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Foreword 

Salinity is one of the major causes hindering agricultural 
productivity in the world. Globally nearly 7% of the world 
is afflicted by soil salinity. Salinity caused by 
anthropogenic factors (secondary Stalinization) is often 
related to large-scale development of irrigated agriculture 
without adequate drainage and clearing of natural deep-
rooted vegetation. Problems associated with the presence 
of excess salts in the soil have for long constrained 
agricultural productivity, largely due to inappropriate 
agricultural management practices. The human-induced salinity problems are 
rapidly expanding as reclamation is expensive and time consuming. Despite the 
availability of the agronomic, biological and hydrological solutions, rehabilitation 
of saline are time consuming. In SAARC region, 7% of the total agriculture land 
(218 million ha.) is affected by salinity in Bangladesh, India, Pakistan and Sri 
Lanka. Among the four countries, 23% of agriculture land in Pakistan is saline 
and sodic soil. Sri Lanka accounts 21% saline soil followed by Bangladesh with 
12% and India only 4%. There are several common features among the countries 
of our region which imply that there is much to share and learn from each other’s 
situational experience, successes and learning. Increased food production must 
come through increased productivity per unit of land and water resources. 
Importantly productivity increases must be achieved in ways which do not cause 
impairment of resource base i.e. productivity increases are achieved in a 
sustainable way. 
This compilation emanating from expert inputs for the national scientists, who has 
worked on soil salinity and consultative process, provides a regional perspective 
on the salinity problem and suggests way forward to share best practices among 
the SAARC Member countries to enhance agricultural production and food 
security. 
I personally hope that this compilation and recommendations from the 
consultation meeting will be useful to apply and adapt best practices for 
reclamation of saline soils and enhance the agricultural productivity.  
I would appreciate receiving feedbacks, comments and suggestions from readers 
which would help us to improve our program. 
 
Dr. Abul Kalam Azad 
Director, SAARC Agriculture Centre 
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Executive Summary 

Soil salinity problems are primarily associated with coastal areas and irrigated 
lands in the dry zones. Salinity is a major environmental factor that drastically 
affects the crop productivity throughout the world. Yadav (2003) reported that salt 
affected soils are distributed in 120 countries covering 953 M ha and reduced 
productivity to 7-8% at the global scale. Soil salinity has arrested the productivity 
of agriculture land and in many cases rendered land uncultivable. Considering the 
impact of saline soil on crop production, a regional program involving 
Bangladesh, India, Pakistan and Sri Lanka was initiated with the objectives to (i) 
document existing reclamation systems of saline soil in SAARC region, (ii) 
compare and identify saline soil problems and appropriate reclamation techniques, 
and (iii) disseminate reclamation methods to the researchers, extension agencies, 
and policy makers in the SAARC region. Based on the country report and a 
regional expert consultation meeting the study attempts to provide a regional 
perspective on the salinity problem and suggests way forward to share best 
practices among the SAARC Member countries to enhance agricultural 
production and food security. 
Salinity occurs through natural or human-induced processes that result in the 
accumulation of dissolved salts in the soil water to an extent that inhibits plant 
growth. A saline soil is defined as having a high concentration of soluble salts and 
electrical conductivity of ECE of 4 dS/m or more. There are mainly two types of 
salinity a) Inherent or salinity due to par cut materials underneath the soil profile; 
and b) Coastal salinity due to intrusion of saline water in land. There are number 
of factors responsible for the Stalinization of an area, depending on its situation. 
The land relief and degree of flooding mainly affect the formation of coastal 
saline soils. The other factors are: i) the nature of the soil, ii) precipitation, iii) 
tidal action, iv) the effect of the river system and their discharges, v) depth of the 
ground water table and salt deposits, and vi) the slope of the ground and the 
proximity to drainage channels. Sodicity is a secondary result of salinity in clay 
soils, where leaching through either natural or human-induced processes has 
washed soluble salts into the subsoil, and left sodium bound to the negative 
charges of the clay. 

Historical perspective of the salinity problem and research in South Asia 
In South Asian region, the first recorded report of salinity dates back to 1855 
when a farmer complaint about the deterioration of land in Western-Yamuna 
canal command area in Moonak village (Now in Haryana). In 1865, the presence 
of alkaline substances as the principal cause of the problem was validated by 
laboratory analysis of water in Royal School of Mines in England. The same 
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study identified continual irrigation of land with water containing sulphates and 
chlorides as the cause of deteriorating agricultural land in Moonak. Similarly in 
1889 appearance of barren salt encrusted spots were reported in Nira valley 
(Mann and Tamhane, 1910).  
Corresponding to the concerns raised in India since 1855, scheme of experiments 
for profitable cultivation of saline soil were recommended by the Reh Committee 
in 1879 by (i) removal of salts, (ii) drainage, (iii) silting, (iv) deep cultivation, (v) 
manuring, and (vi) ploughing of green crops. A conference was held in 1879 at 
Aligarh, during which it was decided to set up a series of experiments for the 
reclamation of salt lands (Leather, 1897). A series of experiments were carried out 
at Saidapet in Madras Presidency during 1880s to address the problem of salinity 
due tank irrigation in South India. 
Based on the recommendation of the Indo-American team on water management 
constituted by the Government of India in 1967, the Central Soil Salinity 
Research Institute, Karnal was established by the Indian Council of Agricultural 
Research (ICAR) in 1969.  
Thereafter research on salinity in other countries in the region gradually picked up 
and presently there are institutions designated to research on saline soil in all 
countries. 

Extent of salinity 
Saline soils vary widely in their chemical and physical properties and hydrology. 
The variables include content and nature of salt, distribution of salts in the surface 
horizon, soil pH, nature and content of clay, organic matter content, nutrient 
content, water regime relief and temperature (Ikehashi and Ponnamperuma, 
1978). 
Globally there are 400 million hectares of land affected by either salinity or 
sodicity, which is over 6% of the world land area. Of the current 230 million ha of 
irrigated land, 45 million ha are salt-affected (19.5 %) and of the 1,500 million ha 
under dryland agriculture, 32 million are salt-affected to varying degrees (2.1 %). 
Sodic soils are dominant (>50%) with largest area in Australia while sizeable area 
(20%) is saline in dry-lands of Asia and Pacific and waterlogged and secondary 
salinized (39.9 M ha) in irrigated regions (Ghessami and Nix, 1995; World Watch 
Institute, 1990). 
In SAARC Region, salinity prevails as a major issue, for instance, in Bangladesh, 
the coastal region covers almost 29,000 km2 or about 20% of land area and more 
than 30% of the cultivable lands. About 53% of the coastal areas are affected by 
salinity in Bangladesh. In India nearly 6.72 million ha of total land are salt-
affected out of which 2.95 million ha are saline (including coastal) and 3.77 
million ha are alkaline (IAB, 2000). In Pakistan, about 6.70 million hectares of 
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land are salt-affected and of which 1.89 is sodic in nature. The area of Sri Lanka 
affected by coastal salinity was estimated at around 0.540 million ha. (Country 
reports, 2013). 
Across the four countries, 7% of the total agriculture land (218 million ha.) is 
affected by salinity. Among the four countries, 23% of agriculture land in 
Pakistan is saline and sodic soil. Sri Lank accounts 21% saline soil followed by 
Bangladesh with 12% and India only 4%.  
The salt affected soils have an inherent association with geological formations of 
the area. The study in India show that maximum occurrence of salt affected soil 
(saline and sodic) is prevalent in Pleistocence and recent alluvial zone. It is also 
common in Deccan and Rajmahal geological formation. 
A relationship of soil salinity to temperature and rainfall has also been studied. 
Prevalence of saline soil in India indicates that in areas where temperature ranges 
at 22 to 27°C and rainfall on 300-1500mm generally experience maximum 
salinity. This may be related to load of salinity in runoff water and evaporation 
that leave behind salt. 
Practices and procedures to address the salinity problem 
Ever since the salinity problem was reported, agriculture agencies have tested and 
adopted cropping systems and irrigation management strategies; For instance, 
during 1855 rice and barseem cultivation was promoted as a standard practice for 
reclamation of salt-affected soils in Sind and Punjab. The practices of reclamation 
of saline soils can be broadly classified into five groups (i) crop and crop 
management, (ii) water management, (iii) nutrient management, (iv) land 
management, and (v) infrastructural intervention.  
Among the five management practices, crop and crop management practices that 
involve use of crop varieties tolerant to salinity and cropping systems are widely 
used. In the region there are 22 technologies and 112 crop varieties that are 
tolerant to salinity related to crop and crop management strategies.  
As salinity is closely associated with water and irrigation systems, water 
management techniques have been widely used to reclaim saline soil both on 
short and long term basis. There are 18 water management technologies ranging 
from simple leaching to use of tree for bio-leaching.  
Soil and land management techniques are popular practices in managing soil 
salinity. In the region there are 13 technologies widely used by farmers in 
enhancing the productivity of land. Some of the common practices are bunding, 
deep furrows, mulching and land leveling.  
Nutrient management practices focusing on soil amendments and fertility 
management is common to see application of gypsum in reclamation of sodic 
soils. Integrated nutrient management strategies are reported beneficial in longer 
term as it tends to sustain the productivity of the land.  
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For extensive and large scale reclamation of saline soil areas, major infrastructural 
interventions are tested and proven successful. Sub-surface drainage in India, tidal 
river management in Bangladesh and dykes in Pakistan are being in use. 
An innovative technology ‘Dorovu’ has gained immense popularity in coastal 
regions of India. It include rabi cropping in mono-cropped coastal saline soils, 
rainwater harvesting in dugout farm ponds, reduction of arsenic uptake by higher 
application (10-15 kg ha-1) of Fe and Zn, salt tolerant rice varieties ‘Sumati’ and 
‘Bhootnath’ released for coastal saline soils. One of the major areas of research in 
salt affected soils, which received attention of scientists, policy makers and 
Government, was the development of salt tolerant cultivars of potentially 
important crops.  

Impact of Reclamation of Salt Affected Soils 
Considering that 14.32 million ha of agricultural land is affected by salt, it 
significantly hampers the food production capacity of the region. Reclamation of 
salt affected land that represents 7% of the agricultural land (23% in Pakistan, 
21% in Sri Lanka, 12% in Bangladesh and 4% in India) can help in enhancing 
food security. For instance, in India the reclaimed land every year adds about 15 
million tonnes of food grains to the National food basket and provides additional 
income worth US$ 0.2 billion. The technology also provides on-farm and off-
farm rural employment opportunities worth 8.5 million mandays every year. 
Based on 10 per cent discount rate, the economics of sodic land reclamation 
shows that the present net worth of reclaimed lands is US$ 933/ha with B:C of 
1.52, internal rate of return 21.4 per cent and payback period is 3 years (Sharma et 
al., 2011). Similarly in Bangladesh, in Coastal area 139 polders established since 
1960s by Bangladesh Water Development Board has increased national irrigated 
area at a rate of 100-150 thousand hectares per year, further enhancing food 
production. 

Issues 
Despite the research on soil salinity, the adverse effect of salinity still prevails and 
poses greater challenges to manage it. The intrusion of salt from sea water and 
irrigation mismanagement not only reduces the productivity of land but it also 
renders the land uncultivable and results in mass land degradation and 
desertification. The reduction of crop yield has greater impact of individual food 
security and their incomes. 
Some of the issues raised are: 
- Alternative to gypsum as soil amendments 
- Application of nano-technology, bio- and phyto-remediation in reclamation of 

soil and water 
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- Agroforestry as reclamation strategy 
- Integrated plant nutrient management 
- Integrated water management research 

Way forward 
The problem of soil salinity observed both in coastal zone and inland is a 
pervasive threat to agricultural production and the environment in view of its 
adverse effects on sustainable use of land and water resources. While the 
immediate source of salts in saline soils can be the parent material, irrigation 
water, shallow groundwater, fertilizer and amendments applied to the soils also 
add to the problem. The effect of salinity on crop yield is a function of the 
threshold salinity above which yield decline, and the percentage of yield decrease 
per unit of salinity increases above the threshold. The presence of salt could exert 
an adverse effect on plant growth. Salts make the nutrients less available because 
of osmotic pressure. Excess salt becomes toxic to plants. The long-term presence 
of excess salts can damage the soil irreversibly. 
Taking advantage of the scientific advances in soil salinity research and 
development in the region, there are ample opportunities to consolidate the efforts 
and design collective actions for taking forward the initiatives from each country. 
- Establish a mechanism for closer interactions among scientists working on 

saline soil research on SAARC countries. 
- Initiate SAARC Saline soil Wheat Adaptive Trial (SASWAT) to exchange 

salt tolerant wheat varieties and test in all countries under the adaptive trial 
program.  

- Share information and opportunity to participate in All India Coordinated 
Research Project for Management of Salt-affected Soils and Use of Saline 
Water in Agriculture 
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Best practices and procedures of saline soil 
reclamation systems in Bangladesh 

Jalal Uddin Md. Shoaib1 

Introduction  
Bangladesh is a tropical country located in the north-eastern part of South Asia, 
located between 20º34´ and 26º38´ N Latitude and 88º01´ and 92º42´ E Longitude. 
It is an interface of two significantly different environments: the Bay of Bengal in 
the south and the Himalayas in the north (Huq and Shoaib, 2013). It occupies an 
area of 148,000 sq.km developed mostly on recent alluvium of three major river 
systems, the Ganges-Brahmmaputra-Meghna (GBM) and their tributaries and 
distributaries with Tertiary hills in south-east and Pleistocene terraces in center of 
Bangladesh. It is inhabited by 160 million peoples mainly dependent on 
agriculture. 
The coastal zone of Bangladesh lies in the southern part of the country 
approximately between 20 º34´ and 22º78´ N Latitude and 88º40´ and 92º30´ E 
Longitude. It spreads along the Bay of Bengal over approximately 2.83 million 
hectares in the southern districts in a strip of land few kilometres to 180 km along 
the sea coast and having a coast line of about 710 km. Depending on hydrology 
and geo-forming process it is broadly divided into three regions: the deltaic 
eastern region (Pacific type), the deltaic central and the stable deltaic western 
region (Atlantic type) (Minar, et. al., 2013). The whole region is nearly level 
(<2% slope), low lying, narrow ridges and broad basins crises-crossed by a large 
number of interlinked tidal river net work, a large number of islands between 
channels, a submarine canyon (Swatch of no Ground), the funnel shaped part of 
the northern Bay of Bengal, huge amount of sediment transportation 
approximately 525 m tons per year (Islam,et.al.,1999), most of the area is less 
than 3 m above mean sea level (Allison,1998) and horrendous tidal surge or 
tropical cyclones. It occupies about 20% of total land and 30% of net cultivable 
area of Bangladesh. Due to salinity about 53% of coastal area limits crop 
production (Uddin, et. al., 2011). It is regularly experiencing sea water 
submergence by tidal water, tidal surges and cyclones. In addition, it is now under 
threat of sea level rise due to climate change. Saline water intrusion, water 
logging, late drainage due to slow water recession, desiccation of soil in dry 
season and capillary rises from shallow saline ground water have bearing on soil 
salinity in this area. It is patchy in nature, varies spatially and starts increasing 

                                                            
1 Country Director, Hope Foundation For Women and Children of Bangladesh 
E-mail: jalal_shoaib@yahoo.com 
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from late November and attains its peak during May/June. Cyclone and tidal 
surge transport saline water in polders followed by breaching or collapse of 
polders in many cases, water logging making the situation more severe (Abedin, 
2010). Nearly 40 million peoples are directly affected by soil water salinity and 
another 20 millions are at risk besides agricultural practices (Haque, 2006). There 
are strong evidences of increasing intensity and occurrence of soil-water salinity 
in coastal region due to limiting river flow in upper riparian areas and climate 
change that ingress saline water towards north, which is in inland. The salinity 
level is observed almost double (2.8-18.5 to 4.0-42.8 dS/m) from 1973 to 2009 in 
Sharankhola upazila of Bagerhat district, Dumuria upazila of Khulna district and 
Shyamnagar upazila of Satkhira district (SRDI, 2012). On the other hand water 
salinity of Chitra river of Narail at Narail ferry ghat was safe or non-saline in 
May,1988 and became saline May, 2013 (0.4 to 0.8dS/m) and Bhairab river at 
Naopara of Avoynager Upazila in Jessore district became almost double (1.5 to 
2.5 dS/m) in the month of May of same period. Ground water situation shows 
same scenario in Pirojpur and Bhola district (Islam, 2013; Sabbir, 2013). 
The initiative, named Coastal Embankment Project (CEP) involved the 
construction of 139 polders during 1960s to 1990s (MoA and FAO, 2013). 
Polders are mainly designed to provide protection against tidal intrusion and 
increasing agricultural production; however, they also provide protection against 
floods and storm surges. Polders with engineering structures like sluice gates and 
regulators boosted agricultural production during the initial stage within the 
polder area. The national irrigated area increased at a rate of 100-150 thousand 
hectares per year when it was initiated. But the rate of expansion of irrigated area 
has been reduced to around 50 thousand hectares per year, and irrigation water 
supplies to the south-west are threatened by salinity intrusion especially caused by 
increasing withdrawals of river water and groundwater inland that pull down the 
water-table and also reduce dry-season flow in the rivers (MoA and FAO, 2013). 
Polders are now part of the natural setting of coastal Bangladesh. It contributed to 
accretion of a large area especially in the deltaic central region, the Meghna 
estuary and south of Noakhali district that pushed the shore line further south and 
reducing threat of tidal surge. 
Active deposition of sediment caused siltation outside polders and rivers/channels 
beds (Picture 1) resulting a significant reduction in their drainage capacity and the 
polders that de-linked the flood plains from the rivers. During the dry season 
upstream flow drastically diminished that deteriorated the sedimentation problem 
in the whole region. Consequently after a decade of empoldering, the area has 
been experiencing severe drainage congestion and water logging and increased 
soil water salinity. Water logging converted many agriculture lands into just water 
bodies followed by health and socioeconomic hazards since the early eighties. 
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Picture 1. Silted river bed of Kapotakkha in Tala upazila of Khulna 

Soil salinity restricts normal crop production. Coastal lands of Bangladesh is used 
inter alia for agriculture, shrimp and fish farming, forestry (mainly Mangrove), 
salt production, ship-breaking yards, ports, industries, human settlements and 
wetlands and that kicked off a different socio-economic environment of conflicts 
and competitions among different land users (Alam, et. al., 2002; Islam, 2006). 
Agricultural land has to contest with salt or shrimp farm and human 
settlements/urban area, sometimes forced to change status due to salinity invasion 
from shrimp or salt production areas. 
Most of the lands in the coastal regions are single cropped (Fallow-Fallow – 
Transplanted Aman) and that is cultivated in monsoon, when soils became non-
saline. Double cropped lands even with irrigation (Boro- Transplanted Aman 
(Picture 2) or Transplanted Aus –Transplanted Aman) also occur in this area.  
 
 
 
 
 
 
 
 
 
 
 
 

Picture 2. A typical Boro rice field in Tala upazila, Khulna 
district 

 
Shallow tube well 
for irrigation 
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Dry land crops in rabi season have very narrow space due to salinity and also late 
drainage. Some rabi crops like soybean, cow pea, lentil etc are grown in the rabi 
season. The cropping intensity of the area is 159. There are some unique land uses 
like mixed Paddy (Boro or Transplanted Aman) and shrimp or white fish (Shada 
mach: Talapia: Oreochromis mossambicus; Silver carp: Hypophthalmichthys 
molitrix; Phaissha: Septipinna Phasa; Roui: Labeo rohita; Katala: Calta calta; 
Bhatki: Lates cacalifer), shrimp farm or salt bed are found in this region. Among 
the cultivated fishes Talapia: Oreochromis mossambicu; Phaissha: Septipinna 
Phasa and Silver carp: Hypophthalmichthys molitrix are common.  
Saline soil reclamation in Bangladesh mainly focused on polder intervention 
(protecting land from saline water flooding), land management (washing salt) or 
abiotic approach and salt tolerant cultivar introductions by NARS institutions. 
Tidal River Management (TRM), Integrated Coastal Zone Management and 
recent Master Plan for Agricultural Development in Southern Region of 
Bangladesh are the major drives to address the challenges of coastal region by and 
large. 

Extent of saline soil  
Characteristics of Coastal zone of Bangladesh in relation to Agriculture 
The Coastal Zone is defined as “an area affected by tidal changes in water level 
with annual average tidal cycle of 0.3m, that extends up to 150 km from the Bay 
of Bengal, where soil salinity of 4dS/m, ground water salinity of 1.5-2dS/m with 
the risk of cyclone and Tidal Surge” (SRDI, 2001; DANIDA,1999; Uddin and 
Kaudstaal, 2003 and ESCAP/UN,1987).The Agro-ecological zones that it 
occupies are mainly the Ganges Tidal Floodplain-13 (GTF) with Lower Ganges 
River Floodplain-12 (LMRF), Yong Meghna Estuarine Floodplain-18 (YMEF), 
Chittagong Coastal Floodplain-23 (CCF), High Ganges River floodplain-11 
(HGRF) and Gopalgonj-Khulna Bil-14 (GKB). The last two regions are the recent 
ingression of soil-water salinity. 
Hydrology and geo-forming process of coastal zone of Bangladesh have diverse 
characteristics.  Depending on river flow, nature of flooding, sedimentation and 
nature of sediments etc it is broadly categorized into three distinct regions. The 
deltaic eastern region (Pacific type) includes Chittagong and Coxs Bazar district. 
It is paralleling the young folded hills of the Chittagong area and is the site of a 
154 kilometer long sandy beach. Flush flood, elevation difference, relatively 
coarser sediments from adjacent hills and piedmont are major characteristics of 
this region and these factors have influence on ingression and intensity of soil-
water salinity of this region. A narrow strip of saline area along the sea coast is 
more or less confined by its position along hills and foothills. 
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The deltaic central region includes Barguna, Patuakhali, Bhola, Barisal, 
Laxmipur, Noakhali and Feni. Geological formation is very active in this part of 
the coastal region and it is the locale of active delta building processes. Erosion 
and accumulation processes are spectacular in this region. A large number of 
islands, sand bars, mudflats and char lands in the Meghna estuary are common. 
The stable deltaic western region (Atlantic type) includes Satkhira, Khulna, 
Bagerhat and Pirojpur district. It is a region of active subsidence due to 
compaction of sediments (Minar, et. al., 2013) and yearly subsidence rate 10-
12mm observed by Dhaka University Earth Observatory (DUEO) team (MoA and 
FAO, 2013). This region is almost disconnected from upper riparian river flow, 
elevation differences is very low as result ingression of soil-water salinity in more 
than other two. The coastal landscape is formed under the influence of tidal 
flooding; twice a day during high tides and continuous sedimentation taking place 
where the land is out of the polders. Tidal flooding during wet season, inundation 
by saline or brackish water and upward or lateral movement of saline ground 
water during dry season, shrimp farming with brackish water and use of strongly 
saline water for salt bed are key causes for salinization of coastal land. It restricts 
crop production and creates social conflicts followed by degradation of 
ecosystem. 
The materials carried by tidal rivers are predominantly fine in this area. As a 
result narrow and very fine sandy to silty low levees with fine textured broad 
basin with elevation approximately 20-60cm high are formed. Soils are finer and 
compact in western regions than the others two areas, the central and eastern 
region. However these soils are classified in soil phase level of Typic Heplaquept 
of USDA soil classification. The area is relatively flat and subject to flooding in 
monsoon by saline water and parts of the basin remains water logged in dry 
season. Land type, duration of inundation, soil texture and soil salinity and in 
some cases bearing capacity of soil are key edaphic characteristics of coastal area 
that control agricultural practices. By and large coastal resource utilization and 
land use in coastal regions of Bangladesh is diverse, competitive and conflicting. 
 

Water recession starts from late October, but medium highlands (about 72%) 
remain flooded or wet up to January where medium low (7%) and lowlands (1%) 
remain water logged almost throughout the year (> 9 months). High lands and 
medium highland-1 (Flooded up to 30cm) are normally suitable for rabi crops 
cultivation in respect to duration of flooding. Variability in growing rabi crops or 
Boro (winter rice) depends on soil textures and other edaphic environments 
including soil- water salinity.  
 

Major cropping patterns are Fallow- Fallow-Transplanted Aman (38.5%), Rabi-
Broadcast Aus-Transplanted Aman (24%), Fallow-Transplanted Aus-
Transplanted Aman (14.1%), Fallow-Boro-Transplanted Aman (13.7%) and 
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others (9.6%), which include Rabi crops- Mixed Aus and Aman (2.5%), Fallow- 
B. Aman (2.1%), Boro-Fallow-Fallow (1.01%) etc (MoA and FAO, 2013).  
 

In addition there are coastal Shrimp farm zone 170,000 ha (Picture 3) and fresh 
shrimp farm zone 401,764 ha (BFFA, 2009), 29,138 ha of salt bed (Picture 4) and 
littoral forest (Mangrove forest, Picture 1.5), the Sundarban. Salt and Shrimp 
farming are concentrated in strongly to very strongly saline area. Major 
concentration of salt bed is in Cox’s Bazar and Chittagong district. The maximum 
and minimum temperatures are 43.4ºC (May/June) and 4ºC (Dec/Jan) respectively. 
Annual rainfall ranges from 1500 to 2000mm. Rabi growing period is very short 
as it depends on the recession of surface water to attain soil moisture at field 
capacity (To attain ‘Jeo’ condition) and rabi crops cannot grow in areas usually 
flooded by tidal water (MoA and FAO, 2013).  

 
 
 
 
 
 
 
 
 
 
 
 

Picture 3. A typical shrimp farm at Shaymanagar Upazila of Satkhira; 
 

 
 
 
 
 
 
 
 
 
 

Picture 4. A typical salt bed at Bashkahli Upazilaof Chittagong 
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Picture 5. A typical Mangrove forest in coastal area, Moheskhali Upazila of Coxs Bazar 

As an impact of polder construction in coastal zone, major changes in land uses 
have been observed. Changes also occurred in edaphic conditions followed by 
socio- economic situation in these areas. In the coast polder construction focused 
to protect the area from saline water intrusion. In 1960 polder installation got 
momentum as a protection of populace and lands besides saline water intrusion. 
After a decade, consequences of Polderization showed the way to rapid siltation 
that lead to drainage congestions in the adjoining creeks/rivers and prolong water 
logging, increase of salinity and all of these encompassed negative impact of 
polders on tidal environment. 
About 60% of the lands are inundated to a depth of 30cm or more and land use in 
the 50’s had been limited mainly for local variety paddy cultivation. Salinity 
intrusion and tidal flooding prevented further crops intensification. Paddy 
production boosted at initial stage, drainage congestion inside and heavy siltation 
outside the polders made the south-west area unsuitable not only for agriculture 
but in extreme cases, even for human habitation. As southwest has a history of 
traditional shrimp farming, polders provided opportunity for intensive shrimp 
farming. Land for agriculture, mangroves etc. were transformed to shrimp 
farming. This created social conflict (Islam, 2006). As coastal rivers/creeks are 
interlinked that makes the area more perceptive to any single intervention for 
development. 

Extent and intensity of salinity 
Soils can be saline due to geo-historical process or human induced. It is 
determined by water-salt balance in soil. Geo-historically formed saline soils can 
be found in sea cost, lake sides, or dry lands previously under marine or lacustrine 
deposit. Saline soils of Bangladesh formed from sea water flooding or capillary 
rise from shallow ground water. World soil map produced by FAO/UNESCO 
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delineated an area of about 322.9∗106 ha of saline soil in the world and out of 
which in Asia and Far East 19.5∗106 ha (Brinkman, 1980) and by this time 
definitely both intensity and spatial coverage increased, as in Bangladesh. 
 

So far 49 upazilas (Sub-district) of 19 districts are affected by different degrees of 
salinity. It is more in close proximity to the sea and tidal creeks. The intensity and 
spatial distribution widen in larger areas after tidal surge or cyclone and remain 
saline for years. Soil Resource Development Institute (SRDI) has temporal and 
spatial data on regular monitoring of soil and water salinity since 1989 besides 
reconnaissance survey data of 1973. It was estimated in 1973 and 2009 that the 
area coverage of soils with different degrees of salinity is about 0.833 and 1.056 
million hectares respectively. Two different scenarios of area coverage, 
distribution and degree of salinity as mapped by SRDI are presented in Figure1, 
Figure 2 and Table 1 (SRDI, 2012). The coastal and off-shore areas are affected 
by different degrees of salinity. The severity of salinity problem has increased 
over time with the desiccation of the soil (MoEF, 2005).  
 

Saline water extends much further south than the tidal limit. In dry season the 
limit follows an irregular line from Satkhira in the west, through Khulna, dipping 
south of Patuakhali, crossed the south of Bhola, up east side of Meghna estuary, 
followed Laxmipur-Begumgonj-Feni road to estuary of Feni river (Figure 1 and 
1). The coast line in the western part is more in main land due to disconnection of 
the drainage channels from Ganges that limits fresh or non-saline water flushing 
from upper riparian, which again promotes sea water ingression. 
Recent data recorded manifests new ingression of salinity in Narail (18.71 ha), 
Jessore (14.99 ha), Barisal (13.96 ha), Gopalgonj (6.27 ha), Jhalakati (4.69 ha) 
and Madaripur (0.72 ha). Soil salinity also encroached a large area of Bhola 
(53.84 ha), Patuakhali (40.08 ha), Khulna (27.92 ha) and Bagerhat (23.14 ha) 
besides minor ingression in other districts. On the other hand Chandpur district 
became non-saline and decrease of saline area is documented in Laxmipur and 
Feni district. Total spatial increase of saline area is about 26% in 2009 over 1973 
besides stunning scenarios of increase in different degrees of salinity is also 
spectacular within 36 years from 1973 to 2009 (Table 1). Soils of moderately to 
strongly saline (S3 and S4: 8.1-16 dS/m) class has increased a larger area about 
272 ha (from 79 to 351 ha)  and that of very strongly saline (S5 :> 16dS/m) class 
is 62 ha (from 39 to 101 ha) spreads close proximity to sea, mainly in western 
region and off shore islands. Very slightly saline area (S1: 2-4dS/m) increased to 
41 ha (from 287 to 328 ha) from 1973 to 2009. Slightly saline (S2: 4.1-8 dS/m) 
class reduced from 426 to 274 ha are mapped over 1973 to 2009 (SRDI, 2012). 
Figure 1 and 2 portrayed spatial distribution of different classes of salinity in the 
coastal zone of Bangladesh. 
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Incessant intrusion of soil and water salinity move further towards north of the 
country is also recorded (SRDI, 2012). Salt water does not penetrate far inland in 
the Chittagong-Coxs Bazar coast as of high elevation difference from foot hills or 
piedmont to coast and push back by fresh or non-saline water of Karnaphully, 
Sangu and Matamuhuri rivers of the area (FAO, 1971). It was strongly and 
reasonably felt that mapping of the coastal saline area on smaller scale with 
updated technology such as Geographic Information System (GIS) and remote 
sensing necessitate for regular data acquisition and analysis (Huq and Shoaib, 
2013). 

Table 1. Extent and distribution of Saline soils 
Area (000 ha) District 

1973 2009 
Agro-ecological Zone 

(Major)* 
Remarks 

Satkhira 146.35 153.11 HGRF,GTF Increased 
Khulna 120.04 147.96 HGRF,GTF Increased 
Bagerhat 107.98 131.12 HGRF,GTF,GKB Increased 
Pirojpur 20.30 35.83 HGRF,GTF,GKB Increased 
Barguna 103.55 95.62 GTF Decreased 
Patuakhali 115.10 155.18 GTF Increased 
Bhola 40.73 94.57 YMEF Increased 
Noakhali 49.60 52.52 YMEF Increased 
Laxmipur 20.30 18.43 YMEF Decreased 
Chandpur 1.50 0 LMRF Decreased 
Feni 9.0 5.75 CCF Decreased 
Chittagong 45.70 51.48 CCF Increased 
Cox’s Bazar 54.70 55.35 CCF Increased 
Jessore 0 14.99 HGRF New intrusion 
Narail 0 18.71 HGRF,GKB New intrusion 
Gopalgonj 0 6.27 HGRF, GKB New intrusion 
Madaripur 0 0.72 HGRF,GKB New intrusion 
Barisal 0 13.96 GTF New intrusion 
Jhalakati 0 4.69 GTF New intrusion 
Grand Total 833.45 1056.26  26% increased 

*HGRF: High Ganges River Floodplain; GTF: Ganges Tidal Floodplain; GKB: Gopalgonj-Khulna 
Beel; YMEF: Young Meghna Estuarine Floodplain; CCF: Chittagong Coastal Plain, LMRF: 
Lower Meghna River Floodplain. 
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Figure 1. Soil salinity in 1973 and 2009           Figure 2. Soil salinity in 2009 

Saline soil and water characteristics 
The distinguishing characteristics of saline soils are presence of neutral soluble 
salts consisting of chlorides and sulphates of sodium, calcium and magnesium, 
sodium absorption ratio less than 15%, pH less than 8.5, clay fraction flocculated, 
stable structure. From the agricultural standpoint excess salinity causes poor and 
spotty stands of crops, uneven and stunted growth of most plants by impeding 
nutrient uptake due to negative osmotic pressure. For the purposes of definition, 
saline soils are those which have an electrical conductivity of the saturation soil 
extract of more than 4 dS/m at 25°C (Richards, 1954). This value is generally 
used world over although the terminology committee of the Soil Science Society 
of America has lowered the boundary between saline and non-saline soils to 2 
dS/m in the saturation extract (Abrol, et. al., 1980). In Bangladesh saline soils are 
classified as:  

Very slightly Saline (S1)  2-4 dS/m 
Slightly Saline  (S2)  4-8dS/m 
Moderately saline (S3)  4-12dS/m 
Strongly saline  (S4)  12 -16 dS/m 
Extremely saline (S5)  >16dS/m  

On the other hand water salinity classified as  
Safe    < 0.75 dS/m or 480 ppm  
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Unsafe or Harmful  0.75-3.0 dS/m or 480-1920 ppm 
Extremely harmful   > 3.0 dS/m or 1920 ppm. 

Salt accumulation on top soils is highest in Ganges Tidal Floodplain (GTF) where 
range of soil salinity varies from 0.3 to 70.0 dS/m. Soil salinity decreases with 
depth. Identified cations are Na+, Ca+, Mg+ and K+ and anions SO4

= and Cl- in 
different areas (SRDI, 2012). 
In dry season water salinity of major rivers is highest EC>5.0 dS/m in water near 
the coast and EC around 2.0 dS/m  in northern parts of coastal zone. Influence of 
massive abstraction of ground water and cut off most of the river flow from the 
Ganges catchment salinity ingression is also spectacular the ratio estimated is 
1:40 (Karim, et.al, 1982).  
Data as recorded by SRDI revealed that river water salinity at Narail Ferry Ghat 
(Chitra river), Narail was 0.40 dS/m (Non Saline) in 1988, which is 0.80dS/m 
(Saline) in 2013. On the other hand river salinity at Nayapara, Avoynagar, Jessore 
(Bhairab river) in 1988 and 2013 is 1.5dS/m and 2.5dS/m respectively. Those 
points were not recorded as saline in 1980s (Islam, 2013). Salinity of shallow and 
deep tube well water have a very wide range, which ranges from 0.55 to 2.0 dS/m 
(Sayma and Mashfique, 2012).  

Major Cropping pattern and crops in saline area 
Land type, soil texture, soil and water salinity and water recession regulates the 
cropping intensity in addition social conflicts on water resources use in coastal 
zone. Cropping patterns of the region varies widely. Extensive cropping pattern in 
the coastal region is Fallow-Fallow-Transplanted Aman (TA). Incorporation of 
shrimp or white fish (Shada mach: Talapia: Oreochromis mossambicus; Silver 
carp: Hypophthalmichthys molitrix; Phaissha: Septipinna Phasa; Roui: Labeo 
rohita; Katala:Calta calta; Bhatki: Lates cacalifer) is a unique step forward in 
land use system in coastal region of Bangladesh. Mixed land use like transplanted 
aman and fish or boro-transplanted aman or Boro+ fish are popular land use 
especially in central and western region of the coastal zone. Farmers’ response to 
this type of land use is very positive. They are getting net return almost double the 
previous one (F-F-TA) and it is 166 to 205% for Transplanted Aman + Fish and 
147-257% for Boro- Transplanted Aman (Sattar and Abedin, 2012). Fruit, 
vegetables and forest crops are cultivated on field Bunds or boundary another 
intervention in land use and that also a promising addition in crop production 
system in coastal region specially central and western region. 
Crops in rabi season are also variable from place to place depending edaphic 
situation (Depth and duration of flooding, soil texture, and salinity). Kheshari and 
mung is relayed or til/Mustard in Patuakhali- Barisal- Satkhira-Khulna, soyabean 
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and chili in Noakhali, cowpea in Chittagong. There some rabi vegetables screened 
as suitable at salinity 2dS/m in early stage and 6-8 dS/m at vegetative stage (Table 
2). Soyabean (BARI soyabean5) , sesame (BARI til4) and watermelon (Hybrid) 
suitable at as high as 10-12dS/m. Crops like okra, groundnut, mungbean, chili, 
maize and cowpea is suitable for area with salinity up to 8dS/m (Bashar, 2013). 

Table 2. List of Vegetables screened as suitable ay different salinity 

Crop Cultivar Vegetative 
stage 

Maturity 
stage 

Red amaranth  BARIlalshak 1 >2dS/m 2-4 dS/m 

Indian spinach/ 
Spinach/ 
Batisak/Okra/Turnip 

Indian spinach- Local 
Spinach-BARIpalongshak 1 
Batisak-BARIbatisak 1 
Okra-BARIdherosh 1 
Turnip-Hybrid 

2 dS/m 6-8 dS/m 

Radish/Tomato/Brinj
al 

Raddish-BARImula 1,2 
Tomato-BARItomato-2, 3, 14, 15 
Brinjal-BARIbegun-4,5 

>2dS/m 2-4 dS/m 

Mungbean BM 01, BARImung 6 2-4 dS/m 6-7dS/m  

Groundnut  Dhaka 1, BARIchinabadam 8 2-4 dS/m 6-8 dS/m 

Sesame BARItil 4 2-4 dS/m 10-12dS/m  

Soybean BARIsoybean 5 2-4 dS/m 8-10 dS/m 

Watermelon Hybrid 2-4 dS/m 10-12 dS/m 

Chilli BARImorich 1 2 dS/m 5-6.5 dS/m. 

Wheat BARIgom 25  2-4 dS/m 4-8 dS/m 

Maize BHM -5,9 2-4 dS/m 4-6 dS/m 

Cowpea  BARIfelon 1 2-4 dS/m 4-8 dS/m 

The season-wise list of salt tolerant crops grown in saline areas is (Aziz,2013): 
 Crops in Rabi season: BARI Barly-6, BH-15,18; Chilli, Mung bean(BM-

01,08); Til, Chickpea, Mustard (BARI Sharisha-9,11 relay crop), Cowpea 
(BARI Felon-1), Lentil, Maize (Barnali, Khaibhutta, BARI Hybrid Maize-
3,4,5, Pacific-11,60); Sweet potato, Grass pea, Ground nut, Khesari (BARI 
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Khesari1,2); Soybean (BARI Soyabean-5, Shohag) , Methi, Sunflower, Water 
melon, Vegetables and Boro (Varieties BRRIdhan-28, 29,47; BINA-8,9; 
Hybrid (Hira), Ratna, Minikit);  

 Crops in Pre-Kharif season: Sesame (Atshira), Broadcast Aus (Local) and 
Transplanted Aus (Varieties are LIV, BRRI dhan-26,27,28,42,43,48; 
BR14,Mala, MV; Mixed Aus & Aman); 

 Crops in Kharif season: Kharif Vegetables, Transplanted Aman: Varieties are 
LIV, BR10, BR11, BR22, BR23; BRRI dhan- 27, 28, 30, 33,39, 40, 41, 44, 47 
and BINA-7; MV, Lambu, Shaheb, Chikon, Swarna, Ranjit, Ranisalut, Dud 
Kumar, Sadamota, Kachra, Bashful, Benapol etc 

 Annual & Perennial crops: Fruits, Banana, Nursery etc on raised beds. 
 Others: Mangrove, Shrimp, local fishes, Salt bed (particularly in Chittagong 

coastal areas). 

Saline Soil reclamation Methods followed in Bangladesh 
Polders 
Polder interventions with protective structures provided the benefit to the 
production system and livelihoods and it is assumed to be one of major 
interventions for remediation of soil-water salinity. ‘Polder’ is a Dutch word 
which is reclaimed land mass with engineering interventions to grow more food 
by protecting coastal land from saline intrusion caused by tidal flooding (MoA 
and FAO, 2013). Polders in coastal zone contributed to increase production and 
changes in land uses, that resulting increase in cropping intensity. But it also has 
negative impact on environment by making area waterlogged and drainage ways 
malfunction.  
Reclaiming Beel Dakatia of Khulna and Jessore district 1990 is a manifestation of 
rational Polder management by allowing tidal flow and sedimentation in Polder 
and keep the tidal river functional. As of now Tidal River Management (TRM) 
approach efficiently addressed water logged area and areas susceptible to water 
logging that convert in to tidal basins on rotational basis with modification of 
existing structures and allow sedimentation in a planned way. It is a micro- 
hydrological approach to manage tidal water. Sedimentation in lower parts of the 
polder and wash out river/khal bed by turn is the method how TRM works. It 
requires good survey data, local knowledge on the area concern and river flow 
management. 
Land Management  
Washing salt from top soil: Lands used for cultivation of shrimp, locally called’ 
Gher’( Shrimp Farm) managed to grow generally vegetables on ‘Bunds’ (Raised 
boundary). ‘Bunds’ are raised above flood level and top soils were kept on top. 
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Salinity washed out from the top during rainy season. Year round vegetables are 
grown on these ‘Bunds’ besides culturing shrimp (Golda/Bagda, depending on 
soil and water salinity) or white fish (Mainly Talapia:Oreochromis mossambicus; 
Silver carp: Hypophthalmichthys molitrix; with some Roui: Labeo rohita; 
Katala:Calta calta; Bhatki: Lates cacalifer), or Transplanted Aman with fish or 
Transplanted Aman and boro. Locally this approach known as ‘Gher’ (Shrimp 
Farm) technology. This culture is mainly found in Dumuria and sparsely in Tala 
and Dacope Upazila of Khulna district and Fakhirhat of Bagherhat district 
(Shoaib, 2013). 
Farm-Pond (Khamar-Pokor) technology is an approach to budgeting a land area 
for diversified crops/fruits/forest by digging a pond either at the center or any part 
of the land where suitable in user view and raising other parts of the land above 
flood level. Lands are used for rice and vegetables, and watermelon. Salinity 
washed out from the raised land in rainy season and rain water harvest/store in 
pond for multipurpose use even for Boro. This type of practices is found in 
Batiaghata and Dacope Upazila of Khulna District. In Dacope it is known as 
‘Kuni’technology (Bidhan, 2013). 
Sorjan (Ridge-Ditch) technology generally used in Peat basin area to grow 
different types of crops/fruits on ridges and fish in ditches. In this technology 
lands are changed to ridge and ditches. It is also practiced in shallow to 
moderately deep flooded cropped lands. The height of the ridge is generally 1.8-
2.7m and width 2.5- 4.5m and ditch has similar dimensions. The height-width of 
ridge and basin depends on the target crop. If tree crops are the target than width 
of ridge will be much more than the ditch. Height on the other hand also depends 
on the depth of ground water or normal flood level. Root zone always above the 
ground water level. This type of farming has net return (Tk. 215,000/ha) double of 
existing land use from second year. But installation cost is rather high. It is found 
in Fakhirhat Upazila of Bagherhat, Dumurai Upazila of Khulna and Kalapara 
Upazila (Non peat area) of Patuakhali district (Sattar and Abedin, 2012). To 
minimize cost mounds are set instead of continuous ridges in some areas. 
Agronomic 
Developing salt tolerant varieties by different NARS institutions are another 
approach to adapt crops in different degrees of salinity at different growing 
stages. These interventions are mainly observed for rice. There are a good number 
of salt tolerant rice varieties selected and cultivated in coastal area. They are  
Boro (Rabi)  BRRI dhan-28, 29, 47; Transplanted Aman (Kharif-2) BR10, BR11, 
BR22, BR23, BRRI dhan- 27, 28, 30, 39, 40, 41, 47,49 and BINA-7 and 
Transplanted Aus (Kharif-1) BRRI dhan- 26, 27, 28,42,43,48 and BR14. 
Abedin,2012 recommended Boro (BRRI dhan47 ) followed by Transplanted 
Aman (BRRI dhan41 or BRRI dhan44) for saline area as a suitable cropping 
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pattern. Other crops those are reported to be suitable for saline area are as given 
below (BARI, 2012 and Aziz, 2013):  
• Pulses: Khesari -BARI Khesari1,2, BARI Chola-4, BARI Felon-1; Mung 

bean: BM-01 & BM-08. 
• Oil seeds: Soybean- BARI Soyabean-5, BARI Sharisha-9 &11 as relay crop, 

Sesame: Aatshira. 
• Forage: Maize-Barnali, Khaibhutta, BARI Hybrid Maize 3,4,5, Pacifi11 and 

60; Barley- BARI Barley-6, BHL-15,18; 
• Besides varietal interventions there are agronomic practices to adapt soil 

salinity such as Pitcher (Kolosh) irrigation, putting the seed at certain depth or 
in furrows followed by mulching with rice husk etc. Detail description of 
these approaches included in Section: 4 Best practices in Saline soil 
reclamation.  

