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Introduction

Salinity caused by unscientifi c irrigation practice, overuse 
of fertilizer, excessive plowing and intrusion of salt from 
coastal region negatively impact on crop productivity and 
harvest quality throughout the world [1-3]. Plants, apart 
from suffering ionic imbalance, dehydration or osmotic stress 
also suffer secondary oxidative stress under salinity [1,4,5]. 
Redox regulation seems to play a pivotal role under salinity 
that largely depends on the ROS-antioxidant interaction at 
metabolic interface, redox status, chemical reactivity of ROS as 
well as their spatio-temporal changes. The critical evaluation 
of redox regulation involves assessment of ROS-antioxidant 

interaction, genesis of internal redox cue, changes in hormonal 
titer, determination of oxidative stress. Overall, assessment 
of redox regulation under salt stress is extremely important 
and signifi cant from the point of view of physiology of plants. 
Germplasm of rice exhibits variations in their redox regulatory 
mechanisms and hence their sensitivity towards salinity stress 
[6].

Plants exposed to salt stress in general trigger diverse 
signaling pathways involving phytohormones [7,8]. Altered 
hormone accumulation under abiotic stresses might trigger 
signaling through synergistic action or cross-talking with 
internal redox cues. There exist evidences of both feed 
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forward and feed backward interactions between hormones 
and redox cue to regulate the developmental responses [7-9]. 
Further, some works specifi cally indicated the association of 
this phytohormone in controlling germination via crosstalk 
between ROS, ABA, GA, JA, etc. [10-13]. But despite the existing 
development made in this area of plant system biology, 
clear understanding of the impact of salinity induced redox 
shift in germinating tissue on hormonal changes regulating 
germination phenotypes are seldom studied and is the objective 
of the present investigation.

Materials and methods 

Imposition of post imbibitional salinity stress and as-
sessment of germination phenotypes

Seeds of two indica rice cultivars (Oryza sativa L. Cultivars 
IR29 and Pokkali), selected as experimental materials were 
collected form. Central Rice Research Institute, Cuttack, 
Orissa, India and subsequently maintained at Crop Research 
and Seed Multiplication Farm ( The University of Burdwan, 
West Bengal ) between 2015 to 2021 for getting seeds necessary 
for experimentation. Seeds of the experimental rice cultivars 
(Oryza sativa L., Cultivars Patnai & IR29) were washed with 
distilled water and surface sterilized with 0.2% HgCl2 solution 
for fi ve minutes. Surface sterilized seeds were washed and 
imbibed at sterile distilled water in darkness at 25ºC±2ºC, for 
24hours and were plated to impose different magnitude of 
post-imbibitional salinity stress [150mM and 250mM NaCl for 
24 hours at 25ºC with 14-hour photoperiod (270 μm m-1S-1) and 
65±2% relative humidity]. Post-imbibitional salinity stressed 
(PISS), germinating seeds were subsequently allowed to grow 
for next 72 hours in an environmental chamber maintained at 
temperature 25ºC ± 2ºC, relative humidity 65±2% and 14-hour 
photoperiod with 270 μm m-1 S-1 illumination. For studying 
ROS-antioxidant interaction dynamics, redox biomarkers, and 
quantitative estimation of GA, ABA and JA,72-hour old tissues 
(after completion of PISS) were used. 

Spectrofl rometric estimation of total ROS generation

in vivo assay of total ROS was performed 
spectrofl urometrically by placing seedling tissue (50 mg) in 
8 mL 40 mM TRIS-HCl buffer (pH 7) in presence of 100 μM 
2/, 7/-dichlorofl orescin diacetate (DCFDA, Sigma) at 300C. The 
supernatant was removed after 60 minutes and fl uorescence 
was monitored in a spectrofl urometer (Hitachi, Model F-4500 
FL Spectrophotometer) with excitation at 488 nm and emission 
at 521 nm [14].

