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Abstract 

Fluctuating weather conditions and climate change are affecting agricultural production 

worldwide including rice yield. Combined with the increasing population and decreasing 

land space for agricultural practices, biotechnological solutions are needed to improve the 

livelihood of farmers and the country’s food security. Rice seeds of cv. MR263 were 

irradiated with gamma rays at doses 300, 350, and 400 Gy to evaluate their response to 

ionizing radiation on their growth. The irradiated seeds were germinated on MS media, 

and the seedlings were grown in media with polyethylene glycol 6000. It was found that 

most of the germination percentage decreased gradually with increasing radiation dosage. 

Shoot lengths reduced with radiation dose, per treatment. The root length was highest at 

dose 350 Gy (9.5 cm) compared to the other irradiated treatments. Fresh and dry weights 

generally decreased with increasing dosage and water stress levels except for dose 350 

Gy. The highest fresh (354 mg) and dry weight (56.7 mg) were observed in seedlings 

irradiated with a dose of 350 Gy treated with 0% PEG and 10% PEG respectively. The 

content of proline and carbohydrates increased as the radiation doses and PEG 

concentrations increased where the highest proline (11.8 µM/g) was observed in 350 Gy + 

20% PEG. While the highest carbohydrate content (9.3 mg/g) was observed in 400 Gy+ 

20% PEG. It was concluded that seedlings radiated with 350 Gy showed promising results 

indicating tolerance to drought stress, due to their improved morphological and 

biochemical traits. 

1. Introduction 

Rice (Oryza sativa L.) is a cereal grain most 

consumed as a staple food by many human populaces, 

most prominently in Asian countries. In the year 

2018/19, rice was the third-highest grain produced 

worldwide at an amount of 495.87 million metric tonnes 

(Shahbandeh, 2019). It is regarded as the most essential 

grain in terms of its immense nutritional benefits and 

caloric intake for more than one-fifth of the world’s 

population. One of the major limiting factors for 

agricultural production in dry and semi-dry areas is water 

(Hellal et al., 2018). Thus, the lack of suitable amounts 

of water in these areas causes drought. Drought is 

especially prominent in South and Southeast Asia, and it 

is the prime abiotic stress that restricts rice production 

worldwide (Swapna and Shylaraj, 2017). Perpetual 

photosynthetic light reactions at the time of drought 

stress while the intercellular concentration of CO2 is 

limited leads to the build-up of reduced photosynthetic 

electron transport elements, in turn lowering the amount 

of molecular oxygen, leading to the formation of ROS 

(Basu et al., 2016). 

Rice variety MR263 is a lowland, high-yielding rice, 

and it matures approximately 97 to 104 days after 

seeding. During the coming years, there is a high 

possibility that water will be limited, and with the 

ongoing climate change effects, farmers may face a 

problem with irrigation, thus leading to increased 

chances of crop low yield (Sen et al., 2017). Therefore, 

effective techniques must be developed to improve crop 

productivity in areas with water deficiency. Recently, 

tissue culture procedures were established to be a 

possible cost-effective technique in improving stress 

tolerance in plants (Kadhimi et al., 2016). Compared to 

tissue culture, conventional breeding methods are cost 

and worker-intensive, as well as time-consuming. To 
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study the effects of drought stress that is encountered 

during the growth stages of plants, pure water potential 

in the soil environment must be created and maintained. 

Therefore, it is preferable to use polyethylene glycol 

(PEG) that has a high molecular weight as an 

osmoticum, as it is not taken up by the plants, and it is 

used to adjust osmotic potential in germination studies 

(Hellal et al., 2018). 

Mutations can change traits and functions of genes 

that code for plant development, and to generate 

alterations that lead to better genetic development and 

economic yield (Usharani and Kumar, 2015; 

Kamaruddin and Abdullah, 2017). Mutation breeding has 

been introduced to alter one or two major characters of 

crops to transform them into crops that are resilient to 

stress. The use of gamma irradiation to induce mutation 

helps farmers in accessing and monitoring characteristics 

of crops that are targeted for improvement (Jankowicz-

Cieslak et al., 2017). According to the IAEA, more than 

four hundred rice varieties are being produced around the 

world using this method (Li et al., 2016). In this study, 

MR263 seeds were exposed to three doses of gamma 

radiation (300, 350, and 400 Gy) and were germinated 

under water deficit conditions using PEG 6000 solutions 

of different concentrations (w/v) (0, 10, and 20%) in 

vitro to determine the survival rate and analyse the 

morphological changes in the seedlings. 

