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Abstract
Water stress management is one of the most significant issues in agricultural and crop research. Water stress affects more 
than 42 million hectares of rice cultivation lands in Asian countries. The current scenario constraints are the production 
of rice with higher quality to improve global food security and meet the food demands of the growing world’s population. 
The present study investigates the effects of water stress on two rice varieties, (Aduthurai-ADT) ADT-45 and ADT-49, and 
characterizes the growth, physiological, biochemical and antioxidant activities of the rice cultivars. Histochemical staining 
with 3,3-diaminobenzidine (DAB) and Nitro Blue Tetrazolium (NBT) was used to detect drought-induced ROS species. 
FTIR (Fourier-transform infrared spectroscopy) and ESR (Electron Spin Resonance) spectra were performed on the control 
and drought samples. The results showed a decrease in shoot and root length, fresh and dry weight, RWC and decreas-
ing photosynthetic pigments such as chlorophyll a and b. The content of carotenoids, reducing sugars, starch, proline and 
Malondialdehyde (MDA) were increased in drought-tolerant plants, while the protein and amino acid content dropped. A 
high level of free radical accumulation has been detected in drought-imposed samples in both rice varieties by histochemical 
staining. Enzymatic antioxidants such as Catalase (CAT), Peroxidase (POX), Ascorbate Peroxidase (APX) and Superoxide 
dismutase (SOD) activities were increased in drought-induced plants compared to the control of two rice varieties, scaveng-
ing Reactive Oxygen Species (ROS) species. Besides, (ESR was used to confirm that the remarkable signals indicating free 
radical accumulation were higher water-deficit plants than in control plants. ESR spectroscopy is a reliable approach for 
distinguishing between tolerant and sensitive rice types. FTIR spectroscopy was used to identify various functional groups in 
drought-imposed and control samples. FTIR was used in the study to get significant insights into a plant stress response and 
to find novel drought tolerance features. The present study reveals that the rice variety ADT-49 was more drought resistant 
than ADT-45. Our findings demonstrated that drought affects growth and physiological metabolism, giving a significant basis 
for drought escape or tolerance in developing new varieties. In order to increase the drought tolerance mechanism in rice 
crops, further investigation is needed on the application and function of plant hormones under drought stress circumstances.
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Introduction

Rice is a cereal crop in India and South Asia, with 43 mil-
lion hectares under production (NRRI, 2019). Global rice 
production is expected to reach 493.79 million tons annu-
ally, with India contributing 112.91 million tons (Childs 
Nathan, 2019). Furthermore, on 1.8 million hectares, 
Tamil Nadu produces 28.1 percent of the world’s rice. 
Tamil Nadu has 37 rice varieties, the most productive 
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of which are ADT-45 and ADT-49, yielding 6100 and 
6173 kg  ha−1, respectively (Government of India report, 
2018). In contrast, the water deficit has a substantial 
influence on rice development. A key issue for sustain-
ing enough food for the world’s expanding population 
while dealing with unforeseen global climate change fluc-
tuations (rainfall, temperature, drought, etc.,) (Naithani, 
2016).Water deficits are a significant biological limitation 
induced by the uneven distribution of rainfall (Ramachan-
dran et al., 2017). Drought stress causes physiological 
and metabolic changes in plants, which significantly alter 
their growth and development (Ramya & Arulbalachan-
dran, 2019; Ramya et al., 2022a). Under drought stress, 
the osmotic pressure of plant cells is essential for sustain-
ing turgidity (Osakabe et al., 2014). Compatible osmolyte 
solutes protect plants from osmotic stress while preserv-
ing cytosolic osmotic equilibrium. During drought condi-
tions, cell division and elongation may be reduced at the 
cellular level (Kumar et al., 2014). Abiotic stressors affect 
physiological processes, causing decreased germination, 
seedling vigour and photosynthesis in plants (Jothimani & 
Arulbalachandran, 2020; Pandey & Shukla, 2015). Water 
deficit-affected plants have been discovered to change 
their metabolic processes through ion and nutrient trans-
location (Ramya et al., 2022b). FTIR spectroscopy gener-
ates a spectrum used to determine plant materials’ meta-
bolic fingerprints. It is a cutting-edge tool to understand 
better how plants respond to drought (Amir et al., 2013).

Reactive oxygen species (ROS) are essential in plant 
production because they promote healthy metabolism 
by controlling cell growth. ROS is an unpaired electron 
oxygen species produced during drought stress (abiotic 
stress) indicating the cellular environment is under threat 
due to water deficit and damaging cellular membranes. 
It triggers the defense of cells by various alternate physi-
ological and biochemical mechanisms (Arulbalachan-
dran et al., 2016; Foyer & Noctor, 2011; Ramya et al., 
2022a). The formation of free radicals in the biologi-
cal system could be calculated using a spin—trapping 
method in electron spin resonance spectroscopy (Garlick 
et al., 1987). The ESR method calculates estimates the 
ability of biological systems to scavenge superoxide and 
hydroxyl radicals and detects ROS that is formed chemi-
cally (Dunnick et al., 2014; Sato et al., 2008) Drought 
tolerance of two rice varieties, ADT-45 and ADT-49, was 
studied using soil drought stress to evaluate morphologi-
cal characteristics, photosynthetic pigments, biochemi-
cal alterations, enzymatic antioxidant function, and FTIR 
analysis. This study determines the degree of free radical 
accumulation appropriate for selecting rice varieties for 

drought tolerance; ESR measurements were performed 
on the plant samples.

