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Abstract: The escalating prevalence of drought stress presents a significant 

obstacle to global rice cultivation, particularly in arid regions affected by 

climate change-induced water scarcity. Despite extensive research on the 

efficacy of exogenously applied chitosan in enhancing drought tolerance across 

various crops, there remains a gap in understanding the differential responses 

of chitosan-treated rice seedlings among different cultivars and different 

chitosan concentrations during pre-drought and drought stress conditions. This 

study aims to address this gap by investigating the effects of chitosan 

application on the stress responses of four distinct rice cultivars, namely Khao 

Dowk Mali 105 (KDML105), Suphanburi 1 (SB1), Riceberry (RB), and RD49 

during before and drought stress conditions. The study observed significant 

variations in phenotypic traits, particularly shoot and root weights, among the 

cultivars, following chitosan treatment (10, 20, and 40 ppm) during simulated 

drought stress. The results indicate that the application of 10 ppm of chitosan 

considerably improves the growth of shoots in the KDML105 under conditions 

of drought stress. This improvement is associated with an increase in the levels 

of fructose and glucose in the leaves. Chitosan treatment in SB1 showed higher 

concentrations of amino acids, including proline, that facilitate the development 

of roots in drought conditions. Conversely, RB and RD49 demonstrated adverse 

effects on growth parameters, with elevated H2O2 levels indicating oxidative 

stress. This study highlights the diverse reactions of several rice cultivars to 

chitosan pretreatment when subjected to drought stress. 
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Introduction 

Rice (Oryza sativa L.) is a globally consumed staple 

food crop. The expanding global population and the high 

demand for food have led to increased efforts to explore 

sustainable agricultural methods to produce enough rice 

to meet consumer demands (Khush, 2005). To this end, an 

87% increase in production is needed (Samal et al., 2018). 

However, abiotic environmental stressors, including 

salinity, drought, excessive temperatures, the presence of 

harmful metal ions, and exposure to UV radiation have 

adversely affected crop production and led to a significant 

yield loss (Ahmad et al., 2014; Singh et al., 2015). Drought 

is a prevalent constraint in global agricultural productivity 

(Takahashi et al., 2020). In recent times, numerous areas 

across the globe have experienced drought, which has been 

worsened by the effects of climate change (Turral et al., 

2011; Wassmann et al., 2009; Konopianov et al., 2024).  

As a response to drought stress, Reactive Oxygen 

Species (ROS) production is stimulated in plants. These 

ROS cause significant harm to plants experiencing stress 

by peroxidation of membrane lipids and directly 
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interacting with various macromolecules. This ultimately 

results in decreased plant development and yield 

(Takahashi et al., 2020). Osmotic adjustment and cellular 

compatible solute accumulation in plant cells are known 

as prime physiological adaptations to drought conditions 

mainly through turgor maintenance and the protection of 

specific cellular functions by defined solutes. Soluble 

sugars and proline are among the common solutes that 

play major roles in osmotic adjustment. The primary 

physiological responses of plant cells to dry conditions are 

osmotic adjustment and cellular-compatible solute 

accumulation, which are primarily accomplished via 

turgor maintenance and the defense of particular cell 

functions by defined solutes. Soluble sugars and proline 

are important solutes that contribute significantly to 

osmotic adjustment (Ghosh et al., 2021; Hayat et al., 

2012). These stress responses to drought may allow short-

term adaptation to temporary deficits in water. 

Nevertheless, if the stress persists, it dramatically 

decreases plant growth and productivity. Elicitors are 

chemical substances derived from both biotic and abiotic 

origins that can induce stress responses in plants, leading 

to increased production and accumulation of secondary 

metabolites (Guru et al., 2022). Yeast extracts, fungal 

carbohydrates, and chitosan are commonly employed as 

elicitors. Chitosan is a polycationic polymer synthesized 

by alkaline N-deacetylation of chitin, a structural 

substance found in many invertebrates, especially the 

exoskeletons of crustaceans including shrimp and crabs. 

Giraldo et al. (2023) review that agriculture commonly 

uses chitosan as a biostimulant to enhance plant growth 

and protect against damage (Pichyangkura and 

Chadchawan, 2015; Chamnanmanoontham et al., 2015). 

The interaction between chitosan and plant cells initiates 

when chitosan binds to specific cell receptors. This 

binding triggers the release of secondary messengers, 

including hydrogen peroxide (H2O2), Calcium ion (Ca2+), 

Nitric Oxide (NO), and phytohormones (jasmonate, 

ethylene, and abscisic acid), within the cell (Pichyangkura 

and Chadchawan, 2015; Román-Doval et al., 2023). These 

messengers would then induce physiological responses 

including improving membrane stability and activating 

the antioxidant system, regulating callose synthesis and 

programmed cell death, inducing antioxidant enzymes, 

and enhancing stomatal closure and regulating water 

usage (Román-Doval et al., 2023). Chitosan has the potential 

to induce positive responses in plants against various 

environmental stresses (Malerba and Cerana, 2015); 

Hidangmayum et al., 2019; Mukarram et al., 2023; Phothi 

and Theerakarunwong, 2017). Scientific research has 

provided substantial evidence that applying chitosan can 

enhance drought tolerance in different crops, including the 

methods of application and the main mechanisms by which 

chitosan conferred drought resistance (Boonlertnirun et al., 

2007; Dolatkhah Dashtmian et al., 2023). These reports 

include cowpea (foliar application on seedlings, 

improving growth and yield; Farouk and Amany (2012), 

pepper (foliar application on seedlings, reducing the water 

usage; Bittelli et al., 2001), grapevine (dipping of stem 

cutting before planting, maintaining chlorophyll content; 

Górnik et al., 2008), Thymus diagenesis Celak (spraying 

before the flowering stage, increasing flowering and full 

bloom; Emami Bistgani et al., 2017). In addition, a study 

conducted by Li et al. (2017) found that applying chitosan 

to white clover (Trifolium repens) seedlings resulted in an 

increase in the synthesis of metabolites that respond to 

drought stress. 

