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Root Zone Salinity Management Using Fractional 
Skimming Wells With Pressurized Irrigation –Project 

Overview 
M.S. Shafique 

INTRODUCTION 
This overview provides general information related to the project and project sites. The 

objectives of this project are stated as per project document. In the light of these objectives, the 
research questions are identified. A description of project outputs is also given. These outputs are 
planned to address the research questions identified. During the year-1 of the project, different 
research studies/project activities were planned while keeping in mind the outputs committed in the 
project document. A status report of the activities performed during year-1 is outlined. This report 
covers the status of outputs committed as well as some additional outputs that were achieved. 

The project 
For future exploitation and application of groundwater in irrigated agriculture of Pakistan, the 

Mona Reclamation Experimental Project (MREP), Water Resources Research Institute (WRRI) of the 
National Agricultural Research Center (NARC), and International Irrigation Management Institute 
(IIMI) collaborated in launching the project proposed for “Root Zone Salinity Management using 
Fractional Skimming Wells with Pressurized Irrigation”. The main focus of this project is to introduce 
packages of technology and management for addressing serious concerns related to the quantity and 
quality of groundwater in order to use fresh water resource on sustainable basis. This research 
project is funded by the Water and Power Development Authority (WAPDA) of Pakistan through the 
Research Sub-Component of the National Drainage Program (NDP). This project aims at root zone 
salinity management with the participation of farmers by using technology and management 
packages. These technological and management packages will comprise the following components: 

• Shallow wells (centrifugal and single-strainer), skimming wells (centrifugal and multi-
strainers), and dug wells. 

• Pressurized irrigation systems for applying skimmed groundwater. 

• Irrigation scheduling with skimmed groundwater to manage root zone salinity. 

Project sites 
The project sites lie within the Mona Experimental Reclamation Project (MREP) and Fordwah 

Eastern Sadiqia (South) Irrigation and Drainage Project (FESS) areas. 

Description of the MREP area 
The MREP area constitutes a part of SCARP-II, and lies in the north-central part of the Chaj 

doab. The project area is located at a distance of 144km north of Faisalabad, and about 90% of the 
area is situated in the Bhalwal Tehsil of the Sargodha District, whereas about one-tenth lies in the 
Phalia Tehsil of the Gujrat District. The project area is bounded on the north by the Shahpur Branch 
Canal, and on the east by the Lower Jhelum Canal (Figure 1). 

The southern boundary is formed by the northern branch of the Lower Jhelum Canal as well 
as by the Sargodha-Gujrat Road. No significant boundary line demarcates the project area on the 
western side. The area is connected with the rest of the province with road and rail. The Sargodha-
Gujrat Road touches the project area at several points, and runs parallel to the project area for a 
length of 30km. The railway line passes through the eastern part, and there are four railway stations 
within the project area. The Pakistan Motorway (M2) passes through the center of the project area. 
The Salam interchange is at about 12km from the Mona colony. The project area covers 71772 
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hectares, spread over 83 villages. It is 48km long from east to west, and 13km wide from north to 
south. Bhalwal lies towards the south at a distance of 3km outside the project area. Phularwan, a 
small market town, is situated within 3km of the project boundary at its southern edge. Small towns of 
Bhera and Miani are also situated in the project area and Malakwal is located at a distance of 10km 
from the Project area towards north. 

 
Figure 1. Mona Reclamation Experimental Project area map. 

Description of the FESS Area 
The FESS area constitutes a part of SCARP-VIII and is located at a distance of about 300km 

from Lahore in the south-eastern part of the Punjab province (Figure 3). The project area lies in the 
Bahawalnagar district and partially covers the Bahawalnagar, Haroonabad and Chistian thesils. This 
area is located between longitudes 72° 40′ and 73° 25′ East and latitude 29° 25′ and 30° 00′ North. 
The area is bounded by the Malik Barnch Canal and Murad distributary in the north-west, by the 
Hakra 6-R distributary of the Hakra Branch Canal in the south, by the Haran minor in the west, and by 
the Indian boundary in the east. The area is connected with the rest of the province with road and rail. 
The gross command area of the project is 126117 hectares of which 120574 hectares are culturable 
and 109936 hectares are canal commanded. Haroonabad is the only major town situated in the 
project area while other small towns are Dunga Bunga and Dahranwala. Approximately 242000 
inhabitants live in the rural areas comprising many villages. 

Need of the study 
The explosion of pumping technology in the private sector, high capacity tubewells of more 

than 28 liter per second discharge are being installed even in the thin fresh groundwater zones In 
such zones, these tubewells are likely to draw a substantial portion of their discharge from the saline 
groundwater. The primary problem is that the tubewell discharges are too large for the given physical 
situation of the aquifer. This is particularly true for the tubewells located in the central regions of 
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doabs in Punjab, Pakistan. The exception would be the tubewells located adjacent to rivers and large 
canals where large quantities of seepage are recharging the groundwater reservoir. 
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Figure 2. Fordwah Eastern Sadiqia (South) Irrigation and Drainage Project area map. 

Thus, if such tubewells are not replaced with skimming well technology, there is a serious 
concern that the pumped groundwater will become increasingly saline with time. Already, many high 
capacity public tubewells are being shutdown at the request of farmers in these areas, as the pumped 
water has become saline with time. In addition, there is a high expectation that many private 
tubewells will have to be abandoned during the next coming years. Therefore, it is imperative to 
introduce skimming well technology to address these future concerns. 

The problem 
In the above given context, groundwater management and lacking relevant research based 

information is identified as a general issue. With reference to this general issue, the following specific 
issues come to surface: 

• Saline groundwater upconing in the middle of doabs in the Indus Basin is a serious concern 
because of uncontrolled groundwater exploitation in both the private and public sectors. 

• Shallow wells (centrifugal and single-strainer), skimming wells (centrifugal and multi-
strainers), and dug wells technologies can help to skim the shallow fresh groundwater but, in 
most cases, the small discharges (6-9 l/s) of such wells cannot be efficiently applied on 
surface irrigated croplands. 
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• Pressurized irrigation application systems can use such small discharges effectively, but their 
cost and availability of the needed equipment in the local market is a significant constraint. 

• Irrigation with skimmed groundwater, the root zone salinity is expected to increase in the 
absence of proper salinity management. 

Project objectives 
This project provides one promising option for groundwater and root zone salinity 

management in the Indus Basin during the 21st century. This option focuses on achieving the goals of 
management and management tools for skimming relatively fresh groundwater lenses, and 
management and management tools to control root zone salinity. These goals defined the objectives 
of the project as: 

1. Identify and test a limited number of promising technologies of skimming wells in shallow 
groundwater aquifers to control saline groundwater upconing as a consequence of pumping. 

2. Encourage and support in-country manufacturers to develop low-cost pressurized irrigation 
application systems adaptable within the local setting of Pakistan. 

3. Prepare and implement guidelines for irrigation scheduling with skimmed groundwater 
applied by low-cost pressurized irrigation systems to manage root zone salinity. 

Research questions 
In order to achieve the stated objectives, the following research questions were identified: 

1. What are the design parameters and operational management strategies for promising 
technologies of skimming wells in shallow groundwater aquifers that control saline 
groundwater upconing as a consequence of pumping? 

2. How does pressurize irrigation application systems help in managing root zone salinity? 

3. How can irrigation scheduling with skimmed groundwater applied by low-cost pressurized 
irrigation systems help in managing root zone salinity for commonly grown crops, vegetables 
and orchards? 

Plan of Work 
As per project document, and based on these research questions, the year-wise activities 

were planned as given in Table 1. 

Table 1. Year-wise activities planned. 

 Activities 

 MREP Sites FESS Sites  

Year 1 Planning activities, PRA, DA, 
Surveys, etc., Hardware 
installation 

 Year-end Seminar 

Year 2 Upconing Studies, O&M 
farmers’ training, Hardware 
refinement, Irrigation 
Scheduling 

Planning activities, PRA, DA, 
Surveys, etc., Hardware 
installation 

Year-end Seminar 

Year 3 Upconing studies, O&M 
farmers’ training, Irrigation 
Scheduling 

Hardware installation, Upconing 
Studies, O&M farmers’ training, 
Irrigation Scheduling 

Project-end 
Workshop 

Project outputs 
In view of the above given plan of work, the year-wise outputs were planned. 
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Outputs for Year-1 
a) Methodology for the selection of sites, options for fresh water skimming facilities, types of 

pressurized irrigation application method and techniques for sustainable operation and 
maintenance of the skimming source pressurized irrigation application system aimed at root 
zone salinity management by participating individual farmers. 

b) Site specific reports about installation of the skimming facility and the low-cost pressurized 
irrigation application system (skimming source pressurized irrigation application system). 

c) Seminar to report results to research and irrigation management agencies. 

Outputs for Year-2 
a) One research paper on the comparison of salty water upconing characteristics under various 

tested fractional skimming well arrangements. 

b) One research paper on the performance of the low-cost adapted pressurized irrigation 
application methods installed at various locations in the Mona project area. 

c) One research paper about the irrigation scheduling methodology adopted and the results 
obtained for root zone salinity management under different conditions within the project area. 

d) A seminar to report annual progress to research and irrigation management agencies. 

Outputs for Year-3 
a) Site specific reports about the installation of field-tested and improved skimming source 

pressurized irrigation application systems in the Fordwah Eastern Sadiqia (South) area. 

b) One research paper on management of the saline-fresh water interface in the FES area. 

c) One report comparing actual and simulation results regarding the movement of the salty 
water upconing phenomenon. 

d) One report about design methodology for skimming source pressurized irrigation application 
for root zone salinity management. 

e) A workshop to present the research findings of the project. 

Dissemination options 
• Training Needs Assessment (TNA) of stakeholders: farmers, drillers of skimming tubewells 

and manufacturers of pressurized irrigation application systems. 

• As per TNA, specialized training program for each group of stakeholders. 

• Development of multimedia training and demonstration modules for all relevant stakeholders 
by WRRI. 

• MREP to demonstrate the technology and management packages to the local farmers. 

• Dissemination of the developed packages to wider audience through PAD. 

• Through seminars/workshops and reports/papers. 

STATUS REPORT FOR YEAR-1 OF THE PROJECT 

Research studies/project activities 
During the year-1 of the project, the following research studies/project activities were 

undertaken: 

• Signed Memorandum of Understanding (MOU) between MREP, WRRI, and IWMI on 
November 25, 1998. 
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• Signed MOU between IWMI, and PARC on December 7, 1998. This MOU allows WRRI to 
formally enter into an agreement between IIMI and PARC. 

• Project activities related to project planning and management. 

• Installation of raingun sprinkler irrigation system, and rehabilitation and development of 
abandoned dugwell for evaluating, planning and refining purposes. 

• Project activities related to the development of methodology for selection of sites and 
farmers. 

• Monitoring of the dugwell, three-strainers skimming well, and radial well/subsurface horizontal 
tile drainage system for sensitization and familiarization purposes. 

Outputs 
These research studies/project activities enabled to accomplish the job related to the 

committed outputs for year-1 of the project. However, several additional outputs were also achieved 
during this process. 

Committed outputs 
A. Methodology for selection of sites, technology options, and farmers: 

1. Methodology report-1: Diagnostic study for characterization and classification of project area 
using deep groundwater quality to develop methodology for selection of sites and options for 
skimming wells and pressurized irrigation systems. February 2000. 

2. Methodology report-2: Initial participatory rural appraisal of Mona project using participatory 
dialogues with communities of the selected villages to develop methodology for selection of 
sites and options for skimming wells and pressurized irrigation systems. March 2000. 

3. Methodology report-3: Diagnostic analysis of Mona project using structured interviews with 
selected farmers of target communities of the selected villages and collection of scientific 
data and measurements to refine methodology prepared for selection of sites and options for 
skimming wells and pressurized irrigation systems. April 2000. 

B. Site-specific reports on skimming well technologies and pressurized irrigation application 
systems: 

1. Progress report on dugwell preliminary trials. November 1999. 

2. Report of the initial field experimentation on skimming dugwells and raingun sprinkler 
irrigation systems at the Phullarwan Research Farm of the MREP, Bhalwal. May 2000. 

Additional outputs 
1. Inception report. February 1999. 

2. Activities and collaborative framework. August 1999. 

3. Spatial and temporal analysis of groundwater in SCARP areas: a case study of Mona Unit 
SCARP tubewells, at MREP, Bhalwal. September 1999. 

4. Guidelines for extracting freshwater from aquifers underlain by saltywater. Draft Paper. 
November 1999.  

5. Skimming freshwater from inland aquifers in the Indus Basin of Pakistan –A review. Draft 
Review Article. February 2000. 

6. Options for skimming relatively fresh groundwater lenses in the Indus Basin of Pakistan –A 
review. April 2000. 

7. Guidelines for irrigation scheduling with skimmed groundwater to manage root zone salinity –
A preliminary framework. April 2000. 
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INTRODUCTION TO SEMINAR PRESENTATIONS 

Skimming well technologies 
• “Skimming well concept” by Dr. M. Akram Kahlown, MREP. 

• “Farmers’ groundwater skimming practices” by Dr. M. Ashraf, IWMI. 

• “Dugwell: Another groundwater skimming option” by Mr. M. Yaseen, WRRI. 

• “Modeling to develop guidelines for skimming relatively fresh groundwater lenses” by Dr. 
M.N. Asghar, IWMI. 

Irrigation application systems 
• “Pressurized and innovative irrigation application systems” by Dr. Shahid Ahmad, WRRI. 

Field implementation 
• “Methodology for selection of sites” by Dr. Shahid Ahmad, WRRI. 

• “Guidelines for irrigation scheduling with skimmed groundwater to manage root zone salinity 
–A preliminary framework” by Dr. M. Aslam, IWMI. 

INTRODUCTION TO PAPERS INCLUDED IN THE PROCEEDINGS 
Skimming well technologies 

• “Skimming well concept” by Dr. M. Akram Kahlown and Mr. M. Hanif, MREP. 

• “Farmers’ groundwater skimming practices” by Dr. M. Ashraf, IWMI and Mr. M. Idrees, 
MREP. 

• “Dugwell as an option of skimming well” by M. Yaseen, Dr. Shahid Ahmad, Dr. M. Munir 
Ahmad, Ghani Akbar and Zahid Khan, WRRI. 

• “Extracting freshwater from aquifers underlain by saltywater” by Dr. M.N. Asghar, Dr. S.A. 
Prathapar, and Dr. M.S. Shafique, International Water Management Institute, Lahore. 

Irrigation application systems 
• “Pressurized and innovative irrigation application systems: Raingun sprinkler systems” by Dr. 

Shahid Ahmad, M. Yasin, Ghani Akbar, Zahid Khan and Dr. M. Munir Ahmad, WRRI. 

Field implementation 
• “Methodology development for selection of sites for skimming wells and pressurized irrigation 

systems” by Dr. Shahid Ahmad, M. Yasin, Ghani Akbar, Zahid Khan, and Dr. Munir Ahmad, 
WRRI. 

• “Guidelines for irrigation scheduling with skimmed groundwater to manage root zone salinity 
–A preliminary framework” by Dr. M.S. Shafique, Dr. M.N. Asghar, Dr. M. Ashraf, Dr. S.A. 
Prathapar, and Dr. M. Aslam, IWMI. 
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Skimming Well Concept 
M.A. Kahlown and M. Hanif 

The wells especially designed to pump water from the sweet water body at shallow depths 
are called "Skimming Wells" since they are used to skim fresh water overlying the saline water. 
Skimming wells not only provide water for irrigation but do it in such a fashion that the mixing of fresh 
and saline water in the aquifer is minimized. Skimming wells, have the potential for solving several 
problems experienced by the small farmer in Pakistan. These wells are capable for providing the 
small farmer with a dependable and flexible source of quality water, which can be used for 
supplementing his inadequate water supply. Skimming wells are especially suited for use by small 
fanners because they discharge essentially limited discharge, the wells are shallow, they can be 
constructed by traditional methods with less capital investment as compared to that of a typical 
private tubewell. In addition, skimming wells make it possible to maintain the water table at a safe 
distance below the ground surface without creating the problems of what to do with the poor quality 
water which would be pumped by the typical well. 

Field studies on skimming well were conducted at Mona Reclamation Experimental Project, 
Wapda, Blialwal to investigate the phenomenon of fresh saline water interface in an aquifer in which a 
thin layer of fresh water is underlain by saline water and to study the feasibility of using multi-strainer 
tubewells for skimming good quality water. Tentative conclusions of the study are summarized as 
under: 

Salinity of water pumped at a rate of 0.5 cusecs from two wells with screens from 8 to 30 ft. 
deep was 75% of the salinity of water pumped at 0.5 cusecs from one well whose screen section was 
from 10 to 60 ft. Greater reductions are possible, but in the case of the coupled 30 ft. wells it was 
possible to pump water continuously for over 32 days before the salinity of the water reached 1.9 
mmhos/cm whereas water pumped at the same rate from the single well reached that salinity within 
15 days. The coupled wells were spaced 100 feet apart and this was sufficient to eliminate most of 
the reinforcement of the saline water cones. 

During 15 days of pumping at a rate of 0.5 cusecs from a single well with a screen section 8 
inches in diameter and from 10 to 50 feet deep, the peak of the saline water cone rose to 60 feet from 
the soil surface, which was 32 ft above the original saline-fresh water interface. Fllowing the pumping 
the cone peak receded to 72 feet below soil surface within 25 days. However, 164 days after pumping 
a significant portion of this cone still persisted. This slow rate of return of the saline-fresh water 
interface to original levels indicates the possibility of building even localized fresh water reservoirs by 
pumping from the saline layer during monsoon or other times when the aquifer can be recharged. 

An interceptor well placed below a main well was pumped at rates up to 36% of the rate of 
the main well, but was not effective in keeping down the saline cone or keeping the salinity of the 
water within limits acceptable for irrigation. 

The water table draw down, saline-fresh water interface coning and elementary hydraulic 
considerations show that most of the water pumped from the fresh water layer in regions where saline 
water lies within 100 feet of the surface is replaced by saline water moving up from below rather than 
by lateral transmission of fresh water or by air (Water draw down). 

Consequently, in using existing or new shallow fresh water layers, recharge will need to be 
localized, within a few furlongs of the point where the water is to be pumped out of the aquifer. Lateral 
transfer of fresh water in a thin layer overlying a thick layer of saline water in response to pumping of 
wells is accompanied by the lateral transfer of much larger amounts of saline water and a rise in the 
saline-fresh water interface near the wells. 
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Farmers’ Groundwater Skimming Practices 
M. Ashraf and M. Idrees 

ABSTRACT 
The farmers of the project area have some know how about the skimming well technologies. 

The local drillers have developed expertise on the installation of multi-strainers and single strainer 
wells. Moreover, they are trained enough to diagnose and solved problems relating to skimming well 
technology. Priming is their main problem. The selection of well type is quite arbitrary. Moreover, the 
issues of number of strainers, horizontal distances of strainers from the pump, length of strainers, 
discharge need to be refined, to make the system efficient and cost effective. 

INTRODUCTION 
A well that can extract water from the shallow fresh water layer overlying a saline water layer 

has been termed as a skimming well. Since in the project area, the water table is high enough, 
therefore in most cases centrifugal pumps are being used/installed at certain depths to pump water 
from shallow fresh layers. However, different design of skimming wells has been adapted by the 
farmers. Two kind of skimming wells are commonly used in the area. 

Single strainer well 
Conventionally, a bore of varying sizes is bored into the soil through a permeable layer 

generally, 30 m depth. 24 to 27 m length strainer is installed at the bottom. 3 to 6 m length blind pipe 
extends to the surface. Generally, a suction pipe is lowered into the blind pipe and is attached to the 
centrifugal pump (Figure 1). Water is then pumped by the centrifugal action. Plates 1 to 3 show the 
parts of the single strainer well. All these parts are locally available. 

Advantages 
• Low cost 
• Reasonable discharge 
• Provides fresh water 
• Easy to install with common boring equipment 

 
Figure 1. Schematic diagram of a single strainer centrifugal pump. 
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Plate 1. Locally manufactured coir for single-strainer skimming well. 

 
Plate 2. Jute and nylon-wir wrapped coir as strainer in single strainer skimming well. 

 
Plate 3 Locally available centrifugal pump used in single strainer skimming well. 
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Disadvantages 
• Initial priming is difficult 

• Since it is installed to a relatively greater depth, therefore the pumping of saline water from 
the deep layer is possible. 

1.1 Multi-Strainers Well 
The discharge of a single strainer tubewell is relatively low and the cost of bore is high since 

it has to be bored, generally not less than 30 m. Therefore, now the people are using multi-strainer 
shallow wells (Figure 2). Normally, PVC pipes of 5 cm are bored into soil at shallow depths, generally 
12-15 m depths. Bottom 9 m is perforated that acts as strainer whereas the upper 6 m is blind. These 
pipes are connected to cross (T) (Figure 2, Plate 4). 

 
Figure 2. Schematic diagram of multi-strainers skimming well. 

 
Plate 4. T-joint for connecting strainers to the pump. 

The cross is attached to a non-return valve (Plate-5). The non-return valve is connected to a 
centrifugal pump. No foot valve is used inside strainers. Priming is done through the delivery pipe. 
When engine/tractor starts, the air is removed from the escape valve of the centrifugal pump while 
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priming is kept continued. As soon as air is removed, the pump starts pumping. When pump stops 
pumping, the water inside delivery pipe exerts pressure on non-return valve and closes it therefore, 
the water in the pipes held due to hydrostatic pressure on the non-return valve. 

 
Plate 5. Farmers’/local drillers’ intervention: non-return valve to be attached directly to the 

pump. 
Up to 25 strainer pipes have been used. However, 10 strainer are commonly used in the 

project area. The strainers are normally installed at the same depth (generally at 15 m depth ) but at 
varying distance from the pump. Generally, strainers are installed at 1.5, 2.5, 3 and 3.5 m distances 
from the pump. In farmers perceptions, if these are installed at the same horizontal distances, they 
take the water of each other thereby reducing over all discharge. All parts of the multi-strainer wells 
are locally available. Technical know how and services are also available to some extent. Multi-
strainers tubewells are becoming famous among the farming community and single strainers pumps 
are being replaced by these wells. Only in one village 6 SB, near Bhalwal city, 7 farmers have 
installed multi-strainers wells. 

Table 1 and 2 gives the basic information of the tubewells installed in 6 SB and Nabi Shah. 
During the discussion, the farmers told that the deep groundwater of their area is brackish due to 
which their land was being deteriorated. The saline water also badly affected the existing crops and 
citrus trees. The source of their knowledge is the white patches on the soil they observe after 
irrigating the fields with deep water. Since water table in these areas is high (3 m) therefore, there is 
no difficulty in pumping water from these wells. These tubewells not only provide supplemental 
irrigation to crops but also keep the water table below the root zone. The discharge of a well with 10 
strainers is almost equal to the discharge of the single strainer pump i.e. in the order of 28 lps (1.0 
cusecs). 

Table 1. Multi-strainers-skimming wells installed by the farmers of village 6 SB 
Name of farmer No. of 

strainers 
Size of 

strainer 
(cm) 

Length of 
strainer 

(m) 

Size of 
blind pipe 

(cm) 

Length of 
blind pipe 

(m) 

Water 
quality 
(ppm) 

Altaf Hussain 7 5 9 5 6 384 
Altaf Hussain 1 20 24 15 6 1100 
M. Hayat 8 5 9 5 6 403 
Ghulam Rasul Aasi 10 5 11 5 6 - 
Ali Muhammad Aasi 4 7.6 9 5 6 896 
Ahmad Khan Aasi 4 7.6 9 5 6 716 
Wazir Ali Ranjha 7 5 9 5 6 - 
Ghulam Rasul Jalip 10 5 9 5 6 - 
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Table 2. Skimming wells installed by the farmers of Nabi Shah 

Name of farmer No. of 
strainer

s 

Size of 
strainer 

(cm) 

Length of 
strainer 

(m) 

Size of 
blind pipe 

(cm) 

Length of 
blind pipe 

(m) 

Water 
quality 
(ppm) 

Muhammad Akram 16 5 9 5 6 819 
Muhammad Akram 10 5 9 5 6 736 
Muhammad Akram 
(Hand Pump) 

1 5 6 5 4 454 

Lal Shah 1 20 24 15 6 704 
Lal Shah  
(Hand Pump) 

1 5 6 5 4 1113 

M. Imtiaz 1 20 24 15 6 851 
MN-93 1 - - - - 1171 

The cost comparison of single and multi-strainers pumps is given in Table 3. The farmers 
prefer to install more number of strainers with the intention that, with the passage of time, if some 
strainers have to be closed due to one or the other reasons, the remaining strainers will remain 
functional without reducing discharge significantly. 

Table 3. Cost comparison of skimming wells installed in the project area. 

Name of farmer No. of 
strainers 

Size of 
strainer (cm) 

Length of 
strainer (m) 

Size of blind 
pipe (cm) 

Length of 
blind pipe (m) 

Cost 
(Rs) 

Single strainer  1 20 24 15 6 20,000 
Multi-strainer  4 5 9 5 6 10,000 
Multi-strainer  4 7.6 9 7.6 6 13000 
Multi-strainer  6 5 9 5 6 12,000 
Multi-strainer  6 7.6 9 7.6 6 17,000 
Multi-strainer  8 5 9 5 6 14,000 
Multi-strainer  10 5 9 5 6 16,000 
Multi-strainer  16 5 9 5 6 20,000 

Nazir (1993) reported that similar multi-strainers skimming wells were installed in LBOD 
areas where the water table lies within 1.5 to 3 m. However, most of the area has usable water within 
a depth of 15-30 m. In Gaga area of Kotri, shallow tubewells, having three to four strainers, 15-30 m 
apart, were installed and water was pumped by centrifugal pumps. The tubewell discharge was more 
than 28 lps and these remained operational for about 10 years. Later on these tubewells were closed 
due to financial problems. 

Advantages 
• Low cost 

• Reasonable discharge 

• Provides fresh water 

• Easy to install with the hand pump boring equipment 

Disadvantages 
• Initial priming is difficult 

• If one pipe leaks, all the pipes will stop pumping. 

Problems and solutions 
Priming has been a major problem of a centrifugal pump. Single strainer and multi-strainers 

pumps are not the exemption. If suction breaks, the suction pipes (strainers) are examined for any 
leakage. Two methods are commonly used by the drillers or farmers to find out the problem of suction 
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break. (i) The pump is kept running and the hissing sound of the air is listened from the pipes. The 
pipe that has the leakage, gives the hissing sound. It is either repaired/replaced or plugged 
permanently. (ii) A hand pump assembly is used to detect the problem from the strainers (Figure 3). 
The strainers are detached from the T and are attached to the hand pump. If the pump lifts water, it 
shows that the strainer is functional. If the hand pump does not lift water, it indicates that there is 
problem some where in the strainer. It is then repaired/ replaced or closed permanently. 

 
Figure 3. A hand pump to diagnose the suction problems in the multi-strainers pumps. 

Deep tubewells 
Deep tubewells installed by the private sector are rarely available in the project area. A 

turbine pump (deep tubewell) costs 15 times a centrifugal pump. It cannot be used with multi-strainers 
to pump shallow water (Nazir, 1993). However, a significant No. of deep tubewells installed under the 
SCARP schemes are in operation in the public sector. These are being closed either due to the 
pumping of deep saline water to the surface or due to the huge costs of operation and maintenance. 
Since deep tubewells are not being installed in the project area therefore, information on the cost is 
not available from the local market or from the farmers. 

Advantages 
• High discharge 

• Priming is not a problem 

Disadvantages 
• High cost 

• May pump saline water from the deeper layers. 

