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A B STR A C T

Salinity is one o f  the m ajor abiotic stresses which lim it the rice production in coastal 

areas and in inland where irrigation agriculture is practiced. Inland salinity in rice fields is 

increasing, and if  corrective m easures are not taken, rice production could greatly be 

influenced. Therefore, identification o f  saline tolerant varieties, developm ent o f  new  salt 

tolerance varieties and introduction o f  measures to m itigate filed salinity  are the m ost 

viable solutions. Therefore, this study was carried out as three separate experim ents to  (1) 

screen salinity tolerant rice varieties at seed germination stage, to study seed characteristics 

associated w ith seed germ ination under high saline conditions, and to evaluate seedling 

establishm ent under different soil salinity conditions, (2) evaluate effects o f  whole and sub­

soil salinity on rice cultivars and to identify the physiological traits associated with salt 

tolerance in rice and (3) identify ways to mitigate the field salinity by m anaging irrigation 

and fertilization.

Seeds o f  several traditional, old-improved, new -im proved and hybrid rice varieties 

were soaked in four different saline solutions (0, 3, 25 and 45 dS/m ) for nine days and 

germ ination was recorded six days after when seeds w ere transferred from  the respective 

solutions. Absorption o f  water, sodium and chlorine by seeds w as analyzed after soaking the 

seeds in saline water. Seed-husk thickness and husk density w ere also measured. Germinated 

seeds were planted in soils adjusted to different salinity levels o f  0, 3, 6 and 10 dS/m using 

N aCl . The experim ent w as arranged as three factor factorial design w ith three replicates. 

Seedling survival was recorded at 7, 14 and 21 days after sowing (D A S) ,and shoot and root 

w eight was taken at 21 D AS, and leaf and root N a+ contents were m easured.
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In the second experiment, Pokkali, N ona Bokra, A t354 and Bg300 w ere grown under 

salinity levels o f  0, 4, 6 and 8 dS/m created separately by adding N aC l and N a2SC>4 at w hole 

and sub soil salinity levels. Growth, physiological and yield param eters w ere assessed at 

regular intervals during the experimental period.

In the third experiment, four rice varieties (Bg 300, Bg 352, A t 354 and Pokkali) were 

tested under three irrigation levels (saturated, field capacity and alternative wetting and 

drying) w ith the application o f organic m atter to m itigate filed salinity. Growth and yield 

param eters w ere measured during this experiment.

Results o f  the first experiment revealed that tested varieties could be categorized into 

four distinct groups according to its germ ination ability and seedling survival rate. Pokkali, 

A t 354, N ona Bokra and A t 401 could be categorized as tolerant varieties where Pokkali 

recorded the highest germination under the highest salinity level. A  clear relationship was 

observed betw een seed sodium absorption percentage and seed germ ination o f varieties. 

Seed-husk thickness had affected the sodium absorption to the seeds and it determined the 

germination ability o f  a variety. Seedling survival ability o f  rice cultivars decrease with 

increased salinity level and it is negatively correlated to soil electrical conductivity. Seed 

germ ination ability o f  a rice cultivar after pre-soaking the seeds in high salt solutions has 

positive relationship to seedling survival under soils w ith high salt. Thus, seed germinations 

and early seedling survival can be used to screen rice varieties for salinity tolerance. Shoot 

and root grow th o f  saline sensitive varieties were drastically reduced under high saline soils 

where these w ere not much reduced in saline tolerant varieties. Salt tolerant varieties 

contained m ore Na+ ions in their roots compared to N a+ ions in their leaves where salt
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sensitive varieties were not recorded such higher difference. C hloride ion content in leaves o f  

tested varieties varied significantly where saline tolerant cultivars had lower le a f Cl- content 

compared to saline sensitive varieties.

Growth and yield o f rice varieties were significantly affected by the salinity conditions which 

they were grown. Varietal differences could be observed at early seedling growth and plants 

were able to survive up to harvesting in all the treatments except NaCl (8dSm _I, whole soil) 

in the second experiment. With the increase o f  soil salinity , growth and yield reduction 

could be observed in all tested varieties. Suppression o f  grow th and yield were varied w ith 

the variety and the type o f  salt used to create soil salinity. W hen increase the salinity level, 

Pokkali reduced its shoot: root ratio, implying higher root grow th com pared to shoot growth 

while N ona Bokra, A t354 and Bg300 increased their shoot grow th com pared to root growth. 

G reater reduction in plant growth and yield was observed under N aCl com pared to N a2S(>4. 

L eaf and root sodium content varied among tested varieties. Leaves o f  saline sensitive variety 

o f  Bg300 contained more Na+ ions than the other varieties w here saline tolerant variety 

Pokkali contained less N a+ ions in its leaves.

Yield o f  tested rice varieties varied with different soil am ended with organic matter and w ith 

different w ater m anagem ent practices in the field experim ent. Inland salinity is mainly 

occurred due to the limitation o f w ater in the dry zone and this is evident w ith the increase o f  

yield under saturated w ater condition and standing w ater conditions. Soil am endm ent 

treatm ent w ith cow dung and charcoaled paddy husk recorded higher yield over other
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treatm ents. This implies that inland salinity problem could be reduced by adding organic 

m atter and charcoaled paddy husk a soil am endm ents and provid ing  adequate w ater supply.
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CHAPTER I

INTRO DUCTIO N

Salinity is an enorm ous w orldwide problem  for agriculture; especially  for crops that are 

grown under irrigation. This is because salt is inhibitory to the grow th o f  a large num ber o f  

different plants (Cuartero and Fem andez-M unoz, 1999). The extent o f  land affected due to  

salinity worldw ide is estimated to be more than 900 m illion hectares w hich is approxim ately 

6% o f  the total global land mass, or about 20%  o f  the w orld ’s cultivated area (Flow ers, 

2004). Im portantly, around ha lf o f  the land devoted to the grow th o f  irrigated crops is 

adversely affected by salt (Gamalero et al, 2009).

The inland salinity affected areas has been on the increase. Irrigation system s are particularly 

prone to salinization. W hen irrigated agricultural systems are practiced, solutes from the 

irrigation w ater can accum ulate and eventually reach levels that have an adverse affect on 

plant growth. Salinization transform s fertile and productive land to barren land, and often 

leads to loss o f  crop production, loss o f  habitat and reduction o f biodiversity. The effects o f  

salinity on agriculture can be dramatic.

In Sri Lanka, although irrigation projects have substantially im proved agricultural 

production, m ost large-scale projects face salinity problem s. A lthough only a small 

percentage o f  the country's land has high and severe salinity problem s, there are a significant 

num ber o f  areas affected by medium  salinity. These are in danger o f  becom ing highly saline 

due to inadequate m anagement. Despite the scale o f  the problem , inform ation on salinity in 

Sri Lanka is scarce. Studies indicated that crops and land in some areas in M ahaw eli System
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exhibited significant salinity dam age and large numbers o f  fanners in the affected areas 

cannot cultivate their land fully, while m any suffer low  productivity

(http://w eb.idrc.ca/en/ev-8266-201-l-D O  TO PIC.htm l). In addition they found that salinity 

was having an effect on drinking w ater quality, human health, and an natural vegetation as 

well.

Salinity limits vegetative and reproductive growth o f  plants by inducing physiological 

dysfunctions and causing widespread direct and indirect harm ful effects, such as inhibition o f  

enzyme activity, photosynthesis, absorption o f  minerals, protein and nucleic acid m ainly in 

non-halophytes even at low salt concentrations. Salt stress inhibited the repair o f  the photo- 

damaged PSII (inhibit synthesis o f  D1 protein). The com bination o f  light and salt stress 

appeared to inactivate PSII very rapidly as a consequence o f  their synergistic effects.

Photosynthesis is a prim ary process in plant productivity and a positive relationship between 

photosynthesis and yield under saline conditions has been found in different crops (A shraf 

and Praveen, 2002). Varying relationships between photosynthesis and grow th or yield o f  salt 

tolerant and salt sensitive lines o f  some species have been reported. Studies has also shown 

that the photosynthetic rate, stomatal conductance and intrinsic w ater use efficiency o f  the 

flag leaf w ere greater o f  salt tolerant wheat species com pared to salt sensitive (A shraf and 

Praveen, 2002). Research projects at Liverpool have investigated details o f  the physiology 

and biochem istry o f  salt tolerance and also looked at m ethods to screen overall plant 

perform ance that could be used in breeding programs. M any other studies have also shown 

that there w ere genotypic differences in salt tolerance (Singh and Senadhira, 1986; Singh et



3

al., 1994; A beysiriw ardena, 2004). Tolerance is m ostly associating  w ith  physiological, 

anatom ical and biochem ical variations, w hich could be explo ited  to develop  new  to lerant 

varieties to  successfully overcom e salinity problem s. Several studies also suggested that salt 

tolerance in rice is correlated w ith  antioxidant enzym e activities and m odulation o f  the 

antioxidant activ ity  m ight be im portant in the resistance o f  rice to  salt stress. H ow ever, these 

rem ain to be clarified (Jain et al., 2003).

Some traditional and im proved Sri Lankan rice varieties are capable o f  to lerating salinity  

conditions better (Singh and Senadhira, 1986; A beysiriw ardena, 2004). Though som e 

prelim inary screening studies were carried out and som e to leran t varieties w ere identified; 

proper guideline for screening, traits associated w ith to lerance and/or salin ity  tolerance 

m echanism s w ere not investigated adequately. This inform ation is very m uch essential for 

future breeding and genetic engineering program s for the developm ent o f  new  salt tolerant 

rice varieties.

Salinization can also be m anaged to som e extent by changing gnom ic m anagem ent practices 

such has w ater and fertilizer m anagem ent. Therefore, the identification o f  specific w ater and 

fertilizer m anagem ent practices together w ith  the developm ent o f  to lerant varieties definitely 

provide long-term  solution to  salinity problem s.

Therefore, overall objective o f  the project w as to develop precise varietal screening 

m ethodology, characterization o f  varieties to  salinity responses, and to  find m itigatory 

m easures to  overcom e salinity problem s by using to lerant varieties and other possible 

agronom ic practices.
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Specific objectives w ere to;

a) Study the reaction to  salinity o f  selected traditional, old and new  improved, and 

hybrid rice varieties grown after seeds were soaked in high salt concentrations based 

on seed germ ination and seedling growth after establishm ent.

b) Determ ine growth, yield, and physiological traits associated w ith the salt tolerance o f  

selected salt tolerant rice varieties under whole and subsoil salinity conditions.

c) Evaluate productivity o f selected salt tolerant and susceptible rice varieties under 

farm er field conditions with different irrigation and fertilizer m anagem ent practices to 

develop potentially salinity mitigatory agronomic practices.



CHAPTER II

REVIEW OF LITERATURE

2.1 R ice P lant and its general characteristics .

2.1.1 Seed G erm ination

Seeds are defined as “the ovule developed after fertilization” . G erm ination starts w ith 

the growth o f  em bryos. There are tw o definitions o f  germ ination. It is defined as the tim e 

when the em bryo splits the outer m em brane o f  seeds and part o f  the  tissue appears (Tkahashi, 

1962., B ew ly and Black, 1985). A nother view  is that germ ination is the tim e when the 

plum ule and radicle indicates geotropism ; th is is the tim e w hen the norm al grow th o f  next 

generation can be established (Danjo, 1966).

W hen rice seeds germ inate in air, the radicle grows predom inantly . H ow ever, w hen 

they germ inate in water, coleoptiles growth takes place preferentially  and radicle growth is 

prevented. W hen the coleoptiles tips reach the w ater surface and encounter oxygen, the ir 

elongation ceases and root growth occurs. Even in w ater, i f  germ ination takes place under the 

presence o f  light, chlorophyll is form ed in the coleoptiles and prim ary leaves and the 

photosynthesis proceeds; thus radicle grow th is also becom es possible. The growth o f  the 

coleoptiles and radicle in w ater a lso varies w ith  the rice ecotype (Takahashi, 1978).

2.1.2 D ifferentiation and developm ent o f  tiller buds

Tiller buds o f  rice plants are axillary buds which differentiate at the le a f  axils. A  tille r 

bud differentiates at each leaf axils in rice plants. Environm ent conditions and cultural 

practices seem  to account very little for the differentiation under actual field cultivation. The
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developm ent o f  tiller buds after differentiation is greatly affected by  environm ent conditions, 

as w ell as varietal characters in regard to the response to environm ents (T akane e t al, 1995).

D uring its growing period, the rice generates and lengthens roots from  nodes; these 

roots often num ber o f  several hundreds. In addition, each o f  the roots has secondary, tertiary 

and further lateral roots; these roots form a root system. Since a root system  consists o f  old 

and new  roots in different growth stages including the respective lateral roots (Takane et al., 

1995).

R ice p lan t leaves consist o f  six parts; leaf blade, le a f sheath, ligule, auricule, lam ina 

jo in t and le a f sheath pulvinus. The leaf blade is the organ o f  photosynthesis and transpiration, 

and at the sam e tim e is a m ain source o f  internal nitrogen for grow ing parts (Fugiw ara et al., 

1951; Y oneyam a and Sano, 1978). The lea f sheath protects and supports the shoot (Chang, 

1964) and serves as a tem poral storage o f  photosynthesis (Tagari et al., 1954). Its 

photosynthetic capacity is only about one tenth that o f  the lea f b lade (M atsushim a et al, 

1958; Tsuno e t al, 1975).

2.2 D iversity o f  salt tolerance am ong species

Salt to lerance is usually assessed as the percent biom ass production in saline versus 

control conditions over a prolonged period o f  time. A nother criterion o f  salt tolerance o f  

crops is the ir yield in saline versus non saline conditions. A survey o f  salt tolerance o f crops, 

vegetables and fru it trees has been published by M ass and H offm an (1977), and updated by 

Francois and M ass (1994). They show ed there is threshold salinity  for each species below
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which there is no reduction in yield, and then a regression for the reduction in yield w ith 

increasing salinity wide range o f  tolerance across species.

D ifferences in salt tolerance between closely related species are d ifficult to quantify, 

as the growth reduction depends so m uch on the period o f  tim e over w hich the plants have 

grown in saline conditions. Salinity lowers the w ater potential o f  the roots, and this quickly 

causes reduction in growth rate, along with a  suit o f  m etabolic changes identical to those 

caused by w ater stress (M unns, 2002). Later, there may be salt specific effects that impact on 

growth and senescence.

The crops show a tw o-phase growth response to salinity (M unns, 1993). The first 

phase o f  grow th reduction is quickly apparent, and is due to the salt outside the roots. It can 

be called as w ater stress or osm otic phase, for which there is surprisingly little genotypic 

difference.

Then, there is a second phase o f  growth reduction, w hich takes tim e to develop, and is 

associated w ith advanced senescence o f  older leaves. This presum ably  results from internal 

injury due to  salt accum ulating in these transpiring leaves to excessive levels. I f  excessive 

am ounts o f  salt enter a plant, salt w ill eventually rise to toxic levels in the older transpiring 

leaves, causing prem ature senescence and reducing the photosynthetic  capacity o f  the plant 

to a level that cannot sustain further growth (M unns, 1993).

The cause o f  injury is probably due to the salt load exceeding the ability o f  the cells 

to com partm entalize salts in the vacuole. Salts then rapidly build up in the cytoplasm  and 

inhibit enzym e activity. A lternatively; they m ight build up in the cell w alls and dehydrate the 

cell. Evidence for ions accum ulating to high concentrations in the apoplast o f  leaves has been
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found in rice (Flowers et al., 1991). A two-phase growth response has also been shown 

clearly for maize and wheat cultivars (Crameret et al., 1994).

For rice, a clear distinction has been made between the initial effects o f  salinity, from 

which recovery is possible, and the long-term effects that result from  accum ulation o f  salt 

w ithin expanded leaves (Yeo et al., 1991).