The application of chitosan, with a degree of 

deacetylation of 96.62% and a molecular weight of 

approximately 100,000 KDa, led to a notable decrease in 

leaf rolling and the percentage of damaged leaves during 

water-deficit stress. Chitosan treatment prior to drought 

stress provided the best results, with the lowest leaf rolling 

scores and damaged leaf percentage (Boonlertnirun et al., 

2007) Additionally, Moolphuerk and Pattanagul (2020) 

examine the effect of pretreating rice seedlings with 

chitosans of varying molecular weights (MW), including 

low, medium and high MW, on their response to drought 

stress. Rice seedlings were pretreated with chitosans 

through seed priming and foliar spray. They discovered 

that chitosan with a low molecular weight was especially 

successful in enhancing beneficial effects, such as 

enhancing root growth, preserving higher water content, 

and increasing antioxidant activities (Moolphuerk et al., 

2022). Recently, a phosphoproteomic investigation was 

conducted on ‘KDML105’ rice, a drought-sensitive 

cultivar subjected to osmotic stress to identify 

phosphoproteins and differently expressed proteins in 

response to chitosan pretreatment under osmotic stress 

were found. A total of around 2,000 phosphoproteins, 

with significant changes in 60 proteins in response to 

chitosan treatment under osmotic stress, were identified. The 

proteins played a part in defense responses, signaling, 

metabolic processes, transport, transcription, and increased 

shoot growth. This maintained the plant's photosynthetic 

pigments and made it more resistant to drought through 

intricate networks involving signal transduction and 

secondary metabolism (Pongprayoon et al., 2022). 
Furthermore, to elucidate the mechanisms by which 

chitosan improves abiotic stress tolerance in rice 

seedlings induced by salinity in different rice cultivars, 

two salt-sensitive and two salt-tolerant rice cultivars were 

treated with 25-50 ppm of chitosans, respectively. 

Chitosan at 50 ppm mitigated the reduction in shoot 

length, shoot dry weight, and photosynthetic pigments 

caused by salt stress, particularly in the salt-sensitive 

cultivars, suggesting rice cultivars have varied 

physiological responses different to chitosan to combat 

salinity. Furthermore, to clarify the ways in which 
chitosan enhances the ability of rice seedlings to 
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withstand abiotic stress caused by salinity in various rice 

varieties, two rice cultivars that are sensitive to salt and 

two rice cultivars that are tolerant to salt were exposed to 
25-50 ppm of chitosan, respectively. Chitosan, when 

applied at a concentration of 50 ppm, alleviated the 

negative effects of salt stress on growth parameters and 

photosynthetic pigments. This effect was particularly 

noticeable in rice cultivars that are sensitive to salt 

stress. These findings indicate that different rice 

cultivars exhibit diverse physiological responses to 

chitosan in order to mitigate the harmful effects of 

salinity (Khaleduzzaman et al., 2021). 

However, previous studies have not comprehensively 

addressed the differential responses of various rice 
cultivars to chitosan in pretreatment at different 

concentrations under drought stress conditions. There is a 

need for a deeper understanding of how different rice 

cultivars react in terms of growth and metabolite changes 

at the seedling stage when subjected to drought stress and 

chitosan treatment. Therefore, the aim of this study is to 

investigate the differential response of chitosan-pretreated 

rice cultivars at the seedling stage to drought stress, 

focusing on growth and leaf metabolites. By comparing 

various cultivars, this research seeks to identify specific 

responses that could inform better management practices 

and the development of more resilient rice varieties. 

Materials and Methods 

Plant Materials, Growing Conditions, Chitosan and 

Drought Stress Treatments 

Rice (O. sativa L.) seeds of 4 cultivars consisting of 

Khao Dawk Mali 105 (KDML105), Suphanburi 1 (SB1), 

Riceberry (RB), and RD49 were provided by Suphan 

Buri Rice Research Centre, Rice Department, Ministry 

of Agriculture and Cooperatives, Thailand. The seeds 

were surface sterilization by immersing them in 70% 

ethanol for 1 min, then in a 3% sodium hypochlorite 

solution (NaOCl) for 15 min, and finally washed four 

times with sterile distilled water for 5 min each. The 

chitosan preparation and treatment involved using 

Oligomeric (O) chitosan with an 80% degree of 

deacetylation, referred to as O80. This chitosan was 

purchased from Olizac Technologies in Pathum Thani, 

Thailand, and was made according to the method 

described in Limpanavech et al. (2008). Briefly, 0.2 g of 

chitosan was dissolved in 100 mL of 200 mm acetic acid. 