Replacement of suction pipe with non-return valve 
Generally, when a centrifugal pump is installed, a suction of about 6 m length, containing a 

foot valve (non-return valve) is lowered in the bore and is attached to the centrifugal pump (Figure 4). 
This kind of arrangements is now rarely seen in the project area. The suction pipe and foot valve has 
been replaced by a single non-return valve by the local inventors. Now after boring and laying the 
strainer and blind pipe, a non-return valve (Plate-5) is attached to the upper end of the blind pipe. The 
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non-return valve is then connected to the suction side of the centrifugal pump. After priming, a suction 
is applied through a peter engine or tractor PTO. At the same time, the air is removed from the non-
return valve as well as from the pump through an escape valve provided in the pump casing. This 
process is repeated intermittently for about ten minutes. When all the air from the pipe is removed, 
the pumping starts pumping water. When pumping is closed, the non-return valve is also closes due 
to pressure of water inside the pump and delivery pipe. Water in the suction pipe (blind pipe) is held 
by the non-return valve. A single priming may be sufficient for a longer period provided that there is 
no leakage in the system. Since in most instances, non-return valve is placed at the soil surface, it is 
easy to be detached and to be checked for trouble shootings. 

 
Figure 4. A schematic diagram of a tubewell with a suction assembly that is rarely used 

now. 

CONCLUSIONS AND RECOMMENDATIONS 
Based on their experience, the farmers of the area have some know how about the skimming 

well technologies. The local drillers have developed expertise on the installation of multi-strainers and 
single strainer wells. Moreover, they are trained enough to diagnose and solved problems relating to 
skimming well technology. However, the selection of well type is quite arbitrary. Moreover, the 
selection of No. of strainers, horizontal distances of strainers from the pump, length of strainers, 
discharge and HP requirement for pumping need to be re-addressed to make the system efficient and 
cost effective. 
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Dugwell as an Option of Skimming Well 
M. Yasin, S. Ahmad, M.M. Ahmad, G. Akbar and Z. Khan 

INTRODUCTION 
Background of skimming wells and pressurized irrigation systems project 

Exploitation of groundwater for agricultural, municipal and industrial uses is severely 
hampered in many parts of the world by the encroachment of brackish groundwater in response to 
fresh water withdrawals. Examples of brackish groundwater intrusion are common in coastal aquifers, 
but are sometimes present in inland aquifers as well. Probably, the most important example of the 
latter case exists in the Indus Basin Irrigation System (IBIS). The IBIS has caused disruption of 
hydraulic regime due to seepage from extensive water conveyance and distribution system, as well 
as deep percolation from irrigation and precipitation. The native groundwater that existed in the pre-
irrigation period (early 19th century) was saline because of the underlying geologic formation being of 
marine origin. Now, this native saline groundwater is overlain by fresh groundwater due to seepage 
from rivers and canals of the IBIS. Thus, shallow fresh groundwater zone occurs between the native 
pre-irrigation and the present day water tables. 

Near the rivers and canals, the fresh surface water seepage has improved the quality of the 
native groundwater to 120 to 150 m depths. However, in some areas, the thickness of the shallow 
groundwater zone ranges from less than 60 m along the margins of Doabs (area enclosed between 
two rivers) to 30 m or less in the lower or central parts of Doabs. Recently, it has been estimated that 
nearly 200 billion m3 of fresh groundwater (mostly in the form of a thin layer) is lying on saline 
groundwater. Obviously, if proper technology is applied, the referred thin fresh groundwater layer can 
be skimmed from the aquifer with minimum disturbance of the saline groundwater zone. In the short 
irrigation water supply environment of Pakistan, such extractions would become a significant part of 
supplemental irrigation. 

The explosion of pumping technology in the private sector, high capacity tubewells of more 
than 28 lps discharge are being installed even in the thin fresh groundwater zones. Framers are 
normally interested to install tubewells of higher discharges to have efficient basin irrigation by 
reducing the advance time. This can be regarded as a psychological issue rather than based on 
techno-economics of tubewells or physical conditions of the aquifer. The discharge of skimming wells 
might be as low as 3 lps and thus pressurized irrigation technology is necessary for efficient 
application. 

In such zones, these tubewells are likely to draw a substantial portion of their discharge from 
the saline groundwater. The primary problem is that the tubewell discharges are too large for the 
given physical situation of the aquifer. This is particularly true for the tubewells located in the central 
regions of Doabs in Punjab province of Pakistan. The exception would be tubewells located adjacent 
to rivers and large canals where large quantities of seepage are recharging the groundwater 
reservoir. 

Thus, if such tubewells are not replaced with fractional skimming wells, there is a serious 
concern that the pumped groundwater will become increasingly saline with time. Already, many high 
capacity public tubewells are being shutdown at the request of farmers in these areas, as the pumped 
water has become saline. In addition, there is a high expectation that many private tubewells will have 
to be abandoned during the next coming years. Therefore, it is imperative to introduce fractional 
skimming well and pressurized irrigation technology to address these future concerns. 

Taking into consideration the vital importance and urgent need for developing fractional 
skimming wells and pressurized irrigation technology, a tripartite institutional arrangement Water 
Resources Research Institute (WRRI), National Agricultural Research Centre (NARC); Mona 
Reclamation Experimental Project (MREP), Bhalwal; and the International Water Management 
Institute (IWMI) was developed to initiate a collaborative project entitled "Root-Zone Salinity 
Management using Skimming Wells through Pressurized Irrigation Systems". The project was 
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financed by WAPDA under the National Drainage Programme (NDP) and initiated in the Target Area 
at the Mona Reclamation Experimental Project, Bhalwal during November 1998.  

Objectives of the project component 
The project objectives are to: 

1. Identify and test limited number of promising technologies of fractional skimming well in the 
shallow fresh groundwater aquifers, which could control the saline groundwater upconing 
phenomenon as a consequence of pumping; 

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

3. Prepare and implement guidelines for irrigation scheduling with skimmed groundwater 
applied by low-cost pressurized irrigation systems to manage root zone salinity. 

Based on the project objectives, the WRRI was assigned to conduct research on skimming 
dugwells and pressurized irrigation systems. After finalizing the methodological studies, the dugwell 
and Raingun sprinkler irrigation study was conducted initially at the Phularwan Experimental Farm of 
the MREP, Bhalwal. The activities initiated were: 

• Renovation of the existing skimming dugwell located at the Phularwan Farm and installation 
of the electric and diesel powered prime movers; 

• Hydraulics of the skimming dugwell; 

• Design and layout of the Raingun sprinkler irrigation system and hydraulics study; and 

• conceptual framework for design and operation of irrigation systems.  

REVIEW OF LITERATURE 

Traditional dugwells 
A dugwell consists of a pit dug to the aquifer or to the material where permeability is 

reasonable. The pit is often lined with masonry or pre-cast concrete rings to support excavation. Due 
to difficulty in digging below the water level, dugwells normally do not penetrate in the zone of 
saturation to a depth sufficient to produce high yield (Zuberi and Mc Whorter 1973). 

Dugwells have been used for thousands of years but have become less popular with the 
advent of tubewells (Gibson and Singer 1969). The dugwells are usually shallow wells, generally less 
than 15 m in depth and several meters in diameter. In the past they were usually constructed by 
hand, and even today in many areas this is the principal method of construction (Israelsen and 
Hansen 1962; Koegel 1977). Today, interest in dugwells is reviving, and they still hold much promise 
for arid lands. Modern materials, tools, and equipment may transform crude holes in the ground, 
hosts for parasitic and bacterial diseases, in to more safe, soundly engineered, hygienic, and reliable 
sources of water (Wagner and Lanoix 1959; Cembrowicz 1984). Dugwells are inexpensive and easy 
to construct and maintain by fairly unskilled labour. They provide storage for water, as well as a 
source (NAS 1974). 

The well penetration depth and diameter are the main design parameters that influence the 
performance of the dugwell. The rate of pumping is much less responsive to changes in well diameter 
as compared to the changes in well penetration depth. It means that in a given aquifer, the well 
wetted perimeter has less contribution in increasing the yield of a dugwell as compared to the 
hydraulic gradient that exists between the water surface in the well and in the surrounding 
groundwater (Koegel 1977). Thus, the well penetration depth in relation to the aquifer characteristics 
is one of the important design parameter to achieve higher discharge rates.  

Dugwells can be sunk only a few meters below the water table. This seriously limits the 
drawdown that can be imposed during pumping, which in turn limits the yield of the well. A dugwell 
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that taps a highly permeable formation such as gravel may yield 0.6 to 2 lps or even more in some 
situations with only less than a meter drawdown. If the formation is primarily fine sand, the yield may 
be less than 0.6 lps. Because of their shallow penetration in to the zone of saturation, many dugwells 
fail in times of drought when the water level recedes or when large quantities of water are pumped 
from the wells (USDEW 1963).   

In Afghanistan, Pakistan and India, dugwells are being seriously reconsidered (GOI 1962; 
NAS 1974). Since the use of rock drills became common, many existing dugwells have been 
deepened by digging from formations that had blocked previous equipment. In the last 25 years, 
Pakistan and India has also improved many dugwells solely by adding pumps. Powered by diesel 
engines or electric motors, inexpensive centrifugal or turbine pumps, installed on platforms 1-2 m 
above the water level, boost the water up to ground level. Suitable pumps are now made in many 
developing countries, including India and Pakistan. 

Dugwells have contributed significantly in the rural development programs of the Barani and 
arid regions of Pakistan, India and Sri Lanka. In Pakistan, several hundreds of dugwells were 
installed by the Second Barani Area Development Program to provide water for rural communities to 
raise high value crops. The On-going Village Development Program has also included dugwells as 
one of the interventions. The project review had revealed that dugwell was one of the most promising 
intervention in the target area (ABAD 1998). In Madhya Pradesh, India, dugwell was one of the 
interventions of the integrated rural development program, which helped the rural communities in 
raising their livelihood (NBARD 1994). In Sri Lanka, the Agrowell Program was aimed to provide 
support to farmers to construct dugwells in the intermediate and dry regions of the country. There 
were serious concerns for the sustainability of dugwells based on aquifer characteristics and 
profitability of the cropping patterns (IIMI 1994). 

Types of dugwells in Pakistan  
Dugwells in Pakistan are open wells drawing their water mostly from shallow unconfined 

aquifers. The two common types of dugwells are: a) those located in consolidated formations (hard 
rock areas); and b) those located in unconsolidated formations (Ahmad 1976). 

The consolidated underground formations usually known as hard rock areas are normally 
outside the Indus basin especially in the sub-mountainous and mountainous regions. The shallow 
groundwater reservoir is the only source of limited supplies of groundwater in these areas, in the 
absence of any deeper aquifers. The aquifer is dependent on precipitation for recharge and as such 
water table is prone to considerable fluctuations in relation to the incidence of rainfall. Due to poor 
permeability of consolidated formations, bore dugwells or tubewells are usually unsuitable in such 
formations. It is therefore, desirable in such formations to have dugwells capable of storing fairly large 
supplies of water during a given period. Thus, the available supplies of water can be obtained at small 
drawdown in relatively short periods, thereby allowing for sufficient recuperation periods between 
successive periods of pumping. Dugwells also expose a greater surface even of the aquifer for 
infiltration. 

Dugwells in the Indus basin are normally constructed in unconsolidated formations. The 
depth is normally 5 to 10 m below the static water level and dug in the dry period. The open 
excavation is usually circular in shape, the diameter varying from 1.5 to 4.5 m. The well in general 
derive their water from unconfined aquifers. Their large diameters permit the storage of large 
quantities of water.  

Dugwells in unconsolidated formations are usually provided with lining to prevent cave in of 
the walls. The common materials used for lining are brick, stones laid in cement mortar or pre-cast 
concrete rings. To make the design safe in case of drought, it is assumed that the well is empty and 
there is no internal pressure acting on it. 

Hybrid wells  
In Pakistan number of farmers has combined the dugwell concept with drilled bore, and such 

wells are named as dug-bore wells. These wells are of two types. The first type of dug-bore well 
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consists of a drilled bore in the centre of the working dugwell, where both dugwell and bore contribute 
towards recharge. The second type of dugpit-bore well consists of a dug pit almost 1-2 m above the 
static water level and then bore is drilled to have an access to the aquifer. In this type of well only 
bore contributes for water, as pumping system is installed in the dug pit. The purpose is to reduce the 
suction lift of centrifugal pumps to keep the pumping cost as low as possible. Therefore, this type of 
well can be regarded as bore-well because the pit is dug purely for the purpose of reducing the 
suction lift. The bore drilled inside the working dugwell where both the dugwell and bore contribute 
towards recharge fulfils the definition of the hybrid well.  

The dugpit-bore system was adopted in India in early 70s, where farmers were drilling one or 
more bores inside their dugpits to modify these for getting higher discharges (20-24 lps). Generally, 
these bores had a depth ranging from 15-30 m, and centrifugal pump was major mode of extraction. 
However, this kind of modification reduced the life of the well from 15-20 years to only 5-7 years 
(Nagaraj 1994; Nagaraj et al 1999). This type of well is subjected to continuous lowering of bores with 
the lowering of water table. The WRRI has recently conducted some field surveys in the Toba Take 
Singh area, where farmers are lowering the bores after every 4-5 years or even earlier in the un-
commanded area. Most of the time farmers have to abandon the dugpit-bore well for purpose of 
lowering and they prefer to dug the pit and drill the bore at a new site.  

Advantages of dugwells 
In Pakistan, dugwells are still used even after the explosion of the low-cost tubewell 

technology in the country, because tubewells are not feasible for areas where only shallow 
groundwater is available due to limited deep aquifer and/or quality concerns. Dugwell is the most 
efficient system of pumping thin layer of fresh groundwater overlain the brackish groundwater in the 
Indus basin. The depth of the dugwell can be kept less than the depth to the interface of the fresh and 
brackish groundwater zones. This depth is normally less than 15 m in major part of the Punjab 
province having marginal to brackish deep groundwater. The depth of fresh groundwater is very thin 
in the Sindh province, where tubewells can not be used for skimming of fresh groundwater. 

Disadvantages of dugwells 
Dugwells, however, do have distinct limitations (NAS 1974), which are listed as under: 

• They can not be used to reach groundwater deeper than 20-30 m; 

• Their water production is usually low; and  

• Well-digging technology is understood and used in most countries, but the art of lining has 
regressed, and there is an important need for improved linings. 

The liner protects against caving and collapse and prevents polluted surface water from 
entering the well. The main problem is lining the walls below the level of the water table. Another 
need is for safer, more rapid, more efficient digging techniques (NAS 1974).  

Skimming dugwells 
The extraction of fresh groundwater from an aquifer is desired to be at minimal cost. 

Furthermore, such extractions should not exhaust or ruin this groundwater resource for future use. 
Similarly, local customs and traditions for extracting groundwater should be given full consideration. 
In this context, dugwell may provide a simple, cost-effective, and traditionally familiar option as 
compared to other potential options for skimming fresh groundwater from fresh and brackish 
groundwater aquifers (Zuberi and McWhorter 1973).  

Skimming dugwells provide the only source of fresh groundwater in areas like Sindh 
province, brackish groundwater zone in the Punjab, NWFP and Balochistan provinces, where 
thickness of fresh groundwater is less than 15 m. In these areas tubewells can not provide fresh 
groundwater because the deep groundwater is brackish and the salinity ranges between 1500-4000 
ppm. Furthermore, the dugwells can also provide an effective way of managing waterlogged areas, 
where concept of horizontal galleries or radial well points can be introduced to increase the recharge 



20 

rate. WRRI has tested the concept of horizontal galleries at the Tropical Plants Introduction Centre, 
Karachi, to increase the yield of fresh groundwater.  

Northwest India has large areas of land under irrigation from the Bhakra and Yamuna canal 
systems, but these areas are under severe constraints of low surface slopes, ineffective subsurface 
drainage and rising water table. Drainage options (subsurface drainage or skimming wells) are being 
considered for areas with shallow groundwater. Hybrid Eucalyptus with shallow rooting depth and 
varying water uptake levels is being considered as a biological management drainage measure and 
additional source of income (Diwan 1997). 

FINDINGS OF INITIAL FIELD EXPERIMENTATION 
Renovation of dugwell and installation of pumping systems 

Experimental well located at the Phularwan Farm was an abandoned dugwell. This well was 
selected for renovation, therefore after cleaning the well, water was pumped 4-5 times for 
development of the well.  

Both the diesel and electric powered pumping systems were designed for installation at the 
dugwell. Door, window and gate were installed at the well site for security measures. A wooden 
platform supported with steel frame was also constructed covering about half of the diameter of the 
dugwell.  

Quantity of water 
A permanent benchmark was established at the platform of the skimming dugwell to be used 

as a reference point for hydraulic and other measurements. Measurements of depth to the static 
water level and depth of water column were made at least once a month to document variation in the 
dugwell. Volume of water available in the skimming dugwell was estimated by multiplying the cross-
sectional area of the well with the depth of the water column at a particular time. 

Depth to the static water level in the skimming dugwell varied between 0.70 m to 1.98 m from 
the ground surface. This variation was not only due to the seasonal variations but also due to the 
pumping of water from the tubewell located adjacent to the dugwell. The tubewell operation had direct 
effect on the depth to the static water level and recharge rate of the dugwell. The average depth to 
static water level was around 1.38m from the ground surface (Table 1). 

Table 1. Depth to static water level, depth of water column and volume of water in the 
skimming dugwell at the Phularwan Farm, MREP, Bhalwal. 

Month Date Depth to Static 
Water Level (m) Depth of Water Column (m) Volume of Water (m3) 

September, 1999 15 1.95 4.30 31.39 

October, 1999 15 1.83 4.42 32.27 

November, 1999 18 1.30 4.95 36.14 

December, 1999 16 1.01 5.24 38.25 

January, 2000 15 0.99 4.96 36.21 

February, 2000 16 0.70 5.55 40.52 

March, 2000 15 1.45 4.80 35.04 

Average  1.32 4.89 35.69 

The depth of water column varied from 4.30 m to 5.55 m in the skimming dugwell. The 
average depth of water column was 4.89 m. Quantity of water available in the skimming dugwell 
varied from 31.39 m3 to 40.52 m3. Thus the average volume of water available in the skimming 
dugwell was around 35.7 m3. This quantity of water as a dead storage is sufficient to irrigate one ha 
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area with a depth of 3.6 mm or 0.72 ha with a depth of 5 mm. A net peak demand of 5 mm is suitable 
for most of the crops in the Target Area.  

Quality of water 
During the pumping tests conducted on around 15th of each month, the groundwater samples 

were collected from different depths of the skimming dugwell using an interval of 0.5 m depth. These 
samples were analyzed for pH and total dissolved solids (TDS).  

There was not much variation in the TDS of the groundwater at different depths of the 
skimming dugwell. There was a slight improvement in the TDS of the groundwater since the start of 
the dugwell operations in September. During September 1999, the TDS ranged from 1032 ppm to 
1069 ppm, while these were decreased to 986 ppm to 997 ppm during the month of March 2000 
(Table 2). The pH of groundwater did not change much with the increase in the depth of the skimming 
dugwell. Even it did not change much with time. It ranged from 7.2 to 7.8 (Table 2). 

Table 2. Quality of groundwater (in terms of TDS and pH) as a function of depth of the 
skimming dugwell and time at the Phularwan Farm, MREP, Bhalwal. 

Water Quality 

Sept., 99* Oct., 99 Nov., 99 Dec., 99 Feb., 2000 March, 2000 Depth 
(m) 

TDS 
(ppm) pH TDS 

(ppm) pH TDS 
(ppm) pH TDS 

(ppm) PH TDS 
(ppm) pH TDS 

(ppm) pH 

0 1043 7.5 974 7.5 957 7.4 998 7.6 993 7.5 997 7.5 

0.5 1042 7.7 956 7.4 954 7.4 996 7.7 989 7.6 991 7.3 

1.0 1041 7.5 963 7.4 948 7.3 992 7.7 986 7.5 989 7.3 

1.5 1053 7.6 960 7.5 955 7.4 996 7.6 991 7.4 986 7.2 

2.0 1044 7.6 960 7.4 954 7.4 994 7.6 991 7.5 989 7.2 

2.5 1032 7.7 960 7.6 957 7.4 991 7.7 988 7.5 988 7.4 

3.0 1057 7.5 964 7.6 957 7.3 993 7.7 989 7.5 991 7.2 

3.5 1056 7.8   960 7.3 992 7.8 993 7.5 988 7.2 

4.0 1068 7.5   961 7.4 995 7.7 990 7.6 990 7.3 

4.5 1069 7.7   960 7.4 991 7.7 992 7.5 989 7.3 

5.0       993 7.9 992 7.4   

* Represents first systematic pumping after closure of dugwell in the past years. 

Recharge rate 
Measurements for recharge were made after de-watering the well using the pumping system 

installed at the dugwell site, and then the rise in water level was measured as a function of time. An 
interval of one hour was used for these measurements. The cumulative recharge rate was estimated 
by dividing depth replenished with elapsed time since the start of the recharge. Measurements were 
made during the months of September 1999, October, January 2000, February and March. 

The depth of groundwater replenished in the skimming dugwell in the month of September 
indicated that the cumulative recharge rate was initially 0.48 m/hr, which was reduced to 0.40 m/hr 
after 4 hours. This was reduced to 0.30 m/hr after 9 hours. After 24 hours, it was reduced from 0.48 to 
0.17 m/hr (Table 3). Thus the cumulative recharge rate was reduced to one-third after 24 hours. 
Similar trend was observed in other months. 

Depth of water depletion in dugwell using raingun sprinkler 
Electric operated Raingun (Py1-30) sprinkler irrigation system was used to determine depth 

of groundwater depleted in the skimming dugwell at the Phularwan Farm with respect to time. The 
groundwater depth was measured at an interval of 30 minutes of pumping.  
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The depth of water depleted in the skimming dugwell indicated that there was not much variation as a 
function of time. The minor variation was due to variation in the groundwater level of the skimming 
dugwell. Within 4-5 hours duration 3 to 4 m depth of water was depleted (Table 4). 

 
Table 3. Depth of water replenished and recharge rate of the skimming dugwell at 

Phularwan Farm, MREP, Bhalwal. 
Month Time (hrs) Depth Replenished (m) Cumulative Recharge Rate (m/hr) 

1.00 0.48 0.48 

2.17 0.96 0.44 

3.00 1.25 0.42 

4.17 1.67 0.40 

5.00 1.85 0.37 

6.00 2.09 0.35 

7.00 2.32 0.33 

8.00 2.52 0.32 

9.00 2.70 0.30 

10.00 2.87 0.29 

11.00 3.02 0.27 

12.00 3.16 0.26 

13.00 3.28 0.25 

14.20 3.42 0.24 

15.00 3.50 0.23 

16.00 3.62 0.23 

17.00 3.69 0.22 

18.00 3.77 0.21 

19.28 3.88 0.20 

20.00 3.92 0.20 

21.00 3.97 0.19 

22.00 4.05 0.18 

23.00 4.07 0.18 

24.00 4.15 0.17 

25.00 4.18 0.17 

September, 1999 

26.00 4.19 0.16 

1.00 0.42 0.42 

2.00 0.77 0.39 

3.00 1.09 0.36 

4.00 1.37 0.34 

5.00 1.60 0.32 

6.00 1.83 0.31 

7.00 2.03 0.29 

8.00 2.20 0.28 

13.50 2.95 0.22 

October, 1999 

14.00 3.00 0.21 
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15.00 3.11 0.21  

16.00 3.20 0.20 

0.50 0.16 0.32 

0.75 0.28 0.37 

17.33 3.27 0.19 

January, 2000 

21.33 3.48 0.16 

1.00 0.28 0.28 

2.67 1.04 0.39 

4.42 1.59 0.36 

6.00 1.94 0.32 

8.42 2.40 0.29 

February, 2000 

17.50 3.38 0.19 

1.00 0.36 0.36 

2.00 0.79 0.40 

3.00 1.12 0.37 

4.00 1.38 0.35 

5.00 1.69 0.34 

6.00 1.89 0.32 

7.00 2.12 0.30 

8.00 2.29 0.29 

9.00 2.49 0.28 

10.00 2.65 0.27 

11.00 2.79 0.25 

12.00 2.93 0.24 

13.00 3.07 0.24 

March, 2000 

14.00 3.18 0.23 

Table 4. Depth of water depleted in the skimming dugwell as a function of time using 
Raingun (Py1 - 30) sprinkler irrigation system at Phularwan Farm, MREP, Bhalwal. 

Depth of Water level Depleted in the Skimming Dugwell (m) Time 
(hrs) 

Aug. 1999 Sep. 1999 Oct. 1999 Nov. 1999 Jan. 2000 Feb. 2000 Mar. 2000 

0.5 0.61 0.50 0.59 0.59 0.63 0.64 0.56 

1.0 1.24 1.09 1.10 1.05 1.22 1.09 1.06 

1.5 1.73 1.62 1.51 1.51 1.70 1.54 1.51 

2.0 2.13 2.08 1.94 1.93 2.22 1.96 1.96 

2.5 2.56 2.49 2.29 2.23 2.56 2.35 2.31 

3.0 2.92 2.89 2.61 2.58 2.94 2.68 2.69 

3.5 3.20 3.22 2.93 2.87 3.30 3.00 2.97 

4.0 3.50 3.50 3.15 3.13 3.59 3.17 3.24 

4.5 3.78 3.78 3.40 3.34 3.84 3.49 3.35 

5.0 4.01 3.96 3.59 3.53 4.13 3.69 3.67 
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Extracting Freshwater From Aquifers Underlain By 
Saltywater 

M.N. Asghar, S.A. Prathapar, and M.S. Shafique 

ABSTRACT 
The native groundwater in the central regions of doabs of the Indus Basin of Pakistan was 

deep and saline because of the marine origin of the hydrogeologic formation. Percolation of fresh 
irrigation waters has formed a fresh groundwater lens above the saline groundwaters. The thickness 
of this fresh groundwater lens varies from a few meters to 150 meters. The costs involved in the 
installation of horizontal subsurface drains to extract the water are prohibitive. Alternatively, shallow 
wells with small discharge rates, commonly known as the skimming wells, can be used to extract the 
freshwater. Extraction of this water from inappropriate depths and at inappropriate rates will cause 
‘upconing’ of the fresh and saline water interface, and draw marginal quality water to the root zone, 
resulting in salinity and sodicity. 

In this paper, two numerical models, MODFLOW (McDonald and Harbough, 1988) and MT3D 
(Zheng, 1990) were used to model the movement of the fresh and saline water interface of an 
unconfined aquifer in Punjab, Pakistan. Data collected by Kemper et al., (1976) was used to calibrate 
and validate the models. Subsequently, the sensitivity of the depth to watertable, discharge rate, 
thickness of the fresh groundwater lens, well penetration ratio, and well operating hours per day on 
the salinity of pumped groundwater was studied. The results show that skimming wells of 10-18 liters 
per second (lps) discharge rates can be installed and operated successfully with 60-70% well 
penetration ratio for 8-24 hours per day from an unconfined aquifer with 15-18m thick fresh 
groundwater lens. 

INTRODUCTION 
In several unconfined aquifers, the groundwater system consists of a saturated porous 

medium containing miscible fluids of variable solute concentrations. The saline groundwater tends to 
remain separated from the overlying fresh groundwater. However, a zone of dispersion, known as the 
fresh and saline water interface forms between the two fluids. This interface has been found to vary in 
thickness. This interface is not static but responsive to recharge and discharge mechanisms. Thus, 
when it is desired to pump fresh groundwater, the well should be installed and operated so that 
minimum of saline groundwater mixing is occurred either within the well or within the aquifer itself. 

When a skimming well (which is partially penetrating fresh groundwater well) starts pumping, 
it disturbs the equilibrium between the fresh groundwater and saline groundwater in the aquifer. The 
interface starts moving towards the bottom of the well. This phenomenon is known as saline 
groundwater upconing. However, when the well is operating at less than or equal to “critical discharge 
rate”, a new equilibrium can be attained in which a stable cone develops at the underlying interface 
with the apex of the cone some distance below the bottom of the well screen. Therefore, at the critical 
discharge rate, which is a function of local hydrogeologic conditions, the well pumps essentially fresh 
groundwater and no flow occurs in the saline groundwater zone. But, when the well discharge rate 
exceeds the critical discharge rate, it disturbs the interface and induces a greater upconing of saline 
groundwater. Flow also occurs from the saline groundwater, and the salinity of the pumped water 
deteriorates to a degree depending on the discharge rate, the duration of pumping, the thickness of 
fresh groundwater lens, and the local hydrogeologic conditions. 

