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FOREWORD

Salinity is a widespread constraint in rice production in most parts of the 
country. The extent of salt-affected coastal land, which is an integral component 
of both the agricultural and wetland, is estimated at 0.4M ha, of which 0.2M 
is considered severe. 

Cultivated salt-affected rice-growing areas produce marginal yields or, in 
severe cases, total crop failure.  To counter this problem, proper management 
practices in these areas should be employed. 

PhilRice, in collaboration with other institutions, have found out that 
approaches for managing salt-affected areas should be integrated. There has 
been new and improved salt-tolerant cultivars to choose from whose parents 
come from a range of traditional varieties and elite lines. Planting such suitable 
varieties coupled with appropriate soil management techniques can enhance 
fertility and productivity of salt-affected soils.  

This bulletin provides information on the proper soil management techniques 
and the varieties suitable for salt-affected areas. The characteristics and 
indicators of salt-affected soils, and symptoms of rice salt injury are also 
presented in this bulletin. It is hoped that this publication will help farmers, 
extension workers, and other stakeholders in conquering constraints in 
producing rice in salt-affected soils. 
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INTRODUCTION

Plant development and successful crop production require proper soil 
condition, including adequate water and nutrient supply. Unfavorable soil 
condition has an adverse effect on plant’s growth and in severe cases hinders 
its effective production, thus producing marginal yield or crop failure.

Salinity is one of the major soil problems in many rice growing areas of the 
world.  About 48 M ha of land in humid regions of South and Southeast Asia 
are technically suited to rice production but remain idle or are grown with 
poor results due to salinity.  But studies showed that sustained and profitable 
production of crops specifically rices on salt-affected soils is possible, if 
appropriate on-farm management practices are implemented.  Salt-affected 
lands can be converted to crop lands by preventing the influx of salt water, 
leaching the salts out of the root zone, and correcting soil toxicities and nutrient 
deficiencies.

Although salt-affected areas in the Philippines are small compared with other 
countries in the South and Southeast Asia, it is still a potential and important 
resource-base for the production of rice and other related staple food.  There 
are 400,000 ha of coastal salt-affected soils in the Philippines, of which 100,000 
ha are in mangroves, 175,000 ha are in fishponds, and 125,000 ha are idle.  
About 70,000 ha of rice production area in Bicol and Cagayan Valley are 
potentially affected by salt water intrusion, thereby needing special attention 
and improvement.  It is imperative that rice farmers understand how plants 
respond to salinity, its salt tolerance and sensitivity at different stages of 
growth, symptoms of salt injury, and the proper approaches and techniques to 
make rice production viable in such adverse soil condition.

Idle land due 
to salinity.
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Fig 1. Coastal saline (red) soils in the Phiippines. 
IRRI, 1986.

2



CHARACTERISTICS OF SALINE SOILS
Generally, the term salinity includes all the problems due to salts present in 
the soil, but types of salinity may bring more importance to its management.
 
Saline soils– which usually occur in arid regions, estuaries, and coastal fringes, 
dominated by sodium cations with electrical conductivity (EC) more than 
4 dSm-1, but the dominant anions are usually soluble chloride and sulphate. 

Sodic soils or alkaline soils - distributed in arid and semi arid regions, have high 
concentrations of free carbonate and bicarbonate and excess of sodium on the 
exchangeable site of clay particles. They are deficient in nitrogen, phosphorus, 
and zinc. Such soils have high pH (greater than 8.5 and sometimes up to 
10.7) with a high Exchangeable Sodium Percentage (ESP) (> 15) and poor soil 
structure. Clay fraction and organic matter are dispersed, thus, soils are sticky 
when wet and hard when dry. There’s very poor hydraulic conductivity and 
high impedance to root growth.

