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Abstract

Zeinullina, A., Rysbekova, A., Dyussibayeva, E., Zhirnova, [., Zhanbyrshina, N., Zhunusbayeva, Z. & Yancheva, S.
(2023). Application of sodium azide for chemical induced mutagenesis of proso millet culture (Panicum miliaceum
L.). Bulg. J. Agric. Sci., 29(4), 623-631

Present study aimed to identify the effect of different concentrations of sodium azide (NaN,), depending on seed exposure
time on various economically valuable traits of millet plants in M, generation and establish the effectiveness of inducing ben-
eficial mutations. From the experiments, it is concluded that the optimal concentration of sodium azide for millet mutagenesis
in laboratory conditions is 1% at 4 hours of exposure, while the germination of seeds and the length of seedlings remain at the
level of control. In the field in the nursery of the first generation (M,) mutants, sodium azide reduced the germination of seeds
and plants survival, whereas an increase in the mutagen concentration increased the inhibitory effect on seeds and the develop-
ment of plants. It was noted that the concentration of the mutagen does not significantly affect the period of vegetation, which
in all variants was at the control level. Least conservancy of the indicator was observed, when treated with 0.5% concentration
of the mutagen. A decrease in vegetation period by 3-6 days was recorded as the time of treatment with a mutagen increased
with an exposure of 8 and 12 hours, compared to an exposure of 4 hours, the longer the time the seeds were exposed to the
mutagen, the lower the indicator of the vegetation durability. A higher frequency and a wide range of changed forms were
registered at 0.1% concentration of mutagen at 12 hours of exposure and varied from 3.2% to 6.3%. The identified promising
mutant forms of millet with a complex of economically useful traits are of practical value and can be used in further breeding
process of this crop.
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Introduction

Millet (Panicum miliaceum L.), is a valuable cereal and
fodder crop on a global scale. Currently, it is grown mainly
in East and Central Asia and to a lesser extent in Eastern
Europe, Western Asia, Pakistan, and India. It is an impor-
tant food item in semi-arid areas, where it is almost impos-
sible to grow grain crops. Millet is a potentially valuable
fast maturing crop for drier regions (Kate et al., 2018). Its

cultivation started 10,000 years ago in northern China (Luet
al., 2009). The crop was first introduced to Canada, in the
17th century (Baltensperger et al., 1996). For many decades,
breeders have created new varieties using chemical muta-
gens (Dubeyet al., 2017). Most millet cultivars have been
developed using classical breeding methods. Mutagenesis
occupies one of the leading places among those techniques,
that can be successfully used to create genetic diversity and
new varieties. Chemically induced mutagenesis facilitates
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the creation of valuable source material in a short time with
a variety of morphological and physiological characteris-
tics, biochemical parameters, increasing the frequency and
expanding the range of original mutations (Krotova, 2015;
Khan et al., 2009; Bahadur et al., 2015).

The role of mutation in increasing genetic variability and
the possibility of selection for valuable traits, such as yield,
early maturity, the number of grains per panicle and plant, re-
sistance to biotic and abiotic stresses, and grain quality, have
been studied with various crops. Mutants are often of excel-
lent breeding value since they may have new, previously un-
known beneficial traits (Aviya and Mullainathan, 2018; Khan
et al., 2010; Mullainathanet al., 2012). In addition, with the
help of mutagenesis, it is possible to overcome the technical
difficulties that arise, when crossing small-flowered crops,
such as millet (Yashovskii, 1960). One of the most widely
used mutagens in plant breeding is sodium azide (NaN,), a
relatively safe, inexpensive, non-carcinogenic, and very ef-
fective chemical mutagen (Salvi et al., 2014).

The effect of this substance through mutational influ-
ence on the genetic apparatus can contribute to increasing
the resistance of plants to adverse environmental factors
and pathogens, which leads to an increase in their yield and
improvement of quantitative characteristics (plant weight,
number of fruits, etc.). Sodium azide, like other chemical
mutagens, causes a much higher frequency of mutations in
plants, compared with the level of random mutations under
normal conditions, which occur quite rarely (Tillet al., 2007).
The prospects of using sodium azide were shown not only
in plant breeding, but also in fundamental research of such
important agricultural plants as corn (Eze et al., 2015), rice
(Herwibawa et al., 2017), wheat (Srivastava et al., 2011),
chickpeas (Kulthe et al., 2011), fenugreek (Sidduqui et al.,
2007), sunflower (Elfeky et al., 2014), rapeseed (Hussain et
al., 2017), tomato (El-Kaabyet al., 2015), etc.

