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Abstract- Sodium azide (SA) - a respiratory inhibitor has long been considered as a potential chemical mutagen for inducing variability in crop
plants. The induction of biological damage in terms of instantaneous effects on seed germination, pollen fertility and seedling growth was en-
visaged by treating the seeds of two wheat ( Triticum aestivum L.) varieties viz., HD-2285 and HUW-234 with 0.01%, 0.02%, 0.03% and 0.04%
of SA. All the mutagenic treatments bring about dose dependent decline in seed germination, pollen fertility and seedling growth in Msand M2
generations. The reduction was more prominent in M4 than M2 generation. For all the traits under study, var. HUW-234 was found to be more
responsive than the var. HD-2285 to various doses of SA. The direction of shift in mean values for plant height indicated that negative micro-
mutations outweighed the positive ones, while the reverse was true for number of tillers per plant, number of grains per spike, 100-grain weight
and grain yield per plant. Coefficient of variation (CV) was recorded to be elevated in the mutagen treated population in both the generations
for both the varieties, providing greater scope for attaining the favored selections. In M2 generation, the mean seed protein content of the mu-
tants displayed no considerable variation from the controls. However, the coefficient of variation was of lesser magnitude, representing that the
further improvement in this particular trait is pretty difficult to accomplish.
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Introduction

Wheat (Triticum aestivum L.) is the most important cereal crop both
in regard to its antiquity and use as a source of human food. The
significance of this crop is apparent from the fact that it is a staple
food for more than one third of the world’s burgeoning population.
Moreover, it is a key source of energy, proteins and nutritional fi-
bers. As the global population is escalating progressively, the
breeders are also trying to boost the productivity by making an
arduous effort to bring out a balance between the population and
productivity. The breeding of wheat by traditional methods has
been practiced for centuries; however it has merely come to a
stage where these methods are insufficient to make any further
breakthrough to cope with the world’s mounting demand. The ma-
jor constraint in the progression of improved varieties is the limited
genetic variability among the existing wheat genotypes. However,
Muller [28] opened a new era in the field of crop improvement and
now mutation induction has become a reputable gizmo in the field
of plant breeding to supplement the existing germplasm and im-
prove cultivars in certain specific traits.

The prime strategy in mutation breeding has been to upgrade the
well tailored plant varieties by altering one or two major traits which
limit their productivity or augment their quality. Mutations have
played a mammoth role in increasing the world food security by

contributing significantly in the augmentation of crop production
[18,37]. Mutation induction offers the prospect of inducing desired
attributes that either cannot be found in nature or have been lost
during evolution. Treatment with mutagens alters genes or rupture
chromosomes. The mutation in genes crop up naturally as errors
during DNA replication. Most of the errors are repaired; neverthe-
less some may pass to the subsequent cell division to become
established in the plant off springs as spontaneous mutations.
Gene mutations without phenotypic expressions are usually not
recognized. Consequently, genetic variations appear rather limited
and breeders have to resort to mutation induction [31].

Chemical mutagenesis is regarded as an effective and central tool
in improving the yield and quality characters of crop plants. The
usefulness of mutation breeding in escalating the genetic variability
for quantitative traits in various crop plants has been proved be-
yond doubt [7,27,40]. Sodium azide (NaNs3) is one of the most po-
tent mutagens exploited in crop plants. The mutagenicity is arbitrat-
ed through the formation of an organic metabolite which enters the
nucleus, interacts with DNA and generates point mutations in the
genome. To enhance the mutagenic efficiency of sodium azide
particularly the metabolite, additional knowledge about the upshot
of time, pH value, temperature, seed soaking and different concen-
trations is mandatorily required [16].
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Materials and Methods