Impact of reclamation methods 
Impacts of Polder 
In coastal areas of Bangladesh polders are established since 1960s by Bangladesh 
Water Development Board (BWDB) and that increased national irrigated area at a 
rate of 100-150 thousand hectares per year in initial stage. Land mass in the 
polders protected from tidal flood, regular salinization and tidal surge/cyclone, 
which impede agricultural development in particular. They are now trapped in 
second generation problems in both social and environmental aspects. In addition 
polders are becoming areas of contentions and conflicts that develop around 
economic interest of groups with different types land endowment and conflicting 
land use pattern. Beel Dakatia in Jessore and Khulna, Bhutiar beel in Bagherhat 
and Greater Noakhali are the worst examples of adverse impact of polders. 
Conflicts among shrimp, salt bed and agricultural farmers make worse the 
situation and that has influence on decreasing biodiversity and also health hazard 
due to saline environment. En-crossing silted channels lead permanent 
disappearance of the declining rivers/creeks set off a new environmental hazard 
for those areas. Follow up of above issues irrigated area also reduced to around 50 
thousand hectares per year, and irrigation water supplies to the south-west are 
threatened by salinity intrusion especially caused by increasing withdrawals of 
river water and groundwater inland that pull down the water-table, reduce dry-
season flow in the rivers and tidal surge (MoA and FAO, 2013). 
On the contrary obstructed normal tidal flow by the polders enhances constant 
siltation outside the polders, results accelerated drainage congestions, increased 
elevation than inside, water logging, silting up creeks make the drainage channels 
non functional, salt water trapping in polders are the spiral effects of empoldering. 
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Breaching or collapsing of polders amplifies crop land damage and siltation of 
drainage (Rivers/channels/creeks) ways.  

Success story on polder management 
The Beel Dakatia reclamation is an innovative example to solve water logging 
and to make adjacent rivers functional in western region of coastal zone. 
Depending on local knowledge and experience peoples identified the areas to 
breached or cut away the polders to allow unrestricted tidal flow for solving the 
problem. Their rationale was that if tidal flow can be made free, the navigability 
of rivers will be restored, beels will be free from water logging, sediment will 
deposit inside beels and as a result the bed level of beels will rise. This concept 
termed as Tidal River Management (TRM) and this was replicated in Beel 
Kederia and Beel Khuksia of Monirumpur upazila, Jessore. This is a micro 
hydrological management with non-regulator/ non-structural approach. The 
objectives of TRM are to keep the river functional to make the area free from 
drainage congestions and to allow sedimentation in beel center. TRM process 
converts possible waterlogged area into tidal basins on rotational basis with 
modification of existing structures and sedimentation in planned way. 
In central region cross-dams in Noakhali have reclaimed a huge land mass and 
coastline moved further south. The accreted area became non-saline to slightly 
saline and has favorable situation for rabi crops cultivation. Soybean and chili are 
the major rabi crops in the accreted area. Watermelon, cabbage, Mung bean etc 
also grown in that part. Urir char-Noagkhali cross-dam accelerated the process of 
accretion in Meghna estuary and reclaims char land for settlement and agricultural 
development. Consequently shore line shifted towards south and risk of tidal 
surge is reduced. Approximately 40-45 thousand hectares land have been accreted 
and reclaimed so far.  

Success story on land management 
Usage of Shrimp Farm (Local name Gher) bund for cropping: It is a very fast 
acceptable technology in Domuria, Khulna area. Apparently it works with both 
environment and socio economic dynamics. Land area used for shrimp (Golda in 
non-saline and Bagda in saline area) or white fishes (Talapia:Oreochromis 
mossambicus; Silver carp: Hypophthalmichthys molitrix) production, bund or 
boundary remain covered and reduce top soil loss due to erosion. Farmers 
reported initiation of crop on bund has positive impact on fish or rice production. 
Cost benefit ratio 1:2. Market chain development with scientific backstopping 
will give momentum of this production system. 
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Conversion of single cropped land into rice and shrimp culture:  
This technology is somewhat like Shrimp Farm (Gher) where Boro and shrimp 
are cultivated in same to rationalize use of slightly saline area by harvesting rain 
water. This system of farming is initiated at Lockpur of Fakirhat Upazila, 
Bagerhat district and  popularly known as ‘Lockpur Model’. Bunds are raised so 
that it is not flooded or breached during monsoon. Earth excavated from inside of 
the land that makes ditch along the bund and used for rain water conservation. 
Boro cultivated with irrigation from this ditch. Salt from bund washed out during 
rainy season. Bunds are not used for cropping but feasible. Similar practice was 
recommended by Sattar and Abedin, 2012 for Dacope upazila of Khulna district. 
They found net income of the farmer was 1,20000/ha/yr. This system was applied 
for Fallow –Fallow- Transplanted Aman (BR23) area. In this case farmer include 
white fish (Talapia:Oreochromis mossambicus; Silver carp: Hypophthalmichthys 
molitrix; Roui: Labeo rohita and Katala:Calta calta)in their land use system. 
Farmer get net return 166 to 205% higher than single crop Transplanted Aman. 
Relaying Cowpea in Transplanted Aman also found a good net return from the 
land which remains wet up to January.  
Introducing modern variety in Boro-F-TA cropping pattern: Single cropped 
paddy land converted to double cropped land by introducing and replacing 
modern variety rice cultivar. During Boro adoption of BRRI dhan47 and replacing 
local transplanted aman (Morishail and Sadamota) by BRRI dhan41, BRRI 
dhan44 and BR3. Adoption of modern variety and incorporation of another rice in 
the cropping pattern increased net income by 147 to 257%.This technology is 
suitable for the areas where water salinity is not more than 3.8dS/m in dry season. 
This practice is found in Dacope Upazila of Khulna district (Sattar and Abedin, 
2012).   

Best practices in saline reclamation 
Farmers in Southern region practiced some innovative techniques for growing 
crops in different degrees of salinity. The following practices have been recorded 
as best practices. 
Usage of raised Shrimp Farm Bund for year round cropping (Shoaib, 2013) 
 

General description: Shrimp Farm is a local word used for shrimp cultivation 
plot. The boundary of these Shrimp Farms raised and maintained to grow 
vegetables, fruits and also some tree species. Within the Shrimp Farm that is the 
land used for both fresh or sweet water prawn (Golda) or saline water prawn 
(Bagda) with other different types of white fishes (Mainly Talapia: Oreochromis 
mossambicus; Silver carp: Hypophthalmichthys molitrix; with some Roui: Labeo 
rohita; Katala:Calta calta; Bhatki: Lates cacalifer) as suitable depending on the 
salinity of water. Some of the Shrimp Farm (Local name Gher)’ lands used for 
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Transplanted Aman with shrimp/fishes. Farmer dug ditch along the boundary or 
in any corner of the field or at the center of the plot to preserve water and fishes 
during dry season. In some of the cases farmers used shallow tube well water to 
sustain fishes. In non-saline to slightly saline area shrimp farm is used for boro 
(winter rice) even. Boundary constructed above flood level (60-90cm), wide 
approx. 60-90cm, where ditches 60-90cm deep along the boundary or at the 
corner or at the center. To grow vegetables farmers used nylon nets as trail for 
creeping supported by the bamboo or dhaincha or strings. Top soils kept on top of 
the dunds to avoid relatively less fertile soil on the bunds. Main inputs are seeds 
of vegetables, nets, bamboo, strings, fingerlings of fish etc. Salinity of soil from 
the bunds washed away by rain water, which facilitates vegetable production. 
 

Stage of intervention: Land management to cultivate crop by reclaiming soil 
salinity. 
Origin: Developed through land user`s initiative, recent (<10 years ago). 
Area coverage: Approximately 10 sq km in Dumuria and Dacope of Khulna 
district. 
Land use type: Mixed: Agriculture + fisheries; Land use: Before: Shrimp Farm 
(Local name Gher) (shrimp/fish); After: Shrimp Farm ( Gher)/Transplanted 
Aman- Boro and vegetables on Bund. Photo graphs showing a typical landscape, 
Shrimp Farm (Gher) bund usage Figure 6a, 6b and 6c respectively. 

 
 
 
 
 
 
 
 
 
Picture 6a describes show bean on gher bund and it is a promising and very 
quickly adapted farming in the coastal region. Picture 6b shows broad bean one 
side of the bund and sweet guard and bitter guard on the trail and Picture 6c 
represent crops on trial at both sides of the bund. 

Picture 6. (6a): Typical Landscape of ‘Gher’ area in Coastal region; (6b): Broad bean and 
sweet gourd; (6c): Sweet gourd, cucumber and bitter gourd on ‘Gher’ Baandh ( Photo 

(6a)  (6b)  (6c) 
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Land use Climate Limitation Remedial measures 

Before: Shrimp Farm (Local 
name Gher) Shrimp or 
general fish*; or only 
Transplanted Aman  

After: Year round 
vegetables on Shrimp Farm 
( Gher) Bund and 
shrimp/general fish, T-
Aman + White fish* 
*Talapia:Oreochromis 
mossambicus; Phaissha: 
Septipinna Phasa; Rouie: 
Labeo rohita; Katala:Calta 
calta; Bhatki: Lates cacalifer 

Humid Soil Water 
Salinity 
(Salinization)  

Agronomic: Vegetation/soil cover
Structural: Bunds / banks
Management: Change of land use 
type 

Stage of intervention Initiative Level of technical knowledge 

Raising Gher Bund         Land users initiative: recent 
(<10 years ago) 

Land users can do themselves 

Main technical functions:  
Raising Bunds (Dyke) and digging ditch. 
Regular management of Bund (Dyke). 
Sensitive to climatic extremes: The system is very sensitive to climate change 
and Sea level rise 

Natural Environment 

Average annual 
rainfall (mm) 

Altitude (m a.s.l.)   Landform Slope (%) 

1500-2000 mm Within 5m  Coastal plain Flat (<2%) 
Soil depth (cm) : 50-
80+  

AEZ: Ganges Tidal Floodplain (13) 
Growing season(s): Rabi, Kharif-1, 
Kharif-2  
Soil texture (major): Clay loam to 
clay 
Soil fertility: low 
Topsoil organic matter: low 
(<1%) 
Soil drainage/infiltration: poor 

Soil water holding capacity: 
low -very low 
Ground water table: < 2 m
Availability of surface water: 
poor / none 
Water quality: Saline
Biodiversity: low 
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Human Environment 
Household (ha): 
Major land users own 
<0.5ha and 10% own 
>50 ha. 

Land user: Individual / household, 
Small scale land users, common / 
average land users, mainly men
Population density: 754persons/ km2 
(BBS,2011) 
Annual population growth: 2% - 3%
Land ownership: individual, titled
Land use rights: leased, individual
Water use rights: individual
Relative level of wealth: poor, which 
represents 65% of the land users; 10% 
of the total area is owned by poor land 
users 

Importance of off-farm 
income: 10-50% of all 
income. 
Access to service and 
infrastructure 
low health, education, 
technical assistance, 
employment (e.g. off-farm), 
energy, drinking water and 
sanitation, financial services; 
moderate: market, roads & 
transport 
Market orientation: mixed 
(subsistence and 
commercial) 

Technical drawing 
The shrimp farm boundary is raised approximately 60-90 cm with crest of 60-90 
cm. A ditch is also dug to store water and fish during dry season. Vegetables like 
gourds (sweet, bitter etc.), cucumber are grown on hanging nets or trails, where 
those crops can crawl. A typical sketch of the design may be depicted from Figure 
3. Picture 7 is an Arial view of gher area in Dumuria Upazila. It is to be noted that 
Gher at close proximity to settlements are commonly used for this technology. 
That is meaning that it deserves close watch and ward and monitoring at farm 
level. In the same area ditch along Bunds are found in most of the Gher areas.  
 

 
 
 
 
 
 
 
 
 
 
 
 

Impacts of the Technology 
This technology has positive impacts on crop production and diversification. 
Farmers are getting more crops that facilitate marketing options to get cash flow. 

Figure 3. Typical Sketch of ‘Gher’ Area  
 
Picture 7. Typical Arial view of ‘Gher’ in 
D i
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Access to different social services like health care, education etc increased besides 
food security. However prolong water logging and conflicts of resource 
management also increased. Bunds or dykes enhanced water logging after tidal 
surge and cyclone. 

Concluding statements of the technology 

Strengths how to sustain/improve 
Land used for more cropping: Marketing of vegetables and fishes 

with preservation and storage 
facilities. 

Variable or diversified crops:  Good seed supply and fingerlings. 
More crops more returns: Communication development, market 

chain development. 
Getting vegetables and fish: Healthy fingerling and good seeds. 
Food security: Value addition of farm produce and by 

product utilization. 
Weaknesses how to overcome 
Areas became water logged: Good drainage with smart sluice gate 

management. 
Soil erosion from boundaries:  Good coverage and maintenance. 
Fresh water scarcity: Shallow tube well installation and rain 

water harvesting. 
Prolong drought increase salinity: Shallow tube well installation and/or 

surface water reserve with good land 
cover. 

Collapse of Bunds: Increasing height and better 
maintenance. 

 

Farm-Pond (Khamar-Pokor) technology 
 

General description: This type of land use system is recommended by SRDI after 
on station validation in Batiaghata, Khulna. The lands are mainly medium high 
(flooded up to 90cm) and medium low (flooded 90-180cm) lands, which cannot 
be used for modern variety transplanted aman by replacing local verity due to 
depth and duration of inundation level. On the other hand the land is not suitable 
for dry season cropping  either due to wetness in early dry season or late drainage 
or soil-water salinity during that period. The edaphic environment is changed by 
raising land by earth filling to overcome depth and duration of flooding and fresh 
water conservation in excavated pond followed by washing salt from the land.  
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Objectives:  
• To wash and leach out soil salinity;  
• To raise land by earth filling; 
• To harvest rain water for supplementary irrigation and fish culture  
• To increase cropping intensity. 
 

Stage of intervention: Raising lands by earth filling; Water conservation, Salinity 
reclamation 
 

Origin: Research initiative, recent (<5 years ). 
 

Area coverage: Approximately 3 sq km in Batiaghata and Dacope Upazila of 
Khulna district. 
 

Land use type: Mixed: Agriculture + fisheries + Forestry; Land use: Before: 
Fallow-Fallow-Transplanted Aman (local cultivar); After: Transplanted Aman 
(MV) – water melon and/or vegetables on land area, tree (Fruit/Forestry) crops on 
pond bund/bank and fish (Silver carp: Hypophthalmichthys molitrix; 
Talapia:Oreochromis mossambicus ) in pond. A brief description of Farm-Pond 
technology in Bengali and this was distributed among farmers in Khulna district. 
The model is demonstrated in research station of SRDI. 

Land use Climate Limitation Remedial measures 

Before: Fallow-Fallow-
Transplanted Aman (LV) 

 

After: vegetables / water 
melon-Transplanted 
Aman on land area, Fish* 
in pond and Fruit/Forest 
tree on the bund of pond.  
*Talapia:Oreochromis 
mossambicus, Silver 
carp: 
Hypophthalmichthys 
molitrix. 

Humid Soil-Water 
Salinity 
(Salinization);
wetness  

Agronomic: Vegetation/soil 
cover 
Structural: Bunds / banks
Management: Pond 
Bunds/banks to be maintained 
so that desired level of water 
could be reserved in pond and 
lands to be above normal flood 
level. 

Stage of intervention Initiative Level of technical knowledge 

Raising lands by earth 
filling; Water 
conservation 

Research initiative: recent 
(<5years) 

Land users can do themselves 
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Main technical functions:  
Raising lands, change of land types  
Digging ponds  
Spreading earths over the land keeping top soil on top. 
Maintaining Bunds to withstand breaching or collapsing in rainy season 
Sensitive to climatic extremes: Very sensitive to climate change and Sea level 
rise 
 

Natural Environment 

Average annual 
rainfall (mm) 

Altitude (m 
a.s.l.) 

  Landform Slope (%) 

1500-2000 mm Within 5m  Coastal plain Flat (<2%) 

Soil depth (cm) : 
50-80+  

AEZ: Ganges Tidal Floodplain 13 
Growing season(s): Rabi, Kharif-
1, Kharif-2 
Soil texture (major): clay 
Soil fertility: low 
Topsoil organic matter: low 
(<1%) 
Soil drainage/infiltration: poor 

Soil water holding 
capacity: low -very low 
Ground water table: < 2 m
Availability of surface 
water: poor / none 
Water quality: Saline
Biodiversity: low 

Human Environment 

Household (ha): 
Mainly <0.5 ha 

Land user: Individual / 
household, Small scale land users, 
common / average land users, 
mainly men 
Population density: 754 
persons/km2 
Annual population growth: 2% - 
3% 
Land ownership: individual, titled 
Land use rights: leased, 
individual 
Water use rights: individual 
Relative level of wealth: poor, 
which represents 65% of the land 
users; <10% of the total area is 
owned by poor land users 

Importance of off-farm 
income: 10-50% of all 
income. 
Access to service and 
infrastructure: Low: 
health, education, technical 
assistance, employment (e.g. 
off-farm), energy, drinking 
water and sanitation, 
financial services; moderate: 
market, roads & transport
Market orientation: mixed 
(subsistence and 
commercial) 
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Technical Drawing:   
 

Pond site is selected at lowest area of the plot. Pond size approximately one fifth 
of the land area to be filled. Generally pond excavated up to 180 to 270 cm deep, 
height and width of bunds/banks are about 90 and 120-150cm respectively. Top 
soils are kept on top while excavated earths spread over rest part of the land. 
Figure 4 describes a schematic design (not scaled) of a farm-pond area. Size and 
depth vary and depend on the land type. 

 
 
 
 
 
 
 
 
 
 
 

Figure 4. A typical sketch of Farm Pond 
Impacts of the Technology 
Changes of land type, reduction of salinity by washing increased options to grow 
more crops. Fruit trees and forest trees can be grown on raised bunds which 
contribute to net return of the farm. In addition fish in the pond is another crop 
that adds to benefits besides fresh water availability. However collapse of pond 
bunds sometimes jeopardize the system to work. This one could be practiced near 
homesteads or unban area. 

Concluding statements of the technology 

Strengths    how to sustain/improve 

Land used for diversified crops with 
fish 

Marketing of vegetables and fishes 
with preservation and storage facilities 

Variable or diversified crops Good seed supply and fry 

More crops more returns Communication and market chain 
development 

Food security Value addition of farm produce and by 
product utilization 

Weaknesses how to overcome 
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Breaching or collapse of bund or 
bank  

Best management of bund 

Fresh water scarcity                   Rain water harvesting 

Prolong drought increase salinity        Fresh water/ rain is to be reserved in 
pond with good land cover 

High Installation cost                  Access to Farm loan 

Sarjan or raised bed in water logged areas to grow multiple crops:  
General Description: This technology practiced with wide range of specification 
mainly in medium to low lying areas, where ground water almost near the surface. 
Land types are generally medium low to lowland, deeply flooded and usually 
local transplanted aman or broadcast aman grown. Sometimes peat or peaty muck 
soils are present. Shallow Sarjan suitable for cultivation of year round vegetables, 
nursery and deeper Sarjan allow rice-fish or rice-duck farming besides 
vegetables/nursery (Sattar and Abedin, 2012). Lands are changed to ridges and 
ditches. Height and width of ridges and ditches depends on the crop to be grown. 
Different types of crops mostly fruits are grown on the ridge and fish in ditch 
where width of the ditch wide enough more than 3m. Type of land use found in 
Nasarabad of Pirojpur and Kalapara of Patuakhali district. 
Objectives:  
• To skip soil water salinity;  
• To grow high value crops in single cropped land 
• To increase bearing capacity 

 

Stage of intervention: Land surface change 
Origin: Developed through land user`s initiative, recent (>30 years ago). 
Area coverage: Approximately 5 sq km in Bagherhat, Khulna; in peat basin non-
saline and slightly saline area it is about 40sqkm in Nasarabad of Pirojpur 
district.. 
Land use type: Crop land: Land use: Before: Broadcast Aman; After: 
Fruits/vegetables/nursery on ridge and fish/duck in ditch. 
 

Technical Specification: Generally width and height of the ridge 2.5-4.5m and 
1.8-2.7m respectively with ditches width of ditch 90-180cm. Heights of the ridges 
are maintained so that root zone will be above ground water table. The width of 
the ridge bed depends on the crops to be grown. For fruit and tree crops width of 
ridges is 4-5m. The system requires high installation cost and management to 
keep the ridge withstand. A typical design may be depicted from the Figure 5. The 
width of the ridge and ditch varies place to place. On the other hand to minimize 
installation cost in some areas (Kalapara of Patuakhali district instead of 
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construction of continuous ridges and ditches farmers put up mound/heap above 
flood level and seeds planted on the heap. 
 
 
 
 
  
 
 
 
 
  
 

Figure 5. A typical sketch of Sarjan system 
 
Impacts of the Technology: 
 

In this system high value crops, nursery etc could be grown. It requires very high 
primary investment for constructing Sorjan as well as for trails for vegetables. 
The outcome from this system is 1:2 from second year as feedback from farmer. 
In some of the areas for example this system modified and instead of constructing 
ridge although the land farmer construct mound. It cost less than the typical 
sorjan. Mound is used to grow watermelon, sweet gourd, cucumber etc. 
 
Concluding statements of the technology 

Strengths how to sustain/improve 
Land used for vegetables/nursery on 
ridge and rice/fish in ditch 

Marketing of vegetables and fishes  
with preservation and storage facilities 

Variable or diversified crops Good seed supply 

More crops more returns Communication development, market 
chain development 

Food security Value addition of farm produce and 
byproduct utilization 

Weaknesses how to overcome 
Collapse of ridge Good management 

Fresh water scarcity Rain water conservation 

High Installation cost  Access to Farm loan 
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Furrow and rice husk used to skip salinity (Bidhan, 2013) 
General Description: ‘Mulching’ an age old system to control salinity by 
preserving soil moisture in soil profile and that has direct influence of restricting 
soil salinization by capillary rise. Discontinuing soil pores by ploughing top soil is 
also an acceptable exercise to control soil salinity due to capillary rise. Farmers 
are practicing ploughing and mulching seeds of cucumber, sweet gourd with rice 
husk. The lands are medium highland-1(Flooded <30cm) and soils are loam to 
clay loam. This technology sporadically used (as pilot basis) in Batiaghata and 
Dacope Upazila of Khulna district.  
 

Objectives: To grow crops in dry season by conserving moisture and to control 
soil salinity by capillary rise. 
Stage of intervention: Restricting capillary rise, moisture conservation 
Origin: Developed through land user`s initiative, recent (<1 years). 
Area coverage: Approximately 1 sq km in Bagherhat Dacope Upazila of Khulna 
district.  
Land use type: Crop land ;: Land use: Before: Rabi crops (poor)/Fallow-Fallow-
Transplanted Aman; After: Rabi crops-Fallow-Transplanted Aman  
 

Technical specification: Furrows were set approximately 0.5 meter interval, 
seeds put in the furrow and rice husk finally added to the furrow on the seeds of 
Cowpea or til, which were finally covered by adjacent loose soils. 
 

Impacts of the Technology 
Soil moisture conserved and soil salinity reduced. 

Concluding statements of the technology 

Strengths how to sustain/improve 
Good Rabi crops Good seeds and fertilizer 
Moisture conserved supplementary irrigation 
Weaknesses how to overcome 
Late drainage   Drained out excess water with smart drainage 

system 
Prolong drought  Fresh water is to be reserved for supplementary 

irrigation 
 

Pitcher (Kolosh) irrigation to grow watermelon 
General Description: Continuous salinization by capillary rise or flooding with 
saline tidal water has bearing on soil salinity in the coast. From medium highland 
-1 (flooded up to 30cm in rainy season) water recedes by November and soils 
have very short ‘Joe’ period (duration of field capacity). Lands remain fallow in 
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dry season due slightly to moderately soil salinity and scarcity of fresh water for 
irrigation. Pitcher (Kolosh) irrigation technology introduced by SRDI is well 
taken by local farmers of Batiaghata Upazila of Khulna and Fakhirhat Upazila of 
Bagherhat district for lands which became free by November. Pitcher locally 
known as Kolosh used to add water to crops like watermelon, sweet gourd, bitter 
gourd etc in dry season. Additional crop contributes to net return with minimum 
intervention. 
Objectives: To decrease soil salinity in root zone and grow crops with minimum 
irrigation 
Stage of intervention: Pits locally called ‘Mada’ and adding water by pitcher 
(Kolosh) 
Origin: Research (2 years). 
 

Area coverage: Approximately 2 sq km in Batiaghatat Upazila of Khulna district; 
Fakhirhat Upazila of Bagherhat district. 
 

Land use type: Crop land ;: Land use: Before: Fallow-Fallow-Transplanted 
Aman; After: Watermelon/sweet gourd / cucumber in dry season in pits (Mada) 
and Transplanted Aman in monsoon. 
 

Technical specification: Pitchers are perforated to make hole of about 1 inch 
diameter at the bottom and 0.5-1 meter long jute ribbon inserted in the hole. The 
pitchers are than placed in Pits (mada) at a depth of 5-9cm and the jute tapes 
spread at the same depth so that wet jute can make the soil moist continuously. 3-
4 seeds of the crops planted in each Pit around the Pitcher. The picture 8 a 
pictorial presentation and description in Bengali of Pitcher irrigation system 
(Bidhan,2013). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Picture 8. Describing Pitcher Irrigation system for Water melon gourd 
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Impacts of the Technology 
It is a very low cost technology to grow rabi crops in moderately saline areas with 
minimum intervention. 

Concluding statements of the technology 

Strengths how to sustain/improve 

Dry land crops grown Marketing of vegetables 

Minimum irrigation water use Fresh water reserve 

Low installation cost Development of extension linkage 

Weaknesses how to overcome 

Pitcher are fragile May install drip irrigation 

Fresh water scarcity Rain water harvesting 

Dibbling Method 
 

General Description: This type of system is generally practiced in Bhola in large 
scale, Noakhali and Chittagong in smaller scale. Soils are deep loam or clay loam, 
friable. Shaitta rice variety is cultivated in pre-kharif (Aus) season. Dibbling is 
done in March-April. It facilitates soil moisture conservation in situ ( Sabbir, 
2013). 
 

Objectives: To skip salinity during March-April and germination problem due to 
surface crusting and to utilize soil moisture in situ. 
Technical specification: Rice seeds are put in a hole of 3-6 cm deep and covered 
by loose soil of around. A peg of diameter 2.5 to 5cm used to make hole in soil. 
Seeds of rice put in the hole and covered with loose soils of around. Figure 6 is a 
typical presentation of dibbling system. 
 
 
 

  
 
 
 
 
 

Figure 6. Sketch of Dibbling System 
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Conclusion and recommendation  
The coastal zone of Bangladesh covers 20% of land area, inhabited by 
approximately 40 million peoples. About 64.7% of inhabitants directly depend on 
agriculture (BBS, 2010). Agriculture in this part of Bangladesh has multiple 
limitations besides soil salinity. In addition depth and duration of flooding, soil 
texture, poor drainage, water logging etc have direct influence on agriculture 
development. There are few best practices that need more extension and follow 
up. Polder in anyway contributed to protect land from sea water ingression, that 
deserves critical analysis. Back up with local knowledge and participation to 
avoid generalization of any technology deemed essential as of the nature of the 
area. Monitoring of existing land uses with soil water salinity could be used for 
rational back up for future interventions with modern technology like remote 
sensing and GIS. The root source of soil-water salinity in Bangladesh is sea water 
and that limits agricultural development in the coastal area. Nature of salinity is 
patchy, reoccurring and increasing with time and space. Research and extension 
activities to address salinity limited to crop adaptation with salt tolerant 
characteristics. Interventions for agricultural development in this area will 
response differently in three regions. Tidal surge or cyclone jeopardize all 
interventions, on the other hand encroachment of rivers/khals by land grabbers 
also hinder development approach. Therefore protection of land from tidal surge 
or cyclone and reinstalling river net works are the prerequisite of all interventions. 
Creating or delineating a buffer area along coast line and establishing forest 
barrier, land zoning to rationalize and monitor land use, polders of appropriate 
height and width to withstand cyclone or tidal surge with smartly managed sluice 
gates or regulator, setting an effective internal drainage net work to enable fresh 
water reserve within the polder, well-designed excavation of all rivers/creeks 
(included already encroached one) so that they are enable to reserve fresh water 
and recover continuous flow from upstream, local knowledge base sedimentation 
management (TRM may be lesson), generating survey data to feed modern 
technology (Remote sensing and GIS), ensuring local people’s participation, 
training and finally back up with appropriate regulation or legislation (To be 
strictly followed) will ensure the coastal zone as unique development area. More 
over Bangladesh is one of the largest deltas in the world. Well planned coastal 
area may attract tourism as well. Recent government initiative though ‘Master 
Plan for Agricultural development in Southern region of Bangladesh’ may set to 
address these issues, that deserves high priority for the coastal zone management.  
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Best practices and procedures of saline soil 
reclamation systems in India 

Dr. SK Chaudhari2 

Introduction 
Agricultural scenario in India is rapidly changing in response to various stresses 
experienced by cultivated lands. Agriculture sector cannot wait and must respond 
to manage the change and to meet the growing and diversified needs in the 
production to consumption chain. Nearly 7 million ha of agricultural land is 
affected by varying degrees of salt problems in the country. The affected area is 
likely to increase in the near future due to secondary salinization in irrigation 
commands and lift irrigated schemes, increase in dependence of agriculture on 
poor quality waters in semi-arid and arid regions, sea water intrusion and brackish 
water aquaculture in coastal regions. By 2025 area projected under salt affected 
soils in India is about 13 million ha. Agronomists have been playing and will have 
to play a crucial role in managing such lands and enhance productivity through 
agronomic research, develop comprehensive understanding and better 
contingency plans based on resource efficient, socio-economically viable and 
environmentally safe technologies to deal with salt affected soils in changing 
climatic scenario. In the recent past, a detailed historic perspective of salt affected 
soils was published by Singh (1998). 
Salt affected soils adversely affect the livelihood security of people in more than 
100 countries, as they occupy about 831 million ha all over the world. Out of this 
area, 397 million ha (47.8 %) are saline, while 434 million ha (52.2 %) are sodic. 
On the regional scale, Asia, the Pacific and Australia together have the largest 
area (30 %) under sodicity followed by Latin America (18 %) and Europe (8.7 
%). At the country level, Australia has the largest area under sodicity (132.6 
million ha) followed by Argentina (18.5 million ha) and Brazil (17.7 million ha). 
The area under salt affected soils in India is estimated to be 6.73 million ha spread 
over a number of states across the country. Similarly, 25% of the ground water 
resources in the country are saline and brackish. Certain states like Rajasthan and 
Haryana located in the western part of the country are endowed with 84 and 62% 
of poor quality ground waters respectively. Continuous use of such waters for 
irrigation to agricultural crops is bound to increase the problem of salinity and 
sodicity in India. Introduction of irrigation without making proper provision for 
drainage is the major cause for the development of salinity in canal commands. 

                                                            
2 Head, Soil and Crop Management Division, Central Soil Salinity Research Institute, Karnal 132 
001, India. Email: : skc@cssri.ernet.in, hscm@cssri.ernet.in  
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The projections indicate that the country will have 11.7 m ha area affected by 
salinity and sodicity by 2025. From reclamation and management point of view, 
the salt affected soils in India are broadly placed into two categories as alkali or 
sodic soils and saline soils. Alkali soils in general are characterized by high soil 
pH (up to 10.8), high exchangeable sodium per cent (ESP) up to 90, low organic 
carbon, poor infiltration and poor fertility status. These soils are dominated by 
sodium carbonate and sodium bi-carbonate salts. On the other hand, saline soils 
have higher electrical conductivity (> 4dS/m), low ESP (< 15%) and low pH (< 
8.5). The dominant salts in saline soils include chlorides and sulphates of Na, Ca 
and Mg. Central Soil Salinity Research Institute (CSSRI) was established at 
Karnal in 1969 to develop strategies for reclamation and management of salt 
affected soils and judicious use of poor quality ground water resources. During 
the last 40 years, India has developed and standardized several location specific 
technologies for reclamation and management of saline and alkali soils. This 
paper provides an insight into some of the technologies and their effect on 
reducing the negative impact of salts, development of strategies for crop 
production through efficient, balanced and integrated use of inputs including 
amendments and fertilizers and minimization of the cost of reclamation; resource 
conservation strategies in sodic land agriculture; and improvement in crop 
production through the use of salt tolerant varieties. In recent past, the fruit crops 
and agro-forestry systems have been identified as alternate land use systems for 
reclamation and management of salt affected soils.  

Brief Review of Research on salt affected soils in India 
(i) Salt Affected Soils in Pre- and Post-Vedic Era 
All the landforms and landscapes are developed over weatherable rocks and 
minerals. Thus, salts are the part of every landscape. From the day one, these have 
existed as part of it, either in soluble forms or as a part of weatherable rocks and 
minerals constituting the soil fabric. It is only their accumulation beyond a certain 
proportion that creates a saline land. The earliest recognition of saline lands dates 
back to 2400 BC from the Tigris-Euphrates alluvial plains in Iraq (Russel et al., 
1965). Saline lands were first located and correlated with irrigation in North-
Eastern Sumer in the vicinity of modern Telloh. Their increasing prevalence was 
mentioned for the next 700 years till the Sumer civilization disappeared. There are 
evidences of civilizations, which knew the importance of irrigated agriculture and 
secondary salinization in irrigated areas. Parallel with the Sumerian civilization of 
Mesopotamia flourished the Indus valley civilization on river banks of North-
Western India. These people of pre-Harappan and Harappan ages were 
agriculturists. Harappans dug wells, constructed tanks and different kinds of 
engineering structures, laid drainage system and cultivated mainly the winter 
season (rabi) crops. Harappans lived on recent flood plains, where salinity had 
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little chance to appear owing to annual flooding of the land by swollen rivers in 
the monsoon season. The Vedic era started with the arrival of Aryans in the Indus 
Valley around 1500 BC. It is during Vedic and later periods that lands were 
distinguished on the basis of their productivity. The infertile lands were further 
distinguished for the cause of their infertility. Thus salt affected lands were called 
Usar. Medieval religious and other scripts have used Usar as also Kallar and 
other terms for salt-affected lands. By the middle of second millennium AD, the 
pressure on lands had increased, forcing the people to consider saline lands for 
crop husbandry in place of their use as pasture lands.  
(ii) Pre-Independence Evidences of Salt Affected Soils in Undivided India 
Evidences of existence of salt affected soils in the then United Provinces of Agra 
and Oudh are quoted by Moreland (1901). He also gave an account of the 
indigenous methods of reclamation by the cultivators. This shows that 
reclamation of salt affected soils using different methods was practiced in the 
United Provinces much before any scientific research had been conducted on the 
subject. As regards the extent of affected area, the Director of Land Records and 
Agriculture in his letter number 1247, dated 28 July 1888 informed the Secretary 
Board of Revenue that the area of usar in North-Western Provinces and Oudh was 
3,129,053 acres (1,271,977 ha). This figure is almost of the same order as 
reported in later estimates of alkali lands in Uttar Pradesh (Tiwari et al., 1989). 
The Punjab part of the Indus plains also suffered from soil salinity before any 
large scale canal irrigation was introduced in the province. The affected belt was 
reported to be 16 km x 4.8 km (Jameson, 1852). In view of the wide prevalence of 
soil salinity in the proposed new canal commands in the Punjab, the Government 
had, as a policy measure, kept apart large areas in each village settlement to give 
it in exchange to those settlers who happened to get a saline patch of land. Saline 
soils were also wide-spread in Sind part of the Indus plains. In 1906 the 
Government of India called for reports from experienced local irrigation and 
revenue officers regarding the prevalence of kallar or alkali in Sind.  

a. Early Research on Secondary Salinization in the Sub-continent  
It was in the Western-Yamuna canal command that the problem of land 
deterioration was brought to official notice through a complaint lodged in 1855 by 
a grower of village Moonak (now in Haryana very close to Karnal). This was 
probably the first well documented problem of soil salinity in relation to canal 
irrigation, which received considerable attention of British Government. Soil 
samples from village Moonak were collected in 1865 along with samples of canal 
water and dispatched for analyses to the Royal School of Mines in England 
forwarding a note that the purpose of soil and water analyses was to determine the 
correctness of the opinion about the origin of salts in question, as born by facts. 
After scientific analysis the first cause suggested, viz. the canal water, it is certain 
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that the continual irrigation of land with water containing sulphates and chlorides, 
which the canal water has been shown to contain, and the removal of which is 
entirely due to evaporation, would inevitably have the effect of producing a reh 
soil in a time proportional to the quantity of water applied. This proved a very 
important point, which decided the line of future researches in secondary 
salinization. Mr. TE Brown, Chemical Examiner for Punjab, who had analyzed 
salt affected soils from Punjab in 1863, suggested that the cause of the problem in 
his view was the presence in soil of some minerals rich in alkaline substances, 
whose decomposition was accentuated by irrigation water. The impact of canal 
irrigation on secondary salinization of lands had also been felt in the peninsular 
India. The Nira Valley Irrigation Canal, opened in 1884, was one of the first 
attempts to irrigate deep black soils on a large scale. Within about 5 years of its 
opening, alarm was caused by the appearance of barren, salt-encrusted spots in 
some of the best and deepest lands in the valley (Mann and Tamhane, 1910).  

b. Constitution of Reh Committee: Beginning of Indian Salinity Research 
The Reh Committee, which sat in 1879, deliberated on the origin of salts in soils. 
The committee elaborated on two important sources of salts in soils, i.e. 
weathering of soil constituents and role of canal water. Regarding contribution of 
canal water, the committee was very emphatic that canal water was a perpetual 
source of salts. Another outcome was that a scheme of experimental work was 
drawn up, to be carried out mainly by the newly formed Agricultural Department. 
The scheme of experiments recommended by the Reh Committee was directed 
towards profitable cultivation of soil by (i) removal of salts, (ii) drainage, (iii) 
silting, (iv), deep cultivation, (v) manuring, and (vi) ploughing of green crops. A 
conference was held in 1879 at Aligarh, during which it was decided to set up a 
series of experiments for the reclamation of salt lands. The decisions of the 
conference have been systematically documented by Leather (1897). Reh maps 
were prepared to ascertain distribution of Reh throughout the provinces. The maps 
were accordingly prepared and the series of observations were made in 65 villages 
of Akbrabad pargana in Aligarh district. A surface drainage map was also 
prepared for the same villages of Akbrabad. A survey of sub-soil waters showing 
water-table depth was prepared for the whole province. A number of agricultural 
experiments were commenced at Awargarh, Aligarh and Kanpur. The effect of 
surface drainage was tested. But drainage experiments proved failure. In another 
experiment near Aligarh, reclamation of usar land was commenced with land 
enclosure and planting of trees. Greig (1883) has mentioned some of the 
experiences from Sikandra Rao in the Aligarh district and seven plantations near 
Awargarh. According to him good usar was the soil that could grow Acacia 
without any special soil treatment. His observations are forerunner of the auger-
hole method of planting trees in alkali soils which was later advocated by the 
CSSRI, Karnal.  
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c. Early Reclamation Research Experiments in Different Parts of the 
Country 
The first reclamation experiments were carried out at Mirpurkhas, Daulatpur and 
Sukkur to cover two major soil types - the clayey soils near river Indus and its old 
branches and the coarse-textured soils. Henderson who took over charge in 1907 
found that on a part of Mirpurkhas farm no crops would grow. The salt content of 
various plots varied from 0.08 to 0.98 per cent, sulphates being the dominant 
salts. In 1907 the plots were filled with water and kept filled with about 5 cm 
water for 4 to 5 months before barseem (Egyptian clover) was sown. This was 
followed by Egyptian cotton, pearl millet and Sindhi cotton in different years. At 
Sukkur site the soil was very salty. It was treated as at Mirpurkhas. The land 
became fertile after reclamation. The work was started at Daulatpur in the 
beginning of 1908. The site selected had rank bad kallar, as the salt content varied 
from 0.1 to 1.54 per cent with large presence of chloride salts. Henderson (1909) 
described results of initial years. According to Henderson, one point brought out 
in reclamation experiments in Sind was the importance of barseem. He noted that 
rice also owed its value as a reclamation crop because it could withstand large 
amount of water. Rice and barseem cultivation later became a standard practice 
for reclamation of salt-affected soils in Sind and Punjab.  
The first complaint of soil salinity in canal commands of India originated from the 
Eastern part of the then Punjab. But it was the Western part of the province that 
was really threatened by the problem, so much so that the land allottees in 
Rangpur and Mailsi canal commands abandoned their lands when confronted with 
what they called 'white devil'. The standard method of reclamation with rice-
barseem crop rotation did not succeed everywhere. Even in some soils of Sind, 
application of gypsum was essential for their reclamation (Henderson, 1914). The 
distinction between saline and alkali soils for the purpose of treatment was made 
only on the basis of their physical traits like hardness and permeability to water. 
An important step was taken at the agricultural conference at Nagpur by 
formulating a small committee to ensure the proper coordination of the work on 
reh, which is being undertaken in most of the Provinces in India and the 
consequent acceleration of practical results from thorough scientific 
investigations.  
As a follow-up of the recommendations of the 1903 Nira Valley Expert 
Committee, experiments on amelioration of salt lands of the Nira valley were 
initiated in 1908 under the supervision of Mr Knight Mann and Tamhane, who 
visited these experiments in 1909 (Mann and Tamhane, 1910). Open and covered 
drains had been used in the experiments. They concluded that salt land in the Nira 
canal area was due solely to the existence of the canal and to the raising of the 
water level in the area. Water logging and salt build up had also been noticed in 
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the tank irrigated areas of Southern India. A series of experiments were carried 
out at Saidapet in Madras Presidency during 1880s. Stone drains and tile drains 
both were used. Wood (1914) reported work on sub-soil drainage of rice lands 
under tank irrigation. Two kinds of drains were used: one plain loose stones and 
the other made of bamboo tubes. Drains were laid in 1910 and by 1914 they still 
worked. In other experiments stone drains laid in alkaline rice land had run for 5 
years and the land had become fertile.  
(iii). Post-Independence Research on Salt Affected Soils 
It was in the post-Independence era, our country witnessed a spurt in researches 
on reclamation of salt affected soils. India embarked upon 5-year development 
plans, with strong emphasis on agriculture sector. The Indian Council of 
Agricultural Research (ICAR) took important steps by initiating research schemes 
during the second Five-year plan and ad-hoc research sachems, started All India 
Coordinated Research Project on Water Management and Soil Salinity (now All 
India Coordinated Research Project for Management of Salt-affected Soils and 
Use of Saline Water in Agriculture) and setting up the CSSRI at Karnal in 1969.  
Besides the ICAR projects, researches on reclamation of alkali soils were carried 
out by the National Botanical Research Institute, Lucknow, state owned 
Universities, research institutes and the state department of agriculture. During the 
second 5-year plan the ICAR research projects on land reclamation were located 
at Ludhiana and Allahabad. The researches at Ludhiana centre were concerned 
with comparison of different chemical amendments like gypsum, press-mud, 
commercial acids, aluminum sulphate, ferrous sulphate and organic amendments 
like molasses, farm manure. Agronomic researches were carried out using plant 
residues, Sesbania green-manure, different crop rotations, deep tillage and 
nutrient use at Kamma and Nilokheri research stations in Ludhiana and Karnal. 
The research results of Ludhiana centre were later extended to the field through 
an Operational Research Project situated in District Kapurthala and through field 
demonstrations elsewhere in Punjab. The centre at Allahabad mainly conducted 
researches on organic amendments.  
Research in network mode started in the All-India Coordinated Research Project, 
involving research centres located in different states with considerable area of salt 
affected lands and problems of brackish ground water. Presently the centres exist 
in Uttar Pradesh, Rajasthan, Madhya Pradesh, Kanataka, Tamil Nadu and Andhra 
Pradesh. The research under this project besides tackling the problem of brackish 
water use, concerns with the use of different chemical and organic soil 
amendments, their dose, method of application, nutrient use, crops and crop 
rotations in salt-affected soils. The researches at the Central Soil Salinity 
Research Institute, Karnal, probed into the physics and chemistry of alkali soils of 
the Indo-Gangetic plains. A number of refinements in the technology of alkali-soil 
reclamation have been introduced by the Institute.  
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(iv). Establishment of CSSRI: Soil Salinity Research Par-Excellence 
The Central Soil Salinity Research Institute, Karnal was established by the Indian 
Council of Agricultural Research (ICAR) during IV Five Year Plan as a follow up 
of recommendations of an Indo-American team on water management constituted 
by the Government of India in 1967. This committee inter-alia recommended the 
establishment of a National centre for research on salinity and alkalinity 
problems. The Govt. of India accepted these recommendations, which led to the 
establishment of CSSRI as a plan project in March 1969 at Hisar. However, in 
October 1969 it was shifted to Karnal, where problematic areas representing the 
sodic soils of the Indo-Gangetic plains were extensive. Research work was 
initially carried out at Karnal farm, where alkalinity problem was extensive. As 
this farm was soon reclaimed, a new farm at Gudha near Karnal was taken-up 
during 1978. For researches on sub-surface drainage technology of saline 
waterlogged soils, a farm was established at Sampla in Rohtak district of Haryana 
in 1982. 
The institute quickly won the confidence of the farming community through ORP 
demonstrations, lab-to-land programme and attracted the attention of planners. By 
the end of 80s the Institute received attention of International scientific 
community engaged in salinity research and established linkages with many 
International organizations to excel the research. Over the years, the Institute 
addressed various issues of salt affected soils and their management through 
outreach programmes by establishing its research farms at Gudha, Sampla, 
Mundlana, Bhaini Majra, Bichhian, and Hisar and now at Nain. The Institute has 
three regional research stations located at Canning Town (West Bengal) to 
address the problems of coastal salinity, Bharuch (Gujarat) to address the 
problems of salt affected Vertisols and at Lucknow (U.P.) to address the problems 
of alkali soils of IGP. Since its inception, the institute has been pursuing 
interdisciplinary research on reclamation and management of salt affected soils 
and has now grown into an internationally recognized centre of excellence in 
salinity research. 