The length o f  time required before growth differences between genotypes can be seen 

depends on the salinity and the degree o f  salt tolerance o f  the species. The second phase will 

start earlier in plants that are poor excluders o f  Na+, such as lupins or beans, and when 

salinities are higher. It will also start earlier when tem peratures are not higher. For the rice 

plants that are given at high temperatures 10-15 days in salinity is sufficient to generate 

differences in biom ass between genotypes that correlate well w ith differences in yield 

(Aslam et al., 1993).

D ifferent plant species and cultivars have differing ability to grow  in saline 

conditions. The following table shows some plant species show ing different responses under 

saline condition (FAO, 2005).
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Table 1: R esponse o f  plants to salinity under broad sense.

Type o f plant High Tolerance Medium Tolerance
Field Crops Barley, Cotton Rye, wheat, Sunfl ower, Lupin, Soybean 

Oats, Millets,Sorghum, Rice, Peanut
Fruits Date palm Pomegranate, Fig, Olive,Grape 

Rockmelon, Mulberry
Vegetables Beet-root, kale 

Asparagus, Spi nach
Tomato, Broccoli,Cabbage,Cauliflower 
Sweet com,Broad bean, Squash 
Pumpkins, cucumber

Pasture plants Rhodes grass, Couch,Panic 
Kikuyu, Almum,Pangola 
wimmera ryegrass,Lucerne 
Siratro,Buffel, Guinea

Berseem clover,Snail medic,Phalaris 
Barrel medic, ,Paspalum 
Strawberry clover, Sudan grass 
Perennial ryegrass, Reed canary

Ornamentals Carnation, Clematis Bouganvillea, Chrysanthemum 
Oleander, Hibiscus

2.3 M echanism s o f  salt tolerance

M echanism s o f  salt tolerance takes place at three levels o f  organization. They are 

w hole plant, cellu lar and m olecular levels.

2.3.1 Control o f  sa lt at the w hole p lant level

Salt to lerance depends on the ability o f  the plant to control the transport o f  salt at five 

sites as below  (M unns e t al., 2002).

1. Selectivity o f  uptake by root cells. It is still unclear which cell types control the selectivity 

o f  ions from  the soil solution. The initial uptake o f  Sodium  and C hlorine could occur at 

epiderm is, at the endoderm is, or if  the soil solution flow  apopplastically  across the root 

cortex, it w ould  occur at the endoderm is.

2. Loading o f  the  xylem . There is evidence for the preferential loading o f  K + rather than N a+ 

by the cells at the stele.
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3. Removal o f  salt from the xylem in the upper parts o f  the roots, the stem, petiole or leaf 

sheaths. In m any species, N a+ is retained in the upper part o f  the root system  and in the lower 

part o f  the shoot, identically an exchange o f  K+ for N a+ by the cells in the stele o f  the roots or 

in the vascular bundles and petioles.

4. Loading o f  the phloem. There is little translocation o f  N a+ or Cl' in the phloem, 

particularly in the more tolerant species. This ensures that salt is not exported to growing 

tissues o f  the shoot.

5. Excretion through salt glands or bladders. Only halophytes have these specialized cell 

types.

All halophytes have well-developed mechanisms to control uptake, transport and 

excretion o f  salt. Glycophytes rely on the first three m echanism s to various degrees. In 

perennials, the leaves o f  w hich may live for a year or more. Hence, there is greater need to 

regulate the incom ing salt load over a much longer period o f  time. In annual species whose 

leaves may live for only one month. They show high shoot: root ratios and high intrinsic 

growth rates to reduce salt accum ulation rates in leaves (Pitman, 1984) and absence o f an 

apoplastic pathw ay in roots (Garcia e t al., 1997).

2.3.2 Control o f  salt in the Organelle level (Ion com partm entation)

There is no evidence o f  adaptations in enzymes to the presence o f  salt (M unns et al., 

1983), so m echanism s for salt tolerance at the cellular level involves keeping the salt out o f  

the cytoplasm , and sequestering in the vacuole o f the cell. In some leaves it exceeds 

concentration o f  200mM  in leaves w ithout functional differences but these concentrations 

will com pletely inhibits enzym e activity in vitro (M unns et al., 1983).Generally, N a+ starts to



11

inhibit m ost enzym es at a concentration above lOOmM. The concentration at w hich C l' 

becom e toxic is even less w ell defined, but is probably in the sam e range as that o f  N a+. I f  

Na+ and C l' are sequestered in the vacuole o f  the cell, K+ and organic solutes accum ulate in 

the cytoplasm  and organelles to balance the osm otic pressure o f  the ions in the vacuole. The 

com m only accum ulated organic solutes are proline and glycine betane (H asegaw a et al., 

2000).

2.3.3 Control o f  sa lt at the m olecular level (Ion transporters)

The ion channels and transporters are involved to regulate the net m ovem ent o f  salt 

across the cell m em brane. There is no specific N a+ transporter, N a+ entry being gained by 

com petition w ith other cations; in particular K+.These non selective channels are affected by 

Ca2+. These cation channels could allow  entry o f  large am ounts o fN a +from highly saline soil 

if  not adequately regulated (A m tm ann and Sunders., 1999). Sodium  ions(N a+) can be 

effluxed from  the  cytoplasm  through N a+/H+ antiporter, driven by the  pH  gradient across 

plasm alem na (B lunw ald, 2000).

2.4 E ffect o f  salin ity  on rice

Rice varieties exhibit variability in their sensitivity to  salt stress, vegetative growth o f 

some cultivars show ing surprisingly high resistance to soil salinity (M unns e t al., 2002, Yeo 

and Flow ers., 1983). In m ost plants, radial transport o f  sodium  to the root-xylem  occurs v ia a 

sym plastic pathw ay involving loading transporters (M unns et a t.2002, T iaz and Zeiger, 

1998), but in rice it is proposed to occur preferentially by an apoplastic transpirational bypass 

pathw ay (G arcia e t al., 1997, Yeo et al., 1987). There are, how ever, a few  reports that 

implicate K+ transporters such as HKT1 in N a+ uptake in rice roots (G arciadeblas et al.,
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2004, Golidack et al., 2002). Little is understood about m echanism s regulating the net shoot 

Na+ uptake in rice, but the negative correlation reported betw een  initial N a+ uptake into 

shoots and varietal survival (Yeo and Flowers, 1983) suggests that these mechanisms 

constitute a significant aspect o f  tolerance.

Differences in salt tolerance am ong rice cultivars can a lso  be caused by differential 

com partm entalization o f  the N a+ in the shoot (Yeo and F low ers, 1982). O lder leaves have 

been shown to act as ion sinks that restrict ion entry into m eristem atic  and actively growing; 

photosynthesizing cells (Yeo and Flowers, 1982). Fligh N a+ levels  in shoot apoplast would 

lead to osm otic stress and eventually cyto-toxicity (Oertli, 1968). The critical role proposed 

for this com partm ent supported by toxic levels o f  apoplastic N a + detected in rice and pea 

(Flowers et al., 1991, Speer and Kaiser, 1991). Finally, vacuo lar sequestration could play a 

significant role as suggested by salt tolerance conferred on over-expression o f  the vacuolar 

Na+/H + antiporter in rice (Fukuda et al., 2004, Ohta et al., 2002).

Calcium (Ca2+) is found to be crucial in altering the ion selectiv ity  o f  uptake by plants and in 

enhancing salt tolerance in many species (Epstein, 1961; R ains and Epstein, 1967, Zhu, 

2002). The application o f  Ca (as gypsum) is a common m anagem ent practice for soils with 

high exchangeable N a+, and its beneficial effects in saline p ad d y  fields as a reclamation 

technique.

2.4.1 Effect o f salinity on seed germ ination and early seedling growth

G erm ination is a crucial stage in the life o f  many p lants and  salt tolerance during this 

phase is critical for the establishm ent o f plants growing in saline soils (M aranon et al., 1989).
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For several halophytic and glycophytic species, germ ination was inhibited by salinity 

(M arcar, 1987; M aranon e t al., 1989; M iyam oto, 1989; K eiffer and U ngar, 1997). Laboratory 

investigations o f  seed germ ination indicated that seeds o f  m ost halophytes and glycophytes 

attain their m axim um  germ ination in distilled w ater and are very  sensitive to elevated salinity 

at the germ ination and early seedling phase o f  developm ent (N orlyn and Epstein, 1984; 

M organ and M yers, 1989; K han, 1991). G houlam  et al. (2001) show ed that the  germ ination 

was reduced w ith increasing salinity levels in Beta vulgaris L. and sodium  content in the 

seeds increased w ith  increasing salinity condition. They also observed a reduction o f  final 

germ ination percentage w ith an increase in the osm otic potential o f  solutions. A t the same 

osm otic potential, germ ination was different in N aC l com pared to m annitol. This implies that 

N aCl acts on germ ination not only by an osm otic effect but also by another effect that could 

be specific ion toxicity  (G houlam  et al., 2001).

Sirisena e t al. (2005) showed that germ ination reduction o f  rice seeds after seed 

soaking in high saline solutions and they observed varietal d ifferences at 40 -50 dS/m  saline 

solutions and this m ethod could be used as rapid screening procedure for salinity tolerance 

for rice. A lso they observed that saline tolerant varieties recorded higher germ ination 

percentage than saline sensitive varieties at sam e salinity level. A  sam e pattern in rice was 

also observed by D issanayake e t al. in 2006.

2.4.2 Effect o f  Salinity on Photosynthesis

Salinity appears to  affect tw o plant processes: w ater relations and ionic relations. 

During initial exposure to salinity, p lants experience w ater stress, w hich in term  reduces leaf 

expansion. D uring long-term  exposure to salinity, plants experience ionic stress, w hich can
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lead to prem ature senescence o f  adult leaves, and thus a reduction in the photosynthetic area 

available to continued grow th (Cram er and Nowak, 1992). Reduced photosynthesis with 

increasing salinity is attributed to either stomatal closure, leading to a reduction in 

intercellular CO 2 partial pressure, or non-stom atal factors (Bethke and Drew, 1992). There is 

increasing evidence that salinity changes photosynthetic param eters, including osmotic and 

leaf w ater potential, transpiration rate, leaf tem perature, and relative w ater content. Salt also 

affects photosynthetic com ponents such as enzym es, chlorophylls, and carotenoids. Changes 

in these param eters depend on the severity and duration o f  stress (Lakshm i e t al., 1996; 

M isra et al., 1997) and on plant species (Dubey, 1994).

Grain grow th depends on current assim ilation, rem obilization o f stored pre-anthesis 

assimilates, and re-translocation o f assim ilates to grain after anthesis. D uring grain filling, 

leaf w ater potential plays an im portant role in assimilate production and partitioning 

(Bradford, 1994).

Results o f  greenhouse experim ents showed that w heat(M ass and Poss, 1989a) and 

cowpea(M ass and Poss, 1989b) w ere m ost sensitive during the vegetative and early 

reproductive stages, less sensitive during flowering , and least sensitive during grain- filling. 

M any reports o f  rice showed effect o f  salinity at early stage. Lutts e t a l {1995) reported that 

rice is m ore sensitive to salinity at the reproductive stage.

Sultana et a l (1999) showed that rice is m ore resistant to  salinity at the initial stage o f 

imposed salinity bu t more sensitive w ith increasing duration o f  salinity. They studied the 

response o f  O ryza stiva  L. cv.Koshihikari (moderately salt resistant variety) to salinity that 

NaCl drastically reduced stomatal conductance; this m ight be attributed to the lower leaf
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w ater potential and a reduction in relative le a f w ater content, w hich resulted in loss o f  turgor, 

which leads to  reduced photosynthetic rate. The extent to  w hich stom atal closure affects 

photosynthetic capacity  is indicated by the m agnitude o f  reduction in stom atal conduction 

(Farquhar and Sharky, 1982). The decline in photosynthesis under salinity attributed partly to 

reduced stom atal conductance (Nagi and G aliba, 1995; Lakshm i et al., 1996), partly due to a 

reduction in p ro tein  concentration (Sibole e t al., 1998) and partly to a decline in 

photosynthetic p igm ent concentrations (K olchevskii et al., 1995) o r ionic concentrations 

(Khan e t al., 1997). Yeo et al. (1985) also reported that the inhibition o f  net photosynthesis in 

rice by salinity is m ediated by w ater deficit in the leaf cells due to accum ulation o f  salt in the 

apoplast. Thus the decline in photosynthesis w as not due to lim ited C O 2. It w as also reported 

that low  photosynthesis under stress w as associated w ith a low  dem and for photosynthates in 

the sink, viz, reproductive developm ent, including grains (K arim  et al., 1993). Photosynthetic 

pigm ents, sugars and  protein concentrations o f  leaves w ere reduced by salinity and that the 

effect was aggravated by the long duration by salinity (Sultana e t al., 1999).

A  decrease in chlorophyll concentration in salinized plants could be attributed to 

increased activity  o f  the chlorophyll degrading enzym e chlorophyllase (Reddy and Vora, 

1986). Ion accum ulation in leaves also adversely affected chlorophyll concentration (Yeo and 

Flowers, 1983). The decrease in carotenoids under salt stress leads to  degradation o f  P- 

carotene and form ation o f  zeaxanthins, w hich are apparently involved in protection against 

photo inhibition (Sharm a and H all, 1991). As salinity adversely influenced the 

photosynthetic process, photosynthetic production (e.g. sugar) was inhibited. K erepesi et al. 

(1998) also found that sugar contents o f  leaves decreased in to lerant genotypes o f  w heat
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under N aCl stress but drought stress increased the w ater soluble carbohydrate which had 

linked to stress tolerance. M unns and W eir (1981) also reported tha t the initial changes in 

osm otic potential w ere largely due to reducing sugars. Sultana e t ah  (1999) showed that 

lower photosynthesis is due not solely to low er stomatal conductance or C 0 2 fixation but also 

to the cum ulative effects o f  o ther non-stom atal and biochem ical com ponents.

A fter seed initiation, lea f m esophyll tissues are the closest source o f  sugars and 

provide current photo-assim ilate for the grow th and developm ent o f  seeds. Reductions in 

photosynthetic pigm ents, hill reaction, carboxylase enzym es, and chiorophyllase induction 

under saline conditions led to poor photosynthates form ation (Soussi e t ah, 1998).

The significant increase o f  accum ulation o f  proline in both salinized leaves and grains 

is im plicated in osm otic adjustm ent to salinity. Proline is also considered to  act as a 

com patible osm oticum  and therefore to  be involved in salt resistance (D elauney and verma, 

1993).

In general, three m ajor processes operate sim ultaneously during grain filling: 

photosynthesis, translocation o f  photosynthates to the grain, and grain grow th. In analyzing 

the reduction in grain dry m atter due to stress, it is necessary to  identify w hich o f  these 

processes is the lim iting factor. The reduction in dry m atter a t dough stage m ight be through 

inhibition o f  current photo-assim ilation, because salinity reduces the contents o f  

photosynthetic p igm ents and soluble proteins in the ovaries; this change m ight cause the 

decline o f  ovary  photosynthesis leading to the poor sugar production in the ovaries. A 

reduced num ber o f  fertile florets (K hatum  and Flowers, 1995) and a low er rate o f  assim ilate 

translocation from  shoot to panicles are responsible for the low er d ry  w eight o f  panicles and
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grain. This m ight be at attributable to  the rapid reduction in leaf photosynthesis, which is 

related to  the decrease in photosynthetic pigm ents. Therefore, translocation o f  assim ilates 

from stem  to grain is the m ain source as well as lim iting factor for grow th and developm ent 

o f  grain.