 

2. Materials and methods 

2.1 Gamma radiation treatment 

The seeds MR263 were provided by the seedbank of 

the Malaysian Agricultural Research and Development 

Institute (MARDI), Penang, Malaysia. The seeds were 

exposed to three doses (300, 350 and 400 Gy) of gamma 

irradiation (Caesium - 137) with a dose rate of 11.8 Gy/

min at a strength of 131 Tera Becquerel (TBq), at the 

Malaysian Nuclear Agency, Bangi, Selangor, Malaysia. 

2.2 Seed Germination and water stress treatment 

The rice seeds were sterilized using Benomyl, 

Clorox, and Tween 20, and ethanol, all for a duration of 

1 minute each. First, a solution consisting of 0.2% of 

Benomyl was used to wash the seeds for 1 minute, 

afterwards, the seeds were washed in 70% Clorox and 

three drops of Tween 20, followed by sterilizing with 50, 

40, 30, 20, and 10% Clorox, and lastly with 70% ethanol. 

Finally, the seeds were rinsed with sterile distilled water 

four times to get rid of any remaining sterilizing 

solutions (Nor Yasmin et al., 2016). The seeds were 

transferred to Petri dishes containing MS media (3-4 

seeds per petri dish). The seeds were left to germinate for 

7 days inside an incubation chamber at 25±2°C, with a 

light/dark photoperiod of 16/8 hrs (Kadhimi et al., 2016).  

Water deficit was initiated using PEG 6000. 

Concentrations 10 and 20% (w/v) of PEG were prepared 

and sterilized using a 0.22 µm filter and poured as 

overlay solutions on top of solidified half-strength MS 

media inside glass vials, left overnight, then decanted. 

Seven days after germination, the seedlings were 

transferred to the vials at concentrations 0, 10, and 20% 

PEG for water stress induction. All cultures were kept at 

25±2°C in a 16/8 hrs (light/dark) photoperiod. 

2.3 Biochemical analysis 

2.3.1 Proline concentration in the seedling 

The concentration of proline was determined 

according to the method by Bates et al. (1973). The 

seedlings were evaluated for proline content 10 days 

after the water stress treatments by PEG. The ninhydrin 

reagent was prepared by warming 1.25 g of ninhydrin 

along with 20 mL 6 M orthophosphoric acid and 30 mL 

glacial acetic acid, with continuous stirring until 

dissolved. Plant samples of 0.5 g from the 12 treatments 

were homogenized along with 10 mL of 3% 

sulfosalicylic acid using a mortar and pestle, and the 

homogenate was centrifuged at 11,000 rpm for 15 min. 

A volume of 2 mL of supernatant was transferred to test 

tubes and stirred with 2 mL glacial acetic acid and 2 mL 

ninhydrin reagent and incubated at 100°C for 1 hr in a 

water bath. The samples were then cooled in ice for 15 

mins and left at room temperature for 5 mins. Lastly, the 

samples were vigorously mixed with 4 mL toluene using 

a vortex for 20 secs, then 3 mL was pipetted into glass 

cuvettes and the absorbance of the samples was 

measured at 520 nm using a spectrophotometer (UV/

VIS). A blank solution was made alongside the sample 

solutions using distilled water and the same amounts of 

the reagents mentioned above. A standard curve was 

constructed, and the proline concentration was expressed 

as micromolar per gram fresh weight, using the 

following equation (Bates et al., 1973): 

Proline (µM/g) = [(μg proline/mL × mL toluene) / 115.5 

μg/μmole] / [(g sample) / 5] 

