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ABSTRACT

Impatiens balsamina is a popular ornamental plant in Vietnam. This study was
conducted to evaluate the effects of different concentrations of sodium azide
(SA) on mutagenesis and the creation of unique variants to increase the
genetic diversity of this ornamental plant. Seeds were treated with different
concentrations of SA (0%, 0.01%, 0.03%, and 0.05%) for three days to
determine the rate of seed germination, plant survival, growth, agronomic
traits, mutation frequency, mutation effectiveness, and efficiency. The results
showed that an increase in SA concentration (0.03% and 0.05% SA) resulted in
a delay in germination and a decrease in plant survival. The height of plants
treated with 0.05% SA was lower than that of the control. The test
concentrations tended to increase leaf length and leaf area compared to the
control, but had little effect on leaf width. Nevertheless, higher concentrations
(0.05% SA) markedly slowed the initiation of buds and the time it took for
flowers to bloom. Some mutant individuals produce flowers that significantly
differ from the control variety in size, color, and structure. Within the range of
SA treatment applied, 0.03% SA for three days is the most suitable treatment
for mutant Balsam inducement, with the highest mutation effectiveness and
efficiency of 4.79% and 0.52%, respectively. These results suggest that SA can
function as a potent mutagenic agent that causes advantageous variation in
Balsam when administered at the appropriate concentrations.

TOM TAT

Cdy Phuong Tién (Impatiens balsamina) 16 mét lodi cdy canh dwoc trong phé
bién & Viét Nam. Nghién ctru duoc thuc hién nhdm ddnh gid dnh huéng cua
cdc néng dé natri azide (SA) khdc nhau dén hiéu qua gdy dét bién va tao cdc
bién dj déc ddo lam gia tdng sw phong pht ngudn gen cua lodi cdy hoa canh
ndy. Hat giéng dwoc xi ly bdng cdc ndng dé SA (0%, 0,01%, 0,03% va 0,05%)
trong ba ngdy dé xdc dinh ty Ié ndy mém cua hat, sirc séng cdy, sinh trudng,
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ddc diém néng hoc, tén s, hiéu qua va hiéu sudt dét bién. Két qud cho thdy,
néng dé SA tdng (0,03% va 0,05% SA) lam ch@m qud trinh ndy mém va gidm
ty Ié séng sét cua cdy. Chiéu cao cdy & ndng dé 0,05% SA thdp hon so vdi dbi
chtrng. Cdc nbéng doé thir nghiém cé xu hudng lam téng chiéu dai va dién tich
lg so vdi déi chirng, nhuwng it dnh huwdng dén chiéu réng Id. Tuy nhién, néng
d6 cao hon (0,05% SA) lam chdm thoi gian hinh thanh nu va ra hoa. Mét s6
cd thé dét bién c6 su khdc biét ddng ké so vdi gibng déi chirng vé kich thudr,
mau sdc va cdu tric hoa. Trong pham vi ndng dé SA dwoc dp dung, liéu luong
0,03% SA trong 3 ngay phii hop dé gdy dét bién & cdy Phuong Tién vdi hiéu
quad va hiéu sudt dét bién cao nhét lan lwot Id 4,79% va 0,52%. Nhitng két qua
ndy cho théy SA cé thé hoat déng nhw mét tdc nhén géy dét bién manh, tao
ra sw bién dbi cé loi & cdy Phurong Tién khi dwgc st dung & ndng dé thich hop.
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1. INTRODUCTION

Balsam (Impatiens balsamina) is an annual
herbaceous plant belonging to the
Balsaminaceae family, primarily distributed in
warm climates and commonly known as rose
balsam or garden balsam [1, 2]. It is native to
southern Asia, especially in India and
Myanmar, and is now widely cultivated in
subtropical parts of the world [3]. In Vietnam,
Impatiens balsamina is widely grown for both
ornamental and medicinal purposes [4].
However, they were primarily cultivated in
home gardens by collecting and re-sowing
seeds from trees with desirable flowering
traits. This method of breeding leads to
minimal introduction of new genetic material,
which restricts the variety available for
breeding. As a result, the genetic diversity of
balsam varieties has been steadily declining,
limiting their ability to adapt to changing
environmental conditions. Mutation is one of
numerous plant breeding techniques to
improve some traits or to create variations that
do not occur naturally [5]. The nature and
effect of mutations are of fundamental
importance to the evolutionary process.
Applications of mutagens include dissecting
the genetic basis of trait variation, inducing
desirable traits in crops, and understanding the
nature of genetic load [6].