The chitosan is effectively dissolved in this acidic 

solution, making it easier to use for subsequent 

applications. After being completely mixed with 0.5% 

acetic acid, the chitosan solution was diluted with 

deionized water to reach the desired concentrations for 

the treatments, which ranged from 10-40 ppm. The pH 

of the resulting chitosan solution was carefully adjusted 

to approximately 5.5, ensuring it remained mildly acidic 

and suitable for application. Rice seeds were first soaked 

with O80 chitosan at 10, 20, and 40 ppm for 48 h. Then 

soaked seeds were geminated in plastic trays filled with 

sand for 14 days before transferring to a modified WP 

No. 2 nutrient solution (Vajrabhaya and Vajrabhaya, 

1991). Subsequently, chitosan, with the equivalent 

concentration, containing Triton-×100 (0.01% v/v), was 

applied twice to the 14- and 28-day-old seedling leaves 

by extensively spraying until complete saturation was 

reached. The control treatment was conducted by 

applying a spray of distilled water. For the drought stress 

treatment, rice seedlings that were applied with chitosan 

at the second time for 2 days (30-day-old seedling) were 

transferred to nutrient solution that contained 2% (w/v) 

Polyethylene Glycol 4000 (PEG4000) as drought stress 

(Fig. 1). All rice seedlings were cultivated in a 

greenhouse with photosynthetic photon flux density of 

40050 μmoL/m2/s and a temperature shift at 32°C 

2°C/28°C 2°C during day/night intervals.  

Experimental Design and Data Collection 

The experiment was designed as a Completely 

Randomized Design (CRD) with 4 replicates. Rice 

seedlings were harvested before being subjected to 

drought stress (called WP14) and after 7 days of drought 

stress (called PEG7) to analyze physiological and 

biochemical parameters. Plants were separated into aerial 

parts and roots to measure the weight of the shoot and 

root, both when they were fresh and when they were 

dried. To determine the dry weight, the shoot and root 

tissues were then dried using a hot air oven set at 60°C 

until constant weight. 

 

 
 
Fig. 1: The schematic diagram of the experimental procedure of 

chitosan treatment in this study 

Week 1 Week 2 Week 3 Week 4 Week 5

Seed soaking
(48 h)
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Non stress
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Data collection 
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analysis
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(2%  v/w of PEG4000)
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Determination of the Hydrogen Peroxide Content 

The quantification of hydrogen peroxide (H2O2) was 

performed following the methodology described by 

Lekklar et al. (2019). The reaction mixture consisted of 

1000 µL of enzyme extract and 300 µL of 0.3% Ti2(SO4)3 

(w/v) in 20% H2SO4 (v/v). The mixture was then subjected 

to 8000× g (15 min). The microplate spectrophotometer 

(Multiscan GO; Thermo Fisher Scientific) at a 

wavelength of 410 nm was carried out to quantify the 

intensity of the yellow color that was generated in the 

reaction (Jana and Choudhuri, 1982). The measured 

absorbance values were compared to a standard curve of 
H2O2 concentration. The standard curve was generated 

using 5 known concentrations of H2O2, following the 

same procedure as described before. 

Determination of Soluble Sugar Contents 

Soluble sugar in leaf (fructose, glucose, and sucrose) was 

analyzed with gas chromatography with a mass 

spectrophotometer (GC-MS) following methods described 

by Davies (1988); and Jiménez-Martín et al. (2012). 

Calibration Standard 

The standard for the quantitation of sugar is used mixture 

of sugar standards for the standard calibration curve. The 

mixture standard includes D-(-)-fructose, D-(+)-glucose, and 

sucrose were diluted two folds for 7 levels (156.25 ug/L -100 

mg/L) with deionized water. The derivatization reaction of 

the mixed sugar standard proceeds as the derivatization 

reaction of the sugar sample in the next mention. 

Sample Preparation 

The sample preparation for sugar analysis using gas 

chromatography-mass spectrometer (GC/MS) as a 

measuring technique was divided into two steps including 

(1) extraction of sugar from rice samples by liquid/liquid 

extraction and derivatization reaction of extracted sugar 

to trimethylsilyl derivatives for GC/MS analysis. The 

extraction of sugar consisted of adding 1ml of extraction 

solution (25% acetonitrile in deionized water) to 10 mg of 

dried rice samples. After that the mixtures were agitated 

for 2 min and extracted by ultrasonic homogenizer 

sonicator for 20 min at room temperature. The extracted 

samples were stored at room temperature for 30 min and 

subsequently received centrifugation at 10,000 rpm for 

10 min. Then, 100 μL of supernatant of each extracted 

sample was added into a GC vial screw cap containing 25 μL 

of internal standard (meso-erythritol, 20 mg/L in final 

concentration). The mixtures were dried by concentrator 

at 60°C for 1 h. The derivatization reaction of extracted 

sugar samples consisted of the addition of 25 µL of 

bis[trimethylsilyl] trifluoroacetamide (BSTFA) 

containing 1% Trimethylchlorosilane (TMCS) and 125 µL 

of Dimethylformamide (DMF) to the dried sugar sample 

to form trimethylsilyl derivatives. After that the mixtures 

were homogenized for 30 sec by vortex and allowed to 

stand at room temperature for 30 min before injecting into 

the GC/MS instrument. The GC/MS analysis used four 

microliters for the determination of trimethylsilyl sugar 

derivatives in rice samples. 

