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SCREENING RICE VARIETIES FOR SALINITY TOLERANCE: 
COMPARISON OF DIFFERENT METHODS
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ABSTRACT

Cultivation of rice varieties tolerant to salinity is considered to be a 
suitable low cost option available for increasing the rice production in salt-affected rice 
lands in inland valleys and coastal plains of Sri Lanka. As such, necessity has arisen to 
find out better screening methods to select rice varieties tolerant to salinity. Therefore, 
experiments were conducted to study the performance of rice varieties under salt 
conditions at germination and maturity stages. Rice varieties, Pokkaii, Nona Bokra, At 
354 and At 401 were sejected as salinity tolerant, BW 400 and Bg 94-1 were selected as 
moderately tolerant and Bg 450, Bg 304, Bg 300 and Bg 750 as salinity susceptible. 
Screening was done at germination and at maturity. Performance of rice crop under 
saline condition varied with the stages of the crop growth. Varieties tolerant at seedling 
stage at 8 dS m'1 were not tolerant at germination stage and as such varietal ability to 
germinate under the salinity level of 8 dS m'1 could not be taken as a good indicator to 
differentiate the varieties sensitive to salinity. Yield reduction at the salinity level of 8 dS 
m'1 is a suitable method to distinguish susceptible, moderately tolerant and tolerant 
.varieties. According to the results, it could be suggested that yielding ability under saline 
conditions is a good indicator to measure salt tolerance but germination under saline 
condition could not be taken as a reliable criterion to select rice varieties tolerant to 
salinity.
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INTRODUCTION

The annual per capita consumption o f rice in Sri Lanka is 
around 100kg and rice is the major source of energy and protein 
(Aheysiriwardena, 2003). Therefore, with the estimated increase in population 
form the current level o f 19 to 23 million by the year 2025, annual rice 
production has to be increased from 3.08 million t to 3.83 million t within the 
next two decades to feed the growing population. To achieve this target, all 
possible ways to increase rice production have to be explored. In addition, it 
is: also necessary to protect the present extent under rice lands.

One of the major constraints that limit the cultivated extent and 
liminish productivity o f rice lands is salinity. Saline soils occur mostly in arid 
fnd semi arid channel irrigated areas and in the co'astal belts. In the dry zone 
I f  Sri Lanka, salinity has become a major factor limiting rice production in 
areas under major irrigation schemes where drainage facilities are insufficient 
ffeganathan and Adamplan, 1980; Balasooriya, 1987). In addition, inland 
salinity occurs in areas where drainage is poor and evaporation exceeds 
precipitation. The source of salt is weathered rocks and irrigation water
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(Handawela, 1982). Some rice lands in the costal plains receive tidal water 
ranging between 45 and 60cm during spring tide and between 10 and 25cm 
during neap. In addition, during dry weather, salt water intrudes the lands up 
to 50cm above mean sea level (Panabokke, 1977). As a result, rice growing 
soils in the coastal belt o f Sri Lanka are salinized every year and converted 
into conditions in which rice growing is difficult (Dimantha, 1977). The area 
affected by coastaf - s t i l l y  wS^ estimated to be around 0.112 million ha. 
(Alwis and Panabokke, 1972). Electrical conductivity values o f 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 during the 2004 Tsunami making them unsuitable for 
rice cultivation. Besides, extreme environmental conditions and rising sea 
levels within the next few years due to forecasted climate changes might result 
in making more rice lands saline.

Since demand for water is on the increase in Sri Lanka, there 
will be comparatively less water available to wash off the accumulated salt in 
the soils. On the other hand, saline soils vary widely in their chemical and 
physical properties and hydrology. The variables include content and nature 
o f  salts, distribution o f salts in the surface horizon, soil pH, nature and content 
o f clay, organic matter content, nutrient content, water regime, relief and 
temperature (Ikehashi and Ponnamperuma, 1978). As such, measures that 
were identified to reclaim paddy lands affected by salinity are difficult to 
practice. In addition, most o f  these measures cause extra expenditure to the 
farmer and their impacts are not long lasting. As such, farmers usually pay 
little attention to reclaim those lands. Therefore, genetic improvement of salt 
tolerance in rice plays a vital role in improving the rice production in salt- 
affected rice lands in the country.