Genetic  modification and  mutation
induction have been used to introduce new
and improved traits in ornamental plants,
which have high commercial interest for
producers and consumers. These traits include
the improved floral anatomy and morphology,
new floral colors, early flowering, enhanced
fragrance or longevity, stress tolerance, and
disease resistance [7]. Sodium azide (SA) is a
potential mutagen that is used for inducing
genetic changes in crop plants worldwide. This
compound, after being metabolized by the
plant, disrupts the normal activity of the cell by
affecting the intracellular calcium levels and
subsequently reduces the levels of calmodulin
and production of Adenosine Triphosphate
(ATP). Low levels of ATP disrupt spindle fiber
organization and movement of chromosomes

during mitosis. Furthermore, SA interferes with
the respiration process within the cells by
inhibiting various enzyme activities that
include  peroxidase, catalase including
cytochrome oxidase, proton pump, and cell
cycle inhibition [8]. Sodium azide is mainly used
to induce gene mutants that regulate essential
traits. These mutations may also clear up the
gene function of mutant phenotypes [9]. When
seeds are treated with SA, it can directly impact
the expression and regulation of genetic
material within plant cells. This can lead to
phenotypic differences at any stage of the
plant's growth. However, at higher doses of SA,
it can cause significant deleterious effects,
including reduced germination rate [10, 11],
altered agronomic and growth [12-14],
malformations in reproductive organs [15, 16],
and even plant death [17, 18]. Growth and
agronomic characteristics were commonly
used as indirect indicators to evaluate the
extent of biological damage caused by
mutagenic agents. Monitoring these
characteristics is essential for determining the
appropriate treatment dose threshold before
selecting individuals that exhibit valuable
mutations in flower morphology. While several
studies have assessed the impact of sodium
azide (SA) on germination rates and some
morphological traits of ornamental plants, the
effects of SA have not been examined in the
balsam plant.

The objective of the study was to investigate
the effects of sodium azide on germination
rate, plant survival, and agronomic
characteristics of Impatiens balsamina.
Additionally, this study was to determine the
optimal mutagen concentration based on
mutagenic efficacy and efficiency, record
induced changes in floral morphology.

2. RESEARCH METHODS
2.1. Plant material

Seeds of Balsam (Impatiens balsamina) with
purple petals were collected from a local
population at the Cuu Long Delta Rice Research
Institute, Can Tho city, Viet Nam. These seeds
were carefully maintained over three
generations under automated conditions to
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ensure optimal phenotypic similarity before
the induction of mutations. During the
selection process, seeds with uniform size and
the viability of the seeds were tested by
soaking seeds in water, and floating seeds were
discarded, while sinking seeds were treated to
reduce experimental errors due to seed health
[19]. Initial germination tests indicated that the
seeds had a germination rate exceeding 98%
before treatment. The time and place of the
research were January to November 2024 at
the greenhouse and laboratory of the Institute
of Food and Biotechnology, Can Tho University,
Can Tho city, Viet Nam. The experiment was
conducted in a greenhouse with an average
temperature of 28 + 2°C, humidity levels
ranging from 70% to 80%, and natural light
providing approximately 12 hours of daylight
per day.
2.2. Mutagenesis method

