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EXECUTIVE SUMMARY 

The introduction of irrigation in arid and semi-arid regions of the country has resulted in the 
development of the twin problem of waterlogging and soil salinisation, with considerable areas 
either going out of cultivation or experiencing reduced yields. Attempts to develop site specific 
technologies to reclaim such lands to their original productivity have been made in the past, yet a 
concerted effort to test and verify the solutions under different agro-climatic conditions has been 
lacking. Under the aegis of an Indo-Dutch Network Project on "Research on the control of 
Waterlogging and Salinisation in Irrigated Agricultural Lands" 7 pilot areas were established to 
conduct drainage research. Besides, a large-scale monitoring site was used to monitor and evaluate 
the drainage system. This report documents the recommendations emerging from these pilot areas 
and the monitoring site. Basic features of these studies could be summarized as follows: 

The study broadly covers 5 agro-ecological sub-regions of India with soils ranging from sandy 
loam to heavy clay. 

The study areas are parts of 7 irrigation commands covering the states of Andhra Pradesh 
(Nagarjuna Sagar and Krishna Western Delta), Gujarat (Ukai-Kakrapar), Haryana (Western 
Yamuna Canal), Karnataka (Upper Krishna and Tungabhadra Projects) and Rajasthan (Indira 
Gandhi Nahar Pariyojana). All these sites constitute a part of the semi-arid region of India. 

The pilot areas range in size from 20-188 ha. In some cases only a part of the pilot area is 
treated with the intervention of drainage. The large-scale monitoring site covered an area of 
2,000 ha out of which nearly 1,200 ha has been treated with drainage. 

On the basis of these studies several conclusions on the art and science of drainage in India have 
been drawn. General recommendations on measures to combat waterlogging and salinity, design 
specifications for horizontal subsurface drainage (both pipe and open drains), supplementary 
activities in soil and water management and institutional and policy issues have emerged. Besides, 
several site-specific recommendations for the study sites have been included. Although studies on 
reuse and disposal of saline drainage effluent have shown the potential of reuse of drainage effluent 
for crop production, yet further strengthening of research on reuse and disposal strategies is 
recommended. 

In all pilot areas, crop yields improved to justify the cost on drainage intervention. Besides this 
direct benefit, socio-economic benefits of land reclamation through a drainage-based technology 
have been documented. The information included in this document is current state-of-the-art on 
subsurface drainage in India. The recommendations emerging from these studies should be treated 
as guidelines for other regions. 
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1. GENERAL BACKGROUND 

Agriculture is a key sector in India's economy, contributing about 35% of the Gross Domestic 
Product and employing 65% of its adult population. Of the total population of over 1000 million, 
more than 30% live below the poverty line and about 75% live in rural areas, depending directly or 
indirectly on agriculture. One-third of the agricultural labour force are women and agriculture is 
the main source of employment for women in rural areas. Annual agricultural growth has been 
modest at 2.6% per annum over the last 25 years. Development plans of the Government of India 
(GoI) and State Governments give priority to alleviating poverty and creating employment, 
particularly in rural areas. Considerable irrigation potential has been created in India to sustain 
agricultural production against the vagaries of rainfall that is scarce and unevenly distributed in 
space and time. 

The introduction of irrigated agriculture in arid and semi-arid regions of the country has resulted 
in the development of the twin problem of waterlogging and soil salinization, with considerable 
areas either going out of production or experiencing reduced yield. It is estimated that an area of 
nearly 8.5 million ha is affected by soil salinity and alkalinity, of which about 5.5 million ha in the 
irrigation canal commands and 2.5 million ha in the coastal areas. The problem of increasing salinity 
caused by the rise of the water table and the lack of drainage is considered as a major environmental 
problem that threatens the capital investment in irrigated agriculture and its sustainability. 

GoI's long-term strategy is to stimulate agricultural growth and promote rural development through 
improved water and land management, enhanced efficiency of irrigation and drainage networks, 
strengthened research activities, increased attention to environmental protection, and improved 
rural infrastructure. 