GC/MS Conditions 

The GC/MS analysis of sugar derivatives was 

achieved by using the mass spectrometer as the detector 

with DB-5MS+DG (30 meters, 0.25 mm ID, and 0.25 µm 

df) connected to the HP-5MS (15 meters, 0.25 mm ID, 

and 0.25 um df) capillary column from Agilent and with 

(EI) ionization of scan mode. The oven temperatures were 

programmed as follows; initiation at 140°C held for 1 min, 

then gradationally ramped to 180°C (50°C/min), 235°C 

(7°C/min) held for 2 min and 325°C (70°C/min) held for 

4.5571 min for a total run time of 17.5 min. The 

temperature at the injector and detector were set as 250- 
240°C, respectively. Helium was employed as a carrier 

gas with a 22.2 mL/min flow rate. 

Free Amino Acids Analysis 

One hundred milligrams of dried leaf were grounded 

and extracted by 4 mL of 25% acetonitrile in 0.1 mol/L 

HCl. Subsequently, the mixture experienced sonication 

for 20 min and was then subjected to centrifugation at a 

force of 9,000× g for 20 min. Analyzed in this study was 

a volume of 100 μl of supernatant using the EZ: Faast 
(easy-fast amino acid sample testing kit) method as 

described by Jiménez-Martín et al. (2012), with some 

modifications according to Pongprayoon et al. (2022). 

The GC-MS analysis involved injecting a 2 µL aliquot of 

derivatized amino acids into an HP-5MS column using 

pulsed split mode with a 1:5 split ratio at 280°C. Helium 

served as the carrier gas at a constant flow rate of 1.4 

mL/min. The oven temperature was programmed to 

increase from 130°C to 190°C at 6°C/min, followed by a 

rise to 230°C at 30°C/min for 5 min and finally to 325°C 

for 6 min. The mass spectrometer was set with the transfer 
line at 325°C, the ion source at 240°C, and the quadrupole at 

180°C and it operated in the selected ion monitoring mode. 

Statistical Analysis 

The data were analyzed using SPSS statistical 

software (version 28). The treatment means conducted 

ANOVA and significant differences from the control data 

were determined using Duncan's New Multiple Range 

Test (DMRT) at p<0.05. Error bars indicate the standard 

error, while significant differences are represented by 
superscripted letters above each column in the figures. For 

Principal Component Analysis (PCA) of soluble sugar in 

the leaf, the average of each treatment from all rice 

cultivars was analyzed and visualized using SRplot 

(Tang et al., 2023) 
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Results 

Growth Induced by Chitosan During Before and 
Drought Stress Conditions 

We investigated the effect of increasing 

concentrations of chitosan treatment (10, 20, and 40 

ppm) on the shoot and root fresh and dry weights of 

rice seedlings grown in nutrient solution before being 

subjected to drought (WP no. 2 nutrient solution: 

WP14) and simulated drought stress (WP. no.2 added 

with 2% PEG4000: PEG7). As represented in Fig. (2), 

under WP14 condition, the chitosan treatment at 40 

ppm positively affected the Shoot Fresh Weight (SFW) 

and Shoot Dry Weight (SDW) for the KDML105 by 

approximately two folds compared to the control 

treatment (Fig. 2A-B). However, for the other three 

cultivars (SB1, RB, and RD49), chitosan treatment did 

not affect the measured parameters under WP14 

conditions. The SFW and SDW of these cultivars were 

not significantly different under chitosan treatments 

compared to the control (water treatment). Under PEG7 

conditions, similar findings were observed for the 

KDML105 and SB1 cultivars. For the KDML105, 

chitosan treatment at 10 ppm significantly enhanced 

the SFW and SDW by approximately 1.6 times and 1.8 

times, respectively compared to the control treatment. 

For SB1, chitosan treatment did not affect the measured 

parameters similar to the WP14 conditions. However, 

notable impacts of chitosan treatment were detected in 

RB and RD49 plants exposed to PEG7 conditions. In 

comparison to the control plants, In RB, the SFW and 

SDW exhibited a reduction of around 29% and 28% 

respectively, as compared to the plants that were not 

treated with chitosan. In RD49, the SFW and SDW 

exhibited a reduction of around 42% and 34%, 

respectively, as compared to the plants that were not 

treated with chitosan (Fig. 2C-D).

 

 

 

Fig. 2: Effect of chitosan treatment on the shoot fresh and dry weights from four different cultivars grown before being subjected to 

stress (A and B) and under stress conditions (C and D). Bars represent the mean ± standard error (SE) of four independent 

replicates. Bars labeled with different letters above them show statistically significant differences as analyzed by Duncan's  

multiple range test (p<0.05), whereas 'NS' indicates non-significant differences. WP14: Two-week-old rice seedlings pretreated 

with chitosan and grown with nutrient solution for 14 days. PEG7; Thirty-day-old rice seedlings pretreated with chitosan were 

transferred to a nutrient solution combination with 2% PEG4000 for 7 days 
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Fig. 3: Effect of chitosan treatment on the root fresh and dry weights from four different cultivars grown before stress (A-B) and under 

stress conditions (C-D). Bars represent the mean ± standard error (SE) of four independent replicates. Bars labeled with different 

letters above them show statistically significant differences as analyzed by Duncan's multiple range test (p<0.05), whereas 'NS' 

indicates non-significant differences. WP14: Two-week-old rice seedlings pretreated with chitosan and grown with nutrient 

solution for 14 days. PEG7; Thirty-day-old rice seedlings pretreated with chitosan were transferred to a nutrient solution 

combination with 2% PEG4000 for 7 days 

 

No significant variations were seen in the Root 

Fresh Weight (RFW) and Root Dry Weight (RDW) 

between the chitosan treatment and the control for 

KDML105, SB1, and RB cultivars under WP14 

conditions. Nevertheless, in the case of the RD49, the 

application of chitosan at a concentration of 40 ppm 

resulted in a twofold increase in RFW compared to the 

control treatment. However, this treatment did not have 

a significant effect on RDW, as shown in Fig. (3A-B). 

