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Abstract: Seeds of two lentil (Lens culinaris Medik.) varieties L4594 and L4147 were subjected to different
concentrations of sodium azide (SA). Effects of chemical mutagen were evaluated for seed germination, seedling
height and number of rootlets, in both the lentil varieties under laboratory conditions. Seed germination,
seedling survival and some other agronomical traits viz. days to flowering, pollen fertility, plant height, number
of branches/plant and pod/plant were also evaluated under field conditions. Reduction in germination
percentage, seedling growth, number of rootlets, plant height and pollen fertility were observed in all the
treatments. The variety L4147 in all the treatments except the control exhibited zero seedling survival on day
25 under field conditions. Number of branches and pods / plant significantly increased at 0.1% SA. Delay in
days to flowering was exhibited in all the treatments. Both the parental varieties differed significantly between
themselves for both percentage seed germination, seedling height seedling survival and most of the characters
at seedling stage for SA treatments. Variances among treatments were also significantly high.
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INTRODUCTION breeding is a useful additional source for creating an

Lentil (Lens culinaris Medik) is one of the early workers [13-16] reported radiosensitivity studies and
domesticated plant species, as old as those of einkorn, created possible genetic variability through induced
emmer, barley and pea [1]. Among the pulses, lentil is of mutation in lentil and also in different pulse crops. Alka
special interest with 23.7% content of grain protein. In and Khan [17] studied the effect of chemical mutagen in
addition to protein, its seed is a rich source of minerals lentil var. K-75 and L-4076 by subjecting to different
and vitamins as human food, while the straw serves as concentrations 0.01%, 0.02%, 0.03% and 0.04% hydrazine
high-value animal feed [2]. Lentil and other grain legumes hydrate (HZ). They reported induced variability in both
are important dietary constituents worldwide  even varieties for days to flowering, days to maturity, plant
though their overall production  lags  far behind that of height, pods per plant, 100-seeds weight and total plant
the cereals. Yields per unit area are generally less than yield due to HZ treatments. Ashraf et al [18] studied
one-half those of the major cereal grains. Lack of genetic mutagenic response of Macrosperma lentils to gamma
variability is one of the components of yield barrier in rays. A decrease in all the biological criteria studied with
lentil. There are several options for breaking the yield an increase in dose of gamma rays in the M1 generation
barrier in crops. Induced mutation is one of the options to was reported. A dose dependent response was observed
increase the genetic variability rapidly in crops. Mutation and at higher doses the effect was drastic. Gaibriyal et al
methodology has been used to produce many cultivars [19] exposed seeds of IPU-982 of urdbean to gamma rays
with improved economic value and study of genetics and and then treated with sodium azide to determine their
plant developmental phenomena [3, 4]. Induced mutation mutagenic   sensitivity    in   terms   of   germination,  plant

innovative genetic variability in lentil [5-12]. Many
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survival, seedling height and pollen sterility to overcome observed under the microscope. The dark stained and
the limitation of variability in black gram by inducing oval pollen grains  were  considered  fertile,  while
specific improvement without disturbing their better reddish-brown or yellowish-brown and unstained was
attributes. categorized as sterile. The pollen grains were counted

Sodium azide (SA) has been reported to be mutagenic under an optical binocular microscope (Lobamed 3001) in
in several crop species. It is perhaps the least dangerous four microscopic fields and finally all the fertile pollens
and the most efficient mutagen as its yields of mutations from each plant were added together. Similarly the total
are achieved at moderate sterility rates in M  generations. numbers of pollen scored in each treatment were also sum1

Physiological effects of azides are weak, few chromosomal up together. Pollen fertility in percent was calculated by
aberrations are induced, and it delays germination and dividing number of fertile pollen grains observed by total
growth [20]. The present study was undertaken to number of pollen grains in the microscopic fields and
evaluate the effect of various concentration of sodium multiplying by 100.
azide on seed germination and some other agro-metrical
traits in two varieties of lentil. RESULTS AND DISCUSSION

MATERIALS AND METHODS Induced mutagenesis with sodium azide on crops is

Uniform healthy seeds of two  varieties  of  lentil agronomic traits. It has long been used in various crops
(Lens culinaris Medik) viz., L4147 and L4594 were used to to improve their yield and quality traits, besides creating
develop the M  generation. The seeds were soaked in resistance against biotic and abiotic stresses. The data on1