Salinity decreased the reserves in leaves, the grain grow th rate, and the current dry 

m atter production (Sultana et al., 1999). Sim ilar results w ere found w ith  m aize (Jurgens et 

al., 1978). Toxic ions in the leaves such as N a+ m ay interfere w ith phloem  loading and thus 

translocation o f  assim ilate reserves w as inhibited in salinized plants, independently lea f w ater 

potential and relative leaf w ater content. Carbon assim ilation and hence dry  m atter 

production w ere m ore affected than w as rem obilization o f  assim ilates during post-anthesis 

w ater deficit (K obata et al., 1992) and they concluded that under salinity, both 

photosynthesis and translocation o f  photosynthates to the grain are im portant for grain 

growth.

2.5 N aC l-induced Senescence and C hlorophyll fluorescence

Salinity applied at the seedling stage frequently induces prem ature senescence o f  

leaves (Sahu and M ishra, 1987; Yeo e t al, 1991). L eaf senescence is m ost often quantified by 

decreases in pro tein  or chlorophyll concentration (Chen and Kao, 1991; Chen, Li and Kao, 

1991) and by increases in m em brane perm eability  (D hindsa et al., 1981).Chlorophyll 

fluorescence kinetics, and m ore especially the rates o f  the m axim al variable fluorescence 

(Fv/Fm ) w hich is directly related to PS II photochem ical efficiency, m ay also be m odified 

during ageing (B jorkm an, 1987).
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In rice, N aC l salinity lowered the Fv/Fm chlorophyll fluorescence ratio after 47 days 

o f  stress and also a t the flow ering stage (Bohra et al., 1995; B ohra and Doffling, 1993). NaCl 

decreased chlorophyll concentration in both young and older leaves. Decrease o f  Fv/Fm 

ratios coincided w ith  a decrease in chlorophyll-b concentration, although only Ch!orophyll-a 

is involved in fluorescence. Since chlorophyll-b is mainly associated w ith PS II antenna, a 

decrease in its concentration could reflect a structural m odification o f  antenna which could 

explain the N aCl-induced increase in Fo occurring before any decrease in Fm (Lutts et 

al., 1996)

M ost o f  rice cultivars differing in salt resistance differed in Fm values. This is 

considered to reflect a reduction in the am ount o f  the prim ary electron acceptor, QA. A 

decrease in Fm  values in stressed plants could result either from photochem ical quenching, 

from non-radiative energy dissipation in the pigm ent bed or from transfer to PS-I (Bjorkm an, 

1987; K rause and W eis, 1991).

2.6 R ole o f  Z inc, C alcium  and Silicon on salinity dam age in rice

Zinc is required for m aintenance o f  integrity o f  bio-m em branes (M arschner, 1995). 

U nder zinc deficient conditions there is a typical increase in plasm a m em brane perm eability 

o f  root cell (W elch et ah, 1982). Increased m em brane perm eability  in Zn-deficient plants 

m ight lead to enhanced chlorine, sodium  and boron uptake particularly  in salt-affected soils. 

Thus, under these conditions plant growth and yield decrease (M arschner, 1995). 

K hoshgoftar et al. (2004) showed that application o f  Zn increased salt-tolerance o f  wheat.
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2.7 G enetic V ariability and sources o f  salt tolerance

Traditional varieties are reported as the m ost tolerant to abiotic stresses, varieties 

Pokkali, Cheriveruppu, N ona Bokra, D am odar and Getu are tolerant o f  salinity but possess 

poor agronom ic characters; they are tall and some are photosensitive, have poor grain quality 

and low  yielding (Senadhira and A kbar, 1991). Salt tolerant indica rice cultivars seem to 

have originated or been selected in coastal areas o f  India (states o f  kerala and W est Bengal); 

examples are Pokkali, N ona Bokra and Cheriviruppu. An evaluation at IRRI o f  250 

traditional cultivars collected from O rissa and Tam il N adu in India has revealed some salt- 

tolerant types from southeastern coastal areas o f  India. A m ong the tolerant cultivars 

identified, N V , Pat, Solla, and DH w ere found to have tolerance sim ilar to popular pokkali. 

Sim ilar tests w ith  coastal rice cultivars o f  Indonesia, Thailand, and V eitnam  identified three 

highly tolerant types: K etum bar(Indonesia), Khao Seetha( Thailand) and Soc N au (Vietnam). 

Again tolerant m echanism s appear sim ilar to Pokkali. But cultivars like Pat, Ketum bar and 

Soc N au have better grain quality(white fine grains, interm ediate am ylase) than Pokkali(red 

bold grain, high am ylase)(G regorio et al., 2002).

A ttem pts have also been m ade to identify other sources o f  salt tolerance. W ild species 

o f  Oryza  and the A frican O ryza glaberrim a  were screened at 2-3 lea f stage at electrical 

conductivity o f  12 dS/m for 14 days. All were highly susceptible w ith seedling survival range 

0-16%  w hile the tolerant control, N ona Bokra showed com plete survival (A kbar et al., 1987). 

However, som e w ild rice (Oryza rufipogori) from Sri Lanka show ed salinity tolerance at 

seedling stage com parable to  Pokkali. A distant relative o f  O ryza (Porteresia coarctata); 

halophyte that needs high salinity (EC o f  12 -  18 dS/m) to produce grain, m ay not be a good
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source o f  tolerance in breeding program s because the difficulty in producing fertile Fj, and 

their requirem ent for high salinity (Gregario et al., 2002).

2.7,1 G enetics o f  Salt Tolerance

G enetic studies at IRRI indicated that both additive and dom inance effects are 

im portant in the inheritance o f  alm ost all characters associated w ith salt tolerance (M ishra et 

al., 1990; G regario and Senadhira, 1993; Lee, 1995). At the seedling stage under saline 

condition, characters associated w ith salinity tolerance such as shoot length, low  N a+ and 

high K+ content in the shoots, and large dry weights o f  shoots and roots showed highly 

significant additive effects as the o f  heritability in these characters is low. Characters at the 

m aturing stage such as plant height and yield per plant showed highly significant additive 

effects. This suggests the greater im portance o f  additive gene action in the inheritance o f  

these characters (M oeljopaw iro and Ikehashi, 1981; A kbar e t al., 1986, M ishra et al., 1990).

2.8 Salt Stress-Induced Anti-oxidant activity

Aerobic oxidative m etabolism  represented a m ajor evolutionary step for living 

organism s, allow ing a m ore efficient utilization o f  the energy stored in chem ical bonds. On 

the other hand, the use o f  m olecular oxygen as the final electron acceptor posed a risk o f  

oxidative dam age due to production o f partially  reduced interm ediates, know n as reactive 

oxygen species(RO S)(Scandalios, 1993). ROS have the potential to interact non-specifically 

with m any cellu lar components, triggering peroxidive reactions and causing significant 

damage to proteins, lipids, and nucleic acids, therefore, their levels m ust be carefully 

m onitored and controlled in cells(Scandalios, 1993, Halliwell et al., 1999). To cope with ROS
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and to  m aintain redox hom eostasis, living organism s evolved antioxidant defense systems, 

com prised o f  enzym atic and non-enzym atic com ponents, w hich norm ally m aintain ROS 

balance w ithin the cell. Thus, oxidative stress is established w hen th is balance is disturbed, 

either through enhanced production and accum ulation o f  RO S or antioxidant defenses 

depletion (Scandalios, 1993, D at et al., 2000). In spite o f  the ir potential hazards, ROS also 

exert m any im portant physiological roles such as cell signaling, gene regulation, senescence, 

program m ed cell death, pathogen defense, and others (Dat e t al., 2000).

The interest in p lant antioxidant defense has increased over the past years. The 

evidence accum ulated thus far indicates oxidative stress as an im portant consequence o f  

different environm ental stresses, including salinity (Dat et al., 2000). Several reports have 

dem onstrated a d irect connection betw een salt stress and altered redox states and antioxidant 

defenses. M enizes e t al (2004) revealed that salt stress in rice triggered a defense m echanism  

against oxidative stress. A ntioxidant response patterns operating in d ifferent p lant species are 

well conserved, w ith  m ajor antioxidant transcripts being up-regulated in response to  salinity. 

Hence, antioxidant defenses are concertedly regulated to ensure proper protection against 

ROS generated after salt exposure (M enizes et al., 2004).

2.9 C hlorine and its characteristics on plant growth

C hlorine (C l) is an essential m icronutrient for h igher plants, and a m inim al 

requirem ent fo r crop grow th o f  1 g kg ' 1 dry w eight has been suggested (M arschner, 1995). 

This quantity can generally be supplied by rainfall, and chlorine-deficient p lants are rarely



22

observed in agriculture o r nature. H ow ever, high tissue chlorine concentrations can be toxic 

to crop plants, and m ay restrict the agriculture o f  saline regions (Xu e t al., 2000).

C hlorine inputs to soils occur m ainly as a result o f  depositions o f  chloride (C f) from 

rain w ater, fertilizer applications (KC1), irrigation water, sea spray, dust and air pollution 

(H ew itt and Sm ith, 1974; X u et al., 2000).

Chlorine is present m ainly as Cl", although plants do contain com pounds w ith 

covalently bound chlorine (Engvild, 1986). C hloride is a m ajor osm otically active solute in 

the vacuole and is involved in both tu rgor and osm oregulation. In the cytoplasm  it regulates 

the activities o f  enzym es. Chloride also acts as a counter anion, and Cl" fluxes are implicated 

in the stabilization o f  m em brane potential, the regulation o f  pH  gradients and electrical 

excitability.

The grow th o f  m any plants is reduced substantially in chloride-free m edia (Broyer et 

al., 1954; X u e t al., 2000), and environm ental factors that enhance grow th rate increase 

susceptibility to  chlorine deficiency(O zanne e t al., 1957).deficiency causes reduced leaf 

grow th and w ilting , follow ed by chlorosis, bronzing and, finally, necrosis. R oots become 

stunted and the  developm ent o f  laterals is suppressed. Fruits are decreased in num ber and 

size (Xu et al., 2000).

2.9.1 C hloride toxicity

The grow th responses o f  p lan ts to high chloride concentrations in the external 

m edium  can be d ivided into four categories (G reenw ay and M unns, 1980). Species can be 

grouped into, (1) H alophytes (defined as the native flora o f  saline soils), w hich can be sub 

divided into ; species w hose grow th is stim ulated (e.g. Sueda m aritim e, A triplex
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num m ularia) or species w hose grow th is little affected by 200m M  o f  chloride(e.e, A trlplex 

hastate, Spartina spp., Sugar beet); (2) non- halophytes(glycophytes)w hose grow th is reduced 

substantially by  lOOmM chloride, w hich can be sub divided into tolerant(e.g. Festuca rubris , 

cotton, barley), in te rm ed ia te^ , g. tom ato) and sensitive(e.g. soybeans, beans) and (3) very 

salt-sensitive non-halophytes(e.g . citrus). M any im portant cereal, vegetable and fruit crops 

are susceptible to C f  toxicity  during cultivation. This is a m ajor constrain t to  horticultural 

production on irrigated or saline soils (M ass and H offm an, 1977; Xu e t al., 2000). The 

critical tissue C l' concentration for toxicity  is about 4-7 and 15-50 m g g-1 dry w eight for 

chloride-sensitive and chloride-tolerant plant species respectively.

D ifferences betw een cultivars to w ithstand chloride toxicity  are frequently related to 

the ability to  restrict chloride transport to the shoot. This has been observed in soybean 

(G lycine m ax; A bel, 1969), w heat (Triticum  aestivum; B em ad et al., 1974), barley 

(G reenw ay and M unns, 1980), stone fruit trees (B em atein et al., 1956) grape vine (V itis spp; 

A n tc liff et al., 1983) and citrus (Storey and W alker, 1999). The tra it is heritable (Abel, 1969; 

Sykes, 1992) and, in soybean, it is determ ined by a single gene (A bel, 1969). Thus there is 

the opportunity  for sim ple breeding and genetically m odified (G M ) approaches to lim it 

chloride accum ulation and to generate plants that w ithstand chloride toxicity  (G arcia and 

Prim o, 1995).

2.9.2 C hloride D istribution w ithin the plant

There is considerable variation in the ability o f  p lants to accum ulate chloride (Cram, 

1976; G reenw ay and M unns, 1980). H alophytes generate tu rgor by  accum ulating high 

chloride concentrations in p lant tissues (340 to  475m M ), and fluctuations in osm otic  pressure
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during their grow th, or in response to  environm ental challenges, are usually affected by 

changes in N aC l concentration. B y contrast, glycophytes grow ing in natural habitats have 

much low er ch lorite  in p lant tissues (7 to 70m M ), and chloride is generally only a minor 

com ponent o f  their cell-sap osm otic pressure.

There are also  large differences in tissue chloride concentrations betw een different 

parts o f  the sam e plant. In general, the older leaves o f  non-halophytes grow n at high salinity 

have higher tissue-chloride concentration than low er leaves (G reenw ay and M unns, 1980). 

This is probably the result o f  a  com bination o f  rapid growth and low transpiration in young 

expanding leaves, coupled w ith the continued uptake and m inim al recycling o f  C l' in young 

leaves is thought to  be im portant for salinity tolerance o f  glycophytes. By contrast, in 

halophytes, such as sugar beet, A trip lex  hastate  or the salt-tolerant garss Leptocloa fu sc a , all 

leaves have sim ilar [Cl ] tissue (G reenw ay and M unns, 1980). In both glycophytes and 

halophytes, floral tissues generally have low er [Cl ] tissue than other shoot parts. Tissues that 

are fed predom inantly  through the phloem  tend to have the low est [C f] tissue- Hence, the [C f] 

tissue o f  fruits and seeds is generally low  (Xu et al., 2000). H ow ever, the exact value may be 

depending upon previous C l' fertilization o f the crop and on the  p lant species or cultivar 

(H ew itt and Sm ith, 1974).

Plants acquire m ost o f  their chlorine from the soil solution as the C l' anion and 

delivered to the shoot. W ithin the root, the m ature root has a  h igher [Cl ] tissue than regions 

close to the tip  ( Storey and W alker, 1987).
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2.10 Strategies for increasing salt tolerance o f  crops

i) Searching am ongst natural diversity w ithin the species, or closely related and inter 

fertile species.

ii) G enetic engineering

W ith both m ethods, back crossing into cultivars or advanced breeding lines will be 

required. In the  field, the  m ajor draw back is the  heterogeneous nature o f  salinity w ithin 

paddocks and betw een sites.

Traits for salt tolerance that have been used to screen germ plasm  collections have 

included rates o f  N a+and Cl" accum ulation in leaves, degree o f  heat injury, seedling root 

length and germ ination percentage, sodium  accum ulation in leaves has been shown to 

regulate relate to salt tolerance in genotypes o f  rice(Yeo and Flow ers, 1986) and diploid 

w heat(Schachtm an et al., 1991).Some success has been reported for m olecular m arkers for 

salt tolerance in rice(IR R I,1997).



C H A PT E R  III

M aterials and M ethod

Three separate experim ents w ere carried out to  screen the rice varieties for salinity 

tolerance at germ ination stage, to evaluate selected rice varieties for w hole and subsoil 

salinity conditions and to m anage saline effected soils using different m anagem ent practices 

at farm er fields.

3.1 E xperim ent one:

•  Identification o f  salt tolerant rice varieties at the seed germ ination stage and its 
relationship to  seed-husk thickness and ion absorption.

•  Effect o f  salinity on early  seedling establishm ent o f  rice.

3.1.1 E xperim ent Location:

The experim ent w as carried ou t under laboratory conditions at R ice Research and 

D evelopm ent Institute, B atalagoda, Ibbagam uw a, Sri Lanka and chem ical analyses were 

done at the D epartm ent o f  Crop Science, faculty o f  A griculture, U niversity  o f  Peradeniya, Sri 

Lanka from  February to July in 2007.