2.3.2 Carbohydrates concentration in the seedlings 

The method of phenol sulfuric acid (Herbert et al., 

1971) was used to determine the total sugar content 

(carbohydrates concentrations), without the identification 

of specific sugar components. The seedlings were 

evaluated for carbohydrates content 10 days after the 

PEG treatments. The seedlings were dried at 70°C for 48 

hrs and 10 mg of the dried plant samples were 

homogenized with 2 mL distilled water using a mortar 

and pestle. The extract was filtered using a Whatman #1 
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filter paper, and to 1 mL of the filtrate, 1 mL of 5% 

phenol, and 5 mL of 98% sulphuric acid were added. The 

reaction mixtures were vortexed for 20 secs. Then, the 

samples were incubated at 30°C for 20 min in a water 

bath then placed in ice to stop the reaction, and 2 mL 

was pipetted into disposable plastic cuvettes, and their 

absorbance was measured at 485 nm using a 

spectrophotometer (UV/VIS). A blank solution was 

made alongside the sample solutions using distilled 

water and the same amounts of the reagents mentioned 

above. The carbohydrate concentration was calculated 

from the standard curve and expressed as milligram per 

gram dry weight. 

2.4 Data collection parameters 

Germination percentage (GP) of the seedlings after 

treatment with gamma radiation and seedling survival 

(SS) percentage after treatment with both gamma 

radiation and PEG were measured using the following 

equations (Olasupo et al., 2016). The germination index 

(GI) was calculated using the following equation 

(Association of Official Seed Analysis, 1983). The seed 

vigour (SV) was calculated as described by Abdul-Baki 

and Anderson (1970). 

GP (%) = (Number of germinated seeds) / (Number of 

irradiated seeds planted) × 100 

GI = (Number of germinated seeds / Day of first count) + 

(Number of germinated seeds / Day of second count) 

+...+ (Number of germinated seeds / Day of final count) 

SV = [Germination percentage × Means of seedling 

length (root + shoot)] / 100 

The relative water content (RWC) was calculated by 

following the method described by Zaman et al. (2018). 

Fresh weights of fully expanded leaves were measured, 

and then they were soaked in distilled water for 16 hrs at 

room temperature to obtain turgid weight (TW). After 

that, the leaves were wiped with tissue paper and the 

turgid weight was measured, and the leaves were dried in 

the oven at 80°C for 84 hrs to measure their dry weight. 

The RWC was calculated using the formula provided by 

Turner (1986): 

RWC (%) = 100 × [(FW – DW) / (TW – DW)] 

2.5 Seed germination and water stress treatment 

The normality test was conducted on the data before 

statistical analysis of variance (ANOVA) among the 

treatments, using Microsoft Excel software. The 

comparison was made between the gamma radiated and 

water stress treatment groups, values of p < 0.05 were 

considered significant. 

3. Results and discussion 

3.1 Effects of gamma radiation 

3.1.1 Seed germination 

The earliest germination was recorded on the second 

day after culturing in MS media, which was observed in 

all seeds but at varying rates. On day 3, the highest 

Germination Percentage (GP) was at the highest 

radiation dose of 350 Gy (42.8±10.18%), and the lowest 

was in the control seeds (13.1±7.07%). Gamma radiation 

elevated the ability of the seeds, especially at the dose of 

350 Gy, which made them germinate at higher rates than 

the non-radiated seeds. Until the fourth day of 

germination (day 5), the gamma radiation efficiency had 

its maximum positive effects on the GP of seeds exposed 

to 350 Gy, as shown in Figure 1. After that point, the GP 

started to decrease. These seeds had a GI of 39 which is 

higher than seeds treated with doses 300 Gy and 400 Gy, 

as shown in Table 1. GI is a way of expressing the 

earliness of emergence of the radicle from a seed, the 

control seeds had the lowest GI than the other seeds at 

25, while the 400 Gy radiated seeds had a GI of 30. In 

terms of germination speed, these findings suggest that 

gamma radiation at the dose 350 Gy provided mutation 

in the cells of radiated seeds that contributed to optimum 

conditions, leading to maximum germination and 

development into seedlings earlier than the other doses. 

