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ABSTRACT 
 
Chemical mutagenesis is commonly used for the development of induced mutants in crops through the production of mutational research. A potent 
chemical mutagens i.e. sodium azide is shown in the current study. The current germ plasm (seeds) of linseed var. Padmini was mutagenized with 
different concentrations (0.1%, 0.2%, 0.3% and 0.4% SA) of sodium azide to create a functional putative mutant in M1 generation. Several qualitative 
and quantitative traits  of M1 plants were studied time to time and compare with the control (untreated plant). Induced mutations that affect almost all 
plant parts and various morphological variations were screened and isolated based on economic significance. These morphological parameters such as 
plant height, number of fertile branches/plant, number of capsules/plant, number of seeds/capsule, weight of 1000 seeds and yield/plant increased as 
the doses decreased. As a result, when different morphological mutations induced, it is found that 0.2% SA is the optimum dose which is best for linseed 
plant. Therefore lower doses of sodium azide would be helpful for plant breeders to induce desirable mutations to enhance useful traits in crop plants. 
Specific morphological traits with a positive and clear association would definitely be beneficial in the selection of better putative mutant in the next 
generations. 
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INTRODUCTION 
 
Improvement in crop yield is the most important goal among plant 
breeders worldwide. Mutation breeding, therefore, is a simple, 
cost-effective, powerful and proven method for accelerating the 
process of production and selection of new agronomic 
characteristics. According to the Food and Agriculture 
Organization Corporate Statistical Database (FAOSTAT, 2019) 
India has two fold changes in the yield of the linseed during the 
period of 2008 to 2017. Therefore, total linseed production is not 
sufficient to meet the demands of the population and it affects the 
cost in international market. India has an average of 613.3 kg/ha 
against world average of 1005.9 kg/ha. Linseed (Linum 
usitatissimum L.) 2n = 30, is a significant oilseed plant belonging 
to the genus Linum in the family Linaceae. It is also known as flax 
or flaxseed. The name Linum derives from lin or "thread" and the 
name of the species usitatissimum is the Latin term that means 
"most useful". Each part of the linseed plant, either directly or 
after processing, is used commercially. The stem produces high-
quality fibres with high strength and durability1. Linseeds have 
nutritious as well as medicinal properties and are abundant in 
source of omega-3 fatty acid (α-Linolenic Acid), soluble and 
insoluble fibres, ligans, proteins, and a number of antioxidants2,3. 
Linseed was valued as a food and medicine in Ancient and early 
modern times. Omega-3 fatty acids, which are very crucial fatty 
acids because they are necessary for maintenance of health but 
not synthesized by humans from any dietary precursors, so they 
must be present in the diet. Linseed has been regarded to be one 
of the powerful nutritional fibres that are achieving demand day 

by day. Linseed is also regarded as a rich source of α-linolenic 
acid (belongs to class of omega-3 fatty acid)4,5 with an enriched 
amount of polyunsaturated fatty acids that surpasses all other 
vegetable oils together with fish oil6. It is widely cultivated in 
India, primarily in U.P., Maharashtra, Bihar, Rajasthan, and 
Madhya Pradesh. It is sown in India in the month of October-
November and harvested in March-April. Linseed is use for both 
fibres as well oil purpose. Scientific evidence promotes linseed 
intake of high-grade omega-3 fatty acids (α-linolenic acid), 
lignans, proteins and fibres, biologically effective compounds for 
the avoidance of certain chronic diseases such as many types of 
cancers, diabetes, cardiac diseases and cerebrovascular stroke. 
The chemical mutagen, sodium azide (NaN3) is one of the most 
effective mutagens in crop plants. As a potent mutagen in plants, 
it affects the various parts of plants and their developmental 
processes by affecting the metabolic activities.  
 
MATERIAL AND METHODS 
 
Plant material 
 
In Linseed (var. Padmini), genetic variability has been induced by 
using different concentrations of chemical mutagen (Sodium 
azide). The accession was procured from local market. 
 
Methodology 
 
The healthy and viable seeds (12% moisture) of linseed var. 
Padmini were directly treated with chemical mutagen (Sodium 
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azide), pre-soaked (6 hrs) seeds were treated with different doses 
(v/v) of sodium azide (SA) viz, 0.1%, 0.2%, 0.3%  and 0.4% SA 
at room temperature of 25 ± 2 C for 9 hrs. The chemical mutagen 
doses were initially determined on the basis of LD 50 values from 
germination and survival test. The 300 seeds from each treatment 
were grown in the agricultural field of Aligarh Muslim 
University, Aligarh, India during November 2016 to May 2017 
along with respective control following a randomized complete 
block design (RCBD). In 10 replications of 30 seeds each, the 
complete 300 seeds from each treatment were sown. Breeding 
behaviour was noted and distinct agronomic characteristics were 
evaluated, such as plant height, number of fertile branches/plant, 
capsule/plant, seed/capsule, 1000 seed weight, and yield/plant. 
Both the treated and the control populations were carefully 
examined for morphological mutations throughout the growth 
period of the M1 generation. 
 
RESULTS 
 
To evaluate the magnitude of the induced genetic diversity and 
heterogeneity caused by the mutagens used, The analysis was 
carried out on different quantitative traits, such as plant height, 
number of fertile branches/plant, number capsules/plant, number 
of seeds/capsule, 1000 seeds weight, yield/ plant of linseed in the 
var. Padmini in M1 generation. Yield attributing traits appear to 
be an attractive prospect for increasing yield in linseed crops. 
 
