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SUMMARY

Chemical mutagenesis is an important approach in rice (Oryza sativa L.) improvement, as it can
develop novel genetic variation for breeding programs. Sodium azide (SA) is one of the most effective
chemical mutagens used in cereals; however, information on the sensitivity of Indonesian salt-tolerant
rice cultivars to SA remains limited. This study aimed to determine the LDso values of SA in two salt-
tolerant cultivars (Biosalin-1-Agritan and Biosalin-2-Agritan) and one high-yielding cultivar (Inpari 32
HDB). Three rice cultivars sustained exposure to varying SA doses, examining their germination traits,
seedling vigor, and their survival responses through median lethal doses (LDso) values. The results
revealed distinct genotype-dependent responses. The rice cultivars Biosalin-1-Agritan and Biosalin-2-
Agritan emerged with LDso values of 8.30 and 9.20 mM, respectively, indicating moderate sensitivity
to SA. In contrast, cultivar Inpari 32 HDB demonstrated the highest tolerance with LDso (17.00 mM)
with better performance in germination, synchrony, and growth across the SA doses. The root and
shoot growth showed inhibition in a dose-dependent manner in all rice genotypes; however, the
extent of inhibition was more severe in the Biosalin cultivars, particularly with doses of 26 mM. The
rice genotypes screening provides a considerable baseline before chemical mutagenesis through SA
doses in rice breeding programs.
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Key findings: This study identified genotype-specific responses to sodium azide in rice (O. sativa L.),
revealing salt-tolerant cultivars were more sensitive to chemical mutagenesis than a popular high-
yielding cultivar. The LDso values provide critical baseline data for optimizing mutagenesis protocols in
rice breeding programs.
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INTRODUCTION

Rice (Oryza sativa L.) is the most essential
staple food for more than half of the world's
population, particularly in Asia (Fukagawa and
Ziska, 2019), including Indonesia (Sutardi et
al., 2023). However, rice cultivation faces
considerable threats from soil salinity,
especially in coastal and arid regions (Sackey
et al., 2025). In saline-prone regions, the
accumulation of soluble ions (Na*, Cat, K*, and
Mg2*) in the root zone inhibits plant growth
and development through ionic imbalance,
osmotic stress, oxidative stress, and,
eventually, reduced nutrient uptake (Atta et
al., 2023). In addressing these challenges, the
development of salt-tolerant rice cultivars has
become a key objective of modern rice
breeding (Herwibawa et al., 2024; Waheed et
al., 2024).

In managing salinity constraints, the
National Research and Innovation Agency
(BRIN), Indonesia, developed two salt-tolerant
rice cultivars, Biosalin-1-Agritan and Biosalin-
2-Agritan. These cultivars’ official release was
under the Decree of the Minister of Agriculture

of the Republic of Indonesia No.
894/HK.540/C/06/2020 and No.
895/HK.540/C/06/2020, respectively. These

rice cultivars succeeded in their development
through mutation breeding using gamma
irradiation of embryogenic callus cultures,
deriving Biosalin-1-Agritan from Ciherang
(22.468 Gy) and Biosalin-2-Agritan from Inpari
13 (23.124 Gy). Cultivar Inpari 32 HDB is also
the most widely cultivated high-yielding rice
cultivar in Indonesia. These improved rice
cultivars demonstrated enhanced seedling-
stage tolerance to salinity and are currently
being promoted for cultivation in the marginal
lands.

In our previous study, the salt
tolerance assessment in rice cultivars Biosalin-
1-Agritan and Biosalin-2-Agritan under varying
NaCl doses (0-50 ppt) revealed both cultivars
maintained growth up to 10 ppt; however, they
experienced significant reduction in growth and
development with higher salinity (Herwibawa
et al., 2025). These findings disclosed the
scope for further improvement through
advanced breeding methods to enhance the
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rice genotypes resilience under extreme
salinity stress conditions.