DAB assay for in situ localization of hydrogen peroxide

For in situ localization of ROS DAB assay was performed 
following the procedure of Daudi, et al. (2012) [15]. For this, 
the leafy part of seedlings (approx. 1cm) were dipped into 2 
mL of DAB stain (3, 3′-diaminobenzidin, 1 mg/mL, pH 3.8) 
and incubated for 8 h at room temperature under light. After 
incubation, the leaf parts were kept in absolute ethanol and then 
kept in a water bath (100 °C) till chlorophyll was completely 
removed from the leaf. Then the sample was cooled and kept 
immersed in 20% glycerol. The image was captured using a 

stereomicroscope (Leica Wild M3B stereo zoom microscope, 
Germany), and a dotted brown color in the tissue indicated the 
presence of H2O2.

DPPH (2,2/-diphenyl-1-pycryl hydrazyl) free radical 
scavenging activity

For the determination of DPPH+ free radical scavenging 
activity, the process of Mensor, et al. (2001) [16] was followed. 
One gram of dry sample was extracted with 30ml 80% methanol 
at 28oC for 24h in shaking incubator and centrifuged at 3500rpm 
for 20 min at 4oC, collected and fi ltered the supernatant. The 
fi ltrate was used for DPPH free radical scavenging activity. 
The reaction mixture containing 1mL fi ltrate with 3mL DPPH 
(0.04mg mL-1 ethanol) were incubated for 30min in darkness 
and then absorbance was measured at 517nm. 

Estimation of membrane lipid peroxidation

To estimate malondialdehyde (MDA) membrane lipid 
peroxidation, the TBA (thiobarbituric acid) test was performed 
using the procedure of Heath and Packer (1968) [17]. Sample 
200mg was homogenized in 5ml of 0.1% TCA, and then 
centrifuged at 10000 rpm for 5 min and fi nally supernatant was 
taken. To 1ml of supernatant, 3ml of 5% TCA (Trichloroacetic 
acid) containing 1% TBA was added and the mixture was 
heated in a hot water bath for 30min and cooled quickly in 
the cold bath and fi nally centrifuged at 10000 rpm for 10min. 
Thereafter, the absorbance of supernatant was measured at 
530 nm. The concentration of MDA was calculated from its 
extinction coeffi cient of 155μM cm-1. 

RP-HPLC based quantifi cation of phytohormones

Treated and control seedlings were collected and put it in 
liquid nitrogen to make them powder. Powdered sample were 
homogenized with cold acetonitrile. Homogenates were kept 
at 4oC for 12h and centrifuged at 2000 rpm for 10 min at 4 oC. 
Supernatants were taken in centrifuge tubes and mixed with 1.5 
mL 0.1M phosphate buffer (pH-7.1). These mixtures were kept 
at -80 oC for 30 minutes and then thawed adequately at 4 oC. The 
mixture was extracted with 2.5 ml of ethylacetate thrice after 
addition of 1 mL HCl. After centrifugation ethylacetate phase 
was collected and with the help of rotary vacuum evaporator 
the sample was dried. The dry sample was dissolved in 1ml 
of mobile phase containing methanol and water (1:1). Finally, 
extract was fi ltered through 0.22mm membrane fi lter for HPLC 
in C18 column and UV detection. GA3, ABA and JA peaks were 
detected by using absorbance at 254 nm.

Determination of germination phenotypes and other 
physiological traits

For studying the impact of PISS on germination of two 
experimental rice cultivars (Patnai and IR29), T50 value of 
germination was performed according to the procedure of 
Rubio-Casal, et al. (2003) [18] and Bhattacharjee (2008) [19].

For the estimation of allocation index, Na+ / K+ ratio and 
relative water content the processes of USDA handbook (1954) 
[20] and Barrs and Weatherly (1962) [21] were followed.
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Statistical analysis

Experiments for all metabolic parameters were performed 
thrice with three replicates each and results were calculated 
as mean of three replicates ± standard error. For statistical 
analysis of the data for signifi cance, “t-test, paired two 
samples for means” was used in Microsoft Excel 2010.