The native groundwater, which existed in the pre-irrigation period in the Indus basin of 
Pakistan, was saline because of the underlying geologic formation being of marine origin. However, 
fresh groundwater lenses, now, overlie this native saline groundwater. These fresh groundwater 
lenses resulted from deep percolation of the extensive water conveyance and distribution system, as 
well as, from irrigation and rainfall. Thus, a shallow fresh groundwater lens occurs between the native 
pre-irrigation and the present day watertables. The thickness of the fresh groundwater lens is around 
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30 meters in the lower or central parts of doabs (area between two rivers), 60 meters or more along 
the margins of doabs, and approximately 150 meters near the rivers and canals. It has been 
estimated that nearly 200 Km3 of fresh groundwater is lying above the saline groundwater (NESPAK, 
1983). 

The demand for freshwater within the Indus basin has increased enormously with the 
increase in population over the past two decades. Consequently, the groundwater withdrawals have 
increased exponentially both in the private and public sectors. High capacity tubewells are being 
installed even in the thin fresh groundwater zones. In such zones, these tubewells are likely to draw a 
substantial portion of their discharge from the saline groundwater. Many high capacity public 
tubewells are being shutdown at the request of farmers in areas where the pumped water has 
become saline with time (NESPAK, 1983). The primary reason is that the tubewell discharges are too 
large for the given physical situation of the aquifer. This is particularly true for the tubewells located in 
the central regions of doabs in Punjab, Pakistan. 

One solution in such a condition is the installation of horizontal subsurface drains below the 
watertable, but its capital and installation costs are very high. Even their operation and maintenance 
have proven to be difficult in various parts of the Indus basin (Bhutta, et al., 2000). As an alternative 
method, shallow skimming wells can be installed. Many researchers have determined the 
performance of various skimming well designs as means of pumping fresh groundwater from an 
unconfined aquifer. But, proper guidelines regarding (i) the design and installation of a skimming well 
while considering the aquifer characteristics, and (ii) the operation and management strategies for 
getting groundwater without compromising the quality, are still lacking for hydrogeologic conditions in 
Punjab. 

Better use of groundwater resources can be ensured if the behavior of fresh and saline 
groundwater systems is properly understood. Mathematical modeling is commonly used for 
simulating groundwater systems with complex behaviors, as it permits the predictions of the response 
of the aquifer to applied stresses and presents alternative suggestions for its use. In this study, 
PMWIN (Chiang and Kinzelbach, 1996), which is a complete simulation system for modeling 
groundwater flow (with MODFLOW of McDonald and Harbough, 1988) and solute transport 
processes (with MT3D of Zheng, 1990), was used to develop guidelines for installation, operation and 
management of skimming wells in the Indus Basin. Data collected by Kemper et al., (1976) was used 
to calibrate and validate the models. Subsequently, the sensitivity of the depth to watertable, 
discharge rate, thickness of the fresh groundwater lens, well penetration ratio, and well operating 
hours per day is determined. 

PHYSICS OF GROUNDWATER FLOW AND TRANSPORT MECHANISMS 
The partial differential equation describing three-dimensional movement of groundwater 

through porous material can be written as: 
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where Kx, Ky, Kz are values of hydraulic conductivity along x, y, and z coordinate axes. W is 
the volumetric flux per unit volume and represents sources and/or sinks of water. Ss is the specific 
storage of the porous material, h is the piezometric head, and t is the time. 

The partial differential equation describing three-dimensional transport of dissolved solutes in the 
groundwater can be written as follows: 
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where xi and Di are the distance and hydrodynamic dispersion coefficient along the respective 

Cartesian coordinate axis, respectively, C is the concentration of dissolved solute in the groundwater, 
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vi is the seepage or linear pore water velocity, qs is the volumetric flux of water per unit volume of the 
aquifer representing source (positive) and sinks (negative), Cs is the concentration of the source or 
sink, θ is the porosity of the porous medium, and t is the time. 

These differential equations can be solved analytically as well as numerically. Major 
advances in understanding fresh and saline groundwater systems have occurred through numerical 
modeling by using both sharp interface (Ledoux et al., 1990; and Holm and Langtangen, 1999) and 
dispersion zone (Voss, 1984; Zheng, 1990; Chandio and Chandio, 1992; and Chiang and Kinzelbach, 
1996) approaches. 

The factors affecting successful operation of skimming wells in the Indus basin include the 
well penetration ratio, the thickness of the fresh groundwater lens, thickness and salinity of the water 
withdrawal zone, and the location of the transient watertable boundary, etc. Moreover, hydrodynamic-
dispersion phenomenon significantly affects the flow towards such wells (Kemper et al., 1976; 
Mirbahar, et al., 1997; and Sufi et al., 1998). Any model that is based on the sharp interface approach 
can not correctly include all these factors. Thus, only a dispersion zone approach model can evaluate 
carefully the effects of various hydrogeological parameters and operating strategies on skimming well 
performance. Therefore, PMWIN (Chiang and Kinzelbach, 1996) was selected for the study. A brief 
description of PMWIN is presented below. 

PROCESSING MODFLOW FOR WINDOWS-PMWIN 
This is a complete simulation system for modeling groundwater flow and transport processes. 

This software is easy to use and maintain. Any system features that are not relevant for the aquifer 
under study can be ignored. The PMWIN uses some of the most popular groundwater flow and solute 
transport models available: 

1. The MODFLOW, a modular three-dimensional finite-difference groundwater flow model, can 
simulate and predict the hydraulic behavior of groundwater systems. This model uses 
different iterative solutions to solve the finite-difference equation for groundwater flow (i.e., 
Equation 1). Hydrogeologic layers can be simulated as confined, unconfined, or a 
combination of confined and unconfined. External stresses such as wells can also be 
simulated. Boundary conditions include specified head, specific flux, and head-dependent 
flux. 

2. The MT3D, a modular three-dimensional finite-difference groundwater solute transport model 
based on dispersion approach, can simulate and predict solute transport behavior of 
groundwater systems. This model uses a mixed Eulerian-Lagrangian approach to the solution 
of the three-dimensional advection-dispersion transport equation (i.e., Equation 2). MT3D is 
based on the assumption that changes in the concentration field will not affect the flow field 
significantly. This allows the user to construct, calibrate and validate a flow model 
independently. After a flow simulation is complete, MT3D receives the calculated hydraulic 
heads and various flow terms saved by MODFLOW to set the basis for simulating and 
predicting the solute transport behavior of groundwater systems. The MT3D transport model 
can be used to simulate changes in concentration of miscible solutes in groundwater 
considering advection, and dispersion. 

3. Doherty et al., (1994) developed PEST, which is the aquifer hydraulic and salinity parameters 
estimation and optimization model. The PEST is used to assist in data interpretation and in 
model calibration. If there are field and/or laboratory measurements, PEST can adjust model 
parameters in order that the discrepancies between the pertinent model-generated numbers 
and the corresponding measurements are reduced to a minimum. It does this by taking 
control of the models (MODFLOW and MT3D) and running them as many times as it is 
necessary to determine the optimal set of parameters. PMWIN and MT3D help the user to 
inform PEST of assigning the adjustable parameters. 
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FIELD EXPERIMENT 
A set of field experiments related to skimming wells technology were designed and executed 

during 1976 at Phullarwan Research Farm of Mona Reclamation and Experimental Project (MREP), 
Bhalwal, Pakistan (Kemper et al., 1976). Preliminary investigations indicated that the study area has 
25-30m thick zone of relatively fresh groundwater above saline groundwater. Groundwater fluctuates 
between 1 to 2m depths in a yearly hydrological cycle. Total thickness of the aquifer is about 90-
100m. The aquifer is unconfined and is mainly composed of sand with sandy loam layer of 3m 
thickness at the soil surface. Based on these preliminary investigations, this site was considered 
suitable and was selected for skimming well trials. 

Single-strainer skimming well trials were conducted from January 5 to January 20, 1976. 
Total well depth was 18m with 4 and 14m lengths of blind pipe and well screen, respectively. 
Centrifugal pump of 14 lps capacity was used to withdraw groundwater by this skimming well. The 
pump was operated continuously for 15 days. The layout of observation wells and a single-strainer 
skimming well are shown in Figure 1. The observation wells, T1-1, T1-2, T1-3 and T1-4 were 2.44, 
4.88, 9.45 and 21.34m, respectively, away from the center of the well. 

 21.34m 
 
 9.45m 
 
 4.88m 
 
 2.44m 
 
 
 
 Well 
 
 
 T1-1 T1-2 T1-3 T1-4 
Figure 1. Schematic layout showing single-strainer skimming well and observation wells. 

Observations made during the trials, as initial and observed conditions of the groundwater 
salinity, are presented in Figure 2. The figure shows that irrespective of the distance from the pump, 
variation in groundwater salinity with depth is similar. During the trials, the drawdown at the well was 
0.8m, and the radius of influence was approximately 21m. Change in groundwater salinity with depth 
was minimal at observation well T1-4 after 15 days of pumping. However, upconing was observed in 
observation wells T1-1 and T1-3. If the concentration at the fresh and saline groundwater interface is 
taken equal to 3000 ppm, then the rise of interface as indicated by the successive positions of the 
3000 ppm iso-concentration line under single-strainer skimming well operation is shown in Figure 3. 
Rate of rise of the interface is almost linear function of the time for single-strainer skimming well 
pumping at 14 lps discharges. 

CALIBRATION AND VALIDATION 
The simulation domain of 89x89m in areal perspective was divided into 23x23 number of 

rows and columns, while simulation domain of 100m in the vertical perspective was divided into 9 
number of layers (Figure 4). The skimming well is located in the center of the simulation network. Top 
layer was considered unconfined while other layers were considered convertible between unconfined 
and confined depending upon the aquifer hydraulic conditions. 

To closely evaluate and properly understand the behavior of groundwater system during its 
exploitation, the groundwater system should be represented as accurately as possible in terms of 
aquifer parameters, and initial and boundary conditions. Thus, the observed groundwater flow and 
transport behavior described by Kemper et al., (1976) was used by PEST to estimate hydraulic and 
solute transport parameters. Then, these estimated parameters were used to validate MODFLOW 
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and MT3D for specific initial and boundary conditions to simulate the behavior of groundwater system 
during its exploitation with single-strainer skimming well. 

Calibration of MODFLOW for hydro-geological conditions 
The values of hydraulic parameters, namely hydraulic conductivity (horizontal and vertical) 

and specific yield of the aquifer, were estimated by using PEST. The observed watertable behavior 
(spatial) on January 6, 1976, i.e., after one day of pumping, was used during hydraulic parameter 
estimation process. Horizontal hydraulic conductivity and specific yield are taken as independent 
parameters, while vertical hydraulic conductivity is taken as tied parameter with the horizontal 
hydraulic conductivity. 
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Figure 2. Initial and observed groundwater salinity profiles. 
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Figure 3. Interface movement during pumping. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Schematic configuration of simulation set up. 

The initial estimates of horizontal hydraulic conductivity are taken equal to 40, 35 and 30 
m/day (These estimates are based on the field permeability tests carried out by Bennett et al., 1964 
at 36 sites in the study area). The ratios of horizontal hydraulic conductivity to vertical hydraulic 
conductivity are taken equal to 1, 1.25, 1.5, 5, 10, 20, 50 and 100 to observe the effect of vertical 

Skimming 
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conductivity on the watertable behavior. The PEST compares the observed watertable depths with 
MODFLOW simulation results, and estimates the best fitted values of the parameters. The estimated 
values of horizontal hydraulic conductivity, vertical hydraulic conductivity, and specific yield are 30 
m/day, 20 m/day, and 0.4 respectively. 

Calibration of MT3D for hydro-chemical conditions 
The estimation of longitudinal dispersivity, vertical transverse dispersivity and horizontal 

transverse dispersivity is carried out by matching the observed groundwater salinity behavior with 
depth (spatial and temporal) with the MT3D-simulated values. The observed groundwater salinity 
behavior (spatial) with depth on January 10, 1976, i.e., after 5 days of pumping, was used during the 
estimation process. Before pumping, the groundwater salinity from 3m to 21m depths ranged from 
690 to 1400 ppm. At depths below 34m, the groundwater salinity was between 5050 to 5350 ppm. 

Longitudinal dispersivity is taken as an independent parameter, while transverse dispersivity 
is taken as a tied parameter with the longitudinal dispersivity. The effects of horizontal and vertical 
transverse dispersivity on the solute transport behavior are considered equal. Ahmad (1974) reported 
that the values of longitudinal dispersivity ranges between 1.89 and 5.0m for the aquifers in the Indus 
Basin of Pakistan. Therefore, the initial values of longitudinal dispersivity are taken equal to 1.89, 3.5 
and 5.0m. The ratios of transverse (vertical and horizontal) to longitudinal dispersivity are set equal to 
0.01, 0.1, 0.2, 0.33, 0.5, 0.67. After comparing the observed groundwater salinity behavior (spatial) 
with MT3D simulation results, the best fitted values of the longitudinal dispersivity, horizontal 
transverse dispersivity and vertical transverse dispersivity are 1.89, 0.378, 0.378 respectively. 
Effective porosity is also required by the MT3D to calculate the average velocity of the flow through 
the porous medium. The value of the effective porosity of the aquifer is set equal to 0.4 after Kemper 
et al., (1976). 

Validation of estimated parameters for hydraulic simulation 
After estimating the hydraulic parameters, the hydraulic behavior of the aquifer was 

reproduced. The observed watertable behaviors (spatial) after 4, 5, 10, 11, and 15 days of pumping 
were used during the calibration process. The observed watertable behavior (spatial) on January 16, 
1976, i.e., after one day of pump closure, was also used during calibration process. 

The graphical presentation is made to assess the MODFLOW simulation performance. Figure 
5 compares the observed and simulated results after 15 days of pumping. Statistical measures of the 
goodness-of-fit are also used to assess the MODFLOW simulation performance objectively. The 
objective functions to measure the goodness-of-fit based on the analysis of residual error are defined 
as under: 
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The ME is a dimensional quantity and takes the unit of the variable examined, whereas EF is 
a non-dimensional quantity. The lower limit for the ME is zero, whereas the EF can take negative 
values. The negative EF is characterized by high variability between simulated and observed values. 
The zero value of EF shows poor simulation. If the model simulated values exactly match the 
observed values, then ME = 0, and EF = 1. 
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Figure 5. Change in depth to watertable after 15 days of pumping 
Table 1 gives the stochastic comparison of the observed and simulated values. The 

maximum error induced in hydraulic simulation results varies from 2 to 7cm while the modeling 
efficiency remains between 0.97 and 0.99. The reasons of close fit between observed and simulated 
results are: (i) the experimental site underlain by the sandy aquifer, (ii) the well pumped water 
continuously for 15 days, and (iii) even the discharge rate was fixed (i.e., 0.5 cusec). 

Table 1. Stochastic analysis of MODFLOW calibration. 

Description Maximum Error, ME (m) Modeling Efficiency, EF 

After 4days of pumping 0.04 0.99 

After 5days of pumping 0.04 0.98 

After 10days of pumping 0.02 0.99 

After 11days of pumping 0.02 0.99 

After 15days of pumping 0.07 0.95 

After 1day of pump closure 0.04 0.99 

These stochastic indices and graphical presentation show that MODFLOW is validated 
properly for hydraulic simulations of the groundwater system under a single-strainer skimming well for 
the given hydrogeologic conditions. 

Validation of estimated parameters for salinity simulation 
After estimating the solute transport parameters, the MT3D was used to reproduce water 

salinity variations with time and depth. The observed groundwater salinity behaviors with depth 
(spatial) after 5, 9, and 15 days of pumping were used during the calibration process. Figure 6 
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compares the observed and simulated results after 15 days of pumping. The groundwater salinity 
behavior with depth is almost a linear function of time under a single-strainer skimming well pumping 
at 14 lps. It means that surface recharge, resulting from deep percolation under the irrigated 
agricultural areas around the well, did not influence the groundwater salinity behavior in the aquifer 
depths during continuous pumping. 

Table 2 gives the stochastic comparison of the observed and simulated values. The 
maximum error induced in solute transport simulation results varies from 301 to 535 ppm while the 
modeling efficiency remains between 0.98 and 0.99. The reasons mentioned above for the close fit 
between observed and simulated results for hydraulic simulations also hold true salinity simulations. 

Table 2. Stochastic analysis of MT3D calibration. 
Duration of pumping T1-1 T1-3 T1-4 

(days) ME (ppm) EF ME (ppm) EF ME (ppm) EF 
5 461 0.98 367 0.99 176 0.99 
9 373 0.99 452 0.98 310 0.99 
15 301 0.99 374 0.98 535 0.98 

These stochastic indices and graphical presentation show that MT3D is validated properly for 
solute transport simulations of the groundwater system under a single-strainer skimming well for the 
given hydrogeologic conditions. 

DESCRIPTION OF PMWIN APPLICATION RUNS 
Calibrated and validated MODFLOW and MT3D were, then, used to prepare guidelines for 

designing a single-strainer skimming well along with its operation and management strategies to get 
the desired amount of pumped water without compromising its salinity while ensuring its sustainability 
for future use. Essentially, operational parameters include operational hours per day, and discharge 
rate, while penetration depth defines the well design. In unconfined aquifers that have shallow 
watertable, this penetration depth is also related to the depth of water table, and the thickness of 
fresh groundwater lens. Therefore, the sensitivity of the following variables was studied: 

I. Depth to watertable below the soil surface. 

II. Discharge rate of the well. 

III. Thickness of fresh groundwater lens. 

IV. Well penetration ratio1. 

V. Operating hours per day. 

A total number of 11 runs were executed for simulating different scenarios. Run 1 was 
executed as the base run. The remaining simulation runs were executed by changing only one 
parameter in the base run. A summary of runs is given below (Table 3). 

The reasons of limiting the duration of application runs to 15 days are: (i) the target area has 
canal water supplies which operates on 7 days interval warabandi system (fixed-turn system of water 
distribution), and (ii) the skimmed water is only required to supplement irrigation requirements. 
Therefore, the duration of 15 days is considered suitable for executing PMWIN application runs, as it 
covers 2 irrigation turns. The ranges of other parameters (like, depth to watertable and thickness of 
fresh groundwater lens) were selected while keeping in mind the aquifer characteristics and 
conditions of the area under study. 

 

 

                                                      
1 Normally, this ratio equals to the depth of well divided by the depth of aquifer. However, for the 
skimming well it may be appropriate to define this ratio with respect to the depth of interface rather 
than the depth of aquifer. 
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Table 3. Summary of model runs. 

Run 
No. 

Depth to 
watertable (m) 

Discharge 
rate (lps) 

Thickness of 
fresh water (m) 

Well penetration 
ratio (%) 

Operational 
hours/day 

1 1.5 14 18 60 24 

2 

3 

1.0 
2.0 

14 

14 

18 

18 

60 

60 

24 

24 

4 

5 

1.5 

1.5 

10 
18 

18 

18 

60 

60 

24 

24 

6 

7 

1.5 

1.5 

14 

14 

13 
15.3 

60 

60 

24 

24 

8 

9 

1.5 

1.5 

14 

14 

18 

18 

66.6 
73.3 

24 

24 

10 

11 

1.5 

1.5 

14 

14 

18 

18 

60 

60 

8 
12 

RESULTS AND DISCUSSION 
Figures 7-11 show the effect of depth to watertable, discharge rate, thickness of the fresh 

groundwater lens, well penetration ratio, and well operating hours per day on the salinity of pumped 
water. Figure 12 shows the effect of different design, operation, management and aquifer parameters 
(within the ranges specified during simulation runs) on the changes in salinity of pumped water with 
quantity. Based on these figures, following inferences can be made.  
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Figure 7. Effect of depth to watertable on the salinity of pumped water. 
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Figure 8. Effect of discharge rate on the salinity of pumped water. 
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Figure 9. Effect of thickness of fresh groundwater lens on the salinity of pumped water. 
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Figure 10. Effect of well penetration ratio on the salinity of pumped water. 

500

1000

1500

2000

2500

3000

3500

4000

after 5 days After 9 days After 15 days of pumping

Pu
m

pe
d 

w
at

er
 q

ua
lit

y 
(p

pm
)

8 hours 12 hours 24 hours of daily operation
 

Figure 11. Effect of operating hours per day on the salinity of pumped water. 
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Figure 12. Changes in salinity of pumped water with quantity. 

Depth to watertable 
The discussion is based on Runs 1, 2, and 3. After 5 days of continuous pumping with 

watertable depths of 1.0, 1.5, and 2.0meters from the soil surface, the salinity of pumped water 
becomes 2000 ppm while the position of the interface is still below the well bottom. This fresh and 
saline water interface enters the well screen sometimes between 5 to 9 days of pumping for this 
particular set up. However, even if the interface enters the well screen, salinity of pumped water does 
not exceed 3000 ppm during 15 days of continuous pumping with 14 lps discharge rate (Figure 7). 

Generally, with the increase in watertable depths from 1.0 to 2.0m, there is increase in the 
concentration of solutes for the increased amount of pumped water. However, for pumping 18144m3 
of groundwater during 15 days of operation, the salinity does not deteriorate more than 3000 ppm 
(Figure 12). 

These runs show that the depth to watertable has minimal impact on the salinity of pumped 
water. Variations in salinity of pumped water are attributed to the minor changes to the thickness of 
the aquifer. 

Discharge rate 
The discussion is based on Runs 1, 4, and 5. The salinity of pumped water is around 2000 

ppm after 5 days of continuous pumping with discharge rates from 10 to 18 lps. The position of the 
fresh and saline water interface is below the well bottom having 60% well penetration ratio during first 
5 days of pumping operation. This interface enters the well screen sometimes between 5 to 9 days of 
pumping for 14 and 18 lps scenarios. But in case of 10 lps scenario, it enters the well bottom after 9 
days of pumping. However, even if the interface enters the well screen, salinity of pumped water does 
not increase more than 3000 ppm during 15 days of continuous pumping with 10-18 lps discharge 
rate, 1.5m deep watertable, and 18m thick fresh groundwater lens (Figure 8). The quantity of 
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groundwater discharges in 15 days of operation with 10, 14 and 18 lps are 12960, 18144 and 
23328m3, respectively (Figure 12). 

These runs show that despite the variations in salinity of pumped water with discharge rates, 
the salinity of pumped water is below 3000 ppm for discharge rates as high as 18 lps. 

Thickness of fresh groundwater lens 
The discussion is based on Runs 1, 6, and 7. After 5 days of continuous pumping at 14 lps 

discharge rate, the interface does not enter the well screen when the thickness of fresh groundwater 
lens is 18m and the depth to watertable is 1.5m. The salinity of pumped water is around 1500, 2000, 
and 3000 ppm in this case, after 5, 9, and 15 days respectively. Although, in case of groundwater 
system having 15.3m thick fresh groundwater lens, this interface enters the well screen, but the 
salinity of pumped water is still less than 2000 ppm after 5 days of pumping. This salinity of pumped 
water remains under 3000 ppm even after 9 days of pumping. But, the salinity of pumped water 
deteriorates and reaches 3500 ppm on 15th day of pumping. However, with 13m thick fresh 
groundwater lens, the interface enters the well screen and salinity of pumped water deteriorate to 
2500 ppm within 5 days of pumping. In this case, the salinity of pumped water touches 3500 and 
3800 ppm marks on 9th and 15th day of pumping (Figure 9). 

The salinity for the same quantity (18144m3 in 15 days of operation) of water pumped from 
aquifers having 18, 15.2 and 13m thickness of fresh groundwater lens, becomes around 3000, 3500, 
and 3800 ppm (Figure 12). Even within 9 days of well operation, the salinity of pumped water 
(10886m3) exceeds 3000 ppm mark in case of aquifers with 15.2 and 13m thickness of fresh 
groundwater lens (Figure 9 and 12). 

These runs show that when the thickness of fresh groundwater lens is less than 15m, the 
salinity of pumped water deteriorate very rapidly with duration and quantity of pumping. 

Well penetration ratio 
The discussion is based on Runs 1, 8, and 9. For well penetration ratio of 60.0 to 73.3% of 

the fresh groundwater lens, the salinity of pumped water does not exceed 1500 ppm and the interface 
remains below the well bottom during first 5 days of pumping with 14 lps discharge rate. During 5 to 9 
days of pumping, the salinity of pumped water becomes 2000 ppm, and afterwards, it touches 3000 
ppm mark on the 15th day of pumping from an unconfined aquifer having 18m thickness of fresh 
groundwater lens (Figure 10). For well penetration ratio ranging from 60 to 73.3%, the salinity of 
pumped water (18144m3 in 15 days of operation) remains under 3000 ppm (Figure 12). 

Operating hours per day 
The discussion is based on Runs 1, 10, and 11. For 8 hours of daily operation with 14 lps 

discharge, the salinity of pumped water remains below 1300 ppm and the interface also remains 
lower than the well bottom even after 15 days of pumping. However, with 12 hours of daily operation, 
the salinity of pumped water exceeds 1000 ppm after 5 days of pumping with 14 lps discharge rate. 
But it remains below 2000 ppm after 15 days of pumping and the interface still remains below the well 
bottom. Whereas, with continuous operation of 14 lps discharge pump, the salinity of pumped water 
becomes 3000 ppm after 15 days of pumping from an unconfined aquifer with 18m thickness of fresh 
groundwater lens, and at 1.5m deep watertable (Figure 11). With the increase in operating hours per 
day, the quantity and salinity of pumped water increases. During 15 days of pumping operation, the 
salinity becomes 1300, 2000, and 3000 ppm for 6048, 9072, and 18144m3 of pumped water quantity 
(Figure 12). 

The salinity of pumped water does not deteriorate more than 3000 ppm during 15 days of 
pumping operation except for scenarios representing 13 and 15.2m thickness of the fresh 
groundwater lens. The rate at which the salinity of pumped water deteriorates declines as the 
interface moves towards the well. However, once the interface enters the well screen, the salinity of 
pumped water deteriorates with increasing trend with time of pumping operation. Thus, an adequate 
amount of water (18144m3) having salinity less than 3000 ppm can be pumped while keeping the 
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design, operation, management and aquifer parameters within the ranges specified during simulation 
runs except for scenarios representing 13 and 15.2m thickness of the fresh groundwater lens. 

CONCLUSIONS 
1. For the hydrogeologic conditions studied, a skimming well can be installed and operated 

successfully with 60-70% well penetration ratio for discharge rates of 10-18 lps operating at 
8-24 hours per day from an unconfined aquifer with 15-18m thick fresh groundwater lens. 

2. The critical discharge rate is not an appropriate criterion in using skimming wells to pump 
fresh groundwater. Various factors such as water salinity in the aquifer, the tolerable limits of 
salinity of pumped water, and economics of the operation must be taken into account while 
making a decision regarding the design and the operational management strategies of 
conventional skimming wells. Furthermore, the rate of recharge (due to deep percolation from 
irrigation application, canal seepage, and rainfall) is also an important parameter that effects 
the operational management strategies of conventional skimming wells installed in the 
shallow fresh groundwater aquifers underlain by saline groundwater. 

3. Figure 12 may be used to determine the design and operational criteria for pumping a 
required quantity of water of acceptable salinity. An adequate amount of water (18144m3) 
having salinity less than 3000 ppm can be pumped during 15 days of pumping operation 
while keeping the design, operation, management and aquifer parameters within the ranges 
specified during simulation runs except for scenarios representing 13 and 15.2m thickness of 
the fresh groundwater lens. 
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Pressurized and Innovative Irrigation Systems: Raingun 
Sprinkler Systems 

S. Ahmad, M. Yasin, G. Akbar, Z. Khan and M.M. Ahmad 

INTRODUCTION 
Background of skimming wells and pressurized irrigation systems project 

Exploitation of groundwater for agricultural, municipal and industrial uses is severely 
hampered in many parts of the world by the encroachment of brackish groundwater in response to 
fresh water withdrawals. Examples of brackish groundwater intrusion are common in coastal aquifers, 
but are sometimes present in inland aquifers as well. Probably, the most important example of the 
latter case exists in the Indus Basin Irrigation System (IBIS). The IBIS has caused disruption of 
hydraulic regime due to seepage from extensive water conveyance and distribution system, as well 
as deep percolation from irrigation and precipitation. The native groundwater that existed in the pre-
irrigation period (early 19th century) was saline because of the underlying geologic formation being of 
marine origin. Now, this native saline groundwater is overlain by fresh groundwater due to seepage 
from rivers and canals of the IBIS. Thus, shallow fresh groundwater zone occurs between the native 
pre-irrigation and the present day water tables. 