a. Basic Researches on Salt Affected Soils and their Properties 
The basic and strategic research on soil-water-plant relationships was given 
priority during 70s and 80s in India. Moisture retention characteristics were 
extensively studied and very well understood by various research workers 
(Achary and Abrol 1975, Khosla et al., 1982). In sodic soils with varying ESP and 
pH, studies on water transmission characteristics received considerable attention 
of different researchers (Abrol et al., 1978, Acharya and Abrol 1991, Chawla and 
Abrol, 1980). By this time, agronomists and soil scientists very well understood 
that cation exchange equilibrium is the vital factor, which influences the response 
of salt affected soils to reclamation technologies (Poonia et al., 1979, Poonia et 
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al., 1984, Rao et al., 1968). Besides cation exchange phenomena, the clay 
mineralogy plays an important role in controlling cation exchange equilibrium as 
well as the different soil processes (Bhargava et al., 1981, Kapoor et al., 1981, 
Raj Kumar et al., 1983). Simultaneously, researches on microbiological processes 
and their impact on micro-flora and fauna in salt affected soils were in progress. 
The researchers identified the microbial diversity, biological activity and role of 
microbes in bio-amelioration of salt affected soils (Bhardwaj 1974, Rao and 
Pathak 1996, Rao et al., 1996). Researches on soil fertility management started 
advancing throughout the country on salt affected soils with major researchable 
issues of electrochemical changes during rice growth (Chhabra and Abrol 1977, 
Swarup 1989), nutrient dynamics and management (Rao and Batra 1983, 
Singandhupe and Rajput 1989) and integrated use of organics with mineral 
fertilizers on salt affected soils (Agarwal et al., 1979, Dargan and Chhiller 1980). 
By 80s, many of the basic characteristics and responses of salt affected soils were 
studied in different parts of the country. However, nature and quantification of 
solute transport phenomena needed to be understood in detail and therefore, the 
researchers diverted their efforts to understand the solute transport processes in 
salt affected soils (Dahiya and Abrol 1974, Minhas and Gupta 1992), solute 
transport modelling (Dahiya et al., 1981, Gupta 1983, Gupta 1985) and hydro-
salinity modelling (Kamra et al., 1991a, Kamra et al., 1991b and Rao et al., 
1992). 

b. Research on Crop Response to Salinity 
The knowledge of vegetation types on the salt affected soils was being developed 
to find out the effective and inexpensive solutions of salinity problems through 
biological means. This issue received considerable attention after 1980. Plant 
adaptation against high salinity was major researchable issue (Dagar et al., 1993), 
eco-physiology and biochemical adjustment of various plant species against 
salinity (Sen 1982) was an important aspect being studied across the country. 
Researchers observed that seed germination was better in soils with low osmotic 
potential and the same gets adversely affected beyond 13 bars. Germination 
enhanced with decreasing osmotic potential. This indicated sufficient ion toxicity 
across the seeds when exposed to various plants in the descending order of 
NaHCO3 > Na2CO3 > NaCl > CaCl2. Environmental and genetic adaptations were 
studied by some of the research workers to recognize fundamental concepts of salt 
affected soils (Ramakrishanan 1960 and Ramakrishnan 1973). Natural coastal 
vegetation and their ability to tolerate high levels of salinity were thoroughly 
understood. Researchers at CSSRI and other parts of the country explored 
physiological trials to understand salt tolerance mechanisms in plant species and 
crop responses to salt stress (Qadar 1991, Qadar et al., 1981, Rao and Rao, 1979). 
These responses included anatomic, bio-chemical, ion consumption and their 
expressions in terms of crop growth and yield. 
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c. Research on Reclamation and Management of Salt Affected Soils 
In India, reclamation and management of salt affected soils is mainly divided in 
two parts i.e. (i) reclamation of sodic soils mainly by chemical amendments and 
(ii) reclamation of saline and waterlogged-saline soils by surface and sub-surface 
drainage. Research on reclamation of sodic soils in India was started before 
independence (Dhar 1934, Talati 1947). Among the various efforts, different 
chemical compounds with appreciable soluble calcium content were tried by the 
researchers (Kanwar and Bhumbla, 1957; Yadav and Agarwal, 1959). For 
effective reclamation of sodic soils, comparative evaluation of different calcium 
compounds was carried out in varying ago-ecological situations of India. Soil-
specific gypsum requirements were quantified; relationships have been developed 
between pH and gypsum requirement; and ESP and gypsum requirement (Abrol 
et al., 1981). These basic researches were directed towards enhanced 
effectiveness of chemical compounds (Hira et al., 1981). Gypsum technology for 
Sodic land reclamation proved to be a magical weapon, which spread like a 
wildfire and influenced the stakeholders and policy makers in different states. The 
technology was very simple and consisted of land leveling and bonding for 
rainwater storage and uniform distribution of irrigation water, determination of 
gypsum requirement, uniform application of gypsum (10 to 15 tons per hectare) 
followed by mixing of surface (10 cm) soil, ponding water for minimum one 
week before transplanting of rice and adopting proper agronomic practices. 
CSSRI implemented an Operational Research Project to demonstrate the 
technology on farmers’ fields in rural areas of Haryana, Punjab and Uttar Pradesh. 
Hands-on field demonstrations, trainings to the farmers, women, youths, farm 
labourers and subsequent collaboration with governmental line departments 
helped in rapid spread of the technology. Rural poor experienced the effectiveness 
of the technology so much so that the traditionally migrating tribes (Bazigars) 
purchased sodic lands at low cost and started a settled life at their farms. The 
success story was replicated in village Gurusikaran in District Aligarh of Uttar 
Pradesh. Popularity and success of the technology amongst the farmers proved to 
be an eye-opener for many of the policy makers and state governments. Impact of 
this mega success lead to setting-up of Land Reclamation Corporations in many 
of the states. World Bank, European Union and many International funding 
agencies are now funding the land reclamation programmes in the country.  
Besides gypsum, calcium chloride, press mud, acids, acid-formers, fly ash and 
organic materials were extensively explored. However, organic amendments 
could not prove much effective as compared to mineral amendments (Chhabra 
and Abrol, 1977). Crop production in alkali soils demands agronomic skills tuned 
to physico-chemical properties of the soil. Thus, efforts were diverted to evaluate 
various agronomic practices keeping pace with reclamation measures (Sharma et 
al., 1985 and Sharma et al., 1990). One of the major processes, degrading the soil 
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productivity in canal commands of arid and semi–arid India was rising water-
table resulting in accumulation of excess salts on the soil surface. With the 
scientific advancements the basic principles to produce crops in saline 
environments were understood and management practices were evolved (Abrol et 
al., 1988, Minhas and Gupta, 1992, Rao et al., 1995).  
Reclamation of saline and saline-waterlogged soils needs drainage for evaluating 
excess water and salts from the crop root zone. Thus, the drainage remained a 
major researchable issue in saline soil reclamation and management. Drainage 
related problems were extensively studied and water-table control maps of 
different states were prepared. Both surface and sub-surface drainage received 
attention for reclamation of saline soils. Subsurface drainage technology provided 
boost to control water logging and associated soil salinity by maintaining water-
table below a specific depth. It has remarkable impact on crop yield, farm income 
and employment. The technology initially got impetus in Haryana, which was 
subsequently widely adopted and replicated in Rajasthan, Gujarat, Punjab, Andhra 
Pradesh, Maharashtra and Karnataka. Indo-Dutch Network Project transformed 
drainage research and development from micro to macro scale and involved 
drainage programmes in several states. Sample experience of CSSRI proved to be 
a blessing in spreading sub-surface drainage technology. The sub-surface drainage 
technology helped in increasing cropping intensity to 200% in the very first year 
of implementation. Encouraged by the results of demonstrations and Pilot 
Projects, the state of Haryana prepared a Drainage Master Plan for 45,000 hectare 
area. Another 15,000 hectare area in Chambal Command of Rajasthan was treated 
successfully. These and many other success stories reached the planners and it 
helped the process of providing subsidy for drainage projects by the Ministry of 
Water Resources. Considerable success was achieved in the field of drainage 
management by vertical drainage, multiple-well point drainage, skimming open 
well, horizontal drainage and filter material used for drainage pipes. Recycling of 
drainage effluent was given due attention for meaningful use of drainage effluent 
in crop production. Besides drainage, researches were carried out for 
improvement in irrigation system for salinity control in canal irrigation 
commands. The issue included control of salinity through system improvement, 
institutional measures and economic measures leading to cost effective 
improvement in irrigation system (Tyagi et al., 1993, Tyagi 1986). Despite all the 
positive points associated with drainage of salt affected areas, the drainage 
technology could gain momentum only with the support from Government, 
mainly due to its expensive nature. Researchers therefore explored the possibility 
of bio-drainage (growing high water transpiring trees) in waterlogged saline areas, 
mainly along the irrigation canals (Jeet Ram et al., 2008, Chaudhari et al., 2012a, 
Chaudhari et al., 2012b) with considerable success. 
 



50 

One of the major areas of research in salt affected soils, which received attention 
of scientists, policy makers and Government Departments, was developing salt 
tolerant cultivars of potentially important crops. Thus, agronomists and plant 
breeders joined hands together to develop multiple stress tolerant crop varieties. 
Some of the most important varieties include CSR-10, CSR-13, CSR-23, CSR-27, 
CSR-30, CSR-36, Sumati and Bhutnath of rice, KRL-1-4, KRL-19, KRL-210 and 
KRL-213 of wheat and CS-52 and CS-54 of mustard. These varieties are being 
grown widely in salt affected areas of Punjab, Haryana, U.P, Gujarat, 
Maharashtra, West Bengal and many other states. These varieties are contributing 
immensely to the food basket of salt affected areas. CSR 30 is the first salt 
tolerant Basmati type rice variety of the country.  

d. Research Devising Alternate Land Use Systems for Salt Affected Soils 
Productivity of conventional crops and cropping systems remains at a sub-
optimum level and never touches to potential production level in salt affected 
soils. Also in severely degraded salt affected areas, crop production is limited by 
several factors including salinity stress. Under such conditions, research workers 
observed that forestry and agro-forestry are the better options, which help in bio-
amelioration of marginal lands. Research workers across the country developed 
planting techniques (Ghosh 1977, Gill and Abrol 1986, Yadav and Singh, 1970), 
tolerance of tree species (Gupta et al., 1987, Tomar and Gupta 1994) and various 
cultural practices to be adopted for afforestation on salt affected soils. Singh and 
Gill (1990) demonstrated the ameliorating effects of different tree species on a 
degraded sodic soil and demonstrated their effectiveness in reducing soil pH and 
increasing soil fertility. For community lands, different agro-forestry models such 
as silvi-pasture, silvi-agriculture, silvi-multi-pasture and agri-horti models were 
evaluated on varying degree of salinity (Singh and Dagar, 1998). An auger hole 
technology for raising forest and fruit tree plantation in salt affected soils has been 
developed and standardized. By adopting this technology, state forest departments 
have raised successful tree plantations on salt affected village community lands, 
Govt. lands adjoining roads, railway lines and canals etc. Pit-cum-auger hole 
technology was developed to raise fruit trees like aonla (Emblica officinalis), 
karaunda (Carissa Carandus) and guava (Psydium guajava) in soils having pH2 
10.00 and above, where nothing was possible to grow. Silvi-pastoral model for 
bio-reclamation of sodic soil (pH2 > 10) was developed for production of fuel 
wood, fodder, pods and honey besides reducing runoff volume, increasing 
infiltration, reducing soil alkalinity and improving soil fertility. The process 
involves planting of Prosopis juliflora and Karnal grass (Leptochloa fusca) 
together for 5 years. After that Karnal grass is replaced with Berseem or Shaftal. 
This is a non-chemical based eco-friendly technology for the rehabilitation of salt-
affected village Panchayat lands. Different agroforestry models have been 
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developed by the researchers. This technology has been adopted by the farmers 
and the forest department for remediation of salt affected soils. Similarly, research 
workers demonstrated usefulness of agro-forestry systems for commercial farms 
on alkali soils. Forage cultivation and research on salt affected soils also received 
considerable attention because forages not only provide fodder for the livestock 
but also help in rapid reclamation of salt affected soils. Salt tolerance of forages 
and grasses were evaluated by Ashok Kumar and Abrol (1986), Ashok Kumar 
and Gill (1994) and Ashok Kumar and Sharma (1995) and many other 
researchers.  

e. Research on Salt Affected Vertisols 
Salt affected Vertisols (Black soils) cover an area of about 1.21 million hectare in 
Gujarat. Problem is increasing in Karnataka, Maharashtra and Rajasthan. Due to 
high clay content, soils are adversely affected even at low salt and exchangeable 
sodium contents. Further, with the introduction of mega irrigation projects, the 
extent of salt affliction is increasing at a rapid rate. Restoring the productivity of 
these lands, once they become salinized is much more difficult as compared to 
alluvial sandy loam soils of Indo-Gangetic Plains. Researchers made consistent 
efforts to study the basic, strategic and applied aspects of salt affected Vertisols 
(Chaudhari et al., 2006, Nayak et al., 2004, Rao, et al., 2004, Singh et al., 1994). 
Technologies like cultivation of Salvadora (tolerate salinity up to 50 dS m-1) for 
the restoration of highly saline (>40 dS m-1) soils and Dill (tolerate salinity of 4-6 
dS m-1) have been adopted by the farmers, NGOs and Govt. Institutions like 
Gujarat State Land Development Corporation (GSLDC) on a large scale in 
Gujarat.  

f. Research on Coastal Saline Soils 
Coastal salinity research was given due importance and various researchable 
issues of salt affected soils have been taken on priority (Bandyopadhyay et al., 
1985, Maji and Bandyopadhyay 1991, Sen et al., 2000,). An innovative ‘Dorovu’ 
technology has gained immense popularity in coastal regions of the country. The 
other technologies developed by CSSRI regional research station, Canning Town 
and transferred through their Institute–Village-Linkage-Programme (IVLP) have 
contributed towards higher food grain production in coastal regions. These 
technologies include rabi cropping in mono-cropped coastal saline soils, 
rainwater harvesting in dugout farm ponds, reduction of arsenic uptake by higher 
application (10-15 kg ha-1) of Fe and Zn, salt tolerant rice varieties ‘Sumati’ and 
‘Bhootnath’ released for coastal saline soils, rice-Azolla interaction for higher rice 
yields, efficient nutrient management, rice-fish multi-cropping for higher income 
besides higher rice production with lime (3-4 t ha-1) and rock phosphate (2 t ha-1) 
for acid sulphate soils. 
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g. Research on Sodic Soils of IGP 
Outstanding agronomic research has been and being carried-out on the sodic soils 
of Indo-Gangetic Plains, mostly in the irrigation commands. One of the regional 
research centres (Lucknow) of CSSRI is completely devoted to the cause of 
reclamation and management of these soils. The centre has proved that the 
Phospho-gypsum (a byproduct of the phosphate fertilizer industry) can be an 
alternative to the mineral gypsum without much radiation and heavy metal 
hazards (Sharma et al., 2011). Agronomic research on resource conservation 
showed that zero tillage wheat is a cost effective practice as compared to the 
conventional method and saves 20 % water (Sharma et al., 2009). In another 
study Mishra et al., (2009) evaluated the effect of tillage and crop residue 
management and reported that the combined effect of crop residue and tillage 
enhances rice yield in comparison to the individual effect of crop residue and 
tillage. Results of agronomic research on multi-enterprise agriculture, crop 
diversification and land re-shaping have been encouraging.  

Extent of salt affected soils in India 
Characteristics of salt affected soils in relation to agriculture 
Salt affected soils have several types of salts, which on solubilisation in soil water 
give rise to a number of cations and sodium is one of them. Sodicity refers to the 
soil exchange capacity and the degree to which soil matrix is occupied by sodium 
ions. The sodicity is often indicated by exchangeable sodium percentage (ESP), 
which compares the amount of sodium to calcium and magnesium (Na+ Ca++ 
Mg++) in soil exchangeable complex. A sodic soil is developed when more than 
15% of negative charge on soil exchange complex is balanced by sodium ions. 
This may occur when soils are formed in arid and semi-arid environment or there 
could be man-made reasons like irrigation with water in which Na+ is more than 
Ca++ and Mg++. Growth of most crop plants on sodic soils is adversely affected 
because of impairment of physical conditions, disorder in nutrient availability and 
suppression of biological activity due to high pH, exceeding even 10.0 in severe 
cases, and exchangeable sodium percentage of up to 90% or so (Kanwar and 
Bhumbla, 1957). On the other hand, the saline soils have higher electrical 
conductivity (> 4dS/m), low ESP (< 15%) and low pH (< 8.5). The dominant salts 
in saline soils include chlorides and sulphates of Na, Ca and Mg. Most of these 
salts are soluble in nature and can be leached out from the soil profile, if sufficient 
quantity of water is available for leaching. In sodic soils, soil pH showed least 
variation (CV = 7.39%) and CaCO3 the highest (CV = 81.03%) which will 
determine the number of samples to be drawn for a realistic analysis. Salt 
solutions contain preponderance of sodium carbonates and bicarbonates capable 
of alkaline hydrolysis, thereby saturating the absorbing complex with sodium. The 
sodic soils of the Indo-Gangetic plain largely dominated by illite clay mineral are 
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generally gypsum (CaSO4·2H2O) free but are calcareous, with CaCO3 increasing 
with depth, which may be present in amorphous or in concretionary form, or even 
as an indurate bed at about 1 m depth. The accumulation of CaCO3 generally 
occurs within the zone of fluctuating water table. The processes which target the 
dissolution of CaCO3 have significant role in reclamation of alkali or sodic soils. 
Crops like rice helps in reclaiming sodic soils (Chhabra and Abrol, 1977). These 
soils are deficient in organic matter, available N, Ca, and Zn. Certain micro-
nutrients present problems of either deficiency or toxicity. Toxicities of Al, Mn, 
and Fe sometimes pose problems for wheat when over-irrigated and results in 
yellowing of the crop. The major factors responsible for formation of alkali soils 
in the Indo-Gangetic region include: irrigation with ground waters containing 
excessive quantities of carbonate and bicarbonate ions, rise in groundwater due to 
introduction of canal irrigation and salt laden run-off from the adjoining areas and 
un-drained basins. The inland saline lands are widespread in the canal irrigated, 
arid and semiarid regions. These soils are characterized by the presence of excess 
neutral soluble salts like chlorides and sulphates of sodium, calcium and 
magnesium. Sodium chloride is the dominant salt. High soil salinity is often 
accompanied by high water table, often within 2 m of soil surface. Sub soil waters 
are generally salty and, therefore, their use for irrigation presents major 
constraints to crop production. In general, these soils have good physical 
properties but poor natural drainage. The formation of saline soils is generally 
associated with the rise in water table due to introduction of irrigation and 
inadequate drainage.  
Spread of salt affected soils in India 
Salt affected soils are distributed in 120 countries covering 953 M ha and reduced 
productivity to 7-8% at the global scale (Yadav, 2003). Sodic soils are dominant 
(>50%) with largest area in Australia while sizeable area (20%) is saline in dry-
lands of Asia and Pacific and waterlogged and secondary salinized (39.9 M ha) in 
irrigated regions (Ghessami and Nix, 1995; World Watch Institute, 1990). In 
India, variable estimates (7.0 to 26.1 M ha) of salt affected soils were reported in 
absence of any systematic survey. Based on remote sensing, ground truth and soil 
physico-chemical properties, the National Remote Sensing Centre (NRSC), 
Hyderabad developed salt affected soil’s maps involving CSSRI, Karnal and 
NBSS & LUP, Nagpur (NRSA, 1997). These maps contain voluminous data on 
soil and terrain characteristics and are difficult to handle by users of varied 
background and interest. GIS is now widely being used for storage, retrieval and 
analysis of natural resources data. Such technique using integrated GIS overlay of 
topology with the spatial and non-spatial soil attribute was successfully used for 
salinity management in irrigated agriculture (Mandal and Sharma, 2001). The salt 
affected maps were used for regional mapping at large scale (Mandal et al., 2009). 
An attempt was made to develop a digital database of salt affected soils of India 
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using GIS and perform spatial analysis with related data viz. climate, topography 
and geology, for planning and management of salt affected soils. 
Extent and distribution of salt affected soils  
State, regional and country scale  
Salt affected soils are distributed in fourteen states along with the union territory 
(UT) of Andaman & Nicobar Islands (Figure 7). Significant area is distributed in 
the Indo-Gangetic Plain (IGP) of Uttar Pradesh, Bihar, Haryana, Punjab and West 
Bengal; the arid and semi-arid regions of Gujarat, Rajasthan, Madhya Pradesh and 
Maharashtra; and in the peninsular plains of Maharashtra, Karnataka, Tamil 
Nadu, Andhra Pradesh and Orissa. Considerable area occurs in the east and west 
coasts of Andhra Pradesh, Orissa, Tamil Nadu, Kerala, Karnataka, Maharashtra, 
Gujarat and the Islands of Andaman & Nicobar. Large affected areas can be 
viewed in different canal commands, which include the Sharda Sahayak (Uttar 
Pradesh), Tungabhadra (Karnataka), Indira Gandhi Nahar Pariyojona and 
Chambal (Rajasthan), Tawa (Madhya Pradesh), Mahi and Ukai (Gujarat). State-
wise estimates of salt affected soils are presented in Table 3. These estimates were 
prepared by segregating areas under the saline and sodic soils. 
Saline Soils 
Saline soils occur in 29,56,and 809 ha (44% of the total salt affected soils) area in 
12 states and in Andaman & Nicobar Islands (Table 3). These soils are located in 
inland plains (1.75 M ha) with poor quality groundwater under arid/semi-arid 
climate and in coastal plains (1.2 M ha) intercepted by seawater intrusion with 
humid climate (Figure 8). The coastal saline soils are located in six states viz. 
Gujarat, Andhra Pradesh, West Bengal, Orissa, Tamil Nadu and Andaman and 
Nicobar islands. In the west coast, these soils are slight (44%), moderate (26%) 
and strongly (18%) saline, primarily distributed in Kachchh, Banaskantha, 
Jamnagar, Bhavnagar, Rajkot and Surendranagar districts of Gujarat. In the east 
coast, soils are strongly saline in Andhra Pradesh (East and West Godavari, 
Krishna and Srikakulam districts); slight, moderate and strongly saline in West 
Bengal (Midnapur and 24-Parganas districts) and Orissa states (Kendrapara, Puri, 
Bhadrak, Baleswar, Ganjam and Jagatsinghapur districts). These soils are strongly 
saline in South, Middle and North Andaman and Mayabandar.  
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Figure 7. Salt Affected Soils in India 

 
Figure 8. Distribution of saline soils in India 
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Figure 9. Distribution sodic soils in India 

Table 3. State-wise extent and distribution of salt affected soils in India 
Sl. No.  State  Saline Soils (ha) Sodic Soils (ha) Total (ha) 

1 Andhra 
Pradesh 77598 196609 274207 

2 Andaman & 
Nicobar 77000 0 77000 

3 Bihar 47301 105852 153153 
4 Gujarat 1680570 541430 2222000 
5 Haryana 49157 183399 232556 
6 Karnataka 1893 148136 150029 
7 Kerala 20000 0 20000 
8 Maharashtra 184089 422670 606759 
9 Madhya 0 139720 139720 
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Pradesh 
10 Orissa 147138 0 147138 
11 Punjab  0 151717 151717 
12 Rajasthan 195571 179371 374942 
13 Tamil Nadu 13231 354784 368015 
14 Uttar Pradesh 21989 1346971 1368960 
15 West Bengal 441272 0 441272 
 Total  2956809 3770659 6727468 

Among the inland plains, saline soils are confined in the arid and semi-arid areas 
of Gujarat (17%), Rajasthan (6.6%), Maharashtra (5.9%), Karnataka (0.06%), 
Haryana (1.6%) and Bihar (1.6%) states. Prominent areas are distributed in Jalor, 
Bhilwara, Ajmer, Churu, Barmer and Pali districts of Rajasthan; Jind, Hisar, 
Sirsa, Rohtak and Jhajjar districts of Haryana; Surendranagar, Ahamadabad, 
Jamnagar, Rajkot and Amreli districts of Gujarat and Pune, Thane, Sangli, Satara 
and Rayagad districts of Maharashtra and Saran district of Bihar States     
Sodic soils  
Sodic soils are located in the Gangetic Plain, arid and semi-arid region of Western 
and Central India and Peninsular region of the Southern India (Figure 10). 
Significant areas (66%) are distributed in Uttar Pradesh, Gujarat, Maharashtra, 
Tamil Nadu, Andhra Pradesh, Haryana, Rajasthan, and Punjab, Karnataka, 
Madhya Pradesh and Bihar states (Table 1). A considerable area (47%) is 
distributed in the Gangetic Plain covering Uttar Pradesh, Haryana, Punjab and 
Bihar states (Fig. 4). Sodic soils are widely distributed in the Upper-, Middle- and 
Lower-Gangetic Plains covering Mainpuri, Azamgarh, Etawah, Raebareli, Hardoi, 
Sultanpur, Jaunpur, Pratapgarh, Etah and Unnao districts of Uttar Pradesh,. In the 
Trans-Gangetic plain of Punjab, salt affected soils are distributed in Bathinda, 
Ferozpur, Sangrur, Amritsar, Faridkot, Mansa and Patiala districts. In Haryana, 
salt affected soils are found in Panipat, Sonepat, Kaithal, Karnal, Jind and 
Kurukshetra districts with poor quality groundwater. In the irrigated region, salt 
affected soils are also located in Western Yamuna and Bhakra canals in Haryana, 
Sirhind and Rajasthan Feeder in Punjab, Ganga and Sharda Sahayak in Uttar 
Pradesh and Gandak and Kosi commands in Bihar. These soils are moderately 
and strongly sodic in Uttar Pradesh, slight and moderately sodic in Haryana, 
Punjab and Bihar states.            
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Figure 10. Development of salt affected soils database for the Indo-Gangetic plain 

Significant area (35%) of sodic soils is distributed in the arid and semiarid regions 
of Central and Western India covering Gujarat, Rajasthan, Madhya Pradesh and 
Maharashtra (Figure 11). Strong and moderately sodic soils are distributed in the 
Mehsana, Ahamadabad, Surendranagar, Banaskantha and Junagadh districts of 
Gujarat. These soils are slight (41%) and moderately (6%) sodic in Rajasthan 
covering Chhitorgarh, Udaipur, Hanumangarh, Ganganagar and Jaisalmer 
districts. In Maharashtra, these are primarily sodic (69%) and are distributed in 
Ahmednagar, Jalgaon, Akola, Solapur, Buldhana, Amaravati, Nasik, Kolhapur 
and Aurangabad districts. Sodic soils (79%) are also found in Gwalior, Bhind, 
Morena, Vidisha and Ujjain districts of Madhya Pradesh.  



59 

Gujarat Rajasthan Maharashtra Madhya Pradesh

Location map
334342112831912060230Total area (ha)  

1397201397200Madhya Pradesh

606759422670184089Maharashtra

374942179371195571Rajasthan

22220005414301680570Gujarat 

SodicSaline 

Total 
area 
(ha)

Categories of salt 
affected soils 

Name of the State

International boundary State boundary
District boundary Salt affected soils

REFERENCES

 
Figure 11. Extent and distribution of salt affected soils in arid and semiarid regions 

 
Sodic soils covered 18% of salt affected areas in the peninsular plain and are 
distributed in Tamil Nadu, Andhra Pradesh and Karnataka states (Figure 12). 
These are slight (59%), moderate (32%) and strongly (4%) sodic in 
Ramanathapuram, Cuddalore, Kanchipuram, Tirunelveli, Thanjavur, Pudukottai, 
Madurai and Tiruchirapalli districts of Tamil Nadu. Slight (71%) and moderately 
(24%) sodic soils are located in Chitradurga, Bellary, and Raichur and Mysore 
districts of Karnataka. Sodic soils are highly variable (slight 41%, moderate 22% 
and strong 7%) in Andhra Pradesh covering Nalgonda, Anantpur, Krishna, 
Prakasam, East Godavari, Kurnool, Chittoor and Guntur districts (Gupta et al., 
1994; Minhas and Gupta, 1992). 
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Figure 12. Distribution of salt affected soils in the peninsular region 

Spread of Salt Affected Soils in different Physiographic regions     
Digital overlay of physiography and salt affected soils showed significant area of 
salt affected soils in the Indo-Gangetic, peninsular and coastal plains of India 
(Figure 13). Considerable area occurs in alluvial (38%), peninsular (19%), 
aeolian/aeofluvial/arid (9%), coastal, deltaic plains and mad flats/mangrove 
swamps (19%), and other (15%) regions (Table 4). In the alluvial plain, sodic 
(76%) and saline (24%) soils are distributed in Uttar Pradesh (53%), Gujarat 
(20%), Haryana (9%), Bihar (6%), Punjab (6%) and Karnataka (6%) states. In the 
peninsular plain (F), sodic (86%) and saline (14%) soils are distributed in 
Maharashtra (47%), Tamil Nadu (27%), Andhra Pradesh (15%) and Madhya 
Pradesh (11%). Saline soils are dominant (75%) in the aeofluvial/aeolian/arid 
plains (B) covering Gujarat and Rajasthan; coastal plain (D) of Gujarat (65%), 
Orissa (12%), Andhra Pradesh (8%), Kerala (3%), Tamil Nadu (2%), Maharashtra 
(1%) and Andaman and Nicobar (1.8%) islands and deltaic plain (C) of Orissa 
(28%) and West Bengal (72%) and the mud flats/mangrove swamp (G) areas of 
West Bengal (74%), Andaman and Nicobar (14%), Andhra Pradesh (6%) and 
Orissa (5.5%).  
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Sodic soils are distributed in the alluvial plains of Uttar Pradesh (52%), Haryana 
(7%), Punjab (6%), Karnataka (5.7%) and Bihar (4%). These are also found in the 
aeolian/aeofluvial/ arid plains of Rajasthan (23%) and Gujarat (2%); the 
peninsular plains of Maharashtra (33%), Tamil Nadu (27%), Andhra Pradesh 
(15%) and Madhya Pradesh (11%) and in the coastal plain of Gujarat (5%), 
Andhra Pradesh (0.6%), Tamil Nadu (0.5%) and Karnataka (<0.1%).  

Table 4. Distribution of salt affected soils in physiographic regions 
                     Physiographic Units Sl. 

No 
 

Name of the 
State 
 

Alluvial 
Plain   
(A) 

Aeofluvial/aeolian/
arid Plain (B) 

Deltaic 
Plain 
(C) 

Coastal 
Plain 
(D) 

Mud flats/ 
Mangrove 
Swamps (G)

Peninsular 
Plain     
(F) 

Others 
(H) 

Total 
Area 
(ha) 

1. Andhra 
Pradesh 

------ ------ --- 56423 25111 192673 ---- 274207 

2. Andaman & 
Nicobar 

-------- ------- ------ 12366 64634 ------ ----- 77000 

3. Bihar 153153 ------- --- ------ ----- ----- ----- 153153 
4. Gujarat 510951 285574 --- 462315 ------ ------ 963160 2222000
5. Haryana 232556 ------ --- ------ ------ ------ ------ 232556 
6. Karnataka 148922 ----- --- 586 ----- 521 ------- 150029 
7. Kerala ------ ------ --- 20000 ------ ------ ------ 20000 
8. Maharashtra ------ ------ --- 6713 283 599763 ---- 606759 
9. Madhya 

Pradesh 
------ ------ --- ----- ------ 139720 ------ 139720 

10. Orissa ------ ------ 43023 79543 24572 ------ ------ 147138 
11. Punjab  151717 ------ ------ ------ ------ ------ ------ 151717 
12. Rajasthan ------ 338128 ------ ------ ------ ------ 36814 374942 
13. Tamil Nadu ------ ------- ------- 16805 ------- 351210 ------ 368015 
 14 Uttar Pradesh 1368960 ------- ------ ------ ------- ------- ------- 1368960
15. West Bengal ------- ------ 109613 ------- 331659 ------- ------- 441272 

     Total 2566259 623702 152636 654751 446259 1283887 999974 6727468
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Figure 13. Distribution of salt affected soils in physiographic regions 

Spread of Salt Affected Soils in different Agro-climatic zones 
The Agro-climatic zones (ACZ) and regions (ACR) are important for agricultural 
development (Basu and Guha, 1996; Ghosh, 1991) in India (Figure 14). Regional 
distribution of salt affected soils was delineated in GIS by superimposing 
boundaries of ACR and ACZ. Significant area is distributed in the upper- 
(12.6%), trans- (11.3%), middle- (7%) and lower- Gangetic plain (9.3%); East 
coast plain (13.7%), Gujarat plain (14.2%), southern plateau (7.9%), central 
plateau (10.7%) and western dry regions (4.2%). Such data are useful in broad 
planning for reclamation and management at regional scale (Table 5).   

Table 5. Distribution of salt affected soils in Agro-climatic zones in India  

Zone No.        Name of the zone ha % 
3. Lower Gangetic Plains Region 628400 9.3 
4. Middle Gangetic Plains Region 476018 7.0 
5. Upper Gangetic Plains Region 848340 12.6 
6 Trans-Gangetic Plains Region 765470 11.3 
7. Eastern Plateau & Hills Region 17280 0.25 
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8. Central Plateau and Hills Region 719370 10.7 
9. Western Plateau & Hills Region 441550 6.5 
10. Southern Plateau & Hills Region  535090 7.9 
11. East Coast Plains and Hills Region 925310 13.7 
12. West Coast Plains and Hills Region 58080 0.86 
13. Gujarat Plain and Hills Region 953910 14.2 
14. Western Dry Region 282010 4.2 
15 Island Region 77000 1.1 
 Total  6727468 

 

 
Figure 14. Distribution of salt affected soils with agro-climatic zones 

Spread of Salt Affected Soils in different rainfall and temperature zones 
Salt affected soils (51%) are located in low (<300 mm) to moderately low (500-
800 mm) rainfall zones of Gujarat (64%), Rajasthan (10%), Uttar Pradesh (8%), 
Punjab (4%), Haryana (0.6%), Maharashtra (5%) and Karnataka (1.5%) (Fig.9). 
Saline soils are dominant in the low rainfall regions of Gujarat (47%) and 
Rajasthan (5.7%), while sodic soils occur in moderately low rainfall zones of 
Uttar Pradesh (7%), Gujarat (5%), Maharashtra (5%), Rajasthan (4%), Haryana 
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(4%), Punjab (3.8%) and Karnataka (0.2%). Large area (44.8%) of salt affected 
soils is found in moderate (800-1000 mm) and moderately high (1000-1500 mm) 
rainfall zones of Uttar Pradesh, Bihar, Tamil Nadu, Maharashtra, Andhra Pradesh 
and Madhya Pradesh (Figure 15) (Table 6). Saline soils are found with high 
(1500-2000 mm), very high (2000-3000 mm) and excessive (>3000 mm) rainfall 
coastal zones of Kerala (7%), Orissa (5%), West Bengal (6%), Maharashtra (1%) 
and Andaman & Nicobar Islands (26.5%). Among the temperature zones, huge 
area (75.7%) is associated with strong hyperthermic (25-27.5oC) followed by 
hyperthermic (20-22.5oC) and megathermic (>27oC) temperature zones (Table 7). 
These are in Gujarat, UP, West Bengal, Maharashtra, Rajasthan, Andhra Pradesh 
and Bihar (Figure 16).  

Table 6. Distribution of salt affected soils in rainfall zones in India 

Sl. No.  Name of the rainfall zone Area (ha) % 

1 Very Low (<300 mm) 138754 2.0 

2 Low (300-500 mm) 1296767 19.3 

3 Moderately Low (500-800 mm)  1983516 29.4 

4 Moderate (800-1000 mm) 1255559 18.6 

5 Moderately High (1000-1500 mm) 1766423 26.2 

6 High (1500-2000 mm) 157882 2.3 

7 Very High (2000-3000 mm) 32652 0.5 

8 Excessive (>3000 mm) 99484 1.5 

Table 7. Distribution of salt affected soils in temperature zones in India 

Sl. No. Name of the temperature zone Area (ha) % 

1 Mild Hyperthermic (20-22.5 oC) 403477 5.9 

2 Hyperthermic (22.5-25 oC) 972109 14.4 

3 Strong Hyperthermic (25-27.5oC) 5097855 75.7 

4 Megathermic (>27.5 oC) 257592 3.8 
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Figure 15. Distribution of salt affected soils in rainfall zones 

 
Figure 16. Distribution of salt affected soils in temperature zones 
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Geology zones 
The association of salt affected soils with geology is important for salinity 
management and reclamation (Figure 17). These soils are located in various 
geological formations ranging from pleistocene and recent to cretaceous and 
Jurassic period (Table 8). Large area (70%) is located in pleistocene and recent 
alluvial formations covering Gujarat, Uttar Pradesh, and West Bengal, Rajasthan, 
Bihar and Orissa states (Bhargava et al., 1981; Dhir, 1998). In this region 1.96 
and 2.45 million ha soils are categorized as saline and sodic, respectively. In the 
Deccan and Rajmahal trap region 0.28 million ha saline and 0.49 million ha sodic 
soils are located in the coastal, aeolian and peninsular plains of Gujarat, 
Maharashtra and Madhya Pradesh Wadia 1961). A large area (0.6 million ha) is 
also found in the archaean schist and gneisses formations located in the 
peninsular, coastal and alluvial plains of Tamil Nadu, Andhra Pradesh and 
Karnataka. Saline soils (4.3%) are common in the tertiary deposits at coastal and 
deltaic plains, covering Gujarat, Andaman and Nicobar and Tamil Nadu 
(Bhargava and Bhattacharjee, 1982; Dhir, 1998). Sodic soils (1%) are also located 
in lower Paleozoic formations of peninsular, coastal and alluvial plains covering 
Andhra Pradesh, Orissa and Rajasthan. These soils are found in Dharwar schist 
formation located in Karnataka, Andhra Pradesh and Rajasthan (Bhargava and 
Bhattacharjee, 1982). In the cretaceous and Jurassic materials, saline soils are 
commonly found in Kachchh region of Gujarat and West Rajasthan.  

Table 8. Distribution of salt affected soils in Geological Zones in India  
Salt affected area (ha) Sl. No.  Name of the zone 

Saline % Sodic % 
1 Archaean Schist and Gneisses 8576 0.13 603766 9.5 
2 Pleistocene and Recent 1962927 31.1 2449788 38.8 
3 Dharwar Schist 0 0 86020 1.3 
4 Lower Paleozoic 30706 0.5 67067 1 
5 Deccan and Rajmahal trap  276746 4.4 493142 7.8 
6 Tertiary 268016 4.3 22994 0.4 
7 Cretaceous and Jurassic, Upper 

Gondwanas 
38297 0.6 1343 0.02 

 Total  2585268 41.03 3724120 58.82 
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Figure 17. Distribution of salt affected soils in geology zones 

Landform, water quality and water-table depth 
Among the common landforms in Haryana, 60% of salt affected soils are 
distributed in the old alluvial plain, 25% in old alluvial plain with sand dunes, 
10% in the recent alluvial plain and 4.7% in the active alluvial plain, Aravalli 
pediment, fluvio-aeolian plain and aeofluvial plain. Water-table in 66% salt 
affected soils varies from 3 to 10 m below ground level and in 34% soils varies 
from 10 to 20m below ground level. About 39% and 21% of salt affected areas lie 
in the saline and marginal groundwater zones and 40% in the fresh groundwater 
zone.      
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Technologies for Reclamation and Management of Salt Affected Soils  
1. Reclamation and management of alkali soils 

 Land leveling and bonding for rainwater storage and uniform distribution of 
irrigation water  

 Soil sampling for determination of gypsum requirement 
 Uniform application of gypsum (10 to 15 tones per hectare) followed by 

mixing of surface (10 cm) soil  
 Ponding water for minimum of one week before transplanting of rice  
 Adopting proper agronomic practices. 

Status of commercialization/IP right etc. -Put up in public domain. 
Likely cost : Rs 42,500 per ha.  
Impact on the income of the farmers: The reclaimed area contributes 10-12 
million tones of food grains to the National pool. Farmers obtained 4 
tones/hectare rice and 2 tones/hectare wheat yield from reclaimed alkali land right 
from the first year of the reclamation, which increased to 5 and 3 tones/hectare 
during 3rd year onwards, respectively with 135 man-days of employment 
generated per hectare per year. Its Net Present Worth (NPW) estimated to be Rs. 
52,000/ha, Benefit Cost Ratio (BCR) of 1.43 and Internal Rate of Return (IRR) of 
25% of the technology. 
2. Management of poor quality waters 

 
 About 25% of the groundwater resources used for irrigation in India are either 

saline or brackish or both. In states like Rajasthan and Haryana, 84% and 
62%, respectively of the groundwater are of poor quality. 