Results and Discussion

The redox metabolic shift suffered by the experimental 
rice cultivars imposed to PISS was assessed in terms of 
prooxidant-antioxidant status and changes in standard redox 
biomarkers of the germinating seedlings. In Figure 1, the 
brown spots indicate the presence of H2O2 in shoot tissues of 
the germinating seedlings as detected by DAB staining in both 
the rice cultivars raised under different magnitudes of salinity 
stress [150 mM NaCl (Figure 1B), 250 mM(1C)] vis-à-vis their 
untreated control [Figure 1(A)] seedlings. The cultivar Patnai 
exhibited a signifi cantly lower accumulation of H2O2 at cellular 
level under same magnitude of PISS as compared to IR29, 
hinting at the controlled generation of ROS in salt-resistant 
experimental rice cultivar. Further, altered redox status of PISS 
raised seedlings was estimated in terms of accumulation of total 
ROS and H2O2, total antioxidant capacity and lipid peroxidation 
(thiobarbituric acid reactive substances) (Figure 2). The result 
substantiates the data of in-situ localization of ROS, with 
signifi cantly greater accumulation of both total and individual 
ROS and associated lipid peroxidation (TBARS level) in salt-
sensitive cultivar IR 29 as compared to salt-resistant cultivar 
Patnai, grown under the same magnitude of PISS [Figure 2(A), 
(C)]. A comparison of total antioxidant competence assessed 
in terms of DPPH radical scavenging assay, further revealed 
signifi cant up-regulation for the cultivar Patnai as compared 

to IR29, confi rming the reduction of level of TBARS associated 
with redox-regulatory attributes of salt-resistant cultivar 
Patnai [Figure2 (B), Figure 2D]. 

Further, the total antioxidant capacity competence which 
exhibited signifi cant enhancement for the cultivar Patnai, 
showed signifi cantly reduced accumulation of TBARS as 
compared to the cultivar IR29 under the same magnitude 
of PISS. In fact, the magnitude of lipid peroxidation, which 
exhibited close relationship with the redox status of the 
germinating seedlings grown under PISS (assessed in terms 
of accumulation of total and individual ROS and radical 
scavenging properties), showed a negative correlation with 
germination (Figure 2).

For the assessment of corelative evaluation of the impact of 
Post Imbibitional Salinity Stress (PISS) on redox and hormonal 
changes, and RP-HPLC based quantifi cation of three important 
hormones GA, ABA and JA have been done in the germinating 
seedlings of both the experimental rice cultivars. There was 
in general PISS induced alteration in hormonal pools, which 
showed strong correlation with the alter redox status assessed 
in terms of the accumulation of total ROS (DCFDA oxidation) 
(Figures 3,4). Extraction and quantifi cation of GA from PISS-
raised seedlings of both the experimental rice cultivars revealed 
a differential response (Figures 3,4). PISS to the magnitude of 
250 mM NaCl imposed to the salt-resistant cultivar Patnai 
not only evades reduction but also exhibited an up-regulation 
in the accumulation of GA over untreated control (Figures 
3,4). When compared with the salt susceptible cultivar IR29, 
a contrasting response has been noticed (Figures 3,4), where 
PISS found to down-regulate GA accumulation signifi cantly. A 
correlative evaluation of PISS-raised changes in redox states 
and GA accumulation for both the experimental rice cultivars 

Figure 1: Visualization of hydrogen peroxide accumulation by DAB (3,3’-Diaminobenzidine) staining] in the seedlings (72h old) of two rice Cultivars (Oryza sativa L. Cultivars 
IR29 and Patnai) raised under post imbibitional NaCl salinity stress (PISS 150mM NaCl and 250 mM NaCl).
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showed that the cultivar showing restricted accumulation 
of ROS through redox regulation is able to up-regulate GA 
accumulation vis-à-vis with the cultivar showing greater ROS 
accumulation exhibiting a down regulatory response in GA 
accumulation (Figure 3-5). So, the ability of redox regulation 
in terms of ROS accumulation seems to have a direct impact on 
the accumulation of germination hormone GA under PISS. The 
same trend of result has been noticed when ABA was extracted 

and quantifi ed by RP-HPLC from PISS raised seedlings of 
experimental rice cultivars. A signifi cant positive correlation 
between the accumulation of ABA and accumulation of total 
ROS has been noticed for PISS-raised germinating seedling of 
the cultivar Patnai (Figures 3,4). The salt susceptible cultivar 
IR29 on the other hand exhibited a down-regulation in ABA 
accumulation showing an inverse relationship with decontrol 
ROS generation under PISS (Figures 3-5). The hormone JA on 

