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Fahad Al-Qurainy

Department of Botany and Microbiology, College of Science,
Riyadh, King Saud University, Kingdom of Saudi Arabia, 11451

Abstract: Eruca sativa is an important crop as medicinally as well as for salad purpose. It belongs to family
Bracicaceae and being used as genetic resource to improve the other species of Brassica. The seedlings
developed from treated seeds with sodium azide at concentration ranged (1x 10  to 5x10  M) showed wide-3 -3

variation in plant growth (plant height, leaf area, fresh and dry weight) upto 60 days after sowing. Among
various concentrations of sodium azide, 3 mM concentration was found highly effective in all morphometric
and yield traits after 60 days of sowing as compared to untreated plants. Total chlorophyll content was
decreased as compared to control plants and low content of chlorophyll was found in those plants which
developed from treated seeds at 5 mM concentration of sodium azide. 
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INTRODUCTION been used to improve major crops such as wheat, rice,

The young plants of  Eruca  sativa  commonly propagated. A number of workers [8-10] have reported the
known  as  rocket  plant  and  are  highly   used  as a role of chemical mutagens in enhancing genetic variability
salad, vegetable and as green fodder among Europeans. in higher plants. Genetic variability is the fundamental to
Tender leaves are reported to have stimulant, stomachic, successful breeding programs in vegetatively and
diuretic and antiscorbutic activity [1]. It contains the sexually propagated plants. The mutants so produced
glucosinolate  methylsulphinylbutyl  isothiocyanate facilitate the isolation, identification and cloning of genes
which induces enzymes activity, but it is not found in used in designing crops with improved yields, increase
oilseed rape. This glucosinolate has much greater potency stress tolerance, longer shelf life and reduced agronomic
than  those  of  isothiocyanates  which  do occur in input [11]. It is known that various chemicals have
oilseed rape. It may therefore be possible to alter the positive or negative effects on living organisms. Chemical
flavor composition and the nutritional value of oilseed mutagen  generally  produce  induced mutations which
rape through the introgression of Eruca genes [2]. lead to base pair substitutions especially GC AT

Mutations are the tools used by the geneticist to (guanine: cytosine  adenine: tymine) resulting in amino
study the nature and function of genes which are the acid changes, which change the function of proteins but
building blocks and basis of plant growth and do not abolish their functions as deletions or frame shift
development,  thereby  producing raw materials for mutations mostly do [12]. These chemomutagens induced
genetic improvement of economic crops [3]. Mutation a broad variation of morphological and yield structure
methodology has been used to produce many cultivars parameters in comparison to normal plants. Sodium azide
with improved economic value [4] and study of genetics (NaN ), which has been demonstrated to have these
and plant developmental phenomena [5, 6]. The main effects, is a mutagen and it has proved to be one of the
advantage of mutation breeding is the possibility of most powerful mutagens in crop plants. It is a common
improving one or two characters without changing the bactericide, pesticide and industrial nitrogen gas
rest of the genotype. Induced mutations have great generator is known to be highly mutagenic in several
potentials and served as a complimentary approach in organisms, including plants and animals [13-17]. The
genetic improvement of crops [7]. Induced mutations have mutagenicity created by NaN  is mediated through the

barley, cotton, peanut and cowpea, which are seed
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production of an organic metabolite of azide compound Root Morphometric Variation: Root morphology
[18]. In order to understand its mutagenic mechanism (secondary root formation) and fresh and dry weight of
many studies in barley and bacteria have been performed root per plant was observed and it was correlated to the
in recent years [19]. In this report, we studied the various concentrations of sodium azide.
mutagenic effect of sodium azide on growth and yield
traits of Eruca sativa (L.). Chlorophyll Content Estimation: Chlorophyll a,

MATERIALS AND METHODS according to Arnon [20].