Mutation breeding remains one of the
most effective tools for generating considerable
variations in plant populations (De-Oliveira and
Vanavichit, 2023). Among these mutagenic
agents, sodium azide (SA) has become one of
the most efficient chemical mutagens for
cereals because it induces point mutations,
mainly C — T changes (Liu et al., 2025), at a
high frequency with relatively low
chromosomal aberrations (Punia et al., 2022).
SA has been applicable in various crops, with
reported LDso values varying considerably
across species, e.g., 3.23-3.69 mM in garlic
(Mahajan et al., 2015), 1.60-2.69 mM in
pigeon pea (Chaudhary et al., 2021), 4 mM in
wheat (Tarkoglu et al., 2022), 8 mM in
fenugreek (Khan et al., 2024), 23.3 mM in
safflower (Mirza et al., 2024), and 0.047 mM in
mungbean (Ali et al., 2024). The aromatic
upland rice, cv. Inpago Unsoed 1 showed the
LDso of 8.84 mM (Herwibawa and Kusmiyati,
2017), highlighting the genotype-specific
nature of LDso values. However, information
remains limited for Indonesian rice cultivars,
particularly those bred for salt tolerance, such
as Biosalin-1-Agritan and Biosalin-2-Agritan
(Herwibawa et al., 2025). Determining the
appropriate mutagen dose is crucial in
chemical mutagenesis because excessive doses
can be lethal (Ke et al., 2019). The LDso,
defined as the dose causing a 50% reduction in
seed germination (Nilahayati et al., 2024),
represents a critical threshold in mutation
breeding, balancing mutagenic efficiency with
plant survival.

Although the development of salt-
tolerant rice cultivars was to cope with saline
soils, it is still unknown whether their tolerance
to salinity has an association with tolerance or
sensitivity to chemical mutagens. This gap
needs addressing to provide a Dbetter
comprehension of genotype-specific mutagenic
responses. The presented study aimed to
determine the LDso values of sodium azide for
three improved rice cultivars, Biosalin-1-
Agritan, Biosalin-2-Agritan, and Inpari 32 HDB.
Cultivar Inpari 32 HDB is a classified irrigated
lowland rice cultivar that has been widely
adopted by the farming community due to its
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agronomic stability and disease resistance.
Specifically, the objective of this study was to
compare the genotypic sensitivity of salt-
tolerant and high-yielding rice cultivars to

sodium azide and to provide baseline
information for optimizing future mutagenesis
programs. Establishing accurate LDso

thresholds seeks to guide future mutagenesis
programs, especially for improving salt stress
tolerance in elite rice cultivars suited to saline-
prone areas.

MATERIALS AND METHODS

This study used three rice (O. sativa L.)
cultivars, Biosalin-1-Agritan, Biosalin-2-
Agritan, and Inpari 32 HDB. For each rice
cultivar, the experiment established 11
treatments. One treatment served as the
untreated control (0 mM sodium azide-SA),
while the remaining 10 treatments bore
exposure to SA doses of 1, 2, 3, 4,5, 6, 7, 8,
9, and 10 mM. Germinating rice seeds
proceeded on moist tissue paper. Since the
dose range did not yield the LDso value for
Inpari 32 HDB, the study used an extended
series of SA doses. For the 0-30 mM
treatments, rice seed germination continued on
moist rice straw paper. For this extended test,
germination of seeds on moist rice straw paper
occurred instead of tissue paper, as straw
paper provides better aeration during
prolonged germination assays and ensures
more accurate LDsg estimation. Each treatment
comprised 100 seeds, with three replicates.
Seeds soaked in 0.1 M KH2PO4 buffer and pH
3.5 contained the respective SA doses for six
hours at approximately 25°C (Herwibawa and
Kusmiyati, 2017). After treatment, the seeds
received thorough rinsing under running water
for 1.5 h to remove residual sodium azide
(Shin and Jeung, 2011). Subsequently, the rice
seed achieved germination under laboratory
conditions, with daily watering. The experiment
had a completely randomized design (CRD)
arrangement.