Fabric bags (3 x 3 cm) were used to pack 30
seeds before soaking in warm water [4]. After
being soaked in water for 6 hours [3], the seed
bags were taken out and allowed to dry
naturally at room temperature, which should
be around 25 - 30°C [20]. During sodium azide
treatment, seeds were placed in small cloth
bags, each containing 10 seeds, to facilitate
soaking and retrieval after treatment. The seed
bags were then soaked in 50 ml of the SA
solution (NaNs, > 99.5% purity, Sigma-Aldrich,
USA) for 3 days with concentrations of 0.01%,
0.03%, and 0.05% [4, 13, 15, 20]. Fifty milliliters
of phosphate buffer pH 3 was added to each of
the treatments to maintain the sodium azide
pH at 3 (SA solution was replaced every 24
hours). The pH of the SA solution was checked
prior to treatment and remained stable
throughout the three-day treatment period.
For the control treatment, the seeds were
soaked in distilled water and buffer (pH 3) [21].
The seeds were then washed with tap water to
remove excess chemicals and exudates [18].
After washing, all seeds from different
treatments were incubated separately on Petri
dishes for germination at room temperature
(25 - 30°C), then planted in pots (60 x 40 x 40
cm) in the garden conditions. Substrate

ingredients include soil, sand, and organic
matter with a ratio of 1:1:1 to obtain get M1
plants [22].
2.3. Observation parameters

The total number of seeds was sown, and on
the seventh day, the germinated seedlings
were counted from each treatment [23].
Germination day (days) was defined as the day
when 50% of the seeds in each treatment
exhibited radicle emergence. The percentage
of survival rate was calculated at 15 days after
sowing and at the flowering stage (14 weeks
old) [4]. The survival rate was calculated by
counting the plants that survive, have green
stems and leaves, and continue to grow
normally at the time of observation. The time
to bud initiation and flowering was
documented through daily visual observations.
Days to bud initiation (days) was the number of
days from seeding to the emergence of the first
visible flower bud, and days to flowering (days)
was the number of days from sowing to the
first flower's full opening. The plant height (cm)
was measured at the time of flowering using a
digital ruler [23], and the stem diameter (mm)
was calculated from its circumference, which
was measured using a ruler [19]. Toupview
software (version 4.11.19728) was used to
measure the length and width of leaves (cm),
and leaf area (cm?) [4]. The frequency,
effectiveness, and efficiency of mutations were
calculated using the standard method for
evaluating mutagenic responses [24].
2.4. Data analysis

Data were collected from three replicates,
with each replicate consisting of 10 plants
within a specific treatment. The recorded data
were entered into Microsoft Excel 2013 for
initial organization and were then analyzed
using Minitab 16. Descriptive statistics and
mean comparisons were conducted using
Duncan’s Multiple Range Test (DMRT) at a
significance level of 5%.
3. RESULTS AND DISCUSSION
3.1. Effect of Sodium azide on germination
rate and plant survival

Data on the germination rate were shown in
Figure 1A. As the concentration of SA increases,
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the rate of germination tends to decrease. Inthe
mutant treatments, the highest percentage of
germination was recorded at 0.01% SA and the
control (100%). The concentration of 0.03% SA
reduced the germination rate to 96.7%, and the
lowest germination percentage was recorded at
0.05% SA (93.3%). The cause may be due to the
concentration of the mutant agent being
increased to very high levels, and the application
period is prolonged, negative effects may occur

[25]. According to the report of Al-Qurainy and
Khan, reduction in seed germination as a result
of mutagenic treatments has been explained
due to delayed or inhibited physiological and
biological processes including enzyme activities
required for seed germination [26]. In addition,
reduced seed viability may be due to inhibition
of essential physiological processes such as
endocrine imbalance and mitosis inhibition [27].
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Figure 1. Effects of sodium azide on germination and survival of Impatiens balsamina
(A) Germination rate at 7 days after sowing, (B) Survival rate at seeding stage (15 days after sowing),
(C) Survival rate at flowering stage (14 weeks)

