair" and "good" leveling
 

represents in actual inches of elevation difference, it is widely
 

accepted that precision land leveling is positively related to improved
 

crop yields.
 

In this study, topographical surveys were made of all sample
 

watercourse command areas. Four instrument shots were taken per bunded
 

unit for sample farms and four readings were taken per acre on nonsample
 

farms. 
 The reader is referred to Volume VI, Appendix IV, for topographical
 

maps showing elevation differences. In order to obtain a factor for
 

sample farm field levelness elevation differences for the two most
 

extreme contours are used to obtain maximum differences for each sample
 

Larmer's largest field or parcel. In using such a measure much data is
 

Lost such as minimum and maximum differences for a given field and we
 

1lso are not able to report data on individual bunded units. These
 

lifferences, however, can be observed from the maps in Volume VI,
 

nnpnilv TV F
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The data obtained from the 353 sample farmers' largest parcels
 

range in mean sizes from 3.5 to 15.4 acres and have a weighted mean of
 

5.6 acres. The frequency distribution of range in elevation differences
 

for these 353 fields are given below: 

Range of elevation Number and percent of fields 
differences (maximum 
and minimum) in feet 

(3.5 to 15.4 acres in size) 
No. % 

<.5 37 10.5 
.06 - 1.00 192 54.5 

1.01 - 1.50 47 13.3 
1.51 - 2.00 32 9.1 
2.01  3.00 24 6.8 
3.01 and over 21 5.9 

These data are comparable to a similar study (Ali, Clyma and
 

Early, 1975: 391) of other command areas where 51 percent of the fields
 

ranging in size from 6 to 10 acres had a difference between maximum and
 

minimum elevations of up to 1.00 foot. 
 Our data show that nearly 46
 

percent of the parcels had an elevation difference of over 1.0 foot as 

compared to the study cited above in which 49 percent of the parcels
 

had a difference of over one foot. 
 The range in elevation differences
 

for sample farmer blocks of land was 0 to 4.5 feet; 
the mean and median
 

differences were 1.05 and .80 respectively for the 353 parcels. Using
 

the criterion that 0.10 foot is the maximum elevation difference for a
 

level field, about 70 percent of the sample parcels failed to meet
 

minimum requirements for levelness. 

Cox and Dempster,-4/ based on 
a limited survey, estimated that to 

level an average acre would require moving about 200 cubic meters of soil 

at a cost of about Rs. 3.00 per cubic meter. This amounts to about 

4/Cox and Dempster, 1975, private communication. 



Rs. 600 per acre. Given a uniform slope and equal volumes of cut and 

fill, the volume and cost of leveling as estimated by Cox and Dempster
 

are-as follows:
 

Range of elevation Estimated volume 
 Estimated cost of
(maximum-mimimum) 
 of soil in cubic leveling 1 acre
 
meters in Rupees
 

0.2 
 40 
 92
 
0.4 
 80 
 184
 
0.6 
 120 
 276
 
0.8 
 160 
 368
 
1.0 
 200 
 460
 
1.2 
 240 
 552

1.4 
 280 
 644
 
1:6 
 320 
 736
 

Using these estimates and mean and median elevation differences
 

for fields in the present survey, about 46 percent of the sample farmers
 

would have to spend from 460 to 720 rupees an acre for land leveling.
 

With this in mind we observe in Table 17 vast differences in the
 

need for land leveling on farms at different village sites. For example,
 

note that at five sites (103, 109, 113, 105 and 111) from 33 to 44
 

percent of the farms have field elevation differences of over 1.5 feet.
 

Only at sites 102, 104, 106, 107, 108 and 112 do we observe from
 

74 to 93 percent of the farmers' fields have elevation differences of
 

1.0 foot or less. 
 Of the sites with the most extreme elevation differences
 

in fields (over 2.0 feet) sites 103, 105 and 111 stand out. 
The last
 

two mentioned are both nonperennial commands with public tubewells where
 

one can suppose that less leveling is required when large working heads
 

are available to cover unlevel fields. 
Furthermore, site 103 is totally
 

dependent upon jhallars for lifting all irrigation water before applica

tion. No clear relationship emerges between field levelness and water
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terms of maximum elevation differences in
 Table 17. Field levelness in 

fields by village site.
 

Village site Cumulative percentage of evaluated fields and levelness 
elevation difference)and typo (Tenths of a foot 	 in maximum 

.6- i.01 .51- 2.01- 3.01 and
coninand No. 

<.5 1.00 1.50 2.00 3.00 over
 

Perennial 

86.7 93.3 100.0
15 40.0 46.7 73.3
101-2 wc 
-
77.8 100.0 

9 44.4 77.8
102-1 wc 


62.5 	 100.0
18.8 43.8 56.3 	 81.3
103-1 wc 16 


41.7 	 83.3 100.0 - 104-3 wc 12 	 75.0 

83.3 83.3 83 3 100.0 	 50.0
106-1 wc 12 

-69.1 92.7 98.2 100.0 

107-3 lac 55 


61.5 	 100.0
109-2 wc 13 46.2 61.5 76.9 	 

48.0 68.0 84.0 92.0 92.0 100.0
 
110-3 wc 25 


54.8 74.2 83.9 90.3 93.5 100.0
 
112-3 wc 31 


29.2 58.3 66.7 95.R 95.8 100.0
 
113-3 wc 24 


13.0 34.8 73.9 78.3 95.7 100.0
 
116-4 wc 23 


Weighted mean
 
cumulative
 

235 45.5 68.5 80.4 89.8 93.8 100.0
perennial 


Nonpei ,nnial
 

62.5 62.5 62.5 100.0
 
105-1 wc 8 12.5 25.0 


-

9 33.3 88.9 100.0 - 

108-1 wc 


66.7 75.0 87.5 100.0
45.8 54.2
111-2 wc 24 


76.3 92.1 92.1 100.0
36.8 52.6
114-4 wc 38 


64.1 71.8 76.9 94.9 100.0
43.6
115-6 wc 39 


Weighted mean
 

cumulative
 
90.0 100.0
39.0 57.7 73.8 80.8
nonperennial 118 


43.3 54.4 13.3 9.1 	 6.8 5.9
 
Total*- 40 wc 353 


*Weighted mean by category, noncumulative.
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supply situation (see Table 17). Mean, median and range field
 

elevation differences are presented in Table 18. 
 The watercourse command
 

at site 114 was severely affected by a flood, such that considerable
 

volumes of silt and sand were deposited across the command area making
 

the topographic situation more difficult. 
 The need for land leveling is
 

'widespread on all types of command areas. 
Low mean and median values
 

of field elevation differences at sites 106 and 107 
can be partially
 

explained by the fact that the average farm parcel sizes here are
 

respectively only 3.5 and 4.9 acres. 
 In contrast average parcel sizes
 

at sites 105 and 109 are 8.5 and 10.3 acres respectively. Parcel size,
 

however, does not explain the large elevation differences at sites 101
 

and 103 where average sizes of the parcels surveyed are 4.8 and 5.5
 

acres respectively.
 

Table 19 presents data on field elevation differences in relation

ship to various water supply situations and farm location in the command
 

area. 
Farmers with good water supplies might attempt to compensate
 

for unlevel fields by applying more water. Where water supplies are
 

adequate, farmers may have less incentive to level their fields. 
 The
 

data do show a trend for farmers with public tubewell supplies to have
 

less level fields than farmers with private tubewell supplies (see
 

Table 19). 
 Note that about 30 percent of the farms with public tubewell
 

supplies have fields with elevation differences over 1.5 feet as com

pared to about 18 to 23 percent for other farms. Examining item 2 in
 

Table 19, a larger percentage (13 to 19) of the farmers who own private
 

tubewells and buy tubewell water have parcels less than or equal to
 

0.05 foot elevation difference. To further confirm that the water
 

supply situation has little influence over field levelness simple first
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Table 18. Mean, median, and ranges of field elevation
 
differences by village sites. 

)Levelness of largest field of sample farmers 
Village sites (in feet elevation differences) 
and type Number ofl 
command farms Mean Median Range 

Perennial 

101-2 wc 15 1.18 1.25 0 -3.50 

102-1 wc 9 .81 .69 0 -2.0 

103-1 wc 16 1.75 1.38 .25-4.0 

104-3 wc 12 .85 .75 .25-2.0 

106-1 wc 12 .71 .13 0 -3.0 

107-3 wc 55 .47 .33 0 -2.0 

109-2 wc 13 1.20 .94 .25-3.0 

110-3 wc 25 .91 .75 0 -3.18 

112-3 wc 31 .90 .53 0 -3.75 

113-3 wc 24 1.20 .98 .15-4.0 

116-4 wc 23 1.43 1.25 .17-4.51 
Weighted mean
 
and Total Range 235 .96 0 -4.51
 

Nonperennial 

105-1 wc 8 2.22 1.54 .5 -4.0 

108-1 wc 9 .75 .72 .5 -1.25
 

111-2 wc 24 1.37 .75 0 -4.25
 

114-4 wc 38 1.11 1.04 0"-3.5
 

115-6 wc 39 1.17 s75 0 -4.5
 
Weighted mean
 
and Total Range 118 1.23 0 -4.5
 



Table 19. 
 Cumulative field elevation differences of sample farms by water supply situations.
 

Water Cumulative percentage of levelness of farmers' fields
 
supply No. of
situation (in feet of field elevation differences)
farms K:05 
 "06<--1.00 .i01<--1-50l-51-2.00 
 .01 0 3.0<_9.9
 
1. Type of tubewell
 

supplement
 
None 5.5 57.9 77.2
145 

Private 90.3 95.8 
 100
156 14.7 74.3 
 82.0
Public 32 87.8 94.2 100
59.4
Private & public 20 

18.8 68.8 75.1 90.7 100
0.0 50.0 70.0 85.0
80.0 
 100
 
2. Farmers' reports
 

of tubewell use
 
No use 
 181 
 7.2 59.7 75.2
Hire 88.5 95.1 100
123 13.2 .70.1 
 83.3 
 87.1
Own 96.0 100
42 19.0 73.8 
 76.2 
 83.3 85.7 100
 

3. Farmers' reports
 
of availability
 
of tubewell water
 
Not available 
 132 3.8 56.1 74.3 
 88.7 94.0 100
Available Iw/difficulty 
 62 14.5 
 71.0 
 79.1


12. 13.6 70.4 
87.2
Easily available 95.3 100
 

80.8 
 86.4 
 92.8 100
 
4. Farm location on
 

watercourse com
mand (adjusted
 
position)
 
Head 
 115 
 9.6 66.1 74.8
Middle 82 86.1 93.9 100
8.5 69.5 82.9
Tail 90.2 93.9 100
60 10.0 66.7 
 75.0 
 85.0 
 95.0 
 100
More than
 one position 
 23 4.3 30.4 
 56.5 60.8 78.2 100
 

http:l-51-2.00
http:06<--1.00
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order correlations were made between field elevation differences and 

both mogha discharge and the amount of water reaching field outlets. 

The correlation with mogha Q was -. 03 and the correlation of nakka Q or 

water arriving at the farmer's field was -.12. These low correlations 

support the view that water supply has little relationship with field 

levelness. In terms cf farm location on the watercourse command reaches, 

important differences are not observed between head and tail farms in 

field elevation (see Table 19, item 4). The major difference is seen in
 

farms with ),rcelL3 at more than one area of the command area. These 

farmers appear t) have more severe land leveling problems. The simple 

correlation between distance of the farm from the mogha outlet in feet 

and field elevation differences is only -. 09 which reveals little 

relationship.
 

Data in Table 19 indicate that the water supply situation and farm
 

location on the command area has little association with field elevation
 

differences. Land leveling is required on all watercourse commands by
 

the majority of farmers.
 

it was thought that farm size5 / and the predominant physical soil 

types of farms would explain some of the differences in field elevations. 

Though data are not presented in tabular form in relationship to these 

factors no important differences were observed. For example, of the
 

farms with undel- 9-- acres in size, about 29 percent of the field 

elevation differences were aver 1.0 feet, and for the 6 farms with 

100 acres or more 33 percent had field elevation differences of over
 

1.0 feet. Little difference was found between other farm size classes. 

Soil type also doe, not appear to be a factor. About 20 percent of the
 

5/Farm size here refers to the total rcreage on the sample command. 
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farms with light to medium (°dy loam to loam) soils had elevation
 

differences 1.5 feet as compL.ed to 27 percent of the farms with fine
 

clay loam soils. Farms with the intermediate soil types fell within
 

this small range. 
On the basis of these data it cannot be concluded
 

that soil type makes much difference in elevation differences.
 

As would be expected, the larger the farm parcel the greater the
 

,,elevation differences as 
seen in Table 20. Mean, median, and ranges of
 

--field elevation differences are compared with the area of sample farmers'
 

fields. The simple correlation coefficient for size of parcel and
 

elevation difference is .45 and i significant at the .001 level.
 

Observe in Table 20 that parcels up to one acre in size had mean and
 

median elevation differences of only .49 and 
.26 feet while parcels
 

between 4 and 6 acres had mean and median elevation differences of .83
 

and .50 feet. As farm parcel sizes increase to 10 to 15 acres the
 

average elevation difference increases to 1.3 feet and for fields 15
 

acres or more to 1.83 feet. This confirms our earlier finding that
 

farmers, in order to more adequately control irrigation water, design
 

small basins to attempt to overcome problems of field levelness. Given
 

present technology, this is about the only means they possess to control
 

irrigation water.
 

In ordci to provde a rough estimate of the need for land leveling,
 

a measure is used to ascertain the acre 
feet of soil to be moved to
 

achieve lcvel fields (within plus or minus .05 of a foot). Table 21 

provides infonnation on the mean, median and ranges of acre feet of soil 

that must be moved on farms at the 16 village sites to achieve dead 

level parcels. This measure does not show the substantial variation 

http:compL.ed
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Table 20. Field elevation differences by size of farm parcel.*
 

Farm parcel No. Field elevation differences 
size classes of (feet) 

(acres) Cases Mean Median Range 

up to 1.0 29 .49 .26 0-2.0 

1.1 - 2.0 35 .48 .26 0-3.0 

2.1 - 4.0 65 .69 .50 0-3.5 

4.1 - 6.0 43 .83 .50 0-3.25 

6.1 - 8.0 33 1.00 .75 0-4.51 

8.1 - 10.0 26 1.00 .75 0-3.18 

10.1 - 15.0 39 1.29 1.04 0-3.75 

15.1 and over 50 1.83 1.72 0-4.50 

*The portion of land owned by a farmer that is contiguous at 

one location. 
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Table 21. Estimated acre feet of soil to excavate for the average farm
 
parcel to obtain level fields by village sites.
 

Type of 
 Using median values of
 
watercourse No. 
 volume of cubic meters
 
command and 
 of Volume of excavation 
 of soil to be excavated
 
village site Cases 

____ 
(acre feet of soil 

Mean Median __.Range 
for a typical farm 

Perennial 

101-2 wc 15 2.15 .62 0 -10.9 765 
102-1 wc 9 3.81 .90 0 -20.0 i111 
103-1 wc 16 2.21 .55 .10- 9.3 679 
104-3 wc 12 1.45 1.05 .10- 7.4 1296 

106-l wc 12 .90 .05 0 - 5.4 62 
107-3 wc 55 .44 .14 0 - 6.3 173 
109-2 wc 13 3.13 1.10 .10-12.5 1357 

110-3 wc 25 1.41 .40 0 - 9.6 494 
112-3 wc 31 2.31 .34 0 -18.9 420 

113-3 wc 24 2.20 1.65 .10-11.0 2036 
116-4 wc 
Totals 

23 1.45 .70 .10-13.4 864 

(Weighted) 235 1.65 0-20.0 723 
Nonperennial 

105-1 wc 8 23.99 8.20 .60-57.0 10119 
108-1 wc 9 1.51 1.20 .50-4.2. 1481 
111-2 wc 24 13.74 .70 0 -99.8 834 

114-4 wc 38 3.74 .45 0 -99.8 555 
115-6 wc 39 2.39 .22 0 -25.4 272 

Totals (weighted)118 
 6.53 0 -99.8 1237 

*Cubic yards are obtained froen acre feet by dividing by 27. 
Cubic meters are obtained by dividing by 35.3. 

3 3 3;
1 acre foot = 43,560 ft. ; 1 yd. 27 ft. 
3 31 meter 35.3 5t. 

1 yd 343,560 ft. x 3_ = 1613.3 yd. 
27 ft. 

3 = 1234.0 M
3 

IM43,560 ft. x 
35.3 ft. 
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among farms but provides an estimate of land leveling needs. Given the
 

wide variation in the ranges we will use the median values for acre 

feet of soil to excavate level fields. For example, using the median 

acre feet at site 107 of .14 the cubic meters o soil that will have to 

be excavated on the typical farm acre is about 173 cubic meters. Re

calling fro p. 37 that the estimated cost per acre, given a volume of 

173 cubic meters, is roughly Rs . 370-400, and noting that about 320 

cubic meters would have to be moved per acre on a typical sample farm 

at a cost of approximately Rs. 700 per acre, one concludes that land 

leveling problems are serious for the typical farm at all sites except 

106, 107 and i]. We note from Table 21 that of the 40 watercourse 

command areas onLy 10 have less than 320 cubic meters of soil to 

excavate per acre. 

The data above is based on the assumption that a farmer will bring 

his complete parcel to level. This is often not a valid assumption 

because many farmers have orchards or sugarcane which they will not 

allow to be leveled. Therefore, it is important to examine the levelness 

of the existing irrigation basins employed for other crops which are 

typically .2 to .3 acres in size. Within these small basins there are 

often elevation problems. However, they are much less than when 

separate parcels containing several basins are considered as shown above. 

Table 22 shows the minimum, maximum, mean and median range of 

differences in 198 basin elevations. Four instrument survey shots 

were made for each of the irrigation basins. The table shows the 

following. First, the minimum range of difference in elevations 

shows that 77 percent of the basins had a tolerance of up to .1 of a 

foot. Second, the maximum differences in elevations show that only 



Table 22. 
 Minimum, maximum, mean, and median range of irrigation basin elevations.
 

Range of
elevation 
differences 
in feet 

Minimum range 
No. of Cum. % 
basins jof basins 

Maximum range 
No. of Cum. % 
basins of basins 

Mean range 
No. of Cum. % 
basins of basins 

Median range 
No. of Cum. % 
basins jof basins 

0 6 3.0 0 0.0 0 0 1 .5 
.01 - .05 98 52.5 6 3.0 7 3.5 7 4.0 
.05 - .10 48 77.0 21 13.6 28 17.7 46 27.3 
.10 - .15 11 82.5 17 22.2 36 35.9 46 50.5 
.15 - .20 7 86.0 17 30.8 40 56.1 44 72.7 
.20 - .25 6 89.0 9 35.4 37 74.7 26 85.9 
.25 - .30 3 90.5 10 40.4 22 85.9 14 92.9 

.30 - .35 1 91.0 18 49.5 11 91.4 5 95.5 

.35 - .40 1 91.5 10 54.5 6 94.4 5 98.0 

.40 - .45 2 92.5 10 59.6 3 96.0 2 99.0 

.45 - .50 1 93.0 5 62.1 3 97.5 0 99.0 

.50 < 14 100.0 75 100.0 5 100.0 2 100.0 

Total basins 198 198 198 198 
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about 14 percent of the basins had a tolerance of up to .1 of a foot and
 

31 percent had maximum elevations of up to 2! About 70 percent of the 

basins had high spots of .2 or greater--there is a need for precision 

land level ugir'. If we examine the nL:ean and median range of elevation 

differences in Table 22, we note that respectively 44 and 27 percent 

of the fields hive elevations over .2 foot. 

Table 23 provides information about the actual acre inches of 

water applied to irrigation basins with maximum ranges of elevation 

differences. The data do not show that elevation differences influence 

the acre inc.hes of water applied by an irr', igatr; other factors are 

important Piwh type irrigation, sup)ply season,:is of water Sitluation, 

crop maturity ara t:ime aTd mTount of prior irr iga t ions . A simple 

Pearsonian correla kji bitwc'i maximum elevation differences and depth 

of water application is not found to be significant. When the last 

two categories (.16-.20 aMd .20 and over) are collapsed the weighted 

mean acre inches of water ipplli-d equals only 2.8 inches. In order to 

understand the influence of field elevation on the amount of water 

applied these variables need to be controlled and irrigation measure

ments need to be evaluated over a full crop season. This is not 

possible with the type of data available. 

A simple correlation between field application effLciencies and 

the minimum, maximum, mean, and median elevation differences of four 

instrument shots per basin reveal the following: 

Elevation difference x field anplication efficiencies 

Minimum - .22 (significant at .002 level) 

Maximum -. 07 (NS)
 

Mean - .14 (significant at .03 level)
 

Median - .12 (significant at .06 level)
 
72 
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Table 23. 
 Maximum elevation differences and acre inches of
 
water applied.
 

Miaximum range 
 Acre inches of water applied

of field
 
elevations 
 No. of
 
,in feet basins Mean S.D.*
 

0.0 
 7 2.3 .92
 
.01-.05 
 20 1.9 1.25
 

.06-.10 
 10 1 2.0 1.57
 

•11-.15 
 14 2.8 1.59
 

.16-.20 
 '24 
 3.4 2.59
 

.20 and over 100 2.6 
 1.71
 

Weighted totals 
 175 2.6 
 1.73
 

*Standard Deviation.
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These differences again are not to be interpreted as important.
 

Many other factors are involved. Also, time series data are not available. 

The minus sign m,-eans the greater the elevation difference the lower the 

field appi icat ion efficiency--that is the more water applied at a given 

irrigation. Further research is needed to determine the actual influence 

of basin elevat ion differences and the amount of water applied. 

F. La i , 1Savings Improved Farm Layoutsby 

Advocates of land leveling report many benefits from precision 

land forming such as increased uniformity of crop stands, improved 

germination of seed, reductions in nitrate leaching, improved field
 

application efficiencies, savings of water and reduction in salinity
 

and waterlogging. Little of the research on land leveling in Pakistan
 

to date has documented the benefits of land savings through larger
 

farm units. It is hoped that the UNDP sponsored watercourse surveys
 

being conducted presently (1976-1978) by the WAPDA Master Planning
 

organization will document the land area presently in miles of field 

channels and bands that could be used for crops given improved farm 

design and precision leveled fields. In a land-scarce agricultural 

economy, any land saved has high economic value. Corners of fields are 

often not tilled properly because even with bullock equipment each turn 

results in areas missed unless the operator practices great care in both 

plowing and seeding. The great maze of field channels leading to 

small irrigation units also result in much borrowing of earth from 

edges of fields to control water at junctions and nakkas. With 

improved field design achieved by precision land leveling these problems
 

could be reduced to a minimum. Such changes should also take place 

with the rehabilitation of the existing watercourse system.
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For example, if we make the conservative assumption that the average
 

basin size is 220 x 66 ft. 
or about .33 acre and thfat a bund has an
 

average width of 1.0 foot, the area of 14,526 sq. ft. has bunds measur

ing 572 linear feet or (572 x 1.0) 572 sq. ft. 
 For an area given about
 

3 bunded units per acre assuming shared internal bunds of length of 220
 

feet this amounts to about 1276 sq. ft. 
or 2.9 percent of the cultivated
 

acre of land. Of this total, 836 feet of the total periphery is shared
 

with adjacent acres so the rate over an entire watercourse is approximately
 

2.0 percent. On a 302 acre watercourse this equals 5.9 acres. This
 

does not include the miles of field ditches on watercourse commands
 

which result from land fragmentation, difficult to command fields, and
 

human factors such as denial of channel rights of way. For the 40
 

command areas we have found one mile of main and branch watercourse and
 

field channel lengths for about 31.9 acres, although the variability
 

between commands is large. Approximately 8 percent of total water

course length is the main sarkari khal and the rest is in branch water

courses or laterals and field channels. While there is an official
 

16 foot right-of-way for the sarkari khal, there is no official right

of-way for laterals and field channels. However, not counting the right

of-way area using the data in Table 5 we estimate (372.46 (.92) t 40
 

command areas) that there is about an average of 8.6 miles of laterals
 

and field ditches and (372.46 x .08 + 40) about 0.75 miles of main
 

watercourse, on the average, per command area. 
We further assume
 

that the average overall width outside of the banks of a lateral or
 

field channel is 3 feet (8.6 miles x 5280 ft/mile x 3 ft. = 135.695).
 

This equals 135,695 square feet per command area or 3 acres of land in
 

laterals and field channels for an "average" command area. The average 

sarkarl khal occupies (.75 x 5280 x 16.5) 64,897 square feet or 
1.5 
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acres per command area. Thus the average sample command area of 302
 

acres has 5.9 acres in bunds, 3.1 acres in lateral and field watercourses
 

and 1.5 acres in main watercourses. This provides a gross estimate of
 

the area presently utilized for bunds and field channels on command
 

areas under present practices. Of coarse much of this area must continue
 

to be utilized even given economies of scale in improved field design
 

and leveled fields.
 

For more than 50 years the Agriculture Departments and the
 

Irrigation Department have recommended to farmers to develop up to 8
 

small basins (kiaris) per acre for efficient irrigation. This recommenda

tion was based on traditional technology for farmers at a time when
 

improved technologies for, and the awareness of, benefits from precision
 

land leveling were not widespread.
 

A "modern" farm layout design (Roberts and Singh, 1951: 167-9)
 

was recommended about 25 years ago for the Punjab. This model required
 

one mile of main and branch watercourse per 22 acres of land. A
 

representation of this model is presented in Figure 3. Actual layouts
 

used by farmers today are more efficient in land utilization than
 

Roberts' model. Sample command areas have one mile per 32 acres of
 

land, including field branches. The model layout in Figure 4 shows
 

water coming to A1 where acre 21 to acre 25 is irrigated followed by
 

acres 20 to 16 etc. Acre 5 would be irrigated last. As shown on the
 

layout, this would still require about 1.14 miles of main and branch
 

watercourse per 25 acres. As we have shown, farmers today, instead of
 

having acwe basin units, in fact have from 4 or more basins per acre.
 

Given the need for more productive land, it is not realistic to
 

place a branch watercourse on each acre boundary as per Robert's
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recommendation. A better design would be that shown in Figure 4,
 

which provides a main watercourse serving one branch watercourse, which
 

in turn serves the entire 25 acres, a square of land, or 12.5 acres on 

each side of the branch watercouise. The figure indicates an ownership 

pattern with various degrees of shading among the seven owners. In 

this pattern all but one of the farms have land adjacent to a branch 

watercourse. If the land were precisely leveled and if crops were
 

irrigated in long narrow borders as shown, there would be no need for 

field ditches. Field channels would be needed only for landlocked farm
 

parcels, those not adjacent to square boundaries as the parcel at
 

acre number 14. To serve this parcel a 440 foot watercourse would be
 

required as shown. This would be an uncommon occurrence since most farm
 

parcels do border or intersect square boundaries.
 

Recent research (Ali, Clyma, Early, 1975) has demonstrated that
 

narrow borders as long as 1100 feet can be irrigated efficiently. A
 

long, relatively narrow border, precisely leveled, allows water to be
 

applied uniformly with the required time to irrigate an acre cut to
 

one-third to one-half the time necessary for traditional fields. Less
 

land is taken up in permanent bunds. Farming operations are more
 

efficient, especiallv with tractors or machines, as fewer turns are
 

required. Fewer field corners exist. The number of acres per mile of
 

watercourse has not been increased 
to 60 or more if the main watercourse
 

length is distributed over more squares, representing a reduction in
 

proportionate watercourse length of over 63 percent over Roberts' model
 

and 47 percent over current watercourse densities. In a number of
 

instances where the layout in Figure 4 has been installed, farmers on
 

their own initiative have investigated or attempted land consolidation
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in order to place all their land in one contiguous block for more
 

efficient field layout. Studies in Taiwan and Japan have shown that
 

significant land consolidation has resulted from farmer initiative when
 

farmers perceived advantages of contiguous fields (Tai, 1974).
 

The land area added for cultivation by converting to an improved
 

layout with larger border irrigation units, fewer bunds, fewer branch
 

watercourses, and a minimum of field watercourses would add, on the
 

average, 3.12 acres per 302 acre watercourse command area or a 1 percent
 

increase in cultivated area. This would imply that the irrigated area
 

in Pakistan could be increased by more than one-third of a million acres
 

by redesign of watercourses and field layout. If a serious land
 

consolidation program were undertaken, ultimately only alternate square
 

boundaries need to have branch watercourses. The intake rates of
 

Pakistan's soils are such that if the land were leveled and the fields
 

arranged into 1100 foot borders and a sufficient flow were available,
 

efficient irrigation of these long narrow border units would be possible,
 

and one mile of watercourse (main and branch) could serve over 200
 

acres.
 

III. ECONOMIC DUALISM AND THE FARM IRRIGATION SYSTEM
 

Socio-economic dualism is usually discussed in terms of the agrarian
 

structure with special attention given to differential agricultural
 

growth rates and distribution of benefits between farm size classes,
 

tenure classes, and landless labor. A consistent pattern emerges to
 

show that the availability and use of inputs and improved tcchnologies
 

are significantly related to 
farm size and in most cases to tenure status. 

Another type of dualism exists which is primarily related to the 

nature of the present irrigation system in Pakistan. Though the 
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irrigation system was designed to promote an equity objective in water
 

distribution, there are many inequities which result from differential 

loss rates and types of supplies. For example, farms located near heads 

of canal distributarics are in a better water supply situation than 

farmers at the tails. Likewise, on a given farm irrigation system the 

farmers at the heads of the command area receive more total supplies of 

canal water than farmers at the tail. The difference i delivery 

efficiencies between head and tail farms range between 10 to 50 percent 

for the 40 command areas with a mean difference of 13 percent. 

Dualism also results among the perennial and nonperennial systems. 

Where possible, the government has attempted to provide more large 

capacity public tubewells for nonperennial commands to lessen the in

equities In water supplies. The so-called "private tubewell explosion" 

in Pakistan also added to the existing patterns of dualism between 

classes of farmers. About 44 percent of our sample of 389 farmers make 

use of tubewells but only 12 percent are owners of private tubewells 

and they tend to be larger landholders. The private tubewell owner 

has greater control over irrigation water. Essentially, the private 

tubewell makes it possible to ir;igate in accordance with crop demands.
 

The tubewell innovation reduces the risk factor in decision making about
 

crops.
 

Summary data are presented in Table 24 to highlioht some of the
 

differences fond between several types of farms. Wote the differences
 

between these farms with respect to crop yields, percentage of cultivated
 

area in certain crops, number of irrigations, nutrient lbs. of nitrogen
 

for wheat and farmers' estimates of crop increases. The last column of
 

the Table 24 shows the differences in irrigation efficiencies. Public
 



Table 24. 
 Summary information related to economic dualism among and within command areas 
(CA).
 
rPercentage of farmers who 

Percentag No. of Nutrient lest im a t 50% or more ine 


IA I yoiicin
 A in iirrigations lbs. of 
Icreases
Crop yields% in crops given aI applied nitroaenfdoublinaof irri. suoplies IrrigationSelected types _ (maunds/acre)
of farms CA to wheat applied rWheat!CottonlRice ISugar1 uIWheat Rice Cotton Wheat RicelcroD 
 crop to wheati cane
 

Tubewell 

cNP) [= 
 perennial
supplemehts 
 (NP) non erennial 

Public TW 1 33 20 19 8 37 
 10 160 5-6 
 55 P 0 P 0 1 P 0 1 P 0 23 
Owns pr-'vate TW 1 42 24 23 13 48 8 151 8-9 (NP21) (NP55) (N?45)j(NP52)57 P 0 
 P0 44
 

(NP50) (NP2O)j(NP35M NP35)No tubewell 139 18 15 
 7 43 6 140 4-5 
 45 P45 P35 I P35 P30 
 42
 

(NP68) (P55) (NP45) (P50)Farm location
 

on command area
 

Head 
 49 20* 17 7 1NA 
 61 P 0 P 9 PII P 4 47
 

Tail 
(NP57) (NP47)(NP45);(NP47)


64 18 15 6 
 NA 59 
 P28 P22 P24 
 P23 32
 

(NP36) (NP36)(NP36)!(NF36)
Type Command I
 

Perennial 
 242 21 18 10 44 
 16 150 5-6 
 54 21
3 14 16I 19 39Nonperennial 80 16 
 13 7 43 
 3 130 4-5 35 38 53
4 8 38 45 
*In order to control on private tubewells for yields only head and tail farms were selected where there
 
were no tubewells.
 

l/Only publit tubewell commands are 
taken where there are no private tubewells.
2/Only owners of tubewells are used here. 
 Farmers who purchase private tubewell water are excluded.
3/Nitrogen for cotton was 
37 lbs/acre for perennial command farms and 27 lbs/acre for nonperennial

command farms.
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tubewell farms are those on commands with no 
private tubewell supplements
 

to canal supplies. Private tubewell farms are those on which no public 

tubewell water is available. "No tubewell" refers to farms on commands 

with no supplements to canal supplies. Head and tail farns are only
 

those for which there 
are no tubewell supplements. Since private tube

wells are located on many commands it was thought best tu show differences 

between head and tail farms without the confindit, factor of tubewells. 

The last two types of farms shown in the Table 24 are those located on
 

perennial versus nonperennial conmands. 
 In using average figures for
 

the varIous Lypes of farns, 
 many of the differences observed on individual 

command areas are masked. 

Data in Table 24 provides the basis for a number of generalizations. 

First, ncte ths differences be.:een farmers served by public tubewells,
 

private tubewells 
 and those without tubewell supplies. Both crop yields, 

and cropping intensities are higher for tubewell farmers. Tubewell
 

farmers also apply 
 more irrigations and use more fertilizer for wheat.
 

Farmers were 
 asked how much they would increase their present cropping 

intensities of crops given a doublipg of irrigation supplies. 
Note that
 

of the public and private Oubewell farms, 
none reported increases in
 

intensities of 50 percent or wacre among 
 perennial farms. Secondly, note 

the higher yields due to increased control of tubewell water by tubewell
 

owners. 
This control makes it possible to time irrigations more
 

adequately which, in turn, leads to increased yields. 
 Farmers on public
 

tubewell supplemented commands receive their tubewell water along with
 

canal supplies on a regular warabundi system, hence, they have adequate
 

water in most cases but less control over timing as compared to tubewell
 

owners.
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Thirdly, the location of a farm on a command area makes a con

siderable water supply difference. 
Head and tail farms chosen for crop
 

yield analysis are 
those located on commands with no tubewells in order
 

to not confound the data by varying distributions of private tubewells.
 

Yields of head farners are, on the average, about two maunds more per
 

acre for wheat 
 and rice and one maund for cotton. Also, note the difference 

in the percentage of farmers who would increase present acreages by
 

50 percent or more. Fewer head 
 perennial farmers report increases as 

compared to tail farms. 
 Farm irrigation efficiencies are only 32 percent 

for tail farms and 47 percent for head farms. Differences between head 

and tail farmers for certain individual watercourses are much greater 

than these aggregated data reveal. Several options are available to
 

improve the situation of tail farms. One 
 of these is to establish a
 

reverse warabundi--the turn system would begin 
at the tail rather than,
 

the head. Another is for the placement of small discharge tubewells near
 

the tail or middle reaches of command areas.
 

A fourth type of dualism exists within regions of the same canal
 

systems. Perennial command areas receive canal water for both rabi
 

and kharif season. 
Unlike perennial commands, nonperennial commands
 

receive seasonal supplies for kharif and sometimes extra supplies when
 

they are available. Note differences (see Table 24) 
in yields when all
 

the command areas 
of both types are compared. All nonperennial sites,
 

except 114 and 115, have public tubewell supplies and still, due 
no the 

lack of canal water supplies, these yield differences result. Note 

also the difference in percentage of the CA in rice and the total 

cropping intensities. It is interesting to note the differences in
 

nitrogen applied for wheat by the two types of command 
area. Perennial
 



60
 

farmers apply almost 20 lbs. per acre more because, during rabi, they
 

have canal supplies. 
 During rabi season, nonperennial farmers have
 

no canal supplies, tubewell or Persian well water. As expected, a much 

larger percentage of nonperennial co:mmand farmers would increase their 

acerage of wheat, cotton, rice and sugarcane than perenniaL farmers. 

As a means of high-lighting differences between farms with various 

water supply situations, estimated production costs and average per acre 

returns are presented to show the degree of economic dualism that exists 

between types of farms. Certain data for inputs are taken from a recent 

study (Johnson, 1976) of farms on a watercourse coimziand in the Sargodha 

District which is supplemented by a public tubewell. Therefore, we
 

utilize those data for seed, fertilizer, labor, bullock power, land
 

taxes, harvest costs, farm yard manure 
 and a miscellaneous category.
 

While these 
cost figures represent our sample of public tubewell farms,
 

they are not representative of other areas 
 of Pakistan. Given this
 

limitation the data appear sufficient for our purpose of showing the
 

differences in net returns per acre for five types of farms for three
 

crops.
 

A. AveragePer Acre Returns for Wheat
 

Table 25 provides information on production costs, gross income,
 

and net income. The differences in wheat yields are not great because
 

almost all farmers are growing HYV of wheat and apply about one bag of
 

nitrogen per acre. 
Also, timely winter rains in rabi 1975-76 gave a
 

boost to 
the wheat crop. Still the difference between farmers who 
own
 

tubewells and those who don't is striking. 
There are at least two very
 

critical irrigations for wht:.t, which if missed, can cause much reduction
 

in yields--an initial irrigation within 15-18 days after planting, and
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Table 25. Average per acre returns to land, risks, and management for
 
selected types of wheat farms (1975-76). 

