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FOREWORD 

.) 

This Volume contains the five papers on Water Management Below the Mogha that 

were presented at the National Conference on Managing Irrigation for Environmentally 

Sustainable Agriculture in Pakistan held at Islamabad, November 5-7, 1996. These 

papers are authored by the researchers of IIMI-Pakistan and by professionals in the 

organizations with which IIMI-Pakistan has been collaboration comprising of: Water 

Resources Institute (WRRI) of the National Agricultural Center, Islamabad; Director 

General, On-Farm Water Management (OFWM), Government of the Punjab; Center of 

Excellence in Water Resources Engineering (CEWRE), University of Engineering and 

Technology, Lahore; Mona Reclamation Experimental Project, Bhalwal of the Water and 

Power Development Authority (WAPDA); and Agro-Evo, an agricultural enterprise 

interested in R&D. 
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WATER ALLOCATION AND DISTRIBUTION AT THE WATERCOURSE LEVEL: 
A REVlEW OF IlMl RESEARCH 

Saeed-ur-Rehman’, Pierre Strosse?, D.J. Bandaragoda’ 

ABSTRACT 

In a context of increasing population, stagnant t i d  production and serious environmentnl p r ~ h l e m s ,  the perforinance 
of the canal irrigation system is of increasing concern for policy makers, irrigation inanagers and researchers in Pakistan. 
Performance assessinent studies have mainly highlighted the poor level o f  water supply perforinance at lhe secoiiclary 
canal and main cand levels, However, few studies have concentrated only oti performance related issues lielow the 
mogha. Thus, there is no clear (and updnted) understanding of issues and trends in current canal water supply within 
watercourse coininand areas. The present paper is an attempt to f i l l  this gap drawing r m  tlic research undertaken h y  the 
International Irrigation Management Inslitute from 1986 10 date on issues related to  allocation and distribution hclow the 
mogha. First, research activitie8 and rrwlts are summarized. These wsults, cw ip le~nented  by results o f  other sttitlies 
undertaken in Pukistan, stress the importance of recognizing the discrepancy hetweeii official and actual allocation and 
distribution rules. Official rules have been adapted by farmers to provide H more flexible service and to respond to short- 
term and long-term changes. The research results obtained so far are discussed i n  the light of three important issues: (i) 
the type of intervention to be implemented at the watercourse level to improve canal water supply performance; (ii) the 
policy objectives (whether equity, productivity, efficiency) that are to he tackled hy  interventions helow the moglia; and 
(iii) the identification of gaps in knowledge and understandiiig and areas fur fiirthrr msearch. 

INTRODUCTION 

Since the initial development of canal system in Pakistan, many issues related to agricultural 
production and its sustainability have been presented in discussions regarding the construction 

issues have become increasingly important for several reasons: (i) increasing population and 
demand for food products: (ii) environmental problems such as salinity, sodicity and 
waterlogging that have not been successfully tackled at the level of the Indus Basin albeit billions 
of dollars invested in drainage and reclaination projects; and (iii) reduced availability of funds 
to develop new (and increasingly expensive) projects or rehabilitate existing systems. 

.. of new irrigation systems and the operation of existing ones4. More recently, however, these 
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Design parameters such as duties and cropping intensities have heen established with regard to equity 
and food production objectives. And as early as the 1920s, problerns related t o  waterlogging and 
salinity were officially acknowledged and solutions to mitigate these problems were identified and 
implemented. 
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The complexity of irrigated agriculture and the large number of factors that influence agricultural 
production and its sustainability is fully recognized (although often not well documented). For 
example, timely supply of fertilizers or quality of pesticides would have a significant impact on 
crop yields, but these aspects are not usually considered in analyses of the water factor. 
However, there is a clear consensus among researchers, government department officers and 
policy makers that water, the basic input for agriculture i n  Pakistan, is in fact the main culprit 
explaining low productivity and environinental problems. The existing irrigation system is npt 
able to deliver appropriate water supplies ( in  term of equity, variability, reliability) to farmers 
for optimum and sustainable crop production. Thus, to tackle productivity and environmental 
issues, there is a need to improve first the canal (irrigation) water supply performances. 

0 

IRRIGATION SYSTEM PERFORMANCE: AN IIISTORICAL PERSPECTIVE 

In the 1970s, as part of the efforts undertaken by the Colorado State University (CSU) program, 
efforts to improve irrigation water supply performance have inainly focused on the adequacy 
dimension of performance (i.e. to increase tlie water supply available at the farm gate and field 
level) by reducing various losses below tlie watercourse licatl or uw~q/uP. Iicscarch results 
obtained under the CSU program were translated into development activities undertaken under 
the On-farm Water Management programs. These programs, however, have only been very 
partially successful; their institutional coinponent has led to noii-sustainable Water Users 
Associations, and technical efforts have focused on reducing conveyance losses through lining, 
while neglecting other losses at the farin level. 

Towards the end of the 1980s, concerns related to water supply perf'orinance have shifted to 
higher levels of the irrigation system, i.e. the disrriburcrr-y (or secondary canal) and main canal. 
At these levels, the focus of perforinance assessment activities is not adequacy, but equity i n  
distribution between watercourses or distributaries, and also variability and reliability of canal 
water supplies. Most of the studies undertaken so far have shown the iiiagnitude of the problems 
of inequity in distribution and variability in supplies at the distributary and iiiain canal levels (see 
for example, Bhutta and Vander Velde, 1992; Kuper and Kijiie. 1992). Also, the increasing 
number of canal systems analyzed emphasizes that the discrepancy between official and actiial 
operation of canals, and poor canal water supply performance, seem to be the general rule rather 
than the exception for canal conunand areas within the Indus Basin lrrigation System. 

_. 

5 The links hetween water supplies and onviriir~niental prohleins (walerlogging. salinity, sodicity) have 
been analyzed in some delail in the cunlexl of Pakistan. However, l ittle i s  known on the relationship 
hetween canal water sq$y perlormanco and agriciiltural production mtl productivity. 

6 Adequacy o f  irrigation water supplies lids also 1nxn one uf the ol?jectives c i l  lhe Salinity Control And 
Reclanration Prqiects (SCARPS) that wcre initiated in the 1960s with the installation of  puhlic tuhawells 
fur reclamation porposes. I n  arras with fresh gruund water. ttihewell water hiis heen used 11) 
supplement canal wafer supplies. I t  was also the invain objective of the Irrigation System Rehahilitation 
Prqject that followed. 
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During the same period, research on water management below the mogha has not been sustained 
at the same level as during the 1970s. The research has been liinited to specific sites (see for 
exainple the MONA and LIM projects under WAPDA). And the main issues investigated relate 
to the development of new (improved) technologies to enhance irrigation system performance 
and its sustainability (for example, comparison between types of watercourse improvements, 
analysis of tubewell technology, identification of appropriate reclamation measures for specific 

as it is, and the understanding of the current complexity, rules, and constraints faced by 
Pakistani farmers below the inogha.' Often, research on "what it is" has been superseded by 
research on "what it ought to be". 

Two important reasons explain the need to analyze the actual situation below the mogha. The 
first reason relates to the relevance of research results obtained 20 years ago. There have been 
drastic changes in the irrigation system since the research efforts undertaken in the 1970s. The 
pressure on water resources has significantly increased as expressed by cropping intensities that 
have more than doubled during the last 20 years. The development of a large number of private 
tubewells and the importance of ground water use is expected to iinpact on canal water 
management by farmers. Also, changes in farm characteristics (for example, the average farm 
size has been decreasing siiice 1960) and constraints (access to credit and improved inputs) 
indirectly influence water inanagetnent activities. 

The second reason is related to the implementation of watercourse level programs. In the context 
of discussions on participatory irrigation management and the future objectives/roles of the On- 
Farm Water Management Program, i t  is important to clearly understand current water 
management activities below the mogha and analyze their impact on production and 
sustainability. This will identify existing needs that require intervention below the mogha. 

The present paper summarizes the results obtained by the International Irrigation Management 
Institute (IIMI), Pakistan National Program, i n  the analysis of current canal water allocation 
arid distribution below the mogha. The focus of the paper is circumscribed by part of 1IMI's 
research activities below the mogha. Canal water only is investigated, although the role of 
groundwater use is recognized by the authors as has been analyzed i n  other publications. Also, 
allocation and distribution below the iiiogha are presented (i.e. between the watercourse head 
and the farm gate) and issues above the watercourse head and within the farm are not discussed 
in the present paper. Finally, the focus is on the output of allocation and distribution activities 
(in terms of water supply performance) and not on the process and organizational issues. 

0 

. conditions, etc). However, little effort is targeted towards the analysis of the irrigation system 

1 

. 

I I t  i s  important to note that a large amount of infornlalioii on the existing irrigation system i s  alsv 
co \kc td  as pdrl of the lnonitoring and evaluation aclivities of specific proiecls and programs. 
However, the niain fcicus of these aclivilies is vn perforinancr indicators (wlpu() and 1101 on lhe 
functioning and management of the system per .ye. And the information collected i s  rarely analyzd 
thoroughly and shared with (considered hy) the research cominminily. 
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IIML RESEARCH ACTIVITIES 

Initial efforts undertaken by l lMI on water management below the mogha were not specifically 
targeted towards the analysis of water allocation and distribution at this level of the irrigation 
system. In fact, the understanding of issues came as part of research prograins focused on other 
irrigation management issues, such as the analysis of canal water supply performance at the 
distributary level, or the analysis of the impact of irrigation water supply on salinity and 
waterlogging. The main research results were presented in Bhatti and Kijne (1990) and mainly 
focused on the difference between official rules and actual use of water turns. The authors also 
stressed the importance of the decrease in farm size and its impact on water turns that may not 
be sufficient anymore to irrigate fields in an appropriate manner. The trading of water turns is 
presented as an evidence of farmers' dissatisfaction with the orficial rules and the need to make 
the system more flexible. 

The following years added a new dimension on the analysis of water manageinent below the 
mogha. First, as part of a project titled Crop-Based Irrigation Operation in the North-West 
Frontier Province (NWFP), field research stressed again the differences between official rules 
in terms of allocation of water turns (warabandi) and actual allocation of water turns 
(Bandamgoda and Garces, 1992). In fact, with the very high water allowances of the two 
irrigation systems studied, the Chashma Right Bank Canal (0.6 I/s/ha) and Lower Swat Canal 
(0.77 I/s/ha) irrigation systems, the need to allocate water tnrns in  a strict inaiiner does not hold, 
and a more flexible (kachcha) warabandi has been established by farmers. Water turns are 
influenced by large land-owners and other influential people at (heir will. A large degree of 
flexibility in use of water turns exists due to exchange and trading, accentuated by the fact that 
in some watercourse command areas, several farmers irrigate at the same time sharing the flow 
of the same turn, thus the water turn does not become a dcJ:fucro "water right". Flexibility has 
also been added at the head of the inogha with farmers regularly opening and closing outlets to 
control flows entering into the watercourse. One of the conclusions of the authors is that equity 
is no longer a shared objective among officials, farmers and politicians. 

At the same time that research was undertaken in the NWFI', some other research activities 
focused on current water allocation and distribution patterns i n  a fcw saniplc \r'atercciurscs of  ~lic 
Fordwah Branch Canal Irrigation System, South-Punjab. Although the conditions i n  terms of 
water scarcity are very different, the analysis also showed a discrepancy between official rules 
and actual distribution of water turns (Strosser and Kuper, 1994). Active localized water 
markets had developed in all of the watercourses analyzed. Farmers were involved i n  tobewell 
water sales and purchases that formed the majority of the volumes of water transacted. In  the 
case of canal water, farmers participated very actively i n  exchanges o f  partial or full water turns. 
A few canal water sales and purchases were also recorded. 

As a follow up of these general studies and the results obtained, specific studies were developed 
in the cont2xt of the project titled Managing Irrigation for Environmentaliy Sustainable 
Agriculture in Pakistan, funded by the Government of the Netherlands. Initially, the two main 
activities focused on the analysis of current water allocation and an in-depth analysis of water 

* 
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markets within the watercourse coniniand area. 'I'he results obtained as part of these studies led 
to the identification of gaps in understanding and the development of a research work plan 
(Strosser, 1995). This work plan was rcfinctl as  a rcsult or  a workshop hcltl i n  Iiiliorc i n  Junc 
1995 (Riaz and Wahaj, 1996). 

The work plan included not only activities focused on allocation and distribution issues, but also 
specific activities on irrigation practices and an assessment of the impact of water supply on 
agricultural production and salinity. Planned activities include the analysis of current water 
allocation and identification of factors (whether technical or social) that explain this allocation, 
assessment of canal water supply performance within the watercourse command area, and spatial 
analysis of allocation and distribution using Geographical Information System ((31.5). 

The following section summarizes the research results obtained so far on the analysis of 
allocation and distribution of canal water below the inogha. Then, the results are discussed in 
the context of potential interventions to be implemented below the watercourse to improve the 
performance of water management below the mogha. Most of the results and conclusions 
presented in these sections are based on the analysis of information collected through two major 
field research efforts implemented by IIMI during the period 1993-95. 

The first field research effort includes a detailed survey of 22 sample watercourses located in 
3 canal command areas; Upper Gugera, Lower Gugera and Fordwah Branch (Bandaragoda and 
Rehman, 199.5). The survey focuses on the establishment of current allocation schedules and on 
the discrepancies between official and actual water allocation practices. The survey has been 
followed by the monitoring of water distribution activities during the kliutif (summer) 1993 
season for the 22 sample watercourses. An important aspect of this research is its cross-sectional 
dimension with sample watercourses taken from different agro-ecological zones and physical 
environments. 

a 

4 

. 
The second field research effort has built on some of the findings obtained from the survey of 
22 watercourses, along with initial results obtained in sample watercourses in the Fordwah 
Branch Canal Irrigation System. Detailed monitoring of allocation and distribution of canal water 
has been undertaken for 8 sample watercourses and for 5 seasons (Kharif 1993 to Kharif 199.5) 
in the Fordwah Branch Canal Irrigation System. The watercourses selected represent different 
canal water supply and ground water use environments. The main focus of the study is the 
analysis of current allocation and distribution, the identification of its spatial and temporal 
variability (as a result of different water scarcity conditions), the assessment of canal water 
supply performance at the farm level, and the analysis of factors (whether watercourse related 
or farm related) that explain different levels of performance. 

5 



LESSONS FROM IIMI’S EXPERIENCE 

Current ivaler allocation below &he moglta 

In Pakistan’s canal irrigation systems, the most prevalent water allocation method below the 
outlet (niogha) is the warabandi schedule, which literally means the schedule of fixed time turns. 

of the canal irrigation tradition, the warabandi time allocation schedule was locally determined 
with mutual consent of the farmers i n  the watercourse command. However, with changes in 
social conditions, intermittent water-related conflicts among the farmers led to increased official 
interventions in  this original farmer-managed unofficial (kachcha) warabandi tradition, resulting 
in widespread conversion of kachcha warabandi practices into more rigid official (pucca) 
warabandi schedules during the period itself. Totlay, there are only a few waterccxirses in the 
Central Punjab, which are not covered by pucca warabandi. 

Theoretically, water allocation below the inogha is supposed to be impleinented according to an 
officially recognized fixed water turn schedule. This is popularly known as the official 
warabandi schedule, which is meant to be strictly adhered to by all of the water users so that its 
underlying objective of equitable distribution can be achieved. If properly executed, this official 
warabandi schedule provides an equal share of water per unit  of land to be irrigated. Most 
government officials believe Ihat this schedule is i n  operation as prescribed i n  the manuals. 

The real practical meaning of the official warabandi appears to lie in the fact that it fixes the 
rieht to irriFation water for the participating water users, a right that they can exercise if they 
have to, or  can relax i n  actual practice, but use in any litigation, or i n  any appeal for further 
arbitration or adjudication, when their access to water is jeopardized in  any way. Farmers refer 
to this function of warabandi as “huqooq”. The form of rights defined by an official warabandi 
in canal irrigation assiiines a inore formal “legal right”. Studies indicate that the majority of 
small farmers tend to prefer official warabandi as i t  is based on equitable water distribution. 
The flexible water turns which have gradually replaced them are ofteii determined by a few 
powerful rural elites. This explains how the officially detcrminetl or recognked pucca 
warabandi schedules underwent change, as the informal pressure froin the local elites tended to 
supersede the formal rules in  the long-rim. 

. The origin of warabandi was somewhere in the pre-colonial period, and during the early period 

* 

According to official procedure, a Canal Patwari is required to keep updated records of the latest 
sanctioned official warabandi list for their Patwar area. Surprisingly, for only two watercourses 
in the sample of 22 watercourses were the required lists readily available. Most of the concerned 
officials could not provide the latest warabandi lists for their respective watercourses in  the study 
sample. Failing to collect all of the official warabandi schedules froin the Patwaris, an effort 
was made at the Divisional Canal Offices to retrieve the remaining lists For the sample 
watercourses. The study team could collect only 15 official warabandi schedules (7 or 10.5 
days) from the Irrigation Department for the 20 pucca warabandi watercourses in the sample (2  
sample watercourses were on kachcha warabandi). 

. 6 



Canal Patwaris are basically responsible for drawing official warabandis based on formal 
requests by the water users. However, field interviews showed that most of the Irrigation 
Department field personnel dealing with warabandi operations were not fully conversant with 
the procedure and not skilled enough to frame the roster, or even to explain the procedure. 
They acknowledged the existence of agreed warabandis based on consultation and compromise 
amongst the farmers. When a dispure arises, some of the serving officials seek advice from 
retired and experienced Patwaris for guidance and try to resolve the dispute informally. This 
may also explain why farmers have resorted to evolve their water turn schedules, which are a 
product of inevitable power and authority relationships that exist in  the rural areas. 

Gap between official and actual warabandi 

An important lesson drawn from the analysis of canal water allocation in  all the watercourses 
is that the official warabandi developed and kept by the Irrigation Department officials is no 
longer in practice. I t  has been replaced by a warabandi developed by farmers themselves defined 
by Bandaragoda and Rehinan (1995) as the Agrced Wuruhundi. Similar to the official warabandi 
in its format (i.e. defining water turns in  terms of starting and end time, in and out nakkas), the 
Agreed Warabandi is regularly updated at the beginning of each season, and rotated by 12 hours 
in most of the cases after the canal closure period. Most of these Agreed Warabandi resemble 
pucca warabandi schedules with fixed allocations of water turns as opposed to the more flexible 
kuchchu warabandi. Some of the differences existing between the official and Agreed Warabandi 
are noted below. 

I 

(i) The official warabandi allocates water turns to land owners, while the Agreed 
Warabandi considers all water users (i.e. land owners or tenants and lessees). 

(ii) The Agreed Warabandi is regularly updated (usually at the beginning of each season, 
to take into account changes in command area, tenure, etc) while the official warabandi 
is updated mainly when water allocation conflicts occur on a given watercourse. In  most 
of the watercourses surveyed, official warabandi schedules were more than 15 years old 
and had little in common with the Agreed Warabandi. 

(iii) Unlike the official warabandi that is based on the principle of equity, large inequities 
are present in the Agreed Warabandi. Technical, physical and social factors explain this 
inequity in allocation of water turns. 

(iv) Staff from the Irrigation Department and farmers are involved in  the development 
of the official warabandi, while the agreed warabandi is a farmers only matter. 