Materials and methods

Plant materials and Sterilization of seeds

The two rice varieties (Aduthurai 45 & 49) were obtained 
from Tamil Nadu Agricultural University (TNAU), CBE, 
India. The seeds were sterilized with 0.1% mercury chlo-
ride solution (5 min) after washing with deionised  H2O. 
The seeds were imbibed in distilled water for 48 h at room 
temperature (25 ± 2 °C). Twenty seeds were sown in each 
pot with triplicates.

In‑vivo study

The investigation was carried out in the greenhouse at the 
Department of Botany (Periyar University, TN, India). 
The drought treatment was employed in the pot culture 
method, adopted by the International Rice Research Insti-
tute (IRRI, 2002). The pots (6 × 10 × 12 cm dimension) 
were filled with soil manure 3:1 for the drought experi-
ment. The plants were maintained in well-watered con-
dition for up to 40 days and simulation of water deficit 
was employed for 5 days (41st–45th day) by withheld of 
water. The soil moisture content (Fractional Water Index 
(FWI) during water stress was observed by a soil moisture 
probe (Soil Moisture Meter). The moisture of the soil was 
measured from 0 to 10 (FWI) soil depth in the pots of 
both control and water deficit conditions. We considered 
the soil to be in drought because the soil moisture level 
continuously fell until it reached zero, and our soil meter 
indicated a dry condition in the range of 0–3 (FWI). In 
the control plants, the soil moisture was maintained at a 
consistent level (8–10 FWI). The treated plants were col-
lected in triplicate on the  46th day to examine physiologi-
cal and biochemical parameters, antioxidant activities, 
histochemical detection, biometabolites, and ROS spe-
cies, which were detected by FTIR and ESR respectively.

Growth characteristics

Shoots and roots length (cm)

The shoot and root lengths of the drought-stressed and 
control seedlings were measured on the  46th day. Three 
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plants from each replication were used to compute the 
mean value for all drought and control plants.

Plant weight (fresh and dry mass) (g)

The shoot and root of the plants were examined in tripli-
cates, after drought imposition (well-watered plants were 
used as control), and the fresh and dry weight was regis-
tered. The samples were dried in an oven at 60 °C until 
all the plants.

Relative water content (RWC) (%)

After water drought imposition, relative water content was 
used, determined according to Pieczynski et al. (2013). The 
shoot and root of the plants were measured for fresh weight 
and then left saturated in water for three hours anf their tur-
gid weights (TW) were calculated. The samples were then 
dehydrated at 70 °C for 48 h for measuring the dry weight 
was determined.

Photosynthetic pigments (mg−1 fr.wt)

Two hundred milligrams (200 mg) of fresh young leaves 
were mashed with 80% acetone in a pestle and mortar and 
separated at 4000 g for 15 min in a centrifuge. The step 
was repeated until the green residue obtained faded colour 
and made up to 20 ml with 80 percent acetone. Chlorophyll 
a (663 nm) and b (645) contents were estimated given by 
Arnon (1949), and carotenoids were recorded at 480 nm, 
according to Krik & Allen (1965).

Analysis of biochemical metabolites (mg−1 fr.wt)

Reducing sugars The shoot and root samples (0.2 g) were 
ground with (10 ml/80%) and the homogenate was centri-
fuged (8000 g) for fifteen minutes. In a new fresh tube, the 
upper phase was transferred. The sample aliquot was read at 
420 nm according to the procedure given by Nelson (1944), 
the glucose was used as standard.

Soluble carbohydrate (starch) The soluble starch was deter-
mined using the residue of reducing sugar, the extract was 
washed with ethanol with 5 ml D·H2O. After it was mixed 
with 6.5 ml of HCIO4 (52%) prior to the water bath (80 °C 
for 30 min). After 15 min, it was centrifuged (8000 g) with 
10 ml of  DH2O. The step was repeated for re-extraction to 
make the volume 10 ml with distilled water. The extract was 

RWC = (fresh weight − dry weight)∕(Turgid weight
−dry weight) × 100

filtered through Whatmann No.1 filter paper and soluble 
sugar was determined according to Clegg (1956).

Protein content Five hundred milligrams of fresh plant 
samples were ground with 5 ml of trichloroacetic acid (10%) 
using a pestle and mortar. The macerated homogenate was 
centrifuged (8000 g) for 15 min. After discarding the upper 
phase, the residue phase was collected in a new test tube ali-
quot with 0.1 normality of NaOH and this aliquot was used 
as a substrate of soluble protein and protein was estimated, 
the method of Lowry et al. (1951).

SDS‑PAGE separation of proteins Using TCA and acetone, 
the protein was extracted from both varieties along with 
control plants. The well of SDS PAGE was filled there with 
30  µl of sample protein. The protein marker (Prestained) 
range of 14.4–116  kDa was used as standard. The PAGE 
was prepared with 5% stacking gel and 10% separation gel 
in Mini Vertical Slab Cassette Electrophoresis (Medox) 
according to the method Laemmli (1970).

Total amino acids Fresh shoot and root (500  mg) were 
crushed in 5 ml of ethanol (80%) and the homogenate was 
centrifuged (8000 g) for 10 min. The supernatant was ali-
quot and made up of 10 ml of 80% ethanol. The supernatant 
(extract) was saturated with 0.1 normality NaOH using the 
indicator methyl red. The mixture was boiled with 1 ml of 
ninhydrin reagent for twenty minutes and dissolved in 20 ml 
of  DH2O. The amino acids were determined by the method 
of Moore and Stein (1948).