Uniform and healthy seeds of wheat (Triticum aestivum L.) varieties
HD-2285 and HUW-234 were presoaked in distilled water for 9
hours prior to mutagen treatment. Four different concentrations of
sodium azide (0.01, 0.02, 0.03 and 0.04 %) were freshly prepared
in phosphate buffer adjusted to pH-3. During the treatment, the
flasks containing the solution and the seeds were recurrently shak-
en to ensure adequate aeration. Controls were maintained by pre-
soaking the seeds in distilled water only. After completion of treat-
ment period for 6 hours, seeds were scrupulously washed in run-
ning tap water to diminish the residual effect of the mutagen stick-
ing to the seed coat. The experiment was layed out in randomized
complete block design (RCBD) with split-plot arrangement. Three
replications of 100 seeds each were sown for every treatment and
controls for both the varieties to hoist M1 generation. The experi-
ment was irrigated at suitable intervals in such a manner that the
crop did not suffer from water stress. The M1 plants were harvested
separately and the seeds were sown in next season in plant proge-
ny rows to raise M2 generation. The distance between the seeds in
a row and between the rows was kept as 10 and 25 cms respec-
tively. Twenty five seeds from each treatment and controls were
spread over moist cotton in petri-dishes and kept in B.O.D. incuba-
tor at 25+1°C temperature, in order to determine the percentage of
seed germination and seedling growth. After ten days of sowing the
seeds in petri-dishes, germination counts and growth observations
were recorded on shoot and root length. Pollen fertility was deter-
mined by staining the pollen grains with 1% acetocarmine solution.
For this purpose, 15 M1 and Mz plants at random were selected
from each treatment and controls for both the varieties and finally
10 young flower buds from each plant were used for microscopic
scrutiny. Pollen grains which absorbed stain and had a regular
outline were considered as fertile, while shrunken, empty and un-
stained ones as sterile. The data collected for various quantitative
traits viz., plant height, number of tillers per plant, number of grains
per spike, 100-grain weight and grain yield per plant were analyzed
statistically [35] to find out the mean, standard deviation (S.D.) and
co-efficient of variation (CV). The protein content of the grains in Mz
generation was determined by the method recommended by Low-
ry, et al. [25].

Results and Discussion
The application of sodium azide on crops is effortless and inexpen-
sive for the advancement of agronomic traits. It has long been used

in various crops to improve their yield and quality traits, besides
creating resistance against biotic and abiotic stresses. In the pre-
sent experiment, both the varieties of wheat showed dose depend-
ent reduction in various biological parameters such as seed germi-
nation, pollen fertility and seedling growth in My and M2 generations
with increasing concentrations of SA. The inhibition in seed germi-
nation was recorded maximum 22.91% and 26.80% with 0.04% SA
in the varieties HD-2285 and HUW-234 respectively in M1 genera-
tion [Table-1], [Fig-1]. The seed germination percentage also de-
creased in My, but it was markedly less as compared to M1 genera-
tion.

The diminution in seed germination has been elucidated due to
interruption of physiological and biological processes indispensable
for seed germination including enzymatic activity [22]. Usuf and
Nair [38] reported that gamma rays hamper the synthesis and in-
duce the degradation of existing enzymes involved in the formation
of auxins which consequently reduce the germination of seeds.
Azide’'s mutagenic action might depend upon either metabolism or
the state of DNA, i.e. S phase, in the embryonic shoot cells of the
seed [23]. High reduction in germination percentage in SA treat-
ments may be due to weakening and disturbances of growth pro-
cesses. The greater sensitivity at higher doses of mutagens has
been attributed to various factors such as changes in the metabolic
activity of the cells [30] and disturbances of balance between pro-
moters and inhibitors of growth regulators [26].
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Fig. 1- Effect of SA on seed germination in M1 and M2 generations
of wheat (Triticum aestivum L.).

Table 1- Effect of sodium azide (SA) on seed germination, pollen fertility and seedling growth in M+ and M2 generations of wheat (Triticum
aestivum L.)

