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The Problem 

This paper uses a case study to address a fundamental issue in irrigation management: the rela- 
tionship between technology and the organization required to use that technology productively. 
When an irrigation system is developed over time by a local community, the technology and the 
organization evolve together. However, when engineers design and construct large scale irrigation 
systems, there is a tendency to concentrate on the civil works, and to assume that, at  least on the 
local level, whatever organization is required will evolve by itself. This was the assumption of the 
designers of the large irrigation systems built by the British and post colonial governments in 
present day Pakistan and the northwestern states of India. 

Warabandi refers specifically to the roster of turns for taking water along the watercourses of 
these Indian and Pakistani irrigation systems. Basically, the irrigation system delivers a constant 
but limited quantity of water a t  the head of a watercourse. Farmers then take the full supply of 
water for a period of time proportional to the size of their landholding, a t  a specific time once a 
week. Since the amount of water supplied is far less than required to irrigate the whole area dur- 
ing the week, each farmer has to adjust his cropping pattern to the expected quantity of water. 

In India the warabandi system has been seen by some irrigation specialists as a panacea to 
severe problems on irrigation systems outside the northwestern states (Singh 1980). However, 
whatever the merits of the system in northern India and Pakistan, it has proven extremely difficult 
to implement outside of this region. Even within the region, there are few detailed studies of the 
actual operation of warabandi (Malhotra 1982). 

The present paper contributes to filling this gap in our knowledge of warabandi. Based on 
detailed field work in a village in Punjab Province, Pakistan, it takes an historical perspective on 
how the route of a particular watercourse, and the rotations on that watercourse, have evolved 
over time. It demonstrates the lack of "fit" or congruence between the imposed irrigation technol- 
ogy and the pre-existing social organization of the village. The attempts by some water users to 
adapt both the route and the rotation to solve social conflicts have proven unsatisfactory. 

An Overview of Pakistan's Irrigation System 

The Irrigation System. The Punjab (Pakistan) irrigation system uses barrages to divert water 
from the rivers into the canals. The canals are designed for~continuous operation at or near full 
capacity. They can be closed for repairs, during floods, or to conserve water in times of shortage, 
but the amount of flow cannot be regulated on demand. Water flows continuously from the main 
canals into distributaries and through ungated concrete outlets (mogha) into watercourses and 
finally into farmers'~ditches and onto the fields. As an indication of the size of the main canals, the 
Lower Jhelum Canal has a discharge at the head of 151 cumecs and commands 628.000 hec- 
tares. Distributariesare designed with capacities up to 5,660 liters per second (l/s). They are the 
lowest level channels directly controlled by the Irrigation Department. Since distributaries have 
gates, rotations can be instituted in times of water shortage. The moghas are ungated modular 
outlets designed to deliver fixed amounts of water up to 113 I/s (4 cusecs) into watercourses, 
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usually at a rate of about .21 liters per second/hectare (one cusec for 350 - 400 acres). 

On average, each watercourse irrigates about 225 hectares of land, usually cultivated by about 
50 farmers. The route and command area of each watercourse is laid out by the Irrigation Depart- 
ment, and legally can be changed only with its sanction; but the building, maintenance, and man- 
agementof the watercourse are the responsibility of the farmers in its command area. Each 
farmer has a right to water proportional to the size of his land holding. 

The irrigation system was originally designed to operate with a minimum of human regulation 
or interference. Aside from engineering considerations the British believed that a flexible system 
of water distribution would lead to uncontrollable abuses. They also wished to keep construction 
and operational costs at a minimum since they were interested in a quick return on their invest- 
ment. These considerations also underlay the minimal local intervention: farmers were expected 
to build and maintain their watercourses and settle disputes themselves. Under the Canal and 
Drainage Act of 1873, still the basic irrigation law, the Irrigation Department retains considerable 
residual power, but this is only rarely used upon farmers’ appeal (Jahania 1973). The major irriga- 
tion method remains flooding of small basins, as originally recommended by the Irrigation 
Department (Trevaskis 1931 :293). 

Efficient continuous operation of the system requires, at  the local level, that a minimum of three 
tasks be accomplished: regular system maintenance; water allocation; and conflict management 
(Coward 1980:19). Regular cleaning and maintenance of watercourses, including de-silting, remo- 
val of weeds, and repair of banks, is essential because the earthen channels deteriorate rapidly, 
leading to high water losses. Water flow must be rotated because the rate and volume of flow is 
inadequate to allow irrigation from all the outlets simultaneously. Finally, conflict over shares in 
maintenance work and rotation of water, and accusations of water theft are inevitable, and dictate 
some means to resolve disputes and insure equitable sharing of water and costs of operation. The 
government did not make any provision for local institutions to fulfill these tasks. Given the princi- 
ples of non-interference in local affairs and minimum bureaucracy, cultivators must depend on 
their own cultural traditions to fulfill these tasks. 

. 

LandDemarcarion. As part of the colonization of new land through irrigated agriculture, the 
Punjab government established a policy to survey all the land and lay down squares on a common 
base line for the whole commanded area of each canal project. At the time the Lower Jhelum 
Canal was being built (1897 to 191 7) it was decided to compel farmers in the old villages to con- 
form to this requirement too, as a pre-condition to receiving canal irrigation. Accordingly, during 
the 1905-06 settlement in Gondalpur (a pseudonym), the village where I worked, all of the land 
was resurveyed and field boundaries were moved to conform to a grid’pattern (Hailey 1907:l-2). 
This involved imposing a grid of squares lmurabah) which, within each mama (revenue village), 
are numbered consecutively beginning in the northwest portion. Each square is further subdivided 
into 25 numbered killa, as shown in the key to Map I. This process was called killabandi. or “recti- 
fication.”’ The corners of the squares are marked by permanent concrete posts. Although the 
squares are not all exactly equal in size (Hailey 1907:2). they are supposed to be approximately 
11.2 hectares, so each killa is about 0.45 hectares. 

