
Rice (Oryza sativa L.) is the staple food for near-

ly half of the world’s population and is cultivat-

ed in approximately 160 million hectares of land 

globally, mostly in Asia, where about 46.6% of the 

world population resides (Prasad et al. 2017). As the 

world population is increasing alarmingly fast, it is 

an earnest need to increase the rice production sev-

eral folds to feed the population. In contrast, rice is 

a drought-sensitive crop, and every year encounters 

a vast amount of yield loss globally. Moreover, cli-

mate change has been altering the rainfall pattern; 

thereby, at present, drought has become a very serious 

concern for rice farming (Fahad et al. 2017, 2019).

Drought impedes plant productivity by altering the 

physiological processes. It causes the generation of the 

excessive amount of reactive oxygen species (ROS), 

which alters the metabolic and oxidative homeostasis 

of plant cells (Hussain et al. 2018). Later, excessive 
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Abstract: Hydrogen peroxide (H
2
O

2
) and salicylic acid (SA) exhibit protective effects against a wide array of stresses. 

In this study, we investigated the relative efficacy of exogenous H
2
O

2
 and SA in conferring drought tolerance in rice 

(Oryza sativa L.). The experiment was repeated two times, firstly in a hydroponic system and secondly in soil. The 

results revealed that drought hampered germination indices, seedling growth, photosynthetic pigments, and water 

content, whereas increased proline content. It also triggered higher H
2
O

2
 production and consequently elevated 

lipid peroxidation, which is a particular indication of oxidative damage. However, exogenous H
2
O

2
 or SA treatment 

effectively alleviated oxidative damage in rice seedlings both in hydroponic and soil systems via upregulating anti-

oxidant enzymes. Nevertheless, regulation of proline level and augmentation of plant-water status were crucial to 

confer drought tolerance. Exogenous H
2
O

2
 or SA also protected photosynthetic pigments from oxidative damage 

that might help to maintain normal photosynthesis under drought. Besides, 5 mmol/L H
2
O

2
 and 0.5 or 1 mmol/L 

SA showed similar effectiveness on mitigating drought stress. Finally, our findings suggest that exogenous H
2
O

2
 or 

SA could evenly be effectual in the amending growth of rice seedlings under drought conditions.
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ROS promotes membrane lipid peroxidation (Noctor 

et al. 2018). Also, in leaves, excessive ROS accretion 

can lead to senescence of leaves due to the breakdown 

of photosynthetic pigments (Hussain et al. 2018, 

Noctor et al. 2018). Thus, the interaction between 

ROS and antioxidant defense systems substantially 

governs the plant’s drought tolerance competences 

(Hussain et al. 2018). Plants possess antioxidants, 

both enzymatic (catalase (CAT); ascorbate peroxi-

dase (APX); and guaiacol peroxidase (GPOX)) and 

non-enzymatic, to scavenge ROS (Noctor et al. 2018). 

Thus, upgrading antioxidants is an efficient tactic 

to counter the drought-induced oxidative stress.

Salicylic acid (SA) plays a vital role in many physio- 

logical routes of plants, and several studies stated the 

use of SA in stress mitigation (Maruri-López et al. 

2019). Likewise, H
2
O

2
 acts as a signaling molecule at 

mild levels which operates versatile functions in plants. 

It also regulates plant metabolism by cooperating with 

other hormones and signaling molecules and confers 

stress tolerance (Smirnoff and Arnaud 2019). The latest 

studies showed that the exogenous H
2
O

2
 augmented 

abiotic stress tolerance of different plants (Banerjee 

and Roychoudhury 2019, Latef et al. 2019).

Taking these facts into account, we examined the 

effects of exogenous SA or H
2
O

2
 on drought stress 

mitigation in rice both hydroponic and soil systems in 

order to compare their efficacy in drought mitigation 

at the germination and seedling stage. Furthermore, 

to the best of our knowledge, it is the first report 

that evaluated the relative efficiency of SA and H
2
O

2
 

both under hydroponic and soil systems.

MATERIAL AND METHODS

Treatments and growth parameters measu- 

rement .  The germination and growing of rice 

(cv. BRRI dhan29) seedlings in hydroponic were 

done as previously stated by Tahjib-Ul-Arif et al. 