Var. HD-2285

Var. HUW-234

Treatment Seed germination Pollen fertility Seedling growth (cm) Seed germination Pollen fertility Seedling growth (cm)
Percent % inhibition ~ Percent % reduction MeantS.E. % injury Percent % inhibition  Percent % reduction MeantS.E. % injury
M generation
Control 96 - 98.36 22.10+0.10 - 97 98.48 21.50+0.09 -
0.01% SA 88 8.33 95.25 3.16 20.50£0.03 7.24 84 134 92.2 6.37 19.80+0.29 7.9
0.02 % SA 82 14.58 90.23 8.26 1945+0.17  11.99 78 19.58 88.01 1063  18.30+0.16  14.88
0.03 % SA 78 18.75 86.91 1164  17.70£0.16  19.91 75 22.68 83.19 1552  16.90£0.14  21.39

0.04 % SA 22.91 83.1 15.51 16.80+0.12

Control 96 98.1 22.00+0.12
0.01% SA 92 417 96.58 1.55 21.50+0.11
0.02 % SA 90 6.25 93.25 4.94 20.65+0.16
0.03 % SA 86 10.42 90.2 8.05 19.20+0.18
0.04 % SA 82 14.58 88.45 9.84 18.50+0.11

23.98

Mz generation

221
6.14
12.73
15.91

26.8 80.8 1795  16.10£0.15

97 98.5 21.50+0.10 -

91 6.19 95.4 3.15 20.70£0.19  3.72
88 9.28 93.25 5.33 19.90£0.17 744
83 14.43 88.2 1046  18.70£0.13  13.02
79 18.56 86.9 1178 18.00+0.12  16.28
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In the control, the var. HD-2285 showed 98.36% of pollen fertility,
while in the var. HUW-234, the fertility of pollen was recorded to be
98.48%. The maximum reduction in pollen fertility was found to be
15.51% and 17.95% with 0.04% SA in the varieties HD-2285 and
HUW-234 respectively [Table-1], [Fig-2].

Table 2- Estimates of mean values, shiftin ( X ), S.D. and co-
efficient of variation (CV) for various quantitative characters in M4
generation of wheat (Triticum aestivum L.).

Var. HD-2285 Var. HUW-234

Shiftin Shiftin
UGEITEN pr s S.D. CV (%) MeantSE.

S.D. CV (%)

Plant height (cm)
Control ~ 82.50+0.22 - 12 145 8550+023 -
0.01 % SA 81.80£060 -0.7 3.28 4.01 84.60+0.68 -0. .
0.02% SA 80.90+066 -1.6 3.61 4.46 83.65+0.72 -1.85 3.94 4.71
0.03% SA 79.70+0.70 -2.8 3.83 4.8 82.55+0.78 -2.
0.04 % SA 79.20£058 -33 317 4 81.90+0.80 -
Number of tillers
Control ~ 4.20+0.01 - 005 119 4.28+0.01 - 006 140
0.01 % SA 4.30£0.04 +0.10 0.20 4.65 4.45+0.05 +0.170.27  6.07
0.02% SA 4.52+0.03  +0.32 0.16  3.54 4.66+0.05 +0.38029 6.22
0.03 % SA 4.60+0.04 +0.40 025 543 4.78+0.04 +0.50 0.26
0.04 % SA 4.40+£0.04 +0.20 0.22 5.00 4.60+0.04 +0.32 0.27
Number of grains per spike
Control  38.20+0.15 - 0.82 2.14 39.10+0.17 - 093 238
0.01 % SA 39.60£0.42 +1.40 230 5.81 40.50+0.50 +1.402.74 6.76
0.02 % SA 40.60+0.62 +2.40 3.39 835 42.00£0.60 +2.903.28 7.81
0.03 % SA 41.20+0.60 +3.00 3.29 7.98 42.50+0.58
0.04 % SA 40.10£0.54 +1.90 2.96  7.38 41.20+0.56
100-grain weight
Control ~ 4.10+0.02 - 011 268 4.25+0.01 - 005 147
0.01% SA 4.30£0.04 +0.20 0.22 5.1 4.50+0.03 +0.250.16  3.55
0.02% SA 445+0.04 +0.35 0.25 5.61 4.68+0.05 +0430.31 6.62
0.03% SA 447+0.03  +0.37 0.32 7.16 4.67+0.03 +0.42 0.20
0.04 % SA 4.38+0.03 6.39 4.63+0.04 +0.38 0.22