Proline Ten ml of sulphosalicylic acid (3%) was used to 
homogenise the plant tissue (0.5 g). The homogenate was 
allowed to react with 2 ml of ninhydrin reagent and boiled 
at 100 °C for an hour protein content was determined using 
the mixture with 4 ml of toluene by vigorous mixing and 
determined according to the method by Bates et al. (1973).

Malondialdehyde (MDA) Along with 2  ml of enzyme 
extract, 1 ml of TCA (20% V/V) was mixed and boiled at 
95 °C (30 min). The homogenate mixture was centrifuged 
at 14,000  g for (10  min). With an extinction coefficient 
of 155   mM-1   cm-1, the MDA was measured according to 
Health & Packer (1968). Lipid peroxidation was determined 
by Dhindsa et al. (1981).

Enzymatic antioxidant enzymes The lyophilized plant tis-
sue (0.5 g) was homogenized with 5 ml of phosphate buffer 
(50  mM; pH 7.0). The homogenate was centrifuged at 
5000 g (20 min). The supernatant (extract) was used for the 
enzymatic assay.
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Catalase activity (CAT‑EC 1.11.1.6) 40 µl of enzyme extract 
was mixed with 2.6 ml of 50 mM phosphate buffer. The mix-
ture was allowed to initiate using 0.4 ml of  H2O2 (15 mM) by 
the method of Chandlee and Scandalios (1984). The activity 
of catalase was measured (240 nm) and expressed Unit  mg-1 
protein without extract, the buffer was used as a standard.

Peroxidase activity (POX‑EC 1.11.1.7) To begin the reac-
tion, 500 µl of the extract was mixed with 2 ml of potas-
sium buffer (50 mM; pH 7.0), 0.01% pyrogallol, and 1 ml 
of hydrogen peroxide (50  mM)  by the method of Chance 
and Maehly (1955). The reaction mixture kept 25°C (5 min) 
and to stopping with one ml of 2.5 N  H2SO4 after reading 
the reaction mixture at 420 nm, the result was recorded as 
U  mg−1 protein.

Ascorbate peroxidase activity (APX‑EC 1.11.1.1) The 
enzyme extract (200 µl) was mixed with 1 ml of potassium 
buffer (50 mM; pH 7.0) along with 10 µl of acerbate acid 
and 10  µl of  H2O2 (0.1  mM). The mixture was measured 
at 290 nm against a blank and using the method of Asada 
and Takahashi (1987). The blank was used in the reaction 
mixture without extract.

Superoxide dismutase activity (SOD‑EC 1.15.1.1) 1  ml of 
enzyme extract was mixed with 3  ml of potassium buffer 
(50 mM; pH 7.0), and the reaction was initiated by adding 
0.028 mM riboflavin, 0.01 mM methionine, and 0.02 mM 
potassium cyanide along with 0.15% NBT salt by illumi-
nation. The mixture was read at 560 nm to determine the 
enzymatic activity according to the method of Beauchamp 
and Fridovich (1971).

DAB and NBT (histochemical detection) The accumulation 
of free radicals such as  H2O2 and  O2

·− was detected by his-
tochemical staining analysis such as DAB and NBT respec-
tively by the method of Kumar et  al. (2014). The treated 
leaves were collected and imbibed for 12 h DAB stain in the 
dark. The accumulation of superoxide anion  (O2

·−) in the 
leaves was detected by the NBT staining method. To detect 
the  O2

·− in leaves were immersed in NBT solution (0.5 mg/
ml; 10 mM phosphate buffer; pH 7.8) at room temperature 
for 8 h and kept in dark conditions. The stained leaves were 
treated with ethanol (95%) and boiled in a water bath for 
15  min and leaves were stored in 40% (v/v) glycerol for 
detection to observe to accumulation of ROS.

FTIR analysis Lyophilized shoot and root tissue (500  mg) 
was macerated with potassium bromide (sample/KBr; 1:99) 
and the aliquot was in a hot air oven (60 °C). The dry sam-
ples of the mixture were loaded in FTIR spectroscopy (Per-
kin Elmer; Model RX I) in the scanning range between 400 
and 4000  cm−1 with 4  cm−1 resolution. The technique was 

conducted by Archbishop Casimir Instrumentation Centre 
(ACIC), at St. Joseph’s College, Tiruchirapalli, TN, India.

Measurements of  electron spin resonance (ESR) spectros‑
copy The ESRs of drought-induced and control plants were 
determined using lyophilized materials (shoot and root). 
The materials were loaded into ESR quartz tubes to produce 
paramagnetic species, according to Filek et al. (2015). The 
unstable atoms of the sample are trapped in Electron Spin 
Resonance spectroscopy (JEOL; Model-JES FA200, Japan) 
in the (X-band (9.1 GHz; 100-kHz frequency), using a spin 
trapping reagent named 5,5-dimethyl-1pyrroline-N-oxide 
(five-membered nitrogen derivatives). As a quantitative 
norm for the radicals, the g-factor standard (g = 2.0036) was 
calculated using a sample with a known number of spins. 
The milligram of the plant samples was proportional to the 
number of spins measured. The experiment was studied at 
the Indian Institute of Technology in Madras. The hyperfine 
splitting constant (g values) reported in the ESR spectral 
data were used to determine ESR characteristics accuracy.