3.1.2 D escription o f  the E xperim ent

Rice varieties w ere screened for salinity tolerance at the germ ination stage using 

sixteen im proved (B g300, Bg304, Bg350, B g380, Bg94-1, B g407-H , B w 302, Bw 78, Bg750, 

Bg450, A t353, A t354, A t303, A t401, H -10 and H -4 ) and ten traditional rice 

varieties(Pokkali, N ona Bokra, R athel, Seeraga Samba, B andara H eththew a, M urungakayan, 

H ondaraw alu, Pachchaperum al, Periyakarappan and D ikw ee). Pokkali and A t354 w ere used 

as resistant check varieties. Seeds o f  selected varieties w ere obtained from  the R ice Research
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and D evelopm ent Institute, Batalagoda, Ibbagam uwa and Plant G enetic Resource Centre, 

Gannoruwa, Sri Lanka.

3.1.3 Experim ental Design

A tw o factor factorial experim ent, factors being the cultivars (26 varieties listed 

above) and salinity levels [seed soaked for nine days in 25 and 45 dS/m  N aCl respectively, 

prior to germ ination and control (no soaking in N aCl before germ ination)] was laid out in a 

com plete random ized design (CRD) w ith three replicates.

3.1.4 G erm ination Test

3.1.4.1 Preparation o f  saline solutions

Sodium chloride solutions w ith different electrical conductivity (EC) levels, 3, 25 and 

45dS/m  w ere prepared by dissolving A R  grade sodium  chloride in distilled w ater to represent 

solutions with different levels o f  salinity. Equal volum es o f  these solutions w ere poured into 

petri-dishes containing 100 seeds o f  each variety, as three replicates per variety. Seeds were 

kept in these solutions for 9 days. Seeds soaked w ith distilled w ater w ithout N aC l was used 

as the control.

3.1.4.2 G erm ination count

Nine days after soaking, seeds were taken out and w ashed thoroughly to  rem ove the 

film o f  salt solution around the seeds and placed in Petri-dishes w ith a pieces o f  w et blotting 

paper lined at the bottom . N um ber o f  germ inated seeds, abnorm ally germ inated seeds and 

non-germ inated seeds were counted after six days. I f  seeds had both w ell developed radicle 

and coleoptile on the sixth day, germ ination w as considered as norm al. I f  there was no 

formation o f  radicle and coleoptile, such seeds w ere considered as non-germ inated.
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3.2 Sodium  and C hlorine analysis

A separate seed sam ple from selected varieties based on the germ ination ability under 

saline w ater (representative varieties including salt tolerant, m oderately tolerant, susceptible 

and highly susceptib le) w ere soaked w ith  desired level o f  N aC l to  give the correct EC level 

to  m easure sodium  and chloride content. Then seeds w ere a ir dried and followed by oven 

drying at 60°C for 24 hours. A bsorption o f  sodium  and chloride by seeds was analyzed after 

careful de-husking o f  seeds and using rice grains (kernel).

3.2.1 Sodium  analysis

Finely ground dried kernels o f  rice ( lg )  was taken into a  crucible. Then, it w as put in 

a furnace at 200°C  for one hour. A fter that, tem perature was increased up to 450°C for one 

hour and sam ple w as allow ed to cool. Then, sam ple was taken out from  the furnace and 5ml 

o f  6M H N O 3 acid added into the crucible and boiled on a hot plate. W hile boiling the 

m ixture, 5ml o f  3M  H N O 3 w as added to  the crucible. Then, the  sam ple was allow ed to cool 

and m ixture w as filtered into a  50ml volum etric flask w hile w ashing the residues with 1% 

H N O 3 and volum e up to 50ml using distilled w ater. Finally, N a+ content o f  the extraction 

was analyzed using  flam e photom eter (V anrast et al., 1999).

3.2.2 C hlorine A nalysis

D ried rice grains (kernels) w ere finely ground using a grinder. A  sam ple o f  1 to 2 

gram s w as placed in a porcelain evaporating basin and m ixed it w ith  about one quarter o f  its 

w eight w ith calcium  oxide (CaO) and sufficient distilled w ater to m ake a th in  paste. Then, 

sam ples w ere p laced  in a m uffle furnace and gradually raised the tem perature up to 550°C
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and kept for 90 m inutes. Sam ple w as rem oved from  the m uffle  furnace and allow ed to cool. 

Then, hot distilled w ater (15m l) was added w hile  w arm ing the  evaporating  basin  on a hot 

plate. M ixture w as filtered in to  250m l Erlenm eyer flask w hile  rinsing  the residues o f the 

sam ple w ith  five 10m l portions o f  hot d istilled w ater.

Then, acetic  acid drops w ere added to the filtrate until the  solution is about pH  6 to  7. 

Five drops o f  potassium  chrom ate solution w ere added and titrated  w ith  standardized 0.05N 

silver nitrate un til the  first perm anent reddish brow n color appeared (Y oshida et al., 1971).

3.3 W ater A bsorp tion  A nalysis

Four g ram s o f  rice seeds o f  different varieties w ere w eighed and soaked in 50ml 

saline w ater (45 dS/m ) w ith three replicates for each variety. N ine  days after soaking, seeds 

w ere rem oved from  the solution and surface w ater was rem oved using a blotting paper and 

w eighed. Then, w ater absorption was calculated for each variety .

3.4 M easurem ents o f  seed-husk  th ickness

Thickness o f  the seed-husk w as m easured using the vernier-caliper. H usk o f  the flat 

side o f  the seed o f  different varieties w ere carefully  m easured preventing ridges being in 

contact w ith surface o f  the vernier.

3.5 D ata A nalysis

G erm ination data w ere analyzed using the logistic p rocedure w here o ther param eters 

w ere analyzed using  A N O V A  procedure in SAS.
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3.6 Experim ent — II (Trial — 1): D eterm ination o f  growth, yield and physiological traits 

associated w ith  sa lt tolerance o f  rice varieties under w hole and sub-soil salinity  

conditions.

This experim ent w as carried out as tw o trials during tw o seasons.

3.6.1 Specific objectives:

This experim ent was done to  determ ine the influence o f  whole and sub-soil salinity 

levels on growth, developm ent, physiological param eters and yield o f  rice to identify specific 

traits associated w ith salt tolerance.

3.6.2 E xperim ental Location

This experim ent was carried out inside a plant cage at rice Research and 

D evelopm ent Institute, Batalagoda, Ibbagam uw a, from A ugust, 2007 to July 2008. The 

experim ental site belongs to agro ecological region o f  interm ediate zone in low country 

(IL ,a).

3.6.3 E xperim ental Design

The experim ent was arranged as a three factor factorial using a completely 

random ized design w ith three replicates. The factor one was soil salinity induced using NaCl 

and N a2SC>4. R ice varieties were tested under four levels o f  salinity. These w ere the control 

w ithout adding any salt, add N aCl to  raise soil electrical conductivity  (EC) up to  4 and 

8dS/m, respectively and adding N a2SC>4 to raise soil EC up to 8 dS/m (Table 1).

Second factor was depth o f soil treated w ith salts. Pots w ere either filled w ith saline 

soil to the w hole or filled 45 cm (sub-soil; only up to 45 cm o f  60 cm  soil colum n, leaving 15
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cm at the top) w ith saline soil and top h a lf  w ith normal soil (Table-2) (this is to sim ulate 

salinity developm ent in the subsoil layer o f  most o f  irrigated agricultural lands).

The third factor was varieties. Four varieties were selected based on the stress 

response results o f  the experim ent one representing salt susceptible (Bg300), salt tolerant 

(Pokkali and N ona Bokra) and one salt tolerant new  improved variety (At354).

3.6.4. Preparation o f  the grow ing pots

60 cm long w ith 12 cm diam eter Z-lone pipes (PVC) were used as pots. Bottom end was 

sealed using an end-cap. Soils were taken from RRDI upland fields and sim ilar am ount o f  

soil w as added to each pot. G erm inated seeds (four seeds) o f  respective varieties were 

planted and all m anagem ent practices w ere carried out as recom m ended by the Departm ent 

o f  Agriculture.

Table 2: Type o f salt used, EC , soil depth (treated with salt) and the am ount o f salt 

added for different treatm ent com binations.

Treatment Salt
Electrical

Conductivity(dS/m) Soil Depth
Added Salt 

Amount(grams)
T1 (control) - - no salt added
T2 NaCl 4 whole-soil 4.9
T3 NaCl 4 sub-soil 3.6
T4 N32SO4 8 sub-soil 19.31
T5 NaCl 8 sub-soil 9.16
T6 Na2S 0 4 8 whole-soil 25.81
T7 NaCl 8 whole-soil 12.24
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3.6.5 Determ ination o f  soil salinity level

Soils w ere taken from the Batalagoda (upland area) and air dried and sieved using a 

2mm w ire mesh. A  prelim inary soil electrical conductivity (EC) adjustm ent was done to raise 

the soil EC using N aC l and N a2S04 . Then, required am ounts o f  salt w ere added to raise the 

EC in the soil colum n. To fill the w hole soil colum n, 6.35kg o f  soil w as needed. In whole- 

soil treated pots, w hole soil amount w as treated w ith relevant salt and in sub-soil treated 

samples only sub-soil (4.75kg) w as treated with relevant salt and the rest was filled w ith non­

salted soil. Then, pots were kept for incubation for two weeks.

3.6.6. Crop M anagem ent

Four varieties tested in this experim ent named, Pokkali, N ona Bokra, At354 and 

Bg300.Ten pre-germ inated seeds were planted in a pot and thinned the seedlings at two 

weeks after planting leaving two plants per pot. Fertilizer application w as done according to 

the recom m endations o f the departm ent o f  agriculture, Sri Lanka (Table-3).

Table 3: Fertilizer Recom m endation to achieve 6 tons /  ha by D epartm ent o f  

Agriculture, Sri Lanka (Dry and Interm ediate Zone).

Time of Application Nitrogen

kg/ha

k2o P2Os Zn

Basal 5 40 20 1

2 w e e k s  a fte r so w in g 35 * * *

5 w e e k s  a fte r so w in g 55 * * *

7 w eek s a fte r  so w in g 25 * 20 1
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W atering was done to keep the soil o f  the pot at saturated level according to the 

dem and by plants. A n Insecticide was applied (M arshal 20SC - Carbosulfan 200g/l SC) to 

control the paddy bug attack. D iseases w ere not observed during the grow ing period.

3.6.7. M easurem ents

3.6.7.1 G row th param eters

N um ber o f  tillers per pot was recorded at heading stage. L eaf area o f  two plants per 

each treatm ent w as taken at heading stage using leaf area m eter (LI 3100c) following 

destructive sam pling procedure. Time taken to heading and m aturity were recorded at 

relevant tim es.

3.6.7.2 Physiological param eters

L eaf photosynthesis o f  the youngest fully  m atured leaves w ere recorded at m axim um  tillering 

stage o f  the p lants using portable photosynthetic system  (Licor6400).Chlorophyll 

fluorescence w as recorded at m axim um  tillering stage using the  fluoro-m eter o f  the youngest 

fully m atured leaves(leaves w ere covered w ith black paper in the  days before the reading was 

taken). L eaf chlorophyll content was estim ated using SPAD m eter at tw o  w eeks’ intervals.

3.6.7.3 Y ield param eters

Total biom ass, root w eight and shoot w eight w ere taken at heading and at 

physiologically m aturity stage. Grain y ield w as recorded at physiological m aturity.
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3.6.7.4 C hem ical analysis

D estructive sam ples tha t w ere taken at the heading stage (tw o plants per each 

treatm ent) w ere used for Sodium  and C hlorine analysis o f  p lan t sam ples and soil sam ples for 

pH and electrical conductivity.

3.6.7.5 Procedures for C hem ical analysis

Sodium  and chlorine analysis w as done follow ing the same m ethod in experim ent-1.

3.6.7.6 D ata A nalysis

D ata analysis w as done using the A N O V A  procedure in SAS.

3.7 E xperim ent — II (Trial-2)

The first p o t experim ent was repeated once from February, 2008 to July, 2008 season 

w ith som e alterations to the previous treatm ents. In the first po t trial, all plants w ere dead in 

treatm ent 4(N aC l, 8dSm _1, w hole-soil level). Therefore, this treatm ent was rem oved from 

second pot trial and treatm ents w ere arranged as in table-3. A dditional tw o treatm ents were 

tested in second pot trial w ith  N aCl at 6dSm"' level.

Preparation o f  grow ing pots and soil, adjusting the soil EC , w atering, fertilizing, 

m easurem ents o f  grow th, physiological and yield param eters and data analysis w ere done as 

same as the tr ia l-1. D eferent treatm ents w hich w ere investigated listed in table-4.
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Table 4: Type o f salt used, EC, soil depth and the am ount o f salt added for different 

treatm ent com binations.

Treatm ent Salt

Electrical

Conductivity(dS/m ) Soil Depth

T 1 (control) - - whole-soil

T2 NaCl 4 whole-soil

T3 N aCl 4 sub-soil

T4 N aCl 8 sub-soil

T5 N a2S 0 4 8 whole-soil

T 6 N a2S 0 4 8 sub-soil

T7 N aCl 6 whole-soil

T 8 N aCl 6 sub-soil

T9 N a2S 0 4 4 whole-soil

T10 N a2S 0 4 4 sub-soil
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3.8 E xperim ent — I lls  M itigation o f soil salinity in farm er fields by adopting irrigation  

and fertilizing techniques.

3.8.1 Specific objective:

This experim ent w as carried out to evaluate rice varieties selected in the experim ent one and 

tw o for their resistance ability, grow th, developm ent and productiv ity  under salt affected 

farm er field w ith  possib le m anagem ent o f  irrigation and fertilization.

3.8.2 E xperim ental L ocations

This experim ent w as carried ou t a t salt affected paddy field  in Polonnaruw a D istrict 

(A daptive R esearch  Institute, K aduruw ela) w here w ater w as supplied by m ajor irrigation 

system  w hich is belonged agro ecological region o f  low country dry zone (D L lc ) from late 

M ay, 2008 to  O ctober, 2008(Y ala season, 2008). This experim ent w as repeated as same 

treatm ents at M aho area  (IL lb )  in K urunegala D istric.

3.8.3 E xperim ental D esign

Experim ent w as arranged as a split p lo t design with three replicates. The factors were 

arranged as follow s.

M ain plot factor: Irrigation M anagem ent

Three irrigation levels w ere used during the grow ing season.

1. Irrigated to m aintain standing w ater all season(at least to keep one inch o f  w ater 

level)

2. K eeping the  soil a t saturated level during all grow ing season.
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3. Conventional way o f  m anaging the irrigation in the reg ion  by im posing  several dry 

spells during the growing season.

Split plot factors: Fertilizer and different varieties in a  factorial arrangem ent.

Fertilizer:

1. Cow dung (2 tons/Ac) w ith N itrogen, Phosphorous and Po tassium  as recom m ended  

by D epartm ent o f Agriculture, Sri Lanka (T l) .

2. Cow  dung (2 tons/Ac) and C harcoaled paddy-husk(250 kg/A c) w ith  N itrogen , 

Phosphorous and Potassium as recom m ended by D epartm en t o f  A gricu ltu re , Sri 

Lanka (T2).

3. N itrogen, Phosphorous and Potassium  as recom m ended by  the  D epartm en t o f  

Agriculture, Sri Lanka (T3).

Varieties

1. Bg 300 as susceptible to salt.

2. Bg 352 as popular variety in Polonnaruw a D istrict.

3. A t 354 as N ew  Improved Variety w hich is to lerant to  salt.

4. Pokkali as known salt tolerant traditional variety.

Plot size: 18 m 2 (6m x 3m) for each treatm ent.

3.8.4: Crop M anagem ent

Field w as arranged as a split p lo t design. R ow  seeding w as done w here each  variety  

was laid in two adjacent rows in one plot and all four varieties per each  plot. S pacing  w as 

done as 20cm x 20cm. Cow-dung and charcoaled paddy husk  w ere added  to  th e  p lo ts  after 

second ploughing and field was kept for one w eek  before seeding.
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Thinning o f  seedlings was done two weeks after seeding leaving one plant per hill. 