Today, most people know the location of their fields by the square and killa number; and the 
fields do form a grid even though the actual lines have shifted somewhat with time. The grid pat- 
tern does makes resolution of disputes over land boundaries easier. The watercourses also usually 
follow the grid lines with official turnouts usually located on the corners of squares. 

’See Douie (1960 Appendix XlV) for a complete description of the process 



Construction and Operation of Watercourses. Map 1 shows the square numbers and the loca- 
tion of the residential area, paths, the railroad line, and the three watercourses found in Gondal- 
pur. The watercourse routes shown,are the official ones, as of 1976. They ere approximately, but 
not exactly. accurate. Farmers' ditches to carry water from the watercourse to their fields are not 
shown; they form an intricate pattern since nearly every killa is irrigated. The low-lying land to the 
east of the Miani path, and north of the Pirpur path, was more valuable than higher land before 
canal irrigation was introduced, since rain water could be impounded; but today it is inferior to the 
rest of the village land because much of it is wateriogged and/or saline. 

The system was not designed to irrigate all of the land during any one season. The Lower Jhe- 
lum Canal was designed for a total cropping intensity of 75% per year. The actual sown area, 
however, tended to average over 95% per year (Rudkin 191 1:9). Watercourses on the Lower Jhe- 
lum Canal were designed to carry an average of 28.3 I/s (1 cusec) for every 142 hectares. Accord- 
ing to Trevaskis (1 931 :293) the Irrigation Department assumed 1 cusec would irrigate 0.4 hec- 
tares (1 acre) in 1 pehr; that is, 3 hours. "Irrigate" here is defined as covering 0.4 hectares with 
7.6 centimeters of water. By this standard, a maximum of 3.2 hectares can be irrigated in one 24 
hour day. and 22.7 hectares in a 7 day rotation. This would mean only 16% of the command area 
could be irrigated in a week, and it would take 3 weeks to irrigate 50% of the commanded area. 

Given the high moisture deficit in the region, the shortage of water relative to area and crop 
water requirements necessitates a rationing system in order to distribute water widely and-equit- 
ably. As every farmer on a watercourse has a right to water proportional to the size of his holding, 
water is rationed,according to a rotation, usually of seven days. Within this period, each farmer is 
supposed to have sole access to the water flow during a fixed period of time. The rotation always 
begins with the farmers located at the head and proceeds to the tail of the watercourse. 

. 

In most cases, the farmers themselves established the first rotation. Farmer-established rota- 
tions are called kachcha, meaning impermanent, having no legal basis, or informal, while those 
established by the Irrigation Department under its own rules are calledpakka, meaning solid, 
legal, regulated, or formal. Through the 1950s. the rotations in Gondalpur remained informal, and 
the rotation on the middle one is still informal in practice. 

Informants say that unlike the formal rotation, the informal rotation takes into consideration 
local conditions such as the sandiness of soils and the height of the field relative to the ditch. 
Thus, a sandy or high field is awarded extra time to ensure it can be irrigated. More time is also 
allowed for filling long sections of the watercourse. However, an informal rotation seems to work 
only when there are relatively few irrigators, as in the past in Gondalpur, or where one or two irri- 
gators have sufficient authority to enforce it. This is the case on the middle watercourse in Gon- 
dalpur, dominated by several large Pindi Village landlords who find the system advantageous. 

In some cases, the one man in whose name the time is recorded has been succeeded by a 
number of sons and nephews; these individuals must then agree upon an informal rotation among 
themselves. There are several examples of this in Gondalpur. If some or a l l  of the farmers become 
dissatisfied with a rotation, they can petition the Irrigation Department to set up a new one, as has 
happened on two of the Gondalpur watercourses. 

This formal rotation is set up by the lowest Irrigation Department official on the revenue side, 
the canal clerk /patwar;) and confirmed by a higher official when all the irrigators agree. It is estab- 
lished according to formal procedures laid down by the Irrigation Department (Jahania 1973: 
Appendix VIII). Basically, after allowing lead time for filling sections of the watercourse, the clerk 
divides the number of minutes in a seven day rotation by the total area irrigated to arrive at  the 
number of minutes per hectare to be allowed. He then awards the amount of time to individual 
land owners according to the total amount of land they irrigate. The rotation on the main water- 
course in Gondalpur, for example, allows 14.43 minutes per 0.4 hectares. 
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Map 1. Routes of Watercourses, Gondalpur. 1976. Based on 1910-11 revised settlement map 
and 1977 observations. 
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Every April 1, under Irrigation Department rules, the irrigation times shift forward and backward 
in alternate years, so that those who irrigate during the night one year will irrigate during the day 
the following year. However, the formal rotation does not allow for differences in soil or height of 
the field, or for losses of water due to seepage or leaking from the watercourse. This means the 
farmers near the tail of the branches do not get as much water per hectare as those at the head, 
and this difference in water supply is reflected in differences in cropping patterns and intensity 
and in land value. 

In the Pakistani system there are no "ditch tenders," government or community officials divert- 
ing the water or overseeing the rotation; each man closes and opens outlets himself. Therefore, 
not surprisingly. taking water out of turn and trading water rights, though against Irrigation 
Department rules, are common practices3 I observed a number'of cases, and heard of others, in 
which farmers near the head opened outlets onto their land during others.'turns. This often leads 
to disputes and arguments, but I never observed any serious fights caused by this. This is because 
the watercourses are long, so the irrigator may not know of the theft; and people are careful about 
whose water, and how much, they take. 

Trading, even by people on different branches, is-also common. A man often needs more water 
than he is allotted one week, and less than he is allocated the next. Trading is therefore a way of 
making a formal rotation more flexible in practice. The Irrigation Department never takes action 
against trading or theft unless it receives formal complaints from the farmers. Another reason for 
trading water is that a farmer often has several pieces of land located on different parts of the 
watercourse. but all of his time is allocated at once. Time is allotted to people, not parcels of land.4 
(This is discussed further below.) 