Sodium  Azide  Treatments  and  Growth  Conditions: Procedure: Fresh leaves were harvested after 30, 45 and
Seeds of Eruca sativa were purchased from local market 60 days of sowing from green house experiment, washed
of Riyadh and experiment was conducted at King Saud with DDW and chopped into small pieces of size 0.5 cm.
University, Riyadh, Kingdom of Saudi Arabia. Stock 0.1g of chopped leaves material was taken into test tube
solution of sodium azide (German) was prepared in 1.5 M for each treatment and 10 ml of dimethyl sulphoxide
phosphate  buffer, pH 3.2, filter sterilized and stored (DMSO) were added in each test tube. The tubes were
frozen  it, at –20°C. Stock  solution  was  diluted  in  water then kept in oven at 65ºC for 2 h of incubation period.
as well as in phosphate buffer of pH 3.2 to give various After incubation period they were taken out and the
concentrations (1 mM, 2 mM, 3 mM, 4 mM and 5 mM) to absorbance of the solution was recorded immediately at
treat the seeds. The seeds were chosen after passing 663nm  and   645nm   on   uv-vis   spectrophotometer
through sieve of size 1.5 x 2 mm and then imbibed in (model DU 640 B. Beckman, USA). The pigment
sterilized distilled water for 12 h with agitation on shaker. concentrations (mg g  fw) were calculated by the
After soaking in water, they were washed with sterilized following formula given by Arnon [20].
distilled water 4-5 times to remove brown colour appeared
from seeds in water and thereafter, 50 seeds were kept
under various concentrations of sodium azide solution for
2 h period of time with agitation on shaker and the same
time seeds were submerged in deionized water for the
same period of time served as control. After azide
treatment, seeds were washed properly with autoclaved
distilled  water  4-5 times to remove excess sodium azide.
5 treated and untreated seeds were sowed in a pot having
pearlite soil and each treatment was performed in a
triplicate and one plant from each replicate was used to
measure the plant growth. After 15 days of sowing,
seedlings  were  irrigated  with  Hoagland  nutrient
solution and watered at 5 days of time intervals in an
alternate ways. Seedlings were grown in a controlled
climate of green house at 24 ºC with a 16 h photoperiod
(175 mmolm  s  PPDF). The morphological, yield traits-2 -1

and  chlorophyll  content  were recorded after 30, 45 and
60 days of sowing.

Morphometric and Yield Traits Observation: Observation
on plant height, leaf area per plant, fresh and dry weight
of leaf per plant, stem and root per plant were recorded on
three pots of each treatment after 30, 45 and 60 days of
sowing and data was analyzed to compare each treatment
from control and also among plants of treated seeds with
sodium azide. 

Chlorophyll b and total chlorophyll were estimated

-1

(12.7 x OD at 663nm) - (2.69 x OD at 645 nm)
Ch a (mg/g fw) = ------------------------------------------------------------------  x V

1000 x W (fw)

(22.9 x OD at 645nm) - (4.68 x OD at 663 nm)
Ch b (mg/g fw) = ------------------------------------------------------------------ x V

1000 x W (fw)

Total Chlorophyll (mg g 1 fw) = chl a + chl b-

Where,
V = volume of the extract (ml) 
W = weight of the tissue taken (g)

Statistical Analysis: Statistical significance was
evaluated with one-way ANOVA analysis followed by
Dunnett’s multiple comparison test (comparing plants
developed from treated seeds with sodium azide to control
plants and also among plants of treated seeds).

RESULTS AND DISCUSSION

The application of chemical mutagens in improving
the quality, yield and economy of the plant is well
characterized in literature [21]. The seeds have high
regenerative potential and are advantageous for use in
mutagenesis. The promutagen sodium azide is most
efficient and  commonly used as plant mutagen with seeds
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Table 1: Sodium azide concentrations (mM)
Characters 0 (Control) 1 2 3 4 5
Plant Height 5.01±1.06 3.83±0.74ns 3.47±0.36ns 3.059±0.38* 2.98±0.61* 2.80±0.75**
Leaf area per plant 12.59±1.94 11.23±1.82ns 8.63±1.61ns 7.79±1.56* 8.08±2.05* 8.16±2.01*
Chlorophyll content (total) mg/g 2.31±0.19 2.21±0.05ns 2.12±0.10ns 1.81±0.23* 1.96±0.15ns 1.68±0.17**
Fresh leaf wt (g)/plant 0.38±0.14 0.34±0.02ns 0.30±0.09ns 0.38±0.09ns 0.23±0.07* 0.21±0.09*
Fresh stem wt (g)/plant 0.29±0.04 0.27±0.05ns 0.19±0.07ns 0.31±0.04ns 0.21±0.03* 0.18±0.05*
Fresh root wt (g)/plant 0.029±0.003 0.024±0.005ns 0.020±0.006ns 0.03±0.003ns 0.017±0.003* 0.017±0.0059*
Dry leaf wt (g)/plant 0.103±0.014 0.063±0.004* 0.064±0.008* 0.065±0.020* 0.102±0.023ns 0.060±0.023*
Dry stem wt (g)/plant 0.047±0.014 0.031±0.010ns 0.021±0.010* 0.027±0.004ns 0.023±0.005* 0.022±0.002*
Dry root wt (g)/plant 0.0094±0.0007 0.0081±0.002ns 0.0069±0.0011ns 0.006±0.0018ns 0.0044±0.0014* 0.005±0.0015*
Values  are  mean±SD  for  three  replicate  in  each  group.  *, ** and  ns  indicate values  that differ significantly from the control at p<0.05, p<0.01 and
ns (not significantly)