Water management was done to keep different treatments at standing, saturate and alternate 

wetting and drying. Paddy Bug attack was reported and it was controlled by applying an 

insecticide (Marshal).

3.8.5 M easurements

3.8.6 Growth parameters

Number o f  tillers per hill was recorded at heading stage. L eaf area was taken at 

heading stage using leaf area meter (LI 3100c) from four plants per each treatment 

combination following a destructive sampling procedure. Time taken to heading and maturity 

were recorded at relevant times.

3.8.7 Yield parameters

Total biomass, root weight and shoot weight were taken at heading and at 

physiologically maturity stage. Grain yield was recorded at physiological maturity.

3.8.8 Initial soil properties

Soil pH and EC o f Polennaruwa field was 6.8 and 3.2 dS/m repectively. Soil pH o f

Maho field was 6.7 and EC was 3.4dS/m.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 EXPERIM ENT - I

4.1.1 Germ ination at different salinity levels

Germination was reduced across all varieties when the seeds were soaked in saline 

solutions. The germination % was not significantly different at 0 dSm ' 1 and 3 dSm ' 1 saline 

conditions (Fig-1). However there was a reduction in germination in seeds soaked in 25 

d S m 1 and 45 dSm ' 1 saline solutions and the germination percentages were significantly 

different when the seeds were soaked in 45 dSm ' 1 saline solutions (P=0.001). Varieties could 

be categorized in to four distinct groups based on the percentage seed germination at 45 dSm' 

1 as >50%  (tolerant), 50-20% (moderately tolerant), 20-5% (susceptible) and <5% (highly 

susceptible). Interestingly, most salt tolerant variety, Pokkali recorded the highest 

germination percentage among the tested varieties and it was as high as 86 percent on 

average, whereas At-354 and At-401 and N ona Bokra had germination percentages o f  29, 21 

and 20 %, respectively (Table-5).

Based on the proposed varietal grouping, the variety Pokkali is categorized as tolerant 

to salinity. M oderately tolerant group includes At 354, At 401 and N ona Bokra and the 

susceptible group includes H-10, Rathel, H-4, Bg750, A t353, Bg450, Seeraga Samba, 

Bandara Heththewa, Bg 407 H, Bw 302, Bw78 and At303.Varieties recorded the least 

germination were grouped as highly susceptible to salinity which includes Bg300, 

Pachchaperumal, Bg304, Bg94-1, Periyakarappan, Dikwee, Bg 380, B g 350, Hondarawalu 

and M urungakayan. Varietal ranking for salinity tolerance observed in this experiment is in
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agreem ent w ith the  finding  o f  A beysiriw ardena (2004) w ho  had ranked Pokkali as highly 

to lerant and A t 354, N ona  B okra and A t 401 as to lerant and  B g  450 as m oderately 

susceptible. The suscep tib le  group o f  A beysiriw ardena (2004) included B g 94-1, B g 300, Bg 

403 and B g 350. R esponse o f  germ ination to  salinity varies am ong rice varieties and 

decreased as the  duration  o f  p re-soaking  in saline w ater increased (A beysiriw ardena, 2004).

— »—  Pokkali

— *.—  Nona 
Bokra 
H 4

— *—  Bg 304

-----1-----Bg 750

— • —  Rathel

------—  Bg 450

— e—  At 354 

---------- Bg 94-1

—  B— At 401

—  ■&—  B g407 H

Figure 1: V ariation  in seed germ ination  o f  rice varieties u n d er d ifferent saline  
conditions (on ly  few  representative varieties from  susceptib le  an d  h igh ly susceptib le  
groups are show n in this figure).

A  sim ilar pattern  w as a lso  observed by Sirisena and A beysiriw ardena (2005) but they 

have ranked B g  94-1 as m oderately  to leran t though  it had very  low  germ ination  after pre­

soaking at 45 dS m ' 1 EC . This m ight be due to  differences in p re-soak ing  o f  seeds in their 

experim ent w hich  w as n ine days p re-soak ing  in saline w ater fo llow ed by  tw o day  soaking in
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de-ionized w ater w hereas in th is experim ent, seeds w ere pre-soaked for nine days only  in 

saline w ater. R esu lts o f  germ ination w ere also  consistent w ith  D issanayaka and W ijeratna 

(2006) w ho used 2 1 d S m '1 saline solution to screen the salinity to leran t rice varieties.

R egulation  o f  seed germ ination by environm ental factors is im portant in both 

ecological and agricultural contexts. The in teraction betw een environm ent stresses and 

endogenous dorm ancy  m echanism s determ ine w hether a particu lar seed w ill germ inate under 

given conditions (B radford  e t al., 1992). Fully  im bibed, non dorm ant seeds can be expected 

to initiate rad icle  grow th after a lag period related  to  the tem perature. I f  the w ater potential o f  

the im bibitions-m edium  is reduced, germ ination w ill be delayed o r prevented  (H egarty, 

1978). Sodium  C hloride (N aC l) m ay readily  cross the  cell m em brane into the cytoplasm  o f  

the cell. E ntering  ions decrease seed osm otic potential w hich facilitates the hydration o f  the 

seed (K atem be e t al., 1998). R ates o f  w ater uptake by rice seed is reduced  w ith  increasing 

salinity. R ice seeds attained full im bibitions in 48 hours at 150 m M  salin ity  and at 250 m M  

salinity; seeds reached the critical m oisture con ten t by 72 hours (A lam  e t al., 2003). This 

suggests tha t increasing salinity  delays the tim e to attain critical m oisture content o f  rice 

seeds and thereby  the onset o f  germ ination. The critical m oisture content for germ ination o f  

rice seeds is around 25 — 30%  and it m ay d iffer am ong varieties and w ith  d ifferent seed sizes 

and husk  characteristics (A lam  e t al., 2003).

4.1,2 V ariation  in w ater absorption and seed germ ination  at high salin ity  level

Seeds o f  all the  varie ties tested  had absorbed h igher am ount o f  w ater w hen seeds w ere 

soaked in d istilled  w ater com pared to  saline w ater (45 dS /m ). In d istilled  w ater, all the 

varieties had absorbed 30 — 40 %  w ater. The varie ty  Pokkali absorbed  the h ighest w ater
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T ab le  5: Seed g e rm in a tio n  percen tag es  o f  d iffe ren t rice  v a rie tie s  a t  E C  o f  0, 3, 25 and  45 

dS_1m a n d  v a rie ty  reaction  to  salin ity . G ro u p in g  o f v a rie tie s  w e re  based  on th e  

sensitiv ity  to  salin ity .

Electrical conductivity o f  the salt solution Reduction o f  seed

Variety 0 dSm'1 3 dSm ‘ 25 dSni1 
Seed germination (%)

45 dSm'1
germination(%) at 

45 dSm 1
Reaction to 
salinity

Pokkali 99 ± 1.1 97 95 86 ± 3 .2 13 Tolerant

At 354 94 ±  6.0 93 91 29 ± 2 .1 65
Moderately
Tolerant

Nona Bokra 94 ± 1.0 94 83 20 ±2 .1 74
Moderately
Tolerant

At 401 97 ±  2.3 92 92 21 ± 1.0 76
Moderately
Tolerant

H-10 97 ± 2.3 60 31 1 0 ±  1.0 87 Susceptible
Rathel 91 ± 2 .0 91 85 8 ± 1.5 83 Susceptible
Seeraga Samba 95 ±2.1 68 60 7 ± 2 .0 86 Susceptible
Bandara
Heththawa 94 ± 1.5 99 96 7 ± 2 .0 87 Susceptible
Bg 407 H 95 ±  1.5 87 85 8 ±  1.5 87 Susceptible
Bw 302 95 ±  3.0 88 79 10 ± 2 .0 85 Susceptible
Bw 78 94 ±2.1 89 82 11 ±3 .1 83 Susceptible
H-4 93 ±  4.5 53 25 6 ± 3 .5 87 Susceptible
Bg 750 93 ±2.1 93 91 6 ± 2 .0 87 Susceptible
Bg 450 93 ± 2.6 95 91 6 ± 4 .0 87 Susceptible
At 353 97 ±  1.0 96 96 6 ± 2 .5 89 Susceptible
At 303 96 ± 2.0 93 93 6 ± 2 .0 88 Susceptible

Murungakayan 99 ± 1.0 92 91 3 ± 1.1 96
Highly
susceptible

Hondarawalu 96 ±3.1 89 87 4 ± 1.5 92
Highly
susceptible

Bg 380 93 ± 2.3 81 80 3 ±  1.0 90
Highly
susceptible

Bg 350 99 ±  1.0 100 95 1 ± 1.0 98
Highly
susceptible

Pachchaperumal 94 ± 1.5 91 86 2 ±  1.5 92
Highly
susceptible

Bg 300 95 ± 2.3 97 88 2 ± 2 .0 93
Highly
susceptible

Bg 304 92 ± 1.5 50 38 0 92
Highly
susceptible

Periyakarappan 95 ±3 .1 90 81 0 95
Highly
susceptible

Bg 94-1 97 ± 4.6 85 50 0 97
Highly
susceptible

Dikwee 98 ± 2.5 97 92 0 98
Highly
susceptible



43

content (30.3% ) w hen soaked in the high saline solution w hile variety  D ikw ee(26.2) 

recorded the low est absorp tion  (T able 6). Though, seeds o f  all varieties absorbed w ater m ore 

than the ir critical level (25—30% ) for germ ination, clear d ifferences in germ ination were 

observed am ong varie ties w hich m ay be due to  tox ic ity  effects o f  absorbed ions.

There is no clear relationship am ong varieties betw een w ater absorption by  individual 

seeds after 9 days o f  soaking in saline w ater and their germ ination percentage (R 2=0.21). 

Lack o f  such re la tionship  could be partly  due to  absorption o f  w ater above critical level by 

seeds o f  all varieties. Som e varieties like Pokkali recorded 30 .3%  w ater absorption and 86 % 

germ ination w hereas A t 354 and A t 353 recorded 29  % and 6 %  germ ination respectively 

w hile hav ing  29 .8  %  w ater absorption (T able 6).

Table 6: W ater absorption and reduction in w ater absorption at 45dSm"1 over pure 
w ater by ind iv idu al seeds o f  d ifferent varieties after seed soaking in pure (0 dSm '1) and  
saline w ater (45d Sm '1) for 9 days and seed germ ination  a t sa line w ater (45dSm '1) o f  
different rice varieties.

W ater absorption (% ) by R eduction in w ater Seed
seeds on initial dry w eigh t absorption (% )by germ ination(% )

basis seeds at
V ariety 0 dS/m * 45 dS/m * at 45 dS/m 45 dS/m

D ikw ee 31 .78 26.2e 5.5 0
Bg 94-1 36.4e 29.8b 6.6 0
B g 300 37 .8bcd 28 .6d 9.2 0
Bg 380 3 7  9 cbd 28.7d 9.2 3
Bg 450 3 4 .8f 29.4C 5.4 6
A t 353 38.2b 29.8b 8.4 6
H-4 38 .3ced 2 8 .7d 9.6 6
N ona B okra 38.0cb 28.6d 9.4 20
A t 401 36 .8ed 29.8b 7.0 21
At 354 3 7  8 cbd 29.8b 8.0 29
Pokkali 39 .5a 30.3a 9.2 86

*M eans follow ed by  the sam e letter w ith in  a colum n are not significantly  d ifferent at the 5%  
probability  level.
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4.1.3 A ccum ulation  o f  Na and Cl ions in seeds

A ll the varieties absorbed m ore sodium  ions w hen seeds w ere soaked in saline water. 

Sodium  absorption betw een varieties w as significantly d ifferent in 45 dSm ' 1 EC solutions 

(P< 0.05). Som e varieties such as Bg 450 recoded 300 ppm  m ore salt com pared to  Pokkali 

and N o n a  B okra (Table 7). It w as evident that seed germ ination w as significantly reduced 

w hen m ore sodium  w as accum ulated in seeds. C orrelation analysis revealed tha t there was a 

stronger relationship  am ong varieties betw een percentage increases in sodium  absorption (% 

o f  N a  at 45 dS/m  com pared to  N a at 0 dS/m ) and germ ination percentage at 45 dSm ' 1 

(P<0.05, R 2= 0 .56) (Fig. 2).

4.1.4 Seed properties and ion absorption and germ ination

Seed-husk thickness varied am ong varieties and sodium  absorption was reduced with 

increasing husk  th ickness (R 2=0.82) (Fig. 3). H igher salt accum ulation inside the seeds 

affected germ ination o f  rice varieties (F ig .2).

C hloride accum ulation w as also increased w hen the seeds w ere soaked in high 

salinity  levels and show ed a significant variation am ong varieties (Table 7). H ow ever, there 

w as no clear relationship betw een the am ount o f  chloride absorption in to seeds and the
'j

germ ination percentage (P>0.05, R  =0.069).
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Figure 2: Relationship between seed germ ination at 45 dSm ’1 and percentage increase in 

Na absorption at 45dSm '1 over 0 dSm"1 in rice.

Table 7: Seed Sodium  and Chloride concentrations at 0 and 45dsm '1and their 
percentage increases at 45dSm ’1 over pure w ater o f de-husked rice grains after seeds 
were soaked in pure (0 dSm*1) and saline w ater (45 dSm'1) for nine days.

Na absorption(ppm) Increase o f  Na Cl Absorption (%) Increase of Cl
Variety 0 dS/m* 45 dS/m* at 45 dS/m(%) 0 dS/m* 45 dS/m* at 45 dS/m(%)
Pokkali
Nona

233.0a 703.0d 201.7 0.35” 0.4 l c 16.3

Bokra 200.0a 633.3d 216.7 0.39” 0.42c 9.1
At 354 233.3a 800.0C 242.9 0.37a” 0.42c 14.3
At 401 177.8b 633.3d 256.2 0.32c 0.44” 38.3
Bg 380 177.8b 800.0d 349.9 0.50a 0.64a 28.6
Bg 450 233.3a 1050.0a 350.1 0.28et 0.32g 12.5
At 353 122 .2b 633.3d 418.2 0.27* 0.35e 33.3
Dikwee 12 2 .2b 633.3d 418.2 0.30d 0.34f 11.8
H-4 122 .2b 633.3d 418.2 0.28de 0.341 18.8
Bg 300 177.8b 966.0b 443.3 0.23g 0.37d 61.5
Bg 94-1 177.8b 966.0” 443.3 0.35” 0.50” 40.0

*Means followed by the same letter within a column letter are not significantly different 
at the 5% probability level
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Figure 3: R elationship  between increased Sodium  absorption (ppm ) at 45dSm"1 over 0 

dSm 's and seed-husk thickness in rice.

Individual seed size as m easured by seed w eight was significantly different among 

the varieties tested. H ow ever seed size has no relation with the germ ination ability o f  a 

particular variety under saline conditions (Table 8).