Statistics analysis

One way ANOVA was used to analyse the results statisti-
cally with, Pearson correlations using the software SPSS 
(version 21.0), which correlated with a significance p < 0.05.

Results

Growth characteristics

During water deficit conditions, both rice varieties’ growth 
characteristics deteriorated. Drought-imposed plants of the 
ADT-45 (13.56 percent) and ADT-49 (5.45 percent) varie-
ties showed a decrease in shoot length (Fig. 1a). In con-
trast, drought-treated plants’ root lengths became reduced 
by 13.88 percent and 8.9 percent, respectively, as compared 
to respective controls (Fig. 4a). The fresh weight of ADT-
45 and ADT-49 (26.66 percent and 22.86 percent) and dry 
weight (24.83 percent and 10.33 percent) of the shoot were 
reduced (Fig. 1b). The root weight decreased significantly 
in drought-stressed ADT-45 and ADT-49 plants (24.41 per-
cent and 15.69 percent, respectively) relative to non-stressed 
rice plants (26.5 percent and 16.55 percent) (Fig. 4b). Plant 
length was found to have a strong positive association with 
morphological and biochemical characteristics (F = 1876.63, 
p < 0.001). In drought-induced plants of ADT-45 and ADT-
49, the RWC of the shoot (36.75 percent and 23.82 percent 
decreased, respectively (Fig. 1c). In drought-treated plants, 
the RWC of the root was also decreased (40.26 percent and 
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Fig. 1  Effect of drought on ADT-45 and ADT-49 rice variety at 46th 
day. a Plant length b Plant weight c RWC d Reducing sugar e Starch 
f protein (n = 3) CS-Control Shoot DS-Drought Shoot. The value are 

expressed the mean ± SEM different letters are indicate significance 
difference (p < 0.05) according to Turkey post hoc test
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23.68 percent, respectively) as compared to well-watered 
plant (Fig. 4c). The RWC of drought-stricken rice varieties 
was found to have a strong positive association with root 
dry weight (p < 0.05) and root protein (r = 0.008, p < 0.01). 
The activity of CAT, on the other hand, showed a negative 
correlation (p < 0.05).

Measurement of photosynthetic pigments

Water deficit decreases chlorophyll-a and b in the present 
study rice varieties, with relative Chl-a and Chl-b values 
of 33.08 percent and 29.95 percent in the drought-stressed 
ADT-45 variety. The drought-treated ADT-45 plants had a 
13.83 percent improvement in carotenoid content. The Chl-a 
and b values were 30.54 percent and 13.72 percent, respec-
tively, in drought-treated ADT-49, compared to the control 

plant, The carotenoid content increased by 12.84 percent 
(Fig. 2a). Drought-imposed on both varieties of rice such as 
ADT-45 and ADT-49 revealed a strong positive correlation 
(p < 0.001) in different fractions of photosynthetic pigments. 
In both varieties of drought-treated plants, one-way ANOVA 
revealed significant variation in chlorophyll (F = 342.75) and 
carotenoid (F = 682.16) content (Fig. 3).

Biochemical analysis

In the drought-treated ADT-45 and ADT-49 varieties, the 
sugar content was reduced to14.31 percent and 15.90 percent 
respectively in the shoot (Fig. 1d), the highest value was 
recorded in the root (23.70 percent and 26.24 percent), rather 
than to control (Fig. 4d). Compared to control rice plants, 
drought-treated plants had a higher level of starch in the 
shoot (6.69 percent and 7.14 percent, respectively) of ADT-
45 and ADT-49 (Fig. 1e). Compared to control plants, the 
starch content of the roots was slightly higher (12.36 percent 
and 23.08 percent) compared to control (Fig. 4e). Reduced 
sugar content was found to e strongly associated with the 
starch content of shoots in drought plants (p < 0.001). Solu-
ble protein content in the shoot was decreased by 8.3 percent 
and 4.16 percent, respectively, and the root by 11.62 percent 
and 8.63 percent (Figs. 1f, 4f). The amino acid content of the 
shoot was relatively low in the droughts ADT-45 and ADT-
49 (6.66 percent and 4.21 percent, respectively; Fig. 3a). 
Similarly, it was lower in the roots of drought-affected rice 
plants (16.6 percent and 13.52 percent, respectively) than in 
control (Fig. 5a). According to ANOVA, protein (F = 3.68) 
and amino acids (F = 16.48) showed a substantial difference 
in response to treatment. On the other hand, the shoot protein 
and amino acid levels showed no association, whereas, the 
roots showed a strong correlation. On SDS-PAGE, the pro-
tein profile patterns of both varieties were shown in Fig. 6. 
The ADT-49 control plants had more polypeptide bands in 
the 45–14.4 kDa range than the ADT-45 control plants. Six 
polypeptides in the 26–14.4 kDa range were expressed in the 
control plants, however, none were found in drought-treated 
plants. The drought plant of ADT-45, expressed four poly-
peptides of 25–14.4 kDa, while the ADT-45 control plant 
showed two bands (22–14 kDa). Three polypeptides ranging 
in size from 22 to 18 kDa were found in drought-stressed 
ADT-49 plants but not in drought-stressed ADT-45 plants.