Table 2: Sodium azide concentrations (mM)
Characters 0 (Control) 1 2 3 4 5
Plant Height 17.67±1.574 14.26±1.93ns 13.74±1.51ns 13.26±2.05ns 10.35±2.05** 10.36±1.53**
Leaf area per plant 65.78±2.57 63.07±2.51ns 60.45±2.01ns 62.85±2.69ns 53.08±2.28** 47.63±2.98**
Chlorophyll content (total) mg/g 2.23±0.015 2.18±0.13ns 1.71±0.14* 1.85±0.33ns 1.66±0.061* 1.404±0.054**
Fresh leaf wt (g)/plant 0.838±0.091 0.732±0.068ns 0.754±0.120ns 0.841±0.096ns 0.64±0.100* 0.639±0.167*
Fresh stem wt (g)/plant 0.645±0.022 0.639±0.027ns 0.56±0.045ns 0.514±0.009ns 0.484±0.10* 0.494±0.080*
Fresh root wt (g)/plant 0.076±0.004 0.074±0.010ns 0.071±0.014ns 0.062±0.016ns 0.057±0.013ns 0.043±0.010*
Dry leaf wt (g)/plant 0.257±0.067 0.258±0.033ns 0.215±0.043ns 0.269±0.023ns 0.195±0.055* 0.206±0.020*
Dry stem wt (g)/plant 0.125±0.028 0.089±0.011ns 0.087±0.017ns 0.072±0.015* 0.063±0.012** 0.072±0.023*
Dry root wt (g)/plant 0.025±0.002 0.019±0.003* 0.017±0.003** 0.017±0.001** 0.018±0.002* 0.014±0.001**
Values are mean±SD  for  three  replicate  in  each  group. *, ** and  ns  indicate  values  that differ significantly  from  the control at p<0.05, p<0.01  and
ns (not significantly)

Table 3: Sodium azide concentrations (mM)
Characters 0 (Control) 1 2 3 4 5
Plant Height 91.897±4.054 99.036±3.268ns 100.517±2.099* 104.696±2.925** 96.336±1.640ns 98.673±3.055ns
Leaf area per plant 111.524±3.13 116.26±5.32ns 120.626±1.74* 124.776±1.60** 117.24±3.60ns 114.886±2.24ns
Chlorophyll content (total) mg/g 1.273±0.101 1.13±0.096ns 1.004±0.111ns 1.114±0.103ns 1.082±0.082ns 1.005±0.200ns
Fresh leaf wt (g)/plant 1.955±0.389 3.068±0.458* 2.961±0.719* 2.922±0.288* 2.618±0.171ns 2.483±0.140ns
Fresh stem wt (g)/plant 1.032±0.084 1.338±0.101ns 1.37±0.070* 1.515±0.186** 1.419±0.169* 1.221±0.104ns
Fresh root wt (g)/plant 0.127±0.019 0.129±0.046ns 0.181±0.014ns 0.271±0.085** 0.257±0.027** 0.234±0.042*
Dry leaf wt (g)/plant 0.342±0.022 0.546±0.231ns 0.534±0.114ns 0.664±0.039* 0.44±0.034ns 0.436±0.039ns
Dry stem wt (g)/plant 0.183±0.029 0.239±0.050ns 0.269±0.010ns 0.312±0.0106* 0.243±0.044ns 0.198±0.040ns
Dry root wt (g)/plant 0.038±0.005 0.033±0.005ns 0.047±0.008ns 0.07±0.009* 0.047±0.010ns 0.041±0.005ns
Values are mean±SD for three replicate in each group. *, **  and  ns  indicate  values  that  differ  significantly  from  the  control  at  p<0.05,  p<0.01  and
ns (not significantly)