Near the rivers and canals, the fresh surface water seepage has improved the quality of the 
native groundwater to 120 to 150 m depths. However, in some areas, the thickness of the shallow 
groundwater zone ranges from less than 60 m along the margins of Doabs (area enclosed between 
two rivers) to 30 m or less in the lower or central parts of Doabs. Recently, it has been estimated that 
nearly 200 billion m3 of fresh groundwater (mostly in the form of a thin layer) is lying on saline 
groundwater. Obviously, if proper technology is applied, the referred thin fresh groundwater layer can 
be skimmed from the aquifer with minimum disturbance of the saline groundwater zone. In the short 
irrigation water supply environment of Pakistan, such extractions would become a significant part of 
supplemental irrigation. 

The explosion of pumping technology in the private sector, high capacity tubewells of more 
than 28 lps discharge are being installed even in the thin fresh groundwater zones. Framers are 
normally interested to install tubewells of higher discharges to have efficient basin irrigation by 
reducing the advance time. This can be regarded as a psychological issue rather than based on 
techno-economics of tubewells or physical conditions of the aquifer. The discharge of skimming wells 
might be as low as 3 lps and thus pressurized irrigation technology is necessary for efficient 
application. 

In such zones, these tubewells are likely to draw a substantial portion of their discharge from 
the saline groundwater. The primary problem is that the tubewell discharges are too large for the 
given physical situation of the aquifer. This is particularly true for the tubewells located in the central 
regions of Doabs in Punjab province of Pakistan. The exception would be tubewells located adjacent 
to rivers and large canals where large quantities of seepage are recharging the groundwater 
reservoir. 

Thus, if such tubewells are not replaced with fractional skimming wells, there is a serious 
concern that the pumped groundwater will become increasingly saline with time. Already, many high 
capacity public tubewells are being shutdown at the request of farmers in these areas, as the pumped 
water has become saline with time. In addition, there is a high expectation that many private 
tubewells will have to be abandoned during the next coming years. Therefore, it is imperative to 
introduce fractional skimming well and pressurized irrigation technology to address these future 
concerns. 

Taking into consideration the vital importance and urgent need for developing fractional 
skimming wells and pressurized irrigation technology, a tripartite institutional arrangement Water 
Resources Research Institute (WRRI), National Agricultural Research Centre (NARC); Mona 
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Reclamation Experimental Project (MREP), Bhalwal; and the International Water Management 
Institute (IWMI) was developed to initiate a collaborative project entitled "Root-Zone Salinity 
Management using Skimming Wells through Pressurized Irrigation Systems". The project was 
financed by WAPDA under the National Drainage Program (NDP) and initiated in the Target Area at 
the Mona Reclamation Experimental Project, Bhalwal during November 1998. 

Objectives of the project component 
The project objectives are to: 

1. Identify and test limited number of promising technologies of fractional skimming well in the 
shallow fresh groundwater aquifers, which could control the saline groundwater up-coning 
phenomenon as a consequence of pumping; 

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

3. Prepare and implement guidelines for irrigation scheduling with skimmed groundwater 
applied by low-cost pressurized irrigation systems to manage root zone salinity 

Based on the project objectives, the WRRI was assigned to conduct research on skimming 
dugwells and pressurized irrigation systems. After finalizing the methodological studies, the dugwell 
and Raingun sprinkler irrigation study was conducted initially at the Phularwan Experimental Farm of 
the MREP, Bhalwal. The activities initiated were: 

• Renovation of the existing skimming dugwell located at the Phularwan Farm and installation 
of the electric and diesel powered prime movers; 

• Hydraulics of the skimming dugwell; 

• Design and layout of the Raingun sprinkler irrigation system and hydraulics study; and 

• Conceptual framework for design and operation of irrigation systems.  

SPRINKLER IRRIGATION SYSTEMS 
Sprinkler irrigation technology 

Irrigation is often designed to maximize efficiency and minimize the labour and capital 
requirements of a particular irrigation system and, at the same time, maintain a favourable growing 
environment for the crop. Some managerial input are dependent on the type of irrigation system and 
the design of the system. For example, the degree of automation, the type of system, soil type, 
topographical variation and management tools can influence the managerial decisions. The 
management decisions, which are common to all sprinkler systems, regardless of the types, are the 
frequency of irrigation, depth of water to be applied, and measures to increase the uniformity of 
application. In addition, individual sprinkler systems can be manipulated to greatly increase 
application efficiencies. 

In recent years, irrigation scheduling services have helped the farm manager with decisions on 
how much to apply and how frequently. Irrigation practices such as pre-irrigation (Rauni) before planting, 
irrigation to ensure emergence or the length of time per sprinkler set, are managerial inputs which 
influence water use efficiency over the season 

Advantages of sprinkler irrigation  
Sprinkler irrigation systems are recommended and used on practically all types of soil, 

topographic conditions, and on almost all kinds of crops. Its flexibility and efficient water control has 
permitted a wider range of soils to be irrigated that have surface water application methods, thereby 
allowing more land to be classed as irrigable. As a direct result, thousands of hectares of land in the 
United States, which was previously suitable only for dryland farming or as wasteland, is being irrigated 
today with high yield. This is particularly evident in eastern Colorado, Western Nebraska and Kansas. 
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Similar beginning is already made in the Pothwar plateau to provide supplemental irrigation to Barani 
lands. 

Stream size required for sprinkler irrigation is much less as compared to the surface 
irrigation. The locally manufactured Raingun Sprinkler Systems can be used with discharge of even 
less than 3 lps, whereas atleast 14 lps are required for surface irrigation to a field size of around 0.26 
ha. Therefore, smaller discharges of dugwells can be applied efficiently using sprinkler irrigation. 
Furthermore, application of net irrigation is possible even to replenish one-day requirement of 1-5 mm 
in contrast to surface irrigation where atleast 75 mm are required to cover the field. Even in surface 
irrigation, it is not possible to apply 75 mm at the time of first irrigation where the land is tilled and 
infiltration is higher. The advance time for the first irrigation is quite large compared to the subsequent 
irrigations. 

On some saline soils, as in the Imperial Valley of California, sprinklers are recommended for 
better leaching and crop germination. Sprinklers are especially desirable where soils have a high 
permeability and/or low water holding capacity. Sprinklers can offer distinct advantages over other 
irrigation methods in dense soils with low permeability. In areas where labour and water costs are high, 
sprinklers can be the most economical way to apply water. In many cases, sprinklers have shown 
increase in yield, such as in the fresh vegetables and fruits where colour and quality are very important.  

One of the advantages of sprinkler irrigation is to attain higher uniformity in leaching of salts even 
with light irrigation. In the imperial Valley of California on a silt-loam soil, a depth of 1100 mm of water 
was required for continuous flooding to achieve the same degree of reclamation as did 720 mm applied 
intermittently (Oster et al., 1972). In Israel and sometime in the US, leaching is done by sprinkling. The 
advantage of sprinkler irrigation over flooding is that water can be applied at a rate less than the soil 
infiltration rate, thereby avoiding ponding. In a field experiment on a silt-clay soil classified as moderately 
alkali and high in salts, Nielsen et al. (1965) found that 260 mm of water applied intermittently by 
sprinkling reduced the salt contents of the upper 0.6 m of the profile to the same degree as 750 mm 
applied by continuous flooding. This shows that water required for reclamation was reduced to one-third 
with sprinkler irrigation compared to the surface irrigation.   

Sprinklers often have multiple uses. The same equipment can be used for irrigation, crop 
cooling, frost control, and the application of pesticides, herbicides and fertilizers. In addition, modern 
farming practices, which require large equipment and large fields for economical farming operations are 
easily irrigated by sprinklers, with no reduction in efficiency. Many areas in the United States, which 
annually receive more than enough precipitation to satisfy crop requirements, are installing supplemental 
irrigation systems. This is due to the fact that usually there is no rain at exactly the right time in the 
required quantity. A timely irrigation at a critical crop growth stage, applying only a few centimeters of 
water, can offer more than double yield. 

Disadvantages of sprinkler irrigation 
Sprinklers, like most physical systems, do have disadvantages. Damage to some crops has 

been observed when poor quality irrigation water is applied to the foliage by sprinklers. Poor quality water 
can leave undesirable deposits or colouring on the leaves or fruit of the crop. Sprinklers are also capable 
of increasing the incidence of certain crop diseases such as fire blight in pears, fungi or foliar bacteria. A 
major disadvantage of sprinklers is the relatively high cost, especially for solid-set systems, in 
comparison to surface irrigation methods. When gravity cannot supply sufficient head to operate the 
system, sprinklers can require large amount of energy to supply the necessary pressure. The advantages 
and disadvantages of sprinkler systems must be assessed economically with other irrigation methods. 
Likewise, individual types of sprinkler systems should be compared to one another. 
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PIPELINE HYDRAULICS AND DESIGN EQUATIONS FOR SPRINKLER IRRIGATION 
SYSTEMS 
Basic system hydraulics 

The sprinkler irrigation system designer has two principal hydraulic problems: 1) evaluation of 
pipe flow without multiple outlets (mains, submains, and auxiliaries); and 2) evaluation of pipe flow with 
multiple outlets (laterals and manifolds). The basis for design will be the selection of pipe sizes such that 
energy losses do not exceed prescribed limits ensuring that efficiency and uniformity will be high. 

Fundamental flow equations 
The flow of water in pipes is always accompanied by a loss of pressure head due to friction. 

The magnitude of the loss depends on the interior roughness of the pipe walls, the diameter of the 
pipe, the viscosity of the water, and the flow velocity. These factors are lumped into friction 
coefficients based on experimental data. 

There are several common equations for computing headloss in pipelines. Probably the most 
commonly used equation in irrigation calculations is the Hazen - Williams formula: 
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in which, 

K = 1.21 x 1010; 

Q = Pipeline discharge, lps; 

C = Friction coefficient for continuous pipe sections, 120-140 for plastic 
manifolds and laterals, 140-150 for main lines without discharging 
outlets; 

D = Inside diameter, mm; 

L = Pipeline length, m; and 

hf = Frictional head loss, m. 
The Hazen-William equation substantially under estimate friction losses when the Reynolds 

number approaches the laminar range of values. A more correct equation is the Darcy-Weisbach: 
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Where, 

L = Pipe length, m; 

D = Pipe diameter, m 

V = Average flow velocity, m/sec; 

g = Gravitational constant, 9.81 m/sec2; and 

f = Frictional factor. 
The friction coefficient, f, is determined as a function of the Reynolds Number and the relative 

roughness of the pipe. The Reynolds Number can be calculated using: 
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in which; 

Re = Reynolds Number; 

Q = Pipe discharge, lps; and 

D = Inside pipe diameter, mm. 
Then the value of f is determined as follows: 

f = (64/ Re) for Re < 2100 (4) 

f = 0.04 2100 < Re < 3000 (5) 

f = (0.32/Re
0.25) 3000 < Re < 105 (6) 

f = (0.13/ Re
0.172) 105 < Re < 107 (7) 

Substitution of Eqns. 4, 5, 6 and 7 into (2) resulted into simplified expression. 

hf = (Ai * Qmi * L)/ DPi  (8) 
The values of I, Ai, Pi and R are presented in Table 1. 

mi = Pi – 3  (9) 
Friction losses are also induced in the pipelines due to fittings, bends, changes in cross-sectional 

area, and entrances. These are generally evaluated as a function of velocity head in the pipe as follows: 

hf' = KF (V2 /2g)  (10) 
The values of KF are presented in Annex. I. 

Table 1. Values of I, Ai, Pi and R. 
I Ai Pi R 

1 4.1969*103 4.0 Re < 2100 

2 3.3051*106 5.0 2100 < Re < 3000 

3 7.8918*105 4.75 3000 < Re < 105 

4 9.5896*105 4.828 105 < Re < 107 

C=140 for Hazen W. 1.283x106 4.852 105 < Re < 107 

Headloss in pipes with multiple, equally spaced outlets 
The flow of water in a pipe having multiple, equally spaced outlets will have less headloss than a 

similar pipe transmitting the entire flow over its length because the flow steadily diminishes each time an 
outlet is passed. Computations start from the distal outlet. Christiansen developed the concept of a "F 
factor" which accounts for the effect of the outlets. When the first outlet is one outlet spacing from the 
lateral or manifold inlet: 

F = (1/m+1) + (1/2N) + {(m-1)0.5/(6N2)} (11) 
in which, 

F = fraction of the headloss under constant discharge conditions expected with 
the multiple outlet case; 

m = 1.85 for Hazren-Williams equation; 

mi = 2.0 for the Darcy-Weisbach equation; and 
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N = number of outlets along the pipe. 
For situation where first outlet is only one-half the spacing from the inlet and. 

F' = {2N/(2N-1)}* F – {1/(2N-1)} (12) 
The pressure headloss in the pipe having multiple outlets is found by computing the headloss 

using the inlet discharge and then multiplying this value by F or F'. 

Pressure distribution assuming constant outlet flow 
The flow conditions in lateral and manifold lines are generally steady and spatially varied, with 

decreasing discharge along the line. The discharge at any point along the pipe can be expressed. 

QL = {(N - (L/Ss)} * q  (13) 

L = N * Ss  (14) 

QL = {(q/Ss)*(L - L')}  (15) 
in which, 

QL = pipe discharge at a particular point, lps; 

L' = distance measured from the inlet end, m; 

Ss = sprinkler spacing, m; 

N = total number of sprinklers along the pipe; and 

q = sprinkler discharge, lps. 
The pressure distribution in the lateral or manifold can be described in terms of the pressure at a 

distance L' meter from the pipe inlet. 

HL = H1 - RL hf + {(Z1 - Z2)*(L'/L)} (16) 
where, 

H1 = pressure at the inlet, m; 

Z1, Z2 = elevation at the pipe, inlet and its distal end, respectively, m; 

RL = friction drop ratio; 

L' = any point distance from inlet, and 

hf = total headloss in pipe. 

Hf = {(aL * aLPi-2 )/(Pi-2) }  (17) 

a = {Ai * (q/Ss)Pi-3}/(DPi)  (18) 

RL = 1 – {(L-L')/L}Pi-2  (19) 

Friction loss in pipes with multiple diameters 
It is often possible to design irrigation pipelines with two or more diameters in order to 

achieve a desired headloss in the pipe network. 

Consider a pipeline of length L consisting of two pipe diameters, DL and Ds, representing large 
and small pipes, respectively. Large pipe always at the upstream of the small pipe. 

L = LL + Ls  (20) 

NL = LL/(Ss)   (21) 

Ns = Ls/Ss    (22) 
The procedure for calculating the headloss utilizes equations (2) and (12) as follows: 
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a) Calculate the headloss for the flow in the smaller pipe: 
(hf)s = hf (Ds, Qs, Ls). F (Ns, m) (23) 
b) Calculate the headloss for the flow of the small pipe but in the large diameter pipe: 
(hf)L' = hf * {(DL, Qs, Ls)} * {F*(Ns, m)} (24) 
c) Calculate the headloss for the inlet flow to the large pipe having a length equal to L: 
(hf)L = hf {(DL, Q, L)}* {F * (N, m)} (25) 
d) Then, the total pressure headloss is: 
hf = (hf)s - (hf)L' + (hf)L  (26) 

Sprinkler system design equations 
Sprinkler system design is somewhat of an iterative procedure in which successive 

adjustments to the design may be made to correct a deficiency that may show up in checking the 
designs. There will be several alternative designs that will satisfy the field criteria. 

The capacity of the sprinkler system is based on the 10-day average peak demand. At each 
irrigation, the gross depth to apply is given as: 

Da = f *(TAW)/Ea  (27) 
Where 

Da = gross average water application, mm; 

f = allowable soil moisture depletion expressed as a fraction; 

TAW = total available soil moisture in the root zone, mm; and 

Ea = application efficiency expressed as a fraction. 
The frequency with which this depth must be applied is: 

Ii = f. * TAW/(Et)  (28) 
in which 

Ii = irrigation interval in days; and 

Et = design Et rate, mm/day. 
For stationary sprinkler systems, the sprinkler application rate can be determined by: 

D = {(Da * N') /(Ii * Td)} = {(N' * Et)/(Ea * Td)} (29) 
Where 

D = average application rate, mm/hr; 

N' = number of sets per irrigation; and 

Td = number of hours per day the system operates. 
The Kostiakov infiltration function is described as: 

Z = a Tb  (30) 
Where 

Z = cumulative infiltration, mm; 

T = hours since infiltration begins; and 

a,b = empirical functions 
The total number of sprinkler in operation at one time, Ns, should be limited by: 

Ns = QL/qs  (31) 
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Where 

QL = discharge of manifold or lateral line, lps; 

qs = sprinkler discharge, lps; and 

Ns = number of sprinklers. 

APPLICATION AND DESIGN OF RAINGUN SPRINKLER IRRIGATION SYSTEMS 
Sprinkler irrigation in Pakistan 

Sprinkler irrigation is being introduced in several demonstration plots in the country. 
Furthermore, progressive farmers are importing sophisticated systems such as centre pivots and 
linear move sprinkler machines. 

The conventional sprinkler irrigation systems are capital intensive. Therefore, some 
modifications are needed to suit the socio-economic conditions and physical requirements in 
Pakistan. The sprinkler system can be used with gravity flow where hydraulic head is available which 
will reduce the initial cost. Such locations are available in Northern Areas, NWFP and Balochistan. 
Furthermore, these systems are suitable for areas where streamsize is very small and surface 
irrigation is not possible. Such locations are available in areas having limited well yields in 
mountainous and Barani regions and in the Indus basin having very thin layer of fresh groundwater. 

The sprinkler irrigation system can be easily introduced for high value vegetables and fruits in 
areas where either value of water is high or problem soils. Later on, the system can be extended to field 
crops if the economic conditions permit its installation. The recommended systems for various physical, 
social and economic conditions are presented in Table 2. 

Table 2. Recommended low-cost Chinese raingun sprinkler systems for various physical 
and socio-economic conditions in Pakistan. 

Farm 
Size (ha) 

Raingun 
Model 

Working Pressure (m) Prime Mover Area Coverage per Setting 
(ha) 

1 Py1-20 40 Electric/Diesel 0.16 

2 Py1-30* 40 Electric/Diesel 0.26 

4 Py1-40 45 Electric/Diesel 0.40 

6 Py1-50* 50 Electric/Diesel 0.56 

8 Py1-60 60 Electric/Diesel 0.73 

10 Py1-60 60 Electric/Diesel/PTO 0.84 

12 Py1-80 70 PTO Driven 1.00 

20 Py-80 80 PTO Driven 1.52 

* Locally manufactured models in Pakistan. 
Most of the system components of solid-set, hand move and raingun sprinklers have been 

successfully manufactured in Pakistan, except the cost effective aluminium pipes would need to be 
imported. 

The Water Resources Research Institute of the, National Agricultural Research Centre, 
Islamabad in collaboration with MECO Pvt. Ltd., Lahore developed a complete range of raingun 
sprinkler systems using locally available materials and technology. The high pressure low density 
polyethylene pipes with black carbon and UV stabilizers were produced in collaboration with Griffon 
Industrial Corporation, Lahore. These are now available in 13, 25, 50, 75 and 100 mm diameter which 
can be used for pressures upto 84 m. In the near future, other low pressure systems will also be 
developed. The estimated installed cost of portable raingun sprinkler system is in the range of Rs. 
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15000-25000 per ha for a system of atleast 4 ha using diesel operated pumping system. The cost of 
electric operated systems is in the range of Rs. 10,000-20,000 per ha for a system of 2 ha or more. 

Application of raingun sprinkler systems 
Barani Areas 

The Raingun sprinkler irrigation system was initially designed to provide irrigation in areas 
where surface irrigation was either not possible or huge investments were required for land forming. 
In Barani areas, the yields of major crops are 30-50% of the national average yields mainly because 
of drought and lack of available moisture at critical crop growth stages. The planting of crops is 
normally delayed due to lack of moisture and farmers do wait for rainfall. The plant population is also 
low due to non-uniform and inadequate moisture in unlevelled fields. In certain areas, the crop 
failures are also common, if dry spells are prolonged. 

Considering problems of low crop yield and low cropping intensity, there was a need to 
introduce supplemental or life saving irrigation in areas where water is available. Water is available 
through dugwells, tubewells, mini/small dams, lakes and nullahs. The streamsize is normally small 
between 3-7 lps in most of the areas. At present, there are around 24 small and 94 mini dams in the 
Punjab Barani tract. But due to non-availability of an appropriate irrigation system, only 30 and 10% 
of the deigned command area of small and mini dams, respectively, have been developed for surface 
irrigation. 

Some farmers are practicing lift irrigation. But due to insufficient engineering and scientific 
support available for land forming farmers are facing difficulty to form their lands for surface irrigation. 
The only option left for these areas is to use sprinkler irrigation because water is of high value in these 
areas. Therefore, the need arise to reduce irrigation input because operational cost of sprinkler irrigation 
will certainly increase cost of production. Therefore, it is important to efficiently use available rainfall with 
an objective to reduce irrigation input. This may require conjunctive use of rainfall and sprinkler irrigation 
with an objective to reduce the cost of production and optimise farmers' net return in Barani areas. 

Indus basin irrigated agriculture 
The Raingun Sprinkler systems can also be used in the Indus basin for efficient application of 

smaller streamsize of even less than 3 lps pumped from the skimming wells. However, to minimise 
the input of groundwater and to maintain low cost of irrigation, it is necessary to integrate conjunctive 
use of rainfall, surface water and groundwater. The design and operation of irrigation systems will be 
based on the concept of management strategies considering the conjunctive water use.  

Efficiency of pumping systems 
The efficiency of a pumping system depends on number of factors such as the pipe being too 

small in diameter or having many bends in the conveyance manifold. The most common error is to 
put the discharge of water considerably above the necessary level. The drive or coupling between 
pump and prime mover may not be an efficient. Frequently a pump and prime mover is mismatched 
so far power requirement is considered. Correct matching of pump, motor/engine and drive is very 
important for efficient utilization of energy, thus to bring down the irrigation operational cost. 

Efficiency will also be reduced by elevation, temperature, accessories, and continuous 
operation. The details of efficiency estimated for design purpose are given in Table 3. 

The overall efficiency for pumping systems recommended for sprinkler irrigation is as under. 

Electric motor operated systems = 60 % 
Diesel engine operated systems = 50 % 

The actual efficiency of locally made Chinese diesel engines based pumping systems ranges 
between 25-40% compared to the recommended of 50% based on the testing made by the WRRI-
NARC. Similarly, the low cost electric motor based pumping systems’ efficiency ranges between 30-
50% compared to the recommended efficiency of 60%. The energy efficient pimping systems are 
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costly and beyond the reach of Pakistani farmers. These pumps with electric motors can provide 
efficiency of even up to 84%. The Jack pump being indigenized by the local industry in collaboration 
with the WRRI-NARC is the most efficient pump in the world. However, in future there will be much 
awareness and demand for having energy efficient pumping systems with the increase of electricity 
terrif and increase in fuel prices. 

Table 3. Elements causes decrease in efficiency of pumping systems  

Parameters Decrease in Efficiency (%) 

Elevation from sea level, 1% for each 100 meters, assuming elevation of 
200 meters. 

2.0 

For each 6° operating air temperature above 16°C, decrease of 1% is 
encountered; assuming maximum temperature of 45°C. 

5.0 

For accessories, using heat exchangers. 5.0 

For continuous load operation  20.0 

Drive losses (0-15 %) for motor 5.0 

Drive losses (0-15 %) for engine 10.0 

Radiator Fan 5.0 

Design of portable raingun sprinkler irrigation system 
Sprinkler irrigation system for 2 ha farm size 

Raingun Type = PY1 30 

Et Peak  = 5 mm/day 

Peak Operation = 10 hours 

Nozzle Size = 12 mm 

Working Pressure = 4 Kg/cm2 = 57 psi = 40 m 

Capacity = 9.58 m3/hr = 2.74 lps 

Application = 3.86 mm/hr 

Maximum Command Area = 0.26 ha 

at One Setting 

Radius = 29 m 

Recommended Farm Size = 2.0 ha 

Maximum Pipe Length = 175 m 

Head Loss in Pipe = 5.2 m/100 m in 50 mm (2 inch) diameter pipe 

Total Head = 40 + 10 + 9 = 59 meters 

Power requirement 

For diesel engine operated system 

Q = 2.8 lps 

H = 59 m 

WPH = 2.2 hp 

Engine HP = 4.4 
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We may redesign the system based on 5 to 8 hp engines available in the market. 

Q = 3.0 lps 

H  = 60 m 

WPH = 2.5 hp 

Engine HP = 5.0 to 8 

For Electric Motor Operated System. 

Q = 3.0 lps 

H = 60 m 

WPH = 2.4 hp 

Motor HP = 4.0 to 5 
The height of the sprayline under Py1-30 raingun sprinkler system is presented in Annex. II 

for varying pressure heads and nozzle sizes. The specifications for raingun and portable trolley 
mounted pumping system are presented in Figures 1 and 2, respectively. The system can be used to 
irrigate area of up to 5 acres at the peak demand. The actual farm size may be even more if different 
crops are grown. The LDPE black carbon pipe is recommended for delivery and suction purpose. 

Figure 1. Schematic diagram of the raingun (Py1-30) (dimensions in mm) 
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Figure 2. Portable trolley mounted Raingun (Py1-30) sprinkler irrigation systems 
(dimensions in mm). 

Manufacturing specifications of raingun sprinklers 
Electric motor operated systems 

The WRRI-NARC has already developed production capability with MECO Pvt. Ltd. Lahore to 
utilize their available facility for manufacturing of mono-black or direct-coupled pumping systems for 
sprinkler irrigation. The manufacturing specifications recommended are: 
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Raingun Py1-30 system for 2 ha farm size 
The specifications proposed are: 

Discharge of pump = 3.0 lps 

Pressure Head = 60 meters 

Motor Size = 4.0 to 5.0 HP 

Delivery Pipe Diameter = 50 mm or 2 inch 

Diesel engine operated systems 
WRRI-NARC has designed portable sprinkler irrigation systems using Chinese engine and 

MECO pumps. The MECO Pvt. Ltd. Lahore is now providing complete units. The detailed specifications 
of portable sprinkler pumping systems in respect of pump and engine size are: 

Diesel operated sprinkler irrigation portable system, multi-stage pump (as per requirement), 
pressure head and discharge (as per requirement) with desired size Chinese engine, installed on an 
adjustable trolley with 2 wheels and new tyres of 12 inch or desired rim size, 2 stands, towing hook, 6 m 
LDPE black carbon suction pipe with check valve, coupler at pump outlet with connection for desired size 
lateral flexible pipe and pressure gauge. All assembly work should be properly aligned, safe and pads 
should be used at engine and pump foundation to reduce vibrations. All couplings be leak proof. 

Raingun Py1- 30 System for 2 ha Farm Size 
The specifications proposed are: 

Discharge of pump = 3.0 lps 

Pressure Head = 60 meters 

Engine Size = 5.0 to 8.0 HP 

Delivery Pipe Diameter = 50 mm or 2 inch 

Layout of skimming dugwell and field experimental area 
The NDP financed project entitled “Root Zone Salinity Management using Fractional 

Skimming Wells with Pressurized Irrigation” was implemented initially at the Mona Reclamation 
Experimental Project, Bhalwal, Sargodha, Pakistan. The potential project sites and interventions in 
the farmers' fields had to be selected after conducting reconnaissance surveys, GIS study of deep 
groundwater of SCARP tubewells in the Mona project, participatory rural appraisals and diagnostic 
analysis study. Therefore, it was decided to conduct the initial field experimentation at the Phularwan 
Farm of the Mona Reclamation Experimental Project, Bhalwal. 