Lagoda (2012) explained that genetic and 

physiological damages to embryo cells by mutagenesis 

are responsible for low germination of seeds, causing 

mutation, cell death, abnormal cell division, tissue and 

organ collapse, and reduction of plant growth. Several 

 Figure 1. Germination percentage of the irradiated seeds for 

the duration of one week 

 GP (%) GI SV (%) 

0 Gy 100 25 34 

300 Gy 82.2 34 22 

350 Gy 85.3 39 25 

400 Gy 62.6 30 13 

Table 1. Germination percentage (GP), germination index 

(GI), and seed vigour (SV) of the irradiated seeds.  
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studies (Kadhimi et al., 2016; Gowthami et al., 2017; Al-

Ghaliya and Mukhtar, 2018) reported a decrease in 

germination percentage of rice seeds with an increase of 

gamma radiation dosage. The seed vigour was measured 

using the formula by Abdul-Baki and Anderson (1970), 

which decreased as the gamma radiation increased 

(Table 1). 

The control seeds had the highest GP and SV, at the 

values 100% and 34% respectively, but the lowest GI at 

25. Among the radiated seeds, the dose 350 Gy resulted 

in the highest SV with a value of 25%, while the seeds 

radiated with 400 Gy had the lowest SV at 13%. The 

decrease in vigour is due to the harmful effects of 

gamma radiation on the cellular division and biological 

activities of plants, leading to a reduction in their growth 

and development. Harding et al. (2012) recorded lower 

vigour in rice as the gamma radiation dose increased, and 

the same result was observed in cowpea (Olasupo et al., 

2016). 

3.1.2 Shoot and root lengths 

As the gamma radiation doses increased, shoot and 

root lengths gradually decreased. This ionizing radiation 

had affected the seedlings’ development that included 

the shoots and roots, which were not able to grow to their 

maximum capacity as compared to the control. At 

normal water levels (0% PEG), the control seedlings had 

the longest mean shoot length of 27.5±2.55 cm while 

seedlings pre-radiated with doses 300 Gy, 350 Gy, and 

400 Gy had mean shoot lengths of 24.1±1.44 cm, 

24.7±4.00 cm, and 22.3±2.02 cm, respectively. The 

difference in shoot length between the control and the 

highest gamma radiation (400 Gy) is 5 cm, indicating 

that the doses used in this study affected the seedling 

heights in a degrading manner. The statistical analysis, 

however, revealed that all the shoot lengths were not 

significantly different (p < 0.05). The few centimetre 

difference in length may be considered negligible and 

thus it can be concluded that the gamma radiation did not 

affect the shoot elongation of the plants significantly. 

The current findings are contradictory to those of El-

refaee et al. (2017) and Abdullah et al. (2018), who 

observed a significantly different decrease in the shoot 

lengths of the radiated and non-radiated plants. Likewise, 

Kim et al. (2015) observed a decrease in the average 

height of gamma radiated Brachypodium plants. Amsal 

and Ishak-Ishak (2018) recorded an increase in root 

length. With roots lacking in length and density, a rice 

plant is not able to extract and capture the required 

water, minerals, and nutrients needed for its development 

and survival.  

At normal water levels, the lengths of roots 

decreased with gamma radiation dose, with an exception 

seen at 350 Gy (Figure 2). The highest root length was of 

the control seedlings, with a mean root length of 

11.3±1.35 cm, followed by the seedlings pre-radiated 

with 350 Gy at 9.5±2.24 cm, seedlings pre-radiated with 

300 Gy at 7.4±1.35 cm, and finally, seedlings pre-

radiated with 400 Gy at 6.3±1.54 cm. Roots play an 

important role in providing a nutrient and water uptake 

system necessary for plant growth, act as storage organs, 

secure plants into the soil, and serve as a means of 

interaction with pathogenic and beneficial organisms in 

the rhizosphere (Amsal and Ishak, 2018). Root 

elongation of rice seedlings decreased as the gamma 

radiation dose increased (Magnaye et al., 2017; 

Gowthami et al., 2017). In the present study, roots with 

noticeably longer length at 350 Gy compared to the other 

doses might be an indicator of a positive mutation effect 

on the root growth. 

