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Abstract 

 
Excessive sodium (Na+) and chloride (Cl-) concentrations in rice shoots reduce seedlings growth. In a hydroponic study, we 

investigated the role of abscisic acid (ABA) seed pre-treatment on growth of salt-stressed rice, in the presence and/or absence of 

silicate (Si). Caryopses of rice IR4630 (salt tolerant) and IR15324 (salt sensitive) were soaked in an ABA solution (10-5 M) for 24 h, 

and the plants were then allowed to grow in a medium without or with silicate (Si, 0 or 3 mM). Twenty-one-day-old plants were 

salinised with NaCl (50 mM).We found the application ABA+Si the most effective treatment for improving plant growth under 

saline conditions. Si treatment alone or with ABA significantly increased the plant total dry biomass under saline or non-saline 

conditions, whereas, the effect of ABA seed pre-treatment was significant only on total dry biomass of salt sensitive genotype 

IR15324. Under saline conditions, ABA, Si and ABA+Si application ameliorated plant growth via suppression of Na+ accumulation 

in shoots and lowering down Na+/K+ ratios in both the rice genotypes. In addition, treatment with Si alone or with ABA significantly 

reduced Na+ concentrations in the leaf blades and sheaths, increased net assimilation rate and stomatal conductance of salt affected 

rice seedlings. We concluded that silicon can be applied as a nutrient for rice under saline or non-saline conditions. Furthermore, seed 

soaking with ABA has a potential for enhancing salt tolerance, particularly in the sensitive rice genotypes. 

 

Keywords: Oryza sativa L., ABA, Silicate, salt tolerance, bypass flow. 

Abbreviations: ABA – Abscisic acid, Si – Silicate, PTS -trisodium salt of 8-hydroxy-1, 3, 6-pyrenetrisulphonic acid, NAR – Net 

Assimilation Rate, WUE – Water Use Efficiency, SDW – shoot dry weight, RDW – Root Dry Weight. 

 

Introduction 

 

Salinity is one of the major factors limiting crop growth and 

productivity in irrigated areas of the world (Zhang et al., 

2010). Plant species exhibit great variability in salinity 

tolerance, with some having the capacity to grow in sea 

water, whereas most crop plants are intolerant of just one 

fifth of such a concentration. Since tolerance to salt in plants 

is a complex trait, conventional breeding techniques have had 

limited success in improving this trait in crops (Flowers, 

2004). Salt tolerance in plants not only depends on 

controlling Na+ uptake and localisation but also on the 

acquisition of K+, which is commonly suppressed by high 

external Na+ concentrations (Amtman et al., 2006; Zhang et 

al., 2010). Because of the importance of K+ and Na+ 

homeostasis in plant nutrition, K+ and Na+ transporters have 

been extensively investigated (Rodriguez and Rubio, 2006; 

Maathuis, 2007). However, limited attention had been paid to 

the factors influencing net ionic transport into shoots and the 

impact of transpiration. Abscisic acid (ABA) regulates 

various aspects of plant growth and development, such as 

seed maturation, dormancy and adaptation to abiotic stresses 

(Beaudoin et al., 2000; Sreenivasulu et al., 2012). A positive 

role of ABA on plant growth and induction of salt tolerance 

through improving ionic relations in plant tissues (Holbrook 

et al., 2002) has been suggested in different crops (Din and 

Flowers, 2002; Travaglia et al., 2010; Gurmani et al., 2011). 

ABA induces salt and drought tolerance through regulating 

stomatal behaviour, leaf initiation and leaf expansion 

(Halbrook et al., 2002; Sharp and LeNoble, 2002). Bohra et 

al., (1995) reported a strong association between ABA 

application and inhibition of Na+ accumulation in rice tissues. 

