SOIL SALINITY IN PADDY FIELDS OF SRI LANKA AND BEST PRACTICES TO AVOID
CROP FAILURES DUE TO SOIL SALINITY

‘Halt soil salinization, Boost soil productivity’ is the theme of this year’s World
Soil Day (5 December). Increasing soil salinity is adversely affecting agricultural
production in Sri Lanka. In this blog, DN Sirisena and WADP Wanigsundera
discuss the challenges Sri Lankan farmers face due to increasing soil salinity, and
ways of addressing these.

CONTEXT

One of the major constraints that limits the expansion of cultivated area and restricts productivity increase
in agricultural fields in Sri Lanka is abiotic stress. Many factors contribute to abiotic stress in agricultural
fields. Soil salinity or accumulation of soluble salt, iron toxicity, soil acidity, and low fertility are some of
these factors. The area affected by coastal salinity is estimated to be around 112,000 ha during the 1970s.
In addition, approximately 4000 ha of coastal rice soils in Sri Lanka were flooded with salt water in 2004
due to the tsunami that struck it. The area affected by coastal salinity has not been estimated in recent
times. A study conducted by Sirisena and team (2013) in Puttalam district has revealed that 50% of the
24,000 ha of cultivable paddy lands have become non-cultivable due to soil salinity.
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DRIVERS OF SOIL SALINITY

Intrusion of sea water into 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 farmers 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 into lands up to 50 cm
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above mean sea level. As a result, rice growing soils in the coastal belt of Sri Lanka are salinized every year
making rice growing difficult.
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Figure 1: District-wise distribution of saline paddy in Sri Lanka



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 to enter into rivers, and use of this salty water for irrigation purposes also increases the
salt content in agricultural lands. Blockage of drainage canals (to increase cultivated area and for
unauthorized water use) also adds to the problem by preventing draining of salts, leading to accumulation
of salts in even larger quantities.

Accumulation of salts in the soil profile

The degree of salinization in areas depends on climate, tidal regimes, and processes of streams entering
the coastal plains. Salt accumulation and severity of salinity increases in the drier climate and decreases
greatly in an equatorial climate without the presence of a pronounced dry season (Moorman and Van
Breedman 1978).

Box 1: Deteriorating soil health in Sri Lanka

Soil acidity and iron toxicity are prevailing in the Low Country Wet Zone (LCWZ) areas. LCWZ is comprised of
land below 300m amsl receiving a rainfall >2500 mm per annum. Soil acidity in paddy soils widely occurs in
Gampaha, Ratnapura, Kegalle, Colombo, Kalutara, Galle and Matara districts. Of the 90,000 hectares of
cultivated rice lands in LCWZ, approximately one-third may be considered as potentially high in acidity (Bandara
and Gunathilake 1994). Iron concentrations in the acid soils change according to season, year, and location.
Normally yala season (March to September) is severely affected and iron toxicity problem is seen more than
in the maha season. Salt accumulation in paddy fields can be seen in all three zones (dry, intermediate and
wet).

The main reasons for accumulation of salts in paddy fields in dry zone areas are salt containing minerals,
irregular irrigation practices, low rainfall, high evaporation, high salt content in groundwater, over extraction
of groundwater, and intrusion of sea water into inland areas. As shown in the map (Figure 1), inland salinity
areas exist mainly in high potential rice growing districts, such as Anuradhapura, Polonnaruwa, Puttalam,
Hambantota and Ampara districts, where intensive rice cultivation is practiced. Coastal salinity prevails in
Mannar, Puttalam, Jaffna, Trincomalee, Ampara, Hambantota, Galle, Kalutara and Matara districts. Inland
salinity in the dry zone is aggravated due to improper use of irrigation water. According to agronomists in Sri
Lanka, irrigation is practiced in the upper parts of the catena causing soil salinity development in the lower
parts (Handawela 1982). Salinity levels in Mahaweli areas (the largest irrigation and settlement scheme) were




low or medium at the initial stages but is gradually increasing in Mahaweli H area in the Anuradhapura district.
Sikurajapathy et al. (1983) estimated that 4.96% of the paddy fields are affected by salinity in the H area, while
30% of poorly drained soils in the newly developed paddy lands in Kirindi Oya project area are affected. They
also indicated that there was a likelihood of more lands becoming salt-affected if improved drainage is not
provided in the future.