3.2 Effects of drought stress 

3.2.1 Survival rate of seedlings and relative water 

content 

All the seedlings survived at the end of the 10 days. 

This contradictory to the findings of Amsal and Ishak-

Ishak (2018), whereby in their study, out of 35 rice 

mutant lines gamma radiated with doses of 25 and 50 Gy 

and treated with 20% PEG, only 22 lines grew well. The 

characteristics of the positive control and irradiated 

seedlings grown in MS media and the three PEG 

treatments are presented in Figures 3, 4, and 5. 

 Figure 2. Shoot and root lengths of the seedlings pre-radiated 

with different gamma radiation doses 

Figure 3. Irradiated MR 263 rice variety 15 days after 

germination, under different gamma radiation treatments: (A) 

Control, (B) 300 Gy, (C) 350 Gy, (D) 400 Gy. 
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There was visible chlorosis, curling, and wilting of 

the leaves, combined with burning of the roots in 

seedlings belonging to several treatments which can be 

attributed to the effects of gamma radiation and/or PEG, 

whereby the seedlings employed protection mechanisms 

against the damaging effects of these agents by halting 

their tissues growth and curling their leaves to minimize 

water loss. Seedlings that were grown in dry conditions 

possessed leaves and roots that had experienced wilting 

and turned brown in colour, which may be the effect of 

drought that leads to the formation of destructive ROS, 

reduction of photosynthesis and total chlorophyll content 

in the plant tissues, which is responsible for the green 

colour of the upper plant tissues (Chutia and Borah, 

2012).  

It is interesting to note that pre-radiated seedlings 

exposed to the lowest water stress level of 10% PEG had 

fully expanded green leaves and healthy roots, which is 

not true in the case of the control seedlings. These intact 

seedlings can be considered for further growth and 

metabolic studies. A possible explanation is that 

mutation by gamma radiation can lead to unforeseen 

advantageous modifications in the structure of certain 

cell organelles of the seedlings, such as chlorophyll 

organelles. It was mentioned in previous studies that 

gamma radiation can cause an increase in photosynthetic 

pigments like chlorophylls (Beyaz et al., 2016), that 

capture sunlight photons are converted by the plants into 

energy compounds by photosynthesis. Soni et al. (2011) 

reported that at 20% PEG, plants experienced chlorosis, 

wilting, and burning of leaves and roots. In rice plants, it 

was determined that the leaf rolling factor is one of the 

best traits in assuming levels of water shortage resilience 

in a screening upon large scale samples (Pandey and 

Shukla, 2015). 

The RWC was used in this study as a measure of 

drought. This index, as mentioned by Swapna and 

Shylaraj (2017), is a useful tool to estimate the water 

status of plants. The results showed that the RWC of the 

leaves of seedlings decreased slightly with increasing 

gamma radiation dose since radiation contributes to 

lowered water potential; and it decreased as the PEG 

concentration increased. The lowest RWC recorded was 

of the seedlings 400 Gy with RWC at 44% at the highest 

drought stress level. Sarker and Oba (2018) recorded a 

gradual decrease in relative water content in shoots of 

seedlings under drought stress. The gamma radiation 

affected the RWC of mutated MR263 seedlings under 

drought in a negative way. Especially the PEG 

concentration, as these two agents play a role in the 

declination of osmotic potential in the plant's growth 

media (Table 2). 

3.2.2 Shoot and root lengths 

After growing in MS media with less water content 

for 10 days, the seedlings’ shoot lengths were inversely 

proportional to the gamma radiation doses and were 

quite irregular with an increase in PEG concentration, as 

Table 3 elucidates. Variance analysis of the shoot lengths 

under the 12 treatments indicated no significant 

difference (p < 0.05) at 0% PEG, whereas at 10%, the 

control seedlings had the highest length, while 300 Gy 

and 400 Gy pre-radiated seedlings were not significantly 

different (p < 0.05) in length and at 350 Gy, the shoot 

length was the lowest. At 20% PEG, the control 

seedlings had the lowest length, and the 350 Gy pre-

radiated seedlings had the highest, but not significantly 

different (p < 0.05) from the 300 Gy and 400 Gy doses. 