•  Occupy the narrow strip of flatlands situated between the shoreline 
and the hilly or mountainous interior part of the islands, and basin 
lands near bodies of seawater

• Inland areas where evaporation is greater than precipitation
•  Presence of salt-loving plants or halophytes such as nipa, bakawan 

lalake and noni tree
•  Salt source comes from seawater intrusion within the coastal areas 

particularly during high tides
•  The dominant salts found in the coastal and inland soils are chloride 

(Cl), specifically sodium chloride (NaCl)
•  During prolonged dry period, salt-affected soils may form white crusts

Note: Definitions of terms and abbreviations are in Appendices 1 and 2 in pages 18.
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White crust upon drying of surface soil

Micro-cracks upon drying of surface soil

INDICATORS OF SALT-AFFECTED SOILS 

 О Physical 
•  Low-lying coastal area flooded by seawater intrusion
•  Formation of white crusts on the surface soil upon drying
•  A glossy-black color paddy soils at saturated field condition 
•  Coarse-textured coastal soils that are prone to extreme seawater 

intrusion
•  Presence or formation of densely distributed and shallow micro-cracks 

on Na-saturated clayey soils upon drying; wider and deeper macro-
cracks on Ca-saturated soils 
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 О Vegetation 
Table 1 shows the existing vegetation indices of salt-affected soils, however, 
there are rare species that are yet to be evaluated or validated.   

Table 1. Vegetative indices for varying saline physiographic units and 
degree of salinity.

Physiographic Unit Local and Scientific 
Names

Category of 
Salinity

Degree of 
Salinity

ECe, dS/m-1*

Coastal swamp

Bakawan Lalake

Bruguiera gymmorrhiza 
Local Name: Bakawan 
lalake, babae, bitin
   
Xylocarpus granatum Local 
name: Tabigi

Hypersaline >10.0

Inland saline tidal marsh

Nipa

Bruguiera gymmorhiza
Xylocarpus granatum
Pandanus helicopus (Konig)
Local names: Karagumoy 
(Bicol), Bariw (Visayas)

Ipomea stolonififera (Cyrill)
Local name: Bayubay (Bicol)

Nypa fruticans (Thurnberg)
Local name: Nipa

Metroxylon sago (Rotbb) 
Local name: Lumbia

Very saline 4.0 - 10.0

Estuarine Plain Nypa fruticans (Thurnberg)
Ipomea stolonifera

Saline 3.0 - 4.0

Inland freshwater tidal marsh

Barakbak

Nypa fruticans (Thurnberg)
Scirpus maritimus
Local names: Gamat, 
Bawang-bawang, Buslig 
(Bicol); Apulid (Tagalog); 
Barakbak (Cagayan); 
Marabawang, Marilanggo 
(Ilocano)

Moderately Saline 2.0 - 3.0

Lower river terrace Scirpus maritimus Non-Saline < 2.0

*dS/m-1 = decisiemens per meter
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 О Water 
•  The crystal clear state of river water 

during daytime
•  Under the moonlight spectrum, salt 

water has a bright reflection 
•  Degree of salinity can be determined 

with the use of an electrical conductivity 
(EC) meter 

Some use the hand-held saline refractometer to only approximate actual salt concentration of saline water.  However, aquaculturists have proved its usefulness in determining the salt water concentration or salinity within the coastal saline areas in the country. 

POSSIBLE CAUSES OF SOIL SALINITY

1. Primary salinization
a. Surface intrusion of saline water from seawater that results in overbank 

and sheet flooding of rivers and inlets or streams, brought about by tidal 
fluctuations and typhoon surges

b. Subsurface intrusion of saline water from the river to the groundwater 
aquifer as enhanced by increased capillary process during dry periods 
(high, actual surface evaporation)

c. Evaporation of low quality irrigation and/or spring water brought into 
poorly drained depressions may lead to salt accumulation in the soil

d. Release of sodium from basic primary minerals present in the soil

2. Secondary salinization (resulting from farmer’s interventions)
a Pumping of salt contaminated river water (surface water) for irrigation 