Rice seeds become germinated when
the radicle protrusion reaches at least 2 mm
(Prasad et al., 2023). Germination percentage
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(GP) recording was on the fifth and 14th days
after sowing. The GP calculation used the
formula GP (%) = (NT/N) x 100, where NT
was the number of germinated seeds and N is
the total number of seeds (Marcu et al., 2013).
Mean germination time (MGT) computation
was MGT = 2fx/zf, where f was the number of
seeds that germinated on day x (Orchard,
1977). Recording the first day of germination
(FDG) and last day of germination (LDG) also
took place (Al-Mudaris, 1998). The
determination of the coefficient of velocity of
germination (CVG) comprised the CVG =
(IN1/T1 + N2/T2 +..+ Nx/Tx]/ [N1 + N2 + ..
+ Nx]) x 100, where N was the number of
seeds germinated each day, and T was the
corresponding day of germination (Jones and
Sanders, 1987). Germination rate index (GRI)
calculation was the GRI = G1/1 + G2/2 + ... +
Gy/x, with Gi, G2,.., G, being germination
percentages multiplied by 100 on each
respective day (Esechie, 1994). Calculating
germination index (GI) was the GI = (10 x n1)
+ (9 x n2) + ... + (1 X n1o), where n1 to nio
represent the number of seeds germinated
each day (Arnold et al., 1991). Morphological
parameters’ measurement included seedling
height (SH) and root length (RL), with seedling
height measured from the base of the stem to
the tip of the longest leaf. Meanwhile, root
length measurement began from the base of
the stem to the tip of the longest root
(Salsinha et al., 2023).

Using rice seeds’ germination data
helped estimate the LDso, which represents
the dose of sodium azide that reduced the
germination by 50% in the seed population.
The LDso value, as determined, used the drc
package in R, which applies nonlinear
regression models for dose-response analysis.
A three-parameter log-logistic model (LL.3)
fitted to the data accurately described the
sigmoidal response curve. Then, calculating the
effective dose (EDso) utilized the ED function,
with the delta method used for interval
estimation. Data processing and visualization
continued in R version 4.5.0 for Windows
(https://cran.r-project.org/bin/windows/base/)
via RStudio version 2025.05.0+496
(https://posit.co/download/rstudio-desktop/).
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RESULTS
Survival response and LDso estimation

In determining the phytotoxic effects of sodium
azide (SA) on rice, three Indonesian cultivars
with different stress backgrounds, Biosalin-1-
Agritan and Biosalin-2-Agritan (salt-tolerant
cultivars) and Inpari 32 HDB (a widely
cultivated conventional cultivar), sustained
exposure to enhanced SA doses, comparing
the SA treatments for various physiological
parameters. Dose-response assays revealed
contrasting levels of SA sensitivity among the
rice genotypes. Survival rates decreased
sigmoidally with increasing SA doses (Figure
1). The LDso values differed markedly among
cultivars, allowing classification of their
sensitivity to SA. Biosalin-1-Agritan and
Biosalin-2-Agritan showed LDso values of 8.30
and 9.20 mM, respectively. These values fall
within the moderate sensitivity range (8-10
mM) and are comparable to the LDso of 8.84
mM previously reported for the aromatic
upland cultivar Inpago Unsoed 1 (Herwibawa
and Kusmiyati, 2017). By contrast, Inpari 32
HDB exhibited a much higher LDso of 17.00
mM, placing it in the tolerant category (=15
mM). For reference, the classification of
cultivars with LDso values is as follows: below
5 mM are generally highly sensitive, those
within 5-7 mM are sensitive, 8-10 mM are
moderately  sensitive, 11-14 mM are
moderately tolerant, and =15 mM are tolerant.