The proline content of shoots was increased by 21.94 per-
cent in ADT-45 and 24.66 percent in ADT-49, respectively, 
in both drought-induced rice varieties (Fig. 3b). The proline 
content of ADT-45 and ADT-49 roots was higher by 13.38 
percent and 15.38 percent, respectively, than control rice 
plants (Fig. 5b). As compared to the control plant, the MDA 
content of the shoot increased in both rice varieties (35.79 
percent and 42.12 percent) (Fig.  2b). Drought-induced 
plants had a strong negative association for MDA content 

Fig. 2  Effect of drought on ADT-45 and ADT-49 rice variety at 46th 
day. a Photosynthetic pigments b MDA (n = 3) CS-Control Shoot 
DS- Drought Shoot. The value are expressed the mean ± SEM differ-
ent letters are indicate significance difference (p < 0.05) according to 
Turkey post hoc test
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Fig. 3  Effect of drought on ADT-45 and ADT-49 rice variety at 46th 
day a Amino acids b Proline c CAT d POX e APX f SOD (n = 3) 
CS-Control Shoot DS-Drought Shoot. The value are expressed the 

mean ± SEM different letters are indicate significance difference 
(p < 0.05) according to Turkey post hoc test
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Fig. 4  Effect of drought on ADT-45 and ADT-49 rice variety at 46th 
day. a Plant length b Plant weight c RWC  d Reducing sugar e Starch 
f protein (n = 3) CR-Control Root DR-Drought Root. The value are 

expressed the mean ± SEM different letters are indicate significance 
difference (p < 0.05) according to Turkey post hoc test
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Fig. 5  Effect of drought on ADT-45 and ADT-49 rice variety at 46th 
day a Amino acids b Proline c CAT d POX e APX f SOD (n = 3) 
CR-Control Root DR-Drought Root. The value are expressed the 

mean ± SEM different letters are indicate significance difference 
(p < 0.05) according to Turkey post hoc test
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between morphological and biochemical traits (F = 1641.49, 
p < 0.01).

Enzymatic antioxidant activity  (Umg‑1 protein)

Under water deficit conditions, the shoot and root’s enzymatic 
antioxidant activities (CAT, POX, APX, and SOD) were pro-
gressively increased. ADT-45 and ADT-49 drought plants had 
increased CAT operation by 34.74 percent and 40.8 percent 
respectively in their shoots (Fig. 3c). Drought induced plants 
had 40.72 percent and 46.32 percent higher CAT activity in 
their roots respectively than non-treated plants (Fig. 5c). Activ-
ity of POX in the shoot increased in ADT-45 and ADT-49 
(12.29 percent and 39.88 percent, respectively) compared to 
control plants, (Fig. 3d). In ADT-45 and ADT-49, the root con-
trol plants had the highest POX occurrence (21.98 percent and 
41.05 percent) compared to drought-induced plants (Fig. 5d). 
Compared to drought, the APX activities of shoots (19.27 per-
cent and 20.72 percent) were higher in the control plant of 
ADT-45 and ADT-49 (Fig. 3e). Compared to drought treated 
plants, ADT-45 and ADT-49 had the highest APX activ-
ity (8.45 percent and 18.29 percent, respectively) (Fig. 5e). 
Stressed rice plants’ shoots had higher levels of SOD operation 
than non-stressed rice plants’ shoots by 37.5 percent and 55.5 
percent for ADT-45 and ADT-49, respectively (Fig. 3f). As 
compared to non treated plants, SOD activity was higher in 
the roots of ADT-45 (5.81%) and ADT-49 (29.33%) (Fig. 5f). 
Drought-induced rice varieties enzymatic antioxidants showed 
a strong positive association between morphological and bio-
chemical characters (p < 0.01).

Reactive oxygen species (ROS)

To detect the ROS accumulation  (H2O2 and  O2
·−), DAB 

and NBT staining methods were used in both rice varieties 
(Fig. 7). The appearance of brown  (H2O2) and dark blue 

 (O2
·−) spots in drought stress-induced rice shoots in ADT-

49 compared to ADT-45 and untreated plants indicates the 
presence of ROS accumulation.

Fourier‑transform infrared spectroscopy (FTIR)

The FT-IR spectra peaks and their probable functional 
groups are shown in control; drought in both rice varieties 
(shoot and root). The FTIR spectra peaks in control shoot 
and root in ADT 45, the peak at 3410  cm−1, 2925  cm−1 and 
2854  cm−1 1654  cm−1, 1462  cm−1, 1421  cm−1, 1384  cm−1, 
1320  cm−1,1232  cm−1,1059  cm−1, corresponding to car-
bohydrates, lipids, methylene group, amides, liglin, alkyl 
groups, protein, carbohydrates phospholipids, carbohydrates 
and 800–600 range to indicated the halogen compounds 
respectively. The specific functional groups observed in 
drought stress imposed shoot and root samples of ADT-45 
rice variety 3697  cm−1, 1544  cm−1, 915  cm−1 corresponding 
to alcohol, protein, and alkenes respectively, however some 
functional groups are not present in drought stressed rice 
compared to control (Supplementary Table 1; Fig. 8).