d
Control ~ 6.58+0.05 - 027 411 7.11+0.06 - 033
0.01%SA7.32+0.15 +0.74 082 1120 8.11x0.18 +1.000.99 12.20
0.02 % SA 8.20+0.18  +1.62 0.99 12.07 9.14+0.18 +2.030.99 10.83
0.03% SA 8.30£0.16  +1.72 0.88 10.60 9.51+0.16 +2.400.88  9.25
0.04 % SA 7.32+0.15  +0.74 0.82 11.20 8.11+0.18  +1.000.99 12.20
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Fig. 2- Effect of SA on pollen fertility in M1 and M2 generations of
wheat (Triticum aestivum L.).

The reduction in pollen fertility was found to be more in M4 than in
M2 generation, indicating the operation of recovery mechanism in
the superseding period. The higher degree of pollen sterility was
reported to be linked with meiotic abnormalities [15,29] because
meiosis is more prone to conceivable type of turbulences [16].

Contrarily, Sato and Gaul [34] reported high pollen sterility coupled
with low frequency of meiotic abnormalities in barley subsequent to
EMS treatments. This was accredited to small untraceable dele-
tions or gene mutations. The sterility induced by SA seems to be
gene controlled in nature.

The percentage injury in seedling growth ranged from 7.24% to
23.98% in the var. HD-2285, whereas it ranged from 7.90% to
25.11% in the var. HUW-234 in M1 generation [Table-1][Fig-3]. The
inhibition in seedling growth might have aroused due to the effect
of mitotic impediment. The extent of decrease in seedling height
was not uniform in the two varieties of wheat studied. It may be due
to the uneven damage caused to the meristematic cells as a con-
sequence of genetic injury. The badly damaged cells would pro-
duce only a few cell progeny and growth will recur from those cells
which are least damaged genetically. Variation in auxin level [11],
change in the specific activity of quite a few enzymes [4] and physi-
ological injury induced in the seeds and seedlings [12] were corre-
lated with the lessening of seedling growth after mutagenic treat-
ments. Evans and Sparrow [8] suggested that the chromosomal
damage and inhibition of cell division are the chief causes of re-
duced seedling growth. Blixt [3] opined that the inhibition in seed-
ling growth might be due to the gross injury caused at cellular level
either due to gene controlled biochemical processes or acute chro-
mosomal aberrations or both. Based on seed germination, pollen
fertility and seedling growth, var. HUW-234 was found to be more
sensitive than the var. HD-2285. The greater sensitivity at higher
mutagenic level has been attributed to changes in the metabolic
activity of the cells [24,37]. Varietal differences were also reported
earlier with respect to mutagen sensitivity [2,13]. The sensitivity of
an organism depends upon the type of mutagen employed and its
genetic makeup [14], amount of DNA and its replication time in the
initial stages [39], besides physiological factors such as pH, mois-
ture, oxygen and temperature [19]. Comparative mutagenicity of
SA in the two varieties viz., HD-2285 and HUW-234 reflects the
difference in their genome architecture. Genetic difference even
though very small can induce significant changes in the mutagen
sensitivity, which in turn influences various plant characters [16].
Data on the effect of SA on mean and coefficient of variation for
different quantitative traits in Ms and M2 generations are presented
in Tables-2 and 3. The mean values for plant height showed con-
sistent dwindle with increasing concentrations of SA in both the
generations for both the varieties. The maximum reduction in plant
height was noticed in the var. HUW-234 in M, generation [Table-3].
The extent of reduction in growth is related to the mechanism of
action of a given mutagen. As a respiratory inhibitor, azide may
hamper an energy system resulting in the inhibition of mitosis
which can be associated with plant growth depression. These find-
ings are in conformity with the preceding reported results [6,20,33].
There was an increase in the mean number of tillers per plant and
the number of grains per spike in all the mutagen treatments over
the controls for both the varieties in M1 and M2 generations [Table-
2][Table-3]. For both these traits, 0.03% of SA treatment was more
effectual in increasing the mean values from their respective con-
trols. Number of tillers per plant and the number of grains per spike
are the desirable attributes of a genotype from the breeding point
of view in order to obtain the higher grain yield. Konzak, et al. [21]
have reported parallel results by advocating that increase in the
number of tillers is associated with an increase in the radiation
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intensity. However, quite contradictory results have been reported
by Abrams [1] and Ghafoor and Siddiqui [10], who observed an
adverse effect of radiation on the number of tillers/plant. Such type
of deviation might be due to different materials utilized and the agro
-climatic conditions under which the experiments were conducted.