Observing the survival rate at different
growth stages can reveal the impact of the
chemical mutagen on plant viability. After 15
days of sowing, the highest number of plants
was obtained at 0.01% SA (96.7%), and the
lowest growing plants were observed at 0.05%
SA (90.0%) (Figure 1B). Survival at the flowering
stage due to different mutagenic doses ranged
from 73.3% (0.05% SA) to 90.0% (0.01% SA),
lower than that of 100% in the control
treatment (Figure 1C). The survival rate of
Impatiens balsamina decreases during the
flowering stages as compared to the rate 15
days after sowing, indicating that the effects of
chemical mutagens last throughout the plant's
growth and development. Sodium azide is a
potent chemical mutagen that is used worldwide
for inducing genetic changes in crop plants. This
compound, after being metabolized by the plant,
disrupts the normal activities of the cells by
affecting the intracellular calcium levels and
subsequently reducing the levels of calmodulin
and the production of ATP. Reduced ATP levels
impair mitotic processes by disturbing spindle
fiber formation and chromosome movement
during cell division [8]. This cellular disruption
contributes to a reduced plant’s survival,

whereas an increase in the mutagen
concentration resulted in a greater inhibition of
plant growth [17]. Furthermore, mutagens have
the capacity to accelerate or halt mitotic
divisions, contingent upon the location and
nature of the mutation [28]. Previous research
results indicated that Abelmoschus esculentus
treated with a combination of radiation and SA
either died before reaching the flowering stage
or survived to maturity and flowering but was
stunted [18].
3.2. Influence of Sodium azide on some
growth characteristics

The results presented in Figure 2A illustrate
the impact of SA on the germination time of
Balsam seeds. The average germination time
for seeds treated with SA ranged from 8.1 to
8.5 days, compared to the control average of
8.8 days. This finding aligns with previous
reports indicating that Balsam seeds typically
germinate within 7 to 14 days [2]. Several
studies on other crops have demonstrated that
a decrease in the seed germination rate is often
accompanied by an increased number of days
to germination. This phenomenon is attributed
to changes in physiological, biochemical, and
biological processes as SA concentrations rise
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[29]. Specifically, higher doses of SA can hinder
ATP biosynthesis, resulting in a decreased
availability of ATP molecules; as a result, the
germination rate may slow down [20]. In this
study, treatment with SA at concentrations
ranging from 0.01% to 0.05% did not
significantly influence the time it took for

Impatiens balsamina seeds to initiate
germination. However, at higher
concentrations of SA, the data distribution was
broader, indicating that some seeds
germinated more slowly. This suggests that
higher levels of SA may slightly inhibit
germination initiation in certain seeds.

Effect of SA on germination time (days)

Effect of SA on budding initiation time (days)

Effect of SA on flowering initiation time (days)
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Figure 2. Effects of sodium azide on some growth characteristics of Impatiens balsamina
(A) germination time (days), (B) Budding initiation time (days), (C) Flowering initiation time (days)

The data presented in Figures 2B and 2C
illustrate the time to bud initiation and
flowering initiation after treatment with SA.
The 0.01% SA treatment (55.0 days) and the
0.03% SA treatment (56.5 days) did not
significantly differ, whereas the 0.05% SA
treatment (58.6 days) resulted in a significantly
delayed bud initiation compared to the control
(54.3 days). Regarding flowering initiation
time, two individuals from the 0.01% SA
treatment and two from the 0.03% SA
treatment showed early flowering (> 5 days
earlier than the control) (Figure 2C). However,
the general trend of the mean values indicates
that all SA treatments tended to delay
flowering in Impatiens balsamina, with
flowering initiation times ranging from 72.1 to
76.4 days, compared to the control (69.4 days).
The transition from the vegetative phase to the
reproductive phase is primarily governed by
genetic factors, and flowering is influenced by
changes in several physiological aspects.
During this transition, appropriate changes
take place in the meristem [30]. The induction
of sodium azide has been shown to facilitate
the identification of changes in various
guantitative traits. This is evidenced by
frequency distributions as well as changes in
the mean and variance of the treated
populations. The results of this study indicate
that sodium azide significantly increased the

variation in the number of days to flowering by
50% and in the days to maturity in Triticum
aestivum [29]. The delay in flowering may be
attributed to disruptions in the biochemical
pathways that are crucial for floral initiation [3].
3.3. Influence of Sodium azide on some
agronomic characteristics