The existing dugwell is located at the North corner of the Phularwan Farm. The layout of the 
farm and position of the dugwell is presented in Figure 3. It was an abandoned dugwell and filled with 
soil and other waste materials. Therefore, it was cleaned and renovated. The renovation also 
included some of the masonry work and plastering of walls and roof of the well above ground surface. 
The diameter of the well is around 3 m while depth of the well is 6.25 m from the ground surface. The 
maximum depth of water column was around 5 m. The schematic diagram of the dugwell is presented 
at Figure 4. 

Installation of pumping systems 
An electric motor of 5 hp and a diesel engine of 8 hp were installed on the wooden platform of 

the dugwell. The suction line was connected both with diesel and electric pumping systems. These 
pumping systems were installed in such a way that each of the system could be operated 
independently. The diesel pumping system was installed so that data could be collected even during 
breakdown of electricity and thus reliability of the irrigation system could be improved. Furthermore, 
most of the farmers are interested in diesel operated systems rather the PRA indicated that 100 % 
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tubewells in the selected 13 villages were powered with diesel engines primarily due to the higher 
electricity terrif. 

Layout of raingun sprinkler irrigation system 
A 50 mm diameter polyethylene pipe was laid out at a depth of about 60 cm from the ground 

surface. Then it was covered with soil for its protection. The mainline was laid along the boundary of 
the two adjoining fields. The risers were installed in the centre of the fields to have facility for irrigation 
of each and every field. The length of the mainline was 200m and can irrigate three fields on either 
side. The size of the field is 33m x 66m. 

 
Figure 3. Layout of Phullarwan Farm and position of dugwell. 
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Figure 4. Schematic diagram of the dugwell. 

Installation of pumping systems 
An electric motor of 5 hp and a diesel engine of 8 hp were installed on the wooden platform of 

the dugwell. The suction line was connected both with diesel and electric pumping systems. These 
pumping systems were installed in such a way that each of the system could be operated 
independently. The diesel pumping system was installed so that data could be collected even during 
breakdown of electricity and thus reliability of the irrigation system could be improved. Furthermore, 
most of the farmers are interested in diesel operated systems rather the PRA indicated that 100 % 
tubewells in the selected 13 villages were powered with diesel engines primarily due to the higher 
electricity terrif. 

Layout of raingun sprinkler irrigation system 
A 50 mm diameter polyethylene pipe was laid out at a depth of about 60 cm from the ground 

surface. Then it was covered with soil for its protection. The mainline was laid along the boundary of 
the two adjoining fields. The risers were installed in the centre of the fields to have facility for irrigation 
of each and every field. The length of the mainline was 200m and can irrigate three fields on either 
side. The size of the field is 33m x 66m. 

FINDINGS OF INITIAL FIELD EXPERIMENTATION 
Discharge of raingun sprinkler 

A water meter was installed on the mainline of the Raingun (Py1-30) sprinkler irrigation 
system at the skimming dugwell. The water meter reading was recorded before operating the 
Raingun sprinkler irrigation system. Later on, the water meter readings were recorded after an 
interval of 30 minutes. The difference in readings gave volume of water passed in 30 minutes interval. 
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The volume of water pumped per unit of time gave discharge of the skimming dugwell. The depth of 
water depleted in the dugwell, and discharge and pressure of Raingun system as a function of time 
were estimated. 

The discharge of Raingun sprinkler decreased with time due to the increase in suction head. 
The discharge received during the first 30 minutes of operation of the Raingun sprinkler ranged from 
2.93 lps to 2.53 lps during the period of five months (Table 4). The Raingun discharge was reduced to 
around 2 lps after 4.5 to 5 hours of pumping. Thus Raingun (Py1-30) sprinkler can be operated for 4.5 
to 5 hours with discharge range of 2 to 3 lps. 

Table 4. Discharge of Raingun (Py1 - 30) sprinkler irrigation system using the skimming 
dugwell at the Phularwan Farm, MREP, Bhalwal. 

Discharge of Raingun Sprinkler Irrigation System (lps) Time 
(hrs) 

Aug. 1999 Sep. 1999 Oct. 1999 Nov. 1999 Jan. 2000 Feb. 2000 Mar. 2000 

0.5 2.93 2.76 2.53 2.74 2.73 2.61 2.57 

1.0 2.74 2.76 2.53 2.43 2.67 2.57 2.63 

1.5 2.61 2.69 2.50 2.43 2.61 2.51 2.44 

2.0 2.46 2.60 2.94 2.31 2.52 2.50 2.56 

2.5 2.32 2.47 1.69 2.33 2.39 2.34 2.35 

3.0 2.20 2.36 2.17 2.32 2.33 2.22 2.36 

3.5 2.01 2.30 2.11 2.02 2.26 2.17 1.96 

4.0 2.00 2.24 2.01 1.86 2.13 2.16 2.11 

4.5 1.97 2.18 1.98 1.88 2.09 2.05 2.19 

5.0 1.92 2.29 1.80 1.83 2.01 1.98 1.70 

Pressure of raingun sprinkler 
Pressure gauge was installed on the mainline of the Raingun sprinkler irrigation system 

installed at the Phularwan Farm, Bhalwal. The gauge readings were recorded after an interval of 30 
minutes until the system was stopped due to either completion of irrigation or lowering of water level 
in the dugwell. 

The depth of water depleted in the dugwell, and discharge and pressure of Raingun sprinkler 
as a function of time were determined. The time interval of 30 minutes was kept during the operation 
of the Raingun. The purpose was to establish relationship between pressure and discharge of 
Raingun sprinklers as a function of time and depth of water level in the skimming dugwell. 

The pressure decreased with the increase in suction lift of the pumping system. The pressure 
measured after an interval of 30 minutes ranged from 41 to 47 psi (Table 5). After pumping operation 
of 4 hours, the pressure ranged from 26 to 31 psi. After 5 hours of pumping operation of the Raingun, 
the pressure ranged from 18 to 26 psi. It means that the Raingun (Py1-30) can be operated for 4-5 
hrs duration with a pressure range of 18 to 46 psi. The decrease in pressure with time was due to the 
increase in the suction head. 

Pressure and discharge functions of raingun sprinkler system 
The depth of water level depleted, pressure and discharge of Raingun as a function of time 

were measured at 30 minutes interval at the skimming dugwell, Phularwan Farm (Table 6). After 5 
hours of operation of the Raingun, the depth of water level depleted, and pressure and discharge of 
Raingun sprinkler were 3.8 m, 25.7 psi and 1.93 lps, respectively. 

The Ringun sprinkler pressure and discharge were reduced with the increase in suction head 
(Figure 5 and 6). The sudden decrease in discharge was observed with the decrease in pressure 
beyond 37 psi. At this pressure, the depth of water level depleted was about 2m. The pressure of 
Raingun sprinkler was decreased with the increase in depletion of the depth of water level. Depletion 
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of 2m depth of water level in the dugwell occurred after about 2 hours of operation of Raingun 
sprinklers. The discharge of around 2.5 lps was available at this depth of water level. The relationship 
between pressure and discharge of Raingun sprinkler at the skimming dugwell is presented in Figure 
7. 

Table 5. Pressure of Raingun (Py1 - 30) sprinkler irrigation system as a function of time at 
the Phularwan Farm, MREP, Bhalwal. 

Pressure of Raingun Sprinkler Irrigation System (psi) Time 
(hrs) 

Aug. 1999 Sep. 1999 Oct. 1999 Nov. 1999 Jan. 2000 Feb. 2000 Mar. 2000 

0.5  46.0 41.0 41 47 44 43 

1.0  44.0 37.0 39 45 42 40 

1.5  41.0 36.0 37 43 39 38 

2.0  39.0 36.0 35 40 37 36 

2.5  35.0 35.0 32 37 34 34 

3.0  33.0 32.0 30 35 33 31 

3.5  30.0 29.0 28 33 30 29 

4.0  28.0 26.0 26 31 28 27 

4.5  26.5 20.5 25 29 26 24 

5.0  24.0 18.0 23 26 24 22 

Table 6. Depth of water depleted, pressure and discharge of Raingun (Py1 - 30) sprinkler 
irrigation system at the Phularwan Farm, MREP, Bhalwal. 

Time (hrs) Depth Depleted (m) Pressure (psi) Discharge (lps) 
0.5 0.59 43.57 2.70 
1.0 1.12 41.29 2.62 
1.5 1.59 39.00 2.54 
2.0 2.03 36.93 2.56 
2.5 2.40 37.00 2.27 
3.0 2.76 34.86 2.28 
3.5 3.07 32.36 2.12 
4.0 3.33 30.43 2.07 
4.5 3.57 28.00 2.05 
5.0 3.80 25.71 1.93 
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Figure 5. Relationship between depth depleted in the skimming dugwell and pressure of 

the Raingun at Phularwan Farm, MREP, Bhalwal. 
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Figure 6. Relationship between depth depleted in the skimming dugwell and discharge of 

the Raingun at Phularwan Farm, MREP, Bhalwal. 



59 

1.5

2

2.5

3

25 30 35 40 45

Pressure (psi)

D
is

ch
ar

ge
 (l

ps
)

Discharge = 0.0453* Pressure 
0 7337

 
Figure 7. Relationship of discharge and pressure of Raingun (Py1-30) Sprinkler System 

used at Skimming Dugwell Phularwan Farm, MREP, Bhalwal. 

Volume of water pumped by the raingun sprinkler system 
While the Raingun sprinkler irrigation system was operated, the depletion of depth of 

groundwater in the skimming dugwell was measured after an interval of 30 minutes. The depth of 
water level depleted was multiplied by cross-sectional area of the well to determine volume of water 
pumped from the well. Thus the quantity of water pumped was determined at different depths of the 
water level in the skimming dugwell for different time duration. The volume of water pumped at 
different depths of water level depleted is presented in Table 7. The quantity of water pumped was 
increased with the increase in depletion of the depth of water level. After 4 hours of operation of the 
Raingun, a depth of 3.33 m was depleted in the skimming dugwell while 24.32 m3 volume of water 
was pumped for irrigation.  

Table 7. Relationship between volume of water pumped and depth of water level depleted 
using Raingun (Py1 - 30) Sprinkler irrigation system at the Phularwan Farm, 
MREP, Bhalwal. 

Time 
(hrs) 

Depth of Water Level Depleted in the 
Skimming Dugwell (m) Volume of Water Pumped (m3) 

0.5 0.59 4.31 

1.0 1.12 8.18 

1.5 1.59 11.61 

2.0 2.03 14.82 

2.5 2.40 17.53 

3.0 2.76 20.15 

3.5 3.07 22.42 

4.0 3.33 24.32 

4.5 3.57 26.07 

5.0 3.80 27.75 
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CONCEPTUAL FRAMEWORK FOR DESIGN AND OPERATIONOF IRRIGATION 
APPLICATION SYSTEMS 

The essential elements of the conceptual framework for design and operation of irrigation 
systems are as under:  

• Design of pressurized irrigation system should be based on the concept of supplemental 
irrigation where objective would be to minimize the input of groundwater to maintain the 
profitability of irrigated agriculture. The first most important problem encountered by the 
farmer is the profitability of irrigated agriculture. The cost of tubewell irrigation is many-fold 
higher than the canal irrigation. Therefore, the groundwater based pressurized irrigation must 
be designed to reduce the operational cost of well irrigation. Therefore, the pressurized 
irrigation systems have to be seen in the context of complementing the existing canal 
irrigation systems. 

• Alongwith irrigation priority based on modified MAD, an economic priority should be assigned 
to various crops considering the value of the marketable product. Farmers are practicing this 
strategy especially for the canal irrigation where a different priority is assigned to cereals, 
fodder and orchards. 

• Conjunctive water use should be a part of the irrigation scheduling framework where rainfall, 
surface water and groundwater must be considered. Irrigation scheduling criteria should be 
based on modified MAD, which helps to maximize the use of rainfall and canal water in order 
of priority, respectively. Groundwater use should be made when canal water is not available. 

• Dmin and Dmax limits for irrigation has to be defined both for canal irrigation and pressurized 
irrigation systems. The strategy of deficit irrigation helps to maximize the use of rainfall, 
whereas allowance has to be made for the quality of groundwater in terms of leaching 
fraction.  

• Sprinkler irrigation systems can also be used for other activities like crop cooling, frost control 
and foliar application of fertilizers and chemicals. Therefore, irrigation scheduling framework 
should consider fertigation concept instead of irrigation only.  

• The use of drip irrigation should be limited to orchards to keep the cost low. It is not 
economical to use drip irrigation for row crops and fodders. 

The IWMI is involved in preparing the framework for irrigation scheduling for pressurized 
irrigation. The above mentioned points should be considered while finalizing the framework. 

REFERENCES 
Nielsen. D.R., J.W. Biggar, and J.N. Luthin. 1965. Desalinization of soils under controlled unsaturated 

flow conditions . ICID, 6th Congress, New Delhi, India, 19:15-24. 

Oster, J.D., L.S. Willardson, and G.J. Hoffman. 1972. Sprinkling and ponding techniques for 
reclaiming saline soils. Trans. Of the ASAE 15(6):115-117.  



61 

Methodology Development for Selection of Sites for 
Skimming Wells and Pressurized Irrigation Systems 

S. Ahmad, M. Yasin, G. Akbar, Z. Khan and M.M. Ahmad 

INTRODUCTION 
Background of skimming wells and pressurized irrigation systems project 

Exploitation of groundwater for agricultural, municipal and industrial uses is severely 
hampered in many parts of the world by the encroachment of brackish groundwater in response to 
fresh water withdrawals. Examples of brackish groundwater intrusion are common in coastal aquifers, 
but are sometimes present in inland aquifers as well. Probably, the most important example of the 
latter case exists in the Indus Basin Irrigation System (IBIS). The IBIS has caused disruption of 
hydraulic regime due to seepage from extensive water conveyance and distribution system, as well 
as deep percolation from irrigation and precipitation. The native groundwater that existed in the pre-
irrigation period (early 19th century) was saline because of the underlying geologic formation being of 
marine origin. Now, this native saline groundwater is overlain by fresh groundwater due to seepage 
from rivers and canals of the IBIS. Thus, shallow fresh groundwater zone occurs between the native 
pre-irrigation and the present day water tables. 

Near the rivers and canals, the fresh surface water seepage has improved the quality of the 
native groundwater to 120 to 150 m depths. However, in some areas, the thickness of the shallow 
groundwater zone ranges from less than 60 m along the margins of Doabs (area enclosed between 
two rivers) to 30 m or less in the lower or central parts of Doabs. Recently, it has been estimated that 
nearly 200 billion m3 of fresh groundwater (mostly in the form of a thin layer) is lying on saline 
groundwater. Obviously, if proper technology is applied, the referred thin fresh groundwater layer can 
be skimmed from the aquifer with minimum disturbance of the saline groundwater zone. In the short 
irrigation water supply environment of Pakistan, such extractions would become a significant part of 
supplemental irrigation. 

The explosion of pumping technology in the private sector, high capacity tubewells of more 
than 28 lps discharge are being installed even in the thin fresh groundwater zones. Framers are 
normally interested to install tubewells of higher discharges to have efficient basin irrigation by 
reducing the advance time of water front. This can be regarded as a psychological issue rather than 
based on techno-economics of tubewells or physical conditions of the aquifer. The discharge of 
skimming wells might be as low as 3 lps and thus pressurized irrigation technology is necessary for 
efficient application of smaller stream size. 

In such zones, these tubewells are likely to draw a substantial portion of their discharge from 
the saline groundwater. The primary problem is that the tubewell discharges are too large for the 
given physical situation of the aquifer. This is particularly true for the tubewells located in the central 
regions of Doabs in the Punjab province of Pakistan. The exception would be tubewells located 
adjacent to rivers and large canals where large quantities of seepage are recharging the groundwater 
reservoir. 

Thus, if such tubewells are not replaced with fractional skimming wells, there is a serious 
concern that the pumped groundwater will become increasingly saline with time. Already, many high 
capacity public tubewells are being shutdown at the request of farmers in these areas, as the pumped 
water has become saline with time. In addition, there is a high expectation that many private 
tubewells will have to be abandoned during the next coming years. Therefore, it is imperative to 
introduce fractional skimming well and pressurized irrigation technology to address these future 
concerns. 

Taking into consideration the vital importance and urgent need for developing skimming wells 
and pressurized irrigation technology, a tripartite institutional arrangement (Water Resources 
Research Institute, NARC; Mona Reclamation Experimental Project, Bhalwal and the International 
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Water Management Institute) was developed to initiate a collaborative project entitled "Root-Zone 
Salinity Management using Skimming Wells and Pressurized Irrigation Systems". The project was 
financed by WAPDA under the National Drainage Program and initiated in the Target Area at the 
Mona Reclamation Experimental Project, Bhalwal during November 1998. 

Location and purpose of the methodology development 
In this study, Mona Unit area has been selected covering the gross command area of 44516 

hectares with 138 tubewells (Figure 1). The pre-project water table was between 0 to 3.35 m during 
1965, whereas it varies from 0.61 to 5 m during 1997. The pre-project cropping intensity was 99 %, 
whereas it is now 152 % during 1997 (MREP 1997). 

 
Figure 1. Tubewells location map of Mona project. 

The following three studies were conducted in the Mona SCARP area to develop the 
methodology and are listed as under: 

• Spatial and Temporal Analysis of Deep Groundwater in the Mona SCARP area using the 
historical data of groundwater quality and the Geographic Information System (referred as 
GIS Study); 

• Participatory Rural Appraisal of selected thirteen villages of the Target Area of the project 
(referred as PRA Study); 

• Diagnostic Analysis Study of seven villages out of thirteen selected under the Target Area 
(referred as DAS Study). 

The specific objectives of the methodology development are as under: 

• The GIS study was aimed to conduct spatial and temporal analysis of groundwater quality 
and water-table depth in the Mona Unit to evaluate changes occurred in the project area 



63 

during the last 32 years. The long-term geo-referenced groundwater data collected by the 
MREP were used for GIS analysis. Salinity and sodicity data were used to characterize and 
classify groundwater quality zones. Methodology was developed to characterize potential 
locations for design and installation of skimming wells and pressurized irrigation systems. 
This methodology can be adopted for sustainable development of groundwater in marginal to 
hazardous zones. 

• The PRA Study was aimed to document perceptions of rural communities regarding problems 
and constraints using interactive processes of participation to prioritize real-issues including 
ranking of these real-issues as viewed by the community. Verification of potential villages 
considering the project interventions was based on the perceptions of the farming community. 
Criteria for installation of skimming dugwells and tubewells was fine-tuned based on the 
farmers perceptions regarding thin layer of freshwater and follow-up actions were proposed 
based on the PRA conclusions. 

• The DA Study was aimed to document farm level landuse, farming system, productivity and 
water table behaviour using interactive process of structured interviewing; and to collect 
samples of groundwater from selected farms representing shallow groundwater for quality 
analysis and document characteristics of private handpumps and tubewells. Similar process 
was used to document aspects of prime mover and fuel consumption of diesel operated 
pumping systems and farmers’ awareness about research issues. Assessment of farmers’ 
willingness in project interventions and finalization of methodology for the selection of 
potential villages considering the farmers’ perceptions and findings about thin layer of 
freshwater was the ultimate objective of the study. 

Criteria for selection of potential locations 
The criteria for selection of potential locations was developed based on groundwater quality 

spatial analysis and PRA studies conducted in the Target Area. The criteria was based on the 
following elements: 

• The deep groundwater quality of tubewells beyond 30 m should be either saline, saline-sodic 
or sodic. This can be verified by the quality of SCARP tubewells for which sufficient data are 
available. In addition to this, hydrogeologic maps prepared by WAPDA and published by 
Survey of Pakistan can also be used. 

• The brackish groundwater is overlain by a layer of fresh groundwater having thickness either 
suitable for skimming dugwells (7.5-15 m) or tubewells (15-30 m). 

• The location is part of the Target Area (Mona Unit) and part of the cluster but meeting the 
above mentioned quality considerations. 

• Proximity to the Mona Field Office and accessibility especially during the rainy season to 
avoid problems associated with waterlogging. 

• Farmers’ willingness to participate in project interventions based on their genuine needs in 
relation to skimming wells and pressurized irrigation systems. 

FINDINGS OF STUDIES 

GIS study 
Classification of deep groundwater of SCARP tubewells in the Target Area 

According to the GIS study, the thirteen potential villages were selected which represent 
freshwater, marginally saline, marginally saline-sodic and hazardous quality of deep groundwater. 
The freshwater villages were selected to validate whether the SCARP tubewells represent the overall 
picture of the area or not (Table 1). 
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Table 1. Classification of SCARP Tubewells in selected villages based on spatial analysis 
of deep groundwater in the Mona Unit, MREP, Bhalwal. 

Sr. 
No. 

Name of Village Number of SCARP 
Tubewells Installed  

Classification of Tubewells Based on Deep 
Groundwater Quality 

1 Ratho Kala 33 Marginally saline-sodic 
  34, 37 Hazardous saline marginally sodic  
2 Thathi Noor 39, 40, 41, 44 Marginally saline hazardous sodic 
3 Jalar Waraichan 30, 31, 32 Marginally saline-sodic 
4 Head Faqerian 26, 28, 29 Marginally sodic 
5 Chak No. 6 ML 45 Marginally saline hazardous sodic 
6 Nabi Shah Bala 39, 94 Marginally saline-sodic 
7 Dhera Ranjha 80 Marginally sodic 
8 Chak No. 15 NB 81, 82 Marginally sodic 
9 Chak No. 17 NB 84 Marginally sodic 
10 Banga Minhas  Saline Zone 
11 Sakacar (Jurra)  Saline Zone 
12 Moza Dohri 27, 68 Freshwater (Very Good) 
13 Chak No. 1 (Phularwan) 69 Freshwater (Very Good) 

Groundwater quality zonation 
Maps of three parameters of TDS, SAR and RSC were overlapped to characterize and 

classify groundwater zones (Figures 2 and 3). The classification of groundwater quality zonation 
indicated that around 12% and 5% area of the very good quality freshwater and marginally saline-
sodic zones have been shifted to other zones. There was increase in the area under marginal and 
hazardous groundwater zones (Table 2 and Figure 4). The areas having freshwater zone have to be 
given priority so that further deterioration should not occur in these areas. The target for the NDP 
Project in the Mona Unit should be the marginal and hazardous deep groundwater zones so that the 
thin layer of freshwater over the marginal or hazardous quality deep groundwater can be pumped. 

This zonation exercise represents all levels of salinity and sodicity, as it represents all the 
four classes of salinity and sodicity in terms of very good, good, marginal and hazardous and 
combinations. In total there were 8 groundwater quality zones prevailing in the Mona Unit. The criteria 
for characterization of TDS, SAR and RSC was defined for four classes of very good, good, marginal 
and hazardous groundwater. Therefore, this zonation methodology represents more practical criteria 
for selection of potential locations for installation of skimming wells and pressurized irrigation 
systems. 
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Figure 2. Groundwater quality zonation using TDS, SAR AND RSC (1965-66). 

 
Figure 3. Groundwater quality zonation using TDS, SAR AND RSC (1997-98). 



66 

Table 2. Classification of project area considering groundwater quality zones of SCARP 
Tubewells during 1965-66 and 1997 at Mona Unit of MREP, Bhalwal. 

Project Area (%) Groundwater Zone (TDS in ppm, SAR, 
RSC in meq/l) 

1965-66 1997 

Change in Project 
Area (+ or -) (%) 

V. Good (<500, <5, <2.5) 35.76 23.87 - 11.81 

Good (500-1000, 5-10, <2.5) 24.49 35.82 + 11.33 

Marginally Saline (1000-2000, <10, <2.5) 4.69 10.15 + 5.46 

Marginally Saline-Sodic (1000-2000, <15, 
<5) 

12.45 7.27 - 5.18 

Marginally Sodic (<1000, <15, <5) 8.83 12.0 + 3.17 

Hazardous-Saline Marginally-Sodic 
(>2000, <15, <5) 

0.0 4.18 + 4.18 

Marginally Saline Hazardous Sodic 
(1000-2000, >15, >5) 

13.25 3.63 - 9.62 

Hazardous Sodic (<1000, >15, >5) 0.53 3.08 + 2.55 

Total 100.00 100.00 0.00 

Figure 4. Temporal chnages in groundwater quality. 

Distribution of tubewells under groundwater quality zones and potential locations for 
skimming wells and pressurized irrigation 

Distribution of tubewells under different groundwater quality zones for the period 1997 is 
presented in Tables 3. The distribution pattern for 1997 indicated that 90 tubewells out of 138 are 
located in freshwater zones (very good and good), which is around 65% of the tubewells in the Mona 
Unit. The marginal zones include 37 tubewells out of 138, which represents around 27% of the 
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tubewells in the Mona Unit. There are only 11 tubewells in the hazardous zones, which represents 
8% of the tubewells in the Mona Unit. 

The 8% tubewells of the hazardous zone constitute the high potential area, whereas 27% 
tubewells of the marginal zone also fall in the potential area. The potential locations alongwith 
distribution of tubewells is presented in Figure 5. 

Table 3. Classification of tubewells under different groundwater quality zones during 1997 
at Mona Unit of MREP, Bhalwal. 

Groundwater 
Quality Zones 

Limits No. of 
Tubewells 

List of Tubewells 

V. Good 
TDS < 500 
SAR < 5 
RSC < 2.5 

42 

1, 5, 6, 7, 8, 9, 10, 11, 12, 14, 24, 27, 54, 
67, 68, 69, 70, 77, 78, 96, 97, 99, 104, 
105, 106, 108, 109, 113, 114, 117, 118, 
119, 120, 123, 124, 125, 126, 127, 128, 
129, 131, 132 

Good 
TDS 500 – 1000 
SAR 5 – 10 
RSC < 2.5 

48 

2, 3, 4, 19, 20, 21, 22, 42, 53, 55, 56, 57, 
60, 62, 63, 64, 65, 66, 71, 73, 98, 100, 
101, 103, 107, 110, 111, 112, 115, 116, 
121, 122, 130, 133, 134, 135, 136, 137, 
138, 140, 141, 142, 143, 144, 145, 146, 
147, 148 

Marginally Saline 

TDS 1000 – 
2000 
SAR < 10 
RSC < 2.5 

9 15, 16, 17, 18, 47, 59, 61, 102, 139 

Marginally Sodic 
TDS < 1000 
SAR < 15 
RSC < 5 

15 13, 23, 26, 28, 29, 48, 72, 74, 75, 76, 79, 
80, 81, 82, 84 

Marginally Saline-
Sodic 

TDS 1000 – 
2000 
SAR < 15 
RSC < 5 

13 30, 31, 32, 33, 46, 49, 51, 52, 91, 92, 93, 
94, 95 

Hazardous Saline 
Marginally Sodic 

TDS > 2000 
SAR < 15 
RSC < 5 

3 34, 36, 37 

Marginally Saline 
Hazardous Sodic 

TDS 1000 – 2000 
SAR > 15 
RSC > 5 

6 39, 40, 41, 44, 45, 50 

Hazardous Sodic 
TDS < 1000 
SAR > 15 
RSC >5 

2 25, 83 
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Figure 5. Potential locations of SCARP tubewells having marginal to hazardous quality 

groundwater – project target area. 

Groundwater depth fluctuations and zonation 
Maps of water-table depths were prepared for the pre- and post-project periods. The 

comparison of the temporal data indicated that there was an increase of around 19% in area having 
water table of less than 2 m (Table 4). Area having water table of less than 3 m is classified as 
waterlogged. Therefore, there was an increase of around 16.9% in the waterlogged area. This 
increase is mainly due to the reduced pumping of groundwater because of increased energy prices 
and abandoning of the tubewells having brackish groundwater. This is a serious concern and an 
indication of the poor performance of the reclamation projects. 
Table 4. Classification of project area considering water table depth during 1964 and 1999 

at Mona Unit of MREP, Bhalwal. 

