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The rice cultivation technologies that were developed on the wetland has been viewed as the contributor 
of greenhouse gas emissions, therefore the development of drought-tolerant rice often assumed as 
more environment-friendly. This experiment involved 36 rice genotypes in M1 generation as the result of 
gamma irradiation and sodium azide and grown in pots under -0.41 MPa drought stress. The evaluation 
was performed based on the interpretation of peroxidase isozyme band pattern for each genotype in 
zymogram that would be coded binarily by the visual scores. It were coded based on the appearance 
and the thickness of bands on certain migration distance. Rf values were used to measure the migration 
distances, and the similarity coefficients were calculated based on the Dice's coefficient. Dendrogram 
was constructed through SAHN employed by UPGMA with NTSYSpc 2.02 software. The high diversity 
on the rice genotypes were shown based on peroxidase isozyme band patterns. CR-3 was the most 
tolerant genotype under drought stress. The relationship among the genotypes was categorized into 
some groups, in which there were genotypes with the reduced aromatic character (RL-6 and RL-7) and 
the improved aromatic character (TB-2). However, they generally showed improvement of tolerance 
character under drought stress. 
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INTRODUCTION 
The efforts to improve the rice productivity on the 
wetland have been suggested as the primary 
contributor of greenhouse gas emissions (GHG), 
like methane (Islam et al., 2018). After carbon 
dioxide (CO2), the second most important GHG in 
the atmosphere is Methane (CH4); however, the 
drained rice fields is proven to reduce 39-52 % of 
total CH4 emissions and it decreases by 44-57 % 
per year (Zhang et al., 2011). Therefore, the 
efforts to improve the rice productivity on the dry 
land can be viewed as more environment-friendly. 
The rice productivity on the dry land can be 
increased through the crossing of drought-tolerant 
rice (Swain et al., 2017). However, narrow genetic 

diversity is often the problem in determining the 
parents for crossing (Kusmiyati et al., 2018). One 
of efforts to increase the natural diversity is 
through induction mutation (Oladosu et al., 2016).  
The technology of mutation induction has become 
an established tool in order to supplement existing 
germplasm, in which physical and chemical 
mutagens i.e. gamma rays and sodium azide 
have been successfully used to evolve new 
varieties with improved economic traits (Maryam 
and Kasimu, 2016). The wave length of gamma 
rays is shorter and therefore, possess more 
energy than X-rays and protons, which give them 
abilities to penetrate into the tissue, and results 
mostly breaks of DNA double-strand which leads 
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to DNA fragmentation, and single-strand breaks 
with damaged terminus accompanied by base 
modifications or damages and deoxyribose 
moieties (Manova and Gruszka, 2015). Sodium 
azide can also affect genetic material directly, has 
potential to structural damage and direct 
mispairing on DNA called point mutations 
(Sloczynska et al., 2014). Gamma irradiation and 
sodium azide was reported to be able to improve 
the tolerance under drought stress level from -
0.0021 MPa to -0.0077 MPa (He et al., 2009; 
Aurabi et al., 2012).  
Water deficiency is the most important stress 
(Elewa et al., 2017), in which oxidative stress is 
considered to be a major damaging factor 
(Hassan et al., 2017). In order to improve the 
drought tolerance, it is essential to identify 
important components of anti-oxidative defense 
system under drought stress and may play an 
important role to confer drought tolerance (You 
and Chan, 2015). The peroxidase isozyme can be 
used as a marker for drought tolerance (Hellal et 
al., 2017), and peroxidase activity will increase 
along with the increase of drought stress levels in 
rice (Mishra and Panda, 2017). The increase of 
peroxidase activity has its role in adjusting the 
osmotic cell, and its adjustment has been 
considered as the most important phenomenon to 
reduce the worst effects caused by the drought 
stress (Guo et al., 2018). Tolerance to  stress  is  
controlled by many genes and their simultaneous 
selection is difficult; complexity of several 
tolerance mechanisms, would need a tremendous 
effort to eliminate undesirable genes. Previous 
peroxidase isozyme study of rice in M1 generation 
have been conducted under -0.03 MPa drought 
stress (Herwibawa et al., 2014a). Here, we 
performed peroxidase isozyme analysis to find the 
most tolerant genotype of rice in M1 generation 
under -0.41 MPa drought stress, and relationship 
among the genotypes. This study is expected to 
give the useful information in the drought-tolerant 
rice breeding program. 