A ge class o f  a particular variety has no effect on its germ ination ability under saline

conditions (Table 8).
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Table 8: Effect o f  seed size as m easured by the seed w eight ratio to the sm allest seed,

R athel and age class on reaction to salinity o f  rice*

V ariety Seed size Sensitivity to 
salinity

Age Class 
(m onths)

Rathel V Susceptible 4 - 4  1/2
Bg 450 1.0331 Susceptible 4 - 4  1/2
Dikwee 1.501h H ighly Susceptible 4 - 4  1/2
Bg 304 1.754 g H ighly Susceptible 3
Pokkali 1.933* Tolerant 3 1/2
Bg 300 1.965* H ighly Susceptible 3
H -10 2.040e Susceptible 3
A t 353 2.062ed Susceptible 3 1/2
Bg 94-1 2.093d H ighly Susceptible 

M oderately
3 1/2

A t 354 2.142c Tolerant
M oderately

3 1/2

A t 401 2.187c Tolerant 4 - 4  1/2
H-4 2.206b Susceptible

M oderately
4 - 4  1/2

N ona Bokra 2.240b Tolerant 4 - 4  1/2
Bg 750 2 .3 14a Susceptible 2 - 2  1/2
Pachchaperum al 2.338a Susceptible 3 1/2

*significant at 5%  probability level w eight

Seed Size — Seed w eight ratio to the sm allest seed — Rathel, A ny m eans followed by the same 

letter are not significantly  different at the 5%  probability  level

4.2  Seedling Survival under saline condition and its relationship with germ ination o f  

rice seeds under high saline solutions:

V arieties show ed significant differences in seedling survival rates at different soil 

electrical conductivities and seedling survival w as decreased w ith increased soil salinity and 

tim e after planting (Table 9). The interaction between varieties and soil-electrical 

conductivity levels on seedling survival w ere significantly different at 7, 14 and 21 days after 

seeding (p<0.05) (F igure 4).
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Figure 4: V ariation in seedling survival under different soil salin ity levels at 21 DA S.

A lm ost all the varieties decreased their seedling survival rate w ith the increase o f  soil salinity 

level (Figure 4). In the control (OdSm'1), there w as no significant difference in seedling death 

up to 21 DAS and a norm al grow th was observed. Suggesting that under no stress there was 

no difference in seeds used for the experim ent. H ow ever, w ith increasing soil salinity up to 

3dSm_1, varieties showed significant differences in their seedling survival and seedling 

growth. Seedling death was greater at 2 ID A S (Figure4).

A verage seedling survival rate at 6dS m '! salinity level w as low er than that o f  3dSm"' 

level in all the tested varieties and the difference between varieties was greater than 3 d S m 1 

soil salinity level. Som e known salinity resistance varieties recorded higher seedling survival 

than know n saline susceptible varieties at this level.

A verage seedling survival rate w as low est at lOdSm ' 1 salinity level than other levels 

and varietal d ifferences were highest at this level. Saline resistance varieties (Pokkali, N ona
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Bokra and A t354) show ed 100% seedling survival a t 7DAS w here Bg300, B g304 and Bg94- 

1 showed seedling  survival o f  73.3% , 38.7%  and 60%  respectively. Seedling death was 

higher at 14DAP than  7DAP at 10 dSm"1. M ost significant differences w ere observed at 

21D A P in all the varieties tested. Seedling survival o f  Pokkali, N ona B okra, A t353, At401 

and A t354 w ere 90.6% , 88%, 77% , 76%  and73.3%  respectively w here seedling survival o f  

Bg300, B g304 and Bg94-1 were 6 .6%, 2.6%  and 2.6%  respectively (Figure 4).

Reduction in survived seedlings w as low est in traditional varieties; Pokkali and N ona Bokra 

follow ed by new  im proved varieties (A t353, At401 and At354). Susceptible varieties showed 

greater reduction in seedling death under saline conditions (Table 9).

These findings are in accordance with the results o f  Sirisena and A beysiriw ardena (2005). 

R ice varieties exh ib it variability in the ir reaction to salt stress, vegetative grow th o f  some 

cultivars show  surprisingly  high resistance to  soil salinity (M unns et al., 2002). Salinity 

applied at seedling stage frequently induces prem ature senescence o f  leaves (Y eo et al., 

1991). H igher rates o f  salt accum ulation in m ore sensitive varieties lead to leaf senescence. 

This further inhibits new  grow th in susceptible varieties com pared to resistant varieties 

(Neum ann P., 1997). W ith increase in duration under salt stress, p lants accum ulate m ore salt 

and this m ight be the cause o f  higher le a f  senescence and seedling death.



50

Table 9: R eduction in seedling survival percentage under saline conditions com pared to 
0 dSm 1 at 21 DAS.

Variety
R eduction in seedling survival(% ) com pared to the 

contro l(0dS m '’)
3 d S m 1 6 dSm ' 1 lOdSm ' 1

Pokkali 1.3 1.3 6.7
N ona B okra 0.0 1.3 9.3
At353 5.3 22.6 21.3
A t 401 8.0 28.0 22.6
A t354 0.0 4.0 24.0
B andara H eth thew a 17.3 37.3 46.6
At303 12.0 40.0 58.6
H-4 80.0 61.3 61.3
Rathel 32.0 86.7 62.7
Bg350 17.3 62.6 72.0
Bg 750 33.3 64.0 78.6
Bg 450 46.6 73.3 84.0
Dikwee 29.3 26.7 85.3
Bg3 80 33.3 53.3 88.0
Bg300 29.3 54.6 92.0
Bg 304 74.7 73.4 93.4
Bg94-1 60.0 60.0 96.0

Seedling survival w as greatly affected at lOdSm "1 soil salinity level. H igher seedling survival 

recorded by saline tolerant varieties such as Pokkali ((91% ), N ona B okra(88%), At 

353(77% ), and A t 401(76% ). Seedling survival o f  other varieties was less than 50 percent 

(Table 9). R esults o f  seedling survival w ere also consistent w ith  Sirisena and 

A beysiriw ardena(2005) w ho used 8dS m '' soil electrical conductivity  to  check the resistance.



51

|
Table 10: G erm ination percentage o f  rice varieties (from  experim ent-I) a t 0  dSm" and 

45 dSm"1 EC solutions and seedling survival percentage at 0 dSm"1 and 10 dSm*1 soil EC  

levels.

G erm ination(% ) under Seedling Survival (%)

V ariety saline solutions after 21 DAS

O dS/m 45 dS/m 0 dS/m 10 dS/m

Pokkali 99 ±  1.0 86 ±  3.2 97 ± 2 .3 l a 91 ± 9 .2 a

N ona B okra 94 ±  1.0 20± 2.1 97 ± 2 .3 l a 88 ±  8.0a

A t 354 94 ±  6.0 29 ± 2 .1 97 ± 2 .3 l a 73 ± 8.3abc

A t 401 94 ±  2.3 21  ±  1.0 99 ± 2 .31a 76 ±  4 .0ab

A t 303 96 ±  2.0 6 ± 2.0 99 ±  2.3 l a 40 ±  4 .0bcde

A t 353 97 ±  1.0 6 ± 2 .5 99 ± 2.3 l a 77 ±  2 .3ab

B g 750 93 ± 2 .1 6 ± 2.0 99 ± 2.31a 20 ±  8.5etg

B andara H eththew a 94 ±  1.5 7 ± 2 .0 99 ± 2 .31a 52 ±  4.0abcd

Bg 350 99 ±  1.0 1 ±  1.0 99 ± 2.3 l a 27 ±  6.1def

Dikwee 98± 2.5 0 97 ± 2.3 l a 12 ±  6.78ghi

Rathel 91 ± 2.0 8 ±  1.5 97 ± 2.3 l a 35 ±  8.1def

Bg 300 95 ± 2.3 2 ± 2.0 99 ± 2 .31a 7 ±  4.5hl

B g 380 93 ± 2.3 3 ±  1.0 97 ± 2 .31a 9 ±  3.3ghi

Bg 450 93 ± 2.0 6 ± 4 .0 99 ± 2 .31a 15 ±  6 .5 tgh

B g 94-1 97 ±  3.0 0 99 ± 2.3 l a 3 ±  4.62'

Bg 304 92 ±  1.5 0 96 ±  0a 3 ±  4 .621
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• Significant a t p=  0.05, any m eans followed by same letter are not significantly 

different a t the p=0.05.

Figure 5: R elationship  between seed germ ination percentage o f  rice varieties after seed  

soaking in saline so!ution(45dSm"1) and their seedling survival rate at 10 dSm"1 soil 

salinity level.

Seed germ ination at 45dS m '1and seedling survival rate at high soil salinity (lO dSm '1) was 

closely related (R2=0.651) except A t303 w hich show ed low seed germ ination (6% ) but 

recorded higher seedling survival (77% ). Pokkali recorded the highest germ ination and 

highest seedling survival am ong tested varieties (F igure 5).

4.2.1 Seedling G row th

N um ber o f  survivals did not vary am ong tested varieties up to 21 days after planting in the 

control (no salt added) and norm al plant grow th w as observed during this period. A lm ost all 

the seedlings survived up to 21 days after establishm ent, but differences in grow th responses
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could be observed am ong varieties im plying their inherent growth differences under norm al 

growing conditions.

The highest shoot w eight recorded by Bg304 in the control at 21 D A S w here other varieties 

categorized into another group according to shoot w eight (figure 6). Shoot w eight o f  m ost 

saline susceptible varieties was reduced with increased soil salinity w here Bg304 and Bg94-1 

recorded no plant survival, Rathel and Bg300 recorded very low shoot w eight w here N ona 

Bokra recorded the highest shoot w eight followed by Pokkali and At353.
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Figure 6: Variation in shoot w eight am ong som e selected rice varieties under control 

(OdSm'1) and 10 dSm '1 soil salinity conditions at 21 days after planting.

Root w eight showed significant differences am ong tested varieties in the control im plying 

their inherent variability in rooting ability. Pokkali recorded highest roo t w eight follow ed by 

N ona Bokra and At353. W hen increase the soil salinity level, root w eight o f  Bg304, B g94-1, 

Rathel and Bg300 w as reduced drastically w here root weight o f  N ona Bokra, pokkali and 

At353 rem ain unchanged (Fig 7).
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Figure 7: V ariation in root w eight am ong som e selected rice varieties under control

(OdSm 1) and 10 dSm '1 soil salinity conditions at 21 days after planting.

Sodium content o f  rice leaves and roots w ere different am ong rice varieties in the control 

where no salt w as added to the soil (figure 9). U nder norm al growth conditions N a+ (m ean) 

content o f  leaves varied betw een 3500-5000 m g/kg o f  dry  m atter where N a+ (m ean) content 

o f roots varied betw een 4417-6500 m g/kg o f dry  matter.

W ith the increase o f  soil salinity, all the varities had absorbed m ore N a+ ions com pared to the 

control. V arieites having greater resistance to  salinity recorded lesser sodium  content in then- 

leaves com pared to salt sensitive varieties(figure-9). M ost tolerant varieties, Pokkali and 

Nona B okra recorded low er N a+ content(6500 & 5666.7 mg N a+/kg dry m atter respectively) 

in their leaves com pared to susceptible varieties, Bg300, Bg304 and Bg94-1. The m ost salt 

tolerant varieties such as Pokkali, N ona B ora and A t 354 recorded higher N a+ content in then- 

roots com pared to their N a+ content in leaves w here salt sensitive varieties recorded low er 

root N a+ content com pared to their N a+ content in leaves.
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Figure 8: : Chloride ion concentraion of the leaves of some selected rice varieties under 

0 dSm'1 and 3 dSm'1 soil salinity levels at 30days after planting.

At 6dSm_1 soil salinity level, varieties absorbed Na+ ions in high quantities which caused 

greater leaf Na+ content resulting higher death of the plants (figure 10). Differences in salt 

tolerance among rice cultivars can also be caused by differential compartmentalization o f  the 

Na+ in the shoot (Yeo and Flowers, 1983). High Na+ levels in shoot apoplast would lead to 

osmotic stress and eventually cyto-toxicity. Salt concentration in individual leaves o f  non­

halophytes usually increases greatly with time (Walker et al., 1982). Non halophytes show no 

signs of regulation of the salt concentrations in their leaves (R. Munns and Termaat A., 

1986).
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Figure 9: Sodium ion concentraion o f the leaves and roots o f some selected rice varieties 

under 3dSm'' soil salinity level at 30days after planting.

Chlorine content o f  rice leaves increased drastically at 3 dSm ' 1 soil salinity level compared to

that o f the control (fig. 8). Highly saline susceptible varieties such as Bg300, Bg304 and Bg

94-1 contained more chloride ions compared to saline tolerant varieties such as Pokkali and

Nona Bokra. In the control, C f  content o f  leaves o f  tested varieties was within the range o f

10-15 mg per gram o f  leaf weight, and this was significantly increased (35-45 mg/g o f  leaf)

at 3 dSm"1 soil salinity level. There is considerable variation in the ability o f  plants to

accumulate chloride (Cram, 1976; G reenw ay and Munns, 1980). Differences between

varieties to withstand chloride toxicity are frequently related to the ability to restrict chloride *

transport to the shoot. This has been observed in soybean (Abel, 1969), wheat (Bem ad et al., 

1974), barley (Greenway and M unns, 1980), stone fruit trees (Bem atein et al., 1956) grape 

vine (Vitis spp; A ncliff et al., 1983) and citrus (Storey and Walker, 1999).



57

x=

2 5 0 0 0

20000

1 5 0 0 0

10000

5 0 0 0

O
B g 3 0 0  Pokkali N o n a  Bg 9 4 -1  Bg 3 0 4  A t  3 5 4  

Bokra

V a r i e t y

EJ L e a f N a t

F igu re 10: Sod iu m  ion concentraion o f the leaves o f  som e selected rice varieties under 6 

d S m '1 so il sa lin ity  level at 30days after planting.

D ifferences betw een  cultivars to w ithstand chloride toxicity  are frequently  related to the 

ab ility  to  re s tric t ch lo ride  transport to the shoot. This has been observed in soybean (A bel, 

1969), w h ea t (B em ad  e t al., 1974), barley (G reenw ay and M unns, 1980), stone fruit trees 

(B em ate in  e t a l ., 1956) grape vine (Vitis spp; A n tc liff et a l., 1983) and citrus (S torey and 

W alker, 1999).

4.2 .2  C on clu sion

P re-soak ing  o f  rice  seeds using 45 dSm ' 1 N aCl solution can be used to screen rice varie ties 

for salin ity  to le ran ce  at the seed germ ination level. N ine days p re-soaking  o f  rice seeds in 

saline w a ter w ill reduce the w ater absorption and increase the Sodium  and C hloride content 

in seeds. Sod ium  is absorbed to the seeds along w ith im bibitions o f  w ater. T here  are
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differences in w ater, Sodium and Chloride absorption am ong varieties. Reduction in rate o f  

w ater uptake at high salt solutions had no effect on germ ination due to its ability to attain 

critical m oisture level at 9 days o f  pre soaking. A cumulative effect o f  these three factors 

inside the seed m ight determine the germ ination ability o f  a particular rice variety under 

osm otic stress conditions caused by saline water. A bility o f  the seed coat in avoiding salt 

entrance in to  the seed during im bibitions when soaked in saline w ater is correlated w ith husk 

thickness. T hese findings suggest that, germ ination testing after pre-soaking rice seeds in 45 

dSm ' 1 saline solutions could effectively be used to screen the rice varieties for salinity 

tolerance.

Seedling survival ability  o f rice varieties decrease w ith increased soil salinity level and it is 

negatively  correlated  to  soil electrical conductivity. Seed germ ination ability o f  a rice variety 

after p re-soak ing  the  seeds in high salt solutions has positive relationship to  seedling survival 

under soils w ith  h igh  salt. Thus, seed germ ination and early seedling survival can be used to 

screen rice  varie ties for salinity resistance. Shoot and root grow th o f  saline susceptible 

varieties w ere drastically  reduced under high saline soils where these were not much reduced 

in saline to leran t varieties. Salt tolerant varieties contained m ore N a+ ions in their roots 

com pared to  N a+ ions in their leaves where salt sensitive varieties w ere not recorded such 

h igher d ifference. C hloride ion content in leaves o f  tested varieties varied significantly w here 

saline to leran t cultivars had lower leaf C f  content com pared to saline susceptible varieties.
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4.3 Experim ent — II: D eterm ination o f grow th, yield and physiological traits associated  

with salt tolerance o f  rice varieties under w hole and sub-soil salinity conditions.