 Irrigation water standards used in the past have been too conservative for the 
monsoonal climate of the country.  

 The institute has developed new techniques for sustainable use of poor quality 
waters for agriculture. CSSRI has prepared and published water quality map 
of the country. 

Status of commercialization/IP right etc. -Put 
up in public domain. 
Impact on the income of the farmers: 
Technology provides sustainability and high 
yields compared to rainfed agriculture. Helps to 
control water logging and soil salinization. 
Number of amendments and bye-products such 
as gypsum, pyrites, distillery spent wash and 
press mud identified. Gypsum bed technology 
for location specific situations developed. 
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Alternate land use systems 
 An augur hole technology for raising forest 

and fruit tree plantation in salt affected soils 
has been developed and standardized. By 
adopting this technology, state forest 
departments have raised successful tree 
plantations on salt affected village 
community lands, Govt. lands adjoining 
roads, railway lines and canals etc. 

 Pit cum augerhole technology is developed 
to raise fruit trees like aonla (Emblica 
officinalis), karaunda (Carissa Carandus) 
and guava (Psydium guajava) in soils having pH2 10.00 and above, where 
nothing is possible to grow. 

Status of commercialization/IP right etc. -Put up in public domain. 
Likely cost :Rs. 60,000 per hectare 
Impact on the income of the farmers: After 
one rotation of trees and grasses, the soils are 
reclaiming to such an extent that the Panchayats 
have started giving these lands on rent to 
generate regular income for the overall 
development of the village. Different agro-
forestry models have also been developed, 
which have shown a B:C ratio of 1.6.  
Silvi-pastoral model for bio-reclamation of sodic 
soil (pH2 > 10) has been developed for production of fuel wood, fodder, pods and 
honey besides reducing runoff volume, increasing infiltration, reducing soil 
alkalinity and improving soil fertility. 
3. Bio-drainage technology for eco-friendly amelioration of waterlogged and 

saline soils 
 Bio-drainage removes excess soil water 

through transpiration by trees using solar 
radiation energy of the sun.  

 It is an option to prevent the development of 
waterlogged and saline soils especially in 
areas having no possibility of disposing 
saline drainage effluent.  

  There are large areas with water stagnation 
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due to seepage from higher elevation, surface disposal of urban and industrial 
effluents and floods during rains where conventional system of dewatering 
through pumping and surface drainage is not possible.  

 Bio-drainage lowers the water table and minimizes salt accumulation in the 
root zone. 

Status of commercialization/IP right etc. -Put up in public domain. 
Impact on the income of the farmers: It is an eco-friendly, low cost technology, 
which can easily be adopted by the farmers because it does not require skilled 
labour. It generates revenue for farmers from the sale of wood besides promoting 
the area under forests. The technology does not have the problem of disposal of 
drainage effluent. It can be adopted along with the conventional subsurface 
drainage to reduce the drainage effluents. 

 
 
 
 
 
 
 
 
              

4. Subsurface Drainage 
Subsurface drainage is an effective technology for amelioration of waterlogged 
saline irrigated lands in India. The system consists of perforated corrugated PVC 
pipes, covered with synthetic filter, installed mechanically at a design spacing and 
depth below soil surface to control water table 
depth and drain excess water and salts out of 
area by gravity or pumping from an open well 
called sump. The depth and spacing of drainage 
system are governed by rainfall, irrigation, 
hydro- geology, texture and salinity of soil and 
outfall conditions in the affected area. The 
technology developed by CSSRI during 1980s 
initially for Haryana has been widely adopted 
and replicated in Rajasthan, Gujarat, Punjab, 
Andhra Pradesh, Maharashtra and Karnataka. 
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During the last two decades, subsurface drainage (SSD) has been implemented in 
7000 ha waterlogged saline area by Department of Agriculture in Haryana where 
annual loss due to water logging and soil salinity has been estimated at more than 
Rs. 200 crore. About 40000 ha waterlogged 
saline soils have been reclaimed in different 
states of India through subsurface drainage 
technology. CSSRI is involved in most of these 
projects in a collaborative/ consultancy mode for 
monitoring and evaluation, in particular in 
Haryana, Maharashtra, Karnataka and Gujarat. 
Currently implementation of subsurface 
drainage projects is underway in about 1030 ha 
area in four districts (Palwal, Jhajjar, Jind and 
Rohtak) of Haryana, have been funded under 
RKVY. 
Status of commercialization/IP right etc. - Recommended for 
commercialization. 
Likely cost: Rs. 60000/ ha in alluvial soils of North West India & Rs. 75000/ ha 
for heavy textured soils of Maharashtra and Karnataka 
Impact on the income of the farmers: Due to notable increase in crop yields, the 
technology results in 3 fold increase in farmers’ income. The technology also 
generates around 128 man-days additional employment per ha per annum. 
5. Individual Farmer Based Groundwater Recharge Structure 
Individual farmer based groundwater recharge structures have been developed 
and implemented at 52 sites in farmers’ fields in Haryana, Punjab, Uttar Pradesh 
and Gujarat during 2008- 2011. The structures involve passing of excess rain and 
canal water under gravity through a bore well to subsurface sandy zones coupled 
to a recharge filter consisting of layers of coarse sand, small gravel and boulders 
in a small brick masonry chamber. The recharge structures can be installed at any 
low lying location prone to surface water flooding. Being individual farmer 
oriented and of small size, these structures have relatively better chances of 
success due to cleaning of clogged recharge filters by farmers themselves. Based 
on the quality and impact of this work, CSSRI was bestowed with Groundwater 
Augmentation Award of MoWR (GoI) during 2011. 
Status of commercialization/IP right etc. - Recommended for 
commercialization. 
Likely cost : The estimated cost of 30- 45 m deep recharge structures in Haryana 
and Punjab at 2008 prices is Rs. 30000- 50000. The current cost of a 50 m deep 
structure at Rs. 1.2 lakh is considerably higher due to steep rise in the cost of 
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coarse sand and gravel. The capital investment cost has been worked out @ Rs. 
3.5 to Rs. 2.1 / m3 recharge water for locations collecting runoff from 12- 20 ha 
area. 
Impact on the income of the farmers: Based on the analysis of reduced damage 
to basmati rice due to recharge of submerged water, the payback period of the 
recharge structures in Haryana and Punjab has been estimated as 1-2 years. The 
prolonged availability and improvement in groundwater quality in recharge wells 
of Gujarat increased farmers’ income by Rs. 30000- 75000/ha in mango, papaya 
and banana plantations. 

Water source

Bore hole (45 cm φ)

Round gravel (1.5- 2.0 cm φ)

G.L.

1.8 m

1.65 m

Coarse sand (0.5- 1.0 mm φ)

Gravel (1.0- 1.2 cm φ)

44 m

Inlet channel

12.5  cm φ PVC slotted pipe (10kg/cm2

pressure) for compressed air circulation

Slotted pipe

Water

Recharge Shaft 

Recharge arm

    
 

6. Commercial cultivation of banana with subsoil sodicity management in 
partial reclaimed sodic soil 

 The technology for banana cultivation under reclaimed sodic soil (pH > 9) 
through sub-soil management technology using combination of ameliorant, 
vermicompost and native isolate of Psuedomonads aeruginosa (CSR-P-1) 
from sodic soils of pH 9.8 was developed. 

  It was found that gypsum/phosphogypsum reclaimed the soils in the pit and 
their combination with vermicompost and CSR-P-1 strain of Psuedomonads 
decreased salt stress and increased bunch weight to 22.0 kg/plant and 24 kg 
/plant, respectively.  

 The sodium adsorption ratio (SAR) of soil was reduced. The Na/K ratio was 
reduced and increased the micronutrient content in leaves.  

 The enzymatic activities such as peroxidase (PO), polyphenol oxidase (PPO), 
phenyl alanine lyase (PAL), suproxy dismutase (SOD), proline and phenols 
in the roots of treated plants also increased.  

 The results showed that the combination of 25% GR gypsum or 
phosphogypsum with CSR-P-1 and vermicompost protects the plants against 
sodic environment and helps to reclaim the sodic soils.  



73 

Status of commercialization/IP right etc. - It is being propagated by the 
government and NGOs. 
Likely cost : 70,000/-per ha 
Impact on the income of the farmers: In the growing economy apart from 
providing food security, it is obvious to provide economic and nutritional security 
to the small and marginal farmers. Most of the small and marginal farmers of 
Uttar Pradesh adopt rice-wheat or rice-mustard cultivation for years. Banana is a 
sustainable medium duration cash crop with high return in irrigated lands. 
 
 
 
 
 
 
 
7. Increasing water productivity by pond based farming systems in 

waterlogged sodic soils in canal command areas 
About 0.35 million ha sodic lands suffer from shallow water table conditions in 
Sharda Sahayak Canal Command and are not suitable for cultivation even after 
conventional method of gypsum based 
reclamation. This has led to 
diminishing land and water 
productivity and loss of livelihood for 
the farm families in this command. 
Seepage from the canal is one of the 
main reasons for development of 
waterlogged sodic soils on a large scale 
in the canal command. 
To tackle such a situation, and to 
harness the productivity potential of 
these seepage water in the canal 
command area, a land reclamation 
model for 1 ha based on the concept of 
physical land reclamation and pond 
based integrated farming system has 
been developed at village Kashrawan, 
Raebareily district.  
The basic concept of utilizing the bottom soil whose pH was less than 9.0 for crop 

Pond with luxurious 
Fish production in pond system 
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cultivation was adopted and therefore while digging the pond the top soil was sent 
to bottom and bottom soil to top. The model comprised of 0.40 ha fish pond up to 
1.75 m depth, 0.2 ha cereal crop, 0.15 ha fruit crop, 0.10 ha for vegetable and 0.10 
ha for forage crops. The excavated soil was spread over the 0.6 ha land so that 
field can be raised at least 2 m from the water table. Through intervention of 
above land modification technique the productivity of the land and water 
increased many folds. 
Status of commercialization/IP right etc. 
Put up in public domain. 
Impact on the income of the farmers: On seeing the success of the 2 farmers, 10 
more farmers have expressed their readiness to take up the technology with help 
of bank finance. The government of Uttar Pradesh has also requested the scientist 
to take up large scale demonstration of this technology for which it would provide 
financial support. 
8. Feasibility of phosphogypsum, as an alternate source of gypsum in the 

reclamation of sodic soils 
Phosphogypsum (PG) is basically a by-product of the phosphate fertilizer industry 
that emanates from the production of phosphoric acid and exists as huge stock 
pile at the manufacturing site posing environmental threats. As the stock of mined 
gypsum is diminishing day by day and safe disposal of PG has become  a public 
concern, phosphogypsum could be used as a chemical amendment to the sodic 
soil. This is possible because the chemical composition of this by-product is 
similar to gypsum.  
On the basis of the field experiments at different locations, it has been found that 
phosphogypsum is a good alternative of mined gypsum for the reclamation of 
sodic soils. The application of phosphogypsum equivalent to 50 GR (mineral 
gypsum) showed greater reduction in soil pH and resulted comparatively higher 
yield over mineral gypsum. The PG treatment resulted greater reduction of pH 
and exchangeable sodium percentage (ESP) because of its higher solubility over 
mined gypsum, which makes soluble Ca permeates to the lower depth and cause 
reduction in ESP.  
Status of commercialization/IP right etc. Being commercialized through public 
and private agencies  
Likely cost : Rs. 30,000/- per ha 
 

Impact on the income of the farmers: Due to the dwindling scenario of mineral 
gypsum which is being used so far as an amendment to the sodic soil, its 
availability have become scarce due to its unaffordable price for the resource poor 
farmers. As a result, poor and marginal sodic land holding farmers are unable to 
reclaim their land for getting higher per capita income. The phosphogypsum may 
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be a boon for them in increasing their land productivity, as this industrial by-
product is quite cheap and available in plenty. 

 
 

9. Increasing land and water productivity by raised and sunken bed system 
in waterlogged sodic soils in canal command areas 

 Since majority of sodic lands in U.P. are with resource poor medium to small 
land holders. Therefore, for them a system of raised and sunken bed was 
evolved using land modification technique in Sarda Sahayak canal Command 
area. In raised and sunken bed system the area is divided into number of 
strips of desired width. Raised and sunken beds are constructed alternatively 
by digging soil from one strip and putting it on the other. Design criteria of 
raised and sunken bed should be such that. 
o It should allow agricultural production from raised as well as sunken 

bed, 
o It should minimize capillary rise to avoid salt deposition in the root 

zone,  
o Minimum or no use of amendments for lowering pH,  
o Ease in using available farm machinery equipments and turning ease at 

the corner of the raised and sunken beds.  
 A minimum width of raised bed was taken as 2m and the height of sunken 

bed was 1.0 m above ground surface. The average depth of sunken bed was 
0.50 m below ground surface and side slope was 1:1. 

 Vegetable crops like tomato, brinjal, bottle gourd, bitter gourd, ridge gourd, 
sponge gourd, okra, chilly, tinda, pumpkin, cucumber, etc, were grown on the 
beds during kharif, rabi and summer seasons. A total of 15.14 quintals of 
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vegetables were obtained in a year. Tissue culture banana plantlets were 
taken on the raised beds. The entire water requirement of the banana plants 
were met from the water from sunken beds and also through seepage. An 
average of 22.5 kg of banana was obtained from 140 plants taken on two 
beds. Deep water rice and water chestnut was cultivated in the sunken beds. 

Status of commercialization/IP right etc. Under Process 
 

Likely cost : Rs. 0.75 to 1 lakh 
 

Impact on the income of the farmers: A net total average income of Rs 34,428 
was obtained from the system at the end of the second year. An income of 
Rs.12986/annum in all the three seasons was obtained from the cultivation of elite 
varieties of vegetables on the beds. The model will be helpful in minimizing the 
negative impact of the seepage water on ecological system of the canal command 
areas. 
 
 
 
 
 
 
 
 
 
 
Photograph showing some crop grown on raised and sunken beds 
 
10. Zero tillage and resource conservation technologies 
It has been realized now that the traditional soil cultivation system with intensive 
soil tillage, leads to soil degradation and the loss of crop productivity of soil. Even 
in the reclaimed sodic soil, the physical behavior of the soil used to be very poor 
which may deteriorate under intensive tillage. Therefore, in order to have a 
sustainable, economical and viable agriculture, the paradigm of crop production 
and management must be altered with new farming practices. The zero tillage in 
wheat and direct seeded rice with crop residue management may be an option for 
a sustainable rice-wheat system. In view of this, a field experiment was initiated 
in partially reclaimed sodic soil to evaluate the tillage and crop residue 
management on resource conservation and soil health in rice-wheat system with 
30% crop residue and without crop residue under different treatments.  
Our results showed that the direct seeded rice not only produced the maximum 
grain yield almost every  
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 year of the experiment but also matured 15-20 days earlier in comparison to 
the transplanted rice, which was effective for early sowing of wheat. The crop 
residue also enhanced the rice grain yield after 3 years. In addition to this, the 
integration of direct seeded rice with crop residue is effective in saving 10-12 
cm irrigation water. 

 The planting of wheat by zero tillage machines produced almost at par grain 
yield with the conventional method of sowing. The maximum grain yield was 
recorded in the zero tillage plots where direct seeded rice (DSR) with 
sesbania was adopted. The application of rice crop residue at the time of 
wheat sowing was also effective for higher wheat production and water 
saving in wheat. It was estimated that 30% crop residue of rice saved one 
irrigation in wheat 

Status of commercialization/IP right etc.: Being put up in public domain. 
 

Likely cost: The average per hectare cost for the rice and wheat was Rs.35, 000/- 
 

Impact on the income of the farmers:  
 

The technologies developed in the project resulted in significant change in the 
livelihood of the farmers who habitat sodic soils. Interventions taken up under all 
the technologies had a sustainable outcome which increased the productivity of 
the land and also brought back the salt affected land in to cultivation. 

 
 
 
 
 
 
 
 
 

Zero Tillage in Wheat 
 

11. Synergy of reduced gypsum and salt tolerant varieties 
 The field experiments were initiated to develop low cost technologies for the 

resource poor farmers by integration of gypsum and salt tolerant varieties of 
rice and wheat cropping system.  

 The grain yield of rice and wheat under 25 % plus salt tolerant varieties was 
at par with 50 GR plus normal cultivars. 

Status of commercialization/IP right etc. Commercialized  
 

Likely cost : Rs.40, 000/- per ha. 
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Impact on the income of the farmers: The investment on gypsum would be 
reduced to half (25% GR) when salt tolerant varieties were grown instead of 
locally available high yielding varieties. The B:C ratio of 1.7 was recorded in 25 
GR with salt tolerant varieties of rice and wheat. Time frame for the replacement 
of salt tolerant varieties with normal high yielding varieties was also worked out 
and it was established that salt tolerant varieties of rice can be replaced after 4 
years. For wheat the replacement of salt tolerant varieties could be after 3 years. 
 
 
 
 
 
 
 
 
 
 
 

12. Enhancing productivity of acid sulphate soil in the coastal areas of India 
 Acid sulphate/ acid saline soils (pH < 4.0) are highly under-utilized and show 

very poor yield of crops. Good yield can be obtained from such soils by 
applying lime @ 50% of recommended dose and higher P fertilizer (double 
or more of recommended dose) along with green manure or other organic 
manures. Oyster shell can be used as locally available cheap source of lime. 
Rock phosphate can be used as an alternative chief  source of P.  

Status of commercialization/IP right etc. Put up in public domain 
Likely cost : Rs.22, 000 per ha  
Impact on the income of the farmers: It’s a very low cost technology and it has 
ability to increase the proclivity by 100% or more, Hence, the farmers will be 
economically benefited by adopting this technology.  

Yield potential of 5 t /ha of CSR‐36 at pH 9.2 Yield potential of 2.0 t /ha of CSR-36 at 
pH 10.1 
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Rice production on acid sulphate soil with lime, higher doses of P fertilizer & 
green manure 
13. Reducing salinity build up in coastal saline soil through mulching/cover 

crop 
 The salinity build up in soil can be controlled by: 
i. Growing crops with large foliage cover rather than leaving fallow 

ii. Mulching of soil during dry season; rice husk and straw, organic farm waste 
or any other suitable materials can be used as mulch 

iii. When mulching material are not available, the soil is to be kept ploughed 
instead of leaving unploughed 

iv. Ploughing of soil on initiation of pre-monsoon shower and sowing of green 
manuring like Sesbania 

Status of commercialization/IP right etc. Put up in public domain 
Likely cost : Rs. 5,000/- per ha 
Impact on the income of the farmers: The economic status of the farmers in the 
coastal region will be enhanced due to enhancement of farm productivity 
following reduction of soils salinity build up. 

 
Cover crop: Sesbania 
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Paddy straw mulch management of salinity build up through cover crop and 

paddy straw mulching 
 
14. Efficient nutrient management of coastal saline soils 

 N:  For better efficiency of poor nitrogen utilization under coastal saline soil 
use: 
i. Combined sources of N (organic, inorganic and microbial). 

ii. Placement of N fertilizes in soil to increase the efficiency as it reduces 
volatilization and other losses of N.  

iii. Green manuring and simultaneous cultivation of rice and Azolla 
 P: Even if there is no response to P, basal dose of 6-11 kg P ha-1, is necessary 

for maintenance of soil fertility status.  
 K: Coastal soils are usually rich in K, it is to be applied only when the 

particular soil is deficient in K. 
 Micronutrients : The soil of the coastal region of West Bengal is mostly rich 

in almost all micronutrients, except Zn occasionally for paddy. The Zn 
deficiency can be addressed by application of 10-15 Kg of Zinc Sulphate per 
ha. 

 Integrated nutrient management: N fertilizer use efficiency is better when 
combined (organic + inorganic) sources of nutrients are applied. Addition of 
Sesbania, Gliricidia, city compost, Azolla and leaves of locally available trees 
along with inorganic N-fertilizer improves crop yield and soil health. Use of 
appropriate bio-fertilizers particularly for rabi/ summer crops is quite 
beneficial. 

Status of commercialization/IP right etc. Put up in public domain 
 

Likely cost : Rs.18,000 per ha  
Impact on the income of the farmers: The nutrient use efficiency of soils of the 
coastal region is low. Hence, the productivity of the soil is low. Adoption of 
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nutrient management technology enhances the economic status of the farmers by 
increasing productivity of soils. 
15. Land shaping and rainwater harvesting for enhancement of productivity 

through farm Pond 
 About 20% of the farm area is converted into on-farm reservoir (OFR) to 

harvest excess rainwater.  
 The dug-out soil is used to raise the land to form high and medium land 

situations besides the original low land situation in the farm for growing 
multiple & diversified crops throughout the year instead of mono-cropping 
with rice in Kharif season.  

 The pond is used for rainwater harvesting for irrigation and fishery. Poultry/ 
livestock farming can also be practiced in the farm along with crops and fishes 
with the use of pond water.  

 The high land free from water logging in kharif with less salinity build up in 
dry seasons and thus can be used for multi & diversified crop cultivation 
throughout the year. 

 
Simultaneous cultivation of rice and azolla for higher crop yield 

Status of commercialization/IP right etc. Put up in public domain 
 

Likely cost : Rs.99,000 per ha  
Impact on the income of the farmers: The coastal agriculture is less profitable 
due to degraded (saline) soil and water quality, mono-cropping with traditional 
rice in kharif, scarcity of good quality irrigation water. The farm pond technology 
provides the scope for practicing diversified cropping round the year and 
integrated farming, creating irrigation facility, reducing salinity and improving 
drainage condition. Thereby, this technology enhances the livelihood security by 
increasing farm income and employment generation.   
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16. Land shaping and rainwater harvesting for enhancement of 
productivity through high ridge and deep furrow cultivation 

About 50 % of the farm land is shaped into alternate ridges (1.5 m top width ×1.0 
m height × 3m bottom width) and furrows (3m top width × 1.5 m bottom width × 
1.0 m depth). These ridges remain free of water logging during Kharif with less 
soil salinity build up in dry seasons (due to higher elevation and presence of fresh 
rain water in furrows). Remaining portion of the farmland including the furrows is 
used for growing more profitable paddy-cum-fish cultivation in Kharif.  The 
rainwater harvested in furrows is used for irrigation. The remaining portion of 
farm land (non furrow and non ridge area) is used for low water requiring crops 
during dry (Rabi/ summer) seasons. The rain water stored in furrows is used for 
initial irrigations during Rabi. The water stored in furrows is also used for fish 
cultivation and supplementary irrigation in Kharif. The ridges are used for 
cultivation of vegetables and other horticultural crops round the year instead of 
mono cropping with rice in Kharif. The rain water stored in furrows keep the root 
zone soil relatively saturated with fresh water during the initial dry months after 
Kharif, thus reduces upward capillary flow of brackish water from shallow 
subsurface layer and thereby reducing the salinity build up in soil.  
The furrows provide better drainage and protect the crops from damages due to 
occasional heavy rains in Rabi/ summer due to climatic disturbances. Water 
harvested in furrows from such rains also provides additional source of irrigation. 
This technology can be adopted in areas where Farm pond technology cannot be 
adopted due to presence of acid sulphate soil at higher soil depth. 
Status of commercialization/IP right etc. Put up in public domain 
Likely cost : Rs. 49,000/- per ha for soil excavation. 
Impact on the income of the farmers: This technology enhances the livelihood 
security by increasing farm income and employment generation.  

Paddy-cum 
fish(kharif) & low 
water requiring 
crops (Rabi)

Fish 
(kharif) + 
harvested 
rain water

Vegetables 
round the year

 
High ridge and deep furrow cultivation 
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17. Land shaping and rainwater harvesting for enhancement of productivity 
through paddy-cum-fish cultivation 

Trenches (3m top width × 1.5 m bottom width × 1.0 m depth) are dug around the 
periphery of the farm land leaving about 3.5m wide outer from boundary and the 
dugout soil is used for making dikes (about 1.5 m top width ×1.0 m height × 3m 
bottom width) to protect free flow of water from the field and harvesting more 
rain water in the field and trench. The dikes are used for vegetable cultivation 
round the year. Remaining portion of the farm land including the trenches is used 
for more profitable paddy-cum-fish cultivation in kharif. The land (non trench and 
non dike area) is used for low water requiring crops during dry (rabi/summer) 
seasons with the rain water harvested in furrows Presence of deep furrows in the 
field provides better drainage condition in the field during the non-monsoon 
months.  
Status of commercialization/IP right etc. Put up in public domain 
Likely cost: Rs.32, 000 per ha for soil excavation. 
Impact on the income of the farmers: This technology enhances the livelihood 
security by increasing farm income and employment generation.   

 
Paddy-cum-fish cultivation 

 

18. Land shaping and rainwater harvesting for enhancement of 
productivity through paddy-cum-fish with brackish (Rabi) and fresh 
water (Kharif) 

In this land shaping technique land is shaped as in paddy-cum-fish cultivation and 
crops and fishes were grown as in paddy-cum-fish cultivation during wet season. 
However, during winter/ summer seasons the land was used for more 
remunerative brackish water fish cultivation with the ample supply of surface and 
sub-surface brackish water available in the area. After brackish water fish 
cultivation the same land was also used for normal paddy-cum-fish cultivation 
during wet season on allowing few initial pre-monsoon showers to wash away the 
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salts from soil. This model can be used only to the farm situation where there is 
good provision of outlet of pump out brackish water from the field after brackish 
water fish cultivation and the wash out of the field from pre-monsoon rains. 
Status of commercialization/IP right etc. Put up in public domain 
Likely cost: Rs.32, 000 per ha for soil excavation. 
Impact on the income of the farmers: This technology enhances the livelihood 
security by increasing farm income and employment generation. 

 
Paddy-cum-fish with brackish (Rabi) and fresh water (Kharif) 

19. Land shaping and rainwater harvesting for enhancement of 
productivity through shallow furrow & medium ridge 

About 75 % of the farm land is shaped into medium ridges (1.0 m top width ×0.75 
m height × 2.0m bottom width) and furrows (2.0m top width × 1.0 m bottom 
width × 0.75 m depth) with a gap of 3.5m between two consecutive ridges and 
furrows. As in high ridge and deep furrow above the furrows are used for 
rainwater harvesting and paddy-fish-cultivation during Kharif. The cropping 
schedule is similar to that followed in DF except rice can be grown in furrows in 
Rabi/summer with lesser supplementary irrigation. This technology can be 
adopted when acid sulphate soil layer is present at shallow depth due to which 
other land shaping technologies cannot be adopted. 
Status of commercialization/IP right etc. Put up in public domain 
Likely cost : Rs. 39,000/- per ha for soil excavation. 
Impact on the income of the farmers: This technology enhances the livelihood 
security by increasing farm income and employment generation.   
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Shallow furrow & medium ridge 

20. Cultivation of Halophyte, Salvadora persica on highly saline black soils 
(ECe > 30 dS m-1) 

Salvadora persica L. (Meswak), a facultative halophyte which is a potential 
source for seed oil has been identified as a predominant species in highly saline 
habitats of coastal and inland black soils. This species is a medicinal plant of great 
value and its bark contains resins and an alkaloid called Salvadoricine. The seeds 
are good source of non-edible oil rich in C-12 and C-14 fatty acids having 
immense applications in soap and detergent industries. This species gives 
economic returns for the highly saline black soils with salinity values up to 50 dS 
m-1, also provides eco-restoration through environmental greening and thus forms 
a niche for highly saline black soils (Gururaja Rao et al., 2003, 2004). 
Status of commercialization/IP right etc. Put up in public domain. 
Likely cost: Rs. 2760/= per ha 
Impact on the income of the farmers: This species was found to grow well on 
saline black soils having salinity up to 65 dS m-1 and found to yield well. Based 
on the studies conducted, the National bank for Agriculture and Rural 
Development (NABARD), Mumbai in association with the Station has developed 
a bankable model scheme for cultivation of Salvadora persica on salt affected 
black soils through the project sponsored by NABARD. Regreening of highly 
saline black soils that cannot be put under arable farming; reduction in salinity by 
4th year onwards that enable to take up intercropping with less tolerant 
crops/forages. Planting of Salvadora persica would fetch about Rs. 7000=00 
per hectare. Apart from this, the species provide a dwelling place for birds and 
enhances the environmental greening. 
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     Salvadora on highly saline black soil                                  Salvadora fruiting 

21. Cultivation of dill (Anethum graveolens) on saline black soils 
Dill, Anethum graveolens, a non-conventional seed spice crop has been identified 
as potential crop for cultivation on saline black soils having salinity up to 6 dS m-1 
in rabi season with the residual soil moisture. It has multiple uses viz., pot herb, 
leafy vegetable, seeds used as condiments and seed oil for aromatic and medicinal 
purposes. The herb contains Vitamin-C as high as 121.4 mg/100g. The oil of dill 
seeds and its emulsion in water (Dill water) are considered to be aromatic, 
carminative and effective in colic pains and possesses anti-pyretic and anti-
helmenthic properties. 
Status of commercialization/IP right etc. Put up in public domain. 
Likely cost: Rs. 6000/- per hectare 
Impact on the income of the farmers: Non-conventional crop like dill can be 
grown using residual moisture resulting in 2.6q/ha seed yield with net returns of 
Rs. 8000=00. This crop forms an ideal option for the state in general and the 
region in particular, which by and large faces water scarcity problems (Gururaja 
Rao et al. 2000). Under saline water irrigation, crop would yield net returns of Rs. 
16500/- ha-1 with Rs. 6000/- per hectare as cost of cultivation. The benefit: cost 
ratio works out to be 2.75. This crop thus would help farmers of the region to go 
for the second crop in the rabi season on lands, which hitherto remain fallow due 
to water and salinity constraints. Thus dill crop can be taken up using residual 
moisture and/or with saline ground water. The green can be used as leafy 
vegetable, an additional source of income. 
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Dill under Saline Water 

22. Cotton-pulse intercropping proved to be beneficial on moderately saline 
black soils 

Farmers of the Bara tract in Amod, Vagra and Jambusar talukas and other parts of 
the state who take cotton as rain fed mono-crop, do face crop losses due to salinity 
development at later stages of crop growth. Under such situations, intercropping 
with pulses provides some remuneration to the farmer in the event of failure of 
cotton crop. 
Status of commercialization/IP right etc. Put up in public domain. 
Impact on the income of the farmers: Farmers who take cotton as rain fed mono 
crop in the Bara tract in Amod, Vagra and Jambusar talukas and other parts of the 
state do face crop losses due to salinity and due to other climatic vagaries. Under 
such situations, intercropping with pulses provides some remuneration to the 
father in the event of failure of cotton crop. About 165 ha of land of the Bara tract 
particularly in Vagra and Amod talukas, the farmers have been adopting the 
cotton intercropped with pulse technology for maximizing the production. 
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Cotton-Pulse Intercropping 

23. Cultivation of forage grasses on saline black soils  
Gujarat state has one of the largest dairy industries in the country. As the fodder 
produced on arable lands and grasslands is not sufficient to meet the demands of 
the cattle population, cultivation of forage grasses, Dichanthium annulatum and 
Leptochloa fusca in a ridge-furrow planting system with 50 cm high ridge and 1 
m between midpoints of two successive ridges was found ideal in saline black 
soils having salinity up to 8-10 dS m-1(Table 6). For maximizing forage 
production on saline black soils, Dichanthium on ridges and Leptochloa in 
furrows form ideal proposition.  
Nitrogen given at the rate of 45 kg  ha-1 (in the form of urea) at the time of rooted 
slip planting, boosts forage production and improves forage quality traits. 
Dichanthium annulatum, has been found most suitable for saline black soils, as it 
possessed well-defined salt compartments, wherein the roots act as potential sinks 
for toxic ions like sodium and chloride, making the shoot portions relatively salt 
free. 
Status of commercialization/IP right etc. Put up in public domain. 
Likely cost : Rs. 3000/= per ha 
Impact on the income of the farmers: The technology has been widely adapted 
in the Bhal areas covering Tarapur, Dholka, and Dhandhuka talukas and also 
through the NGOs in Coastal saline villages in Cambay talukas.. The planting of 
grasses was also taken up the National Tree Growers Federation , Anand in 
Cambay taluka. These grasses being perennial in nature, while providing fodder 
also brings up the environmental stability in the area which is extremely fragile in 
nature.  
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Halophyte Grasses 

Salt Tolerant Rice Varieties 
1. Indian Rice Variety CSR 10 
 

 Salt tolerant high yielding rice variety CSR10 acts as biological amendment 
for highly deteriorated sodic and inland saline soils. 

 It can tolerate sodicity up to pH2 ~10.0 and salinity up to 11 dS/m.  
 It has a plant height of about 85 cm and matures in 120 days.  
 It has short bold grains.  

 

Recommended area: highly deteriorated sodic and inland saline soils. 
Social/environmental benefits: Excellent under high stress 
Average yield: 
Normal soil - >6.0 tons/ha  
Sodic soil - 3.0 tons/ha  
2. Indian Rice Variety CSR 13 

 Salt tolerant high yielding rice variety CSR13 has a plant height of about 115 
cm. 

  It matures in 145 days. 
  It has long slender grains.  
 It can tolerate sodicity up to pH2 ~10.0 and salinity up to 9 dS/m.  

Recommended area: sodic and inland saline soils of U.P., Haryana, Gujarat and 
Maharashtra 
Social/environmental benefits: Highly acceptable. Excellent under normal and 
moderately deteriorated salt affected soils 
Average yield: 
Normal soil - >6.0 tons /ha  
Sodic soil-  up to 3.5 tons/ha  
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3. Indian Rice Variety CSR 23 
 Salt tolerant high yielding rice variety CSR23 has a plant height of about 115 

cm 
 It matures in 130 days. 
  It has long slender grains.  
 It can tolerate sodicity up to pH2 ~9.9 and salinity up to 9.0 dS/m.  

 

Recommended area : sodic soils of Uttar Pradesh, Haryana, and coastal saline 
areas of Gujarat, Maharashtra, Tamil Nadu, Kerala and West Bengal.  
Social/environmental benefits: Excellent under normal and moderately 
deteriorated affected soils 
Average yield:  
Normal soil - >6.5 tons/ha 
Salt affected soils - 4.0 tons/ha 
4. Indian Rice Variety CSR 27 
 

 Salt tolerant high yielding rice variety CSR27 has a plant height of about 115 
cm 

 It matures in 125 days.  
 It has long slender grains.  
 It can tolerate sodicity up to pH2 ~9.9 and salinity up to 10.0 dS/m.  

Recommended area : sodic and coastal saline areas of India  
Social/environmental benefits: Excellent under normal and moderately 
deteriorated salt affected soils 
Average yield:    
Normal soil - >6.5 tons/ha  
Salt affected soils - 4.0 tons/ha 
5. Indian Rice Variety CSR 30 (Basmati) 
 

 Salt tolerant high yielding rice variety CSR 30 has a plant height of about 155 
cm.  

 It matures in 155 days. 
  It has extra long slender grains.  
 It can tolerate sodicity up to pH2 ~9.5 and salinity up to 7.0 dS/m.  

 

Recommended area : Salt tolerant high yielding rice variety CSR30 is the first 
salt tolerant basmati variety, developed by CSSRI, for sodic areas of UP, Haryana 
and Punjab. . It is performing very well in normal soils also. 
 

Social/environmental benefits: Excellent under normal and moderately 
deteriorated sodic soils. 
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Average yield: 
Normal soil - >3.0 tons/ha 
Salt affected soils -2.0 tons/ha 
6. Indian Rice Variety CSR 36 
 

 Salt tolerant high yielding rice variety CSR36 has a plant height of about 110 
cm. 

  It matures in 140 days.  
 It has long slender grains.  
 It can tolerate sodicity up to pH2 ~10.0 and salinity up to 11.0 dS/m.  

 

Recommended area : sodic soils of Uttar Pradesh, Haryana and Pondicherry  
Social/environmental benefits: Excellent under normal and deteriorated salt 
affected soils. 
Average yield:       
Normal soil - >6.5 tons/ha  
Salt affected soils- 4.0 tons/ha 
7. Indian Rice Variety CSR 43 

 
 Salt tolerant high yielding rice variety CSR43 has a plant height of about 95 

cm. 
 It matures in 110 days.  
 It has short bold grains.  
 It can tolerate sodicity up to pH2 ~10.0 and salinity up to 7.0 dS/m.  

Recommended area : Salt affected soils including sodic soils of UP Salt 
affected soils including sodic soils of UP  
Social/environmental benefits: Excellent under normal and deteriorated salt 
affected soils. 
Average yield: 
Grain yield in Normal soils: 6 tons/ ha 
Grain Yield in Salt affected soils: 3.5 tons/ ha 
Salt Tolerant Wheat Varieties 
1. Indian Wheat Variety KRL210 

 KRL 210 is a semi dwarf variety  
 It takes about 143 days to mature.  
 The grains are amber in colour, bold in size and contain about 11% protein.  
 KRL 210 is resistant to Yellow and Brown rusts, loose smut, Karnal bunt and 
flag smut.  
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 The variety has also shown tolerance to shoot fly. 
 The hectolitre weight of the grain is 77 Kg with sedimentation value of 39. The 
yield potential of KRL 210 is 5.5 tones/ha in normal soils, whereas its yield 
potential in salt affected soils (having pH up to 9.3 and EC up to 6 dS/m) is 3 
to 5 tones/ha. 

 

Recommended area : salt affected soils of NWPZ and NEPZ 
Social/environmental benefits: Growing of salt tolerant variety has 
environmental impacts as it reduces the use of chemicals for soil amendment. 
2. Indian Wheat Variety KRL 213 
 

 KRL 213 is resistant to yellow as well as brown rusts, leaf blight, Karnal bunt 
and hill bunt.  

 KRL 213 has an excellent plant type with semi dwarfness, 97 days for days to 
flowering, 145 days to days to maturity in NWPZ. However in NEPZ the 
variety attains flowering and maturity at 91 and 128 days respectively. 

Average yield: 5.5 tones/ha in normal soils 
Salt affected soils (having pH up to 9.3 and EC up to 6 dS/m) is 3 to 5 tones/ha. 
Unit cost: Rs. 30/-per kg seed  
Status of commercialization: Commercialized. 
3. Indian Wheat Variety KRL 210 

 This variety has amber coloured grain with 11% protein content, 77 Kg 
hectoliter weight and sedimentation value of 29.  

Recommended area : Salt affected soils of NWPZ and NEPZ. KRL 213 has been 
specifically bred for salt tolerance to saline (ECe 6.0 dSm-1) as well as alkaline 
soils (up to pH2 9.2) conditions. It also does well in areas where the ground water 
is either brackish and/or saline (ECiw 15 dSm-1; RSC 12-14 meq l-1).  
Social/environmental benefits: Growing of salt tolerant variety has 
environmental impacts as it reduces the use of chemicals for soil amendment. 
Average yield: 5 tones/ha in normal soils.     
Unit cost: Rs. 30/-per kg seed  
Status of commercialization: Commercialized. 
4. Indian Wheat Variety KRL19 
 

 KRL 19 is resistant to yellow and brown rusts as well as for Karnal bunt 
resistance.  

 It is highly responsive to fertilizers as well as resistant to lodging and 
shattering even under high input, irrigated and timely sown conditions.  

 Even moderately late sowing does not affect the yield significantly. 
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  The variety has amber grain colour with good grain appearance, high protein 
content, and hectoliter weight and sedimentation value.  

Recommended area : KRL 19 has been specifically bred for salt tolerance and 
can tolerate saline (ECe 5-7 dSm-1) as well as alkaline soil (pH2 9.3 to 9.4) 
conditions. It also does well in areas, where the ground water is either brackish 
and/or saline (ECiw 15-20 dSm-1, RSC 12-14 meq l-1). Though KRL 19 has been 
specifically bred for adverse saline/alkali soils. 
Social/environmental benefits: Growing of salt tolerant variety has 
environmental impacts as it reduces the use of chemicals for soil amendment. 
Average yield: 5 tones/ha in normal soils.             
Unit cost: Rs. 30/-per kg seed  
Status of commercialization: Commercialized. 
5. Indian Wheat Variety KRL1-4 

 This variety is a dwarf type with 145 days of maturity.  
 The grain texture is hard, medium bold and amber in color. 
 It also tolerates the salinity stress up to ECe 7.0 dSm-1. 

Recommended area : KRL 1-4 was the first wheat variety released for saline and 
sodic soils of the north western plain zones of the country.  
Social/environmental benefits: Growing of salt tolerant variety has 
environmental impacts as it reduces the use of chemicals for soil amendment.  
Average yield: 4.8 t ha-1 under normal soil condition and 3.4 t ha-1 under sodic 
stress up to pH2 9.3.           
Unit cost: Rs. 30/-per kg seed  
Status of commercialization: Commercialized. 
Mustard varieties 
1. Indian Mustard Variety CS 52 

 CS 52 plants can grow up to a height of 170-180 cm. 
 It matures in about 135-145 days. 
  Seeds are brown and medium sized with 1000 seed weight more than 4 g.  
 By growing in saline soils and even irrigating with saline waters, 38% oil 

content has been determined from the seeds of this variety.  
Recommended area: This variety can grow economically in saline soils up to a 
soil salinity level of ECe 7-9 dS m-1 and in alkali soils up to pH2 ~ 9.5. 
Social/environmental benefits: Highly Suitable for saline and sodic soil 
conditions. 
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2. Indian Mustard Variety CS 54(CS 614-4-1-4) 
 Maturity days -121 days 
 The plants are 160 cm tall. (160 cm) 
 It takes about 45 days for 50% flowering and mature in about 121 days. 
  Seeds are brown and bold with 1000 seed weight more than 5.3 g. 
  Main shoot length is around 65-70 cm and has more than 14 seeds per siliqua. 
 This variety yields around 40% oil content even under salt stress conditions.  

Recommended area: This variety can grow economically in saline soils up to 
soil salinity level of ECe 6-9 dS m-1 and in alkali soils up to pH2 ~ 9.3. 
Average yield: Within the salt tolerant limits of this variety, CS 52 yields more 
than 15 quintals per hectare.  
Unit cost: Breeder Seed @ Rs. 46/- per kg 
Status of commercialization: Commercialized. 
Social/environmental benefits: Highly Suitable for saline and sodic soil 
conditions 
Average yield: Within the salt tolerant limits of this variety, CS 54 yields more 
than 1.8 t/ha -1. 
Unit cost: Breeder Seed @ Rs 46/- per kg 
Status of commercialization: Commercialized.  
 

3. Indian Mustard Variety CS 56 (CS 234-2) 
 Mean seed to seed duration was recorded to be 131 days. 
 Moderately tolerant to Alternaria black spot, Black leg (leaf, root and stem 

rot), White rust, Sclerotinia stem rot, mildew and aphids. 
 High oil content 
 Suitable in late sown irrigated conditions 

Impact of Reclamation of Salt Affected Soils 
Research efforts made during the last 3-4 decades resulted in impactful results. 
Amongst all, the reclamation technology received the highest priority and equally 
vibrant response from the farming community in the various parts of the country. 
So far, the country has reclaimed 1.5 million ha salt affected soils in various states 
(Figure 18). The reclaimed land every year adds about 15 million tones of food 
grains to the National food basket and provides additional income worth Rs 13.50 
billion. The technology also provides on-farm and off-farm rural employment 
opportunities worth 8.5 million mandays every year. Based on 10 per cent 
discount rate, the economics of sodic land reclamation shows that the present net 
worth of reclaimed lands is Rs 56000/ha with B:C of 1.52, internal rate of return 
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21.4 per cent and payback period is 3 years (Sharma et al., 2011). This shows the 
strength of the land reclamation programmes and justifies the National investment 
in soil salinity research. 
 
 
 
 
 
 
 

 
 
 

Figure 18. Overall impact of land reclamation technology on food grain production, 
agricultural income and employment generation. 