When studying the effect of one type of mutagen on the
growth and development of plants of any agricultural crop,
the dose, and duration of treatment exposure are of paramount
importance. In addition, when using mutagens in breeding, it
is also necessary to consider that different families, genera,
species, and individual varieties of the same species exhibit
clearly expressed unequal sensitivity to the types of muta-
genic factors acting and to their doses. It is manifested with
varying degrees of survival, unequal frequency, and the dif-
ference in spectra of induced mutations (Auerbakh, 1978;
Zoz, 1968; Rapoport, 1978; Strelchuk, 1981).

It has been established that as the concentration of the
mutagen increases to a certain level, the frequency of vi-
able mutations also increases, then drops, and the changes
resulting from treatment with mutagens over the optimal rate

cause the death of plants. Therefore, applying high concen-
trations of mutagens is not advisable in the breeding process.
Contrary, the concentrations of mutagens should not be too
low; otherwise, the effect of the mutagen will be ineffective.
In this regard, when creating the initial breeding material for
a particular agricultural crop using induced mutagenesis, it is
advisable to specify the concentrations of mutagens for each
specific variety, based on preliminary studies (Rapoport,
1980). Methods and approaches for chemically, induced
mutagenesis using sodium azide of many species of culti-
vated plants, have been developed. However, for millet, such
works have not been sufficiently studied and have not been
practically used in Kazakhstan (Rysbekova et al., 2020).
Therefore, the current study aimed to identify the effect of
different concentrations of sodium azide depending on seed
exposure time on various economically valuable traits of
millet plants in M, generation and establish the effectiveness
of inducing beneficial mutations.

Materials and Methods

Plant material

In the current work, varieties of millet (Panicum mili-
aceum L.) not previously involved in the research were used:
Pavlodarskoe 4 (Kazakhstan), K-10275-Kvartet (Russia),
P1289324 (Hungary).

Treatment of millet seeds with sodium azide.

Treatment with a chemical mutagen was performed un-
der laboratory conditions with original seeds, according to
the procedure reported by Esson et al. (2018). The initial
stage of the research consisted of selecting mutagenic fac-
tors and their effective doses to establish the mutability of
genotypically heterogeneous varieties. Before the treatment,
150 millet seeds were first immersed in a 12% hydrogen per-
oxide solution for 15 minutes to destroy harmful microflora
on the grains and then washed twice with distilled water. The
seeds were pre-soaked in distilled water for 4 hours before
mutagenic treatment allowing the mutagen to diffuse faster
into the tissues of interest (Rajani et al., 2011). The scheme
of the experiment included the treatment of seeds of millet
samples with mutagen NaN3 in concentration 0.1%; 0.2%;
0.3%; 0.4%; 0.5%, with 4, 8 and 12 hours of exposure. So-
dium azide was previously dissolved to the desired concen-
tration in distilled water to obtain an aqueous solution. After
the treatment, the seeds were washed for 1 hour under run-
ning tap water and placed at a temperature of 27°C for 7 days
in a thermostat. In each variant, 50 seeds were processed for
each sample in triplicate. The control variant was germinated
in distilled water. On day 7, the indicators, such as seed ger-
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mination, coleoptile length, and roots were determined. The
total percentage of seed germination was calculated depend-
ing on the concentrations of sodium azide used for treatment,
and the percentage of seed germination in relation to the con-
trol was determined.

For field assessment of the mutagen effect on the plants,
the seeds of the studied genotypes were treated with NaN3,
according to the procedure described. The sowing of the
nursery of M, mutants was carried out manually by 250
pieces of seeds, treated with chemical mutagens per 1 lin-
ear meter according to the experimental scheme in three
repetitions. Seeds of initial samples treated in distilled water
served as control. The experiment was performed according
to the All-Russian Institute of Plant Growing guidelines and
the Field Experiment Methodology (Agafonov et al., 1988;
Dospekhov, 2011). During the growing season in the first
mutant generation (M), seed germination was considered,
phenological observations of plant growth and development
were conducted, and the plants that survived to harvest were
counted. Its onset in 10% of plants in the entire plot was
taken as the date of the beginning of the phase, and the full
phase was noted when it occurred in at least 75% of plants.
Morphological and physiological deviations from control
were noted.