Seedling morphology under SA stress

Visual inspection of the rice seedling
morphology corroborated the survival trends.
Seedlings grown under SA doses ranging from
0 to 10 mM displayed progressive growth
inhibition for shoot and root systems (Figure
2A). Biosalin rice cultivars exhibited severe
developmental arrest at 26 mM, with shorter
shoots and undeveloped roots. Cultivar Inpari-
32 HDB maintained relatively intact
morphology at equivalent doses. Further
exposure of the rice cultivar Inpari 32 HDB to
higher SA doses (12-30 mM) revealed a
gradual decline in growth and development
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and, eventually, in seedling size, culminating in
almost complete growth suppression at 27-30
mM (Figure 2B).

Sodium azide effect on germination and
timing

Sodium azide significantly affected and altered
the rice seed germination dynamics in a dose-
dependent manner. Germination percentage
(GP) at the fifth day declined sharply as SA
levels increased, particularly in the -cultivar
Biosalin-1-Agritan, and showed nearly
complete suppression of early germination
beyond 3 mM (Figure 3A). With the final count
(day 14), the GP also decreased in all the rice
cultivars, although cultivar Inpari 32 HDB
retained relatively higher values across the
entire SA levels tested (Figure 3B). Delay in
rice seeds’ germination manifested both on the
first day of germination (FDG) and the last day
of germination (LDG), which also increased
with SA doses across all the genotypes (Figure
3C, 3D). The germination delay was most
notable in rice cultivar Biosalin-1-Agritan,
indicating reduced synchrony and vigor at the
early seedling establishment under SA stress
conditions.

Germination vigor indices

The germination vigor indices progressively
declined with increasing SA doses. Mean
germination time (MGT) increased in all the
cultivars, with the cultivar Biosalin-1-Agritan
consistently recorded with the slowest
germination rate at most doses (Figure 4A).
Conversely, the coefficient of velocity of
germination (CVG) showed a steep decline
even at low SA doses, plateauing beyond 6 mM
in all the rice genotypes (Figure 4B). Both
germination index (GI) and germination rate
index (GRI) decreased in a dose-dependent
manner, and the cultivar Inpari 32 HDB
considerably maintained the higher values than
both Biosalin cultivars throughout the SA
gradient (Figure 4C, 4D), suggesting greater
resilience in maintaining germination
performance within stress conditions.
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Figure 1. Dose-response curves of seedling survival in three Indonesian rice cultivars exposed to
sodium azide (SA). A) Biosalin-1-Agritan, a salt-tolerant cultivar, exhibited an LDso of 8.30 mM; B)
Biosalin-2-Agritan, also salt-tolerant, showed an LDso of 9.20 mM; C) Inpari 32 HDB, a conventional
cultivar, did not reach LDso within the initial dose range (0-10 mM); therefore, the LDso line is not
visible in this panel; and D) Inpari 32 HDB showed an LDso of 17.00 mM. Each curve represents a
nonlinear regression fit describing the sigmoidal dose-response relationship.

Shoot and root development

In rice genotypes, various SA treatments
compromised the shoot and root development.
Shoot height (SH) decreased with gradually
increasing doses of SA, and the significant
reduction appeared at =4 mM across all rice
cultivars (Figure 5A). The cultivar Inpari 32
HDB displayed the highest shoot with the low
to moderate SA doses, although the said
advantage diminished with exposure to higher
SA doses. Root length (RL) exhibited higher
variability, especially with the doses between 0
and 5 mM, but sharply declined at 26 mM
across all rice cultivars (Figure 5B). The rapid
root inhibition highlighted the highest
sensitivity of root tissues to SA toxicity. The
results further indicated sodium azide induces
dose-dependent reduction in seed viability,
germination efficiency, and early seedling
development across all rice cultivars. The
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entire rice cultivars experienced stress-related
impairment, and the conventional -cultivar
Inpari 32 HDB demonstrated comparatively
higher tolerance for survival, germination, and
seedling growth than salt-tolerant Biosalin
cultivars.