All the radiation doses produced shoot lengths higher 

than the control at 20% PEG. Using the treatment 350 

Gy and 20% PEG, the mean shoot length was 25.7±3.23 

cm, denoting that this dose is optimal for shoot 

elongation of rice variety MR 263 under drought using 

20% PEG. This result is supported by Amsal and Ishak-

Ishak (2018), who claimed that rice mutant lines which 

were gamma radiated with doses of 25 Gy and 50 Gy 

 Relative water content (%) 

 0 Gy 300 Gy 350 Gy 400 Gy 

0% PEG 85 68 61 61 

10% PEG 82 58 53 52 

20% PEG 78 56 50 44 

Figure 4. Irradiated MR 263 rice variety 10 days after growth 

in 10% PEG, under different gamma radiation treatments: (A) 

Control, (B) 300 Gy, (C) 350 Gy, (D) 400 Gy. 

Figure 5. Irradiated MR 263 rice variety 10 days after growth 

in 20% PEG, under different gamma radiation treatments: (A) 

Control, (B) 300 Gy, (C) 350 Gy, (D) 400 Gy. 

Table 2. Relative water content of seedlings under different 

treatments of gamma radiation and PEG. 
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and treated with 20% PEG and did not have significantly 

different plant heights compared to the positive control 

were deemed tolerant to drought stress. 

Seedlings with longer roots suggest that the plant can 

survive in environments scarce in water availability 

better than those with shorter roots. In this study, the 

control seedlings’ roots increased with increasing PEG 

concentration, while the radiated seedlings’ roots 

increased in length as drought stress increased from 0% 

to 10% PEG, followed by a decrease as the drought 

stress increased from 10% to 20% PEG (Table 3). The 

lowered lengths of shoots and roots were due to reduced 

external osmotic potential at 20% PEG was due to low 

water presence in the media which led to slow 

development of roots that subsequently did not transport 

enough nutrients to the shoots, thus slowing or halting 

their growth.  

The control seedlings not subjected to water stress 

had a mean root length of 11.3±1.34 cm, which is not 

significantly different (p < 0.05) from the length of roots 

of control seedlings subjected to mild water stress at 

10% PEG (10.77±1.93 cm). On the contrary, control 

seedlings grown in severely water-stressed media by 

20% PEG had an increase in root length at 12.8±1.05 cm 

which was significantly higher than all seedlings’ roots, 

and it shows that the roots of rice variety MR263 at this 

drought level were successful in applying the mechanism 

of drought adaptation by extending their roots to extract 

more water, even though their cells did not experience 

induced mutated by gamma radiation. The presented 

fluctuation of root lengths concerning drought levels is in 

accordance with the recorded root lengths of wheat in a 

study by Mazandarani and Abdi (2017), which observed 

higher root lengths at -3 bar than the control, and at -6 

bar the root lengths were the shortest. 

3.2.3 Seedlings fresh and dry weights 

The highest fresh weight (FW) measured belongs to 

the positive control seedlings grown in 0% PEG with an 

FW of 474.1±4.45 mg, whereas at 10% PEG it was 

353.3±3.06 mg and lowest at 20% PEG with 230±2.64 

mg (Figure 6A). When looking at the FW in relation to 

the PEG concentrations only, it appears that higher PEG 

concentrations led to lower fresh weights, except in 

seedlings pre-treated with 400 Gy, which displayed an 

irregular pattern. The formation of ROS is the 

significance of gamma radiation which leads to many 

changes in the plant’s physiology including hasting the 

establishment of an oxidative plan, a build-up of 

phenolic mixtures, and chlorophyll pigments, hence, 

influencing the shoot and root lengths and fresh and dry 

weights (Borzouei et al., 2010). The fresh weight of 

plants radiated with gamma rays was decreased as 

compared to the control (Kim et al., 2015). 