Type farm
 
No tubewells_
 

Public Private No Head Tail
 
Item tubewell tuLuwell tubewell]I farm farm
 

-------- - - - (Rs.)- .--.-.-.-.----

Seed 
 40.0 40.0 40.0 40.0 40.0
 

Fertilizer 82.5 82.5 67.5 90.0 87.0
 

Labor 77.5 77.5 77.5 77.5 77.5
 

Bullock power 185.0 185.0 185.0 185.0 185.0
 
2 3
Taxes (land/water) 35.0 45.0" 24.6 24.6 24.6
 

Harvest costs 4 75.2 90.3 67.7 75.2 67.7
 

Payments artisans
 
and tools 31.4 31.4 31.4 31.4 31.4
 

Farm manure 20.0 20.0 20.0 20.0 20.0
 

Miscellaneous 
 32.95 32.95 32.95 32.95 32.95
 

Total cost/acre 579.55 604.65 546.65 576.65 566.15
 

Yields/acre in
 

maunds 20 24 18 20 18
 

Maunds at Rs. 40 ea 800.00 960 720 800 720
 

Straw at Rs. i1/rom 160 192 144 160 144 

Gross income 960.0 1152 864 960 864
 

Net income (Gross Rs.380.45 Rs.547.35 Rs.317.35 Rs.383.35 Rs.297.85

income-total cost) 

1/"No tubewells" represents all commands both perennial and nonperennial, 
head, middle and tail farms plus those farms with portions of land at 
more than one location. 

2/Land and canal water revenue combined. In case of public tubewell
 
water the assessment is included in the abania or canal rate.
 

3/The cost of tubewell water included with irrigation water is estimated 
as 3 extra irrigations from private tubewell at a cost of Rs. 5.00 per 
hour for 6 hours assuming 50% delivery efficiency. 

4/Harvest costs are related to the yield of the< crop.
 
5/Bhoosa or straw sells at various rates depending on the nearness to a
 

market center. Roughly 2 md. of straw per 1 md. of grain.
 

http:Rs.297.85
http:Rs.383.35
http:Rs.317.35
http:Rs.547.35
http:Rs.380.45
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the irrigation before heading begins. Tubewell owners operate more on a
 

demand system and apply more irrigations than do other farmers. One 

report (Chaudinry and Eckert, 1975:434) states that "assuming an unstressed 

yield potential of 40 mds/acre delay in the first irr h at ion can result 

in a loss of about a md per day for each day beyoud 2.1 days after 

planting." The net income/acre for fa'rms; with no tubtwell s is only a 

little more than half as much a.,; that of tubowell. oinrs (Table 25). Also, 

note the difference between head and tail Larms on commands with no 

tubewells. The difference in net income p1,r acre is about 20 to 25 

percent which becomes substantial -iven sevcral acres of wheat. 

B. Average Per Acre Returns 'or Rice 

Rice yields vary a great deal between regions and between different 

varieties of rice. The majority of sample farmers grow either Basmati 

varieties or other local varieties and yields are roughly the same. In 

Table 26 it is obvious that the factor creating the greatest difference
 

in average net income is yield because production costs, as in the case
 

of wheat, are fairly stable. Again, note that tubewell owners had an 

average net income about 35 percent greater than farms which receive
 

public tubewell supplies, while public tubewell farmers have net income
 

of more than 100 percent greater than farmers with no tubewells. When
 

head and tail farms are compared the head farms receive an average net
 

return about 22 percent greater than the tail farms (see Table 26). 

C. Average Per Acre Returns For Cot,:on 

A major limitation of cotton production figures for public tube

well farms is that the relatively low yields represent commands in the 

SCARP areas of Sargodha District. In thi.s non-cotton belt area, yields 

range from 5 to 11 mds with a mean of about 8 mds per acre. Therefore, 
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Table 26. Average per acre returns to land, risks and management for
 
selected types of rice farms (1975-76).
 

Type farm 
No tubewell 

Public Private NO Head Tail 
Item tubewell tubewell tumlxwell* farm farm 

----------- (Rs.)- ----------
Seed 10.0 10.0 10.0 10.0 10.0 

Fertilizer 
 70.5 58.5 48.8 54.7 56.3
 

Labor 45.0 45.0 45.0 45.0 45.0
 

Bullock power 160.0 160.0 160.0 160.0 
 160.0
 

Taxes (land/water) 64.0 78.0 48.0 48.0 48.0
 

Harvest costs 92.4 111.8 72.9 77.74 72.9
 

Artisans & tools 22.2 22.2 22.2 22.2 22.2
 

Farm manure 25.0 25.0 25.0 25.0 25.0
 

Miscellaneous 23.3 23.3 23.3 23.3 23.3
 

Total cost/acre 512.4 533.8 455.2 465.94 462.7
 

Yields/acre, mds. 19 23 15 16 15
 

Rs.38 x mds. 
 722 874 570 608 570
 

Rice staw
 
Rs. 2/md. 38 40 38 32 30
 

Gross income 761) 914 600 640 600
 

Net income s.247.6 Rs.380.2 Rs.144.8 Rs.174.1 Rs.137,3 

*"No tubewells" represents all commands both perennial and nonperennial,
 
head, middle and tail farms plus those farms with portions of land at
 
more than one location.
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for the analysis shown in Table 27 SCARP public tubewell commands are
 

excluded. Note that costs remain about the same for the remaining four 

farm types. Cotton, as a kharif crop, requires abunt 30-15 acre inches 

of water due to the high evapotranspiration rates of the summer season. 

Without tubewll supplements or good khari f canal supplies cotton yields 

fall drastically. A stron, bias in these data is the fact. that on all 

major cotton commands such as LOt and 107, and ].of 4 coiumiands at site 

114 in the Punjab there aru private tibeLwel Is. On the commands in Sind 

at Site 115 there are tubewell,; on only " of the 6 commands and yields at 

this site average only about 7 Flaunds per acre. Therefore, the low net 

income for cotton reflects th,.sc low.: yiclds. Cotton is hardly a profit

able crop given imite(d water sunp lo.es. 

IV. SUHIUIRIY OF ECONOMIC DUALIS,. AN"D THE P'AP.MING IRRIGATION SYSTEM 

Though the data have limitations they present a rather clear 

picture of several factors associated with economic dualism. Ratios of 

the highest net income farm type in relationship to each of the other 

type farms are given in Table 28. With the exception of the unusually 

low net income for cotton by tail farmers, the ratios provide a more clear
 

picture of the importance of control over irrigation water. Tail farms
 

are at a disadvantage on all types of systems unless the 
farmer owns a
 

tubewell. Even with watercourse rehabilitation, total losses will con

tinue to be greater for tail farmers. Large, medium, and small farms 

are about evenly distributed over the command areas. This problem 

affects farms of various sizes, but small farmers at tiie ,tiil probably 

suffer most due to a lack of capital. for tubewell installation. Several 

policy suggestions have been offered, One is to reverse the warabundi
 

distribution of water by starting at the tail of the watercourse and
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Table 27. 
 Average per acre returns to land, risks and management for 
selected types of cotton farm, (1975-76).
 

Type farm
 

Private No Head 
 Tail
 
Item 
 tubewell tubewell farms farms
 

Seed 
 15.0 15.0 15.0 
 15.0
 
Fertilizer 
 61.5 53.3 64.5 
 44.3
 

Labor 
 63.0 63.0 63.0 
 63.0
 

Bullock power 164.0 
 164.0 164.0 
 164.0
 
Taxes (land/water) 
 69.2 48.4 48.4 48.4
 

Harvest costs 
 141.7 76.3 
 76.3 65.4
 

Artesans & tools 
 22.4 22.4 22.4 
 22.4
 

Farm manure 25.0 
 25.0 25.0 
 25.0
 

Miscellaneous 
 23.5 23.5 23.5 
 23.5
 

Total costs/acre 585.3 
 490.9 502.1 471.0
 

Yields/acre 	 T
 
(seed cotton) 13 7 
 7 6 

.Rs.77 x mds. 1001 539 539 
 462
 

Cotton sticks/acre 13 
 7 7 
 6
 
Gross income 1014 
 546 546 
 468
 

Net incoie Rs.428.7 Rs. 55.1 Rs. 43.9 Rs. -3
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Table 28. Ratio of difference in net income by type of farm (in relation
ship to highest net income).
 

Type farm 
t Patio 

t j 

Net 
of { 

income .... . . .. .. 
Rice Ratio -f Cotton 

et income (R./A) 
Ratio of 

net income* 
(Ps/A t:!________ )I(- I __ncome) n o e 

Private tubew;ell! 
farns 37.35 - 380. 20 - 428.70 

Public Lubewell 
farms 380.45 1.44 247.6 1.54 NA -

NO tubewei ]?arms 317.35 1.72 144.8 2.63 55.10 7.78 

Head farms
 
(no tubewells) 383.35 1.43 174.06 2.18 43.9 6.21
 

Tail farms
 
(no tubewells) 297 .5 1,84 137.3 2.77 
 -3 35.7
 

*Ratio of _ net income of private tubewell farm 

net income net income of respective other farm types 

proceed to the head. This wouild reduce ineeqoity imposed on tail farmers, 

and would tend to make head farmers more Jnterested in watercourse cleaning 

and maintenance. Another recommendation is the private tubewe.l solution 

where there is good quality groundwater. Privatu tubewells have been 

shown to be more efficient than the large SCAM' Lubewells, but special 

incentives could be given to small farmers at the middle and 
tails of 

watercourse commands fo-' the installation of tubewelis. t village site 

107 the majority of the 26 tubewells are jointly owned by small hclders-

but in all cases but one the owners are relatives. Another advantage of 

small discharge tubewells as CSU research has shown is that the small 

wells can often be used as skimming wells where groundwater is at de

creasing marginal quality with increasing ds4.pth. Large discharge wells
 

produce a coning effect which causes more saline water to be pumped
 

(McWhorter et al., 1975).
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Though not shown in 
the production cost tables, the difference in
 

net 
income between perennial comjuand farms versus 
non-perennial command 

farms is also a problem. When all perennial farms are examined in com

parison to nonperennial farms the former groups of farmers produce yields 

about 5 mds greater on the average for wheat and rice per acre and 3 
mds greater for cotton. By looking at the ratio of difference in yields 

we find the following ratios in favor of perennial farms: 
 wheat 1.3/1;
 

rice 1.4/1 and cotton 1.4/1. The govermiuent has realized this problem 

and where possible has installed public tubewells on nonperennial commands.
 

V. LOW LEVEL OF WATERCOURSE MAINTENANCE
 

The low level of watercourse maintenance 
 has been alluded to often
 

in this report. Low conveyance efficiencies point to this 
major problem. 

A World Bank Report (World Bank, 1976, Vol. 3:vi) calls for programs to 

provide both incentives and discipline for improved watercourse cleaning
 

and regular maintenan.e 
 to reduce the high level of losses. The report 

estimates that five million acre feet of scarce water resources could
 

be saved between 1976 and 1978 without capital costs si~nply by the govern

ment enforcing the Canal and Drainage Act of 1873 which states that: 

The Divisional Canal Officer may stop the supply of water to anywatercourse whenever and 
so long as any watercourse is not maintained in such proper customary repair as to prevent the wastefulescape of water therefrom. (Canal and Drainige Act, 1974:21.) 

The pwctwari is also to report the wastage of water due to poor 

maincenance. 
The ziliadars are 
also under orders to use 
their inf.uence
 

with cultivators to keep watercourses in customary repair as stated: 

When on tour the zilladar should take steps Ly using his influen'.ewith the zamindars (farmers) to pursuade them to put in order anywatercourse which he finds in a bad state of repair. Should theyrefuse to do so, he should report the matter to the sub-divisional
officer, who will. warn the owners jointly in writing that unless 



within a given time they do so, after personal inspection by himself
 
or the deputy collector, the watercourse will be closed by the
 
Divisional Officer under Rule Section 32, Act VIII of 1873.
 
(Canal and Drainage Act, 1974:115-116.)
 

In the same section of the act the zilladar is admonished to try to get
 

the farmers to settle such problems amicably among themselves. The
 

philosophy of the act in regard to the watercourse command area is to 

not interfere with farmers in most matters except the regular collection 

of water rates and major violations which seldom include maintenance of 

the watercourse systen. 

A. Watercourse Ailnment 

The reader is referred to Figure 7 in the photo glossary to examine
 

pictures A, B and D. These indicate major watercourse alignment problems. 

Usually, the main delivery channels with a 16 ft right-of-way constitute 

about 7.5 percent of the total delivery channels. Where topography, 

unusual watercourse geometry or ownership patterns require multiple 

main channels, the percentage of ditch length for the. sarkari khal 

(government ditch) may exceed 10 percent of the total length of the con

veyance system: when the irtgation system was established, farmers 

were responsible for developing the farm ditches, and where there were 

topographical problems, the main watercourse was routed to avoid obstacles. 

Two maps of village command areas are presented to indicate the alignment 

of these ditches (Figures 5 and 6). The reader may inspect the remain.

ing maps of command areas in Volume VI, Appendix IV which show all main 

watercourse and field channels. Watercourse alignment problems are
 

complex because they relate to land ownership rights. When a farmer or
 

group of farmers want a watercourse changed and a new channel constructed
 

the approval process is lengthy and complex. For example, the Divisional
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Canal Officer is not competent to make the decision which must be referred
 

to the Commissioner. At site 103, one group of farmers reported in 1975
 

that they had filed for a new watercourse after Partition in 1948 and
 

had not yet gained approval. Many of the conflicts in villages result
 

from right of way questions for watercourses and laterals. As farms
 

become more fragmented these problems tend to become more acute especially
 

where field ditches are concerned. Land consolidation progress in
 

Pakistan to date has been slow. If a major land leveling program is
 

implemented for improved farm layouts, ways and means must be developed
 

to solve these problems of land and water rights.
 

B. Watercourse Profiles
 

The slope of the watercourse from the mogha is influenced by
 

general topography and the quality of cleaning and maintenance. Silt is
 

a problem especially during the rabi season when cane-, supplies are lower
 

and especially for those watercourses near the tail of distributaries
 

where discharge rates are low. When farmers clean the main channels
 

they have no means of maintaining proper slope except by guess work.
 

Several watercourse profiles are presented to indicate some of
 

the problems involved. .igure 7 shows the slope of an 8000 foot water

course. The difference in elevation over this distance is about three
 

feet. At the time the watercourse was surveyed, cleaning had taken place
 

about two months before. Farmers reported that this watercourse is ceaned
 

about every three months. In general, this watercourse, in terms of slope,
 

was better than most of the 40 surveyed. Figure 8 shows the profile of
 

watercourse two at site 104. Farmers reported that this channel had
 

)een cleaned about six months before and cleaning takes place only
 

twice a year according to farmers' reports. Note that silt has been
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deposited at the mogha causing some submergence of the outlet and water
 

loss. At about 500 feet to 1500 feet down the watercourse silt had been
 

cleaned but this area becomes one for dead storage because the remainder 

of the channel was not cleaned. Also note another problem at about 3000 

ft. from the mogha. Due to the high spot, water must build up in the 

ditch sometimes causing upstream overtopping before fields below the 

point can receive water. This is not an uncommon problem for water

courses where cleaning is done haphazardly. 

Figure 9 presents anothe r problem. Water from the canal is routad 

to a collection pool where it is lifted about 2 ft. by a jhallar to 

irrigate higher fields. Tie cost of lifting irrigation water by bullock 

power is costly and inefficient. On these problem watercourses small 

diesel or electrical powered lift pumps would be more efficient and 

reduce the long hours required by man and animals. Farmers report that
 

the main watercourse from the mogha to the jhallar is cleaned about 3 times 

a year. Figure 10 shows a watercourse profile located in village 101 

which farmers report is cleaned about twice a year. There is no special 

informal committee for cleanings here, and the work is haphazard. Note 

that at about the 2000 ft. distance mark there is a sharp drop of more than 

a foot followed by an irregular slope from that point to the high eleva

tion at 5000 feet. This high point is such rhat water in the system 

must rist about a foot before fields downstream can be irrigated. Along 

the watercourse from about 2000 feet to 5000 feet from the mogha many
 

spills and leaks were observed due to the build-up of water in the ditch.
 

Also considerable amounts of water were lost to dead storage due to the
 

high place in the bed of the ditch. This indicates the need for improved
 

cleaning methods, incentives and sanctions to gain farmer compliance for
 

cleaning.
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Figure 11 shows a watercourse profile at site 102 which indicates
 

graphically a critical problem of submergence. Farmers reported that they
 

have applied to have the mogha raised. Farmers claim they clean this
 

watercourse 18 or more times a year due to the silt deposits. Mogha
 

submergence is a problem for many watercourses; however, this is the most
 

severe case noted in the sample. Before fields can be irrigated, the
 

water level in the main channel near the mogha must be raised about a
 

foot; such ponding submerges the mogha, and farmers are unable to obtain
 

all of their allotted supply. This is a watercourse where farmers
 

eventually may have to install a lift pump.
 

In Volume VI, Appendix II, Part A, Section 3, the watercourse
 

profiles for the 40 sample watercourses are available to the reader.
 

C. Organization for Watercourse Maintenance
 

Farmers in Pakistan are responsible for regular cleaning and main

tenance of the main (sarkari) watercourse channel beginning at the mogha.
 

The main watercourse channel constituted about 8 to 10 percent, on the
 

average, of the total length of all watercourse and field channels on
 

the command area. The Irrigation Department officials under the 1873
 

Canal and Drainage Act have powers to close mogha supplies or levy other
 

penalties when farmers do not meet their responsibilities in cleaning
 

and maintenance of the main watercourse channels. These sanctions are
 

seldom enforced according to farmer reports and no instance of such
 

sanctioning was reported by informants on any of the 40 sample water

courses. Farmers reported that, at times, threats had been made by
 

irrigation officials, but no enforcement of the code was reported.
 

This section describes several informal organizational approaches
 

used by farmers for the collective cleaning of the main watercourse
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channels. Photo glossary Figures 5 F, K and Figures 7A thru C show the
 

.typically poor level of maintenance found at most sites. Man/days of
 

cleaning and times cleaned per year vary greatly because silt accumulation
 

problems vary greatly between watercourses. Some watercourses, due to
 

location on the canal system and topography, have much more silting
 

problems than others. For example watercourses at the tail or near the
 

tails of a distributary usually face more problems with silt.
 

The purpose of the data presented below is to describe selected
 

social mechanisms involved in cleaning and maintaining the main water

course system. Table 29 provides information related to the two types of
 

warabundi systems, regulated and nonregulated. Note that on 81 percent
 

of the 21 regulated warabundi watercourse commands, sanctions are
 

applied when farmers do not participate in cleaning activities as
 

compared to only 37 percent for nonregulated commands. Watercourse
 

members who have a regulated turn system for distribution of water are
 

typically more organized for cleaning and maintenance. / Sanctions are
 

usually applied by informal, or ad hoc, committees for cleaning or by all
 

watercourse members. It is interesting that for nonregulated warabundi
 

commands there are no informal committees while about 40 percent of the
 

regulated warabundi commands have committees. There is also much
 

variation in the types of sanctions applied. These range from a fine
 

levied to pay for substitute labor, to cutting off an offender's water for
 

a stipulated period, social pressure, purchasing sweets for the other
 

6/The mean and median conveyance efficiencies for nonregulated warabundi
 
watercourses are 48 and 47 percent respectively. For regulated systems

the mean and medians respectively are 56 and 59 percent. Since these
 
are not time series data we can't definitely conclude that regulated
 
systems have higher conveyance efficiencies, but we have a strong
 
indication that it is so.
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Table 29. Sanctioning for nonpartic4pation in watercourse
 
cleaning by type of warabundi system.
 

Sanctions for 	 Regulated 
 Non-Regulated

Non-Partici pation Warabundi Warabundi
 
in Water-ourse System 
 System

Cleaning (n=21) (n=19) 

No. % No. % 
1. Sanctions applied
 

a) yes 17 81 7 37 
b) 
c) 

no 
no response 

3 
1 

41 
5 

12 
0 

3 

2. Who applies sanctions
 

a) 	no one 3 14 12 63 
b) individual 0 1- 1. 5 
c) informal committee 8 38 0 
d) all wc members 7 33 526 
e) no response 3 14 15 

3. Nature of sanction
 

a) none 3 14 12 63
 
b) money to pay labor 2 9 1
 
c) cut off water 4 19 
 55 
d) cut off water F

money fine 1 5 
e) social pressure 

members 15 
f) sweets for wc 

members 1 3 ,.6
 
g) fine used for
 

mosque 
 1 50 
h*) INakka Fund 4 19 0 
g) data not available 4 19 1 5 

4. Who can escane
 
sancti ons?
 

a) 	 Numberdor and/or 
landlord 419 0

b) 	 everyone 1 
 0 
c) no one 7 33 3 16 
d) no data 9 42 16 84 

*Nakka Fund - fine money used for constructing diversion
 
structures at junctions on watercourses.
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watercourse members, or fines used to install permanent structures at
 

watercourse junctions. Though the data are incomplete as shown under
 

item 4 in Table 29, the sanctions appear to work. For example, the ability
 

to exact fines or to cut off an offender's water is a good test of the
 

power of the informal organizations. For the 12 regulated warabundi
 

commands for which data are available, key informants are unanimous on:
 

seven commands that no one can escape the social sanctions applied.
 

Those who sometimes escape from the fines or other sanctions applied are
 

the powerful landlords and the influential numbardars.
 

Table 30 presents information on the regularity of cleaning the main
 

portion of watercourses and the satisfaction of farmers with cleaning
 

activities. Observe the wide range in watercourse cleaning frequencies
 

per year. At the one regulated command area (site 105) farmers had not
 

cleaned the brick and cement lined watercourse in one year. This site
 

provides a special case of an experimental watercourse project where
 

farmers provided little participation in decision making or in the actual
 

construction activities. Therefore, watercourse rnmbers reported that
 

the Government built the watercourse and should maintain it. As a result
 

of lack of cleaning some parts of the main watercourse contained much
 

silt and aquatic plant life. Unless farmers participate in projects
 

for their benefit they most likely will not maintain them.
 

Several patterns are involved in cleaning of the main watercourse
 

system. On 19 of the 40 commands studied, farmers work together at
 

certain periods to clean the total length of the main channels. On 21
 

of the commands, certain sections of the main watercourses were allotted
 

to certain brotherhood and family groups for cleaning. These designated
 

sections are usually allotted on the basis of so many kadams (2 paces or
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Table 30. 	 Watercourse cleaning (regularity and farmer
 
perceptions) by type of warabundi system
 

Regulated 	 Non-Regulated
 
Waribundi Waribundi
 
System System
 
(n=21) (n=19)
 

No. of % 	 No. of 
1. Times cleaned/yr Cases 
 Cases
 

0-1 	 1 5 
 2 11
 
2-4 14 	 11
67 
 58
5-7 
 4 19 
 1 5
 
8-10 
 0 -	 2 11 

11-13 
 0 -	 2 11
 
14 and over 2 9 	 1 
 5
 
x = 6, median = 3, range 0-28 
 x=5, median 	= 2, range 1-12 

2. Man days/year
 

None 1 5 0 
> 40 6 
 29 	 5 24
 
41-80 
 9 43 	 5 24
 
81-120 	 3 14 3 
 16
 

121-160 
 0 
 -	 2 11 
161-200 
 0 -	 0 
201 and over 2 9 	 4 
 21 
x = 113,median = 80, range 0-420 	 x = 116,median = 60, 

range 10 to 135 

3. Farmer perceptions
 
Regularity of Cleaning
 

None 
 1 .5 	 3 16
 
Low 
 3 14 	 3 16
 
Medium 
 9 43 	 '4 , 2.1 
High 	 8 38 9. 47
 

4. Farmer satisfaction
 
with cleaning
 

None 
 0  4 21 
Low 
 4 19 	 5 26
 
Medium 	 7 33 5 26
 
High 	 9 43 5 
 26
 
No Response 	 1 5 
 0
 

Simple correlation
 
coefficient 	between
 
regularity & satisfaction
 
with cleaning 	 .68 
 .57 
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<?about 5 feet) per, acre of land owned or'cultivated. Another method is to 

,allocate a specified number of kadams per phar (3 hour unit) of irrigation
 

water received. When such areas are allotted to individual families or
 

'brotherhood groups due consideration is given for the area of the water

course to be cleared. If sections near the mogha are allotted 1 kadam/
 

phar of the irrigation turn may be stipulated but if the area is further
 

from the mogha 2 kadam/phar may be designated. The rationale relates to
 

the incidence of silt deposits which usually are greater near the mogha.
 

The man days per year for watercourse cleaning is a function of
 

several factors which vary a great deal for the 40 sample command areas.
 

These are the number of farmers on a given watercourse command, the
 

length of the main watercourse and the degree of silting which takes
 

place. For example, at site 103 the main watercourse is several feet
 

below the level of the field and water must be lifted by the jhalar
 

system. The problem of silt accumulation is such that farmers report
 

regular cleaning twice a month during rabi and once per month during the
 

kharif season. Total man days per year for the 18 cleanings is over
 

400. This, however, is a most extreme case. The median man days required
 

for cleaning main watercourse channels are 80 and 60 days, respectively,
 

for regulated and nonregulated commands.
 

Key informants were asked if they perceived the present levels of
 

cleaning to be regular and whether they were satisfied with the quality
 

of the cleaning. The reports show that the majority of key informants
 

report medium to high regularity of cleaning for both :ypes of warabundi
 

commands (see Table 30). For commands where key informants reported "no"
 

regularity in cleaning (sites 105-1, 109-2, 115-3, 116-3 and 4)
 

watercourses were cleared on the average of twice per year.
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Item 4 in Table 30 presents key informants reports about satisfac

tion with cleaning quality. The majority of farmers report satisfaction 

with present effor'ts. 

Tabl . 31, be ,v. Thows the difference in reported regularity of 

cleaning betwen cio .Jnde no watercourse cleaning committee andwith 

lil -ithose with ,) infoi~t eomm tte. 

Table 31. 	 Presence of informal committee and regularity of watercourse
 
cleaning.
 

Regularity of No Informal Informal
 
Cleaning Committee Committee
 

(n=6) (n=34)
 

No. of No. of
 
Cases % Cases %
 

None 1 16.7 4 11.8
 
Low - - 5 14.7
 
Medium 4 66.7 10 29.4
 
High 1 16.7 15 44.1
 

Watercourses with no infoi-Zal committee were cleaned on an
 

average of 	 twice per year while watercourses wich informal committees 

the average number of c ieangns per year equaled seven. This difference 

suggests the import:aric,-, of committees for cleaning. Forty-four percent 

of the key informants on commands with committees report high regularity 

in cleaning as compared to only 1.7 percent fo commands with no committees. 

A similar relationship is found from key informants' satisfaction with 

cleaning.
 

Table 32 presents information on cleaning regularity for perennial
 

and nonperennial command areas. As one would expect, mean frequencies of 

watercourse cleaning are much higher (7) for perennial commands than for
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Table 32. 
 Watercourse cleaning (regularing, key informants,
 
perceptions, sanctioning and committee existence)

by type of command system.
 

Perennial Non-Perennial 
Commands Counands 
(n=25) (n=14) 

No. % No. % 
1. Times cleaned/yr 

0-1 
2-4 
5-7 
8-10 

2 
13 
3 
2 

8 
52 
12 
8 

1 
11 
2 
-

7 
79 
14 
-11-13 

14 and over 
2 
3 

8 
12 

2. Man days/year 

None 0 -
> 40 

41-80 
81-120 

121-160 

9 
7 
3 
1 

36 
28 
12 
4 

7 
2 
-

50 
14 

161--200 0 - -
201 and over 5 20 1 7, 

3. Farmer Perceptions 
regularity of cleaning 

None (0) 
Low (1) 
Medium (2) 
High (3) 

3 
3 
9 

10 

12 
12 
36 
40 

2 
3 
3 
6 

14 
21 
21 
43 

4. Farmer satisfaction 
with cleaning 

None (0) 
Low (1) 
Medium (2) 
High (3) 

4 
4 
8 
9 

16 
16 
32 
36 

1 
4 
3 
6 

7 
29 
21 
43 

5. Sanctions applied for 
non-participation in 
cleaning 15 60 10 71 

6. Informal wc committee 
exists for cleaning 20 80 13 93 
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nonperennial commands (3). A similar relationship exists for man days/
 

year 	of cleaning. On nonperennial commands canal supplies are available
 

only for kharif season; fewer cleanings are required. Little difference 

is 	 found b1etween key informants' perceptions of regularity of cleaning 

and 	 satisfaction of cleaning for perennial versus nonperennial commands. 

Likewise, little difference is found between the two types of commands in
 

regard to sanctions applied for nonparticipation in cleaning and the
 

existence of informal watercourse committees.
 

In conclusion, important findings about farmer organization for
 

watercourse maintenance are suumarized below:
 

1. 	Farmers on most water.ourses have informal arrangements for
 

cleaning ana use a variety of sanctions to insure farmer
 

participation.
 

2. 	Farmers on regulated warabundi systems tend to be better
 

organized for cleaning than farmers on nonregulated warabundi
 

systems.
 

3. 	Informal committees are used on some watercourses for settling
 

disputes over water and for cleaning purposes,.
 

4. 	Where sanctions are used to enforce participation for cleaning
 

these are applied by informal committees elected by watercourse
 

members or by all the members as a group.
 

5. 	Large landlords and village leaders sometime escape sanctions.
 

6. 	There is great variation in the times the watercourses are
 

cleaned each year resulting primarily from the incidence of 

silt deposit ion in channels. 

7. 	 Man days/year of cleianing are related to the incidence of silt 

deposits, the number of farms on the command, and the length 

of main watercourse to be cleaned.
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8. 	On about half of the watercourses, farmers clean the maii channels
 

together and on other commands designated sections of the main
 

channel are given to individual farmers to clean.
 

9. 	The majority of key informants perceive that the present
 

regularity of cleaning is from fairly high to high and are
 

generally satisfied with current quality of cleaning.
 

10. 	 Watercourse cleanings are about double for perennial commands
 

as opposed to nonperennial commands.
 

The measured conveyance losses, the photographs in the photo
 

glossary, and information about cleaning reported in this section suggests
 

that watercourse cleaning is neither regular or well done on most command
 

areas. Conversation with farmers about this problem provide the follow

ing 	generalizations: First, farmers are not aware of many types of con

veyance losses such as vertical and horizontal seepage, and those due to
 

dead storage. Secondly, farmers are not aware of the magnitude of the
 

losses until convinced by measurements. Thirdly, the Irrigation Depart

ment officials seldom enforce the regulations dealing with watercourse
 

cleaning. Fourthly, there are currently no farm-level extension advisors
 

or other personnel to help farmers improve watercourse cleaning and
 

maintenance activities. And finally, until recently there were few
 

proven procedures for watercourse rehabilitation and low cost technologies
 

for junction structures and farm turnouts.
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CHAPTER TWO
 

CONSEQUENCES OF THE PRESENT FARM WATER MANAGEMENT
 

I. 	 CONVEYANCE EFFICIENCIES AND LOSS RATES ON THE WATERCOURSE 

Actual in on-fir doss affected manydelivery systems are by 

physical and behcmvioril Iactor:;. This chapter will examine several fac

tors and their iifluence on the delivery efficiency and loss rates per 

1000 feet of ,atercourse length. Delivery losses, especially those due 

to seepage, are expected to be higher where soils are sandy loam to 

sandy and are not easily compacted. Where channels are lower than 

field elevations, losses result from "dead storage"--water left in 

the ditch bottom after an irrigation has been completed. If the main 

watercourse channel is too high in relation to the canal outlet, the 

effect of increased water surface elevation on the outside of the mogha
 

results in reduced discharge. In earthen channels, the losses are
 

expected to increase in proportion to distance from the mogha outlets
 

to field outlets. When rates of discharge are large relative to 

channel size, losses increas1 due to spills. Where public and/or 

private tubewells discharge concurrently with canal water into ditches 

constructed only for traditiona! canal allotments, substantial losses 

via spills can be expected. 

Behavioral. factors which relate to farm delivery losses are the 

general maintenance and repair of both main del.very channels and farm 

ditches. Where maintenance is poor there are silt deposits, excessive 

vegetation along the channels, and holes created by rodents and other 

animals. Farmers' collective and individual actions are Important
 

factors in reducing these losses.
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As a result of these and other factors, farm delivery efficiencies
 

for earthen channels around the world are quite low. A recent preliminary
 

investigation (Bos and Nugteren, 1974, 25) in 50 irrigated areas of 16
 

developing countries shows that farm delivery efficiencies of earthen
 

channels constructed in sandy, sandy loam, silt and silty clay soils
 

range from less than 50 to about 65 percent.
 

Data collected for 	the present study do not include information about
 

all the factors affecting conveyance losses. Under pressure to complete
 

evaluations in a single week on a given watercourse, researchers had to
 

limit data collection to mogha discharge and field outlet discharge by
 

flow measurements and other topographic and profile variables.
 

A total of 559 usable evaluations were obtained on 40 sample water

courses at 16 village sites located in 11 different agro-climatological
 

zones. Prior to reading the analysis of the data, the reader may wish to
 

examine the pictures in the photo glossary, Volume 1 (Figures 1 to 8), to
 

acquaint oneself with general watercourse conditions and the field work in
 

collecting data. This will provide an overview of the types of problem
 

situations encountered related to various types of conveyance losses.
 

A. Summary of Delivery Efficiencies
 

Figure 12 provides a distribution of the weighted farm delivery effi

ciencies by interval categories. Overall, the data obtained presents a
 

rough fit to a normal distribution. The mean and the median delivery
 

efficiencies for the sample farms respectively are 53.2 and 53.4 for the
 

306 	sample farms.
 

the evaluation may affect the delivery efficiencies
Since month of 


obtained due to the differences in distributary discharges into the farm
 

system, Table 33 shows the dates and number of farms evaluated by type of
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Table 33. 
Number and percentage of physical irrigation evaluations completed at village sites by month.
 

Type of 
 Months when evaluations of sample farms were completed

command No. of 
 (Number of farms)
 
and sites cases Jan. Feb. IMarch April May June July Aug. Sept. Oct. Nov. Dec. 
Perennial 
101-2 
102-1 
103-1 
104-3 
106-1 
107-3 
109-2 
110-3 
112-3 
113-3 

14 
5 
5 

27 
7 

33 
11 
27 
33 
25 

22 
24 

6 

10 

7 
12 

7 

12 

3 
2 

5 

30 

2 

5 
1 

5 
1 

1 

5 

3
2 3 10 

1 
3 

3 

116-4 22 6 16 

Nonperennial
105-1 
108-1 
111-2 
114-4 

7 
4 

22 
33 

19 
11 13 

3 
9 

2 
7 

2 

115-6 37 14 17 6 
Number of farms 312 30 79 22 29 19 69 20 13 3 10 16 2 
Percentage of farms 9.6 25.3 7.1 9.3 6.1 22.1 6.4 4.2 1.0 3.2 5.1 .6 

Total number 
of individual 
evaluations* 559 66 133 24 36 42 158 34 22 3 12 27 2 

*On some farms only one evaluation was made and on others several were made.
 
Individual values are weighted to create the farm value.
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command and village site. When ample supplies of canal water are 

available during the monsoon season, farmers often close the mogha as is 

seen in the Photo Glossary, Figure Il-L. Also, the greater the supply of 

water in the ma.in watercourse channels and laterals, the greater are the 

losses (Kemper, 19751:243-249). Losses increase through permeable banks
 

and also groater overtopping on channels with inadequate freeboard as 

shown in the Photo Glossary Figures 7-E and F. Until recently these 

losses throut4ji watercourse banks were not considered important. One 

experiment, using the ponding method of estimating these losses, however, 

showed that by lowering the water level in the highly permeable upper
 

levels of a watercourse by 2 inches reduced the loss rate one-third.
 

Delivery efficiencies are examined by month of evaluation for differ

ent water supply situations. Nonperennial commands, which do not receive
 

regular canal supplies in the rabi (approximately November-March) season,
 

would be expected to have less loss than in kharif (approximately)
 

April-October) when canal supplies are available. Of the 14 nonperennial
 

commands, all are supplemented by public or private tubewells or Persian
 

wells. For 10 of these commands with no public tubewells, however, irri

gation supplie.' are greatly reduced for the rabi season. See sites 114 

and 115 in Table 33 where 38 farms out of 70 on these two nonperennial 

commands were evaluated. The mean delivery efficiency evaluations ob

tained at these sites were for January and February, 60 percent, and for 

June and July, 51 percent. Though there are 6 private tubewells and 43 

Persian wells for these 10 atercourse command areas, irrigation supplies 

are very limited during rabi seasen. The conveyance losses, therefore, on 

the farm system are expected to be considerably less in volumetric measure 

but more in percentage measure than during kharif, when canal supplies are
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available, due to the smaller discharge carried by these channels in rabi
 

season (Kemper, 1975c;137-153). If this assumption is correct our esti

mates for delivery efficiencies for these two sites, 114 and 115, are
 

conservative.
 

Figure 13 provides summary data on delivery efficiencies by month of
 

the year. In terms of months when the evaluations were completed there is
 

little variation.
 

It may be thought that delivery efficiencies would be higher for day

time irrigations as compared to nighttime irrigations. At night it is
 

more difficult to spot leaks and spills quickly and some farmers discuss
 

their fears of snakes and animals such as wild pigs. The mean and median
 

delivery efficiencies obtained for 241 daytime evaluations, however, were
 

53 percent as compared to 56 and 58 percent for nighttime evaluations.
 