Similarly, more than 50,000 ha waterlogged saline soils have been reclaimed in 
different states of India where the cropping intensity has increased by 25 to more 
than 100 % and crop yields by up to 45 % (rice), 111 % (wheat) and 215 % 
(cotton). The sub-surface drainage technology generated around 128 man-days 
additional employment per hectare per annum. Its net present worth estimated to 
Rs. 45,000/ha, with B:C of 1.5 and internal rate of return of 13 per cent and 
payback period of five years (Sharma et al., 2011). The technology reduced flood 
hazards and water logging, improved resource use efficiency, reduced poverty, 
minimized inequity and improved quality of life of the people in the affected 
areas. 
Agronomic research on other aspects of salt affected soils viz.; alternate land-use 
systems, salt tolerant crop varieties, salt affected Vertisols, coastal salinity, salt 
affected soils of IGP etc proved highly impactful by influencing food and 
nutritional security, women empowerment, involvement of landless labourers and 
minimizing rural migration. Salinity research helped restore the ecological 
balance in affected area by its positive impact on environment.  

Future research issues in salt affected soils of India 
Considerable success has already been achieved in management of salt affected 
soils. Many technologies have been developed for reclaimed and semi-reclaimed 
sodic soils as well as waterlogged saline soils. However, there are several 
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researchable issues, which are hitherto remained unaddressed. Some of the issues 
are described below: 
a) Re-sodification of reclaimed sodic soils: This is a growing concern in the 

areas where sodic soil reclamation took place before 2-3 decades. Though the 
causes of re-sodification are identified, yet concerted research efforts are to be 
made to avoid re-sodification of reclaimed lands. 

b) Need for alternative to gypsum: Gypsum being mineral in nature and mined 
from limited area, its availability in future will no longer be the same as it was 
in the past. Already there are crisis and several judicial and social issues 
involved in gypsum mining. Therefore there is an urgent need to find out an 
alternative to mineral gypsum and standardize the agro-techniques for its use 
on sodic soils. 

c) Harnessing synergy from modern science: There are opportunities and 
avenues of reclamation and remediation of both salt affected soils and poor 
quality waters; and agronomic research in the area of nano-technology 
applications in salt affected soils. 

d) Bio- and phyto-remediation: Bio-remediation and phyto-remediation of waste 
waters / poor quality waters and their use in salt affected soils need to be 
explored on a major scale. This area has a great potential for agronomic 
research in future with limiting water availability for irrigation.  

e) Bio-saline agriculture: Agroforestry offers a very good solution to the bio-
amelioration of saline lands. It is possible to go for bio-fuels and bio-energy 
plantations on moderately degraded and severely degraded salt affected soils. 
This requires extensive research involving multi-disciplinary teams and 
addressing core researchable issues. Financial support for such research is 
now available within the country as well as outside the country. 

f) Micro-irrigation for enhanced resource use efficiency: Till now cereal 
systems are dominant on salt affected as well as reclaimed salt affected soils. 
These soils are not exposed to high value horticulture production. Since these 
areas are affected by multiple stresses of salts, waters and nutrients. Therefore, 
research efforts need to be diverted for enhancing the use efficiency of water 
and nutrients on salt affected soils. For this, micro-irrigation, drip fertigation, 
drip chemigation and use of liquid bio-fertilizer along with atomized irrigation 
need to be explored. 

g) Resource conservation: Entire Indo-Gangetic Plain and Trans-Indo-Gangetic 
Plain is engaged in rice-wheat cultivation for several decades. Exhaustive 
nature of rice-wheat cropping system depleted the natural resources and there 
is resource crunch disturbing agro-ecology of the area. The problem is 
aggravated in salt affected soils because of multiple stresses. This compels 
adaptation of resource conservation technology and therefore conservation 
agriculture options need to be thoroughly evaluated for reclaimed as well as 
non-reclaimed salt affected soils. 
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h) Multi enterprise agriculture: For small and marginal land holdings, multi 
enterprise agriculture provides an assurance of regular income as well as on-
farm employment. Results of the research carried out at CSSRI, Karnal are 
encouraging. Thus, the multi enterprise agriculture involving subsidiary 
components with conventional crop components in a synergy based recycling 
manner needs to be evaluated in different agro-eco systems on salt affected 
soils. 

i) Integrated nutrient management: It is well proved that higher nutrient 
application is beneficial in salt affected soils as compared to normal soils. But 
after reclamation soil pH of surface 30 cm layer is within the range of 7.5-8.5, 
therefore nutrient supply as per the recommended doses of fertilizer is 
advisable. However, in Haryana, Punjab and Western Uttar Pradesh, farmers 
use very high amount of nitrogen fertilizers than the recommended one. On 
the contrary, they do not use potassium fertilizers leading to imbalance 
nutrition for the crop, which affects soil health and quality. These issues need 
a fresh relook and to be critically addressed by location-specific research. 
Therefore, integrated nutrient management prescriptions need to be developed 
for different types of salt affected soils. 

Conclusions 
The salt-affected soils always existed on the globe, only its presence was felt with 
increasing pressure on cultivated lands. Understanding of salt impacts on 
agricultural lands existed in pre- and post-Vedic era in undivided India. Soil 
research, though sporadic in nature, was initiated during the Aryan civilization. 
During the pre-independence period, problems of salt affected soils were first 
recognized in the United Province (presently Uttar Pradesh), Sind Province and 
undivided Punjab Province. Constitution of Reh Committee was the first 
systematic step leading to preliminary research on salt affected soils. But salinity 
research got a boost only in post-independence period after establishment of 
Central Soil Salinity Research Institute at Karnal. Basic researches on salt 
affected soils and their properties were extensively carried out and agronomic 
research on crop response to salinity was followed. Research advanced in 
reclamation and management of salt affected soils, and devising standard agro-
practices for salt affected soils. Alternate land-use systems were developed for 
moderately and severely degraded salt affected lands. Further soil research has 
been extended to salt affected Vertisols, coastal saline soils and sodic soils of 
IGP. A computerized database of salt affected soils was developed on 1:250000 
scale at state, regional and country level, using ILWIS. By linking salt affected 
soils and physico-chemical properties, a relational database was developed in GIS 
for quick retrieval. State maps were integrated in GIS to develop salt affected soil 
map at country scale. Based on the state-wise area statistics, 6.7 M ha salt affected 
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area was estimated at the country scale. The estimated areas for saline and sodic 
soils covering 2.9 and 3.7 M ha are useful for regional planning. These complex 
and variable nature of salt affected soils in inland plains under arid /semi-arid 
climate and coastal region showed site-specific reclamation/management needs 
for salt affected soils. Research efforts made during the last 3-4 decades resulted 
in impactful results. Amongst all, the reclamation technology received the highest 
priority and equally vibrant response from the farming community in the various 
parts of the country. So far, the country has reclaimed 1.5 million ha salt affected 
soils in various states. The reclaimed land every year adds about 15 million tones 
of food grains to the National food basket and provides additional income worth 
Rs 13.50 billion. The technology also provides on-farm and off-farm rural 
employment opportunities worth 8.5 million mandays every year. Based on 10 per 
cent discount rate, the economics of sodic land reclamation shows that the present 
net worth of reclaimed lands is Rs 56000/ha with B:C of 1.52, internal rate of 
return 21.4 per cent and payback period is 3 years. This shows the strength of the 
land reclamation programmes and justifies the National investment in soil salinity 
research. More than 50,000 ha waterlogged saline soils have been reclaimed in 
different states of India where the cropping intensity has increased by 25 to more 
than 100 % and crop yields by up to 45 % (rice), 111 % (wheat) and 215 % 
(cotton). The sub-surface drainage technology generated around 128 man-days 
additional employment per hectare per annum. Its net present worth estimated to 
Rs. 45,000/ha, with B:C of 1.5 and internal rate of return of 13 per cent and 
payback period of five years (Sharma et al., 2011). The technology reduced flood 
hazards and water logging, improved resource use efficiency, reduced poverty, 
minimized inequity and improved quality of life of the people in the affected 
areas. Research on other aspects of salt affected soils viz; alternate land-use 
systems, salt tolerant crop varieties, salt affected Vertisols, coastal salinity, salt 
affected soils of IGP etc proved highly impactful by influencing food and 
nutritional security, women empowerment, involvement of landless labourers and 
minimizing rural migration. Salinity research helped restore the ecological 
balance in affected area by its positive impact on the environment. 
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Dr. Arshad Ali3 

Introduction  
Pakistan is located within the latitude and longitude of 30°N, 70ºE respectively. 
The Islamic Republic of Pakistan is located in South Asia and the Greater Middle 
East. In the southern side, Pakistan is surrounded by 1,046 kilometer coastline of 
the Arabian Sea, and is bordered by Afghanistan and Iran in the west, India in the 
east and China in the far northeast. Pakistan is predominantly a dryland country 
with 80% of its land consisting of arid and semi-arid regions which is provided 
with the largest contiguous surface irrigation system of the world. The salt 
affected soils in irrigated and non-irrigated areas of Pakistan are about 6 million 
hectares (Ansari et. al., 2007). The surveys 2001-2003 by SCARPs Monitoring 
Organizations (SMO), WAPDA indicate that 27% soils have surface salinity 
while 39% profile salinity problem in Pakistan (WRPO and IWASRI, 2005). Low 
precipitation, high evapo-transpiration, low leaching of salts and the use of 
brackish waters for agricultural purposes are of serious concern in the area (Qadir 
and Oster, 2004). This leads to salt build up and depletion of Ca2+ from soil 
solution and exchange sites in the root zone through Ca2+-Na+ exchange and 
precipitation as CaCO3 or CaSO4 (Berigari and Al-Any, 1994). Such soil 
conditions adversely affect many physical (Nadler, et. al., 1996) and chemical 
properties which hamper plant growth (Murtaza, et. al., 2009).The nature and 
properties of these soils are diverse. For any long term and sustainable solution, it 
is necessary to understand the mode of formation and origin of salt affected soils. 
The main source of salts is the primary minerals in exposed rocks and layers of 
the earth crust. Soil salinization may originate from a combination of frequently 
interrelated sources. However, weathering of rocks and minerals in the earth crust 
is the primary and chief source of all the soluble salts present in soil and sea. The 
main origin of salts for a particular area can be any one or combination of several 
sources as mentioned below:  
Parent material and weathering process: As a result of weathering process, 
salts are formed in soils. Under humid conditions, salts leach through soil and are 
transported to nearby streams and river. But under the arid and semi-arid 
conditions, these weathering products accumulate in situ and result in the 
development of salinity and/ or sodicity. This process of formation of salt affected 
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soils as a result of accumulation of salts released during weathering is called 
primary salinization/sodification.  
Irrigation water: All the natural waters contain dissolved salts. Canal water in 
Pakistan is considered as the best quality water but does contain salts varying 
from 120-200 mg L-1. Just its single irrigation of 10 cm will add salts in the range 
of 120-180 kg ha-1. Ground waters in Pakistan are mostly brackish. On the 
average, GW in Pakistan contains 1250 mg L-1 of salts. .An irrigation of 10 cm 
with such water will add1.2 Mg salts ha-1 (Ghafoor, et. al., 2004).  
Flood water and waste effluents: Flood water mostly transfer/redistributes the 
already present salts but many become important in some part of the world like 
during monsoon in Pakistan. Similar is the case with sewage water as a source of 
salts. Sewage water is being used to irrigate the crops mainly vegetable around the 
cities or is disposed into the irrigation channels. 
Sea water: Sea water (EC= 45-60 dS m-1, SAR = 50-55) intrusion as well as sea 
spray could contribute large quantities of salts but action is bit localized along the 
coast. Almost similar is the mode of inland saline seeps to contribute salts. In 
coastal area, soil generally gets enriched with salts from sea through: 
i. Inundation of surface soil by sea water during high tide. 
ii. Ingress of sea water through rivers, estuaries, etc. 
iii. Ground water inflows. 
iv. Salt laden aerosols, which can be transported even many kilometers inland 

from the sea coast and deposited as dry fall out or wash out by showers. 
Inland deposition of NaCl at a rate of 100-200 kg ha-1 year-1 for nearby 
coastal area has been reported (Ghafoor, et. al., 2004). Regular deposition 
over long period is leading toward salinization.  

Lacustrine and marine deposits: According to geological information, whole of 
the sub-continent was under sea. Gradually sediments from Himalayas produced 
uplands which were later developed for agriculture. Hence some of the salts could 
be considered as fossil salts. As a result of irrigation, salts already present in soil 
profile are transported to the surface which is left behind upon evaporation. Thus 
over a longer period of time, salts that are previously evenly distributed may 
accumulate on soil surface and give rise to saline soil.  

Causes of salinization/sodification 
Successful and sustainable agriculture, especially in the irrigated dry regions 
mostly depends upon the salt balance (SB) and water balance (WB). Positive salt 
balance promotes formation of salt affected soils while negative salt balance 
induces desalination/de-sodification. Positive WB causes rise in GW table or even 
water logging which promotes the salt accumulation in the root zone and surface 
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soil layers. A negative water balance, if continues for longer periods, causes draw 
down, sub-soil drying and crops need relatively more irrigation. As a result more 
and more GW will be pumped for irrigation bringing salts from deeper soil layers 
onto the surface since as a thumb rule, quality of ground water deteriorates with 
soil depth and distance from river. 
Inappropriate salt balance: Under the agro-climatic conditions of Pakistan, SB 
remained positive, intensity of which increased during the recent years. Similarly 
WB also remained positive up to few years back because of which large areas 
were water logged. However, from 1999 onward, WB has become negative 
resulting in draw-down, sub-soil drawing and thus decreased drainage effluent has 
promoted soil salinization, sodification and increased irrigation demand. In turn 
increasingly more brackish GW (51 million acre feet (MAF) per annum) is being 
used for irrigation causing soil salinization. 
Untreated municipal effluents: Continuous use of untreated sewer water or 
other drainage waters for longer period has the potential of inducing soil 
salinization followed by sodification if scientific management is not practiced. 
Arid climate: Arid climate is generally accompanied by temperatures which 
induces high evaporation and capillary action causing salt accumulation on soil 
surface and precipitation of salts (gypsum and lime) in the root zone of crops. 
Accumulation of lime in soil layers give rise to dense layers in many soils of 
Pakistan.  
Lack of land leveling: Land leveling is essential for uniform distribution of 
irrigation and rain water. Micro-level unevenness of fields results in differential 
percolation of water (rate and amount). After some years, lack of precision land 
leveling help the appearance of patchy salinity followed by sodicity just because 
of uneven distribution of irrigation and /or rain water. 
Extra crop coverage: To meet the ever increasing food demand due to increase 
in population over years, give rise to salt build up in soil. For example, canal 
irrigation system supports 70% cropping intensity but in Pakistani Punjab 
cropping intensity almost touches 200%. To meet the crop water requirement, 
farmers are compelled to use ground waters, 70% of which is brackish in nature, 
thus causing salinity or sodicity. 
Poor Groundwater quality: Pakistan has the largest irrigation system in the 
world but the availability of canal water does not commensurate to grow crops on 
the cultivable land, rather scarcity of good quality water is becoming severe day 
by day due to increased cropping intensity and non-agricultural demands. To 
overcome this shortage, 0.9 million tube wells have been installed and 70-80% of 
pumped water is of hazardous quality owing to high electrical conductivity (EC), 
sodium adsorption ratio (SAR) and/or residual sodium carbonate (RSC) and thus 
needs site-specific scientific management (Table 9).  
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Table 9. Quality of tube well-water samples 
Status Number of sample Percentage 

Fit 18605  45 
Un-fit 22529 55 
Unfit due to: 
EC 10547  47 
SAR 2479 11 
RSC 9503 42 

Source: Soil Fertility Research Institute, Punjab, 1981-96 

Inadequate availability of good quality water compels farmers to use ground 
water for irrigation. However, majority of the ground water sources contain high 
concentrations of NaHCO3 (Minhas and Bajwa, 2001). Long-term use of such 
water for irrigation can lead to deterioration in soil physical and chemical 
properties and adversely affect yields of crops (Minhas and Bajwa, 2001). Excess 
of cations such as sodium and anions like carbonate and bicarbonate in water 
could increase soil pH, EC and SAR.  
Shallow water table: Under inadequate drainage and inappropriate management 
of water, during both transport from dams and canals and on-farm use, the water 
table rises following introduction of irrigation water into an area. Mostly ground 
waters in arid regions are mineralized but to different extent and as a result of 
capillary effect, water continuously rise upward and enriches the surface soils 
with salts following evaporation and perhaps is the major cause of salty lands in 
irrigated areas. 
Seepage from up-slopes containing salts: Under certain situation, seepage 
resulting from water inputs in the up-slope areas can cause severe salinity of the 
down-slope area especially when the sub-surface water flow takes place through 
the strata that are rich in salts and/or marine deposits. Soil salinization has 
seriously affected the crop productivity of large areas of Pakistan. About 40,000 
hectares become saline each year due to secondary salinization (Ansari, et. al., 
2007). 
Sea Water intrusion in Coastal areas: The coastal areas of Pakistan comprise 
southern part of Makran Division in Balochistan and southern part of Karachi, 
Thatta and Badin in Sindh. The region makes 40-60 km wide and about 1000 km 
long belt along the Arabian Sea. These soils are saline due to ingress of sea water 
through high tides, rise in water table and back flow into the rivers and estuaries.  

Extent of salt affected lands in the country 
In Pakistan, about 6.30 million hectares of land are salt-affected and of which 
1.89 hectare is saline, 1.85 million hectare is permeable saline-sodic, 1.02 million 
hectare is impermeable saline-sodic and 0.028 million hectare is sodic in nature. It 
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is estimated that out of 1.89 million hectares saline patches, 0.45 million hectares 
present in Punjab, 0.94 million hectares in Sindh and 0.5 million hectares in 
NWFP. Out of 19.3 mha area available for farming, irrigated agriculture is 
practiced on about 16 mha. The irrigation water is mainly supplied through the 
world’s largest canal system arranged through dams. Intensive and continuous use 
of surface irrigation has altered the hydrological balance of the irrigated areas, 
especially Indus basin. The substantial rise in the water table has caused salinity 
and water logging in large areas of Sindh, Punjab, NWFP and Balochistan. The 
magnitude of the salinity problem can be gauged from the fact that more than 
40000 hectares of good agricultural lands go out of cultivation because of this 
menace each year in early sixties (Ali, et. al., 1997). For assessing the extent of 
salinity problem, soil surveys have been carried out over the past about four 
decades by several agencies. The first country wide soil salinity survey was 
conducted in 1953-1954 under Colombo Plan. The second survey was conducted 
by Master Planning & Review Division, WAPDA during 1977-79 covering 16.7 
million hectare. The latest salinity survey has been carried out by SMO, WAPDA 
during 2001-2003. It covers an area of 16.8 million hectares. Table 3 shows 
surface salinity status of the Indus Basin during various surveys. The surface 
salinity survey data reveal that salt free lands increased from 56 percent in early 
sixties to 72 percent in 1977-1979 and 73 percent in 2001-03 at Pakistan level. 
But Sindh and Balochistan provinces showed a different pattern i.e. surface 
salinity was more in 2001-2003 as compared to 1977-79. 

Table 10. Soils affected by various types of salinity and sodicity in Pakistan 
(000 ha)  

Types of Soil Punjab Sindh Khyber 
Pukhtoonkha 

Balochistan Pakistan 

Soils with surface/patchy salinity and sodicity  
Irrigated 472.4  118.1  5.2  3.0  598.7  
Un-irrigated - - - - - 
Gypsiferous saline/saline-sodic soils  
Irrigated 152.1  743.4  -  76.6  972.1  
Un-irrigated 124.5  536.3  -  160.1  820.9  
Porous saline sodic soils  
Irrigated 790.8  257.0  25.7  29.4  1102.9  
Un-irrigated 501.0  150.1  7.8  364.0  1022.9  
Dense saline sodic soils  
Irrigated 96.7  32.5  0.9  -  130.1  
Un-irrigated 530.0  379.7  8.9  714.8  1633.4  
Total  2667.1  2217.1  48.5  1347.9  6281.0  

Source: S&R Directorate, SCARP Monitoring Organization, WAPDA Lahore, 2001-03 
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Table 11. Surface Salinity Status of Indus Basin (Percent of area surveyed) 

Province/ 
Country 

Survey 
Period 

Salt free(S1) Slightly 
Saline (S2) 

Moderately 
Saline (S3) 

Strongly 
Saline (S4) 

2001-03 86 2 2 < 1 

1977-79 78 8 2 2 

Khyber 
Pukhtoonkha 

1971-75 75 10 4 2 

2001-03 88 3 2 1 

1977-79 84 7 4 3 

Punjab 

1953-65 72 15 5 6 

2001-03 46 24 8 17 

1977-79 50 19 10 18 

Sindh 

1953-54 26 28 17 27 

2001-03 67 15 9 7 

1977-79 74 17 5 4 

Balochistan 

1953-54 69 15 7 9 

2001-03 73 10 4 7 

1977-79 72 11 6 8 

Pakistan 

1953-75 56 20 9 13 

 
Table 11 shows soil profile salinity/sodicity status up to 1.5 m depth in Indus 
basin during various surveys. It can be depicted from the data that profile salinity 
also decreased in Pakistan as the salt free profile increased from 55 percent in 
1962-65 to 61 percent in 1977-79 and remained unchanged in 2001-2003. 
However, profile salinity increased in 2001-03 as compared to 1977-79 in Sindh 
and Balochistan Provinces. The reduction in surface profile salinity is primarily 
due to increased irrigation water supply from surface and ground water sources, 
better water management, increased cropping intensity and measures taken by 
Government of Pakistan to reclaim the waterlogged and salt affected lands. 
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Table 12. Soil Profile Salinity/Sodicity Status up to 1.5m Depth in Indus 
Basin (% of Profiles) 

Province/ 
Country 

Survey 
Period 

Total 
Profiles 

Non-Saline 
Non-Sodic 

Saline Saline 
Sodic 

Non-Saline 
Sodic 

2001-03 1253 83 9 6 2 
1977-79 1958 79 11 7 2 

Khyber 
Pukhtoonkha 

1971-75 314 27 50 23 - 
2001-03 17294 68 6 16 10 
1977-79 39963 73 7 14 5 

Punjab 

1962-65 23662 55 6 27 11 
2001-03 5978 36 17 44 3 Sindh 
1977-79 20543 38 17 42 2 
2001-03 205 39 20 36 5 Balochistan 
1977-79 1402 35 26 38 1 
2001-03 24760 61 9 22 8 
1977-79 63866 61 11 24 3 

Total 

1962-65 23976 55 6 27 11 

Source: Pakistan National Commission of ICID, 1991 and SCARPs Monitoring Organization 
(unpublished) 

Types of saline and sodic soils 
The saline and saline-sodic soils that occur can be classified on the basis of age, 
the nature of salinity/sodicity, the severity of the problem and the ease/economics 
of reclamation. The following general groupings have been adopted for easy 
understanding: 

Soils with surface/patchy salinity and sodicity 
These commonly occur in the form of scattered patches within cultivated fields. 
They are products of an incomplete natural process of salinization and 
sodification, which normally begins in small patches, occupying slightly higher, 
indistinctly convex shapes- these serve as shedding sites for scanty rainwater. The 
rainwater is absorbed by the adjoining lower areas, dissolving salts from the soil 
in its downward and lateral movement; the water rises through capillary action 
and evaporates from the convex sites, leaving behind a salt residue on the surface. 
This salinity is of relatively recent origin. While in some parts, this process has 
been reversed through reclamation efforts and intensive agricultural use, in other 
parts it has been accelerated through inadequate watering and a rising water-table 
after the introduction of the canal irrigation system. 
The salinity/sodicity effect on most of these soils is restricted to the top 10-30 cm, 
while the subsoil is still non-saline. Although a significant portion of such saline 



113 

soils do not have sodicity problems, for practical purposes all saline patches may 
be regarded as affected by both salinity and sodicity. The reclamation of these 
soils is relatively easy and does not, in most cases, require a drainage system. In 
some areas generally recognized as slick spots, salinity has affected soils to a 
greater (more than 1 meter) depth. 
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These soils require about 3-4 tons of gypsum per hectare for their effective 
reclamation. Soils with surface/patchy salinity and sodicity include those which 
have been misused by people. Such soils are commonly encountered in the 
SCARP areas and in some areas irrigated by low-quality tube well water. Many 
SCARP and private tube wells pump water with high electrical conductivity (EC), 
SAR or RSC values. Water with high EC value is used limitedly, as the 
emergence of salts on the soil surface alerts the farmer to the possible salinization 
of land. 
What is more damaging and less apparent is the use of water with high SAR/RSC 
but low EC values, which is quite extensive. Salinity is not generally visible on 
the surface of soils irrigated by such water. But their use greatly favors the 
sodification process and results in the gradual deterioration of the soil structure, 
decreased soil permeability, and increased soil pH and exchangeable sodium 
percentage (ESP), which may reach alarming degrees and severely affect the 
growth of crops. Such deteriorated soils generally have a 2-3 mm thick, highly 
alkaline (sodic) crust on their surface, which severely hampers seed germination. 
The rehabilitation of these soils essentially requires the use of amendments i.e., 2-
3 tons of gypsum per hectare. 

Gypsiferous saline/saline-sodic soils 
Soils included under this type are severely saline throughout their profile, 
generally have a 1-2cm-thick salt layer on the surface, mixed with some gypsum 
in powder or crystal form. These soils occur mainly in the central and southern 
parts of the Indus plains as uncultivated patches with moist surfaces. They are old 
soils formed under an arid climate on levees affected by water seepage from 
adjoining old streams and in basins collecting saline run-off. They contain 
adequate amounts of hygroscopic salts and therefore, remain moist for most of the 
year, except for those occurring in very dry areas (e.g. the Cholistan Desert). A 
small part of the area under these soils has recently been brought under irrigated 
cultivation resulting in their partial reclamation.  

Porous saline-sodic soils  
These soils occur mostly as large uncultivated patches with a sparse cover of 
natural grasses, shrubs and stunted trees. They are typical of a semi-arid climate, 
being formed mainly on levees affected by seepage from adjoining old streams or 
fluctuating past water tables in adjoining, relatively low areas. The salinization 
process is quite advanced so that the whole soil profile (to more than 150 cm 
depth) is affected by salinity and sodicity. Some of these soils have been brought 
under irrigated agriculture and support a few crops, mainly rice and wheat, that 
give moderate to low yields. These soils are sufficiently porous to be moderately 
to slowly permeable. They cannot be effectively reclaimed unless about 10-12tons 
of gypsum per hectare (or an equivalent amount of some other amendment) are 
added. 
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Dense saline-sodic soils 
These soils have undergone severe sodication after salinization, which has caused 
structural instability and reduced water permeability. They are mostly formed in 
basins which have remained relatively moist due to run-off collection or 
intermittent flooding, a condition favoring the sodication process. These soils 
mostly occur in the form of large, uncultivated patches with almost no vegetation 
cover. Efforts have been made to bring a few of these areas under irrigated 
cultivation but they can support only rice and wheat, which give very low yields. 
Reclamation of these soils is extremely and saline agriculture approach is applied 
on these soils. 

Methods of reclamation of salt affected lands 
Saline soils: Reclamation is the easiest, least time consuming and the most 
economical of the three categories of salt affected soils. There are two site 
specific procedures which have been used for reclaiming saline soils in Pakistan. 
These are (i) leaching soluble salts with heavy irrigation and (ii) biological 
reduction of salts.  
Reclamation of saline soil by leaching: The prevalent method of reclaiming 
saline soils in the Indus Plains consists of flooding and leaching soils without the 
use of any chemical amendments. Only soluble salts are leached with water to 
deeper soil layers. The quantity of water required to remove soluble salts depends 
primarily on the initial soil EC, the techniques of applying water, and the soil 
types as well as depth to be reclaimed. Although cropping is a common practice 
during reclamation process, only few crops can tolerate high EC, particularly 
during early stages of crop growth. Thus 2-3 irrigation before planting crops is 
advisable if EC is high in the upper layer. 
Ground water if not deep should not rise beyond the critical depth. If the ground 
water table moves down freely to a considerable depth the chance of re-
salinization is reduced. If ground water is shallow, the zone of salt accumulation 
does not move downward rather lead to formation of saline water logged soils. 
Kovda, 1961 proposed an equation, Y = 170+8T± 15, to estimate a safe ground 
water table where Y is the depth in cm of ground water table, T is mean annual 
temperature in oC. Considering 25 oC as mean annual temperature, a safe water 
table depth comes to 370 ± 15cm. 
The above discussion indicates that the intermittent leaching method removed 
75.23% of salts down from the top 0-60 cm soil depth, whereas the continuous 
leaching method removed only 64.01%. The main reason for the observed 
differences is due to the fact that the intermittent leaching method allows extra 
time for salts held in micropores to diffuse and then leached down with flowing 
water. This suggests that intermittent leaching method is more effective than that 
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of continuous leaching method when leaching is carried out for more time. The 
statistical analysis of data showed highly significant (p< 0.01) decrease in EC of 
soil saturation extract of all plots after five months of the leaching (Tagar, et. al., 
2010). 
Reclamation of saline soil through biological reduction of salts: Saline soil can 
be reclaimed by biologically reducing salts wherever possible. This method is 
suitable only for the bordering the desert which is frequented by dust storms. The 
best indication for the success of this method is to observe whether or not the 
vegetation in the particular area forms sand dunes. In the area where sand dune 
formation occurs, the blown soil apart from improving the texture and reducing 
salt concentration. In areas which are not under the influence of dust storms, 
reclamation of saline soil occur to a smaller extent through the removal of aerial 
part only for the local flora. Chaudri, et. al., 1964 estimated about one tone acre-1 
year-1salt removal by a single harvest of aerial parts of shrubby seablite , (local 
name Lani) (Suaeda fruiticosa) (2668 kg ha-1) in fall.  
Management of coastal and deltaic saline soils: Management of these soils 
centers on preventing the ingress of sea water intrusion through high tides and 
back flow into the rivers and estuaries. High and structurally stable earthen dykes 
should be built to prevent the entry of sea water into the cropped area. In addition 
to this, back flow of sea water during off rainy season in the Indus river should be 
controlled with the help of flap gates in such a way that it does not salinize the 
ground water and raise the salinity of the soil. In these areas, ground water should 
be exploited carefully and only the good quality rain water should be skimmed 
from the shallow well. Over-exploitation of ground water will encourage ingress 
of sea water through the subsoil and result in salinization of the area. 

Saline-sodic soils:  
Saline-sodic soils are diverse in nature. These soils vary in horizon thickness and 
structure, EC and SAR levels, pH, texture, and clay mineralogy. Because of the 
differences in their chemical and physical properties and geographical as well as 
geochemical distribution, a suitable method of their reclamation is different. Such 
soils have been reclaimed by a number of methods in different parts of the world 
including Pakistan. 
Reclamation of saline-sodic soil by chemical amendments: Chemical 
amendments used for reclamation of these soils are soluble Ca2+ salts like mind 
gypsum (CaSO4.2H2O), CaCl2 and phosphogypsum. Common examples of 
amendments those mobilize Ca2+ in calcareous soils by converting native CaCO3 
to more soluble CaSO4, Ca(HCO3), Ca (NO3)2 or CaCl2 include H2SO4, HCl, 
HNO3 and S. Other amendments and by-products of certain industries, like press 
mud and molasses meal from sugar industry has been found effective but their 
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extensive use is limited and localized. Addition of organic matter (farm manure, 
slaughter house waste, poultry excreta, green manure, vegetable/fruit market 
waste) alone is also used to reclaim these soils but at a slow rate. Some chemical 
fertilizers have also been tried to supply soluble calcium directly from Ca(NO3)2 
and single superphosphate) or indirectly by producing physiological acidity 
within zone of their application [(NH4)2SO4 and urea]. Application of such 
fertilizer at recommended dose cannot be expected to reduce the soil sodicity 
considerably (Hussain and Mian, 1983).  
Chemical amendments: The choice of an amendment at any place depends upon 
its relative effectiveness as judged from improvement of soil properties and crop 
growth, its availability, cost, handling and application difficulties and the time 
required to react in the soil and to replace the adsorbed Na+. However, nature of 
the sodic soil is overriding factor. Amendments have shown different level of 
effectiveness in reclaiming sodic and saline-sodic soils (Table 13). Acids (H2SO4, 
HCl and HNO3) were found efficient in decreasing SAR than that with gypsum 
when applied to a calcareous saline-sodic clay loam soil under laboratory 
conditions. Their application equivalent to 75% gypsum proved similar to gypsum 
@ 100 % GR (Ghafoor and Muhammad, 1981). 
Better paddy yield was obtained from a calcareous saline-sodic field (EC 
6.6dS/m, SAR 70.5) with HCl than gypsum when both the amendments were 
applied at equivalent rate (Ahmad et. al, 1986). After two years of studies on a 
moderately saline sodic soil (EC 4.2 -8.2 dS/m, ESP 20-48), Shad and Hashmi, 
1970 found the ameliorative effect in the order: Gypsum> H2SO4> S> Press mud> 
manure. Similarly superiority of gypsum over other amendments (H2SO4, HCl 
and CaCl2) noted during the reclamation of a calcareous saline-sodic sub-soiled 
sandy clay loam field (EC 13.9 dS/m; SAR 119.8) by Ghafoor, et. al., 1986. 

Table 13. Reclamation of saline-sodic soils as affected by different 
amendments 

Amendment Rate 
%GR 

Soil 
Texture

Crop Duration 
(years) 

Decrease over 
control % 

Source 

Gypsum 100 SiL R-W 2 48 76 Zaidi, et. al,1968 
Gypsum 100 SCL R-W 3 81 79 Ghafoor, et. al, 1985a 
Gypsum 100 SCL R-W 3 74 80 Ghafoor, et. al, 1985b 
H2SO4 75 SCL R-W 1 56 74 Ghafoor, et. al, 1986 
HCl 75 SCL R-W 1 55 68 Ghafoor, et. al, 1986 
CaCl2 75 SCL R-W 1 65 75 Ghafoor, et. al, 1986 
Gypsum  50 SiCL KG 2 85 80 Hamid, et. al, 1990 
Manure 25 SCL R-W 3 52 60 Qadir, et. al, 1998a 
Gypsum 100 SCL R-W 3 61 58 Qadir, et. al, 1998a 
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Conjunctive use of amendments: An amendment when applied in combination 
with some other amendment(s) may expedite some improvement. In a laboratory 
experiment, a number of amendments and their combinations were used for the 
reclamation of loam and clay loam saline-sodic soils. The reclamation efficiency 
of the amendments was found in the order: S + manure> gypsum + manure> S > 
gypsum> press mud + manure> manure> press mud> simple leaching 
(Muhammed and Khaliq, 1975). Field experiments on a saline-sodic soil (ECe= 
4.8-10.0 dS m-1, SAR = 41.8-105·.2) involving the application of gypsum, 
sulphur, manure and press mud alone and in various combinations indicated the 
superiority of combined application of amendments in terms of speedy 
reclamation. Gypsum @ 100 % GR + manure @ 50 t ha-1 were the best 
combination. Although combination of amendments was more efficient yet it was 
less economical compared to gypsum @ 50 % GR + manure @ 50 t ha-1 
(Chaudhry et. al., 1982). Similar observations were obtained in another field 
experiment where several amendments were used for the reclamation of a fine-
textured saline-sodic soil. The best combination comprised manure with gypsum 
@ 50 % GR that increased the soil infiltration rate from 0.5 to 11.2 cm day-1 after 
4 years (Hussain, et. al., 1988).  
Particle-size of amendments: Effect of particle size of gypsum powder is crucial 
regarding its dissolution to supply Ca2+. In lysimeter experiments, gypsum grades 
ranging 5 to 100 meshes were applied @ 100 % soil gypsum requirement (SGR) 
to saline-sodic soil columns. There was greater reduction in ECe and SAR with 
increasing gypsum fineness (Rashid, et. al., 1986; Ghafoor, et. al., 1989). A sharp 
initial increase followed by a sudden decline in the hydraulic conductivity of soil 
was observed with finer grades of gypsum. With coarser grades, hydraulic 
conductivity was lower but a more steady-state persisted. The possibility of 
CaCO3 formation as well as mechanical plugging of soil pores with finer gypsum 
particles was responsible for sudden decline in hydraulic conductivity of the soil 
(Haq, 1984). Coarser gypsum gave lower initial electrolyte concentration which 
was maintained or increased with time. It is better to use a mixture of particles, 
with a 2 mm upper limit, to obtain the dual benefit of initial rapid dissolution of 
fine gypsum followed by a sustained release of Ca2+ from coarser particles. In a 
lysimeter experiment, Ghafoor and Salam, 1993 found Ca2+ concentration of 6-8 
mmolc L-1 in irrigation water (a level commonly achieved with soil-applied 
gypsum) as the most efficient to promote Na+- Ca2+ exchange to reclaim a number 
of saline-sodic soils (CEC =8- 1 2 cmolc kg-1) in a reasonable period of time.  
The review on choice of amendment(s), their conjunctive use, methods of 
application, and gypsum particle size indicates that a bit inconsistent results have 
been reported from time to time on the effectiveness of various amendments for 
the reclamation of sodic/saline-sodic soils. Generally, gypsum and H2S04 were 
found the most effective reclamant. Because of low price and freight, general 
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availability and easy application, gypsum is the most commonly used and highly 
cost-effective Ca2+ source for reclaiming both the calcareous and non-calcareous 
sodic/saline-sodic soils.  
Bio-saline approach: The term "biological reclamation" is used to describe the 
reclamation of a salt-affected soil by growing salt tolerant or salt resistant crops. 
The below-ground parts (roots) can modify conditions at root-soil interface 
(rhizosphere) in many ways. Roots can decrease soil pH (Kumar and Abrol, 1984; 
Qadir, et. al., 1996b), lower oxygen concentration, release organic compounds 
and complex energy sources such as exudates, secretions, and mucilages 
(Dormaar, 1988), increase CO2 partial pressure (Robbins, 1986), upon decay 
provide channels for soil solution movement (Elkins, 1985), increase microbial 
activity and influence numerous physical and chemical properties (Hamid, et. al, 
1990; Ahmad, et. al., 1990; Qadir, et. al., 1996c; Ilyas, et. al., 1997). The above-
ground plant parts provide shade to soil, lower soil temperature, have a mulching 
effect, decrease evaporation from soil surface and thus check upward movement 
of salts through capillaries (Sandhu and Qureshi, 1986; Ahmad, et. al., 1990; 
Qadir, et. al., 1996b). After harvest of crops, the remains of the below-ground 
parts (large and small roots, rhizomes) plus the plant litter all add organic matter 
to soils.  
Plants growing in saline/sodic environment may face certain limitations for 
biomass production. A judicious selection of plant species capable to yield under 
inhospitable soil conditions during reclamation of sodic/saline-sodic soils is vital 
(Qadir, et. al., 1996c). The effectiveness of plant species in soil reclamation is 
highly variable (Ahmad, et. al., 1990) because of differences in their tolerance to 
soil EC, SAR and irrigation requirement. Generally, high water-requirement crops 
get the benefit of salt dilution, while salt tolerant crops enjoy the facility of their 
natural as well as adaptive mechanisms of salt tolerance in a saline and/or sodic 
soil environment.  
Effect of plants on soil properties: Plants influence physical and chemical 
characteristics of soils. After growing Kallargrass (Leptoehloa fusca) for four 
consecutive years in a highly saline-sodic clay loam field (pH, = 10.3, ECc= 20.2 
dSm-1, SAR = 170, ESP = 71) a marked decrease in soil pH, EC and SAR was 
observed (Akhtar, et. al., 1988). In another experiment, Kallar grass, 
sesbania(Sesbania aculeata), swank (Eehinoehloa colona) and mandal (Eluesinee 
oraeana) were planted on a calcareous saline-sodic field (ECc= 8.9-9.4 dS m-1, 
SAR = 54.8-61.2). The effectiveness of these species after one season in terms of 
soil amelioration was in the order: sesbania>Kallargrass>swank>mandal, though 
SAR did not decrease below critical level of 13.2. Biomass production by the 
plant species was found directly proportional to their reclamation efficiency 
(Qadir, et. al., 1996b).  
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Different crop rotations (Sesbania-barley, rice-wheat, and Kallar grass-alfalfa) 
were employed for reclaiming a strongly calcareous moderately saline-sodic silt 
loam soil. All the crop rotations reclaimed the soil after one year. The leaching of 
salts by irrigation and rain waters, valence dilution, Na' uptake by plants, 
Ca2+supplied in irrigation water, dissolution of soil lime under the action of root 
respiration and microbial activity were the factors considered responsible for 
ameliorating soil (Qadir, et. al., 1992). Under dense saline-sodic conditions, 
considerable soil improvement was observed when sesbania-wheat-sesbania 
rotation was followed for one year (Ilyas, et. al., 1997).  

Choice of plant species for saline-sodic/sodic soils  
Plants suitable to colonize salt-affected soils are important for stabilization and 
reclamation of the growth medium. The ability of some plant species to grow in a 
wide range of stress conditions could render them suitable. Some workers favored 
the inclusion of Kallar grass (Haq and Khan, 1971; Sandhu and Malik, 1975; 
Abdullah, 1985; Malik, et. al., 1986; Qadir, et. al., 1992) or sesbania (Ahmad, 
1968; Ahmad, et. al., 1990; Qadir, et. al., 1996b) as the first crop to start 
reclamation of saline-sodic/sodic soils. Ahmad, et. al., 1990 found greater 
leaching of salts from a calcareous saline-sodic field with sesbania and Kallar 
grass grown for two seasons. They attributed this effect to the deeper and 
extensive root system of the former species that improved soil porosity. Qureshi 
and Qadir,1992 ; Ghafoor, 2002b proposed inclusion of sesbania in a rice-wheat 
rotation on a dense saline-sodic soil to increase soil porosity.  
Salt tolerant forage plant species generally performed better in calcareous saline-
sodic/sodic soils than non-calcareous ones. In some experiments, salt tolerant 
crops resulted in soluble Ca2+ in calcareous sodic soils to cause a considerable 
decrease in ECe and SAR (Chaudhry and Abaidullah, 1988; Ahmad, et. al., 1990; 
Qadir, et. al., 1996b). Several salt tolerant forage species from the genera 
Atriplex, Malreana and Echinochloa crusgalli (Aslam, et. al., 1987) have been 
found useful. However, their role in soil reclamation has yet to be studied. Some 
tree species like Eucalyptus camaldlensis, Leucaena leucocephla and Tamarixa 
phyla were found suitable for utilization of salt-affected soils but with a little 
reclamation effect. Apart from producing a good amount of wood, these species 
reduced soil EC/SAR after 7 years (Qureshi, et. al., 1993).  
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Chemical vs. biological reclamation of saline-sodic/ sodic soils: The initial 
investment to purchase chemical amendments has focused the attention of 
scientists towards the economic utilization of saline-sodic/sodic soils by growing 
certain salt tolerant forage plants with national level reservations that up to what 
extent soil could be taken out of food crops. Research work on the comparative 
efficiency of chemical and biological methods for soil reclamation is limited, 
particularly under field conditions. During a lysimeter experiment, gypsum @ 100 
% SGR reclaimed two saline-sodic soils (pHs= 8.4 and 8.1, ECe= 48 and 39, ESP 
= 62 and 53) in much shorter time than the biological method (growing of Kallar 
grass) and the control (Kausar and Muhammed, 1972). However, in this study, 
there were some problems of growing Kallar grass a bit out of season. In another 
lysimeter experiment, a saline-sodic sandy clay loam soil (pHs= 9.1, ECc = 9.8 dS 
m-1, SAR = 103, CaC03= 9.4 %, CEC = 122 cmolckg-1) was subjected to 
reclamation. Four treatments, one cropped (Kallar grass) and three non-cropped 
(control, gypsum @ 50 %, 100 % GR) were leached with four leaching cycles 
using canal water (EC = 0.28 dS m-1, SAR = 0.8) at different time intervals. Two 
leaching cycles were completed during the peak growth of Kallar grass (summer) 
and the remaining two were completed during winter when its growth was very 
slow. The 100 % SGR treatment removed the greatest amount of soluble salts 
including Na+ from the soil columns. Kallar grass removed more Na+ during 
summer than that during winter. Effectiveness of the treatments for soil 
reclamation was found in the order: 100 % GR >Kallar grass>50 % GR >control 
(Qadir, et. al, 1996b). Ilyas, et. al, 1997 compared perennial alfalfa, sesbania-
wheat-sesbania rotation, incorporated wheat straw @ 7.5 Mg ha-l, and a fallow 
(control) on a slowly permeable saline-sodic field (pHs= 8.8, ECc= 5.6 dS m-1, 
SAR = 49). Each treatment was also combined with gypsum applied @ 75 % 
SGR of the upper 20 cm depth (25 Mg ha-l). Combination of gypsum and crops 
was the best treatment.  
Chemical and biological methods have been compared on cost benefit ratio in few 
experiments. From the results of an experiment on a slightly saline-sodic field 
(pHs= 8.6-8.7, ECc= 5.3-6.6 dSm-1, SAR = 16.3-17.4), Chaudhry and 
Abaidullah,1988 placed the treatments for profitability in the order: Kallar 
grass>gypsum @ 50 % SGR + rice-wheat>sesbania (green manure)-barley. All 
the treatments had completely reclaimed the soil up to 30 cm depth within a 
period of two years. Muhammed, et. al, 1990 compared biological (rice-wheat 
rotation), physical + biological (sub soiling + rice-wheat rotation), chemical + 
biological (gypsum @ 100 % GR + rice-wheat rotation), and chemical + physical 
+ biological (gypsum + sub soiling + rice-wheat rotation) methods for the 
reclamation of two saline-sodic soils (Typic Halorthids and Halic Camborthids). 
Combination of gypsum + crops was the best for economical soil reclamation. In 
another study, the budget of a private farmer raising buffaloes on Kallar grass was 
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found to be economically viable by Sandhu and Qureshi, 1986. The area under 
grass was 40 ha with 100 buffaloes. They calculated a net income of Rs. 2000 per 
ha under grass. However, efficiency of grass and its comparison with some 
chemical amendments for the economic reclamation was investigated.  

