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Abstract
Barak Cenana (Oryza sativa L cv. Barak Cenana) is a native red rice cultivar of Tabanan
regency, Bali. We have previously created first generation putative mutants (M1) lines
of Barak Cenana using EMS. In this study, we aim to evaluate M1 lines tolerance to
salt stress. Three-leaf seedlings of WT Barak Cenana and M1 lines were cultured in
hydroponic system containing Yoshida solution and 100 mM NaCl for 7 days. The salt
tolerance level of each seedling was evaluated using SES standard and the survived
seedlings were transferred into the pot-containing soil growth for maturation. All WT
were died when treated with 100 mM NaCl for 7 days. In contrast, some M1 lines were
survived where 0.5% were highly tolerance (II2A-4) and 4.06% (1F-4, 1F-3, II2A-8, IID-1,
IID-4, IID-6 and 1B-6) were tolerance to salt stress. This variation of salt tolerance level
among M1 lines is likely due to the random mutation caused by EMS. Furthermore,
all survived mutants were fertile and able to produce mature seeds. As characters in
M1 generation are not stable, future studies are required to establish stable mutant lines.
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1. Introduction

Most people in Indonesia consume rice as their main carbohydrate source. In 2015, the
average rice consumption in Indonesia reached approximately 22.2 million ton per year
[2]. This numbermay increase in the future as the population of Indonesia is continuously
growing. In 2045, the population of Indonesia has been predicted to reach 311 million
people [1]. This suggests that the demand of rice as staple food would also increase as
a result of the population growth.

Rice production is affected by several factors including the environmental stress. It is
known that rice is sensitive to salt stress, especially during seedling stages [3, 4]. Salt
stress is mainly caused by high concentration of sodium chloride (NaCl) that reduces
the ability of rice to absorb water from the soil and induces chlorophylls degradation [5].
Both water and chlorophylls are key factors for plant to produce carbohydrate during
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photosynthesis. A study has demonstrated that rice grown under salt stress has a lower
photosynthesis capacity compared to the one in normal condition [6]. This may lead to
low productivity due to lack of carbohydrate as source of energy or building blocks for
synthesis of other organic molecules [6].

Improving rice productivity in marginal land, such as salt affected land, can be used
as a solution to anticipate increasing rice demand in Indonesia. Genetic alteration
using chemical and physical mutagens have been applied to improve rice tolerance
to salt stress. Song et al. [7] utilized gamma irradiation to improve salt tolerance of
Donganbyeo rice up to 171 mM NaCl. Another study conducted by Baloch et al. [8]
showed an increased productivity of 40% of Shua-92, a rice mutant generated by
gamma irradiation, compared to the traditional salt tolerance cultivar when grown under
salt stress. Furthermore, KDML 105, a rice mutant created using a combination of gamma
irradiation and ethyl methylsulfonate (EMS), exhibits salt tolerance of 150 mM NaCl [9].

Barak Cenana (Oryza sativa L cv. Barak Cenana) is a native rice cultivar of Tabanan
regency, Bali. This cultivar produces red rice rich in nutritional contents [10]. In this
research, we aim to evaluate Barak Cenana EMS-derived first generation putative
mutants (M1) tolerance to salt stress.

2. Methods

2.1. Plants

All plant materials were obtained from Laboratory of Plant Biotechnology, Faculty of
Biotechnology, University of Surabaya. Seeds of twelve M1 lines (i.e., 2F, II2A, 2C, 3E,
II3A, II2F, 1F, 1B, IID, 3G, II3E and 2K) as well as wild type (WT) were germinated on
the rockwool, irrigated with Yoshida solution [11] until three leaf-stage of seedling. Each
seedling was code as X-Y with X indicate M1 line and -Y indicated number of the seed.
For example seedling from 2F will code as 2F-1, 2F-2,………..2F-Y.

2.2. Determination of NaCl LD100 in WT

Forty-five three-leaf seedlings of WT were randomly assigned into five groups (N=9
each) and cultivated in hydroponic system recommended by International Rice Research
Institute (IRRI) [12] containing Yoshida solution with 0, 60, 70, 80, 90, 100 mM NaCl for
7 days. The morphology and survival rate of each group were observed in the end of
treatment. LD100 in WT will be used for the salt tolerance selection of M1 lines.
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2.3. Salt tolerance selection of M1 lines

Three-leaf stage of M1 putative mutant lines were transferred to hydroponic system
containing modified Yoshida solution with 100 mM NaCl for 7 days. The salt tolerance
level of survived M1 lines was evaluated using modified standard evaluation system
(SES) from IRRI (Table 1).

Table 1: Modified Standard Evaluation System for Rice (SES) [12].