When chitosan was applied to plants under PEG7 

conditions, there were no significant changes in RFW 

and RDW for KDML105 and RD49 compared to the 

control treatment. However, for SB1 and RB, chitosan 

treatment resulted in a significant increase in RFW by 

approximately 1.8 and 1.5 times, respectively, 

compared to the control treatment (Fig. 3C). In the case 

of RDW, the application of chitosan at a concentration 

of 10 ppm had a favorable impact on the measured 

value only for the SB1 cultivar, with a threefold 

increase. However, no significant effect was detected 

for the other three cultivars (Fig. 3D). 

Hydrogen Peroxide Content of Rice Leaves Induced 

by Chitosan During Before and Drought Stress 

Conditions 

We measured the H2O2 contents of the seedlings of 

four cultivars under WP14 and PEG7 conditions. Under 

WP14 conditions for KDML105, SB1, and RB 

cultivars, the H2O2 contents did not differ significantly 

in chitosan-treated samples compared to the control. 

However, for the RD49, chitosan treatment increased 

the H2O2 contents (Fig. 4A). During PEG7 conditions, 

the H2O2 content of chitosan-treated KDML105 and 

SB1 seedlings was not significantly different from the 

control, while in RD49, a significant increase in the 

H2O2 content (38.4%) was observed when treated with 

chitosan at 40 ppm (Fig. 4B). 
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Fig. 4: Effect of chitosan treatment on H2O2 contents of rice 

leaves grown before stress (A) and under stress conditions 
(B). Bars represent the mean ± standard error (SE) of four 
independent replicates. Bars labeled with different letters 

above them show statistically significant differences as 
analyzed by Duncan's multiple range test (p<0.05), whereas 
'NS' indicates non-significant differences. WP14: Two-
week-old rice seedlings pretreated with chitosan and grown 
with nutrient solution for 14 days. PEG7; Thirty-day-old rice 
seedlings pretreated with chitosan were transferred to a 
nutrient solution combination with 2% PEG4000 for 7 days 

 

Soluble Sugar Content of Rice Leaves Induced by 

Chitosan During Before and Drought Stress 

Conditions 

We examine the impact of chitosan on the level of 
soluble sugars (fructose, glucose, and sucrose) in leaves, in 
particular under WP14 and PEG7 conditions, using GC-
MS analysis. When KDML105 and RD49 rice plants were 
treated with chitosan at a concentration of 40 ppm under 
WP14 conditions, the fructose levels in the rice leaves 
reduced by around 27% and 34% respectively, compared to 
plants that were not treated (Fig. 5A). Notably, when 
exposed to a concentration of 10 ppm, KDML105 rice that 
had been treated showed a considerable rise in fructose 

levels in the leaves under the PEG7 condition. On the other 
hand, all RB rice treated with chitosan concentration 
showed a lower amount of fructose under the PEG7 
condition (Fig. 5B). The glucose contents of all rice 
cultivars, except for SB1, were altered by chitosan under 
the WP14 condition. Furthermore, all levels of chitosan 
resulted in a reduction in glucose contents in RD49, with a 
decrease ranging from 8-25%. The concentration of 10 ppm 
exhibited the most significant decrease, reaching the lowest 
level compared to the control (Fig. 5C). Chitosan exhibited 
an impact on glucose levels in all cultivars except SB1 

under PEG7 conditions. In particular, 10 ppm of chitosan 
increased glucose in KDML105 by 26.9%. Nevertheless, at 
40 ppm, chitosan slightly decreased glucose levels (14.8%). 
Interestingly, the reduction of glucose contents in RB rice 
leaves was evaluated in all chitosan treatments (15%), 
particularly at 40 ppm, which had the lowest level compared 
to the control (Fig. 5D). Figure (5E-F) represents the sucrose 
levels in leaves when exposed to WP14 and PEG7 
conditions, respectively. No statistically significant 

differences were observed between the chitosan-treated 
plants (KDML105 and SB1, Chi-induce group) and the 
plants that were not treated with chitosan. In contrast, for RB 
and RD49 (the chi-suppress group), chitosan treatments 
resulted in a significant decrease in sucrose levels, 
particularly at 40 ppm, with RB and RD49 showing the 
greatest decreases of around 12.2 times and 6.6 times, 
respectively, compared to the control treatment. 

PCA was performed on the relative contents of fructose, 
glucose, and sucrose to obtain an overview of the 
differences in the stress responses of the four cultivars. 
Principal components 1 and 2 explained 52.6% and 29.3% 

of the overall variation, respectively. Notably, a clear 
separation was observed. KDML105 and SB1 were 
clustered together and were separated from RB and RD49 
(Fig. 6) This finding is consistent with our previous 
observation that chitosan treatment under simulated 
drought stress enhanced the SFW and SDW of KDML105 
(Fig. 2C-D) and RFW and RDW of SB1 (Fig. 3C-D). 
However, for the other two cultivars (RB and RD49), the 
SFW and SDW significantly declined under drought stress 
with chitosan treatment (Fig. 2C-D). Taken together, PCA 
separated KDML105 and SB1 from RB and RD49, 
suggesting that the fructose, glucose, and sucrose contents 

might play a key role in the drought stress response of 
different cultivars induced by chitosan treatment. 