The FTIR spectra peaks in control shoot and root in 
ADT 49, the peak at 3389  cm−1, 2923  cm−1, 2853  cm−1, 
2004   cm−1,1877   cm−1, 1646   cm−1,1547   cm−1,1455   c
m−1,1423   cm−1, 1384   cm−1, 1319   cm−1, 1235   cm−1, 
1156   cm−1,1055   cm−1 corresponding to carbohydrates, 
lipids, methylene group, organic compounds, carbonyl 
group, amides, protein, liglin, alkyl groups, protein, carbo-
hydrates, phospholipids, primary and secondary aliphatic 
ethers, carbohydrates and 800–600 range to indicated the 

Fig. 6  Protein profile of control and drought rice variety of ADT-
45 and ADT-49. 30ug of total soluble protein was loaded in each 
of SDS-PAGE and the prestained marker was used. The red arrow 
indicates the appearance of new band and black arrow indicates the 
absence of protein band. C Control, D Drought

Fig. 7  Histochemical detection NBT  (H2O2) and DAB  (O2
·−) staining 

method. C Control, D Drought



398 Plant Physiology Reports (July–September 2023) 28(3):388–404

1 3

halogen compounds respectively. The specific functional 
groups observed in drought stress imposed shoot and root 
samples of ADT-49 rice variety 3697   cm−1, 2114  cm−1, 
1545  cm−1, and 919  cm−1 corresponding to alcohol, nitro-
gen components, protein, and alkenes respectively, however 
some functional groups are not present in drought stressed 
rice compared to control (Supplementary Table 2; Fig. 8).

Electron spin resonance (ESR) spectroscopy 
measurement

In this study, ESR detected unpaired electrons from ROS 
signals. The ESR signal in the shoots and roots (ADT-45 
and ADT-49) was higher in drought-induced plant samples 

than in control plant samples (Figs. 9 and 10). By correlating 
the peak area obtained from stable radicals, the ESR bands 
of spin adducts were used for the computable analysis of 
unpaired electrons. Drought stress is imposed on each free 
radical exhibited in the specific spectrum of ESR and the 
intensity of an ESR signal is proportional to the concentra-
tion of free radicals present in the shoot and root samples. 
Compared to control samples, which exhibited an oxidation 
rate persisted in the variety ADT-45, the strong signal was 
recorded in the variety ADT-49 rather than ADT-45.

Furthermore, compared to the respective controls, the sig-
nal was more robust in the shoots of both varieties than in 
the root samples in the drought condition. Peaks with a nar-
row signal in the g factor range of 1.69–10 revealed that the 
drought sample generates unpaired electrons. On the other 
hand, the low-intensity signals were also recorded in control 
plants, which produced fewer free radicals in rice varieties. 
A small signal was also detected at g = 2.0, between the 
fourth and fifth hyperfine lines.

Discussion

Water deficit causes a significantly losing of yield in crop 
production, which is a major agronomic issue (Bray et al., 
2000). It revealed a crop yield reduction when subjected to 
continuous droughts (Somerville, 2001). This study found 
that plant length was significantly reduced in the varieties 
ADT-45 and ADT-49 when compared to the respective 
controls. ADT-49 inhibited plant shoot growth when com-
pared to ADT-45. The decrease in shoot growth observed 
in Helianthus annus during water deficit conditions 
could be attributed to cell shrinkage and leaf senescence 
(Manivannan et al., 2007), peanut (Sankar et al., 2016). 
When non-treated rice plants were compared to drought-
induced ADT-45 and ADT-49 shoot and root lengths, they 
showed a significant reduction in growth characteristics 
(Ramachandran et al., 2021).

The fresh and dry weights of the rice plant were reduced 
by (26.66 percent and 22.86 percent) and dry weight 
(24.83 percent and 10.33 percent) in drought-induced 
ADT-45 the control and decreased by (24.41 percent and 
15.69 percent) (26.5 percent and 16.55 percent) in ADT-
49. The current findings corroborated Fischer’s (1980) 
findings that water stress reduces growth rate, which is 
reflected in total plant length, fresh and dry weight, and 
other growth characteristics of wheat cultivars. Accord-
ing to Mohammadian et al. (2005), drought-induced plants 
were gradually affected, and shoot and root weights were 
reduced in sugar beet. According to Chutipaijit (2016), 
water deficit stress significantly reduced drought-stressed 
rice plants’ relative growth rate stability. RWC was found 
to be lower in ADT-45 compared to ADT-49, according 

Fig. 8  Fourier transform infrared spectroscopy analysis of control and 
drought induced rice varieties ADT-45 and ADT-49
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to our findings. Inadequate water levels cause a significant 
drop in RWC. Under drought-stress, the rice plants, which 
is attributed to the plant's relative growth rates combined 
with unstable cell membranes (Ramachandran & Arul-
balachandran, 2018).

ADT-45 reduced chlorophyll a and b by (33.08 percent 
and 29.95 percent, respectively), while ADT-49 was 30.54 
percent and 13.72 percent. The reduction of photosynthetic 
pigments in drought-stressed plants was linked to leaf 
morphology, which revealed discolouration and ROS for-
mation, resulting in chlorophyll destruction (Bouchemal, 
2017). Ha (2014) recorded that photosynthetic pigments in 
rice plants were decreased under water stress conditions. 
Under drought stress reactive oxygen species increased 
causing oxidative damage, which carotenoid pigments 
avoid, and it has many roles in drought tolerance in wheat 
(Loggini, 1999), black gram (Ramya et al., 2022b).

Interestingly, our results revealed that the carotenoid 
content was increased in both rice plant varieties, with 
ADT-49 having a significantly higher level of carotenoids 
than ADT-45. The findings are consistent with Luchi et al. 
(2001), who discovered that endogenous ABA derived 
from carotenoid precursors is essential for plant survival 

during stress periods in Arabidopsis thaliana, black gram 
(Jothimani & Arulbalachandran, 2020). Chlorophyll and 
protein degradation are regulated during chloroplast senes-
cence. Chlorophyll pigment decolourization appears to be 
needed for the degeneration of proteins associated with 
the mediation of membrane proteases (Thompson, 1987).

