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Abstract: Rice is considered a crop sensitive to salinity and increasing soil salinity is a global threat that 
restricting rice production. After being exposed to salinity stress (10 dSm-1 induced by NaCl) for seven 
days the seedlings were foliar sprayed with four combinations of abscisic acid (ABA) and silicon (Si) 
{50 µM ABA; 03 mM CaSiO4as Si source, co-application of ABA (50 µM) and Si (03 mM CaSiO4), and 
tube-well water as control}. Salinity affected almost all the morpho-physiological parameters like shoot 
and root length, fresh weight of shoot and relative water content (RWC), K+/Na+ in leaves and roots of 
rice. In response to four combinations of ABA and Si treatment, three treatments namely, ABA, Si, and 
co-application of ABA and Si had significant salt stress mitigating effects on the growth and physiology 
of both salt tolerant (BRRI dhan41) and sensitive (BRRI dhan49) rice seedlings. Specifically, while 
considering the shoot and root length, fresh and dry weight of shoot and root, RWC and K+/Na+, the salt 
sensitive BRRI dhan49 under salt stress showed similar morpho-physiological indices as compared with 
those in the case of salt tolerant BRRI dhan41. Percent leaf RWC (an important index of stress 
responsiveness) in BRRI dhan49 under salt stress after foliar application of ABA and Si was recorded as 
the highest (88.88%), which is statistically similar with those in the case of both BRRI dhan41 and BRRI 
dhan49 under non-saline condition. Besides, we observed that co-application of ABA and Si 
significantly improved K+/Na+ in the leaves of salt-sensitive BRRI dhan49 under salinity, which might 
also play crucial role in mitigating salt stress in BRRI dhan49. Thus, foliar spraying of ABA and Si, 
especially on the salt sensitive high yielding rice genotypes could be an effective strategy to 
counterbalance salinity induce negative impacts on rice.
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Introduction
Salinity is a severe environmental stress that limits the productivity of crops. More than 25% of 
world land is affected by salinity (Levigneron et al., 1995; Chahine et al. 2013). Salinity causes 
an unfavorable environment and hydrological situation that limit normal crop production. Rice 
(Oryza sativa L.) is an important cereal crop and more than 50% of the world population uses 
it as a staple food (Fukagawa and Ziska 2019). Over 13 million farm families in Bangladesh are 
engaged with rice cultivation. And, rice is grown in 10.5 million hectares which have been 
almost stable over the past few decades [http://www.knowledgebank-brri.org/riceinban.php]. 
Rice is considered as a crop sensi-tive to salinity (Grover and Pental, 2003). The currently cultivat-
ed rice varieties in Bangladesh are not fit for survival with increasing soil salinity of the coast 
(Ahmed and Haider 2014). 
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Abscisic acid (ABA), a plant growth regulator which regulates many aspects of plant growth and 
development, such as seed maturation, dormancy and adaptation to abiotic stresses (Sreenivasulu 
et al., 2012). Under varying levels of salt stress (20 and 40 mM NaCl), the endogenous levels of 
ABA in rice have been recorded to rise compared with nonstressed (control) condition (Kang et 
al., 2005). An ABA mediated positive role on plant growth and potentiation of salinity tolerance 
by improving ionic relations in plant tissues has been suggested in different crops (Holbrook et al., 
2002; Din and Flowers, 2002). On the other hand, silicon (Si) has been reported as a beneficial 
compound for the many plant species (Ma and Yamaji, 2008). The Si content of soils is very high 
with an average of 28% Si by weight. And, most of the soil Si is predominates as silicon dioxide, 
silicate minerals and aluminosilicates and none of which are available for plant uptake. However, 
Si is available to plants only in the form of monosilicic acid [Si(OH)4], which has been considered 
as the leading limiting factor of Si availability in plants (Deshmukh et al., 2020). Si fertilizers have 
proved very effective against biotic stresses (bacteria, fungi, virus, insects and rodents) and abiotic 
stresses (heat, drought, acidity, salinity, etc.) (Laane, 2018). Si treatments reduced the sodium ion 
(Na+) accumu-lation resulting in low electrolytic leakage and lipid peroxidation compared with 
control plants under salinity stress. Salt tolerance in rice has been reported to facilitate through 
deposition of Si in the exodermis and endodermis of roots that ultimately reduced Na+ uptake 
through apoplastic transport (Gong et al., 2006). 
In the present study, we have conducted a three factor experiment to investigate the alleviating 
role of ABA and Si applying exogenously on the two contrasting salt induced rice genotypes.