The Effect of Chitosan-Treated Rice During 

Drought Stress in Relation to Free Amino Acid 

Contents in Leaves 

We profiled the shoot amino acid contents that included 

Alanine (ALA), α-Aminobutyric acid (ABA), Arginine 

(ARG), Aspartic acid (ASP), Cystathionine (CTH), Cysteine 
(CYS), Glutamic acid (GLU), Glutamine (GLN), Glycine 

(GLY), Histidine (HIS), Hydroxylysine (HLY), Isoleucine 

(ILE), Leucine (LEU), Lysine (LYS), Methionine (MET), 

Ornithine (ORN), Phenylalanine (PHE), Proline (PRO), 

Sarcosine (SAR), Serine (SER), Threonine (THR), 

Tryptophan (TRP), Tyrosine (TYR) and Valine (VAL) of the 

chitosan-treated rice seedlings under drought stress 

conditions. The average data of the effect of chitosan-

treated rice during drought stress in all rice cultivars were 

displayed in supplementary materials are available upon 

request to the corresponding author. For the Chi-Suppress 

group (RB and RD49), the amino acid contents were not 
significantly different under chitosan treatment compared 

to the control (Fig. 7). 
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.  
 
Fig. 5: Effect of chitosan treatment on Soluble sugar contents of rice leaves grown before stress (A, C and E) and under stress conditions 

(B, D and E). Bars represent the mean ± standard error (SE) of four independent replicates. Bars labeled with different letters 

above them show statistically significant differences as analyzed by Duncan's multiple range test (p<0.05), whereas 'NS' 

indicates non-significant differences. WP14: Two-week-old rice seedlings pretreated with chitosan and grown with nutrient 

solution for 14 days. PEG7; Thirty-day-old rice seedlings pretreated with chitosan were transferred to a nutrient solution combination 

with 2% PEG4000 for 7 days 
 

 
 
Fig. 6: Effect of chitosan treatment on the plant stress response 

in relation to soluble sugar. Principal component analysis 

(PCA) was performed. Each spot represents leaf-soluble 

sugar from each replicate. Arrows symbolize the original 

variables, with the direction of the arrows indicating the 

correlation between the original variable and principal 

components. The lengths of the arrows indicate the 

devotion of original data to principal components. 

Ellipses representing a 68% confidence interval for PCA 

was performed using the ggbiplot2 package in R 

 

However, for the Chi-Induce group, KDML105, 

chitosan treatment at 10 ppm exhibits a high level of ILE, 

while 20 ppm shows a high level of THR, SER, ALA, 

PRO, VAL, LEU, GLY, and ABA compared to the 

control. For the SB1 cultivar, chitosan treatment at 10 and 

40 ppm significantly increased the contents of some 

amino acids, such as ASP, GLN, SER, ALA, PRO, VAL, 

and LEU and compared to the control (Fig. 7). Taken 

together, these findings highlight the role of amino acids 

as the major differentially accumulated metabolites in 

chitosan-treated plants during drought stress. 
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Fig. 7: Effect of chitosan treatment on the plant stress response in 

relation to free amino acid content. The red color was used 
to represent the higher value for each free amino acid, while 
the lower value was represented in blue. Heatmap was 
constructed using SRplot (Tang et al., 2023). The amino 

acids, listed alphabetically, are as follows: ALA; Alanine, 
ARG; Arginine, ASP; Aspartic acid, ABA; α-Aminobutyric 
acid, CTH; Cystathionine, CYS; Cysteine, GLN; 
Glutamine, GLU; Glutamic acid, GLY; Glycine, HIS; 
Histidine, HLY; Hydroxylysine, ILE; Isoleucine, LEU; 
Leucine, LYS; Lysine, MET; Methionine, ORN; Ornithine, 
PHE; Phenylalanine, PRO; Proline, SAR; Sarcosine, SER; 
Serine, THR; Threonine, TRP; Tryptophan, TYR; Tyrosine, 

and VAL; Valine 
 

Discussion 

Water deficit stress has emerged as a significant 

impediment to global rice cultivation due to climate 

change, particularly affecting dry and semi-arid regions 

with limited water resources. Plants coping with 

drought conditions adapt by reducing their size, leaf 

production, and stomatal activity. They also increase 

stress-related compounds, leading to stomatal closure 

and reduced carbon dioxide intake and water 
transpiration, thereby inhibiting photosynthesis. This 

limited photosynthetic capacity negatively impacts 

overall biological processes, resulting in reduced 

growth and productivity (Hammad and Ali, 2014; 

Makhlouf et al., 2022). To reduce the negative impacts 

of severe drought stress on plant yield and quality in 

water-scarce places, appropriate technical solutions must 

be developed (Takahashi et al., 2020). Several strategies 

have been explored to enhance plants' drought tolerance 

(Sohag et al., 2020; Aissa et al., 2018), with one solution 

involving the use of compounds that promote tolerance to 

abiotic stress. Exogenous application of natural 

compounds, such as biostimulants like chitosan, has 

garnered significant interest in improving a plant's drought 

resistance (Hidangmayum et al., 2019). The use of 
exogenously applied chitosan to improve drought 

tolerance in various crops is supported by a robust body 

of research evidence (Pichyangkura and Chadchawan, 

2015; Roychoudhury et al., 2022). 