In order to quantify the actual level of equity in canal water allocation within the watercourse 
command area, the Coefficient of Variation (C.V.) of all the water turns per uni t  area has been 
computed and used as an indicator for equity (a coefficient of variation of 0 means perfect 
equity). Values of C.V. for 22 watercourses are presented i n  Figure I .  These values range from 
0.15 (or 15 percent) to more than 0.8 for one watercourse of the Lower Gugera irrigation 
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system. Although the variability among watercourses is high, large levels of inequity in water 
allocation are the rule for most of the watercourses analyzed. 

~~~ .. 

80 ................................................................................................... 
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Figure 1. Equity in allocation of canal water turns (agreed warabandi) for sample 
watercourse command areas (kharif 1993). 
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Although the Agreed Warabandi is developed informally by farmers, some of the criteria usccl 
to develop it are similar to the ones used for thr official warabandi. Although a large inequity 
in the allocation per unit area is observed, the area cultivated is still an important factor 
explaining canal water allocation. Advance and drainage times are taken into account in  most 
of the watercourses (values used by farmers are the same as the ones used by the Irrigation 
Department officials). And water turns are to be taken at specific locations along the watercourse 
(but not necessarily at the official nakkas). 

An interesting point is that time, duration of turn, and location at which the water turn is to be 
,taken as defined in the Agreed Warabandi are well enforced in  most of the watercourses 
monitored. Thus, although the allocation of water turns is informal, farmers are able to enforce 
their Agreed Warabandi mainly by social control. The allocation of water turns (seen as de facto 
water rights) in the Agreed Warabandi is not equitable, but accepted, and enforced by farmers 
themselves with little or no intervention from officials. 

. 
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The shift from the flexible kachcha warabandi to puccno warabandi can also be seen in the 
context of enforcing water rights. l n  the past, the kachcha warabandi with its more flexible 
allocation of water turns gave opportunity to powcrful water iisers to have better access to 
surface water resources, whatever the canal water supply at the liead of the watercourse. I n  a 
large number of watercourses, the increasing pressure on water resources recorded during the 
past 20 years (as illustrated by significant increases of cropping intensities during the last 20 

warabandi, with water rights respected and enforced by water users.' 

The impact of water scarcity on wzter allocation, with the shift from kachcha to pucca warabandi 
analyzed in an historical perspective, is also stressed by results obtained in the two irrigation 
system of NWFP with higlier water allowances as mentioned in  the previous section. In  inost 
of the watercourses of the Chashma Right Bank Canal irrigation system, for example, the very 
high water allowances have led to a high degree of flexibility i n  water allocation and the 
development of improperly defined water turns. As water is plentiful, to develop strict schedules 
of water turns is not required. However, during periods with higher water demand (for example, 
during the rice transplanting period), stricter warabandi schedules were followed il l  some parts 
of the irrigation system. 

* 

c years) has been accompanied by a shift froin the flexible kachcha warabandi to the fixed pucca 

Fined agreed allocation but flexible distribution 

Another important dimension added by farmers to the traditionally lixed warabandi system 
relates to the flexibility of canal water distribution. As a response to inadequate, variable and 
unreliable canal water supplies at the watercourse head, farmers have developed active and 
localized water markets. Water users are involved in different types of canal water transactions 
with specific objectives. The main water trading activities for canal water are listed below: 

* 

(i) Trading of full or partial canal water turns, in order to finalize the irrigation of a 
given field or when other water users do not need water at the time of their turn 
(competition with other farming activities); 

(ii) "Time for location" trading, to take into account drainage and advance time that may 
be involved due to the use of canal water at locations different than the ones specified 
in the agreed warabandi; 

(iii) Purchase and sale of cam! water, whether for a short period of time (one week only) 
or for a full season (sale of water turns of abandoned land, or sale of water turns by tail 
farmers to head fariners); 

(iv) Intra-farm (inter-plot) allocation of canal water turns, by using canal water turns 
allocated to one plot on another plot located at a different location along the watercourse, 

1 

* 
.$ Differences hetween Aziin xnd Fordwah should he noted. This diilerenca implies that prohahly the 

Sindh situation is similar to Arim Dislrihutary. . 9 



but belonging to the same cultivator; and 

(v) Exchange of canal water for tubewell water, often related to the use of irrigation 
water at different locations within the watercourse corninand area in order to reduce 
losses that may take place for low canal water discharges and long distances between the 
watercourse head and the farm gate. 

c 

Water trading activities in all of the monitored areas are always informal. Most of the time, 
trading activities involve a few neighboring farmers. The analysis undertaken by Debernardi 
(1996) using a Geographic Information System stresses the existence of independent water 
management units within the watercourse coininand area. These units, of approxiinately 25-50 
acres and 5-8 farmers, operate aiitonoinously with joint allocation of turns and rotation among 
turns, active water trading activities, and often active purchases and sales of tubewell water. I n  
some cases, negotiation processes similar to auctions take place at the beginning of the season 
for tail farmers to sell their water turns to head farmers that are ready to pay the highest price’. 

The importance of canal water trading activities is illustrated in Table I for 8 sample 
watercourses in the Fordwah Branch Canal Irrigation System. 

Averxgr 

Table 1. IniDortance of canal water tradinp. within watercourse command areas 

Water turn5 Ihorrowed Water turns 

I 

(weekly values for kharif 1994). 

~iuinbcr OF 
tiiriis received 

Watercourse 

~ 

Fordwali 14-R 53 
Fordwali 46-R 44 
Fordwali 62-R 50 
Fordwali 130-R 40 

Aziin 20-L 
Aziin 43-L 
Aziin 63-L 
Aziin I I 1  -L 

Full turns 
(No.)  

23 
16 
4 
7 

4 
16 
2 

l’nrtinl (NIL) 
turns (No.) 

17 I 

Note: 1 .  Partial turns include exchnngrs of Nikkill and Klial Barai time due t o  location shift illwig the watercoiirse 
2. Canal water did no1 reach Aziin I I I-L Watrrcoiirsc during tlir k l i w i f  1994 SC-RSOII. 

9 Such situations have heen found in different irrigation syslems thriiugh(iut the I’imjah. A rapid survey in 
31 watercourses of the Chislitian Suh-division has shown thnt aiicti~m-like iiiwhanisins were still rare 
and fbund in only a few watercourses. 
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Table 1 highlights the importance of borrowing (in ternls of percentage of the total water turns) 
for watercourses that have good canal water supplies such as Fordwah 46-R or Azini 20-L. 
However, other factors influence the iinportance of water trading activities as highlighted by 
Fordwah 62-R Watercourse that has a very good canal water supply, but  records a low level of 
water trading activities. Table 1 also illustrates the limited intensity of sales and purchases of 
canal water turns (recorded only in Fordwah 130-K and Aziln 43-L Watercourses). 

Little is known about factors (whether physical or social) that influence the variability of 
intensity in canal water markets within the watercourse command area. A survey undertaken by 
the Watercourse Monitoring & Evaluation Directorate (WMED) i n  1990 for 100 watercourses 
in the four provinces emphasized the importance of this phenomenon with 30 percent of the 
watercourses surveyed reporting the trading of canal water turns, and canal water being sold and 
purchased by 20 percent of the water sellers and 30 percent of the water purchasers, respectively 
(WAPDA, 1990). However, the study did not identify factors explaining the differences in canal 
water trading from one area to the other. 

The comparison between the 22 sample watercourses provides some insight on the impact of 
canal water supply and cropping pattern on canal water transactions. The comparison between 
these watercourses shows that water trading activities are more developed i n  the Upper Gugera 
irrigation system, with a rice-wheat rotation and a large number of water users per watercourse 
(thus, an average short time duration for canal water turns). Farmers face simultaneously a high 
demand for each irrigation due to the rice crop and a low weekly supply due to short canal water 
turns. In order to irrigate their paddy fields efficiently, farmers get involved in canal water 
transactions. In fact, in most of the watercourses of the Upper Gugera irrigation system, all 
farmers/water users are intensively involved iii various types of canal water transactions. 

Water supply perfoormance below the iitoglia 

The level of inequity and variability in the allocation and distribution of' canal water turns (in 
term of hours, or hours per unit  area) has been highlighted i n  the previous sections. The focus 
of this section is the ,actual canal water supply performance, with two main issues being 
considered: (i) the ciirrent level of canal water supply performance within the watercourse 
command area; and (ii) the coinparison of perforniance results obtained for different levels of 
the irrigation system (watercourse versus distributary and main canal). 

Current canal water supply performance at the farin gate is characterized by a high temporal 
variability in canal water discharge resulting from variability upstreani in the irrigation system 
(Knper and Strosser, 1996). To tackle this variability, farmers are exchanging canal water turns 
to be in a position to complete their irrigation event for a given field in an proper way. Also, 
farmers have kept a certain variability in the size of their plots to partly tackle the variability in 
discharge. 

Results of analysis shows that the inequity in  allocation, along with the temporal variability i n  
canal water supply at the watercourse head, is transformed into an inequity in canal water supply 

* 
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at the farm gate. To represent tlie level of equity for different watercourses, tlie coefficient of 
variation of' the actual ciinal watcr supply is calculatctl and prcwitctl lor 8 sample watercourseb 
of the Fordwah Branch Canal Irrigation System i n  Table 2. 

Watercourse Agreed WHrHbdiidi Actual water supply 

Water tums per w t i l  Voli~iric per ui i i t  i l r w  
area 

Azini 20-L 59 39 35 
Aziin 43-L 23 41 49 
Ariin 63-L 22 86 5s 
Aziin I I I-L 88 

Fimlwilh 14-R 30 85 I00 
Fordwall 46-R 19 51 43 
Fordwall 62-R 19 RS 87 
Fordwali 130-K 21 76 62 

- 

For most of the watercourses, the inequity i i i  volume is lower than, or equal to, the incquity that 
has been computed using the actual water turns. This is the result of thc developiiient of canal 
water transactions to smooth tlie variability i n  discharges observed at the watercourse head. 
However, the inequity in  volume is higher for all cases, but Azim 20-L watercourse"', than the 
inequity recorded in the Agreed Warabandi. 

Further analysis in the same 8 watercourses emphasized the importance of the allocation of canal 
water turns to explain the variability i n  actual canal water supplies (Barral, 1994). Using a 
volume-balance model for the watercourse, tlie analysis considered different (actors, such as 
allocation, seepage losses, discharge variability at tlie watercourse head, etc, and estimated the 
marginal impact on canal water supply and equity of each factor. 

Although the expectation was that seepage losses would be tlie iiiain Factor explaining inequity 
in water distribution within the watercourse conimand area, the results showed that allocation 
of water turns is tlie niain cause for inequity i i i  watercourse coniniand areas. Out 01' 8 
watercourses, seepage losses were found of significant importance i n  only one watercourse 
where the distance from the watercourse head has a significant inipact vii water supply. Thc 
result for this watercourse are illustrated in Map  1 .  

The excellent canal waler siipply per iinil n r e t  h r  t h i s  WaleruoLirse iiiay explain thc redticad inctpity 
ohserved for voluiiies of cnnal waler delivered lo farniers. 
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Map 1. Spatial distribution of canal water suliply within Fortlwah 14-R 
Watercourse coiii iiiaiid area. 

* A second ._sue relates to the relative importance of perforinance at tlie watercourse level as 
compared with other levels of the irrigation syste~ns. n e  comparison between canal water 
supply performance at differeni levels of the irrigation system lias been undertaken i n  the 
Chishtian Sub-division. Results obtained so far with regard to equity are summarized i n  tlie 
following table. 

Table 3. Inequity at different levels of tlie Cliishtian Sub-division. 



The comparison between coefficients of variation at different levels of tlie irrigation system 
presented in Table 3 stresses that inequity is first to be addressed at the secondary canal level. 
Inequity is the highest between watercourses of given distributaries, then of similar importance 
for farins within a given watercourse coniniand area, or between secondary canals along the 
main canal. 

t 

DISCUSSION 

Three issues are discussed in the present section. The first two issues relate to potential 
interventions targeted towards allocation and distribution of canal water below the mogha, i.e. 
intervention for which objective (improvement of equity, adequacy, variability of canal water 
supply) and which intervention? The need for furtlier research to f i l l  existing gaps is the third 
issue discussed in the present section. 

Which objectives to tackle at the watercourse level? 

With the increasing importance of private tubewells that have added flexibility and have 
increased volumes of water available to improve the canal water supply, adequacy may not be 
of significant importance. In some cases, however, with no access to tubewell water due to poor 
quality ground water, and with high conveyance losses along the watercourse, adequacy of canal 
water supply may be the main issue to be considered. In this context, to reduce conveyance 
losses through lining or other iinprovements iiiay be an appropriate option to increase adequacy. 
Other options targeting adequacy would require interventions at higher levels of tlie irrigation 
system (distributary, main canal) with an expected impact on the average discharge entering the . watercourse command area. 

The analysis of tlie variability issue leads to similar coniinents. Variability in canal water 
supplies is a phenomenon that has its origin above the watercourse head. Within the watercourse 
command area, farmers have succeeded i n  tackling part of the variability in canal water supply. 
For example, by exchanging (partial) canal water turns, or having bunded units of different sizes 
adapted to different discharges. However, further reductions i n  variability cannot be tackled 
within the watercourse command area and interventions are required at higher levels of the 
irrigation system (see, for example, Litrico 1995 for examples of potential interventions at the 
main system level). 

Equity is an issue that can be tackled within the watercourse comniand area. The analysis of 
canal water supply performance highlights the liigli spatial variability in  volun~es per unit area 
received by farmers of a given watercourse. The analysis sliows also that tlie inequity in 
allocation is the main factor explaining inequity at the watercourse level, and that seepage losses 
have a significant inipact on inequity i n  some cases only. 

However, the comparison of tlie equity indicators at different levels of tlie irrigation system, as 
presented in Table 3,  shows that equity should first be tackled along the distributary between 
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watercourses. Within the watercourse, the existing equity or inequity i n  canal water distribution 
is often related to an inequity in allocation of water turns that results from a specific social 
balance between farmers of the watercourse. 

Whether the outcome of this social balance is good or bad should not be judge too rapidly. I n  
fact, an inequitable but socially accepted allocation may be seen as inore appropriate than an 
equitable and socially not accepted one". I n  any case, to modify current allocation patterns 
would require significant efforts (or drastic changes in  the existing social relationsliips) that niay 
require external interventions and niay not be sustainable after all. 

Potential for irrtervention below the rnoglia 

Several interventions may be proposed within the watercourse coninland area to improve canal 
water supply performance. As specified above, however, the prospect for significant 
improvements seem rather limited, whether because there are limited possibilities for 
improvements due to characteristics of the existing physical system with limited control points, 
or because the main impact would be obtained at different levels of the irrigation system. 

Interventions may be related to allocation and definition of water turns or water rights i n  order 
to establish an official warabandi as a recognition of water rights, to update the official 
warabandi on a regular basis, to recognize long-teriii water trading (sale and purchase of water 
turns), to modify the definition of water turns by adding extra allowances for seepage losses, or 
may be related to distribution (to recognize sliort tern1 water trading or implement technical 
interventions, such as lining to reduce seepage losses). These interventions are suininarized in 
Table 4, along with information on their expected impact on canal water sq~ply  performance, 
difficulties for iti~plementatiotl, expected costs, constraints, etc. 

These interventions were analyzed in the context of their expected impact on water supply 
performance, and difficulties of iinplementation based on the existing situation are listed and 
discussed below i n  light of the results obtained and presented above. 

The point lo he made is that a syslani with an eqcd share of water may not lie considered erluibdhle h) 
a given society, o r  group of people. as i t  does not necessarily f i t  with their own systela of norn1s and 
rules. 
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Table 4. Potential interventions to iinprove canal water supply perrorinance below 
the mogha. 

Intervention ExpcclcJ 
impact on 
pcrformmcc 

Significant 
impact on 
equity 

Expwtcd cost 
of intcrvcntion 

High. nccd to 
re-cstablish 
enforce,nent 
power o f  
irrigation 
officials 

To re-establish 
official wnrabandi 

Low It i s  dwbrful 
wliclhw n strict 
nfl icia I 
waralxindi was 
ever in practicc 

Can bc LISC'I a s  
ind iu:iin r o I 
water rights in 
dispulc 
S r t l l C l n e n l S  

To update oflicinl 
warahndi based 
on current change$ 
(with equity 
principle) 

No clmngc in 
tlic sImII-tcnn 
- lxissililc 
cllmge in 
cquity in tlic 
long-tcrm 

Litllc w s t  
(only CllSt of 
rcgistcrs iiiiil 
proper liling) 

To legalize long- 
lerm watcr trading 

No changc or 
cxpcctcd slow 
incrcasc i n  
long-lcnn 
water trading 

To modify 
definitiaii of water 
turns and include 
losses 

Little iinpnct 
on equity i n  
l1l"St CilSCS 

Lilllc inipiict 
on equity. 
some impact 
nn adequacy 

Cost similar to 

cslablislimcnt 
of ollicial 
warahandi 

rc- 

High EUSLS Watcrcuurse 
improvements 

Devolopmcnt of  
effective Water 
User 
Associations" 

Expccled 
impact on 
uiuity 

Collcctivc action 
cnn suIxrvisc 
waralxindi 
practice - 

on sclwtion o f  
areas for 
devclopmcnt of  
nisocintirrns 

succcss dcpmds 

The  purpose here i s  not in to enter in the dehate regarding the potential need f(ir water user associations. 
However, the development of effective water user associalions miiy lead tcr i iwdif icnt ions in the 
allocation of canal water turns and have an impact on  equity and water supply perlurmance. 
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Research gaps and research issues 

The results presented in this paper stress the importance of field research to understand the 
current issues related to water managewen! activities below the mogha and identify appropriate 
interventions to address these issues. In itself, the significance of the gap between official rules, 
and rules in practice, justifies the need for more field research based on real world situations. 

At this stage, although the magnitude of efforts spent to collect information for the largest 
samples is recognized, there is a need to increase the number of samples to test specific 
hypotheses. For example, research results have shown that inequity i n  allocation of water turns, 
and not seepage losses, are responsible for the larger share of inequity within the watercourse. 
But this conclusion is expected to vary from environment to environment based on the absolute 
values of conveyance losses, the relative water scarcity within a command area, and social and 
organizational characteristics of populations that are expected to influence the allocation process. 
Research results have mainly been based on data collected in  the Punjab and the NWFP, but 
differences are expected in the Sindh. 

Although IIMI's research has shown that inequity in  allocation of canal water turns within the 
watercourse command areas is a common phenomenon, little has been done to analyze the 
physical and social factors that explain inequity in allocation. What are the main characteristics 
of farmers that receive turns longer or shorter than the average? Are they owners or tenants, 
small or large farmers, affected by salinity or waterlogging, head or tail farmers, influential or 
common farmers, etc? With the recognition of the role of social factors i n  the allocation process, 
watercourse level studies focused on water management activities may need to be complemented 
by village level enquiries that would investigate the social complexity of a given population and 
its impact on water allocation and distribution. 

Finally, most of the analysis presented above focuses on performance in  terms of canal water 
supply. Further analysis is required to also integrate issues related to performance in terms of 
agricultural production and environment. Also, the expected impact of different allocation 
scenarios, or watercourse level interventions, on agricultural production and salinity would nced 
to be assessed. 
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EPILOGUE 

In the research conducted so far, an analysis of water allocation and distribution within the 
watercourse command areas shows that there exists a considerable gap between the "official" 
norms and the actual practices. However, the system is not in  total anarchy as it uses clearly 
understood sets of rules and rights, which are informal but socially accepted and enforced (or 
practiced). A large degree of flexibility is observed, and this is caused by an emerging market- 
oriented behavior in water trading, particularly with tubewell water. The lining of watercourses, 
which is a major intervention pursued by successive phases of "on-farm'' water management 
projects seems to have eclipsed a much more needed attention in two other areas. While 
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watercourse improvement seems useful i n  areas where seepage losses are high., a greater need 
for research and policy initiatives remains unfultiIled below the farn-gate where improved 
irrigation practices need to be adapted to suit farmers’ current requirements, and above the 
watercourse head, where improved water allocalion practices would help to libcrate the present 
physical and social constraints faced by the farmers. 

On-going research activities by IIMI continue to explore the history of water allocation practices 
in Pakistan, and to clearly identify physical and social factors that influence water allocation and 
distribution patterns. In two field sites in the Punjab, studies are aimed at analyzing the 
relationship between physical and social factors, water management activities and water supply 
performance. A more general comparative study is under way i n  collaboration with the 
Wageningen Agricultural University and the Department of Water Management of the 
University of Pehsawar. This comparative study covers several irrigation systems to address the 
issues of variability in the environment within the Indus Basin. 

The research efforts by IIMI and other institutes need to be closely linked with a dynamic policy 
support that takes into account the changes that are taking place in the context of irrigated 
agriculture. A weakness in the linkages between research and policy has been identified as the 
main cause for the failure of many development interventions in irrigated agriculture sector in 
Pakistan (Bandaragoda, 1993). For the physical environment and the legal framework to fit with 
reality on ground, the research institutes including IIMI need to effectively disseminate research 
results to policy makers and implementing agencies. The rules need to reflect the deinand i n  the 
operational context. These are challenges that continue to confront the researchers. 
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IMPACT OF IRRIGATION WATER SUPPLY 
ON FARMERS DECISIONS AND AGRICULTURAL PRODUCTION 

Pierre Strosser and Khalid Riazl 

ABSTRACT 

Poor canal water supply performance has been well diicumcllted ill irrig:uion systelns it1 I'akisiall. Tcchllic;il arid 
institutional options have been proposed to solve this problem. However, little is known about the expected impact of  
these options on farmer's decisions and agricultural production. Par1 of this knowledge gap relates to ti le dilliculty i l l  

establishing the link between water supply performance and agricultural production. 'rile presetlt p:lper proposes a 
fraiiiework for the ai1:ilysis of the relationship hetweci: irrig:itim wilier supply. fa r~~ier ' s  dccisioos ~ I I I ~  agricultural 
production and productivity. Several levels of decisions l l int niay iiilluence agricultural output are idelltilied. Research 
methodologies and results pertaining to two of these levels are preseiited ill tlie paper. First, the paper analyses tlie link 
between catial water supplies aiid agricultural production at the farin Icvel.  Using stoclraslic linear prograliiiiiing models 
developed for individual farms. the impact of the qumitity and varinhility iil canill water supplies 1111 crop choices is 
analyzed. Second. tlie paper coiiccntrates on the analysis 01' tlie link between water use aiid crop yields. The impact ill 

irrigatioii water supplies ( i n  terms of quautity aiid tiiiicliiicss) ~i crop yields is illustrated usiiig priiduciiw: functions liir 
a wheat crop. The resull. of the two studies are summarized and discussed ill tlic context (if the idemitication of the 
intervetition (or set of interventions) that would improve c:mal water supply perliirm;use i i~ i t l  yicld 10 the higher henelits 
in terms of agricultural production aiid productivity. Using the analytical lramework developed for  the paper, Ibllow-up 

L research activities are also identified in the zo:icIusiai p r t  or the pxpcr. 

INTRODUCTION 

The discrepancy between stagnant agricultural production and increasing demand for agricultural 
and food products has been well documented (World Bank, 1994) and is clearly an important 
issue in the agenda of policy makers and funding agencies in Pakistan. With the importance of 
irrigated agriculture (covering 16 million hectares and providing more than 90 percent of the 
exports of agricultural products), a lot of attention is given to potential improvements in tlie 
irrigation sector that would then lead to (expected) large increases in crop yields and agricultural 
production. 

While in the past, equity has been the main objective of' irrigation sector policieq, the 
discrepancy between supply and demand of food products has shifted the emphasis from equity 
to productivity and sustainability objectives, with efficient and lasting use of water resources 
being the key words of current policy efforts (see for example the opening speech of President 
Leghari of Pakistan at the inauguration of the IIMI building in Lahore in 1995). With regards 
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to canal water supplies, high concerns have been raised with the poor quality of irrigation 