Investment programmes, to address these elements and to re-establish growth, are of high priority 
in the Tenth Five Year Plan of Go1 and State Governments. It is planned to double the food grain 
production in the next two decades. This can only be achieved through a concerted effort on all 
fronts including the reclamation of waterlogged salt-affected lands in all irrigation command areas. 
Irrigated agriculture will continue to be the mainstay of progress in the Indian agriculture to ensure 
food and nutritional security through crop diversification. 
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2. THE PROJECT 

During 1995, the Governments of India and The Netherlands agreed upon collaboration in the 
Network Operational Research Programme on the Control of Waterlogging and Salinization in 
Irrigated Agricultural Lands. The programme started on 1 November 1995 upon approval by the 
Government of India through the Side Letter and ended on 30 April 2002. 

The programme aimed at the development of appropriate location-specific drainage and 
reclamation technologies for solving the problems of waterlogging and salinity in canal commands 
of India. It also envisaged developing practical survey methods for diagnosis of problems of 
waterlogging and salinity. Further it aimed at establishing competent Centres in these fields. From 
here on, the programme is referred to as the Indo-Dutch Network Project for short. 

2.1 Project Outline 

The Indo-Dutch Network Project was planned and executed with the use of the Objective Oriented 
Project Planning (OOPP) technique. Based on the overall and project objectives, the results and 
corresponding activities were formulated in a logical framework (Table 1). 

The project had four overall objectives: 

1. Increase of agricultural production from salt-affected lands through application of proper 
soil and water management practices along with other agro-techniques 

Prevention of deterioration of productive land through adoption of appropriate soil and water 
management practices 

Improvement of socio-economic conditions of small and marginal farmers of these lands 

Developing expertise for handling reclamation projects in India 

2. 

3. 

4. 

From these overall objectives, two project objectives were derived: 

1. Strengthened research capacity of CSSRI and the four State Centres, especially in the field of 
waterlogging and salinity control 

Enhanced awareness on drainage and related water management for the control of 
waterlogging and soil salinity at State and Central level 

2. 

The overall and project objectives were translated in eight project results (Table 1). For each result 
an Objectively Verifiable Indicator was formulated to monitor whether the Project achieved the 
results as planned. This has resulted in a list with means of verification specifying how the indicators 
are reported. However, the conditions needed to reach these results were not always within the 
competence or mandate of the Project, and were therefore, considered as outside factors, although 
with importance for the Project. These conditions, sometimes also referred to as risks but in this 
project as important assumptions were listed. The results were translated in a set of activities 
(Table 2). These activities formed the basis of the research conducted by the participating Network 
Centres. In the subsequent annual work plans the activities were further specified based on the 
reported progress. 

2 
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Table 1. Overall logical framework Indo-Dutch Network Project - objectives and results 

Objectively verifiable indicators Means of verification Important assumptions 

Overall objectives 
1 Increase of agricultural production from salt- 

affected lands through application of proper 
soil and water management practices along 
with other agro-techniques; 

2 Prevention of deterioration of productive land 
through adoption of appropriate soil and 
water management practices; 

3 Improvement of social-economic conditions 
of small and marginal farmers of these lands; 

4. Developing expertise for handling 
reclamation projects in India. 

Project objectives 
1 Strengthened research capacity of CSSRI 

and the four State Centres, especially in the 
field of waterlogging and salinity control 

2 Enhanced awareness on drainage and 
related water management for the control of 
waterlogging and soil salinity at State and 
Central Level 

Results 
I .  A methodology for identification of 

waterlogging and soil salinity conditions 
using remote sensing 

2. Recommendations on waterlogging and 
salinity control based on pilot area drainage 
research 

3. Appraisal of irrigation and drainage 
practices by computer simulations 

4. Improved human resource at CSSRI and 
the four State Agricultural Universities 
through training 

5. Operational Training Centre at CSSRI 

6. Enhanced awareness at State and Central 
level on the necessity of an agricultural 
drainage policy 

7. Enhanced awareness at farmers’ level on 
improved irrigation and drainage for control 
of warelogging and salinity 

8. Advice on drainage and related water 
management 

By April 2002 CSSRI and the four State 
Centres will have published quality reports 
on the control of waterlogging and soil 
salinity 
By April 2002 there will be ample 
documentary evidence of enhanced 
awareness on waterlogging and salinity 
control at village, State and Central level 

By April 2002 CSSRI and the State Centres 
will have published a joint report with a 
methodology to identify waterlogging and soil 
salinity conditions 
By April 2002 CSSRI and State Centres will 
have published a joint report on combating 
waterlogging and soil salinity 
By April 2002 CSSRI and at least 2 State 
Centres will have published a joint report on 
the appraisal of irrigation and drainage 
practices by computer simulations tested in 
the drainage pilot areas 
By April 2002, 50% of the project staff and 
100% of the scientific staff will have parti- 
cipated in a training activity 