4.3.1: Trial - 1

Growth o f  all the p lan ts was retarded under saline conditions com pared to non salt-treated 

condition (control) at the age o f  one month and clear visual sym ptom s o f  salt damage were 

observed on plants (T ab le-11). In the control (T l) , salinity sym ptom s could not be observed 

w here highest dam age w as observed in all the tested varieties in the T7 leading no survival o f  

plants in all the tested  varieties. Severity o f  salt dam age was varied w ith the salt type used to 

create saline condition. NaCl treated plants recorded greater dam age com pared to  N2SO4 

treated plants at sam e soil electrical conductivity and sim ilar soil depth. This indicates that 

the dam age o f  salinity to rice plants created by N aCl is greater than that o f  N a2SC>4 (Table 

11). W hen the salt w as added to w hole soil column, salinity dam age was increased com pared 

to the soil w hich treated up to subsoil level in the sam e variety.

Table 11: R eaction to salinity during seedling stage o f rice as m easured by the rank (4 

w eeks after planting).

T  reatm en t

V a rie ty  a n d  R a n k  *

B q3 0 0 P okkali N o n a  B o kra A t3 5 4

T1 (control) 1 1 1 1
T 2 (N a C i, 4 d S /m ,w h ole  soil) 4 2 3 3
T 3 (N a C i,4 d S / m ,s u b  soil) 2 1 1 2
T 4 (N a C I,8 d S / m ,su b  soil) 2 2 2 2

T 5 (N a 2SC>4,8dS/m ,whole soil) 3 2 2 2

T 6 (N a2S 04 ,8d S /m ,su b  soil) 2 1 2 1

T 7 (N a C I,8 d S /m ,w h o le  soil) 6 6 6 5

*Higher the rank higher the plant dam age.

L eaf area (mean o f  tested four varieties) at m axim um  tillering w as significantly different 

under different salinity treatm ents (Fig.12). Treatm ents were categorized into three groups as
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A, B & C according to the leaf area. Low est lea f area  w as observed in T4 (N aCl, 8dSm"‘, sub 

soil). N aCl had greater influence on leaf area  com pared to N a2S0 4 a t sim ilar soil electrical 

conductivity. L eaf area  o f  T4 (NaCl, SdSm '1, sub soil) was lower than that o f  T6 (N a2S0 4, 

8dSm ‘, sub soil). L ea f area o f  tested varieties w as varied under different treatm ents, 

im plying different varietal response to salt stress (p<0.05). H ighest le a f area w as recorded in 

the control o f  all the varieties and it w as decreased w ith  increased soil salinity level. A t354 

recorded the highest leaf area com pared to other varieties along all treatm ents. In tested 

varieties, le a f area o f  whole-soil treated treatm ents had  severe effects com pared to  that in 

subsoil salt treated treatm ents (figure 12 & 13).
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Figure 12: L eaf area(m ean) at m axim um  tillering under different salinity treatm ents.
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5000

Treatment

. Figure 13: L eaf area o f  rice varieties at heading under different salinity treatm ents.

Tested four rice varieties showed different grow th responses under different saline 

conditions. Shoot w eight o f  all the varieties reduced under saline conditions com pared to the 

control. D ifferent grow th responses could be observed among tested varieties against soil 

salinity level and to the type o f  salt w hich was used to create salinity. K nown saline 

susceptible variety, B g300, reduced its both shoot biom ass and root biom ass significantly in 

saline conditions com pared to saline tolerant variety (Pokkali and N ona Bokra). Percentage 

reduction o f  root w eight under saline conditions was m ore predom inant com pared to shoot 

(Table 12). Bg300 and N ona B okra had reduced its shoot w eight w here Pokkali show ed low  

variability in shoot w eight under salt stress. How ever, shoot w eight o f  A t354 w as increased 

along all treatm ents. Percentage reduction in roo t w eight w as highest in Bg300 and follow ed 

by N ona B okra and A t354 w here as root w eight o f  Pokkali was increased. Relative reduction 

in shoot and root w eight o f  a particular variety had determ ined its shoot: root ratio  under salt
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stress. W ith increasing soil salinity level, A t354, Bg300 and N ona B okra had  increased 

shoot: root ratio w hereas Pokkali had reduced its shoot: root ratio (Figure 14).

Table 12: Percentage reduction or increase in shoot or root dry w eight o f  d ifferent rice  

varieties(com pared to control) under salt stress.

Shoot w eight (%)*
R oot w eight 
(%)*

Treatm en
t Variety V ariety

Bg30 N ona A t Bg30 Pokkal N ona A t
0 Pokkali B okra 354 0 i B okra 354

T2 -5.3 2.7 -5.8 15.6 -47.6 24.9 -32.2 -6.3
T3 -19.5 -1.4 -17.2 16.1 -32.9 4.2 -21.3 -2.1
T4 -13.3 - 0.1 -3.7 17.6 -32.9 25.7 -41.5 -3.4
T5 -16.3 0.0 -13.0 2.3 -51.0 1.4 -21.4 -8.8
T6 -17.0 3.8 - 10.8 0.4 -44.4 13.7 -34.8 -0.4

• Percentage=[(Shoot w eight or R oot w eight in treatm ent 

w eight in contro l)/ Shoot w eight or R oot w eight in control]*

- Shoot w eight or 
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Figure 14: Shoot: root w eight ratio o f  varieties at heading under d ifferent treatm ents.
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Y ield o f  all the varieties treated with salt were reduced com pared to the control. Y ield 

reduction w as h igher in whole-soil treatm ents com pared to subsoil treatm ents at sam e 

electrical conductiv ity  (EC). A t the same EC level, yield was reduced in N aCl treated 

sam ples com pared to  N a2S04 treatm ents. In the control, Bg300 recorded greatest yield 

followed by N ona  B okra, A t354 and Pokkali. The greatest yield reduction observed in Bg300 

(42.2% ), follow ed by A t354 (39.2% ), N ona B okra (27.8% ) and Pokkali (22.1) at subsoil 

salinity o f  8dS/m  (F igure 15 and Table 13).
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Figure 15: G rain y ield  o f  varieties under d ifferent treatm ents.

Table 13: P ercentage reduction o f  grain yield  o f  different varieties under different
__________ treatm ents._____________________________________________________________

Yield R eduction % (com pared to control)
Nona

T reatm ent Bg 300 Pokkali Bokra A t 354
(T 2)W holesoil N aC l(4dS/m ) 43.4 23.6 13.3 15.0
(T3)Subsoil N aC l(4dS/m ) 34.4 15.2 8.8 6.4
(T4)Subsoil N aC l(8dS/m ) 42.2 22.1 27.8 39.2
(T5)W holesoil N a2S 0 4(8dS/m ) 34.3 22.0 26.5 32.8
(T6)Subsoil N a2S 0 4(8dS/m ) 32.1 18.5 12.6 22.1
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4.3.2: Trial - 2

Growth o f  all the  p lants w as retarded with saline conditions com pared to non salt-treated 

plants (control) at the early  vegetative stage. A t the age o f  one m onth, c lear visual sym ptom s 

were observed due to  salinity  damage. Severe symptoms could be observed in N aCl treated 

plants at 6 dSnTJ w hole-so il (T5) and 8 dSm ' 1 N aC l subsoil (T 6) (table 14). D am age caused 

by N aC l w as greater than  tha t o f  N a2SC>4 at sam e electrical conductivity. But the plants o f  all 

the treatm ents w ere ab le  to survive under above saline conditions up to m aturity  with 

different grow th and yield  responses.

Table 14: R anking o f  varieties by visual sym ptom s for salinity dam age at one month  

after seeding.

Treatment
Bg300

Variety and Average scoring* 
Pokkali Nona Bokra At 354

T1 wholesoil Control I 1 1 1
T2 wholesoil NaCl(4 dS/m) 3 2 3 3
T3 subsoil Na2S 0 4(4dS/m) 2 1 1 1
T4 subsoil NaCl(6 dS/m) 3 2 3 3
T5 wholesoil NaCl(6 dS/m) 4 3 3 3
T6 subsoil NaCl(8 dS/m) 3 2 3 3
T7 wholesoil Na2S 0 4(4dS/m) 2 1 1 1
T8 subsoil NaCl(4 dS/m) 2 1 1 2
T9 wholesoil Na2S 0 4(8dS/m) 3 2 2 2

T10 subsoil Na2S 0 4(8dS/m) 2 1 2 1
* Dam age increases w hen scoring is increased

Tested varieties w ere show n different growth responses w ith different salinity levels and the 

type o f  salt. P lan ts w hich were treated with N aCl showed a greater dam age com pared to  

N a2SC>4 treatm ents at sam e salinity level. K now n saline susceptible variety , B g300, reduced



65

its both root biom ass and shoot biom ass significantly com pared to saline tolerant varieties 

(pokkali). W hen increasing the salinity level, Pokkali was reduced its shoot: root ratio, 

implying higher root grow th compared to shoot growth w hile N ona Bokra, Bg300 and A t354 

were increased their shoot growth compared to  root grow th (figure 16). These results are in 

accordance w ith the first po t experiment.

Figure 16: Shoot: R oot ratio o f  varieties at heading under different treatm ents.

Yield o f  all the tested varieties were reduced under saline conditions com pared to the control. 

Yield reduction was greater at whole-soil treatm ents com pared to subsoil conditions at the 

same electrical conductivity (EC). A t the sam e EC level, yield o f N aC l treated plants w ere 

decreased than N a2SC>4 treated plants (Table 15).The highest y ield recorded by Pokkali 

(48grams/pot) follow ed by B g300(45.2gram s/pot), N ona Bokra(36.4gram s/pot) and A t 

354(33.8gram s/pot) in the control.

The yield reduction w as highest in Bg300 in all the treatm ents w here T5 recorded the h ighest 

yield reduction for B g300 (65.5% ) com pared to control (Table 16).yield reduction percentage
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(compared to control) w as lowest in Pokkali under salt stress and followed by N ona B okra 

and At354„

Table 15: A verage y ield  o f  the tested varieties under different treatm ents.

Treatment
N um ber

Variety & Average Y ield(gram s/pot)
B g 300 Pokkali N ona B okra At 354

T1 45.26 48.00 36.40 33.87
T2 20.73 30.06 24.16 21.56
T3 30.30 40.30 25.66 30.40
T4 24.10 35.30 32.60 15.46
T5 15.60 20.23 16.03 17.80
T6 18.15 29.50 20.36 17.65
T7 29.96 39.80 25.00 25.56
T 8 28.05 38.13 24.83 28.60
T9 16.33 25.70 22.73 12.43

T10 20.53 29.40 23.80 21.50

Table 16: Yield reduction o f  varieties under different treatm ents com pared to control.

Treatm ent
Num ber

V ariety & Yield reduction(% ) com pared to control
Bg 300 Pokkali N ona Bokra At 354

T1 * * * *
T2 54.2 37.4 18.5 36.3
T3 33.1 16.0 13.5 10.2
T4 46.8 26.5 10.4 54.4
T5 65.5 57.9 45.9 47.4
T 6 59.9 38.5 31.3 47.9
T7 33.8 17.1 15.7 24.5
T 8 38.0 20.6 16.3 15.6
T9 63.9 46.5 23.3 63.3

T10 54.6 38.8 19.7 36.5

L eaf sodium content and root sodium content w ere significantly different (p<0.005) at 

maximum tillering am ong varieties tested. Sodium  Sulfate treated plants w ere absorbed m ore
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sodium  than Sodium  Chloride treated plants at sam e electrical conductivity (Figure 17 & 

Figure 18).
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Figure 17: M ean L eaf Sodium content under different treatm ent.
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Figure 18: M ean R oot Sodium content under different treatm ents.

Sodium  content o f  leaves and roots w ere significantly different at 5%  probability level. M ost 

susceptible variety  (B g300) recorded more N a+ in leaves com pared to other varieties but its
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roots con ta in ed  lesse r N a ions com pared to o ther varieties. Saline to le ran t varie ties

con tained  le sse r  am ount o f  N a+ ions in the leaves com pared to B g300 w h ile  their roots 

con tained  m o re  N a + ions (figure 19).
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F igure 19: S h o o t and R oot sodium  content a t heading under d ifferen t treatm ents.

C hlorine c o n ten t in rice  leaves w as low er than that o f  roots (F igure 20). L e a f and  root 

ch lo rine  c o n ten t w ere  h ighest in T4 (N aC l, 8d S m '\  subsoil) fo llow ed by T2 and  T3 w hich  

w ere rece iv ed  N aC l as  saline source than that o f  N a2S04 treatm ents. S ign ifican t varietal 

d ifferences in  le a f  Cl* content w ere observed in T4 w here B g300 reco rded  h ighest C l' 

fo llow ed  by  P okkali, N ona B okra and A t354. V arieties show ed significant d iffe ren ces  in roo t 

ch lorine  c o n ten t in T 4, T2 and T3 w here significant d ifferences w ere not observed  in T l ,  T 6 , 

T9 an d  T10. H ighest ro o t chlorine content w as observed  in Pokkali and N ona B okra  fo llow ed  

by A t354  an d  B g300.
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Figure 20: Shoot and Root chloride content (% ) at heading under different treatm ents.

Salinity reduces the ability o f  plants to take up water, and this causes reductions in growth 

rate, along w ith suitable metabolic changes identical to those caused by w ater stress. The 

initial reduction in shoot growth is probably due to hormonal signals generated by the roots. 

There m ay be specific effects that later have an impact on growth, if  excessive am ounts o f 

salt enter the plant, salt will eventually rise to toxic levels in older transpiring leaves, causing 

prem ature senescence, and reduce the photosynthetic area(M unns, R.,2002). So our results in 

accordance w ith above phenomena reducing the rice plant growth at higher saline conditions 

com pared to  low saline conditions.

Salt tolerant plants differ from salt sensitive ones having a low rate o f  Na^ and CT transport 

to leaves, and the ability to compartmentalize these ions in vacuoles to prevent their build up 

in cytoplasm  or cell walls and thus avoid toxicity (M unns, R., 2002). Varieties which are 

generally considered as salt tolerant (Pokkali and Nona Bokra) recorded higher root N a ' ion 

content com pared to leaf N a+ content while saline susceptible variety, Bg300 recorded higher 

leaf N a+ content com pared to its root N a+ content. This might suggest that Pokkali and Nona 

Bokra had reduced transport o f  Na+ ions to their leaves to survive in saline conditions. Salt
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injury is due to Na+ or Cl"(or both) accumulating in transpiring leaves to excessive levels 

(Flowers and Yeo., 1986). W e found that salinity dam age is greater under NaCI treatments 

com pared N a2SC>4 treatments at same salinity condition. That im plies the C1‘ ions cause 

major dam age com pared to N a+ ions.

Changes in cell elongation and cell division lead to slower leaf appearance and smaller final 

size, and leaf growth is more affected than root growth (M unns R., 2000).R apid and transient 

reductions in leaf expansion rates after a sudden increase in salinity have been recorded in  

rice (Yeo et al., 1991), m aize (Neuman., 1993) and wheat and barley (Passioura and M unns., 

2000). L eaf growth is often m ore reduced than root growth by salinity, phenomenon in  

common w ith  dry soil (Hsiao and X u 2000). D uring vegetative growth o f rice, plant height, 

straw w eight, num ber o f tillers per plant, dry weight o f  roots, and root length are all 

adversely affected by salinity, but all the growth parameters are not affected equally(Akbar et 

al., 1972).

4.3.3 L eaf Photosynthesis under sa lt stress:

Leaf net photosynthetic rate was significantly different w ith different treatm ents (p<0.05). 