Project Area (%) Water Table Depth 
(m) 

1964 1999 

Change in Project Area 
(+ or -) (%) 

< 1 1.07 1.92 + 0.85 

1 – 2 7.32 25.52 + 18.20 

2 – 3 34.31 32.12 - 2.19 

> 3 57.30 40.44 - 16.86 

Total 100.00 100.00 0.00 

Application of groundwater spatial and temporal analyses 
Temporal and spatial groundwater analyses indicated that there was an increase in 

groundwater salinity and waterlogging in the project area. This information is useful for planning of 
future projects to control waterlogging and salinity.  
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Groundwater quality zonation exercise provided information of potential locations and 
methodology for conducting research to develop skimming wells to pump shallow freshwater. This will 
be having higher impact on the control of water-table depth and management of root zone salinity 
rather than pumping brackish water from deeper depths. In addition to this, increase in energy prices 
requires development of energy efficient pumping systems to maintain water table below the root-
zone depth. The smaller discharges of skimming wells can be applied efficiently using pressurized 
and innovative irrigation systems. 

The criteria of water table of more than 3 m need reconsideration in the freshwater zone. 
Because water table of more than 1m depth in the freshwater zone is suitable for field crops, except 
cotton. However, water table should be more than 3 m deep to grow fruit orchards. As farmers are 
growing quality citrus in the project area, therefore, they want water table sufficiently deep enough to 
grow good quality citrus. 

Farmers should be encouraged to grow forest plants having higher water requirements 
especially in areas having marginal to hazardous quality groundwater.  

PRA study 
Potential locations for project interventions 

Based on the PRA, the villages were categorized based on the depth of thin layer of fresh 
groundwater overlain by the brackish groundwater. Five villages out of thirteen included in the PRA 
study were found slightly suitable for skimming dugwells (Table 5). However, the thickness of the 
layer of freshwater was less than 7.5 m. Therefore, design of dugwell should be based on the 
recharge to the well and the drawdown pattern in a given location. These villages thus have low 
potential for dugwells and discharge has to be limited to avoid intrusion of poor quality groundwater. 

Two villages out of thirteen included in the PRA study were found highly suitable for 
skimming dugwells (Table 5). The thickness of the layer of freshwater was less than 15 m. Therefore, 
design of dugwell should be based on the recharge to the well based on the drawdown pattern in a 
given location. These villages thus have high potential for dugwells and discharge has to be limited to 
avoid intrusion of poor quality groundwater. 

Six villages out of thirteen included in the PRA study were found suitable for skimming 
tubewells (Table 5). The thickness of the layer of freshwater was less than 30 m. Therefore, design of 
tubewell should be based on the recharge to the well based on the drawdown pattern in a given 
location. These villages thus had medium potential for tubewells and discharge had to be limited to 
avoid intrusion of poor quality groundwater.  

Table 5. Villages having potential for skimming wells based on PRA at MONA Unit, MREP, 
Bhalwal. 

Villages with Potential for Installation of Dugwells 

Low Potential High Potential 

Villages with Potential for Installation 
of Tubewells 

Thathi Noor Chak No. 15NB Ratho Kala 

Jalar Waraichan Chak No. 17NB Head Faqerian 

Chak No. 6ML  Nabi Shah Bala 

Bonnga Minhas  Dhera Ranjha 

Sakacer (jurra)  Moza Dohri 

  Chak No. 1 (Phularwan) 
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Problems and constraints 
The farmers’ groups in selected thirteen villages of the Target Area identified thirteen 

problems and constraints (Table 6). The problems and constraints as perceived by the farming 
community are described as under: 

1. Shortage of canal water supplies; 

2. Waterlogging and salinity; 

3. Non-availability and high price of seed, fertilizers and pesticides; 

4. Lack of credit availability; 

5. In-effective surface drainage and closure of SCARP tubewells; 

6. Limited availability and high cost of labour; 

7. Low output prices, insufficient support prices of commodities and delayed payment especially 
from sugar factories; 

8. Water conveyance losses; 

9. In-appropriate Mogha size and location; 

10. Higher rates of diesel fuel; 

11. Unskilled tenants and other related issues; 

12. Non-availability of government subsidy; and 

13. Non-availability of services from input delivery and other service channels and insufficient 
infrastructure. 

Table 6. Constraints and problems faced by farmers in selected villages at the Mona Unit, 
MREP, Bhalwal. 

 Problems and Constraints 

Village 1 2 3 4 5 6 7 8 9 10 11 12 13 

Ratho Kala  - ! - - - - ! ! -    

Thathi Noor ! !   -  - !    ! ! 

Jalar Waraichan ! - ! ! - - - !  -    

Head Faqerian ! - ! ! - - !       

Chak No. 6ML ! - ! ! - ! -    !  ! 

Nabi Shah Bala ! ! ! ! ! - -   -    

Dhera Ranjha ! - ! - - - !   !    

Chak No. 15NB ! - ! - - - !  !     

Chak No. 17NB ! - ! - - - -   -    

Bonga Minhas ! ! ! ! ! - -       

Sakacar (Jurra )  - ! - ! - -  ! -    

Moza Dohri  ! ! ! -  -  ! - !   

Chak No. 1 
(Phularwan) 

! - ! ! - - -   !  ! ! 

Percent Responded 77 31 92 46 23 8 23 23 31 16 16 16 23 

! Problem identified; - Problem not identified 
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The farmers' groups in different villages identified two to six problems and constraints related 
to agricultural productivity and production system. Each group was asked to rank the problems. The 
ranking of problems by different farmers’ groups can also be presented for each village. As the 
objective of the PRA was to identify and select suitable locations for the field research of skimming 
well and pressurised irrigation technology, therefore ranking of problems per village basis was not 
provided in this report. However, the percentage of respondents will help to describe weight of 
different problems and constraints.  

The problems identified by the farmers' groups of the selected thirteen villages cover a wide 
range. The thirteen problems identified in total can be described in the following seven broad areas. 

• Mogha size and location; 

• Water conveyance losses and canal water supplies; 

• Waterlogging and salinity; 

• Drainage and SCARP tubewells; 

• Input availability and high prices (seed, fertiliser, pesticides, diesel fuel, credit and labour); 

• Output prices (support price and payments), provision of services and subsidy; 

• Infrastructure. 

Some of these problem areas are not directly related to the project objectives. Therefore, 
these have to be further ranked considering the project objectives.  

Priority issues 
Farmers' perceptions were very clear regarding problems and constraints they faced in 

farming. About 92% farmers groups indicated that non-availability and high price of inputs like seed, 
fertilizer and pesticides was a major problem. In addition farmers' groups of 46% villages surveyed 
indicated that lack of credit availability was another concern for the use of improved inputs. Farmers' 
groups of 23% villages indicated that low output prices, insufficient support price of commodities and 
delayed payment from sugar factories were also issues related to the farming. Some of the farmers' 
groups also highlighted the problem of high price of diesel fuel. Therefore, profitability of irrigated 
agriculture was a major concern being faced by the farming community and all the above stated 
problems and constraints are related to profitability.  

The second major issue relates to the shortage of canal water supplies. Around 77% villages 
were facing this problem. In addition 23% farmers' groups of selected villages stated that water 
conveyance losses was a major factor in contributing towards shortage of canal supplies and 
waterlogging. This is an indicator for the need of additional water supplies from tubewells to meet 
crop water requirements. The appraisal also indicated that 10 and 67% villages are dependent on 
tubewells and tubewells plus canal water supplies, respectively. Therefore, tubewell irrigation is an 
essential element to have reliable and timely supply of water to meet peak irrigation water 
requirement of crops. Normally, the canal supplies in the peak demand periods of March and 
September is limited.  

Farmers’ groups of around 31% villages of the surveyed area indicated that waterlogging and 
salinity were concerns for agricultural productivity. This figure is very much in line with the national 
average figure of saline and waterlogged area in the IBIS. 

The three main issues faced by the community based on the participatory appraisal are 
stated as under: 

• Profitability of irrigated agriculture as the input prices were higher and farmers were not 
getting right prices of their produce. The situation becomes critical when they have to face 
problem in availability of inputs and delayed payment of their marketable products especially 
the payment by the sugar mills. 
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• Shortage of can2al water supplies and water conveyance losses resulted into reduced 
surface water supplies at the farm level. Therefore, farmers were forced to use groundwater 
for supplemental purposes. The use of poor quality groundwater further added to the 
secondary salinization and sodification of soils. The cost of per m3 of tubewell water was 
almost twenty times of the canal water, thus it further adds toward high cost of production and 
reduced profitability. 

• Waterlogging and salinity was a serious concern in certain areas, where productivity and 
profitability of irrigated agriculture was being affected drastically. 
The above mentioned three issues seem logical. The first issue is beyond the scope of the 

project. However, the project can address indirectly the other two issues. The analysis by farmers and 
their perceptions support the research hypothesis to develop technology for skimming fresh 
groundwater and efficient utilization.   

Farmers' perceptions for interventions 
Farmers’ perceptions for problems and interventions were analyzed (Table 7).  

Table 7. Farmers’ perceptions regarding interventions in selected villages at the Mona 
Unit, MREP, Bhalwal. 

Interventions 
Village 1 2 3 4 5 

Ratho Kala 95 85 80 90 95 

Thathi Noor 100 90 75 90 100 

Jalar Waraichan 100 90 100 80 100 

Head Faqerian 100 50 80 25 25 

Chak No. 6ML 100 100 80 100 90 

Nabi Shah Bala 100 100 85 100 90 

Dhera Ranjha 100 100 0 100 100 

Chak No. 15NB 100 100 80 80 50 

Chak No. 17NB 100 85 50 80 90 

Bonga Minhas 100 100 80 90 95 

Sakacar (Jurra ) 100 100 75 100 95 

Moza Dohri 100 80 25 70 75 

Chak No. 1 (Phularwan) 100 90 60 80 80 

Average 100 90 67 83 83 

The five major aspects described by the farmers' groups were compared in the thirteen 
selected villages and are stated as under: 

1. Need for increasing cropping intensity and productivity; 

2. Willingness of farmers' groups to use groundwater for increased cropping intensity and 
enhanced productivity; 

3. Knowledge on presence of fresh groundwater layer underlain by marginal to brackish 
groundwater; 

4. Need for pumping of fresh groundwater; and 

5. Willingness to participate in the project activities. 
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All the farmers’ groups supported the need for increasing cropping intensity and productivity. 
Around 90% farmers’ groups were willing to use groundwater to accomplish the task of enhanced 
productivity and production. About 67% farmers’ groups were having the knowledge of presence of 
fresh groundwater layer underlain by brackish groundwater. Around 83% farmers’ groups identified 
the need for pumping freshwater and had shown their willingness to participate in project activities. 

DAS study 
Farmers' awareness on research issues and interventions 

Eleven research issues were presented to farmers’ groups in seven villages of the Target 
Area. These eleven issues can be grouped into following five major areas: 

• Thin layer of freshwater overlain by the brackish groundwater; 

• Intrusion of brackish groundwater into thin fresh layer; 

• Concept of skimming well and problem of low discharge associated with this concept; 

• Acceptance of dugwell as a skimming well; and 

• Advantage of innovative and pressurized irrigation systems for application using smaller 
discharges. 

Farmers were aware reasonably well regarding all the first four areas. For innovative and 
pressurized irrigation systems, farmers were well aware about furrow irrigation and its benefits from 
that of basin irrigation. However, most of the farmers were not aware about sprinkler and trickle 
irrigation systems. Awareness about sprinkler irrigation (21%) system was relatively higher than 
trickle irrigation (4%). 

In general, farmers were aware about research issues as they had access to media (radio 
and television). The dialogues with farmers’ groups indicated that project had addressed some of the 
real issues faced by the farming community. 

Farmers' willingness regarding interventions 
Project interventions were presented to farmers’ groups to document their willingness 

regarding these interventions. These interventions include skimming wells, sprinkler irrigation and 
trickle irrigation. The overall percent of willing respondents was 86, 95 and 32 for skimming wells, 
sprinkler irrigation and trickle irrigation systems, respectively. 

The higher percent of willing respondents for skimming wells and sprinkler irrigation was 
mainly due to the issues faced by farmers in relation to secondary salinization and reduced 
productivity. The lower percent of willing respondents for trickle irrigation was mainly due to less 
awareness of the system and less area of orchard due to waterlogging. The water-table in the Target 
Area was high. 

In general, farmers were willing to participate in the project interventions as they already had 
long association with the Mona Project. The Mona Project was able to develop rapport with the 
farming community, therefore they are willing to collaborate in the project activities. Furthermore, 
project has addressed some of the real-issues faced by the farming community. 
Probability of variation in groundwater quality of handpumps 

The overall average of 56 handpumps in terms of total dissolved solids varied between 242 to 
2176 ppm with an average of 778. The pH of shallow groundwater varied between 7.1 to 7.8 with an 
average of 7.3. Therefore, the shallow groundwater was non-sodic, whereas salinity varied 
considerably in the Target Area. 

Probability analysis of total dissolved solids and pH was made for the selected 56 
handpumps in the Target Area. There was a wide variability in groundwater quality (Table 8). 
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Table 8. Variability of shallow groundwater quality of handpumps in selected villages at 
Mona Unit, MREP, Bhalwal. 

Probability (%) TDS (ppm) pH 
Minimum 242 7.1 
5 262 7.1 
10 323 7.1 
25 435 7.2 
50 656 7.3 
75 881 7.4 
80 957 7.5 
90 1083 7.5 
95 2016 7.6 
Maximum 2349 7.8 

The probability analysis indicated that there was only 10% chance that total dissolved solids 
were higher than 1083 ppm. Thus at 90% probability the total dissolved solids were less than 
marginal quality. There was 25% probability that the total dissolved solid were less than 435 ppm. 
Therefore, the probability was very high for having good quality of shallow thin layer of groundwater. 

The probability analysis of pH indicated that there was hardly 10% chance of having pH of 
more than 7.5. Therefore, there was hardly any chance of having sodic water in the shallow depths 
(Table 8). 

Probability of groundwater quality of private tubewells 
The total dissolved solids of private tubewells varied between 155 to 3040 ppm with an 

overall average of 862. Except one village (Chak #6 ML) the quality of private tubewells in terms of 
salinity was very good. The pH of these tubewells varied between 7.1 to 7.9 with overall average of 
7.4 for the selected 35 tubewells (Table 9). 

Table 9. Variability of shallow groundwater quality of private tubewells in selected villages 
at Mona Unit, MREP, Bhalwal. 

Probability (%) TDS (ppm) pH 

Minimum 155 7.1 

5 205 7.1 

10 303 7.1 

25 443 7.2 

50 634 7.3 

75 879 7.4 

80 905 7.5 

90 2227 7.5 

95 2233 7.6 

Maximum 3040 7.9 

The probability analysis of total dissolved solids and pH was conducted for the 35 selected 
private tubewells. The probability analysis was required to have assessment of variability in quality of 
groundwater (Table 9). 
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There was 80% probability that the total dissolved solids were less than 905 ppm. Thus there 
was hardly 20% chance of having marginal to brackish quality groundwater. In addition, there was 
90% probability that pH was less than 7.5. This showed that there was 80% chance of having non-
saline and non-sodic water. 

Suitability of potential locations for project interventions 
Handpumps 

The average total dissolved solids of shallow groundwater of handpumps in five selected 
villages were 426, 773, 690, 661 and 415 ppm for Head Faqerian, Jalar Waraichan, Ratho Kala, 
Chak #1 (Phularwan) and Thathi Noor villages, respectively. All the selected handpumps in these 
villages were having total dissolved solids of less than 1000 ppm. The pH of shallow groundwater 
varied between 7.1 to 7.8. Therefore, these villages are suitable for the installation of skimming wells, 
especially the dugwells. The quality of deep groundwater in these villages as per SCARP tubewells 
was marginal to brackish. 

The low level of total dissolved solids and low pH confirmed that thin layer of freshwater was 
non-saline and non-sodic. Thus if this fresh layer is pumped without disturbing the brackish layer 
underlain by the freshwater, root zone salinity can be sustained on longer term basis. 

Private tubewells 
The average total dissolved solids of shallow groundwater of private tubewells in four 

selected villages were 568, 600, 747 and 683 ppm for Ratho Kala, Chak #1 (Phularwan), Thathi Noor 
and Moza Dohri, respectively (Table 13). All the selected farmers’ tubewells in these villages were 
having total dissolved solids of less than 1000 ppm and only two tubewells of Moza Dohri were 
having total dissolved solids of more than 1000 ppm. There was 80% probability of having less than 
1000 ppm of total dissolved solids and pH of around 7.5 or less. Thus there were 80% chances of 
having good quality groundwater if tubewells are placed in less than 50 m depth. In the saline water 
zone, the quality was brackish even in very thin layers of upto 30 m. 

Thus if the fresh layer of groundwater is pumped without disturbing the brackish layer 
underlain by the freshwater, rootzone salinity can be sustained on longer term basis. This concept is 
new and emerging and most of the scientists have difficulty in visualizing the concept, which is almost 
reverse of the traditional approaches, where we are treating the effect rather than the cause. The real 
cause of secondary salinization is the use of poor quality groundwater. Actually the concepts of land 
reclamation, soil management and saline agriculture address the effect. Thus there is a need to have 
awareness among different stakeholders.  

Project interventions 
The following interventions were identified based on the priority issues and interventions as 

stated by the farmers' groups and the project objectives: 

• Installation of dugwells one each in very thin, thin and medium thickness zones of fresh 
groundwater; 

• Installation of tubewells in medium thickness zone of fresh groundwater; 

• Installation of raingun sprinklers systems for crops, vegetables and orchards; 

• Installation of trickle irrigation system for young orchards; and  

• Furrow irrigation on permanent furrow-bed system.   

RECOMMENDATIONS 
The DAS results provided sufficient information for the selection of potential locations for the 

project interventions related to skimming wells and innovative irrigation systems. However, there is a 
need to conduct detailed survey and design for selected farms to implement the interventions: 
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• Final selection of farmers (for dugwells and tubewells) in the villages selected under the DAS. 

• Detailed engineering surveys to design and layout the skimming wells and pressurized 
irrigation systems interventions. 

• The results of GIS, PRA and DAS will be presented in the workshop to a wider group of 
scientists/engineers/farmers to finalize the methodology. 

REFERENCES 
MREP, 1997. Project profile. Mona Reclamation Experimental Project, Bhalwal, WAPDA. 
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Guidelines for Irrigation Scheduling with Skimmed 
Groundwater to Manage Root Zone Salinity –A 

Preliminary Framework 
M.S. Shafique, M.N. Asghar, M. Ashraf, S.A. Prathapar, and M. Aslam 

ABSTRACT 
In irrigated agricultural areas in semi-arid zones, where the canal water supplies are 

generally not sufficient to meet the crop water requirement, the necessity of pumped water application 
arises. If these irrigated agricultural areas are having shallow watertables, the salts are being added 
to the root zone: (i) from the bottom due to groundwater contribution and (ii) from the top due to 
pumped water and canal water applications. Under such irrigated agricultural conditions, there is a 
need of adopting practical ways and means for irrigation applications so that the root zone salinity is 
managed throughout the cropping season within the acceptable limits for good crop productivity. In 
this context, a set of guidelines for irrigation scheduling aimed at managing salinity in the root zone 
can provide such tools for irrigation applications. 

However, for developing and implementing guidelines for irrigation scheduling with skimmed 
groundwater, there is a need to develop linkages between the net soil moisture depletion and the 
threshold levels of the root zone salinity at different stages of the crop growth under different soil 
moisture depletion levels. Therefore, after reviewing the literature available on the factors concerning 
the salinity in the root zone, a preliminary framework for irrigation scheduling with skimmed 
groundwater is presented. The monitoring and evaluation of this preliminary framework will help in 
developing guidelines for irrigation scheduling with skimmed groundwater. The methodology of 
developing such guidelines is formulated so that it can be generalized for uses in other similar 
aquifers in the Indus Basin of Pakistan. 

INTRODUCTION 

Brief Description of the project 
The project is designed for the Mona Experimental Reclamation Project (MREP) and/or the 

Fordwah Eastern Sadiqia (South) Irrigation and Drainage Project (FESS) areas (Figure 1). The 
technology and management packages, under the project, comprise three inter-linked components: 
(i) the skimming well technologies, (ii) the pressurized and innovative irrigation application systems, 
and (iii) the root zone salinity management. 

First component focuses on identifying and testing a limited number of promising skimming 
well technologies for skimming thin lenses of relatively-fresh groundwater from aquifers underlain by 
saline groundwater layers while controlling the saline groundwater upconing as a consequence of 
pumping. The options that considered while selecting the promising skimming well technologies 
include single-strainer/multi-strainers skimming wells, dugwells, scavenger well, and radial well, etc. 

Under the second component, the in-country manufacturers will be encouraged and 
supported to develop low-cost pressurized irrigation application systems adaptable within the local 
setting of Pakistan. The options for low-cost pressurized irrigation application systems include 
sprinkler (raingun), drip/trickle, and bubbler, etc. Keeping in view the vastness of surface irrigation 
and the perceptions of the farmers with low discharge rates, the adoption of innovative irrigation 
application systems (like bed-and-furrow, furrow-ridge, bed-and-corrugation etc.) is also being viewed 
favorably. 

The third component deals in developing and implementing guidelines for irrigation 
scheduling with skimmed groundwater to manage root zone salinity. The options for applying 
skimmed groundwater comprise the pressurized and innovative irrigation application systems. 
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Figure 1. Location map of the project sites. 

Specific conditions in the project areas 
In the MREP area, there are 73 % farmers with small land holdings (less than 5 hectares), 

18% with medium land holdings (5 to 10 hectares) and 9% with land holdings of more than 10 
hectares (Kahlown et al., 1998). While in the FESS area, there are two farm types: the large farm with 
an average area of 11 hectares, and the small farm having average area of 3.5 hectares. The large 
and small farms cover 59% and 41% of the project area, respectively. By number, small farms 
constitute about 70% of the total number of farms in the area (WAPDA, 1997). 

The cropping patterns, in the MREP area, include mainly rice-wheat and maize-wheat with 
sugarcane as a cash crop. Fodder crops also occupy a place in their cropping pattern. Citrus 
occupies an important position in the cropping pattern and considered as most profitable crop of the 
area (Kahlown et al., 1998). In the FESS area, the major crops are wheat, cotton, sugarcane, fodder 
and rice. The crops account for more than 94% of the cropped area, the rest is under maize, pulses 
and other minor crops (WAPDA, 1997). 
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At the small farms in the MREP area, the annual cropping intensity is 152%, which comprises 
65 and 87% under kharif and rabi seasons, respectively. In kharif, rice, sugarcane, and maize occupy 
26, 9, and 30% of the cropped area. While, wheat and fodder covers 72 and 15% of the cropped area 
in rabi season (Kahlown et al., 1998). Whereas in the FESS area, the annual cropping intensity is 
129.3%, with 55.3% in kharif and 74% in rabi, counting sugarcane in both seasons (WAPDA, 1997). 

The surface irrigation application method is the most prevalent form of irrigation practiced 
within the MREP and FESS project areas (WAPDA, 1997; and Kahlown et al., 1998). Over-irrigation 
is commonly practiced during rouni (pre-planting/soaking irrigation), 1st and 2nd irrigations, while 
under-irrigation is practiced during the last few irrigations (when soil surface conditions enhance the 
water advance behaviour). 

Needs for irrigation scheduling with skimmed groundwater 
In the MREP and FESS project areas, excluding the monsoon period, the canal water 

supplies are generally not sufficient to meet the crop water requirement. The watertable is shallow 
and therefore it also contributes to the evapotranspiration from the crops. But, when both the canal 
water supplies and the groundwater contribution due to capillary rise do not match the crop water 
requirement, the necessity of pumped water application arises. Thus, in the MREP and FESS project 
areas, the salts are being added to the root zone: (i) from the bottom due to groundwater contribution 
and (ii) from the top due to pumped water and canal water applications. 

Different skimming well technologies are being used to extract relatively-fresh groundwater 
lenses from aquifers underlain by saline groundwater layers. However, the discharge rates from these 
skimming wells are too low to apply efficiently on surface irrigated croplands. Pressurized irrigation 
systems are highly advantageous over surface irrigation application systems while using these small 
discharges. These systems are handy in applying exact needed amount of water to the plants. The 
adoption of such systems also helps in providing technical assistance in managing root zone salinity 
under the agricultural lands with commonly grown crops, vegetables and orchards, as water can 
easily be measured before it enters the pressurized irrigation application system. 

However, by introducing adequate interventions in design parameters and operational 
management strategies of skimming wells, higher discharges are also feasible. These higher 
discharges may induce minimum mixing of the saline groundwater layer either within the well or within 
the aquifer with the overlying relatively-fresh groundwater lenses. Therefore, the quality of this 
skimmed groundwater is expected to change with time while responding to recharge and discharge 
mechanisms. But, proper guidelines regarding the design parameters and operational management 
strategies of skimming wells can help in pumping a required quantity of groundwater of the desired 
quality. Where such systems exist, even surface irrigation can be practiced, or at least by using 
innovative irrigation application systems. 

The soil moisture in the root zone is either utilized by the crops and/or evaporates from the 
soil surface, while leaving the salts behind. Resultantly, the salinity in the root zone is expected to 
increase with the application of such skimmed groundwater for irrigation purposes. Therefore, the use 
of skimmed groundwater will require unique but practical ways and means for irrigation applications 
so that the root zone salinity is managed at different crop growth stages throughout the cropping 
season within the acceptable limits for good crop productivity. In this context, a set of guidelines for 
irrigation scheduling aimed at managing salinity in the root zone can provide such tools for irrigation 
applications. 

Irrigation scheduling is a procedure used to determine the time and depth of water application 
for each irrigation event. The time of water application is normally based on the depletion of stored 
soil water, whereas the depth of water application is usually equal to the value of soil water depletion, 
water application efficiency plus some additional water for leaching fraction, if required. Therefore, for 
irrigation scheduling with skimmed groundwater, knowledge of water and salt balances in the root 
zone is of crucial importance, as getting the salt balance right in the root zone is essential to both the 
short-term and long-term viability of an agricultural area. Thus, by knowing the salinity of the pumped 
water and the salt tolerance levels at different stages of the crop growth; the soil salinity and soil 
moisture in the root zone with depth; the evapotranspiration rates during various crop growth stages; 
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and the groundwater capillary contributions in case of shallow watertables, the farmer can be given 
the guidelines for irrigation scheduling skimmed groundwater. 

Basis for irrigation scheduling with skimmed groundwater 
Guidelines for developing irrigation scheduling with skimmed groundwater could be defined 

as tools and yardsticks that play pivotal role in decision making regarding timing and amount of 
irrigation water applications aimed at managing root zone salinity and productivity of land and water. 
Such guidelines for irrigation scheduling could list the hours of pumping for each irrigation event that 
would satisfy crop water requirement, including an appropriate allowance for leaching in order to 
maintain the root zone salinity at acceptable levels for good crop productivity. 

However, for developing and implementing guidelines for irrigation scheduling with skimmed 
groundwater, there is a need to develop linkages between the net soil moisture depletion and the 
threshold levels of the root zone salinity at different stages of the crop growth under different soil 
moisture depletion levels. Therefore, literature review is conducted before developing a preliminary 
framework for irrigation scheduling with skimmed groundwater under irrigated agricultural areas in 
semi-arid zones with (monsoon and winter) rainfalls and watertables having root zone within or 
beyond the capillary reach2. 

The building blocks of the framework that defines such linkages are identified as under: 

• Irrigation with saline water; 

• Salt tolerance of crops; 

• Crop evapotranspiration under stress conditions; 

• Groundwater capillary contribution; 

• Management practices for root zone salinity control; and 

• Monitoring and evaluation of management practices. 