In our study, we explored the effect of chitosan 

treatment at different concentrations (10, 20, and 40 ppm) 

on rice seedling drought stress response. We included four 

different rice cultivars of different genetic backgrounds to 

investigate whether the stress responses would vary 

among the cultivars or not. Notably, the stress responses 

of the four cultivars varied under chitosan treatment under 

simulated drought stress conditions as we observed the 

shoot and root weights, which are critical parameters in 

plant physiology, representing the water content and the 

actual biomass, respectively (Roberts et al., 1993). Fresh 

weight is a plant water status indicator that can be very 

important during droughts since it shows how well the 

plant can hold onto water and keep its turgor. Conversely, 

dry weight represents the plant's development and 

biomass accumulation independent of water content. 

Through a comparison of fresh and dry weight, we can 

speculate on the effects of treatments including chitosan 

on biomass accumulation and water retention, hence 

offering insights into the mechanisms of drought 

tolerance of the plant (Füzy et al., 2019; Hu and 

Schmidhalter, 2005). Among the four cultivars, 

KDML105 was the only one with enhanced shoots fresh and 

dry weights under chitosan treatment at 10 ppm (Fig. 2). The 

differential response to chitosan concentrations can be 

attributed to the dose-dependent nature of chitosan's 

effects. For KDML105, chitosan at 10 ppm significantly 

enhanced SFW and SDW, indicating an optimal 

concentration for promoting growth and drought 

tolerance. The lack of further enhancement at 40 ppm 

could be due to a saturation effect, where the beneficial 

impact of chitosan is maximized at 10 ppm and higher 

concentrations do not provide additional benefits 

(Hidangmayum et al., 2019) Alternatively, higher 

concentrations may lead to suppression effects, where 

excessive chitosan induces stress responses or inhibits 

growth, counteracting the benefits observed at lower 

concentrations (Pichyangkura and Chadchawan, 2015). 

For the RFW and RDW, SB1 was the only cultivar for 

which chitosan treatment positively affected the measured 

values under drought stress (Fig. 3C-D). The positive 

effect of chitosan treatment on root dry weight under 

drought stress conditions in SB1 suggests that chitosan 

induces root growth, making the roots larger and possibly 

deeper. This enhanced root growth can improve the plant's 

ability to access water and nutrients from deeper soil 

layers, which is critical for survival under drought 
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conditions (Hayat et al., 2012; Panda et al., 2021). The 

increase in root biomass indicates that chitosan stimulates 

the allocation of resources to root development, thus 

enhancing the plant's drought resilience by improving its 

water uptake capacity (Ghosh et al., 2021). Therefore, we 

consider these two cultivars as chitosan-induced ones. 

Fig. (3A) showed that under WP14 conditions, chitosan 

at 40 ppm enhanced the root fresh weight but not the root 

dry weight in RD49. This suggests increased water 

retention without a corresponding increase in biomass. 

The enhanced fresh weight indicates improved hydration 

status, potentially due to chitosan's role in modulating 

water uptake and retention (Makhlouf et al., 2022). 

However, the lack of increase in dry weight suggests that 

while chitosan enhances water retention, it does not 

necessarily promote dry matter accumulation, 

highlighting the complexity of its effects on plant 

physiology (Füzy et al., 2019). Under the PEG7 

condition, for the RB and RD49, chitosan treatment at 20 

and 40 ppm negatively affected the SFW and SDW as the 

measured parameters significantly declined compared to 

the control (Fig. 2C-D). Accordingly, we assume these 

two cultivars as the chitosan-suppressed ones. We then 

measured the H2O2 contents of the four cultivars. We 

observed no significant difference in the H2O2 contents of 

chitosan-treated KDML105 and SB1 seedlings compared 

to the control (Fig. 3). However, for RB and RD49, a 

significant increase in the H2O2 contents was observed 

when treated with chitosan (Fig. 4).  

Drought stress inevitably leads to heightened reactive 

oxygen species (ROS) production within various cellular 

compartments, including chloroplasts, peroxisomes, and 

mitochondria. Despite this, a robust antioxidant system 

effectively regulates this increased ROS production, 

controlling the intracellular ROS levels and maintaining 

the cell's redox status. Moreover, under stress conditions, 

the elevated ROS serves as an alarm, initiating 

acclamatory and defense responses through specific 

signal transduction pathways, wherein H2O2 acts as a 

secondary messenger. As highlighted by Dat et al. (2000), 

the impact of ROS under abiotic stress appears dual, 

contingent upon their overall cellular quantity. At lower 

levels, they participate in stress signaling pathways, 

prompting stress defense and acclimation. However, once 

ROS surpass a certain threshold, they become highly 

destructive, provoking uncontrolled oxidative reactions 

that harm cellular structures, leading to oxidative stress 

and, ultimately, cell death (Camejo et al., 2020). 

Observing the significant rise in H2O2 levels in chitosan-

treated RB and RD49 seedlings under drought stress, 

suggests oxidative stress conditions, indicating that the 

chitosan treatment did not impart stress tolerance. 

Conversely, for the chitosan-treated KDML105 and SB1, the 

stable H2O2 levels indicate induced stress tolerance (Fig. 4). 

Figure (5) illustrates that chitosan treatment had a 

significant impact on the soluble sugar content in the 

leaves of different rice cultivars under drought stress 

conditions. PCA distinguished the KDML105 and SB1 

from RB and RD49 (Fig. 6), indicating that the 

concentrations of fructose, glucose, and sucrose 

potentially influence the drought stress response among 

different rice cultivars under chitosan treatment (Dien et al., 

2019; Wang et al., 2019). In particular, when KDML105 

was exposed to 10 ppm of chitosan in the presence of 

PEG7, there was a significant rise in the levels of both 

fructose and glucose compared to the control (Fig. 5B-D). 