Qualitative and quantitative traits 
 
We are interested to analyse various qualitative and quantitative 
traits by evaluating the impact of sodium azide on the observed 
parameters of Linseed (Linum usitatissimum L.) It was found that 

the mutagen has enormous effects on both qualitative and 
quantitative traits of the plant. Morphological characterization of 
control and mutagenized population of linseed (var. Padmini) 
were shown in Table 1. Putative mutant took 6-8 days for 
germination initiation and the percentage of seed germination was 
recorded 90.33 %, 82 days for flowering and 130 days for 
maturity while in control plant as 8-10 days for germination 
initiation, percentage of seed germination 98%, and 90 days for 
flowering and 147 days for maturity. Pollen fertility decreased 
from control to putative mutant (95.60-84.68 %) respectively. As 
visual observations, it was recorded that putative mutant showed 
bushy appearance (Figure 1-II), heart-shaped leaf (Figure 1-VI) 
bearing funnel shaped flower (dark blue) [Figure 1-IV] and the 
size of capsules was found to be big having dark brown colour 
seeds (Figure 2) while control plant (erect) [Figure 1-I], normal 
leaf and flower (light blue), capsule size as well as seed size were 
also found to be normal (Figure 2). On the view of quantitative 
characteristics, lower dose (0.2% SA) treated plant were found 
superior over control (Table 2). Significant variation in the yield 
was found by higher number of capsules and seeds as well as size 
of seeds. The height of putative mutant was 71.32 cm as compare 
to 74.52 cm in control. Number of fertile branches/plant was 8.00 
in putative mutant while it is decreased to 6.00 in control plant. 
The putative mutant was found to be vigorous bearing 73.00 
capsules/ plant which is significantly comparable to the control 
plant (71.00 capsule/plant). Number of seeds/ capsule (11.00) was 
increased in putative mutant as compare to control plant (9.00) 
and the seed yield per plant has also been significantly increased 
to 5.86 g (putative mutant) from 4.63 g (control) (Table 2). 
Improvement of yield in linseed ensures maximum utility of 
resources as well as high economic importance. 
 

 
Table 1: Morphological characterization of Linseed to differentiate control and putative mutant 

 
Qualitative Traits 

Serial Number Traits Control Putative Mutant 
1. Cotyledons Dicotyledons Tricotyledons 
2. Leaf Normal obcordate (Heart shaped) 
3. Plant Growth Habit Erect Erect 
5. Flower shape Normal Funnel Shaped 
6. Flower Color Blue Dark Blue 
7. Capsule size Normal Large 
7. Seed colour Brown Dark brown 
8. Seed size Normal Bold 

 
Table 2: Comparative quantitative traits of control and putative mutant 

 
Quantitative Characters 

Serial Number Traits Control Putative Mutant 
1. Plant height (cm) 74.52 71.32 
2. Number of fertile branches/ plant 6.00 8.00 
3. Number of Capsule /Plant 71.00 73.00 
4. Number of Seeds/Capsule 9.00 11.00 
5. 1000 Seeds Weight (g) 7.25 7.30 
6. Yield /Plant(g) 4.63 5.86 

 
 

 
Figure 1: I. Control Plant, II. Putative mutant; III. Normal Flower, IV. Putative mutant flower (Funnel Shaped); V. Normal leaf;  

VI. Obcordate (Herat-shaped) 
 

I II III IV V VI 
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Figure 2: Morphological variation between Normal and Putative Mutant Capsules and Seeds 
 
DISCUSSION 
 
Mutagenesis, caused by chemical and physical mutagens is a 
sudden and heritable genetic change. They cause morphological 
modifications and improve yield parameters. The current study 
has shown fruitful results for the induction of sodium azide for 
suitable putative mutant in the M1 generation. It was seen that 
seed germination was reduced from control plant but other yield 
attributing traits were enhanced likewise number of fertile 
branches/plant, number capsules/plant, number of seeds/capsule, 
1000 seed weight and yield/plant. The same results were also 
suggested in black cumin7, in chick pea8, in linseed9. Putative 
mutant was observed in 0.2% SA treated populations, which 
shows tricotyledonary leaf as compare to control plant 
(Dicotyledons).The isolated putative mutant possessed a 
desirable plant architecture associated with high yield than the 
control. The seed yield per plant was increased with the increase 
in the number of capsules per plant, the number of seeds/plant. 
Stimulatory impact of chemical and physical mutagens on distinct 
qualitative and quantitative characteristics has been suggested on 
lentil10,11

, on black cumin12,13 and on linseed14,15,16
. Mutational 

effect of sodium azide has also been observed on tomato 
species17. The current research is very important with practical 
usefulness for plant breeders as it is matured early with enhanced 
qualitative traits associated with enhanced number of fertile 
branches, yield and other yield attributing features. As a result, 
the development of linseed with improved characteristics will be 
accomplished by a mutation in the production of a large-scale 
crop. 
 
CONCLUSION 
 
It is concluded that the induction of lower doses of sodium azide 
was very useful for the production of desirable traits which are 
economically important for the purposes of medicinally as well 
as nutritionally. Therefore, use of sodium azide to linseed is 
simple and inexpensive to improve desirable traits for the plant 
breeders. Genetic variation is needed to prevent homogeneity in 
the population resulting in improved crop cultivation and more 
adaptation. Plant breeding requires processes that increase 
genetic variation, select suitable genotypes, evaluate chosen 
genotypes and ultimately multiply and release new varieties. Such 
mutagens are easy to use on crops and effective for creating 
resistant varieties. 
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