Table 14. Reclamation of saline-sodic soil through chemical and biological 
mean 

Plant species/ 
Amendment 

Soil 
texture 

Duration Decrease over 
Initial level (%)

ECe    SAR 

Source 

Kallar Grass SCL 225 days 0 67 Kausar and Muhammed, 1972 
Gypsum (100% SGR) CL 79 days 94 91 Kausar and Muhammed, 1972 
Gypsum (50% SGR) SCL 3 years 63 58 Chaudhry and Abaidullah, 1988
Sesbania-barley SCL 3 years 48 51 Chaudhry and Abaidullah, 1988

Kallar grass SCL 3 years 26 24 Chaudhry and Abaidullah, 1988
Gypsum (100% SGR) SiL 3 years 24 66 Ahmad, et. al, 1990 
Sordan SiL 15 month 23 36 Ahmad, et. al,1990 
Gypsum (50% SGR) SCL 15 month 60 77 Qadir, et. al, 1996a 
Gypsum (100% SGR) CL 16 month 83 86 Qadir, et. al, 1996a 
Gypsum (100% SGR) CL 16 month 18 4 Qadir, et. al, 1996b 
Sesbania CL 5 month 39 40 Qadir, et. al, 1996b 
Kallar grass SCL 5 month 31 34 Qadir, et. al, 1996b 
Swank SCL 5 month 26 25 Qadir, et. al, 1996b 
Mandal SCL 5 month 10 18 Qadir, et. al, 1996b 
Gypsum (75% SGR) CL 1 year 23 39 Ilyas, et. al, 1997 
Alfalfa CL 1 year 25 63 Ilyas, et. al, 1997 
S-wheat-S L 1 year 25 57 Ilyas, et. al, 1997 

Reclamation of saline-sodic/sodic soils by physical methods: Physical methods 
of soil reclamation include deep ploughing, sub-soiling, sanding, hauling and 
horizon mixing. These techniques aim at increasing soil permeability directly by 
mixing fine and coarse textured layers. Deep ploughing consists of ploughing to a 
depth from about 40 to 150 cm and is beneficial for stratified soils having 
impermeable layers to speed up soil reclamation, particularly if the subsoil is 
gypsiferous. Sub-soiling consists of pulling vertical strips through soil to shatter 
compact layer to improve soil permeability. Beneficial effects of sub soiling may 
continue for several years if the lime layer is broken, otherwise might persist only 
for a single crop season. Among the physical methods, sub soiling (50 ± 5 cm 
crosswise furrows 120-150 cm apart) with rice-wheat crop rotation successfully 
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reclaimed two calcareous saline-sodic soil series (Khurrianwala- Typic 
Halorthids; Gandhra- Halic Camborthids) within a period of three years. It was 
concluded that only sub soiling of some medium textured soils, like the 
Khurrianwala series, may produce a good crop of rice (Ghafoor, 1984; 
Muhammed and Ghafoor, 1986).  
Data presented in Table3. 6 showed that the grain yield significantly increased 
with all the soil treatments over control crop yield of 2495 kg ha-1. This yield 
increase ranged from 21.64 to 59.87% with different soil treatments. The highest 
yield increase of 59.87 % was recorded in the treatment of deep tillage + 100% 
gypsum application showing significant increase than all other inputs applied 
alone. This yield increase might be attributed to increase in grains spike-1 and 
1000 grains weight with soil treatments. These results are in line with the findings 
of Wasif, et. al, 1995, Rashid and Majid, 1983 and Haq, et. al, 2007. The findings 
of this study revealed that deep tillage can improve the efficiency of gypsum 
application in terms of combating salts effects on plants growth and increased 
crop production. Thus it can be concluded that combined application of deep 
tillage + 100 % gypsum can be recommended to end users for adoption to achieve 
production potential of wheat in salt affected soil of Pakistan. 

Table 15. Grain yield data of wheat affected by soil amendments during 
2007-08 
Treatment Grain yield (kg ha-1) % increase over control 
T1 Control 2495 - 
T2 Deep tillage 3035 21.64 
T3 100% GR application 
3515 

3515 40.88 

T4 Deep tillage+ 100% GR 3989 59.57 
T5 Acid application 3183 27.57 
LSD (0.005) 146  

Reclamation of saline-sodic/sodic soils by high-salt water method: Like many 
other countries, Pakistan is also falling short of good-quality water for agriculture 
due to increased cropping intensity as well as more pressing demands of the non-
agricultural sector (Mohtadullah, et. al, 1992; Ghafoor, et. al, 2002a). Most of the 
ground or drainage water is of poor quality (Ghafoor, et. al, 1991, 2002b; Ghafoor 
and Qadir, 1993). This fact suggests technology development and adoption for 
using poor quality water at or near source for crops and/or reclamation of salt-
affected soils for vertical and horizontal production along with eliminating the 
environmental risks. Hydro-technical/high-salt water method initially makes use 
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of high electrolyte concentration of water to improve soil permeability and 
subsequently the "valence-dilution" effect to favor the adsorption of divalent 
cations at the cost of mono-valents. In a soil-water system where soluble cations 
are in equilibrium with the solid phase, addition of water (dilution) favors the 
adsorption of Ca2+ at the cost of Na" while reverse is true when soil solution 
concentrates. Muhammed, et. al, (1969) reclaimed a sodic soil with successive 
dilutions of high-salt water. 
Soil reclamation with amended brackish water: The ratio of divalent to total 
cations of water (mmol L-1) should be at least 0.3 greater it is the lesser the depth 
of water for effective reclamation (Reeve and Doering, 1966). Some natural 
waters meet this ratio, but in many cases additional Ca2+ is required. Ca2+can be 
introduced by placing gypsum stones in water channels or by soil applied gypsum 
in powder followed by leaching with high salt water .Improvements ratio have 
been found in the quality of brackish water after passing through gypsum stone-
lined water courses (Hanif, et. al, 1975; Qureshi, et. al, 1975, Qureshi and Anjum, 
1977; Ahmad, et. al, 1979; Hussain, et. al, 1986; Ghafoor, et. al, 1987) which are 
summarized in Table 3.8. Ahmad, et. al, 1979 passed a saline-sodic tube well 
water (TSS = 1600 ppm, SAR= 16) over baffled gypsum stones of 5 to 20 kg in 
water course. The dissolution rate of gypsum stones was proportional to the 
square root of the velocity of water, while the rate of increase in water EC was by 
the square root of the size of gypsum stone. In a field experiment, Ghafoor, et. al, 
(1987) irrigated a saline-sodic soil (pHs = 8.6-9.5, ECe = 12.1-21.3 dSm-1, SAR = 
114.5-143.9) with a saline-sodic tube well water (EC = 1.6 dS m-1, SAR= 10.2, 
RSC = 7.1 mmolcL-1 passed through a 183 m long water course lined with 
gypsum stones of 5 to 30 kg. The amended water was applied to 3 wheat and 2 
rice crops on sub soiled and/or gypsum treated (@ 75 % SGR) soil. Reclamation 
efficiency was found in the order: sub soiling + gypsum> gypsum> sub soiling> 
control.  

Table 16. Water Quality after passing through gypsum stone line water 
course 

Un-amended water Amended water Source 
EC dS m-

1 
SAR RSC 

(mmolc L-1) 
EC dS m-

1 
SAR RSC 

(mmolc L-1)
 

3.6 21.0 11.5 4.0 15.8 6.0 Qureshi, et. al, 1975 
3.5 19.5 12.9 3.9 12.0 6.5 Qureshi and Anjum, 1977 

1.7 9.3 7.1 1.2 6.0 4.0 Hussain, et. al, 1986 
1.8 10.2 7.1 2.1 8.7 4.6 Ghafoor, et. al, 1987 
1.2 14.4 5.0 1.6 6.8 00 Chaudhry, et. al, 1984 
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Use of untreated brackish water for soil reclamation: Studies have been 
carried out on amendment-applied saline-sodic soils followed by leaching with 
un-amended high-salt water by a number of workers (Haider and Hussain, 1976; 
Haq and Dabin, 1981; Ghafoor, et. al, 1985a, 1986a, b, 1997a, b, 2002b; 
Muhammed and Ghafoor, 1986; Bhatti, 1986; Muhammed, et. al, 1990; Qadir et. 
al., 1996a, 1998a). Haider and Hussain, 1976 reported that press mud application 
to a saline-sodic soil followed by leaching with brackish water significantly 
reduced the soil SAR accompanied by an increase in soil infiltration rate. A 
considerable increase in wheat, cotton, sorghum, maize, alfalfa and clover yields 
was obtained from the press mud-treated soil irrigated with high-SAR water. 
Similarly, Haq and Dabin, 1981 found alfalfa green manure as a good soil 
amendment since soil infiltration increased as a result of Ca2+ release from CaCO3 
dissolution in response to CO2 evolution during the decay process and countered 
the adverse effects of marginal quality irrigation water. In other laboratory 
experiments, Ghafoor, et. al, 1989 reclaimed a gypsum-treated (16-25 mesh @ 
100 % SGR) saline-sodic loamy clay soil (pHs= 9.1, ECc= 14.0 dS m-1, SAR = 
59) with brackish waters (EC = 0.6-4.0 dS m-1, SAR = 6-30).  

Table 17. Effect of un-treated brackish water irrigation on chemical 
properties of salt affected soils 

Irrigation water Soil 
Texture 

Crop Amendment Decrease over 
initial level % 

Source 

EC SAR RSC    EC SAR  
1.8 10 7.2 SiL R-W Gypsum 81 79 Ghafoor, 1984 
1.8 10 7.2 SCL R-W Gypsum 74 80 Ghafoor, 1984 
1.8 10 7.2 SCL R-W  44 06 Ghafoor, et. al., 1986b 
1.8 10 7.2 SCL R-W Gypsum 63 79 Ghafoor, et. al., 1986b 
1.8 10 7.2 SCL R-W H2SO4 56 74 Ghafoor, et. al., 1986b 
1.8 10 7.2 SCL R-W HCl 55 68 Ghafoor, et. al., 1986b 
1.8 10 7.2 SCL R-W CaCl2 65 75 Ghafoor, et. al., 1986b 
4.0 1.6 - SiL - - 46 69 Javaid, et. al., 1993 
3.2 15.7 7.3 SCL R-W - 40 45 Qadir, et. al., 1998 a 
3.2 15.7 7.3 SCL R-W Gypsum 61 58 Qadir, et. al., 1998 a 
3.2 15.7 7.3 SCL R-W H2SO4 39 38 Qadir, et. al., 1998 a 
3.2 15.7 7.3 SCL R-W Manure 52 60 Qadir, et. al., 1998 a 

SiL= Silt loam, SCL- Sandy clay loam, R-W = Rice-wheat, EC as dS m-1 and RSC as mmolc L-1 

The results of field studies have also shown promise regarding reclamation of 
amendment receiving saline-sodic soils using brackish water irrigation. A saline-
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sodic water (EC= 1.8 dSm-1, SAR = 10.0, RSC = 7.2 mmolc L-1) was applied to a 
calcareous saline-sodic sandy clay loam soil (pHs = 8.9, ECc = 13.9 dS m-I, SAR 
= 120) treated with gypsum, HCl, CaCl2 or H2S04, The amendments except 
gypsum were applied equivalent to 75 % SGR of the soil. Gypsum was applied at 
two rates (75 and 100 % SGR). The 100 % SGR treatment caused maximum 
decrease in soil EC and SAR and produced better rice and wheat yields than other 
treatments (Ghafoor, et. al, 1986b). A saline-sodic silt loam field (ECe= 16.8 dS 
m-1 SAR = 16.5) was irrigated for three years with a saline tube well water (EC = 
4.0 dS m-1, Ca2+= 33.5 mmolc L1, SAR= 1.6). Four heavy irrigations each of 12.5 
cm were applied before planting alfalfa and Kallar grass. The high Ca2+ water, 
under both the crops, was able to decrease soil EC and SAR below the critical 
limits of 4 dS ml and 13, respectively (Javaid, et. al, 1993). An effort was made by 
using tile drain water (EC = 2.9-3.4 dS m-1, SAR= 12.0-19.4, RSC = 4.6-10.0 
mmolc L-1) to irrigate rice and wheat crops on a saline-sodic field (ECe= 24.3-32.3 
dS m-1,SAR = 56.6-77.5). The overall treatment effectiveness to decrease the ECe 
and SAR of soil after 3 years was in the decreasing order of gypsum> farm 
manure> sulfuric acid> tile drain water (Qadir, et. al, 1998a). In studies (Ghafoor, 
2002b, 2003) at different locations of Punjab, it has been observed that brackish 
waters reclaimed a number of saline-sodic soils receiving gypsum @ 50 % SGR 
applied in two equal splits to the first rice and following wheat crops. In these 
studies, it was also observed that application of gypsum @ WRSC reclaimed 
saline-sodic soils. However, it is yet to be concluded that when the next gypsum 
application will be required if brackish water irrigation is continued after 
reclamation of soils for sustainable crop production. 
Using brackish water with different Ca2+:Mg2+ ratios: Ground water in the 
Indus Plain, Punjab in particular, in addition to high EC and SAR, also contains 
Mg2+> Ca2+. Irrigation with high Mg2+ water has shown increased 
dispersion/crusting and decreased hydraulic conductivity of normal productive 
soils (Khan, 1975; Chaudhry, et. al, 1986). In pot experiments with leaching 
provision, synthetic brackish water (EC = 2 dS m-l, SAR= 12, RSC = 3 mmolc L-l) 
with Ca2+ : Mg2+ ratios of 4: 1, 2: 1, 1:1, 1:4, and 1:6, were applied to a calcareous 
saline-sodic sandy loam soil (pHs = 8.6, ECe = 21 dS m-1, SAR = 183) receiving 
uniform rate of Ca-sources to grow wheat and rice crops while canal water (Ca2+ 
level same as in brackish water) served as the control. Soil reclamation was found 
maximum with canal water while there was less but almost similar soil 
improvement with the brackish water treatments. This indicated a feasibility of 
using brackish waters with Ca2+: Mg2+ ratios of 4: 1 to 1:6 during reclamation of 
coarse textured saline-sodic soils. Wheat yield was not affected by the applied 
treatments while paddy yield decreased significantly with a decrease in 
Ca2+:Mg2+ratio in the applied brackish water (Ghafoor, et. al, 1990, 1991). In 
another experiment, synthetic brackish water of similar composition, with Ca2+: 
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Mg2+ratios of 1:4 and 1 :6, was applied to the same soil and crops in the presence 
of soil-applied phosphogypsum (50 or 100 % GR) or farm yard manure (5 or 50 t 
ha-l). Soil reclamation was found more with phosphogypsum than that with farm 
yard manure. Application of phosphor-gypsum at both the rates and with both the 
Ca2+:Mg2+ratio waters countered the adverse effects of Mg2+ in water better than 
farm yard manure. High Mg2+ irrigation water without soil-applied amendments 
adversely affected growth components of both the crops (Ghafoor, et. al, 1992a, 
1992b). Most of the native ground waters have Ca2+:Mg2+ ratios less than 1:6. 
These waters can be extensively used on gypsum-treated soils for reclamation to 
save canal water for good soils.  
Reclamation of hard saline-sodic/sodic soils by horizontal flushing: Water 
percolates in fine-textured soils mostly through pores having diameter> 0.1 mm. 
These soils contain more total pore space but have fewer macro-pores than the 
coarse-textured soils. Soil solution in micro-pores remains largely immobile under 
steady-state flow conditions, since the micro-pores do not take much part in water 
conduction. The traditional reclamation scheme "gypsum application followed by 
irrigation" is less effective to reclaim such soils (Rafiq, 1975; Qureshi, et. al., 
1992; Ahmad and Qadir, 1995). A technique involved mixing of gypsum with soil 
in standing water with cultivator followed by horizontal flushing of the standing 
water to a nearby drain and a second flushing after 12 h (G FF) followed by a 
rice-wheat crop rotation. The technique proved better than the conventional 
practice of gypsum + vertical leaching (GVL) for rice yield but treatment 
differences for wheat yield and soil reclamation was not so prominent. In another 
field study (Qadir, et. al., 1998b), the GFF technique was modified by applying 
gypsum in between the two water flushing (FGF) and it was compared to the 
above mentioned treatments with GVL and GFF or without gypsum (VL and FF). 
The FGF treatment remained better for both soil EC/SAR amelioration and crops 
(Table 18). However, enough land slope and a nearby drain are pre-requisites 
which make the approach site-specific.  
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Table 18. Reclamation treatment effect on salinity and sodicity of the 0-15 cm 
soil depth. 

Treatment Before 
treatment 

Post 
Flushing I 

Post 
Flushing II

Post rice Post wheat

ECe (dS m-1)  
Vertical leaching (VL) 8.8 8.9 b 8.7 b 8.5 b 8.3 a 
Two horizontal flushing (FF) 9.1 8.5 c 8.1 c 7.4 c 7.2 b 
Gypsum +VL (GVL) 9.2 10.0 a 9.7 a 9.0 a 8.6 a 
Gypsum +FF (GFF) 8.9 9.2 b 8.5 b 7.8 c 7.4 b 
Gypsum between flushing 
(FGF) 

9.3 8.2 c 8.3 bc 6.6 d 5.9 c 

SAR  
Vertical leaching (VL) 54.3 53.4a 50.1 a 47.1 a 51.3 a 
Two horizontal flushing (FF) 53.6 46.6 b 41.8 b 40.9 b 39.4 b 
Gypsum +VL (GVL) 48.2 43.7 b 36.7 c 33.33 c 31.6 c 
Gypsum +FF (GFF) 49.9 36.1 c 29.9 d 23.7 d 21.3 d 
Gypsum between flushing 
(FGF) 

56.0 44.2 b 24.6 e 16.5 e 12.5 e 

(Qadir, et. al., 1998b) 

Engineering Approach 
The engineering approach assumes that salinity in irrigated areas can be reversed 
using drainage schemes that lower water tables. Over 7.8 million hectares have so 
for been treated through Salinity Control and Reclamation Project (SCARPs) in 
Pakistan. Measures taken for combating waterlogging and salinity in Pakistan 
were very helpful for controlling waterlogging and its allied secondary 
salinization but still many salt-affected soils are not treatable and the 
sustainability of the approach for tackling the problem of salinity/sodicity is 
questionable. The International Commission on Irrigation and Drainage during 
1991 has reported that the waterlogging has generally been controlled in the 
SCARPs but at the same time the effect has been found diminishing due to 
reduction in the pumping capacity of tube wells with time or non-operation of 
tube wells due to some reasons or use of excess surface supplies etc. Despite of all 
drainage efforts, waterlogging and salinity is not being controlled as envisaged 
during the planning of the projects. This is mainly due to availability of 
inadequate funds for the running and maintenance of these projects. 
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Best Management Practices in salt affected lands 
Saline soil 
Reclamation of saline soil is the easiest, least time consuming and most 
economical of the three categories of salt affected soils. Since saline soils contain 
excess soluble salts (ECe>4 dS m-1). Generally osmotic effects are the major cause 
of yield reduction or crop failure. There are three methods to reduce the salt 
contents of saline soil i.e. scraping, flushing and leaching. Methods commonly 
adopted to accomplish this include the following: 

 
Picture 9. Layer of soluble salts after water evaporation can be seen  

on saline soil in Balochistan 

Scraping and precision land leveling 
Removing the salts those have accumulated on the soil surface by mechanical 
means has had only a limited success although many farmers have resorted to this 
procedure. Although this method might temporarily improve crop growth, the 
ultimate disposal of salts still poses a major problem. Precision land leveling is 
major step towards the management of saline soil and evenly irrigates the field. 
Government of Punjab took the task of precision land leveling through on-farm 
water management program and other development projects. Through this 
program millions of acres have been leveled using laser leveler developed by 
Pakistan Atomic Energy Commission. Farmers were provided with subsidy or the 
purchase of laser land leveler. This step is being considered utmost important 
among farming community regarding salinity control, irrigation management and 
improvement in crop productivity. 
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Picture 10. Precision land leveling activity in Balochistan Province 

Flushing: Washing away the surface accumulated salts by flushing water over the 
surface is sometimes used to desalinize soils having surface salt crusts. Because 
the amount of salts that can be flushed from a soil is rather small, this method 
does not have much practical significance. 
Leaching: This is by far the most effective procedure for removing salts from the 
root zone of soils. Leaching is most often accomplished by ponding fresh water 
on the soil surface and allowing it to infiltrate. Leaching is effective when the 
salty drainage water is discharged through subsurface drains that carry the leached 
salts out of the area under reclamation. Leaching may reduce salinity levels in the 
absence of artificial drains when there is sufficient natural drainage, i.e. the 
ponded water drains without raising the water table. Leaching should preferably 
be done when the soil moisture content is low and the groundwater table is deep. 
Leaching during the summer months is, as a rule, less effective because large 
quantities of water are lost by evaporation. The actual choice will however 
depend on the availability of water and other considerations.  
The results of average ECe before and after leaching with continuous (CL) and 
intermittent leaching (IL) methods for five months are plotted in Figure 19. It is 
apparent from figure that the average ECe of the soil profile after five months of 
the experiment work with intermittent leaching (IL) method was remarkably 
decreased to 1.48 dS/m as compared to the continuous leaching (CL) method in 
which the ECe decreased to 2.16 dS/m.(Tagar, et. al., 2010). 
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Figure 19. Comparison of electrical conductivity of soil saturation extract before and 

after two months of leaching with continuous (CL) and intermittent leaching (IL) 
methods. 

The above discussion indicates that the intermittent leaching method removed 
75.23% of salts down from the top 0-60 cm soil depth, whereas the continuous 
leaching method removed only 64.01%. The main reason for the observed 
differences is due to the fact that the intermittent leaching method allows extra 
time for salts held in micropores to diffuse and then leached down with flowing 
water. This suggests that intermittent leaching method is more effective than that 
of continuous leaching method when leaching is carried out for more time. The 
statistical analysis of data showed highly significant (p< 0.01) decrease in EC of 
soil saturation extract of all plots after five months of the leaching (Tagar, et. al., 
2010). 
Choice of crop and cropping pattern: Cultivation of salinity tolerant crops 
helps reclamation of moderately saline soil in shorter time and could provide 
reasonable income. Phyto-extraction of salts by glycophytes is small (Qadir, et. al, 
2003) hence leaching of salt remains the principal method of their reclamation. 
Inclusion of high water requirement crops in rotation proved better. Rice and 
sesbania crops are being grown for the purpose. This vegetative reclamation 
strategy is generally known as bio-remediation, phyto-remediation and biological 
reclamation. The principal contributing mechanisms include: (1). Enhanced CO2 
partial pressure in the root zone because of root and microbial respiration, which 
increase the solubility of calcite, and (2) improved soil physical properties due to 
root growth. Vegetative bioremediation provide financial benefits from the crops 
growth which help to support forming operations; to some extent bioremediation. 
Use of aged seedlings. The mortality of seedlings in salt-affected soils can be 
substantially reduced if the seedlings are somewhat older (40-45 days) than 
normal when they are transplanted into the field (Akbar, et. al., 1972).  
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High-density planting. Crop stands can be improved by planting four seedlings 
per hill in salt-affected soils, compared with two seedlings per hill, as usually 
recommended for non-saline soils (Aslam, et. al., 1990).  
Irrigation. Rice is least sensitive to salinity during germination and early 
vegetative growth and more sensitive during grain filling. If good quality 
irrigation water is in short supply, then the poor quality water should be used 
during establishment and vegetative growth when it will have the least damaging 
effects on the crop (Aslam, et. al., 1993).  

 

Alternate irrigation of canal and brackish ground water: brackish water 
irrigation followed by canal water irrigation helps in salt leach down efficiently 
away from root zone and hence good crop growth and reduction in soil ECe. 
Furthermore, avoiding brackish water application at sensitive crop growth stage 
also helps in more productivity.  
Frequency of irrigation: If the crop depletes soil water and suffers water stress 
between irrigations. One obvious solution is to irrigate more frequently. More 
frequent irrigation could maintain better water availability and help decrease soil 
EC to which the crop is exposed. With regard to permeability, this strategy will 
also maintain a lower SAR, since dilution favors the adsorption of Ca2+ and Mg 2+ 
over Na and losses of Ca2+ due to precipitation is reduced.  
Age of nursery: Since younger plants are more sensitive and become better 
tolerant to salinity as ages, the relatively aged seedlings results in higher plant 
population and growth performance, e.g. rice has been found to yield better if the 
age of nursery is increased from 40-45 to 55-60 days. 
Use of mulches: During germination and early growth stage, there is much 
unproductive evaporation leaving salts on soil surface to affect direct soil toxicity, 
osmotic effects and development of hard crust. Such adverse effects can be 
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checked by providing mulch at the surface. Mulch materials include crop 
residues, plastic material and loose natural soil. Mulching also maintain proper 
temperature of soil during winter and indirectly could help expedite the 
germination.  
Drainage: Mostly more water is applied to crops on saline soils to avoid salt 
stress to plants and salt buildup in soils. In order to counter such hazards, good 
drainage is essential to sustain the crop production and salt balance and to 
decrease the chances of oxygen stress.  
Use of plant nutrients: Nutritional disorders can accentuate the yield losses 
imposed by osmotic effects. Shallow water table and poor aeration could limit 
root growth and their absorbing area and this way may restrict ability of roots to 
absorb nutrients in required amounts. It is also known that metabolism of 
absorbed nutrients is adversely affected. The harmful effects of moderate levels of 
EC can be alleviated by the judicious use of fertilizers. Specific effects of Cl and 
SO4 can be minimized by proper application of P and N fertilizers. Many times, 
leaching losses could be high and necessitate application of fertilizers higher than 
the normal soils. In fact, lack of essential nutrients may be responsible for reduced 
yields in many saline soils. However, research is required to establish the nutrient 
requirements of crops in saline soils.  
Continuous cropping: Under arid and semi-arid climates, saline soils should be 
kept under crops to alleviate the upward salt movement to accumulate at soils 
surface. If crop is not possible to grow, then soil must be ploughed frequently to 
break the capillaries through which soil solution moves. 

Growing crops 
The most important conventional food and cash crops cultivated on salt-affected 
soils in Pakistan are rice, wheat, cotton, and oilseed. These are cultivated on a 
total of 3.5 million hectares of land with patches of salinity covering about 20% 
or more of the area. Overall yields on such land are therefore determined by 
growth in the non-saline and saline parts of the field.  
The salt-affected patches of such fields are usually highly saline-sodic, and 
impervious to water, and these conditions severely affect germination and growth 
of plants. Most of this type of salt-affected land is irrigated and is therefore 
regularly cultivated. The use of such land is of great concern and it has serious 
economic impacts at the national level. A simple answer to the problem of these 
lands is to develop salt-tolerant crop varieties that may outperform the currently 
prevalent varieties. However, cultural practices can also be modified to help the 
particular crops give higher yields in saline fields. Farmers are generally well 
informed about the agronomy of conventional crops and it is not necessary to 
repeat details of all these practices. Therefore, we discuss here only those aspects 
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of the growth of rice, wheat and cotton that are expected to improve yield 
compared with the normal practice.  

Rice  

 
Picture 11. Rice varieties (SarShar, IRRI-8, KS-282 and Kanwal) being tested under 
saline condition in Nasirabad, Balochistan Province  

Varieties  
Rice is a moderately salt-tolerant species, although there are differences between 
cultivars. On moderately salt-affected soils, the cultivars KS-282 and NIAB-6 
produce about 30-35% more paddy than ordinary varieties (Aslam, et. al., 1993).  

Wheat  
Varieties selected for high salt tolerance do not always perform better than 
recommended varieties in salt affected soils. This is because the extent and degree 
of salinity varies a great deal under field conditions. Moreover, climatic factors 
and cultural practices also affect performance. Nevertheless, we expect that salt 
tolerant varieties will have 'an edge' over non-tolerant varieties under most saline 
field conditions. A lot of effort has gone into selecting salt-tolerant varieties of 
wheat by the Saline Agriculture Research Cell at the University of Agriculture 
Faisalabad. Selections that have performed well under field conditions include 
SARC-I, SARC-II, SARC-III and SARC-IV. Seeds of SARC-I has been 
multiplied and distributed among farmers within the area of the Joint Satiana Pilot 
Project. These farmers have generally reported favorably on its performance in 

KS-282

IRRI‐6 

SARSHAR 

KANWAL 
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salt-affected fields. A new line (234-1) has recently been identified as being 
highly water logging tolerant, but trials in farmers' fields are not yet complete.  

Planting techniques  
The choice of method for planting wheat depends on the soil texture and its 
permeability characteristics as detailed below. There were clear benefits of raised 
beds on the yield of wheat in an experiment on saline-sodic soil (ECe 8.3 dS m-1, 
SAR 23, pH 8.9) loamy clay at Sadhoke. Wheat grown with  conventional 
cultivation yielded 0.60 tons per hectare. However, wheat grown on 15· 30, 45 or 
60 cm high beds had yields of 1.07, 1.06 and 1.20 tons per hectare (Qureshi and 
Aslam, 1988).  
Freely draining soils. For freely draining soils, the land should be well prepared. 
Seed should be sown into almost dry soil, which is then heavily irrigated to leach 
salts into the subsoil. Subsequent irrigation is given soon after the crop has 
established (i.e. 7-15 days after germination). Nitrogen and phosphorus fertilizers 
should be applied at this stage.  
Poorly drained soil. Soils that are clayey, low-lying, sodic and/or used for rice 
generally have drainage problems, and after irrigation or rain, water can stand on 
the soil surface for a long time, causing waterlogging. In this situation dry sowing 
is hazardous. Instead, the land should be prepared in the form of raised beds, 
about 75-100 cm wide, and 20-30 cm high, separated by irrigation channels. After 
a heavy irrigation and the addition of the first dose of the nitrogen and phosphorus 
fertilizers, the crop is sown in the beds in rows about 15 cm apart. 

Cotton  
Cotton is a relatively salt-tolerant crop. Furthermore, water logging can seriously 
affect its growth. Recently developed BT cotton varieties IR-1524, FH-113, Ali 
Akbar-802, Neelam-121 are performing well.  

Planting and managing the crop  
Cotton is a summer (kharif) crop. It should be planted on ridges or raised beds 
about 30 cm high and 75 cm wide. These beds should be 75 cm apart. The 
sequence of events in building these beds is as follows.  
Cultivate the soil and then apply gypsum. Use a bedding plough to construct the 
furrows and raised beds. These beds will be 75 cm wide, alternating with 
irrigation furrows 75 cm wide. Plant seeds in rows on either side of the beds. 
Instead of evenly spacing the seeds, there is improved emergence of broad-leaved 
crops like cotton through crusting soils by planting three to four seeds in a clump, 
with about 15 cm between clumps. Seedlings in these clumps can then be thinned 
about 45 days after sowing when the plants are about 15-20 cm high.  
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Oil seeds  
According to the international literature, rapeseed is moderately tolerant to 
salinity whereas sunflower is moderately sensitive to salinity. However the 
outcomes of pot experiments suggest that sunflower may have greater tolerance to 
salinity than rapeseed. In two experiments, the rapeseed cultivar Gobhi Sarsoon 
had a 50% decrease in growth at a salinity (ECw) of 12 dS m-1. In contrast, the 
sunflower cultivar Shamas had a 50% decrease in growth at a salinity (ECw) of 
19 dS m-1. So sunflower can be successfully grown on salt affected lands as 
compared to rapeseed. 

Grasses and tree species 
Bio-saline agriculture was successfully demonstrated to restore the productivity of 
about 400 hectares of salt-affected lands by planting river red gum tree ( E. 
camaldulensis var. camaldulensis). and saltbushes (Atriplex amnicola and 
Atriplex lentiformis). 
After growing Kallargrass (Leptochloa fusca) for four consecutive years in a 
highly saline-sodic clay loam field (pH, = 10.3, ECc= 20.2 dSm-1, SAR = 170, 
ESP = 71) a marked decrease in soil pH, EC and SAR was observed (Akhtar et. 
al., 1988). In another experiment, Kallargrass, sesbania (Sesbania aculeata), 
swank (Eehinoehloa colona) and mandal (Eluesineeo raeana) were planted on a 
calcareous saline-sodic field (ECc= 8.9-9.4 dS m-1, SAR = 54.8-61.2). The 
effectiveness of these species after one season in terms of soil amelioration was in 
the order: sesbania>Kallargrass>swank>mandal, though SAR did not decrease 
below critical level of 13.2. Biomass production by the plant species was found 
directly proportional to their reclamation efficiency (Qadir, et. al., 1996b).  
Different crop rotations (Sesbania-barley, rice-wheat, and Kallar grass-alfalfa) 
were employed for reclaiming a strongly calcareous moderately saline-sodic silt 
loam soil. All the crop rotations reclaimed the soil after one year. The leaching of 
salts by irrigation and rain waters, valence dilution, Na+ uptake by plants, 
Ca2+supplied in irrigation water, dissolution of soil lime under the action of root 
respiration and microbial activity were the factors considered responsible for 
ameliorating soil (Qadir, et. al., 1992). 
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Picture 12. Salt tolerant Trees for Fuel and Forage Production 

Acacia ampliceps : In Pakistan, 2-year-old plants had 25 and 50% reductions in 
dry weight at 17 and 20 dS m-1 (calculated from the data of Ansari, et. al, 1994). 
In an adaptation trial on a saline site in Sind (ECe values of 5-40 dS m-1), there 
was 77-98% survival after 2 years, but 3 months of flooding eliminated survivors 
in three provenances and caused substantial mortality in a fourth (Ansari, et. al., 
1994). 
Acacia nilotica (L.): In a trial in Sind, 80% of 2-year-old established plants 
survived a 3-month period of flooding (Ansari, et. al., 1994). In longer-term field 
experiments near Faisalabad, it produced more wood per plant than Prosop is 
cineraria on a saline soil, and on a dense saline soil its production was more 
highly ranked than Leucaena leucocephala, Terminalia arjuna or Dalbergia sisoo 
(Qureshi, et. al., 1993). 
Albizzia lebbek (L). : A. lebbek tolerates moderate salinity, sodicity and high pH 
(8.7-9.4). 
Casuarina equisetifolia: C. equisetifolia grows in calcareous and slightly alkaline 
soils, where it withstands salinity but not waterlogging. In Pakistan, irrigation 
with water of electrical conductivity of 9-10 dS m-1 caused 16-18 % decreases in 
height and stem diameter. In an adaptation trial on a saline site in Sind (ECe 
values of 5-40 dS m-1), there was 60% survival after 2 years, but 3 months of 
flooding eliminated all survivors (Ansari, et. al., 1994). 
Eucalyptus camaldulensis: E. camaldulensis grows in slightly alkaline soils, 
where it can withstand some salinity and waterlogging. The situation regarding 
the salt and waterlogging tolerance of the species is confused. This may be 
because of the enormous variation between provenances. In irrigated sand culture, 
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plant height and stem diameter decreased by 36 and 55% respectively, when 
water with an assuming that fuelwood has a market value of 0.50 PKR per kg 
(Qureshi, et. al., 1993). 

 
Picture 13. Eucalyptus grown in salt affected lands of Pindi Bhattian area 

Leucaena leucocephala (Lam.) 
Tolerance to salt and waterlogging: L. leucocephala grows well on light-textured 
saline soils that are well drained. However, it is sensitive to water logging. In 
irrigated sand and gravel cultures, water with electrical conductivities of 9-10 
dSm-1 did not adversely affect growth (Ahmad,1987). Two field experiments 
examined the adaptation of the species to saline soils at Faisalabad. The first of 
these examined the effects on survival of 3 months flooding of the soil surface. 
Under drained conditions there was 80-100% survival, but under flooded 
conditions there was no survival (Qureshi, et. al., 1993,). In a longer-term 
adaptation experiment on a saline-sodic soil, leucaena produced 90 kilograms of 
timber per plant over a seven-and-a-half -year period (Qureshi, et. al., 1993). 
Parkinsonia aculeata L.: P. aculeata grows well under conditions of high 
salinity, but is sensitive to waterlogged conditions. 
Sesbania bispinosa  
Tolerance to salt and waterlogging : S. bispinosa is commonly grown for the 
reclamation of salt-affected soils. It is adapted to a variety of soil conditions, 
varying from waterlogged to saline, and from sands to clays. It has a 50% 
decrease in growth in soils with an ECe of 13 dS m-1 (Sandhu and Haq, 1981). 

Salt Tolerant Fruit Trees 
Grewia asiatica L. 
Description: Grewia asiatica L. is a member of the Tiliaceae family, and is 
known locally as phalsa (falsa). 
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Tolerance to salt and waterlogging: G. 
asiatica had excellent survival under saline-
sodic conditions in a five-and-a-half-year 
field trial near Faisalabad (Qureshi, et. al., 
1993), 
Description: Phoenix dactyfifera L. is a 
member of the Arecaceae family. Its 
common name is the date palm, and it is 
known locally as khajoor or khajji.  
Tolerance to salt and waterlogging: 
According to the criteria of Maas and 
Hoffman dates are 'tolerant' to salinity. 
Their salinity (ECe) threshold for reduction 
in yield is 4 dS m-1, and they have a 50% 
reduction in yield at 17.9 dS m-1). 
 
 

Picture 14. Phoeuix dactylifera L. 

Psidium guajava L. 
Description: Psidium guaiava L. is a member of the Myrtaceae family. Its 
English name is the common guava, and it is known locally as amrood (amrud).  

Tolerance to salt and waterlogging  
Guava can be successfully grown in wet and moderately saline soils. Guava 
survived well but with reduced growth under saline-sodic conditions in a seven-
and-a-half-year field trial near Faisalabad (Qureshi, et. al., 1993). Major guava 
growing area in Pakistan is Sheikhupura, Nankana Sahib and Larkana districts. 
Ziziphus mauritiana Lam. 
Description: Ziziphus mauritiana Lam. is a member of the Rhamnaceae family. 
Its common name is Indian jujube, and it is known locally as ber (Urdu), beri or 
mallah (Punjabi).  
Tolerance to salt and waterlogging: Indian jujube can tolerate moderate to high 
salinity and sodicity. 
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Picture 15. Ziziphus mauritiana Lam. 

Management of Sodic Soils 
Reclamation and Amendments:  
Any organic and inorganic material which could be used to accelerate the Na-Ca 
exchange in sodic soil is called amendments or reclamant or ameliorant for such 
soils. Amendment could be direct source of Ca or could make calcium available 
indirectly by solubilizing the native reserve, Calcite.  
• Direct source of Calcium: material having Ca which release into soil solution 

upon dissolution. e.g. Gypsum (CaSO4.2H2O). Saturated gypsum solution 
contains 28-30 mmolc L-1 (14-15 mmolL-1 or 600 mgL-1) of Ca. 

• CaCl2 and Ca(NO3)2, CaCO3. 
• Indirect sources of Calcium: most common material is commercial H2SO4 (90-

94 % pure, specific gravity 1.84) and rapid in reaction, crude S forming 
H2SO4 after long time that reacts with soil lime to release soluble Ca. FeSO4 
and Al2(SO4)3 also form H2SO4 and release Ca. 

• Organic amendments: FYM, green manure, press mud, solid waste, upon bio-
chemical decomposition, they release organic acids and CO2 both help 
dissolve native CaCO3 

Industrial Byproducts as Amendments  
Industrial byproducts like phosphogypsum, press mud, molasses, acid wash, and 
effluents from milk plants are being used to provide soluble Ca directly or 
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indirectly by dissolving soil lime, for reclamation purposes. As these materials are 
cheap and locally available, their use is being encouraged.  
Amendments are useful where soil permeability is less because of low salinity, 
when electrolyte concentration of the leaching water is less than the threshold 
electrolyte concentration, excess exchangeable Na+, or C03

2-, HC03
- in the water. 

But these are not helpful if the poor permeability is due to soil texture, soil 
compaction, restricted layers (hardpan, clay pan), or high water table.  

Quantity of Amendment  
The amount of an amendment needed for sodic soil reclamation depends upon the 
amount of exchangeable sodium to be replaced, which in turn is governed by the 
amount of sodium adsorbed on to the soil (ESP and CEC), Sodicity tolerance and 
the rooting depth of the crop to be raised.  

pH and the Gypsum Requirement  
As discussed earlier, there exists a good relationship between pH of 1:2 soil water 
suspensions (pH2), pH of the saturation paste (pHs), and ESP of the soil. It has 
been observed that for soils of the Indo-Gangetic plains such a relationship can 
form a sound basis for calculating approximate gypsum requirement of the soils 
varying in texture and thus CEC. Similar relationships for different soils can be 
established for quick recommendations of their amendment needs.  

Efficiency of Gypsum in conjunction with organic amendments 
Haq, et. al, 2001 concluded that the most effective treatment noted was the 
combination of gypsum, press mud and farmyard manure (94% increases in yield 
over control) followed by press mud alone (60%) or in combination with FYM 
(57%). Of all the treatments, gypsum proved the best in reclaiming the soil with 
regards to pH and gypsum requirement as it reduced pH and gypsum requirement 
(GR) at 14-18% and GR 88-100%, respectively. Zaka, et. al, 2003 conducted a 
field experiment to reclaim sodic soil through the gypsum application @ 25 % GR 
alone and in combination with FYM, rice straw, sesbania @ 10 t ha-1 and crust 
scraping. A standard treatment of 100 % GR was also included. Rice and wheat 
crops were grown in rotation for two years. Crops were harvested at maturity and 
soil status was monitored after the harvest of each crop. The rice straw and 
sesbania coupled with 25 % GR were found to be superior to other treatments but 
were comparable with 100 % GR as far paddy yield of first rice crop was 
concerned. But in subsequent wheat, the treatment of 100 % GR became inferior.  
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Gypsum Application method 
Traditionally, gypsum is applied to the soil surface to reclaim saline-sodic soils. 
The lower soil profile is left untreated. Therefore, the salts do not leach much to 
deeper depths, particularly in heavy textured soils. Raza, et, al, 2001 conducted a 
field study in which gypsum was applied in slots for the reclamation of 
abandoned saline-sodic soils was conducted. The excavated soil was mixed with 
gypsum and slots were refilled. The results showed that maximum increase in soil 
permeability by 220% occurred in slotted area; whereas, the infiltration rate 
increased by 152% with gypsum application by broadcast method. The electrical 
conductivity of soil (ECc) decreased by 49 and 15% at 0-30 and 30-60 cm depths, 
respectively with gypsum applied by broadcasting. On the other hand, application 
of gypsum in slots reduced ECc of slotted area by 51 % at 0-30 and 25% at 30-60 
cm depths. In case of slotting method, lesser salts were accumulated at 60-90 cm 
depth than that of broadcast method. Similarly, gypsum application by broadcast 
method reduced sodium adsorption ratio (SAR) of soil by 59% at 0-30 cm depth 
and 8% at 30-60 cm depth. At lower depth of 6090 cm, SAR was increased by 
24%. But gypsum application in slots decreased SAR by 72 and 46% at 0-30 and 
30-60 cm depths, respectively. But SAR increased only by 11 % at 60-90 cm 
depth. The gypsum application in slots also decreased the salinity and sodicity in 
inter slot area. Maximum crop yields were recorded from slotted area.  