By April 2002 CSSRI will have developed 3 
training modules and conducted at least 2 
national training courses in the new training 
Centre 
By April 2002 at least 3 State Governments 
will have expressed their willingness to 
prepare an agricultural drainage policy as 
documentary evidence 
By April 2002 in at least 2 State Centres a 
Pilot Area Farmers Committees will have 
been established 
By April 2002 CSSRI and the State Centres 
have each given at least 20 working days/ 
year advice to others 

Review by experts Acceptance of 
Project results at 
policy level 

Check on relevant 
documents Investment in 

improved water 
management 

Joint report 
Progress reports 

Joint report 
Progress reports 

0 Joint report 
Progress reports 

0 Progress Reports 
0 Interviews 
0 Back-to-office 

reports 
0 Field check 

Review of curricula 
0 Course evaluation 

reports 
0 Check of relevant 

documents 

Progress repors 
0 Meeting with 

0 Progress reports 
farmers 

Continued 
support of ICAR 
and State 
Agricultural 
Universities 

involvement of 
trained staff 
Involvement of 
relevant staff 
available at 
CSSRI for 
networking 
Acceptance of 
project results by 
end-users 
(Ministries, 
farmers, 
contractors, pipe 
manufacturers) 

Continued 
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Table 2. Overall logical framework Indo-Dutch Network Project-activities 

Activities Important assumptions 

1.1 
1.2 
1.3 
1.4 
1.5 

2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 

3.1 
3.2 
3.3 
3.4 

4.1 
4.2 
4.3 

5.1 
5.2 
5.3 

5.4 

6.1 
6.2 
6.3 

6.4 
6.5 
6.6 

6.7 

7.1 
7.2 
7.3 
7.4 
7.5 
7.6 

8.1 
8.2 
8.3 
8.4 
8.5 

Identify study area 
Develop physical facilities for remote sensing 
Develop a methodology 
Map waterlogged and salt-affected areas 
Report on methodology and its applicability 

Select pilot areas in farmers' fields 
Conduct a drainage experiment 
Conduct a water management experiment 
Conduct a socio-economic study 
Conduct a cost-benefit analysis of drainage 
Conduct other related studies 
Formulate recommendations 

Select computer models 
Acquire physical facilities 
Conduct computer simulations for diagnosis and prediction 
Report on the appraisal 

Participate in training activities in India 
Participate in training activities abroad 
Conduct or participate in in-service training activities 

Construct and furnish training centre and hostel 
Prepare a programme for National Training Courses 
Develop training modules on 
- Land Drainage 
- Management of Problem Soils 
- Use of Poor Quality Water for Agriculture 
Conduct National Training Courses 

Train field-level workers on the need for drainage 
Conduct workshops & seminars on the need for drainage 
Include officers from interested agencies in the Project 
Implementation Committees (PIC'S) 
Prepare and distribute appropriate literature 
Promote awareness by public relation activities 
Conduct a desk-study on the institutional and organisational 
set-up of agricultural drainage in other countries 
Prepare a background document for State Agricultural 
Drainage Policies 

Undertake excursions to drainage projects 
Train extension workers and farmers on drainage 
Conduct farmers' days 
Prepare and distribute appropriate literature 
Involve local farmers in project activities 
Establish Pilot Area Farmers Committee 

Assist others with training courses 
Assist others with drainage design 
Advise others on drainage and related water management 
Advise others on diagnosis and mapping of problem soils 
Report on the advises rendered 

e 

e 

e . 
e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Qualified staff at Centres 
Timely approval of proposals by the 
competent authorities 

Qualified staff at Centres 
Timely approval of proposals by the 
competent authorities 
No climatic catastrophe 
Full co-operation of the relevant 
organisations 
Full co-operation of farmers 

Qualified staff at Centres 

Qualified staff at Centres 

Qualified staff at CSSRI 
Identified need for National Training 
Courses 
Full co-operation of the relevant 
organisations 

Qualified staff at Centres 
Co-operation of State and Central 
organisations 

Qualified staff at Centres 
Full co-operation of farmers 

Qualified staff at Centres 
Requests for advice 

4 
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2.2 Implementing Agencies 

The Executive Authorities of the Indo-Dutch Network Project were the Indian Council of 
Agricultural Research (ICAR) and the Royal Netherlands Embassy (RNE), New Delhi. The 
implementing agencies of the Indo-Dutch Network Project were: 

The Central Soil Salinity Research Institute (CSSRI), Karnal, as coordinating centre (focal 
point) for the following state centres: 

The Acharya N.G. Ranga Agricultural University (ANGRAU), with office facilities at Bapatla. 