When asked how much time it takes to irrigate 0.4 hectare of land, the responses of farmers 
varied considerably. Generally, those near the division box of the three branches within Gondalpur 
(Map 1) said it takes 1.5 - 2 hours if the watercourse is clean and the tubewell running; on the 
middle and tail reaches the estimates ranged from 2 - 4 hours, wi th the same conditions. Since 
the rotation allows less than 15 minutes for 0.4 hectares, no one can irrigate all or even half his 
land in one turn, and farmers at the tail are able to irrigate only a small portion of their land. 

One other notable characteristic of Gondalpur's watercourses is that all three originate in other 
villages controlled by relatively large and powerful landowners. The main watercourse originates 
on and runs along the line between Pirpur Village and Chak Aziz Village. Although there is no offi- 
cial outlet on the main branch leading to the division box among the three branches within Gon- 
dalpur. Pirpur and Chak Aziz landlords owning the adjacent land cut the banks and take water wi th 
impunity. The Chak Aziz branch runs through the land of three relatively powerful (and in one case 
ruthless) families of Chak Aziz; they too often take water out of turn, and refuse to do their share 
of maintenance. 

3Lowdermilk el al. 11978 [11]:36) and Lowdermilk et ?I. (1975:54-56) show that trading of turns on watercourses is 
common. 

%he Canal and Draingage Ac1 provides for two procedures: outlet by outlet (nakka bynahka) process. and turns by holding 
(rozwari). In the former. if a man's holdings are fragmented he gets separate turns for each fragment along a watercourse 
(see Reidinger 1974). In the latter. time is largest fragment. The Act says that the shareholders may choose the procedure 
they wish to follow. See Jahania I1 973:96). See also Lowdermilk et al. (1 978 [l11:34-351 for a slightly different diefinition of 
rozawari. 
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The other two watercourses begin in Pindi Village, and irrigate the land of several powerful 
landlords who own land in both Pirpur and Gondalpur; many Gondalpur people are their tenants 
and clients, and depend on them for access to land as well as help with the bureaucracy. Even 
landowners on these watercourses are in a dependent (client) relationship with the Pindi land- 
lords. The analysis in this paper concentrates on the main watercourse. 

The Main Watercourse in Gondalpur 

Gondalpur village. Gondalpur is the pseudonym I use for a village in central Punjab where my 
wife and I resided and carried out research for 18 months in 1976-77. It is located on the Chaj 
Doab, the area between the Jhelum and Chenab Rivers. Its existence predates the first British 
colonial records on the village, in 1857. It grew rapidly. primarily due to immigration, during the 
decades before the turn of the century. Gondalpur began receiving water from the Lower Jhelum 
Canal in 1904, and within a few years all of the land in the village was under cultivation. 

The dominant landowners, the Gondals, are divided into four named biradari, or brotherhoods, 
which are local co-resident groups based on a combination of patrilineal descent and marriage 
(Alavi 1972). The biradari members' lands tend to be concentrated on different branches of the 
watercourse, with some mixture. Table 1 summarizes the size and location of the lands of each 
biradari. Although in this paper I speak of land belonging to this or that biradari, land is registered 
in individuals' names, and patrilateral relatives hold residue1 rights. (For detailed discussions of vil- 
lage history and social organization, see Merrey 1982, 1983, 1986). 

a/ Table 1. Biradaris on the main watercourse. 

Position on b/ Number of Watercourse 
Households People branch branch 

Gondalpur biradaris: 

Gondal-Khudaya 11 70 0; a little on 8 H.M.T 

Gondal-Khizarane 212 105 B H. M. T 

H. M. T Gondal-Muradke 7 43 

GondaCMiane 5 36 'D; a little on A M. T 

Langah 5 36 A M 

Awan 11 47 8 and C M .  

Bhani-Rajeaned 18 7a B (2 households) M 

Sayid 3 25 B H. M 

C; a linle on B 

C/ 

d/ 

non-Gondalpur biradaris: 

Kharal (Chak Aziz) 3 ? A; a linle on B H 

3 Pindi biradarise' under 10 7 A & D  Ton both 

Notes: Branches: A - Chak Aziz. B - Khizarane. C - Muradke. 0 - Khudaya. H - Head, M - Middle, T - Tail. a/ 
This is not a complete list of all biradaris in Gondalpur; only those having land i rigated by the reconstructed 
watercour are listed. Values are based on 1977 complete household census. '/ See Map 1. c/ Very small 
holdings. "Only two households of this biradari have land on this waterco rse There are 7 Bhani biradaris 
in Gondalpur with a total of 90 households and 416 people as of 1977. These biradaris did not play an 
important role in the improvement project - their major holdings are on other watercourses; they generally 
acted together on this project. 

e Y ' .  . .  
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The main watercourse, like others in Pakistan, was constructed by the farmers themselves, on a 
route laid out by the Irrigation Department a t  the time the Lower Jhelum Canal was built. The 
main channel, officially sanctioned by the Irrigation Department, is called the sarkari khal. or offi- 
cial watercourse. Its route cannot legally be altered without prior official approval. Map 2 shows 
the route of the official watercourse as it appeared until the early 1960s: there is no evidence of 
any changes taking place, and the official map of the SCARP tubewel15 constructed in 1965 indi- 
cates the organization that built it, the Water and Power Development Authority (WAPDA), had not 
been informed of changes made at that time 

I I 

1 
Map 2. Original Route of Main Watercourse Gondalpur 

5The Salinity Control and Reclamation Program (SCARP), implemented in stages since the early 1960s. involves the instal- 
lation of large publicly managed tubewells in areas of high water table. Water is pumped into watercourses (unless it is too 
saline) to provide extra irrigation. GondalDur is in the SCARP II area. See Johnson 11982) for an economic analysis of this 
program. 
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As Map 2 shows, the main watercourse has several major branches. The main branch follows 
the boundary between Chak Aziz and Pirpur villages to a three-way division box. The right hand 
(eastern side) branch was and still is called the Khizarane nali(Khizarane's channel), since it 
primarily irrigates land owned by members of the Khizarane biradari. The middle branch used to 
be called the vichalinali(center channel), and was used primarily to irrigate land owned by 
members of Muradke. Khudaya, and Miane biradaris. This branch still exists, but is shorter, and is 
now called the Muradke branch. The third branch used to be called the urali(high) or dingi 
(crooked) nali. It used to irrigate the high land owned today by a Chak Aziz village landlord, as well 
as land owned by the Langah biradari, and some Pindi village landlords. The other branch near the 
outlet irrigated the remainder of the land owned by the landlords of Chak Aziz. The routes of these 
two branches have been significantly altered in recent years. 