Several evaluations were done which include both day and night and these
 

are excluded. The major difference seems to be cold winter nights versus
 

spring and summer nights. When winter (November-February) nighttime de

livery efficiencies are examined, the mean value for 36 farms is 53 per

cent as compared to a mean summer nighttime value for 16 farms of 63
 

percent. It is interesting to note that the winter day conveyance effi

ciencies (52%) as compared to summer day efficiencies (53%) are almost
 

identical. On the basis of these data it appears that summer night 

delivery efficiencies were higher than winter night efficiencies. Where 

we have comparative data, however, as at sites 114 and 115, we note the 

differences between seasons are partially due to nonperennial commands 

carrying less water in rabi season. Therefore, we conclude that an im

portant factor causing differences in delivery efficiencies is the supply 

of water available at the mogha, tubewell or both. 
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Wide ranges appear in the data obtained for delivery efficiencies on
 

all watercourses.- / On a given watercourse there are several interdepen

dent factors which result in different rates of losses, such as the volume
 

of water discharged into the farm system, the distance from the source of
 

supply, the care of the irrigator in making repairs along the main water

course channels and branches to his farm, general watercourse maintenance,
 

soil types, and slope of the watercourse. A critical factor is the care
 

or shepherding of the water by farmers.
 

B. Delivery Efficiencies for Respective Sites
 

Table 34 displays conveyance efficiencies for 40 sample watercourse
 

commands at the 16 village sites. 
 For the 305 sample farmers on which
 

usable information is available, both the weighted mean and the median
 

efficiencies equal 53 percent. 
 Note that sites with public tubewells
 

(106, 108, 109 and 111) have lower efficiencies than other commands with
 

the exception of site 116 which had a mean efficiency of 35 percent and a
 

median of only 25 percent. 
 Site 105 is also a public tubewell supplemented
 

command but the main watercourse and most branches have been lined. 
 The
 

efficiency, therefore, is higher than other public tubewell supplemented
 

commands with unimproved earthen channels. 
The four commands at site 116
 

are special cases because the canal supplies at this site, in lower Sind,
 

has excess canal water throughout the year. Farmers at this site block
 

the mogha to reduce the excess water supply. Little or no checking of
 

leaks by irrigators was observed. Farmers at site 116 report that there
 

is no real turn system (warabundi). Each farmer irrigates when he feels
 

his crop needs it. Along the four watercourses at this site, seven
 

7/See Volume VI, Appendix II, Part A-1, which provides detailed informa
tion in mean, median and range values for major variables related to
 
delivery losses.
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Table 34. 	 Summary of farm delivery efficiencies by village
 
site (each farm weighted).
 

No.of No. of Delivery Efficiencies (%)
 
Villae site-wc' s cases Mean Median Range 

101 - 2 wc 14 68.6 71.0 49-91 

102 - 1 wc 6 65.0 62.0 45-87 

103 - 1 wc 2 61.0 61.0 49-73 

104 - 3 wc 25 47.6 50.0 0-100 

105*- 1 wc 5' 60.81 60.0 32-84 

106*- 1 wc 	 6 45.-2 41.5 27-66 

107 - 3 wc 	 28 55.1 52.5 33-92 

108*- 1 wc 	 4 51.0 53.5 12-85 

109*- 2 wc 	 12 43.7- 34.5 11-72
 

110 - 3 wc 	 27 66.0 70.0 28-95 

iil*' 2 wc 	 24 '43,4 41.5 2-100 

112 - 3 wc 	 33 '54.5 52.0 27-82 

113 - 3 wc 	 25 55.6 55.0 16-85 

114 - 4 wc 	 35 53.1 57.0 10-90 

115 - 6 wc 	 38 55.5 50.5 -1110o 

116**-4 wc 	 21 35.1 25.0 7-100 

Total 40 wc 305 53.2 	 0-100
 

*Denotes SCARP public tubewell supplemented commands- command
 
area site 105 has main watercourse and some laterals lined.
 

**Denotes 4 command areas where there is excess canal supplies
 
and where farmers,as shown in Photo Glossary Figure 11-L & 0,
 
block the mogha due to excess supplies.
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illegal moghas were identified which suggests that farmers at this site
 

operate an open system!
 

With the exception of site 105, efficiencies of public tubewell com

mands are from 10 to 20 percent less than on other commands which leads
 

to'the conclusion that losses on the public tubewell commands are greater
 

than that of other commands. Data has also been reported (Clyma, Ali,
 

Ashraf, 1975L-i170-191) showing higher average watercourse losses for tube

well supplemeuLed watercourses versus nonsupplemented watercoursez for
 

several areas in Pakistan. The large extremes in the range values result
 

from two main factors. First, farms located at the head and tail reaches
 

of command areas are expected to have large differences in efficiencies.
 

Second, due to some large breaks in dams at watercourse junctions and
 

nakkas, several farmers at sites 104 and lil lost almost all the water
 

delivered from the mogha because they had left the fields and did not
 

bother to check and repair the breaks. The higliest weighted efficiency
 

obtained was for site 101 where all farmers are of one social group
 

(Arians) and not only exhibit much cohesion but also organize to do a fair
 

to good job of maintenance of the main watercourse.
 

C. Delivery Efficiencies and Water Supply Situation
 

Table 35 shows several different watercourse command supply situa

tions and watercourse conveyance efficiencies. Under item (A)we find no
 

difference between losses on perennial commands versus nonperennial com

mands. Both types of commands have both mean and median efficiency per

centages of just over 50 percent. The major difference is seen in item
 

(B)where the public versus private tubewell commands are compared. The
 

public tubewell command farms have lower efficiencies than those with
 

only private tubewells. The value for farms on commands with no tubewells
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Table 35. 	 Mean, median and range of delivery efficlencies by water
 
supply situation.
 

Water supply No. of Delivry efficiencics (%) 
nj_ R n. situations 	 far s . Mcin . . di 

A. 	 "Typsecommand I 
Perennial 198 52 53 0-100 

NonperenniaL 	 95 53 53 10-100 

B. 	lubeweli
 
supp lemen ted 

None 157 51 51 0-100 

Private 111 58 57 2-100 

Public 22 47 50 11-84 

2rivate + public 15 50 AI 12-85 

C. 	 Mogha 9. 
(cusecs) 

up to 1.00 124 56 57 0-100 

1.01-1.59 53 57 61 10-87 

1.60-2.00 	 46 47 47 11-92 

2.01-2.59 	 44 53 54 2-91
 

2.60-3.00 	 11 54 49 11-100 

3.00 and over 	 6 46 44 7-43
 

http:2.60-3.00
http:2.01-2.59
http:1.60-2.00
http:1.01-1.59
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is somewhat misleading due to the 21 farms at site 116 with a mean
 

delivery efficiency of 35 percent and a median efficiency percentage of
 

25. The actual iiic,;in and median respectively for comnands with no tube

wells, when , [atris are and percent. majorthul. 21 ii.c. removed, 53 55 The 

difference is ( bserved under item (B), Table 35, where public tubewells 

with large dischlarfL-S on watercourses create more losses due to the fact 

that the main watercoora--s and branuhes were not sufficiently enlarged or 

improved after thO puiblic tubeweils were installed. Reported losses on 

watercourses supplIemented by public tubewells (Kemper, Clyma, Ashraf, 

1975d:208-212) indicate that public tubewell augmented watercourses have 

greater losses because:
 

(1) "The farmers have not enlarged their watercourse to properly
 

handle the water;"
 

(2) "Having more water has allowed the farmers to be more careless
 

with their supply;" and/or
 

(3) "Tubewell water pure or mixed with canal water has more tendency
 

to erode and deteriorate and leak from watercourses."
 

When the mogha discharge which may also include tubewell water is
 

examined in relationship to delivery efficiencies, the median percentages 

show a weak relationship. The simple correlation between mogha Q and 

delivery efficiency is only -.13. The conclusion can be that whatever the 

water supply situation and the amounts of water available, loss rates in 

the farm irrigation system are unusually high foi all sample watercourses. 

Essentially only half the water available reaches the fields of the 

typical farmier for irrigation of crops.
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D. Delivery Efficiencies and Farm Position on Command Reaches 

Another fact or that influences delivery eficif iencies is location of 

s vs t em s inco'tMlI losses are pr Imarily a functionthe farm on 	 the command 
8 / 

tail locationsof distance .- Neisunres; for d terminin, hepd, middle Anmd 

in Vi :i' V1., A.,, ix [,T' Pairt B. Tlree mn:lsluics were used. 
are described 

sections--Weuarcate1 into t hrec iji I l,.enethFirst, each ',Ii. nd area .as 

lvac taei on (one 0 moreolfali1 ... d pach am:pl. [arma.,shead, middl e and 

these
these sectLons oa;ed son dOwtn.:ue roim le mqhi . Second, r udist 

v'i lloe sit vlire I iOg
positions Or [to or morn- cim: nd w:it 

;ll arriU in the onati of wtercoqia q 'hannelhs, it was
(ifferences "1 

in Lhi-dqs;. '., Iativts to the longest
necessary to ni.11evr: c irm-s poe itions, 

hi was hat K th, interviewer'sA third oqeu -r.iwatercourse p111 	 brnches. 

form locati s on UiP b,-as4:-5 I S e sponses.fi ras'r 	 The
estimate ,t 'OK<h 

' that Awnt corei;id to
three mewcboss -se pro-au Vests i K 36 o showi 

usingp thes'dalwr PF:v:&, vAuc.Ies hsainel, rLOW;' We sasuresmet 


undice i Yl., 	 ,."]) (]Table 36)
have some vO i vitya : d .iin ilit". Note that 

d o,irer fvor ealh W ripation evalua
where ocat:ion w-as msa- by thp 

tion, head farms have n deliv r(ficienuy fry o, 	 bont, 58 per cent as com

pared with aio- t 44 petrcent for tail farms. L ikew.ise nnd r it em (2) when 

gi vin s,-eite the mean effi
we adjust for all 	 wateTcv'uu=res at a 

ciencies for head and tail resvpectiyely are 61 and 	 42 percent. Even the 

head have 
more crude estimate of the iterviewe rs soiws tiat farme rs a 

from the mopha to their fields of
weighted mean conveyance efficiency 

The l 
61 percent and tail falT;is have an efficiency of 46 percent. simple 

farm from the mogha and deliveryfor distance ofcorrelation 	coefficient 

more than one location on the command are 
H/Farms which had fields at 


noted in the tables that follow.
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Table 36. 
 Mean, median and range of delivery efficiencies from
mogha to the farmers' 
fields by three measures of
 
farm location.
 

Watercourse 

command reaches 


1. Measured
 
watercourse

position
 

Head 

Middle 

Tail 


2. Adjusted
 
measured
 
watercourse 
position * 
Head 

Middle 

Tail 

More than one** 


3. 	 Interviewer's 
estimate 

Head 

Middle 

Tail 

More than one** 


No. of Delivery efficiencies(percentage) 
farms Mean Median Ra-nge 

94 57.8 58.0 11-100 
41 52.8 52.8 16-91 
58 

193 
44.5 42.5 7-83 

112 60.8 60.8 12-100 
82 50.5 49.3 2-95 
55 
20 

42.3 
58.4 

43.0 
60.5 

0-82 
18-87 

269 

119 60.7 60.9 2-100 
60 50.7 50.0 16-95 
95 46.4 49.0 7-83 
29 49.3 50.3 0-80 

303 

*Positions (head, middle, tail) adjusted by longest water
course at 
each sample village site.


**More than one 
refers 
to farms with parcels of land at more
 
than one of the three locations, head, middle, or tail.
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efficiency is .27 which is significant at the .001 level. Volume VI,
 

Appendix II, A-2 provides data for each watercourse command showing
 

these differences between head and tail farms. The differences between
 

head and tail farms are much greater than the summary data presented in 

Table 36 implies. To obtain a more graphic view of the differences 

between head and tail farms for each sample site. Figure IA- is presented 

to reveal the wide variations between command areas and village sites. 

Note that for site 103 no evalu.-tions are presented--all water entering 

the mogha fron the distributary flows to collection ponds or small tanks 

and is lifted by jhallar (Persian well.) due to extreme topographical 

differences between LCe distributary and the land to be irrigated. The 

extremes for some of the sites in delivery efficiencies (Figure 14) 

are as much as 100 percent in some cases. At site 104, 1.09, 114 and 116
 

less than 30 percent of the water available reached tail farms. This 

leads to a type of mini-dualism on watercourses. Somewint to our surprise, 

we find that in terms of distribution of farm sizes there is no indication 

that farm size is associated with farm location on the command area. Thus 

the problem affects small and large farmers but the greater impact is on 

small farmers at the tail who do not have the same access to private 

tubewells as larger farmers. 

While not presented in tabular form, no important differences were
 

found in delivery efficiencies for different farm size or tenure classes.
 

For the following farm size classes (area cultivated only on sample com

mand) the following mean delivery efficiencies are: farms under 7.5 acres,
 

52%; 7.5-12.49, 55%; 12.5-24.99, 50%0; and farms 25.0 and more acres in
 

http:12.5-24.99
http:7.5-12.49


3 	 1Ed for Head Pos on Watercourse 
0 Ed for Tail Pos on Watercourse 
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TN 
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2o 

00 
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Village Sites* Not Available Because Deliveries from the Mogha Flow to a Pond and all Irrigction is
 
Lifted by a Jhallar.
 

Figure 14. 
 Mean delivery efficiencies for head and tail farms
 
on watercourse.
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size 55%. The mean and median values are almost identical. Likewise 

owner operators had mean and median delivery efficiencies of 53%; owner

crn-tenants had mean and median values of 55 and 53X and tenants had 

mean and median values of 53 and 54 pe rcent. 

E. Delivery Efficiencies and Physical Soil Types 

The physical soil type categories are perhaps too general to be use

ful in explaining further impacts oon delivery efficioncies . None of the 

sample commands had soils tha t were of the sandy to light sandy types. No 

physical analy-s is was made except the field nethod o17 foel ing the soil for 

texture to determine its general tetural cla:;.. The ;ata obtained are in 

Table 37 for che five predominant physical types of soils and del ivery 

efficiencies on the 40 commands. The two soil types 	 weire delivery effi

qo is which haveciencies were higher were fi ne clay and multis tor icd 

mean values about 5 to 7 percent high or than the 1.i.ghL'. medium sandy loam 

fine loam soils. Thei me dian values, however, showsoils and the media n 

from theqe texturalsmaller differences. We caninot, thereft,, conclude 

analyses of soil types that this is not an important factor . Casual 

with sandy soils lead one to blieve this shouldobservations on commands 

be examined more carefully. 

F. Irrigation Behavior of Farmer and Social Factors With Delivery 

Efficiencies
 

About midway of the watercourse survey, field experience had indi

cated wide differences in the behavior of farmers in 	 the care they took in 

A check list was developed for engineers' field
irrigating their fields. 


books and the engineers assigned to make irrigation evaluations were
 

asked to check various behaviors or activities of farmers during their 

at the field inspectsirrigation turns. Whether a farmer upon arrival 
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Table 37. 
 Mean, median and range of delivery efficiencies
 
by physical soil types.
 

Soil No. of 

Delivery Efficiencies (%) 

Textural Class farms M4ean Median Range 
Light medium 

sandy loam 26 47.0 50.5 2-100 

Medium loam 25 53.1 53.3 11-85 

Medium fine 49 49.7 50.0 7-100 

Fine clay loam 64 54.8 56.5 0-100 

Multistoried soils 141 54.9 53.4 10-100 
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and repairs leaks and potential leaks and spills, remains throughout the
 

irrigation period, and whether the irrigavor is a landlord's servant or a 

small boy (under 12 yars o age) is expected to make a d.ifference in 

delivery efficincy.
 

Irrigation as nract:iced :in Pa kist an is nnythin, but simple. It 

requires great care and skill by irriga ttors. It involves chuecking and 

repairing leaks and spil.s, surve-illance act:ivit ies to as sure water is 

not stolen during a given tun, and ront:inual building and rebuilding, 

checking bunds, all in addition to trying to app'.y w.ate.r ef ficiently to 

fields that are often not sufitciently level. The good irrigator under 

present conditions Qi.always tih T:f iris to scarceon OT in attmpt: control, 

water resources in a system .urp convevine losses .r, often 50 percent 

or more. ,.,hore farmers hav, rio labor, as mhown uhndr i tLm (5) in Table 38, 

more than one individun i s a tci.'litn a sio l ciigat.o . i t he second 

phase of the survey in s,t hen Punjab Ancd 2 ind "F the 199 farms; observed 

during irrigation activiti s, 3 -,.rcent -F the acms :ere being irrigated 

by two or more individua.]':. !,.ro thre are in laar,t .; and Persian 

wells often three individuals are busy Fur a given irri gation because one 

must drive the animals to lift the water. Farmers on these systems often 

related to interviewers that the extra work of i:LfTi: ing canal wanter by 

jhallar was a "killing operation." Until one has remained awake with
 

farmers on cold nights watching him prod animals around the endless circle
 

to pump water, he cannot appreciote how labor intensive these operations
 

are. it is surprising that Pakistan has not promoted the use of small
 

portable lift pumps as has been done in East Punjab of India.
 

Both delivery efficiencies and field application efficienc:i.es depend
 

to a substantial degree on the care with which the irrigator handles water.
 

http:efficienc:i.es
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Table 38. Mean, median and range of delivery efficiencies
 
from mogha to farm by irrigation behavior.
 

Farmers' o. of Delivery efficiencies from
 
irrigation obser- mogha to farm (percentages)

behavior vations Mean Median Range
 

1. inspects for
 
leaks C
5-i1.s
 

Yes 148 
 55 54 10-100
 
No 
 59 50 50 7-100
 

2. Repairs leaks
 
and spills
 

Yes 148 54
55 10-100
 
No 59 49 
 50 7-100
 

3. Farmer remains
 
at fieT.d through
out irrigation
 
Yes 120 54
55 10-100
 
No 75 49 49 7-100
 

4. Status of
 
irrigator
 

Owner operator 150 55 55 10-100
 
Tenant operator 39 52 48 11-100
 
Servant of landlord 12 38 34 7-71
 
Small boy (12 years
 
or less) 10 53 50 
 30-82
 
No one appeared 1 28 28 30-82
 

5. More than one
 
irrigator
 

Yes 
 58 53 51 12-1O
 
No 131 53 53 7-100
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For example, under items (1) and (2) of Table 38, farmers who are active 

in checking and repairi ne, leaks and spills have mean delivery efficiencies 

firom 5 to 7 pe rlnt higher th:in th'ue who do not. Under item (3) farmers 

back to the mogha to check),who remiin at or near t h, sit:c (he of ten goes 

also have del.w.,r,; elf icion' les about 6 percent higher than those who do 

at tHioe . As seen from the table, a surprising number ofnot remain 

would open the field nakkairrigators 	 %.!.,iodnot remain at the field but 

(4) we found that servants did less checkingand then de,art. Under itum 


and repairs :nd aiso often went away after beginning irrigation. In fact,
 

of the 12 servants only 5 inspected for leaks and spills; only 6 repaired 

leaks and spills, and 6 arrived to initiate the irrigation and then went 

Irrigators who were not servants had delivery efficiencies about away. 


16 percent higher than those where servants were involved. Almost no
 

found between the other irrigators (owners, tenants and
differences were 

where the farmer did notsmall boys as irrigators). There were cases 

come to his field at the time of irrigation as the warabundi turn had been 

traded to someone else. Consequently, no field application evaluations
 

One of these is shown under item (4) and the amount of
could be made. 


only 28 percent of the discharge measured at
 water to reach his farm was 


the mogha.
 

G. 	Summary Regression Analysis of Delivery Efficiencies 

14 variables were used in a step-wise multiple regressionA total of 


to search out those factors most important for exmodel in an 	attempt 


to the
plaining low delivery efficiencies. These ranged from distance 

mogha and cusecs of water entering the farm system, to physical soil type 

and slope of main watercourse channel. Of variables examined, only the 

explaining differences in farmfollowing were found to be important i 
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delivery efficiencies: Distance to the mogha, soil type, and mogha
 

discharge. These three factors explained 25 percent of the total varia

tion of 30 percent explained by 14 variables. Table 39 provides the
 

statistics on five of the variables which combine to explain 28 percent
 

of the variation in delivery efficiencies.
 

The multiple regression model is:
 

y = + b2I
1a + b2x2 + b3x3 + b4x4 + b5 x5
 

As noted earlier, distance from the mogha is highly correlated with
 

farm delivery efficiencies. This variable explains 18 percent of the
 

differences observed. 
Also the second factor, soil type, shows that the
 

light to medium sandy loam soils explain about 5 percent of the variation.
 

By using the dummy variable of light to medium sandy loam soils versus
 

other physical types we find an inverse relationship which means the more
 

sandy the soil the lower the total efficiency obtained. The three other
 

variables are not significant and combined add only about 5 percent to the
 

explanation of differences. Mogha discharge, however, indicates that the
 

greater the total quantity of water in the channel, the greater the losses
 

and thus the lower the efficiency of conveyance. Farmers' reports of
 

intensity of stealing also is in the right direction in that the greater
 

the stealing reported the lower the delivery efficiency.
 

We conclude from this brief analysis that the present system of
 

poorly maintained watercourses and branches are such that farmers located
 

near the tails are at a definite disadvantage. For example, Figure 15
 

shows that the delivery efficiencies for tail farmers are about one-third
 

less than that for head farmers. Consequently, programs to improve the
 

delivery system should give special focus on the needs of these farmers.
 

Even on improved delivery systems tail farmers will have greater total
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Table 39. Multiple regression analysis (stepwise) with
 
selected factors and delivery efficiencies.
 

S.E. ofj t Multii.le Multiple Final F 
Variable Bet:a . .ta jrtd . R A ratio 

x- .0030 .0001) 3.33* .426 .182 10.05**
 
i 

-8.9855 6.9078 . 30 .434 .235 2.69 

x3 -3.7808, 2.3645 1.60 .502 .252 2.56 

x -2.9072 1.9519 1.49 .518 .269 2.22 

x 2 


4i
 

3.722 S-3.9571106 .525 276 1.13 

*Denotes significance level of .U5.
 
**Denotes significance level of .01.
 

x = distance to mogha in feet 

x2 = dummy variable for soil type, light to medium sandy 
loam 1, and other types 0= 

x3 = discharge at source of supply, mogha discharge plus 

supplemental supplies ii cusecs
 

x4 = times of stealincg reported in last six months
 

x5 = dummy variable, status of irrigator: owner operator = 
1, tenant = 2, servant = 3 

http:Multii.le
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Figure 15. 	 Farm delivery efficiencies (Ed) and loss per
 
1000 feet shown in percentages by adjusting
 
postion on watercourse.
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losses but there are ways to organize the delivery system to provide thqm 

with more rer. 011e of ch,se su, , est on, is to reverse the warahundi 

turn svstoli sopp ~s.o 0: s Ohedci i very Joe t he II roln mogha 

to first ft I li t ,. ! a ii .:iL 'iu ,s cl:iiuie 1 andriA beig inJ.w.', turns at the 

tail and 1otu 1,1h ,r-cr:sv: 1: u o.,tcrours,. hate r would have te 

tas tha1 )C' will 

-

be allocated o[: . e lI s, I('th, I! t 'E i dI. Losses 

still occur. itu hli :.h:iim hisi: the mirE f mPt , all farners more con

cerned abo th lim i at: cas;uice of the system. 1'resentLy, as has been shown 

(Mirza, Freeman, Eckert, 1974), tail farmers tend to be more im'crested in 

watercourse improvements than head farmers. Another option is to estab

lish tubewells near the middle or tails of command areas to nrovide tail 

farmers increased supplies. This has the added advantage of lowering the 

water table in those parts of the watercourse command where waterlogging
 

usually appears first. Such augmentation of supply may be achieved best
 

by providing incentives to tail farmers to install private tubewells.
 

Another option is to help farmers organize to improve and maintain the
 

present system with a hired ditch rider or khal chowkidar to check leaks,
 

spills, and stealing as well as to make repairs along the improved
 

watercourse.
 

Another factor needing consideration in watercourse improvements is
 

soil type. Where soils are sandy to light, an improvement program may
 

have to consider lining the main channels to reduce seepage, leaks
 

through porous banks, and the losses shown in the Photo Glossary Figures
 

5-F, 7-0, and T,which occur due to junction washouts.
 

This analysis of losses shows that simply an increase in the volume
 

of water available to the farm system, as in the SCARP systems analyzed,
 

does not provide a viable solution. The more water available to the
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present system the more losses and the less value farmers place on
 

reducing losses. As previously noted, at sites such as 116, excess water
 

leads to delivery efficiencies as low as 35 percent and results in
 

massive waterlogging problems.
 

II. LOSS RATES PER 1000 FEET OF WATERCOURSE LENGTH
 

It is important to examine the loss rates per 1000 feet of water

course length. Loss rates as discussed are a function of distance from
 

the mogha outlet, the water supply situation, the soil type, the slope of
 

the delivery channels and maintenance of the system. The losses per 1000
 

feet are shown in both percentage loss of the total amount of water dis

charged to the farm divided by the distance, and also by cubic feet per
 

second. There is some debate about the measure that is most appropriate
 

but this depends primarily on the purpose for which the data are applied.
 

Cubic feet per second as a measure is perhaps more flexible in that it
 

is more easily converted into acre inches or feet per hour and per day,
 

and other common units of irrigation measurements. The loss rate here is
 

defined as:
 
= 
Loss rate initial flow - final flow

distance between points in feet
 

Simple correlation coefficients for percentage loss per 1000 feet and
 

cubic feet per second losses per 1000 feet for all watercourses with dis

tance to mogha respectively are -.57 and -.22. The percentage loss is a
 

measure of the relative water lost that entered the system, and cubic
 

feet per second is a measure of the actual amount of water lost in transit.
 

At a later point in the analysis these variables are combined with
 

others in a regression model. These simple correlation coefficients are
 

presented to show that there is an inverse relationship in loss rates per
 

1000 feet of channel length with-distance to the mogha. The greater the
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distance the lower the losses per 1000 feet. These relationships are 

significant at the .001 level as would normal ly be expected for the type 

of delivery s'strm which -:ist:-, in Paid t n. 

Sever1 pe . t l m. :t: !..if ' hir tite ic;ldor to keep in mind 

when refer r l to the at Lt :atc isa F re two t..Ypes of measures described 

above. Firs,, t, ihe earros c:,', i v , tiar ,i:'<calses ovr short 

sections !C tie vaturc O; * Sa 1i S if I.e wIJe-, soot farmersI] ]1,11, 


lost most, ot the; 'Il -r : A , I') v t'll,' Iie, h; after
."t l (ttitk l,''i i 

starting a;,; i.rri .:,, . :Ia, ea rbn , o>r s ki koh ic.'d o,nly withn but, 

soil, breti:s a;li no ('no is arciulI to rplii t -ae r. . , t:>Ktrtfle losses 

inevitnbiv rcc;i Se wtotw tn i L s , i F'et perI-;econd prot . nd, ra te u 

Vides a anan titti Ve moeasure of the La1atnun t of w, lost per 1000:ot.] a or 

feet, whil e I'c Tt tr ass 1000 feet nIl V gives a me;issure of cteper

centage lost of tht, tata 1in-fw inco tie convevance svstelto the 

farmer's Foife~. .at ,.F tI ese measures, however, wilt have a few extreme 

values. If 20 pre to of the water, for exaimlpie, is lost In 200 feet then 

this ,p.rne pera factor of S makc-s 100 , n t lss 1000 feet. Likewise, if 

1.0 cubic foot per second is lost in 200 fet, Lhi ac becomes 5 efs for a 

thousand feet. 1, II, rt Betton I , provides data onTable 11nd P A, 

the mean. teiian nnd range of f-i,,t. from Lit. oba tor litad, mniddle and 

tail farms. Off the 271. individuial. cvi,uniuat ions; alI oasses at the head farm 

locations, 45 were made at mean :nd Tnedi;in di stances of undler 1.000 feet. 

In fact 30 evaluations were made at mean dis-,tances of only 657 feet. This 

explains some of tie ex tremiie value reflected in the data. Third, the 

data presented are weighted for farms, i.e. often as many as 6 or 7 eval

uations of losses were made for a s:ingle farm while for others only one 

was made. 
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A. Loss Rates per 1000 feet at Village Sites
 

Table 40 provides summary data showing the weighted farm values for
 

losses per 1000 feet. 
 For all farms, an average of about 26 percent of 

the water was lost per 1000 feet. In terms of cubic feet per second lost
 

per 1000 feet the pean is about 0.4 and the wedian Is 0.2. Note however 

the wide differences reflected in the ranges. If we convert the average 

discharge loss per 1000 feet value of (.36 cfs) to acre inches, we find 

that, about every 3 hours, water equivalent to about one acre inch was 

lost. If the median loss value (.2) is converted, an acre inch of water 

is lost every 5 hours. Several facts emerge from the summary data. First 

loss rates are very high for all sample village sites. Second, using 

median values, major losses of 20 percent or more per 1000 feet occurred 

at sites 116, 111, 114, and 115. In terms of total amounts of losses,
 

however, those losses which 
 are 0.25 cfs or more per 1000 feet are at
 

sites 104, .06, 109, 105, Il1, and 115. 
 All of the sites, except 104 and 

115, are public tubewel supplemented command areas. At site 104, near 

the tail of a distributary, farmers had made some illegal cuts into the
 

distributary and often could not 
handle the volume of water discharged. 

At site 11.5 illegal moghas were being used. Public tubewell commands had 

high losses as compared to other commands. For example, the mean and 

median cfs of water lost per 1000 feet at site 106 are 1.0 cubic feet per 

second or an acre inch per hour. At public tubewell watercourses at 

site 109 the losses were between 0.3 and 0.4 cfs and only a little less at
 

public tubewell sites 105 and 111. The only exception to this is at 

public tubewell site 108 where the losses were only .15 cfs.
 

Table 41 provides data to show losses on commands with various water
 

supply situations as well as 
a breakdown of losses by several categories
 



Table 40. Loss rates per 1000 feet of watercourse length by village.
 

Type command & No.of fPercentaqe ]oss1000 feet No. of 
village sites farms Mean Median Range farms 

Perennial
 
101-2wc 14 7.4 5. 4. 5-22.0 14 
i02-lwc 6 5 10.3 3 3- 38 
103-iwc 0 
104-3wc 20.4 
!06-lwc* 7 1G.2 2. - i 
107-3wc 30 13 7 9. 8 5. 
109-2wc* 1 135 2 37." 
ll0-3wc 26 42 6 1. 9.70
112-3wc 33 17.2 1. 1.2-91 
113-3wc 1 5 18.6 6 n . 9- 9 25 
116-4wc 22 41.7 37 98.9 
Weighted 
Totals 201 2 15.8 0-98.9 182 

Nonpoerennia !
 
105-lwc* 6 .. 12.0 5-16.7 5 
108-Lwc* 4 _2 8.5 6.4-49.1 4 
ll1-2wc* 22 29.6 25.6 0-8Q.7 24 
114-4wc -) 5 27.0 2-98.9 35 
115-6wc 37 44.0 30.7 0-100 38 
Weighted 
Totals 102 35.7 26.4 0-100 106 


Sum Totals T 
Weiahted 303 7. 19.4 0-100 288 

*Denote pb -___isplet . ... caa commands. 
*Denotes public tubewei! supplemented canal commands.
 

ICubic feet/second loss!1000 ft. 
I Mean i Media n Range 

.50 .11-3.0 

.8 .- .- . 

.09 09 .03-.1 

.29 25 0-.7
 
I1.01 1... .25-2.1 

.17 .05-2.8 
.41 .32 .07-1.0 

I3 .26 .16 0-2.0 
.34.14 .03-1.9
 
.30 .15 0-1.8 

.34 .21 0-3.0
 

.69 .26 .10-2.6 

.15 .15 .12-.2 

.50 .30 0-1.6 
.23 .15 1 0-1.0 
.49 .30 0-5.5 

40 .24 0-5.5
 

.36 .22 0-5.5
 



Table 41. 
 Loss rates per 1000 feet of watercourse length by water supply situation.
 

Type water- Percentage loss/1000 feet 
 Cubic 
feet per second loss/1000 feet
 

cusecs are counted equivalent to 3 private tube

course supply
situation 

No. of 
farms Mean Median Range 

No. f 
farms iMlean 

T 
Median Range 

1. Perennial 

2. Nonperennial 
200 

95 

20 

38 

13 

27 

0-99 

0-100 

200 

95 

.35 

.38 

.19 

.19 

0-3.00 

0-5.49 

3. Type tube
well supple
ment 
None 
Private 
Public 

Both private 

159 
106 
23 

28 
29 
15 

20 
14 
12 

0-100 
0-99 
4-38 

158 
104 
21 

.32 

.37 

.66 
• 

.18 

.17 

.32 

0-3.00 
0-5.49 
.07-13.9 

& public 15 26 23 2-87 15 .23 .17 o11-.61 
4. Tubewell 

Density* 
None 
Under 3 
3-6 
7 or more 

158 
49 
21 
79 

28 
34 
16 
25 

20 
26 
11 
13 

0-100 
0-99 
6-75 
2-99 

159 
49 
22 
68 

.32 

.50 

.19 

.40 

.19 

.19 

.16 

.23 

0-3.00 
0-5.49 
.05-.90 
.01-2.76 

5. Mogha Q(cusecs) 
Less 1.0 126 37 26 
1.0-1.5 54 26 17
1.6-2.0 50 17 13 
2.1-2.5 46 18 12
2.6-3.0 11 16 9.
3.1 and over 16 21 17 

*Public tubewells with discharges of 1.8 

0-100 
3-100 
4-83 
1-92 
0-49 
7-43 

122 
47 
47 
45 
11 
16 

.24 

.37 

.33 

.48 

.33 
1.00 

.11 

.21 

.26 

.27 

.24 

.62 

0-3.00 
0-5.49 

.03-1.93 

.05-2.76 
0-1.1 
.19-2.55 

wells and public tubewells with a discharge into one watercourse of 1.2 
cusecs is
counted as 
2 private tubewells.
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of volume of water supplied at the mogha. In terms of actual amounts of 

water lost (cubic feet/second) per 1000 feet of wat:ercourse length there 

is little differ+nce betwe.t. n the perenniI versu; nopretnin] aIcommands. 

is i .i;r t n of lss; nouprrnn comands. 

In terms of lo-ss rats or'r (iOO i e. tBe farms with nto tbwe].l 

However, there a or -Lo on al 

wth.p1f pl us pr i.vat:e tubowels loss rates of 

20 percent or :,,. The h Me , -or unsppiemented commands is In

supplements and th, o . had 

f,' 1-

fluenced by ti, high ,,vi I, e sites 104. 115 and 116. We have mentioned 

a reason for the hih- mean losse-s at site 104 due to large cuts in the 

tail of the 1.'tributary and the high frequency of water theft at 115. At 

116, losses .pro ireat because farmers have an excess of canal water and 

often allow it to rim for long periods while being absent from their 

fields. Of th, 22 farms: evaltred at site 116, only 6 of the farmers 

remained at: their fields throulh.,ut the irrigation. Here they use the 

"pancho" method and M ew Lhe va ter to fill one bunded unit and then 

overflow into the next unit. 

B. Loss Rates Per 1000 Feet and Water Supply Situation 

There is littie difference In percentage losses per 1000 feet between 

farms on privato versus publ ic tubewell supplemented commands, but the 

fatins on commands withi bo)th public and private tubewC, lus have loss rates 

jump to about 23 percent per lono feet . However, in terms of the total 

amount of water lost per 1000 f ,e. i.eo. cubic feet per second, it is evi

dent that public tubewel s.upp i em'ont:ed commmand farms have a mean and 

median about twice that of othor farms. The cases of the public plus 

private tubewell supplemented farms are misleading in that these water

courses possess only one to two private tubewelis, and the public tubewells 

serve two commands each. However, the weighted mean for all farms with 
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public tubewell supplements versus those with private and no tubewells
 

respectively are .5 versus about .3 cubic feet per second.
 

When private tubewell equivalents are used to examine the density of
 

tubewells, there is a trend for commands with more tubewells to have
 

slightly higher total losses of water per 1000 feet than those with less.
 

However, the situation is not clear because in Table 40 we noted that the
 

loss rates for site 107 farmers, where there are respectively 5, 8 and
 

13 private tubewells for the three watercourse commands, the median loss
 

rates per thousand feet are only about .2 cfs. Likewise at site 110,
 

with three commands with 8, 9 and 17 private tubewells, the median loss
 

rates are 0.1 cubic feet per second. This is primarily due to length of
 

the watercourses and channels on these commands. For example, watercourse
 

107-1 has a cotal length of watercourse and field channels of over 42
 

miles; 107-2 watercourse has a length of 30 miles and 107-3 has 19 miles
 

of main watercourse, laterals and field channels, whereas watercourses
 

110-1 had 9 miles, 110-2 had 8 miles and 110-3 had 5.5 miles of channel.
 

As discussed earlier, loss rates per 1000 feet are influenced greatly
 

by two factors among many others--the volume of water available and
 

distance from the mogha. First, in an examination of mogha discharge, we
 

have noted a significant correlation between discharge and loss rates.
 

Table 41 provides information about these loss rates by different cate

gories under mogha Q, or mean discharge in cusecs. These mogha discharges
 

include tubewell water additions. Data show that when the discharge in
 

cusecs is low there is a trend for a larger percentage of the total water
 

available to be lost in transit. This reflects the fact that much of the
 

water is lost through dead storage and seepage due to submergence of the
 

mogha and the lack of sufficient gradient. When cubic feet per second
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loss rates per 1000 feet are examined, the data show that the larger the 

discharge the larger the total amount of water lost in transit. Where 

the discharge into the systen is onlv about 1.0 to 1.5 cusecs, the median 

loss rates are 21 rubic feet i r second but rises to 62 cfs when the 

discharge is over 3 ciusers uSij~ty. e mediai values. The meanl cUs losses 

per 1000 feet are mnuch higher r:tnning from .24 cfs to a Ugh of 1.00 cfs, 

depending on the mopha discrh ori. Therefore, on publ.ic tubewell augmented 

commands and commands withO a igh detns.ty of pr iva te tubewells, total 

losses, given the pr-e sent punrl-I tiaN tnined watercot rses, c an be expected 

to be as high an .30 cS or .rV2,r over1 time. 