The University of Agricultural Sciences, Dharwad (UASD), with office facilities at 
Bheemarayanagudi and Gangavathi 

The Gujarat Agricultural University (GAU), with office facilities at Navsari 

The Rajasthan Agricultural University (RAU), with office facilities at Hanumangarh 

The Supporting Agency from The Netherlands was the International Institute for Land Reclamation 
and Improvement (Alterra-ILRI), Wageningen. 

2.3 Reporting 

Several options were considered to bring out the final report of the project. In the end, it was 
decided to bring out 4 different volumes. While the first three volumes deal with the Project Results 
1 to 3, the fourth volume provides an overview of the accomplishments in the human resource 
development and establishment of a training center (Project Results # 4  and 5). It was decided that 
the information on activities related to enhanced awareness and advise on drainage rendered by 
the centres (Project Results # 6 to 8) would form a part of the individual reports that would be 
brought out by the Network Centres. 

5 
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Table 3. The criteria adopted by different agencies for waterlogging 

Waterlogging National Commission Ministry of Water 
Resources, Go1 (1991) 

WaterloggedlCritical Water table < 2 m 
Potentially waterlogged Water table 2-3 m 

Safe area Water table > 3 m 

on Agriculture (1976) 
Water table < 1.5 m 

The most widely accepted definition of salt-affected soils is as defined by the United States 
Department of Agriculture, USDA (Richards, 1954). The definition is based on pHs (pH of the 
saturated soil paste), ECE (electrical conductivity of the saturation extract of soil, dS m-') and ESP 
(exchangeable sodium percentage of the soil): 

Saline soils : These soils have an ECe more than 4 dS m-' at 25 OC, pHs less than 8.2, an ESP less 
than 15 and a preponderance of chlorides and sulphates of sodium, calcium, and magnesium. 

Sodic soils : Sodic soils have a pH more than 8.5, ESP of 15 or more and a preponderance of 
carbonates and bicarbonates of sodium. The ECe may be high if originating from salts capable 
of alkali hydrolysis; otherwise it should be less than 4 dS m-I at 25OC. 

Saline- sodic : Saline-sodic soils have pH greater than 8.5 at 25 OC, ECe greater than 4 dS m-' 
and the ESP greater than 15. These soils have formed due to a combined process of salinization 
and sodication. 

A general guideline for the degree of soil salinity / sodicity is given in Table 4, although, the severity 
may vary with the type of soil and crop. 

Table 4. The criteria for soil-salinity/sodicity 

Key to ,degree of 
salinity/ sodicity 

Salinity 
ECe (dS m1) 

Sodicity 
PH ESP 

Slight 
Moderate 

4-8 
8-25 

8.2-9.0 
9.0-9.8 

4 5  
15-40 

Strong >25 >9.8 >40 

4.3 Drainage Activities in India 

The need of drainage in the present context in India was realised as early as 1865 when early 
reports on development of soil salinity were made by the Punjab-Govt. to the then Governor 
General. It was emphasised in the reports of Drainage Board that irrigation and drainage should 
go together. Subsurface drainage experiments to reclaim salt-affected lands were conducted towards 
the 4th quarter of the 19th century by Mr. Robertson. In 1873, stone drains and tile drains were laid 
out to reclaim the lands. In spite of the use of collars in laying these drains, silting problem was 
noticed. Another success case study of subsurface drainage utilising ,tube wells (now commonly 
referred as vertical drainage) to tackle the problem of waterlogging is in the year 1910. It was 
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necessitated to arrest the migration of people from Amritsar (now in Punjab, India). The large- 
scale migration started due to increasing menace of mosquitoes as a result of high water table that 
also resulted in prolonged water stagnation at the land surface. Increasing incidences of Malaria 
in the city scared the people to migrate to safer areas. Sixteen tube wells of 0.0425 cumecs capacity 
each were installed to lower down the water table. The scheme operated for 16-17 years was reported 
to be successful. 