H ighest photosynthetic rate was observed in  the control where no salt was added (26-29 

pm ol C 02m  2S_1). W ith the increase o f soil salinity level, leaf photosynthesis was reduced 

significantly among the tested varieties. Photosynthetic rate was varied with different 

varieties and the salt type w hich w ere used to  induce soil electrical conductivity.
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Difference o f  leaf photosynthetic rate could not be observed among tested varieties in the 

control at 5%  probability level and it remained at the maximum value along all the treatm ents 

investigated (figu re-1).
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Figure 21: L ea f photosynthesis rate o f different varieties at maximum tillering stage 

(Control).

Net photosynthetic rate (Pn) o f rice leaves was higher in Na2S 0 4 treatm ents compared to 

NaCl treatm ents. Varieties could be categorized into two groups at NaCl treatm ent where 

At354, Pokkali and N ona Bokra recorded higher Pn than Bg300. In the N a2S 0 4 treated 

plants, Pn was highest in Pokkali and followed by At354, Nona Bokra and Bg300 (Figure 

21).
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Figure 22: L ea f net photosynthesic rate at m axim um  tillering stage which w as treated  

w hole-soil w ith  sa lts (4dSm  ').

N et pho tosyn thetic  rate o f  tested varieties was higher in sub soil conditions than that o f  

w hole soil conditions (figure 22 & 23). In the subsoil treatm ents, Pokkali recorded the 

highest Pn and follow ed by N ona Bokra and A t 354 and least Pn recorded by the saline 

susceptible variety , Bg300. NaCl treated plants showed greater reduction o f  Pn com pared to 

N a2SC>4 treated  plants at 4dSm '' sub-soil salinity level.
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F igu re  2 3 :L e a f  n et ph otosyn th etic  rate at m axim u m  tiller in g  stage  w h ich  w a s  treated  

su b -so il (4 d S m _1).

W hen in c rease  th e  soil e lectrical conductiv ity  from  4 d S m '' to  6 d S m '1, reduc tion  in Pn w as 

s ig n ifican t. H ig h e s t red uc tion  in Pn w as recorded  by N aC l a t 6 dS m '1 com p ared  to  all o ther 

trea tm en ts . H e re  a lso , w hole-so il treated  p lan ts w ere reduced  the ir Pn com p ared  to  sub-so il

tre a tm e n ts(F ig u re  24).
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Figure 24: L eaf net photosynthesic rate at m axim um  tillering stage which w as treated  

with NaCl (6 d S m 1).

Rice plants were unable to survive under 8 dS m '1 whole-soil treated with N aCl but they w ere 

able to survive under sub-siol treatment at same salinity level. Reduction o f  Pn w as higher at 

NaCl sub-soil treatm ent compared N a2S 0 4 sub-soil treatm ent(Figure 25). In the N a2S 0 4 

8dSm"' whole-soil treatment, plants recorded lower yield com pared to sub-soil at same salt 

and salinity level(figure 26).
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4.3.4 C hlorophyll fluorescence

Chlorophyll fluorescence parameters o f  tested varieties were varied w ith treatm ents at their 

maximum tillering stage (two months after planting). The ratio o f  m axim um  fluorescence to 

variable fluorescence (Fv/Fm ) was reduced under saline treatm ents except Pokkali at N a2S04 

(4dSm '1) (Table 17). The highest reduction in Fv/Fm w as observed in N aC l 4dsm '1 treatm ent 

compared to o ther treatm ents and Fv/Fm was significantly different at p=0.05, where Pokkali 

recorded 0.607 and followed by N ona Bokra (0.584), B g300 (0.57) and A t354 (0.541). In the 

control, there no significant difference was observed in Fv/Fm values. W ith the increase o f  

soil salinity, greater reduction o f  Fv/Fm values could be observed.

Table 17: Fv/Fm  values under different treatm ents at maxim um tillering stage.

Treatm ent Fv/Fm values o f  different varieties

Bg300 Pokkali Nona Bokra At354

Control 0.676a 0.696ab 0.685b 0.694a

NaCl(4dSm -1) 0.57ab 0.607a 0.584a 0.541b

Na2S 0 4(4 d S m 1) 0.613b 0.704a 0.654ab 0.674a

Na2S 0 4(4dSm"1) 0.624c 0.684a 0.676ab 0.663b

The basal non-variable chlorophyll fluorescence (Fo) varied w ith different varieties. Fo was 

increased in Bg300 under saline treatments w here other varieties did not show a pattern on 

increase or decrease com pared to the control. The basal non-variable chlorophyll 

fluorescence o f  Pokkali and N ona Bokra recorded as low est values com pared to Bg300 and
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At354„ This im plies the greater damage to photosynthetic apparatus in B g300 and A t354 

com pared to  Pokkali and N ona Bokra (Table 18).

T able 18: B asa l non-variable fluorescence (Fo) o f  rice varieties under sa lt stress.

T reatm ent ____________F0 values o f  d ifferent varieties

B g300 Pokkali Nona Bokra At354

Control 77.56a 74.67a 72.57a 81.0a

N aC l(4dS/m ) 88.55a 67.0b 67.0b 83.77a

N a2S 0 4(4dS/m ) 79.5a 67.9a 65.1a 75.55a

Na2S 0 4(4dS/m ) 78.55a 67.4a 71.0a 75.05a

The m axim um  chlorophyll fluorescence (Fm) w as not show ed any pattern w ith soil salinity 

but it w as changed under different soil salinity levels (Table 19).

Table 19: M axim um  chlorophyll fluorescence (Fm ) under different treatm ents at 

m axim um  tillering .

T reatm ent Fm values o f d ifferent varieties

B g300 Pokkali Nona Bokra At354

C ontrol 247.0a 217.17a 178.43ab 239.4ab

N aC l(4dS/m ) 200.65a 215.3a 163.2a 192.1a

N a2S 0 4(4dS/m ) 268.4a 175.95b 189.05b 232.45ab

N a2S 0 4(4dS/m ) 251.4a 179.5b 219.5a 222.95a
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4.3.5 Conclusion:

Growth and yield o f rice varieties were significantly affected by the salinity conditions which 

they were grown. Varietal differences could be observed at early seedling growth but the 

plants could be able to survive up to harvesting in all the treatments in second pot trial. With 

the increase o f soil electrical conductivity, growth and yield reduction could be observed in 

all tested varieties. Suppression of growth and yield were varied with variety and the type of 

salt used to create soil salinity. When increasing the salinity level, Pokkali reduced its shoot: 

root ratio, implying higher root growth compared to shoot growth while Nona Bokra, At354 

and Bg300 increased their shoot growth compared to root growth. Greater reduction in plant 

growth and yield was observed under NaCl compared Na2S04. Leaf and root sodium content 

varied among tested varieties, a saline sensitive variety; leaves of Bg300 contained more Na+ 

ions than the other varieties where saline tolerant variety (Pokkali) contained less Na+ ions in

its leaves.
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4.4 EXPERIMENT- 3

4.4.1 FIELD T R IA L -I

The main effects investigated (soil water condition and variety) were significantly 

affected the leaf chlorophyll content (measured as SPAD reading) at heading (p< 0.05). 

There was no difference of leaf chlorophyll content between standing water condition and 

saturated water condition but it was lower in alternative wetting and drying condition. 

However, treatments investigated had no effect on leaf chlorophyll content. The interaction 

between soil water conditions and treatments was not significantly different among tested 

varieties (p=0.13). Chlorophyll content of varieties tested was significantly different at 5% 

probability level, implying that there an inherent variability in chlorophylls of tested 

varieties. The two way interactions (variety*treatment) and three way interactions 

(variety*treatment* soil water condition) were also not significantly different. The average 

SPAD values(chlorophyll content) along soil water conditions and treatments of the varieties 

Bg300, At354, Pokkali and Nona Bokra were 41.1, 38.1, 37.5 and 34.1 respectively.

Main effects of variety, soil water condition and organic matter treatments (addition 

of organic matter) had a significant impact on the rice grain yield under field conditions. The 

soil water condition had affected the grain yield significantly at 5% probability level 

(p<0.05). Different organic matter treatments investigated had affected the grain yield of rice 

(p=0.04). The interaction effect between soil water condition and treatments also 

significantly affected on yield (p<0.05) and three way interactions among the treatments, 

variety and soil water condition were also significant (p<0.05).
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The yield o f rice varieties under different water conditions and organic matter 

treatments can be illustrated as in figure 27

t jv
3P 2 c
<3Hi

Pokkali At 354 Bg 352

Variety

Bg 300

OT1  

■  T2 

* T 3

Figure 27: The yield of different varieties under different treatmenmts at standing 

water condition(Tl-Cowdung+N,P,K; T2- Cowdung+N,P,K+Charcoaled paddy 

husk;T3- N,P,K only).
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Figure 28: The yield of different varieties under different treatmenmts at saturated

water condition.
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Figure 29: The yield of different varieties under different treatmenmts at alternative 

wetting and drying condition.

All the tested varieties recorded the highest yield under the treatment two (T2 -  Cow 

dung + charcoaled paddy-husk + N, P, K)) compared to T1 (Cow dung + N, P, K) and T3 (N, 

P, K) under standing water condition. Grain yield of T2 was significantly higher than T1 and 

T3 and the yield of T1 and T3 was not significantly different at 5% probability level. Lowest 

yield was recorded under T3 across all the tested varieties compared to T1 and T3.The 

highest yield was recorded by Pokkali compared to other varieties under standing water 

condition.

Grain yield of the tested varieties were significantly different under different soil 

water conditions with different treatments and could be categorized into three groups 

according to the yield (p<0.05). Pokkali recorded the highest yield in all the treatments under
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all water conditions. Bg 352 recorded a greater yield than Bg300 but grouped into the same 

category. The yield of At 354 was significantly lower than other three varieties.

4.4.1.1 Conclusion:

Yield o f tested rice varieties varied with different organic matter treatments and with 

different water management practices. Inland salinity occurs mainly due to limitation of 

water in the dry zone and this is evident with the increase o f yield under saturated and 

standing water conditions. According to results obtained from the above trial, treatment with 

cow dung and charcoaled paddy husk recorded higher yield over other treatments. This 

implies that inland salinity problem in this location could be rectified by adding organic 

matter and charcoaled paddy husk.

4.4.2 FIELD TRIAL - II

Yield o f tested varieties were significantly different among treatments at 5% probability 

level. The effect o f major plot factor (soil water condition) on grain yield was significant at 

5% probability level. Yield response of varieties was varied with treatments and soil water 

conditions tested (p<0.05).

The varietal response under different water conditions and treatments can be

illustrated as in following graphs.
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Figure 30: The yield of different varieties under different treatmenmts at Standing 

water condition.

m u
ST2

B T3

Pokkali At 354 Bg352 Bg300

Variety
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Figure 32: The yield o f different varieties under different treatmenmts at alternative 

w etting and drying condition.

According figures 30, 31 and 32, the yield of all the varieties were reduced with 

reducing the soil water condition. Standing water condition has recorded a higher yield than 

saturated water condition in all the varieties but there was no significant difference among 

standing water condition and saturated water condition and these two conditions were 

grouped into the same yield category. Varieties recorded a lower yield (p<0.05) in the 

alternative wetting and drying treatment compared other two water treatments. Across 

fertilize treatments Pokkali recorded over 6 tons/ha where the yield o f  other three varieties 

w ere lower than 4 tons/ha under standing water condition.

Treatment two (T2) recorded the highest yield compared to treatm ent-1 and 

treatm ent-3 in all the varieties across all three water conditions. Three treatments were 

separated into three groups and yield was significantly different at 5% probability level.
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Grain yield o f the tested varieties were significantly different (p<o.o5) and 

categorized into three groups. Pokkali recorded the highest yield in all the treatments under 

all water conditions. Bg 352 recorded a greater yield than Bg 300 but grouped into same 

category. The lowest yield of At 354 was significantly lower than other three varieties 

(p<0.05).

The pattern of treatment effects on yield was almost similar among varieties tested 

but the yield levels were somewhat higher in second field trial compared to first filed trial.

4.4.2.1 Conclusion:

Yield o f tested rice varieties was varied with different treatments and with different water 

management practices. Inland salinity is mainly occurred due to limitation of water in the dry 

zone and intermediate zone and this can be described by the increase of yield under saturated 

water condition and standing water condition. According to the results obtained from the 

above trial, treatment with cow dung and charcoaled paddy husk recorded higher yield over 

other treatments. This implies that inland salinity problem in this location could be reduced 

by adding organic matter and charcoaled paddy husk.
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4.5 General Discussion and Conclusions

Nine days pre-soaking o f rice seeds in saline water will reduce the water absorption 

and increase the Sodium and Chloride content in seeds. Sodium is absorbed to the seeds 

along with imbibitions of water. There are varietal differences in absorption of water, sodium 

and chloride. Reduction in rate of water uptake at high salt solutions had no effect on 

germination due to its ability to attain critical moisture level at 9 days of pre soaking. A 

cumulative effect of these three factors inside the seed might determine the germination 

ability of a particular rice variety under osmotic stress conditions caused by NaCl solution. 

Ability of the seed coat in avoiding salt entrance into the seed during imbibitions when it’s 

soaked in saline water is correlated with husk thickness.

Seedling survival ability of rice varieties decrease with increased soil salinity level 

and it is negatively correlated to soil electrical conductivity. Seed germination ability of a 

rice variety after pre- soaking rice seeds in 45 dSm'1 saline solutions has positive relationship 

to seedling survival under soils with high salt. Thus, seed germination and early seedling 

survival can be used to screen rice varieties for salinity resistance.

Growth and yield of rice varieties were significantly affected by the salinity 

conditions which they were grown. With the increase of soil electrical conductivity, growth 

and yield reduction could be observed in all tested varieties. Suppression of growth and yield 

were varied with variety and the type of salt used to create soil salinity. When increasing the 

salinity level, Pokkali reduced its shoot: root ratio, implying higher root growth compared to 

shoot growth while Nona Bokra, At354 and Bg300 were increased their shoot growth
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compared to root growth. Yield of tested rice varieties also varied greatly based on the nature 

o f salinity causing agents and how they are distributed in the soil column. Whole-soil column 

salinity greatly reduce growth and yield of all varieties compared to sub-soil salinity, but the 

reduction at both cases were lower for salinity tolerant varieties of Pokkali, Noan-bokra and 

At 354 compared to other varieties. Salinity developed using NaCl and Na2SC>4 sources 

revealed that Cl' ions caused more toxic effects than that of sulphate ions.

Salt tolerant variety contained more Na+ ions in their roots(Pokkali) compared to Na+ 

ions in their leaves where as salt sensitive variety(Bg300) was not recorded such higher 

difference. Chloride ion content in leaves of tested varieties varied significantly where saline 

tolerant cultivars had lower leaf Cf content compared to saline susceptible varieties.

Net photosynthetic rate (Pn) of rice leaves was higher in Na2SC>4 treatments compared to 

NaCl treatments at same soil EC. Varieties could be categorized into two groups at NaCl 

treatment where At354, Pokkali and Nona Bokra recorded higher Pn than Bg300. In the 

Na2SC>4 treated plants, Pn was highest in Pokkali and followed by At354, Nona Bokra and 

Bg300. These suggest that Chloride ions cause more damage to leaf photosynthesis than that 

of sodium ions. This might cause the ultimate yield reduction in rice plants under saline 

conditions.

Yield o f tested rice varieties was varied with different soil amendment treatments and 

with different water management practices. Inland salinity is mainly occurred due to 

limitation of water in the dry zone and intermediate zone and this can be described by the 

increase of yield under saturated water condition and standing water condition. According to 

the results obtained from the above field trials, treatment with cow dung and charcoaled
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paddy husk recorded higher yield over other treatments. This implies that inland salinity 

problem could be reduced by adding organic matter and charcoaled paddy husk successfully. 

Charcoaled paddy husk treated plants showed no lodging of varieties, Pokkali and Nona 

Bokra under field conditions whether these are normally lodged under field conditions. This 

would be partly responsible for the higher yield in Pokkali compared to other varieties under 

field conditions.
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