Although there were apparently no changes made in the route of the official watercourse, the 
cultivators did add many unofficial ditches and turnouts over the years. For example, about 40 
years ago, in squares 42 and 41 (Map 2). a Langah man built a long unofficial ditch from the dingi 
nalito irrigate land officially commanded by the center branch. This ditch now links both branches. 
Similarly, in squares 32 and 31, the Miane biradari people have built extra ditches so that they can 
bring water from either branch (dinginalior center) to their fields located between the two, 
though their irrigation time is officially on the center branch. Further, although only one turnout 
per square is permitted on official channels, there has been a tremendous proliferation of loca- 
tions where the channels are cut: this is true on most watercourses in Pakistan.' 

The total cultivable commanded area (CCA). or potentially irrigated area, of the main water- 
course is 275 hectares. This is called its chakbandi. Of this, 35.6 hectares are in Chak Aziz, near 
the head, while 9.9~ hectares are at the tail end in Pindi. The remaining 229.5 hectares are in 
Gondalpur itself. However, because of waterlogging and other problems discussed below, not all 
of the commanded area within Gondalpur is irrigated by this watercourse. I estimate that only 150 
hectares, about 55% of the commanded area within Gondalpur is actually irrigated in most years.7 
In other words, of the total 275 commanded hectares on this watercourse, only about 200 hec- 
tares, or 70 - 75% of the total is irrigated. 

Until 1961, the rotation on this watercourse was an unofficial kachcha warabandi. There is no 
record available today of how this rotation worked. Informants say that if the canal water stopped 
for some time. the person in line for the next turn would be the first to get the water. Thus, rota- 
tions were not necessarily on fixed days. Similarly, specific data are unavailable on the level of 
conflict over water or on the level or effectiveness of maintenance. Informants made general 
statements that there used to be many quarrels, usually over rotation times (attributed to the lack 
of preciseness of thepehr system), and sometimes over water theft, but they insisted these did not 
lead to major problems and did not affect the ability of the farmers to cooperate in channel main- 
tenance. They claim the channel was better maintained before the installation of the SCARP 
tubewell, as before that water was short and frequent cleaning was essential to get water. 

Developments Since 1960. Conflicts within and among biradaris in Gondalpur became intense 
in the late 1950s. culminating in a double murder in 1962 (Merrey 1983). Conflicts and tensions 
have continued since then, and two members of the Kharal family in Chak Aziz have also been 
involved. All of the land owning parties in these conflicts have their major holdings on this 

'Lowdermilk et al. (1979 [111]:26-33)found an average of 2.6 nakka (field turnout) cuts hectare ina  survey of 40 water 
courses in Pakistan. 

7Some of the non-irrigated land is waterlogged, but is cultivated with paddy once a year. 
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watercourse. It is not surprising that watercourse politics have become intertwined with the larger 
political conflic!s in Gondalpur. Several other factors have had an impact on the operation of the 
watercourse and biradari politics. 

One factor is the increase in population, leading to subdivision of land holdings, necessitating 
more minute subdivision of water rights. This subdivision makes it difficult to maintain an informal 
rotation, and has led throughout Punjab to appeals to  the Irrigation Department to  create official 
rotations. Related to this subdivision is a second factor, the purchase of land by people of other 
biradaris, leading to an increase in the mixture of biradaris on the watercourse. For example the 
Kharal of Chak Aziz village have acquired small plots of land here and there in Gondalpur; Pindi 
village people have bought land from some of the Khudaya involved in the 1962 murder; and in 
recent years two Rajeane Bhatti have bought land in several locations on the Khizarane branch. 
These purchases have complicated the rotation and made cooperation for maintenance more diffi- 
cult to  enforce. 

A third factor is the intensification of cultivation, partly a result of increased population pressure 
and facilitated by the introduction of higher yielding varieties of crops: these are far more water- 
sensitive, placing a greater premium on amount and timing of irrigation water. Related to this is 
the fourth factor, the installation of the SCARP tubewell in 1965 which in effect doubled the water 
supply. Increased water supply has led to an increase in double cropping and in the area of crops 
requiring large amounts of water, especially rice and sugar cane (Merrey 1983). It also led to an 
increase in the wastage of water: as on other watercourses supplemented by public tubewells, 
this one was not enlarged to  accommodate the enhanced flow, leading to erosion, overtopping, 
leaking, and washouts. Further, since there was far more water than farmers were accustomed to 
using, the frequency and effectiveness of watercourse cleaning declined. As the watercourse 
deteriorated from both these factors (lack of maintenance and water flow greater than channel 
capacity) the distribution of water became increasingly inequitable: farmers at the tail were proba- 
bly getting half to  a third of the amount available at the head by 1977 (farmers' statements; Low- 
dermilk et al. 1978 [111]:97-99). 

As on other watercourses in Gondalpur, there is a five rupee fine for non-participation in perio- 
dic cleaning; but while many do not cooperate, I could not find one example of a fine actually col- 
lected. On the branch passing through Chak Aziz village and Gondalpur to  Pindi (lillage, biradaris 
have assigned shares to clean based on the amount of land irrigated. This cleaning is done about 
twice, a year; but the head cultivators, the Kharal of Chak Aziz village, not only avoid their share 
but often sabotage the cleaning of others. On the other branches farmers work together beginning 
at the head, and stop when the section up to their individual plots are clean. With this system 
those near the tail do more'work; and there were many complaints that the ditches are not 
cleaned often or well enough. 

All of these factors have led to three inter-related responses on this watercourse: attempts to 
change the route of the official watercourse to better fit perceptions of the needs and realities of 
social relationships; changes in the rotation of water; and more recently, demands for 
government-aided watercourse rehabilitation. The route changes are also related to the attempts 
of some to use a favorable location on the watercourse as a political weapon. 