(2019). In the germination stage study, seeds were 

soaked in H
2
O

2
 (5 and 10 mmol/L) or SA (0.5 and 

1 mmol/L) solution in the dark for 24 h followed by 

incubation in Petri dishes containing 20 mL water 

or 15% PEG-6000 for 7 days. In seedling stage trial, 

7-day-old seedlings were exposed to 15% PEG-6000 

containing nutrient solution (Cooper 1996), and 

H
2
O

2
 (5 and 10 mmol/L) or SA (0.5 and 1 mmol/L) 

were applied in foliage (10 mL/spray/pot) at 1-day 

interval. The 10 L nutrient solution contained, 

KH
2
PO

4
 (2.63 g), KNO

3
 (5.83 g), Ca(NO

3
)

2
∙4 H

2
O 

(10.03 g), FeSO
4
∙7 H

2
O (2.00 g), MgSO

4
∙7 H

2
O 

(0.79 g), MnSO
4
 (0.061 g), H

3
BO

3
 (0.017 g), CuSO

4 

∙5 H
2
O (0.004 g), Na

2
MoO

4
 (0.003 g), and ZnSO

4
∙7 H

2
O 

(0.0044 g). In soil-based study, 50 germinated seeds 

were sown in each pot having 750 g soil (silty loam; 

pH, 6.12; electrical conductivity, 0.25 dS/m; cation 

exchange capacity, 20.4 cmol/kg; exchangeable Na+, 

0.38 cmol/kg; exchangeable K+, 0.15 cmol/kg; total 

nitrogen, 0.12% and organic carbon, 1.19%), and 

grown in well-watered condition for 10 days, and 

later the irrigation was stopped, and H
2
O

2
 or SA 

(10 mL/spray/pot) at 1-day interval were applied. 

After 7 days, germination indices, morphological 

parameters, and relative water content (RWC) were 

measured as reported by Tahjib-Ul-Arif et al. (2019).

Determination of proline (Pro), H
2
O

2
, MDA, and 

SPAD chlorophyll. Pro, H
2
O

2,
 and MDA (malondialde-

hyde) contents were determined following the method of 

Tahjib-Ul-Arif et al. (2018). Chlorophyll (Chl) content in 

terms of SPAD (soil plant analysis development) values 

was recorded using a portable SPAD 502 Plus meter 

(Konica-Minolta, Tokyo, Japan). In each measurement, 

the SPAD reading was repeated 5 times from the leaf tip 

to base, and the average was used for analysis.

Antioxidant enzyme activity assay. Fresh leaves 

(0.05 g) were homogenized in 50 mmol ice-cold 

potassium phosphate buffer (pH 8.0). After centri-

fuging the homogenate at 11 500 × g for 10 min at 

4 °C, the supernatant was separated and used for the 

determination of the activity of CAT (EC 1.11.1.6), 

APX (EC 1.11.1.11) and GPOX (EC: 1.11.1.7) ac-

cording to Tahjib-Ul-Arif et al. (2018).

Statistical analysis. The data were subjected to a one-

way or two-way analysis of variance using Minitab 17 

(Pennsylvania, USA), followed by Tukey’s test (P < 0.05).

RESULTS

Exogenous H
2
O

2
 or SA improved germination 

indices. Drought stress notably decreased final ger-

mination percentage (FGP); coefficient of the velocity 

of germination (CVG); germination rate index (GRI); 

plumule length (PL); radicle length (RaL), and plu-

mule fresh weight (PFW), whereas increased mean 

germination time (MGT) compared with control. On 

the contrary, exogenous H
2
O

2
 (5 and 10 mmol/L) or 

SA (0.5 and 1 mmol/L) increased FGP, CVG, GRI, PL, 

RaL, and PFW, whereas decreased MGT compared 

with only drought-stressed plants (Table 1).