Table 19. Effect of treatment on crop yields (kg ha-1) 

Treatments Wheat 
1998-99 

Cotton 
1999 

Wheat 
1999-2000 

Gypsum application by broadcast 1106 439 1293 

Control 638 229 719 

Gypsum application by slotting methods 4233 863 4625 

Inter slot area 437 - 813 

(Raza, et. al., 2001) 

Niazi, et. al, 2000 reported maximum increase in the yield of 132% by the 
application of gypsum @ 100% GR in one shot. A significant decrease in pH was 
noted with the application of gypsum @ 100% GR. A maximum of 8% decrease 
in pH was observed by gypsum application @ 100% GR. The ECe of the soil was 
linearly decreased with time. Maximum decrease in ECe was noted in treatment 
receiving 100% GR in one shot. The cumulative decrease in ECe at the end of 
experiment was 66% compared to control. A 45% decrease in SAR was recorded 
during the experiment in gypsum treated plots @ 100% GR in two splits.  
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Cultural Practices  
To ensure successful reclamation of sodic soils, the following practices should be 
adopted.  
Land leveling and shaping: To ensure proper water management and uniform 
leaching of salts, the field should be leveled properly. To avoid major earthwork, 
the big fields should be divided into small parcels and leveled. Drastic removal of 
the surface soil will expose the subsoil containing CaCO3, which can pose 
difficulties in reclamation and cropping of the area.  
Flushing: Flushing of soil followed by the chemical amendment is utmost 
desirable to get rid of excess soluble salts as well as sodium ion replaced from the 
exchangeable site as a result availability of calcium. Qadir, et. al, (1998) 
developed a technique to ameliorate the sodicity problem by horizontal flushing 
which involved mixing of gypsum with the soil in standing water with a cultivator 
followed by horizontal flushing of the standing water from the soil surface to a 
nearby drain and a second flushing repeated after 12h (GFF). Rice production 
responded positively to the GFF technology compared to the conventional GVL 
practice.  
Hussain, et. al., 2000c conducted a study in saline sodic soil on farmer field at 
Pindi Bhattian to reclaim it under restricted infiltration and drainage during 1995-
97. The original soil had an ECe 5.25 dS m-1, SAR 49.1 and pH 9.8. Gypsum was 
applied at 100% GR, while the irrigation water was flushed out at different time 
periods (12, 24 and 36 hours) of gypsum application except control. Wheat yield 
significantly increased (38, 48 and 70%) with the increase in flushing time 
compared to control. A 26% decrease in SAR of the soil was recorded at the time 
of wheat harvest. While increase in the ECe resulted when water was flushed after 
12 hours of gypsum application. A delay in the water flushing 24 and 36 hours 
decreased the ECe significantly. A further decrease in SAR and ECe has been 
observed after second and third crop of rice and wheat, respectively. Horizontal 
flushing 36 hours after gypsum application proved to be the best intervention as it 
significantly improved soil physical properties as well as wheat yields. 
Plant Population: Because of the hard crust on the surface, germination 
percentage is often low in sodic soils. Plant population further decreases because 
of high rate of mortality, especially during early stages of plant growth. This 
together with poor tillering can reduce crop yield. Crop stand in sodic soils can be 
improved by increasing the seed rate and reducing the planting distance. In the 
case of rice, better plant population can be achieved by increasing the number of 
seedlings per hill and by gap-filling so as to replace the dead plants.  
Tillage: Cultivation increases the infiltration rate and helps in leaching the salts 
and reclaiming the saline soil. Pratharper and Qureshi, 1999 evaluated the effect 
of pre-monsoon surface cultivation for the reclamation of saline soil by using a 
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numerical model SWAP-93. It was found that with a water table at one meter or 
below, abandoned saline soil could be reclaimed by pre-monsoon surface 
cultivation within few years. However, deep ploughing and chiseling alone are 
not helpful to reclaim saline sodic soil. Therefore, gypsum application in 
combination with sub-soil proved to be the best intervention (Azhar, et. al., 2001). 

 
Picture 16. Appropriate tillage practice in sodic soil 

Phyto-remediation of Sodic Soils 
Qadir, et. al, 1996 reported that amelioration of sodic and sodic soils by chemical 
amendments requires high capital input. Cultivation of salt tolerant grasses may 
mobilize the native lime (CaCO3) in these soils through root action to substitute 
the chemical approach. A sodic soil (pHs = 9.1, ECe = 9.8 dS m−1, SAR = 103, 
CaCO3 = 9.4%, CEC = 122 mmolc L−1, texture = sandy clay loam) was 
experimented for reclamation. Concrete cylinders (60 cm long, 30 cm internal 
diameter) were used to prepare the soil columns. The bottom of each column was 
padded with a 5 cm layer of gravel and sand to facilitate leaching. In each 
lysimeter, soil was added in small increments to obtain a uniform soil column. 
The soil was packed to a height of 40 cm, making the soil depth in each column 
35 cm. Four treatments, one cropped i.e. kallar grass (Leptochloa fusca) and three 
non-cropped (control, gypsum @ 50%, and 100% gypsum requirement) were 
leached with four leaching cycles (LC1 to LC4) at different time intervals. Canal 
water (EC =0.28 dS m−1, SAR = 0.8) was used for leaching. Two leaching cycles, 
LC2 and LC3, were completed during the peak growth of kallar grass (summer) 
and the remaining two, LC1 and LC4, were completed during winter when its 
growth was very slow. After the completion of LC4, soil samples were collected 
from the lysimeters at 0–15 and 15–30 cm depths. The treatment receiving 
gypsum at higher rate (100% GR) removed the greatest amount of Na+ from the 
soil columns and caused a substantial decrease in soil salinity (EC) and sodicity 
(SAR). Performance of the grass treatment in enhancing the leaching of Na+ was 
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between the gypsum treatments. Kallar grass removed more Na+ during summer 
than during winter. Effectiveness of the treatments for soil reclamation was in the 
order: 100% GR > kallar grass > 50% GR > control. 
The results of Akhtar, et. al, 2007 confirmed that cropping of kallar-grass on a 
highly saline, sodic soil, irrigated with brackish water improved appreciably the 
soil physical (AW, Kfs, SI, BD and P), chemical (ECe, pH, SAR and OM) and 
mineralogical properties, within a period of three years. Kallar grass maintained 
its growth without addition of any fertilizer for a long time. The proportion of 
clay mineral component found in soil-clay fraction and significant evidences 
available confirmed that uncropped soils are highly unstable, very soft when wet 
and very hard when dry, due to greater amount of illite clay. The growth of kallar 
grass accelerated the rate of weathering, with transformation of mica to 2:1 
expansible clay, and the soil attained an appreciable improvement in soil-
aggregate stability, hydraulic permeability, available water, soil-porosity or bulk 
density, due to increase in organic matter and leaching of soluble ions from 
surface to lower depths.  
The soil maintained the improved characteristics with further growth of grass up 
to five years. The results confirmed the sustainability of biological approach i.e. 
amelioration of saline lands by growing salt tolerant plant species with brackish 
underground water. 

Green manuring  
Application of green manure can help to enhance OM content, increase partial 
pressure of C02, lower pH, enhance solubility of native CaC03, and add a 
considerable amount of plant nutrients in the soil. For this, Sesbania, which is 
tolerant to both high ESP and waterlogging, is an ideal crop. As it grows during 
the summer (May-June), a lean period for rice and wheat, it also fits into the 
cropping pattern to be followed in Sodic soils.  
Normally, 45-day-old Sesbania crop that attains a height of 1.5 to 1.8m is ideal 
for incorporation as green manure crop. Being succulent and having a narrow C:N 
ratio (about 25), it decomposes very easily and quickly. The standing water in rice 
fields hastens the decay without any harm to rice crop. So there is no need to 
allow any time for the decomposition of the organic matter and rice seedlings can 
be transplanted immediately after the incorporation of Sesbania in the soil. Since 
about 50 per cent of the organic nitrogen contained in the green manure crop is 
converted into the readily available ammoniacal form within 4 to 6 days and the 
rest within 10 to 20 days of incorporation (under the temperature conditions 
prevailing in the main rice-growing season), it helps ensure a steady supply of N 
to the rice crop.  
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A growth period of 45 days and "no decomposition period" results in better rice 
yields and a saving of 10 to 15 days for cultivation and decomposition of green-
manuring crop. A longer growth period renders the plants hardy and difficult to 
decompose, whereas allowing more time for decomposition of a succulent crop 
like Sesbania in Sodic soils results in greater losses of N through volatilization 
and less N recovery by rice crop. It has been observed that yield increase in rice 
crop due to green manuring can be equivalent to about 80 kg of N applied through 
chemical fertilizers.  

Continuous cropping  
On application of amendment, leaching (especially during growth of rice), and 
cropping, replaced Na+ keeps moving downwards and there is continuous 
reduction in the exchangeable sodium of the soil throughout the soil profile.  

Drainage  
As the sodic soils basically have low infiltration rate, all the rain water 
accumulates to create surface water logging. Even a low intensity shower or a 
normal irrigation may create temporary water logging and anaerobic conditions. 
Because of this, plants normally suffer oxygen stress in Sodic soils. To avoid the 
problem, surface drainage, especially during the rainy season, is a must. During 
early stages of reclamation, surface runoff water that contains high concentration 
of soluble Na2CO3 and NaHCO3 should not be allowed to pass on to the adjacent 
fields; it can cause sodication of the good quality land.  
After the first few showers, the quality of the surface runoff water is generally 
very good. Instead of letting it go waste and contribute to the flood waters it may 
be stored in shallow ponds dug out at the lowest place at the farm. This stored 
water can be used for irrigation in the lean period. If water table is high, which is 
the case in most soils, and then sub-surface drainage has to be installed. However, 
because of low hydraulic conductivity, conventional sub-surface drainage to 
lower the water table is neither possible nor required in these soils. Normally, in 
Sodic soils, the groundwater is of good quality and can be exploited for irrigation. 
For this, as many shallow cavity tube wells as possible should be installed to act 
as a source of irrigation and to provide vertical drainage. This has proved to be the 
most effective and economical way of controlling the water table and providing a 
source of irrigation.  
Because of the poor hydraulic conductivity of these soils, natural recharge of the 
groundwater even during the rainy season is low. And as a result of vertical 
drainage through tube wells the water table goes down very fast in many areas. 
This sometimes even necessitates lowering of the motor for obtaining effective 
discharge and thus costs money to the farmers and exposes them to the poisonous 
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gases that may accumulate in the pits. To boost groundwater recharge, vertical 
bores with appropriate filters may be provided. This will also minimize runoff and 
conserve the rain water right in the area.  

Irrigation  
Hussain, et. al, 2000a conducted a study to evaluate the effectiveness of gypsum 
application and soil ripping to manage saline-sodic soil irrigated with brackish 
ground water in Pindi Bhattian area, district Hafizabad. The soil was clay loam in 
texture. The original pH, ECe and SAR of the soil were 8.9, 5.25dS m-I and 49.9, 
respectively and the brackish water had ECw 1.4 dS m-1, SA.R. 8.7 (m molc L-1)-

1/2and RSC 4.8me L-1.Two gypsum levels i.e. control and gypsum @100% GR 
and no ripping, single ripping and double ripping were tested in farmer's fields. 
Reduction in ECe and SAR were treated as the indicators to evaluate the 
effectiveness of different treatments. Significantly higher wheat grain yield was 
recorded when double ripping along with 100% GR was applied. Increase in 
wheat yield over control was 55% during the year 1996-97. Highest paddy yield 
(1.52 Mg ha-I) was recorded when single ripping along with gypsum @ 100% GR 
was applied. Gypsum x ripping interaction significantly (P<0.05) decreased the 
ECe below salinity threshold in all the treatments except control. SAR was 
significantly decreased below 15 in treatments which received double ripping+ 
gypsum application and single ripping + gypsum application. Crop yield data 
indicated that gypsum application in conjunction with ripping is much more 
effective than either of the two treatments alone.  
Hussain, et. al, 2000b conducted a study in the field on a normal soil. Brackish 
tube well water was used for irrigating wheat and rice crops without any 
amendment and with gypsum (equal to sodium contents of irrigation water; and 
two times its sodium contents). Wheat and rice crops were grown from Rabi 
1995-96 to Rabi 1998-99. Use of brackish water without any amendment resulted 
in an increase in EC and SAR of the soil and caused a decrease in crop yield. Use 
of the same water in combination with two times its sodium contents resulted in 
normal yield of both the crops without any harmful effect on the soil. Gypsum 
equal to sodium contents of the irrigation water proved comparatively less 
effective.  
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Table 20. Brackish water affects saline-sodic soil (0-30 cm) and income (Rs. 
Ha-1) after 3 rice + 3 wheat crops, field studies at Dijkot, Faisalabad. 

Treatment pHs ECe (dS m-1) SAR Net income

Original soil (Khurrianwala 
series 

7.9-8.4 8.5-32.2 21-77.5 - 

SIB9 sump water alone 8.4 9.8 22.9 28427 

Soil applied gypsum @ 50 SGR 8.4 8.4 21.8 28380 

Water applied H2SO4@50% 
@WRSC 

8.4 10.3 23.9 -11719 

Soil applied gypsum @ 100 
SGR 

8.3 8.5 20.9 35714 

FYM @ 25 Mg/ha/annum 8.4 10.1 16.4 35713 

* ECiw, 2.93-3. 21 dS m-1 SAR iw, 12-18.2, RSCiw 3.7-10.0 mmolc L-1 (Ghafoor, et. al, 1997 b) 

Economic Considerations of Soil Reclamation  
The success of any technology is dependent upon its cost: benefit and is 
considered a key factor for adoption by farmers. In most of the studies, economic 
evaluation of treatments is overlooked. If it is computed, then only on the basis of 
variable costs and produce only. The long term benefits like appreciation in land 
value, improved environment; farm-level employment opportunities and waste 
water disposal issues etc. are not included in economic analysis. Apart from these 
concerns, mostly gypsum passed through 30 mesh sieve having 70-80 % purity 
with or without organic materials has proved highly cost-effective than acids or 
acidulates for native soils.  
Acids and acid formers for the treatment of native salt-affected soils are not 
suitable because of clay mineralogy concerns since considerable chlorite is 
present in clay fraction. However, organic matter has no substitute regarding 
health of normal as well as salt-affected soils. The biological reclamation 
approach, although is cost-effective than the chemical amendments, but time and 
amount of irrigation water required to achieve soil reclamation make it 
impractical for most of the farmers except landlords. Small land holdings (70 % 
farmers own land less than 5 ha) are another issue to be kept in mind while 
recommending reclamation technologies. It must be kept in mind that reclamation 
of all the types of salt-affected soils will start as soon as farmer starts agricultural 
operation(s) in his field with or without any reclamation treatment. All the soil 
reclamation endeavors aim at to expedite the amelioration process which will 
bring more benefit to the farmer during early phase (first year) when expenses 
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have been incurred. Secondly, appreciation in land value, farm employment, 
saving of foreign exchange, environment cleaning effect, i.e. CO2 consumption 
along with replenishing the O2 in atmosphere, aesthetic value of green crops and 
food security like aspects are important considerations to promote soil 
reclamation. Following studies are indicative of economics of various 
amendments. 

Sulphurus Acid Generator Technology 
This technology was introduced in the country by an American firm “Sweet 
Water” in collaboration with different governmental departments and universities. 
The technology was widely tested in irrigated area having brackish water zone. 
Generator treated water just reduced RSC of the water while EC of water 
increased. Total soluble salts of treated water became more hazardous to crops as 
compared to treated water (Table 21). However, economically this technology 
was much more costly due to initial cost of the generator, cost of sulfur and its 
burning as compared to other sodic water management options. Therefore, 
presently no sulphurus acid generator is functional in the country. The data given 
in table 14 is indicative of usefulness of FYM and Gypsum application. 
Application of FYM @ 15 Mg/ha/yr before rice transplanting gave net benefit of 
Rs. 93181 and Soil applied gyp to each crop equal to WGR (decrease in RSC 
equal to that of SAG water) gave benefit of Rs. 81110 while SAG treated T/W of 
all irrigation (1/10 water passing through SAG and mixed with remaining T/W 
gave benefit of Rs. 49472 (Table 22). 

Table 21. Quality of tube well water treated with sulphurus acid generator 

Treatments TDS 
(mg L-1) 

EC (dS 
m-1) 

pH SAR RSC 

Un-treated Tube wells water 1209 1.9 8.5 14.2 2.7 

Generator treated water 1440 2.3 2.8-4.0 10.1 Nil 

Mixed (one part treated and 4 
parts untreated water) 

1261 2.0 7 11.5 0.6 

Source: Kahloon and Gill, 2003 
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Table 22. Economic of sulphurus acid generator (SAG) treatment of brackish 
water, Faisalabad (2 rice and 1 wheat crops) 

Treatment Total 
income 

Variable 
cost 

Net benefit 

Control (all irrigation with un-treated T/W 
water* 

74336 - 74336 

All irrig. With SAG treated T/W(1/10 water 
passing through SAG and mixed with 
remaining T/W 

88578 39106 49472 

Alternate irrig. of SAG treated & untreated 
T/W 

87102 19889 67213 

One irrig. with SAG treated water and 2 with 
untreated TW 

90266 13125 77144 

FYM @ 15 Mg/ha/yr before rice 
transplanting 

96931 3750 93181 

Soil applied gyp to each crop equal to WGR 
(decrease in RSC equal to that of SAG water) 

88360 7250 81110 

Sulphuric acid fertigation equal to water RSC 
(decrease in RSC equal to that of SAG water) 

89640 37939 51661 

*ECw=3.3 dS m-1, SAR iw=16.6, RSC- 5.7 mmolc L-1, Zia, et. al., (2006) 

The cost effectiveness of different amendments was investigated by Ghafoor and 
Muhammad, 1981 and concluded that gypsum is much economical than the other 
treatments (Table 23). 

Table 23. Economic evaluation of gypsum and acids for soil and water 
improvements (pot studies) 

Treatment GR (T/ha -15 cm) Cost (Rs. ha-1) 

Gypsum @ 100 % soil GR 11.0 3864 

Sulfuric acid @ 100% soil GR 11.0 9953 

Hydrochloric acid @ 100 % soil 
GR 

11.0 9619 

Nitric acid @ 100 Soil GR 11 55350 

(Ghafoor and Muhammad, 1981) 
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Ghafoor, 2003 concluded from a study that application of gypsum equivalent to 
100 water gypsum requirements proved to be the economical dose for reclamation 
of brackish waters (Table 24).  

Table 24. Economics (Rs ha-1) of brackish water treatment during 
reclamation of saline sodic soils on the basis of 2 rice + 2 wheat crops 
(Ghafoor, 2003) 

Treatment Chak 147 RB, Punjab Chak 123 GB, Punjab 

 Total cost Net 
income 

Total cost Net 
income 

Control T/W brackish water 4979 36907 3346 12618 

Gyp @ 25% SGR to twice 7722 43565 6639 13116 

FYM @ 10 Mg/ha/ye 6543 36424 4255 11668 

Combination of gypsum +FYM 7888 36762 7378 17891 

Gyp@ 50% WGR+ 1 augar hole (50 m)-

2 filled with soil:RH::1:1 
8503 19800 - - 

Gyp@ 50% WGR+ 1 augar hole (50 m)-

2 filled with soil::gyp::1:1 
8010 20675 - - 

Gyp@ 50% WGR+ 1 augar hole (50 m)-

2 filled with soil:RH:gyp::1:1:1 
8101 27935 - - 

Gyp@ 50% WGR+ wheat seed soaking 
for three hours 

7268 31744 5956 32176 

Gyp@ 50% WGR+ wheat seed soaking 
for six hours 

7971 25372 6151 33707 

Gyp@ 50% WGR+ wheat seed soaking 
for 12 hours 

6818 21852 5514 28528 

The ECiw, SAR iw, SAR adj, RSC were 3.92 dS m-1, 16.33, 18.30 and 8.9 mmolc L-1 at Chak 
147/RB and 2.55 dS m-1, 7.76, 9.0 and 0.9 mmolc L-1at chak 123/G.B, respectively.  
*Soaking in 15 mmolc L-1 gyp solution, RH= Rice Husk 

Conclusions 
Precision land leveling is the major step forward for saline soil reclamation. The 
intermittent leaching method removed 75% of salts down from the top 60 cm soil 
depth, whereas the continuous leaching method removed only 64%. High and 
structurally stable earthen dykes should be built to prevent the entry of sea water 
into the cropped area. Flap gates should be constructed to stop back flow of sea 
water during off rainy season in the Indus River. In coastal areas, ground water 
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should be exploited carefully and only the good quality rain water should be 
skimmed from the shallow well. Salt tolerant cultivars of wheat, rice, cotton and 
oilseed may be bred to raise farm income of lands having suitability for saline 
agriculture. 
The conjunctive use of manure with gypsum @ 50 % GR increased the soil 
infiltration rate from 0.5 to 11.2 cm day-1 after 4 years. Horizontal flushing of 
water 48 hours after the reaction of gypsum with soil properties proved to be an 
effective practice. Superiority of gypsum over other amendments (H2SO4, HCl 
and CaCl2) proved extensively during the reclamation of a calcareous saline-
sodic. Growing Kallargrass (Leptoehloa fusca) in a highly saline-sodic clay loam 
field (pH, = 10.3, ECc= 20.2 dSm-1, SAR = 170, ESP = 71) markedly decreased 
the soil pH, EC and SAR. Effectiveness of the gypsum and kallar grass treatments 
for soil reclamation was found in the order: 100 % GR >Kallar grass>50 % GR 
>control. 
Adapting saline agriculture approach, salt tolerant crops like rice, wheat, cotton 
and oil seed can be planted to raise farm income and earn livelihood of farming 
community. Similar grasses and tree and fruit tree species perform well in 
extremely salt affected soil without any reclamation effort. Reclamation 
efficiency of saline-sodic soils was found in the order: sub soiling + gypsum> 
gypsum> sub soiling> control. Rice and sesbania crops are being grown as 
vegetation reclamation strategy to reclaim salt affected lands as well as raising 
farm income. Conjunctive use of gypsum, press mud and farmyard manure 
increased 94% yield over control followed by press mud alone (60%) or in 
combination with FYM (57%). Of all the treatments, gypsum proved the best in 
reclaiming the soil with regards to pH and gypsum requirement as it reduced pH 
and GR at 14-18% and GR 88-100%, respectively. Normally, 45-day-old 
Sesbania crop that attains a height of 1.5 to 1.8 m is ideal for incorporation as 
green manure crop. Gypsum application in conjunction with ripping is much more 
effective in soil reclamation than either of the two treatments alone. Gypsum 
application equivalent to 50% WGR proved to the economical dose to manage 
brackish water having high RSC and SAR. 

Recommendations 
Use of gypsum for saline sodic soils and waters should be given due attention and 
be made popular through media (scientific, public and electronic etc.). Use of 
gypsum is encouraged along with FYM/green manure/ press mud to sustain the 
irrigated agriculture in the country. Research on gypsum should be continued to 
investigate various aspects of saline-sodic soil reclamation and brackish water 
management, pumpage of which is creating mess in cropped area. 
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Quality and purity (not less than 70%) of gypsum should be ensured by effective 
implementation of Fertilizer control ordinance (FCO) 1973 (amended in 1999). 
Ground water quality mapping be done on district basis. Since subsidy on gypsum 
was withdrawn, credit facilities in kind, as in case of other agricultural inputs, 
should be given and its recovery be made in easy installments when the land 
becomes productive. Land revenue may be exempted from the lands under 
reclamation/rehabilitation (with or without gypsum or with plantation) till lands 
become fully productive to their potential. 
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Introduction 
Rice is the single most important crop occupying 17.6% (0.7 million hectares) of 
the total agricultural land are in Sri Lanka, (Department of Census and Statistics, 
2012). About 1.8 million farmer families are engaged in paddy cultivation island 
wide (Amarasinghe and Liyanage, 2008). About 11.6 % of the total population 
and 32% of the total labour force are directly engaged in the rice sector. Sri 
Lanka’s rice sector contributes 13% to the agricultural GDP of the country in 
2011 which accounted for 2 % of the GDP. (Central Bank of Sri Lanka, 2010). 
Sri Lanka produced 4.3 million tons of rough rice in 2010, which is enough to 
fulfill the total requirement of the island population. (Central Bank of Sri Lanka, 
2011) However production increased from 2.8 million tons of rough rice in 2002 
to 4.3 million tons which satisfied the domestic requirement (Central Bank of Sri 
Lanka, 2011). It is estimated that the population in Sri Lanka in 2026 will rise to 
25 million (Department of Census and Statistics, 1997) and total rice demand 
would increased to about 4.3 million tons. Increasing demand and stagnating yield 
together with increasing production cost with the increasing production cost with 
the nation’s staple food, rice, demonstrate how critical innovation and diffusion 
strategies are among farmers (Arumaperuma, 2008). To meet the growing demand 
of the population, it is necessary to produce more rice economically in the future, 
with less land, less labour, and less water and with limited use of chemicals. This 
is a serious challenge as several biotic, abiotic and social factors continue to limit 
productivity. To avoid import and meet the demand of the increasing population, 
there is an urgent need to undertake research and extension effort to increase rice 
productivity and production in Sri Lanka.  
One of the major constraints that limit the expansion of cultivated extent and 
diminishing productivity of agricultural fields in Sri Lanka is abiotic stresses 
(Abeysiriwardena et. al., 2000). According to Abeysiriwardena et al. many 
factors contribute to abiotic stresses in agricultural fields. Soil salinity or 
accumulation of soluble salt is one such factor especially in paddy soils.  

                                                            
4 Deputy Director (Rice Research and Development), Rice Research and Development Institute, 
Batalagoda, Ibbagamuwa, Sri Lanka. Email: dinaratnesirisena@gmail.com  
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Extent of saline soil in the country 
Salt containing minerals, irregular irrigation practices, low rainfall, high 
evaporation, high salt contents in ground water and intrusion of sea water to 
inland areas are the main reasons for accumulation of salts in paddy fields in Sri 
Lanka (Abeysiriwardena et. al., 2000, Thiruchelvam and Pathmarajah, 2003, 
Wijewardena and Guneratne, 2005, Dulanjalee, and Pitawala. 2008). Accordingly, 
two types of soil salinity areas can be seen in Sri Lanka i.e. inland salinity and 
coastal salinity. Inland salinity areas exists mainly in Anuradhapura, 
Polonnaruwa, Puttalama, Hambanthota and Ampara districts (Kendaragama and 
Bandara, 2000) where intensive rice cultivation is practiced. Coastal salinity 
prevails in Mannar, Puttalama, Jaffna, Trincomalee, Ampara, Hambanthota, 
Galle, Kalutara and Matara districs (Figure 20).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20. Distribution of saline paddy                  Figure 21. Salt deposited soil profile 
fields in Sri Lanka.   

Salt laden irrigation water, low rain fall, high evaporation, high salt containing 
minerals in soil profile (Figure 21) and high salt contents in ground water are the 
main reasons to develop inland salinity. According to Amarasekara, (1992) 
approximately 13% of the total irrigated extent of 540,000 ha in Sri Lanka is 
affected by salinity. Inland salinity in the dry zone is aggravated due to improper 
usage of irrigation water (Handawela, 1982, Punyawradena et al., 1990). 
According to Handawala (1982), irrigation water was used to irrigate only lower 
part of the catena in the past. As such salinity could not be seen in the agricultural 
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lands. At present, irrigation is practiced in the upper parts of the catena causing 
soil salinity development in the lower parts (Figure 22). 

 
 
 
 
 
 
 
 
 

Figure 22. Movement of salt through irrigation water 
 

 
Figure 23. Blockage of drainage canals in irrigated paddy fields in the Dry Zone areas. 

Drainage canals are blocked to increase cultivated extent and to unauthorized 
water use in these lands. Blockage of drainage canals prevents draining off salts, 
and as a result, accumulation of salts in larger quantities is taken place (Figure 
23).  
A field survey was conducted at Kirindi Oya irrigation and settlement project of 
Matara district to evaluate the levels of salinity in the area by Dharmakeerthi 
(1990) and he has observed that salinity development is in patches in the areas 
and the EC values vary from 4 dS m-1 to 50 dSm-1. pH values were below 8.5 and 
it indicates that the soils were not sodic. As a result of poor drainage in wet 
season (maha) and high evaporation in dry season (yala), the salinity condition in 
yala season is much higher than that in the maha season. The salinity develop 
with seepage from the sides and run off accumulate in flat areas along the 
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drainage lines because of poor drainage. The EC levels in ground water were 
12.91, 13.31 and 10.72 in 130cm, 60 cm and 15cm depths respectively and the EC 
of irrigation water ranged from 0.25-0.63 which is at medium salinity. Jeganathan 
and Adam (1982) reported that salinity and sodicity conditions do occur on 
Grumusols and Murunkan area in the Mannar district as well.  
Salinity levels in Mahaweli areas (newly developed settlement scheme) are 
always low or medium at the initial stage but Gangodawila (1998) has observed 
that salinity level is gradually increasing in Mahaweli H area in the Anuradhapura 
district. Sikurajapathy et. al. (1983) estimated that about 4.96% of the paddy 
fields are affected by salinity in the H area and he also indicated that there was a 
likelihood of more lands becoming salt affected if improved drainage were not 
provided in the future. According to Abeysiriwardena et. al. (2000) about 5% of 
the total extent of poorly drained paddy lands in Mahaweli H area is affected by 
inland salinity and about 30% of poorly drained soils in newly developed paddy 
lands in Kirindi Oya project area are also affected with salinity. 
As pointed out by Kendaragama (1977) that the surface water sources in dry zone 
are not sufficient especially in yala season for cultivation and the farmers use the 
water in agro-wells (shallow dug wells) for irrigation purpose. Kendaragama has 
analyzed the surface water sources and water in agro-wells at dry zone in 
Nikawewa catchment and Huruluwewa basin. He has collected irrigation and 
drainage water samples monthly to compare the salinity status of agro-well water 
in irrigated and rain-fed areas in dry zone. The observed EC values are shown in 
Tables 25 and 26. According to the results he reported that the EC in drainage 
(0.56) water is greater than the irrigation water (0.37 dSm-1).  
Ponnamperuma (1999) has conducted a survey to investigate the nature, 
distribution of soil salinity, control of salinity and its effects on paddy production 
and environment at Nochchiyagama Block (Mahaweli H) and his findings 
revealed that 70% of the farmers in Nochchiyagama block were operating under 
safe salinity limit (<5 dS m -1 ). 
Table 25. Salinity Status of surface water in the Huruluwewa area. 

Salinity dS m-1 
Year Month 

Irrigation Water Drainage Water 
1995 February 0.36 0.41 
 March 0.38 0.56 
 April * 0.48 
 May * 0.47 
 June 0.42 0.72 
 July 0.43 0.67 
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Salinity dS m-1 
Year Month 

Irrigation Water Drainage Water 
 August * 0.64 
 September * 0.56 
 October * 0.67 
 November 0.30 0.46 
 December 0.32 0.53 
1996 January 0.36 0.54 
 Mean 0.37 0.56 

*- irrigation water was not available for sampling; (Source: Kendaragama, 1997)  

The grain yield reduced by more than 20% in areas where the salinity was high 
(>5 dS m -1) than that of the unaffected areas. As such, soil salinity was the major 
determinant factor of paddy production. The calculated marginal damage was 
about 757kg/ha paddy at average salinity levels (5 dS m -1).  

Table 26. Salinity status of Agro-well water in the Huruluwewa area 

Year Month Salinity dS m -1 

  Agro-well water in 
rainfed areas 

Agro-well water in 
irrigated areas 

1995 February 1.36 0.44 
 March 1.4 0.5 
 April 1.32 0.41 
 May 1.22 0.43 
 June 1.16 0.45 
 July 1.31 0.49 
 August 1.21 0.47 
 September 1.22 0.49 
 October 1.1 0.45 
 November 1.21 0.43 
 December 1.16 0.45 
1996 January 1.18 0.45 
 Mean 1.24 0.46 

(Source: Kendaragama, 1997) 
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Because of enrichment of soluble salt while moving through agricultural lands 
(Kendaragama, 1997), agro-well water in rain-fed areas contains more soluble 
salts (1.24 dS m -1 ) than agro-well water in irrigated areas (0.46 dS m-1). It 
indicates that agro-wells in the rainfall areas of dry zone contain high saline water 
and it might be because of rain water does not wash out excess soluble salts in 
soil. Hence, it restricts under application of such water for crop irrigation. 
According to the USDA classification approximately 67% of wells included in 
low and moderately saline water and 33% included in high and very saline classes 
(from Gannoruwa to Naula and from Gannoruwa to Wariyapola). Though there 
are spatial variation in EC there was no temporal variation during the investigated 
period. When compared to surface water, ground water shows 2-12 fold increase 
in salinity. 
Concentration of Na, K, Ca, and Mg in wet zone wells to dry zone wells ranged 
from 15.24-82.08, 0.22-19.25, 5.46-43.77 and 1.74-7.05 mgL-1 respectively. 
Concentration of SO4

-1, and HCO3
- in all wells ranged from 2.22-61.86 and 0.637 

mg L-1 respectively (Gurusinghe, 2003). Gurusinghe (2003) has concluded that 
concentration of Na, Mg, Ca, and SO4

-2, HCO3
- (Nothern transect) along with pH 

and EC showed significantly spatial variation and increasing trend along there 
zones. In addition to that except few wells where K, HCO3

- concentration and EC 
is high, all other wells are suitable for irrigation as well as for domestic purpose.  
The area affected by coastal salinity was estimated to be around 0.112 million ha. 
(De Alwis and Panabokke, 1972). Electrical conductivity values of saturated soil 
paste exceeding 4 dS m-1 are not uncommon in these areas (Panabokke, 1978). In 
addition, approximately 4000 ha of costal rice soils in Sri Lanka were flooded 
with salt water in 2004 due to Tsunami incident taken place in Sri Lanka 
(Wickramasinghe et. al., 2005). Intrusion of sea water into the inland areas causes 
coastal salinity. Sea water intrudes into inland areas in many ways. Occurrence of 
tides and dikes is the major reason for intrusion of sea water into inland areas.  In 
the coastal areas, rice lands experience tidal waves ranging between 45 cm and 60 
cm during spring tide and between 10 cm and 25 cm during neap. This brings 
considerable amount of salts into agricultural fields in the coastal areas. In 
addition, during dry weather, salt water intrudes the lands up to 50 cm above 
mean sea level (Panabokke, 1977). As a result, rice growing soils in the coastal 
belt of Sri Lanka are salinized every year and converted them into conditions in 
which rice growing is difficult (Dimantha, 1977). Sea water intrusion by surface 
flow or seepage may render soils of the coastal areas saline. Removal of sand 
from river beds for construction work and reduction of water levels in rivers due 
to dry weather cause sea water entry into rivers and use of this salt containing 
water for irrigation purpose also increases the salt contents in agricultural lands.  
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Area affected by costal salinity has not been estimated in the recent times. A 
study conducted by Sirisena (2013) in the Puttalam district of Sri Lanka has 
revealed that 50 % of 24,000 ha cultivable paddy lands are out of cultivation due 
to soil salinity. Twenty four percent of the remaining area is also having electrical 
conductivity values above 2 dS m-1 (Figure 24). According to Dulanjalee and 
Pitawela, (2008), this behavior in Puttalam district not only due to sea water 
intrusion and salt accumulation in the irrigation water but also due to halide 
minerals found in the Nawagathegama soils series in the area. The degree of 
salinization in the areas are depends on climate, tidal regimes, and regimes of 
streams entering the coastal plains. Salt accumulation and severance of salinity 
increase in the drier climate and diminish strongly in an equatorial climate 
without of a pronounced dry season (Moormann and Van Breemen, 1978).  

.              
Figure 24. Soil salinity affected areas in the Puttlam district  

Properties of saline /sodic soils in Sri Lanka 
According to Ponnamperuma, (1981) coastal saline soils are rich in K, Ca, Mg 
and S but poor in phosphorus. Soil test results reported by Sirisena et al., (2010) 
for the saline areas in Puttalam district is presented in Table 27 and according to 
that results pH in this area ranges from 6.30 to 6.92 with an average of 6.50. Mapa 
et. al., (2008) previously reported similar pH values for these soils. 
Soil sampling was done in the maha season and there were heavy rains during the 
sampling period but according to soil test results in the Table 4 there are places 
where EC values are 3 times higher than the earlier values reported for these soils 
by Mapa et. al., (2008). Application of poor quality irrigation water, exposure of 
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wet soil surface to prolonged evaporation, poor drainage and soluble salt in parent 
materials may have caused for higher EC in these soils (Focht, 1979, Handawela, 
1982, Dulanjalee and Pitawala, 2008).   
Table 27. In-situ electrical conductivity measurement of salt affected paddy 
fields 

Location number Range of electrical 
conductivity dS m-1 

Average 
dS m-1 

SD 

1 9.22 – 0.98  2.75 2.42 

2 2.65 – 0.98 1.78 0.49 

3 12.07 – 1.25 3.84 3.72 

4 17.02 – 0.87 5.00 5.45 

5 2.32 – 0.65 1.23 0.75 

6 17.62 – 2.39 6.73 4.43 

7 6.07 – 1.49 3.22 1.47 

8 1.99 – 0.79 1.22 0.41 

Electrical; conductivity measurements taken at the time of land preparation was 
very much higher than the critical electrical conductivity level of 2 dS m-1 for rice 
cultivation (Ikehashi and Fonnamperuma, 1978). The most prominent cations in 
dry zone soils of Sri Lanka are Ca and Mg (De Alwis and Panabokke, 1972). 
According to the results shown in Table 3, exchangeable Ca and Mg levels in the 
study area were higher than reported previously by Mapa et. al. (2008) for rice-
growing soils in the Nawagaththegama soil series. Sodium is one of the other 
major cations found in lower quantities in dry zone soils of Sri Lanka (De Alwis 
and Panabokke, 1972). The exchangeable Na levels in the study area were higher 
than those reported by Mapa et. al. (2008) for rice-growing soils in the 
Nawagaththegama soil series. As shown in Table 28, the average Na 
concentration in the study area was 1063 mg kg-1.  
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Table 28. Soil Chemical properties of six locations in Angiththamkulam yaya 
in the Puttalam district (Siriena et. al., 2010). 
Location 
number 

EC 
(dS m-1) 

pH Na 
(mg kg-1)

Ca 
(mg kg-1)

Mg 
(mg kg-1)

K 
(mg kg-1) 

P 
(mg kg-1)

1 9.01 6.92 799 3452 780 20 164 
2 6.48 6.69 800 774 411 25 154 
3 12.12 6.39 1419 957 520 14 152 
4 10.00 6.48 878 3341 726 22 158 
5 17.31 6.52 1129 1891 593 15 164 
6 6.51 6.42 1355 1873 744 16 161 

Average 10.2 6.57 1063 2048 629 18.6 158 

According to this results presented in Table 29, soil pH of the Girithale irrigation 
scheme ranges from 6.06 to 8.09 in the top soil and average pH of the top soil is 
6.78. In comparison soil pH in the respective areas (6.5 – 7.2) reported by 
Panabokke and Nagarajah (1964), there is a potential of developing unfavorably 
high pH for rice cultivation in time to come (Focht, 1979). Higher content of basic 
cations in the soil and high evaporation during the dry season may have affected 
the increase soil pH in this area  

Table 29. Some chemical properties of the soils of the feeding area of the 
Girithale irrigation scheme in the Polonnaruwa district (Sirisena et. al., 2008) 

Soil property Value 

 Minimum Maximum Average 

pH (1:2.5,soil:water)      6.06 8.09 6.78 

E C (dS/m 1:5 soil : 
water)             

0.023 0.258 0.063 

Ex: Ca* (mg/kg)         509 1705 1135 

Ex: Mg*  (mg/kg)        210 2039 531 

Ex: Na*(mg/kg) 61 324 123 

According to the results appearing in Table 29, maximum levels of EC reported 
are higher than the EC values reported for dry zone soils earlier by Panabokke and 
Nagarajah (1964). Latest observations proved that there were higher EC values in 
lower peneplain of the catena. Isolated pockets with very high EC (>0.2 dS m-1) in 
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top soil have been reported. Average EC (soil: water, 1:5) value was 0.063dS m-1 
(Table 29) and 3% of the extent showed EC values higher than 0.125 dS m-1. 
There are places where EC values are 10 times higher than the values reported for 
these soils by Panabokke and Nagarajah (1964). 
Similar study was conducted in Parakrama samudraya irrigation scheme in 
Polonnaruwa, by Sirisena et. al., (2011) and found worse situation in that area too 
(Table 30). 

Table 30. Some chemical properties of the soils of the feeding area of the 
Parakramasmudrya irrigation scheme 

 EC, dS/m pH Na Ca Mg 

 1:5 soil: water 1:2.5 soil: water (mg /kg) (mg /kg) (mg /kg) 

Average 0.21 6.78 254 712 531 

Range 0.17 – 0.30 6.00-8.09 125- 352 509 - 1705 411 - 780 

Characteristic of saline soil in relation to agriculture 
Saline soils vary widely in their chemical and physical properties and hydrology. 
The variables include content and nature of salt, distribution of salts in the surface 
horizon, soil pH, nature and content of clay, organic matter content, nutrient 
content, water regime relief and temperature (Ikehashi and Ponnamperuma, 
1978). The optimal pH range suitable for rice cultivation is 5.5-6.5 (Focht, 1979; 
Bandara et. al., 2005).  
Calcium and Mg are the most prominent cations in the dry zone soils of Sri Lanka 
(Soil Science Society of Sri Lanka 2008 unpublished). Exchangeable Mg levels 
are at 120 mg kg-1 is suitable for optimal rice production reported by Bandara et. 
al. (2005). Areas which are having more exchangeable Mg, make it unsuitable for 
rice production.  
According the results appeared in the Tables 28, 29, and 30 range of 
exchangeable Ca levels in irrigated area was higher in comparison values of 400 – 
1200 mg kg-1 reported by Panabokke and Nagarajah (1964) for rice growing soils 
in Polonnaruwa. Around 99% of command area is reported to have exchangeable 
Ca levels higher than 600 mg kg-1. The range of exchangeable Ca in the top soil 
was 509 – 3452 mg kg-1 (Table 28). Ca saturation of CEC should not be higher 
than 20% to have a good rice crop (Doberman and Fairhurt, 2000) but the area 
studied had average exchangeable Ca 52.5% of CEC (5cmolc/kg) giving 
unfavourable conditions for rice. 
Exchangeable Mg levels are higher than 2000 mg kg-1 in many locations in the 
Puttalama and Polonnaruwa districts. These values are comparatively higher than 
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the values of 360 – 720 mg kg-1 earlier reported for rice growing soils by 
Panabokke and Nagarajah (1964). The average exchangeable Mg level in top soil 
was 531 mg kg-1 in Girithale irrigation scheme. Exchangeable Mg levels were 
more than 1000 mg kg-1 in lower part of the catena and Ca and Mg cementations 
were also visible in most of the poorly drained paddy soils.  
Calcium and Magnesium should be available in sufficient quantities and also in 
balanced ratio to avoid excessive uptake of one element. Therefore, Ca: Mg ratio 
has been identified as one of the important parameters in balanced nutrient uptake 
in rice (Dobermann and Fairhurt, 2000) in saline soils. Dobermann and Fairhurt 
(2000) reported that Ca: Mg ratio of less than 1.7 is critical for rice cultivation. 
This study revealed that many places in the saline areas having Ca: Mg ratio of 
less than 1.7. According to results mentioned in the above the Table 30 average 
Na concentration was 1063 mg kg-1 in the Angiththamkulam yaya in the Puttalam 
district. Primarily, excessive Na uptake affects the water uptake, although 
excessive Na supply causes deficiencies, particularly of K and Ca through 
antagonistic effects (Dobermann and Fairhurt, 2000). Contribution of 
exchangeable Na to CEC should be lower than 10%. Irrigation water containing 
excessive amount of soluble Na may be a reason to increase Na level in the soil in 
association with poor drainage. Experiments conducted by Sirisena et. al., (2010 
and 2011) in Puttalam and Polonnaruwa districts revealed that Na levels in saline 
areas are higher than the suitable limit of 100 mg kg-1. 
This reveals that accumulation of salt in the paddy fields in the inland major 
irrigation areas as well as coastal area is possible under the present circumstances. 
Accordingly majority of the paddy fields in major irrigation scheme in Dry zone 
of Sri Lanka are vulnerable to salt accumulation. Sirisena et. al., (2011) further 
revealed that CO3 and HCO3 ions of Ca, Mg and Na are the prominent anions 
inland salinity areas. Due to improper irrigation water management practices, 
thousands of hectares in the inland areas of Dry Zone are either saline or under 
the threat of salt accumulation. More and more agricultural lands will become 
saline in time to come due to unwise use of irrigation water inland paddy fields. In 
addition, increase of temperature and higher evaporation will also be caused 
increase in the extent under salinity.   
Gunawardena et. al. (1990) reported that there is a gradual increase trend of 
sodium absorption ratio (SAR) of irrigation water from 1978-1986 and indicated 
that there is a gradual buildup of SAR in the soil solution of the system H. the 
gradual increase of SAR in irrigated water could be attributed to large scale 
deforestation.  
Jayaweera (1984) has conducted an experiment to effect of salinity and submerge 
effect on rice at coastal areas. According to him, in the costal flood prone areas 
the submergence and also salinity problem can be observed simultaneously..  
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Saline soil reclamation methods adopted in the country 
1. Leaching of soluble salts 
The surface water sources in dry zone are not sufficient especially in Yala season 
for cultivation and the farmers use the water in agro-wells (shallow dug wells) for 
irrigation. Kendaragama (1997) has analyzed the surface water sources and water 
sources and water in agro-wells at dry zone in Nikawewa catchments and 
Huruluwewa basin.  