Route Changes 

1. Chak Aziz anddingi branches. The unauthorized ditch built about 40 years ago by a Langah 
man to irrigate his land in squares 41 and 42 has been mentioned above. Informants say this 
route was shorter, and therefore more efficient. However, both this and the legal route pass 
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through land owned by the numbardap family, a relatively powerful group within the Khudaya 
biradari. Several years before the 1962 murder of the previous numbardar, a Langah biradari man 
was suspected of having been involved in the attempt to burn him and his cousin to death (Merrey 
1983). Therefore, the numbardar destroyed the sections of the Langah ditch passing through his 
land; for two years the Langah man got no crops as he had no water. Later the numbardar allowed 
it to be rebuilt when he discovered the Langah had not been involved in the plot. 

Until the early 1960s. the dinginaliroute remained as shown in Map 2. It ran though land 
owned by the numbardar and Fazal Kharal, of Chak Aziz village; it cut across squares and killas, 
rather than running along the ridges between the fields. Then Fazal arranged a land trade with the 
numbardar to consolidate his land. To facilitate cultivation of his newly consolidated land with a 
tractor, Fazal then convinced the other people on the branch to agree to a major change in the 
route. This was an extension of the previous Chak Aziz branch to replace the dinginali, and runs 
along the ridges between squares, and then along the distributary, as shown in Map 3. 

Map 3. Changes in Route of Char Aziz Watercourse Branch. 

Key 

A. Route of Watercourse branch until rehabilitation project. 1977. 

6. Route of watercourse as built during rehabilitation project, 1977. which probably reflects 
the route actually sanction by the irrigation deparment in the mid-1 960s. 

Before mid-1960s Ihis watercourse stopped here, irrigating only Chak Aziz land; it was 
extended from here to Gondalpur when the route was changed and the dingi nali 
abandoned. 

C. 

‘Nurnberder (from the English word “number”) refers to the village resident selected by the Government as its contact 
point in the village. He collects land revenue and irrigation fees from individuals, based on the revenue and cnal clerks’ 
assessments. The position is normally hereditary (father to son), subject to Government confirmation. 
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The Langah biradari's land is located just downstream of Fazal's land. Langah iniormants say 
now that they made a mistake in agreeing to the change in the route, and accuse Fazal of fraud, 
Since Fazal's land is high, and the new route is also higher, he gets more water than before. How- 
ever, he and his relatives refuse to de-silt the channel regularly because the silt helps raise the 
water level, facilitating irrigation to their fields. The Langah are forced to de-silt the Kharal's share 
as well as their own to get water--but they claim the Kharal then often refill the channel with silt 
again. The Langah can do little as the Kharal are far wealthier and politically more powerful. 

The Langah claim that Fazal got the Irrigation Department's sanction after a new ditch had been 
built. but instead of getting sanction for the route just constructed, he got yet another route sanc- 
tioned along the distributary, behind the residential area of Chak Aziz, and continuing downstream 
along the distributary. The Langah say they did not realize this change had been made when they 
agreed to its sanctioning; after it was authorized; they had no choice but to go along with its 
reconstruction again, along the distributary downstream of the Chak Aziz residential area (the sec- 
tion through this residential area was sanctioned but not built until the watercourse reconstruc- 
tion program in 1977; Merrey 1982). The Langah probably agreed to these changes out of both 
powerlessness to oppose the Kharal, and faith in  their kinship tie with Fazal, whose mother is a 
Langah. The Langah today have acute water problems, and in 1976-77 were among the most 
enthusiastic supporters of a proposed watercourse reconstruction program. 

2. The Muradke andKhudaya branches. As is shown on Map 2, the Khudaya and Miane birada- 
ris' land in squares 45, 41, 32, 33, 28, 29, 19-21, etc. used to be irrigated from the center (vichali) 
branch. Today it is shorter, and primarily irrigates Muradke land and some Awan land. The 
Muradke and Awan were initially accused along with the Langah in the first attempt to kill the 
numbardar and his cousin, though they were later exonerated. Nevertheless, several informants 
date the tension between the Khudaya and Muradke from that incident. The tension continued 
after the murder of the numbardar and his cousin (both Khudaya biradari). The new numbardar 
and his brothers were young and weak then, and other Khudaya feared they would get into trouble 
while irrigating since the water passed through Muradke land while irrigating. They also feared 
the Muradke would attempt to deny them water. Other informants attribute the heightened ten- 
sion to the effect of the first "Union Council" election under the "Basic Democracy" system. in 
1960, when a Muradke opposed a Khudaya for Gondalpur's seat (the Khudaya won). 

About a year after the murder, about the time the new Chak Aziz branch was under construc- 
tion. the Khudaya built a new watercourse branch, now called the Khudaya branch (see Map 4). 
This new branch utilizes part of the former dingi branch in square 51, and runs northwest through 
the land owned by the Khudaya and Miane (squares 45,41), to link up with the old section 
through squares 32,29,28, and beyond. No survey was done, and the ditch was made the same 
depth throughout regardless of land height. A few years later, about 1966, the numbardar got the 
new route sanctioned by the Irrigation Department. 

Not everyone is happy with the new route: the Miane biradari, whose land is relatively high, 
complain they get less water than before, while the numbardar's poor relatives at the tai l  say they 
also get less water. Nevertheless, the new route accomplished its purpose: the Khudaya now have 
their own channel, which they control right from the division box; they are no longer dependent on 
the Muradkes'good will, and no longer have to pass through their land. Perhaps as a result, the 
Khudaya-Muradke tension has not led to any overt conflict since the early 1960s. 