services supplied to farmers. Canal water supplies to watercourses are highly inadequate (as 
compared to design values) in a large number of cases, are inequitable at all levels of the 
irrigation system (Kuper and Strosser, 1996), and highly variable (Bhutta and Vander Velde, 
1992; Kuper and Kijne, 1992; Kuper and Strosser, 1996). 

* 

I Several options have been proposed for the improvement of canal water supply performance. 
These options include purely technical interventions such as lining of secondary and main canals, 
or construction of extra storage capacity, and also institutional innovations such as the 
development of Water Users Associations .(whether at the watercourse or distributary levels) and 
the establishment of financially autonomous public authorities. Also, changes in the level and 
structure of water charges have been proposed (hut only very partially implemented so far), 

For most of the options proposed, however, very little is known on two important aspects. First, 
what is the expected impact on technical and institutional options on water supply performance 
itself? To identify potential changes in water supply performance as a result of maintenance 
activities or lining of canals may be a possible task. However, how much can be said about the 
expected improvements in canal water supply performance as a result of the development of 
Water Users Associations? It is only recently that the literature 011 water user associations started 
to address the issue of impact in a comprehensive manner. 

Second, the relationship between water and agricultural production is to he better understood. 
What would be the expected impact of proposed options on agricultural production and 
productivity, as a result of changes in canal water supply performance? Whether water is thc 
main constraint on agricultural production is also an issue that is to be addressed before starting 
allocating financial resources to innovations in the irrigation and drainage sector. Improvements 
in water supply performance may not lead to expected changes in production and productivity 
if the main problems faced by farmers relate to the availability of certified seeds or proper 
quality fertilizers. 

To take policy decisions (in terms of allocation of water resources and financial resources) and 
select the "right" innovation or change without understanding these two aspects would be a very 
difficult (and doubtful) task. A review of the literaturc shows that research results that would 
help answer these issues are rather rare in the context of Pakistan (and most often are derived 
from research activities undertaken in research stations under controlled conditions that often do 
not exist in the real irrigation world in Pakistan). In some ways, the low level of importance 
given by the research community to the analysis of the relationship between interventions in the 
irrigation sector, water supply and agricultural production under existing conditions is rather 
surprising coinpared to the issues at stake. More field research targeted a t  the understanding 01' 
this relationship would decisively help policy makers in selecting improved managcmcnt options 
to be implemented in  the huge irrigation system in Pakistan. 

U 

a The second issue, i.e. the relatioilship between canal/irrigation water supplies and 
agricultural production, is further investigated in the present paper. This paper presents 
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methodologies and tools that havc bccn developed during tlic last two ycars by the IuteriKttioifiil 
Irrigation Management Institute (IIMI) i n  Pakistan. Research results obtained so far are presented 
to illustrate the complexity of the relationship between water and agricultural production, and 
propose directions that may be followed to address this complex issue. * 

The different elements of the relationship between water and agricultural production are 
summarized in Figure 1. The abbreviations used in figure 1 are as follow: CWS for Canal 

Fieldi, Fieldi and Field, represent different fields within the farm (with different soil, salinity 
conditions, crops, etc); Yield,, Yieldj and Yield, are crop yields obtained from Field,, Fieldi and 

Water Supply; WC for Watercourse: TW for TubeWell; IWS for Irrigation Water Supply; 

Q Field,, respectively. 

ANALYTICAL FRAMEWORK 

I 
~ 

The link between water supply and agricultural productiori is complex as i t  integrates several 
decisions taken by farmers at different periods of time. Decisions are taken a t  the pl;tnning stage, 
but also regularly for scheduling of irrigatiori events and application of irrigation water to 
specific fields. The information used by farmers to take each decision varies also, from a 
composite view based on events faced during the past seasons (for example, knowledge about 
past irrigation water supplies that influence crop choices) to more simple and straightforwartl 
information collected shortly before taking a given decisioii (for example, to chcck the water 
level at the distributary a few hours before an irrigation event). 

In the case of a farm, different levels of decisions may he considered that relate to irrigation 
water supply. 

(i) Which crop(s) to plant on the farin for an expected canal water supply at the farm 
gate'? This planning decision considers also potential access to (and price of) groundwater 
resources (whether own tubewell or purchase), based on experiences confronted during 
the past seasons. 

(ii) How to allocate irrigation water to the different fields of the farin'! Once canal water 
arrives at the farm, farmers are to take decisions regarding intra-farm water allocation 
and tubewell operation: which field to irrigate, for how long, with which duration and 
quantity? Past irrigation events, crop types and physical characteristics of ficlds, along 
with farmer's strategies and priorities are important elements that will inlluence these 
choices. 
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Figure 1. A simple framework for analyzing the relationship between water and 
agricultural production. 
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OBJECTIVES OF THE PAPER 

Two sub-components of this analytical framework are investigated and illustrated in the present 
paper. These two approaches, that have been devcloped and testcd hy IIMI to address issucb 
related to the impact of irrigation water supply on agricultural production, at-e described, tested 
and evaluated in the following sections of this paper. These two approaches are: 

(i) at the farm level, the analysis of the iqipact of caual water supply on cropping 
pattern and agricultural production. The marginal impact of quantity and variability 
of canal water supply is investigated. The analysis provides also infoimation on the way 
private tubewells are operated to increase the quantity of irrigation water available or to 
reduce the variability of canal water supplies. The approach looks at the planning stage, 
i.e. which cropping pattern to be developed based on expected canal water supplies for 
each month. 

(ii) at the field level, the investigation of the impact of actual irrigation water 
uselapplication on crop yields, taking the example of thc wheat crop. The two main 
aspects of irrigation water supply performance that have been considered are quantity 
and timeliness of irrigation water supplies. 
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Both approaches have been developed using information collected in eight sample watercourses 
of the Azim Distributary (non-perennial) and Fordwah Distributary (perennial) of the Chishtian 
Sub-division, South-Punjab (for the characteristics of sample watercourses, see Pintus, 1995). 
Basic farm level information for the khurif (summer) 1993 and rubi (winter) 1993-94 seasons 
has been collected through a farm survey for all farmers (total 280) of these sample 
watercourses. Also, a limited number of sample farmers (15) have been monitored intensively 
for the Rabi 1994-95 and Kharif 1995 seasons regarding their practices for crop production. The 
information collected in the sample watercourses and used in the present study is summarized 
in Table 1 .  

.. 

:omponetit 

:arm typology 
k economic 
nodelling 

"roduction 
Smction 

Tnblc 1. Data sets and data collection methods 

M a i n  variables considered 

Farin Characteristics 
Farm coiistraiiits: land. labour. 
water (adequacy, variahility), 
credit) 
Farm strategy (level of intensity. 
diversification. autoconsumption 
or  market orientation) 

Caiial water supply (adequacy, 
timeliness) & luhewell water use 
Input use 
Lahour 
Cnsll-flow 
Yields 

Data collectioii methods ..I 

Informal interviews wit11 key iiiliiriuaiits & farm 
survey (280 lirmers in 8 saiiiple wstercoursc 
command weas) 
Daily inonitwing o f  canal water supply at the WC 
liead. seepage losses dong the WC 

Daily monitoring (if ciiiial water supply at the WC 
head. secpage Iusses :ilotig the WC 
Duily inonitoriiig 01 tulxwell watcr use 
Monitoring of fir in practices for 2 srasoiis (cotton 
aiid wlieat lield lor I5 sample kiriuers) 
Ill-depth iiitervicws and restitittioil with sainplc farm! 

Importantly, a very good estimate of canal water supplies is obtained for all farms of the eight 
watercourses through daily monitoring and water levels at the head of each watercourse. Water 
levels are transformed into volumes by using specific discharge formula calibrated for each 
watercourse, then multiplying discharges by the expected time of use and adjusting the results 
to take into account conveyance losses from the watercourse head to the farm gate. The daily 
information is used to compute monthly average canal water supply and inonthly standard 
deviation as a proxy to canal water supply variability as perceived hy farmers. Also, tuhewell 
water use has been monitored for all fields of the 15 sample farms to compute total irrigation 
water supply and average irrigation water quality. 

The following sections present first the methodology, models and results of the farm level 
analysis, and second the methodology and statistical results of the production function for wheat. 
The final section of (he paper discusses the results obtained and the limitations and advantages 
of the methodologies. 

a 

24 



IMPACT OF CANAL WATER SUPPLY ON CICOPPING PATTERN 

Methodology 

The methodology developed for the analysis o f  Ihc rc1;itionsliip hc(wecn irrigation water supply 
and crop choices draws on similar studies and experiencc dcveloped by the Irrigation Division 
of Cemagref, a French institute involved in agricultural :ind ciivil-onmental engineet-ing research. 
The rationale behind the methodology that has been developed and tested in :I Pakistani context 
is the recognition of the large heterogeneity of farming systems, along with the assumption that 
this large heterogeneity can be described and summarized by a limited number of well-defined 
farm types or groups with specific farm strategies and constraints. 

In order to identify these farming systems, a classification procedure is applied on a selected set 
of variables expected to represent strategies and constraints in the area investigated. A'kluster 
analysis is performed using the farm survey inlormation, and firrm groups or farm types are 
identified. Overall, 11 farm groups have been identified that represent thc farm population of 
the eight sample watercourses (Rinaudo, 1994). Each group is homogeneous for the main 
variables characterizing this group. For other variables that are seen as less important to explain 
farm strategies, a heterogeneity remains within the group. Table 2 summarizes the main strategy 
and characteristics of the different groups (see Rinaudo, 1994, for more intonnation). 

., 

I Table 2. Farming systems in the Fordwali area: main c1i:tr:icteristics of 1':rrin 
groups. 

~ 

10 
11 

Farm strategy (*) 

Autoconsiimption 
Diversification 
Diversification 

Market orieiitation 
Market orientation 
Market orientation 
Autoconsumption 
Autoconsumption 

Diversification 
Diversilicarion 
Diversitication 

Family Tractor Tubewell 
ineinbcrtlia OWIICI'S owiicw 
cultivated 

1.9 .No NO 

1.7 NO N o  
1.9 No N o  
1.6 No NO 
1.6 NO NO 

I .6 NO N o  
5.9 No Yes (**) 
4.9 Nll Nu  
1.5 Yes Yes 
I .7 Yes Yes 
0.2 Yes Yes 

Cultivated Area rciited i i i  

iireii (in ha) ( i l l  % 01' 
ciilt iviitcd iitcii) 

4 .  I 45 
4.7 55 
5.8 55 
4.4  65 

3.5 
8.2 
4.3 

42.5 00 
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Then, representative farms are selected for each group, and micro-economic models arc 
developed for each farm ( i s .  11 distinct micro-economic models). In the study prescnted in this 
paper, linear programming (LP) models have been developed, using the Micro-LP Software 
(Scicon, 1989). So far, the main constraints that have been included in the models relate to land, 
water, cash-flow, autoconsumption of wheat and tubewell water use’. Each model is then 
calibrated using information obtained from the farm surveys, informal interviews and regular 
monitoring of farm practices (irrigation management, input use, impact on yields, etc). 

The LP models developed are stochastic models, including aspects of risk (hat are taken into 
consideration by farmers to take decisions. The method selected for the inclusion of risk i n  the 
LP models is the MOTAD devcloped by Hazel1 (Hazel1 and Norton, 1986). Risk has been 
considered for wheat production (variability in wheat yields related to pests and variability in 
rainfall) and for gross margin for cotton (variability in gross margin related to virus.attacks 
along with high variability in cotton prices). Risk on wheat production will be of importance for 
farms with autoconsumption objectives, while variability in  cotton gross margin will affect 
mainly market oriented farms relying on cotton sales. Risk aversion factors attached to each type 
of risk are specified as part of the calibration process. 

Also, risk aspects have been included in the irrigation water supply constraints faced by farmers. 
As highlighted by Figure 2 that displays the monthly Coefficient of Val-iation (C.V.) of canal 
water supplies3 at the head of two sample watercourses off-taking from the Fordwali 
Distributary, temporal variability in canal water supplies is relatively high (especially for the 
Fordwah 130-R Watercourse) and is expected to impact on farmer’s decisions. With a highly 
variable canal water supply, farmers would put less area under crop on their farm, but would 
favour crops that are less water sensitive and that may better resist water stress. 

.I 

Similar to the approach sclected for including risk in yields and gross margins, to include canal 
water supply variability in the LP micro-economic models follows a MOTAD-like approach. The 
standard deviation of canal water supply is used to express its variability, and risk aversion 
factors related to water supply are included in the LP micro-economic models. Using water 
supply information obtained from daily monitoring of watercourse head water levels (as 
presented in Table l), monthly averages and standard deviations of canal water supply are 
computed for each representative farm model, 

* 

. 

2 Information is currently analyzed to add labour constraints in the models. Discussions with 
farmers and the analysis of data shows that this constraint may not be important in the current 
context. However, simulations of scenarios may modify this situation and lead to potential 
labour shortages during specific periods such as harvcsting periods for wheat and cotton. or 
transplanting of rice. 

The monthly Coefficient of Variation ( C . V . )  of canal water supplies is computed to express 
variability, using daily discharges at the watercourse head monitored by lIMl ficld staff. N o  
C.V. can be computed for t!~e months of lanuary as canals are closcd liir their annual 
maintenance. 

3 
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Figure 2. Monthly variability (C.V.) in  canal water supplies at the head o l  (he 
Fordwah 62-R and Fordwah 130-R watercourses (June 1991 - March 
1996). 
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+ Fordwah 62-R -.I- Fordwah 130-R . 
The following sections illustrate the use of the micro-economic farm models to assess the impact 
of changes in canal water supply on farm decisions. Also, the heterogeneity in farmer’s 
behaviour among farm groups is presented by comparing the output of some of the models for 
different scenarios of canal water supply adequacy. 

Impact of canal water supply on farm decisions 

The first example focuses on the impact of canal water supply on farmer’s decisions, cropping 
pattern, tubewell water use and gross income (the main output of the LP micro-economic 
models). A farm model (representative of Group 9, see Table 2) is used to assess the impact of 
different canal water supply scenarios. Four scenarios have been tested, each one having a 
specific impact on the adequacy and variability of canal water supply (expressed by the average 
and standard deviation of daily canal water supplies, respectively). The characteristics of the f o ~ i r  
scenarios are as follow4: 

4 Changes in canal water supplies from one scenario 10 the other are applied to each iiionthly 
canal water supply. 
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L 

Indicator 

(i) Scenario 1 (base scenario): Current water supply in terms of its average and 
variability; 

Scenario 1 Sceiiario 2 Sceiiario 3 Sceiiario 4 
(Average (Average (Average (Average 
= actual; = actual. = design; = design; 

Variability = Variability = nil) Variahility = Variahility 
actual) ;Ictoal) = nil) 

(ii) Scenario 2: Actual average canal water supply and variability reduced to 0; 

Gross liicoine 
(in rupees) 

Gross Incoinelunit area 
(rupeeslha) 

Gross Iticomelunit water 
(rupees/1000iii3) 

TW water use (10001~1’) 

TW water supplies iii 7% 
1 of total supplies 

(iii) Scenario 3: Design average canal water supply and current variahility; 

(iv) Scenario 4: Design average canal water supply and variability reduced to 0 

Results of the simulations for these four scenarios are summarized in Table 3. It is impoi-tant 
to note that for the farm considered, current canal water supplies are on average higher than 
design. Thus, a shift from actual to design valucs is equivalent to a dccrcase in iivci-age canal 
water supplies. 

35370 57440 323 10 50790 

3500 5680 3200 5020 

400 SO0 410 540 

57 45 57 47 

64 % 39% 72 % 50 % 

Several interesting results can be drawn from the analysis of the results of the simulations. First. 
the model shows a relative stability of gross income per unit of water and tuhewell water use 
for different canal water supplies compared to the other indicators such as gross income, gross 
income per unit area and percentage of total water supplied by lubewells. 

Second, the results highlight the important impact of variability in canal water supply on iarm 
decisions and economic indicators at the farm level. Although the scenarios tested with a zero 
variability may he extreme scenarios, they highlight the potential gains in terms of agricultural 
production that may he expected from a reduction in canal water supply variahility. In cases such 

* 
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as the farm analyzed, the last scenario suggests that a reduction in the average quantity of canal 
water supplied to farmers could be more than compensated by a reduction in the variability of 
this supply. 

This result is in fact very important in the context of the equity issue within canal coininand 
areas. In a large number of cases, to restore equity means to increase supplies to some and to 
reduce supplies to others. The results of the simulations presented above highlights that this 
reallocation of canal water could be made acceptable for all farmers (in terms of agricultural 
production and productivity) if accompanied by a significant reduction in  the variahility of these 
supplies. 

Third, although the variation in total tubewell water use was not as significant as what would 
have been expected, differences in the percentage of water coming from tubewells are very large 
among scenarios. In areas with groundwater of poor quality, a high ratio of tubewell waier over 
total water supplies may add large amounts of salts to the soil and may represent a serious threat 
for the sustainability of agricultural production. 

Heterogeneity in farm responses 

The main purpose of this second example is to illustrate the heterogeneity in farm responses to 
a given change, and indirectly to justify the need for the initial analysis of farming systems and 
development of several economic models for farms representative of different strategies and 

in monthly average canal water supply (expressed in percentage of the avcrage design or QdcJ 

on tubewell water use. Table 4 summarizes the quantity of tubewell water use for each group 
as estimated by the economic models for different water supply situations (expressed by different 
percentages (from 50% to 150%) of the design canal water supply (i.e. 100% QdCJ 

.. 

* constraints. Models developed for four groups of farms are used to assess the impact of a change 

19 92970 83800 74630 65450 51690 I 

Table 4. Changes in tubewell water use for representative farms of four groups 
(quantities expressed in m’). 

0 

1 1 8090 I 6000 I 6930 I 7860 I 6700 11 
4 I 17790 1 1.5500 1 15700 I 14650 I 10900 11 
7 I -  I 14780 I 12080 I 8930 I 7680 11 

5 Group numbers used in this table refer to group numbers spccificd i n  Tahle 2 
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Table 4 highlights the specific reactions of particular farm groups to changes in canal water 
supply. It is interesting to note that a 25 percent reduction in canal water supplies from the 
design values does not lead to an increase in tubewell water use as one would have expected. 
For Groups 1 and 4, tubewell water use decreases or remains constant. For Groups 7 and 9, 
however, the 25 percent decrease in canal water supply is directly translated into an increase in 
tubewell water use. If canal water supplies decrease further up to 50 percent of the design 
values, tubewell water use increases significantly for Groups 1, 4 and 9. Group 7.  however, can 
not deal with such a reduction as the increasing costs related to tubewell water use are too high 
and the group cannot satisfy its minimum income requirement anymore, 

The differences between groups are particularly clear when comparing Group 1 (non-tuhewell 
owners) and Group 9 (tubewell owners). Tubewell water use is not significantly modified for 
Group 1 farmers within the proposed range of canal water supplies. At the opposite, Group 9 
farmers react rapidly to changes in canal water supply, and their tubewell water use is’nearly 
doubled when canal water supplies are reduced from 150 percent to 50 percent of their design 
values. 

c 

In summary, the results of the simulations presented above illustrate the use of the LP micro- 
econoinic models that show the importance of canal water supply variability in farm decisions, 
and stresses the need to investigate the heterogeneity in fanner’s strategies and constraints as it 
influences the output of farmer’s decisions in terms of cropping pattern and tubewell water use. 
The models presented above can also be used to analyse the impact of policies that try to affect 
the demand of irrigation water. For example, changes in canal water charges or changes in 
energy costs with impact on tubewell operation costs. The results of simulations can he used to 
assess the overall impact of such policies, and also to understand differences among farm types. 
As a result, accompanying measures may be developed for specific groups that may he more 
disadvantaged as a result of the implementation of proposed changes. 

* 

PRODUCTION FUNCTION FOR WHEAT 

This section deals with the issue of timeliness and adequacy of irrigation water supplies and its 
impact on crop yields, using the example of wheat crop (the major rahi crop in the Chishtian 
Sub-division). Timeliness is defined with respect to the correspondence between crop water 
requirements at any stage of crop growth and available irrigation watcr supplies during that 
stage. Timeliness of water supply is investigated from an agronomic point of view, looking at 
the plant itself and factors affecting plant growth at the field level where greater 
control/understanding of other agronomic intluences is possihle. 

Metlzodology 

Data for this investigation have been obtained from 11 sample farmers (out of a total of 15 
monitored by IIMI field staff) located in the eight sample watercourses mentioned above. These 
farmers have been selected as representative of the different farin groups presented under the 

4 
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Methodology 

Data for this investigation have been obtained from 1 1  sample farmers (out of a total of 15 
monitored by IIMI field staff) located i n  the eight sample watercourses mentioned above. These 
farmers have been selected as representative of the different farm groups presented under the 
section h p a c t  of Canal Water Siq~ply on Cropping Pattern (see Table 2 for information on these 

selected for daily monitoring of farming and irrigation practices. At the end of the season, wheat 
yields have been collected through standard crop cut methods (Pintus, 1995). 

The information collected has been used to establish the relationship between wheat yields and 
farmer's practices at the field level, with special interest in the role of irrigation water during 
different crop growth stages. The methodology developed includes an  analysis of current farming 
practices from an agronomic point of view (i.e. in the context of physiological developineht and 
basic needs of the plant). Based on this analysis, specific practices that are expected to 
significantly influence crop yields are identified and used for econometrically estimating a 
production function relating wheat yields to these practices. Also, results o l  the analysis are 
discussed with individual farmers during restitution events, to identify unforeseen factors that 
may influence wheat yields and explain farmers' current practices. 

The estimated production function has the following form 

r 

I groups). As explained above, all wheat fields (totally 56 wheat fields) of these farms have been 

The left-hand side of the equation is the reduction in actual yield (Y,) relative to the maximum 
obtainable yield (Y ,J .  The right-hand side of the equation refers to tlie actual reduction i n  
evapotranspiration (ETJ relative to the maximum evapotranspiration for the crop (ElJ during 
the jth stage of growth. Xi represents other variables affecting crop yields such as fertilizer 
application, sowing date, etc. The function developed relates yield reduction to moisture stress, 
something that differs from most of the production l'unction approaches developed by 
economists, but that is more common in the agronomic literature. The advantage of this 
approach is that quantity and timing of irrigation application is synthesized in a single variable. 
Also, the results obtained can more easlly be transposed to other irrigated areas as thcy are less 
influenced by local conditions. 

Econonietric results 

The production function has been estimated using the Ordinary Least Squares method available 
in the statistical software SPSS. Estimated coefficients ai-e presented in Table 4 helow. The fit 
of tlie regression is rather good for cross-section data, with an R2 of 0.73 and an adjusted R2 o l  
0.67. The coefficient of all variables (expect the one for water stress during the flowering stage, 
or Stage D, and the one for the quantity of urea applied per acre) are significantly different from 
zero at conventional significance levels as highlighted by the values of the T-test. When looking 
at the signs of the coefficients estimated and presented i n  Table 4, it is important to keep in 

c 
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The results of the quadratic form for the moisture stress variables contrast with tllosc obtained 
with the linear f o r d  where only moisture stress in  Stage I3 was found statistically zigniticanl. 
The results obtained indicate that yield reduction increases with delay of sowing and irrigation 
stress during Stage B and Stage C of the wheat crop cycle. 

Usings own seeds instead of market purchased seeds also depressed wheat yields significantly. 
The variables related negatively with yield reduction (and thus positively with yields) are 
quantities of Di-Amino Phosphate, urca and Single Super Phosphate (although the coefficient 
before urea is not statistically significant). And Di-Amino Phosphate has a greater inlluence on 
yields than Single Super Phosphate. 

* 

Fit o l  cstiinatcd regression 

Table 4. Estimates of the wheat production function (dependant variable: 
YLDRED) 

R2: 0.73 Adjusted R’: 0.67 

Variable 

INTERCEPT 
SOWDATE 
ETBSQ 
ETCSQ 
ETDSQ 
SEEDORIG 
QDAP 
QUREA 
QSSP 
QPOTASH 

Parameter estiimiied 

0.79 
0.006 

I .22 
0.37 

0.068 
-0.33 

-0.(1045 
-0.00056 
-0.00 I3 
0.0072 

1‘ Ibr 110: Paraiiictcr = 0 