C. Loss a-Les pc*r 1000 Funt And Farm aoation 

As shown earlier the distance from farm t:oumoghn is highly correlated 

with both percentage los and t.,tal I loss of water (cfs). Given the nature 

of the present farm c onveyane- sys tem ,f poorly maintained watercourses 

and f..eld channl s, che further Fro h: tt i"1' , on 5111suppliesestirh ei ..... 

the less water is avalabl]e; therefore, loss rates are ltess on a per 1000 

foot basis. Table 4? provides data to show the differun e. in these 

losses in relationship to locntion of arms on the c.ctmmand reaches. 

First, using the criterion of losses per 1000 feet, we note how each
 

farm location measure shows higher average losses per 1000 feet in terms
 

of percent loss and cfs losses per 1000 feet: for head as compared to tail
 

farms. When we examine losses in terms of the distance categories, item
 

4 in Table 42, we note much variation. For example, note that for the
 

33 farms evaluated, located up to 500 feet from the mogha, and those farms
 

from 500 to 1000 feet the average percentage loss rates per 1.000 feet are
 

64 and 54 percent, Over half the water was lost. In terms of cubic feet
 

per second, the mean was .66 and .44 which means that within 1000 feet of
 

http:detns.ty


Table 42. Loss rates per 1000 feet of watercourse length by position of farms on water
course command reaches.
 

Farm location Percentage loss/!000 feet (%) Cubic feet per second loss/1000 feet
 
on watercourse No. of 
 iNo. of
 
command farms Mean Median Range 11farms Nean Median Range
 

1. Measured
 
position
 

Head 
 94 33 15 0-100 85 .41 .20 0-5.49
 
Middle 41 27 20 1-99 41 
 .27 .16 0-1.60
 
Tail 	 58 28 18 
 2-100 58 .25 .13 0-1.93
 

2. Adjusted
 
position on
 
village basis
 

Head 	 108 39 28 0-100 103 .44 .22 0-5.49
 
Middle 	 78 
 22 14 4-99 82 .34 .20 0-1.82
 
Tail 53 13 9 0-99 53 .24 .14 0-1.93
 
More than one 21 31 26 2-99 21 .48 .20 01-3.0

position
 

3. 	Interviewer's
 
estimated
 
position
 

Head 	 117 
 33 23 0-100 112 .51 .27 0-5.49
 
Middle 61 18 	 60 .15
26 1-99 .24 0-1.93
 
Tail 95 20 11 2-99 96 .25 .15 0-3.00
More than one 
 28 32 18 0-100 28 .38 .29 .05-1.6
 
position
 

4. 	Distance from
 
mogha (feet)
 
less 500 33 86 27 .66 .29
64 0-100 	 0-5.49
 
501-1000 31 54 58 11-100 29 .44 .40 .01-2.03
 
1001-2000 56 30 28 
 2-64 56 .42 .26 0-2.08
 
2001-3000 
 54 23 22 4-98 53 .27 .20 0-1.18
 
3001-4000 43 16 14 5-60 41 
 .35 .21 .04-2.76
 
4001-5000 23 15 11 5-97 21 .36 .16 .01-1.93
 
5001-6000 
 24 10 10 3-15 23 .28 .17 .01-3.00
 
6001 and over 37 8 6 1-75 37 .15 .13 0-.36
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the mogha amounts equal to about .5 of an acre inch is lost per hour. In 

terms of acre foot, about 1 acre foot in a 24 hour period was lost. As 

distance increases, the percentage los: and the actual amount of lost 

water decrea-es. 

D. Lt,-s Rt.b per 1000 Feet and Soil Types 

Loss rates are also examined in relationship to the physical soil 

types predl, nant on com;and areas. These soil types are highly general 

and in future studies should be classified more specifically. The type of 

soil. in the chinn-l.s is important but usually in relationship to the actual 

level of water in the channels (Kemper, et al., 1975c:137). Fluctuations 

due to dischirgaesof tubeweil and canal water into channels creates large 

losses through channel sides due to permeable soils, root systems, rodents 

and microor . ' zn. Men the water level is at its usual height in 

channels the silt and clay particles have a plastering effect that seals 

many of the holes. Small increases in water levels ibove the sealed 

portions of the banks can lead to large increases in water losses. 

Data in Table 43 display water losses by soil type. Using the median 

cubic feet per second value, there is some relationship to the 5 general 

soil types encountered. Physical soil cype is important, but more inves

tigation is required to make any generalizations about the vollme of 

losses to expect due to different soil types. Of course, at this point we 

have no control on variables such as distan e 'rom the mogha or the volume 

of water discharged into the system. As a means to account for the inter

relationships among these variables a regression model, is used to deter

mine the factors which are most influential in explaining the cubic feet 

per second losses on watercourses and the percentage losses. 



Table 43. Loss per 1000 feet of watercourse length by general textural soil types.
 

General Percentage loss/1000 feet 
 ICubic feet per second loss/1000 ft.
 
physical No. of 
 No. of

soil types cases Mean Median Range cases Mean Median Range
 

Light to medium
 
sandy loam 
 24 24.3 22.7 0-63.6 26 
 .68 .44 0-3.00
 
Medium sandy
 
loam to loam 25 25.5 16.7 2-92.7 24 .41 .25 .07-2.55
 

Medium to fine
 
iloam 49 , 37.0' 25.1 0-99.8 49 .38 .12 0-5.49
 

Fine clay loam 64 31.6-, 18.8 0-98.9 .4056 . .21 0-2.08
 

Multistoried 
soils 141 23.0 
 13.5 0-99.8 143 
 .27. .16 0-2.76
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E. Reression Analysis of Selected Factors Related to Loss Rates
 

per LO00 feet
 

Several si. ep--wise multjpIe 
 regres sion models were used to ascertain 

the most important factors e'pLainn , variation in loss rates per 1000 

feet. The reg res in med cI used i s 

y +4 .1 + '21 8 

Y = Loss rato:, 

X1 = distance to tLe nmogha in feet 

x 2 total acres cult-ivated on the sample watercourse command area 
by a s:ap.,e farm 

x 3 = mogii aici in cusecs plus tobewell supplies 

x4 = reportod t imes ot ,ater stealing in last six months 

x 5 = dumuny variable for physical soil types, light to medium sandy 
loam soils 7 1, anrd other types = 0 

x = duvmy variable for sieaFnn of year, rabi season 0, karif 
season = I 

x = dummy variable for tonel sta;-us, owner operator = I, ownercum-tenant = 2, and LeuaIt 3 

x8 = dummy variable for suIpl-CMental. water supplies, no tubewells O, 
private tubewells- 1, public tubewes = 2. 

The step-wise mul tiple re(,:ression analysis i; presented in Table 44 where 

the variables are ranked in order of importance,. Only about 31 percent 

of the variation in percent loss per 1000 feet is explained by these 

8 variables. Of the 8 factors the first three, distance to mogha, area 

cultivated on the command, and mogha discharge, explain about "10 percent 

of the difference in percent loss per 1.000 feet. The other variables 

add almost nothing in explaining the variation.
 

Loss rates are a function of distance from the source of water 

supplies. The percentage of losses decreases with distance from the 

mogha. The second variable x2, area cultivated on the command area, is
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Table 44. Multiple regression analysis (stepwise) of factors
 
related to percent loss per 1000 feet of watercourse
 
length.
 

S.E. of t Multiple Multiple Final F
Variable Beta Beta ratio R R2 ratio
 

x1 -.01)50 
 .0006 -8.33* .523 .274 75.76*
 

2 .0766 .0404 1.90 
 .535 .286 3.59**
 

x3 -2.6357 1.7187 -1.53 .544 
 .296 2.35
 

x4 1.4376 1.4810 .97 .547 .299 .94
 

5
x -3.9097 5.0683 - .77 .549 .302 ,60
 

x6 2.3518 3.0250 - .78 .551 .303 .60
 

x7 1.3364 1.8568 .72 .552 .305 .52
 

x8 .7346 2.3607 .31 .553 .305 .97
 

*Denotes significance at .001 level.
 
**Denotes siqnificance at .05 level.
 

***Denotes significance at .06 level.
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found to be significant at the .04 level and indicates that the larger
 

the hciding on the command in acres, the greater the losses. This 

results from the fact that the larger the area the more field channels.
 

Smaller f:irm.-s do not have as long field channels as larger units. The 

third factor shows that the greater the mogha Q and the volume of water 

available f rom tubewells, the greater the percentage of losses per 

1000 feet.
 

In terms of the discharge amounts of water lost (cubic feet per
 

second), a regression analysis was conducted using the same eight 

independent variables. The analysis showed that both mogha discharge 

plus tubewell supplies, distance to the mogha, and soil type explain 

only 20 percent of the total variation in losses. Mogha discharge has
 

a simple correlation coefficient of .34 and distance to mogha -. 18. 

Soil type shows that light to medium sandy soils are weakly correlated 

with total losses it a coefficient of .17. Whc.n these variables 

are controllied n the iregression they contribute respectively only 11, 

8, and I percent to the (e-xplaiation of total losses in cubic feet per 

second per thousand fret. 

In sumnary, the, most important factors explaining losses are 

distance from the source of watei- supplies, and the volume of water 

available to the farm systen. Given the high conveyance loss rates on 

all command these data i,'p; merely moreareas, ,et that providing water 

to farmers without substIantlallyv:nprovi. i, t!h earthen conveyancC system 

will result in few benefits to fariners. The more water made available 

from canals or pumping grouindwater, th',. nore tot-a] losses can be expected. 

Advocates of more public tubewells and private tubewells to pump these 

losses back for use must include in their analysis the present cost of 
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pumping tubewell water, the degradation of quality of groundwater, the
 

perennial problems of salinity and waterlogging, and the damage to
 

crops created by losses along the farm conveyance system.
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CHAPTER THREE 

FARMERS' APPLICATION EFFICIENCIES
 

After water reaches a farmer's field inlet or nakka, the primary
 

goal is to apply it as uniformly as possible over the field in order that
 

the depth of application will match the soil moisture depletion in the 

crop root zone. The Irrigation method used in Pakistan is the basin 

type and farmers apply water mostly by guesswork. Factors that influence 

the application of irrigation water for crops include: field levelness,
 

basin length and width, nakka discharge versus infiltration rate, soil 

moisture depletion, crop rooting depth, and leaching requirements. 

Also, temperature, wind, humidity, and sunshine determine evaporation 

which, in turn, affects the crop's consumptive use. All of the important 

variables could not be considered in this survey when only one week 

was allotted for an evaluation of each watercourse command area. In
 

the measurement of application efficiency, variables included farm
 

inlet (nakka) discharge, size of field, time required for the irriga

tion, soil moisture depletion, depth of root system, the type of crop,
 

and the crop stage of growth. The major limitation on the irrigation
 

application efficiency results obtained was the lack of time series
 

data. In order to obtain a good measure of a farmer's efficiency in
 

applying water to crops, it is essential to make evaluations throughout
 

a cropping cycle to include periods of water excesses and deficiencies.
 

Given these limitations, the particular time of irrigations and type
 

irrigations will be examined because the date of irrigation helps to 

explain the high incidence of underirrigation for certain command areas.
 

The format of the presentation of field application efficiency data for
 

this chapter will be as follows:
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1, 
First, a summary of application efficiencies is made on macro
 

site and positional variables. Field application efficiencies
 

are summarized by village sites, month of 
evaluation, agro

climatic regions, by various canal and tubewell supply situations,
 

and by position on the watercourse command. Some of these
 

comparisons will utilize the 559 
individual evaluations and 

others will utilize the 309 weighted mean farm field applica

tion efficiencies for data analysis. 

2. Secondly, farm application efficiencies are also examined in
 

relationship to micro site characteristics. These include
 

the type of crop irrigated, the predominate soil types on
 

sample farms, the irrigation basin size, the stage of crop
 

maturity, field nakka discharge, night versus day irriga

tions, farm tenure classes and several social and behavioral
 

factors including an index of the irrigator's behavior during
 

the irrigation turn.
 

The phenomenon of underirrigation is also examined in
 

relationship to some of the variables listed under 1. and
 

2. above, as well as a measure of irrigation adequacy in
 

relationship to the determined soil moisture deficiency
 

observed. In most of the tables presented 
two measures of
 

application efficiency are presented. 
 One of these includes
 

all irrigations which were under and overirrigations. The
 

other excludes all cases that were underirrigations.
 

The section following this presentation of data on farmers field
 

application efficiencies will present data combining both delivery and
 

application efficiencies into a measure of irrigation efficiency which
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includes the efficiency of water conveyance from the mogha to the 

farmer's field and the Level of efficiency obtained in application of 

water. 

Sinc the !ka:;urcd field application efficiency (Ea) is a term 

which is somt i,, rot fullv understood by those who are [lot fully 

oriented to iro i;otion teorminology, the measure is defined here. It 

is dclined a:,: 

< 9 /
 
= .',,ttstored in the root zone 1001 100d'

water applied to the field basin 

In order to determin,- the water stored in the root zone, soil moisture 

samples were t,.iken on each field to be evaluated at each foot, to a 

depth of four feet with soil tube samples. These samplers were 

evaluated by both the "feel" method and the gravimetric method of 

weighing and drying of soil moisture samples to determine the resultant 

moisture percentage. From this the soil moisture depletion (SMD) in 

inches of wate.r equivalent of the evaluated fields was estimated; the 

time of the irrigation turn in minutes and the discharge of water 

onto the field in cusecs were measured to determine each farmer's 

application efficiency. For example, if the SM]) was 2.5 acre inches 

and the farmer applied 5.0 acre inches, the result would be 2.5 divided 

by 5.0 x 100 or 50 percent application efficiency. If the farmer had 

applied 2.5 acre inches when 5.0 acre inches were required the result 

would be 5.0 divided by 2.5 x 100 or 100 percent. This is to demonstrate 

that any underirrigation receives a value of 100 because the measure 

is one designed to determine the degree to which farmers overirrigate. 

This measure, when used alone, is not sufficient in periods of water 

9/In cases where the soil moisture deficiency was not completely filled 
by the lesser amount of irrigation water applied, the quotient is 
maintained at 100%.
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shortage. 
We find in the data, during some periods, that many, if not
 

all farmers on a command area, underirrigate and receive scores of 100
 

percent application efficiency. 
For this reason we will present, side
 

by side on most tables and figures, two field application efficiencies.
 

The first will include all irrigations and the second will exclude the
 

underirrigations. We will also introduce a measure that will show the
 

degree to which a farmer underirrigated. This will show his water
 

availability adequacy, or the percent completion of given irrigations,
 

and is defined as:
 

% water _ Water applied to the field basin
 
adequacy Soil Moisture Depletion
 

In using this measure, if a farmer applied 2.5 inches and the SMD was
 

5.0 inches the adequacy of this particular irrigation would be 2.5
 

divided by 5.0 x 100 or 50 percent. This represents the degree to which
 

the required soil moisture was replenished. If the farmer applies 5.0
 

inches when only 2.5 inches are required the result is 200 percent or
 

double the amount of water required.
 

I. APPLICATION EFFICIENCIES EXAMINED BY MACRO SITE AND POSITIONAL
 

VARIABLES
 

Variation of field application efficiencies for the 16 village
 

sites in each village is shown in Figure 16. Observe that at site 103
 

all evaluations were underirrigations and the Ea for farmers at 
this
 

site was 100 percent. Likewise at sites 102, 
104 and 107 with high
 

Ea's of 96, 91 and 92 percent note that respectively 50, 73, and 84
 

percent of all evaluations were underirrigations. All of these four
 

sites were evaluated during peak kharif demand and real deficiencies
 

of water existed at these times. 
 The same pattern exists for sites
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111 to 115 where there were from 55 
to 79 percent of all irrigations
 

where farmers applied less water than needed to replenish completely
 

the SMD. These five sites were all evaluated during a period of peak
 

rabi season deficiency. Sites 111 and 115 were without perennial water
 

supplies. It is interesting to also observe that at sites 105, 106, 108,
 

109, 110, and 116 where application efficiencies are very low and range
 

from 32 to 63 percent that the percentage of underirrigations are small. 

All of these sites are public Lubew7i I supplemented command areas except 

110 and 116. Site 1.10 has 32 private tubewells for 3 conmmand areas and 

site 116 has excess water supplies throughout the year. This leads to 

the conclusion that where farners have good water supplies, they tend
 

to overirrigate. Figure 17 shows the same data for field application
 

efficiencies but also shows the resulting weighted 
 efficiencies when
 

the 229 Underirrigations are removed. The general pattern does not
 

change but note that all efficiencies drop considerably. This demonstrates 

the inflated values of the Ea measure when there are a large number of 

underirrigations. The darkened portions of the histogram, excluding
 

the underirrigations, provides a measure of the excess water applied 
 at 

particular times to fields in relationship to the soil moisture deficit.
 

The lowest Ea values (those 50Z or less) are found at sites 105, 106,
 

and 108. 
 Sites 109, 110, 112, 114, 115, and 116 have values from 50
 

to 60%. As observed earlier, sites 105, 106, 108 and 109 
are all 

command areas with SCARP (public) tubewells. Site i±0 has three commands 

and a high density of private tubewells (32). Site 112 has no tubewell 

supplements but is a perennial coinand area. Site 116, as explained, 

is the area where four commands have excess canal water throughout the 

year. When the underirrigations are removed the data still indicate that 

where water is more ample the incidence of overirrigation increases. 
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Figure 17. Actual and adjusted mean irrigation efficaencies by village sites.
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A. The Time of Evaluations
 

Given the lack of 
time series data it is important to present the
 

months in which the evaluations were made in order to judge if the
 

particular season influenced the values obtained. Figure 18 provides
 

information about the percentage L all evaluations made by month and 

the field application values obtained for each month. 
From February to
 

July, when the percentages of uanderirrigations are high, correspondingly,
 

the efficiency values are high. 
 In March, when the weighted mean
 

efficiencies were 68 percent, about all evaluations were conducted at
 

site 116 where water is in surplus for most of the year. 
 In August and
 

September, the two months of the year with monsoon rainfall, 22 of 39
 

evaluations were conducLed at 
sites 106, 108 and 109, which have public 

tubewells for supplement's to canal supplies. In October, 15 to 16 

evaluations were conducted at site 110 (high density of private tube

wells) where the weighted 
 Ea value is only 50 percent. Note that in 

November the Ea value is 75 percent due primarily to the large percentage 

of underirrigations obtained at sites 102, 104 and 107. In December, 

only 2 farms were evaluated and these were at sites 106 and 109, sites
 

with SCARP tubewells.
 

Table 45 provides the 
same data by month, including mean and
 

median values of 
the weighted application efficiencies. Also included
 

are values for field application efficiencies excluding the under

irrigations. Note also that no 6ifference is found in farmers applica

tion efficiencies between night and day irrigations. Fifty percent of 

the night irrigations were underirrigations as were 50 percent of the 

day irrigations.
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80 i78.0
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Figure 18. 
 Weighted mean application efficiency distribution by month.
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Table 45. 	Month of year and day/night evaluations by mean
 
and median field application efficiency percentages.
 

Month 
of 

Farm Ea including 
under-irrigations 

No. 

Farm Ea excluding 
under-irrigations 

No. 
Evaluation Farms Mean Median Farms Mean Median 

anuary 30 92 100 12 72 82 

February 79 86 100 34 62 63 
March 21 68 83 13 46 48 

April 28 79 100 12 52 51 

ay 18 90 98 9 74 73 
June 63. 85 100 25 57 60 
uly 20, 78 95 11 55 76 

ugust 12 32 25 10 26 25 
September 3 - 13 19 3 13 19 

October 10 5:50 57 10 48 51 

November 14 75 88, 9 59 56 
ecember 2 51 51 2 51 51 

ay/Night 

Day (1) 242 79 100 122 55 58 

Night (2) 54 79 100 26 58 61 
oth (3) 5 81 81 3 58 61 
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Season of the year is an influence on the high values of Ea's
 

obtained due to overirrigations. Both the month of year and the par

ticular water supply situations influence field application efficiencies. 

B. Agro-Climatic Regio n 

Climatic regions and associated type of crop cultivated may influence 

farmers application efficiencies. Table 46 provides such data. 

Climatic region is determined by the measure of estimated annual 

atmospheric evaporative moisture demand in inches. Even when excluding 

the cases of undcrirr'irs, rice-wheat, rice-fodder, and mixed 

orchard regions have the lowest EA values. The explaniation is not the 

nature of the crop region but the nature of the water supply situation. 

The rice-wheat efficiency reflects site 110 where, respectively, in 

August, Septemar and October, 1.9, 5 and 15 evaluations were made. 

These are distributed between zabi (wheat) and kharif (rice) seasons. 

There are 34 private tubewells supp;ementing canal water by 20 cusecs 

on a combined acreage of 1032 acres of cultivatable land. The case of
 

the mixed orchard, in the medium low deficit region where the weighted
 

Ea is 48%, includes farms all of which are supplemented by public tube

well water. Likewise, the case of the rice-fodder farms in the high 

def [cit region reflect site 116 conditions where canal water supplies 

are in surplus. This confirms our previous finding that the water 

supply situation provides the strongest influence over farmers' field 

application practices. Where more water is available, more is applied 

and more is wasted through overirrigation. Note that of the three 

cases cited for low Ea efficiencies, of the 75 evaluations, only 15
 

were underirrigation (see Table 46). The trend, although complicated 

by season of evaluation and water supply characteristics of the site, 
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,Table 46. Agro-Climatic.regions by field application
 
efficiency percentages.*
 

Agro- Farm Ea including Farm Ea excluding

Climatic underirrigation (%) underirrigation (%)
 
Regions
 

No. No.
 
Cases Mean: Median 
 Cases Mean iMedian
 

Low 57 75 80 28 49 56
 
Rice/Wheat 
 27 56 58 21 43 49
 
Rice/Fodder 25 91 100 7 65 77
 
Fodder/Wheat 5 100 100 0  -

Deizi-t** 41 58 57 35 
 49 48
 

Sugarcane/

Iheat 14 77 72 
 14 68 66
 
ixed Orchard 27 
 48 49 21 37 36
 

dium 

e fiht* * 94 89 100 
 37 66 67
 
'otton/Wheat 70 o90 100 26 66 62
 
qixed/Orchard 24 85 100 11 65 80
 

- 117 81 90 55 56 53
 

ice/Fodder 21 62 '-67 17 51 53
 
'ottor/Wheat 33 84 100 12 51 38
 
Rice/Wheat 38 1
90 100 10 58 51
 
;ugarcane 
 25 81 83 16 65 64
 

*Percentage figures in the table refer to irrigation application
 
efficiencies (Ea)
*denotes code for annual atmospheric evaporative deficit where 
low deficit < 45" per year; medium-low Ceficit = 45-55" per
year; medium-high deficit = 55-65" per year, and high deficit 
>65" per year. 

No. No. wt mean Ea 
Cases Sites excluding 

under
irrigation Remarks 

31 2 Rice/Wheat 48 private tubewell supplemented
24 2 Rice/Fodder 55 
 farmers cut into distributar to
 

get excessive water at will at
 
both sites
 

30 2 Sugarcane/Wheat 66

32 

minimal to zero tubewell supplements
5 Mixed Orchard 47 all SCARP supplemented--excessive
 
water
 

'38 4 Cotton/Wheat 61 
 low to high private tubewell
 
15515 supplemented
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is for sites with greater atmospheric moisture demand to have greater
 

farm application o ffic'ienc e.,
 

When th crropping pattern data are aggregated over the climatic
 

regions, thej rc pattern
i:M .hard has the lowest weighted mean applica

tion efficia'cy, 471, followed closely by the rice-wheat sites at 48%. 

The highest is for the sugarcane-wheat cropping areas with a weighted 

mean of 667. The co.umn label remarks indicates the water supply 

modifiers at the sites. The sample of 16 sites is classed into 11 

categories, obviously the 
sample is too small to draw conclusions.
 

C. Water Supply Situation
 

Table 47 provides data to show the difference in application
 

efficiencies by farmers who have public tubewell supplements to canal
 

water supplies versus those who do not. Note under item 1 (type of 

tubewell supplements) that farmers receiving only public tubewell 

supplemental supplies have a weighted efficiency of 48 percent as 

compared with 80 percent or more for nonpublic tUbewell farmers. The
 

case of 15 farmers with both public and private supplemental supplies
 

is misleading in that at this conmand the one public tubewell supplies 

two watercourse cormnand areas which are of the nonperennial type. 

When underirrigat:ions are removed, the public tubewell farmers still 

have the lowest efficiencies, 38%, 20 percent lower than the weighted 

mean of all other categories combined. Little or no important differences 

are observed between farmers' reports of availability and use of tube

well supplies. Rhen the density of tubewells is examined, there is a 

relationship between number of tubewel Is on a command and EA values. 

For example, when the equivalent den;sity of tubewells reaches seven or 

more, application efficiencies begin to drop considerably. The value 
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,.Table 47. Supplemental tubewell water supply situation by field
 
application efi encyrpcentages.*
 

Fan .aincluding Farm Ea excluding

Supplemental underirrigations (%) underirrigations (%)
 
water supply No. 
 No.
 
situation farms 
 Mean Median farms Mean Median
 

1) Type of tubewell supplement
 

None 
 157 83 100 71 57 61
 
Private 
 115 81 100 58 59 61
 

Public 
 22 48 50 17 38 36
 

Public & private 15 75 86 
 9 56 63
 

2) Farmers' reports of tubewater availability
 

Not available 134 95
81 68 57 60
 
With difficulty 44 80 20 57
100 '53 


Easily available 97 75 52 54
99 53 


3)Farmers' reports of use of tubewell water
 

None used 185 82 100 89 58 63
 
Purchases water 81 74 88 45 
 52 51
 
Owns tubewell 32 100 55
80 16 55
 
4) Density of tubewell**
 

(Private tubewell equivalent)
 

None 158 83 100 
 72 58 62
 
1-2 
 52 85 100 22 -62 67
 

3-6 
 22 78 100 12, 57 59
 
7+ 
 77 68 77 49
49 51
 

5) Water supply duration S.D. 
 S.D.
 

Perennial 202 
 76 30 115 55 27
 

Nonperennial 95 86 27 34 
 56 30
 

6) Type of warabundi
 

Pucca 175 79 96 27
28 59 


Kucha 
 117 80 31 48 47 30
 

*Percentage figures in the table refer to irrigation application
 
efficiencies (Ea).


**Tubewell density is obtained by counting public tubewells with discharge
 
rates of 1.8 cusecs as equivalent to 3 private tubewells and public

tubewells with discharges of 1.2 cusecs (usually serving two command
 
areas) as equivalent to 2 private tubewells. 
 These added to the actual
 
number of private tubewells provides the density.
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still remains high, where tubewell densities are seven or more, because 

of the four commands at villages 102 and 107, with a high density of 

tubewells, the a wEighted values are 92 percent f0r 35 evaluations, of 

which, 21 m:ere undrirrigations conducted primarily in June and July. 

Still. when the ,.derirrigations are eMxcluded farmers on commands with 

seven or more tubewells have application efficiencies about 10 percent 

less than farmers with no tuhewells. Availability of more water 

results in more overirrigation.
 

D. Farm Location on Watercourse
 

Since water delivered to a given farm is a function of discharge 

and delivery efficiency, the further from the source of the supply the 

greater the conveyance losses. Tail farmers, having greater total 

losses as compared .tzhead farmers, are expected to have higher field 

application efficiencies. Table 48 provides information using two 

measures of watercoursn- position. No relationship is evident when the Ea 

measure with all underirrigations is used. When the underirrigations 

are removed the Ea scores are rot inflated. Note that tall farms do have 

slightly higher field applicitien (,.fficiencies than head farms, especially 

when compared nn a watcrcourse basi s. This tends to suggest that tail 

farmers giveni:;,grarr wat.r &co-.ra.ta are care ['il inrej the applica

tion of water or that they just doi' t: have the water to waste. 

II. APPLICATION htFICI.,Ul [S IBY MI.CI, SI-F. CttA1RCTERISTICS 

A. The Type of Irf..rI!,aiti.on 

The type of irrigation (pre-Irrigations versus crop irrigations), 

and irrigations for different crops at particular stages of growth 

influence application etficienci,,. 

http:co-.ra.ta
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Table 48. 	 Farm location on watercourse command by
 
field application efficiency Percentages.*


Farm Ea including Farm Ea excluding

Watercourse underirrigations (%) 
 underirriqations (%)


Position No. 
 No.

Measures Farms Mean Median Farms Mean Median
 

Adjusted Village I)osition** 

Head 	 114 
 78 100 52 50 
 49
 
Middle 
 82 81 100 41 60 62
 
Tail 56 77 87 30 
 56 60
 
Measured Watercourse Position
 

Head 94 70 83 
 53 47 54
 
Middle 41 84 95 21 65 
 67
 
Tail 
 58 83 	 100 29 61 62
 

*Percentages figures in the table refer to 
irrigation appli
cation efficiencies (Ea).
**Adjusted on a village basis; 
all farmers are categorized on
 

the basis of the distance from the mogha, into 1/3 
and 2/3 frac
tions of the longest watercourse length in the village. Hence,

called the village basis position.
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Table 49 does not show conclusively that there are important differences 

between types of i rrigations and field application efficiencies. The five 

cases for cotton and sevwn for "other crops" are too few for generaliza

tion. No great dif _renc'es are found in the number of applications which 

resulted in underirrigations except for sugarcane, where only 33 percent 

of the farms app1ied amcun t s insufi ci ,nt to meet the SM!) values. In 

general, Wu would ex.pect that preirrigations and those for crops with 

high evapotranspiration rates, such as sugarcane and cotton, would yield 

lower values of efficiency than other types of irrigations. The data 

point in that direction, especially when all underirrigations are removed, 

but the few cotton irrigations makes it difficult to generalize. There

fore, it appears that the water supply situation has greater influence
 

on farmers' application efficiencies than does type of irrigation. 

B. Physical Soil Type and Field Application Efficiencies 

Table 50 presents data which indicate that farmers generally have 

higher application efficiencies on light-medium (sandy loam) soils, 

fine (clay lRam) soils and multistoried soils than for other types. 

Perhaps those farmers have learned through trial and error about the 

particular moisture needs of these two extreme types of soil. The 

weighted mean application efficiency for these three textural classes 

is 60% whereas the weighted mean for the medium to medium-fine classes 

is 47%. The differences are not striking though, and one must be careful 

in any generalization. It is interesting to note that of the total 

irrigations for each soil type, the highest percentage of underirrigations 

occurred on these two extreme typs of soil plns the mult istorted class. 

About 50 percent of these irrigatio, : l hos for mul tis,.oried soils 

were underirrigations as compared to about 30 percent: of the other types. 
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Table 49. Irrigation type by application efficiency percentages
 
Farm Ea including Farm Ea exc uding
Type underirrigations(%) 
 underirrigations(%)


of No 
 No.
irri ation farms 
 Mean Median farms Mean 
 Median
 

re
irrigation 52 74 
 85 32 
 57 58
 
Sugarcane 24 68 
 72 16 
 44 49
 
otton 
 5 47 36 
 3 12 
 9
 
odder crops 78 80 94 42 60 65
 
heat 67 88 100 23 64 63
 
Other crops 
 7 71 98 3 63 
 89
 
Polyculture** 12 
 90 100 4 63 59
 
*Percentage figures in the table refer to irrigation application

efficiencies (Ea). 
 Kharif sugarcane, cotton and polyculture
have a weiahted Ea including water irrigations of 67 percent
and with underirrigations excluded, 44 percent. 
This is to be
compared with preirrigations and rabi wheat which respectively

have higher efficiencies.
 

**Orchard crops which usually include fodder are excluded from
 
the data above.
 

Table 50. 
 Physical soil type by field application efficiency
 
percentages.*


Physicallsoil
 hysa sFarm Ea including Farm Ea excluding

sample texture underirrigations(%) 
 underirrigations(%)
 
through 4 ft. No. 
 No.

profile farms 
 Mean Median 
 farms Mean Median
 

Light-medium
 
(sandy loam) 26 85 13 61
92 62 

edium (loam) 25 65 
 63 16 44 
 45
 
edium-fine
 
(loam-clay loam) 49 
 67 80 32 
 48 54
 
Fine
 
(clay loam) 67 83 '100 34 63 67
 
Multistoried**
 
(loam) 
 142 84 100 60 57 59
 
*Percentage figures in the table refer to irrigation applica
tion efficiencies (Fd).
**Two or more widely different soil textures present in the
 
four foot examined profile.
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C. Farm Size and Tenure Classes
 

In an exami.nation of farmers' Field application ef ficiencies by 

farm size classes, there i s indic: that ml lc r havesome n s[t farms 

higher efficoie.cies than qrgr farms (.ue Tal, 51). ;ven such a 

small sample a dofInito conluiou a u',,,'l k hod; I argr the farmc he 

the more availabiliyt. of private tntw1 t ter , and Io yratcr is the 

tendency to waste war wen.ii ivAji aPI C in. '>,O . Aimnst no 

differences in field appi-caLioe wtir.Iu ,,la I,,tw-h Lheare fu O 

tenure classes; thereFore., e :.uot , MudI O c.t thr farm size or 

tenure status makes muchI dHf.rc Pce in how i; P armers applyoifa 

irrigation waet.r. 

D Beihavior of Ir ic[nt ranad Ac ."- GroupjsIi.tural Ca ste 

The act ions of t e i i wr as he applies water are rulated to 

the application efficiency ohvai,ed. As mentioned nrlieraI r, about midway 

through the survey a chpoc LIIt was levuloped to re cord thn b1 tvior of 

the irrigator during thy evn P ation. t i a spectd th a t IP presence 

of the engineers inflenced tLhe ihsbavio.r tf -ar:- t cod-,raibly. For 

example, farmers probably took:ar. ca in t il othey mightirr'igr than 

if no one was present. Sume farmersal so rao na .t tNtioIr, fields to 

talk with the evaluators and to ach their ,.rI I& l imitad data 

available of farmersO observed beiLyIor are presented In Taeble 52. As one 

might expect, owner--operaturs wh.o r.iitatd higher .aIFFic'iPievedt a clencies 

than other irrigators (see Table 52). Wihitle thlea' dta nrt not complete 

for the total sample of they poLn[.jlt..P importancefarms evalunted, to 

of the behavior or care with which the. irrigator applies water. Farmers 

face considerable constraints, and applying water to fields is not an 

easy job. The skill and the care of the irrigator is important. 
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Table 51. 
 Farm size and tenure classes by field application
 
efficiency percentages.*
 

Farm Size 
Farm Ea including 
underirrigations(%) 

Farm Ea excluding 
underirrigations(%) 

and No. No. 
Tenure Classes Farms Mean Median Farms Mean Median 
1. Total Acres 

Cultivated 
under 25 66 83** 100 29 57 59 
2.5- 7.49 73 80** 100 32 51 58 
7.5-12.49 77 78** 99 38 56 56 

12.5-24.99 75 81"* 97 42 60 67 
25.0-49.99 14 69 68 11 50 59 
50 and over 4 47 26 3 26 17 

2. Tenure 
Classes 

Owner 208 80 100 104 55 59 
operators 
Owner-cum 43 77 99 20 52 55 
tenants 

Tenants 58 79 94 31 58 61 

*Percentage figures in the table refer to 
irrigation
 
application efficiencies (Ea).


**The weighted mean for this group is 80 percent.
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Table 52. Irrigation behavior by application efficioncy 
percen taqes.*
 

Farm Ea i-cluding Farm Ea excluding
 
Behavior underirriqaii ons (!) underirriqa Lions (%)
 

of No. No.
 
Irriqators Cases Mean Median Cases Mean Median
 

1. 	Status of
 
Irrigator
 

Owner-Operator 152 83 100 68 59 61
 

Tenant 39 66 79 27 47 49
 

Servant 12 73 97 6 45 37
 

Small Boy 10 63 57 7 46 55
 

2. 	 Inspects
 
for Leaks-

Spills
 

Yes 150 80 100 74 56 58
 

No 59 73 83 34 50 51
 

3. 	Repairs
 
Leaks-Spills
 

Yes 150 80 100 72 56 58
 

No 59 72 82 36 51 54
 

4. 	 Irrigator
 
Leaves
 
Field
 
During
 
Irrigation
 

Yes 	 61 77 93 34 53 56
 

No 	 134 82 100 60 59 58
 

*Percentage figures in the table refer to irrigation application
 

efficiencies (Ea).
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While some observers contend that certain agricultural castes and/or
 

tribal groups are better at crop husbandry than others our data do not
 

support such views. 
 Table 53 makes it appear that gundal farmers are
 

less efficient than others in the application of irrigation water with
 

a weighted value of only 35. 
 This is misleading in that these farmers
 

are all located on a public tubewell supplemented command area at
 

site 109. Gi:jars have an efficiency value of 100 
 but all of these 

evaluations resulted in underirrigations on a jalari command with only
 

one private tubewell. One 
 must look further than the particular social
 

origin 
of the farmer to actual water supply problems. We conclude,
 

therefore, that farmers 
 in Pakistan, whatever their social origins or
 

status, on the whole respond the best they 
 can to the constraints which
 

confront them. Where 
 water is in short supply they often have to under

irrigate, and where water is in relatively better supplies, more is
 

applied to crops even to the point of overirrigation. 

III. 
 SUMtARY OF FIELD APPLICATION EFFICIENCIES
 

A major factor creating high application efficiency values for
 

farmers on commands 
 with no public tubewell supplies or a high density 

of private tubewells is the large number of underirrigations which 

represents the constraint of scarce water supplies. The major exception 

to this is s:ite 116 which has surplus canal supplies throughout the year. 