distilled water for 12 hours and then treated with three seed germination in Table 1 shows that the germination
different concentrations of sodium azide (0.1%, 0.3%, and decreased with the increasing concentrations of sodium
0.5%) for another 12 hours. After 12 hours the treated azide. The highest rate of germination was recorded 93.3%
seeds were left in running tap water for an hour to remove in control population of both the varieties under
the residual effect of the mutagen sticking to the seed laboratory conditions and 90% in L4594 and 96.6% in
coat. One set of seeds was kept untreated in distilled L4147 in the field. The third treatment of the variety L4147
water to act as control. Treated seeds from both the showed 100% reduction in seed germination showing that
varieties were finally grown on petridishes lined with this dose proves to be lethal for L4147 under filed
moistened blotting paper along with both the controls conditions. While the variety L4594 at the same treatment
under  room   temperature    to    study   seed  germination, showed better germination percent indicating differential
seedling height and number of rootlets. One part of the inter varietal response to the same dose of SA under the
treated seeds of both the varieties along with the control same environment. L4147 at 0.5%SA exhibited 13.3%
was planted in the field in random block design keeping germination under the laboratory conditions. It shows
20cm seed to seed distance and 30cm row to row distance that  some  of  the  highly  affected  plants  under
in two replicates to observe seed germination, seedling relatively higher dose of mutagen can be recovered if
survival, days to flowering, pollen fertility, plant height, highly  favourable  growing  conditions  are  provided.
number of branches/plant and number of pods/ plant in The reduction and inhibition in seed germination and
M . Seed germination was observed after seven days from seedling survival in M  lentil generation due to sodium1

sowing under laboratory as well as field conditions. azide (Figure 1) has also been observed in Vigna radiata
Seedling growth in terms of its height was observed under [21, 22], Vigna mungo [23, 24], rice [25], Vicia faba L. [26],
laboratory conditions on seventh and twelfth day from Dianthus [27], wheat [28] and Stevia Rebaudiana [29]. 
sowing, to study the differential effect of sodium azide in Seedling height ranged from 4.92cm in control to
different varieties under different concentrations and the 0.42cm at 0.5%SA on day 7 in L4594 to L4147 respectively.
rate of recovery of the affected plants. There were reductions in the seedling height with

Scoring of Pollen Fertility: Scoring of pollen fertility in with increasing concentration of mutagen in L4594 but
percent was done by collecting three flowers from each non linear in L4147on day 12. It exhibited inter-varietal
plant before dehiscence just prior to anthesis. The anther differential response to sodium azide. The reduction in
were smeared in a drop of 0.5% Iodine (I) solution seedling height in L4594 at 0.1% SA showed abrupt
prepared in 2% Potassium Iodide (KI) on a glass slide and growth  recovery  by  decreasing  the  reduction  rate from

effortless and inexpensive for the advancement of

1

increasing concentrations of mutagen. Reduction is linear
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Fig. 1: Differential seed germination response under different treatments in lentil, L4174.

L4594-1 =7 day observation; L4594-2= 12 day observation; L4147-1=7  day observation; th th th

L4147-2=12  day observation.th

Graph 1: Comparison between reductions in seedling height as recorded on 7  & 12  day under laboratory conditions.th th

Table 1: Effect of SA on seed germination under different treatments.
Mutagen Treatment (%) Mean no. of seeds observed Mean no. of germinated seeds Germination (%) Reduction (%)
L4594 (in the laboratory)
Control - 15 14 93.3 6.67
SA 0.1 15 12 80 20
SA 0.3 15 8 53.3 46.7
SA 0.5 15 4 26.6 73.4
L4147 (in the laboratory)
Control - 15 14 93.3 6.67
SA 0.1 15 11 73.3 26.7
SA 0.3 15 3 20 80
SA 0.5 15 2 13.3 86.7
L4594 (in the field)
Control - 30 27 90.0 10.0
SA 0.1 30 23 76.6 23.4
SA 0.3 30 19 63.3 36.7
SA 0.5 30 8 26.6 73.4
L4147 (in the field)
Control - 30 29 96.6 3.4
SA 0.1 30 21 70.0 30.0
SA 0.3 30 6 20 80
SA 0.5 30 0 0 100

74.5% on day 7 to  13.7%  on  day12  (Graph  1). documented in barley [30], rice [25], tomato [31], Vicia
Reductions  in  germination  due  to  the effect of faba L. [26], Pisum sativum [32], musk okra [33] and wheat
mutagens on various crop plants have earlier been [28].
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Graph 2: Graphical representation for co-efficient of variation in few of the selected traits in lentil variety L4594.