The increase in soluble sugar content is likely responsible 

for the observed improvement in SFW and SDW in 

KDML105 (Fig. 2C-D). This indicates a correlation 

between greater sugar levels and enhanced growth 

performance under drought stress. In contrast, both RB 

and RD49 exhibited a decrease in fructose and glucose 

levels when exposed to various doses of chitosan in the 

presence of PEG7. This reduction in sugar levels 

correlated with a decrease in SFW and SDW, suggesting 

that chitosan treatment had a detrimental effect on RB and 

RD49 under drought conditions. The distinct variations in 

sugar accumulation patterns among the different cultivars 

highlight the particular responses of each cultivar to 

chitosan. The regulation of sugar metabolism seems to be 

a key factor in determining the drought tolerance and 

growth results in rice seedlings (Dien et al., 2019; 

Vajrabhaya et al., 2001). However, for the SB1 cultivar, 

chitosan treatment led to a decrease in leaf sucrose levels 

across all concentrations under PEG7 conditions (Fig. 5D). 

This reduction in leaf sucrose may indicate enhanced 

translocation of sucrose to the roots, aiding in osmotic 

adjustment and root growth maintenance under drought 

stress (Fig. 3C-D) (Lemoine et al., 2013). 

Examination of shoot amino acid profiles in chitosan-

treated rice seedlings under drought stress conditions 

revealed a similar response in both KDML105 and SB1 

cultivars. A notable increase in the levels of various free 

amino acids, specifically SER, ALA, PRO, VAL, and 

LEU was evident in both cultivars (Fig. 7). These findings 

indicate that amino acids play a crucial role in the 

metabolomic response to stress (Shim et al., 2023). 

Proline exhibits the greatest increase in accumulation in 

SB1 treated with 10 and 40 ppm, as compared to the 

control treatment. The control treatment involves the 

concentration of chitosan promoting RFW and RDW 

(Fig. 3C-D). Proline has a crucial role in improving plant 

resistance to stress. In addition to its osmolyte function, 

proline has three main roles during stress: As a metal 

chelator, an antioxidant defense molecule, and a signaling 

molecule. According to Wang et al. (2022), proline 

production in watermelon is primarily triggered by dry 

conditions and occurs mostly in the leaves. Subsequently, 

it is transferred to the roots. Consequently, proline 
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accumulation in leaves of many plant species, including 

SB1 rice, has been found to be positively correlated with 

resistance to abiotic stress in root growth (Hayat et al., 

2012; Živanović et al., 2020). 

Our findings show that chitosan has the ability to 

stimulate growth in specific KDML105 and SB1 rice 

varieties while inhibiting growth in others like RB and 

RD49 when exposed to drought conditions. The variety 

that was observed could be attributed to the distinct 

metabolic and physiological reactions of the cultivars to 

the application of chitosan. Chitosan improves drought 

tolerance in the chi-induce group (KDML105 and SB1) 

by increasing water retention and promoting the 

accumulation of stress-related metabolites, such as 

soluble sugars and some amino acids including proline in 

leaves. This improves osmotic adjustment and provides 

protection against oxidative stress (Moolphuerk et al., 

2022). In RB and RD49, on the other hand, high levels of 

chitosan may cause too many reactive oxygen species 

(ROS), which can damage cells and stop them from 

growing (Román-Doval et al., 2023). Some cultivars 

show suppression, which means that there is a certain 

amount of chitosan that, when exceeded, weakens its 

beneficial effects because of damage caused by stress 

(Kazimi and Saxena, 2023). Our investigation was on the 

metabolic reactions in the leaves of different rice 

cultivars. While this offered useful information about how 

chitosan impacts soluble sugars and amino acids in leaves, 

it did not involve a thorough evaluation of root 

metabolites. In order to compare the responses of different 

parts of the rice plant, it is recommended that future 

research conduct measurements of metabolites in both the 

roots and leaves. This will provide a comprehensive 

understanding of how chitosan affects the overall 

physiology of the entire plant during periods of drought. 

Conclusion 

Our study provides important findings on how 

chitosan treatment affects different rice cultivars when 

they are exposed to drought stress. Our findings indicate 

that the presence of 10 ppm of chitosan has a considerable 

positive effect on the growth of shoots in KDML105. This 

reaction is associated with higher levels of soluble sugars, 

specifically fructose and glucose, in the leaves. 

Conversely, the use of chitosan in SB1 mostly promoted 

the development of roots. The observed effect is probably 

caused by the movement of sucrose from the above-

ground part of the plant to the roots, which helps the plant 

adapt to drought conditions by adjusting its osmotic 

balance. Furthermore, SB1 demonstrated a greater 

accumulation of amino acids, including proline, which is 

crucial for maintaining root growth under drought. 

Nevertheless, the cultivars RB and RD49 did not exhibit 

substantial alterations in metabolite profiles when 

subjected to chitosan treatment. Additionally, when these 

cultivars were subjected to drought, the chitosan treatment 

inhibited their growth, suggesting that it had a negative or 

indifferent impact. This highlights the significance of 

adopting a cultivar-specific strategy when utilizing 

chitosan to augment drought resistance in rice. 
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