No clear pattern develops in relationship to season when the evaluations 

were made, because the water Supply situation for particular sites is 

crucial. Where suLppies are from good to very good, the data consistently 

show low field application efficiencies ranging from 32 to 60 nercent even
 

when underirriga tions are included. 
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Table 53. 	 Caste/Tribal groups by field application
 
efficiencv perccntaqes*
 

Farm Ba including Farm Ea excluding 
undo ri. : P i i at: oO underirrigat ions 

Agricultural. (§) _) 

Caste/Tribal No. No. 
Groups Farms Mean Median Farms Mean Median 

Arain 	 68 71 76 53 59 61
 

Rajput 	 5 85 98 2 64 64
 

Jat 	 35 93 100 11 72 80
 

Khumbo 10 95 100 3 78 ;76
 
Gujar 5 100 100 0*
 

Dogar 	 27 92 100 8 69 78
 

Gundol 	 6 35 20 6 35 20
 

Other 	 152 77 100 72 50 51
 

*Percentage figures in the tablo refer to irrigation appli
cation efficiencies (Ea).


**All irrigations were underirrigations.
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In relationship to agro-climatic regions, variations in Ea's are
 

'explained by the water supply situation primarily. Command areas dominated
 

by rice and sugarcane and mixed crop and orchard commands are those with
 

relatively good water supplies year round. Public tubewell supplemented
 

commands have lower field application efficiencies that other commands
 

'followed by those with a very high density of private tubewells, such as
 

at site 110. When private tubewells reach about seven or more, field
 

application efficiencies of farmers begin to fall dramatically. Farms
 

located at the tail reaches have higher efficiencies than head farms
 

when the high incidence of underirrigation is removed.
 

No substantial differences are found in efficiencies between the
 

various types of irrigations except for five cotton farms and 24 sugar

cane farms, where weighted mean values respectively are 47 and 68 percent.
 

When the underirrigations are removed the values fall to 12 and 44 per

cent. Also, no major differences are detected in field efficiency
 

values between farmers with different physical soil types, although
 

sandy loam, clay loam and multistoried soils have higher efficiencies
 

than the other texture classes. Farm sizes above 25 acres tend to have
 

gradually decreasing application efficiencies. Tenure classes do not
 

explain differences in application efficiences with one exception.
 

Farmers with 25 acres or more tend to have lower efficiencies perhaps
 

due to their greater access to private tubewell supplies.
 

No difference is found in the efficiency of application of irriga

tion water and the various agricultural castes or tribal groups that
 

cannot be explained by the water supply situation. The data do show
 

a trend for owner operators to apply water more efficiently than either
 

servants, small boys (under 12 years) and tenants, but these data are
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limited only to about half the total sample and must not be generalized 

to the total number of sample farmers. The data do suggest that it is 

important to record information on tlb, heluivie;." o l th,, ii rrigator at the 

time of making field efficiencv eval,,itilns- because the human factor 

is important in managenient eI. tri ;, L L w, ter 

No SnM-marv regress ion a 1visis maide for irrigat ion application 

efficiencies because the value,; re inflat:ed by the high incidence (41 

percent) of 100 percent Ea's due uo utderirrigat lon. A summary 

regress.ion inal sis is made ioo frarra irrigation efficiencies in the 

next section which shows that underirrigati-ons explain 24 percent of 

the difference in irrigation efficiencies for the variables used.
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CHAPTER FOUR
 

IRRIGATION EFFICIENCY OF SAMPLE FARMS
 

Irrigation efficiency is a measure which combines delivery efficiency
 

with the farmers' field application efficiency by multiplication. This is
 

a measure of the total irrigation efficiency--the proportion of water dis

charged at the mogha and/or tubewell applied to the plant root zone. It
 

must be recalled that a large number of underirrigations inflated the
 

values for farmers' field application efficiencies. Since those same in

flated values are combined (Ed x Ea) this also inflates the values obtained
 

for the overall efficiency. The reader is reminded of this.
 

I. 	 IRRIGATION EFFICIENCIES BY TYPE OF COMMAND AND SUPPLEMENTAL WATER
 

SUPPLY SITUATION
 

Summary data for irrigation efficiencies are provided in Table 54.
 

Even with values inflated by a large number of underirrigations we note
 

that the mean efficiencies for perennial commands is only 39 percent and
 

For these commands this means that
for nonperennial commands 45 percent. 


on the average over 50 percent of the water available does not benefit the
 

farmer. Watercourse command farmers who achieved the highest efficiencies
 

The two farms evaluated
 are located at sites 101, 102, 103, 107 and 115. 


at 103 were from the jhallar lift to the farm because all supplies flow
 

from the mogha to a tank at the jhallar site. None of these sites have
 

= 15 percent), site 109
public tubewells. In contrast, sites 106 (Ei 


= 
= 	 15 percent) are all
(Ei 23 percent, 105 (Ei = 22 percent) and 108 (Ei 


The weighted mean irrigation
SCARP public tubewell supplemented commands, 


Site 116 with 4 commands is
 efficiency for SCARP commands is 29 percent. 


an exception because these watercourses have excess irrigation 
water most
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Table 54. Command type and tubewell water supply situation 
by farm irrigalion efficiency percentages. 

Type of Command 
and Supplemeital 

Water Supply Situat-_ion 
, No. 

Cas -,S 

Weighted Farm 
Ffficiency 
Mean 

Irrigation 
(%) 

Medi an 

Perennial 

101-2WC 14 52 52 
102-1WC 6 62 51 
103-IWC 2 61 61 
104-3WC 25 44 45 
106-lWC* 6 15 10 
107-3WC 27 52 47 
I09-2WC* 12 23 24 
110-3WC 27 37 40 
112-3WC 
113-3WC 

33 4 5 
45 

46 
45 

116-4WC 
Perennial Thtals 

2 1  
1.98 

1.8 
4 _ 

14 
40 

Nonerennial 

105-lWC* 5 22 25
108-1WC* 4 16 6 
II!-2WC* 24 37 35
 
1i4-4WC 35 47 .51 
115-6WC 38 50 48 
Nonperennial Totals 106 44 44 
Type o TuLeweii 
Supplements
 

None 157 42 45

Private 110 47 
 47
 
Public 22 20 
 20 
Public and Private 15 34 34 

Density of Tubewells
 
-Private Tubewell
 
Equivalents)
 

None , 158 42 45
 
1-2 49 47 48
 
3-6 22 45 45 
7 and above 75 37 
 36
 

*Denotes public tubewell supplemented canal commands.
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of the year. The weighted irrigation efficiency for the 4 commands is
 

only 18 percent. It is at this site that we have an interesting combina

tion of factors that result in much wastage of water: excess supplies,
 

no formal warabundi turn system, paddy to paddy or "pancho" irrigation 

method, topographical problems, and seven illegal moghas where farmers 

take water at will. 

Farmers with no tubewell water or only private tubewell supplies have 

overall irrigation efficiencies from 22 to 27 percent higher than public 

tubewell command farmers. Again, when we examine the density of tubewells 

in terns of private tubeweli equivalents, it is evident that when commands 

have 7 or more tc')ewells (estimated at 4.0 to 4.2 cusecs) for supplemental 

supplies, efficiencies begin to drop off. 

While the values are all low enough, they are still inflated due to 

the fact that 41 percent of all farm level field applications were under

irrigations. The efficiencies presentcd in Table 54 can be considered to 

be conservative. Figure 1.9 shows the changes in the weighted irrigation 

efficiency values for farmers at each site. The lowest values hardly 

change but most of the high values are reduced considerably. 

The location of the farm on the command area is related to the amount 

of water available for irrigation. Delivery efficiencies are largely a 

function of discharge of water into the system and lengths of conveyance 

channels. In using the measured distance for each farm adjusted by the 

longest wazercourse at each site, the head, middle and tail farms had the. 

following mean and median efficiencies: 

Adjusted Irrigqtion Efficiency 
Farm- Position Mean Median 

Head 47 50 

Middle 
 41 43
 

Tail 
 32 35
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This suggests that in actual use of the avaiiable water supplies that 

head farmers utilized efficiently about half of the water and tail farmers 

about one-third of the water. To show this more graphically see Figure 20 

which shows the differences in head and tail farms for all sample sites. 

There is on the average about L5 to 20 percent difference in head and tail 

farm efficiencies. At some sites, such as 114 and 115, head and tail 

efficiency differences are as much as 35 percent or more. 

II. PREDOMINANT SOIL TYPE 

As seen earlier, there is3 some relationship to the predominant soil 

type of watercourse command areas and delivery and field application effi

ciencies. The farms with the following physical soil types are shown with 

the corresponding mean and median irrigation efficiencies: 

Irrigation Efficiency 

Soil Type # Farms Mean Median 

Light-medium sandy loam 26 37 41 
wt. 

Medium loam 25 35 mean 29 
34 

Medium fine loam 49 31 29 

Fine clay loam 64 45 T wt. L7 
mean 

Multi-storied 140 46 46 44 

Though not clear, there appears to be some relationship between farms 

with soils which are predominately fine clay or multi-storied. These two 

types taken as a category have a'46 percent irrigation efficiency while 

the other three sandier soil types have a weighted mean efficiency of 34. 

In general, one would expect lower efficiencies on the more sandy soils 

due to percolation, seepage losses and high infiltration rat.s. One 

cannot make a firm genetalization from the data. 
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III. HUMAN AND SOCIAL FACTORS
 

We have stressed the importance of the irrigator in reducing losses. 

He, however, is confronted with a complex job of irrigating at a given 

time and many factors are not within his control. For example, leaks and 

washouts can occur a mile or more from his farm and by the time the source 

of the loss has been repaired considerable water is lost. Table 55 pro

vides information on the observed behavior of irrigators and the corre

sponding efficiency values. Note that the owner operators had higher
 

values than tenants, servants, or small boys. Also farmers who inspected
 

for leaks and spills and made repairs had hi ,her efficiencies than farmers 

who did not. Farmers who remained a: the fields throughout the irrigation 

had slightly higher efficiencies than those who did not. These differences 

are not large because there are many factors which the farmer alone cannot
 

control easily, such as the supply at the mogha, stealing and transit
 

losses.
 

When farm size and tenure classes are examined in relationship to 

irrigation efficiencies, the differences are insignificant. There are no 

differences among the three tenure classes and only minor differences 

between most farm size classes. The weighted irrigation efficiency value 

for the large famns is 30 percent and for other farms about 43 percent. 

Larger farmers have greater access to supplemental tubewell water and 

with more available water tend to have lower efficiencies. With this 

exception, it appears that low irrigation efficiencies are a problem for 

all farmers regardless of size of holding or tenure status. Farm effi

ciencies were examined for various agricultural caste and tribal groups 

and no differences were found. The problems of water lcsses and effi

command farms is one affecting all types ofciency of use on the sample 

farmers.
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Table 55. Irrigation behavior of farmers by irrigation
 
eff icien y 

Observed Behavior 
of 

Irrigator 

ecentags.

J 
NO. Irriation 

Cases fMen___ 
Efficiency__ 

Median 

) 

1. Status of Irriator 

Owner-Operator 150 4r 44 
Tenant 39 32 31 
Servant 12 29 26 
Small Boy 10 32 26 
No one seen irrigating* 1 14 14 

2. Irrigator Inspects 
for Leaks/Spills 

Yes 148 42 43 
No 59 36 34 

3. Ifrigator Repairs 
Leaks/Spills 

Yes 148 43 43 
No 59 34 31 

4. Irrigator Leaves
 
Field
 

Yes 61 39 39
 
No 132 43 43 

*Another farmer stopped the irrigatioD and turned the water
 

into his field.
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IV. SUMMARY OF SELECTED FACTORS AND IRRIGATION EFFICIENCY
 

In an attempt to discover those factors which exert the strongest
 

influence on the irrigation efficiencies of farmers on the 40 command
 

areas a step-wise multiple regression model was constructed.
 

The regression model used was:
 

y a + b X1 + b2x2 - - - b6x 6
 

x- dummy variable farms with underirrigations = 1 

farms without underirrigations = 0 

X2 - dummy variable public tubewell commands and site 116 (excess 

= water command) 1, nonpublic tubewell commands = 0
 

x - distance to mogha from farm in feet
 

x4 - discharge at field nakka (acre inches)
 

- dummy variable season of year (April-September 1,
x5 


other months = 0)
 

x - private tubewell equivalents (number)

6, 

Table 56. Summary regression analysis of selected factors and irrigation

efficiencies. 
of . .ultiple Multiple Final F 

2Variable Beta Be t a -Ratio,t ato 

20.965 2.2566 9.29** _.488 .238 6.32*
 

-20.948 2.7780 7.54**' 
 .564 .318 56.86
x2 

- .002 .0004 j 5.0* -294".353 23.91'
 

6.687 1.8474 3.62* .613 .376 13.10x4 

.629 .395 14.08- 8.448 2.2511 3.75* x5 

.8731 3.19* .645 .416 10.17- 2.785x 6 

*Significance at .05 level, **Significance at .01 "evel 

This analysis shows that the most importtnt factor in relationship tc 

data in Table 56 is the influence of inflated field application efficient)
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values traceable to underirrigation. When farms with underirrigations
 

are removed the field application efficiencies are reduced. Underirriga

tion explained 24 percent of the variation in irrigation efficiencies.
 

Secondly, the water supply situation explains about 8 percent of the
 

variation. This confins the earlier findling thatr whore supplies are good 

(public tubewel1 supplemented commands) or excessiv, offivi(' [onlcis are 

reduced. Farmers with good supplies of public tubewell .;ater not only 

apply larger amounts per irrigation, which .leads to oev ri r r i.gat ion, but 

also are confronted with a problcm of efficient conveyance of water. When 

the supplementary vubewe!lI supplies wore made avail hle, no attempt was 

made to enlarge and .iprove the farm delivery system. 

Thirdly, distance in feet from the farm to source of water supplies
 

is an important Fao L ,r.ar.. Latr d:,e to to 1Insses in conveyance of irri

fEation water. Farms at the tailo of command areas are at a disadvantage 

because losses are both a fumetion of water avai:jable and distance of the 

transport of water. Distance alone explains about 4 percent of the 

-variation in irrigation efficiencies. 

Season of the year is hardly important in explain:ing differences in'
 

irrigation efficiencies. 'The re!lationship is in the right direction show

ing that for kharif (sumer), whe.n canal supplies are more abundant, the 

losses are greater.
 

The number of tubewells per command also are inversely related to
 

irrigation efficiencies but explain only about 2 percent of the observed
 

differences in efficiencies., We do find that whether tubewells are
 

private or public, the greate•the supplemental water supplies available
 

the less thd irrigation efficiency. The greater the amount of water
 

available for comitand areas (cusecs) the greater the losses and therefore
 

the lower delivery efficiencies (Clyma, Ali, Ashraf, 1975b:17).
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V. AREA IRRIGATED AND AMOUNTS OF WATER APPLIED
 

The area irrigated may influence the amounts of water actually
 

applied. Farmers usually attempt to irrigate as much area as possible
 

and often spread the limited supplies for a given irrigation thinly.
 

This is a typical practice in situations of short and unpredictable water 

surplies. Table 57 presents the areas irrigated by the amounts of water 

actually applied (inches). 

Table 57. Size of irrigated area by acre inches of water applied.
 

Size of irrigated No. 
 Acre inches of water applied 
,rea (a cris) farms Mean Median Range
 

up to .1 
 11 3.04 1.83 1.3-9.8
 
.2- .3 
 45 2.79 2.38 .6-9.8
 
.4- .5 
 72 2.44 2.15 .2-5.9 
.6- .7 42 2.62 1.86 .7-9.8
 
.8- .9 
 28 2.40 1.95 .1-5.4
 

1.0-1.2 
 43 2.'_3 2.00 .9-5.4
 
1.3-1.5 
 17 2.28 1.90 .1-6.2
 
1.6 and over. 42 2.51 
 2.22 .1-9.8
 

Mean acre inch values cover up much variation., The median values,
 

however, do not show that size of the area irrigated makes much difference
 

in the amounts of water applied by irrigators. Othar variables are im

portant--leve.ness of.the basin, the amount 
of water available, and par

ticular soil characteristics. When predominant physical soil types of
 

farms are examined, the median water application by vario,,F predominant 

soil types of farms are: light-medium (sandy loam) soils - 2.3 acre 

inches, medium (loam) soil - 2.4 acre inches, medium-fine (loam to clay 

loam) - 1.) acre inches, fine (clay loam) - 2.1 acre inches, and multi

storied soils - 1.3 acre inches. Farmers with sofIs which are lighter and 

have higher infiltration rates received sligh :ly higher irrigation 

applications than fields with heavier soils.
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vi AI)EcgJA 9l PARTICULAR IRRIGATIONS 

Without time series (ata over a full crop season, we do not attempt 

to e itmit lie total amounts of water applied in relationship to seasonal 

crop evpotrdnspirat inn dtm:hit-s. (Niven the l.imitations of point data, we 

are interest od in in Pst iNa of low' rw a partic-l alalr Itrip'at-ion was 

deficient or in excess o the o l moi sture requirements of the crop at a 

definite point: in time. In order to examinv, this plhenomenon, the irriga

tions that were underi-rri gaticns are treated separately from the analysis 

to ascertain how much overirriat ion occurred. The measure water adequacy 

is defined as: 

acre inches oF water applie d x 100-n:sue• s:i requirements 

In other words, if the moi.sture required was 2 acre inches and 4 were 

applied the. vatue is (4 divi~d'd by 2 Y 1O0) 200 percent. This value does. 

not include a leachi.n facto, which could require 10 percent or more 

water, than the soil moisture rerquiremen t would indicate. The leaching 

factor varies with the parti eu! ar t:y-pe of soil, the time of year, the type 

of crop, and, in Paki star., with the intellsitv of the monsoon rains. It 

can be argued that for some seasons in nouwat-orI ,gg,(!are-as tie lonsoon 

rains are sufficient for adequate leaching requnirements . Our Interest is 

in the magnitudes of over- and underirrigation on sample farms. For 

example, we are interested in those values of 100 percent or greater where 

more than twice the required water was applied and those less than 100 

which were inadequate applications. The reader should remember the con

straints of: .farmers in applying irrigation water. When water is available 

at a given time the farmer, unsure of supplies for the next turn, may 

intentionally overirrigate. 
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A. Physical Factors That Influence Water Adequacy
 

Table 58 provides the sample sites and the general water supply
 

situations and the estimates of water adequacy. 
Our major interest is in
 

the extremes where farmers' values are over 150 percent. For example, at
 

sites 101 and 110 farmers applied more than 50 percent more water than was
 

required for those particular irrigations. There are two private tubewells
 

at 101 and, near the tail of the command area, evidence of waterlogging
 

which is not yet a critical problem. At public tubewell supplemented
 

sites 109 and 105 farmers applied from two to three times the amounts
 

required, and several individual farmers applied as much as six times the
 

amounts required to replenish the soil reservoir. Site 116, already
 

badly waterlogged, is an area where farmers on the average applied close 

to three times the water necessary. Some farmers at this site applied as
 

many. as. 8 to 10 times the amount of water required for berseem fodder 

during the survey. The ranges in water adequacy were 61 to 998 for the
 

21 farms at site 116. At the opposite extreme, farmers at sites 103, 108
 

and 1.4 applied only about 40 percent of the required water.
 

To examine the importance of the type uf tubewell supplements as an 

influence, see the section on tubewell supplements of Table 58. The 

weighted value for farmers with public tubewell supplies is 212 percent as 

compared with about 116 percent for other farmers. Another measure of the
 

water supply situation is the location of the farm on the command area.
 

Using measured distance to the mogha, farms have mean values of 152% at 

the head, 115% at the middle and 117% at the tail. Farmers at head posi

tions on watercourse commands are in a more wasteful water supply 

situation.
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Table 58. Water supply situation by adequacy of irrigation
 
water applied.
 

Water Supply 

Situation 


Perennial Commands
 

101-2WC 

102-IWC 

103-1WC 

104-3WC 

106-lWC* 

107-3WC 

l09-2WC* 

110-3WC 

112-3WC 

113-3WC 

116-4WC

Perennial lotals 
Non-Perennial Commands 

105-1WC* 
108-1WC* 

I1I-2WC* 
.114-4WC 


1 -_ 
Nonperennial Totals 
Tun ii s ui eth-

None 

Private 
Public 
Private and Public 


Density of Tubewells
 
Private TW Equivalei.ts
 

None 

1-2 

3-6 

7 or more 


No. 

Farms 


14 

6 

5 


25 

6 


29 

12 

27 

33 

25 

21 


-_____....... 


5 

4 


24 

35 


-106 


157 

115 


22 

15 


158 

-52 

22 

77 


Adequacy of the Irrigation
 
Water Applied
 

Mean % Median %
 

153 148
 
79 62
 
47 50
 
67 62
 
78 60
 
95 70
 

234 186
 
167 141
 
90 72
 

124 120
 
276 149

-'104 

321 303
 
46 24
 
89 84
 
47 51
 
93 71
 
86 77
 

114 85
118 90
 
212 179
 
88 83
 

114 86
 
11 81
 
74 54
 
157 116
 

* Denotes public tubewell supplemented commands.
 

http:Equivalei.ts
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B. Adequacy of the Irrigation, Type of Crop and Agro-Climatic Region
 

The type of irrigation usually influences the amount of water farmers
 

apply along with the water available and the stage of growth of the crop. 

Table 59 shows the adequacy of given irrigations and the type of crop 

irrigated. Rice irrigations are not included because application efficiency, 

Table 59. Irrigation Type by Irrigation Adequacy Percentages 

No. Irrigation adequacy (%) 
Irrigation type . farms Mean Median 

Sugarcane 24 183 137 
Preirrigatio-is 52 167 123 
Fodder 78 134 86 
Wheat 67 93 78 
Cotton 5 79 29 
Polyculture 12 90 74 

in the sense of the soil moisture depletion model, does not apply to
 

a flooded crop grown under standing water. High water demand crops,
 

sugarcane and berseem fodder, are over-irrigated on the average of 83
 

and 68 percent respectively. Also, note that farmers applying pre

irrigations tend to apply amounts one-third greater than that required 

t( meet the soil moisture requirements. This reflects the usual practice 

of farmers to apply very heavy irrigations prior to seedbed preparation.
 

There is a term in the local Punjabi language to express light and heavy 

irrigations for seedbed preparation. Without controlling any other 

factors, such as water supply situation, the data indicate that farmers
 

apply heavier irrigations for high water demand crops and for seedhed 

preparation than for other crops. 

Table 60 dlsplays mean and median values for adequacy of irriga

tians by agro-climati: region which includes' the do'4iinant crops and the 

estimated annual atmospheric evaporative deficit. The difference6 

under each region can be explained primarily by the supplemental water 
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Table 60. Agro-climatic and cropping regions by adequacy of
 
irrigation percentages. 

Agro-Climatic No. '_Irrigation Water Adequacy
 
Regions* Farms Mean Median
 

1. Low Deficit (<45")** 57 113 

Rice-Whea t 27 167 141
 
Rice-Fodder 25 67 62
 
Fodde r--Whea t 5 47 50
 

2. 1,iediuml Low Deficit** 41 176 
(45-55)" _______ _________________ 

Sugarcane-Wheat 14 154 148
 
Mixed Crops-Orchard 27 188 155
 

3. Iedium High Deficits 94 90
 
(55-65") ..
 

Cotton-Wheat 70 91 69
 
Mixed Crops-Orchard 24 89 84
 

4. High Deficit (>65")** 17 132
 
Rice-Fodder 21 276 149
 
Cotton-Wheat 33 90 72
 
Rice-Wheat 38 93 71
 
Sugarcane-Wheat 25 124 120
 

*Low to high deficit areas refer to the e.,?imated annual
 

atmospheric evaporation in excess of rair.fall for the four
 
areas above in inches. Inches in estimated evaporation are
 
shown as (<45:") , (45-55") , (55-65") and (>65"). 
**Weighted totals. 

Summary of No. Irrigation Water Adequacy
 
5. Cropping region RFarms Mean Median
 

2 Rice-wheat 65 124 100
 
2 Rice-fodder 46 162 101
 
2 Sugarcane-wheat 39 135 104
 
5 Mixed crops-orchard 51 141 122
 
4 Cotton-wheat 103 91 73
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supply situation. For example, the rice-wheat area, under low deficit
 

* conditions, is at site 110 where there are 34 private tubewells for 3
 

watercourse commands. 
The other sites in the low deficit region have no
 

tubewell supplements or one private tubewell on some commands. 
The
 

Cnext resgion, labeled medium-low deficit, includes sites 101, 105, 106,
 

108 and 109. The first site is a sugarcane-wheat dominated command
 

.with 
farm canal supplies, and two private tubewells, and, for about one

third to one-quarter of the command, a water table 
that provides some
 

moisture for berseem and sugarcane. Sites 105, 106, 108 and 109 are all
 

supplemented by SCARP public tubewells. 
 In the medium-high deficit, the
 

wheat-cotton commands were all evaluated under peak demand conditions and
 

the mixed crop-orchard command has a public tubewell serving two non

perennial command areas. The high-deficit region includes the four rice

fodder commands at site 116 (Thatta) which has excess canal supplies.
 

Farmers on the commands, on the average, apply nearly three times the
 

amounts needed which is one important factor contributing to a bad
 

waterlogging situation.
 

C. Water Applied an,, Size of Irrigated Area
 

Farmers have a good understanding of the time required to irrigate
 

certain fields given an assumed discharge rate for the mogha and or tube

well. Farmers also tend to spread water over as large areas as 
possible
 

even when irrigations are inadequate. Data in Table 61 show the size
 

of the total unit irrigated evaluated by sample farmers during the
 

irrigation turn and the adequacy of water applied.
 

Wide ranges in values provide high mean values, therefore, the
 

picture is not clear as indicated by the difference between mean and
 

medians. 
The trend is for farmers to apply more water than is required at
 

a particular irrigation when the area irrigated is small.
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Table 61. Area irrigated by irrigation adequacy percentages.
 

Area Irrigated No. Irrigation Adequacy (%) 
(Acres) Farms Mean Median 

up to .1 13 231 90
 
.2- .3 46 152 92
 
.4- .5 75 134 
 91
 
.6- .7 43 100 
 77
 
.8- .9 28 102 72
 

1.0-1.2 45 104 73
 
1,3-1.5 17 89 59
 
1.6 and over 42 98 95
 

D. Human Factors and Adequacy of Irrigation Water Applied
 

The behavior of irrigators varies. The limited data available 

presented (see Table 62) show that owner operators applied almost the 

amount of water thaft was required to meet the depletion of soil moisture. 

Tenants and servants esp( c iallv applied from 74 to 138 percent more than 

was required. Like,ise, thOsi farmrs who were careful to inspect for and 

repair leaks and spl', 1,s ; api -d a.-molts c!o ser to that required by about 

40 percent than those far,,ers who did not mnanike checlks and repa irs for 

leaks. Also, note that the irr i ators who lef t the- field hiad a mean 

adequacy ineasure of 1.60 percent as comprired to 11.4 percc (ot for those who 

stayed at the field throughout the irrigation. This suggests that there 

is a tendency for farmers to overirrigate when they do not provide complete 

attention to their complex task. 

In stmimary, it is found that farmers serviced by public tubewells 

tend to apply more water than is adequate to replenish the SMD. Also, 

farmers on commands with seven or more tubewells apply more water than 

farmers with less private tubewell equivalents. Farmers also tend to 

apply heavier irrigations for sugarcane pre-irrigations, and fodder 

crops (mainly berseem) than for other crops. The size of the irrigated
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Table 62. Irrigation behavior of farmer by irrigation
 
adequacy percentages.
 

Irrigation No. Adequacy of irri gation (%'
Behaviors Cases Mean 	 Median
 

1. 	Status of Irrigator
 

Operator-Owner 152 104 86
 
Tenant 
 39 238 	 116
 
Servant 
 12 174 	 78
 
Small Boy 
 10 134 	 125
 

2. 	Inspects for
 
Leaks/Spills
 

Yes 
 150 123 88 
No 59 161 	 109
 

3. 	Repairs Leaks/Spills
 

Yes 
 150 123 
 87
 
No 
 59 163 	 116
 

3. 	 Irrigator Leaves* 

Yes 
 1 160 93
 
No 
 134 114' 	 87
 

*This refers to irrigators who either remained at the fields
 
throughout the irrigation period or who went away after be
ginning an irrigation.
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also seems to influence the amount of water applied for a given irrigation. 

Also, farmers who are owner-operators, those who inspect and repair leaks 

and spil.s, and remain at the field during irrigation periods tend to 

better match their irrigations to soil moisture deficiencies. Time series 

data are needed to analyze this problem more adequately. 
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CHAPTER FIVE
 

LAND USE, CROPPING PATTERNS AND CROPPING INTENSITIES
 

This chapter will describe.the actual land use patterns for the
 

40 sample watercourse command areas. 
 These patterns will be examined in
 

regard to authorized and actual cropping areas, factors influencing the
 

percentage of cultivated area 
in crops, and cropping patterns.
 

I. DEFINITION OF THE TERNIS AND LIMITATIONS OF THE DATA 

A. Culturable Command Area (CCA) 

This term refers to the portion of a watercourse command area which
 

is supposed 
to be served by the existing canal water supplies. It is the
 

area for which the mogha is sized. It is land at a topographical level
 

which can be serviced by the canal system. 
This excludes buildings, roads,
 

and wasteland. 
 It, however, includes land that has gone out of production
 

due to waterlogging and/or salinity. 
This is often referred to as the
 

'authorized cultivatable area."
 

B. Cultivated Area (CA)
 

This is the actual area cultivated sometime within the period of a
 

year, and excludes roads, buildings, nonculturable waste, and culturable
 

barren land. This can change year by year depending on the canal irriga

tion supplies, rainfall and supplemental sources of irrigation water such 

as tubewells and Persian wells. It also can vz:ry in relationship to 

reclamation programs and "Grow More Food Campaigns" for which extra canal 

supplies are made available for specified periods and crops. This area 

will also change depending on waterlogging and/or salinity problems from 

year to year.
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C. Seasonally Cropped Area (SCA) and Cropping Intensity (CI)
 

The seasonally cropped area is the total area in crops as a pro

portion of the CA for a ,,Iven season, for rabi as RCA and for kharif as 

KCA. The cropping intensilyvis the su of the cropped area or CA for 

rabi and kharif seasons at the time of the survey, divided by the cropped 

area total times 100 to provide a percentage, 

CI . (rabi acreae +_kharif acre.age ) 00 or (RCA + KCA 
cultivated area CA 

Fruit orchards and sugarcane crops are counted twice because they occupy 

the land and utilize water the year round. Where three crops (as fodder 

or vegetables) are cultivated and harvested in one year the intensity 

increases. For our purposes we include only two crop seasons--rabi and 

kharif for one year. Intercropping, which we term polyculture, also 

inflates the cropping int:ensities and we have not counted these crops 

twice in the rabi and k[harif Intensities but have shown the extent of 

this type of cropping practice for each site. 

D. _Harvest Intensity 

Harvest intensity is the percentage of the CA which has crops that
 

are harvestcd each season.
 

A major limitation of the data results from the nature of the survey. 

Cropping patterns and intensitieswere mapped in a crop survey for each 

sample site. These crop surveys were conducted at the particular time 

of the study and do not reflect the actual, areas in crops for both rabi 

and kharif seasons. Some of the area had not been cultiv.ted at the time 

of the survey; therefore, the areas shown as fallow on our crop survey 

maps are inflated. This leads to under reporting the shorter duration 

fodder and vegetable crops. To partially overcome this problem, a 

special conceptual grid system was designed for each acre of each sample 
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farm. The farmers were asked to report the area in each crop for their
 

CA for the season at the time of the survey and the one directly preced

ing the survey. The crop survey data mapped for each command area and
 

village site are shown in the map appendix for the 16 sample sites.
 

II. AUTHORIZED AND ACTUAL CROPPED AREA OF COMAND AREAS
 

The sample of 40 watercourse command areas and the authorized
 

cultivation for each in acres is shown in Figure 21. Several of the
 

command areas are small perhaps due to the location of the distributary,
 

as for the case of watercourse commands 4, 5, 6 and 7.
 

Table 63 provides additional information about actual cultivated
 

acreage as compared to the authorized CCA. Where possible, farmers
 

extend the cultivated acreage by means of tubewells and Persian wells.
 

The only sites where farmers did not go beyond the authorized CCA (see
 

sites 102, 105, 106, 109 and 111) in cultivation area sites where there
 

are either severe topographical problems or areas where waterlogging
 

limits cultivation. The pressure on the land is great, and at sites
 

101, 107, 110, 112, and 115 farmers by means of tubewells, Persian wells,
 

and jhallar water lifts have expanded the cultivated area. This is typical
 

of many command areas in Pakistan and has been accelerated by private
 

tubewell developments. As was reported 28 years ago (Roberts, 1951:
 

167-169) farmers make every effort to extend their culcivated acreages.
 

Site 110 is a special case--there is an essentially noucommanded area
 

with 119 acres which has no canal supplies. All irrigation supplies are
 

from eight private tubewells.
 

Table 63 provides information about the 16 sample village sites as
 

to the authorized CCA and the actual area cultivated for the commands and
 

the water supply situation. The water supply situation gives the authorized
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Table 63. 
 Authorized CCA, actual area cropped with authorized and supplemental canal supplies. 

Type Cultivated acres Authorized oh icMoh Authorized Iacean
ypeMogha 	 -Authorized Potential Actual CA in
moqha di schargecanal supplies

command 
and sites 

Authorized 
CCA 

Actual 
CA 

Discharge 

cusecs 

and acres of 
authorized 
CCA/cusecs 

and acres of 
actual CA 
per cusecs 

supple-

I mental 
Lischarge 
I(cusecs) 

acres and 
potential 
water supplies 

acres/cusecs 

Perennial 
101-2 wc 
102-1 wc 
103-1 wc 
104-3 wc 
106-1 wc 
107-3 wc 
109-2 wc 
110-2 wc 

*112-3 wc 
113-3 wc 

773 
539 
11 
381 
552 

1525 
783 
767 

1270 

1011 

804 
528 
128 
378 
492 

1625 
670 
776 

1127 

712 

2.39 
1.76 
.49 

1.50 
1.87 
5.08 
2.24 
3.49 
1.15 

3.55 

(le3) 

323 
306 
227 
254 
295 
300 
350 
220 

1104 

285 

r (2-3) 

336 
300 
261 
252 
263 
320 
299 
222 
980 

201 

1.20 
3.60 
.60 
.60 

1.27 
15.60 
2.05 

15.60 
none 

none 

(2i3+6) 

224 
99 

117 
180 
157 
68 

156 
41 

980 

201 
116-4 wc 
Nonperennial
105-1 wc 
108-1 wc 
1.11-2 wc 
114-4 wc 
115-6 wc 

741 

510 
513 
671 
914 
746 

505 

507 
507 
444 
920 
609 

6.17 

2.19 
3.00 
4.26 
5.04 
4.56 

120 

233 
171 
158 
181 
164 

82 

232 
169 
104 
183 
134 

none 

1.83 
3.00 
3.40 
1.20 
2.4 

82 

126 
84 
58 

147 
88 

Noncommanded 
110-1 wc none 119 none none none 4.8 25 
Note: 	 The following types of supplemental supplies are at each site:


Site: 101-2 private tubewells 
 109-1 public tubewell
 
102-6 private tubewells 
 110-2 wc, 26 private tubewells

103-1 private tubewell 
 111-1 public tubewell, 2 Persian wells
104-1 private tubewell 
 114-2 private tubewell, 26 Persian wells

105-1 public tubewell 
 115-4 private tubewell, 17 Persian wells
106-1 public tubewell 
 Discharge of private tubewell estimated at 
.6 cusecs
107-26 	private tubewells 
 Discharge of Persian wells estimated at .1 cusecs

108-1 public, 2 private tubewells
 

*112-1 deleted.
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canal supplies in acres per cusec and the supplemental supplies from tube

wells and Persian wells. The reader should note the number of water

course coi,,mids for each village site. These data show a wide range in 

authorized cana l.supplies or cusecs per area of cultivated acres. The 

CCA acragcs range from 58 to 856 acres for perennial commands and from 57 

to 513 acrcs for nonperennial commands. For the perennial commands, 

factors whi.h cause some variation are the type of command area and special 

allotments for reclamation purposes and "Grow More Food" campaigns. For 

example, site 1.03 is a jhallar waterlift system and the authorized canal
 

supplies are 227 acres per cusec. At site 104 with 254 acres per cusec,
 

farmers receive extra supplies for reclamation of land by rice cultivation.
 

At site 110 special supplies also are granted for rice cultivation and
 

reclamation purposes. For the nonperennial commands the CCA per cusec
 

ranges from 158 to 233 acres. In Sind (sites 112 to 116) the range in
 

cusecs per CCA in acres is 120 to 285 which indicates a higher average
 

duty than for the command areas in the Punjab. The usual dejure duty
 

in the Punjab is 350 acres per cusec for non-SCARP public tubewell commands
 

and about 150 acres per cusec for SCARP public tubewel], supplemented
 

commands. 

Wide variation is seen in the potential supplemental supplies for 

command areas as revealed in Table 63. For example, at both sites 107 

and 110 there are 26 and 34 tubewells respectively and for these perennial 

sites the tubewells alone provide about one cusec per 132 acres at site 

107, and about one cuseC per 29 acres at site 110. The exceptional case 

is the noncommranded system 11.0-3 where there are 8 private tubewells 

supplyinig about one cusec of water for 25 acres on the noncommanded area 

of only 119 acres. 
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Available irrigation supplies are shown by village site (Table 63)
 

to conserve space and also because, where possible, farmers use water
 

from one mogha outlet to irrigate fields located on other commands. This
 

is an extra-legal practice, but farmers follow this procedure where
 

topography permits and especially when they have fields ideally located
 

on the margin of a conmnand area. At sites 101, 104, and 107 this is a 

common practice. (See the watercourse maps in Volume VI, Appendix IV-A.)
 

Farmers also utilize tubewells located on one command to service fields on
 

an adjacent command whenever possible.
 