Score Observation Tolerance

1 Normal Growth, no leaf symptom Highly tolerant

3 Nearly normal growth, but few leaf tips of few leaves whitish and
rolled daun witish

Tolerant

5 Growth severely retarded: Most leaves rolled: only few are
elongating.

Moderately
tolerant

7 Complete cessation of growth; most leaves dry; some plants
dying.

Susceptible

9 Almost all plants dead or dying Highly susceptible

The percentage of tolerance level was calculated using the following equation:

Percentage of tolerant putative mutants = number of tolerant putative mutants
total putative mutants

2.4. Recovery of tolerant M1 lines

All tolerant plants were recovered by irrigating with Yoshida solution for three weeks,
followed by transfer to the pot-containing soil. All plants were cultivated until mature.

3. Result

3.1. Determination of NaCl LD100 for salt tolerance selection.

WT Barak Cenana was tolerant to salt stress up to 60 mM NaCl for 7 days (Table 2).
Stress symptoms started to appear on seedlings treated with 70 mM NaCl and worsen
at 80 mM NaCl. Seedlings were completely died when treated with 100 mM NaCl for 7
days, indicated by dryness of all leaves. Thus, 100 mM NaCl were chosen to evaluate
salt tolerance of M1 lines.
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Table 2: The effect of different concentration of NaCl on survival and morphology of WT Barak Cenana
seedling.

NaCl (Mm) Survival (%) Morphology

60 100 (9/9) All leaves were green and new leaf were emerged.

70 100 (9/9) The tip of old leaf was withies and new leaf were emerged.

80 100 (9/9) Plant growth was inhibited, old leaf completely dried

90 11,11(1/9) Most of the plants were dead or dying.

100 0 (0/9) All plants were dead

3.2. Salt tolerance selection of M1 lines

The majority of M1 lines were susceptible to salt stress produced by 100 mM NaCl for 7
days (Fig. 1). Only 0.58% of putative mutant lines were highly tolerant and 4.069 % were
tolerant to the exposure of 100 mM NaCl. Putative mutant line II2A-4 showed highly
tolerance to 100 mM NaCl, while putative mutant line 1F-4, 1F-3, II2A-8, IID-1, IID-4, IID-6
and 1B-6 were tolerance to the exposure of 100 mM NaCl for 7 days (Table 3).

Figure 1: The percentage of tolerance level among M1 lines treated with 100 mM NaCl for 7 days.

Table 3: The number of putative mutant line with highly or tolerance to salt stress produced by exposure
of 100 mM NaCl for 7 days.

Tolerance level Number of plants Putative mutant line

Highly tolerant 1 II2A-4

Tolerant 7 1F-4, 1F-3, II2A-8, IID-1, IID-4, IID-6 and 1B-6
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3.3. Recovery of tolerant M1 lines

Highly tolerant and all tolerant M1 lines were able to recover and produced mature seed
(Fig 2). In addition, those putative mutant lines were resembling the morphology of WT
Barak Cenana which has tall shoot (>140 cm), droopy leaves and spikelet with horn.

Figure 2: The morphology of salt tolerant M1 lines at mature stage. Red arrow: droopy leaf; white bar = 14
cm.

4. Discussion

Salt tolerance test during seedling stage is widely used as an early screening for salt
tolerance in rice [12]. Our previous study using in vitro culture has shown that Barak
Cenana (WT) is able to survive when exposed to 150 mM NaCl for two weeks [13].
However, this present study demonstrated that Barak Cenana was unable to survive
when exposed to 100 mM NaCl for 7 days. This may due to the higher evaporation
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rate in ex vitro condition compared to the in vitro, where plants are exposed to a
higher temperature and a lower humidity in ex vitro environment [14]. Water loss during
evapotranspiration enhances osmotic stress produced by salt stress causing ex vitro

plant more susceptible to salt stress compared to in vitro plant.

Our present study showed diversity in salt tolerance between M1 lines and between
individual seedlings within M1 lines. Lee et al. has reported a similar result where
gamma irradiation was used to generate rice mutants [15]. Rice response to salt stress
is orchestrated by many genes [4, 16]. Mutagens such as EMS or gamma irradiation
induce random mutation in rice genome [16, 17]. Furthermore, independent assortment
of allele from different gene during gametogenesis in M0 (zero generation) and random
meeting between sperm and ovule during fertilization in the flower of M0 generation
[16] also increase the probability of gene combination. Altogether, these may lead to
the observed diversity of salt tolerance in M1 lines.

In order to produce mutant line with stable characters, multiple sequential selection
should be done until M4 generation [17]. For those reason, putative mutant lines should
be able to produce seed. All highly tolerant and tolerant M1 lines in this study exhibited
WT Barak Cenana morphology and were fertile. These lines produced second genera-
tion of putative mutant lines (M2) which would be used to evaluate the stability of salt
tolerance in the future study.

5. Conclusion

Mutation breeding using EMS potentially used for production of mutant line that can be
used to improve Barak Cenana's tolerance to salt stress. One M1 rice line that highly
tolerant (II2A-4) and seven M1 rice line (1F-4, 1F-3, II2A-8, IID-1, IID-4, IID-6 and 1B-6) that
tolerant to 100mM NaCl have been isolated.
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