M ost o f the rice varieties widely grown in the island at present 
are not tolerant to salinity and thus the genetic improvement o f rice tolerant to 
saline conditions is expected to provide a greater benefit. Production of rice 
varieties tolerant to salinity has no advantage if  the response to salinity is 
unknown. Thus, knowledge on performance of rice varieties under saline 
conditions is necessary to evaluate varieties suitable for saline conditions. 
Therefore this paper reports result o f some studies conducted at the Rice 
Research and Development Institute (RRDI) to evaluate the performance of 
rice varieties under saline conditions.

MATERIALS AND METHODS

Ten rice varieties having different yielding abilities were 
collected from four maturity groups. Their potential yield, maturity age and 
other promising characters are given in Table 1.
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fable 1. Detailed description of rice varieties selected for the study*.
Variety Maturity

period
(months)

Potential
yield
(t/ha)

Remarks

Bg 750 . 2Yt 4
Bg 300 3 10 '
Bg 304 3 9 Tolerant to Zn deficiency
Bg 94-1 3 l/2 10 Moderately susceptible to Zn deficiency
At 354 3 54 10 Moderately tolerant to Zn deficiency
At 401 4 10 Moderately tolerant to Zn deficiency
Bw 400 4 8 Moderately tolerant to Zn deficiency
Bg 450 4 10 Moderately susceptible to Zn deficiency
Pokkali 4 3-4 Moderately tolerant to Zn deficiency
Nona Bokra 4 3-4 Moderately susceptible to Zn deficiency

* Ikehashi and Ponnamperuuma, 1978; RRDI, 2006.

Screening at germination stage

A  green  house e x p e rim e n t w as  co n ducted  at R R D I  to  screen the  

above ten  ric e  v a rie tie s  a t th e ir  g e rm in a tio n  stage. S o ils  fro m  P lin th u d u lts  

group o f  K u ru n e g a la  series h a v in g  an e le c trica l c o n d u c tiv ity  o f  0 .1 2 3  dS m ' 1 
\vere a ir -d r ie d  and  s ieved  th ro u g h  4 m m  sieve and  p acked  in to  p lastic  trays at 
Ehe rate o f  5 k g  p er tra y . E a c h  tra y  w as trea ted  w ith  so lid  N a C l to  raise the  

electrica l c o n d u c tiv ity  o f  the  so il to  8 dS m ' 1 (Z e n g  and S hannon, 2 0 0 0 ;  

ikehashi and  P o n n a m p e ru u m a , 1 97 8 ; IR R I ,  1 9 8 7 ).

F e rtiliz e rs  w ere  added  to  the  so il a t the  rate o f  0 .3 g  urea , 0 .7 5 g  

concentrated super phosphate  and 0 .2 5 g  m u ria te  o f  potash  to  ensure n o rm a l 
grow th  o f  th e  seedlings. Seeds w ere  m o is ten ed  fo r  2 4  hours in  petryd ishes  

and tw e n ty  seeds o f  each  v a r ie ty  p laced  in  trays  w ith  one ro w  p e r v a r ie ty . 
There w e re  3 rep lica tes  and  each re p lic a te  h ad  2 0  seeds. T o  a v o id  the  

Changing o f  sa lt co n ce n tra tio n  due to  e va p o -tran s p ira tio n , w a te r le v e l o f  the  

frays w as m a in ta in e d  d a ily . A f te r  one w e e k , the  g e rm in a te d  seeds o f  a ll the  

varie ties  w e re  counted .

Screening during the growth stage up to harvesting

Pots o f  10 litre  cap ac ity  w e re  f i l le d  w ith  5 kg  a ir  d ried  s ieved  

soil. S o lid  s o d iu m  c h lo rid e  w as added and m ix e d  w ith  so il in  each p o t to raise  

the s a lin ity  le v e l to  8 dS m ' 1 (D O A ,  1 9 8 7 , IR R I ,  1 9 8 7 ). T h e n  soils w e re  

in fixed w ith  w a te r  u p  to  satu ratio n  and. a llo w e d  to  settle  fo r  2  w eeks. N ,  P , K  

land Z n  fe r tiliz e rs  w e re  ad d ed  and m ix e d  w ith  th e  so il at the tim e  o f  p la n tin g  as 