9.67 
4.49 
3.38 
2.44 
1.05 

-5.99 
-5.65 
-1.20 
-2.12 
4.33 

Willi, YLDRED 
SOWDATE 
E’I’BSQ 
ETCSQ 
ETDSQ 
SEEDORIG 
QUREA 
QDAP 
QSSP 
QPOTASI-I 

Reductior iii iiclual yield reliilive 111 iiiiixiiiiuiii ,itmiii;iblc yicld (Y,,,=2hR I kglncrc) 
Delay i n  sowiiig (in days) alter Noveinher I5 
Square 01 moisture stress ( I  - ET,,/lX,,,) ill houtiiig st;ige o r  stage I3 
Sqii;ire 0 1  tiiiiislurc slrcss (I - I;T:,/Kr,,,) i i i  Ilcrwcriiig sl:igc or slagc c‘ 
Square (if moisture stress ( I  - ET:,/l?r,,,) i i i  grain iilliiig stage o r  stage I 1  
Origin nf seed (equal to 0 i f  seed purcliased. equal to I otlierwise) 
Total quantity of urea applied iii kglacrc 
Total quaiitity of Di-h~ni~~o-l’liospl~nle applied in kglacre 
Total quantity of Single Super Phosphate applied in kglacrc 
Total quantity of potash ;ipplied i n  kgiacre 

A surprising result is the sign of the estimated parameter before the potash variable 
(QPOTASH). This variable is positively related to yield reduction and the parameter is 
statistically significant. Moreover, this result is very robust with respect to changes in functional 
form (linear or quadratic) and other variables included i n  the rcgression. Farniers usc potash to 

0 

The estiinaled coefficient for the linear iorm are reported in Pintiis (1995). 6 
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mitigate salinity problems, and the assumption is that potash is only partially successful in 
tackling salinity. Thus, the variable would translate the remaining salinity effect that affects yield 
deficit positively rather than the direct effects of potash on salinity, and thus on yield. 

* 
For more practical use of Equation (1) to study economic efficiency and other economic 
concepts, the relationship between yield reductiou and moisture stress is transformed into :\ 

relationship between wheat yields and water application at different stages of the crop growth. 
The first step is a transformation of Equation ( I )  into Equation (2) that rclates actu;tI yield Y;, 
and evapotranspiration ETJET,,, (names of variables are defined in Table 5).7 

y, - - - 3811 + 6404 * ET",,/ETh,,, - 3202 * (ETh,/ET"J2 + 1954 >e IYp:,/EF,,, 

977 * (ETCJETc,,,)' + 358 * ET':,/ET",,, - 977 * (ET"JEP,,,)* 

+ 865 * SEEDORlG + 12 * QDAP + 1.5 * QUREA 3.5 * QSSP 

+ 19 * QPOTASH - 16 * SOWDATE (2) 

The interpretation of the estimated parameters in Equation (2) becomes straight forward for the 
non-water related variables. Parameters represent the marginal increase i n  wlteat yield as a result 
of an increase in a given input. For example, the coefficient before QDAP means that increasing 
Di-Amino Phosphate applications by 1 kglha increases wheat yield hy I2 kg/ha. 

The second step consists in transforming ev:ipotranspir;ttion parameters into quantities of 
irrigation water effectively applied to the fields. To do so, two separate regressions relating 
ETa/ETp (dependant variable) and quantities of irrigation water applied (independent variable, 
measured in cubic meters) have been run for Stage R :Ind Stage C, respectively. The results (11 
both regressions are presented below. 

For Stage B: 

. 

ETh,lETb,,, = 0.003 * QWAT, - 0.0000021 * (QWAT,)2 (3) 

For Stage C: 

ET',lET',,, = 0.0025 * QWAT, - 0.0000015 * (QWAT,)' (4) 

where QWAT, is the quantity of irrigation water in cubic meters applied during Stage J .  The 
quadratic functional form was used to allow ETJET,,, to level off as water applications increase. 

. 

7 The maximum obtainable wheat yield i n  lllc Cltislltiml Sub-division has IICCII estahlisbcd at 
2G31 kg/acre (Pintus, 1995). Notice that irrigation rclalctl variables in Equation (2) have both 
the linear and quadratic form, as the result of replacing moisture stress ( I  - ET81ET,,,) by 
evapotranspiration ETJET,. 
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Using regression resrilts to analysc allocative c,fficicticy of irrigation water I I S E  

Allocative efficiency will be defined here from :in economic point of view with reference to an 
optimum allocation of irrigation water to crops (maximum profit under given constraints). 
Economic theory suggests that a profit inaxiiiiizing farmer will w e  an input only up to the 
point where its Marginal Value Product is equal to the price of the illpiit. This efficiency 
criteria will result in most of tlie cases in an economic optimum different lrom tlic biological 
potential of a given crop (with lower use of the input than required for the biological potential). 
This efficiency criteria will be used to analyze water use patterns in tlic Chishtian Subdivision, 
using the results of the regression analysis presented above. 

Substituting Equation (3) and Equation (4) into Equ;ition ( 2 ) ,  a relationsliip is ohtaincd betwecn 
the actual yield Y ,  and the quantities of irrigation water used at dirferen( stages of the crop 
growth (the QWAR,, in Equations (3) and (4)). The Marginal Value I'roduct with regard t6 water 
is obtained by estimating the value of the derivative of the yield function against water for a 
given quantity of water applied (other inputs being fixed ;it the avcl.age valuc lor tlie sample 
considered), and multiply this value by the wheat price. 

The analysis of the coefficients presented in 'Table 4 shows that water stress i n  Stage 13 and Stage 
C is detrimental to wheat yield. However, stress can be justified from an economic point o f  
view. As specified above, to analyze water stress from an ecoiioinic point of view requires a 
comparison between tlie Marginal Value Product of water and the price of watcr. I n  the context 
of Pakistan, it is difficult to estimate the true price of water. For the purpose ol' lhis study. 
tubewell water price has been selected as the price of water. Altliougli this choice is not 
completely satisfactory. it can be pointed out U?at canal water is scarce and that all farmers in  
IIMI sample areas use tubewell water. Thus, tubewell water price represents farmers' willingness 
to pay for water at rhc margin." 

Although irrigation in both Stage B and Stage C was shown to he significantly related to yields, 
the marginal contribution of irrigation may be different for each stage. l'lierelore, tlic Marginal 
Value Product of water was evaluated separately for each stage. Tahle 5 summarizes tlic 
different indicators computed hased on values for the sample of fields, and also lor groups of 
fields located along the Fordwali and Azim distributaries". Dordwali ;uxl Azim values ; ~ r c  
computed to compare farm practices under perennial and non-perennial canal water supply 
conditions. 

a 

.# 

< 

R Tubewell water priccs have beeii computed hascd on Iiourly kihewell wiitcr prices, liilicwcII 
discharges and an estiinated 10 percenl valuc lor scopage losses I~clwcen l l ~ e  tubewcll :MI 
farmers' ficlds. 

The Fordwah Distributary is il pcreniiial disuihul;iry rccciviiip canal watcr siipplics t l ic year 
round, while the Aziin Distributary is non-pcrciinial iind rcceivcs canal wiilcr durillg the kllaril 
seasoil only (from April 15 t o  Octobcr 15). 
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In Stage B, average irrigation application for tlie sample considered is equal to 511 m’/lia but 
with a large heterogeneity between fields. Fields located in tlie Fordwali Distributary comniantl 
area records a higher (although not statistically significant) water application than fields located 
in the Azim Distributary command area. While the opposite occurs for water application during 
Stage C. Also, water application during Stage C is 21 percent lower than during Stage 13, a treiitl 
also observed for each distributary. 

a 

Table 5.  lrrigation water use and economic indicator? in  sample area? (averagc 
values for each area). 

The comparison between water use for the two distributaries is interesting as tlic Fordwali 
Distributary is perennial and receives canal water year round, while the Azim Distributary is 
non-perennial and docs not receive canal water year round (apart for a few l i i i i es  during the ixhi 
season, when the Azim Distributary is used as an escape by the irrigation manager). Wlicn canal 
water is not in high demand (i.e. Stage B), Fordwah Distributary farnicrs are able to take 
advantage of thc dual access to canal and tubewell water, and use more water than Aziiii 

Distributary farmers that have to pay the full cost of irrigation water applictl. Howcver, a s  tlic 
pressure on water resources increases in Stage C, Fordwali Distributary farmers apply relatively 
less water; they have to rely more on tubewell water at a higher average price (as highlightetl 
in Table 5), and thus limit their tubewell water use for  economic reasons. a tlccision that is 
consistent with economic theory. 

However, and although farmers seem to react to changes i n  scarcity and water prices, there is 
no guarantee that water is allocated efficiently in either coinniand a r a  ’lk comparison belween 
the Marginal Value Product for water and tubewell water prices is required lo gain a better 
understanding on allocative efficiency. Looking at  Table 5 ,  i t  appears that l l i e  Marginal Villuc 
Product and tubewell price are very close for the overall sample for Stage R .  I-lowever. tlie ViIltIe 
of the Marginal Value Product is lower and higher than tubewell pricc for  the Fordwxli 
Distributary and Azim Distributary samples, respectively. Thus, if cost minimizatiou hehaviour 
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is assumed for farmers, then water use in both distributaries is not consistent with their 
respective tubewell water price. This difference may suggest that the tubewell water price is not 
a very good indicator of the true opportunity cost of water."' 

These results confirm to some extent what lias been highlighted by the comparison between 
irrigation water use. During periods of moderate demand. Fordwali Distributary farmers receive 
a good canal water supply and their needs for tubewell wiitcr itre iiiinimiil. They usc w;ttcr to 
tlie extent available and the result is that the marginal increase in yield from an incremental unit 
of water lias little relationship with tubewell water price. Along tlie Azim Distributiwy, farmers 
use only tubewell water. The Marginal Value Product of water that is more t l m  twice the value 
of tubewell water suggests that Azim Distributary farmers are rationed from the water supply 
point of view, and that tubewell water markets that have developed within the are;[ itre unable 
to relieve this constraint. 

* 

As mentioned earlier, crop water requirements are higher i n  Stage C when wheat is hcading and 
flowering. Results presented in Table 5 einpliasizc the impact of increased water scarcity on tlic 
efficiency of irrigation water use. The Marginal Value Product of water for the overall sample. 
Fordwah Distributary sample and Azim Distributary samples are significantly higher than 
tubewell water price. This would indicate that in periods with high demand, tubewell water 
markets fail to remove the water constraint. 

Interestingly, tlie values of Marginal Value Product of water suggest that Fordwali Distributary 

of canal water supply may explain why Fordwali farmers hesitate to use tubewell water due to 
higher tubewell pumping costs. Also, their lower tubewell water quality (compared to Azim 

be an important factor that limits tubewell water use. In fact. larmers along this distributary may 
prefer waiting for an extra week in order to receive (unreli;ible but iree 01' cost and of good 
quality) canal water supply. To understand tlie reasons explaining this asymmetric I-csponsc, it 
thorough investigation of tlie functioning of, and constraints on. tubewell water markets is also 
required. Such an investigation, however, is beyond tlie scope of tlie present paper. 

The comparison between the Marginal Value Product of water for Stage B and Stage C has an 
important implication for irrigation system management. An extra cubic meter of irrigation water 
applied during Stage C would lead to an average increase i n  wheat gross margin by 2.33 rupees, 
versus only 0.33 rupees for each extra unit of water applied during Stage B .  The large difference 
between these two values stresses tlie need to improve irrigation water miiniigcnient during thc 
Stage c period. Special attention sliould be given to this pel- id ,  with expectcd high payofis iii 

terms of increased wheat production and gross income. Also, tlie results suggest that there is a 

. farmers are more constrained than Azim Distributary farmers. The unreliability and variability 

Distributary farmers that are close to tlie river and benefit from the recharge of the river) may * 

1K1 The existence of transaclion .costs may explain rliflcrcnces between tribewcll water price and 
the opportunity cost of irrigation water. Transaction COSIS may be related lo not gelling 
tubewcll water when required, or to the use of poor quality tobewell watcr that may inhibit 
farmers from using tliis water. 
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potential for reallocation of water supplies between periods of time (from Stage B to Stage C. 
for example) that would benefit farmers and iinprave wheat production", 

J 

DISCUSSION 

The results obtained so far have highlighted some of the elements of the complex relationship 
between irrigation water supply and agricultural production. The main findings that have been 
obtained so far are summarized below. 

L 

. 

(i) Reduction in canal water supply variability is expected to have an important impact 
on farmer's decisions and lead to an increase in farm income. But results obtained from 
simulations with the remaining 10 models are required to better understand the ex'pected 
magnitude and variability of increase i n  farm inconie. In the example included i n  the 
paper as an illustration, the farmer considered is a tubewell owner, with high control 
over water resources. His tubewell allows h im to inci-ease the area cropped and also is 
used as a buffer for canal water variability. Non-tubewell owners will not have the Same 
level of control will be expected to react differently based on their existing water canal 
supply and access to tubewell water markets. However, non-tuhewell owners are 
expected to have higher gains as a result of decreased canal water supply variabiliiy. 

(ii) The analysis of the relationship between watet- and agricultural production stimses 
the need to investigate the existing large heterogeneity of farm strategies and constraints. 
It is important to understand this heterogeneity lor the development of irrigation sector 
policies. Although policy makers and donors may he inore interested in global indicators 
and an aggregated impact on agricultural production, it is iniportant to assess differcnt 
farmers' reactions, and develop accompanying measures accordingly. 

(iii) The preliminary results obtained regarding the analysis of the impact of canal water 
supply variability adds an important dimension to discussions on the equity issue. To 
restore equity in canal water supply along distributaries means increasing water supplies 
to some and reducing water supplies to others12. The results show that this reduction may 
be accepted by farmers, if accompanied by a reduction in canal water supply variability. 

(iv) Although farmers have access to tubewell water (whether owned or purchased), they 
still have water constraints as highlighted by the analysis of the wheat production results. 

II This could be achieved, for example, by developing extra storage capacity, whether at the 
lndus Basin level or a1 the farm/walercourse/local level. 

Hart (1996) shows that remodelling of outlets would significantly improve equity i n  c;md 
water supplies. Also, desilling of some reaches of a distributary may he required. I n  some 
cases, to restore equity requires an increase of canal water discharges at (lie distrihntary hc;~cl 
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Constraints, however, do not relate necessarily to quanlity of irrigatioii ;iv;iilable. Oil~er 
factors are to be considered; for example, the existing canal water variahilily that liniits 
tubewell water use (insurance factor); the usc of poor quality tuhcwell waier 
(sustainability factor); high transaction costs in tubewell water markets (access and price 
factor); etc. 

(v) The jmportance of the impact of water applications during Stage C of tlic wliciil cyclc 
on wheat yield is to be considered when addressing issues related to improvemenfs i n  
canal water supply perrormance. These improvements (along with the reinoval of some 
of the existing constraints in  tubewell water niiirkets) would lead to significant increases 
in wheat yield and gross income. The identil'icatioii o f  such critical periods arc iinport:ln( 
elements that should be considered by irrigation officials. 

This last point, however, cannot be further developed, as competition between crops inay also 
explain choices made by farmers to favour other crops versus wheat. The existing marginal value 
product of water may be the result of choices made by farmers between different crops (for 
example, favouring sugarcane output at the expense of wheat yield that is used for 
autoconsumption). 

The two levels of analysis presented in this paper show that variability and timeliness of (can;il) 
irrigation water supplies may be of more importance than the quantity (adequacy) oi tlicse 
supplies. Although the objective of tlie paper is to illustrate the potential of methodologies to 
address issues related to water supply and agricultural production, the importance of this 
preliminary conclusion (with expected impacts on potential interventions in tlie irrigation system) 
is to be stressed. 

The field level analysis shows that there is a low potential for significant wheat yield increase 
if other factors such as the access to certified seeds, sowing date, or feitilizer applications 
(especially application of Di-Amino Phosphate) are not modified. In fact, sowing date may he 
defined as a water related factor as it is directly related to tlie availability of irrigation water 
supply during the months of November and December. With the importance of tlie sowing tl& 
variabk?, special attention is required to ensure appropi late canal water supplies during tlie 
sowing period". 

The farm level analysis proposed in the present paper is relatively simple to iinplemcnt. 
However, it requires a good understanding of current water supplies. Also, iesults of production 
functions for the main crops are required. Also, (he quality of the results obtained from the 
initial stages (i.e. identification of farm groups with distinct strategies and constrainls) direclly 

P 

11 Missing one warabandi turn. that would delay sowing by one weck allcr Novcinhcr 15, lciitls 
to a reduction of I12 kg/acre (or 5 percent of (lie inaxiinum obtainablc wlicat yield). 

Fanners rarely use tubewcll water for the pre-sowing and firs1 irrigation 011 InosI o l  l l~c crops, 
due to costs and water quality aspects. 
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influences the quality and usefulness 0 1  tlie results ohtained froin  simulations using ilic ccoiiolilic 
models. An important assumption made for developing micro-economic niotlels relates to the 
iiicoine optiiniziiig objectives of farmers. In  sonie cases. however, farlners :ire clearly not 
income optimizing farmers. Specific constraints have hecn included iii the L1' iiiodels to t;ikc info 
account otlicr farm objectives such as  autoconsuinption. risk-aversion, inininiuin income, cic. 

The production function approach has led to very good results, thanks LO the ,joint agronomic U K I  
economic approach and to the information collected through detailed moiiitoring of- lciriiiiiig 
practices for sample fields. However, the analysis has been limited by tlic number of sample 
fields considered (56 fields) that did not allow tlie inclusion of a larger nuinher 0 1  viiriahles i n  
the regressions (for example, cross-variables). 

The restitution to farmers that were undertaken in the field to present the results of the 
production function for wheat have been very valuable. IIMI researchers visited indibidual 
farmers to discuss results of the regression analysis. Using a map of the liiriii and simple visual 
devises to represent tlie cycle of the wheat crop and farin practices, discussions with larmei-s led 
to tlie validation of the results of the analysis. Also, the restitution was used to hctter understiuntl 
farm constraints and simulate the impact of  changes in canal water supply on farming prac~iccs. 
For some farmers, the results of the analysis were knowii. but good msoiis  could be ;idv;uiccd 
to explain why improvements are not implemented. For other farmers, less well informed :ind 
knowledgeable, the restitution showed their strong interest in  research results ohtainecl so kir. 

.( 

CONCLUSIONS 

With increasing costs of interventions to improve water supply performancc and high pressure 
on water resources, there is a need to allocate water resources and fioaricial I-esoui-ces in iiii 
optimal way. In this context, economic analysis may providc useful insighi in  the relationship 
between irrigation water and agricultural production, and fkilitate choices becween interventions 
in tlie irrigation sector. 

Research results on the relationship between water and agricultural production are rarely used 
for policy decisions in Pakistan. Agronomists develop water-yield relationsliips i n  reseal-ch 
stations. However, they control all inputs, while farmers in the real world control few of their 
inputs (in terms of timely availability on markets, water supply unreliability and variability. e k ) .  
Thus, it is not clear whether research results have a potential use foi- lirniers. ;ind for  
understanding existing constraints on agricultural production. 

b 

Economists develop large farm surveys to analyse the relationship between irrigiitioii and 
agricultural production and productivity. However, the analysis of the heterogeneity within the 
farm community is often too rigid to capture the existing variability". Also, very few slutlies 

L 

. 
I S  The iisc of prc-defined calegorics such iis lined Iiindhulding size cliisscs 0 1  siiiiple liciid versiis 

tail aniilysis iiiay be required for quick :iiialysis. Ilowcver, lroiii ii rcscarcli I io i i i t  01 vicw, lire- 
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are able to obtain good information on the actual irrigation water supplies received by farmers. 
Often, irrigation variables are summarized in an unsatisfactory proxy such as the number of 
irrigations, or the source of irrigation. Thus, the relationships developed do not properly 

* integrate water supplies. 

In some ways, more research under real conditions is required. Also. there is a need to rciicw 
some of the approaches and methodologies that have lieen i n  use lor several decadcs to tackle 
issues related to the relationship between water and agricultural production. Also. the 
sustainability issue is to be added to the analysis. For example, the impact of salinity and 
sodicity on crop yields (under l a m  conditions). 

For IIMI, several follow-up activities have been planned. First, there is a need to finalize the 
preliminary results presented above, and complete the evaluation of the methodologies developed 
and tested. LP farm models will be developed for all 11 farm groups, and used to test the hipact 
of different canal water supply scenarios on agricultural production and productivity at the farm 
level. Also, efforts have concentrated on the development of production function for cotton. 
following the same methodology as the one applied for wheat. Both the wheat and cotton 
experiences will help to evaluate the potential and limitations of the proposed appro;ich. 

Second, specific missing elements of the analytical framework presented i n  the second section 
of the paper will be investigated. Those will include the analysis of intra-farm water allocation 
(how to allocate and distribute irrigation water supplies to different fields, based on past 
practices and expected output for each field) and of its impact on agricultural production. 'l'he 
comparison between tubewell owners and non-tubewell. owners (between farmers with diflcrent 
levels of control over irrigation water resources) will be an important issue addrcsscd during the 

d 

+ 

1 analysis. 

Also, emphasis will be given to the link between farm level decisions and watercourse level 
water management. Watercourse level economic models will be developed by aggregating 
individual micro-economic models. The developinent of the watercourse level economic models 
will also include developing relationships between individual models (for example, links are lo  
be established between water sellers and water purchasers), and identifying watercourse level 
constraints (for example, for groundwater resources accessable to farmers 01' a given 
watercourse). These models will be used to analyse the impact of (re-)allocation of canal water 
or water trading (whether tubewell or canal water) on agricultural production and productivily. 

determined clnsses will hide the existing structure of  the farm population. 'Illen. i t  will he 
d i f h i l t  to idcntil'y coiislrainls tliiit dill'cr among l'iirtn groups, and to spccily i i i  a proper 
iiianiier the rclntionship between water and agricultural produclion. 
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PARTICIPATORY ON FARM DRAINAGE FOR IMPROVED WATER 
MANAGEMENT AND INCREASED AGRICULTURAL PRODUCTION ' 

Chaudhary Mohammad Ashraff Rana Khiirram Mushtaq 

< ABSTRACT 

Increasing pOpUlatiOr1 and depleting land and water resources are demanding better 
management practices for making more beneficial use of scarce irrigation water as well to control 
waterlogging and salinity problems. In the absence of further development of water resources, efficient 
and purposeful management of available resources (land and water) is becoming more vital in present 
day's context in order to ensure agricultural production to meet the food, feed, fiber, and shelter 
requirements of the ever growing population and provision of raw material for agro-based industries. At 
the tertiary level of the irrigation system (at the farm level), improved on farm surface drainage' with the 
participation of farmers has been considered to be affective, beneficial, and more diagnostic in nature 
as it can quite efficiently remove excess surface water. 

The paper aims at presenting the results of implementation of On Farm Drainage Pilot 
Project under "Second On-Farm Water Managemept Project. Dera Ghazi Khan" that has successfully 
been implemented on a gross area of about 1,500 hectares. The Pilot Project is enclosed between 
Mehrpur and Hajj Wah minors and Shah Jamal-Khangarh Road in Muzafargarh district of the Punjab 
Piovince. Its positive impact started occurring within a period of 1/2 and 1 year, after construction of the 
on farm drains. It has also been observed that nearly 31 percent area, which was previously ponded, 
has been drained and has come under cultivation. The cropping intensity before construction of on farm 

completion. The paper also discusses the importance and establishment of On Farm Drainage sites 
under OECF/Japan assisted On Farm Water Management-Ill Project and stresses upon the need for 
community participation in operation, management and maintenance of drains for tertiary level drains in 
the country. 

L drainage network was 96.4 percent which increased to about 122 percent, after one year of project 

.( 

1. INTRODUCTION 

Nature has blessed Pakistan with abundant land and adequate water resources. 
The diversity in agricultural resources, climate, people, and socio-economic conditions 
has given rise to varying farming systems. Agriculture can be broadly categorized into 
irrigated, rainfed, and dry land farming. Often, rainfall, soil, and other characteristics 
determine the ecological influence on various farming systems. In Pakistan, about 85 
percent of the agricultural production comes from the Punjab and Sindh provinces 

8 

' Paper presented at the National Conference on Managing Irrigation for Environmentally 
Sustainable Agriculture in Pakistan held from November 5-7, 1996 at Holiday Inn. Islamabad. 

Director (Headquarters), On Farm Water Management, Punjab. Lahore. 

Assistant Director (Planning), Directorate General Agriculture (Water Management), Punjab, 
Lahore. 
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which are mainly irrigated from the lndus Basin Irrigation System. Agriculture is the 
main foundation and the pivotal sector of the country's economy. It accounts for 24 
percent of the GDP, employs 47.45 percent of total labour force and supports directly 
or indirectly about 70 percent of the population of the nation 

The main challenge to be faced today by the agriculture sector of Pakistan's 

population which is growing at an average rate of about 3.0 percent per annum. 
Development of the agriculture sector is also vital for the supply of raw material to the 
agro-based industry of the country. The agriculture sector has to meet these challenges 
by competing with the depleting available resources of land and water. 