3. The tailofthe Khizarane branch. At its tail, the Khizarane branch is supposed to irrigate land 
in parts of squares 23,25, 26, 35, and 36. The land furthest from the head of the watercourse is 
relatively high and sandy land, while the intervening land, parts of squares 38-39,34-35, 26-27, 
and 21, are low and waterlogged. Thus the watercourse must pass through this waterlogged low 
land in order to reach the higher sandy land. Much of this higher land is owned by Muradke, 
Rajeane Bhattis, and an urban landlord. The lower land is owned by various people, including 
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Summary. This section has shown how the routes of the watercourse branches have been 
manipulated by more powerful people to gain control over, or to punish, others on the water- 
course. In only one case, the modifications in Chak Aziz village, was an economic benefit also 
important: the changed route enabled Fazal Kharal to better cultivate his land with a tractor, and 
possibly to improve his water supply. However, in the process the Langah supply was reduced, 
and Fazal and his relatives’ power over the Langah enhanced. In the case of the Khudaya. they 
were able to separate themselves from having to cooperate with the Muradke, with whom rela- 
tions were tense; but this was at the expense of a reduced water supply for at least some people. 
On the Khizarane branch, the watercourse was used by the Muradke as a weapon to hurt a person 
of another biradari who had slighted them, i.e., struck a blow at their honor /inat). even though 
their action was at  their own expense as well. All of these changes in the route of the watercourse 
are inseparable from changes in the rotation, the subject of the next section. 

Changes in the irrigation Rotation: 1961 to  1977 

No record is available today on the informal rotation in operation on the main watercourse until 
late 1961. Informants say it was broken when people who had acquired land found they did not 
get water,’ and applied to the Irrigation Department to institute a formal rotation @akka wara- 
band/). The first formal rotation, established in late 1961, apparently preceded most of the route 
changes discussed above. There is no indication in the canal clerk‘s register that this rotation 
included extra lead time for filling the watercourse, suggesting it may have been technically defi- 
cient. This rotation lasted less than five years. It had to be replaced for two reasons: its gross 
inequity, and the changes in watercourse routes, especially the separation of the Khudaya and 
Muradke branches. 

One informant told me that people began complaining almost immediately after the establish- 
ment of this first formal rotation, because of its inequity. He alleged the canal clerk had been 
“influenced” by certain farmers. His major example was from his own biradari: several holdings 
which were still together in the record books as one holding were given a total of 9 hours of water, 
which was reduced to a more reasonable total of 2.5 hours in the next rotation. I had thought this 
an exaggeration, but examination of the rotations of 1961 and 1966 in the canal clerk’s register 
confirmed this. There were other similar anomalies, but this was the most obvious one; in each 
case the inflation occurred by including in the rotation schedule land not actually irrigated by this 
watercourse. 

The other factor necessitating the revision of the rotation was the construction of two new 
branches discussed above: the Chak Aziz branch, which was lengthened and replaced the ding; 
branch; and the creation of a new Khudaya branch separate from the Muradke channel. This new 
rotation was sanctioned in August 1966 and was the basis for the rotation in operation in 1977. It 
includes lead time for filling the channel and extra time for citrus orchards; and it was on this rota- 
tion that the annual twelve hour shift of time was introduced: every April 1 the rotation shifts 12 
hours alternately backward and forward, so that people who irrigate a t  night one year, irrigate dur- 
ing the day the following year. 

This rotation has been slightly revised twice since 1966. In March 1971, it was changed to 
reflect the division of land between the numbardar family and his cousin. In August 1975. another 
revision occurred when an absent Khudaya family sold a small piece of its land. Table 2 presents 
the revised rotation. Notes are based on observations of, and informants’ statements concerning, 
actual practices where they differ from the official r0tation.O 

gUnfonunately, through an oversight. I failed to get detailed data on tenancy on this watercourse. Most owners are self- 
cultivators. Some of the landowned by the Kharal is cultivated by tenants, both Gondalpur and Chak Aziz residents. Some 
of the land owned by the Miane and Several Khudaya is also cultivated by Sayid and Rhani tenants in Gondalpur. In these 
cases, the internal distribution of the water is decided by the owners in consultation with his tenants. 
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Table 2. Current Irrigation Rotation on the ”Main” Watercourse. Gondalpur. 

Branch’ 
Owner’ 

3 Square 
numbers 

~ ~~ 

Area Starting 
(ha) time 

Khizarane Branch 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Mumtaz. Mna, Khizarane4 
Abdul. Khirarane 
M n a ,  Ghulam. Khizarane 
La1 Shah IPirpur) 50 
Nawab Shah, Sayad 

6 Khushi, Khirarane 
Raja etC, Khizarane tl Sardar Machchl7 23, 25, 33. 34, 39.46, 47 
Salabat. Hayat. Sahll, Khtzarane’ 23,24,25,38,46 

25. 34. 39,46, 47. 50. 51 
23, 25, 26, 34, 38. 46 
25, 26, 32. 45,46. 50. 51 

24, 33, 34, 46,49, 50 
34. 39, 46, 50 

5 

9. Nadar & Sardar Shah, Sayid 
10. Murad etc. Dhudhi (Pindi) 
11. Din tl Dost. Khizarane 
12. Sher. Khizarane 
13. Khan, Khizarane 
14. Jahana & Rahman. Khizarane 
15. Shabu (urban refugee) 
16. Fateh (urban refugee) 
17. Rahman. etal. Musalli 
18. Saghir Shah, Sayid 
1 9 ~  Raja, Muradke” 
20. Wali. Rajeane 

9 

11 

46 
47.48.49, 50. 51 
33.38,46.47,50 
25. 26, 34,47 
34.39.40.47 
34.38. 39 
34.38.39 
25,26.33,36, 39,40 
39 
40, 46, 50 
29, 33.40 
23,26, 5’4 

Khudaya Branch 

21,22,27.34 21 All. Khudaya 
22 Sher. Khudaya 21, 27,38. 34,41 
23. Baksh & Mallh. Khudaya 28.42,44,45 
24 Baksh,Khudaya” 30,40, 42, 45 
25 Akbar (nambardar). et 81.. Khudaya14 39-42.44,45. 51.52 

12 

21.29.33.40.41.42 

21.27.30.31.32.45 

15 26. Ghulam. et al.. Miane 
27. Qaim. et al., Khydaya 28.29 
28. Nuri. Khudaya 16 