Irrigation with saline water 
The aspect deals with the following information: 

1. Quality of irrigation water; 

2. Number of irrigations; 

3. Soil texture; 

4. Leaching fraction; and 

5. Rainfall. 

Salt tolerance of crops 
Plants differ widely in the their ability to grow and develop under saline and/or sodic 

conditions. The following parameters describes the impacts of soil and water salinity and/or sodicity 
on crop yield: 

1. Soil salinity; 

2. Soil sodicity; and 

3. Quality of irrigation water. 

                                                      
2 If watertable having root zone within the capillary reach, then it is considered “shallow”. On the other 
hand, the watertable is “deep” when the root zone is beyond the capillary reach. 
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Crop evapotranspiration under stress conditions 
The estimation of crop evapotranspiration plays pivotal role in developing guidelines for 

irrigation scheduling with skimmed groundwater. The following stress conditions limit crop 
evapotranspiration and reduce root water uptake: 

1. Soil water stress condition; and 

2. Combined soil water and salinity stress condition. 

Groundwater capillary contribution 
In determining net soil moisture depletion, knowledge about the groundwater capillary 

contribution is also needed. However, the estimates of such contribution will depend on the following 
factors: 

1. Soil texture; 

2. Quality of groundwater; and 

3. Root zone salinity resulting from capillary rise. 

Management practices for root zone salinity control 
The above stated knowledge, tools, and yardsticks are used in managing land, water, and 

crops to control salinity. However, for root zone salinity management, the following practices also 
become part of guidelines: 

1. Irrigation management practices; 

2. Rainfall management practices; and 

3. Shallow watertable management practices. 

Monitoring and evaluation of management practices 
The estimation of water and salt balances are used to monitor and evaluate different 

management practices. The role of successful management for salinity control in the root zone should 
be to maintain the fluctuations in the water and salt balances within limits that neither allows excess 
drainage, nor reduces the crop growth. 

LITERATURE REVIEW 
In irrigated agricultural areas, particularly when relatively-fresh water is applied for irrigation, 

the salts continue to build up in root zone provided salts are not removed in equivalent amounts as 
are applied with irrigation water. When irrigated agricultural areas in semi-arid zones with rainfalls and 
watertables are irrigated with relatively-fresh water, the root zone salinity cycle can be divided into the 
following three periods: 

• Salt builds up period: The root zone salinity builds up with each irrigation event. 

• Salt redistribution period: The soil salinity redistributed in the root zone with winter rainfalls. 
The evaporation of the shallow watertable also redistributes the salinity in the root zone. 

• Salt leaching period: During the monsoon, when in most places rainfall is in excess over the 
potential evapotranspiration, leaching occurs which moved the salts below the root zone. The 
rouni also provides leaching effect. 

All these periods need different practices to manage root zone salinity. 

Irrigation with saline water 
The main factors, which control the extent to which salinity may develop in the root zone 

while irrigating with saline water under deep watertable conditions, include: (i) quality of irrigation 
water, (ii) number of irrigations, (iii) soil texture, (iv) leaching fraction, and (v) rainfall. The regression 
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relationships between these factors and the salinity in the root zone, as mentioned by Gupta and 
Gupta (1997), are described hereafter. However, all the regression relationships of these factors with 
the salinity in the root zone are site-specific and crop-specific under the given management practices. 

Quality of irrigation water 
The salinity of the irrigation water (ECi) and the electrical conductivity of the saturation extract 

of the soil3 (ECe) are related to each other. A regression relationship, which relates both the ECe and 
ECi, could be expressed as given below: 

( )ie ECbaEC +=  (1) 
where, a and b are regression coefficients. Gupta and Gupta (1997) stated that the 

regression coefficients of Equation (1) for different sites show large variations (Table 1). These 
variations were attributed to variations in the management conditions as well as to variations in 
number of irrigations, soil texture, and rainfall. 

Table 1. Effect of quality of irrigation water on the salts accumulated in the root zone 
(Gupta and Gupta, 1997). 

Regression coefficients Sites Sites categories 
a b 

Agra Experimental sites 1.59 1.02 
Jobner Farmers’ fields 3.87 0.48 
Pali Farmers’ fields 0.84 0.44 

Number of irrigations 
The soil salinity in the root zone achieved at the end of “salt builds up period” is related with 

the number of irrigations. A regression equation that takes into account the quality of irrigation water 
and the number of irrigations under field conditions, could be expressed as given below: 

( ) N cEC baEC ie ++=  (2) 

where, a, b and c are the regression coefficients and N is the number if irrigation. For medium 
texture soil and where number of irrigations is not more than 6, Gupta (1990) determined the values 
of the regression coefficients a, b, and c (in Equation 2) as –2.26, 0.90, and 1.24, respectively. 
However, similar type of regression relationships may be worked out for a particular soil and climatic 
region. 

Soil texture 
The rate of root zone salinity build up is faster in heavy (i.e., fine loam, clay loam, and silty 

clay loam) than light (i.e., sandy to loamy sand) textured soils. A regression relationship, which 
relates both the ECe and ECi under different soil textural classes, could be expressed similar to 
Equation (1). 

Gupta and Gupta (1997) stated that the regression coefficient, b, varies from 0.36 for sandy 
to loamy sand soils but is 0.69 for fine loam, clay loam, and silty clay loam soils under the similar 
situations. The value of regression coefficient, a, may not vary much for heavy and light textured soils 
(i.e., from 2 to 2.2). 

Leaching fraction 
Leaching fraction, LF, is defined as the fraction of the irrigation water and/or rainfall that 

leaves the root zone (Singh, 1993; Somani and Totawar, 1993; and Tanji, 1995): 
                                                      
3 Soil salinity is normally measured and expressed on the basis of the electrical conductivity of the 
saturation extract of the soil, as salt concentration in the soil changes with the change in soil 
moisture. 
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where, Dd is the deep percolation (mm), Dp is the rainfall (mm), Dir is the depth of irrigation 
water to be applied (mm), and ECd is the salinity of the water draining from the root zone as deep 
percolation. 

However, Gupta and Gupta (1997) stated that the LF could also be easily known from the 
water application efficiency provided the water distribution efficiency is reasonably high. A 
relationship, which relates both the ECe and ECi under different leaching fractions with the water 
application efficiency, was presented as: 

( )ie EC KEC =  (4) 

The values of K are 2.0, 1.0, and 0.5 for low, medium and high leaching fraction, respectively. 
The qualitative terms low, medium and high leaching fractions are for 0.1, 0.3, and 0.5, respectively. It 
also means high (90%), medium (70%), and low (50%) water application efficiencies. For instance, an 
application efficiency of 70% means that the LF is around 0.30. 

However, for the same amount of water applied, the leaching fractions will be more in light 
textured soils than in heavy textured soils. Therefore, the value of K could also be higher for the lower 
leaching fractions. 

Rainfall 
High rainfall leaches the salts accumulated in the root zone and reduces the number of 

irrigations. A regression relationship, which relates both the ECe and ECi under different intensities of 
rainfalls, could be expressed similar to Equation (1). 

Gupta and Gupta (1997) found that with an additional 10 cm of rainfall under the wheat and 
mustard fields, the regression coefficient, b, is reduced by about 0.6 units for both the crops, which 
indicates the leaching of salts from the root zone after heavy rainfall (Table 2). The number of 
irrigations for wheat crop having low and high rainfall is 4 and 3, respectively, which means that high 
rainfall also reduces the number of irrigations. 

Table 2. Effect of rainfall on the salts accumulated in the root zone and on the number of 
irrigation (Gupta and Gupta, 1997). 

Regression coefficients Crop Rainfall (mm) Number of irrigation 
a b 

Wheat 
Wheat 

17.1 
113.9 

4 
3 

2.44 
1.76 

1.29 
0.69 

Mustard 
Mustard 

18.2 
113.9 

3 
3 

2.76 
1.80 

1.11 
0.50 

Salt tolerance of crops 
Different crops have different salt tolerance. Plants differ widely in the their ability to grow and 

develop under saline and/or sodic conditions. 

Soil salinity 
In reviewing articles on impacts of salinity in the root zone on crop yield by Maas and 

Hoffman (1977) and Mass (1990), it is concluded that under optimum management conditions, the 
crop yields remain at potential levels until ECe reached at threshold level, i.e., ECe threshold: 

100Yr =   thresholdee ECEC0 ≤≤  (5) 
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where Yr is the percentage of the yield of the crop grown under saline conditions relative to 
that obtained under non-saline, but otherwise comparable, conditions. 

It means that ECe threshold is the average root zone salinity at which yield starts to decline. If the 
average ECe of the root zone increases above this critical threshold value, the yield decreases 
linearly in proportion to the increase in salinity. The rate of decrease in yield with the increase in 
salinity is usually expressed as a slope, b, having units of % reduction in yield per unit increase in ECe 
beyond ECe threshold. The salt tolerance of common agricultural crops is generally expressed as follows 
(after Maas and Hoffman, 1977; and Mass, 1990): 

( ) thresholdeer ECECb100Y −−=  zeroe thresholde ECECEC <<  (6) 

0Yr =  zeroe ECEC ≥  (7) 

where ECzero is the EC at or beyond which crop fails to give any yield. Table 3 lists the ECe 

threshold and slope b for common agricultural crops (adopted from Ayers and Westcot, 1985; and 
Rhoades, et al., 1992). 

Table 3. Salt tolerance of common agricultural crops (Ayers and Westcot, 1985; Rhoades, 
et al., 1992). 

Crop ECe threshold (dS.m-1) b (% / dS.m-1) 
Vegetables 
Onion 
Radishes 
Spinach 
Cauliflower 
Potato 
Carrots 
Turnip 
Tomato 
Peas 

1.2 
1.2-2.0 
2.0-3.2 
1.8 
1.7 
1.0 
0.9 
0.9-2.5 
1.5 

16.0 
7.6-13.0 
7.7-16.0 
6.2 
12.0 
14.0 
9.0 
9.0 
14.0 

Cereals 
Barley 
Maize 
Sorghum 
Wheat 

8.0 
1.7 
6.8 
8.6 

5.0 
12.0 
16.0 
3.0 

Fodder 
Alfalfa 2.0 7.3 
Sugarcane 1.7 5.9 
Citrus 
Grapefruit 
Orange 

1.8 
1.7 

16.0 
16.0 

It is interesting to note that the values of ECe threshold and slope b parameters mentioned in 
Table 3 were determined primarily in research experiments where soil moisture at the 0.3 to 0.6 m 
depths (depending upon the crop) were maintained at levels close to field capacity4. Therefore, Table 
3 does not help in predicting an accurate estimate of the expected yield, as the crop yield depends 
not only upon level of salinity but also upon many other cultural and environmental factors. Thus, the 

                                                      
4 The field capacity was considered at about –3 m potential (-30 kPa). 
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interaction between ECe and soil, water, crop and climatic factors could modify the ability of the plant 
to tolerate salinity. 

However, for the same average root zone salinity, crop production at or near to threshold 
levels could be possible, if the effective root zone is somehow kept relatively salt free, as the crops 
adjust for their water requirement and draw more water from the salt free zone. And, the average root 
zone salinity can be managed at a pre-determined level within a wide range by controlling the LF. 
Mathematically (after Gupta and Gupta, 1997): 

i

 thresholde

S
EC

1LF −=   (8) 

where, Si is the salt initially present in the root zone. Table 4 provides crop tolerance to soil 
salinity for working out leaching fraction at some selected stations in India (adopted after Gupta and 
Gupta, 1997). 

Table 4. Crop tolerance to soil salinity for working out leaching fraction at some research 
sites in India (adopted after Gupta and Gupta, 1997). 

Sites Soil type Crop ECe threshold (dS.m-1) b (% / dS.m-1) 
Sampla Sandy loam Wheat 

Barley 
4.0 
7.0 

29.0 
19.0 

Karnal Sandy loam Sorghum 2.2 10.6 
Agra Sandy loam Potato 

Tomato 
Wheat 
Alfalfa 

4.4 
1.3 
8.2 
3.5 

16.1 
6.5 
19.8 
12.5 

Dharwar Black clay Wheat 2.3 20.5 
Indore Black clay Maize 

Alfalfa 
0.50 
2.0 

7.9 
11.22 

The yield of crops would be affected over time when salinity build-up in the total root zone 
proceeds upward. When some yield reduction is permissible, then ECe threshold in Equation (8) could be 
replaced by the salinity at which the desired yield reduction (ECe yield reduction) would occur. The ECe yield 

reduction can be calculated by the by the data reported in Table 4 utilizing the following relationship 
(after Gupta and Gupta, 1997): 

 thresholde
reduction yield e EC

b
EC

LF +=   (9) 

It is known that outcome of the entire cropping season depends upon the initial crop stand. 
Therefore, most favorable conditions should be created during the germination and initial 
establishment stages. In case the salt tolerance of the crop at the germination stage is different than 
the average values given in Table 4, it is proper to use the threshold salinity levels at the germination 
stage. 

Soil sodicity 
Similar to soil salinity, some plants are more tolerant to soil sodicity than others. Excess 

exchangeable sodium percentage, high pH, lack of calcium, and the resulting poor physical properties 
are the main causes for reduction in yields due to soil sodicity (Gupta, et al., 1995). The critical 
exchangeable sodium percentage (ESP) values for 10, 25, and 50 percent yield reduction for some 
crops are presented in Table 5 (adopted from Mehrotra and Gangwar, 1964). 

However, Gupta (1990) pointed out that these critical tolerance limits of ESP should be used 
on tentative basis because of the following reasons: 
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• Mehrotra and Gangwar (1964) did not maintained the complete control on soluble calcium. 
Tolerance of some crops, which were grown in later years after reclamation presumably with 
more calcium in the soil solution, may be under estimated; and 

• ESP in the top 15cm soil profile was used as the criterion for tolerance. However, the 
effective depth of root zone in some crops may be different. 

Table 5. Critical limits of soil ESP at three yield reduction levels of 10, 25 and 50 percent 
for different crops (Mehrotra and Gangwar, 1964)). 

Critical limits of soil ESP for different yield reduction levels Crop 
Threshold Slope 10% 25% 50% 

Onion 9.8 2.2 14.3 22.5 32.3 
Barley 8.5 3.5 29.5 42.0 52.2 
Garlic 9.5 1.8 15.0 23.0 35.5 
Peas 7.7 4.1 9.8 12.5 18.5 
Wheat 16.4 2.1 22.5 33.3 46.0 

Quality of irrigation water 
Generally, where high sodium adsorption ratio (SAR) in irrigation water is accompanied with 

high EC, it is primarily the effect of salinity, which governs the plant growth. But where salinity is low 
and SAR and/or residual sodium carbonate (RSC) is high in irrigation water, plant growth is likely to 
be regulated more by the sodicity problem5 (Gupta, 1990). Table 6 lists the salinity limits of irrigation 
waters at three yield reduction levels of 10, 25 and 50 percent for crops irrigated under natural field 
conditions on different types of soils at different places widely differing in agro-climatic conditions in 
India (adopted after Gupta and Yadav, 1986). The critical limits, as mentioned in Table 6, are 
obviously for ECi but these will closely identify with ECe when LF is close to 0.30 to 0.35 (Gupta, 
1990). Therefore, these critical limits may decrease for lower leaching fractions and increase for 
higher leaching fractions. 

Generally, when sprinkler uses saline water to grow the established crop, salt deposits on 
leaves may adversely affect some crops (Maas, 1985). Deciduous fruit trees are especially 
susceptible (Hoffman et al., 1980). Table 7 describes the relative susceptibility of crops to leaf injury 
from saline water applied with sprinkler irrigation application system during the daytime irrigation 
(after Maas, 1990; and Rhoades et al., 1992). Susceptibility of plants to leaf injury from saline 
sprinkled water depends on leaf characteristics affecting rate of absorption and is not generally 
correlated with tolerance to soil salinity. The degree of spray injury varies with weather conditions, 
especially the water deficit of the atmosphere. Visible symptoms may appear suddenly following 
irrigations when the weather is hot and dry. Increased frequency of sprinkling, in addition to increased 
temperature and evaporation, leads to increase the salt concentration in the leaves due to adsorption, 
and results in leaf damage. However, irrigation at night (or any other low evaporation period) 
minimizes the salt concentration in the leaves due to adsorption (Kruse, 1995). 

                                                      
5 Such information will be more valuable under the Indus Basin of Pakistan conditions where 70% of 
tubewells pump sodic water, and the application of this pumped sodic water has already resulted in 
high degree of sodicity in the irrigated agricultural soils (Qureshi and Barrett-Lennard, 1998). 
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Table 6. Critical limits of salinity of irrigation water for at three yield reduction levels of 10, 
25 and 50 percent (Gupta and Yadev, 1986). 

Critical limits of ECi for different yield reduction levels Crop Soil texture Location 
10% 25% 50% 

Onion Sand 
Sandy loam 

Bapatla 
Agra 

2.5 
1.7 

5.4 
2.8 

10.2 
5.1 

Barley Sandy loam Agra 7.6 16.2  
Maize Sandy loam 

Black clay 
Agra 
Indore 

2.7 
1.2 

5.5 
3.1 

10.3 
9.5 

Sorghum Sandy loam 
Black clay 

Agra 
Dharwad 

8.3 
2.4 

12.8 
6.5 

17.8 
13.4 

Wheat Sand (dune) 
Sandy loam 
Sandy loam 
Sandy loam 
Loamy sand 
Black clay 
Black clay 

Karnal 
Agra 
Karnal 
Hissar 
Jodhpur 
Dharwad 
Indore 

12.5 
9.0 
8.5 
7.4 
7.3 
2.7 
3.8 

16.0 
12.9 
11.0 
10.2 
10.3 
7.4 
8.8 

 
17.6 
14.2 
13.1 
13.6 
18.0 

 

Table 7. Relative susceptibility of crops to leaf injury from saline sprinkled water (after 
Mass 1990; and Rhoades et al., 1992). 

Na or Cl concentration of irrigation water causing leaf injury (dS.m-1) 
< 0.5 0.5 – 1.0 1.0 – 2.0 
Citrus Potato 

Tomato 
Alfalfa 
Barley 
Maize 
Sorghum 

Crop evapotranspiration under stress conditions 
The estimation of crop evapotranspiration plays pivotal role in developing guidelines for 

irrigation scheduling with skimmed groundwater. Both, the soil water and salinity stresses may reduce 
root water uptake and limit crop evapotranspiration. 

Soil water stress condition 
After irrigation and/or heavy rainfall, the soil drains from saturated soil moisture storage (θS) 

till the field capacity is reached. The soil moisture in the root zone decreases from the soil moisture 
storage at field capacity (θFC) as a result of evapotranspiration. The total soil moisture storage 
(TSMS) can be defined as the difference in soil moisture storage at the field capacity and wilting 
point. However, the TSMS is not available to fulfill the crop evaporative demand (CED). The 
proportion of TSMS that a crop can extract from the root zone without reduction in the actual 
evapotranspiration (AET) is the available soil moisture storage (ASMS). At ASMS, the soil moisture 
has a high potential, is relatively free to move and is easily taken up by the plant roots. 

As the ASMS decreases, the potential level also decreases, and the soil moisture becomes 
more strongly bound by capillary and adsorption forces to the soil matrix, and is more difficult to 
extract. When the ASMS drops below the threshold level, the soil moisture can no longer be 
transported quickly enough towards the roots to respond to the CED and the crop begins to 
experience “water stress”. Actually, the remaining soil moisture is held to the soil particles with 
greater force, lowering its potential level and making it more difficult for the plant to extract it. 
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Eventually, the potential level reaches a point where the crop can no longer extract the remaining soil 
moisture. This point is known as wilting point. Therefore, the plants wilt permanently when wilting 
point is reached. 

Therefore, the TSMS is the difference between the soil moisture at field capacity and wilting 
point, and the ASMS is the difference between the soil moisture at field capacity and threshold level 
(Allen et al., 1998): 

( ) rWPFC Z TSMS θ−θ=  (10) 

( ) [ ]TSMS pZ ASMS rTHFC =θ−θ=  (11) 

where, TSMS is the total soil moisture storage in the root zone (mm), θFC is the soil moisture 
at field capacity (m3.m-3), θWP is the soil moisture at wilting point (m3.m-3), θTH is the soil moisture at 
threshold level (m3.m-3), Zr is the (effective or total as the case may be) depth of root zone (mm), and 
p is the average fraction of TSMS that can be depleted from the root zone before reduction in AET 
occurs.  

The magnitude of TSMS depends on the soil type and the depth of the root zone. Typical 
ranges for field capacity and wilting point are given in Table 8 for various soil types (Allen et al., 
1998). 

Table 8. Typical soil moisture characteristics for different soil types (Allen et al., 1998). 

Soil Type (USDA soil texture classification) θFC (m3.m-3) θWP (m3.m-3) 
Sand 
Loamy sand 
Sandy loam 
Loam 
Silt loam 
Silt 
Silt clay loam 
Silty clay 
Clay 

0.07 
0.11 
0.18 
0.20 
0.22 
0.28 
0.30 
0.30 
0.32 

0.05 
0.03 
0.06 
0.07 
0.09 
0.12 
0.17 
0.17 
0.20 

Ranges of the maximum depth of root zone for various crops are listed in Table 9 (Allen et 
al., 1998). The values for p are also listed in Table 9 (Allen et al., 1998). The fraction p is a function of 
the crop evaporative demand (CED). A numerical approximation for adjusting p at different CED is 
given as under (Allen et al., 1998): 

( )CED-5 0.049) Table (from pp +=  (12) 

where, the adjusted p is limited to 0.1 ≤ p ≤ 0.8, and CED is in mm.day-1. The value of p is 
also a function of the soil type. Generally, it can be stated that the p values listed in Table 9 can be 
reduced by 5-10% for clay, while for sand, they can be increased by 5-10% (Allen et al., 1998). 

Soil moisture content in the root zone can also be expressed by root zone depletion, Dr, i.e., 
reduction in soil moisture relative to field capacity (Figure 2). At field capacity, Dr is zero. When soil 
moisture is extracted by evapotranspiration, the Dr increases and stress will be induced when Dr 
becomes equal to ASMS. After the root zone depletion exceeds ASMS, the root zone depletion is 
high enough to limit evapotranspiration to less than potential values and the crop evapotranspiration 
begins to decrease in proportion to the amount of soil moisture remaining in the root zone. 

Therefore, for Dr > ASMS, the transpiration reduction factor, Ks, is given as (Allen et al., 
1998): 
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Table 9. Ranges of the maximum depth of root zone6 for various crops (Allen et al., 1998). 

Crop Maximum depth of root zone (m) P (for EED ≈ 5 mm.day-1) 
Vegetables 
Onion 
Radishes 
Spinach 
Cauliflower 
Potato 
Carrots 
Turnip 
Tomato 
Peas 

0.3-0.6 
0.3-0.5 
0.3-0.5 
0.4-0.7 
0.4-0.6 
0.5-1.0 
0.5-1.0 
0.7-1.5 
0.6-1.0 

0.30 
0.30 
0.20 
0.45 
0.35 
0.35 
0.50 
0.40 
0.35 

Cereals 
Barley 
Maize 
Sorghum 
Wheat 

1.0-1.5 
1.0-1.7 
1.0-2.0 
1.0-1.5 

0.55 
0.55 
0.55 
0.55 

Fodder 
Alfalfa 1.0-2.0 0.55 
Sugarcane 1.2-2.0 0.65 
Citrus 
At 20% canopy 
At 50% canopy 
At 70% canopy 

0.8-1.1 
1.1-1.5 
1.2-1.5 

0.50 
0.50 
0.50 

( )TSMS p1
DTSMS

ASMSTSMS
DTSMSK rr

s −
−

=
−

−
=  (13) 

where, Ks is a dimensionless transpiration reduction factor (0-1), Dr is root zone depletion 
(mm), TSMS is the total soil moisture storage in the root zone (mm), and p is the average fraction of 
TSMS that can be depleted from the root zone before reduction in AET occurs. 

The estimation of Ks requires a daily water balance computation for the root zone. For soil 
moisture limiting conditions, Ks < 1. Where there is no soil moisture stress, Ks = 1. However, Ks 
describes the effect of water stress on crop transpiration rather than evaporation from soil surface. 
But, in situations where evaporation from soil surface is not a large component of AET, the following 
equation provides reasonable results (Allen et al., 1998): 

( )CEDKKAET cs=  (14) 

where, Kc is the basal crop coefficient. 

Combined soil water and salinity stress condition 
Soil salinity can reduce AET by reducing root water uptake. The presence of salts in the soil 

increase osmotic potential and hence additional force is required for the crop to extract water from the 
soil. 

                                                      
6 The larger values are for soils having no significant layering or other characteristics that can restrict 
rooting depth. 
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Figure 2. Representation of soil moisture components in the root zone. 

Allen et al., (1998) presented an approximate function that predicts the reduction in AET 
caused by the stresses induced by soil salinity and soil water. The function was derived by combining 
crop yield-AET equation from Doorenbos and Kassam (1979) with crop yield-salinity equation from 
Ayers and Westcot, (1985). The resulting equation provides an approximation of the reduction in AET 
expected under various soil water and salinity stress conditions: 

• When Dr < ASMS and ECe > ECe threshold 

( ) thresholdee
y

s ECEC
100K
b1K −−=  (15) 

where, Ky is a dimensionless yield response factor that describes the reduction in relative 
crop yield according to the reduction in AET caused by soil moisture stress, ECe represents the 
average salinity in the root zone (dS.m-1), ECe threshold is the threshold electrical conductivity of the 
saturation soil water extract where crop yields remain at potential levels (dS.m-1), and b is the slope 
having units of % reduction in yield per unit increase in ECe beyond ECe threshold. The Ky values are 
crop-specific and may vary over the growing season. Table 10 provides values of Ky for common 
agricultural crops (adopted from Doorenbos and Kassam, 1979). However, the seasonal value for Ky 
is generally used to predict the reduction in AET, and Table 10 also gives the seasonal values of Ky 
for common agricultural crops. 
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Table 10. Yield response functions for common agricultural crops (Doorenbos and 
Kassam, 1979). 

 Ky (-) 
Crops Vegetative 

period 
Flowering 
period 

Yield formation 
period 

Ripening 
period 

Seasonal value 

Vegetables 
Onion 
Potato 
Tomato 
Peas 

0.45 
0.45 
0.40 
0.20 

 
 
1.10 
0.90 

0.80 
0.70 
0.80 
0.70 

0.30 
0.20 
0.40 
0.20 

1.1 
1.1 
1.05 
1.15 

Cereals 
Maize 
Sorghum 
Wheat 

0.40 
0.20 
0.20 

1.50 
0.55 
0.60 

0.50 
0.45 
0.50 

0.20 
0.20 
 

1.25 
0.9 
1.15 

Fodder 
Alfalfa 0.7-1.1    1.1 
Sugarcane 0.75  0.50 0.10 1.2 
Citrus     1.1-1.3 

For many crops, the seasonal Ky is nearly 1. Therefore, for crops where Ky is unknown, its 
value may be considered equal to 1 (or equal to the Ky for a crop that has similar behaviour). The 
values of b for common agricultural crops are already mentioned in Table 3 and 4. It is clear from 
both of these tables that the values of b are site-specific, and therefore requires local calibration. 

• When Dr > ASMS and ECe > ECe threshold 

( ) ( ) 





−

−










−−=

TSMS p1
DTSMSECEC

100K
b1K r

 thresholdee
y

s  (16) 

where, ECe represents the average salinity in the root zone. 

Limitations in using Equation (15) and (16) are listed as under: 

• It is assumed that “p” do not change with increasing salinity. This may or may not be a good 
assumption for some crops. 

• Generally, the seasonal value for Ky is used to predict the reduction in AET, but the impact of 
salinity on plant growth, crop yield, and AET is a time-integrated process. 

• Both of these equations are suggested as only approximate estimates of salinity impacts on 
AET, and represent general effects of salinity on AET as occurring over an extended period 
of time (weeks, months, seasons or years). These equations are not expected to be accurate 
for predicting AET for specific days. 

• These equations may not be valid at high salinity, where the linear relationships between 
ECe, crop yield and Ks may not hold. 

• However, the use of these equations is generally considered valid when ECe < ECe threshold 
+50/b. 

Groundwater capillary contribution 
In determining net soil moisture depletion, knowledge about the groundwater capillary 

contribution is needed. Due to capillary rise, groundwater evaporates at the land surface and/or 
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utilized by the plants, leaving most of the salts behind in the root zone. The assessment of maximum 
groundwater capillary contribution can help to control the extent to which salinity may develop in the 
root zone. The main factor that affects the maximum groundwater capillary contribution is the depth to 
watertable. Other factors include: (i) the soil texture, (ii) the quality of groundwater, and (iii) the root 
zone salinity resulting from capillary rise (after Gupta and Gupta, 1997). 