5 economy is to meet the demands of food, feed, fiber, and shelter of fastly increasing 

11. LAND AND WATER RESOURCES OF PAKISTAN 

Pakistan is spread over an area of 79.9 million hectares, with mountains in the 
north and west, a plain called lndus Basin comprising a major area of the Punjab and 
Sindh, and arid and semi arid tracts in the south and east. Out of the total cultivated 
area of 21.46 million hectares, 17.12 million hectares (79.78%) are irrigated and the 
rest 4.34 million hectares (20.22 %) are rainfed. The reported area of the country is 
58.12 million hectares, of which 3.44 million hectares (6%) are under forests, 24.38 
million hectares (42%) are unculturable, 8.84 million hectares (1 5%) are culturable 
waste and 21.46 million hectares (37%) are cultivated. Over the past 30 years, there 
has been a gradual increase in cultivable area, total cropped area, and area under 
forest. This increase has been mainly achieved due to the development of new water 

riverine and are cultivated by the moisture left by summer floods. 
i 

resources and irrigation facilities. Another 2.0 (approximately) million hectares are 

The surface irrigation system of Pakistan is the largest integrated conveyance 
network in the world, which is generally identified as the lndus Basin Irrigation System. 
It is fed by the waters of the lndus River and its tributaries. The salient features of the 
system are three major storage reservoirs; namely, Tarbela and Chashma on the River 
Indus, and Mangla on the River Jhelum; 19 barrages, 12 inter-river link canals and 43 
independent irrigation canal commands. About 100,000 community watercourses of the 
lndus Basin convey irrigation water from the canals to the farmers' fields. Total length 
of the main canals alone is 58,500 km. Watercourses comprises another 1,621,000 km. 

111. EMERGENCE OF WATERLOGGING AND SALINITY PROBLEMS IN INDUS 
BASIN IRRIGATION SYSTEM 

Flood irrigation has been practiced in the lndus Plains comprising of irrigated 
tracts of the Punjab and Sindh since the earliest settlements along the rivers. The canal 
system which exists today was constructed in the middle of the nineteenth century 
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under the British colonial administration. After creation of Pakistan, expansion of the 
irrigation system was continued. In 1949-50, India cut off the supplies of the three 
eastern rivers. This dispute was resolved in 1960 with signing of the lndus Basin Water 
Treaty. Under the agreement, link canals were constructed to transfer water from the 
western rivers to the eastern rivers besides construction of storage reservoirs at Mangla 
and Tarbela, along with the introduction of Salinity Control and Reclamation Projects 

W 

c (SCARPS). 

Prior to the introduction of weir controlled irrigation, the groundwater in the lndus 
Plain was fairly deep. The seepage from the canal system and on farm irrigation added 
significantly to the normal recharge, resulting in the rise of groundwater till it began 
interfering with crop production. In the early ~ O ’ S ,  it was estimated that about 100,000 
acres of culturable land was being lost every year due to waterlogging and salinity, 
which meant almost one acre after every five minutes. 

1 
The causes of waterlogging are mainly attributed to: i) seepage from the rivers 

and irrigation channels; ii) flat slope of the surface resulting in poor natural drainage; 
iii) improper irrigation practices (e.g. over irrigation in some parts and under irrigation 
in others); iv) lack of adequate artificial drainage; v) contribution made by development 
efforts such as irrigation network, roads & rail links, replacement link canals, and other 
infra-structural developments in the flood plains which interrupt the surface runoff, 
resulting in the accumulation of ponded water on the soil surface during the monsoon, 
part of which contributes to deep percolation; and vi) deep percolation from rainfall and 
flood waters. 

. 
I Combined with waterlogging, another menace is of land salinization. The salt- 

affected soils in the lndus Plains occur in specific physiographic positions and were 
formed as a result of a gradual redistribution of salts in the landscape extending over 
several thousand years. This ’primary salinity’ was due to the original geological 
formation of the basin. Later on, as a result of salt acculnulation, originating from 
evaporation of flood waters and groundwater, the salinity increased in the upper strata 
of the soil. The low-lying areas successively inundated by floods and the natural 
depressions where rain water was collected to an appreciable amount, became fertile 
as the salts were leached to the lower layers of the soil. Areas underlain by shallow 
watertables and on the slopes of high lands in the basin, however, became severely 
affected due to the accumulation of salts. This secondary soil salinity’ can, therefore, 
be attributed to irrigation. 

All waters, whether derived from springs, streams, rivers, or wells contain soluble 
salts. When irrigation water is applied to land, part of it evaporates and the remaining 
portion seeps down through the soil. In the absence of adequate irrigation and 
drainage, the salts accumulate in the root zone. If ample water is delivered to the land, 
the salts are leached down to the watertable. Thus, irrigation adversely affects the 
salinity status of soil and the quality of the groundwater. 
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Moreover, the rise of watertable (i.e. waterlogging) also aggravates the salinity 
of the soil. As the watertable approaches the surface, substantial surface evaporation 
takes place and appreciable amounts of salts move upward by 'capillary action' into the 
soil surface, if the leaching requirements are not met. Accordingly, as most of the salts 
accumulate on the soil surface, the concentration of salts in the groundwater changes, 
though slowly. Unless the salts are transported out of the system, the salt build-up goes 

U on. 

Since the introduction of irrigation, the lndus Basin has been acting as a salt sink 
(i.e. the salinization of soil and of groundwater has been continuously on the increase). 
If the disposal of salts remains inadequate, their concentration, both in the soil and 
groundwater, will soon Increase to an intolerable level. 

According to the Agricultural Statistics of Pakistan (1993-94), about 0.6 million 
hectares are slightly saline, about 1.23 million are moderately saline, 0.98 million 
hectares are severely saline, out of the cultivated area. Whereas, 2.4 million hectat-es 
of uncultivated area is severely to very severely saline-sodic. It has been estimated that 
about 24 million4 of the 33 million tons of salt which are brought into the lndus Basin 
annually are retained and recycled within it. i) 2.2 million tons are stored in the Desert 
Cholistan in evaporation ponds, which are highly permeable and threatening the 
Panjnad-Abbasia Canal Commands on the lower edge of the Upper Indus; ii) 2.6 million 
tons are stored in the country's largest inland freshwater lakes, Manchar and Hammal 
on the right bank of the lndus River, which are now threatened with extinction; iii) 0.7 
million tons are trapped in the Peshawar Valley; iv) 18.5 million tons are stored in the 
aquifer through direct seepage from canals, watercourses, and drains; and v) the rest 
is disposed in to the Arabian Sea via the Lower lndus River itself. This means that 
salinity levels increase rapidly as extraction of irrigation supplies increase in the Lower 
Indus. In addition to distributing river supplied salt, additional salts are mobilized directly 
onto the surface and retained in fresh groundwater areas due to tubewell irrigation. 

* 

Back in history, the irrigation induced waterlogging and salinity problems were 
first observed on a limited scale in the 1920s in Rechna and Chaj Doabs. In 1961, it 
was estimated that 40,000 hectares of land was being lost due to high groundwater 
tables, and by this time a crash program was in the making. In 1958, the Water and 
Power Development Authority (WAPDA) was established. It developed a long term 
program for controlling the high water tables in the lndus system. This was done 
through the Salinity Control and Reclamation Projects (SCARPS). These SCARP 
projects applied a range of drainage measures with emphasis on deep tubewells, 
surface drains, and subsurface systems. 

Annexure 1.5, Staff Appraisal Report, National Drainage Program (NDP) Project 
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IV IMPACTS OF WATERLOGGING AND SALINITY 

* The impact of salinity on agricultural productivity is severe. It has been 
mentioned in the Staff Appraisal Report (SAR) of National Drainage Program (NDP)' 
that a 25 percent reduction in the production of our major crops is attributed to salinity 
alone. In Sindh Province where the problem is much more severe, the impact may be 
closer to 40-60 percent in saline groundwater areas. The impact of waterlogging on 
yields just as startling. As the watertable approaches the surface up to 5 feet below, 
yields are of all major crops decline rapidly to almost zero. For example, at 0 to 0.8 feet 
depth to watertable, yields for cotton are 2 percent, 9 percent for sugarcane, and 21 
percent for wheat. In addition, there are serious environmental and poverty impacts 
associated with waterlogging and salinity. 

c 

V EMERGENCE OF THE CONCEPT OF PARTICIPATORY ON FARM SURFACE 
DRAINAGE IN PAKISTAN 

In the 1960s and early 1970s, strategy and investment in irrigation and drainage 
in Pakistan was mainly focused on three activities i.e. construction of major storages, 
barrages and link canals, control of increasing waterlogging and salinity through 
drainage (public tile and tubewell drainage projects), and expansion of water supplies 
by new storages, and public tubewell schemes. During the 1970s, the strategy was 
changed due to i) high cost of additional stored water; ii) the faltering performance of 
the surface irrigation system (especially inadequate maintenance leading to operational 
problems); and iii) sustainable problems with the public sector tubewell fields. The 
Revised Action Program (RAP) for Irrigated Agriculture of 1979, however, switched the 
emphasis of improving system efficiency through rehabilitation and upgrading, and to 
small-scale physical investments (private tubewells. watercourse improvements and soil 
reclamation). The new strategy so adopted focused on better utilization of existing 
infrastructure, especially at the watercourse level, the "savings" of surface water 
"losses" from channels, and improved management of water from the irrigation 
command level down to the farm, Furthermore, since the Revised Action Program for 
Irrigated Agriculture (RAP) it was estimated that saving water by increasing 
watercourse efficiency (i.e. reducing "losses") cost about a quarter that of developing 
new irrigation supplies'. On Farm Water Management activities were, therefore, 
adopted in the country on priority basis. 

I 

* 

4 

Annexure 1.5, Staff Appraisal Report, National Drainage Program (NDP) Project 

Report' No. 15863-PAK, Pakistan Impact Evaluation Report June 28, 1996, Operations Evaluation 
Department, World Bank. 
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For a long time, the construction and management of drainage systems in 
Pakistan has been the exclusive domain of the public sector. The role of government 
in this context is justified because these drains largely carry hazardous water (effluent) 
that is dangerous to both humans and animals. The public sector has, however, failed 
to ensure proper operation and maintenance of the drainage system due to the lack of 
physical and financial resources. There is, therefore, dire need that benefiting 
communities should be involved to participate and share their responsibility with the 
government agencies. Increasing population and depleting land and water resources 
are demanding better management practices for making more beneficial use of scarce 
irrigation water, as well as to control waterlogging and salinity problems. In the absence 
of further development of water resources, efficient and purposeful management of 
available resources (land and water) is becoming more vital in the present day context 
in order to ensure enough agricultural production to meet the food, feed, fiber, and 
shelter requirements of the ever growing population and provision of raw material for 
agro-based industries. At the tertiary level of the irrigation system (at the farm level), 
improved On Farm Surface Drainage (OFSD) with the participation of farmers has been 
considered to be affective, beneficial, and more diagnostic in nature as it can quite 
efficiently remove excess surface water in areas with emerging problems of 
waterlogging and salinity. 

v 

4 

Keeping the importance of On Farm Surface Drainage in view with the 
involvement of farmers as being practiced in other On Farm Water Management 
programs, a pilot project for On Farm Drainage was launched under the Second On 
Farm Water Management Project, Dera Ghazi Khan. The experiences gained and 
results obtained after the implementation of the On Farm Drainage Pilot Project under 
the afore-mentioned OFWM project are presented below. This paper gives more 
emphasis on the concept of a participatory approach for managing surface drainage 
rather than engineering aspects. Moreover, the concept of on farm drainage being 
replicated in the establishment of On Farm Drainage sites under the Overseas 
Economic Community Fund (0ECF)IJapan assisted On Farm Water Management-Ill 
Project is also discussed. 

VI 

b 

. 

ON FARM DRAINAGE PILOT PROJECT UNDER SECOMD ON FARM WATER 
MANAGEMENT PROJECT DERA GHAZI KHAN 

The On Farm Drainage Pilot Project (OFDPP), as one of the components of the 
Asian Development Bank (ADB) assisted Second On Farm Water Management Project, 
Dera Ghazi Khan, is probably the first example in Pakistan where the on farm surface 
drainage (OFSD) system has been installed at the field level. The OFDPP as originally 
formulated was meant to investigate the feasibility of improved on farm surface 
drainage in the Dera Ghazi Khan (D.G. Khan) area. Accordingly, the OFDPP site, 
covering an area of about 1,500 hectares, falling in the commands of 15 watercourses 
along Kot Adu Main Drain, Khan Garh, Muzafargarh District was selected and the 
OFSD system was constructed during 1992-93 by the Water Management Wing of the 
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Agriculture Department, Punjab with the technical assistance of local as well as 
expatriate consultants (NESPAK and EUROCONSULT, Private Ltd.) and active 
involvement of the farmers. 

9 

1. Project Objectives 
n 

It was observed during visits to the project area that an excess surface water in 
the D.G. Khan area was generally experienced to be a problem in the seriously 
waterlogged and salinized areas only. Excess surface water often leads to extensive 
and prolonged surface ponding on waterlogged and saline land, as it can not infiltrate 
due to the lack of profile storage andlor poor soil structure. It was also observed during 
the survey that improved surface drainage could not' be the best remedy for 
waterlogged and salinized land as it might not be expected to ascertain a significant 
lowering of the watertable and or leaching of the excess salinity. This would generally 
require the introduction of improved groundwater (subsurface) drainage. Improved 
surface drainage on the other hand did not seem to be an urgent requirement for the 
non-waterlogged and non-saline lands in the D.G. Khan area. The little excess surface 
water which occasionally occurs on such land, generally caused only minimal damage. 

Therefore, it was concluded that improved tertiarylon farm surface drainage 
would be suitable in areas with emerging waterlogging and salinity problems. Such 
areas occur in abundance in the D.G. Khan division. 

In view of the findings of the survey, the scope of the project was drawn to 
accommodate areas with emerging waterlogging and salinity problems caused by 
recharge of excess surface water (from irrigation andlor rainfall) in the fields. Improved 
tertiarylon farm surface drainage was anticipated to prevent the further spreading and 
aggravation of said problems in these areas. It was further conceived that it might also 
provide some relief to the in between areas which are already partly waterlogged and 
salinized and, consequently, suffer from serious surface water ponding. The following 
objectives were, accordingly, set forth to address the need for on farm drainage: 

Selection of sifes with emerging waterlogging and salinity problems; 
Organization of Drainage Beneficiary Groups (DBG) in each catchment 
area of the tertiary drain for participation of the beneficiaries in the design, 
construction and subsequent operation and mainlenance of the drainage 
works: and 
Construction of a system of tertiary surface drains for improved surface 
drainage. 

1. 
ii. 

iii. 

In addition to the above mentioned objectives, the project was envisaged to 
serve as a basis to test and establish suitable design criteria, construction methods, 
and economics for surface drainage works for future drainage projects. 



2. Drainage Conditions in the Pilot Project Area 

The drainage conditions in the pilot area can be differentiated into three zones 
e as illustrated in Figure I .  

Zone-l non drainage problems envisioned; 
Zone-11 
Zone-Ill 

emerging waterlogging and salinily problems; and 
existing waferlogging and salinity problems. 
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Figure-I. Drainage zones in the pilot project area 

The pilot project aimed to prevent waterlogging and salinity in Wone-ll and to a 
lesser extent in Zone-I. To reclaim Zone-Ill, it was considered that groundwater 
drainage would be required since surface drainage will bring only limited relief. 

3. Project Location 

The selected Khan Garh pilot has a gross surface area of 1,500 ha and is 
located in the Muzaffar Garh district, at a distance of approximately 30 km south-west 
of Muzaffar Garh city. The boundaries are formed by the Mehr Pur Minor in the west, 
the Haji Wah Minor in the east, while the road Khan Garh to Shah Jamal forms the 
northern boundary. The two minors are converging to the southern end of the project 
area. The Kot Adu Drain passes through the centre area (approximately north-south 
direction). The pilot area is thus divided into two parts, whereby the part at the east 
side is called Part-I and the part located on the west side, Part-ll. The location of the 
project area with respect to other major cities of the Punjab Province is shown in 
Figure-2. The map of the pilot area Khan Garh is presented in Figure-3. * 
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Figure- 2 Project location ninp. 

Figure3 Map or the pilot project men, IChnri Cerl~ .  
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4. Topography 

The topography of the pilot area is very flat. The land slope is only 5-10 cm per 
kilometer going from the two minor irrigation canals towards the Kot Adu Drain. 
Although the differences in elevation in the area are small, there are a number of 
depressions in between the watercourses where excess surface water can accumulate 
and stagnate. These depressions are in need of surface drainage. 

5. Soils 

e 

I 

Most of the soils of the project area are clayey and are suitable for [lie crops 
grown in the area especially sugar-cane, rice and wheat. With modern management, 
including mechanical cultivation, application of balanced fertilizers and growing of 
improved crop varieties, high or very high production can be realized on these lands. 

6. Rainfall 

The rainfall in the area totals some 230 mm per year on average, of which the 
major part falls during the kha'rif (July-September) season. 

7. Groundwater 

Along the Mehr Pur and Haji Wah minors, a number of tubewells are in use (both 
government and privately operated) which add to the irrigation supply. The groundwater 
is predominantly fresh in the upper layer, although conditions seem to vary and some 
tubewells are known to pump low quality water (saline), which can only be used for 
irrigation after mixing with surface irrigation water. 

8. Agriculture 

Farmers in the area grow a variety of crops. They have a preference for cotton 
during the kharif season (summer), being the best paying crop. When waterlogging and 
salinity becomes a problem, farmers generally switch to rice. First in rotation with 
cotton, but as the situation becomes worse, they switch to rice only. During the rabi 
season (winter), wheat is the main crop. Again rice is chosen when waterlogging 
becomes a problem. A cropping calendar for the area is presented in Figure-4. 

Land ownership and tenancy in the pilot area appears to be fairly representative 
for the D.G. Khan region. Most of the farm holdings are smaller than 5 acres, but there 
are a number of large farmers with holdings up to 200 acres. The land holding pattern 
observed in the project area during interviews conducted by the MIS Waterman 
Consulting Engineers in their impact evaluation study is given in Table-I. 

0 
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t 

(Acres) 

< = 5  
6 - 10 

16 - 20 
21 - 2 5  

51 - 100 
> 100 

Total 

11 - 1 5  

26 - 50 

Figure-4. Cropping calendar for the pilot project area: 

Number Percentage Number 

32 11.1 24 
55 14.1 26 

25 8.7 11 
31 10.8 13 

8 2.8 2 
6 2.1 1 

288 100.0 123 

a7 30.2 28 

44 15.3 la 

Table-I. Farm size (land holdings) of the farmers in the project area. 

Respondents on Improved Respondents on Un-Improved 
Holding Watercourses Watercourses 

Percentage 

19.5 
2.1.1 

9.0 
10.6 
14.6 
1.6 
0.8 

22.8 

100.0 

Source: Impact Assessment of Second OFWM Project, Dera Ghazi Khan by Specialist Group Inc 
(Pvt.) Limited in association with Waterman Consulting Engineers. 
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9. Irrigation System 

The irrigation water supply has its origin in the lndus Basin. From the Taunsa 
Barrage the water is diverted through the Muzaffar Garh Canal to the Haji Wah and 
Mehr Pur Minors. Then through the watercourses to the farmers fields. The pilot area 
is part of the Muzaffar Garh command system and is irrigated by the two minors 
(irrigation canals), the Mehr Pur and Haji Wha. Some additional irrigation water is 
diverted from the Mondka Minor that runs to the north of the pilot area. 

8 

. 

During the kharif season, the actual discharges are many times larger than 
during the rabi season. During the rabi season, the available irrigation water is limited. 
As a result of water shortages during the rabi season, the canals in the pilot area have 
been designed for non-perennial flow. This means that in principle these canals are 
only operational during the months of April to October (kharif season). In actual practice 
many non-perennial canals receive water during the rabi season as well, although in 
reduced quantities. During periods of water shortage the canal systems are often 
operated in rotation. 

10. Watercourses 

In Table-2, the names, acreage and discharges of the watercourses in the pilot 
area are given. At the start of the pilot project, some of the watercourses were 
improved under the OFWM program. The remaining watercourse were also improved . during the project period. 

The command areas of the watercourses is not equal to the catchment areas of 
the tertiary surface drains designed by the pilot project. The drains are interfingering 
with the watercourses and the catchment area of the drain contains parts of several 
watercourses. 

11. Drainage system 

The existing drainage system for the pilot area has the following existing 
components: 

i )  Primary - Chenab River. 
ii) Secondary - Kot Adu Drain. 

In addition to this existing system, the system also needed tertiary and field level 
drains, which were introduced, as part of the OFDPP. 

Tertiary Tediary drains: On Farm Drainage system as iniplernerited by 
OFDPP, on fbe same level as the watercourses. 

ii) Field level In field drains in the farmer’s plofs, were constructed by the 
farmers, as advised by OFDPP. 

i) 
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Name of 
Minor 

Haji Wah 

I 52385/R , I 410 I 400 1 71 I 2.5 11 

Watercourse Area (acre) Design 
Unit discharge 

GCA CCA ( 1 isec) (cusec) 

43928/R 382 366 53 1.9 

48168tR 2 74 265 58 2.0 

I 55108/R 

Mehr Pur 1 68720/L I 193 I 172 1 48 I 1.7 II 

434 I 416 1 87 

I58571/R 

126700rTF I 498 I 451 I 80 I 2.9 11 

1.8 237 I 227 I 50 1 

- 

Mondka 

The Kot Adu Drain is the main disposal drain out of the pilot area. It has 
adequate capacity and is reasonably well maintained. The main shortcoming of the 
selected pilot area is the rather shallow depth of the Kot Adu Drain. The drain water 
level at some places is only just below the adjacent ground surface level. This is 
undoubtedly part of the reasons for the large scale waterlogging and salinity found in 
the lands in the southern part of the pilot area on both sides of the Kot Adu Drain. 

The Irrigation Department during 1992 re-excavated sections of the Kot Adu 
Drain. Unfortunately, during .the flood in 1993 the embankment of the Chenab River 
was breached to protect Muzaffar Garh City from flooding. This also flooded the pilot 
area and the Kot Adu Drain was again filled with sediment. 

* 

69500iL 560 536 133 4.7 

72695lL 105 100 24 0.9 

741 79/L 160 154 52 1 .8 

7572011 248 240 78 2.8 

7667811 111 103 25 0.9 

1852rTL 179 170 41 1.5 

26700rTR 427 410 73 2.6 
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Total 4218 401 0 875 31.0 



12. Beneficiary Involvement in the Pilot On Farm Surface Drainage Project 

Farmers' involvement in all stages of implementation of the pilot project was 
seen as an important requirement to create a successful and sustainable project. The 
main objectives for farmers participation under the project were: i) to build Drainage 
Beneficiary Groups (DBG). ii) to have an effective contribution of the farmers in the 
execution of the works: and iii) to lay a basis for future maintenance of the tertiary 
drainage system. 

r 

On farm drainage was a completely new element for the farmers in the pilot area 
Experience with organizational set-ups was limited to the organization of Water Users 
Associations (WUA) for improvement of watercourses It was expected that the OFDPP 
would be confronted with a variety of problems and that a flexible approach would be 
needed The participation process followed under the project consisted of the following 
phases, 

i. Entry phase; 

ii. Organizafion phase; 

iii. Design and planning plrase, 

' iv. Construclion phase; and 

V.  Operation and maintenance phase 

12.1 Entry phase 

During this phase, the farmers in the pilot area were informed about the project 
plans and the consequences. The possible impacts of the drainage facilities were 
explained to them. 

12.2 Organization phase 

The drains are generally located in between two watercourses. It was, therefore, 
proposed to establish a Drainage Beneficiary Group (DBG) instead of making use of 
the Water Users Associations (if existing) organized for each watercourse. A similar 
approach as to the forming of the WUA's was, however, followed. The DBG's worked 
together with the OFWM staff during the implementation of the project. 

After the topographic survey of the area, the catchment areas of the tertiary 
drains were determined and a preliminary layout design of the drains was prepared. 
Subsequently, the groups of farmers located in the catchment area of each drain were 
listed and approached. 

I 
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The Drainage Beneficiaries Groups were formed, whereby the number of 
members depend on the size of the catchment area of the drain and on the farm size. 
It can be seen from Table-2 that in the project area, the size of each established DBG 
varied from 10 to 100 farmers. Afler establishing a DBG, a contract between the DBG 
and OFWM was signed by both parties. 

12.3 Design and Planning Phase 

c 

During this phase, the design was made and the farmers were informed about 
the progress made. Many discussions on the subject of surface drainage were held and 
the concept of tertiary (on farm surface) drainage was explained in detail. Information 
included physical consequences (some farmers will lose some land); the need to 
maintain the system after construction; the contribution to the construction of the works; 
and the expected benefits (increase of area to be cultivated, yield increases etc.). 

The DBGs formed an important role in these discussions, whereby some 
farmers, certainly those who have to sacrifice land for the benefit of the community. had 
to be convinced. 

It became apparent during the discussions that the tail-end farmers of the 
watercourses adjacent to the main drains were, in general, much more interested and 
co-operative than the farmers located in the head reaches. The former played an 
important role in the successful implementation of the project. 

W 

A compromise between the best layout (in the lowest area) and the interest of 