 
MATERIALS AND METHODS 
 
Seedling Materials 
Rice seeds were provided by Jenderal Soedirman 
University, Purwokerto, and Indonesian Center for 
Rice Research, Sukamandi, Indonesia. One 
hundred seeds of each rice cultivar, UN: Inpago 
Unsoed 1 (aromatic upland cultivar); RL: Rojolele 
(aromatic lowland cultivar); TB: Inpari 13 (non-
aromatic lowland cultivar); CR: Cirata (non-
aromatic upland cultivar), were treated by different 

doses of gamma irradiation (γ) and various 
soaking time in sodium azide solution 0.01 mM 
(SA), which then categorized into nine mutagen 
groups (1) negative control treatment, (2) 
irradiated with γ 100 Gy, (3) irradiated with γ 150 
Gy, (4) soaked in SA for 2 hours, (5) soaked in SA 
for 6 hours, (6) irradiated with γ 100 Gy and then 
soaked in SA for 2 hours, (7) irradiated with γ 100 
Gy and then soaked in SA for 6 hours, (8) 
irradiated with γ 150 Gy and then soaked in SA for 
2 hours, and (9) irradiated with γ 150 Gy and then 
soaked in SA for 6 hours (Herwibawa et al., 
2014b). The seeds were germinated for two 
weeks, and one seedling per treatment was 
visually selected on the basis of initial shoot 
height and root system morphology. The used 
materials were the rice seedlings in M1 generation 
at two-weeks-old. The seedlings were 36 rice 
genotypes including UN-1, UN-2, UN-3, UN-4, 
UN-5, UN-6, UN-7, UN-8, UN-9, RL-1, RL-2, RL-
3, RL-4, RL-5, RL-6, RL-7, RL-8, RL-9, TB-1, TB-
2, TB-3, TB-4, TB-5, TB-6, TB-7, TB-8, TB-9, CR-
1, CR-2, CR-3, CR-4, CR-5, CR-6, CR-7, CR-8, 
and CR-9.  
 
Drought Stress Application 
The experiment was held at the Screen House of 
Seed Technology Laboratory, Vocational 
Education Development Center of Agriculture, 
Cianjur, Indonesia. The two-weeks-old rice 
seedlings were grown in pots with homogeneous 
soil (total N 0.202 %, N available 87.938 ppm, 
total P2O5 0.150 %, P2O5 available 0.809 ppm, 
total K 0.020 %, K2O available 163 ppm, pH (H2O) 
5.85, soil water contents of 28.00 % at field 
capacity, and soil water contents of 19.40 % at 
permanent wilting point), and received fertilizers 
consisting of 1.88 g N (urea), 0.50 g P (SP-36), 
and 0.50 g K (KCl). After adapting to the condition 
of field capacity for three weeks, the soil water 
content was then adjusted to 25.30 % measured 
through the gravimetric method to achieve the 
drought stress level of -0.41 MPa. Soil water 
content was measured every day. The drought 
stress was given for six weeks. The rice plants 
were maintained in the condition of field capacity 
for four weeks. 
 
Gravimetric Method 
The soil water retention analysis was conducted in 
Indonesian Soil Research Institute, Indonesian 
Center for Agricultural Land Resources Research 
and Development, Bogor, Indonesia. Field 
capacity and permanent wilting point are 
commonly terms used to discuss soil water 
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retention (Schoonover and Crim, 2015). Field 
capacity was measured by saturating a soil and 
then inserting it into a pressure plate apparatus to 
apply a suction of -0.03 MPa (-0.33 bars or pF 
2.54). It indicate the moisture content of a soil at 
which internal drainage has become negligible, or 
when free drainage has become relatively stable 
(Zettl et al., 2011). Drought stress occurs when 
the soil water content was lower than field 
capacity (Puértolas et al., 2017). A pressure 
membrane apparatus was used in the lab to 
determine the drought stress at the level of -0.41 
MPa (-4.10 bars or pF 3.62) and the permanent 
wilting point of soil by applying a suction of -1.50 
MPa (-15.00 bars or pF 4.20) to a soil. Permanent 
wilting point is the moisture content of a soil when 
plants will wilt and not recover (Tardieu et al., 
2017). 
The soil water retention was determined in 
procedures performed by Sudirman et al., (2006). 
Soil samples were collected by using copper ring 
in 0-20 cm depth from each pot, in which copper 
ring was provided by Indonesian Soil Research 
Institute. Further soil samples were saturated until 
exceeding its capacity and left for 48 hours. The 
instruments were sealed and each pressure 
enforced in accordance with the desired pF (i.e. 
pF 2.54 for field capacity, pF 3.62 for drought 
stress, and pF 4.20 for permanent wilting point). 
Equilibrium was attained after pressurized for 48 
hours, the soil samples were then removed and 
dried to constant weight in oven at 105 

0
C. The 

water content in dry weight basis is adjusted using 
the following formula. 
 