Surface water sources in the dry zone are not sufficient, especially in the yala season, for cultivation and
farmers use the water from agro-wells (shallow dug wells) for irrigation purposes. Researchers estimated that
in 2005 there were nearly 50,000 agro-wells in the dry zone (IWMI 2005). As soluble salt infuses agricultural
lands while moving through it agro-well water in rain-fed areas contains more soluble salts (as compared to
agro-well water in irrigated areas.) It shows that agro-wells in the rainfall areas of the dry zone contain high
saline water and it might be because rain water does not wash out excess soluble salts in the soil. Hence, it
restricts application of such water for crop irrigation (Kendaragama 1977).

IMPLICATIONS FOR AGRICULTURE

Several research studies provide ample evidence that accumulation of salt in the paddy fields in both
inland major irrigation areas as well as coastal areas is taking place currently. Accordingly, most of the
paddy fields in the major irrigation scheme in the dry zone of Sri Lanka are vulnerable to salt accumulation.
Sirisena and team (2010 and 2008) revealed that COs; and HCOs ions of Ca, Mg and Na are the prominent
anions found in inland salinity areas. So more and more agricultural lands will become saline in the time
to come due to unwise use of irrigation water in inland paddy fields. In addition, escalating temperature
and higher evaporation could lead to increase in the area under salinity.

Productivity of rice crop decreases significantly due to dehydration, nutrient imbalance, and pollen
sterility. Scientists have observed significant crop losses due to soil salinity in paddy fields. As such,
unproductiveness of the land due to high level of salinity is one of the significant causes for the reduced
production and productivity of paddy lands in Sri Lanka. In many parts of the country farmers continue to
cultivate saline affected lands without taking adequate/appropriate measures, and that will cause further
financial losses.
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Crop damages due to soil salinity
ADDRESSING THE CHALLENGE

Maintaining soil health: Farmers should be encouraged to practice good tillage practices, proper land
leveling, and application of organic manure to improve land productivity of salt-contaminated paddy
fields.

Introduction of salt-tolerant varieties: Use of rice varieties which can withstand saline conditions is the
most important option to improve rice production in salty 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 variety has an ability to accumulate sodium (Na) salts in their vacuole that can
reduce salt toxicity. Some rice varieties have the capacity to reduce effects of salt through dilution effect
by producing higher biomass, while varieties like Nonabokra have the 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 that can improve rice production in the saline paddy fields
of Sri Lanka.

Pokkali and Nonabokra were the two traditional salt tolerant rice varieties available in Sri Lanka since the
1940s. As these two varieties are tall and produce lower grain yield, actions were taken at the
Ambalatnota Rice Research Station during the 1980s to produce salt tolerant high yielding dwarf rice
varieties (e.g., At 354 and At 401) using the genetic background of Pokkali (see photo below). In 2010
another two salt tolerant dwarf and high yielding rice varieties (Bg 369 and Bg 310) were developed at the
Rice Research and Development Institute at Batalagoda using genetic background of Nonabokra and
Pokkali. As such, Pokkali, Nonabokra, At 354, At 401, Bg 310 and Bg 369 are salt tolerant rice varieties
adapted to Sri Lankan conditions. According to the results reported by Sirisena et al. (2010) the highest
yield (7.5 t ha!) under salt affected conditions was recorded from the new rice variety Bg 369, followed
by Bg 310 (7.0t ha?).