Table 3- Estimates of mean values, shiftin ( X ), S.D. and co-
efficient of variation (CV) for various quantitative characters in M
generation of wheat (Triticum aestivum L.)

Var. HD-2285 Var. HUW-234

Treatment

Shiftin Shiftin
Mean+S.E. S.D. CV (%) MeantS.E. S.D. CV (%)

Control ~ 82.80£0.22 - 1.09 132 8520+£023 -

0.01 % SA 81.70£065 -1.10 3.55 4.35 83.15+x0.68 -2.05 3. .
0.02 % SA 80.10+0.72* -2.70 3.94 4.92 80.90£0.72* -4.30 427 5.28
0.03 % SA 78.85+0.63* 346 439 79.20+0.78* -6.
0.04 % SA 77.82+0.75* 410 5.27 78.10+0.80* -7.

Control 4.22+0.01 - 006 142 4.30+0.01 - .
0.01% SA 4.55%0.05 +0.33 028 6.15 4.65+0.04 +0.35 032 6.88
0.02% SA 4.73+0.05* +0.51 030 6.34 4.90+0.06* +0.60 035 7.14
0.03 % SA 4.78+0.06* 035 7.32 5.05+0.08*
0.04 % SA 4.65+0.06 0.32 6.88 4.79+0.06

Control ~ 38.50£0.12 065 1.69 39.40+0.15 - . !
0.01% SA 40.404£048 +1.90 2.62 648 4135052 +195 2.85 6.89
0.02 % SA 41.70£0.62* +3.20 3.39 8.13 43.10+0.68* +3.70 3.72 8.63
0.03 % SA 43.00+0.60* +4.50 3.29 7.65 44.30+0.72"
0.04 % SA 40.80+0.57 +2.30 3.12 7.64 42.20+0.62
100-grain weight (g
Control  4.12+0.01 - 009 218 430+0.02 - .
0.01% SA 4.40+0.04 +0.28 025 5.68 4.62+0.05 +0.32 030 6.49
0.02% SA 4.82+0.05 +0.70 0.38 7.88 4.72+0.06 +0.42 042 8.89
0.03 % SA 4.97+0.05 046 925 4.8240.05
0.04 % SA 4.57+0.04

Control 6.69£0.06 - . 493 7.28+0.05 - .
0.01% SA 8.08+0.18 +1.39 0.99 1225 8.88+0.18 +1.60 0.99 11.15
0.02% SA 9.50+0.16* +2.81 0.88 9.26 9.96+0.15 +2.68 0.82 8.23
0.03 % SA 10.21£0.15* +3.52 0.82 8.03 10.78x0.17* +3.50 0.93 8.63
0.04 % SA 8.67+0.17 +1.98 0.93 10.73 9.46+0.16 +2.18 0.88 9.30

*Significant at 5% level of probability.
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Fig. 3- Effect of SA on seedling growth in M1 and M2 generations of
wheat (Triticum aestivum L.).