Silicon (Si) is an essential nutrient for the majority of plant 

species (Epstein, 1999; Ma and Yamaji 2008). Increases in its 

uptake and accumulation have been linked with improved 

resistance to biotic (Rodrigue et al., 2003) and abiotic 

stresses (Hodson and Sangster, 2002, Tahir et al., 2010). For 

example, deposition of Si in the exodermis and endodermis 

reduces Na+ uptake through apoplastic transport, and 

consequently improves salt tolerance in rice (Gong et al., 

2006; Faiyue et al., 2010b). In the experiments we report 

here, we have investigated treatments that might enhance the 

salt tolerance of rice, since this crop is so sensitive to salt and 

its tolerance has been hard to change (see Singh and Flowers 

2011). From preliminary studies (Din, 1997), we noticed a 

remarkable enhancement of salt tolerance in rice by short 

term ABA treatment. Here we have investigated how seed 

pre-treatment of rice with ABA could improve its subsequent 

salt tolerance by investigating physiological processes that 

affect Na+ uptake and accumulation. Since a significant  
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Table 1. Effect of silicate and abscisic acid on dry biomass (mg) of rice in the absence and presence of NaCl. 

 0 mM NaCl 50 mM NaCl 

 SDW RDW Total dry weight SDW RDW Total dry weight 

 IR4630 IR15324 IR4630 IR15324 IR4630 IR15324 IR4630 IR15324 IR4630 IR15324 IR4630 IR15324 

Control 235±9d 204±10 e 60±3.0c 40±2.3d 296±12bc 244±9d 170±7bc 112±7e 45±30b 28±3.0cd 215±9b 140±7d 

ABA 250±11cd 235±10 d 62±2.2bc 46±2.0d 312±9b 281±10c 185±9b 134±6de 50±3.0ab 33±2.0c 235±11b 167±7c 

Si 280±12ab 266±12bc 68±2.1ab 30±1.3e 348±12a 296±11bc 224±8a 148±6cd 51±2ab 23±1.4d 275±8a 171±8c 

ABA+Si 294±11a 275±11abc 70±3.0a 39±1.4d 364±12a 314±10b 235±10a 153±8cd 52±4.0a 25±2.0d 287±11a 178±11c 
ABA was supplied during imbibition for 24 h; silicate was applied throughout the culture period, while NaCl (50 mM) was applied to 21-d old plants and harvested after 96h. Within column, values followed by the 

same letter (s) are not significantly different at P<0.05. SDW, shoot dry weight; RDW, root dry weight. 

 

 

 

 
Fig 1. Effect of silicate with and without abscisic acid on Na+ concentrations in 3rd, 4th and 5th leaf blades of rice genotypes IR4630 (stippled bars) and IR15324 (cross-hatched bars). 

ABA (10-5 M) was supplied during seed treatment for 24 h; silicate was applied throughout the culture solution. Twenty one day old rice seedlings were treated with NaCl (50 mM) for 96 h. 

LSD (0.05) was applied on individual genotypes in leaf 3rd, 4th and 5th. Bars overtopped by the same letter were not significantly different at P<0.05 in individual genotype. ABA, abscisic acid; 

Si, silicate. 
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fraction of Na+ uptake in rice growing under saline 

conditions takes place through bypass flow (Yeo et al., 1999; 

Faiyue et al., 2012), we included Si application with seed 

pre-treatment with ABA to evaluate their possible 

interactions via Na+ transport, bypass flow and Na+ 

distribution in the 3rd, 4th and 5th leaf blades and sheaths of 

two rice genotypes differing in salt tolerance.  

 

Results 

 

Plant dry biomass                

 

The more tolerant genotype IR4630 maintained significantly 

higher fresh and dry biomass compared to the more sensitive 

genotype IR15324 under all the treatments. In the absence of 

salinity, Si application significantly increased total dry 

biomass of both rice genotypes, even though there was a 

reduction in root dry biomass of IR15324 (Table 1). In NaCl-

treated rice seedlings, Si application had a similar positive 

effect on plant dry biomass. Interestingly, ABA pre-treatment 

only significantly increased the dry biomass (shoot and total) 

of IR15324. The combined application of ABA and Si 

increased shoot dry biomass and the total dry biomass of both 

genotypes compared to control plants (Table 1). 