Table 2: Seedling survival percentage recorded under field conditions
Number of survived seeds Survival (%) Reduction (%)

TNGS in L4594, --------------------------------- ----------------------------- ------------------------------
Mutagen Conc. in % L4147 respectively L4594 L4147 L4594 L4147 L4594 L4147
Observation on 14 day
Control 28, 29 28 29 100 100 0 0
SA 0.1 23, 21 22 5 95.65 23.8 3.5 76.19
SA 0.3  19, 6 17 0 89.47 0 10.53 100
SA  0.5 8, 0 7 - 87.5 - 12.5 -
Observation on 25  dayth

Control 28, 29 28 29 100 100 0 0
SA 0.1 22,5 21 0 95.45 0 4.54 100
SA 0.3 17,0 16 - 94.11 - 5.88 -
SA 0.5 7,0 7 - 100 - 0 -
TNGS- total number of germinated seeds; SA- Sodium azide, Conc- Concentration;

The highest seedling survival (100%) was exhibited the finding in Vicia faba L. [26] but it is in contrast to the
by the control in both the varieties under filed conditions. observations in Nigella sativa L., Plantago ovata F. and
Treatment of SA proved lethal to L4147 with 76.19% and Trigonella foenum graceum L. [34] and musk okra [33]
100% reduction in seedling survival at 0.1%SA and where treatment of SA resulted in reduction as well as
0.3%SA respectively, as recorded on day 14. The 23.3% enhancement in plant height under different
survived seedlings at 0.1%SA on day 14 showed 100% concentrations.
reduction in seedling survival on 25  day while L4594, in Reduction  in   number    of   root-lets  underth

the same treatment showed 95.45%  survival  (Table  2). laboratory  conditions  occurred   with  each
No seedling of L4147 in all the treatments survived on day corresponding increase in sodium azide dose (Graph 3).
25. Hence other parameters could not be evaluated in this The inhibition on number of root-lets was more at 0.5%
variety under field conditions. Though there was gradual concentration of SA as compared to the control in both
decrease in seedling survival with increasing dose of SA the varieties. Adamu and Aliyu [31] also observed
in L4594, the survival of seedlings in all the treatments significant reduction of root length in two varieties of
was  not   significantly  affected.  Thus  the  two  varieties tomato (T224 and T 420) and enhancement in another
showed highly significant inter varietal differential variety (T 106).
response to SA application. Inhibitory effect of sodium There is a linear relationship between the increasing
azide on  seedling  survival  has already been reported concentration of sodium azide and increasing days to
[26, 32, 34]. flowering (Table 3). The highest  concentration of

The data on mature plant height showed reduction mutagen caused the longest delay in days to flowering.
with high value coefficient of variation in all the The enhancing to days to flowering due to mutagen
treatments (Graph 2). The relationship between dose and treatment has also been reported by Perveen et al. [35] in
extent of height reduction among the treatments is not two varieties of Vicia faba due to ethyl methane
linear (Table 3). The present finding is in accordance with sulphonate treatment.
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Graph 3: Reduction (R) in number of rootlets due to sodium azide treatment. 

Graph 4: Effect of different doses of SA on pollen fertility in M  generation in lentil variety L4594.1

Table 3: Mean, Standard deviation, shift in mean and coefficient of variation of some selected traits
Variety Character Treatment Mean ±SD Shift in mean Coefficient of variation.
L4594 Plant heights Control 20.27±3.28 - 16.2

0.1%SA 16.93**±8.03 -3.34 47.4
0.3%SA 15.1**±6.67 -5.17 44.4
0.5%SA 19.3±5.8 -0.97 30

Number of branches Control 9.11±3.20 - 35.1
0.1%SA 13.87**±19.73 +4.76 42
0.3%SA 9.12±2.84 +0.01 31.1
0.5%SA 8.1**±6.64 -1.01 81.9

Days to flowering Control 69.15±2.32 - 3.3
0.1%SA 70.61±1.64 +1.46 2.3
0.3%SA 72.30**±1.06 +3.15 1.5
0.5%SA 74.63**±1.00 +5.48 1.3

Pods per plant Control 43.44±13.37 - 30.7
0.1%SA 73.16**±116.7 +29.72 59.5
0.3%SA 22.02**±4.06 -21.42 18.4
0.5%SA 42.428±16.41 -1.02 38.6

Pollen fertility decreased mildly from 96.3% in control observed that branches/plant increased by 52.2% with a
to 74.0% at 0.5% SA (Graph 4). Sodium azide induced low positive shift in mean (+4.76) at 0.1%SA (Table 3). Shift in
fertility in M lentil is dose dependent. A depression in mean for pods /plant was +29.72 with a high magnitude of1

pollen fertility due to mutagen treatment was also reported coefficient of variation (59.5). The shift in mean with
in Vigna radiata [36-38] and in Lens culinaris [39,40]. positive value is due to the presence  of  a  few

The present investigation exhibited that the number individuals with large number of branches and pods
of branches /plant and pods / plant in lentil variety L4594 (Figure 2). The significant increase in mean value of
decreased in all the treatments except at 0.1%SA. It was branches/plant  and  pods/plant due to mutagen treatment
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Fig. 2: Some of the mutant plants along with the control -L4594.
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