Soil texture and depth to watertable 
Skaggs (1980) stated that the depth to watertable from 1.0m to 1.5m provided the maximum 

contribution from groundwater for a wide range of soil types. The shallower depth to watertable 
applies to sandy soils. Generally, the rate of maximum groundwater capillary flux decreases more 
steeply in a coarse than a fine textured soil with the increase in depth to watertable (Hoffman, 1995). 
Gupta and Gupta (1997) have given the following relationship to estimate the effect of soil texture on 
the maximum groundwater capillary flux that reaches the soil surface, qmax (mm.day-1): 

nmax d
Aaq =  (17) 

where, d is the depth to watertable (mm), a (mmn+1.day-1) and n (-) are coefficients, and A is 
also a coefficient which depends on n. Some typical values of these coefficients for different soil 
textural classes are presented in Table 11 (adopted after Gupta and Gupta, 1997). 

Table 11. Effect of soil texture on the maximum groundwater capillary flux that reaches the 
soil surface (Gupta and Gupta, 1997). 

Soil texture d (cm) n (-) a (cmn+1.day-1) A (-) qmax (cm.day-1) 

Sand 
Fine sandy loam 
Loam 
Clay 

100 
100 
100 
100 

4 
3 
2 
2 

1.7 x 108 
3.2 x 105 
1.7 x 103 
1.1 x 103 

1.52 
1.76 
2.46 
2.46 

2.58 
0.56 
0.42 
0.27 

With maximum contribution from the shallow groundwater, the salt tolerance of the crop and 
the availability of shallow groundwater limit total water use. In the cropped areas under shallow 
watertable conditions, the zone of salt build up in the root zone depends mainly upon the fraction of 
groundwater that reaches the soil surface. The rate of groundwater capillary flux that reaches the soil 
surface decreases with the increase in depth to watertable. Therefore, for maintaining favorable water 
and salt balance in the root zone, understanding and knowledge of the maximum groundwater 
capillary flux is most important. 

Quality of groundwater and depth to watertable 
Salinity in the root zone increases with decreasing depth to watertable. However, the salinity 

in the root zone increases with increasing salinity of the groundwater at the same depth to watertable. 

Gupta and Gupta (1997) reported that the effect of groundwater quality on the salinity in the 
root zone was more pronounced at shallower than at deeper depths to watertables. When the depth 
to watertable is at or above 1.2m, the concentration of salts at the soil surface is significantly related 
to the quality of the groundwater. 

Root zone salinity resulting from capillary rise 
For the same amount of water applied through irrigation or drawn from the shallow watertable 

to meet the crop water requirement, the distribution of salts in the root zone in both the cases would 
be entirely different (Asghar, 1996). In case of water applied through irrigation, the salinity in the root 
zone increases with the increase in depth as the salts move downward resulting from leaching. 
Whereas, in case of water drawn from the shallow watertable, the salinity at or near the soil surface 
increases resulting from the upward movement of the salts from the groundwater due to capillary rise, 
and there is no leaching in this case. 
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Generally, the density of crop roots decreases with the depth, and the most active crop roots 
are concentrated in the top of the root zone (Salam and Wahid, 1993). Therefore, as a result of salt 
distribution patterns under irrigation and shallow watertable conditions, crops suffer more in the latter 
case than in the former case, even if the average salinity in the root zone is the same (Gupta and 
Gupta, 1997). 

Management practices for root zone salinity control 
Irrigation management practices 

A summary of the factors affecting the selection of irrigation application systems for irrigating 
with saline water is presented in Table 12 (adopted from Kruse, 1995). However, management of 
different irrigation application systems also depends on the crops’ characteristics, planting practices, 
and tillage practices. Timing of irrigation is another important factor when the management of different 
irrigation application systems includes salinity considerations too (Kruse, 1995). 

Crops’ characteristics: All crops do not tolerate salinity equally well at different growth 
stages. Therefore, management of different irrigation application systems often depends on the crops’ 
characteristics. Sprinkler can apply small depths of water uniformly, keeping the seed bed adequately 
moist and salt-free. Therefore, sprinklers are sometimes used to geminate and establish salt-sensitive 
crops and surface irrigation is then used to grow the established crop (Robinson and Mayberry, 
1976). 

Table 12. Factors affecting selection of irrigation application systems for irrigating with 
saline water (adopted from Kruse, 1995). 

Systems Crops Salt distribution pattern Leaching effectiveness 
Surface Most crops Leaves salt in the root zone Leaching requires more water than 

for methods with intermittent 
applications. 

Furrow Row crops High in beds between 
furrows 

Similar to above. 

Corrugation Close-
growing 
crops 

High in areas between 
corrugations unless entire 
field is inundated. 

Similar to above 

Sprinkler Most crops No salt concentrations in the 
root zone, if system 
designed and managed well 

Uniform leaching, and can be used 
to leach salt accumulation left by 
other irrigation methods. 

Drip/Trickle High value 
crops 

Salts concentrates at outer 
fringes of the soil profile 
wetted by each emitter. 

Soil profile wetted by each emitter 
is well leached. 

Planting practices: For the drip/trickle irrigation application systems, if emitters are located 
near individual plants of perennial crops, salts tend to move away from the roots and concentrate in 
intermediate soil areas (Kruse, 1995). To avoid problems with germination or salt stress on seedlings 
of annual crops, it is important to plant precisely where previous drip/trickle irrigation application 
systems has left low concentrations of salt. Planting seeds of furrow-irrigated crops on the sides of 
beds may keep seedlings out of the most saline soil zone (Gupta and Gupta, 1997). 

Tillage practices: Deep surface cultivation can redistribute salt in the soil profile. The 
practice should be evaluated on a small land area before cultivating the entire fields (Singh, 1993; 
and Gupta and Gupta, 1997). Minimum tillage practices allow furrow formed for one crop to remain 
undisturbed for the next. However, organic residue left on the soil surface by minimum tillage 
practices may present a problem for furrow irrigation (Tanji, 1995). 

Timing of irrigation: The timing of irrigation needs special consideration while using saline 
water for irrigation, as soil water stress may occur more quickly and, add to the soil salinity stress, 
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cause immediate crop damage. Proper timing of irrigation can help to avoid low levels of soil moisture 
that cause salts in the soil solution to become highly concentrated. 

Frequent irrigation reduces soil water stress and soil salinity stress caused by the saline 
irrigation water. Frequent irrigation also keeps the salts moving through and away from the root zone. 
If irrigation is applied frequently, each irrigation must be light. Shainberg and Shalhevet (1984) 
reviewed the effect of the frequency of saline water application on yield, and concluded that higher 
frequencies result in higher yield. Irrigation intervals of several days to allow for internal drainage are 
unnecessary because large soil volumes are not saturated. 

Light irrigation can seldom be applied as uniformly with surface irrigation application systems 
as with the sprinkler, drip/trickle irrigation application systems. Drip and trickle irrigation application 
systems help in maintaining suitable matric potential in the root zones of plants, even with saline 
water application (Kruse, 1995). If drip/trickle irrigation application systems cause high salt 
concentrations to accumulate near the soil surface, unexpected rainfall can move the salt down into 
the root zone. Irrigation should be scheduled during or after rainfall to leach the salts before they 
damage the crop (Somani, 1993). 

Use of different quality waters: In many situations, the canal water supplies are either not 
assured or in short supply such that farmers are often forced to pump groundwater of varying quality 
for crop production. This calls for using the limited quantities of non-saline (canal) waters most 
judiciously in combination with poor quality waters. For the combined use of relatively-fresh water 
(saline and/or sodic) and freshwater (canal water), two options are available to the farmers: (i) 
blending of different quality water supplies, and (ii) cyclic use of different quality waters. 

Though blending of saline water and canal water may not always be beneficial to crop 
production, as it does not reduce the total salt load (Gupta, 1990). However, it improves the stream 
size that would enhance the uniformity in irrigation by the surface irrigation application systems and 
allows for more area to be planted (Gupta and Minhas, 1993). The process, however, may lead to 
improvement in the quality of sodic waters. It seems that blending of canal water with the pumped 
groundwater of high RSC and low calcium concentration would result in under-saturation with respect 
to calcite. Consequently, the blended water on irrigation will have greater tendency to pick up calcium 
through dissolution of native calcite from soils. There is, however, no direct evidence available at 
present to support the above proposition. 

However, the blending of sodic water (having high RSC and low calcium concentration) and 
canal water can dilute water to acceptable quality and can broaden the choice of crops. Therefore, it 
may be considered as an effective solution to the water quality problems if facilities for blending are 
available and the blending ratio is known. Thus, to achieve this, a prior information of the salinity 
threshold values of the crops to be grown in sequence and salt build up in the root zone with use of a 
given quality water during the cropping seasons is essential. 

The strategy of cyclic use of different quality waters involves the use of canal water at the 
most sensitive growth stages/crops grown and saline water is used at other stages such that the 
effects of the resultant soil salinity build up can be minimized. In most of the crops, the germination 
and vegetative periods have been identified as the most sensitive stage to salinity. A failure at these 
stages will lead to poor crop stand and considerable reduction in yields (Rhoades, 1987). 

Leaching practices: When watertable is deep, leaching of salts from the soils irrigated with 
saline water could be accomplished by ponding. But, when watertable is shallow, care should be 
taken while applying such leaching practice. However, the timing of leaching does not appear to be 
critical provided crop tolerance is not exceeded for extended period of time. Where water is available 
only during a specific period, there is no alternative than to go in for leaching only at the time of water 
availability (Somani, 1993). 

Ponding may be continuos or intermittent. Somani and Totawar (1993) described that half as 
much water was required with intermittent ponding as with continuos ponding for the same reduction 
in root zone salinity. Actually, intermittent ponding reduces bypass flow through macro pores because 
it creates the predominance of unsaturated flow in the root zone. Intermittent ponding also provides 
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ample time for salts (adsorbed/absorbed) to dissolve in the soil water, and these dissolve salts, now, 
requires less water for the reduction of root zone salinity.  

Rainfall management practices 
As irrigation waters are applied to soils supporting crop growth, the crop removes much of the 

water and leaves a majority of the soluble salts behind. Maximum utilization of rainfall is the single 
most important practice for agricultural areas irrigated with the saline water. Actually, rainfall helps in 
the leaching of accumulated salts, because it is the best quality water available for leaching of soluble 
salts from the root zone. Therefore, every possible effort should be made to make effective use of 
rainfall (Somani, 1993). 

Rainfall in many cases may be adequate to accomplish all the needed leaching. Where 
rainfall is not expected to be adequate, the initial leaching should be carried out with saline 
groundwater before the onset of monsoon. The monsoon will, then, help in leaching the salts further 
with high efficiency. Moreover, a pre-monsoon leaching coincides with the period when watertable is 
deep to facilitate leaching of salts to a greater depth while delaying upward rise of salts (Prathapar 
and Qureshi, 1999). 

Shallow watertable management practices 
Crop use of shallow groundwater: The amount of shallow groundwater available to a crop 

can be determined by knowing: (i) the depth to watertable, (ii) the quality of the groundwater, (iii) the 
depth of root zone, and (iv) the salt tolerance of the plants. The more closely the depth of root zone 
and crop salt tolerance match the depth to watertable and the quality of the groundwater, the more 
likely the plants are to extract groundwater (Kruse, 1995). 

The reduction in crop yields with shallow watertables may be attributed to limited aeration 
and restricted root volumes, while reductions under deeper watertable depths might be due to limited 
groundwater capillary contribution to the roots (Tanji, 1995). 

Management of soil salinity: The potential for increasing salinity in the root zone increases 
if significant quantities of saline groundwater are used (Hoffman and van Genuchten, 1983). 
Therefore, while maximizing the use of groundwater without a loss in productivity due to salinity, care 
should be taken to manage the root zone salinity below the salt tolerance level of the crop. Rhoades 
(1984) suggested that leaching should take place during a fallow period or early in the growing 
season, when crop’s root system is shallow and the water demand is small and the watertable is 
relatively deeper to avoid raising the watertable to the extent that the crop is damaged. 

Irrigation scheduling: Irrigation scheduling under shallow watertable conditions can be 
designed either for (i) the maximum contribution from the shallow groundwater, (ii) the little or no 
groundwater contribution, or (iii) the intermediate value of groundwater use. However, good irrigation 
management allows the crop to use shallow groundwater. 

With maximum groundwater contributions, irrigation can best be scheduled using plant-based 
measures. The depth of irrigation water to apply is estimated from soil moisture measurements. The 
optimum time to irrigate is at the highest stress level that does not reduce yield. Irrigation at lower 
stress levels would result in more frequent irrigation, more deep percolation and less contribution to 
AET from the watertable. The time of first irrigation is critical for unrestricted plant growth and root 
development. Soil salinity measurements at the end of the previous irrigation season can be used to 
calculate the leaching required for re-establishing a favorable soil salinity profile for the next growing 
season. Rainfall plus rouni can provide necessary leaching. Most type of irrigation application 
systems allows this management (Kruse, 1995). 

To obtain little or no groundwater contribution, management is somewhat simpler. Only 
irrigation and rainfall supplies the crop water requirement. Deep percolation is minimized. Daily 
irrigation application, to compensate water used by the crop, can do this most easily. The daily 
irrigation application also prevents significant contribution from the watertable. Periodic leaching 
during the season can prevent the buildup of salts in the root zone. An irrigation application system 
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that can provide highly uniform applications is required. Sprinkler or drip/trickle irrigation systems are 
preferred (Kruse, 1995). 

Lack of data on the plant’s temporal extraction of groundwater presents an obstacle to 
obtaining an intermediate amount of groundwater use, which can achieved on a seasonal basis by 
eliminating the final irrigation of the season. Hutmacher et al., (1986) found that wheat grown in the 
presence of a shallow saline watertable did not suffer a reduction in yield when the last irrigation of 
the season was eliminated. 

Monitoring and evaluation of management practices 
The estimation of water and salt balances are used to monitor and evaluate different 

management practices. The water and salt balances are so closely related that it is not possible to 
separate them out (Gupta and Gupta, 1997). 

Under irrigated agricultural areas where annual salinisation–desalinization cycles occur, the 
amount of salts stored in the root zone fluctuates continually. The goal of successful water and salt 
management for salinity control in the root zone should be to maintain this fluctuation within limits that 
neither allow excess drainage nor reduce the growth of the crops (Hoffman, 1995). 

PRELIMINARY FRAMEWORK 
A framework is defined as a set of inter-linked actions aimed at achieving desired objectives. 

The preliminary framework for irrigation scheduling with skimmed groundwater aimed at root zone 
salinity management comprises a set of inter-linked actions for which the following guidelines are 
provided: 

• What is the basic set of information required? 

• When to irrigate? 

• How much to irrigate? 

• How to irrigate? 

• When to adjust? 

• How much to adjust? 

• How to adjust? 

These guidelines could be defined as tools and yardsticks that play pivotal role in decision 
making regarding timing and amount of irrigation water applications aimed at managing root zone 
salinity and productivity of land and water without any adverse environmental effects. 

What is the basic set of information required? 
The following basic set of information identifies benchmark data to be utilized for 

implementing irrigation scheduling with skimmed groundwater aimed at root zone salinity 
management: 

• Soil characteristics (texture, and soil moisture characteristics); 

• Crop characteristics (effective and total depth of root zone, crop evapotranspiration behaviour 
at different growth stages, yield response functions; and salt tolerance characteristics); and 

• Irrigation water quality. 

When to irrigate? 
The decision regarding the timing of irrigation depends upon the soil moisture depletion and 

soil salinity levels in the effective depth of root zone. The effect of root zone salinity is considered 
while keeping in mind the crop salts tolerance characteristics and yield response functions. The soil 
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moisture depletion level in the effective root zone is an indicator for deciding the timing of irrigation. In 
the context of irrigation with skimmed groundwater, the management allowed deficit (MAD) for a 
predetermined salinity level is defined as the soil moisture depletion where root zone salinity is either 
equal or less than the crop salts tolerance. Figure 3 presents the flow diagram that can be used while 
deciding the timing of irrigation. 

 

 

 

 

 

 

 

 

 

 
Figure 3. Flow diagram for deciding the timing of irrigation. 

How much to irrigate? 
Figure 4 presents the flow diagram for deciding the amount of irrigation water application. 

The decision regarding the amount of irrigation water, aimed at managing root zone salinity and 
productivity of land and water, is made by using two different strategies representing different 
watertable conditions. 

Under shallow watertable conditions where the root zone falls within the groundwater 
capillary reach, the depth of irrigation water to be applied (Dir) depends upon the net soil moisture 
depletion (Dr

*). Practically, the Dr
* is estimated by using tensiometers at different depths in the total 

root zone, as the soil moisture depletion level in the total root zone is an indicator for deciding the 
amount of irrigation. For the given application efficiency (AE), the Dir is estimated as: 
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=  (18) 

Under deep watertable conditions where the root zone falls beyond the groundwater capillary 
reach, the Dir depends upon the AET. Equation (14) is used to calculate daily AET. Where there is no 
soil moisture stress or soil salinity stress, the transpiration reduction factor, Ks, is equal to 1. When 
the soil moisture stress affecting the AET, then Ks is calculated by using Equation (13). However, 
under soil salinity stress, Ks is calculated either by using Equation (15) or Equation (16), depending 
upon the soil moisture and salinity stress conditions. The relationships between the AET and water 
stress, and the AET and the combined stresses of water and salinity are depicted in Figure 5 and 6, 
respectively. If n is the number of days between two irrigations, then for the given application 
efficiency (AE), the Dir is estimated as: 
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Figure 4. Flow diagram for deciding the amount of irrigation. 
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Figure 5. The actual evapotranspiration behaviour under soil moisture stress. 
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Figure 6. The actual evapotranspiration behaviour under soil moisture and salinity 

stresses. 
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How to irrigate? 
Irrigation application systems play a vital role in increasing the irrigation performance of the 

irrigation scheduling practices. The following discussion relates that how different irrigation application 
systems apply the desired depth of water to the crop field aimed at managing root zone salinity and 
productivity of land and water without any adverse environmental effects. 

Pressurized irrigation application systems 
For the following reasons, the pressurized irrigation application system is preferred over 

surface irrigation: 

• It helps to apply exact amount of water as determined by “how much to irrigation?”, as there 
is no concern for a spatially varied flow due to soil surface conditions; and 

• Light irrigation7 is possible with these kind of irrigation application systems, where as it is 
difficult with surface irrigation. 

However, the following constraints limit the scope of pressurized irrigation application 
systems: 

• Initial capital cost is high; 

• High operation and maintenance costs; 

• Energy dependence; 

• Skilled labour requirement; 

• Traditionally non-familiar water application system; 

• Requirement of silt-free water; and 

• Field application constraints. 

Innovative irrigation application systems 
The innovative irrigation application systems provides the following opportunities: 

• Relative to surface irrigation, the innovative irrigation application systems enhance capability 
of the farmer to control water applications; 

• Relative to pressurized irrigation application systems, farmers8 are more familiar with 
innovative irrigation application systems; 

• Low initial, operation and maintenance costs; 

• Less skilled labour requirement; 

• Benefits derived by using silt-loaded water; and 

• Less energy requirements. 

However, the following constraints may limit the scope of innovative irrigation application 
systems: 

• Specialized machinery requirement; and 

• Field application constraints. 

                                                      
7 Light irrigation is needed when there is a minimum crop water requirement. This is also a 
requirement when groundwater contribution meets the crop water requirement under shallow 
watertable condition to dilute the salinity in the effective root zone. 
8 Old generation of farmers (from Indian Punjab) used to use low discharges (6-14 lps) by using 
innovative irrigation application systems. 
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Pressurized and surface irrigation application systems 
The combined use of pressurized and surface irrigation application systems has the following 

benefits: 

• The application of pressurized irrigation application system can help to geminate and 
establish salt-sensitive crops by applying small depths of water uniformly, and by keeping the 
seed bed adequately moist and salt-free; and 

• Surface irrigation can help in growing the established crop, as when pressurized irrigation 
application system uses relatively-fresh water to grow the established crop, salt deposits on 
leaves may adversely affect some crops. 

When to adjust? 
The estimation of water and salt balances is used for assessing the need for any adjustments 

regarding the timing and amount of irrigation water applications aimed at managing root zone salinity 
and productivity of land and water. The monitoring and evaluation of this preliminary framework will 
also help in developing guidelines for irrigation scheduling with skimmed groundwater. 

For the agricultural areas irrigated with canal water but also have shallow watertable with thin 
lenses of relatively-fresh groundwater overlying the native saline groundwater, the components of 
water and salt balances under the cropped lands, irrigated with canal and/or skimming groundwater, 
are summarized in Table 13. 

Table 13. The components of water and salt balances under agricultural lands irrigated with 
skimming source pressurized irrigation application systems. 

Components of Water Balance 
IN OUT 

• Canal water irrigation 
• Rainfall 
• Groundwater capillary contribution 
• Lateral groundwater contribution 
• Skimmed water irrigation 

• Evapotranspiration 
• Lateral groundwater contribution 
• Deep percolation 

Components of Salt Balance 
• Canal water irrigation 
• Groundwater capillary contribution 
• Lateral groundwater contribution 
• Skimmed water irrigation 
• Fertilizer/Amendments 

• Lateral groundwater contribution 
• Deep percolation 
• Precipitation 

Water balance 
Irrigation (canal and/or skimmed water), rainfall, and groundwater capillary contribution add 

water to the root zone, and compensate the root zone depletion. Evapotranspiration and deep 
percolation remove soil moisture from the root zone and increases the root zone depletion. 

The schematic representation of the different components of water balance in the root zone is 
depicted in Figure 7. 
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Figure 7. Schematic presentation showing different components of salt and water balance 

under the irrigated agricultural areas. 
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The water balance expressed in terms of root zone depletion is: 

ldgwspcir DAETDDDDDDD ±−−++++=  (20) 

where, Dr is the root zone depletion (mm), Di is the initial soil moisture (or initial depletion) in 
the root zone (mm), Dc is the depth of canal water irrigation (mm), Dp is the rainfall (mm), Ds is the 
depth of skimmed water irrigation (mm), Dgw is the groundwater capillary contribution (mm), Dd is the 
deep percolation (mm), AET is the actual evapotranspiration (mm), and Dl is the net lateral 
groundwater contribution (mm). 

To initiate the water balance in the root zone, Di should be estimated. The initial depletion in 
the root zone can be estimated from the average soil moisture in the root zone (θi) by: 

( ) riFCi Z D θ−θ=  (21) 

If the amount of Dp is less than 0.2 times the CED, then it can usually be ignored in the water 
balance calculations as it is normally entirely evaporated. The Dc and Ds are the average irrigation (of 
canal and skimmed water, respectively) depth expressed for the entire field surface. The amount of 
Dgw depends upon the soil type, the depth to watertable, and the wetness of the root zone. The Dgw 
can normally be ignored when the watertable is more than 1.5m below the bottom of the root zone. 

It is assumed that the water can be stored in the root zone until field capacity is reached. 
Although following irrigation or heavy rainfall, the soil moisture in the root zone might exceed field 
capacity, but the amount of water above field capacity is assumed to be lost the same day by Dd, 
following by AET for that day. As long as the soil moisture in the root zone is below field capacity, the 
soil will not drain (Dd = 0). 

Salt balance 
The salt storage in the root zone of irrigated areas can be worked out by various components 

of water balance (as already described in Table 13) by multiplying with their respective salt 
concentrations. The resulting salt storage or leaching from the root zone can be mathematically 
written as follows: 

( ) ( ) ( ) ( ) ( )llddgwgwsscciis ECDECDECDECDECDSDS ±−+++=  (22) 

where, Ss is the change in salt storage in the root zone, Si is the salt initially present in the 
root zone, Dc(ECc) is the salt added through canal water irrigation, Ds(ECs) is the salt added by the 
application of skimmed water, Dgw(ECgw) is the salt added by the groundwater capillary contribution, 
Dd(ECd) is the salt removed from the root zone as a result of deep percolation, Dl(ECl) is the 
addition/removal of salts due to net lateral groundwater contribution. 

It should be remembered that irrigation may induce mineral dissolution (Sm), Salts may also 
be added directly to the root zone such as through application of amendments (Sa) and/or fertilizer 
(Sf). On the other hand, salts are removed from the root zone by crops (Sc). Salts may also be 
precipitated (Sp). However, if salts in the root zone are considered as conservative salts, Sm and Sp 
can be neglected. But still, it may not be possible to neglect Sa, Sf, and Sc without causing wide 
differences in the calculated and actual salt balance. 

Moreover, unknown parameters in Equation (22) add another dimension to the complexity in 
the use of this equation. For example, Dgw, Dd, Dl, ECgw, ECd, and ECl are not exactly known. 
Therefore, it is recommended to monitor the salt status of irrigated lands to work out the salt regime. 
It would not only help in diagnosing the problem, but also help in identifying factors that are 
responsible for salt accumulation in the root zone or those which would help to leach down the salts 
from the root zone. Therefore, while preparing the salt balance sheet, causes, rate and degree of 
accumulation or leaching should also be worked out. 

The salt balance in the root zone is usually determined for short-term duration (monthly 
basis), medium-term duration (seasonal basis) and long-term duration (annual basis). The following 
salt balance situations may occur: 



104 

• Balance in favour of leaching (if Ss is negative) 

• Stable salt balance (if Ss is zero) 

• Balance in favour of salt accumulation (if Ss is positive) 

In irrigated agriculture, time frame within which salt balance of the root zone is determined, 
could be very important not only from the point of view of saving water but also for the crop health. 
The time frame would normally depend upon how fast the salinity build-up occurs in the root zone. 
For salt sensitive crops irrigated with relatively-fresh water, salt balance at the each irrigation event 
may be important. For salt tolerant crops, it may be possible to allow build-up of salt in the root zone, 
and carry out leaching at appropriate time when water is available. 

How to adjust? 
While developing guidelines for irrigation scheduling with skimmed groundwater under the 

given management practices, there is a need of developing site-specific and crop-specific 
relationships between the salinity in the root zone and the factors affecting salinity in the root zone 
while irrigating with relatively-fresh water. These relationships develop linkages between the net soil 
moisture depletion and the threshold levels of the root zone salinity at different stages of the crop 
growth under different soil moisture depletion levels. These relationships would provide ample scope 
to manage salinity in the root zone at a pre-decided level. 

Under shallow watertable condition 
The relationships between the salinity in the effective root zone and following parameters will 

help in deciding “how to adjust?” for the given site-specific and crop-specific conditions: 

• Depth to watertable; 

• Groundwater capillary contribution; 

• Quality of groundwater; and 

• Soil texture. 

Under deep watertable condition 
The relationships between the salinity in the total root zone and following parameters will help 

in deciding “how to adjust?” for the given site-specific and crop-specific conditions: 

• Quality of irrigation water; 

• Number of irrigations; 

• Soil texture; 

• Leaching fraction; and 

• Rainfall. 

How much to adjust? 
Based on the site-specific and crop-specific relationships, the adjustments will be quantified 

while developing guidelines for irrigation scheduling with skimmed groundwater. For instance, if MAD 
in the preliminary framework for irrigation scheduling with skimmed groundwater was taken equal to 
50% soil moisture depletion. And, the monitoring and evaluation of the preliminary framework showed 
that it should be reduced to say 35% soil moisture depletion for managing salinity in the root zone and 
for enhancing the productivity of land and water under the given management practices. 

In developing preliminary framework for irrigation scheduling with skimmed groundwater, the 
following information indicates that are we following irrigation scheduling practices right? 

• What is the basic set of information required? 
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• When to irrigate? 

• How much to irrigate? 

• How to irrigate? 

While the following information reflects that are we following right irrigation scheduling 
practices? 

• When to adjust? 

• How much to adjust? 

• How to adjust? 

Generally, it is concluded that the methodology of developing such guidelines is formulated 
so that it can be generalized for uses in other similar aquifers in the Indus Basin of Pakistan. 
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