 

Bypass flow and sodium potassium transport  

 

We investigated the accumulation of Na+ and the apoplastic 

tracer (PTS) in shoots of plants treated with NaCl (for 96 h) 

in response to application of ABA and Si, alone or in 

combination. The salt tolerant genotype IR4630 contained 

lower Na+ concentrations in its tissues as compared to 

IR15324 under all treatments (Table 2). Application of ABA 

or Si significantly reduced shoot Na+ concentration of both 

genotypes, IR4630 and IR15324. However, the combined 

treatment of ABA+Si caused a greater reduction in shoot Na+ 

accumulation than either treatment with Si or ABA alone. 

After 96 h of NaCl treatment, the percentage reduction in Na+ 

concentration in IR4630 tissues due to ABA, Si and ABA+Si 

was 18%, 35% and 49%, respectively, while it was 43%, 

24% and 57%, respectively in IR15324 compared to their 

respective controls. PTS accumulation under Si or Si+ABA 

treatment was significantly lower than in control plants of 

both genotypes, although no significant effect was observed 

in plants of either genotype when treated with ABA alone 

(Table 2). Application of ABA+Si caused maximal 

suppression in shoot PTS concentrations (65 and 55%) 

followed by Si alone (50 and 45%) and ABA (12 and 24%) 

in IR4630 and IR15324, respectively (Table 2). There was a 

significant increase in rice shoot potassium (K+) 

concentrations under Si or Si+ABA treatment in both 

genotypes when compared to control plants grown without 

such treatments; ABA pre-treatment alone only significantly 

increased K+ concentrations in the salt sensitive genotype 

IR12324 (Table 3). As a consequence of changes in 

monovalent cation concentrations, Na+/K+ ratios fell 

significantly on application of Si and ABA, alone or in 

combination; again Si was the major contributor to this 

reduction (Table 3).  

 

Distribution of sodium in rice leaves  

 

The Na+ concentrations in the sheaths and blades of the 3rd, 

4th and 5th leaves were higher in IR15324 compared to 

IR4630 under all treatments (Fig 1 and 2). Although different 

treatments (viz. ABA, Si and Si+ABA) suppressed Na+ 

accumulation in rice leaves, the Na+ distribution in different 

leaves followed a similar pattern. In the leaf blades of both 

genotypes, the 3rd leaf contained the highest Na+ 

concentrations followed by the 4th and 5th leaf (Fig 1). The 

reduction from 3rd to 4th leaf for Na+ concentrations was 

statistically significant but non-significant from 4th to 5th leaf 

in all the treatments except for ABA+Si, in which there was 

no significant change in Na+ distribution between all three 

leaves.  

The Na+ concentrations in the leaf sheaths were almost 

double those in the leaf blades, but, again, the concentrations 

in the sheaths of the younger leaves were generally lower 

than those in the older leaves and were lower in IR4630 than 

in IR15324 (Fig 2). In both genotypes, the Na+ 

concentrations were lowered (compared to control plants) by 

treatment with ABA and Si in all three sheaths. 

 

Photosynthetic parameters 

 

In the presence of NaCl, silicate alone as well as in 

combination with ABA significantly increased the net 

assimilation rate (NAR) of leaf 4 over that of the control 

plants in both genotypes (Table 4). The salt tolerant genotype 

IR4630 maintained a significantly higher NAR than IR15324 

under different treatments. Application of Si or ABA+Si 

significantly increased leaf NAR compared to control plants. 