Materials and Methods
The experiment was carried out in the net house of Agronomy field laboratory and stress 
agronomy laboratory of Patuakhali Science and Technology University located at the 
coordinates of "22°37' N latitude and 89°10' E longitude". A three (03) factor experiment was 
laid out in a completely randomized design (CRD) with three replications. Briefy, two (02) rice 
varieties namely, BRRI dhan41 (salt tolerant) and BRRI dhan49 (salt sensitive) as factor A; 
salinity levels {(Saline (10 dSm-1) and Non-saline} as factor B, and four (04) combinations of 
ABA and Si {as Control using tubewell water, ABA@ 50 µM ABA, Si @ 03 mM Calcium 
Silicate and co-application of ABA and Si (50 µM ABA and 03 mM CaSiO4)} as factor C in 
the form of exogenous foliar spray, were used in this experiment.
In our present study we followed the IRRI standard protocol (Gregorio et al., 1997) for growing 
rice seedlings in sustained water bath and carrying out subsequent salinity treatment. The perfo-
rated metallic pots (drilled with 3-4 mm diameter holes every 2 cm apart) were filled with rice 
field soil. Fertilizer supplementation mainly of nitrogen,  phosphorous and potassium was done, 
respectively at the rate of 50, 25 and 25 mg Kg-1 soil as per recommendation of BARC fertilizer 
recommendation guide 2012. The metallic pots were put in a water bath (50cm×30cm× 20cm) made 
of stainless steel to maintain a constant water level for the growing seedlings. Four to five pre germi-
nated seeds were placed on wet soil surface of each pot. At two days of sowing, poorly settled 
seedlings were removed and finally three seedlings per pot were kept for treatment execution. Salinity 
(10 dSm-1) was applied at 14 days old seedlings till to the end of the study (42 days old seedlings). 
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A non-saline culture condition was also maintained following the same growing conditions using 
tube well water at base value (<2 dSm-1). The ABA and Si were applied on 21 days old rice seedlings 
after 7 days of imposing salt stress. Treatments were applied as foliar spray at 7 day interval which 
was continued for the next 3 weeks i.e., up to 42 days old of rice seedlings. After completion of all the 
treatments data on total plant biomass, shoot length, root length, fresh weight of shoot and relative water 
content (RWC) of leaves were measured following previously published literatures (Weatherley, 1950; 
Rahman et al., 2019). Moreover, the Na+ and K+ content from the dried leaf and root samples of the rice 
plants were determined according to the method as described by Krishnamurthy et al. (2016). Data were 
recorded as means ± standard deviation (SD) from three replications and examined statistically by three 
way analysis of variance (ANOVA). Statistical significances of the means were compared using 
Tukey's Honestly Significant Difference 98 (HSD) post hoc test at 0.01 and 0.05 probability level, using 
statistical package JMP 8 from SAS Institute Inc.

Results and Discussions
Effect of ABA and Silicon (Si) on growth parameters of rice under salt stress. Among all the 
growth parameters, the application of ABA and Si at different treatment combinations (sole 
ABA or Si or co-application of ABA and Si) had significant effect on the shoot and root length 
of rice (Figure 1). The highest shoot length (103.93 cm) was observed in BRRI dhan41 under 
non-saline condition in response to all the treatment combinations, which were statistically 
similar. The lowest shoot length (60.77 cm) was observed in BRRI dhan49 under saline condi-
tion while treated with ABA (Figure 1a). Overall, the rice seedlings under non-saline condition 
showed 29.60% higher shoot length after sole application of ABA compared with those in 
response to the control, ABA, Si and, combined application of ABA and Si under saline condi-
tion (Figure 1a). Besides, the highest root length (26.07 cm) was observed under non-saline 
condition from the co-application of ABA and Si which was 17.41% higher than control i.e., 
after application of tap water under saline condition (Figure 1 b).
We observed significant differences between the fresh weight of shoot of two contrasting rice 
genotypes in response to salinity, and exogenous ABA and Si application (Figure 2). BRRI 
dhan41 and BRRI dhan49 showed the highest shoot fresh weight (29.30 g and 29.10 g, respec-
tively) under non-saline condition in response to sole ABA, which is statistically similar with 
the treatments like sole application of Si and co-application of ABA and Si. The lowest shoot 
fresh weight (15.59 g) was recorded in the case of BRRI dhan49 in response to control 
treatment under salinity (Figure 2).
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Figure 1. Effect of ABA and Si under salinity on (a) shoot and (b) Root length of rice. Different color 
codes at the top of figure represents various treatments. Color codes at the top represent different 
treatments. Letters above the bars connected by different letters statistically significant and connected by 
same letter are non-significant. The probability value (p- value) showing at the top right and left corner 
outside of the figure.