Exogenous H
2
O

2
 or SA enhanced growth and 

photosynthetic pigment. Drought stress (hydro-

ponic and soil condition) resulted in a pointed de-
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crease in the growth and biomass in terms of shoot 

length (SL), root length (RL), and shoot fresh weight 

(SFW) (Table 2, Figure 1). However, exogenous H
2
O

2
 

(5 and 10 mmol/L) or SA (0.5 and 1 mmol/L), both 

in hydroponic and soil conditions, notably alleviated 

the drought-induced inhibition of growth compared 

with drought-stressed plants. Among the doses, 

5 mmol/L H
2
O

2
, or 0.5 and 1 mmol/L SA showed 

the highest productivity in enhancing the growth of 

rice plants in soil-based drought conditions. In soil 

conditions, drought markedly reduced the SPAD 

Chl. Conversely, H
2
O

2
 (5 mmol/L) or SA (0.5 and 

1 mmol/L) treatment markedly increased the SPAD 

Chl of rice plants compared with only drought-ex-

posed seedlings.

Exogenous H
2
O

2
 or SA declined endogenous 

H
2
O

2
 and MDA contents. The endogenous H

2
O

2
 

and MDA contents were significantly increased in 

rice leaves when exposed to drought both in hydro-

ponic and soil conditions (Figure 2A, B). Oppositely, 

both in hydroponic and soi l  condit ions ,  when 

drought-stressed plants were treated with H
2
O

2
 (5 and 

10 mmol/L) and SA (0.5 and 1 mmol/L) showed a marked 

reduction in endogenous H
2
O

2
 and MDA content as 

compared with the only drought-exposed plants.

Exogenous H
2
O

2
 or SA improved RWC and 

regulated Pro content. RWC of rice leaves radi-

cally fell due to drought exposure (hydroponic and 

soil condition), which in turn increased the Pro 

content markedly (Figure 2C, D). However, H
2
O

2
 

(5 and 10 mmol/L) or SA (0.5 and 1 mmol/L) treat-

ment decreased the Pro content and increased the 

leaf RWC in drought-stressed plants compared with 

only drought-stressed plants.

Table 1. The effects of exogenous hydrogen peroxide (H
2
O

2
) or salicylic acid (SA) on germination and growth 

at germination stage under drought

Treatment

Germination indices Growth parameters

FGP 

(%)

CVG GRI MGT 

(day)

PL RaL PFW 

(mg/plant)(%/day) (cm/plant)

Control 83.11 ± 1.3a 32.20 ± 0.8a 75.56 ± 2.4a 3.16 ± 0.09b 12.98 ± 0.6a 8.76 ± 0.6a 34.52 ± 0.9a

Drought (D) 71.11 ± 3.46b 27.25 ± 1.0b 53.31 ± 3.1b 3.76 ± 0.09a 5.52 ± 0.2c 7.56 ± 0.1a 4.38 ± 0.2c

D + 5 mmol/L H
2
O

2
82.22 ± 1.6ab 30.24 ± 0.5ab 67.96 ± 2.6a 3.36 ± 0.06ab 7.21 ± 0.0bc 8.45 ± 0.1a 10.04 ± 0.5b

D + 10 mmol/L H
2
O

2
84.0 ± 1.6a 32.26 ± 0.5a 77.36 ± 1.3a 3.14 ± 0.06b 7.35 ± 0.1b 9.13 ± 0.1a 9.42 ± 0.2b

D + 0.5 mmol/L SA 85.11 ± 2.0a 31.52 ± 0.8a 74.05 ± 2.9a 3.08 ±0.04b 7.87 ± 0.2b 8.87 ± 0.1a 9.76 ± 0.3b

D + 1 mmol/L SA 89.44 ± 1.0a 31.53 ± 0.3a 73.65 ± 1.0a 3.21 ±0.03b 7.35 ± 0.3b 8.35 ± 0.5a 10.13 ± 0.1b

Values are presented as mean ± standard error (n = 3). Data having the same letter(s) in the column do not differ sig-

nificantly (Tukey’s test P < 0.05). FGP – final germination percentage; CVG – coefficient of the velocity of germination;  

GRI – germination rate index; MGT – mean germination time; PL – plumule length; RaL – radicle length; PFW – plu-

mule fresh weight

Table 2. The effects of exogenous hydrogen peroxide (H
2
O

2
) or salicylic acid (SA) on the growth of rice seedlings 

grown under drought

Treatment
Hydroponics experiment Soil experiment

SL (cm) RL (cm) SFW (mg/plant) SL (cm) SFW (mg/plant) SPAD

Control 18.10 ± 0.8a 9.06 ± 0.2ab 67.33 ± 0.5a 26.75 ± 0.3a 145.66 ± 0.3a 20.63 ± 0.5a