The increase in leaf NAR due to ABA+Si application was 

higher than with either Si or ABA alone. There was also a 

significant increase in stomatal conductance in both 

genotypes with Si application, while combined application of 

Si and ABA caused a significant increase in conductance 

only in the salt sensitive genotype IR15324 (Table 4). The 

highest stomatal conductance was recorded with Si-treated 

plants of the salt tolerant genotype IR4630, while minimum 

stomatal conductance was observed in control plants of 

genotype IR15324. Compared to control plants, there was a 

significant increase in transpiration rate of both rice 

genotypes growing in the presence of NaCl when treated with 

Si alone (Table 5). No significant change in transpiration rate 

was recorded under ABA alone or ABA+Si treatment. There 

was a significant increase in water use efficiency (WUE) in 

ABA+Si treated plants of both genotypes. However, ABA 

pre-treatment alone only significantly increased the WUE of 

the salt sensitive genotype, IR15324 (Table 5). No significant 

change in WUE of any rice genotype was observed when 

treated with silicate alone. 

 

Discussion 

 

Short term (96 h) exposure to NaCl negatively influenced the 

growth and development of rice seedlings causing 28% and 

45% reduction in shoot dry mass of IR4630 and in IR15324 

respectively compared to non-saline plants. Although the two 

genotypes exhibited a similar trend in biomass reduction, the 

genotype IR4630 exhibited better growth performance 

compared to IR15324. The genotype IR15324 achieved 

improved salinity tolerance through limiting Na+ uptake and 

bypass flow, and maintaining higher net assimilation rate 

(NAR), stomatal conductance and WUE. Our results are 

consistent with the findings of Koyama et al., (2001) and 

Roshandel (2007), who found the genotype IR4630 relatively 

more salt tolerant compared to IR15324. Silicate addition to 

the growth medium improved the total dry biomass of both 

rice genotypes in the absence or presence of salt, other than 

for the root dry weight of IR15324, which decreased on Si 

application. The positive effects of Si on plant growth in the 

absence of salt reflect its role as an essential nutrient 

(Epstein, 1999). A role for Si in the presence of salt has also  
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Table 2. Effect of silicate and abscisic acid on Na+ concentrations and PTS (an indicator of bypass flow) in shoot of rice growing under saline conditions (50 mM NaCl). 

 Na+ concentration in shoot (µmol g-1)  PTS concentration in shoot (µmol g-1) 

Genotypes Control ABA Si ABA+Si  Control ABA Si ABA+Si 

IR4630 600±75bc 493±50cd 390± 23de 304±21e  26±4b 23±5bc 13±1.2e 9±1.9f 

IR15324 890±85a 672±32b 504± 30cd 378±27de  33±4a 25±3ab 18±1.35d 15±1e 
ABA was supplied during imbibition for 24 h; silicate was applied throughout the culture period, while NaCl (50 mM) and PTS (2mM) was applied to 21-d old plants for 96h. Values within rows followed by the same 

letter (s) are not significantly different at P<0.05: PTS, trisodium salt of 8-hydroxy-1, 3, 6-pyrenetrisulphonic acid
. 

 

 

 

 

 
Fig 2. Effect of silicate with and without abscisic acid on Na+ concentrations in 3rd, 4th and 5th leaf sheaths of rice genotypes IR4630 (stippled bars) and IR15324 (cross-hatched bars). 

ABA (10-5 M) was supplied during seed treatment for 24 h; silicate was applied throughout the culture solution. Twenty one day old rice seedlings were treated with NaCl (50 mM) for 96 h. 

LSD (0.05) was applied on individual genotypes in leaf 3rd, 4th and 5th. Bars overtopped by the same letter were not significantly different at P<0.05 in individual genotype. ABA, abscisic acid; 