Figure 2. Effect of ABA and Si on the fresh weight of shoot under salinity in rice. Different color codes 
at the top of figure represents variety. Letters above the bars connected by different letters statistically 
significant and connected by same letter are non-significant.
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Application of ABA and Si was found to be improved the salt-induced shoot length and total 
biomass in rice plants thus improving the salinity tolerance (Cuong et al., 2017; Farooq et al., 
2015; Bohra et al. 1995 and Gurmani et al. 2013). Lee et al. (2010) also found that ABA and Si 
together improves the growth performances of soybean which also coincides with our results. 
Moreover, ABA treatment has been reported to enhance salinity tolerance by increasing 
im-portant growth attributes in rice, sorghum and wheat (Gurmani et al., 2011, 2007; Amzallag 
et al., 1990). Gurmani et al. (2013) reported that shoot and root biomass in rice increased with 
the application of ABA and Si under salinity. Thus, Si has been widely reported to ameliorate 
salt stress in many crops like rice, maize, wheat, barley and tomato (Gong et al., 2006; Parveen 
and Ashraf, 2010; Ahmed et al., 1992; Liang et al., 1998; Al-Aghabary et al., 2004).

Effect of ABA and Silicon on physiological and biochemical attributes of rice under salt stress
Leaf relative water content (RWC%)
Exogenous ABA and Si application had significant effect on the RWC of rice leaves under 
salinity (Figure 3). Specifically, in the salt sensitive BRRI dhan49, the RWC improved 
remarkably under salt stress while they had been treated with ABA, Si, and co-application of 
ABA and Si. Data revealed that the highest RWC (88.88%) was observed in response to ABA 
application in the salt-induced BRRI dhan49, which was statistically similar with that of in 
response to Si, and combined application of ABA and Si. It is to noteworthy that exogenous 
ABA and Si application in BRRI dhan49 showed statistically similar levels of RWC under 
salinity as compared with those in case of non-saline condition. However, surprisingly the 
lowest RWC (57.81%) was observed in the salt tolerant BRRI dhan41 after co-application of 
ABA and Si under saline condition. Considering the salinity effect, it was observed that RWC 
was higher (78.31%) in response to the application of sole Si comparing with other treatments 
(Figure 3). Application of Si has also been reported to reduce the salinity effect by improving 
relative water content 6% in rice compared with control (Yan et al., 2020). Abdelaal et al. 
(2020) reported that foliar application of Si mitigates the effect of salinity by increasing 71% 
RWC in sweet pepper plants compared to control. Application of Si through irrigation water 
improves the leaf RWC of sugarcane under drought stress (Verma et al., 2021).
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Figure 3. Effect of ABA and Si on relative water content (RWC%) under salinity Different color code atthe 
top represents the treatments.Letters above the bars connected by different letters statistically significant and 
connected by sameletter are non-significant. Theprobability value (p- value) showing at the right top corner 
outside of the figure.