In terms of DW, the most obvious improvement in 

DW was seen in 350 Gy pre-radiated seedlings. At 

normal water levels, their DW was 45±4.56 mg, at 10% 

PEG 56.7±1.85 mg, and at 20% PEG 31.1±3.50 mg 

(Figure 6B). All of the values belonging to the 

intermediate gamma radiation dose (350 Gy) are higher 

than the other values at respective water stress levels. 

Most of the drought-tolerant rice genotypes gathered 

more dry matter (Meesook et al., 2018), and this 

statement is agreeable with the results of this study as 

 Shoot length (cm) Root length (cm) 

 0 Gy 300 Gy 350 Gy 400 Gy 0 Gy 300 Gy 350 Gy 400 Gy 

0% PEG 27.53±2.55 7.4±1.35 9.48±2.24 6.28±1.54 11.3±1.34 24.1±1.44 24.75±4.00 22.25±2.02 

10% PEG 30.37±0.51 8.8±2.51 11±1.11 9.55±1.81 10.77±1.93 26.42±1.66 21±0.60 25.93±2.77 

20% PEG 19.77±0.70 7.75±0.90 8.38±1.84 8.83±2.31 12.8±1.05 21.5±2.66 25.7±3.23 23.33±2.12 

Table 3. Shoot and root lengths of seedlings under different treatments of gamma radiation and PEG. 

Values are expressed as mean±standard deviation.  

(A) (B) 

Figure 6. Fresh weight (A) and dry weight (B) of seedlings treated with different gamma radiation doses and PEG 

concentrations. 



 Tatar et al. / Food Research 4 (Suppl. 5) (2020) 11 - 20 17 

 
eISSN: 2550-2166 © 2020 The Authors. Published by Rynnye Lyan Resources 

F
U

L
L

 P
A

P
E

R
 

was shown by the increased DW at 350 Gy. The gamma 

radiation 400 Gy had the lowest DW, indicating that high 

doses inhibit the accumulation of DW at normal and low 

water levels. 

3.3 Effects of water stress on osmolyte content 

3.3.1 Proline content 

The proline content in the seedlings was found to be 

generally directly proportional to the level of gamma 

radiation doses and water stress levels. There was a 

gradual increase in proline concentrations in all 

treatments, except for the seedlings pre-radiated with 300 

Gy, which underwent some fluctuations in this regard 

(Figure 7A). The most substantial increase in proline 

concentration accumulation, across the three levels of 

water stress, was recorded in seedlings pre-radiated with 

350 Gy, whereby it increased by 10 µM/g. It was 

mentioned by Geng et al. (2019) that osmotic adjustment 

occurs in plants upon gamma radiation and subsequent 

proline production, which is in line with the results of 

this study, where the increase in dosage leads to 

increased levels of proline. Mutation by gamma radiation 

influenced the production of proline synthesis in the pre-

radiated seedlings upon drought encounter. 

Meesok et al. (2018) reported that irradiated rice 

plants under drought by different concentrations of PEG 

had higher levels of proline compared to non-irradiated 

plants. Proline may have a role in avoiding oxidative 

damage of ROS that accumulate in plants after exposure 

to different environmental stress (Geng et al., 2019). The 

seedlings not treated with PEG (control), grown in MS 

media with normal water content (0% PEG), showed the 

lowest proline activity with a concentration of 1.3±0.73 

µM/g, which was expected since these seedlings had 

neither gamma irradiation exposure nor PEG added to 

their growth media. However, the proline concentration 

was boosted in these control seedlings as the levels of 

drought increased by 10% and 20%, with values of 

2.3±0.40 µM/g and 8.7±0.67 µM/g, respectively.  

Atabaki et al. (2018) investigated the callus of MR 

263 and it was found that the control samples contained 

proline at a concentration of 0.21 µM/g, and upon 

inducing high levels of salinity stress, the proline content 

increased. Proline build-up was reported in drought-

stressed rice (Swapna and Shylaraj, 2017), and 

osmanthus seedlings irradiated to high concentrations of 

salt stress (Geng et al., 2019). In the present work, the 

highest level of proline synthesized, among all twelve 

treatments, was in the seedlings pre-radiated at a dose of 

350 Gy and grown in water-stressed environment 

induced by 20% PEG. These findings are considered to 

be an indicator of drought tolerance expressed by these 

seedlings; the high amounts of proline infer that this 

osmolyte is working to keep the cellular membranes of 

the plant stable and prevent them from breaking due to 

lack of water in the tissue. 