Effects of mutation treatment and its
related data were presented in Table 1. The
results showed that the plant height of balsam
plants in different treatments ranged from 71.8
to 78.4 cm and differed significantly (p < 0.01).
The concentration of 0.05% SA gave the lowest
plant height (71.8 cm), which was significantly
different from the remaining treatments. The
treatments of 0.01% and 0.03% SA had plant
heights that were not significantly different
from the control without SA treatment.
Reduction in plant height may be considered a
desirable characteristic by aggressive breeding
programs that seek to produce compact and
aesthetically balanced plants. Sodium azide
was reported to reduce plant height at
maturity in both tomato and Capsicum annuum
[12, 13]. Similarly, the dwarf mutation
phenomenon was reported in Japonica rice
[31] and semi dwarf was reported in Cowpea
[10]. The decrease in plant height caused by
sodium azide at high concentrations could be
attributed to damage to meristematic tissues,
metabolic disturbances, and physiological
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variations [32]. An increased growth inhibitor
concentration, decreased auxin concentration,

or inhibition of auxin synthesis, is also the
cause of reduced plant height [15].

Table 1. Effects of sodium azide on some agronomic characteristics of Impatiens balsamina

Plant height Stem diameter Leaf length Leaf width Leaf area

Treatment 2
(cm) (mm) (cm) (cm) (em?)

Control 75.32 14.4 8.9 1.9 9.3°
0.01% SA 78.3? 14.2 9.7° 2.0 11.7°
0.03% SA 78.4° 14.2 10.4° 2.0 12.0°
0.05% SA 71.8° 14.6 9.8% 2.1 11.9°
P 0.000 0.891 0.001 0.379 0.055
CV (%) 7.44 13.81 13.41 12.75 22.63

Note: CV (%): coefficient of variation, P: probability value, and values of any traits assigned the same
superscript letter in a column are not significantly different at the 5% significance level.

The stem diameter measured after SA
treatment at the flowering stage varied from
14.2 to 14.6 mm (Table 1), and there was no
significant difference in stem diameter
between the treatments and the control (14.4
mm). This indicates that sodium azide, at the
tested concentrations, which are relatively low
in toxicity, did not result in any measurable
phytotoxic effects on the stem diameter of
Impatiens balsamina during this growth stage.
This resilience may suggest that the plant is less
affected by mutagenic stress. This finding
differs from earlier reports in other species. For
instance, in Capsicum annuum, the lowest stem
diameter values were recorded 12 weeks after
planting in both the “Shombo” and “Tatase”
pepper cultivars when treated with a 0.03% SA
[13]. The ability of stem tissue to maintain a
stable diameter under mutagenic stress may
reflect an inherent tolerance or compensatory
growth mechanism.

Determining the threshold effect of sodium
azide on morphological characteristics such as
leaf length, width, and area is necessary to
comprehend the physiological response and
photosynthetic capacity of /. balsamina, as
sodium azide can either improve energy
synthesis [8]. The findings in Table 1
demonstrate that while SA concentrations
between 0.01% and 0.03% had no discernible
effect on leaf width, they did alter the length
and area of the leaves of Impatiens balsamina.
In this study, the width of the balsam leaves
ranged between 1.9 cm and 2.1 cm; however,
the differences between the treatments were

not statistically significant. The mean leaf
length from 0.03% SA treatment (10.4 cm) was
significantly longer than the control (8.9 cm)
and 0.01% SA treatment (9.7 cm), but there
was no significant difference when compared
to 0.05% SA treatment (9.8 cm; Table 1). The
average leaf area of I. balsamina increased in
all treatments with SA (11.7 to 12.0 cm?)
compared to the control (9.3 cm?). This result
is consistent with earlier research showing that
mutagenesis induced by sodium azide can
enhance vegetative growth characteristics in a
variety of crop species. The ability of sodium
azide to cause genetic variation and modify
physiological processes associated with growth
regulation has been connected to
improvements in plant growth, including leaf
development and biomass accumulation [12,
26, 29, 32]. The positive response could be due
to improved metabolic activity or the
stimulation of specific growth-regulating
pathways that promote leaf development. This
result is consistent with a previous study;
sodium azide-induced mutants showed
significant improvement in growth traits,
including leaf size [14, 32].
3.4. Influence of Sodium azide on mutagenic
effectiveness and efficiency

Morphological variations must be observed
and classified in order to properly evaluate the
effects of sodium azide. These morphological
variations directly reflect the genetic changes
caused by the mutagen, and this information is
the basis for calculating the frequency and
efficacy of mutations linked to each
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concentration of treatment. There were
noticeable differences between the control
plants and the flower-related morphological

mutations, according to monitoring. Mutants
showed changes in the structure, color, and

size of their flowers (Figure 3).