Accumulation of Na+ and K+ in leaves and roots of rice
The accumulation of Na+ in the leaves and roots of two rice genotypes were significantly af-fected 
by the application of ABA and Si under salinity (Figure 4). Between the two contrasting rice 
genotypes, BRRI dhan41 had more Na+ (64.77 mg g-1 DW) in leaves under the saline condition 
when applied with tap water (control) and Si. Interestingly, the leaves of BRRI dhan49 (sensitive 
check) was found to have comparatively lower Na+ concentration in response to control than that 
of in tolerant check BRRI dhan41 (Figure 4 a). In considering the combined effect of ABA and Si 
application in excluding Na+ in the leaves of both tolerant and sensitive check, the combined 
application of ABA and Si significantly reduced the Na+ concentration. Besides, application of Si 
in BRRI dhan49 also played significant role in the reduction of Na+ in leaves. Both the rice 
genotypes had the lowest Na+ (2.25 mg g-1 DW) in leaves under non-saline condition after sole 
application of ABA and Si (Figure 4 a). Most importantly, the lowest Na+ uptake was observed in 
both shoot (15.54 mg g-1 DW) and root (10.82 mg g-1 DW) when treated with ABA and Si 
together under saline condition compared with all the treatment combina-tions. Similarly, in rice 
root the highest Na+ (42.33 and 49.13 mg g-1 DW) was observed in BRRI dhan41 and BRRI 
dhan49 while treated with control in the presence of salinity (Figure 4 b). Suddenly, the Na+ 
accumulation showed a greater reduction in both the genotypes when treated with sole ABA, Si or 
ABA and Si together. The result also exhibited that the tolerant genotype BRRI dhan41 uptake 
less Na+ compared to the sensitive genotype BRRI dhan49. Besides, both the genotypes showed 
the lower Na+ accumulation in root in the absence of salinity (Figure 4 b).
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Figure 4. Effect of ABA and Si on the Na+ concentration in (a) leaves and (b) roots of two con-trasting 
rice genotypes under salinity. Different color codes at the top middle represent the treatment 
combinations. Letters above the bars connected by different letters statistically sig-nificant and 
connected by same letter are non-significant. The probability value (p- value) showing at the right and 
left top corner outside of the figure.
Besides, application of ABA and Si Showed a significant variation in K+ accumulation in rice leaves 
and roots of the both genotypes (Figure 5). In the presence of salinity, the higher K+ (16.43 mg g-1 
DW) deposition in leaves was observed in BRRI dhan41 while treated with ABA which is 
statistically similar with control. The salt sensitive BRRI dhan49 showed higher K+ (7.12 mg g-1 
DW) accumulation in BRRI dhan49 when treated with sole ABA, and co-application of ABA and Si 
which are statistically similar to control (Figure 5 a). However, in BRRI dhan41, K+ uptake in root 
was higher in control while other three treatments had significantly lower root K+ accumulation. 
Surprisingly, sole application of ABA and Si showed comparatively higher K+ deposition in roots of 
BRRI dhan49 compared with the tolerant check BRRI dhan41 under saline condition (Figure 5 b).
Data revealed that, from sole application of ABA, and Si the leaves of both BRRI dhan41 (tolerant 
check) and BRRI dhan49 (sensitive check) had the lowest leaf K+/Na+ under salinity (Figure 6 a). 
But, the co-application of ABA and Si significantly improved the K+/Na+ in the leaves of 
salt-sensitive BRRI dhan49 (Figure 6 a). However, in the absence of salinity, both genotypes 
showed a gradual increase in K+/Na+ with the application of ABA and Si (Figure 6 a). Exogenous 
application of ABA and Si did not show any significant variation in K+/Na+ in rice root under saline 
condition (Figure 6 b). In the absence of salinity, ABA and Si application significantly reduced 
K+/Na+ in the tolerant check BRRI dhan41. Surprisingly, the sensitive check BRRI dhan49 showed 
a significant increase in K+/Na+ compared with the control treatment (Figure 6 b). Besides, the 
highest K+/Na+ was found in rice leaf while applied with Si alone in the presence of salinity. 
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Figure 5. Effect of ABA and Si on the K+ concentration in (a) leaves and (b) roots of two contrasting rice 
genotypes under salinity. Different color codes at the top middle represent the treatment combinations. Letters 
above the bars connected by different letters statistically significant and connected by same letter are 
non-significant. The probability value (p- value) showing at the right and left top corner outside of the figure.

Figure 6. Effect of ABA and Si on the K+ /Na+ concentration in (a) leaves and (b) roots of two contrasting rice 
genotypes under salinity. Different color codes at the top middle represent the treatment combinations. Letters 
above the bars connected by different letters statistically significant and connected by same letter are 
non-significant.The probability value (p- value) showing at the right and left top corner outside of the figure.

Previously it has been reported that, application of ABA and Si caused a greater reduction in Na+ 
concentration in the shoot (Gurmani et al., 2013, Bohra et al., 1995) which is consistent to our 
findings. In barley plants, Si decreased Na+ but increased K+, with Na+ and K+ being more evenly 
distributed over the root section (Liang and Ding 2002). Si remarkably reduced the Na+ 
concentration but increased K+ concentration in rice shoot which can defend Na+ toxicity in rice 
(Yan et al., 2020). Several researchers have been observed that higher K+ content maintaining a 
favorable K+/Na+ ratio even in higher concentrations of salt stress that potentially contribute to 
improve the salinity tolerance (Polash et al., 2018; Hniličková et al., 2019).
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Conclusion
We extensively analyzed all the treatment combinations considering all three factors employed in this 
study. Besides the varietal effect, we observed a highly significant induction of salinity on two 
contrasting rice genotypes. With regard to the treatment effects of ABA and Si, we found sole 
application of ABA, Si and, co-application of ABA and Si had significant effects on some of the 
growth and physiological parameters of rice seedlings. Interestingly, we found that the salt sensitive 
BRRI dhan49 under salt stress showed similar growth and physiological indices after exogenous 
ABA and Si application as compared with salt tolerant BRRI dhan41 (while considering the shoot 
and root length, fresh and dry weight of shoot and root, RWC and K+/Na+). Thus, foliar spray of ABA 
and Si on salt-sensitive high yielding rice seedlings could be an effective strategy to cope with coastal 
salinity and enhancing rice productivity. However, in this study we could not dig into the 
mechanism(s) underlying with this stress alleviation role of ABA and Si in two rice genotypes under 
salinity. Further, in depth study including more combinations of ABA and Si, and their comparative 
role in alleviating salt stress in different growth and developmental stages, and on the yield of rice 
could be highly beneficial in expanding the cultivation of HYV rice thus increasing the total 
productivity in the salineprone coastal areas of Bangladesh.
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