III. Percentage of Cropped Cultivated Area 

The percentage of the actual cultivated area (CA) cropped by farmers
 

in a given season depends on the general water supply situation, the type
 

of crops cultivated, the agro-climatic region, and several socio-economic
 

factors such as size of holding, land tenure status, and distance to
 

market. Cropping intensities here are not to be confused with harvest
 

intensities--the percentage of the CA which has crops harvested each
 

season. Cropping intensities vary from year to year depending cn rain

fall patterns.
 

TaLle 64 shows the potential water supplies available at various
 

types of command areas. With a few exceptions, variations in cropping
 

intensities are not as great as the variations in the available water
 

supplies. Farmers adjust their cropping patterns and intensities to the
 

water they perceive to be available. As will be discussed under cropping
 

patterns, farmers adjust their crops in relationship to crop water demands.
 

For example, whenever supplies of water are short and unpredictable, 

farmers choose crops such as small grains, millets and maize (used 

primarily as green fodder) to maintain as high cropping intensities as 

possible.
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Table 64. Summary of potential irrigation supplies (authorized

canal supplies plus supplemental supplies) and per
centage of total area cropped (1975-76). 

Potential eicentage of total area cropped 
Type irrigation (1975-76)
 
command supplies Number 
and sites (acres of of Rabi + 

._/c usc) - farms Rabi__ Kharif kharif 

Perennial 

101-2 wc 224 15 86 60 146 

102-1 wc 99 9 59 71 130 

103-1 wc 117 16 90 65 155 

104-3 wc 180 30 84 69 153 
:
106-I %, 157 12 C7 62 149 

107-3 wc 68 54 80 77 157 

109-2 wc* 156** 14 94 84 178
 

110-2 wc 41 20 79 76 155 

112-3 wc NONE** 34 76 57 130

113-3 wc 201** 26 84 61 145 

1.16-4 wc 82** 26 79 86 165 
Perenni1 total s 256 81 70 151 

Nonpe renn.1 

105-i 'c< 126* 8 84 69 153 

108-1 wc* 105** 9 70 45 115 

111-2 wc* 55" 24 76 60 130 

114-4 wc 104"* 38 62 58 120 

115-6 wc 70** 39 82 55 137 
Nonperennial totals 118 74 57 130 
Noncommanded 

110-1 wc 25 16 77 88 165 

*Denotes public tubewell supplemented. 
**Denotes data awaited to be in final draft.
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11. summarizing the data on "percentage of cultivated area cropped
 

for the 1975-76 seasons"(Table 64), it is evident that farmers adjust
 

their crops to the available water supplies. Cropping intensities,
 

however, are not static and fluctuate in relationship to the rainfall and
 

problems such as power supplies for tubewells and tubewell breakdowns.
 

A. Tubewell Supplies and Cropping Intensities
 

Watercourse commands with public and private tubewells provide
 

increased control over supplies. Control and reliability of water supplies
 

are crucial considerations in making cropping decisions. 
Given inadequate
 

canal supplies and lack of control over them, farmers have found invest

ment in tubewells to be lucrative. Though tubewells may exist on commands,
 

all farmers do not have equal access to tubewell water. Factors such as
 

distance from the tubewells, ownership of private wells and social
 

power determine the availability of supplemental tubewell water. It is
 

well known that farmers with considerable influence frequently operate
 

public tubewells at will or provide gifts to tubewell operators in return
 

for extra water.
 

Table 65 provides information on average cropping intensities of
 

sample farms by type of tubewell supplement (see Table 65). The excep

tional case of four command areas at site 116 is removed from Table 65
 

due to excess canal supplies and associated waterlogging problems.
 

Private tubewells do not appear to 
exert an impact on cropping intensities
 

until a threshold value of about seven or more per command are 
 present.
 

Farmers on such commands have a weighted mean intensity of 157 which is
 

very close to the intensities for farmers on public tubewell commands.
 

Thexe is little variation between cropping and intensities and type
 

of tubewell supplement. 
One reason for this is that under "no tubewell
 



Table 65. 	Farmers on watercourses and type of canal water supply supplements by
 
rabi and kharif cropping intensity percentaqes
 

{ CROPPING INTENSITY7(% 

Watercourse command area 
tubewell supplements 

tuFarms 
report-
ing 

Ia§rms 
Rabi 

season 
report-
ing season 

Farms 

Ing__ 

Rabi & 
kharif 

Lseasons 

Perennial commands 

1. No tubewells** 101 82 96 61 70 143 
2. Only public tubewells 
3. Private tubewells 

33 89 33 72 33 160 

a. Less than three 30 86 31 61 30 146 
b. Three to six 33 75 33 73 33 148 
c. Seven or more 45 79 46 78 45 157 

4. Both private and public 4* 83 4 63 4* 146 

Nonperennial commands 
1. No tubewells 49 71 48 61 48 131 
2. Only public tubewells 0 0 0 
3. Private tubewells 

a. Less than three 54 74 54 127 
4. Both private and public 16* 78 16 56 16 133 

Noncommanded area
 

Private tubewells 16 77 16 88 16 

a. Seven or more
 

**Four watercourses in village 116 are removed from this analysis due to excess canal
 
water supplies and waterlogging. Total intensity is 165 for site 116.
 
*Farms located on watercourse commands with public tubewell supplements and up to
 
two private tubewells for canal supplements.
 

165 
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supplement" sites 114 and 115 have 43 Persian wells or four on each
 

command. The 16 farms on the commands with public tubewells have only
 

one private tubewell per command; therefore, the extra supplement is
 

only about .6 cusecs. The noncommanded area has eight tubewells and the
 

high (165%) cropping intensity. 

Since all farmers do not have equal access to tubewell supplies as
 

a result of lack of cash, credit, or influence, each farmer was asked
 

several questions about his perception of tubewell water availability and
 

his use of tubewells. These qualitative questions do not provide answers
 

about the times and amounts of tubewell water utilized but where there are
 

tubewells available there is a strong demand for tubewell water as a
 

means of supplementing canal supplies and for meeting crop demands. As
 

shown earlier, private tubewells are distributed almost equally between
 

head, middle, and tail reaches of command areas, and farmers of all farm
 

size classes make use of tubewells.
 

.able 66 presents farmers' reports of tubewell water availability.
 

Farmers on public tubewell commands are included under "purchase tubewell
 

water" because the assessment of fees for these tubewells are included in
 

the Irrigation Department abania for canal water assessments.
 

Farmers who report that tubewell water is easily available, and
 

those who own tubewells have higher cropping percentages.
 

B. Rabi and lKharif Cropping Intensity Differences
 

One of the advantages of tubewell supplements is to reduce
 

differences l;..tween rabi and kharif cropping intensities. The major
 

means of accomplishing this by farmers is through control of supplemental
 

tubewell supplies of water. Wherever a substantial supply of tube

well water is available, the wide differences in areas cultivated for rabi
 

'and kharif seasons are less.
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Table 66. Availability and use of supplementary tubewell water by percentage of
 
cultivateC area in crops.
 

Command areas and availability

of tubewell water supplies 


Perennial commands
 

Availability and use
 
of tubewell water
 

1. "Not available" 


2. "Available with difficulty" 


3. "Easily available" 


4. "No use" 

5. "Purchase tubewell water" 


6. "Own private tubewell" 


Nonperennial commands
 

Availability and use
 
of tubewell water
 
1. "Not available" 


2. "Available with difficulty" 


3. "Easily available" 


4. "No use" 


5. "Purchase tubewell water" 


6. "Own private tubewell" 


No. 

afarmns 


60 


47 


87 


97 

80 


33 


45 


16 


29 


66 


27 


9 


Total. 

Rabi 


86 


74 


83 


83 

83 


78 


69 


85 


71 


73 


70 


77 


CultivatedI Acres 

No. Ijo.
farms i Kharif 

47 53 


47 63 


88 75 


93 62 

81 73 


33 76 


45 53 


17 61 


28 63 


68 56 


26 55 


9 67 


in CroLs 

! Rabi and
 
farms] kharif
 

47 137 

47 137 

87 158 

93 144 
80 155 

33 153 

45 124
 

16 146
 

28 134
 

66 129
 

26 125
 

9 144
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It might be thought that greater canal supplies available in kharif
 

(summer season) plus monsoon rains from July to August would result in
 

higher kharif cropping intensities. This is not 
the case however, because
 

of high summer evapotranspiration rates. Atmospheric demands accelerate 

to such a point that the irrigation water required for a crop is almost 

double in kharif as compared with rabi season. For example, maize fodder 

when fall harvested will require about 12" of water from September to the 

first of Decenber as compared to 33" when planted in March and harvested 

in June. Likewise, great millet or jowar when spring planted for fodder 

will require about 30" of water as compared to 16" when fall planted. 

Data (Table 67) show differential cropping intensities for rabi and 

kharif seasons by type of tubewell supplements. Differences between rabi 

and kharif intensities are less for farms on nonperennial commands with 

no tubewell supplies. This may result from the fact that there are 45
 

Persian wells on nonperennial commands at sites 114 and 
 115. 

When both perennial and nonperennial commands are combined, the 

commands with least difference between rabi and kharif intensities are 

those with three or more private tubewells. Farms on commands with no 

tubewell supplements have rabi-kharif differences of 18 percent which is 

about the same as for farms on public tubewell supplemented commands. 

In summary, data on tubewell supplements and cropping intensities 

support several conclusions. First, farmers on commands with public tube

well supplemental supplies and a medium to high density of private tube

wells tend to have higher percentages of total cultivated area 
in crops
 

than farms where tubewell supplemental supplies are less available. 

Secondly, farmers who report tubewell supplies easily available, purchase
 

tubewell water, and own private tubewells tend to have higher cropping
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Table 67. 	 Water supply sit,cion by percentage of cultivated area in crops 
for rabi and kharif. 

Cultivated Acreaqe in Crops (,)

Water supply No. Rabe Kharnf 

situation 	 farms s.ason -' season JRabi and Kharif 

1. Perennial commands 

a. No runswlIs* Jlt 82 61 	 +21 

b. Public tubewnlls 33 89 72 	 +17 

c. Under 3 private TW 30 86 61 	 +25 

d. 3-6 private tubewells! I)3 75 73 	 + 2 

e. 7 or more tub-o'e] 5i 79 78 	 + 1 

f. Public eand rivat- j 83 63 +20 

Perennial Totai.c 246 82 67 +15 
2. Nonpereriniai conrands 

a. No tuhwel.s 49 71 61 	 +10 

b. Under 3 	 .rivote 'i; I54 76 54 +22 

C. Public - jiate '. 16 78 67 	 +11 

s
Nonperennial Total 119 74 59 	 .15 
3. Noncomnandcd (site 1l0-3 16 77 88 -1
 

7 or more tubowells
 

4. Perennial plus 
nonperennial commands
 

a. No tubewells 150 78 59 	 +19 

b. Only public tubewells 33 ?q 72 	 +17 

c. Under 3 	private TW 84 78 63 +15 

d. 3-6 private tubewells 33 75 73 	 + 2 

e. 7 or more tubewells 45 79 71. + 8 

f. Public + private TW 20 79 57 +22 
Perennial + Nonperennial 365 79 64 +15 

*Four commands at village 116 are not included d.e to an excess water
 
supply situation already discussed. Rabi was 77 percent and kharif
 
fallow was 86 percent for 26 sample farms.
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intensities than farmers who have no tubewels available. 
Thirdly,
 

especially for the perennial command farms, the farmers who have public
 

tubewell supplies or are on commands with a high density of private
 

tubewells show less differences in rabi and kharif cropping intensities
 

than farmers who are not favored with goodI tubewell supplies. Fourthly,
 

farmers do adjust their cropping intensities to their perceived supplies 

of irrigation water. Fifth, water supplies alone do not explain differences 

observed in cropping intensities. Other factors such as agro-climatic 

region, type of crops cultivated, distance to market and socio-economic 

factors are also expected to exert some influence on cropping intensities. 

C. 	Cropping Intensities by Agro-Climatic Regions Showing_Dominant 

Crops on Conunands 

Summary Table 68 provides information about the major crops cultivated 

onwatercourses in relationship to agro-climatic regions. The four climatic 

zones are. based on the estimated annual evaporation and rainfall as 

defined in the methodology sections of Volumes II an.d VI. It should be 

noted (Table 68) that of the 26 perennial watercourse commands 15 are 

dominated by sugarcane or rice crops with high water demands, while of 

the 13 nonperennial commands, only 6 at village 115 cultivate large areas 

of 	rice due to a good supply of water during the kharif season.
 

Table 69 shows the percentage of cultivated area cropped for 1975-76
 

season by crop-dominant watercourse commands. Little variation is observed
 

between the agro-climatic regions and dominant crop commands except for
 

the low annual atmospheric evaporative deficit fodder-wheat commands under
 

(1) and the rice-fodder command under (11) which have cropping intensities
 

of 165 and 168 respectively. At the other extreme are the high evaporative
 

demand commands with cotton-wheat cropping pattern which have a mean
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Table 68. Climatic zones based on annual atmospheric moisture deficits 
by major crops of watercourse commands. 

Climatic zones~ based 'Iaijor croups eilt iv ted 
on atmospheric m"st ure No. Rice Cotton Rice Sugar- Rice Mixed Fodder 
deficits amnd village, of |and and and cane fodder crops and 
sites (p=peren Ia!,* W<C's. fodder wheat: wheat and and aud wheat 
np=nn3r , . - I - wheat wheat orchards 

I-Low moi.tur deficit 
('0; "I/ann umt)
 

Village 103p 1 
Village I 0 4p 3 +X 

***Villa' 11Op 3 X 

Subtotal7 

II-Low to m,d'um
 
moisture ,eficit 
(45-55 "/nnum) 
Villa, 10P X 
Village 1.05p 1 X 
Village l06p 1 X 
Village 1l0p 1 X 
Villagc 109p 2 X 
Subtotal 7 

III-Medium to high 
moisture deficit 
(55-65"/annum) 
Vil.1 gu 102p I X 
Village 107p 3 X 
Village lllnp 2 X 
Village .14np 4 X 
Subtotal 10 

IV-High moisture deficit 
(>65"/annum) 
Village l12p 3 X 
Village 113p 3 X+ 

Village ll5np 6 X 
Villake 116p 4 
Subtotal. 16 

Totals 40 1 4 2 2 1 5 1
 

*Total of 25 perennial commands signified by p.
 
**Total of 14 nonperennial commands signified by np.
 

***Village 110 has one noncommanded system with 8 private tubewells which
 

is a rice-wheat dominated area.
 
+Denotes 15 of 26 commands dominated by sugarcane-rice.
 
++Denotes 6 of 13 commands dominated by rice.
 

X 
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Table 69. Agro-climatic regions with estimated annual evaporative deficit
 
by mean cropping intensities for rabi and kharif.
 

Agro-climatic regions Croppin intensityYercentages
 
with estimated annual Rabi season Kharif seasoan Rabi & Kharif
 
evaporative deficit No. of Mean No.of Mean No. of Mean
 

(inches)* 	 farms _ farms % farms % 

1. 	Fodder-wheat 16 95 16 70 16 165 

Rice-fodder 36 78 36 58 36 137
 

Rice-wheat 25 80 25 71 25 149
 

2. 	Medium low
 
Sugarcane-wheat 14 72 14 72 14 144
 

Mixed orchard 	 40 79 39 69 38 147
 

3. 	Medium high
 
Cottcn-wheat 94 74 95 74 
 93 147
 

Mixed orchard 24 80 24 58 24 139
 

4. 	 !ih 
Cotton-wheat 34 72 31 56 31 126 

Sugarcane-wheat 26 79 26 61 26 140
 

Rice-wheat 39 82 37 57 37 140
 

Rice-fodder 24 81 24 87 24 168
 

*Estimated annual atmospheric evaporative deficit.
 

Low=<45" 
Medium iow=45-55"
 
Medium high=55-65"
 
High=>65"
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cropping intensity of only 126 percent. 	 The fodder-wheat conmand areas
 

Lahore fodder market where farmersunder (1) are influenced by the 

and rice-fodder (11) iscultivate maize, oaits, and millets for fodder, 

berseem is grown. The low intensity atinfluencrd by Karach i for whic h 

by the lack of anythe cot toii-,wheant ccwi'iand of i*26 percent is influenced 

and the fact that 32 percent ofsuppIeCa111(2ta] uppi ie to canal water 

the cultivated area is devoted to cotton in a region with a high annual 

atmospheric evlporative deficit in excess of 65 inches per year.
 

To sununiarize weighted cropping intensity percentages f- r the four 

climatic zones in Table 69:
 

Mean Annual No. Rabi + Kharif 

Deficit Category Deficit Farms intensitied (%) 

Low <45" 	 77 147
 
52 146
Medium Low 45-55" 

Medium High 55-65" 115 145 

High >65" 118 142 

362 	 145%
Totals 


There is little variation among the low to high atmospheric evaporative
 

deficit areas. The major influences on intensities are related to other
 

Whe the commands are grouped into the dominant crop categories
factors. 

one finds the following: 

No. Rabi + Kharif 

jo crops Farms Intensities (%) 

16 165Fodder-wheat 

60 149
Rice-fodder 

62 144
Rice-wheat 

40 141
Sugarcane-wheat 


Cotton-wheat 
 124 142
 

62 144
Mixed-orchard 
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Again, there is little variation between major types of crops which
 

dominate the 40 watercourse commands. The fodder-wheat watercourses are
 

located near Lahore City in the low evaporative deficit area where there
 

are strong market demands for fodder crops and milch products. Many
 

farmers cultivate as many as three short duration maize fodder crops in
 

one season for marketing in Lahore City. When moisture is insufficient
 

for berseem fodder, farmers shift to millet and oats as fodder crops which
 

require less water than fodder crops such as berseem (Egyptian clover) or
 

alfalfa.
 

In conclusion, the data do not show that the particular crop
 

dominated commands or the particular regional climate influences the area
 

cultivated for the 1975-76 season. This does imply that farmers do adjust
 

their crops to the particular water supply situation they confront and the
 

markets that are available at a given time. In areas and times of short
 

possible
supplies farmers tend to utilize as much of their cropped areas as 


by switching to crops with lower water demands.
 

D. Watercourse Location and Percentage of Cultivated Area Cropped
 

As has been observed in the analysis of watercourse losses, both
 

the delivery efficiencies and the total amounts of water loss in conveyance
 

to farms are higher for farms located along the tail reaches of command
 

Table 70 shows that the overall weighted cropping intensities are
areas. 


about 10 percent less for tail farms as compared to head farms. Note, 

however, for the perennial commands supplemented by public tubewells the 

This indicates the greater totaldifferences aie as much as 25 percent. 


losses of large discharge rates into conveyance systems with inadequate
 

cross section and freeboard to convey the relatively large volumes of
 

water. Commands differ in the maintenance of earthen conveyance systems,
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Table 70, Water supply situation by differences between cropping
 
intensities for farms at head and tail reaches of water

course commands 

CROPPING INTENSITY PERCENTAGES 

Dif ference 

Type watercourse & No. TaiI No. Hrad between 
tubewell supplements of farm of farms tail and head 
to canal -suplies f a rms () farms (%) farms 

1. Perennil commands 

a. No tub~x: i .& 32 146 36 151 - 5 

b. Public TV only 7 151 10 176 -25 

C. Private 'W only 

1) Low ..ensity 10 127 15 145 -18 

2) Medium density 12 142 1.1 150 - 8 

3) High density 12 154]4 165 -11 

PERENNIAL TOTALS, WEIGHTED '7 14 5 86 155 -10 

2. Nonperennial Coinrands 

a. No tubewel is 15 118 14 130 -12 

b. Public TW only 7 .49 1.6 141. 8 

c. Both public & private 2 8. 2 107 -19 

d. Private TM only 

1) Low density 10 118 7 124 - 6 

NONPFENNIM, TOT'ALS WEIGHTED 34 123 39 132 - 9 

3. Totals 107 13? 125 148 -10 
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but where there are private tubewells the head-tail cropping intensity
 

differential (8-18%) is less than on commands without private tubewells.
 

The weighted mean cropping percentage for these perennial private tubewell
 

commands is about 11 percent less for tail farms as compared to head farms.
 

For the nonperennial command farms with no tubewell supplies the differences
 

are 12 percent less for tail farms. This difference would probably be
 

greater except for the fact that at sites 114 and 115, with 43 Persian
 

wells, 18 are located at the middle of command areas and 15 are located at
 

the tail reaches. Therefore, 33 Persian wells supply water which can be
 

utilized by tail farms. The public tubewell only supplemented commands
 

present an unusual situation. At site 105 the major watercourse losses
 

were observed at the head due to a branch watercourse that was improperly
 

designed with respect to the surrounding topography. Tail farms received
 

relatively more water. Water is ample at this command area with about
 

1.83 cusecs of public tubewell water.
 

Whatever the water supply situation, farms located at the tail
 

reaches of commands receive less than their equitable share of the water
 

due to greater conveyance losses. Therefore, they are under the water
 

supply constraint to reduce their cropping intensities from 10 to 25 per

cent as compared with farmers located at the head of watercourse commands.
 

In Volume VI, Appendix III-D, a list of all 40 individual command areas is
 

given and the differences in cropping intensities for head and tail farms
 

is given with an explanation of differences. Of 24 of these individual
 

commands, the range in differences in cropping intensities between head
 

and tail farms was minus 2 percent to minus 48 percent.
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E. Cropping Intensities by Farm Size and Tenure Class
 

Both farm size and tenure classes are presented (Tables 71 and 72)
 

in relationship to percentage of 	acreage in crops for the 1975-76 season.
 

intensities and farmTable 71 provides information about cropping 

perennial and nonperennial command farms are
size classes. When both 

combined there is little indication that the larger farms have lower 

is that our sample does not include
intensities. The major explanation 

farmers.sufficient numbers of larger 

When cropping intensities are examined in relationship to tenure 

classes (Table 72) we find that owner-cum-tenants lave lower intensities 

either owners or tenants tor perennial cormands. For nonperennialthan 

commands, tenants have lower intensities which may reflect the fact that 

All tenure
water is a major constraint, especially in kharif season. 


classes have about 12-13 percent less cultivated area in crops for kharif
 

This reflects the very high evapotranspiration ratios 
saason than for rabi. 


in kharif as compared to rabi season.
 

Use of Tractors for Land Preparation and Cro Li _Intensities
F. 


A common problem in Pakistan for increased cropping intensicies,
 

other 	than a shortage of water, is the narrow margin of time in completing
 

season and the land preparation required
the harvest of the crops for one 


for uhe next crop, especially where seasonal labor shortages and shortage
 

of bullock power are problems. For example, the harvesting of wheat iv.
 

April and May requires about 42 maa hours per acre for harvest (cutting)
 

and about 26 man hours/acre plus bullocks for threshing. The upper Indus
 

study (Gibbs, 1966: 254-278) provides useful data on labor and animal
 

power utilization for crop and harvest activities. A farm with five
 

acres of wheat would require about 26 man days for cutting the grain and
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Table 71. Farm size classes for perennial and nonperennial
 
Watercourse Comands by percentage of cultivated
 
area for rabi and kharif crops (1975-76).
 

Percentage of Cultivated Area
 Type of command Farms Rabi &
 
and farm class reporting Rabi Kharif kharif
 
sizes (acres) No. % % %
 

Perennial
 

76 161
Under 2.5 35 85 

2.5-7.49 71 81 65 145
 
7.5-12.49 75 84 69 153
 
12.5-24.99 64 76 72 148
 

17 84 72 156
25.0-49.99 

50 and over 7 80 64 144
 

Nonperennial
 
131
Under 2.5 38 76 55 


58 136
2.5-7.49 22 77 

7.5-12.49 21'Q '65 52 115
 

22' 71 62 131
12.5-24.99 

25.0-49.99 0 - 

44 88
50 and above 1 40 


TOTALS
 
Perennial and
 
nonpereinial
 

80 65 145
Under 2.5 73 

80 63 143
2.5-7.49 93 

80 65 133
7.5-12.49 96 


86 75 69 144
12.5-24.99 

156
25.0-49.99 17 84 72 

137
50 and above 8 76 61 


http:25.0-49.99
http:12.5-24.99
http:7.5-12.49
http:2.5-7.49
http:25.0-49.99
http:12.5-24.99
http:7.5-12.49
http:2.5-7.49
http:25.0-49.99
http:12.5-24.99
http:7.5-12.49
http:2.5-7.49


Table 72. Tenure class for perennial and nonperennial watercourses by cropping
 
intensities for rbi and kharif seasons (1975-76).
 

!__CROPPING INTENSITY PERCENTAGES 

Watercourse type 
jand tenure classes 

No. 
farms 

Rabi 
Season 

No. 
farms 

Kharif 
Season 

No. 
farms 

Rabi & 
Kharif 

t Season 

perennial command
 

owner-operators 189 83 187 70 17 152
 
ner-cum-tenants 34 76 32 62 32 137) 145*
 

Tenants 46 80 46 73 45 153)
 

PERENNIAL TOTALS WEIGHTED 269 82 265 70 264 150
 

Nonperennial
 

Omner-ope2ators 64 74 63 59 63 132
 
Owner-cum-tenants 21 69 21 60 21 129)
 124*
 
Tenants 19 73 20 47 20 118)
 

ONPERENNIAL TOTALS WEIGHTED 104 73 104 57 104 129
 

erennial Plus Nonperennial
 

brotals weighted 373 79 369 66 368 144
 

*Note cropping intensity percentage differences between iwner-operators and the
 
combined values of tenants plus owner-cum-tenants for both perennial and
 
nonperennial command areas.
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about 16 man and bullock days for threshing. This is a time when labor
 

and animals are needed in the cotton area, for example, to prepare the
 

seedbed and for planting. These operators require about two man days
 

and four bullock days per acre for plowing and 1.5 man and bullock days
 

for planting the seed. Depending on the soil types, the bullocks, the
 

skill of the operator and crop residues using the traditional plow from
 

2.5 to 3.0 hours are required for plowing one acre. Famners in the
 

Punjab especially follow the local idiom. 
 "The more you plow the soil,
 

the greater the produce," and often plow the cotton fields 
seven or
 

eight times before planting. Much of this is for weed control. Many
 

crops, including wheat and 
cotton, due to the time constraint, are not 

soun or planted on time. 

One way of relaxing this constraint is to employ tractors for seed

bed preparation. Increasingly, farmers are making use of tractors for 

this purpose. Table 73 provides information about the use of tractors 

for seedbed preparation and cropping intensities. For example, those who 

report no use of tractors have a cropping intensity of 146 percent as 

compared with those who hire tractors of 153 percent, and owners of 

tractors of 160 percent for perennial. commands. For nonpez-2nnial commands
 

the relationship is not clear due to only 4 tractor owning farmers, but 

those who rent tractors have intensities of 135 percent versus those
 

farmers who do not use tractors of 128 percent.
 

While famners who own tractors also own more tubewells than other
 

farmers, there is some indication that use of a tractor is related to
 

cropping intensities.
 



Table 73. Utilization of tractors fo.r seedbed preparation by average cropping intensities.
 

AVERAGE CROPPING INTENSITY PERCENTAGES
 

Utilization of tractor Farms Rabi Farms Kharif !Farms Rabi & kharif 
for seedbed preparation report- cropping report- croppingireport- combined 
and cultivation ing ing %__ ing cropping % 

Perennial watercourse 
command areas 

No use of tractor 120 81 118 65 117 146 
Hires tractor 129 82 128 72 128 153 
Owns tractor 16 78 16 82 16 160 

Nonnerennial water
course command areas 

No use of tractor 69 73 69 55 69 128 
Hires tractor 
Owns tractor 

29 
4 

74 
60 

29 
4 

62 
60 1 

29 
4 

-36 
120 0 

Totals 

No use of tractor 189 78 187 62 196 139 
Hires tractor 158 81 157 70 157 150 
Owns tractor 20 74 20 77 1 20 151 
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IV. 	 CROPPING PATTERNS OF WATERCOURSE COMMAND AREAS
 

There are many factors which influence a farmer's choice of cropping
 

patterns from season-to-season and year-to-year--some of the most important
 

include:
 

- The water supply situation and the control of supplies along with
 

the particular crop irrigation demands.
 

- The farmer's home consumption needs and the larid he has available.
 

- The tenure status of the cultivator.
 

-
The size of the operation and the socio-economic power of the
 

farmer to command capital and labor.
 

- The 	marketing situation.
 

- Climatic and soil conditions.
 

Other 	factors such as tradition and custom also play a role in
 

farmers' decisions to cultivate various crops at a given time.
 

Crops 	reported in the text of this report are those for the 1975-76
 

rabi 	and kharif seasons. During this period there were canal closures,
 

due to the rationing of canal supplies and floods in the 
sumrn.er of 1976.
 

The unexpected release of Tarbella waters for repair of serious damages
 

must also be consJdered. The crops reported are only for sample farms.
 

We must depend on farmers' reports for seasons not included in the crop
 

surveys. 
Volume VI, Table B in Appendix III provides information as to
 

the time of the survey at each site. 
 At some sites, the survey coincided
 

with the period between cropping seasons when farmers had not completed
 

land preparation or harvest of crops. Therefore, we must depend on
 

farmers' report which were obtained by using a grid showing each acre
 

cultivated on each farm. 
The crop survey data for all sites is reported
 

in Volume VI, Appendices III A to D and IV D. 
Also, 	a table is presented
 

http:sumrn.er
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which compares the sample farm cropping data with that obtained from the
 

crop surveys for the total command area. Where these differ significantly,
 

it is noted in Appendix III-D. While there are differences for area in
 

some crops, the data reported in the text provides a good approximation
 

of the cropping patterns for the commands investigated; in the presenta

tion of data on cropping patterns, several concepts must be considered.
 

First, the term "cropping intensity" refers to the percentage of cultivated
 

acreage sown to crops for a given season or yenr. Orchard and perennial
 

crops are counted twice. Secondly, the term harvest intensity excludes 

perennial crops such as fruit orchard and sugarcane crops which provide 

only one harvest per year. Third, the tables also show the area in 

polyculture or intercropping such as gram and wheat, fodder and wheat in 

orchards. Crops which are intercropped with other crops are not counted 

separately. Only the major or dominant crop Is counted, however, the
 

incidence of polyculture is shown separately at the bottom of each table
 

for each site. Fourthly, data in the tables are usually presented for
 

each sample village sites instead of for each individual command area.
 

The rationale for combining command areas at village sites is that
 

climatic, marketing, land use, and water supply factors are almost
 

identical.
 

A. Agro-climatic Regions and Command Areas
 

Tables 74 to 80 provide detailed information on cropping patterns.
 

(1) Cotton-wheat command areas
 

These include commands at two sites in Multan District (102 and
 

107); one site in Bahawalpur District (114) and one site in Tharparker
 

District (112). The last mentioned is located in Sind Province and the
 

others are in the main cotton belt of the central and southern Punjab.
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Cropping intensities 
(Table 74) vary from 122 to 158 percent-

the variation can be explained primarily by water supply situations. For
 

example site 114, on a nonperennial coimnand, has an intensity of 122
 

percent. Of the four watercourses at this site, there are only two
 

private tubewells to supplement seasonal canal supplies. 
These are located
 

only on 114-1. 
 Note that this site has almost no rice and only four percent
 

of the cropped area in sugarcane. Site 107 has 26 diesel powered private
 

tubewells and an intensity of 158 percent. 
Site 102 has six diesel powered
 

private tubewells to supply an area 
of 522 acres plus an authorized mogha
 

discharge of 1.76 cusecs. 
A serious problem of mogha submergence reduces
 

the actual mogha discharge, thereby decreasing canal supplies. Also many
 

fields have not been adequately leveled since the area was settled in 1948. 

Site 112 has a relatively low cropping intensity due to lack of 
supplements
 

to canal supplies.
 

The presentation of data on cropping patterns (Table 74) 
also
 

includes information on crop rotations of 
farmers for command areas in
 

various climatic regions and cropping zones. The major limiting factors
 

to planned rotations in Pakistan are land constraints and control over
 

scarce water supplies. 
 Farmers with limited land and water resources
 

are under strong pressures to increase cultivated acreage as much as
 

possible which results in periods of underirrigation relative to crop
 

needs. Most of the perennial commands without tubewell or Persian well
 

supplements 
are designed for 50-75 percent intensity. While the farmer
 

can claim this amount by right, the actual intensity is much higher.
 

The canal system limits farmers options in planning rotations (Roberts,
 

1951: 122). Climate and the relative profitability of various crops,
 

therefore, have only a secondary influence upon crop rotations.
 



202
 

Table 74. 
 Cropping patterns for cotton-wheat dominated command
 
areas.
 

PERCENTAGE OF COTTON-WHEAT DOMINATED
 
COMMAND AREA SITES AND ESTIMATED
 
ANNUAL ATMOSPHERIC EVAPORATIVE DEFICIT
 

IN INCHES
 

Season, crops, Site 102 Site
Site 107 114 Site 112
 
cropping and 55-65" 
 55-65" 55-65" > 65"
 
harvest intensities n=9 n=55 n=38 n=34
 

A. Rabi season
 

1. Wheat 48 53 42 57 
2. Fodder 
 12 12 14 9
 
3. Sugarcane 1 9 
 1 8
 
4. Garden Neg. 1
1 3 

5. Vegetables 
 - 4 3 2
 
6. Other crops  2 Neg. Neg.

7. Fallow 38 20 
 37 23
 

Cropping 62 80 63 77

Harvest 62 80 63 77
 

B. Kharif season
 

1. Rice 
 - 1 Neg.

2. Cotton 60 41 
 32 32
 
3. Fodder 10 19 
 19 5
 
4. Sugarcane 1 11 4 14
 
5. Garden 1 Neg. 1 1
 
6. Vegetables 1 6 1 5
 
7. Other Neg.
- 1 1
 
8. Fallow 27 
 22 41 42
 

Cropping 73 78 49 58
 

Harvest 71 67 54 43
 

C. Rabi + Kharif
 

a) Fallow 65 42 78 65
 
b) Cropping 158
135 122 135
 
c) Harvest 133 147 
 117 120
 
d) Polyculture 10 1
5 5 
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To obtain data on crop rotations, sample farmers were asked to
 

report their actual crop rotations for three to 
four randomly selected
 

fields for three or 
four seasons. 
 Since many farmers did not report four
 

past seasons, Table 75 
shows crop rotations for three seasons for wheat

cotton command areas. 
 It is not 
feasible to list all possible roLations, 

therefore, "no pattern" refers to combinations of many other rotations. 

The purpose is 
to show the major rotation patterns (rabi-kharif-rabi) for
 

each major cropping region with a discussion of the water supply situation.
 

Wheat-cotton conmmands favor a wheat-cotton-wheat rotation 28
 

percent of the time. 
 A number of rotations are used with cotton which
 

include fodder-cotton-wheat (10%), 
fodder-cotton-fodder (3%) and fallow

cotton-fallow (3%). 
 These commands, with the exception of villages 114
 

and 112 watercourses, have a heavy density of 
private tubewells ranging
 

from 5 to 13 in number. 
Cotton can always followwheat, but timing is
 

important especially at the time of wheat harvest which is also the time
 

for using bullocks and human labor for preparation to plant cotton.
 

Given an increase use of tractors and threshers this constraint is gradually
 

being reduced for tractor utilizing farmers.
 

On the 281 reported rotations, 75 or about 27 percent contain
 

fallow. The rotations in which fallow is 
used are strongly related 
to the
 

general water supply situation. For example, at sites 102 and 107 there
 

are 6 or more private tubewells per watercourse command and only 9 percent
 

of the rotations reported contained fallow. 
At site 112, with no supple

m-ntal supplies, 9 of 41 rotations reported 
or 22 
percent contained fallow.
 

At sites 114 and 115, 
both of which are nonperennial with little supple

ments to canal supplies, 42 percent of the rotations reported contained
 

fallow. Farmers tend 
to limit the 
use of fallow in crop rotation where
 

supplemental water supplies are available.
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Table 75. Crop rotations for cotton-wheat command areas.
 

Rotation followed Number of Percentage of 

by farmers times reported total reports 

Wheat-cotton-wheat 77 27 

Fodder-cotton-wheat 30 11 

Wheat-fodder-wheat 15 5 

Sugarcane-sugarcane-sugarcane 12 4 

Fodder-fodder-wheat 11 4 

Wheat-fallow-wheat 11 4 

Fallow-cotton-fallow 9 3 

Fodder-cotton-fodder 8 3 

Sugarcane-sugarcaixe-wheat 8 3 

Wheat-fallow-fallow 7 2 

Fodder-fodder-fodder 6 2 

No pattern 89 31 

Totals* 283 99
 

*Note the -lack of fallow included in the rotations above.
 



205
 

The sites shown where farmers cultivate cotton have no problems
 

of waterlogging and all are in clinatic regions ideal for cotton produc

tion. Cotton is cultivated in these areas due 
to good soil conditions
 

(light to medium textured) and a good market.
 

Of the four sites, those with the best supplemental tubewell
 

water supplies have a higher percentage of acreage in cotton. After a
 

farmer has met his home consumption needs for food and fodder crops, the
 

availability of water probably is the prime consideration in decisions
 

about how much cotton to cultivate. This is partially confirmed by
 

farmers' responses when asked how much they would increase their present
 

acreages of cotton given a doubling of irrigation supplies. Fifty-six and
 

64 percent of the farmers, respectively, at sites 112 and 114 
(5-13
 

tubewells/comand) reported acreage increases of 50 percent or more while
 

no farmers at sites 102 and 107 reported increases of 50 pcrcent or more.
 

Farmers, given pressures on 
the limited land resources, do not
 

appear to include fallow in rotations except on a limited basis. 
Rota

tions do make use of fodder crops, but the emphasis is on as intensive
 

cropping intensities as are possible.
 

2. Rice fodder and wheat command areas
 

Rice is also a cash crop where soils and water supply permits.
 