DISCUSSION

The presented results provided new insights
through the varied responses of Indonesian
rice cultivars to sodium azide (SA) exposure,
revealing genotype-dependent variation in
terms of phytotoxicity tolerance. Ikhajiagbe
and Omoregie’s (2020) findings demonstrated
that SA treatment can improve growth and
yield-related traits under salinity stress
conditions, with its broader application
constrained by genotype-specific phytotoxic
effects. In the latest study, dose-response
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analysis revealed a sigmoidal decline in
survival with increasing SA doses across all
cultivars, underscoring the importance of
determining genotype-specific LDso thresholds
to balance the mutagenic efficiency. The LDso
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values observed for the Biosalin rice cultivars
enunciated moderate sensitivity, aligning with
previous findings on the mutagenesis in rice for
drought tolerance (Herwibawa and Kusmiyati,
2017). In contrast, cultivar Inpari 32 HDB
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Figure 2. Visual representation of rice seedling growth under different doses of sodium azide (SA). A)
Seedling morphology of Biosalin-1-Agritan, Biosalin-2-Agritan, and Inpari 32 HDB germinated on moist
tissue paper under SA doses ranging from 0 to 10 mM, and B) Morphological response of Inpari 32
HDB seedlings germinated on moist rice straw paper under an extended SA dose range from 0 to 30

mM (in 3 mM increments). Scale bar = 10 cm.
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Figure 3. Line plots showing the effects of different sodium azide doses (0-10 mM) on seed
germination parameters of three rice cultivars: Biosalin-1-Agritan (red), Biosalin-2-Agritan (green),
and Inpari 32 HDB (blue). A) Germination percentage on day 5 (GP, %, first count); B) Germination
percentage on day 14 (GP, %, final count); C) First day of germination (FDG, days); and D) Last day
of germination (LDG, days). Data are presented as means + standard error.
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Figure 4. Line plots showing the effects of different sodium azide doses (0-10 mM) on seed
germination vigor indices of three rice cultivars: Biosalin-1-Agritan (red), Biosalin-2-Agritan (green),
and Inpari 32 HDB (blue). A) Mean germination time (MGT, days); B) Coefficient of velocity of
germination (CVG, %); C) Germination index (GI); and D) Germination rate index (GRI). Data are
presented as means + standard error.
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Figure 5. Line plots showing the effects of different sodium azide doses (0-10 mM) on seedling
growth parameters of three rice cultivars: Biosalin-1-Agritan (red), Biosalin-2-Agritan (green), and
Inpari 32 HDB (blue). A) Shoot height (SH, cm) and B) Root length (RL, cm). Data are presented as

means = standard error.

exhibited a notably higher LDso, suggesting a
greater capacity to mitigate the toxic effects of
SA. However, since this study did not
investigate DNA repair pathways or
antioxidative enzyme activities, no conclusions
can be drawn about these mechanisms. The
observed differences show more conservative
interpretations of genotype-specific
physiological responses (Gomez et al., 2019;
Al-Aboudi et al., 2023).

Morphological assessment received
corroboration from these survival patterns, as
the shoot and root development reached
considerable inhibition in the Biosalin rice
cultivars compared with the cultivar Inpari 32
HDB. The inhibition of cytochrome oxidase and
disruption of mitochondrial membrane potential
by SA resulted in impaired ATP biosynthesis,
which, in turn, slowed down the cell division
and elongation and, eventually, led to reduced
shoot and root growth and development
(Srivastava et al., 2011). Reports of similar
findings have also come out for fenugreek
(Siddiqui et al., 2007), watermelon and
moringa (AbdulRahaman et al., 2018), onions
(Adeoti et al., 2021), sesame (Weldemichael et
al., 2021), and Faber's cymbidium (Wu et al.,
2024). The abrupt decline in root length at
doses =6 mM across all rice cultivars further
highlighted the sensitivity of root tissues, and
the same may be due to the high permeability
and rapid uptake of SA by roots. Study results
are consistent with Calvo-Polanco et al.
(2021), whose findings also showed root water
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transport in Arabidopsis was highly dependent
on functional barriers and aquaporins, which
were disrupted by SA. These results supported
the hypothesis that mutagen-induced root
inhibition was a reliable indicator of systemic
phytotoxicity.