Results and discussion

Influence of NaN, on the spectrum of changes in mor-
phological traits of millet seedlings.

Model experiments were carried out to study the effect of
various concentrations on the spectrum of morpho-physio-
logical changes at the stage of germination of seeds of three
genotypes differing in ecological and geographical origin.
The experiment started with laboratory studies on the effect
of the mutagen. With an exposure of 4 hours, seeds treated
with sodium azide at concentrations of 0.1 to 0.3% sprouted
on days 4-5, and seeds, treated with 0.4 and 0.5% concentra-
tions of sodium azide on day 6. The appearance of millet
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Fig. 1. Influence of NaN, on the biometric parameters of
millet samples at the stage of seed germination

seedlings in the control variant of plants was observed on the
second day in all three-time exposures. The studies revealed
significant morphometric parameter differences depending
on sodium azide concentration. The obtained data on seed
germination percentage showed that the best germination is
found at the lowest concentration of sodium azide at an ex-
posure time of 4 and 8 hours (Figure 1).

For seeds, treated with a 0.5% sodium azide concentra-
tion, the germination percentage noticeably decreases — up
to 24.4% at 4 hours of exposure time, 20.9% at 8 hours, and
8.5% at 12 hours, respectively. The average laboratory ger-
mination of the studied millet seeds at 4 hours of exposure
time in the control variant was 91.2%, while in the exper-
imental variants: 0.1% — 92.8; 0.2% — 84.8; 0.3% — 72.1;
0.4% — 56.6; 0.5% — 30.9; at 8 h exposure time at 0% — 83.1;
0.1% — 82.8; 0.2% — 74.5; 0.3% — 58.8; 0.4% — 47.4; 0.5%
—27.3; at 12 hours exposure time 0% — 86.7; 0.1% — 68.3;
0.2% — 44.8; 0.3% — 24.8; 0.4% — 16.2; 0.5% — 10.1. The
results show that NaN3 differently affected germination; the
best seed germination is found at the lowest concentration at
4 and 8 hours of exposure time. Seed exposure at 12 hours at
concentrations of 0.4% and 0.5% inhibited seed germination
by up to 85 and 90% in all genotypes, respectively.

Determination of the morphometric parameters of seed-
lings after treatment with sodium azide is of interest since
identifying any changes may indicate the influence of a mu-
tagen. Estimation of the indicator coleoptile length showed
that in the treatments of 4 and 8 hours, with a concentration
of 0.1%, the average value remained similar to the control,
ranging from 5.2 to 6.2 cm. In other concentrations, the dy-
namics of seedling growth goes to a sharp decrease, for ex-
ample, at 0.2% — 3.8 cm, 0.3% — 3.4 cm, 0.4% — 2.63 cm,
0.5% — 2 .42 cm. Particularly strong inhibition of coleoptile
growth was noted from 0.3% to 0.5% at exposure times of 8
and 12 hours (Figure 2)

The same tendency was observed when measuring the
length of the roots. The roots in the experimental variants at
4 hours of exposure time were, on average, five times lower
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Fig. 2. Influence of NaN, on the coleoptile length
of millet accessions at the stage of seed germination
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than the control at concentrations of 0.2 and 0.3% and 7-8
times lower at concentrations of 0.4% and 0.5% (Figure 3).
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Fig. 3. Influence of NaN, on the root length of millet
samples at the stage of seed germination
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NaN; at a concentration of 0.3-0.5% had a solid muta-
genic effect on the growth of roots. In all exposures of the
processing time, this indicator decreased on average to 90%
compared to the control. The effectiveness of the mutagen at
high concentrations has been shown in similar studies with
chickpea (Wani, 2009) and sunflower (Kumar and Ratnam,
2010) plants. Growth parameters of plants decreased with in-
creasing concentration, and seed germination and plant sur-
vival decreased in oil flax plants (Tigova and Soroka, 2018).