Figure 3. Representative morphological flower mutations observed
in the M1 generation of Impatiens balsamina after sodium azide treatment
(A) Control plant, (B - C) Mutants showing variation in flower size,
(D - E) Mutants with altered flower color, (F - 3) Mutant with modified floral structure

Various physical and chemical mutagens are
used to increase the frequency of mutations
and facilitate the selection processes [9].
Mutation rates varied substantially across
treatment concentrations (Figure 4A). The
highest mutation frequency of 10.34% was
observed with 0.03% SA. The mutation
frequency for 0.05% SA was recorded at 7.14%,
while 0.01% SA showed the lowest frequency
of 3.33%. Augmentation of mutation frequency
and the alteration of mutation spectrum in a

predictable manner remain all-time important
aspects of mutation research [33]. The highest
mutagenic effect is usually not found at the
lowest dose, but at the intermediate dose
level, where the agent is potent enough to
induce genetic variation but does not exceed
the threshold of causing serious cell damage
[14, 17]. This trend is consistent with previous
results, where mutation frequency can
increase with increasing mutation variability
within the allowable range [10, 15].
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Effect of SA on mutagenic effectiveness

Effect of SA on mutagenic efficiency
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Figure 4. Effects of sodium azide concentrations on mutation parameters in Impatiens balsamina
(A) Mutation frequency (%), (B) Mutagenic effectiveness, (C) mutagenic efficiency
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The outcome of mutation breeding depends
on the mutagenic effectiveness, efficiency,
plant material, mutagen dose, and duration
[33]. Mutagenic effectiveness and efficiency
are the most crucial factors determining the
success of mutation breeding, a valuable tool
for rapidly enhancing genetic diversity in crops
[10]. The data regarding the effectiveness and
efficiency of different mutagens are recorded
in Figures 4B and 4C. The mutation
effectiveness varied between 1.98% and
4.79%, while the mutation efficiency ranged
from 0.27 to 0.52. Generally, increasing the SA
concentration from 0.01% to 0.03% resulted in
higher  mutagenesis effectiveness and
efficiency. Among the tested concentrations,
the 0.03% sodium azide treatment tended to
show higher mutagenic effectiveness and

efficiency. However, when the SA
concentration reached 0.05%, all these
parameters decreased. The efficiency of
mutagenesis  was higher at lower
concentrations compared to higher
concentrations. This is because higher
concentrations significantly increase the

likelihood of cell death and injury, which
outweighs the rate of mutation [24]. In
contrast, treatments with lower
concentrations of sodium azide as a mutagen
resulted in less biological damage, making
them more suitable for inducing desirable
mutations in Helianthus annuus [15].
4. CONCLUSION

When the concentration of SA increases, the
rate of germination tends to decrease. The
survival rate of Balsam (Impatiens balsamina)
decreases during the flowering stages as
compared to the rate 15 days after sowing. The
treatment of 0.05% sodium azide resulted in
reduced height, the time to bud initiation, and
flowering initiation of Balsam plants, while
0.03% led to an increase in leaf length. No
significant effects on stem diameter and leaf
width were observed across the treatments.
However, the leaf area at every concentration
of SA treatment was larger than that of the
control treatment. Additionally, the study
discovered a number of mutations linked to

modifications in the size, color, and structure of
flowers. Among the tested concentrations,
treatment with 0.03% sodium azide for 3 days
is the most suitable treatment for mutant
inducement, with the highest mutation
effectiveness and efficiency of 4.79% and
0.52%, respectively.
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