                          
                              
                            
                            

 
The amount of water given per day can be 
calculated using the following formulas. 
                    

 
                                               
                                      
                                                   

 
                   

 
                                       
                                               
                                               
                                 

 
Isozyme Analysis. 
The isozyme analysis was conducted in Plant 
Biology Laboratory, Study Center of Biological 
Sciences, Bogor Agricultural University, Bogor, 
Indonesia. The analysis of peroxidase isozyme 
was conducted based on the modified techniques 
of Wendel and Weeden (1989). Fifteen-weeks-old 
rice plants grown under -0.41 MPa drought stress 
were used as the object of isozyme analysis. 
 
Enzyme Extractions 
The samples for enzyme extraction were the tip of 
the second leaf under the flag leaf of rice. The 
tissue extract was obtained from the sample of tip 
of the leaf with a weight of ± 200 mg, it was cut 
into small pieces (<0.5 cm

2
) and crushed using 

the pestle in a mortar with silica sand and 0.5 ml 
of extraction buffer (0.07045 g of L-ascorbic acid, 
0.1939 g of L-cysteine, 0.12 ml of Triton-X-100, 
0.25 g of PVP-40, 0.54 g Na2HPO4.2H2O, and pH 
was adjusted to 7.0). 
 
Gel Preparation 
The 10 % starch gel solution was made of 10 g of 
potato starch in 100 ml buffer gel solution (1.048 g 
L-Histidine monohydrate dissolved in distilled 
water to one litre, then its acidity was adjusted 
with Tris to pH 6.0) boiled on a hot plate. The 
solution was then de-aerated with membrane 
vacuum pump for around 30 seconds and poured 
into the mold with liquid paraffin on its surface and 
the electrode strips were sealed with masking 
tapes. The gel solution was then left until it was 
cold before covering it with paraffin-coated plastic 
and stored for 1 hour in the refrigerator. After 1 
hour, the wells were made in the middle of gel 
with comb. The small size filter papers (± 0.5 cm

2
) 

were used as absorbent material of tissue extract, 
and inserted into the gel based on the order of 
wells.  
 
Electrophoresis 
Horizontal starch gel electrophoresis was used to 
separate the enzyme into discrete bands. It was 
started with the removal of tapes from the 
electrode strips, the mold was then put into tray 
with the electrode buffer solution (18.1650 g of tris 
(hydroxymethyl) aminomethane and 10.5507 g of 
citric acid monohydrate in the distilled water until 
the volume reached one litre and the last pH was 
adjusted to pH 6.0). The tray was then stored in 
the refrigerator at ± 10 

0
C and connected with 

anode and cathode of power supply. The initial 
electrophoresis occurred for 30 minutes at 100 
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volt and after 1 hour, the voltage was then 
increased to 150 volt for another 4 hours. 
 
Staining 
After the electrophoresis the tray was removed 
from the refrigerator and the filter papers inserted 
in the gel were removed from the wells. The gel 
was then immersed in the stain box containing 
staining assay of peroxidase (POX) I.U.B.: Donor: 
hydrogen peroxide oxidoreductase E.C. 1.11.1.7 
(50 mg CaCl2, 0.5 ml H2O2 3%, 50 mg 3-amino-9-
ethylcarbazole, 5 ml N,N-dimethylformamide, and 
100 ml sodium acetate 50 mM pH 5.0) (Shaw and 
Prasad, 1970). The stain box was covered with 
aluminum foil and incubated for one night until the 
enzymatic activity zone on gel appeared. The gel 
was washed with deionized water to remove the 
rest of the staining solution. 
 