- — ! , g | ;'( S,
At 354, a salt tolerant rice variety developed in Sri Lanka
Supply of salt tolerant varieties: Non-availability of adequate quantities of saline tolerant varieties (e.g.,
Bg 310, Bg 369, At 354 and At 401) is the problem that farmers face today. Therefore, action should be
taken to make available quality seeds of these saline tolerant rice varieties. In addition, there is an urgent
need to promote self-seed production of saline tolerant varieties by farmers. Finally, establishment of
seed production farms to produce saline tolerant rice varieties in the major districts is urgently needed.

Take measures to stop illegal sand mining: Illegal sand mining across the riverine areas may cause
alarming intrusion of sea water into the land during droughts. The existing government laws and policies
are not enough to control illegal sand mining. Development of alternative construction technology and
manufacture of alternative sources of sands for construction are critically needed to reduce the negative
impacts of river sand mining in vulnerable areas. Professional support should be given by government to
go for alternative technologies, such as use of quartzite and quarry dust as sand substitutes.

Construct sea water restraining bunds: One of the major reasons for salt water intrusion into paddy lands
is the damage of saltwater restraining bunds. Such bunds should be prepared wherever possible in the
vulnerable areas and have to be constantly repaired in areas where such bunds are damaged.

Promote scientific water management: Insufficient irrigation water especially in the yala season leads to
high salt contamination. In addition, during the dry season evaporation is high leading to increased salt
concentration on the top layers of the soil profile. Therefore, proper maintenance of water distribution
structures and increasing the efficiency of water usage are critical to avert salinity-related problems. Use
of other field crops, which have lower water requirement during yala seasons is important so as to reduce
soil salinization and improve land productivity.

Regulate groundwater extraction: Appropriate groundwater development together with management
policies and guidelines to regulate groundwater extraction in order to ensure environmental friendly and
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sustainable use of groundwater are urgently needed. Regular monitoring of electrical conductivity of well
water is necessary before using them for cultivation.

Use weather advisory, GIS and remote sensing technologies for planning paddy cultivation: Salt
contamination is dependent upon the prevailing weather conditions and paddy lands are extremely
sensitive to climate change. Therefore, cultivation seasons should be decided based on the weather
conditions in the district. Weather conditions during the last five years can be considered for this decision
making. Utilization of new technologies, such as geographic information systems (GIS) and remote sensing
systems to identify the salt accumulated in fields, is also necessary to introduce best management
practices.

IMPLICATIONS FOR EXTENSION AND ADVISORY SERVICES

Extension and Advisory Services (EAS) can play a very important role in educating farmers on ways of
addressing the issue of soil salinity and promoting best practices to address the challenges arising out of
increasing soil salinity. It is the general experience of EAS that motivating farmers to adopt technologies
that have long term sustainable impacts is not that easy. Both farmers and EAS are often attracted to
those technologies that can demonstrate short-term financial benefits. During the last 15 years, the
government implemented programmes that provide a substantial subsidy for fertilizers for paddy
cultivation. This has brought significant benefits, but increased the tendency of farmers to place lower
emphasis on the essential soil management practices that are critical to maintain agricultural
sustainability in the long run.

Even though there are traditional and improved technologies available for the adoption of agro ecological
farming that promotes sustainable agricultural practices, the conventional extension approaches adopted
by the EAS providers are still based on group and mass extension methods, which are more suitable for
the promotion of farming methods having short term benefits at the expense of long term disadvantages.
As discussed in this paper, soil salinity is becoming a serious issue critically threatening paddy cultivation
in affected areas. Therefore, EAS need to adopt new EAS interventions for such areas. This would involve
adopting group methods, such as Farmer Field Schools, and individual methods such as frequent meetings
with farmers in the affected region to provide field-based problem solving advisories relevant to each
farmer.

The dearth of EAS providers in the food crop sector and the lack of adaptive research to support extension
professionals should be addressed without delay. Extension personnel may lack the knack of persuading
the farmers to adopt much-needed sustainable farming methods. A proper capacity needs assessment
must be done to identify the gaps in their functional capacities. There is also an urgent need to have
policies that incentivize farmers to adopt better soil and water management practices.
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