the farmers (no loss of land, i.e. along plot boundaries) had to be made, while 
discussing the initial layout designs with the farmers. It was found that the initial layout 
design had to be verified with each individual farmer before the plan could be discussed 
in the DBG. 

During the discussions with individual farmers, it was possible to obtain additional 
information on the area, problems, organization, etc. which could be used in the 
decisions for the final layout design. In this way, it was possible to obtain some clear 
commitments of some farmers, thereby creating a group of supporters which was very 
important in subsequent group discussions. The hydraulic designs were prepared after 
this stage. 

Farmers in the lower parts of the pilot area wete warned about the possible 
inflow of drainage water from the Kot Adu Drain. The risk which they felt was such a 
major issue in the discussions that the provision of an outfall structure with a gate had 
to be promised. Otherwise, the project would not have proceeded. 

One farmer opposed the implementation of the project during the design phase. 
He refused to contribute land for the drains. Once construction started, this same 
farmer, however, requested to be included and to even extend the tertiary drain beyond 
the planned length. 
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In Table-4, the as built data of the tertiary drains are presented together with the 
number of farmers per tertiary drain and the number of farmers who contributed land 
for the drains. 

Table-4. Tertiary drains and number of beneficiaries 

Management Project. D.G. Khan by Eruconsult. 

12.4 Construction Phase 

Depending on the participation of the farmers in the construction, which was 
recommended, regular meetings with contractors, farmers and OFWM staff were held 
to guarantee the progress and quality of the works. Initially, it was proposed to have 
part of the drains constructed by the farmers. Although this was not done, the idea is 
sound and should definitely be tried during the next pilot project. For this project, the 
authorities, however, thought it better to prove first whether a tertiary surface drainage 
system would work. Participation by the farmers in the construction of drains (funds 
andlor labour) in this pilot area was, therefore, not asked and the work was carried out 
by a contractor and paid for with project funds. 

During the construction phase, it has been observed that although the plans have 
been discussed and approved during the design phase, with and by the farmers, it was 
not always possible to construct the system as planned. Some farmers changed their 
minds once the construction of the system started. Sometimes, difficulties occurred that 
had not been foreseen during the planning phase. Plans should, therefore, be flexible 
enough to make changes possible during construction. Flexibility is not always possible, 
or easy, when work is carried out by a contractor. 

e 
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12.5 Operation and Maintenance Phase 

Motivation of and guidance to the farmers by the OFWM staff was essential in 
case of the pilot project, although the operation and maintenance of the surface 
drainage works would be the full responsibility of the farmers. Monitoring of the 
adoption of the surface drainage system by the farmers would be important during the 
subsequent years of operation of the project. The construction of the tertiary drains was 
completed in mid 1993. The first monitoring results showed that most farmers were 
quite happy and satisfied with the system that has been constructed and say that they 
saw definite improvements in the pilot area. The farmers appeared to have a clear 
understanding of the use of the tertiary drains and realized the importance of cleaning 
the drains. 

t 

Evaluating Agency 

13. CONCLUSIONS & RECOMMENDATIONS OF THE EVALUATION STUDIES 
OF THE PILOT PROJECT 

Acreage of acres covered by 
ponded water 

Before Project After project 

* Waterman Consulting Engineer 

11 Euroconsult I 24% I 0% I1 
30% 177% 
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13.2 Groundwater Level 

There is a distinct variation in groundwater levels over the year. Generally, the 
watertable at the end znd the beginning of the year is at a peak, while in the dry 
months before the start of the monsoon and the peak irrigation season, the water tables 
will drop to a low. With regards to groundwater table fluctuations between before and 
after project, it has been observed that the water level only fell slightly during May, 
1994 as compared to the data of May, 1992 (difference of 0.20 m). Water levels 
measured at the beginning of February and March 1992 have been compared to the 
levels during the same period in 1994. The 1994 levels are lower than the 1992 levels 
by 60 cm in February and 50 cm in March. Groundwater depths below the soil surface 
before and after the project implementation are shown in Figure-5 and Figure-6, 
respectively. 

13.3 Soil and Groundwater Salinity 

It has been observed that the average EC at the head and middle sections of the 
drains has decreased appreciably from 0.87 dSlm to 0.58 dslm while at the tail 
section, it increased from 0.87 dS/m to 1.4 d S h 7  The tertiary drainage system has, 
therefore, effectively reduced the salinity of major portion of the command area falling 
in the head and middle sections of the drains. The increasing trend of salinity at the 
lower reaches is evidently because of salt movement with groundwater flow from 
upstream section towards main drain I-ligher groundwater salinity indicates downward 
movement of salts from the upper soil layer, but restricted groundwater drainage during 
the post construction period. The soils and groundwater salinity status , therefore. 
indicates a need for groundwater drainage as well. 

13.4 Cropping Patterns and Cropping Intensities 

The impact of the improved drainage conditions is demonstrated by the 
increased cropping intensities as is evident from Table-6. The promising result obtained 
by the improved surface drainage in the pilot area indicates the considerable benefit 
from the tertiary drains to the farms operations, notably increased cropping intensities. 

Impact Assessment of Second On Farm Water Management Project, Dera Ghazi Khan by MIS 
Specialists Group Inc. (Pvt.) Limited in association with MIS Waterman Consulting Engineers. 
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Table-6. Cropping Pattern and Intensities. 

Occu- 
P a w  

("A) 

34.7 

6.0 

11.0 

10.1 

0.4 

1 .o 
63.2 

50.3 

7.5 

0.4 

1 .o 

59.2 

122.4 

Area 
(ha) 

40.09 

14.17 

15.18 

13.97 

0.90 

0.18 

84.5 

73.00 

16.30 

0.90 

0.10 

90.30 

174.7 

Pilot Proiect Area 

Euroconsult I Waterman Consulting Engineers' 

Before Project After Project I Before Project After ProJect 
__. 

occu- 
pancy 

("/.) - 

23.56 

8.16 

8.74 

8.05 

0.52 

0.10 

Crops 

Kharlf 
Crops 

cotton 

Rice 

Fodder 

Jantor 
(Sesbania) 

Sugarcane 

Orchrd 

occu- 
pancy 

("/) - 

22.0 

5.7 

11.0 

3.5 

0.4 

1 .o 

Area 
(ha) 

357.0 

92.5 

17.9 

57.0 

6.5 

16.3 

Area 
(ha) 

563.0 

97.0 

179.0 

164.0 

6.5 

16.3 

1026.0 

Area 
(ha) 

occu- 
pancy 

("A) 

57.06 

13.15 

25.70 

16.70 

1.09 

0.08 

32.88 

7.58 

14.81 

9.62 

0.62 

0.05 

Sub-Total 708.0 43 6 18 68 1.13.22 65.57 

53.30 

11.83 

0.62 

0.05 

Rabi Crops 

46.0 

7.6 

0.4 

1 .o 
53.2 

___ 

42.05 

9.40 

0.52 

0.06 

92.51 

20.54 

1.09 

0.06 

714.0 

127.0 

6.5 

16.3 

864.0 

816.9 

122.0 

6.5 

16.3 

961.0 

Wheat 

Fodder 

Sugarcane 

Orchards 

Sub-Total 52.02 114.23 65.8 

Grand-Total 96.4 
- ___ 

100.7 
~ - 

1987.0 228.03 131.38 1527.0 

= 34 
= 173.5 ha 

Sample Farmer 
Total holding 

.I The cropping intensityloccupancy percentage 
in the Pilot area is based on CCA+ 1624 ha 
as measured during the baseline survey 
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The slight difference in the findings of both studies as described in Table-6 Is 
due to sample size. The MIS Euroconsult had tried to cover the whole project area in 
contrast to taking sample watercourses as well done by the MIS Waterman Consulting 
Engineers. If the whole project area is considered, it is evident from Table-6 that the 
cropping intensity has increased by 28% of the cultivable command area (CCA) (i.e. 
from 95% to 122%). The major increase is found in the cotton crop, were the increase 
in cropped area is 12%. In rabi season, the intensity of the wheat crop has increased 
by 65%. It may be expected that the cropping intensity will gradually increase even 
further than 122% with better drainage and more irrigation supplies. Moreover, changes 
in the cropping pattern are likely to occur (e.g. a reduction in areas cultivated with rice 
and fodder, and an increase of areas under wheat and other grains, cotton and 
sugarcane). 

13.6 Farmers’ Perceptions 

a 

Since the farmer is the ultimate beneficiary from the land and crop improvements 
resulting from the surface drainage system, the farmer’s response was considered an 
important component of the impact evaluation exercise. As per the Final Evaluation 
Report of MIS Euroconsult, the first monitoring results showed that most farmers are 
quite happy and satisfied with the system that has been constructed and see definite 
improvements in the pilot area. The farmers appeared to have a clear understanding 
of about the use of the tertiary drains and realized the importance of cleaning the 
drains. * 

For the construction of the tertiary drains, 9 ha of land, which equals 0.06 
percent of the area, has been made available free of charge by the farmers. Although 
the drains were constructed in the worst parts of the area on mostly abandoned lands, 
the farmers agreed to sacrifice part of their property for common benefit. This was one 
of the major achievements. 

To check the farmer’s response to the Surface Drainage System, MIS Waterman 
Consulting Engineers in their Impact Assessment of Second On Farm Water 
Management Project, Dera Ghazi Khan interviewed randomly selected samples of the 
beneficiaries. The following observations have been made during the interviews: 

1. 37% of the respondents participated during the planning stage, and 57% during 
the construction phase of the projecf. Neither the farmers contributed material 
or financially, nor, was it requirement from the government to do so; 

about 51.4% of the respondents participated in social matters, resolving conflicts 
and promoting cooperalion among the farmers as well as with the government 
staff. About 26% of the farmers participated as paid labour during consfrucfion; 

ii. 
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iii. 

4 

iV. 

V. 

Vi. 

Vii. 

b 

Viii 

iX. 

X .  

X i .  

* 

about 97% of the farmers concluded that the project is beneficial to tlletn as far 
as utility and work quality of drainage facilities are concerned. The remaining 3% 
either had land holdings at higher elevation that did not need drainage, or they 
were not convinced of its utility for other reasons. Similarly, about 97% of the 
farmers considered the drainage project economical; 

all of the respondents without exception expressed their desire to replicate the 
surface drainage system in other areas where surface ponding exists; 

about 97% of the respondents indicated that the constructed drainage system 
definitely reduced damage to crops caused by sustained surface ponding; 

about 43% graded the construction quality as good, 54% as satisfacto!y and 
about 3% as unsatisfactory. This was probably because of a lack of satisfaction 
in the contractor’s progress, which was partly due to difficult field conditions 
hindering transportation of material, etc; 

when questioned about to recovering some of the costs of drainage and 
participation in operation and maintenance of the main as well as the tertiary 
drainage system, 23% of the farmers expressed their willingness to share the 
cost of the field drainage system similar to the cost sharing options for 
watercourse improvement. A majority of the farmers (77%) were reluctant to 
share costs, mainly due to their present poor financial conditions. As the surface 
drainage system operates and crop production improves, more farmers may be 
in a better financial position in the future to pay some of the costs; 

regarding maintenance of the main drain, 94% expressed the need for 
deepening and cleaning the Kot Adu Drain; 

for operation and maintenance of tertiary drains, 20% of the farmers opted for 
cleaning by the farmers themselves, 43% by DBG without recovery, 9% by DBG 
with recovery, 17% by the government with recovery from the beneficiaries and 
only 9% by the government with no recovery. The majority expressed confidence 
about DBG, which shows the important role of the beneficiary groups in 
mobilizing farmers resources; 

about 91% expressed that the loss of land under the surface drains was justified 
in terms of the increased cropped area, crop yields and socio-economic 
conditions of the farmers as a result of the surface drainage system; 

about 95% of the donating respondents donated land voluntarily for the surface 
drains. None of the farmers, out of the respondents, complained against any 
social or official pressure regarding land contribution. About 5 expressed 
ignorance of their independent decision on land donation as they were 
dependent on someone else; and 
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xii. one of  the important questions asked regarding fhe feelings of ftie land donating 
farmers about the neighboring non-donating farmers indicated that 80% of the 
donating farmers showed no signs of negative feelitig and considered it a cause 
for community development. The other 20% thought that the non-donating 
farmers should be charged for the development to compensate those who have 
donated land for the drainage system. 

As this was a pilot project, and it was a new experience for the farmers to 
understand the need and advantages of the system, it was probably not appropriate to 
recover some of the costs, particularly from non-donating farmers. As the system 
proves to be useful for the farm lands, farmers are convinced of its anticipated benefits 
and the system has to operate on a permanent footing. Sotne cost sharing system must 
be developed to continue the technology for new development in the region on a 
sustained basis. 

13.6 Costs 

The cost of the on farm drainage project as implemented was approximately Rs. 
500/acre (Rs.I200/ha)8 

VII. ESTABLISHMENT OF ON FARM DRAINAGE SITES UNDER OECFlJAPAN 
ASSISTED OFWM-Ill PROJECT 

The experiences gained and recommendations put forth during the 
implementationlcompletioh of On Farm Drainage Pilot Project, D.G. Khan by OFWM 
and consultants, replication. of the on farm surface drainage concept under 
OECF/Japan assisted OFWM-Ill Project (revised) has been followed. A brief description 
of the establishment of On Farm Drainage sites under the OECF/Japan-assisted 
OFWM-Ill project is described below. 

This project envisaged developing 25 On Farm Drainage sites in the entire 
project area of the OECFIJapan-assisted OFWM-Ill project. At present work on 12 sites 
is in progress at various stages of survey, design, agreement, tender documentation, 
tendering and construction As per tenders finalized for 5 sites, the unit cost of 
establishing drainage sites is Rs. 989/acre (Rs 2443/ha) as given in Table-7. The 
increase in the unit cost as compared to Rs. 500/acre (Rs. 1200/ha) incurred on On 
Farm Drainage Pilot Project, D.G. Khan is due to the depreciation of the Rupee, 
increase in the cost of construction material, etc. and due to other site specific reasons 
like topography, etc. 

Final Evaluation Report, On Farm Drainage Pilot Project. Second On Farm Water Managemenl 
Project, Dera Ghazi Khan by MIS Euroconsult. 

0 
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3581 350 

1430610 

10917117 

1916916 

3165089 

Table-7. Costs involved in development of on farm drainage sites under 
OECFlJapan-assisted OFWM-Ill Project. 

3391 1373 

2296 930 

1957 792 

2338 946 

2235 905 

2443 989 

On Farm 
Drainage Sites 

Sheikhu Chak 

Bacanawala 

Jandusahi 

Akbar Ghanoke 

Akanwala 

Average 

TehsiV 
District 

Kharian 

Kharian 

Deska 

Kamoke 

Hafizabad 

1056 

623 

558 

820 

1416 

-,i' 
Acre 

As per findings of the evaluation studies of the pilot On Farm Drainage Project, 
it is envisaged under this scheme that the beneficiaries would be required to pay about 
50% of the costs to be incurred on the development of On Farm Surface Drainage 
systems. The volume of earth moving on these projects requires that they are 
undertaken by using contractors. This, to some extent, dictates the cost sharing 
arrangements. The cost sharing mechanism that is being followed under the 
OECFIJapan-assisted OFWM-Ill Project is as below: 

b 

0 

ii) 

iii) 

iv) 

fhe Drainage Beneficiary Group (DBG) will provide the land for the drains. 
The farmers, through the Drainage Beneficiary Groiip (DBG) shall be 
responsible for settling any claims for compensation from individuals who 
would lose land as a result of the construction of the drain: 

the contractor, at the projects expense, will excavate the material from the 
farm drain and place it beside the drain. The farmers will undertake the 
spreading of all the material excavated from the drain on adjacent fields 
or in low areas, to the satisfaction of the project and those farmers whose 
land is adjacent to the drain: 

the contractor, at the projects expense, would construct all structures 
required on the drain; 

the farmers will be responsible for excavating the field drains to connect 
their fields to the farm drainage network; and 
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v) the DBG would have to guarantee free and unrestricted access to the site 
for the contractor's machinery and employees. 

It is believed that the successful model development during implementation of 
Participatory On Farm Drainage Management at Dera Ghazi Khan and its replication 
under the OECF/Japan-assisted OFWM-Ill Project with improvements will prove to be 
a foundation stone for institutionalizing the role of farmer's organizations for sharing 
responsibilities in operation, maintenance, and management of drainage systems in 
Pakistan. 

VIII. CONCLUSIONS AND RECOMMENDATIONS 

In the light of experiences gained during implementation of On Farm Drainage 
Pilot Project under ADB-assisted Second On Farm Water Management Project, Dera 
Ghazi Khan and those of the currently ongoing OECFIJapan-assisted OFWM-Ill Project, 
a few conclusions and recommendations have been drawn as given below: 

i) 

k 

ii) 

iii) 

iv) 

v) 

c 

On Farm Surface Drainage may be replicated and included as one of the 
components of future Irrigation, Drainage and On Farm Water Management 
Projects; 

legislation may be made for formal functioning of the Drainage Beneficiary 
Groups. Necessary modificationslamendments for this purpose may be 
incorporated into the existing Water Users Ordinance, 1981 under which the 
Water Users Associations are organized and registered; 

The role and responsibilities may clearly be defined for the participating agencies 
like the Drainage Beneficiary Groups in the private sector as well as that of the 
provincial Irrigation and Power Department and Agriculture Department (Water 
Management); 

a financial program of investments and recoveries similar to the watercourse 
improvement program may be developed, where the farmers are charged for 
part of the expenses by considering their economic status; 

a promotional campaign highlighting the importance of "On Farm Surface 
Drainage" for environmentally sustainable agriculture in areas with emerging 
waterlogging and salinity may be launched, wherein farming communities may 
be approached to support and promote on the farm drainage concept and 
activities; 
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vi) a specialized training program for acquainting the OFWM staff, as well as the 
farming communities, on the subject of "On Farm Surface Drainage" for future 
and ongoing OFSD projects may be conducted; 

e 

vii) all of the Drainage Beneficiary Groups's (DBG) may be organized into a 
Drainage Federation (DF), to strengthen the operation and sustainability of these 
groups. A DBG can be too small to work optimally and collect contributions from 
the farmers for development works. The DF will have more influence on 
concerned government agencies on issues like cleaning of the main drainage 
system, as well as irrigation supplies. The DF can further play a role as an 
advisor to the participating farmers (for example, by giving advice on reclamation 
and soil improvement practices); and 

regular monitoring of the completed and on-going On Farm Surface Drdinage 
projects may be made for proper documentation of the experiences gained, 
lessons learned and data base for designinglimplementing similar projects in the 
future. 

viii) 

c 
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PRESSURIZED IRRIGATION SYSTEMS FOR INCREASING 
AGRICULTURAL PRODUCTIVITY IN PAKISTAN 

Shahid Ahmed’, Muhammad Yasin’, M. S. Shafique3 and Muhammad Akram4 

ABSTRACT 

The main emphasis of the paper is on the productivity level which has to be enhanced to cope 
with the ever growing population in Pakistan. The population of the country is going to be doubled in 
twenty years. The food consumption will also be doubled during the same period. Hence, either crop 
yields or the cropped area will have to be doubled to cope with the future requirements. In the context 
of a fixed and short water supply system, the challenge of the enhanced productivity can only be met 
by lmprovlng productivity of lrrlgation water supplied. It means that we will have to use our limited water 
resources very optimally. During the initial crop growth period, water uptake by the plants is lower as 
compared to that at later stages. Such low requirements are quite difficult to be applied by flooding-the 
usual way adopted in Pakisfan. However, this purpose can be attained by use of a pressurized imgafion 
system. Moreover, adaption of pressurized irrigation practices has also been emphasised in the paper 
to manage the root zone salinity in the centers of doabs in Pakistan. 

1. BACKGROUND 

1.1. Agricultural Productions and Imports 

The total wheat production of Pakistan during 1994-95 was around 17 million 
tonnes. About 2.3 million tonnes of wheat was imported to meet the country’s food 
requirements (GOP 1995). The annual growth rate of population of over 3.0% further 
demands a similar increase in the import of wheat grain per annum. There is a net 
shortfall of edible oil in the country and its import costs about one billion US dollars 
during the year 1994-95. The government, although giving high priority for the 
cultivation of oilseeds in the country, but still the local production of edible oil is not a 
significant order. The country’s imports of food items are continuously increasing at a 
rate which is hard to sustain as the exports of agricultural commodities, especially 
cotton, are adversely affected during the last five years due to curl-leaf-virus. 
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1.2. Agricultural Productivity 

The yield of rice, sugarcane and coarse grains are either stagnant or declining, 
whereas an annual increase of around 1.5% in wheat yield was observed over the last 
20 years. The yields of wheat were 2.3 and 1.1 totineslha for the irrigated and rainfed 
farming systems, respectively, during the year 1994-94 (GOP 1995). About 83% of the 
wheat cultivated area during 1994-95 was irrigated, which constituted about 91% of the 
total wheat production. The existing yields of irrigated and rainfed wheat are almost half 
of the possible yields which can be achieved through improved management practices. 

The agricultural productivity as viewed in this paper is "the system's net output 
of goods and services, commonly measured either as crop yields or net income per unit 
of input or resources". In Pakistan, the productivity must be viewed in a comprehensive 
manner considering the future challenge to increase cropping intensity, yield and 
income per unit of land, water and time. Therefore, the productivity index can be 
defined as Under: 

L, 

b 

I, = I, * I, * I,, 

- Productivity index; 
Cropping intensity index as a ratio of actual to targeted cropping intensity: 
Yield index as a ratio of actual to targeted yield; and 
Water use index as a ratio of actual to targeted water use efficiency. 

1" 
l c i  

1, 
1," 

. 

- 

This index will provide a combined picture of agricultural productivity in time and 
space and one can view the options of how to enhance productivity considering the 
potential for extensive and intensive levels of development. 

1.3. Future Food Requirements 

Wheat is an important crop related to the country's food security. The wheat 
requirement for the year 1994-95 was about 19.3 million tonnes and with a 3% annual 
growth of population, the wheat requirement during the year 2014-2015 will be around 
34 million tonnes, which is almost double the production for the year 1994-95. This 
means that either the crop yield or the cropped area must double in the next 20 years 
to cope with the future requirements. Otherwise, the country has to spend huge 
resources of foreign exchange for import of shortfalls. Similarly, the import of edible oil 
will double after 20 years if local production is not increased significantly. 
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Stage of Irrigation 
Root Zone 

Depth 
(mm) Coarse Light Medium Fine 

Available Water it1 Koot Zone (mm) 

First Irrigation 

Second Irrigation 

The above figures indicate that for a pre-showing itwigation. a maximum water 
application of 10-15 mm should be kept for most of the soils. If the scheduling of first 
and second irrigations is done at 50% of the management allowed deficit (MAD), then 
the first irrigation for most practical purposes should range between 15-30 nim. 
Similarly, the second irrigation should range between 25-45 mm. However, it is not 
possible to apply irrigation of less than 75 mm. in mediiim and fine textured soils and 
less than 100 mm in light textured soils using the level basin or level border methods 
of surface irrigation. Therefore, a major part of the pre-showing, first and second 
irrigations is lost because of percolation below the root zone and excessive infiltration 
at the head end of the field. This loss also contributes towards a drainage surplus. 
Furthermore, there is a shortage of canal water supplies during the early and middle 
parts of the rabi season due to low river flows. Thus, a majority of farmers in the 
Punjab Province use tubewell water. The pressurized irrigation systems can provide an 
alternative for applying light irrigations of 10-45 mm. Weekly applications through a 
sprinkler irrigation system is also possible, which provides a better strategy for effective 
utilization of rainfall. Therefore, for practical purposes, the sprinkler irrigation application 
can be ranged between 10-25 mm (Bhatti et al. 1993). 

2. PROBLEMS AND CONSTRAINTS 

L 

- 

The problems and constraints related to productivity enhancement are as under: 

360 29 50 60 72 

570 45 80 95 114 

- pricing of commodities; 
- efficient use of limited freshwater resources (surface and groundwater); 

saline water upconing in the middle of doabs in the Indus Basin because - 
of uncontrolled groundwater exploitation; 
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- management of salinelsodic soils and waters; and 
maintaining soil physical and chemical health. - 

RESEARCHABLE ISSUES 

The researchable issues related to productivity enhancement of the irrigated 

e 
3. 

farming systems are: 

Fractional well technology helps to skim the shallow freshwater but, in 
most cases, the small discharges of such wells can not be efficiently 
applied using traditional surface irrigation methods. The researchable 
issue is to apply light and more uniform irrigations using efficient 
application methods. 

L 

Surface irrigation methods, especially for pre-showing or the first irrigation, 
is inefficient because the water requirement or soil moisture depletion is 
much lower than the minimum depth of water required to cover the field 
The issue is how to apply light and uniform pre-showing irrigations 
to reduce the time required for seedbed preparation and to plant 
crops as early as possible. The other issue is how the light first 
irrigation can help to reduce the contribution to a drainage surplus. 

The following of land contributes towards salt buildup and therefore the 
issue is to increase cropping intensity so that more area is brought 
under wheat and oilseeds. This increase in cropping intensity has to 
come through efficient application of good quality water. 

The root-zone salinitylsodicity and water table management are important 
elements for sustainability of the enhanced productivity. The issue is how 
to enhance the uniformity of leaching in salinelsodic soils where 
salinelsodic water is used for cropping. The management of sodicity 
in soils and waters is a major concern, if the irrigated areas are to be 