purposes
b. Pumping of salinized groundwater for irrigation purposes
c. Over extraction of ground water in coastal areas for household, 

commercial and agriculture uses enhances salinization of ground water
d. Rising sea level due to global warming will also increase the problem of 

sea water intrusion in low-lying coastal areas
e. Continued use of basic fertilizers in salt-affected areas that results in 

enhanced salinity; or in non-salt-affected areas with persistently high 
water table or soils with poor internal drainage
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SYMPTOMS OF RICE SALT INJURY
•  stunted growth
•  reduced number of tillers
•  reduced root growth
•  rolling of leaves 
•  drying of leaves
•  white leaf tips 
•  white blotches on the leaves
• sterile spikelets (flowers) during reproductive stage, or in severe cases, 

delayed flowering or no flowering at all

SYMPTOMS OF SALT INJURY AT INCREASING LEVELS OF 
SALINITY

•  Medium salinity (3.0 – 4.5 dS/m) – nearly normal growth; some 
reduction in tillering; some leaves are rolled

•  High salinity (5.0 – 8.5 dS/m) – reduced growth and tillering; most 
leaves are rolled; very few are elongating

•  Very high salinity (9.0 – 14.5 dS/m) – growth completely ceased; most 
leaves get dry and others are drying; in extreme cases, almost all plants 
withered

white leaf tips and 
rolling of leaves

drying of leaves reduced root growth sterile spikelet
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EFFECTS OF SALINITY ON DIFFERENT GROWTH STAGES 
OF RICE 

•  High flower sterility 
•  Reduced grain yield

Salinity affects the growth of rice in varying degrees depending on its growth 
stage.  Rice is tolerant during germination, becomes very sensitive during early 
seedling stage, gains tolerance during vegetative growth, reverts to being sensitive 
during pollination and fertilization, and eventually becomes tolerant at maturity.

Varieties differ considerably in susceptibility to salinity. Farmers growing rice 
in salt-affected soils have, without intent, naturally selected varieties with salt 
tolerance. Finally, at a given salinity level, rice plants are more salt-sensitive at 
higher light intensity and lower relative humidity, and can withstand a certain 
level of salinity better during the wet than the dry season. 

 0  Seedbed     25          Tillering                    50    Panicle        60    Reproductive  90     Maturity  120 days
                initiation

tolerant
(germination)

sensitive 
(early seedling)

tolerant
(vegetative)

sensitive 
(pollination/
fertilization)

tolerant
(maturity)
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CROP, SOIL, NUTRIENTS, AND WATER MANAGEMENT 
OF SALT-AFFECTED RICELANDS

The success of rice production on salt-affected ricelands depends largely on 
the employment of the concept of avoidance of salts especially during the 
critical growth stages of the rice crop.  This concept involves the knowledge 
of the physiographic setting of rice areas, frequency of tidal fluctuations and 
consequent surface saline water intrusion, inherent degree of soil, and water 
salinity at the start of each cropping season. In salinity-prone areas, control of 
salinity is the key factor for successful rice cultivation.

 ■ Avoidance of salts
•  Proper timing of seed sowing to avoid salt injury at seedling stage.  This 

is done before the start of the projected salt intrusion.
•  Knowledge on rice growth stages and the possible time of salt intrusion.
•  During unexpected saline water intrusion, flush out salts with 

freshwater, if available, and delay transplanting of seedlings until 
soil reaches the tolerable level of salinity (<3 dS/m).

In salt-affected soils, PSB Rc48 and PSB Rc90 have higher survival, productive plants, percent filled grains, weight of grains, grain yield and grain to straw ratio than rice varieties without tolerance to salinity. In addition, PSB Rc90 has good grain quality.

