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Abstract 

The effects of gamma irradiation on rice genotype Rajendra Mahsuri 1 for drought tolerance capability 

were investigated. In this study a system for in vitro Screening of gamma induced mutant rice lines were 

optimized using polyethylene glycol (PEG-6000). Exposure to PEG-6000 solutions has been effectively 

used to mimic drought stress. The effect of different concentration of PEG-6000 (0%, 5%, 10%, 15% and 

20%) on seed germination of wild type of Rajendra Mahsuri 1 were studied. The decrease in onset and 

rate of germination followed by their growth declines with increasing concentration of PEG-6000. The 

optimum concentration of PEG-6000 for screening irradiated Rajendra Mahsuri-1 lines was found to be 

15%. The germination followed by survival of mutant lines was evaluated on 15% PEG-600. Five M2 

lines each of different doses of γ-irradiation viz. 350 Gy, 400 Gy, 450 Gy and 500 Gy were used for in 

vitro screening. The maximum survival % of seedlings were observed in 450 Gy followed by 400 Gy. 

The survival % of seedlings on 350 Gy and 500 Gy were found to be less than 10%. Mutant rice line 

differed greatly in terms of germination followed by survival on 15% PEG-6000 which can be correlated 

their tolerance to drought stress. 
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Introduction 

Rice (Oryza sativa L.) is the staple food in approximate thirty three developing countries. It 

provides 27% of dietary energy and 20% of dietary protein in the developing world. It is 

estimated that the world needs to produce 40% more rice to feed the population by 2025. Rice 

productivity and quality are severely compromised by various abiotic and biotic stresses. 

Among different abiotic stresses, drought stress frequently limits rice production worldwide.  

Rice is a moisture-hungry crop. It consumes twice the water needed to grow corn or wheat. 

Producing 1 kg of rice requires from 3,000 to 5,000 L of water (Cantrell and Hettel, 2004) [5]. 

By 2025, however, a “physical water scarcity” is expected in Asia’s more than 2 million 

hectares (Mha) of irrigated dry-season rice and 13 Mha of irrigated wet-season rice, and most 

of Asia’s 22 Mha of irrigated dry-season rice will be hampered by “economic water scarcity” 

(Tuong and Bouman, 2002) [24]. The ongoing climatic change process is likely to further 

worsen the scenario in these rice growing areas (Swamy et al, 2012) [21]. As drought is one of 

the main constraints to high yields also in rainfed-production systems in both the lowlands and 

the uplands, there is a need to develop new varieties of rice which can withstand drought with 

minimum or no yield penalties. The development of new rice genotypes tolerant to drought 

stress will increase and stabilize yield, and could save water (Zhou et al. 2006) [29].  

The availability of landraces represents a powerful source of adapted drought tolerance genes 

donors for breeding (Kumar et al. 2009; Thomson et al. 2010) [12, 22]. Unfortunately, these 

genotypes, normally, have many undesirable agronomic traits and low yield potential 

(Thomson et al. 2010) [22]. The responses to environmental stress in plants are complex and 

multigenic, and the functions of many induced genes are still a matter of conjuncture (Bray, 

2002) [4]. Because of this complexity, selection and breeding of drought-tolerant varieties are 

extremely difficult (Anami et al, 2009; Tirado and Cotter, 2010) [2, 23]. Induction of mutations 

by various mutagens is one way to generating large number of variability and has been 

successfully employed in rice (Kadhimi et al., 2016) [1]. But mutant screening involves the 

evaluation of a large number of mutant plants to identify the rare mutant individuals that meet 

the desired trait. The screening for drought tolerance under field condition is time consuming 

and labour intensive. Therefore, there is an urgent need to develop a simple and effective early 

screening method (Kim et al. 2001) [28]. For drought stress induction, one of the most popular 

approaches is to use high molecular weight osmotic substances, such as polyethylene glycol 

(PEG) (Money 1989; Rao and Jabeen 2013; Turkan et al. 2005). [14, 19 25] These agents have no 

detrimental or toxic effects on the plant. 
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They inhibit the plant’s growth by reducing the water 

potential in a way similar to soil drying (Bressan et al., 1981) 
[19]. In present investigation, an attempt was made to optimize 

the concentration PEG-6000 for in vitro screening of Rajendra 

Mahsuri 1, a mega indica rice variety of Bihar, India. Further, 

the developed methods were used to screen gamma irradiated 

rice lines 

 

Materials and Methods  

Plant materials 

Seeds of Rajendra Mahsuri 1, a mega rice variety of Bihar, 

were irradiated with gamma rays (350 Gy, 400 Gy, 450 Gy 

and 500 Gy). Irradiation was undertaken at the Bhabha 

Atomic Research Centre (BARC), Trombe, and Mumbai. 

Gamma irradiated seeds (M1) were shown in rice filed to 

obtained M2 lines. None irradiated seeds of Rajendra Mahsuri 

1were used as control. 

 

Optimization of PEG-600 for in vitro screening for 

drought tolerance  

Dehusked seeds of non irradiated Rajendra Mahsuri 1 were 

surface sterilized as described previously (Prasad et al., 

2016). Surface sterilized seeds were placed in a petriplates 

containing two layers of Whatman filter paper moistened with 

four different concentration of PEG-6000 (5%, 10%, 15% and 

20%). Seeds growing only on water were considered as 

control. Survival of germinated of seeds were recorded at 7 

days after sowing. The length of shoots was observed at 10 

days after sowing. All the experiments were repeated three 

times.  
 