Figure 2: Relationship between PISS induced oxidative lipid peroxidation product TBARS and redox status (ROS and H2O2 accumulation, total antioxidant capacity and 
growth parameters in experimental rice cultivars (Oryza sativa L., Cultivars Patnai and IR29). Results are mean of three replicates ± standard error. *Signifi cant from control 
at 0.05 level (t-test). **Signifi cant from control at 0.01 level (t-test).

Figure 3: RP-HPLC derived Chromatogram showing separation and quantitative estimation of hormones gibberellic acid (GA3), abscisic acid (ABA) and jasmonic acid (JA) 
in controlled and PISS raised seedlings of rice cultivar Patnai.
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the other hand, showed the signifi cant down-regulation in 
accumulation in PISS-raised seedlings of salt resistant cultivar 
Patnai indicating an inverse relationship with regulated ROS 
accumulation (Figures 3,4). 

The results also exhibited strong correlation between PISS-
induced modulation of redox metabolic shift in germinating 
tissue with germination and other basic physiological traits 

(allocation index, relative water content and Na+ / K+ ratio). 
Salt resistant cultivar Patnai showed better physiological 
performances in terms of regulation of Na+ / K+ ratio, RWC, 
allocation of solutes and germination phenotype under PISS as 
compared to its counterpart IR29 grown under same condition, 
advocating the role of redox regulation associated with salt 
tolerant rice germplasm.

Figure 4: RP-HPLC derived Chromatogram showing separation and quantitative estimation of hormones gibberellic acid (GA3), abscisic acid (ABA) and jasmonic acid (JA) 
in controlled and PISS raised seedlings of rice cultivar IR29.

Figure 5: Relationship between PISS induced hormones (GA, JA, ABA) and redox status (total ROS )in experimental rice cultivars (Oryza sativa L., Cultivars Patnai and IR29). 
Results are mean of three replicates ± standard error. *Signifi cant from control at 0.05 level (t-test). **Signifi cant from control at 0.01 level (t-test).
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Several workers noticed negative consequences of surplus 
ROS accumulation under salinity induced redox metabolic shift 
on lipid peroxidation, enzyme inhibition, protein oxidation, 
membrane and nucleic acid damage etc. affecting physiological 
performances of the crop [22-24]. The steady state redox 
status which depends on the relative rates of generation and 
decomposition, determine the subsequent role of the internal 
redox cue, toxic or signaling [5,8]. In fact, upregulation of 
antioxidant competence may be considered as proactive stress 
acclimation rejoinder which down regulates prooxidant status 
and exhibit tolerance to oxidative threat and salinity stress 
[1,5]. Several workers also showed close ROS – hormone 
interaction in regulating salinity tolerance. Hormones like 
GA3, ABA and JA found to have decisive roles in the salt stress 
response, regulating ROS homeostasis and homeostasis, 
orchestrating salt stress-responsive gene expression necessary 
for stress acclimation [3,25]. Salt-induced enhancement of 
ABA accumulation help to upregulate antioxidative defense and 
alleviate the harmful effects of oxidative stress [3,8].

Conclusion

Taken as a whole, the present work suggests the role of 
salinity induced redox metabolic shift in regulating differential 
redox cue necessary for stress acclimation in indica rice 
cultivars. The work further explored the close connection 
between salinity induced changes in oxidative windows 
and hormonal profi le of germinating seeds in context of 
two contrasting experimental rice genotypes, for successful 
germination.
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