per the rates re c o m m e n d e d  b y  the D e p a rtm e n t o f  A g ric u ltu re  (5 k g  N  h a ' 1 , 
% k g  P 2O 5 h a ' 1 and  2 0 k g  K 2O  ha ' 1 )  T h re e  w eeks  o ld  rice  seedlings o f  the  

above ten  v a rie tie s  w e re  p la n te d  at 4  p lants  p er pot. F e r t il iz e r  top  dressings  

fvere done as re co m m e n d e d  b y  the D e p a rtm e n t o f  A g r ic u ltu re  (3 5 k g  N  h a ' 1 at
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2 W A P ,  5 0 k g  N  h a '1 a t 5 W A P  an d  1 5 k g  N  h a '1 a n d  2 0 k g  K zO  h a '1 a t 7 W A P ) .  
A t  m a tu r ity , g ra in s  w e re  h a rv e s te d  a n d  y ie ld  p e r p la n t  w as  re co rd e d .

R E S U L T S  A N D  D IS C U S S IO N

S ir is e n a  a n d  A b e y s ir iw a rd e n a  (2 0 0 5 )  re p o rte d  th a t seeds 
so aked  in  a  s o lu tio n  h^V ih^s^ectS ^feaT  C o n d u c t iv ity  o f  4 0  dS m "1 fo r  9  days  
m a d e  a  c o n s id e ra b le  d if fe re n c e  in  th e  n o rm a l (seeds h a v in g  b o th  ro o t and  
c o le o p tile s ) seed g e rm in a t io n  a m o n g  r ic e  v a r ie tie s . A c c o rd in g  to  th e m  the  

re d u c tio n  in  g e rm in a t io n  v a r ie d  a m o n g  th e  v a r ie tie s . B g  4 5 0 , B g  7 5 0 , B g  3 0 0  
a n d  B g  3 0 4  s h o w e d  v e r y  lo w  le v e l o f  n o rm a l seed g e rm in a tio n  w h ile  B w  4 0 0  

an d  B g  9 4 -1  h a d  a m e d iu m  le v e l o f  n o rm a l seed g e rm in a tio n . H o w e v e r ,  A t  
4 0 1 ,  A t  3 5 4 ,  P o k k a l i  a n d  N o n a  B o k ra  h a d  a  h ig h  le v e l o f  n o rm a l seed  
g e rm in a tio n . T h e re fo re , th is  tes t can  b e  u sed  to  d iffe re n tia te  v a r ie tie s  th a t are 
s u sc e p tib le  a n d  to le ra n t . Ik e h a s h i a n d  P o n n a m p e ru m a , (1 9 7 8 )  in d ic a te d  that 
d iffe re n c e s  a m o n g  r ic e  v a r ie t ie s  in  th e  c o u n t o f  d e a d  leaves  o f  th e  seed lings  
g ro w n  in  s a lt a n d  so il m ix tu re  w e re  a n o th e r o p tio n  to  d iffe re n tia te  v a rie tie s  

th a t are  s u s c e p tib le  a n d  to le ra n t. A c c o rd in g  to  S ir is e n a  an d  A b e y s ir iw a rd e n a  
( 2 0 0 5 )  th e  in c re a se  in  th e  n u m b e r o f  d e a d  le a v e s  w ith  in c re a s in g  le v e l o f  

s a lin ity  w a s  c o m p a ra t iv e ly  h ig h e r  in  B g  3 0 0 ,  B g  3 0 4  a n d  B g  4 5 0  a n d  B g  7 5 0  

th a n  B w  4 0 0 ,  A t  3 5 4 ,  A t  4 0 1 ,  B g  9 4 -1 ,  N o n a  B o k ra  a n d  P o k k a li.

A c c o r d in g ly ,  th e  a b o v e  te n  v a r ie tie s  w e re  ra n k e d  as 

s u sc e p tib le , m o d e ra te ly  to le ra n t a n d  to le ra n t as g iv e n  in  T a b le  2 .

Table 2. Varietal ranking for reaction to salinity based on seed viability when seeds were 
soaked in salt solutions having EC 40 dS m'1 for 9 days and on count of dead 
leaves at 4 weeks after planting in soil having salinity levels of 8 dS m '\

Variety Varietal ranking based on reaction to salinity

B g  450 Susceptible
B g  750 Susceptible
B g  300 Susceptible
B g  304 Susceptible
B g  94-1 Moderately tolerant
B W  400 Moderately tolerant
Nona Bokra Tolerant
At 354 Tolerant
At 401 Tolerant
Pokkali Tolerant
Source: Sirisena and Abeysiriwardena, 2005.