expanded to meet future agricultural and food requirements. especially. 
self-sufficiency in wheat and edible oil are needed in the irrigated area. 

PRESENT STATE OF TECHNOLOGY DEVELOPMENT AND INDlGENlZATlON 4. 

The Water Resources Research Institute (WRRI) of the National Agricultural 
Research Centre (NARC) in collaboration with the local pump industry (MECO Pvt. Ltd., 
Lahore), the plastic industry (GRIFFON Pipe Company, Lahore) and the irrigation 
company (Hydro-Tech Farms and engineering Services, Islamabad) developed and 
indigenized the technology for (Ahmed et al. 1993, and WRRI, 1996): 
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Hand-move raingun sprinkler irrigation systems for farms of 5-15 acres or 
more where farmers are interested in using these systems for conjunctive 
use (surface and pressurized irrigations) are now commercially available 
and can be procured on order from the MECO Pvt. Ltd., Lahore or M. 
Azam Khan and Company, Rawalpindi. These systems are now being 
provided to the barani farmers by ABAD and OFWM in Pothwar Plateau. 

Trickle irrigation systems for fruit orchards using simple emitters, filters 
and fertilizer injectors, are now commercially available and can be 
procured on order from GRIFFON Pipe Company, Lahore. These systems 
are now being installed by various Programmes and farmers in arid lands 
of Balochistan, hot deserts, northern areas and barani lands. 

- Semi-automatic reel-machine type sprinkler irrigation systems for 
nurseries, golf courses and specialized farms, which can be manufactured 
on order by M. Azam Khan and Company, Rawalpindi. The prototype of 
these machines have been tested by the WRRI-NARC and can be 
indigenized if a large order is available. 

- Centre-pivot sprinkler irrigation systems for farms of over 100 acres and 
for areas where water is at premium and higher productivity is targeted. 
The one-span prototype has been tested by the WRRI-NARC, and Hydro- 
Tech Farms is now capable of producing production-scale units. A 
proposal for a joint venture of Pakistan and Saudi-Arabia based US 
Companies is now in the pipeline for phasewise introduction and local 
manufacturing of centre-pivot sprinkler irrigation systems. 

The new and emerging technologies which are still in the initial phases of 
testing and introduction are: 

- The Bahria Foundation of Pakistan and Sweetwater Farming Inc. USA 
entered into an agreement to bring the technology for a sulphurous 
generator to Pakistan. The WRRI-NARC and IIMI-Pakistan are the 
research institutions involved in the process of technology testing and 
experimentation. For this purpose, initially two units have been imported 
by Bahria-Sweetwater Farming Joint Venture and one unit has been 
installed in the tail-end of the Fordwah Distributary at Hasilpur, or at any 
other suitable location to amend sodic groundwater. 

A handpump based trickle irrigation systems for community based fruit 
plantations in areas outside the lndus Basin, including women 
participation for growing of vegetables. 
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The MONA Reclamation Experimental Project, Bhalwal has conducted 
operational research for the testing and introduction of skimming wells to pump fresh 
groundwater at a discharge which is sustainable without mixing of brackish water with 
the freshwater layers. The technology is now available for use in conjunction with the 
pressurized irrigation systems. The researchable area is how to develop effective 
strategies for cost-effective introduction of the technology in areas where surface 
irrigation supplies are in shortage, especially at the tail-end farms. 

5. SPRINKLER IRRIGATION FOR WHEAT 

The WRRI-NARC has conducted experiments on supplemental irrigation of the 
wheat crop in the rainfed areas around Rawalpindi, Islamabad and Fatehjang. The 5 
years of studies (1989-1995) indicated: 

- The yield of barani wheat of 1 .O tonnes/ha increased upto 2.0 tonnes/ha 
with a pre-showing irrigation of 10-15 mm. The pre-showing irrigation 
helps to plant the crop at the desired or optimum planting date, whereas 
farmers delay their plantings for the occurrence of rainfall if carryover 
moisture is not sufficient. The pre-showing irrigation helps to apply 
fertilizer and efficient uptake by plants to achieve a desired crop stand. 

- The yield of barani wheat of 1.0 tonneslha can be increased upto 4.0 
tonneslha with additional 2-3 irrigations of 25 mm each at critical stages 
of water deficit. These irrigations also help to schedule nitrogen fertilizer 
applications into 2-3 splits instead of full application at planting time as 
being practiced by the barani farmers. 

One collaborative experiment on sprinkler irrigation was conducted with an 
enlightened farmer in the dense sodic soils of the lndus Basin in the Narowal area. 
Instead of using surface irrigation for the first two irrigations, sprinklers were used to 
apply 10-15 mm of water to avoid ponding due to limited infiltration rates. The sprinkler 
irrigation helps, to achieve better crop emergence and tillering compared to surface 
applications, in addition to saving water . Afterwards, surface irrigations were applied. 
This mixed strategy of irrigation helped to increase wheat yields from 2 tonneslha to 
3.5 tonneslha. The sprinkler irrigation is also promising in efficient use of canal water 
and helps to minimize the use of sodic groundwater. Furthermore, the mixes irrigation 
strategy is one of the workable option for enhancing productivity of wheat in the rice- 
wheat system. 
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6. FUTURE INITIATIVES 

a 

. 

The MONA Reclamation Experimental Project (MREP), Water Resources 
Research Institute (WRRI) and International Irrigation Management Institute (IIMI) 
recently submitted a project for funding tinder the National Drainage Programme, 
WAPDA, entitled "Root-zone salinity management using fractional skimming wells with 
pressurized irrigation systems". The project has been approved and will be initiated 
shortly. The project is aimed at the management of root-zone salinity for those field 
conditions which are mainly associated with the centre and lower parts of doabs and 
other pockets of irrigated lands where similar conditions exist in the lndus Basin. There 
are locations where exploitation and application of groundwater by using traditional 
means is either not feasible, or there is a serious concern that the outgoing practices 
will render the thin-layered fresh groundwater unusable in the very near future. These 
affected zones like those in the central region of doabs form about 30% of the irrigated 
area of Pakistan (MONA, WRRI and IlMl 1996 ). 

The results of this applied research will be utilized in the Phase-ll preparation of 
the Fordwah Eastern Sadiqia Irrigation and Drainage Project. Also, the results should 
play a significant role in the next phase of the National Drainage Programme. In 
addition, this package of technology and management will become increasingly more 
valuable over time as an alternative to abandoning tubewells. Moreover, the proposed 
activities fit well in the two key research areas of IIMI: i) Design and Management of 
Irrigation Systems; and ii) Health and Environment. The proposed activities will also 
help WRRI-NARC to refine the pressurized irrigation systems and niake them tnore 
cost-effective for the farming community in the irrigated areas, in addition to scheduling 
of conjunctive water use (MONA, WRRI, IlMl 1996). 

The specific objectives of the project are to: 

identify and test a limited number of promising skimming well techniques 
in the shallow fresh-water aquifers which could control the saline water 
upconing phenomenon as a consequence of the groundwater pumping; 

encourage and support in-country manufacturers to develop low-cost 
pressurized irrigation systems adaptable within the local setting of 
Pakistan; and 

implement an irrigation scheduling programme aimed at root-zone salinity 
management with skimmed freshwater (in a relative sense) applied by low 
cost pressurized irrigation systems. 
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IMPROVED SURFACE IRRIGATION PRACTICES 

M. S. Shafique', Nisar Bukhari', lneke M. Ka/wij3, M. Latit and M. Munir Chaudhg 

ABSTRACT 

This paper discusses improved Surface irrigafion pi-actices ifi two ways: (i) monitoring and evaluatioii of 
selecled practices being experimented; and (;I) fullire clialleriges for tlie improved practices at 
watercourse level. As tliese practices are tlie actions wliicli are aimed at acltieving set goals of flie 
watercourse level subsysfem, the authors attempt to provide: (i) results to show poleiitial for achieving 
set goals by adopting better irrigations practices; and (ii) discussion abouf issues related to many other 
irrigation pracfices. 

Irrigation practices selected for monitoring and evaluafioii iriclude: (i) sui-face irrigation sclieduling; (;I) 
comparison of two wafer applicalion metliods; (iil) use of "sweelwaler" / srflfirric generalor for quick 
reclamation of sodic /saline-sodic solls; and (iv) conjunctive use of surface arid groundwater by gravify 
and pressurized systems. Uiider the future cliallenges for improved irrigation practices, issues and 
options are presented. 

1. INTRODUCTION 

From canal-outlet to field level, the surface Irrigation practices at the farm and 
field level form a critical part of the farmers' irrigation management domain in Pakistan. 
These practices are defined as the instituted acfions which are aimed at achieving 
set goals and objectives of the on-farm subsystem without causing adverse effects. 
These surface irrigation practices can be categorized as improved actions if the 
differences between the measured goals and set goals are within an acceptable range. 
Otherwise, low performance of the farm level irrigation practices may suggest that the 
system is simply being operafed but not managed. 

In order to identify key irrigation practices for discussion, the physical irrigation 
system is divided into four subsystems: (i) water delivery; (ii) water application; (iii) 
water use; and (iv) water removal. Each subsystem or component of an irrigation 
system is influenced by many elements and factors in performing certain functions. 
However, the degree of such influence is linked to the irrigation practices opted at each 
level of an irrigation system. In this context, this paper provides: (i) the functions and 
major factors of each component with examples quoted from different arid and semi- 

* 

' Senior Irrigation Engineer, IIMI-Pakistan 

Irrigation Engineer, IIMI-Pakistan 

' Associate Expert. IIMI-Pakistan 

Director, CEWRE-UET 

5 Business Manager, AgrEvo, Pakistan 
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arid irrigated areas; (ii) selected improved surface irrigation practices with 
corresponding findings; and (iii) future challenges which liave to be met for sustainable 
use of the improved practices. 

1.1 Water Delivery 

Lowdermilk et al. (1983) have described this component as to convey water 
from fhe water supply source by way of the main canal and distributary canals 
to a canal outlef (main physical subsystem), and from there through farm and field 
channels (watercourse or on-farm physical subsystem). The major function of this 
component is to deliver irrigation water in a sufficient quantity and quality to the field. 
This process of water delivery is based on the following four steps (Walker et al., 1995): 
(i) assessment of water demand; (ii) water allocation; (iii) water distribution; and (iv) 
implementation (of the water delivery plan). However, the actual practices may differ 
from one setting to another. 

1.2 Water Application 

The main function of this component is to distribute water with the designed I 
desired uniformity over the field to meet the crop-water requirements and satisfy 
leaching and erosion considerations. Major factors wtiicli influence the process of 
water application are as follows (Lowdermilk et al., 1983): (i) field geometry; (ii) water 
supply rate; (iii) slope and levelness; (iv) infiltration rate; (v) surface roughness; (vi) 
irrigation methods; and (vii) management. 

Selection of the water application techniques is the main concern for the farm 
managers. Because of the old traditions and familiarity, social acceptability within the 
existing management abilities of the farmers, and the prevailing economic environment, 
different countries with almost similar climatic conditions opt for different water 
application methods and practices. However, it does affect the performance of the 
component in achieving its goals. 

1.3 Water Use 

This component aims at storing and supplying water to meet crop water 
requirements. In order to meet this function, the factors wliich influence the process 
for water use are as follows: (i) knowledge about the irrigation requirements; (ii) quantity 
and quality of irrigation water; (iii) soil type; and (iv) nutrient availability (Lowdermilk et 
at., 1983). 

This is the one component which attracts a maximum of attention by many 
scientists in the irrigated agriculture of the developing world. In spite of this interest, the 
information generated by the scientists is not translated in a useable form that the 
farmers can benefit. General irrigation practices under this component are based on 
either the visual condition of a crop, and I or water availability determined using the feel 
method by the farmers. *. 
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1.4 Water Removal 

The main purpose of this segment is to create and maintain conditions for 
optimum crop production by providing surface and lor subsurface drainage. Water 
removal, surface and lor subsurface, is an essential part of irrigation. But the drainage 
component for many of the irrigation projects has not been considered important 
enough to be included in the development plans at the design stages. With time, 
however, the groundwater levels in many cases have come up within one meter or so 
from the ground surface. This development has made drainage an unavoidable 
requirement. 

Like subsurface drainage, surface drainage is also equally important. The latter 
is particularly essential for heavy clay textured soils A good example in this context 
is the irrigated schemes in Sudan. The central plains of the locality are formed by the 
swelling heavy clay soils which disperse and seal the soil pores after coming in contact 
with water, As a result, the water is mainly absorbed during the advance phase of 
irrigation, and thereafter, the infiltration rate becomes almost negligible. This causes 
a serious problem of surface waterlogging which is considered to be an important factor 
contributing to lower crop yields. 

2. MONITORING AND EVALUATION OF IRRIGATION PRACTICES 

This section presents a selected number of innovative irrigation practices which 
are either already being monitored or in the process of being set up in the field for pilot 
testing. These practices include: (i) surface irrigation scheduling; (ii) improved surface 
irrigation application methods; (iii) quick reclamation of sodic l saline-sodic soils with 
sweetwater generator; and (iv) conjunctive use of surface and ground water by gravity 
and pressurized system. 

These innovations are intended to improve the performance of the existing 
irrigation practices. However, these changes in the traditional actions will demand 
adjustments and cautions. In this context, IlMl and its national6 and international7 
collaborators are undertaking and monitoring these activities to document the strong 
and weak points of important irrigation practices under experimentation as described 
below: 

' For example, Center of Excellence in Water Resource Eiigineeriog, Lahore; Water Resource 
Research Institute; On Farm Water Management, Punjab; etc. 

AgrEvo. Pakistan; and Sweetwater Farming Inc., USA; etc. 7 
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2.1 Surface Irrigation Scheduling 

Irrigation scheduling is commonly defined as determining when to it-rigafe and 
how much water to apply, or as deciding when to start and when to stop an  irrigation 
event (Martin et al., 1990). This practice is successfully implemented with pressurized 
water application systems in many countries of the world. However, the same practice 
of when and how much to irrigate in the context of hydraulically complex surface 
irrigation systems is difficult to translate into when to start and when to stop irrigation. 
Therefore, an effective surface irrigation scheduling program must develop strategies 
for each field on  the farm to decide how and how long to irrigate, coupled with when 
and how much to apply. This is essential because of the enormous variability of 
infiltration rate both spatially and temporally. Also, surface roughness, field geometry 
and net required irrigation depths are other parameters that change from event-to-event 
and season-to- season (Shafique and Skogerboe, 1987). 

+When and how much to irrigate? 

In order to decide when and how much to irrigate, four techniques are commonly 
used (Salazar, 1987): (i) modeling of crop-soil-climate-irrigation system through water 
balances; (ii) soil based measurements; (iii) plant based measurements; and (iv) 
lysimeters and evaporation devices. On an experimental basis, researchers in Pakistan 
have tested almost all of the stated techniques. However, these techniques are yet to 
be made more user-friendly to win farmers' acceptability. 0 

For deciding when and how much to irrigate, IlMl and its partners plan to monitor 

evaporation. While discussions with the Soil Survey of Pakistan are still at an early 
stage to make use of tensiometers for this purpose, IlMl has monitored two cotton 
seasons of irrigation scheduling by neutron probe at the Tareen Farm near Lodharan. 
This activity is undertaken jointly by an Australian Consultant and AgrEvo of Pakistan 
with, of course, active involvement of the owner of the farm, Mr. Jehangir Tareen. 

r the following techniques on farmers's fields: (i) soil based methods; and (ii) pan 

The neutron probe is one of the soil-based methods for determining the moisture 
contents available in the soil at a particular time. This measurement is based on the 
degree to which high energy neutrons are thermalized in the soil by the hydrogen 
atoms in water. The rate at which thermal neutrons are detected is related to moisture 
contents available in the vicinity of the radioactive source. If one can afford to 
purchase such probe, the irrigation scheduling becomes less arduous when compared 
with the gravimetric soil sampling method. 

During the last two years, the neutron probe technique has been effectively 
tested in deciding when and how much irrigation water to apply to different fields at the 
Tareen Farm. This practice has been based on two moisture curves: (i) full level; and 
(ii) refill level. With an access-tube lowered to 160 cm deep at the head-end of each 

. 
79 



Irrigation 
Event 

I 

2 

3 

I1 4 I 28/8 1 52 I 69 I 95 

Date Practiced Actual Actual Applied 
Deficit Deficit Irrigation 
(mm) (mm) (mm) 

917 54 71 95 

2917 66 83 92 

~ ~ 

5 519 45 62 95 

6 2119 49 66 96 

personal cornmu!lications with Mr. Asim Bajwa, field researcher of  AgrEvo at Tareen Farrn 
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Figure 1. Monitoring of Plot S2-3 during 1996 
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hardly any water movement below 60-70 cm, whereas cotton roots can penetrate even 
more than twice this depth. The coefficient of variation from event-to-event for the 
profile below the effective moisture extraction zone (60-70 cm) mostly ranges from 0.0 
to 0 04 

-+How long to Irrigate? 

The duration of an irrigation event for a given discharge at a certain time has to be 
determined, along with an awareness of the impact of certain physical processes, such 
as advance and infiltration behavior (due to spatial and temporal variability of soil 
parameters), soil surface roughness, field geometry and the crop water requirement on 
the irrigation process. These processes differ for subsequent irrigation events and 
between the seasons, both due to the change in soil compaction, crop and weeds 
development, cultural practices including intercropping, or climatological causes or 
changes. 

To illustrate the advance and infiltration processes, corresponding graphs have 
been derived for subsequent irrigation events for a basin irrigation system (at the 
Tareen Farm). These advance graphs are derived, based on the two-point method as 
suggested by Walker & Skogerboe (1987) and Shafique and Skogerboe (1987). The 
advance function for basin irrigation systems is defined as follows: e 

wherein: A,=cumulative wetted area (m7); t,= advance time (min); p and r are fitting parameters. 

The infiltration graphs are derived by the first reverse approach as presented in 
Shafique and Skogerboe (1987), which follows basic assumptions that "fhe subsurface 
water profile is linear and the average infilfrated depth for fhe set can be approximated 
as a functions of opportunity time at the mid-point ofthe fie/d'(Shafique and Skogerboe, 
1987; p.67). This concerns a first calibration of the empirical parameters of the 
modified Kostiakov equation: 

Z= kra+for 

wherein: Z= cumulative infiltrated water depth (mm): r = intake opportunity time (inin); k=intake constant 
(m31m/mina): a = exponent: and f, = final intake rate (mmlmin). 

L 
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Data required for the analysis include:(a) amount of field water supply; (b) irrigation 
duration; (c) advance trajectory over time; and (d) recession over time. Figures 3 and 
4 show the results of the advance and infiltration analysis, respectively. An increasing 
tendency is observed in the advance behavior and at the same time a decreasing 
tendency is observed for the infiltration behavior for the subsequent irrigation events. 
Differences from this observed tendency may occur, since the advance and infiltration 
are interrelated processes, which are subject to changes in the physical conditions as 
described earlier. 

.I 

By irrigating a field for a certain time period, the main purpose is to meet the 
crop water requirement, which differs from event-to-event and depends on (i) the 
number of days between irrigation events; (ii) quantity of effective rainfall; (iii) ‘actual 
evapotranspiration (ET,); and (iv) crop stage. 

By applying a volume balance technique as suggested in Shafique and 
Skogerboe (1987), how long a field actually has to be irrigated compared to how long 
it was irrigated in order to meet the crop water requirement can be evaluated. Prior to 
this analysis for a particular event (a blocked surface system with a small slope, 
?: lOOO), data have to be collected and analyzed on: (i) inflow rate; (ii) field geometry; 
(iii) irrigation duration; (iv) advance function; and (v) infiltration function. The shape 
factor ( F ~ )  for the sub-surface soil moisture profile is assumed to be 0.65. By calculating 
(i) the volume to be delivered; (ii) volume of surface water storage; and (iii) volume of 
water required, whether the time of cutoff is going to be less or more than the time of 
advance to cover the whole field area can be determined. The following formula is 
used: 

e 

wherein: t,,, = difference in time (min); V,,,,= required volume to be applied (In’); (V,,,, ) ,ta, x=L= volume of 
surface water storage corresponding to the time when the advance phase is completed (m’); and Q = inflow 
rate (m’/inin). 

Also, 

f c o = ( 4 ) x = L *  hi, 
., 

where: t,,=cutoff time (rnin); (tJx,L = advance time (min); and I,,,= difference in time (min) 
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Table 2 shows the results of this exercise. Observe that during the first and the second 
irrigation events, the irrigation duration was too long, respectively, by 94 and 17 
minutes, whereas for the fourth irrigation event the irrigation was applied in too short 
of a time period by  44 minutes'. Based on these findings, the first and second irrigation 
events may lead to over-irrigation of the field and excessive water will percolate into 
the subsurface, whereas the fourth irrigation event may lead to under-irrigation 
according to the actual applied irrigation. 

c 

. 
Table 2: Calculation of the cutoff time. 

349.9 I 499.3 21 86 42 

907.5 

681.3 

388.5 

f time; tco( 

621.5 1 532.6 1 - 12 1 55 1 72 

. practiced soil moisture deficit for respectively events 1,2, and 4 are: 60 mrn. 64 nim and 60 inm. 

Ongoing field observations showed that the general practice of a farmer is that 
the water supply to the field is cutoff when the advancing water front reaches the end 
of the field, without completely taking into consideration the changes in the above 
stated physical processes. However, field observations also showed that most of the 
farmer do not have sufficient access to information or means in order to gain insight 
into the relevant factors (available discharge, soil moisture deficit, advance behavior) 
for determining how long to irrigate. Basically, the farmer has experience in judging 
when to irrigate based on the crop conditions (leaves) and the soil condition (dryness), 
but it is not clear to them how long they should actually irrigate in order to meet the 
crop water requirement. These issues have to be further addressed in a detailed 
manner in order to provide the farmers with practical guidelines on how long to irrigate 
within the given constraints. 

. 
a For a conservative estimate, if the calculated t,, is less than t,(,.,,, then t, = t,(,=,, 
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+How to irrigate (a future concern)? 

Besides obtaining knowledge on when, how much and how long to irrigate, a link 
has to be established with how to manage the irrigation water (i.e. how the farmer has 
to operate the irrigation system at the farm). Insights into the above stated physical 
processes are crucial in order to practice good management of the irrigation water at 
the field level, along with an understanding of how to respond to the physical processes 
in terms of adjusting the design variables (unit flow rate, field or furrow geometry, and 
cutoff time) of a system has to be created. 

c 

In order to obtain insights into the management possibilities for different irrigation 
systems, mathematical models can facilitate this process. These models simulate the 
surface and subsurface irrigation process and assess, at the same time, the irrigation 
performance at the field level in terms of application efficiency, storage efficiency and 
distribution uniformity. Once a set of infiltration functions is calibrated for a whole 
season, and the crop water requirement is known for each irrigation event, these 
models can be used for prediction purposes. Basically, with these models, it is possible 
to develop a functional relationship between the design variables of an irrigation 
system. Furthermore, optimization techniques could be developed to determine ideal 
design and operational parameters. 

IIMl’s aim is, firstly, studying an existing model (SIRMOD”) and practically test 
its applicability for the existing systems in Pakistan. In a later stage, the target is to 
develop our own mathematical model for basin, as well as bed & furrow, irrigation 
methods. The main objectives are: (i) to develop operational and management 
strategies in conformity with the farmers who are using the traditional irrigation methods 
as well as for improved irrigation methods: and (ii) to transform the results into 
practical guidelines for the farmers on how to irrigate in order to obtain a more efficient 
use of the irrigation water and to increase crop production, taking into account 
environmental constraints. 

A last note should be made on the inter-action between water delivery and 
irrigation scheduling as presented above. The farmers receive their share of water 
through a warabandi schedule, which implies that access to canal water is restricted 
to a certain time period per week. Additionally, research has shown that the canal 

t 

‘O - Surface brigation Model developed at Utah State University, U.S.A 
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water supply is considered to be variable in its amount and unreliable in its supply, 
Most of the farmers overcome this constraint by the use of tubewell water; however, 
this is often of lower quality. At this stage, it can be debated whether this insecurity of 
water availability and reliability has an impact on farmers' actual irrigation practices or 
not. However, the aim is to find solutions in how to facilitate the farmers in optimizing 
their use of irrigation water within the given constraints. 

.# 

2.2 Improved Surface Irrigation Methods 

This section describes the monitoring of improved surface irrigation methods. 
These methods include: (i) bed 8 furrows; and (ii) flat basins. The main purpose of the 
monitoring of two methods was to see if a change from basin to a bed & furrow system 
can enhance water control by the farmer in order to apply light irrigations and to 
maximize the number of bunded fields irrigated during each warabandi. 

In this context, quantitative data were collected at the Tareen Farm during two 