High concentrations of sodium azide harmed seed germi-
nation. Other studies (Esson, 2016) explain that this is due
to the toxic effect of sodium azide. A decreased seed germi-
nation under the mutagen action is also demonstrated by a
delay or inhibition of physiological processes in the cell, a
violation of the synthesis of phytohormones, and inhibition
of the cell cycle (Dyulgerova B., 2012). Thus, it was found
that the germination of seeds of millet genotypes largely
depends on the mutagen concentration and exposure time.
Treatment with sodium azide at a concentration of 0.1% so-
dium azide solution had a stimulating effect on seed germi-
nation in laboratory conditions. Seeds, treated with various
concentrations of NaN, at doses of 0.3%, 0.4%, and 0.5% at
time intervals of 8 and 12 hours, showed a strong mutagenic
effect on the length of the coleoptile and root. Based on the
obtained results, we assumed that the optimal concentration
of sodium azide treatment for millet mutagenesis in labora-
tory conditions could be 0.1% at 4 hours of exposure since
the germination of seeds and the length of seedlings remains
at the level of the control.

Field evaluation of the effect of NaN, on the growth
and development of millet plants.

We conducted field experiments to fully assess the effect
of various concentrations and exposures of sodium azide on
the growth and development of millet genotypes. The sub-
sequent analysis of plants shows that in the M, generation,

the mutagen concentrations from 0.1% to 0.5% significantly
affected the severity of such traits as field germination, sur-
vival, vegetation period of plants, and a number of morpho-
logical characteristics. The studies revealed significant dif-
ferences in seed germination depending on the concentration
of sodium azide and exposure time (Figure 4).
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Fig. 4. Influence of the mutagen on seed germination
in the field

For instance, 0.1% treatment with a mutagen at an ex-
posure of 4 hours did not affect field germination. This indi-
cator in all samples was at the control level. Increasing the
concentration to 0.5% at 4 and 8 hours of exposure decreased
seed germination by 1.5-2 times. In the treatments with mu-
tagen concentrations of 0.2-0.3% and 4 and 8 hours of ex-
posure, the average seed germination decreased to 30% for
all studied samples. At 12 hours of mutagen exposure, seed
germination was from 60 to 75% at concentrations of 0.2-
0.3%, whereas at 0.4-0.5% concentrations, seed germination
was 2-3 times less than control.

The vegetation period of plants is one of the main in-
dicators for evaluating the action of mutagens. Therefore,
phase fixation was systematically carried out during the
growing season. Evaluation of the growing season length of
millet showed that variety accession P1289324 had a short-
er growing season. When the vegetation phases were fixed,
this sample showed more intensive maturation of panicles
and plants’ green mass than Kvartet and Pavlodarskoe 4.
It was noted that, depending on the concentration of the
mutagen, the growing season of plants did not differ signifi-
cantly. In all variants, it was at the control level. A shorten-
ing of the growing season with 3-6 days was recorded in
the samples with exposure of 8 and 12 hours compared to
4 hours (Figure 5).

As shown in Figure 5, at 8 and 12 hours of exposure time,
there is a reduction in the growing season, compared with an
exposure of 4 hours. Decreasing the vegetation period is of
significant breeding importance when creating early matur-
ing forms of millet.
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Fig. 5. Influence of a mutagen on the average duration
of plant vegetation

During the vegetation period, millet plants treated with
sodium azide showed higher resistance to adverse environ-
mental factors, which was reflected in plant survival rates. In
all genotypes in all exposures 4, 8, and 12 hours after seed
treatment with a mutagen concentration of 0.1 and 0.2%,
plant death was insignificant and varied within 5-10% con-
cerning seedlings (Figure 6).
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The safety of millet plants in the experiment varied de-
pending on the concentration of the mutagen, the time of ex-
posure, and the treated variety, and it was within the range
of 50-100% compared to the control. The lowest safety was
established in the variants, where the seeds were treated with
a 0.5% mutagen concentration in all three aging exposures.
Thus, the obtained data indicate that higher concentrations of
the mutagen significantly reduce the safety of plants.

An essential criterion for the effectiveness of mutagens is
the change in height and other morphometric parameters of
plants in the first mutant generation. The performed subse-
quent structural analysis of plants shows that an increase in
the concentration of a chemical mutagen and different expo-
sure times did not significantly affect plant height (Figure 7)
and panicle length (Figure 8).