Screening at germination

I t  ap p ears  f r o m  th e  resu lts  in  T a b le  3 th a t th e  e f fe c t  o f  s a lin ity  

o n  g e rm in a t io n  o f  r ic e  seeds w a s  s ig n if ic a n t fo r  s a lin ity  to le ra n t as w e ll  as 
s a lin ity  s u s c e p tib le  v a r ie tie s . A t  3 5 4  an d  N o n a  B o k ra  w e re  id e n t if ie d  as=
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to lerant varie ties  ( Ik e h a s h i and P o n n am p eru m a, 1978 ; S iriw a rd en a , 1999; 
R R D I,  2 0 0 6 ) . In  a d d itio n , experim ents  conducted  b y  S irisena and  
A b e y s iriw a rd e n a  (2 0 0 5 )  also show ed that A t 3 5 4  and N o n a  B o k ra  w ere  m ore  
to lerant to  s a lin ity  th an  B g  3 0 0 , B g  3 0 4 , B g  7 5 0 , B g  9 4 -1  and B w  4 0 0 .

Table 3. Percentage seed germination of the selected rice varieties under saline and non
saline conditions and varietal ranking for salinity reaction.

Variety %  Germination* 

Control 8 d S m 1

Decrease in %** 
germination

Varietal ranking on 
the basis seed 
germination

Bg 450 87 a 68b Susceptible
Bg 94-1 - 88a 73b 15 Susceptible
Bg 300 85a 82.5a 2.5 Tolerant
Bg 304 85a 82.5a 2.5 Tolerant
Bg 750 85a 82.5a 2.5 Tolerant
B w  400 8.2.5a 82.5a 0 Tolerant
At 401 95a 92.5a 2.5 Tolerant
At 354 87.5a 70b 17.5 Susceptible
Nona Bokra 85a 72.5b 12.5 Susceptible
Pokkali 92.5a 90a 2.5 Tolerant

*Values followed by same letter in each column are not significantly different at p=0.05.
**Difference between control and 8 dS m 1.

C o n tra ry  to  the above , results o f  the g e rm in a tio n  count revea led  

that B g  3 0 0 , B g  3 0 4 , B g  7 5 0 , B g  9 4 -1  and B w  4 0 0  are to le ra n t to  s a lin ity  at 
germ ination  w h ile  A t  3 5 4  and N o n a  B o k ra  are susceptib le. Ikeh ash i and  

Ponnam peruum a (1 9 7 8 )  also reported  th a t seed g e rm in a tio n  in  saline  

condition is n o t w e ll  co rre la ted  w ith  to lerance  at seed ling  stage, and as such  

seed g e rm in a tio n  in  sa line  co n d itio n  cannot be considered  as a good in d ic a to r  

to select rice  v a rie ties  fo r  s a lin ity  to lerance.

Screening at maturity stage

E v e n  th o u g h  seedlings w ere  3 w eeks  o ld  w h e n  p la n tin g  in  salt 
seated pots, no  p lants  su rv ived  in  pots o f  B g  3 0 0 , B g  3 0 4 , B g  4 5 0  and B g  7 5 0  

inder saline co n d itio n s . T h e re fo re , g ra in  y ie ld  p e r p an ic le  cou ld  n o t be  

counted fo r  B g  3 0 0 , B g  3 0 4 , B g  4 5 0  and B g  7 5 0  (T a b le  4 ) . T h e  h ighest g ra in  
fie ld  per p a n ic le  u n d e r saline cond itions w as observed in  A t  401  and fo llo w e d  

i>y A t  3 5 4 , B w  4 0 0 , P o k k a li and N o n a  B o k ra . -P o k k a li and N o n a  B o k ra  w ere  

he lines w h ic h  h a d  lo w e r  y ie ld s  e ven  u nder n o rm a l co n d itions  (Ik e h a s h i and  

ponnam peruum a, 1 9 7 8 ). Y ie ld  leve ls  under s a lin ity  co n d itions  w ere  m o d erate  
ih B g  9 4 -1 . T h e  h ig h est red u ctio n  in  gra in  y ie ld  due to s a lin ity  w as observed  

n  B g  94-1  and B w  4 0 0 . T h is  agrees w ith  the fin d in g s  o f  Z e n g  and S hannon  

2 0 0 0 )  w h o  d isclosed th a t g ra in  f i l l in g  o f  susceptib le rice  varie ties  d im in is h  at 
higher s a lin ity  leve ls  due to  h ig h  p o lle n  s te rility .
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Table 4. Grain yield per panicle of rice varieties grown in saline condition and varietal
ranking for salinity reaction.