29. Dost. Khudaya 28.29 

Muradke Branch 

30. Sardar. Khudaya17 
31. Sada. Muradke” 
32. Ahmad, et aI.J9 

42,44,45 
22. 26,40,41,45 
22. 23.26. 32-34.40,41,45 

7.0 
2.1 
3.1 
0.9 
4.3 
6.7. 
2.7 
4.3 

3.1 
1.5 
4.2 
2.9 
1 .8 
2.3 
5.7 
9.5 
1 .o 
2.7 
1.7 
6.1 

7.3 
10.6 
1 .7 
1.8 

27.3 

13.8 
3.9 

15.1 

3.9 

4.1 
7.8 

22.7 

Monday 
6:OO 

10:39 
11:35 
13:44 
14:17 
1 6 5 9  
2 0 5 8  
22:46 

Tuesday 
1:18 
3:07 
402 
6:32 
8 1 4  
926 

1 0 4 6  
1 4 0 9  
19:48 
2 0 2 3  
2 2 : m  
23:W 

Wednesday 
3:02 
7:21 
1332 
14:48 
15:52 

Thursday 
8:39 

1 7 0 5  
19:25 

Friday 
4 2 2  

Friday 
6:22 
8:55 

13:48 
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Area Starting Square 
numbers (ha) time 

3 1 
2 

Branch 
Owner 

Muradke 

33. Sher, e l  al.. Kasise 32. 33, 40. 41 

Khizarane Branch 

34. 

Chak Aziz Branch 

35. 

Sardar. e l  al.. Awan 20 25, 26. 27, 33. 34.40 

Rahim. Faral. Hafeez. Kharal (Chak all the land in Chak Aziz 

22 
23 

"water tank" 
Rahim. e l  al. again 

24 
25 

36. Zaman, Langah 
37. Ghulam. Langah 
38. Lala, Khudaya 
39. Hayat E Sardar, Langah 
40. Moulu E Hariana P ndi) 
41. Sahli. Randhavah 

26 

li 

? 
21. 22. 26-28. 33, 38, 39, 
41,42.46.47. 50-52 
42.44 
42 
29.44 
41.42.44 
in Pindi 
31.32 

in Pindi 28 42. Rehman. e l  81.. (Pindi) 

0.9 

4.5 

35.6 

? 
11.4 

1.2 
0.5 
1.9 
4.4 
5.3 
4.7 

11.1 

Safurdey 
3:17 

4:05 

6:26 

Sunday 
424 
5:45 

12:39 
13:32 
14:01 
15:08 
17:46 
21 :11 

Monday 
1 2 : w  

totalirrigafed: 275.1 
water returns fo  Khizarane branch at 6:OO 

Notes Sources; Official rotation given in canal clerk's register, with notes on present practices from informants. 

See Map 1 for location of watercourse branches. 

5His son now cultivates; 9 min. lead lime. 

20wners' names, biradari. and village in 1) if not Gondalpur. 

6Mumtaz Khizarane cultivates this land on lease. 

3See 
Map 1 for locations of square numbers where land is located. 4lnformants include their fraternal nephew; 30 min. lead 
time. 7Raja is in Sind: 
his brothers cultivate; 12 min. lead time. 
00:15 Tuesday. %her. Kahn. Jahana. Raman (No. 12-14) are deceased; informants say Phule and Gula s/o Khan take 
water at 6:32; then Dost s/o Jahana at 8:14. Sher's sons are not mentioned but presumably taka water. 6 min. lead time 
in Khan's time. 10Deceased; son Ahmad cultivates. Square 29 is not on this branch; previous rotation lists squares 26, 
33, 34,40. 
120fficial time is on Khizarane branch, but actually used on Khudaya branch. 
1.1 ha orchard, which gets enra time. 35 min. lead. Akbar deceased. 
time. 
time. 
etc. weekly. 
other two. 48 min. lead time. 
Kharal to increase their supply. 
an informal internal rotation. Dost Rajeane bought 2.8 ha of this land, and rented another .4 ha from 2 Kharal men. but has 
not yet obtained Separate water for his land. Tjmes listed are on Chak ALiz branch -but the landis on Khizarane branch. 
Each week Dost informally arranges for water. 24Lead time is 11 min. 
and succeeded by brother's son. All these Langah and Lala Khudaya work together and share water. 
and replaced by son. 

81nformants say Hayat takes water at 22:35: then Sahli at 23:25; the Salabat at 

l1 Mostlysandyarea not irrigated. Informants list this land as owned by Wali's son Anar, who cultivates. 
13Deceased; son cultivates. 14lncludes 

15Deceased;sons manage land now; 15 min. lead 
18Deceased: 2 sons now cultivate; 15 min. lead 16Nuri.s land includes 1.0 ha orchard. 

19Ahmad is deceased and succeeded by a son. Four households each take 3 hrs, and rotate who goesfirst. second. 
17Lead time is 6 min. 

2Whis land is in fact minutely subdivided. 21 Rahim, deceased, is succeeded by 2 half brothers of the 
221 know of no such tank, and informants never mentioned one. It may be a ruse for the 

23Rahim's sons' (the troublemakers) araa, "enemies" with the other two, but they have 

25Lead time is 10 min. 2 6 ~ ~ ~ ~ t  is deceased, 
27Sahli deceased 

281nformal internal rotation. 
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One striking characteristic of the official rotation is that many of the holdings are still listed in 
the names of persons who were deceased even in 1966 when it was established. This reflects the 
legal position according to the records, since the rotation is based on the official record of rights. 
but shows people are evading the legal prescription to subdivide land when the owner dies. As a 
result of these demographic changes, the record does not reflect actual practice, and informal 
arrangements have been made among the successors for internal sharing of the water. This gap 
between the official rotation and social reality is a major force behind recent pressures to apply for 
another revision of the rotation. 