The weight of 100 grains is an extremely reliable measure of yield-
ing aptitude in cereals. Even though the mean 100-seed weight
displayed a positive shift, still the difference was not significant

over the control in My generation for both the varieties. No signifi-
cant improvement in grain weight was also reported in durum
wheat after gamma rays treatment [32]. The grain yield of a crop is
a composite trait, the result of interactions of various parameters.
The data on grain yield per plant presented in Tables- 2 and 3 illus-
trated that there was a general increase in mean values for each
treatment in Mqand Mz generations for both the varieties viz., HD-
2285 and HUW-234. However, the mean in the treated population
at the moderate (0.02, 0.03% SA) concentrations differed signifi-
cantly from that of the control in M2 generation. The augment in the
mean values of various traits may be due to the selection of normal
looking plants in M1 which led to the abolition of aberrant plants and
also due to the changes induced at genetic level. For all the quanti-
tative traits studied in the present investigation, the coefficient of
variability (CV) induced by the chemical mutagen was found to be
larger in the mutagenized population for both the varieties. A non-
linear relationship was observed between the mutagen concentra-
tions and the variability induced for various traits. These results are
in concurrence with the former report of Singh, et al. [36] who ob-
served no linear relationship between the mutagen doses and the
variability induced in urdbean. Induction of greater variability in
polygenic traits might be due to the increased mutations and re-
combinations.

Grain protein content is considered to be a complex character gov-
erned by many genes located on several chromosomes [5,9]. The
estimates for total grain protein content of the mutants isolated in
M. generation revealed that the mean protein content did not differ
significantly as compared to controls [Table-4][Fig-4].

Table 4- Estimates of mean, Shift in ( X ), S.D. and co-efficient of
variation for seed protein content in M2 generation of wheat
(Triticum aestivum L.).

Var. HD-2285 Var. HUW-234

Treatment Shit in Shift in

Mean+S E. S.D. CV (%) MeanxS.E.

Control ~ 12.70£0.10 - 244  12.85+0.09 - 0.28

0.01% SA 12.88+£0.14 +0.18 044 341  13.07+0.16 +0.22 0.50 3.82
0.02% SA 12.96+£0.19 +0.26 060 4.63  13.15%0.22 +0.30 0.69 5.24
0.03% SA 12.99+0.22 +0.29 0.50 3.85  13.19+0.25 +0.34 0.79 5.99
0.04% SA 12.85+0.16 +0.15 0.48 3.73  13.05+0.18 +0.20 0.56 4.29
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Fig. 4- Estimation of seed protein content of mutants isolated in Mz
generation of wheat (Triticum aestivum L.).

Furthermore, the coefficient of variation for seed protein content did
not varied a great deal from the control plants, indicating that no

Journal of Plant Genomics
ISSN: 0976-8823 & E-ISSN: 0976-8831, Volume 2, Issue 1, 2012

Bioinfo Publications

37



Sheikh S.A., Wani M.R., Lone M.A., Tak M.A. and Malla N.A.

further improvement in seed protein content of wheat is possible.
Protein content is influenced by the interaction of genes and envi-
ronmental factors. In the present study, variation in grain protein
content in the mutant population may be due to change in environ-
mental factors.

Conclusion

Genetic variability is indispensable for any crop improvement pro-
gramme and its creation and management is vital to plant breed-
ing. The nature and extent of genetic variability available within the
species forms the basis of effectual selection for economic traits
under improvement. The use of mutagens facilitate to comprehend
the mechanism of mutation induction and to quantify the pattern of
changes in different selected crop plants. In this study, the mean
values shifted to positive direction for all the traits. The positive
shift was more distinct at the moderate concentrations of the muta-
gen. The micro-mutations resulted in the release of substantial
genetic variability in the mutagen treated population. Enlargement
in range of variability for yield and yield contributing traits in M1 and
M2 generations is indicative of the wider scope for selection. Esti-
mates for seed protein content of the mutants in M2 generation
demonstrated no significant fluctuation as compared to the con-
trols. Moreover, the coefficient of variation for seed protein content
has not greatly altered over the controls, indicating that additional
improvement is rather intricate to achieve. Thus it is concluded that
sodium azide at moderate (0.02% and 0.03%) concentrations ap-
pear to be the most effective treatment for inducing micro-
mutations in yield component traits and succeeding selection in M2
population for these treatments would be exceptionally effective in
bringing out the novel lines with high yield potential.
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