•  Flushing of excess salts with 
good-quality irrigation water 
when symptoms of salt-injury 
have already appeared.
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 ■ Use of salt-tolerant rice varieties

Variety Disease and Insect Pest Reactions Agronomic characteristics

RB BLB RTV BPH GLH SB Ave 
yield 
(t/ha)

Max yield 
(t/ha)

Maturity  
(days)

% 
amylose

NSIC Rc 190 
(Salinas 5)

I I S MS I (MS) 2.90 5.10 120 18.2 L

NSIC Rc188 
(Salinas 4)

I S S MS MS (I) 3.20 3.80 114 18.6 L

NSIC Rc186
(Salinas 3)

S S S MS MS (MS) 3.10 4.20 115 21.2 I

NSIC Rc184
(Salinas 2)

R I S MS MS (R) 3.10 6.30 120 19.1 L

NSIC Rc182
(Salinas 1)

S I S MS S (MR) 2.80 5.70 113 21.5 I

NSIC Rc108 
(Anahawan)

I S S MS MS MR 2.90 3.80 128 18.7 L

NSIC Rc106 
(Sumilao)

I S S MS MS R 2.90 4.80 117 24.7 I

PSB Rc90 
(Buguey)

I S S MS MS - 3.40 4.20 124 24.8 I

PSB Rc88
(Naga)

I S S I - I 2.20 7.00 116 22.01 I

PSB Rc86
(Matnog)

S I S MR MS MS 2.10 4.30 113 25.4 H

PSB Rc84
(Sipocot)

S I S MR MS I 2.00 3.70 111 24.4 I

PSB Rc50 
(Bicol)

S R S I - R 3.00 4.30 118 24.7 I

PSB Rc48 
(Hagonoy)

S I S S I - 2.70 5.30 126 25.8 H

RB - Rice Blast
BLB - Bacterial Leaf Blight
RTV - Rice Tungro Virus
BPH - Brown Planthopper
GLH- Green Leafhopper
SB- Stemborer

L- Low (soft-textured rice)
I- Intermediate
H- High (hard-textured rice)
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RECOMMENDED CULTURAL MANAGEMENT

 ■  Preparation of seeds for sowing

1.  Soak the seeds in clean lukewarm water for 24 hours; remove seeds that 
float.

2.  Drain the water and wash the seeds.  

3.  Place the seeds on a clean cement floor, cover with a wet sack or keep in 
cloth bags and incubate for 36-48 hours.  

After incubation, the seeds will germinate and ready for sowing in the 
prepared seedbeds.
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 ■ Nursery preparation
1.  Prepare seedbed plots 2-3 days before sowing. Sow 40-60 kg seeds in a 800 m2 

seedbed.  Normally, 40 kg/ha is enough but more seedlings for transplanting 
are required to compensate for the reduced tillering of older seedlings.

20
 m

2 m

2. Establish the seedbed site on a non-saline area. If the area is limited, an 
area with moderate salinity can be used with better quality irrigation water.  

 ■ Priming of rice seedlings
Priming (conditioning) of seedlings by evenly watering the seedbed with low 
level of salt solution can increase seedling’s adaptability to tolerance.  Priming 
prior to transplanting is done when the seedlings are 15-18 days old. This can 
improve the yield by 57-70% more than the non-primed seedlings in areas with 
moderate salinity.
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Fig  2.  Average yield of PSB Rc50 and PSB Rc64 with or without low level of 
salt-solution (priming).

1.  Prepare low-level salt solution. 
a. Dissolve 2.0 g of table salt into 1 L of water.
b. Compute the volume of solution required by using a constant factor of 

5.0 L/sq m of seedbed. 

2. Water the seedlings with low level of salt solution at 7 or 10 days before 
transplanting.  Be sure to water the plots evenly with the solution.

 ■ Land Preparation
1.  Improve the dikes surrounding the 

rice field to prevent the physical 
intrusion of saline water.  This 
can be done by strengthening the 
main dikes with the use of either 
wooden planks or concrete blocks 
and increasing its height by putting 
more mud that will eventually dry 
up. 
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2. Make a small inlet-outlet break in the 
main dike to serve as entry point of 
fresh irrigation water, if available, and 
outlet for flushing brackish water. 