Farmers who grow rice for market prefer the aromatic Basmati vaT 2ty
 

which has a strong market demand as a foreign exchange earner. The
 

Basmati variety is characterized by a special fragrance, long grains, and
 

excellent cooking qualities. Basmati is favored over the new HYV of the
 

IRRI type because of the special qualities and the premium price. 
For
 

example, the procurement price for Basmati rice per maund for the 1974-75
 

crop was Rs. 90 as compared to Rs. 
38 for IRRI 8 rice variety. Yields
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per acre of IRRI HYV of rice between 1970-1973 averaged 21 maunds as 

compared to about 11 maunds for Basmati varieties (Saeed, 1.974: 3-6). 

The differential in price is such that farmers in the rice areas who grow 

rice for market overwhelmingly cultivate the Basmati varieties which 

provide a gross income of about 25 percent more per acre than IRRI varieties. 

Table 76 shows the cropping pa terns at five sites. Sites [16 

and 110 are thoc with primarily rice cultivation. Both are located on 

perennial comands. Fodder cultivation is high at site 116 where berseem 

is marketed to Karachi by truck throughout the rabi season. Sites 104 and 

103 have high percentages of fodder for both kharif and rabi season s due 

to a high market demand for fodder in Lahore City. While these two 

commands have little supplemental irrigation supplies, fodder crops are 

primarily maize, milieus, and oats which have rulatively low water demands 

as compared to berseem and lucerie crops. S:ite 115 is predominately a 

wheat-fodder command where only about 4 percent of the area was in rice 

for kharif 1975. 

The major crop rotations followed by farmers at the sites reported
 

in Table 76 are given in Table 77.
 

Table 77. Major rotations used at sites 103, 104, 110, 115 & 116.
 

No. of Percent
 
rotations of total
 

Sites reported Major rotations reports
 

Site 116 43 berseen-rice-berseen 58
 

(rice-fodder commands) wheat-rice-wheat 


Site 110 108 wheat-rice-wheat 33
 

(rice-wheat commands) wheat-rice-fodder 12
 

Sites 103 and 104 80 wheat-fodder-wheat 38
 

(rice-fodder-wheat fodder-fodder-wheat 14
 

commands)
 

Site 115 52 wheat-fodder-wheat 25
 
(wheat-fodder command) wheat-cotton-wheat 14
 

33 
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Table 76. Cropping patterns 
for rice and fodder crop dominated
 
command areas
 

Rice- Rice-

Season, crops 
 Rice- fodder- wheat
 
cropping fodder wheat 
 Domin
intensities 
 Domin- Domin- ated
and harvest ated ated 
 Com- Fodder-Wheat
 
intensities 
 Com-
 Com- mands Dominated
 

mands mands 
 Command
 
Site and estimated annual atmospheric
 

evaporative deficit in 
inches
 
Site 116 Site 104 Site 110 Site 115 Site 103
 

>65" <45" <45" >65" <45"
 
n=26 n=30 
 n=20 n=39 
 n=16
 

A. Rabi season
 

1. Wheat 32 
 37 58 
 49 57
2. Fodder 
 47 42 
 11 
 8 24
 
3. Sugarcane 
 - , 4 3 
 * 
4. Garden  4 5 8 1
 
5. Vegetables 
 - , 6 
 14 4

6. Other crops 
 - 1 
 1 1 
7. Fallow 
 21 16 15 
 17 14
 

Cropping 79 
 84 85 
 83 86
 
Harvest 79 
 84 85 83 
 86
 

B. Kharif season
 

1. Rice 87 19 
 65 4 
 7
 
2. Cotton 
 - * * 10 12 
3. Fodder 
 39 4 
 29 33

4. Sugarcane 
 3 4 
 2 3
 
5. Garden 
 * 1 9 * 
6. Vegetables 
 * * 2 57. Other crops 
 4  * 3
8. Fallow 13 35 
 26 44 
 37
 

Cropping 87 65 
 74 56 
 63

Harvest 
 87 62 69 
 45 60
 

C. Rabi + Kharif
 

a) Cropping 166 149 159 139 
 149
 
b) Harvest 166 146 154 
 128 146

c) Polyculture 
 - 3 * 10 9 
d) Fallow 34 51 
 41 61 
 51
 

*Negligible percentage, much less than 1%.
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Farmers try to adjust their cropping patterns to the water suppl' 

situation. Fallow is primarily related to available water supplies. 

Where farmers do not have sufficient water to grow crops requiring 

relatively high water demands, they shift to fodder crops and gram which 

demand less water.
 

3. Sugarcane-whea t commands 

Table 78 shows the cropping patterns at two sites where about
 

one-fourth of the cropped area for rabi and kharif are in sugarcane. 

Both of these commands are near sugar mills where sugarcane growers are 

given extra incentives such as fertilizer and insecticides against deliver) 

of the crop. Site 113 has no supplemental water supply. Tne cropping and 

harvest intensities are lower tbi at site 101. Site 113 has a higher 

percentage in fallow given lack of tubewell supplements to canal supplies. 

Crop rotations reported 	by faimers for the sugarcane-wheat commands
 

are provided by Table 79. 

Table 79. Crop rotations reported by farmers
 

Percent 
No. of 

Sites reports 
of total 

reports 

101 36 sugarcane-sugarcane-sugarcane 
wheat-fodder-wheat 
sugarcane-fodder-wheat or fodder 
no pattern 

percentage of total with fallow 

19.4 
12.9 
11.1 
55.5 

6 

113 55 	 wheat-fodder-wheat 18.2
 
fodder-sugar zane-sugarcane 27.3
 
wheat-fodder-sugarcane 5.5
 
wheat-cotton-wheat 3.6
 
wheat-fodder-fodder 3.6
 
no pattern 41.8
 
percentage of total with fallow 22
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Table 78. Cropping patterns for sugarcane and wheat dominated
 
command areas. 

Percentage of
 
Season, crops, Sugarcane-wheat dominated command sites
 
croppinq and and
 
harvest Estimated annual atmospheric evaporative
 

deficit in inches
intensities Site 101 Site 113
 
>65"
45-55" 


n=i5 n=26
 

A. Rabi season
 

1. Wheat 41 28
 
2. Fodder 18 19
 
3. Sugarcane 23 23
 
4. Garden 3 11 
5. Vegetables 1. 1 
6. Other  2
 
7. Fallow 15 16
 

Cropping 86 84
 
Harvest 86 86
 

B. Kharif season
 

1. Rice 3 1
 
2. Cotton 2 
 3
 
3. Fodder 25 18
 
4. Sugarcane 25 27
 
5. Garden 3 11 
6. Vegetables 2 
7. Other 
 - 1
 
8. Fallow 40 40
 

Cropping 60 61
 
Harvest 32 
 23
 

C. Rabi & Kharif
 

Cropping 145
 
Harvest 118 109
 
Polyculture 21 14
 
Fallow 55 
 56
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Note in Table 79 that at site 101 sugarcane is carried for
 

three years in 19 percent of the rotations, whereas at site 113 this is
 

not so. As a ratoon crop, yields are usually lowered substantially if
 

carried for the third season.
 

4. Mixed crops with fruit orchards
 

Five of the sites; (see Table 80) have no definite pattern or 

crops. All of these sites are served by public tiibewells and cropping 

intensities are high except at situ 108 where canal supplies were limited 

in kharif, 19776. All sites except ili ar, inurho SCAIRP areas of 

Sargodha district. Site Ill is the Ma fffarga rh District, the heart of 

the mango belt. Over 20 percent of the ciii tivated area at site Ill is 

in mangoes. Site 109 a lso has a high percicnt:ge of cultivated area ill 

orchards which are primariJly citrus. Note that all. sites except Ill 

have a relat:ively high percentage of cultivated area in sugarcane. This 

is because a sugar mill is located nearby wb are ,pucial incentives are 

provided for farmers to grow sugarcane. Poiculture at: these sites 

ib primarily related to area in garden and sugarcane. For example, 

site 109 has 53 percent of total cultivated arg in sugarcane and wheat 

and 57 percent of the area in polyculture. At these sites, polyculture 

is primarily related to area in gardens where ber,;eem, maize fodder, 

and other crops are planted in orchard crops. Note that at sites 105 

and 108 there is little polyculture and little area devoted to gardens. 

The major crop rotations reported at sites 105, 106, 108 and
 

109 are sugarcane-sugarcane-sugarcane 12 percent of the time and wheat

fodder-wheat 25 percent of the time. At site 111, the major rotations
 

are wheat-fodder-wheat and wheat-fallow-wheat.
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Table 80. Cropping patterns of sites with mixed crops and orchards.
 

Percentage of mixed crops with fruit orchards
 
Season, crops, 
 and estimated annual atmospheric evaporative
 
cropping intensities deficit range in inches
 
and harvest 
 Site 105 Site 106 Site 108 Site 109 Site 111
 
intensities 
 45-55" 45-55" 45-55"
45-55" 55-65" 

n=8 n=12 n=9 
 n=14 n=12
 

A. Rabi season
 

1. Wheat 32 45 23 
 24 42
 
2. Fodder 
 18 19 31 
 15 10 
3. Sugarcane 28 
 12 13 25 4
 
4. Garden 
 2** 9** -** 28 21 
5. Vegetables 4** 
 1 3 1 * 6
 . Other crops * 1 1 1 1 
7. Fallow 16 13 6
29 22
 

Cropping 84 87 94
71 78
 
Harvest 
 84 87 71 94 78
 

B. Kharif season
 

1. Rice 
 22 10 6 2 8
 
2. Cotton 
 6 11 8 9 6
 
3. Fodder 
 22 19 15 
 17 17
 
4. Sugarcane 16 
 13 16 24 3
 
5. Garden 
 i** 9 
 29 22
 
6. Vegetables 2** 
 - 1 1 1
 
7. Other crops 
 * - - 2 4
 
8. Fallow 
 31 38 54 16 39
 

Cropping 69 62 84
46 61
 
Harvest 52 40 31
30 36
 

C. Rabi + Kharif
 

a) Cropping 153 149 117 
 178 139
 
b) Harvest 136 101
127 125 114
 
c) Polyculture 5 18 1 
 57 44
 
d) Fallow 47 83
51 22 61
 

*Negligible, meaning much less than 1%.
 
**These are probably not representative.
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5, 	Incidence of fallow in crop rotations and supplemental
 

irrigation supplies
 

Farmers leave land fallow for weed control, nitrogen build-up,
 

and 	because of labor constraints, desire for leisure, and lack of
 

sufficient water supplies. Table 81 shows that the water supply situa

tion is strongly rel ted to the incidence of fallow. 

B. 	Tubewell Sjuppleien ts to Canal Water Supplies and Cropping 

Pat terns 

Table 32 provides information on The percentages of cultivated
 

acreage for selecced ma or crops. In,a compar:ison of oVraU ] percentages 

between perennial and nonperennial command farmers it is expected the
 

former have. i higp,,her percentage to wheat, ricu, cotton, sugarcane and
 

fodder crops. There is, however, only a sl.ightly smallcr percentage of 

cotton on nonperennia] connands.
 

For sample farmers on perennial commands only public tubewell 

farmers and farmers with no tubewell supplements report a smaller per

centage of total cultivated acreage devoted to whe t. The public tube

well supplemented watercourses are located in the mixed crop region at 

Sargodha District which cultivate slightly less wheat. Rice cultivation 

shows little difference between all types of supplemented watercourse 

commands. 

Public tubewell farms for the two seasons have a much higher per

centage of cultivated area in sugarcane than do farms on tubewell
 

supplemented watercourse commands. Not only is there a greater volume of
 

water available and more supply reliability, but also there is a nearby
 

sugar mill.
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Sample farmers on watercourses with only one or two private tube

wells (see Table 82) report 47 percent of their total cultivated
 

acreage for rabi plus kharif in fodder crops. 
 Two of these watercourses,
 

with only one 
private tubewell per watercourse command, have 32 farmers
 

who have a weighted average of 69 percent of cultivated area in fodder
 

for rabi and kharif. 
 All of these sell both fodder and milk in Lahore
 

City. When these are 
removed, the percentage of the area devoted to
 

fodder crops for nonsupplemented watercourse commands is decreased 
to
 

13.2 as compared to 47 percent. Fodder crops for rabi and kharif
 

combined appear to be influenced by water supply.
 

When one examines the cropping patterns of nonperennial water

courses (see Table 82) 
it is obvious that sample farmers on commands
 

with no 
tubewells devote a larger percentage (45) of total cultivated
 

acreage to wheat than farms on tubewell supplemented commands. Wheat
 

requires much less 
water than bcrseem. Sugarcane is significant as a
 

percentage of cultivated acreage only on watercourse commands with tube

well supplements.
 

C. 
Cropping Pattern Differences Between Perennial and Nonperennial
 

Commands.
 

Table 83 provides a summary of the cropping patterns on perennial
 

and nonperennial commands. 
 Cropping intensities of crops with high water
 

demands, such as rice and sugarcane, are 
from 7 to 13 percent less on
 

nonperennial commands. 
 Rabi and kharif fallow is greater on the non

perennial command areas. 
Little difference is noted 
for wheat which is
 

grown widely for home consumption and which can be grown on only two
 

irrigations if water is extremely 
scarce. Ordinarily, the consumptive
 

use of wheat is from 9-12" of water depending on stress applied, sowing
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Tahle 81. Types of watercourse irrigation supplies by incidence of fallow
 

used in crop rotation.
 

Types of watercourse 


command irrigation 

supplies 


Perennial commands
 

1. Public tubewells 


2. Private tubewells
 
*a. Low density 


*b. Medium density 
*c. High density 


3. No. TW supplements 

4. Special cases 

Excess canal water 
__ J gs~l,_1161 

PERENNIAL TOTALS 

Nonperennial commands 

1. Public tubewells 
2. Private tubewells
 
a. Low density 2 


b. Medium density 

c. High density 


3. No. TW supplements 
a. Persian wells 
1) Low density 


NONPERENNIAL TOTALS 

Uncommanded
 

1. Private tubewells 
a. Heavy density 3 


Totals
 

All public tubewells 


All private tubewells 


All nonsupplement4 


No. of 


observations 


69 


161 


25 
247 


94 

101 


69 . 

17 

125 

0 

0 


45 

187 

19 


86 


577 


139 


1. Excess canal water in a waterlogged area; 


Percentage of
 

No. of total observa

rotations in tions for 

which fallow which fallow 

is included is included 

8 11.6
 

26 16.1
 

5 20.0 
43 17.4 

22 23.4 

15 14. 9 

119 17 .. 1... 

7 41.2 

50 40.0
 
-
-

--

14 31.0 

31.0
 

71 38.0 

0 0
 

15 17.4
 

124 21.5
 

36 25.9
 

farmers in season blocked
 

the mogha and reported abundance of year-round water.
 

2. Supplemented also with 43 Persian wells for 10 command areas.
 

3. No canal water but 7 private tubewells.
 

4. Excludes villages 113, 116 special cases with excess irrigation water.
 

*Low, medium and high density of private tubewells respectively mean
 

under 3, 3-6, and 7 or more private tubewells.
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Table 82. Tubewell supplemented watercourse command areas by
 
percentage of cultivated acreage in wheat, rice,
 
cotton, fodder and sugarcane crops
 

Tubewell (TW) No. Percentage of cultivated acreage in 

supplements of rabi + kharif 
farms wheat rice cotton [ sugarcane I fodder 

Perennial watercourse commands
 

No tubewells 101 43 8 11 25*(17) 44**(37) 

Public TWonly 33 23 10 9 36 37 

Public + 
private TWs 4 49 2 25 38 26 

Under 3 
private TWs 54 49 6 10 28 47***(13) 

3-6 private 
tubewells 33 51 9 36 20 24 

7 or more 
private TWs 45 53 9 35 15 31 

Overall 270 44 8 18 25 39 

Nonperennial watercourse commands 

No tubewells 48 45 1 24 5 35 

Public TW only 32 39 9 6 16 30 

Public + 
private TWs 9 23 6 9 29 45 

Under 3 
private TWs 54 39 6 11 14 32 

Overall 143 40 5 14 12 33 

*Percentage in brackets ( ) when farmers of 4 watercourses 
at villages 101 and 113 are removed which are near sugar 
mill and have high water tables. 

**Percentage when 16 farmers of 2 fodder-wheat watercourses 
removed near Lahore market. 

***Percentage when 32 farmers on 2 fodder-wheat commands with 

1 tubewell each near Lahore fodder market removed. Their
 

weighted average in fodder is 69.4 percent.
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Table 83. Percentage and percentage differences between cultivated area
 

in major crops for perennial and nonperennial watercourses.
 

Perennial (P) and Difference 

Season and noperennial (NP) between P and 

major crops watercourses NP watercourse 
NP P 

Rabi n=268 n=88 - 8.0
 

Wheat 12.7 44.2 - 1.5
 

Fodder 12.4 20.9 - 8.5
 

Sugarcane 2.3 9.8 - 7.5
 

Garden 6.9 3.7 + 3.2
 

Vegetables 7.5 1.8 + 5.7
 

Other .7 .9 .2
 

Fallow 27.6 18.4 +9.2
 

(n=264)
 

73 81 -12.0
Kharif 


15.7 -12.7
 

Cotton 19.0 16.7 + 2.3
 

Fodder 22.7 18.0 +4.7
 

Sugarcane 4.8 11.7 - 6.9
 

Garden 6.0 + 


Rice 3.0 


3.5 52.5
 

Vegetables 1.3 -2.4 - 1.
 

Other .3 ..9 .6
 

43.2 30.8 +12.4
Fallow 


(n=263)
 

Rabi and Kharif :57 69
 

Cropping
 
percentages 130 150 -20.0
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date and variety -lO/ Fruit gardens are slightly greater in the non

perennial commands due to a large farmer (over 100 acres) at site 115 

who had over 50 percent of his holdings devoted to mangoes. 

SD. Major Crops and Types of Farm Operations 

Land tenure structure and farm size may exert influence on crops 

:cultivated (see Table 84). In rabi season on perennial commands there 

is no significant difference in area cultivated in wheat. 

With improved water control, farmers on perennial commands devote 

about 16 percent of their cultivated acreage in kharif season to rice 

while nonperennial command farmers use only about three percent of their 

acreage to that crop. While rice is consumed on special occasions in
 

Pakistan, it is not the main staple food for large numbers of people.
 

Of the perennial command sample farmers, the smaller the farm size the
 

larger percentage of cultivated acreage devoted to rice. While this does
 

not hold for nonperennial command farmers, this does indicate that small
 

farmers given sufficient water supplies, devote much acreage to this
 

labor intensive crop. There is little difference between the two types
 

of commands in regard to cotton cultivation, but smallest farm category
 

cultivates lesser percentages of cotton than do sample farms in other
 

categories.
 

E. Tenure Classes and Cropping Patterns
 

Data relating tenure classes with major crops cultivated are shown
 

in Table 85. Only on perennial commands do tenants cultivate more of
 

their acreage to rice than either owners or owner-cum-tenants. Tenants,
 

however, cultivate slightly less cotton than other farmers which reflects
 

the greater control of private tubewell water and Persian wells by owners.
 

10/ Bowers, S. A., CSU Water Management team, private communication, 1976.
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Table 34. Farm size class by percentage of cultivated area 
in wheat, rice, cotton and sucjarcane.
 

Percentage of cultivated acreage 

Farm size No. in soelected crops 
classes of wheatjri-ce cotton sugarcane sugarcane 
(acres) farms rabi kharif 

Perennial 

Under 2.5 35 45.8 33.9 13.4 10.3 13.8 

2.5-7.49 71 45.3 15.2 16.7 7.3 9.2 

7.5-12.45 75 44.6 11.5 16.0 10.6 11.4 

12.5-24.99 64 41.9 13.6 19.0 9.7 12.7 

25.0-49.99 17 42.9 8.8 17.1 12.0 12.6 

50.0 and 
over 7 40.0 9.6 14.7 19.0 15.81
I
Perennial 
Totals Wtd. 269 44.1 15.7 16.6 9.8 11.6 
Non-

Perennial 

Under 2.5 38 50.7 3.3 10.9 - 1.2 

2.5-7.49 22 37.9 1.3 19.9 4.7 2.7 

7.5-12.49 21 38.4 5.9 20.3 3.5 6.0 

12.5-2499 22 37.0 3.7 20.0 3.1 7.9 

25.0-49.99 0 - - 

50.0 and
 
over 1 40.1 40.1
 

Nonperen
nial Totals
 
Weighted 104 42.1 3.5 16.5 2.7 4.3
 

http:25.0-49.99
http:7.5-12.49
http:2.5-7.49
http:25.0-49.99
http:12.5-24.99
http:7.5-12.45
http:2.5-7.49
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Table 85. Tenure classes by percentage of cultivated area in 
wheat, rice, cotton and Sugarcane,
 

Percentage of cultivated area in crops
Tenure 
 No. wheat rice 
 cotton sugarcane sugarcane

classes arms 
 rabi kharif
 

Perennial
 

Owners 189 
 44.1 14.2 
 17.2 
 9.8 10.8
 

Owner-sim
tenants 
 34 48.3 
 8.5 18.6 7.6 9.4
 

Tenants 45 40.1 27.9 12.6 15.3 17.0
 

Non
perennial
 

Owners 64 
 43.2 3.2 16.6 3.3 4.2
 

Owner-cur
tenants 21 40.1 4.1 19.1 1.7 4.2
 

Tenants 
 19 40.9 3.6 13.7 2.1 
 4.7
 

Both
 

Owners 253 
 43.9 11.4 17.0 
 8.2 9.1
 

Owner-cum
tenants 55 45.2 6,8 18.8 5.3 
 7.4
 

Tenants 64 40.3 20.7 12.9 11.4 
 13.3
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During the survey, several tenants, when asked their warabundi time
 

period for the allotment of canal water, reported that their time depended 

on the will oi the landlord. Tenants devote a larger percentage of their 

acreage to sugarcane. This implies that tenant.s arC placing s.iJtly 

more emphasis on cash crop. ad are probably pressured in this direction 

by landlords.
 

F. Distance to Market and Cropping Patterns 

Distance to the nearest market usually influences the cropping 

decisions of farmers, especial.ty for bulky farm products such as fodder 

and sugarcane. Table 86 presents intormation about the percentage of 

cultivated area in fodder, sugarcane, vegetables and fruit orchards by 

miles to tho uiiarei;t marketing pci ii t. 

Fruit is usually sold i, ;,stardiig crop to contractors who utilize 

trucks for hauling the produce to market. No relationship with miles 

to market is e.pected. Fe;: of the sample farmers reported cultivating 

vegetables for the market and those who do reported using primarily 

tractor trolleys for cartage. 

G. Animal Units and Area in Fodder Cro0ps 

Among the factors influencing the percentage of cultivated acreage 

of fodder crops is the number of animal uaits ! farmer must maintain 

with fresh fodder (see Table 87). Data in Table 87 are inflated by the
 

fact that village 1.04 with 30 sample farmis has an average of 13 animal
 

units per farm. These farmers cultivate an ,er-c;e of about 41 percent
 

of their total acreage to fodder crops each season to maintain their
 

milch animals and bullocks.
 

http:especial.ty


Table 86. 
 Distance 
 from nearest market by percentage of cultivated area in fodder,
 
sugarcane, vegetables and fruit orchards.
 

PERCENTAGE OF 
CULTIVATED AREAMiles to 
 # of Rabi- Kharif- Rabi-
Nearest Market Farms Kharif- Vegetables Fruit
Fodder !Fodder Sugarcane* Sugarcane* for Rabi
(Regulated & for Rabi &
 
!& Kharif !Khari
Nor-Regulated)
 

Perennial
 

Distance from
 
Nearest Market
 
1. < 2 Miles 40 45.2 14.5 2. 2.0-4.99 85 3.4 .2 2.918.6 21.8 
 15.3 
 15.9
3. 5.0 1.4
or More 139 16.0 16.2 4.3 4.5 

5.2
 
4.0 
 14.2
 

Non-Perennial
 

Distance from
 
Market
 
1. <2 Miles 38 
 7.9 27.1 3.0
2. 2.0-4.99 15.8 17.6
57 12.1 19.1 1.0 

2.4 

3.7
3. 5.0 or More 2.9 19.1
7 30.6 14.7 
 13.1 
 15.8 
 1 3.7 
 -

All Commands
 
Combined
 

Distance from
 
Market
 
1. <2 Miles 
 78 27.0 21.0 1.5 
 2.9
2. 2.0-4.99 7.8 10.1
142 16.0 20.7 
 9.6 
 11.0
3. 5.0 or More 146 16.7 16.1 4.7 5.0 

2.0 10.8
 
4.0 
 13.5
 

*For sugarcane we should show distance to the sugar mill but at the time of this

reporting these data are not available.
**Denotes area in Rabi plus Kharif.
 

http:2.0-4.99
http:2.0-4.99
http:2.0-4.99
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Table 87. 	 Animal units owned by sample farmers by seasonal
 
percentage of total cultivated acreage in fodder
 
crops.
 

Percentage 	 o To tal culivet- Acreage 
in Fodder Crops by Season 

An ima 1...Rai-- -o. 
Unit * Farms Season Farms Season Seasons 

Report- Report
inging 

Under 4 9 4.5 8 5.3 9.8 

4 to-6 13 12.2 11 5.5 17.7 

7 to 9 	 6 18.6 5 2.4 21.0 

10 to 12 1 NA 1 NA NA
 

13 and above 356 19.0 356 19.5 38.5
 

WEIGHTED
 
TOTALS 385 18.4 381 18.5 37.0
 

*Animal units are bullocks, milk cows or buffalo, fodder
 

eating calves, camels, donkeys and horses combined
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V. 	 CONCLUSIONS ABOUT LAND USE AND CROPPING INTENSITIES
 

The data presented in this section lead to several general
 

conclusions:
 

1. 	Farmers adapt cropping intensities and patterns to their per

ceptions of the availability of water. Private tubewells have
 

been a means of armers increasing their acres cultivated.
 

2. 	Tubewells help to smooth out the differences in cropping inten

sities between rabi and kharif seasons. 

3. 	There is a substantial differential between perennial and non

perennial cropping intensities--about 25 percent. The differ

ences in cropping intensities between head and tail farms is
 

from 10 to 25 percent due to greater losses of water experienced
 

by tail farmers.
 

4. 	Given the small number of large farms in the sample no signifi

cant difference is found in cropping intensities by farm size
 

except for farms 50 acreLs or more in size. These few large
 

farms show a tendency for lower intensities. As to cropping
 

patterns and farm size, no important differences are found in
 

major crops grown. Small farmers with good water supplies.
 

however, devote greater acreage to rice than larger farmers.
 

Tenants tend to grow more cash crops than owner-operators
 

probably due to the influence of landlords.
 

5. 	Farmers who utilize tractors for land preparation have higher
 

cropping intensities than farmers who make no use of tractors.
 

6. 	Distance to market is found to be important for fodder crops
 

: and vegetables.
 



CHAPTER SIX
 

CROP YIELDS OF WHEAT, RICE, AND COTTON
 

Ave-ragz pcr acre yields for most crops in Pakistan are known to
 

be very low by international standards. For example, Figure 21 provides
 

comparative data Cor yields of several major crops with those of selected
 

yields of several countries. Wheat yields for 1972-73 are less than half
 

those of Egypt. Rice yields in Egypt are more than double those of
 

Pakistan and Pakistan's rice yields about one-third of Spain's. The thin
 

bar on the bar graph (Figure 22) with the asterisk represents the average
 

yields of sample farmers in the present study.
 

There are many factors responsible for low crop yields in Pakistan.
 

This chapter presents data relative to the impact of the water supply
 

situation on yields. An intensive accounting system (Lowdermilk, 1972:
 

441F) was used to estimate the per acre yields. Farmers were asked the 

acreage of each crop, the amounts marketed, the amounts used for home 

consumption, amounts paid to labor in kind and amounts in kind paid to 

village artisans, religious leaders and gifts to minor government officials. 

Such an accounting system using farmers' reports has shortcomings in 

comparison with the more accurate procedure of crop cutting experiments 

and weighing of crops from randomly selected fields. However, the nature 

of the time constraints dictated the method. 

Table 88, while excluding one nonconnanded watercourse at
 

Village 110, provides summary information of yields for wheat, paddy rice,
 

and seed cotton for the 16 sample village sites. Across the total sample,
 

wheat yields are 21 mds./acre.- I/ These yields are not representative
 

ll/One maund is equivalent to 82.3 lbs. or 1.0367 of a long ton (27.2
 
mds. = 1 long ton of 2,240 lbs.)
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Table 88. Average reported yields by village sites for wheat, rice and 
cotton for pereni ial and nonperennial command areas. 

.vra.. . reported yi& Ids ..............
 

Village site - . ,heat Uo Rice No. Cotton 

and of maunds/ of m:tuIds of maunds/ 

waterc urses lrms acre farms acre farms acre 

Pere nn a I 

7 

102-.Awc 9 24 0 - 9 11 

103-iwe 15 18 2 10 6 5 

I I-2'c 15 27 3 13 2 

3104-3wc 27 14 23 15 2 

106-Iwc 12 22 7 23 4 9 

107-3wc 52 30 0 - 44 13 
7109-2wc 14 16 3 15 7 


0 1l0-2wc 20 15 19 23 

- 27 7112-3wc 29 19 0 
6113-3w-c 24 29 2 20 7 

0 
116-4wc 11 9 26 13 

Perennial
 
228 22 85 17 108 10
weighted means 


Nonperennial
 

25 15 1 5
105-lwc 8 3 

108-1wc 5 17 0 - 1 4 

lll-2wc 24 14 13 15 8 4 
7
114-4wc 30 15 5 10 32 


115-6wc 27 1.8 7 13 9 11
 

Nonperennial
 
94 17 28 14 51 7
weighted means 


Perennial and 

nonperennial 

weighted means 322 20 113 16 159 9 
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of national averages because they include only irrigated crops (dryland
 

barani wheat brings down the average).
 

Table 89 provides summary information on yields of wheat, rice,
 

and cotton 	for the 16 village sites as compared to two World Bank estimated
 

yields. Average yield/acre obtained in the present survey fur wheat are
 

higher. This finding is probably due to the fact that included in national
 

yields/acre are the North VvsM Frontier and rainfed areas where wheat yields 

are much lower than in the irrigated areas; of Punj ib and Sind. 

Table 89. 	 Summary information on average yields of wheat, rice and
 
cotton for the 16 village sits versus 
two World Bank estimates.
 

Selected crop yields in lbs/acre
Source of data 
 Wheat 	 Paddy Rice Seed Cotton
 

*World Bank all Pakistan
 
estimate (1973-74) 1490 
 1234 633
 

**World Bank all Pakistan
 

estimate (1970-75)
 
(average) 
 1080 1366 
 605
 

CSU watercourse survey
 
(Punjab-Sind) 
 1722 1230 
 738
 

*World Bank Pakistan Agricu'Oural Sector Review, Volume III, appendix.

**World Bank Pakistan Sector Keview, Volume I, appendix.
 

I. AGRO-CLINATIC REGIONS A.P SELECTED CROP YtELDS 

As expected, yields of wheat, cotton, and paddy rice show much
 

variation between agro-climatic regions. 
 Table 90 includes the noncommanded
 

watercourse which was excluded in Table 88.
 

A comparison of the four evaporative deficit regions (see Table 90)
 

wheat yields show less overall variation than paddy rice and cotton 'crops.
 

Cotton and rice, 
as wheat, can be cultivated throughout the Indus Basin.
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Table 90. Agro-climatic regions by average reported yields of wheat, rice
 

and cotton in maunds/acre.
 

Agro-climat'ic* 
region showing Average reported yields 
dominant crops 

and estimated No. No. No. 
atmospheric farms Wheat farms Rice farms Cotton 
evaporative report- maunds/ report- maunds/ report- maunds/ 
annual deficit ing acre ing acre ing acre 

(inche_)_ 

Low deficit <45" 
Rice-wheat 27 16 26 24 0 -

Rice-f odder

wheat 32 14 26 14 2 3 
Fodder-wheat 15 18 2 10 6 5 

Low deficit 
we 'hted means 74 16 54 19 8 - 5 

Medium-I ow 
deficit 45-55" 
Sugarcane-wheat 15 27 3 25 2 7 
Mixed crojs 39 20 13 19 13 7 

Medium-low 
deficit 
weighted means 54 22 16 20 15 7 

Medium-high 
deficit 55-60" 
Cotton-wheat 91 22 5 10 85 10 
Mixed croDs 24 14 13 16 8 4 

Medi -i-high 

deficit 
weighted Tfeans 115 20 1.8 14 93 9 

High deficit >65" 
Rice-fodder 11 9 25 13 0 

Cotton-wheat 29 19 0 - 27 7 

Rice-wheat 27 18 8 14 9 11 
Sugarcane

wheat 24 29 2 20 7 6
 
High deficit
 
weighted means 91 20 35 14 43 8 

Total weighted
 

means 334 19 123 17 159 9
 

Overall range
 

by sites 9-29 10-25 3-11
 

5-10
Overall range by 16-22 10-25 

climatic zone 
% variation 16=37% 15/10=150% 5/10=100%
 
*Location of sites: Low deficit = Villages 110,104,103
 

Medium-low = Villages 101,105,106,1.08,109
 
Medium-high = Villages 102,107,111,114
 

High = Villages 112,113,115,116
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However, both these kharif crops have very high water demands due to the
 

long hot summer days and dry winds. Soil conditions are also important
 

factors 	in some areas, especially for adequate puddling of rice. In
 

general 	the particular type of soils and the water supply situation are
 

more critical for rice than for cotton and, 
in turn, than for wheat. It
 

is evident from the data presented that yields of these three crops do
 

vary between agro-climatic regions.
 

II. 	 CROP YIELDS AND WAFER SUPPLY SITUATION
 

A major constraint on increased yields is sufficient water and
 

control 	over irrigation supplies to insure reliability. Table 91 provides
 

information about the different water supply situations and the average
 

yields 	reported by sample farmers for wheat, paddy rice, and cotton.
 

Sample farmers on perennial commands report higher yields for
 

wheat, rice and cotton crops than nonperennial command farmers (see
 

Table 91). The primary influence is the increased volume of water avail

able and greater control of water resulting from the presence of private
 

and public tubewells on 
perennial commands. Of 78 private tubewells on
 

39 sample watercourse command areas and one noncommanded watercourse,
 

66 or nearly 85% of 
these are located on 26 watercourses which have
 

perennial canal supplies.
 

Average reported yields of wheat and paddy rice are 
similar for
 

public and private tubewell supplemented commands but private tubewell
 

supplemented watercourses have higher yield in all cases. 
 As for low
 

cotton yields, the public tubewell sites 105, 106, 108, 109 and 11 
 are
 

not primarily cotton producing areas.
 

Even on public tubewell supplemented commands, it is not clear
 

that all farmers have equal access 
to extra 	water from tubewells. Several
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Table 91. Selected types of water supply situations by average reported
 
yields for wheat, rice and cotton.
 

Average reportedyields 

Water supply No, No. No. 

situation farms Wheat farms Rice farms Cotton 
report- maunds/ report- maunds/ report- maunds/ 

__ ing acre .......... acre ing acre 

Type watercourse 
command 
Perenninl 242 21 88 18 112 10 
Nonperennial 80 16 23 13 48 7 
Noncommanded* 7 19 727 O -

Command Lotals 
(weighted) 329 118 160 

Actual tubewell 
supplements 

None 139 18 62 14 69 7T 
Public tubewells 33 20 13 19 12 81 
Private tubewells 146 21 42 21 72 11 
Both private 
& public 16 13 6 15 7 5 

334 123 160 

Farmers' reports 
of availability 
and use of 
tubewells 
Not available 126 18 58 15 55 7 

Available with 
difficulty 57 21 13 17 36 9. 

Easily available 122 21 37 21 56 1.1ii 
305 108 147 

No use 170 18 75 14 75 7
 

Hires tubewell 113 21 35 21 54 10
 

Owns tubewell 42 24 9 23 27 13
 

325 119 
 156
 

*For the rice-wheat rotation in village command 110-3 of Gujranwala
 

District, 7 private tubewells serve about 119 cultivated acres.
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tenant sample farmers reported that landlords decide how much and when they
 

will receive water supplies. Large landlords also command sufficient power
 

and influence with public tubewell operators to gain special favors in
 

the use of tubewells. Table 91 also shows farmers' reports of "avail

ability" and "use" of tubewell water. It is obvious that there are con

siderable differences in sample farmers' yields of wheat, rice and cotton
 

in relationship to availability and use of tubewells. Yields increase
 

directly with ease of water availability and use. These sample farmers
 

who reported tubewell water "available with difficulty" identified
 

their constraints as: lack of credit, location of their farm in relation

ship to tubewells, topographical problems, mechanical failures, and un

reliable supply of electricity.
 

Table 92 examines the density of private tubewells on commands in
 

relationship to average per acre yields for three crops. Density of tube

wells varies greatly for commands. For example, 27 of 40 sample commands
 

have private tubewells ranging in number from 1 to 18 per command. Table
 

92 shows the number of tubewells broken down into four categories. Those
 

watercourse commands supplemented with public tubewells (i.e. sites 105,
 

106, 108, 109 and ill) are excluded from this analysis. Information
 

presented in the Table 92 shows that all crop yields except for wheat are
 

related to density of tubewells. One explanation for the decrease in rice
 

yields and slight increase in cotton yields is that Village 110, with
 

3 watercourses and 7 or more private tubewells per watercourse, is pre

dominantly a rice command area where rice yields average about 24 mds/acre
 

when the noncomuianded watercourse is included; other commands in other
 

cropping regions have this tubewell density may have very poor yields.
 

Some farm yield weighing based on the number of acres of that crop
 



Table 92. 	 Number of private tubewells on watercourse commands by average reported
 
yields of wheat, rice and cotton (excludes public tubewell commands).
 