Si, silicate.  
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been suggested for rice (Gong et al., 2006), as well as for 

barley (Liang et al., 1996, 1998), wheat (Tunae et al., 2008) 

and tomato (Al-Aghabary et al., 2004). In salt-treated rice 

seedlings, the improved seedling growth on Si application 

was associated with 35% and 44% reduction in Na+ 

concentration in the shoots of IR4630 and IR15324, 

respectively. Since a significant proportion of Na+ that 

reaches the shoots does so via bypass flow it is likely that Si 

reduces Na+ transport through influencing bypass flow (Gong 

et al., 2006). Si does not enter through the sites of lateral root 

emergence (Faiyue et al., 2010a), but through the lateral roots 

themselves, where the exodermis is undeveloped (Faiyue et 

al., 2010b). In the presence or absence of salt, ABA pre-

treatment was more effective in improving dry biomass of the 

salt-sensitive genotype IR15324 than the more tolerant 

IR4630. However, ABA caused a significant reduction of 

Na+ accumulation in the shoots of both genotypes, suggesting 

that its mode of action was not simply through enhancing 

growth. Application of ABA+Si caused a greater reduction in 

Na+ concentrations in the tissues of both rice genotypes than 

treatment with ABA or Si alone, although the interaction was 

only statistically significant in IR15324. Na+ accumulation 

was reduced by whatever its pathway; ABA may have 

switched the transcription of genes affecting membrane 

bound transporters reducing future symplastic transport or 

altered the development of lateral roots, thus affecting bypass 

flow and Na+ accumulation. Si deposition in the lateral roots 

would decrease bypass flow. There was no clear effect of 

ABA on the distribution of ions between blades and sheaths 

of leaves. Further work would be required to evaluate 

whether a small effect of ABA on bypass flow significantly 

contributed to reduce Na+ accumulation or ABA treatment 

switched on other mechanism that enhanced K+/Na+ 

selectivity in both rice genotypes. It is remarkable that a short 

(24 h) ABA treatment during seed imbibition can affect 

subsequent plant performance, some 6 days later, when the 

ABA concentrations in plants did not differ (Din, 1997). We 

speculate that ABA improved plant performance by 

regulating developmental pathways (Pitman, 1974). Although 

ABA is generally considered as a plant growth inhibitor, 

increased growth with ABA treatment (foliar/root treatment) 

has been reported in salt-affected rice that was largely 

attributed by reduction in Na+ uptake (Bohra et al., 1995). 

The build-up of salt in rice leaves impairs photosynthetic gas 

exchange (Yeo and Flowers 1985). Therefore, it is 

predictable that any reduction in Na+ transport by ABA+Si 

might enhance photosynthesis. Application of Si alone and 

with ABA improved net assimilation rate and stomatal 

conductance of both NaCl-treated rice genotypes; conversely, 

ABA alone had no effect on these parameters. Our results are 

consistent with the findings of Yeo et al., (1991) who also 

reported that Si application increased stomatal conductance 

and net assimilation rate of three different genotypes of salt-

stressed rice. Plant water relations are very important to 

proper photosynthetic functioning and consequently for plant 

growth. Application of Si+ABA improved plant water 

relation by increasing water use efficiency, although the 

individual effects of ABA and Si were not sufficient to 

increase water use efficiency in either genotype. An increase 

in transpiration rate and water use efficiency by the addition 

of Si has been reported in maize under saline conditions 

(Parveen and Ashraf, 2010). From a practical point of view, 

ABA seed pre-treatment has a potential for enhancing salt 

tolerance in sensitive rice genotypes under saline conditions. 

Effects of seed priming on subsequent plant performance 

under saline conditions have been already reported; for 

example, pre-treatment with kinetin alleviated wheat from the 

adverse effect of salt by suppressing Na+ uptake (Iqbal and 

Ashraf, 2005). The highly significant effects of ABA pre-

treatment on the sensitive rice genotype suggest that 

resistance could be controlled by the way in which ion 

transport pathways are switched during development. 
 

Materials and methods 

 

Plant materials 
 

Caryopses of rice (Oryza sativa L.) were obtained from the 

International Rice Research Institute (IRRI, Philippines). 