Measurements 

Drought Scoring 
Rating of drought score on a 0-9 rating scale (0 - 
no symptoms of stress effects, 1 - slight leaf tip 
drying, 2 – tip drying extended to ¼ length in 25% 
of all leaves, 3 – tip drying extended to ¼ length 
or more in at most 50% of all leaves, 4 – tip drying 
extended to ¼ length or more in 50% of all leaves 
with 25% of leaves fully dried, 5 – 50% of all 
leaves fully dried, 6 – more than 50% but less 
than 70% of all leaves fully dried, 7 – seventy 
percent of all leaves fully dried, 8 – more than 
70% of all leaves fully dried, 9 – all plants 
apparently dead) was estimated for each pot 
depending on the symptoms of leaf drying 
observed on the genotypes (De Datta et al., 
1988). Drought score was recorded three times, 
drought score 1 at 49 day after seeding (DAS), 
drought score 2 at 63 DAS, and drought score 3 
at 77 DAS (14, 28, and 42 days after withholding 
water, respectively). 
 
Isozyme Scoring 
The interpretation of isozyme band pattern for 
each genotype in the zymogram was coded 
binarily by the visual scores. The number in the 
band appearance and thickness were used as 
code on certain migration distance. The values of 
Rf (relative front) were used to measure the 
migration distances, and the similarity coefficients 

were determined based on Dice's coefficient. The 
similarity coefficients were constructed into 
dendogram through SAHN (Sequential, 
Agglomerative, Hierarchical, and Nested 
clustering) employed by UPGMA (Un weighted 
Pair Group Method with Arithmetic mean) with 
NTSYSpc 2.02 (Rohlf, 1998). 
 
RESULTS AND DISCUSSION 

Plant will slow down or stop their growth when 
drought stress occurs, and the response is normal 
as a survival strategy (Pandey and Shukla, 2015). 
Drought score was used for assessing drought 
effects. In this experiment, there were 10 
genotypes apparently dead under -0.41 MPa 
drought stress. The genotypes unable to survive  
under drought stress were UN-1, RL-1, TB-1, and 
CR-1 genotypes (all genotypes without mutagen), 
and RL-2, RL-8, TB-3, TB-5, TB-8, and TB-9 
genotypes (from lowland cultivar) (Figure 1). The 
inability of some genotypes to survive indicated 
that all genotypes unexposed by mutagen did not 
have the change of character; six of the lowland 
genotypes exposed by mutagen were changing 
character but also unable to improve the tolerance 
under drought stress on the applied level. Under 
the prolonged drought stress in certain level, the 
reactive oxygen species (ROS) production would 
be excessive and it triggered the oxidative stress 
causing the extensive cellular damage that would 
often lead to death (You and Chan, 2015). In fact, 
plant responses to ROS are dose dependent 
(Egea et al., 2017). 

The tolerance improvement under drought 
stress should be shown by TB-6 and TB-7 
genotypes (from non-aromatic lowland cultivar) 
since group j was only separated from group i on 
the coefficient of 0.43, in which these two groups 
belonged to group h. Group h was separated from 
group g on the coefficient of 0.38, in which group 
g consisted of RL-6 genotype (from aromatic 
lowland cultivar), and CR-2, CR-7 genotypes 
(from non-aromatic upland cultivar). It showed that 
RL-6 genotype was more tolerant under drought 
stress, but it has been predicted that its aromatic 
character was reduced because it is thought to be 
the closest relatives of genotypes group from non-
aromatic cultivars.  
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Figure 1. Zymogram and diagrammatic interpretation of some rice genotypes in M1 generation. 
 UN: Inpago Unsoed 1 (aromatic upland genotype); RL: Rojolele (aromatic lowland genotype); TB: Inpari 13 (non-aromatic 
lowland genotype); CR: Cirata (non-aromatic upland genotype); 1:negative control treatment; 2: γ 100 Gy; 3:γ 150 Gy; 4:SA 2 hours; 
5: SA 6 hours; 6: γ 100 Gy + SA 2 hours;  7:γ 100 Gy + SA 6 hours; 8:γ 150 Gy + SA 2 hours; 9:γ 150 Gy + SA 6 hours; and Rf = 
relative front. 

 
Figure 2. Dendrogram of some rice genotypes in M1 generation. 

UN: Inpago Unsoed 1 (aromatic upland genotype); RL: Rojolele (aromatic lowland genotype); TB: Inpari 13 (non-aromatic 
lowland genotype); CR: Cirata (non-aromatic upland genotype);1: negative control treatment; 2: γ 100 Gy; 3: γ 150 Gy; 4: SA 2 
hours; 5: SA 6 hours;  6: γ 100 Gy + SA 2 hours; 7: γ 100 Gy + SA 6 hours; 8: γ 150 Gy + SA 2 hours; 9: γ 150 Gy + SA 6 hours. 
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The tolerance improvement under drought stress 
on group f, g, and h were also predicted to occur 
in group e that was only separated on the 
coefficient of 0.34 (Figure 2).  