 
 

Fig 1: Survival of germinated seed on different concentration of 

PEG-6000 after 7 days of treatment 
 

 
 

Fig 2: Optimization of PEG-6000 concentration for in vitro 

screening of drought tolerance in Rajendra Mahsuri 1 

 
 

Fig 3: In vitro screening of gamma irradiated mutant rice lines 

 

In vitro screening for drought tolerance 

Dehusked seeds of M2 rice lines along with control Rajecdra 

Mahsuri 1 were germinated on 15% PEG-6000. Survival of 

germinated of seeds were recorded at 7 days after sowing.  

 

Result 

Optimization of PEG-6000 concentration for in vitro 

screening for drought tolerance  

Optimization of correct doses of PEG-6000 is prerequisite for 

in vitro screening for drought tolerance in rice. Non irradiated 

seeds of Rajendra Mahsuri 1 were germinated on different 

concentration of PEG-6000. Seeds germinated on water were 

considered as control. The data of survival were taken on 

7days after sowing. The survival % of germinated seeds 

decreased as concentration of PEG-6000 was increased. All 

the germinated seeds were survived are growing happily on 

water control (Figure 1, 2). The survival % varied differently 

on varying concentration of PRG-6000. Survival % was found 

to be 72.33%, 42.67 % and 6.33 at 5 %, 10 % and 15 %, 

respectively (Figure 1, 2). However, all the seeds were died in 

20% of PEG-6000 (Figure 1, 2). Therefore, 15% PEG-6000 

concentration were used in in vitro screening of rice mutant 

lines. 

 

In vitro screening for drought tolerance 

The in vitro screening of M2 populations was carried out by 

germinating seeds on PEG-6000 and analyzing the survival % 

as described in methods. Five M2 lines each of different doses 

of γ-irradiation viz. 350 Gy, 400 Gy, 450 Gy and 500 Gy were 

used for in vitro screening. The maximum survival % of 

seedlings were observed in 450 Gy followed by 400 Gy 

(Figure 3). The survival % of seedlings on 350 Gy and 500 

Gy were found to be less than 10% (Figure 3).  

 

Discussion 

Drought is one of the most common environmental stresses 

that affect growth and development of plants which continues 

to be an important challenge to agricultural researchers and 

plant breeders. It is assumed that by the year 2025, around 1.8 

billion people will face absolute water shortage and 65% of 

the world's population will live under water-stressed 
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environments. Mutation breeding is an effective technique to 

increase resilience to drought in crops grown in drought-prone  

Countries. However, screening for drought tolerance under 

field condition is time consuming, labour intensive and the 

environmental influences that affect phenotypic expression of 

genotype. The in vitro screening method proves to be an ideal 

method to screen large set of germplasm with less effort, 

accurately and the growth pattern differences are due to 

genotypes with least environmental influences. Further, field 

screening requires full season field data and it’s not always 

convenient or efficient, hence need to have simple and 

effective early screening method (Kim et al. 2001) [28].  

The in vitro screening method using PEG has been proved to 

be very effective method for studying the effect of water 

stress on seed germination and seedling growth characters 

(Hadas, 1976; Aquila et al., 1984; Kim et al., 2001; Van den 

Berg and Zeng, 2006; Radhouane, 2007) [7, 3, 28, 27, 18] and 

simple cost effective method to screen large set of germplasm 

within very less time period and accurately (Kim et al., 2001; 

Kulkarni and Deshpande, 2007) [28, 11]. Several methods have 

been developed to screen drought tolerant germplasm in plant 

species. Based on the literature available, PEG is considered 

as a superior chemical to induce water stress (Kaur et al, 

1998). Polyethylene glycol (PEG) molecules are inert, non-

ionic, virtually impermeable chains and have been used 

frequently to induce water stress in crop plants (Carpita et al, 

1979 [6]; Turkan et al, 2005 [25]; Landjeva et al, 2008 [13]; Rauf 

et al, 2006) [20]. One of the important speculations is that a 

positive correlation between drought tolerance of the 

genotypes in the field and in laboratory experiments was 

noted (Kosturkova et al, 2014) [10].  

In present investigation, standardization of optimal 

concentration of PEG-6000 for induction of artificial drought 

was carried out. The optimization of PEG concentration is 

crucial as it varies with the crop and genotypes (Kulkarni et 

al., 2007). In our study 15% PEG-6000 concentration was 

found to be optimum for Rajendra Mahsuri 1 rice genotype.  

In this study, the reduction in germination followed by 

survival % with increase PEG was observed. Similar results 

like reduction in germination rate with the increase PEG were 

noted in different crops (Kadhimi et al., 2016; Basha et al., 

2015; Kaur et al, 1998) [1, 15, 9]. The artificial induction of 

drought using PEG however is dependent on the 

concentration and varies with the crop and genotype.  

The γ-irradiated genotypes (450 Gy) showed the maximum 

values of survival % at 15% PEG-6000. However, the 

minimum survival % was observed in non-irradiated seeds on 

15% PEG-6000. Therefore, γ-irradiation has been widely used 

widening genetic variability (Jan et al., 2013) leading to either 

improving or developing stress tolerance. 
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