During a preliminary study six rice genotypes (Amber-355, 

IR26, IR28, IR4630, IR2153 and IR15324) were screened for 

salinity tolerance by exposing to 50 mM NaCl in a culture 

solution (Yoshida et al., 1976). Consequently, genotypes 

IR4630 and IR15324 were selected as salt tolerant and salt 

sensitive respectively. The salt tolerance of these two 

genotypes was also explored by Roshandel (2007), who 

found that after exposure to 50 mM NaCl, leaves of IR15324 

contained almost double the amount of the Na+ than those of 

IR4630. Caryopses of both genotypes were soaked for 24 h in 

an aerated solution of ABA (10-5 M) and/or distilled water 

(control) in black-painted flasks. The ABA was dissolved in 

absolute ethanol (final concentration, 0.00044 % v/v). After 

the treatment, caryopses were washed three times with 

distilled water to remove any external ABA and ethanol, and 

were sown on nylon mesh supported on Perspex grids floated 

on culture solution (Yoshida et al., 1976). Seven-day-old 

seedlings were transplanted into boxes (3 dm3), painted black 

containing Yoshida culture solution (with or without Si). The 

additional silicon was applied as sodium silicate (BDH, 25.5-

28.5% SiO2) and the solution pH was adjusted to 4.5 with 

0.01 N H2SO4. The treatments included: control (distilled-

water-treated seeds), ABA-treated seeds, Si-treated plants 

and ABA+Si-treated plants. The growth conditions were a 12 

h photoperiod with a minimum of 400-500 µmol m-2 s-1 

photosynthetically active radiation (HQ1 metal halide, Newry 

and Eyre, Brighton, UK) at 27 oC and 1.0-1.5 K Pa saturation 

vapour pressure deficit (SVPD). The temperature during the 

dark period was 25 oC and SVDP 0.6 K Pa. The 21-day-old 

rice seedlings were salinised by adding 50 mM NaCl. After 4 

days salinisation, the plants were harvested, and dry 

biomasses were recorded after drying plant samples in an 

oven at 65oC for 72 h.  
 

Determination of ions and Bypass flow 
 

Plant tissues were extracted with distilled water for 2 h at 90 
oC in a water bath, and the extract used for determining Na+ 

and K+ concentrations by atomic absorption spectroscopy 

(Unicam 919, Cambridge, UK). Bypass flow was determined 

using the fluorescent membrane-impermeant dye, the 

trisodium salt of 8-hydroxy-1, 3, 6-pyrenetrisulphonic acid 

(PTS, 0.2 mM) [former nomenclature 3-hydroxy-5, 8, 10-

pyrenetrisulphonic acid and supplied as Pyranin (Bayer UK)] 

by the method described by Yeo et al., (1987) and Yadav et 

al., (1996). Seedlings were grown in boxes that could be 

drained completely, and the solution was replaced with 

minimum root disturbance. The shoots were extracted in 10 

mL of distilled water for 2 h at 90 oC, and the fluorescence 

measured at 510 nm using an excitation wavelength of 403 

nm (Perkin Elmer, LS3).  
 

Gas exchange 
 

Measurements of carbon dioxide and water exchange 

between the fourth leaf and the surrounding air were made in  



1224 

 

 

 

 

 

 

Table 3. Effect of silicate and abscisic acid on K+ concentrations and Na+/K+ ratio in shoots of rice growing under saline conditions (50 mM NaCl).  

 K+ concentration in shoot (µmol g-1)  Na+/K+ 

Genotypes Control ABA Si ABA+Si  Control ABA Si ABA+Si 

IR4630 745±58cd 812±50abc 860±24ab 902±34a  0.87±0.11bc 0.65±0.1cd 0.45±.03de 0.34±0.03e 

IR15324 648±41d 756±44c 780±31bc 831±40abc  1.4±0.12a 0.93±0.07b 0.66±.05cd 0.5±0.05de 
ABA was supplied during imbibition for 24 h; silicate was applied throughout the culture period, while NaCl (50 mM) was applied to 21-d old plants for 96h. Within rows, values followed by the same letter (s) are not 
significantly different at P<0.05. 