Table 31. Salinity Status of surface water in the Huruluwewa area. 

Year Month Salinity dS m-1 
  Irrigation Water Drainage Water 
1995 February 0.36 0.41 
 March 0.38 0.56 
 April * 0.48 
 May * 0.47 
 June 0.42 0.72 
 July 0.43 0.67 
 August * 0.64 
 September * 0.56 
 October * 0.67 
 November 0.30 0.46 
 December 0.32 0.53 
1996 January 0.36 0.54 
 Mean 0.37 0.56 

*- irrigation water was not available for sampling. (Source: Kendaragama, 1997)  

He has collected the irrigation and drainage water samples monthly to compare 
the salinity status of agro-well water in irrigated and rain-fed areas in dry zone. 
The observed EC values are shown in Table 31. 

2. Improvement of drainage  
Since water is not available in sufficient quantities, drainage canals are blocked to 
get water for paddy fields. This is one of the major reasons for accumulation of 
salts in paddy fields in the major irrigation schemes of dry and intermediate 
zones. Therefore cleaning of drainage canals to drain off unnecessary salts should 
be encouraged to alleviate salt accumulation in irrigated paddy fields of the dry 
areas (Figure 25). 
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Figure 25. Preparation of drain canal to drain off salt water 

Kendaragama, (1997) observed that the EC in drainage (0.56) water content is 
greater than the irrigation water (0.37 dSm-1). Because of enrichment of soluble 
salt while moving through agricultural lands, agro-well water in rain-fed areas 
contains more soluble salts (1.24 dSm-1) than agro-well water in irrigated areas 
(0.46 dSm-1). It indicates that rainfall areas of dry zone agro-wells contain high 
saline water and it might be because of rain water does not wash out excess 
soluble salts in soil. Hence it restricts under application of such water for crop 
irrigation. 

3. Deep plowing 
Calcium (Ca2+) ions in the sub soils may bring into top soils due to deep plowing 
and allowing them to exchange with sodium (Na+) ions. Therefore, deep plowing 
is considered as a good practice to reclaim saline paddy lands. Supply of water 
after deep plowing helps to wash off salts which brought up to the top soil. Paddy 
fields subjected to salinity due to high carbonate or bicarbonate have a hard layer 
of calcium carbonate in the sub soil. This layer hinders the movement of water 
through the soil profile. Washing of salts accumulated in the top soil is a difficult 
task in these soils. Therefore, breaking the subsoil hard layer by deep plowing is 
necessary to reclaim saline soils of this nature. In other words, deep plowing helps 
plants to have a better root zone which in turn helps to reduce the salt affect. 

4. Soil mulching 
Application of mulch on the soil surface helps to reduce water evaporation from 
the soil. As a result salt is coming up from the sub layers of soil through capillary 
action and depositing them in the surface soil is prevented. Straw is a good 
mulching material for paddy fields. Imalka (2007) has tested different soil 
amendments as agronomic practices to mitigate and adopt salinity conditions and 
she has found that application of compost with mulch (0.5 inches thickness) is the 
best method with respect to plant height, root length, leaf area and dry matter 
yield. The compost and mulch applied treatment showed lowest Na content in 
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plant tissue and higher K showed in the treatment indicating Na exclusion effect. 
She further reveled that the compost with mulch treatment suitable to manage 
salinity stress in early growth of rice grown under salinity conditions.  

5. Land leveling 
Salt accumulation is taken place due to evaporation of water from the soil surface. 
Evaporation rate is high in soil heaps than in leveled lands. Therefore, plant 
damages due to salinity are high in heaps than in leveled lands. Therefore, 
leveling of paddy lands reduces the water evaporation and in turn reduces the salt 
accumulation (Figure 26) 
 
 
 
 
 
 
 

 
Figure 26. Land leveling to reduce salt accumulation 

6. Transplanting 
Rice plants are more sensitive to salinity during the seedling stages. Younger 
seedlings are more sensitive than older seedlings. Therefore, planting seedlings 
older than 21 days will help rice plants to tolerate salinity (Figure. 27). Instead of 
2 or 3 seedlings a hill, 3 to 4 seedlings should be planted per hill to keep the plant 
density as normal under saline conditions allowing some plants to death. 
 
 
 
 
 
 
 
 

 
Figure 27. Transplanting in place of broadcasting to reduce effect of salts  
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7. Use of rice varieties tolerant to salinity 
Introduction of rice varieties which could withstand under saline conditions is the 
most important option to improve rice production in saline paddy fields. Some 
salt tolerant rice varieties have the ability to accumulate high salt contents in their 
cells without damaging tissues. It has been observed that Pokkali has an ability to 
accumulate sodium (Na) salts in their vacuole to reduce salt toxicity. Some rice 
varieties have capacity to reduce effects of salts through dilution effect by 
producing higher biomass while some varieties have ability to absorb essential 
plant nutrients by excluding toxic nutrients. Therefore, introduction of high 
yielding salt tolerant rice varieties is the most suitable and effective alternative to 
improve rice production in saline paddy fields in Sri Lanka (Figure 28). Pokkali, 
Nonabokra, At 354, At 401, Bw 400 and Bg 369 are the salt tolerant high yielding 
rice varieties adaptable to Sri Lankan conditions (RRDI, 2012)  

 
 
 
 
 
 
 
 
 
 

Figure 28. At 354, a recommended salt tolerant rice variety in Sri Lanka 

Table 32. Performance of rice varieties grown under saline conditions in the 
Polonnaruwa district, (Sirisena et. al., 2011)  

Variety Special features  Yield (t/ha)* 

  Yala 09 Maha 09/10 

Bg 5-110 Salinity tolerance 4.2ab 7.1a 

At 354 Salinity tolerance 4.1ab 4.8b 

Bg 352 Salinity Susceptible  2.7c 3.6c 

Bg 11-139 Salinity tolerance 4.8a 7.5a 

Bg 4-91 Salinity tolerance 3.5b 4.7b 

* Means followed by same letters are not significantly different (P > 0.05) 
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Among the above five, At 354, At 401, Bw 400 and Bg 369 are salt tolerant, high 
yielding and dwarf varieties. The five rice varieties (FRI 3A, Kurkaruppan, 
Thavalu-15314, IR 36 and Pokkali) with varying salinity and submergence 
tolerance at different NaCl levels were tested by Jayaweera (1984). The results 
shown that the percent survival decreased at 0.4 % NaCl as compared to the un-
salinized control. However after 8 days of submergence 0.2% NaCl in the soil 
increased percent survival remarkably.  

 
* Same letters on columns are not significantly different (P > 0.05) 

Figure 29. Yield performance of rice varieties/lines tested at Angiththamkulam yaya., 
Sirisena et. al., 2010) 

According the results appeared in the Table 32 and Figure 29., the highest yield of 
7 t ha-1 was recorded from the new rice line Bg11-139, followed by Bg 5-110 (6.4 
t ha-1) and Bg 4-91 (6.1 t ha-1). At 354, a recommended salt-tolerant variety, 
performed well during initial stages but was affected by neck blast at flowering, 
possibly resulting in its low yield (RRDI, 2006). The new salt-tolerant rice lines 
Bg11-139 (later released as Bg 369), Bg5-110 and Bg4-91 recently developed by 
the Rice Research and Development Institute produced higher yields than the 
other varieties/lines tested. Salinity increases the pollen sterility of rice plants 
possibly resulting in the lower grain yields of certain rice varieties even if the rice 
plants performed well during the growth stages (Ikehashi and Ponnamperuma, 
1978). 

Water management 
Supply of quality irrigation water: Supply of good quality irrigation water is 
important to reduce salt accumulation. Water having electrical conductivity below 
0.5 dS m-1 is recommended as good quality irrigation water. Therefore, water 
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having electrical conductivity above 0.5 dS m-1 should not be used for irrigation 
purposes. If good quality irrigation water is not available in adequate quantities, 
low quality irrigation water can be mixed with high quality water before irrigation 
to paddy fields. 
Maintenance of a proper water level in paddy fields: Maintenance of standing 
water level in the paddy fields throughout the growing season reduces the 
concentration of salts in the soil solution. Maintenance of 2 -3 cm water level in 
paddy fields until milking is necessary when salt accumulated paddy fields are 
used for cultivation (Figure 30). 

 
 
 
 
 
 
 
 
 

Figure 30. Water management to reduce salt affect 

Nutrient management: Nutrient management in saline paddy fields is an 
important criterion to obtain better rice yields with maximum nutrient use 
efficiency  
Nitrogen Management : Nitrogen losses through ammonia gas are high in saline 
soils where sodium carbonate is high. Therefore, application of more nitrogen is 
necessary to obtain a better harvest. In comparison to urea, ammonium sulfate is 
the best form of nitrogen fertilizer to be used in saline paddy fields. Balance 
fertilizer application including N, P, K and Zn is needed in saline paddy fields to 
obtain a better harvest. 
Application of organic manure : Organic manures can be applied to salt 
accumulated paddy fields to reduce salt affect to rice plants (Figure 31). 
Application can be done just after 1st plowing. Green manure, animal manure, 
paddy husk charcoal and rice straw can be used as organic manure sources. 
Application organic manure increases the cation exchange capacity of the saline 
soils and as such more plant nutrients are absorbed and provide nutrient 
requirement of rice plants. 
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Figure 31. Application of organic manure to paddy fields 

Application of organic manure improves the soil porosity and drainage capacity 
of the soil and as a result, washing of unnecessary salts make possible In addition, 
application of organic manure enhances the water retention of the soil causing 
dilution of salt concentration. Application of organic manure improves microbial 
activity in the soil and as a result nitrogen transformation is enhanced. 
Deficiencies of micro nutrients in salt accumulated paddy soils can also be 
corrected through application of organic manure. 

Reclamation measures to reduce salt contents in paddy fields 
Sirisena et. al., 2011 have applied the best management practices (BMPs) such as 
preparation of drainage canals, deep plowing, application of organic manure, land 
leveling, and maintenance of water level to 2-3 cm throughout the growing season 
above to reduce salinity levels in a farmer’s field in the Gamunupura in the 
Polonnaruwa district. Application of best practices during the two year 
experimental period lower the pH and EC values of the soils (Figures 32 and 33). 
These reductions are highly correlated with the reduction of Mg and Na ions from 
saline paddy fields (Figures 34 and 35).  

 
Figure 32. Change of soil pH during the three seasons after introducing BMPs. 
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Figure 33. Change of soil electrical conductivity after introduction of BMPs 

 
Figure 34. Reduction of Mg contents in the soil after introduction of BMP’s. 

. 
Figure 35. Reduction of Na contents in the soil after introduction of BMP’s. 

Studies were conducted by Sirisena et. al., (2010) at Angiththamkulama yaya in 
Puttalam district to measure the in situ electrical conductivity after application of 
above best management practices and he has found that with the introduction of 
beneficial management practices electrical conductivity levels decline rapidly and 
remained at low levels which does not harm to the paddy cultivation.  



181 

 
Figure 36. Electrical conductivity values at 6 locations during the growing season 

EC values measured at the time of land preparation were much higher than the 
critical EC level of 2 dS m-1 required for optimal rice production (Ikehashi and 
Fonnamperuma, 1978). With the introduction of mitigation options, the EC of the 
soil decreased and remained at levels closer to 3-4 dS m-1 (Figure 36). Sodium, Ca 
and Mg levels were also measured at the beginning and at the end of the seasons 
and to determine the effect of BMPs soil salinity. According to the results 
appeared in Table 33, Na, Ca and Mg levels of the soil at the beginning were 
1063, 2048 and 629 mg kg-1 respectively. After application of BMPs Na, Ca and 
Mg levels were reduced to 674 1302 and 476 mg kg-1 respectively.  

Table 33. Soil Na, Ca and Mg contents for 6 locations at the experimental site 
before planting and after harvesting ( Sirisena et. al., 2010).  

Na concentration 
 (mg kg-1) 

Ca concentration 
(mg kg-1) 

Mg concentration 
(mg kg-1) 

Location 

Before 
planting 

After 
harvesting 

Before 
planting 

After 
harvesting 

Before 
planting

After harvesting

1 799 427 1873 1022 744 289 
2 800 428 774 751 411 380 
3 1419 977 957 1030 520 470 
4 878 511 3341 2150 726 523 
5 1355 815 3452 1132 780 627 
6 1129 887 1891 1728 593 568 
Average 1063 674 2048 1302 629 476 
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Conclusion  
Soil salinity is an emerging problem in most of the paddy fields in the coastal 
areas as well as in high potential irrigated paddy cultivating areas. Identification 
of these saline areas and introduction of suitable amelioration measures are 
needed to keep up the productivity of these soils in long run. Experiments 
conducted in Polonnaruwa and Puttalama districts indicated that saline soils in 
this area were initially not suitable for rice cultivation due to their high salt 
content. Preparation of drainage canals, deep plowing, application of organic 
manure, land leveling, and maintenance of water level to 2-3 cm throughout the 
growing season helped reduce the salt level considerably, resulting in soil suitable 
for rice cultivation. As a result, a yield of 3.0 t ha-1 grain could be obtained with a 
salt-sensitive rice variety (Bg 352). Cultivation of salt-tolerant rice lines (Bg 5-
110, Bg 11-139 and Bg 4-91) was more beneficial under these conditions and 
produced yield levels of above 6.0 t ha-1. The present results suggest that 
introduction of salt-tolerant rice varieties that are resistant to major pests and 
disease along with implementation of suitable agronomical practices will allow 
salt-affected paddy lands in Sri Lanka to attain their full potential.  
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Concept Paper 
Best practices and procedures of saline soil 

reclamation systems in SAARC region 

Introduction 
Salinity occurs through natural or human-induced processes that result in the 
accumulation of dissolved salts in the soil water to an extent that inhibits plant 
growth. Sodicity is a secondary result of salinity in clay soils, where leaching 
through either natural or human-induced processes has washed soluble salts into 
the subsoil, and left sodium bound to the negative charges of the clay. A saline 
soil is defined as having a high concentration of soluble salts and electrical 
conductivity of ECe of 4 dS/m or more. Globally there is 400 million hectare of 
land is affected by either salinity or sodicity, which is over 6% of the world land 
area. Of the current 230 million ha of irrigated land, 45 million ha are salt-
affected (19.5%) and of the 1,500 million ha under dryland agriculture, 32 million 
are salt-affected to varying degrees (2.1%). 
Salinity stress is a major environmental factor that drastically affects the crop 
productivity throughout the world. There are mainly two types of salinity:  
a) Inherent or salinity due to par cut materials underneath the soil profile  
b) Coastal salinity due to intension of saline water in land.  
There are a number of factors responsible for the Stalinization of an area, 
depending on its situation. The land relief and degree of flooding mainly affect 
the formation of coastal saline soils. The other factors are: i) the nature of the soil, 
ii) precipitation, iii) tidal action, iv) the effect of the river system and their 
discharges, v) depth of the ground water table and salt deposits, and vi) the slope 
of the ground and the proximity to drainage channels. Agricultural land use in 
these areas is very poor, which is much lower than country’s average cropping 
intensity. Salinity causes unfavorable environment and hydrological situation that 
restrict the normal crop production throughout the year. The aim of reclamation is 
to remove salinity and saline/sodicity from the root zone within possible limits so 
as to restore the productivity salt affected soils. 
In Bangladesh, the coastal region covers almost 29,000 km2 or about 20% of land 
area and more than 30% of the cultivable lands. About 53% of the coastal areas 
are affected by salinity in Bangladesh. In India nearly 9.38 million ha of total land 
are salt-affected out of which 5.5 million ha are saline (including coastal) and 
3.88 million ha are alkaline (IAB 2000). In Pakistan, about 6.30 million hectares 
of land are salt-affected and of which 1.89 is sodic in nature. The area of Sri 
Lanka affected by coastal salinity was estimated at around 0.112 million ha. (De 
Alwis and Panabokke, 1972). 
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Saline soils generally contain soluble salt ions including sulphate chloride, and 
bicarbonate of both calcium and magnesium (partially sodium). In coastal zones 
almost all of the rivers contain saline water due to tidal surge from the sea and 
cultivated lands and creates massive threats for the crop production.  

Justification: 
The intrusion of sea water due to increased sea water levels as effect of climate 
change has further made the salinity issue bigger and unmanageable. The problem 
of salinity has been addressed by farmers with different methods for ages. In 
addition the NARS have devoted lots of resources to develop technologies to 
reclaim saline soil for agriculture. Bring the scientific information, technologies 
both research and farmers’ together will give opportunity to compare and contrast 
different technologies and pick the best practices for saline soil reclamation. The 
most pragmatic approach would be deploying national experts as focal persons to 
prepare a comprehensive report of saline soil reclamation for respective countries. 
Thereafter a regional consultation to consolidate the reports and prepare a way 
forward would be a best way out. Therefore, a program has been designed to 
compile all the practices of saline soil reclamation systems in the region. 

Objectives 
1. To document and compile the existing reclamation systems of saline soil in 

SAARC region 
2. To compare and identify the saline soil problems and appropriate reclamation 

techniques 
3. To disseminate the reclamation methods to the researchers /extension 

agencies/ policy makers in the SAARC region. 
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Proceeding 
SAARC Regional Experts Consultation Meeting on best 

practices and procedures of saline soil reclamation systems in 
SAARC region held in CSSR, Karnal, India during 27 to 29th 

November 2013 

Inaugural Session 
Dr. SK Chaudhari, Head Soil and Crop Management Division, CSSRI, Karnal, 
India acknowledging the SAARC Agriculture Centre’s (SAC) decision and offer 
to organize this meeting on regionally critical issue of soil salinity that is 
impacting on the agricultural production. He expressed the expectation from the 
meeting as common projects for collaboration for which concept notes on these 
can be developed later, presented the overview of the workshop which was 
followed by introduction of all participants. Dr. DK Sharma, Director of CSSRI 
welcoming Chief guest Dr. IP Abrol, delegates from SAARC Countries, and local 
participants gave brief highlights of the CSSRI and explained the structure of the 
institute. He reiterated the problem of soil salinity in all agro-ecological zones. He 
emphasized the importance of identifying commonality of the problem in this 
region and developing collaborative programs. 
Dr. Tayan Raj Gurung, Senior Program Specialist (NRM), SAC presented the 
synopsis of the country papers highlighting that 7% of the agriculture areas in the 
SAARC Region is saline soil that has greatly impacted on the crop production. He 
also informed that all countries have taken up painstaking research and 
development program and generated assortment of technologies. It was also 
mentioned that there are opportunities for countries to collaborate for research and 
technology sharing. 
Dr. I.P. Abrol, Chief Guest of the Inaugural Session made elaborate and 
motivating remarks. Welcoming the SAARC delegates and fellow participants, he 
expressed emotionally that it is like homing coming whenever he visits CSSRI. 
He restated the problem associated with the presence of excess salts in the soil 
that constrains agricultural productivity. He related soil salinity as an irritant in 
the system, which is there and emerge whenever environments become 
favourable. In addition, the climate change potentially can trigger salinity 
problem. He also mentioned the necessity of enabling policy environment to 
manage the soil salinity. He reminded the meeting that, the onus of not addressing 
the issue in integrated approach is on us, despite the donor’s willingness to 
support the program. One way he exemplified was to go beyond the crop and 
develop interventions of eco-regional approach linked with the socio-economic 
systems. 
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Dr. Ajay K Bhardwaj, CSSRI proposed vote of thanks and invited all the 
delegates for reception and photograph. 

Technical Session I: Paper presentation 
Under the chairmanship of Dr. IP Abrol the following country papers were 
presented: 
1. Bangladesh: Dr. Jalal Uddin Md. Shoaib gave a comprehensive presentation 

on best practices and procedures of saline soil reclamation systems in SAARC 
region. He informed that 49 sub-districts are affected by salinity covering an 
area of 0.833 million hectare in 1973 which has increased to 1.056 million 
hectares in 2009. He also highlighted some of the reclamation methods used 
in Bangladesh. They include (i) focused on polder intervention (protecting 
land from saline water flooding), land management (washing salt) or abiotic 
approach, and introduction of salt tolerant cultivar by NARS institutions. 
 

2. India: Dr. S.K.Chaudhari, Head of Soil and Crop Management Division, 
CSSRI presented the country paper on India. He highlighted the history of 
salinity and its research in India that was initiated during early 19th century. 
Salinity is prevalent in 15 states covering an area of 6.73 million hectares 
(Saline soil 2.95 million ha. and 3.77 million ha of sodic soil). He explained in 
detail the technologies used in saline soil reclamation. Some of them include 
land levelling and bunding, sub-surface drainage, alternate landuse systems, 
multienterprise model, Phosphogypsum, bio-drainage, zero tillage, raised and 
sunken bed, mulching, land shaping, crop management. His presentation also 
underlined the importance of enhancing crop productivity and utilizing their 
genetic potentials to tolerate salinity. He gave a detail list of crop varieties 
developed by CSSRI which has helped reclaim and sustain crop production. 
He also mentioned about future research areas like resodification of reclaimed 
soils, alternative to gypsum, application of advanced technologies, greater 
understanding on climate change and salinity development, bio-drainage and 
many more.  
 

3. Pakistan – Dr. Arshad Ali, Principal Scientific Officer, LRRI, NARC, 
Islamabad, Pakistan at the outset explained the three main sources of salinity 
in Pakistan as (i) parent material, (ii) brackish ground water, and (iii) sea 
water. He pointed out that salinity problem is prominent in Punjab, Sindh, 
Baluchistan, and NWFP which covers an area of 6.680 million ha. In principle 
saline soils in Pakistan is categorized into saline, saline gypsiferous (Dense), 
saline gypsiferous (Porous), saline-sodic (Dense), saline-sodic (Porous), 
saline-sodic gypsiferous (Dense), saline-sodic gypsiferous (Porous). He 
highlighted that annually 40000 ha becomes salt affected resulting in 
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economic loss of about US$ 3 billion. He concluded his presentation by 
explaining the reclamation practices. One of the impressive technologies is the 
use of laser guided leveling.  

4. Sri Lanka – Mr. DN Sirisena, Deputy Director, Rice Research and 
Development Institute, Bathalagoda, Ibbbagamuwa, Sri Lanka after giving 
brief background of Sri Lanka explained about Rice as the staple food with 
daily consumption of 325g/person. With average rice yield of 4.3 t/ha, he 
reported that Sri Lanka is self sufficient in rice. The principle constraints in 
rice cultivation are salinity, drought, floods, and iron toxicity. As an island 
country, the coastline is vulnerable to soil salinity, while there is inland 
salinity problem in dry areas too. He also reported that approximately 67% of 
agro-wells have moderately saline water and 33% have high and very high 
saline water. The coastal salinity extends to 0.112 million ha. And 13% of 
total irrigated rice fields are affected by salinity. Some of the best practices for 
reclamation include drainage, land preparation, application of organic matter, 
using old seedlings, irrigation water management, and crop varieties tolerant 
to salinity. 

After each country paper presentation, lengthy discussions were held particularly 
to salinity management practices. Some pertinent questions raised were: 
- If there was network of scientists working on salinity with special focus to 

coastal salinity 
- What is a technology?  
- Excessive soil amendments could lead to building up the waste 
- Classification of saline soil in Pakistan 

Special papers 
Reclamation and management of sodic soils of Indo-Gangetic Plains – Dr. DK 
Sharma, Director, CSSRI Started his presentation by highlighting the global 
scenario of salt affected areas which covers 12,781 million ha in the world. Of 
this highest occurrence is seen in Asia-Pacific and Australia (3107 million ha). He 
then presented that out of the 6.73 million ha of salt affected areas, 3.77 million 
ha of sodic soils are prevalent in Indo-Gangetic Plains covering the states of Uttar 
Pradesh, Bihar, Haryana and parts of Punjab. For the purpose of reclamation and 
management, salt affected soils in India are classified as akali/sodic soil and 
saline soil. He explained that application of 15 tones of gypsum per ha mixed with 
top 10cm soil and irrigation enhances gypsum dissolution is recommend for the 
reclamation of soils having original pH2 of 10.4. In the rice-wheat system, green 
manure is introduced to amend the soil organic matter content. He also related 
that maximum areas are present in low to moderate rainfall zone. According to 
Dr. Sharma, principal source of salinity are weathering of minerals, saline and 
shallow water table, flooding/ seepage, and impeded drainage conditions. The 
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serious impacts of salinity are crop failure and damage to infrastructures. Dr. 
Sharma also gave an overview of some research done by the centre, such as (i) 
comparative effect of phosphogypsum on the rice and wheat yield at Shivri and 
Mataria after 2nd years of reclamation with rice-wheat, (ii) paddy and seed cotton 
yield (t/ha) from various raised:sunken bed ratio, and (iii) effect of different land 
configuration on runoff and nutrient losses from sodic soil. Other works described 
were alternative landuse systems, bio-drainage, CSR-Bio, integrated crop-fish 
culture, deep furrow and high raised beds, ground water recharge. He also 
presented the cost-benefit analysis of some of the advanced technologies. He 
concluded his presentation with international collaborations, visitor and 
conferences organized by the institute. 
Alternative land uses for salt affected soils in India – Dr. J.C.Dagar, Emeritus 
Scientist and Fellow NAAS, CSSRI started his presentation by explaining the 
characteristics of salt affected soils and their statistics. To successfully reclaim the 
salt affected soils, he emphasized the need for proper scientific, cheap and easily 
adoptable site specific technique, salt-tolerant species /crops suitable to the 
situation, and availability of the germplasm and knowhow of available technique, 
and agronomic practices.  
Based on analysis of above ground biomass (stem, branch, leaf) of different 
species tested under salt affected soils, he highlighted the best performers like 
Prosopis juliflora, Acacia nilotica, Casurina equisetifolia, and Terminalia arjuna 
which yielded higher than 40 t/ha biomass. Their ameliorative effects after 10 
years of trial were also presented. In case of soil sodicity, he explained the 
suitable tree species in four classes of pH (8.2-9.0, 9.1-9.5, 9.6-10, >10). Similarly 
for the saline soils, he recommended some tree species based on their tolerance to 
salinity (ECe, dS/m) as 10-15 dS/m (moderate), 15-25 (tolerant), 25-35 (high 
tolerance), >35 (very high tolerance). Interesting research on fruit tree cultivation 
and silvi-pastoral system was also presented. The potentials of some flower, 
aromatic and medicinal plants in both situations were also highlighted.  
Dr. Dagar also presented on water logging situation which extends to 2.46 million 
ha in India, and informed that drainage (sub-surface) is the only way to manage 
the situation. Considering the cost of sub-surface drainage, one pragmatic 
approach is bio-drainage, which is less costly, long lasting, sustainable and 
environmentally friendly.  
Crop management strategy in saline soil environment – Dr. Ali Qadar, 
Principal Scientist (Retired), CSSRI started by explaining the eight most abundant 
elements in the earth crust and related that to toxicity and deficiencies that affect 
crop production. He also reiterated that 6.73 million ha of land in India is affected 
by salinity and alkalinity, with 25 % of ground water used for irrigation is either 
saline or brackish. He informed the meeting that by the year 2025 India will have 
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11.7 million ha of saline and alkaline affected soils. He saw two major means to 
address the issue either by agronomic practices or crop varietal improvement. 
Explaining the inter and intra crop variability for salt tolerance in some important 
crops, he mentioned that there are extensive array of gene pool for salt tolerance 
in rice. A list of rice and wheat varieties released by countries in SAARC region 
was displayed. He then moved on to explain problem related to Zinc deficiency 
and varietal response to different levels of Zinc in soil. 

Technical Session II: Working Group  
The meeting identified three thematic areas (Policy, Research, and Extension and 
Development) which were assigned to three groups to brainstorm. Each group 
deliberated for 3 hours, and presented their findings in the plenary. The following 
are the outputs. 
Group 1: Policy 
- Harmonized policy on conservation and utilization of agro-biodiversity of salt 

affected soils and waters in the region 
- Garner policy support in funding of reclamation of salt affected soils and 

waters in the region through eco-regional projects (National program) 
Group 2: Research  
- Develop regional collaborative program on breeding for salt tolerance in 

major crops of SAARC region (wheat, rice, cotton) 
- Develop uniform methodology for spatio-temporal data base on salt affected 

soils and waters using modern geo-information tools for supporting policy 
mechanism.  

- Investigate and develop strategies for bio-engineering, bio-remediation and 
soil amendment approaches to sustain crop productivity in the salt affected 
soils and waters. 

Group 3: Extension and Development 
- Promotion of need-based technologies backed by input support and subsidies 
- Public-private partnership in development of salt affected soils and waters  
- Organize periodic exchange of scientific findings through exchange programs, 

regional symposium, and trainings 

Closing Session 
The consultation meeting was closed by Dr. DK Sharma, Director of CSSRI. 
Closing session started with brief presentation of session report by three 
rapporteurs (Dr. PC Sharma, Dr. Anil, and Dr. RK Yadav). Dr. Tayan Raj 
Gurung, SAC expressed sincere appreciation and gratitude to the GoI, ICAR, and 
CSSRI for kindly consenting and approving to convene this important 
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consultation meeting. He also expressed appreciation to parent organizations of 
focal point experts for supporting the focal points to participate in the meeting. He 
also assured of the SAC’s commitment to take the process forward and initiate 
specific doable collective actions to address the issues. He also offered memento 
to the Chief Guest Dr. DK Sharma, Director, CSSRI. 
Dr. CK Chaudhari, local coordinator of the meeting presented the 
recommendation of the meeting which principally encompassed the output of the 
three groups and specific points from each session. In the order of priority and 
implementation schedule the following was presented: 

No.  Action Areas Thematic Area 

1 Develop regional collaborative program on breeding for salt 
tolerance in major crops of SAARC region (wheat, rice, 
cotton) 

Research  

2 Develop uniform methodology for spatio-temporal data base 
on salt affected soils and waters using modern geo-information 
tools for supporting policy mechanism.  

Research  

3 Harmonized policy on conservation and utilization of agro-
biodiversity of salt affected soils and waters in the region 

Policy 

4 Investigate and develop strategies for bio-engineering, bio-
remediation and soil amendment approaches to sustain crop 
productivity in the salt affected soils and waters. 

Research  

5 Organize periodic exchange of scientific findings through 
exchange programs, regional symposium, and trainings 

Extension and 
Development 

6 Garner policy support in funding of reclamation of salt affected 
soils and waters in the region through eco-regional projects 

Policy 

7 Promotion of need-based technologies backed by input support 
and subsidies 

Extension and 
Development 

8 Private-public partnership in development of salt affected soils 
and waters  

Extension and 
Development 

In his closing remarks Dr. DK Sharma expressed his appreciation to SAARC for 
selecting CSSRI as the venue for this important meeting. On behalf of the CSSRI, 
he felt highly privileged for hosting the delegates from the SAARC countries and 
successfully convening this meeting. He remarked that recommendations have 
covered all aspects of the salinity problems however, he pointed out the 
recommendations have to be concise, doable, impact oriented and specific. He 
reminded that these actions are far reaching and investment intensive, therefore a 
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serious consideration has to be given in sourcing funding for such programs. To 
attract funding or aligning to the donor, some of the recommendations have to be 
aligned to livelihood security with greater focus to employment opportunity, 
conservation of natural resource, and land modification. He reminded all that for a 
successful networking there will be a need for focal institution in each country to 
collate disseminate and share information.  
Through the experiences of CSSRI, he reiterated that farmers are more interested 
in technologies that give immediate and tangible outputs. For instance, farmers 
take up crop varieties faster than other interventions that are costly and effects are 
not tangible immediately. He informed the regional participants that CSSRI has 
different forum and publications through which Saline Soil scientists from 
SAARC member countries can access the information and be members of such 
forum so that a scientific networking takes place. For instance the upcoming 
National symposium on coastal salinity to be held during 11-14th December 2013 
will be convened by CSSRI. Likewise all SAARC soil scientists can access 
publications from CSSRI website.  
Summing up his closing remarks, Dr. Sharma thanked SAARC Secretariat and 
SAARC Agriculture Centre for providing this platform for deliberating and 
experience sharing among the scientists working on soil salinity.  

Field visit 
Guided by Dr. SK Chaudhari the team visited the field experiments and Museum. 
Some of the important trials visited are listed below: 
1. Salt tolerant crop varieties: Dr. SK Sharma gave an overview of the crop 

improvement program as a toll to adapt to soil salinity. He explain the 
varietal characteristics of 7 rice varieties, 4 wheat, 3 mustard and 1 chickpea 
varieties released by the institute from 1989-2011. An agroforestry research 
was also explained where Jatropha was studied for its biomass production. 

2. Mustard under different ECe: 
3. Bio-drainage trial: Dr. SK Chaudhari explained the trial where 3 tree species 

are tested under 3 levels pH (8.6, 9.3, 9.7) 
4. Wheat micro plot: A breeding plot of wheat “improvement of wheat for 

salt tolerance” from where 2 popular varieties have been released (KRL 210 
and KRL 213). They have also identified potential varieties for breeding 
(KRL 3-4 and KRL 99). 

5. Multienterprise agriculture on reclaimed sodic soil: An integrated 
farming project model which has two component of crop and subsidiary 
component (dairy and fisheries). The model having proven economically 
viable is currently being contracted to a local farmer. After getting the 
model farm at IRS. 39000.00/month (US$ 650/month), the farm told that he 
has recovered what he invested and now making a handsome profit. 
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6. Cereal Systems Intensification for South Asia (CSISA): Cropping 
systems trials comparing different crop combinations including the futuristic 
CS where rice is replace by maize. It is a holistic trial with critical study on 
GHG emission, nutrient built up in soil and CB ratio. 

7. Ground water recharge: A very interesting work, using pond and 
perforated HDPE pipe to harvest rainfall water and directing it to the water 
table. 

8. Sewage water – Efficient technology to use sewage water by dilution and 
through underground drip network. 

9. Optimizing irrigation and planting schedule of salt tolerant rice-wheat 
varieties - A very practical experiment, where combination of crop varieties 
and irrigation schedules are being tested. 

10. Using turbo seed drill in wheat sowing- A very interesting research on 
conservation agriculture. 

11. Visit to CSSRI Museum – CSSRI has maintained a very elaborate museum 
on salt affected soil and research. It is very educating and impressive to 
understand many things about the salinity research and development. 

12. Pedology/Geography lab- Discussed with Dr. Sethi and Dr. Mandal on 
geodatabase development work on salinity. Impressive work. 

All the research works are very impressive and problem oriented, each one 
complementing or supplementing the other. The visitors were impressed with the 
team work and collective outputs. 
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Participants in the Regional Consultation Meeting 
No. Country Name 

Focal Point Experts 

1 Bangladesh Dr. Jalal Uddin Md. Shoaib, Mirpur, Dhaka, Bangladesh 

2 India Dr. S.K. Chaudhari, Head, Soil & Crop Management 
Division, Central Soil Salinity Research Institute, 
KARNAL–132001 (Haryana), India 

3 Pakistan Dr. Arshad Ali, Principal Scientific Officer, LRRI, NARC, 
Islamabad, Pakistan.  

4 Sri Lanka Mr. D.N. Sirisena, Deputy Director, Rice Research and 
Development Institute, Bathalagoda, Ibbbagamuwa, Sri 
Lanka 

Central Saline Soil Research Institute 

5 Dr. Madhurama Sethi, Principal Scientist 
(Pedology/Geography) 

6 Dr. P. K. Joshi, Principal Scientist (Microbiology) 

7 Dr. Ranbir Singh, Principal Scientist (Soil Physics) 

8 Dr. R.K. Yadav, Principal Scientist (Agronomy) 

9 Dr. A.K. Mandal, Principal Scientist (Pedology) 

10 Dr. Anil R. Chinchmalatpure , Principal Scientist (Pedology)

11 Dr. Parveen Kumar, Principal Scientist (Agronomy) 

12 Dr. A.K. Bhardwaj, Senior Scientist (Soil Science) 

13 Dr. M.D. Meena, Scientist (Soil Science) 

14 Dr. Anshuman Singh, Scientist (Horticulture) 

15 Dr. Nirmalendu Basak, Scientist (Soil Science) 

16 

Soil and Crop 
Management 
Division 

Dr. Ashim Datta, Scientist (Soil Science) 

17 Dr. S.K. Kamra, Principal Scientist and Head (Agricultural 
Engineering) 

18 

Irrigation and 
Drainage 
Engineering 

Dr. D. S. Bundela, Principal Scientist (Agricultural 
Engineering) 
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19 Dr. Bhaskar Narjary, Scientist (Agricultural Physics) 

20 Dr. S.K. Sharma, Principal Scientist and Head (Plant 
Physiology) 

21 

Crop 
Improvement 

Dr. P.C. Sharma, Principal Scientist and Head (Plant 
Physiology) 

22 Dr. R.S. Tripathi, Principal Scientist and Head (Agricultural 
Economics) 

23 

Technology 
Evaluation and 
Transfer 

Dr. R.K. Singh, Senior Scientist (Agricultural Extension) 

24 AICRP on Salt 
affected soils 

Dr. S.K. Ambast, Principal Scientist and Project Coordinator 
(Agricultural Engineering) 

   

SAARC Agriculture Centre, Dhaka, Bangladesh 

25  Dr. Tayan Raj Gurung, Senior Program Specialist (NRM), 
SAC, Dhaka, Bangladesh 
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Program Schedule 
 

Expert consultation meeting on  
Best Practices and Procedures of Saline Soil Reclamation Systems in SAARC 

region 
(jointly organized by SAARC Agriculture Centre & CSSRI) 

27 to 29 November, 2013 
 

Day 1: Inaugural Session on 27 November 2013 
0930-0940 Invocation & ICAR Song  
0940-0945 Overview of the Workshop SK Chaudhari 
0945-0950 Self Introduction All the participants 

0950-1000 
Welcome address by the Director 
CSSRI DK Sharma 

1000-1010 Remarks by SAC Tayan 
1010-1015 Release of publications Chief Guest 
1015-1035 Inaugural address by the Chief Guest Chief Guest 

1035-1040 
Memento to the Chief Guest & Vote of 
thanks CSSRI 

1040-1045 National Anthem Participants 
1045-1115 Tea & Photograph  

1115-1130 Visit to Salinity Museum 
International participants 
only 

1130 TECHNICAL SESSION  

Chairman 
Dr NK Tyagi, Former Director, 
CSSRI 

Chairman 

Rapporteur Dr PC Sharma, Pr. Scientist, CSSRI Rapporteur 
11:30-11:50 Country paper - Bangladesh -  Dr. Jalal Uddin Md. 

Shoaib, Mirpur, Dhaka, 
Bangladesh 

11:50-12:00 Discussion  
12:00-12:20 Country paper - India -  Dr. S.K. Chaudhari, 

Head, Soil & Crop 
Management Division, 
CSSRI, Karnal, India 

12:20-1230 Discussion  
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12:30-12:50 Country paper - Pakistan -  Dr. Arshad Ali, Principal 
Scientific Officer, LRRI, 
NARC, Islamabad, 
Pakistan.  

12:50-13:00 Discussion  
13:00-13:15 Concluding remarks by the Chairman  
13:15-14:30 LUNCH  
Chairman Dr DK Sharma, Director, CSSRI Chairman 
Rapporteur Dr Anil, Pr. Scientist, CSSRI Rapporteur 
14:30-14:50 Country paper - Sri Lanka  Mr. D.N. Sirisena, 

Deputy Director, Rice 
Research and 
Development Institute, 
Bathalagoda, 
Ibbbagamuwa, Sri Lanka 

14:50-15:00 Discussion  
15:00-15:20 Innovations in saline soil managements Dr. DK Sharma, 

Director, CSSRI 
15:20-15:30 Discussion  
15:30-15:50 Crop management strategies in saline 

soil environment 
Dr. Ali Qadar, Former, 
Head, Crop Improvement 
Division, CSSRI  

15:50-16:00 Discussion  
16:00-16:20 Alternate Land Uses for Salt-Affected 

Soils in India 
JC Dagar 
Central Soil Salinity 
Research Institute, 
Karnal 

16:20-16:30 Discussion  
16:30-16:45 Concluding remarks by Chairman  
Day 2: Technical Session Continue 
Facilitator  Dr. Tayan Raj Gurung 
9:00-9:15 Workshop session-Group work  
9:15-11:30 Two groups - Reclamation systems of 

saline soil and pros and cons 
Group activity 

11:30-12:30 Group presentation Group activity 
12:30-14:00 LUNCH  
14:00-15:00 Group work: Future course of direction 

- Policy, Research, Training and 
Group activity 
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Development 
15:00-16:00 Refining workshop outputs Group activity 
16:00-17:00 Closing Sessions  
 Group presentation - 1 (Saline soil 

reclamation-pros and cons) 
Group activity 

 Group presentation - 2 (Way forward) Group activity 
 Discussion  
 Workshop summary and 

recommendation 
Dr. S.K. Chaudhari, 
CSSRI, Coordinator 

 Handing over Mementoes By Chief Guest 
 Closing remarks Chief Guest 
19:00 Closing Dinner Hotel Noor Mehal or 

Hotel Jewels 
DAY 3: Institutional and Field Visits (Only foreign participants guided by Dr. 
Chaudhari) 
8:00-10:30 Visit to laboratories in CSSRI  
10:30-17:00 Visit to field trials (on-farm)  
Day 4: Foreign participants leave to respective countries 
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Glimpses of Consultation Meeting 
 

 
Group Photo with the Chief Guest 

 
SAARC Delegate and Heads of the Division with Chief Guest and Director-CSSRI during 

Inaugural Session 

 
Meeting in session 
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Focal point experts Dr. Chaudhari from India, Dr. Shoaib from Bangladesh 

Dr. Sirisena from Sri Lanka, and Dr.Ali from Pakistan 

 

 
Working group session 

 

 
Field visit to CSSRI expertimental farm 