The tolerance character under drought stress 
was shown by 26 surviving genotypes. According 
to Ouyang et al., (2010), the tolerance 
improvement under drought stress is the 
expression of gene of receptor-like kinase that is 
able to increase the antioxidant capacity through 
its important role in the activation of antioxidative 
system, including the significant peroxidase 
activity increase to support the ROS 
detoxification. Gerami et al., (2017) also reported 
that the mutagen was able to improve the 
antioxidant contents. The surviving genotypes in 
this research had the high diversity based on the 
band pattern of peroxidase isozyme (Figure 1). 
The diversity in the band pattern of peroxidase 
isozyme was various in terms of the band 
thickness, the number of band appearance, and 
its migration distance. These variations could 
show the difference of tolerance of each genotype 
under drought stress (Herwibawa et al., 2014a). 

The diversity of band thickness was 
determined by bands stained comparatively 
darker for multiple thick bands (Bon et al., 2006), 
and it was related to the peroxidase activity of 
each genotype that was increased under drought 
stress, in which the peroxidase was involved in 
the neutralization of toxic compounds to give the 
protection from the oxidative damage (Mattos and 
Moretti, 2015). On the contrary, Mathius et al., 
(2001) reported that increasing levels of drought 
stress made the isozyme concentration lower so 
the formed bands got thinner in sensitive 
genotypes. According to Omidi (2010), the 
efficiency of detoxification process of oxidative 
stress products depends on the antioxidant 
defense mechanisms of each genotype, in which 
the accumulation and remobilization of organic 
compounds gives contribution to the osmotic 
adjustment. Besides, Abedi and Pakniyat (2010) 
suggested that the worst responses under drought 
stress were caused by oxidative damage triggered 
the enzymatic removal of oxidative stress 
products by peroxidase, that was shown by the 
appearance of more bands.  

The thickest band with highest number in the 
band appearance indicated by CR-3 genotype as 
the most tolerant under -0.41 MPa drought stress 
(Figure 1). The observable enzymatic activity 
zone indicated that the treatment of gamma 
irradiation 150 Gy on CR (non-aromatic upland 
cultivar) was the most effective way to improve 

the tolerance under drought stress on the applied 
level. Drought stress application on certain level 
determined the mechanism of tolerance in each 
genotype. The adaptive mechanism at least 
included the recognition of drought signal, signal 
transduction, signal output, signal responses, and 
realization of phenotype, as the multidimensional 
network system developed on several levels of 
gene expression and regulation (Ni et al., 2009). 
The expression of many genes were induced and 
the products of these genes encouraged the 
transduction signal so it caused the biochemical, 
physiological, and morphological changes 
involved until the final adaptation (Ouyang et al., 
2010). The tolerance mechanism under drought 
stress was coded by many genes that could be 
categorized into the genes that were related to the 
cell protection on drought, and the genes that 
were related to the mechanism of response 
regulation on drought (Shah et al., 2017). Dixit et 
al., (2014) categorized the tolerance mechanisms 
under drought stress into escape, avoidance, and 
tolerance. The response variances on the drought 
were marked by the development of 23 variances 
of band pattern (genotype) from 19 Rf values 
(Figure 1), depending on the strategy of each 
genotype to minimize the oxidative damage under 
drought stress (Naderi et al., 2014). 

The tolerance response of each genotype 
under drought stress could be predicted through 
their genetic relation. According to Saeed et al., 
(2011), the genetic relation with coefficient that 
was more than 0.60 showed the close relation 
among the genotypes. Figure 2 showed that 
relationship among the genotypes were separated 
in different groups in the coefficient of 0.10, 
namely group a including UN-2, UN-3, UN-4, 
UN5, and UN-6 genotypes (from aromatic upland 
cultivar) and group b on the coefficient of 0.27 that 
separated into group c and d. Group d has CR-8 
and CR-9 genotypes (from non-aromatic upland 
cultivar) and group c has some genotypes that 
required more comprehensive analysis. 