3.  Bring the salinity of the soil at 
minimum level by repeatedly flushing 
excess soluble salts, especially in 
areas with high salinity.  This is done 
by repeatedly ponding fresh water 
into the field, puddling, and draining 
the soil.  

 ■ Flushing of salt
1.  If fresh water is available for irrigation, allow soil particles to settle after 

puddling, before the saline water is drained out of the field. Then, introduce 
fresh irrigation water and repeat the whole procedure of flushing.
     
The frequency of flushing depends on the initial salinity level of the soil and 
its texture. Clayey soils require more flushing than loamy or sandy soils. In 
most cases, however, salinity of the soil is low at the end of each monsoon 
period as a result of natural salt dilution by rain.

2.  Measure the electrical conductivity of the saturation extract of the soil 
(ECe) using a portable EC meter or a refractometer.  ECe at < 4.0 dSm-1 is 
acceptable to commence transplanting.

The main dikes that comprise the 
irrigation canals serve as the physical 
barrier or obstruction to saline water 
intrusion in the absence of any 
irrigation/river water check gate.
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 ■ Transplanting
1.  Transplant only 25-30 day-old seedlings. Mature seedlings are preferred as 

these are more resistant to soil salinity.
2.  Flood the seedbed then, carefully pull the seedlings. Be sure not to 

damage the roots, as it lengthens the recovery period of the seedlings and 
increases its vulnerability or susceptibility to salt injury.

3.  Cut the droopy and long leaves of older rice seedlings to prevent the 
leaves from touching the muddy water, thus preventing possible disease 
infections.

4.  Follow straight row planting using 2-3 seedlings per hill at a 20 x 20 cm 
distance. Straight row planting enhances optimum population density, and 
facilitates fertilizer application and weeding operations.  

In the case of direct-seeding, follow the recommended procedure on salt-avoidance.

5.  Avoid deep transplanting as this 
can cause poor tillering capacity of 
seedlings.  

6.  Always keep extra seedlings along 
alleyways for replanting of missing 
hills. Replant 1-2 weeks after 
transplanting.
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 ■ Fertilizer management
Some general considerations on fertilizer management of salt affected rice soils:
Salt-affected rice lands with high pH (roughly 7 and up) are possibly complicated 
by zinc, nitrogen and phosphorus deficiencies and/or boron toxicity.  Salt-
affected areas with low pH (roughly less than 7) are possibly complicated by 
iron and/or aluminum toxicitiesand/or phosphorus deficiency.  Salt-affected 
areas with high organic matter (more than 5%) maybe nitrogen, zinc or copper 
deficient.

1.  Apply 30-60 kg nitrogen (N) fertilizer per hectare during the wet season 
and 60-90 kg  N/ha during the dry season depending on the organic matter 
(OM) content of the soil. 

Soils with low level of OM requires higher N than soils with higher OM 
content. The rice crops require high N application during the dry season 
because of its better response to N due to abundant sunlight.

*Split application of N is best for rice plant in saline soils, one-third of the 
recommendation is applied:
  - 10-14 DAT as basal at final harrowing of the field
  - or 10 DAS or DAT and the remaining N topdressed, one-half P as  
    P2O5  at 5-7 days before panicle initiation, and 1/6 at flowering. 

2.  Apply 20-30 kg phosporus (P) fertilizer per hectare as basal. 
3.  Apply 21.0-31.5 kg potassium (K) as K2O fertilizer per hectare as basal or 

10-14 DAT and 9.0-13.5 kg K 5-7 days before panicle initiation.
4.  Apply 30 kg zinc sulfate (ZnSO4) per hectare during the last harrowing 

together with the basal application of NPK, or root dipping in 2% ZnO 
solution is also recommended.

root dipping
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Note:  Saline areas are prone to Zn 
deficiency especially those that 
have prolonged flooding, thereby 
application of Zn supplement is 
necessary and important.