According to the obtained data, no significant differ-
ences in plant and panicle height, depending on the con-
centration were found in M, plants. A slight difference
was observed in the Kvartet variety at concentrations of
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Fig. 7. Influence of different concentrations and different
exposures of NaN, seed treatment on plant height
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Fig. 8. Influence of different concentrations and different
exposures of NaN, seed treatment on panicle length
in M, generation

0.1%-0.5%, at 4 and 8 hours of exposure, compared to the
control. For example, at 0.1% concentration, plant height
was 90 cm, at 0.2% — 84 cm, 0.3% — 91 cm, 0.4% — 88 cm,
0.5% — 83 cm, which is 9 cm, 3 cm, 10 cm, 7 cm and 2 cm
superior to controls, respectively. At 8 hours of exposure
time, the average height of plants was 0.1% — 87 cm, 0.2%
— 86 cm, 0.3% — 84 cm, 0.4 and 0.5% — 85 cm. In the va-
riety P1289324, the average index was lower than the con-
trol in all concentrations and exposure time. In the zoned
variety Pavlodarskoe 4, the exception was concentrations
of 0.4 and 0.5% at 4 and 8h exposure time. For instance,
in the control variant, the average plant height was 77 cm,
whereas in the mutagen concentration 0.4% with 4h expo-
sure — 90 cm; 8h — 81 cm, at 0.5% at 4h — 81 cm, 0.5% — 84
cm. The panicle lengthin the Kvartet variety did not differ
from the control in all variants, ranging from 22 to 24 cm,
in the PI1289324 genotype from 16 to 23 cm, and in the
Pavlodarskoe 4 variety from 19 to 23 cm.

In terms of the weight of 1000 seeds, there is a slight
decrease in the concentration of 0.5% at 12 hours of ex-
posure in varieties P1289324 and Pavlodarskoe 4, and in
the variety Kvartet at 4 hours of exposure of 0.1-0.3%, a
decrease in the weight of 1000 seeds from the control was
observed (Figure 9).
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exposures of NaN, seed treatment on the mass
of 1000 seeds in M, generation

In barley, under the influence of sodium azide, such traits
as plant height, ear length, frost resistance, and grain weight
changed positively (Dyulgerova B., 2012). In our experi-
ments, the alignment in growth parameters in most plants
treated with various concentrations of sodium azide is pos-
sibly associated with successful germination and the ability
for further plant growth, and this did not significantly depend
on the concentration of the mutagen.

In plants, induced with chemical mutagen, in accordance
with the analysis of the crop structure in general, it can be
noted that the variants with the use of sodium azide had a
higher yield than the control (Figure 10).
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Fig. 10. Influence of different concentrations
and different exposures of NaN, seed treatment
on plant yield in M, generations

So, with seed exposures of 4 hours, the highest yield
is noticeable in the variant with a concentration of 0.4% —
257.4 g / m?, due to the weight of 1000 seeds of 5.67 grams
and productive bushiness of 4.04. At exposures of 8 hours,
the highest yield is noticeable at concentrations of 0.1% and
amounted to 285.3 g/m?, and at 12 hours with a concentra-
tion of 0.4% —275.1 g/m?.

A correlation analysis was carried out to identify a sig-
nificant correlation between quantitative traits, depending
on the concentration of the mutagen and exposure time.
As a result of the analysis of the data obtained, a non di-

rect correlation was revealed between field germination
and sodium azide concentration (r = -0.9231) (Figure
11), the duration of the growing period and exposure time
(r=-0.7496) (Figure 12).
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and field germination of M, plants

102,5
102 o
1015
101
1005
£ 100
99.5
99 o
98,5
93 y=-0.5x+103.67-°
97.5 R2=09231
97

Average duration of vegetation,

3 5 7 9 11 13
Exposure time, hour
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M, of plants and the exposure time of exposure
to the mutagen

Thus, it was established a non direct correlation depend-
ence of field germination on the mutagen concentration, as
well as the duration of the vegetation period on the exposure
time of the mutagen, while the correlation coefficient for
these traits was r = -0.7496 and r = -0.9231, respectively. It
was noted that the longer the exposure time of the seeds with
the mutagen, the lower the indicator of the vegetation period.