Average reported yields
 

Number +of # of Wheat # of Rice 	 # of Cotton
 
Private Tube- Farms Maunds/Acre Farms Maunds/Acre Farms Maunds/Acre
 
wells for Canal
 
Supplements *
 

None 	 112 19 49 14(11)** 81 6
 

Less Than Three 68 17 22 15 25 7
 
(Low)
 

Three to Six 31 251 7 29 22 121
 
(Medium) 23++ 2 25++ 2
 

13
 

(High)
 
Seven or More 57 22 19 	 23 31*** 


Totals weighted 268 20 97 17 159 8
 

means
 

* 	 Excludes commands with public tubewells 

•* 	Includes WC rice fodder commands at 116 - 1 to 4 with excess canal water; when
 
excluded, rice yields/acre decrease to 11 Mds.
 

•** 	These farms located primarily in Multan cotton-wheat area.
 
+ 	 The percentage of total cultivated area of sample farms do not vary greatly as wheat 

is a crop grown for home consumption in Pakistan. For example, the weighted per
centaqe of area devoted towheat by private tubewell supplemented commands is as 
follows: No private tubewells = 43%; Less than 3 tubewells = 49%; 3 to 6 tubewells = 

51%; and 7 or more tubewells = 53%. The range for all village sites for percentage 
in wheat where there are private tubeweils is 41 and 58%. 

++ 	 Weighted mean yields/acre for private tubewells supplemented commands with three or
 
more private tubewells. The purpose of these data is to show the importance of
 
water control and yields.
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cultivated in a village would perhaps remove this aberration. Sample
 

farmers 	on the high tubewell density commands at site 107 report no culti

vation of rice. Likewise, no cotton is cultivated at site 110, therefore,
 

the yields of 13 mds/acre for categorized heavy tubewell density reflects
 

mainly those of sample farms in Village 107.
 

The conclusion reached from data presented in Table 92 is that the
 

water supply situation is a major factor in the yields of wheat, paddy
 

rice, and cotton. Private tubewells not only provide a greater volume of
 

irrigation to those watercourse commands but also provide increased control
 

and therefore reliability of supplies. A greater density of tubewells
 

indicates, but does not guarantee, more water and more control.
 

III. 	 LOCATION OF FARM ON WATERCOURSE COMT5AND AREAS AND YIELDS 

The water supply situation has a strong influence on crop yields. 

Sample farmers with private tubewelis or located on conmands with a high
 

density 	of tubewells (three or more) and those farmers on public tubewell
 

supplemented commands have more control of irrigation water; their yields
 

per acre are on the average higher than those obtained by sample farmers
 

on commands with no tubewell supplements. This type of economic dualism
 

which exists across watercourse commands also exists within typical water

course command areas--a dualism based on location wherein tail farmers 

experience greater conveyance losses than do head farmers. 

Data presented earlier have shown the differences in delivery
 

efficiencies from the mogha outlet to farms and their location on commands. 

There are many factors1which reduce the variation between water supply and 

12/There is a tendency for private tubewells to be located at tails of cor

mand areas as 44 percent, 28 percent, and 28 percent respectively are 

located at tail, middle and head reaches. For the sample of all commands, 
the tail 	reaches,
33 percent of the 45 Persian wells are located at 


the head positions.
42 percent at the middle and 24 percent at 
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the various reaches on a typical command area such as location of private
 

wells, soil types, and general maintenance of wItertubewells, Persian 

courses. Even when all these are not controlled for the 40 command areas, 

we note from Table 93 that yields are slightly higher for sample farms 

to the tail farms of command areas.located at the head as compared 

Three measures are used for location of farms on the command areas. 

First, the actual measured location is that used only for sample farms 

made. The c stance was measured fromwhere irrigation evaluations were 

the mogha along the main and branch watercourses to the tail and the dis

thirds. The second measure, "estimatedtance in feet was divided into 

as estimated by interviewers uponlocation" was the position of the farm 

the warabundi list and timings.questioning the farmer and consulting 

Thirdly, the "adjusted measured r*sition" was developed by taking the 

distance in feet of the longest watercourse and its branches at each 

village site, and dividing the total distance into thirds for head, middle 

and tail positions. Positions for sample farms of all commands located at
 

a given village site were thereby standardized. 

three measures, without controlling other vari-When using these 

location of tubewells and soil types, rice and
ables mentioned such as 


farms for the first two
 cotton yields are higher for head versus tail 


The first measure is considered more reliable in that it is an
 
measures. 


comstandardized for a village site's
actual measurement unadjusted or 


Yields of rice for head farmers average 20 mds. as compared to
mands. 


13 mds. for tail farms. This of course is influenced by the fact that of
 

the rice farmers reporting for the three positions only 25 
percent were
 

located at command tails.
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Table 93. 	 Three measures of farm location on watercourse
 
command reach by average yields per acre for wheat,
 
rice and cotton.
 

Farm location Average yield per acre
 
factors on No. Wheat No. Rice No. Cotton
 
watercourse of maunds/ of maunds/ of maunds/
 

command reaches farms acre farms acre farms acre
 

Measured
 
location
 
on commant
 

Head 	 11 20 25 20 55 11
 

Middle 	 94 19 43 20 39 10
 

Tail 	 37 22 11 13 22 6
 

Estimated
 
location
 

on command**
 

Head 	 122 21 48 18 53 10
 

Middle 	 81 20 27 19 38 10
 

Tail 	 102 19 36 17 58 8
 

Adjusted
 
measured
 
position
 
on command***
 

Head 	 92) 20 38 17 55 10
 

Middle 	 74 19 22 16 27 8
 

Tail 	 53 22 21 23 23 9
 

* Distance from mogha outlet to farm along watercourses mea

sured by engineers at time of irrigation evaluations.
 
*Distance from'mogha outlet to farm estimated by interviewer.
 
S**Distance 	as measured by engineers on maps adjusted in rela

tionship to longest watercourse at the village and branches
 
to the farthest farm unit. Note that sample farms with
 
holdings at more than one of the watercourse positions are
 
not included.
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IV. 	 TUBEWELL LOCATION ON WATERCOURSE COMAND AREAS AND CROP YIELDS 

A factor reducing the variation in yields/acre between farms 

located 	 at various reaches of the command area is the location and density 

of tubewells. In order to examine this more closely, public tubewells are 

conver~ed to private tubewell equivalents in Table 94 and added to the 

total numbe, of private tubewells. We estimate the average discharge of a
 

public 	tubewell serving one command area as about 1.8 to 2.0 cusecs. When
 

a public tubewell serves two command areas the estimated discharge is 1.00
 

to 1.5 	cusecs based on actual discharge measurements. The average dis

charge of private tubewells is estimated at .6 cusecs based on actual dis

charge measurements of private tubewells.
 

Farms at the middle reaches of command areas as a group have aver

age weighted yields/acre for the three crops very similar to the head
 

farms. Within middle farms there is a clear relationship between number
 

of tubewells and yields/acre.
 

Tail sample farms also show a general tendency for higher yields
 

of the three crops in relationship to density of tubewells. The small
 

number of farms with 7-8 tubewells presents a problem.
 

The data presented in Table 94, though not controlled for other
 

factors such as agro-climatic region, soils, fertilizer applications, etc.,
 

provide suggestive evidence that both water supply and the control of irri

gation water act as strong influences on crop yields. The data also show
 

that farms located at the tails of watercourse commands in relationship to
 

canal supplies are at a definite disadvantage due to the higher average
 

losses of irrigation supplies in unimproved earthen conveyance systems.
 

Even when tubewells are available to provide more water, the extra cost of
 

purchasing tubewell water through pumping groundwater by public tubewells
 

must be 	entered as a farm expense.
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Table 94. Private tubewell equivalents for position of farms
 
on command areas by average yields for wheat, rice
 
and cotton.
 

Watercourse 
position and Average yields per acre 
No. of private No. Wheat No. Rice No. Cotton 
tubewell of maunds/ of maunds/ of maunds/ 
equivalents* farms acre farms acre farms acre 

Head position 
farms 

No. of tubewells 
None 49 20 23 16 26 7 
1 - 2 48 17 20 18 13 10 
3 - 4 17 27 5 19 7 13 
5 -6 0 - 0 - 0 -

7 -8 8 29 0 - 7 13 
Head weighted 
means 122 20 48 17 53 9 

Middle position
Fa-rms 

No.of tubewells
 
None 54 18 23 16 22 8
 
1 - 2 15 24 0 9 13
 
3 - 4 9 24 1 30 7 11
 
5 -6 0 - 0 - 0 

7 -8 3 24 3 33 0 -
Middle weighted 
means 81 20 27 18 38 10 

Tail position
 
Tarms
 

No. of tubewells 
None 64 18 29 15 34 6 
1 -2 22 21 5 22 12 11 
3 - 4 14 20 0 - 12 12 
5 -6 0 - 0 - 0 

0 7 -8 2 16 2 29 

Tail weighted
 
means 102 19 36 17 58 8
 

*Private tubewell equivalents combines public tubewells at
 
head positions and private tubewells. One public tubewell
 
serving one command area is counted as 3 private tubcwells;
 
one public tubewell serving two command areas is counted
 
as two private tubewells.
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V. YIELDS OF WHEAT, RICE AND COTTON. AND FARM SIZE AND TENURE CLASSES
 

Factors such as farm size and tenure status might he expected to 

influence crop yields. Both of these variables are indirectly related to 

the water supply situation in that larger oenei operators have more 

capital to install private tubeweIls, therefore they hav better water 

control. Of the 78 private tubewel s owned individually and jointly by 

the sample farmers 74 pcrocnt are owned by fa rmers with holdings of 12.5 

acres and above. However, smaller farmers can offset this some by their 

increased labor intensity. Another factor is availability and use of 

fertilizer whicb is related to farm size and tenure status. 

Table 95 presents data across all sample commands by farm size 

categories. There is a slight tendency for wheat yields to increase with 

farm size perhaps because wheat requires a lesser quantity and control of 

irrigation water and less labor than other crops. Very small farmers 

(under 2.5 acres) have yields of only about 14 mds/acre as compared to 

about 19-22 rods for all other farm cl ass sizes, encept the few very large 

farms which report 30 mds/acre. Rice yields show less overall variation. 

There is only one case of a rice farmer in the 50 and over category; no 

generalization can be made. Cotton yields are also relatively stable 

except for the smallest farmer categories.
 

Table 95 also shows that owner-operators and owner-cum-tenants have
 

higher average wheat yields/acre than tenants for the 334 reporting sample
 

farms. While the yields for rice show less variation--they range from only
 

16 to 18 ds per acre. Both rice and zotton crops require heavy inputs of
 

irrigation water and control of water--larger landlords have the advantage
 

here along with greater access to fertilizer and insecticides. However,
 



239
 

Farm size and tenure classes by average reported yields/acre
Table 95. 

for wheat, rice 	and cotton.
 

Farm size _Average yields per acre
 

Cotton
and tenure Farms Wheat Farms Rice Farms 


classes report- maunds/ report- maunds/ report- maunds/
 

(acres) 	 ing acre ing acre ing acre
 

Farm size
 

classes
 

14 	 15 21 8
Under 2.5 	 55 24 

85 19 30 17 40 10
2.5-7.49 


21 15 42 8
7.5-12.49 88 29 

21 33 20 45 8
12.5-24.99 82 

22 19 8 9
25.0-49.99 17 6 


14 13
50 and above 7 30 1 	 4 


Total weighted
 
means for
 

farm size 334 20 123 17 160 9
 

Tenure classes
 

Owner
79 17 107 9
operators 222 20 


Owner-cum
14 18 28 9
tenants 53 19 

30 25
Tenants 	 58 16 16 8
 

Total weighted
 
means for
 

9
19 123 17 160
tenure 333* 


*One farm operated by a contractor is deleted.
 

http:25.0-49.99
http:12.5-24.99
http:7.5-12.49
http:2.5-7.49
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this advantage may be partially offset by intensive labor inputs which
 

tenants can provide. Another factor is that the yield potential for
 

basmati rice, local coarse rice and upland cotton varieties are much less
 

than high yielding varieties of wheat which respond more positively to
 

higher levels of fertilizer.
 

VI. YIELDS AND THE AVAILAIILITY OF FRTILIZER A11) CREDIT
 

Yields of sample farrms are influenced by the availability of 

credit for fertilizer and the availability of fortilizer. Availability 

data for credit and fertilizer are based on farmers' reports. Table 96 

presents the data, 

When one groups those farmers who took loans for fertilizer from
 

the promising program launched by the National Bank of Pakistan after the 

Nationalization of Pan-ks one notes the importance of credit, especially 

for wheat. Rice and cotton show little variation with respect to use of
 

institutional credit.
 

Farmers were also asked to report perctptions about availability 

of fertilizer. Those farmers who report fertilizer "not available" face 

lack of credit. Fertilizer is available at some price in the market. 

Farmers who report availability with difficulty identify obstacles such as 

high price, lack of cash or credit, and distance to the fertilizer agency.
 

The categories of farmers who reported fertilizer unavailable have wheat
 

and rice yields of from 4 to 5 mds less than those who gave other reports.
 

Cotton yields show little difference between the types of credit avail

ability.
 

Table 96 reveals that the greater the availability of credit for
 

fertilizer, the use of credit fo; fertilizer, and the availability of
 

fertilizer, the greater the average per acre yields of wheat, rice and
 

cottolI.
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Table 96. Availability of fertilizer and credit and use of institutional
 
credit for fertilizer by crop yields.
 

Availability of
 
fertilizer and Crop yields
 
credit for ferti- No. Wheat No. Rice No. Cotton
 
lizer and use of of maunds/ of maunds/ of maunds/
 
fertilizer credit farms acre farms acre farms acre
 

Credit availability
 
for fertilizer
 

Not available 121 18 61 16 59 9
 
Available with
 
difficulty 95 19 29 18 46 10
 

Easily
 
available 96 22 26 17 45 9
 

Use of institu
tional credit
 
for fertilizer
 

No use 246 19 95 17 118 9
 
Some use 51 23 17 17 21 10
 

Fertilizer
 
availability
 

Not available 12 15 7 13 6 10
 
Available with
 
difficulty 122 19 46 18 54 9
 

Easily
 
available 195 20 68 17 94 9
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VII. 	 SUMARY: MULTIPLE REGRESSION MODELS AND FACTORS EXPLAINING 

VARIATION IN YIELDS OF IWEAT, RICE AND COTTON 

Several regression models were used in an attempt to estimate the 

major factors responsible for the variation in yields/acre for the three 

crops. The model used for the wheat yield dependent variable contains a 

larger number of variables than for rice and cotton because extra data 

were collected from wheat farmers. In using the regression models several 

basic assumptions were used. First, variables selected had fairly normal 

distribution. Secondly, variables were employed which did not have high 

intercorrelations. In some cases a logarithmic transformation would have 

reduced the variance of some variables and provided a more normal distri

bution. Hoever, cur purpose here is only to ascertain those variables 

which 	 explain the major difference in yields. 

Table 97 presents the results of the multiple regression analysis 

of selected factors and yields/acre of wheat. The model used is: 

y = a + blX + b X x I ..+ X +hx blX 

where a and b are the parameters to be estimated 

x I = nutrient lbs of nitrogen/acre
 

x 2 = dummy variable for seeding method with broadcast = 1;
 

kera = 2, pora = 3; drill = 4
 

x3 = (dummy variable) tenure status - owner 1; owner-cum

tenant = 2; tenant = 3
 

x4 = dummy variable use of tubewell, no use of tubewell = 0;
 

purchase tubeweil.water = 1, and ownership of tubewell = 2
 

x 5 = dummy variable - seeding depth recommendation off by more
 

than .5 inch = 1; within .5 inch = 2; 1.5 to 2.5 depth = 3
 

x 6 = mass icedia index scores
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Table 97. Summary of multiple regression analyses with
 
selected independent variables and yield/acre
 
of wheat. 

S.E Final 

Variable Beta 
of 

Beta 
t 

ratio 
Multiple 

R R2 
F 

ratio 

Level of nitrogen .064 .018 .28 .434 .188 12.39 

Seeding method .490 .531 1.08 .442 .199 .85 

Tenure -.136 -.475 3.49 -.446 .199 .08 

Use of tubewell .890 .450 .51 .491 .241 3.91 

Seed depth .977 .353 .36 .530 .281 7.67* 

Mass media exposure .069 .150 2.17 .540 .291 .21 

Extension contacts 3.000 .876 .29 .567 .321 1.75 

No. of irrigations .757 .347 .46 .598 .357 4.77** 

Area cultivated -.022 .014 .64 .602 .363 2.35 

Split fertilizer 
applications 1.250 .631 .50 .616 .380 3.90** 

Phosphorus level .064 .026 .41 .629 .396 5.90** 

*Denotes F ratio significance of .01 or higher. 
**Denotes F ratio significance of .02 to .05. 
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x7 = extension contacts (number)
 

A8 = number of irrigations
 

x9 farm size (area cultivated) acres
 

xo=split fertilizer application (dummy variable) no 0; yes = 2 

x Clevel of phosphatic fertilizer nutrient lbs/acre 

The variables included which show the highest degree of intercor

relation are phosphorus and nitrogen with a coefficient of .46 and split 

levels of fertilizer with boch nitrogen and phosphorus with coefficients 

respectively of .51 and .49. Only one other set of variables has a rela

tively high intercorrelation--the number of irrigations and use of tube

wells have a coefficient of .31. With these limitations we will examine 

the import- :ue ,f the variables used in the model when other factors are 

held constant (see Table 97). 

Variables which contribute most to the difference in wheat yields 

are: nitrogen applied, use of tubewells (public and private), depth of 

seeding, and number of irrigations applied (see Table 97). These four
 

variables together explain about 31 percent of variation in yields. The 

variables which explain most of the variation in yields of wheat/acre are, 

in order of importance,level of nitrogen, use of tubewells, seeding depth, 

and number of irrigations. 

Nitrogen use alone explains about 19 percent of the difference in 

yields followed by use of tubewells, seeding depth, and number of irriga

tions which explain about 4 percent each or a total of 31 percent of the 

difference. Level of phosphorus which is intercorrelated with level of 

nitrogen at .48 when added to the equation explains only about 2 percent 

of the variation. Farmers who use higher levels of nitrogen also tend to 

use higher levels of phosphatic fertilizers. Also split applications of 
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nitrogen areintercorrelated with nitrogen at .43, therefore suggesting
 

that farmers who apply more fertilizer tend to split applications, When
 

farmers apply nitrogen and phosphorus, or more than one bag (50.5 nutrient
 

ibs) of nitrogen, they tend to split the applications. Therefore, when
 

other variables are held constant, the level of phosphorus and split appli

cations of fertilizer are not important. Farmers who use tubewells also
 

apply a higher number of irrigations as tubewell use and this variable are
 

intercorrelated (.31). The simple correlation between size of farm and
 

yields is only .10. All 11 variables explain only 39 percent of the yield
 

differences.
 

A similar regression model was used to ascertain the most impor

tant factors explaining differences in cotton and rice yields. Table 98
 

provides summary information about the results of the regression model for
 

cotton yields. All variables in this equation were also used in the
 

regression model for wheat and, therefore, the variable type has been
 

explained. The only variables that have a relatively high intercorrela

tion coefficient are use of tubewells and number of irrigations (.44).
 

The major explanatory variables for cotton yield are use of tube

wells, level of phosphorus, farm size, and number of irrigations. These
 

four factors explain about 30 percent of the variation in yields. Level
 

of phosphorus in a sense acts as a proxy for nitrogen in that farmers
 

who use phosphorus tend to utilize more nitrogen. One variable, use of
 

tubewells, alone explains over 15 percent of yield differences. Farm
 

size indicates that larger farmers do not have higher yields than smaller
 

farmers when other factors are held constant. Owner operators have
 

slightly higher yields than tenants though the relationship is not statis

tically significant or very important. It should be noted that there is
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Table 98. 
 Summary information on 
multiple regression analysis

of selected variables with cotton yields.
 

Variables 


Level of P
 

fertilizer (ibs) 


Farm size (acres) 


Tenure status 


Mass media exposure 


Level of N for cotton 


Extension contacts 


Use of tubewell 


No. of irrigations 


S.E Final 

Beta 
of 

Beta 
t 

ratio 
Multiple R2 

R 
F 

ratio 

.048 .024 .50 .282 .080 3.86* 

.028 .015 .54 .047 .121 3.491 

.334 .370 1.11 .375 .140 .82 

.062 .105 1.69 .376 .142 .34 

.003 .013 4.33 .384 .148 .06 

.747 .872 1.17 .386 .149 .73 

1.465 .360 1.28 .550 .303 16.61** 

.454 .259 .57 .566 .320 3.072 

*Significant at 
.05 level; 
** at .001 level.
 
1/and 2/Denote significance respectively of only 
.06 and .08
 
level.
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an inverse relationship between tenure and use of tubewells and tenure
 

and number of irrigations with coefficients respectively of -,14 and -.16.
 

Other variables which explain little or no difference in yields are mass
 

media exposure and extension contacts. Earlier it was estimated that
 

extension had played little or no role at all in improving cotton yields
 

(Gotsch, 1968). Only about 32 percent of the differences in cotton yields
 

are explained by this model. However, our earlier finding about the
 

importance of tubewells is confirmed. Also our earlier indirect findings
 

about use of fertilizer is confirmed.
 

Rice and cotton are much more complex crops to cultivate than
 

wheat. Good cotton yields, along with efficient and timely irrigations
 

and fertilizer, also requires plant protection measures. However, plant
 

protection is probably more critical for rice than the local upland cotton
 

varieties, such as AC 134 and AC 144. The stem borer represents a major
 

insect problem for rice; it causes major losses in rice areas. Since we
 

do not have data on the type and exuent of insect control measures for 

rice or cotton, tbe same regression model used for cotton yields is used 

for rice yields as sbow-n in Table 99. 

The major factors to explain differences in rice yields are level
 

of nitrogen and use of tubewells. These two factors explain about 13 per

cent of the yield difference. These variables are statistically signifi

cant. Other variables which explain only one to two percent of yield
 

differences are level of phosphorus, farm size, and number of irrigations.
 

The relationship with farm size is inverse, therefore though the relation

ship is not significant there is a tendency for smaller farms to have
 

higher yields. This suggests the importance of labor intensity for the
 

rice crop as was also true for cotton. It is interesting that the
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Table 99. Summary information on multiple regression analysis
 
of selected variables with rice yields.
 

S.E. 

of 


Variables Beta beta 


Level of nitrogen .072 .035 


No. of irrigations -. 694 .745 


Farm size -. 033 .021 


Level of phosphorus .181 .151 


Use of tubewell 1.78 .983 


Mass media exposure .049 .323 


Tenure .323 .914 


Extension contacts .089 2.47 


*Denotes significance at .04 level.
 
**Denotes significance at .07 level.
 

t 

ratio 


4.86 


1.07 


.64 


.83 


.55 


6.59 


2.82 


27.75 


Final 
Multiple F 

R R ratio 

.276 .076 4.37* 

.300 .090 .87 

.327 .107 2.40 

.365 .133 1.46 

.424 .180 3.26** 

.424 .180 .02 

.426 .181 .12 

.426 .181 .001 
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correlation coefficient between tenure and number of irrigations is a
 

negative one (coefficient = 0.35) which suggests that owners have more
 

water control. Mass media, tenure status, or extension contacts con

tribute very little to explaining the differences in rice yields. Only
 

a total of .18 percent of the variation in yields is explained by the
 

lack of data for insect
regression model used. Probable reasons are the 


tae loss of nitrates through leaching.
and pest control, soil type, and 
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ENGLISH GLOSSARY
 

Agro-Climatic Zone -
A region where climate makes a well defined demand
for water and a general cropping pattern prevails on a majority of the
 
farms.
 

Alidadc and Plane Tabl 
 - Engineering telescope and table tripod tools

used for preparation of maps to scale in the fields.
 

Alkaline Sail - A high pH soil 
that contains sufficient sodium to cause

deleterious effec t on most crops.
 

App1_icariop Effic iecr 
- Tle quotient of soil moisture deficiency and
nakka discharge in in.ih. 
 equivalent multiplied by 
one hundred to.Construct a 
percenLtage 
value.
 

Ea=soil moisture de~ficiency
 
Ea TeTh~±iY (100)
nakka disc harge (in depth(
 

of water equivalent)
 

Authorized Sup!
 - - The design discharge of water from a mogha.
 

Barrage - 1eadworks with movable gates that allow flood waters 
to passover their crests. Nor to be confused with storage dams. 

Barren Land 
- lud whici is not cropped due to salinity, waterlogging,

lack of water, presence Ao sand dunes, etc.
 

Brotherhood (Biradari) - A lineage group of 
families related as brothers,
sons, uncles, etc. typically with coumnsn interests on various issues. 
 A
 
subdivision of i caste group.
 

Bunded Unit 
- The smallest field unit irrigated as a separate unit, sur
rounded by a small earthen ridge or bund. 

Canal Colony - Large areas 
uf land brought into production by Irriga
tion )epartment and settled by cultivators.
 

Caste - AncestralI, occupational grouping of people implying prestige

gradations.
 

Centrality of Power 
- The amount of power/influence attributed 
to
watercorse frn-s by 25 sampl c nf farmer/judges. A watercoursecentrality vaue expresses the percentage of al1 fa-mers who score 
at a specified leve] or above. 

Coammand Area -
The area served by a watercourse or set of watercourses
 
in a village.
 

Concentration of Power 
- The extent to which power/influence is dis
tributed equally on a watercourse. 
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Conflict Cleavage - Line of division between) opponents over an issue. 

Conveyance (Deliverv) Efficiency - The percentage of water passing the 
mogha which reaches the field nakka outlef . The nakka discharge is 
divided by the mogha discharge and the quctient is multiplied by 100 to 
create a p;'rcentage value. 

Cropped Area - 'Fhe sum of the acreage under rabii or kharif crops in a
 
watercourse command area.
 

Crpino ntensity - The number ol crops grown on a given field in a
 
given year times 100 to express a percentage value, Applied to 
a
 
farm, it is the acreage of all crops gcrown ia a year divided by the
 
area on which they were gro,-n times 1.00.
 

Crop,ing Pattern - The combination and sequence of crops grown on a
 
given farm over a year s time.
 

Cross Cuttinj.Cicawj e - Opponent:- on one conflict issue are allies on 
other conflict: issues, IVkrs for cooperation and negotiability of 
issues. 

Cultural ComMiand Area - The cultivatd area of a watercourse command
 
area which can be served by gravity irrigation.
 

Cutthroat Flume - A water measuring flume device especiall.y suited for
 
low gradient watercourse channels.
 

Delivery Efficiency -- See Conveyance Efficiency. 

Delta - Amount of water applied for an irrigation. 

Depth of Application - The average depth of water applied to a field 
obtained as the product of. nakka discharge (in cusecs) times the time 
of application in hours divided by the area irrigated in acres. 

Discharge - the volumetric rate of water flow or delivery, expressed as 
cubic feet per second (cusec)
 

Discharge Factor - The mogha outlet design capacity from d:istributary to 
watercourse expressed as discharge per 1000 acres of command area.
 

Distributary - The smallest water channel maintained by the government. 
The size hierarchy of channels would be, in descending order, major 
canal, minor canal, distributary. Moghas may be placed on any of these 
channels. 

Dt - The area irrigated per unit of water per season of the year. 

Evaporative Moisture Deficit - Estimated annual atmospheric evaporation.
 

Evapotranspiration - The total water lost to the atmosphere via evapora
tion and plant transpiration.
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Farm IrrigationEfficit-n:v, - The proportion of water, passing the mogha, 
which is stored in the root zone of a crop, calculated as the product 
of the convey;!nc,: effJciency and application efficiency times 100 to 
create a per'centag vaILue.
 

Gross Coiiind Area - fh portIon of the entire village area that is 
... .. aiyico1unandc jirrigaLion; includes roads, schools, grave

yards, con.m.1 , eAc. 

Groundwater Recharge, - iDep percolation which replenishes the water 
tab Le. 

Headworks - A di.visi.on with controllable gates on a major canal dividing 
water into two or more finors. 

Landlord - Owner of 1and wh1) does not cultivate the land. 

Link Canal - Largest of the canals -- each carries water from the western 
to eastern r-i'vrs as part of the Indus Basin Replacement Project mandated 
by the Indus. River 'frti ty w- th India (1960). 

Local (Jrson) -- ,n) whose family has at presentl iv in g,,or lived, 
location sinc: tefori, phrrt I ion of British India into India and Pakistan. 

ullr in than 

but greatu.c InI a s1,aciCy than a distributary.
 

Minor - A water supply canal qnai discharge a major canal 

Non-erenil.. .. , A ;inF.1ge ,;ieason, kharif, water supply situation for a 
waterCot.rs e r en!Al ld IreafI. 

Overlipping Cicavage - Opponents on one conflict issue are opponents on
 
all. conflict issues. hIigh polarization. Issues become difficult to
 
negot idte . lLI tS cooperatilon
 

Percolation --'I'lhc movement water through soils.downward of 

Perennial - A vegr-reund water supply situation for a watercourse command 
area. 

Persian Weil --A waLer lifting device used on a deep open well comprised 
of a chain of buckets or earthen pots powered by a pair of bullocks or a 
camel moving isia horizontal circl.e. 

Potetial Evapotranpspiration - The maximum evaporative demand. which a 
,given c-limate can place on a given crop when there is no constraint on 
water avai.lability and crop maturity. 

Private Tubewell - A small discharge irrigation well individually or
 
jointly owned by farmers.
 

Province - Adinistrative unit such as Sind, Baluchistan, Punjab and
 
North West Frointier aireas.
 

http:waterCot.rs
http:di.visi.on
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Public Tubewell - Large discharge tubewells installed and operated by
WAPDA and Irrigation Department. 

Refugee - Person displaced from India at partition. 

Saline Soil - Soil which contains a sufficient percentage of soluble
 
(non-sodium) salts to 
impair crop growth.
 

SCARP 
 - Acronym for the Salinity Control and Reclamation Project areas
where public tubewells are used for lowering watertables and augmenting 
water supplies. 

Seepage- The lateral movement of water througlh soils.
 

Soil Moisture Deficiency - Estimated inches of soil moisture 
 depleted
 
due to evapotranspiration.
 

Tenant - A non-landowner who cult ivates a block of land on a share
cropping basis with a landlord,
 

Time of A[plication - The duration of an Irrigation application of turn. 

Tubewell - An irrigation well. 

Union Council - A governmental subdivision of a tehsil comprised of 
approximately 8 to 10 villages. 

WAPDA - Acronym for the Water and Power Development Authority - a govern
ment corporation. 

Watercourse - A water supply channel placed on a 16 foot wide government
right of way, constructed and maintained by farmers to deliver water 
from a mogha outlet to a farmers field ditch. 

Watercourse Command Area The served the- area by water passing through 
an authorized mogha. 

Waterlogging - Soil condition where water table is at or above the ground 
surface.
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GLOSSARY OF URDL/PUNJAB AND LOCAL ENGLISH TERMS
 

Abadi - Land set aside for a village site.
 

Abiana - Water rate.
 

Agriculturail Assistant - Supervisor of field assistant level extension
 
wo'rkers in rheAgicu~tural Extension system. 
Usually has a Bachelor of
 
Science degree in agriculture. 

Bah- Orchard. 

Ba - Spiked millet. 

Bakhsheesh - Gratuity. 

Barani- Rainfed cropping.
 

Berseem- Egyptian clover.
 

Bhusa - Wheat straw used as animal feed. 

Biradari - A brotherhood 'lineage' group-of families related through

brothers, sons and 
 uncles within the same.caste.., -.Typit.lly, members. ta-kd 
coilOn il{~t.~cI ,isues.'S tS Oil 


Bund - imail en rth ridge.
 

Caste - Ancestral occupational groupin:.of pe ' ;im.pyg.
" .p ' ',-estig
gradations. 

Chaj Doab - Land between Jhelum and k'henab-£i,'nrs.
 
Chak - Block of land set 'as'ideas.'s ia' est i 
 unit
 

Chula - Earthen hearth.
 

Crore- Ten minion, 100 Lakh.
 

Dab - Prep]nantiii., irrigation atl Cu1vivatioi to.c ontfol ieeds.
 

Deh Admin.istrative division 
be"" 'Tehsil 

Deputy Commissioner - Administrative. offficer ait' the'.,districtv.ev'l.
 

Desi - liIenou. , un:i.mprovod.,
 

District Revenuc Collector -
 Revenue officer for the District Revenue -
Department.. " 

Divisional Canal Officers - Administrative head of a divisional branch of 
a canal command system. 

http:groupin:.of
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Doab - Land between two rivers in Punjab.
 

Executive Engineer - Mid-Level Ir-rigation Department or WAPDA Official.
 

Field Assistant - Local lowest level extension worker, education usually
 
10th class plus one or two years of general training in agriculture.
 

Fasalana - Payment for reduced water rates.
 

Guara - Clusteor bean.
 

Gur - Indigenously prepared country sugar.
 

Gunta - /40 of an acre. 

,ja.q; - Circle of villages of which a canal patwari is in charge to make 
water dlue assessments. 

Hakim - Local tachor.
 

Hari - Shafr u copper or tenant.
 

Henna - Englisi translation "Myrtle" and known by botanical name Lawsonia
 
alba. Used as a local orange dye.
 

Flukka - Watorpip,. 

-711u - Local plow. 

Jhallar - Persian well adapted to low water lifts.
 

Jhenab- Land unit used in Sind for one-half acre. 

Jowar - Sorghum.
 

Kacha - Unripe, unimproved, earthen, random, poor quality.
 

Kanal - 1/8 of an a;cre.
 

Kassi - loe-like shovel used by irrigators.
 

Khal - Watercourse, conducts water from mogha to fields.
 

Khati - Process of removing silt from the watercourse. 

Kharaba - Crop failure, declaration for reduced water rates. 

Kharif - Warm season cropping, approximately April-October. 

Khasrah - Register on revenue due on units of land. 

Kiari - Systewi reconmended by Agriculture Department for compartment of a
 
field into very small basins for irrigation.
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Killa - Area of land equal to 1.11 
acre.
 

Kistiwar - Randoai, layout of land in bunded units.
 

Karab - Indigenous two team bullock pulled scraper for moving earth. 

Karahi - ';me ais karah but powered by one bullock team.
 

Lakh - One iund ed Lhousand.
 

Lucerne - Alfalfa.
 

Mal- Property.
 

Mandi - Chartered market center.
 

Maraba - A square of land made of 25 parcels, usually acres or squares.
 

Marla - 1/160 of an acre; 1/20 of a kanal.
 

Muhiavir - Person or family migrated from India. 

au~id - Unit of measure, 82.3 pounds equivalent to 40 seers.
 

Mauza - Village, sinai lest d:ivision of government.
 

Moven - Non-agricuLtural castes w'ho perform services for a share of
 
agricultural produce (also kami).
 

Mo6ia'- An ungated outlet of fixed size passingwater from irrigation
 
canal to a watercourse.
 

Mukamis - Local resident..
 

Nakka - Outlet from branch watercourse; inlet to a field.
 

Numbardar 
 - Village headmian -- function of government who collects
 
land revenues.
 

Nikal Water - Water left in watercourse at the end of a complete rotation 
of vwrabu ndi. 

Overseer - ilrrigation Department functionary over.patwari, responsible
for maintenance and repair of moghas. 

Pansal Nawees - irrigation Department gate keeper. 

Pahar -{Turn oC water of five hours. 

Patwari - Title of revende officer for Irrigation Department and Land
 
Revenue Department.
 

Patti - Division of a village under the responsibility of a numbardar or
 
village leader.
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Pora - Seed tube attached behiud plow for seeding crops.
 

Pucca- Ripe, improved, concrete, specified to order, high quality.
 

Parchas - Chits of paper used for notifying farmer of revenue assessments.
 

Rabi hul - Bullock pulled moUidboard plow.
 

Rabi - Cool sea-'ou cropping; approximately November-March.
 

Rauni - Presowing irrigatlion.
 

Rechna Doab - Land between Ravi and Chenab rivers.
 

Rej. - Irrig<ation prior to land preparation.
 

Rosewari - Irrigation schedule to a particular block of land on a par
ticular (lay. 

Sai System - Traditional system by ",,hich village artisans exchange 
their goods and services with landed agriculturalists for a portion of 
the crop.
 

Sarkari Khal - atercourse constructed by farmers on a 16 foot right-of
way provided by the government for the purpose of conducting water from 
the maha outlet to the individual farmers field d Itches. 

Seer - Unit of measure, smaller than kilogram, 2.08 lb. Forty seer equal 
one maun!.
 

Sem - Waterlogged soil condit ion. 

Shamlat - Village common land usually used for grazing.
 

So a - Wooden plank or beam drawn by bullocks used in land preparation.
 

Square- 25 acre, 27.5 acre of 16 acre block of land depending on location.
 

Subdivisional Officer - Irrigation Dep7rtment Official under the Executive 
Engineer.
 

Superintending_anal Enlineer - Irrigation engineer who heads up a canal
 

command hydrologic unit.
 

Tehsil - A sub-unit of a district.
 

Tehsildar - Official at Tehsil. level.
 

Thal Doab - Land between Indus and Jhelum rivers.
 

Thur - Salinized soil condition.
 

Tonga Horse drawn two-wheeled carriage.
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Union Council -
Political subdivision of a tehsil.
 
Vattar - Farmers' concept of optimum soil moisture condition for plowing.

Wahn - Watering of a field for first ploughing for seedbed preparation. 
Warabundi 
- S'hedule of irrigation turn rotations agreed to by farmers
either informaily (katcha warabundi) or under formal agreement throughthe irrigation Pepartment (pucca warabundi). 

Warahikni -- Taking irrigation water out of turn. 
Zilladar - Juuior member of Superior Revenue establishment of Irrigation
Department. 

Zamin - Laind 

Zamindar - Landholder - farmer 