cotton seasons, Kharif 1995 and Kharif 1996. At this farm, the fields are laser leveled 
and these are divided into plots of one hectare size. The bed & furrows are made with 
a special bed & furrow shaper which was designed and fabricated by a progressive 
farmer, Haji M. Arshad, from Khanpur. In case of flat basins, the earthening-up practice 
after the first or second irrigation event, converts them into a sort of shallow furrows. 
However, during irrigations the entire plot is covered with water just like a basin. In 
contrast; bed & furrow system does not have water flowing over the beds. 

Two types of data were collected during two years: (i) total depth of irrigation 
water applied to each plot; and (ii) corresponding cotton yields. The main purpose of 
the exercise was to show the enhanced capability of farmers to apply light and frequent 
irrigations by switching from a basin to a bed & furrow system. This is particularly 
important for cases where the infiltration rate is quite low. The Tareen Farm did show 
such a phenomenon as the average surface intake rate during the first 4 hours was 
only about 1.4 cm/hr. A very low range of the temporal coefficient of variation (0.0 to 
0.04) for the soil profile below 20-30 cm indicates even serious intake problems at the 
farm. Under these farm conditions, the enhanced capability has helped to increase the 
water use efficiency (Table 3). 

0 
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Interestingly, during 1995, the average depth per irrigation for basins is 185 inin 
as compared with the case of bed & furrows where the average comes to 82 min. 
However, this average has further dropped to 11 0 and 50 mm for basin and bed & 
furrow system, respectively, during 1996. Moreover, less use of water and increased 
yield per unit of area clearly favors the bed 8, furrow method for irrigating a cotton crop. 
Moreover, cotton fields monitored during 1996 by the officials of AgrEvo reveal that the 
virus attack in the case of bed 8, furrows was less severe (44-52%) as compared with 
basins (65-68 %). 

S2-4 (Basin) 

Table 3. Monitored irrigations and cotton yields at the Tareen Farm near 
Lodharan. 

(1st Pick) 

1996 7 700 1878 0.25 
(1st Pick) 

8 

c 
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A survey was also conducted in another cotton growing area of Punjab to 
document the water savings achieved by switching from basins to a bed & furrow 
system. This qualitative assessment is based on the interviews of 13 out of 19 farmers 
who bought bed & furrow shapers from Khanpur. Two farmers said that there was no 
saving of water due to the bed & furrows as their un-leveled fields were irrigated like 
basins. The other 11 farmers said that their switch to a new system had saved them 
30 to 50 percent of their water. As the cotton season is not yet over, no information 
about yields was obtained. 

e 

2.3 Quick Reclamation of Sodic I Saline-sodic Soils with Sweetwater Generator 

In collaboration with Sweetwater Farming Inc., Utah; the Bahria Foundation and 
the Water Resource Research Institute, IlMl has tested a device, Sweetwater 
Generator, to amend sodic I saline-sodic water at the Malik Ghulam Hussain Farm near 
Hasilpur (Punjab). This event took place during October 1996. 

This Farm is located at the tail of Fordwah distributary and seldom receives 
canal supplies (partial supplies around 50 % of the time only). Under the existing 
conditions, the owner of the farm is forced to use tubewell water, which is classified as 
unfit for irrigation because of the following chemical analysis: (i) total dissolved salts are 
more than 1800 ppm; (ii) Sodium Adsorption Ratio (SAR) is 13; and (iii) Residual 
Sodium Carbonate (RSC) is found to be around 8. Although the farm land is of lighter 
texture, sandy / sandy loam, the repeated use of bad quality tubewell water has 
resulted in sodium build-up. A soil analysis conducted by the Soil Survey of Pakistan 
shows that the Exchangeable Sodium Percentage (ESP) of the upper layer is 18 (SAR 
being 15.5) and EC is about 2 (sodic soil). The productivity of the farm has plunged 
to such a level that the farmer has almost gone bankrupt. 

The Sweetwater Generator is used to burn sulphur for sulphur dioxide (SO,) and 
this gas is mixed with water to get first sulphurous acid (H,SO,) and then sulfuric acid 
(H,SO,). This liquid of low pH value (2.4-2.9) is mixed with the low quality tubewell 
supply. In the case of Malik's farm, the pH value of the tubewell water was 8.1 on the 
test day, 18 October 1996. The pH of the liquid generated by the apparatus was found 
to be 2.9. After mixing with the tubewell supply, the pH became 6.9. Next, this treated 
water was applied to the field adjacent to a location from where samples were taken 
for the above stated chemical analysis. 

* 
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Based on the SARs of the soil extracts, before and after the application of the 
treated water, Figure 5 shows a drastic reduction in sodium build-up in the soil. 
However, this reduction is more on the head-end as compared with middle and tail 
ends. On an average, the SAR for the entire field after the first irrigation is found to be 
around 5. A couple of more irrigations with treated water, while flushing with canal 
water when available, should help to reclaim the field fully. 

* 

1 

IlMl in collaboration with the Sweetwater Farming Company intends to continue 
this reclamation support for one year at Maliks farm. During this period, a block of 
about 8 ha will be selected and during next two irrigation seasons, all of the important 
changes in response to the treated water applications will be monitored. There is also 
an expressed interest from the Company to demonstrate the use of the sweetwater 
generator for an entire command of Fordwah Distributary. 

2.4 Conjunctive Use of Surface and Ground Water (Treated & Untreated) by 
Gravity and Pressurized Systems. 

b 

This is new study which is being undertaken by IlMl in Hasilpur in collaboration 
with national and international partners. At this stage, only the needed hardware is 
being installed. Once the basic arrangements are completed, IIMl's research staff 
located in Hasilpur will start collecting data to document the process and changes 
expected by the introduction of a package based on the conjunctive use of water from 
different sources and water application methods. This innovative irrigation practice 
aims to manage salinity in the root zone and achieve higher water use efficiencies. 

In collaboration with the Punjab On-farm Water Management, Water Resource 
Research Institute, and Sweetwater Farming Company I Bahria Foundation, IlMl 
intends to have all required facilities in place by the end of the current year. The initial 
findings of the study will be available by the middle of next year. 
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3. FUTURE CHALLENGES 

0 3.1 Global / Effective vs. Local  Efficiencies 

Most of the irrigation improvement programs have been designed to improve 
generally low local irrigation efficiencies (Ei)ll at the level of farms I fields. Such 
improvements are important for individual irrigators as they would like to be helped in 
managing their respective available water supplies in an efficient manner. 

. 

The concept is a useful tool for irrigation design and irrigation management 
(Keller & Keller, 1995). However, the concept of local irrigation efficiency does not help 
in understanding the status of irrigation water use at a larger scale as it ignores the 
contribution of return flows in its calculations. The irrigation water runoff and deep 
percolation are losses from individual fields, but may not be losses at a higher 
hydrological unit level . It is possible to divert surface runoff for reuse. Similarly, the 
deep percolation contributes to the underground aquifer and the groundwater can either 
be pumped for direct use, or it gradually moves back to the rivers and streams for 
downstream diversions (Heermann et al., 1995) 

s 
In order to account for the reuse of the return flows, a concept of global or 

effective irrigation efficiency (E,)’’ is introduced by some irrigation management 
experts such as Dr. Jack Keller13 and Dr. David Seckler? As the new concept also 

11. Local Irrigation Efficiency (Ei) : 

E .  = uci 
1 (1 - LR) V, 

Where U,, is the irrigation water consumed by crops, LR is the leaching requirement and V, is the 
irrigation water delivered (Equation given by Keller & Keller. 1995) 

12. Effective Irrigation Efficiency (EJ: 

uci 
(1 -LR,) V,- ( 1 -LR,) V, E, = 

where subscripts i 8 0 denote inflow and outflow respectively for the terms already explained (Equation proposed by Keller 8 
Keller. 1995) 

13. Professor Emeritus , Utah State University 

14. Director General, IlMl 
L 
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incorporates the reuse of the return flows, it is more suitable for formulating water 
allocation and transfer policies (Keller & Keller, 1995). 

* 
A major concern expressed about the proposed base for the freshwater resource 

planning and allocation decisions is the degradation of the return flows by the pickup 
of salts and other pollutants such as sewage water, industrial wastes, etc. Keller and 
Keller (1995) have included leaching requirements in the definition of E, (Eq. 2) to 
control soil salinity, but the environmental and health concerns have yet to be 
addressed. Moreover, it would be very difficult and expensive to apply and ensure the 
degree of salinity control as suggested. 

In a system which is government-managed, deep percolation and runoff from one 
supply component is a gain for the other when the underlying condition is not a salt 
sink. However, at a point when the irrigation supplies are turned over to a privately 
managed unit, the flows in any form going beyond the unit boundaries are a loss to the 
stakeholders of the unit. Deep percolation to the underlying aquifer with useable water 
quality can be recaptured, but it involves pumping costs for some who can afford, and 
a loss to others who cannot, or do not, do so. 

Another hidden assumption (opinion of the authors) in the new concept is that 
the water distribution is executed as planned within a broader hydrological unit such as 
a river basin. Also, it alludes to conditions in which the resulting return flows will be 
distributed on an adequate, dependable and equitable basis for their reuse by the 
farmers. In other words, a selected system is operated as planned and hence the 
water resources planning and allocation decisions can safely be based on average 
values of a broader hydrological unit. However, all such conditions may, or may not, 
exist. 

Therefore, a challenge for the researchers and the managers of the irrigated 
subsystem is to use both concepts with caution for design, irrigation management, 
water resource planning and water allocation within commands, regions and national 
boundaries. They need to give serious consideration to the old concept of water 
conservation at the field level as proclaimed by the scholars in favor of improving local 
irrigation efficiencies. At the same time, it seems appropriate to deal with concerns 
raised about the productivity and cost of the reuse of water, as well as inequity due to 
water quality of the drainage water, when planning and allocation is based on using the 
effective or global efficiencies. 
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3.2 Commercialization of Watercourse Improvement Programs 

Since the late seventies, extensive watercourse improvement programs are being 
implemented with huge public investments. Although the activities were initiated under 
the banner of either on-farm water management, like the one in Pakistan or irrigation 

works related to the tertiary subsystems. 

4 

, improvement projects, such as in Egypt, the main thrust remained confined to the civil 

Perhaps in the beginning it was a proper strategy to put more emphasis on the 
hardware improvements as a main vehicle to create awareness and interest in the 
soffware componenf of the on-farm water management. In the case of Pakistan, for 
example, after following the hardware-oriented approach for the last two decades or so, 
the concerned entities now need to change. Any further delay in this context may 
endanger the survival of the on-farm water management program itself. 

There is a challenge for the researchers and the managers in the irrigated 
sector to help their respective agencies to move out of the 'hardware business to 
provide more time and resources to mend the software side for the sustainability of the 
programs. * 

Many countries, sooner than later, will find it extremely difficult to keep funding 
the civil works under the watercourse improvement programs forever. One way to 
reduce the financial burden would be to switch from the opted supply mode to an 
appropriate demand mode which may even improve the effectiveness of the physical 
improvements. 

From one locality to another, the proposed switch may require different strategies 
to make the watercourse improvement programs sustainable. One option could be to 
find ways and means to commercialize these programs. For example, there is a good 
possibility to test the idea in Pakistan because of the following reasons: (i) the physical 
improvement program for watercourses has reached a mature stage; (ii) there seems 
to be a good demand created for the improvements; (iii) about a dozen private 
commercial outfits are already manufacturing and selling pre-cast lining and control 
structures to the farmers and to the relevant government agencies; and (iv) the financial 
sustainability for the continuation of the activity in the current mode is a major concern. 
Perhaps, by channeling the existing subsidies with a phase-out plan, the stated 
enterprises may help to make the watercourse improvement program a demand-driven 
commercial activity. 
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3.3 Commercialization of Precision Land Levelling Programs 

4 Keeping the land level is a major concern for the farmers. It is a basic need at 
the field level to avoid over or under irrigation due to the micro ground surface 
undulations. Even without any outside support, this happens to be a routine activity 
undertaken by the farmers within the confines of their known skills and facilities. Such 
an irrigation facilitating practice points to a built-in demand for land leveling on a regular 
basis. 

I 

In view of the demand, many irrigated countries like Pakistan and Egypt initiated 
land leveling programs. However, these efforts did not achieve a desired degree of 
success. For example, in Pakistan, in spite of the provision of incentives such as 
sound facilities, skills and subsidies, the precision land leveling programs in the public 
sector had a hard time to sell themselves. Reasons for the "cool reception" given by 
the farmers to a subsidized facility, for which they have a felt need, are difficult to 
pinpoint. But these reasons can only be speculated as follows: (i) the time-interval 
required for land leveling was too long to be adjusted within a short period available 
between two crops; (ii) complaints about the quality of the job undertaken; (iii) lack of 
incentives, both positive and negative, to accomplish quality work; (iv) not enough effort 
directed to adapt the precision land leveling technology for small land holdings; (v) the 
activity was also conducted to reshape fields without giving due consideration to the 

service cost-effective and within the financial reach of the small farmers. 

0 

L boundaries as per revenue records; and (vi) hardly any effort was made to make the 

In the case of Pakistan, there is no need to create a demand for land leveling; 
it already exists as a regular on-farm practice. However, a real challenge for the 
researchers and the field managers is to cap the demand effectively. Perhaps there 
will be a need to have two packages of this service; one for small farmers and the other 
for large farmers. For small farmers, it may help if only practical technical services 
about cuts and fills are provided to enhance the accuracy of the traditional land 
leveling practice, On the other hand, the large land holders may require quick and 
quality service with appropriate means, like access to laser technology for land leveling. 

Based on past experience, it seems that the official approach adopted for land 
leveling has to be adjusted; it may help to commercialize the operation. The relevant 

agencies and donors can play a pivotal role by promoting this idea in order to make it 
happen, In the beginning, the local government agencies could provide subsidies, 
technical assistance and training to a number of private groups to initiate the process. 
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However, the support should be withdrawn in stages as the private groups are 
strengthened enough to take up !he challenge on their own. 

4 

In Pakistan, it is encouraging to know that the private sector, about a half dozen 
companies, has already been actively involved in inanufacturing the land leveling 
equipment such as scrapers and planers. More recently, two private firms have started 
producing laser equipment to facilitate land leveling operations. When the stated 
capacity is coupled with the availability of hundreds of private tractor and machinery 
owners who sell their services for other field operations regularly, the proposed 
commercialization of the land leveling operations becomes an accomplishable target. 

3.4 Necessitating Flow Measuring by the Farmers 

There are no two opinions about the necessity of flow measurements; it is a 
basic requirement for irrigation water management. For improving the water delivery. 
application, use and disposal subsystems, the available quantity of water must be 
known. 

* However, in many irrigated countries, most of the above stated operations at 
different levels of the main system are conducted based on experience and adjusted 
based on complaints and influence only. At the field level, it is also the experience of 
different individuals which determines the way irrigation water is utilized. 

But the management of irrigation operations without the measurement of flows 
can not be generalized for each and every case: there are a number of exceptions too. 
For example, the farmers in the Lower Severe Valley in the USA have installed their 
own flow measuring devices to counter-verify the flows measured by their own elected 
irrigation company near the delivery points. 

However, the above quoted case is such that the flow measurement is 
unavoidable as the farmers' shares are based on volumes. Other factors such as large 
holding sizes, commercial orientation, and education level of the farmers make flow 
measurements a normal activity. In spite of the other factors, the main fact remains 
that there should be a built-in necessity for flow measurements. So, the challenge for 
the researchers and field managers is to come up with innovative ways and means to 
create such conditions which make flow measurement a necessary and feasible 
practice 
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3.5 Appl ied Research in Irrigation 

” Over the past two decades or so, a tremendous amount of basic research in the 
field of irrigation has been conducted. Amazing mathematical tools have been reported 
which can facilitate the planning of operation and maintenance activities in the inain 
irrigation system. At the field level, the research findings are extremely helpful in 
managing the surface and ground water supply, as well as the application, use and 
disposal components of the on-farm subsystem. Even in the case of surface irrigation 
methods, it is now possible to estimate the resulting irrigation efficiencies within the 
existing conditions, or to create conditions for achieving an acceptable level of irrigation 
performance at the field level. 

, 

However, progress towards the application of the irrigation research findings IS 

not very encouraging. Generally, the research community is not found very eager to 
test the basic research findings for their field applicability. The lack of interest is not 
surprising as the applied research does not earn the same credit when compared with 
the basic research. As a result of the stated apathy, the findings of the basic research 
do not get translated for the benefit of the end-users. 

* 
Agencies like the International Irrigation Management Institute (IIMI) are 

undertaking applied research. For example, IlMl in Sri Lanka and Pakistan is field 
testing a set of decision support systems (DSS) for planning and operation of two main 
canal systems. IlMl in Pakistan also plans to apply mathematical tools to improve 
irrigation practices at the field level. 

c. 

In spite of the limited but serious initiative taken by IlMl and others to improve 
on-farm irrigation practices, there is lot more to do. A challenge awaits for the 
researchers to conduct applied research at the field level in the areas which may 
address issues like those listed below: 

a) Application of mathematical models to predict or estimate adjustments needcd 
to improve on-farm irrigation practices; 

b) Testing of management innovations to control excessive deep percolation at the 
time of soaking and a couple of early irrigation events: 

# 
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c) Methodology for surface irrigation scheduling which should also provide 
information about the time required to irrigate a field with the right quantity, at the 

I right time, within a given set of field conditions (Shafique and Skogerboe, 1987); 

d) Preparation of guidelines for the conjunctive use of surface water, groundwater 
and drainage water at the field level; 

+ 

e) Development of appropriate irrigation technology which may include the following 
ideas: (i) for the brackish groundwater zones with an upper thin layer being of 
relatively acceptable quality, use of fractional skimming wells or application of 
multi-strainer shallow wells; (ii) trying of low pressure irrigation application 
methods; and (iii) testing of new irrigation water measuring techniques for 
pressurized flow (tubewells) and flat gradient open channel flow at the farm level; 

f) Application of on-farm surface and subsurface drainage; and 

g) Institutional arrangements required for improved irrigation water use below the 
canal outlets. 

3.6 Irrigation Advisory Service (IAS) 
, 

Practical and user-friendly on-farm irrigation water management techniques can 
be developed, but their field adoption will require appropriate disseminating 
arrangements. Such a need will be met essentially by providing irrigation advisory 
services at the farm level. 

For example, an irrigation advisory service is being established in Egypt within 
selected commands of the irrigation improvement projects. However, the scope and 
capacity of .the institutional arrangement is limited; it is mainly confined to organizing 
farmers at the tertiary level and provide assistance in managing the finances of these 
groups. However, there is a common concern in the Ministry of Public Works and 
Water Resources (MPWWR) about the future role and perhaps justifications after the 
completion of civil works related to single point water-lifting arrangements at the tertiary 
canal level. It is feared that if the role of the service is not reviewed, this unit may 
become dysfunctional as has happened with the water users' associations in Pakistan 
after the completion of watercourse improvemerlts. 
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Another concern relates to the location of such an irrigation advisory unit, One 
easy solution is to let the government provide the service. However, it is a costly 
option for a public sector to shoulder, while the lack of cooperation between relevant 
agencies makes the choice difficult to make. Moreover, when a decision is made to 
pick one agency, others refuse to cooperate. For example, IAS in Egypt is located in 
the MPWWR and the existing lack of cooperation between the MPWWR and the 
Ministry of Agriculture and Land Reclamation (MOALR) does not help the effectiveness 
and usefulness of the service. 

" 

I 

Possibly, such a service could be located with a neutral outfit, or non- 
governmental organizations (NGOs).  However, such groups in the choice area are 
almost non-existent in most of the irrigated countries. Perhaps, the idea could be tried 
to gauge the level of interest in the NGOs' domain. 

Another option in the context of Pakistan is to make use of the agricultural input 
vendors to take up the assignment as a bonus to attract customers. However, in this 
case, public agencies will have to provide training, materials and support (incentives) 
to institutionalize the service. As these dealers are located everywhere in the country, 
the mechanism provides an excellent cost-effective network to test the implementation 
of the model. Of course, it is going to be a real challenge for the researchers and 
public sector to devise an effective irrigation advisory service. 

0 

3.7 Sustainable Farmers' Participation 

Farmers' participation in the operation and maintenance of the on-farm irrigation 
subsystem is crucial. Obviously, this requires a group action which is conventionally 
secured by organizing farmers on a formal or informal basis. 

Informal group action is for a specific purpose, which is usually built around a felt 
need by the farmers themselves. Examples in this context are the regular cleaning of 
watercourses and the fixing of irrigation schedules (warabandi) by the farmers in India 
and Pakistan, Such an informal collective arrangement still works and ensures farmers' 
participation on a sustainable basis. 

d 
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In general, farmers have also been 'organized on a formal basis to secure 
farmers' support for implementing certain on-farm activities. As it is obvious from the 
water users' associations organized in Pakistan and Egypt, these groups were 
designed to provide only support to a public agency in implementing a specific 
improvement activity; there appears to be no real intention to ensure farmers' 
participation by incorporating their clear role in planning, design, construction and 
management of an improvement activity. Consequently, with the completion of an 
improvement activity, like watercourse lining. the need for farmers' support faded and 
so did the need to keep the water users' associations functional. This might be one 
important reason for having dysfunctional water users' associations in Pakistan. 

I 

Although the water users' associations in Egypt were also intended to seek 
support from the farmers to improve tertiary channels (mesqas), the built-in single-point 
pumping requirement in the mesqa improvement is keeping the groups functional. 
Perhaps, it is this day-to-day operational interdependence which may keep the farmers' 
organizations working. Likewise, initial positive reports about the sustained functioning 
of tubewell committees established under a community-well program might have been 
helped by a similar operational interdependence. In both cases, the farmers have an 
active role in the operation and maintenance of the water lifting systems. 

C 

In order to achieve positive impact by improving irrigation practices below the 

not suffice. However, it is a challenge for social scientists and community organizers 
to suggest models which create conditions and an environment suitable for seeking 
sustainable farmers' participation and collective actions. 

c canal outlet, farmers have to act together. A few individual actions in this context may 

3.8 Accountabil i ty 

The irrigation system in Pakistan is designed to deliver a constant amount of 
water to the end users. But the fact is that the water delivered is not constant and 
often it is much less than the designed I authorized amounts. For example, a 
distributary at the lower-end of the Gugera canal system deiivered 50 % and 70 YO of 
the designed supply during Rabi and Kharif seasons from 1989 to 1991, respectively 
(Latif, 1995).Under the present conditions, no one is held accountable for not delivering 
the authorized supplies to the users. 

0 
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3.9 Addressing Environmental and Health Concerns 

d 

That irrigation development has created environmental and health problems has 
long been acknowledged. These concerns are listed as follows: (i) waterlogging and 
salinization; (ii) disposal of the drainage effluent; (iii) water quality concerns due to the 
disposallmixing of sewage and industrial waste in the irrigation and drainage systems 
and irrigation return flows; and (iii) diseases such as malaria, river blindness and 
bilharzia. 

8 

For the most part, the above stated concerns stem from the low irrigation 
efficiencies and inappropriate irrigation practices at the farm level. Therefore, the future 
challenge for the researchers and the managers of the irrigated sector is to improve 
irrigation efficiencies by introducing appropriate irrigation practices at the farm level. 
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