Leaf color mutations are one of the most frequently ob-
served mutations in both spontaneous and induced mutant
plant populations, and they are often used as an indicator of
mutagenic effects and the effectiveness of various mutagens.
Chlorophyll mutations are one of the most reliable indica-
tors for assessing the genetic impact of mutagenic influences
(Bind et al., 2016; Wani et al., 2011).
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Fig. 13. The appearance of mutant plants
in the P1289324 genotype with stripes on the leaves
(variegation) under the influence of NaN,

The results of the morphological analysis of M, plants
show that sodium azide induced the appearance of changes
in the tubing phase, the so-called sign of millet leaf striping
(zebra type of mutation) (Figure 13).

In the P1289324 genotype, sodium azide caused changes
with a frequency of 2.3% at a concentration of 0.3% and 12
hours of exposure. This type of zebra mutation is associated
with mutations in chloroplasts that disrupt the synthesis of
chlorophyll and belongs to a special category of plant chi-
meric. In the first generation, after mutagenic effects, barley
plants with stripes on leaves, stems, and other organs with
signs of chlorophyll insufficiency appear with a fairly high
frequency (Sharma, 1970). Mutants with complete or partial
deficiency of chlorophyll were also found in rice, which is
usually determined by recessive genes: al (albina), y (yellow

seedling), lu (lutescent), v (virescent), fs, and z (leaf striping
(zebra) or variegation) (Reddi and Suneetha, 1971).

During the study, morphological variations (plant heights,
growth patterns, leaves, panicles, seeds) were analyzed, and
the frequency of morphological mutants with altered traits in
the M, generation was determined (Table 1).

According to the data obtained, it was revealed by the
spectrum of mutations that sodium azide was effective in in-
ducing mutations. A higher frequency and a wide range of
altered forms were registered at 0.1% mutagen at 12hours of
exposure and varied from 3.2% to 6.3%.

Conclusion

The morphometric analysis of plants performed under
laboratory conditions shows that an increase in the concen-
tration of a chemical mutagen has a negative effect on growth
parameters, which indicates the undesirability of using high
concentrations of a mutagen for millet breeding. Our obser-
vations show that sodium azide in the nursery of the first
generation (M, ) mutants reduced field germination, survival,
and preservation of plants. It was found that the mutagen’s
negative effect on plants’ survival is directly proportional to
its concentration and time of exposure. It was noted that the
longer the time of seed exposure to a mutagen, the lower the
indicator of the vegetation period.

New traits obtained by treatment with sodium azide are
important, both for fundamental and applied research. The
created genetic diversity is a basis for further breeding experi-
ments. Isolated mutant genotypes can be used to develop new
varieties of millet with various economically valuable traits.

Table 1. Frequency of change (%) of morphological traits of plants in M, generation

Exposure time, hour Concentrations of NaN,, Proso millet varieties
% Pavlodarskoe 4 Kvartet P1289324
0,1 0,8 1,2 -
0,2 1,3 0,3 -
4 0,3 — 0,9 1,8
0,4 1.4 - 2,2
0,5 3,8 2,1 -
0,1 — 0,8 2,4
0,2 0,9 - -
8 0,3 2,3 3,1 4,5
0,4 — 0,9 2,9
0,5 1,6 2,1 1,9
0,1 3,2 6,3 42
0,2 2,5 - 0,9
12 0,3 — 3,7 2,3
0,4 42 2,5 3,5
0,5 2,9 1,7 1,5




630

Aiym Zeinullina et al.

References

Agafonov N. P. & Kurtseva A. F. (1988). Study of the world col-
lection of millet. Moscow: VIR Publishing House

Auerbach, Sh. (1978). Problems of mutagenesis. Moscow: Mir.

Aviya, K. & Mullainathan, L. (2018). Studies on effect of induced
mutagenesis on Finger millet (Eleusine coracana (L.) gaertn.)
VAR-CO 13 in M, generation. Horticultural Biotechnology Re-
search, 4,23-25. doi: 10.25081/hbr.2018.v4.3485.

Bahadur, B., Venkat, R. M., Sahijram, L. & Krishnamurthy,
K. V. (2015). Induced mutations and crop improvement. Plant
Biology and Biotechnology, 1, 593-617.

Baltensperger, D. D. (1996). Foxtail and proso millet. Progress in
new crops. Alexandria, VA: ASHS Press, 182-190.

Bind, D., Dwivedi, V. K. & Singh, S. K. (2016). Induction of Chlo-
rophyll Mutations through Physical and Chemical Mutagenesis
in Cowpea [Vigna unguiculata (L.) Walp.]. International Jour-
nal of Advanced Research, 4(2), 49-53.