Drought (D) 9.93 ± 0.6c 10.80 ± 0.1a 34.00 ± 1.2d 17.76 ± 0.3c 56.86 ± 1.6d 12.00 ± 0.9d

D + 5 mmol/L H
2
O

2
15.96 ± 0.8ab 7.20 ± 0.4b 56.33 ± 1.0b 21.33 ± 0.5b 83.80 ± 1.0b 17.06 ± 0.1b

D + 10 mmol/L H
2
O

2
13.10 ± 0.8bc 7.33 ± 0.4b 56.66 ± 1.8b 21.06 ± 0.2b 74.06 ± 0.3c 13.63 ± 0.4cd

D + 0.5 mmol/L SA 11.96 ± 0.6bc 7.70 ± 0.2b 46.33 ± 1.2c 21.80 ± 0.7b 87.20 ± 1.0b 15.00 ± 0.04bc

D + 1 mmol/L SA 12.83 ± 0.8bc 7.96 ± 0.6b 49.33 ± 1.1c 21.46 ± 0.4b 84.40 ± 1.4b 15.86 ± 0.2bc

Values are presented as mean ± standard error (n = 3). Data having the same letter(s) in the column do not differ 

significantly (Tukey’s test P < 0.05). SL – shoot length; RL – root length; SFW – shoot fresh weight; SPAD – soil plant 

analysis development
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Exogenous H
2
O

2
 or SA enhanced antioxidant 

enzyme activities. Drought in hydroponics increased 

CAT and APX activity, and in soil increased CAT 

and GPOX activity (Figure 3). Moreover, the activity 

of CAT and GPOX increased radically when treated 

with exogenous 5 and 10 mmol/L H
2
O

2
 or 0.5 and 

1 mmol/L SA both in hydroponic and soil drought 

conditions. The APX activity increased due to the 

application of H
2
O

2
 or SA in soil, and 5 mmol/L 

H
2
O

2
 in hydroponic drought condition.

Figure 1. Phenotypic appearance of rice seedlings grown without watering for 7 days with exogenous hydrogen 

peroxide (H
2
O

2
) or salicylic acid (SA)

Figure 2. Effect of exogenous hydrogen peroxide (H
2
O

2
) or salicylic acid (SA) on (A) endogenous H

2
O

2
 content; (B) malondi-

aldehyde (MDA) content; (C) relative water content, and (D) proline content in rice seedlings. Data are presented as mean ± 

standard error (n = 3) and different letters indicate significant difference (Tukey’s test, P < 0.05). C – control; D – 

drought; D + H5 – drought + 5 mmol/L H
2
O

2
; D + H10 – D + 10 mmol/L H

2
O

2
; D + SA0.5 – D + 0.5 mmol/L SA; 

D + SA1 – D + 1 mmol/L SA; FW – fresh weight

Control Drought (D) D + 
5 mmol/L H

2
O

2

D + 
10 mmol/L H

2
O

2

D + 
5 mmol/L SA

D + 
1 mmol/L SA
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DISCUSSION

Effective approaches are needed for improving the 

drought tolerance of rice during the early growth 

stage to ensure sustainable yield. It is well reported 

that H
2
O

2
 and SA upregulate many physiological 

processes, and here we investigated their relative 

effects on drought mitigation in rice.

Seed germination is highly subtle to water avail-

ability, and limited water caused reduced germination 

indices (Toscano et al. 2017), which is in line with our 

results. Specifically, FGP, CVG, GRI, MGT, and the 

growth decreased under drought (Table 1), as also 

observed in kenaf (Tang et al. 2019). Drought de-

creases gibberellins, which, in turn, reduce α-amylase 

activity (Liu et al. 2018), which might be triggered 

by the drought-induced impairment of germination 

indices (Table 1). On the contrary, the exogenous 

application of H
2
O

2
 or SA reduced the drought-

induced inhibition of germination indices (Table 1), 

as also mentioned in Crownvetch under drought 

(Ma et al. 2007).