Another striking feature, as noted above, is that water is allocated to people, not specific pieces 
of land. A comparison of the square numbers in which people hold land with the watercourse map 
shows that the plots belonging to one holding are widely scattered; in some cases they must even 
be irrigated by separate branches of the watercourse. If during one turn a man must move water 
from one branch to another, a great deal of \Ivater is likely to be wasted. In fact this is often done; 
but in addition there is also a lot of informal trading of water to adjust to the problem. Another 
result of this single allocation of irrigation time for scattered plots of land is that those owning 
land in the sandy or waterlogged areas have extra water that can be applied to their cultivable 
plots, This too has a consequence pointed out by several informants: it reduces the incentive for 
those farmers to participate in cleaning and maintenance, since they have more water than most. 

The allocation of water to people instead of land also creates a problem when land is purchased. 
After purchasing land, it is necessary to apply to the Irrigation Department for separate time for 
one's land, a lengthy and somewhat expensive, process. For example, Dost Mohammad, a Rajeane 
Bhatti, purchased about 2.8 hectares of land from Fazal Kharal of Chak Aziz. The land is actually 
located in the middle of the Khizarane branch, far from Fazal's main holding. Thus. every week 
Mohammad must make an arrangement with Fazal to get water, including bringing it from the 
Chak Aziz branch to the Khizarane branch, a long distance. He has a similar problem with land he 
rents from another Kharal on the same branch. During the field work he was attempting to get 
separate rotation time, but despite paying a number of informal "fees," had not succeeded before I 
left. 

Another important characteristic of the rotation schedule given in Table 2 is the exactness of the 
times allotted to begin or finish irrigating. Times are given to the minute, such as 10:39 or 1:44. 
This leads to frequent disagreements, since watches often do not agree, and a man's field may not 
be complelely irrigated at the exact time when his neighbor is scheduled to take the water. 

Finally, the designers of the irrigation system (and the rotations) assumed holdings in multiples 
of at leqst 5.1 hectares, the smallest original colony allotment, which entitled the holder to nearly 
three hours of water per week on this watercourse. Effective irrigation under the constraints 
imposed by the low water supply per hectare requires planning irrigation for a holding of at least 
this size. However, many holdings are now far smaller than reflected in the official rotation 
because of de facto divisions. The smallest holding listed in the official schedule is 0.5 hectare 
belonging to a Langah. His watercourse has a poor water supply, so that it takes about two hours 
to irrigate .4 hectare of land. With 19 minutes plus 10 minutes lead time to fill his irrigation ditch, 
a total of 29 minutes. this man could not manage within this schedule. Fortunately for him, his is 
a relatively cooperative biradari, so that with judicious exchanges and trading he is usually able to  
irrigate his crops adequately. However, it is questionable how long such a formal rotation can 
work, if it becomes even more detailed and subdivided, in the absence of informal cooperation, 
trading, and sharing. 

The present rotation schedule is already losing its legitimacy, as the processes of land subdivi- 
sion, land transfers, and increasing conflicts among people who had previously cooperated, con- 
tinue. During the field work period, a land consolidation program and a watercourse 
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reconstruction program simultaneously raised hopes and led to an increase in tension, and many 
people expressed the opinion that it waS time to break this rotation schedule and create a new one 
(Merrey 1982, 1983). 

Conclusion 

In 1977 a Government research organization offered to assist in implementing a reconstruction 
program on the main watercourse. In this program, the Government provides engineering assist- 
ance and materials, including concrete outlet gates (pakka nakka); the farmers provide the labor. 
Most people reacted enthusiastically to this program, but it soon bogged down in disagreements 
over shares of work, and disputes with some who were attempting to sabotage the program. As 
reported in detail in Merrey (1982). the villagers apparently had seen this as yet another opportup 
ity to solve the underlying social problems, but it was not successful. 

Other writings have explored various sociological problems and their historical roots in irrigation 
management in Pakistan (Merrey 1982, 1983, 1986). Here I wish to note a feature of rural Pakis- 
tani social structure that has not been emphasized previously. Even after about 80 years of adapt- 
ing to an imposed irrigation system, no specialized irrigation management roles have evolved 
separate from the larger social structure at the local level. It would not be correct to say that there 
is no irrigation management organization; rather, the roles and norms through which irrigation 
tasks are carried out are imbedded in the larger local social structure, especially the kinship-based 
biradari system. 

However, the social structure has no legitimate cultural mechanisms YO insure that irrigation 
functions are fulfilled, ia, that irrigation tasks requiring cooperation with others are done. Rather, 
as I have shown in this paper, the irrigation system has become yet another weapon, as it were, in 
the conflicts endemic in rural Pakistani society. 

What lessons can be drawn from this case? It is not possible to offer a simple panacea, to solve 
all the complex organizational problems faced in designing and managing irrigation systems. But it 
is clear that when an irrigation system is still at the planning and later at the design stage, it is 
essential to make serious use of local social data, as well as the usual technical considerations., 
These data must be gathered systematically by social scientists trained to understand what types 
of data are appropriate and necessary, to avoid overloading the designers with extraneous data. 

Irrigation planners and designers cannot assume that people will adjust themselves to the tech- 
nology, or by themselves evolve satisfactory solutions to what are often deeply imbedded sociolog- 
ical, political, and economic problems. An integral component of the design, construction, and 
operation processes must therefore be the development of appropriate organizational capacities so 
that the users can make the best use of the system. This would apply to rehabilitation and moder- 
nization projects on existing systems, as well as to new systems. 

Regarding Pakistan specifically, the case reported here is not unique. For example, Mirza and 
Merrey (1  979; Merrey 1982) show that similar problems characterized a l l  of the recently rehabili- 
tated watercourses studied to varying degrees. The minute subdivision of land and therefore irri- 
gation times; the absence of an  indigenous local capacity to ensure cooperation on collective 
tasks; and the "embeddedness" of irrigation management tasks in a highly fragmented and com- 
petitive social structure are serious and deep-rooted problems not amenable to standard types of 
social tinkering usually recommended by social scientists. 

The implication is that the continuing implementation of watercourse rehabilitation programs, 
even including recent efforts to organize water users associations will be problematical from a 
long term perspective in the absence of more fundamental changes in system design and the 
organization of irrigation-related tasks. 
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