Dospekhov, B. A. (2011). Methods of field experience (with the
basics of statistical processing of research results). M.: Alliance
(http://www.vir.nw.ru/).

Dubey, S., Bist, R. &Misra, S. (2017). Sodium azide induced
mutagenesis in wheat plant. World J. Pharm. Pharmac. Sci. 6,
294-304.

Dyulgerova, B. (2012). Genetic diversity among induced mutants
of winter barley (Hordeum vulgare L.). Journal of Central Eu-
ropean Agriculture, 13,262-272.

Elfeky, S., Abo-Hamad, S. & Saad-Allah, K. M. (2014). Physio-
logical impact of sodium azide on Helianthus annuus seedlings.
International Journal of Agronomy and Agricultural Research,
4(5), 102-109.

El-Kaaby, E. J. S., Al-Ajeel, S. A., Al-Anny, J. A., Al-Aubaidy,
A. A. & Ammar, K. (2015). Effect of the chemical mutagens
sodium azide on plant regeneration of two tomato cultivars un-
der salinity stress condition in vitro. Journal of Life Sciences,9,
27-31. doi: 10.17265/1934- 7391/2015.01.004.

Esson, A. E., Adebola, M. 1. & Yisa, A. G. (2018). Frequency
of mutation, lethality and efficiency of ethyl methane sulpho-
nate and sodium azide on foxtail millet (Setaria italica L.] P.
Beauv.). Journal of Scientific Agriculture, 2, 9-13.

Esson, A. E. (2016). Effects of Fast Neutron, Ethyl Methane
Sulphonate, Nitrous Acid and Sodium Azide on The Agro-
morphological Traits of Foxtail Millet (Setaria Italica [L.] p.
Beauv.). PhD Dissertation (Ahmadu Bello University, Zaria,
Nigeria).

Eze, J. J. &Dambo, A. (2015). Mutagenic effects of sodium azide
on the quality of maize seeds. Journal of Advanced Laboratory
Research in Biology,6(111), 77-80.

Herwibawa, B. & Kusmiyati, F. (2017). Mutagenic effects of so-
dium azide on the germination in rice (Oryza sativa L. cv. Inpa-
go Unsoed 1). JurnalAgroteknologi, 7(2), 9-14.

Hussain, S., Khan, W. M., Khan, M. S., Akhtar, N., Umar, N.,
Ali, S., Ahmed, S. & Shah, S. S. (2017). Mutagenic effect of
sodium azide (NaN,) on M, generation of Brassica napus L.
(variety Dunkled). Pure and Applied Biology,6(1), 226-236.
doi: 10.19045/bspab.2017.60018.

Kate, S. M., Desai, S. S., Bhave, S. G., Thorat, B. S. & Bal, C. P.

(2018). Mutagene induced variability in proso millet (Panicum
miliaceum L.). International Journal of Chemical Studies, 6(5),
13-16.

Kumar, R. R. &Ratnam, S. V. (2010). Mutagenic effectiveness
and efficiency in varieties of sunflower (Helianthus annuus L.)
by separate and combined treatment with gamma-rays and sodi-
um azide. African Journal of Biotechnology, 9(39), 6517-6521.

Krotova, L. A.(2015). Chemical mutagenesis as a method of creat-
ing starting material for the breeding of common wheat. Elec-
tronic Scientific and Methodological Journal of the Omsk State
Agrarian University, 2(2), 13-17.

Khan, S., Al-Qurainy, F. & Anwar, F. (2009). Sodium azide: a
chemical mutagen for enhancement of agronomic traits of crop
plants. Environment and We. An International Journal of Sci-
ence and Technology,4, 1-21.

Khan, L. M. & Tyagi, S. (2010). Induced morphological mutants
in soybean (Glycine max(L.) Merill). Frontiers of Agriculture in
China, 4(2), 175-180.

Kulthe, M. P. & Kothekar, V. S. (2011). Effects of sodium azide
on yield parameters of chickpea (Cicer arietinum L.). Journal
of Phytology,3(1), 39-42.

Lu, H., Zhang, J., Liu, K. B., Wu, N,, Li, Y., Zhou, K., Ye, M.,
Zhang, T., Zhang, H. & Yang, X. (2009). Earliest domestica-
tion of common millet (Panicummiliaceum) in East Asia ex-
tended to 10,000 years ago. PNAS, 106, 7367-7372.