Biosalin rice cultivars’ recording gave
delayed and desynchronized germination
patterns, further reflecting their susceptibility
to SA stress conditions. Lower germination
percentage at the first (day 5) and final (day
14) counts, combined with increased MGT and
LDG, suggested compromised seed metabolic
activity and embryo viability. However, such
types of delays indicated a likely association
with  SA-induced disruptions in cellular
metabolism, particularly the inhibition of
cytochrome c oxidase and ATP synthesis, which
impaired the energy-dependent processes
essential for timely and synchronized
germination (Sayed et al., 2025). The cultivar
Inpari 32 HDB, with superior performance for
germination parameters, including CVG, GI,
and GRI, underscores its robust seed vigor and
potential suitability as a model for mutagenesis
screening.

Interestingly, despite being selected for
salt tolerance, rice cultivars Biosalin-1-Agritan
and Biosalin-2-Agritan showed greater
susceptibility to SA than the conventional
cultivar Inpari 32 HDB. This suggests a
potential trade-off between adaptations to
salinity stress and tolerance to chemical
mutagens. As mechanisms, such as ion
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exclusion and osmotic adjustment, confer
advantages under saline conditions, they do
not necessarily protect against mutagens like
SA, which primarily impair DNA integrity and
mitochondrial energy metabolism. Similar
genotype-dependent trade-offs have been
evident in other crops (Dwivedi et al., 2021),
supporting the need to adjust mutagen doses
for stress-tolerant genotypes. The mutagenic
effects typically follow the specific dose-
response relationship that can be linear or non-
linear, with defined threshold or non-threshold
effects. Although non-genotoxic agents seemed
generally to have threshold doses, which
indicates that some genotoxic carcinogens may
also result in threshold responses (Georgieva
and Vassileva, 2023), it suggests the
complexity of predicting mutagenic outcomes
across the genotypes.

The current findings highlighted the
importance of genotype screening before a
large-scale  mutation breeding program.
Although the cultivar Inpari 32 HDB appears
more resilient, the safety margins for SA
application remain narrow, and doses above 10
mM may cause irreversible damage even in
rice-tolerant cultivars. However, some
limitations exist in extrapolating these findings.
The mechanisms underlying the differential

responses received no analysis in the
presented study. Future research should
integrate molecular approaches, such as

transcriptomic and metabolomic profiling, to
elucidate the genetic and biochemical bases of
SA detoxification and tolerance. This could lead
to the development of rice genotypes tailored
for high-efficiency mutagenesis and improved
resilience to genotoxic stress conditions.

CONCLUSIONS

This study demonstrated that sodium azide
induces genotype-specific phytotoxic effects in
rice, and the salt-tolerant rice cultivars
Biosalin-1-Agritan and Biosalin-2-Agritan
showed moderate sensitivity, while the cultivar
Inpari 32 HDB exhibited greater tolerance. The
LDso values provided critical thresholds for
optimizing SA dosage in mutation breeding.
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Despite genotypes’ tolerance to salinity,
Biosalin cultivars emerged more vulnerable to
SA-induced reduction in germination and
seedling vigor. These results suggest that
tolerance to salinity stress does not necessarily
confer tolerance to chemical mutagens,
indicating a potential trade-off between stress

adaptation and mutagen sensitivity. The
results underscored the importance of
genotypes’ screening before mutagen
application and supported the use of
conventional cultivar Inpari 32 HDB as a
potential model for high-efficiency

mutagenesis. Accurate determination of LDso
thresholds is therefore essential when planning
chemical mutagenesis, particularly for stress-
tolerant genotypes. Future work should
integrate molecular approaches, such as
transcriptomics and metabolomics, to better
elucidate the mechanisms of SA detoxification
and mutagen tolerance.
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