During this period a Subsurface Drainage Research Institute functioned at Ibban, now in Pakistan. 
Four major experiments that were conducted during this period include one at Manjri in present 
day Maharashtra. Chalkanwali now in Pakistan, Nissang (Haryana) and Baramati (Gujarat). From 
these experiments, it was concluded that the drainage systems laid out did not control the water 
table at the desired rate during critical periods, yet the yields were significantly higher in the 
drained over the undrained, control. As a result of operation of the system, the downward 
movement of water improved soil aeration during critical periods such that it resulted in increased 
yield. Recent experiences in India corroborate this observation. The systems at Manjri and Baramati 
were intensively monitored and on the basis of the experiences gained in Maharashtra, Inglish 
and Gokhle (1927) brought out a report. 

During the late Fifties and middle of Sixties, large areas in various states developed problem of 
waterlogging. In spite of well-developed main surface drainage system in many states notably 
Punjab and Haryana (the then old Punjab, India), water table continued to rise affecting production 
and productivity. It was apparently clear that surface drainage in the absence of appropriate field 
and collector drains failed to control the rise in water table. It was, however, clear that along the 
collectors and main drains, rate of rise in the water table was slow and waterlogging conditions 
developed much later than in other areas. Poor upkeep and maintenance of main surface drains 
resulted in all round development of waterlogging. Even in later experiments, where deep open 
drains were used as subsurface drains to minimise investments, it emerged that maintenance of 
open drains is a difficult task. In view of the fact that these lands were quite productive, a large 
number of experimental subsurface drainage systems were laid out throughout the length and 
breadth of the country. These experiments helped to generate valuable information that formed 
the basis of many drainage installations in the country in future. 

With the expansion of irrigation through inter-basin transfer of water, problems of waterlogging 
and soil salinity continued to expand. Presently, the area affected by these problems in the irrigation 
commands alone is estimated to cover about 5.6 million ha. While this figure is for the lands that 
have turned barren and are aptly described as wet deserts, quite a large area also experiences land 
degradation to various degrees. These lands continue to be cultivated but the yields are far below 
the level anticipated for irrigated lands. Experimental evidences led to the realization that subsurface 
drainage is an essential intervention to reclaim such lands. In order to develop a package of practices 
for reclamation of waterlogged saline lands, an attempt was made to utilise this strategy at Sampla 
as early as in 1980. Both open and tile drains functioned well and reclaimed the waterlogged saline 
land. Operational problems, however led to the conclusion that tile drains are a better alternative 
to drain such alluvial lands (Gupta, 1985). Realising the potential of this technology, an Indo- 
Dutch Project was conceived and implemented which continued till 1994. The diagnosis procedures, 
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drainage investigation techniques and design procedures followed have been reported by Rao et 
al. (1986). This site is one of the longest intensively monitored drainage site in India. The system 
was handed over to village Panchayat in the year 2000 for operation and maintenance. In between 
came the RAJAD Project with the Canadian support for the Chambal command in Rajasthan. It 
was closely followed by an Indo-Dutch Network Project and later the Haryana Operational Pilot 
Project. Central Government took up this activity under Command Area Development. Department 
of Rural Development also came forward to implement drainage projects. Experiments were also 
established under the All India Coordinated Research Project on Drainage. 

If we look at the overall scenario, recommendations emerged from time to time that drainage is 
essential. For example, the Royal Commission on Agriculture (1928) mentioned "Now lesson have 
been learnt and in all future projects, drainage will form an essential component of the irrigation 
projects". However, it remained on paper and irrigation projects Continued to be commissioned 
without proper provision of drainage even after independence. Irrigation and drainage go together 
continued to be religiously emphasised by the Second Irrigation Commission (1972) and National 
Commission on Agriculture (1976). The practice to start the irrigation planning and execution 
with the available funds continued to be in vogue in the hope that either drainage might not be 
needed or funds in future would be available for this activity once the project starts yielding income. 

It is apparent that concerted effort to integrate various components such as diagnostic procedure 
and methodology, pilot area drainage research, irrigation water management to minimise drainage 
need, computer modelling and human resource development and creation of awareness at various 
levels have not been made so far. The Indo-Dutch network project was conceived and planned 
with this approach in view. 
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