At the seedling stage, the growth and biomass 

retardation were found both in hydroponic and soil 

drought condition, which might happen due to the 

reduced photosynthetic pigment and increased ROS 

production (Table 2, Figures 1 and 2). Similar results 

were also reported in alfalfa (Tani et al. 2019). On 

the contrary, H
2
O

2
 or SA treatment notably alle-

viated drought-induced inhibition of growth and 

photosynthetic pigment of rice plants (Table 2), 

similar effects observed in cucumber (Sun et al. 

2016) and wheat (Kang et al. 2013). Moreover, in the 

current trial, RWC decreased markedly alone with 

the increasing Pro content in response to drought 

to compensate for the drought-induced water loss 

in rice plants (Figure 2C, D). A similar result was 

reported in drought-stressed mung bean (Nahar et 

al. 2015). Alternatively, both H
2
O

2
 or SA application 

increased the RWC, and application of SA and low 

dose of H
2
O

2
 decreased Pro content, but high dose of 

H
2
O

2
 showed no effect on Pro content (Figure 2C, D), 

as also observed in Cymbopogn flexuosus and cu-

cumber under drought (Idrees et al. 2010, Sun et al. 

2016). This finding suggests that the application of 

SA or H
2
O

2
 might activate plant defensive system 

and helped plant to adjust the water status under 

drought, but, the high dose of H
2
O

2
 was less effective 

to alleviate drought stress as reflected by the lower 

SFW and SPAD values in 10 mmol/L H
2
O

2
-treated 

drought-stressed plants (Table 1).

Drought amplified endogenous H
2
O

2
 and MDA con-

tents in the current study, which corroborates with the 

findings of Alam et al. (2013) and Farooq et al. (2010). 

ROS can attack membrane lipids and alters the mem-

brane permeability, and protection from such effect is 

a key stress tolerance system (Choudhury et al. 2017). 

Figure 3. Effect of exogenous hydrogen peroxide (H
2
O

2
) 

or salicylic acid (SA) on (A) catalase (CAT); (B) ascorbate 

peroxidase (APX), and (C) guaiacol peroxidase (GPOX) 

activities in rice seedlings. Other details are same as Figure 2
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H
2
O

2
 or SA treatment has been displayed to decrease 

the endogenous H
2
O

2
, which in turn decreased MDA 

content (Figure 2A, B). This is in accordance with the 

previous studies that reported a decreased H
2
O

2
 and 

MDA in mustard (Alam et al. 2013) and rice (Farooq et 

al. 2010) under osmotic stress. To investigate the ROS 

scavenging mechanism, we further analyzed the enzymatic 

antioxidants. In our experiment, CAT, APX, and GPOX 

showed a slight increment under drought, but this incre-

ment is not sufficient to neutralize the excessive H
2
O

2
. 

A similar result was also observed in drought-stressed 

(Zhang and Kirkham 1994) and salt-stressed (Latef et 

al. 2019) wheat. However, H
2
O

2
 or SA treatment aug-

mented the CAT, APX and GPOX activity further under 

drought, which consequently lowered the level of H
2
O

2
 

in drought-stressed plants (Figures 2A and 3). Similar 

results were also found in soybean (Guler and Pehlivan 

2016), mustard under drought (Alam et al. 2013), and in 

salt-stressed wheat (Latef et al. 2019).

In conclusion, the present study demonstrated 

that the exogenous application of 5 mmol/L H
2
O

2
 or 

0.5 and 1 mmol/L SA equally improved water stress 

tolerance of rice seedlings. The beneficial effects 

of H
2
O

2
 or SA treatments might be attributed to 

H
2
O

2
- or SA-mediated alleviation of drought-induced 

over-accumulation of ROS, possibly by enhancing the 

activities of antioxidant enzymes (Figure 4). In addi-

tion, exogenous H
2
O

2
 or SA application was found 

to be effective in osmotic adjustment (Figure 4). 

Overall, the application of H
2
O

2
 or SA could be 

recommended to farmers as an effective measure 

for the better establishment of early seedlings of 

rice under drought environments.
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