Mullainathan, L. & Sridevi, A. (2012). Effect of EMS and dES on
oleoresin, capsanthin and ascorbic acid contents in chilli. /nt. J.
Cur. Tr. Res, 1, 110-114.

Rapoport, L. A. (1978). Genetic resources of dominance in chemi-
cal mutagenesis and their selection value. Chemical mutagene-
sis and hybridization. M.: Nauka, 3-33.

Rapoport, 1. A. (1980). Chemical mutagenesis problems and pros-
pects. Akhmatullina, Alma-Ata, 320

Rajani, P., Vineeta, D. & Chaudhary, B. R. (2011). Comparative
Spectrum of Sodium Azide Responsiveness in Plants. World
Journal of Agricultural Sciences, 7(1), 104-108.

Reddi, T. V. & Suneetha, J. (1971). Chlorophyll-deficient muta-
tions induced in rice by alkylating agents and azide.Cytologia,
57,285-288.

Rysbekova, A., Dyussibayeva, E., Seitkhozhayeyv, A., Zhirnova,
1., Zhakenova, A., Yessenbekova, G., Bekenova, Sh. & Yus-
sayeva, D. (2020). Influence of sodium azide on morphologi-
cal traits of Proso Millet (Panicum miliaceum L.) Genotypes.
Ecology, Environment and Conservation. Eco. Env. & Cons.,
26, 18-23.

Salvi, S., Druka, A., Milner, S. G. &Gruszka, D. (2014). Induced
genetic variation, TILLING and NGS-based cloning. In: Kum-
lehn, J., Stein, N. (eds.), Biotechnological approaches to barley
improvement, Biotechnology in Agriculture and Forestry 69.
Springer, Berlin.

Sharma, R. P. (1970). Increased mutation frequency and wider
mutation spectrum in barley induced by combining gamma rays
with ethyl methane sulphonate. Indian J. Genet. 30, 180-186.

Srivastava, P., Marker, S., Pandey, P. & Tiwari, D. K. (2011).
Mutagenic effects of sodium azide on the growth and yield
characteristics in wheat (Zriticum aestivum L. em. Thell.).
Asian Journal of Plant Science, 10(3), 190-201. doi: 10.3923/



Application of sodium azide for chemical induced mutagenesis of proso millet culture... 631

ajps.2011.190.201.

Sidduqui, S., Meghvansi, M. K. & Hasan, Z. (2007). Cytogenetic
changes induced by sodium azide (NaN,) on Trigonella foe-
num-graecum L. seeds. South African Journal of Botany,73(4),
632- 635. doi: 10.1016/j.sajb.2007.06.005.

Strelchuk, S. I. (1981). Fundamentals of experimental mutagene-
sis. Kyiv: Vishcha school, 216

Tigova, A. V. & Soroka, A. I. (2018). Direction of hereditary
changes in flax (Linum humile mill.) under the action of new
derivatives of dimethyl sulfate. Plant Physiology and Genetics,
50(5).

Till, B. J., Cooper, J., Tai, T. H., Colowit, P., Greene, E. A., He-
nikoff, S. & Comai, L. (2007). Discovery of chemically in-
duced mutations in rice by TILLING. BMC Plant Biol., 7, 19.

Wani, A. A. (2009). Mutagenic effectiveness and efficiency of gam-
ma rays, ethyl methane sulphonate and their combination treat-
ments in chickpea (Cicer arietinum L.). Asian Journal of Plant
Science, 8(4), 318-332.

Wani, M. R., Khan, S. & Kozgar, M. 1. (2011). Induced chlo-
rophyll mutations. Mutagenic effectiveness and efficiency of
EMS, HZ and SA in mungbean. Frontiers of Agriculture, 5(4),
514-518.

Yashovsky, 1. V. (1960). Results of experiments on the develop-
ment of a new method of crossing millet. Scientific Works of
Ukraine. Research Institute of Agriculture, 10(2), 132-140.

Zoz, N. N. (1968). Methods for the study of chemical mutagens in
the selection of agricultural crops. Mutational selection. Nauka,
217-230.

Received: September, 09, 2022; Approved: October, 10, 2022; Published: August, 2023