During chloroplast senescence, chlorophyll and protein 
degradation were highly regulated (Thompson, 1987). Fur-
thermore, the accumulation of sugar content in cotton plants 
can be responsible for transpiration and the maintenance of 
leaf water content (Ackerson, 1981). Maisura et al. (2014) 
discovered that osmotic adjustment was effectively accom-
plished by the accumulation of reducing sugar from the soil 
in the rice plants. In our research, the reducing sugar content 
of ADT-49 increased and was significantly positively associ-
ated with the proline content. Wang et al. (2005) discovered 
that as sugar content increased, protein structure stabilized 
to respond to osmoregulation under water stress conditions.

When the ADT-45 rice variety was subjected to a water 
deficit, the association between protein and amino acid 
decreased compared to the ADT-49 rice variety. In water 
deficit conditions, Ashraf et al. (2003) found that soluble 
protein content was lower in Vigna radiata plants than in 

Fig. 9  Electron spin resonance (ESR) of control and drought induce shoots of rice variety a control b drought of ADT-45 c control d drought of 
ADT-49
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control plants. Wang et al. (2016) found that the total free 
amino acid concentration of Camellia sinensis decreased 
in response to water deficiency. ROS levels can rise dur-
ing a drought, causing the photosynthetic apparatus to 
close and oxidation of proteins, lipids, and carbohydrates in 
some woody species (Liu, 2011). The number of bands that 
appeared per lane in the leaf proteins of rice varieties ADT-
45 and ADT-49 on SDS-PAGE ranged from 45 to 14.4 kDa. 
When these were compared to control plants, both varieties 
of drought-induced rice produced fewer bands. Thus, the 
drought-stressed leaves of ADT-45 and ADT-49 are likely to 
have lower protein levels, which is confirmed by a previous 
observation of elevated levels of hydroxyl radical products 
in these rice varieties’ chloroplasts (Salekdeh, 2002).

Under water deficit, the proline content of the drought-
tolerant variety ADT-49 was significantly higher than that 
of ADT-45. Osmotic control, detoxification, membrane 
stability, and protein incorporation may all involve proline 
accumulation (Liu, 2011; Lokhande, 2010). According to 
Deivanai et al. (2011), proline increases the resistance of 

water-stressed rice plants. In addition, the RWC had a nega-
tive association with proline material in ADT-45 and ADT-
49. The drought-treated plant results indicate that osmotic 
adjustment occurred, resulting in water retention and the 
avoidance of cellular dehydration. During water deficit 
stress, MDA levels in ADT-49 were significantly higher 
than in ADT-45. The increase in MDA content in rice plants 
was caused by water stress conditions, indicating the extent 
of damage when a plant is exposed to adverse conditions 
(Farooq, 2009; Lou et al., 2017).

Under water deficit, catalase activity in rice shoots and 
roots increased 1.34 and 1.4 fold in ADT-45, respectively, 
and 1.4 and 1.46 fold in ADT-49. Increased CAT activity 
in plants can protect chloroplasts from stress, and it may 
have electron flows and target the ROS portion (Foyer & 
Noctor, 2011). After the drought, ADT-45 shoot and root 
POX activity increased by 1.12 and 1.21 fold, respectively; 
1.3 and 1.41 fold in ADT-49. Similarly, under water defi-
cit stress conditions, POX activity increased in soybeans 
(Xiong, 2002). These may be caused by rising  H2O2 levels, 

Fig. 10  Electron spin resonance (ESR) of control and drought induce roots of rice variety a control b drought of ADT-45 c control d drought of 
ADT-49
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affecting photorespiration and dissipating from other cell 
compartments (Abogadallah, 2010).

Furthermore, POX operation aids in maintaining tissue 
damage by scavenging harmful materials (Uzilday, 2012). 
The primary role of the ascorbate–glutathione pathway is 
to avoid excessive  H2O2 in cells (Halliwell & Foyer, 1976). 
Drought increases the activity of APX in shoots and roots by 
1.19 and 1.0 fold in ADT-45, respectively; 1.2 and 1.18 fold 
in ADT-49. The APX activity was higher in drought induced 
plants than in other concentrations and control rice plants 
(Lou et al., 2017; Sharma et al., 2012). The activity of SOD 
was increased by 1.3 and 1.05 fold in ADT-45 and 1.5 and 
1.29 fold in ADT-49 during water deficit stress, respectively. 
Arabzadeh et al. (2013) investigated SOD activity in two 
Haloxylon species, finding that drought stress altered the 
synthesis and deposition of active enzymes. Our findings are 
consistent with previous data indicating that SOD activity 
increased during water stress in sunflowers (Gunes, 2008).