 

 

 

Table 4. Effect of silicate with and without abscisic acid on photosynthetic gas exchange (NAR; net assimilation rate, Gs; stomatal conductance) in the 4th leaf of rice growing under saline 

conditions (50 mM NaCl). 

 NAR (µmol m-2 S-1)  Gs (mmol m-2 S-1) 

Genotypes Control ABA Si ABA+Si  Control ABA Si ABA+Si 

IR4630 12±0.76b 12.5±0.71b 16.5±0.85a 17±0.59a  380±15cd 359±33de 463±21a 421±26b 

IR15324 8.44±1.0c 9.5±0.68c 12.5±0.82b 13.5±0.86b  330±17ef 295±19f 405±15bc 380±17cd 
ABA was supplied during imbibition for 24 h; silicate was applied throughout the culture period, while NaCl (50 mM) was applied to 21-d old plants for 96h. Measurements (each of five minutes) were taken with five 
replications between 14:00 and 17:00 h with equal intervals. Within rows, values followed by the same letter (s) or not significantly different at P<0.05.  

 

 

 

Table 5. Effect of silicate with and without abscisic acid on transpiration rate and water use efficiency (WUE) of rice growing under 50 mM NaCl 

 Transpiration (g day-1)  Water Use Efficiency (g DW kg-1 water) 

Genotypes Control ABA Si ABA+Si  Control ABA Si ABA+Si 

IR 4630 4.0±0.17ef 3.5±0.15f 5.5±0.2bc 4.5±0.18de  1.4±0.14bc 1.6±0.07ab 1.3±0.06c 1.8±0.12a 

IR 15324 6.0±0.29b 4.9±0.17cd 7.0±0.43a 6.2±0.39b  0.94±0.06d 1.4±0.1bc 1.0±0.07d 1.3±0.11c 
ABA was supplied as seed soaking for 24 h; silicate was applied throughout the culture solution while NaCl 50 mM was applied at 21 d old plants. Whole-plant transpiration was measured gravimetrically and corrected 
for water loss by evaporation during treated and chase periods. WUE was determined as shoot dry mass after 25 d per unit of water transpired for 25 d. Within rows, values followed by the same letter (s) or not 

significantly different at P<0.05. 
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a temperature controlled green house under natural daylight 

supplemented with high pressure sodium illumination 

(SON/T, Camplex Plant Care LTD) by infrared gas analysis 

in an open system at ambient partial pressures of carbon 

dioxide and water vapour (CIRAS-1, PP system, UK). At the 

time of measurement, the leaf temperature was 22-28 oC, and 

the light flux density was 600-800 µ mol m-2 S-1. 

Measurements (each of five minutes) were taken from five 

replicates between 14:00 and 17:00 h with equal intervals. 

Net assimilation and stomatal conductance were calculated 

by on-board software. Whole-plant transpiration was 

measured gravimetrically, and corrected for water loss by 

evaporation during treatment with 50 mM NaCl (Yeo et al., 

1999; Gong et al., 2006). Water use efficiency was 

determined as shoot dry mass after 25 days per unit of water 

transpired for 25 days (Flowers et al., 1988; Yadav et al., 

1996).  

 

Statistical analysis 

 

Data was statistically analyzed by using Minitab software. 

The experimental design was a randomized complete block 

factorial design (RCBD) with two ways ANOVA (analysis of 

variance). LSD tests were performed to test the differences 

among treatments at P < 0.05 using Minitab software 

(Minitab 15.0, Minitab Inc., State College, PA, USA). 

 

Conclusion 

 

ABA increased plant growth and reduced Na+ uptake in the 

sensitive rice genotype, IR15324. In combination with 

silicate, ABA elevated the salinity tolerance of both 

genotypes, and reduced Na+ transport and bypass flow, 

increasing stomatal conductance, net assimilation rate and 

shoot biomass under salt stress. It suggested that ABA plays 

a regulatory role in inducing salt tolerance in rice by 

influencing Na+ uptake and transport.  
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