The analysis on group c was started by 
considering the CR-3 genotype as the most 
tolerant genotype under drought stress; it is 
closely related with RL-7 genotype (from aromatic 
lowland cultivar) with a coefficient of 0.75 (group 
k). Group k belonged to group i separated from 
group l on the coefficient of 0.48. Group l 
consisted of TB-4 genotype (group m) and CR-4, 
CR-5, CR-6 genotypes (group n) from non-
aromatic genotype. Therefore, the genetic relation 
in group i showed that RL-7 genotype was more 
tolerant under drought stress, and it has been 
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predicted that its aromatic character was reduced. 
The TB-4 genotype (from non-aromatic lowland 
cultivar) was also more tolerant under drought 
stress. According to Udomchalothorn et al., (2014) 
the improved tolerance under drought stress was 
probably caused by the base changes in the 
drought responsive genes rather than the 
changes in chromosome structure. However, 
reduction of aromatic character was caused by 
the transversion mutation associating with 
oxidative damage (Gehrke et al., 2013), as the 
over expression of Os2AP gene reported to 
change the aromatic genotypes to non-aromatic 
genotypes (Vanavichit and Yoshihashi, 2010). 

Group e separated on the coefficient of 0.58 
into group o that includes UN-7, UN-8, UN-9 
genotypes (from aromatic upland cultivar), and 
RL-3, RL-5 genotypes (from aromatic lowland 
cultivar), and group p that includes RL-4, RL-9 
genotypes (from aromatic lowland cultivar), and 
TB-2 genotypes (from non-aromatic lowland 
cultivar). Therefore, the genetic relation in group e 
indicated that RL-3, RL-4, RL-5, and RL-9 
genotypes were more tolerant under drought 
stress, because the such genotypes are able to 
survive under drought stress and closer to 
genotypes group from upland cultivars. 
Meanwhile, TB-2 genotype was also more tolerant 
under drought stress, and it has been predicted 
that its aromatic character was improved, because 
it is thought to be the closest relatives of 
genotypes group from aromatic cultivars. The 
improving aromatic character was caused by the 
deletion mutation on the eight base pairs causing 
suppression of Os2AP gene expression 
(Vanavichit and Yoshihashi, 2010). According to 
Vanavichit et al., (2008), reduction of Os2AP gene 
expression increased the synthesis of aromatic 
compounds, 2-acetyl-1-pyrroline (2AP), on non-
aromatic genotypes. 

Mutation changed the structure of 
chromosome and position of the gene in the 
chromosome, so it was resulted in the change of 
phenotype with high diversity and showed the 
modification on more than one character 
(Ambavane et al., 2015). According to Słoczyńska 
et al., (2014), the diversity in each change of 
genotype was caused by mutation with different 
mechanism depending on the given mutagen. 
Kumar and Srivastava (2013) also explained that 
the mutagenesis with the treatment of gamma 
irradiation, sodium azide, and their combination 
was proven to cause the cytogenetic damage, 
chromosomal aberrations, and physiological 
disturbances, but it increased the frequency of 

mutation. Drought tolerance in rice was mainly 
controlled by dominant genes (El-Maksoud et al., 
2013). Genetically, during the M1 generation only 
dominant mutations can be identified and there 
were some signals for mutagen efficiency (Arisha 
et al., 2015). Characteristics changes were 
caused by mutagenesis is probably not inherited. 
Therefore necessary to determine the inheritance 
of genetic mutations in future studies. The 
characters diversity have been obtained through 
the mutation induction were expected to give 
contribution after combined with selection, 
recombination, or other methods to manipulate 
the genetic variation (Sharma and Singh 2013). 
Our research could help to fill in the gap and 
identify useful genotypes which will eventually be 
applied to breeding programs for developing 
drought tolerant rice for adapting climate change. 

CONCLUSION 
The genotypes of rice in M1 generation under -
0.41 MPa drought stress showed high diversity 
based on the band pattern of peroxidase isozyme. 
CR-3 was the most tolerant genotype under 
drought stress as the result of the treatment of 
gamma irradiation 150 Gy on Cirata cultivar. 
Several genotypes showed increasing tolerance 
character under drought stress with aromatic 
character improved (TB-2) and reduced (RL-6 and 
RL-7). Further investigation of these characters is 
needed to have better understanding of drought 
stress responses. The characters diversity that 
has been obtained were expected to be able to 
give contribution on the plant breeding program, 
as the reference to determine the genotypes for 
the next drought-tolerant rice. 
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