Variety Grain yield per panicle (g) * 
Control Soil treated with 

NaCl to make 
E C  8 dS m 1

Decrease in yield * * 
(seed weight in g)

Varietal ranking 
on the basis of 
grain yield

Bg 450 3.76a NR Susceptible
Bg 750 2.75b NR Susceptible
Bg 300 3.96a N iv > Susceptible
Pokkali 2.34b 1.9 lab 0.43 Tolerant
At 354 3.80a 2.08ab 0.72 Tolerant
B W 4 0 0 3.76a 2.17ab 1.59 Moderate

tolerant
Bg 94-1 2.92ab 1.30c 1.62 Moderate

tolerant
Nona
Bokra

2.13b 1.75b 0.38 Tolerant

At 401 2.98a 2.76a 0.12 Tolerant
B g  304 3.98a NR Susceptible

NR- not recorded.
*Values followed by same letter in each column are not significantly different at p=0.05. 
♦♦Difference between control and 8 dS m'1.

R a n k in g  o f  v a r ie tie s  fo r  s a lin ity  re a c tio n  o n  th e  basis o f  g ra in  
y ie ld  p resen ted  in  T a b le  4  are  a lm o s t s im ila r  to  th e  ra n k in g s  in  T a b le  2. 
T h e re fo re , y ie ld  re d u c tio n  a t sa lin e  c o n d itio n  is a s u itab le  in d ic a to r  to 
d is tin g u is h  s u sc e p tib le , m o d e ra te ly  to le ra n t an d  to le ra n t r ic e  v a rie tie s .

C O N C L U S IO N S

P e rfo rm a n c e  o f  r ic e  v a r ie tie s  u n d e r s a lin e  c o n d itio n s  v arie d  
w ith  the g ro w th  stage o f  r ic e  s eed lin g . S eed  v ia b i l i ty  test a fte r  e m e rs io n  o f  
seeds in  a  sa lt s o lu tio n  w ith  an e le c tr ic a l c o n d u c tiv ity  o f  4 0  dS m '1 fo r  9  days  
a n d  v is u a l s co rin g  o f  seed lin g s  a t 4  w ee k s  a fte r  tra n s p la n tin g  in  a  sa line  soil 
h a ve  b e en  id e n t if ie d  as g o o d  m easu re  o f  te s tin g  ric e  v a r ie tie s  fo r  salt 
to le ran c e . T h e  resu lts  o f  th e  p resen t studies s h o w ed  th a t the  g e rm in a tio n  test 
in  s a lin e  so ils  is n o t a  g o o d  in d ic a to r  to  d is tin g u is h  s a lin ity  su scep tib le  and  
to le ra n t r ic e  v a r ie tie s , b u t y ie ld  re d u c tio n  u n d e r sa lin e  c o n d itio n  is a su itab le  
in d ic a to r  to  d is tin g u is h  su scep tib le , m o d e ra te ly  to le ra n t a n d  to le ra n t rice  
v a rie tie s . T h e re fo re , th e  u n d e rs ta n d in g  o f  p la n t response fro m  seed to 
m a tu r ity  stage is n ecessary  to  get a b e tte r  u n d e rs ta n d in g  a b o u t the  rice  
v a rie tie s  fo r  th e ir  re a c tio n  to  s a lin ity .

A C K N O W L E D G E M E N T S

A u th o rs  w is h  to  a c k n o w le d g e  the  f in a n c ia l su p p o rt rece ived  

fro m  S L - U S D A  C o o p e ra tiv e  G e rm p la s m  D e v e lo p m e n t P ro je c t N o .  3 to 
c a rry o u t the  f ie ld  a n d  la b o ra to ry  w o rk  su ccessfu lly .
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