Histochemical detection

The histochemical reaction using DAB and NBT stains 
revealed that under drought stress conditions, ROS accumu-
lation, such as brown spots and  O2

·− (dark blur spots), was 
increased. The RoS species accumulation was higher in vari-
ety ADT-49 compared to variety ADT-45 and control plants. 
Histochemical detection of oxidative stress as brown spots of 
 H2O2 and dark blue spots of  O2

·− in rice plants under drought 
stress conditions was found to be more than generation  H2O2 
and  O2

·− accumulation of water deficit stress-induced in rice 
variety ADT-49 compared to respective control and other 
rice variety ADT-45 treated and respective control plants in 
the current study. Drought-stressed rice plant cells produced 
 O2

·−, which hampered electron transport in the chloroplast, 
and  O2

·− may have been converted into  H2O2, which may 
have caused metabolic abnormalities in drought-stressed 
plants (Price 1989; Wang et al., 2005). Jiang et al. (2013) 
and Pyngrope et al. (2013) observed  H2O2 and  O2

·− as brown 
patches and dark blue patches, respectively, in water stress-
affected plants.

The FTIR band absorption peak at 1545.45  cm−1 was 
attributed to N–H stretching in this study and assigned to the 
protein band. While determining the protein secondary struc-
ture, primarily through hydrogen bonding between amide I 
and amide II moieties, was dependent on the absorption of 
the amide group’s amide I stretching vibrations (Surewicz 
and Mantsch (1988). FTIR spectroscopy revealed that the 
peak value of the ADT-49 drought-stressed rice plants dif-
fered the most from the control and ADT-45 rice varieties. 
Surewicz and Mantsch (1988), Ramya et al. (2022a) dis-
covered that protein structure was changed in Arabidopsis 
and maize under abiotic stress, but that this reaction did not 
last after sustained stress, and the protein refolded slowly. 

Spectral variations with water deficit were observed in the 
FTIR data. This research discovered that FTIR spectroscopy 
is yet another tool for quickly obtaining high-throughput 
information on drought stress.

When comparing the control and drought-induced 
plants, the changes in lipids, amides, and carbohydrates was 
observed. Data from FTIR spectra were normalised at a wave 
number of 3745  cm−1. The peaks in the spectra that corre-
spond to lipids, amides, and carbohydrates are absorption 
peaks. Our findings are consistent with Ogbaga et al. (2016), 
who found that these metabolites were involved in sorghum's 
prolonged drought. Control plants had higher intensities of 
the 3410.56, 2925.06, 1642.27, 1384.80, and 1320.23  cm−1 
bands corresponding to lipids, amides, and carbohydrates 
than stressed plants. Furthermore, a decrease in the inten-
sities of the bands observed with increasing drought sug-
gested a decrease in lipid and carbohydrate content as well 
as changes in the proteome composition (Athar et al., 2016; 
Lahlali et al., 2014). The spectra may thus be used to extract 
information concerning drought-specific responses (Fig. 8).

Drought-induced changes in cellular function decreased 
the growth characteristics in both tested varieties compared 
to control plants. The ESR simulation procedure was deter-
mined, and spectroscopy revealed that the ESR signals 
distinguished between varieties and their control samples. 
The hyperfine of the ESR signals revealed that free radical 
accumulation was greater in the ADT-49 variety than in the 
ADT-45 and power. The ESR data revealed that drought-
induced rice had a lower g value than control plants. Drought 
stress increased the ESR signal compared to non-treated 
samples (Fig. 9 and 10) because it causes free radicals and 
the activation of antioxidant enzymes (Xie et al., 2008). 
Fair conditions, according to Witwicki et al. (2009), had 
decreased electron spin concentration, resulting in the lowest 
g value due to hydrogen bonds between oxygen and water 
molecules (Filek et al., 2015). Water stress caused oxida-
tive damage through the development of activated oxygen 
species  O2•– and subsequent reactions with membrane-
bound organelles of proteins and lipids. The generation of 
free radicals is frequently associated with oxidative stress 
during tissue reoxygenation (Halliwell & Gutteridge, 1990). 
Our findings show that the chlorophyll and protein degrada-
tion in drought-stressed rice leaves reflects the high level of 
free radicals generated by the Fenton reaction from  H2O2. 
It plays a role in the non-enzymatic subunit of rubisco in 
wheat chloroplasts (Ishida et al., 1999). According to He 
et al. (2014), the basic ESR spectrum obtained for each free 
radical and the strength of an ESR signal are proportional 
to the concentration of free radicals. The ESR method was 
used in this study to demonstrate that drought-induced plants 
defend themselves against free radicals through antioxidant 
enzymes (Filek et al., 2015). The ESR signal of antioxidant 
enzymes showed high band strength in the drought-induced 
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plant variety compared to the control in this analysis. The 
drought-to-ESR signal intensity relationship was found 
to be proportional. The ESR signal increased during the 
stress-induced rice plant, indicating that the drought phase 
influenced the formation of radicals previously reported in 
soybean seeds (Priestley et al., 1985).

Conclusion

The current scenario constraints are the production of rice 
with higher-quality to improve global food security and meet 
the food demands of the growing world’s population. In this 
study, the physiological and metabolic investigations of rice 
varieties ADT-45 and ADT-49 showed alterations at a cer-
tain level compared to control plants. The study depicts that 
the induced drought negatively impacted growth parameters, 
physiological metabolisms such as RWC, photosynthetic 
pigments, and biochemical contents. Besides, the electron 
spins resonance showed higher band intensity, which was 
directly proportion to antioxidant enzymes and histochemi-
cal analysis which confirms the formation of free radicals 
during drought conditions. The ESR spectroscopy is an 
assured method for identifying tolerant and sensitive rice 
varieties. Besides, Further studies focus on the application 
and the role of plant hormones under drought conditions to 
enhance sustainable or tolerant rice varieties.
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