 ■  Pest and Disease Management 
1.  Plant during the regular planting time in the area to avoid pests. 
2.  Do not plant susceptible varieties in pests and diseases hot-spot areas.

 ■ Harvesting and Threshing
1.  Harvest the crop when 80-85% of the grains are golden yellow. 
2.  Clean the thresher before threshing, particularly if the harvest will be used 

as seeds.
3.  Thresh grains immediately after harvest.

 ■ Drying, Cleaning, and Storing
1.  Dry the harvest immediately after threshing to preserve grain quality.
2.  Clean dried palay or seeds. 
3.  Use blowers or grain cleaners to remove empty, light and diseased seeds, 

weed seeds, soil particles, and other plant parts. 
4.  Place the clean palay or seeds in clean or new sacks.
5.  Store palay or harvested seeds properly to protect them from unfavorable 

weather conditions, pest and diseases, and other types of contamination.
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Appendix 1.  Abbreviations
Ca2+ - calcium
Cl— - chloride
CO3

2— - carbonate
DAS - day/s after sowing
DAT - day/s after transplanting
EC - electrical conductivity
ECe - electrical conductivity of the saturation extract of the soil
ECw - electrical conductivity of water
ha - hectare
HCO3— - bicarbonate
K2O - potassium oxide
L - liter
Mg2+ - magnesium
Na+ - sodium
NaCl - sodium chloride
NO3

— - nitrate
P2O5 - phosphorus pentoxide
SO4

2— - sulfate
ZnO - zinc oxide
ZnSO4 - zinc sulfate

Appendix 2.  Terms used
Aquifer – a water-bearing rock. 

Decisiemens per meter (dS/m-1) – unit of measurement of electrical 
conductivity (ECe); basically a measure of soil and water salinity.

Electrical conductivity (EC) – the capacity of a substance to conduct or transmit 
electric current.  In soils or water, measured in siemens/meter, and related to 
dissolved solutes. ECe is the electrical conductivity of the saturated soil paste.

Flushing – ponding of fresh irrigation water into salt-affected soils, puddling 
and draining the soil to remove excess salts.

Nutrient element ratio – the proportion of the nutrient element within the 
soil exchange complex, which serves as indicator of pedogenic processes, e.g. 
salinization, acidification, and alkalinization, etc.
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Priming of rice seedlings – conditioning or adaptation of rice seedlings to 
salinity by watering evenly the seedbed with low NaCl solution.

Puddling – mixing soil with water to make the soil impenetrable to water. This 
condition eases transplanting and reduces water losses through percolation. 
It results in the destruction of 91-100% of micropores volume and restricts 
porosity to only the space occupied by the water film around the clay particles.

Saline soil – a soil containing sufficient soluble salts to impair its productivity. 
The ECe is >4 dS/m, the exchangeable sodium adsorption ratio is less than 13, 
and the pH is <8.5.

Salinization – the process of accumulation of salts in the soil.

Salt-affected soil – soil that has been adversely modified for the growth of 
most crop plants with the presence of soluble salts, exchangeable sodium, or 
both.

Salt-water refractometer – a hand-held field instrument used to determine 
the approximate salt concentration within the saline intruded irrigation water. 
Values are usually in parts per thousand (ppt) or percent salinity.

Soil salinity – the amount of a soluble salts in the soil, expressed in terms 
of percentage, milligrams per kilogram, parts per million (ppm), or electrical 
conductivity of the saturation extract of soil (ECe).

Soil macro-cracks – a qualitative soil physical observation wherein the calcium 
and/or magnesium dominated soil matrix shrinks upon drying and is exhibited 
as sparsely distributed wide surface – deep cracks, the depth of which is >50 
cm.

Soil micro-cracks – a qualitative soil physical observation wherein the sodium 
saturated soil matrix shrinks upon drying and is manifested as densely 
distributed narrow surface-shallow cracks, the depth of which ranges from 20-
50 cm.
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