3.3.2 Carbohydrates content 

The carbohydrates levels (Figure 7B) were found to 

be the highest under the treatment of 400 Gy and 20% 

PEG (9.3±0.76 mg/g) and lowest in control seedlings at 

0% PEG (5.2±0.78 mg/g). There was no significant 

difference (p < 0.05) in the carbohydrates contained in 

the seedlings when they were introduced to mild and 

severe drought stresses except in control and treatment 

with 400 Gy. At 300 Gy, it increased from 7.5±0.74 mg/

g at 0% PEG to 8.2±0.58 mg/g at 20% PEG. At 350 Gy, 

it increased by 0.5 mg/g, and lastly, at 400 Gy, it 

increased by 2.2 mg/g from 0% to 20% PEG. The 

differences in the values among the two PEG treatments 

were negligible. The biggest increase in carbohydrates 

levels was noted in treatment with 400 Gy, followed by 

the control, 300 Gy, and lowest in 350 Gy. This is due to 

the high radiation dosage of 400 Gy that leads to the 

largest accumulation of these sugars among the radiated 

seedlings. The study by Atabaki et al. (2018) showed 

that the concentration of soluble sugars in the callus of 

MR 263 at control conditions was 7.32 mg/g, and it 

increased as the salinity stress increased.  

(A) (B) 

Figure 7. Proline (A) and carbohydrates (B) content of seedlings treated with different gamma radiation doses and PEG 

concentrations. 
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Due to the production of toxic oxygen derivatives by 

stress, plants have developed a wide range of adaptive 

techniques to counteract this problem (Hellal et al., 

2018). This stress is counteracted in the plants by 

producing osmolytes to overcome the harmful effects of 

radiation and drought, such as soluble sugars. Generally, 

membrane-compatible solutes safeguard the plasma 

membrane from desiccation-induced damage by ROS 

(Sarker and Oba, 2018). The solutes include soluble 

sugars (carbohydrates) and amino acids. Therefore, it can 

be concluded that there might be a correlation between 

the ability of osmotic adjustment in plants and the extent 

of membrane security from the influence of dehydration. 

Kadhimi et al. (2016) found that rice seedlings had 

increasing contents of carbohydrates as the gamma 

radiation and concentration of PEG increased, but they 

were less than the radiated and non-radiated control. This 

contradicts the findings of the present study whereby the 

control had less content of carbohydrates than the pre-

radiated seedlings. Another study by Kumar et al. (2017) 

reported that the tested oleander plants had slightly 

increased concentrations of total soluble sugars under 

drought stress compared to the control. The current 

results are in agreement with those of Kim et al. (2015) 

who found that gamma radiation contributed to a slight 

increase in soluble sugars compared to non-radiated 

Brachypodium plants. 

 

4. Conclusion 

Under drought stress condition using PEG 6000, the 

morphological changes were mostly treatment 

dependent.  While all radiation doses had different 

alterations in the characteristics of MR263 under 

drought, it was clear that gamma radiation at dose 350 

Gy had the greatest impact compared to the other two 

doses. The increase in root depth and DW under drought 

stress has been well established to be a manifestation of 

drought tolerance. Likewise, the increase of the 

osmoprotectants proline and carbohydrates in the tissues 

under water deficiency is a mechanism by the plant to 

avoid damage by drought. The data recorded in this 

study highlighted that shoot and root lengths, as well as 

fresh and dry weights, can be used as a quick selection of 

seedlings that might have drought-tolerant 

characteristics. It can be concluded that seedlings that 

showed better response to drought stress can be used in 

breeding programmes to improve the survival of rice 

plants in dry and semi-dry fields and can be cultivated in 

environments where water availability is constricted. 
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