to  create  mutation,  which  must  be  metabolized by and create mutations. The pH value of soaking solution
plant cells to the mutagenic agent presumably affects the rate of mutation. It was non-effective when
azidoalanine  [22].  This  metabolite  is chemically dissolved in alkali, but it is a strong mutagen when
identified  in barley and bacteria as an amino acid dissolved in acidic solutions. We performed our
analogue L- azidoalanine (N3 -CH2 - CH (NH)2 - COOH). experiments in two dilution systems, water as well as
The production of this metabolite was found to be phosphate buffer of pH 3.2. Little mutagenic effect of
dependent on the enzyme O-acetylserine sulfhydrylase sodium azide or negligible effect was observed in water as
and  it  catalyses the condensation of azide (N-3) or dilution system (data not shown). Eruca seeds treated
sulfide (S2-) with O-acetylserine to produce azidoalanine with various concentrations of sodium azide diluted in
or L-cysteine respectively [23, 24]. The barley seeds phosphate buffer of pH 3.2 for 2 h showed wide variation
germinated in the presence of azide confirm that this in morphological and yield traits in green house
compound may act as point mutagen during DNA experiment.
replication [25]. Sodium azide is highly soluble in water, The total chlorophyll content was profoundly
but few number of hydrozoic ions are produced in water, affected at all studied concentrations and reduction was
whilst diluted in phosphate buffer of pH 3.2 gives large found more as compared to  control  plants  (Table 1-3).
number of hydrozoic ions which penetrate into the cell The reduction in chlorophyll content was dose dependent
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in plants of treated seeds at 1 and 2 mM sodium azide compared to control plants. Plant height (cm) was found
solution and thereafter chlorophyll content was became 3.059±0.38, 2.98±0.6 and 2.8±0.75 in plants of treated seeds
non dose dependent at 3 mM, 4 mM and 5 mM at 3, 4 and 5 mM concentrations of sodium azide as
respectively. The high content of chlorophyll was compared to control (5.01±1.06 cm) after 30 days of
significantly dropped at 5 mM of sodium azide treatment sowing. Similarly, plant height (cm) was 10.35±2.05 and
after 30, 45 and 60 days of sowing and it was 1.68±0.17, 10.36±1.53 in plants of treated seeds at 4 and 5mM
1.404±0.054 and 0.938±0.253 mg/g of fresh weight as concentrations of sodium azide as compared to control
compared to control plants which had chlorophyll content (17.67±1.574 cm) after 45 days of sowing. The leaf area per
2.31±0.19, 2.23±0.015 and 2.23±0.015 mg/g of fresh weight plant (cm) was 7.79±1.56, 8.08±2.05 and 8.16±2.01 in plants
respectively. The variation in total chlorophyll content, of treated seeds at 3, 4 and 5 mM concentrations of
among plants of treated seeds after 60 days of sowing sodium azide and 53.08±2.28 and 47.63±2.98 in plants of
were found non-significant. The chlorophyll content was treated seeds at 4 and 5 mM concentrations of sodium
higher in plant of treated seeds at 4 mM solution of azide  as  compared  to  control  which  had  12.59±1.94
sodium azide than that of 3 and 5 mM after 30 days of and  65.78±2.57  cm  after  30  and  45 days of sowing
sowing. Similarly, plant developed from seeds treated with (Table 1 and 2). Our results was in line with the results of
3 mM solution of sodium azide had chlorophyll content Jabeen and Mirja [28] who performed your experiment on
higher than plant developed from seeds treated at 2 mM, Capsicum annum and leaf area was decreased with
4 mM and 5 mM solution of sodium azide. The result increase of doses of ethyl methane sulphonate (EMS)
obtained from plants at 3, 4 and 5 mM of sodium azide on which is a chemomutagen. The plant height was
Eruca sativa plant was unexpected and reason behind profoundly decreased in plants of treated seeds at 5 mM
this variability in chlorophyll content may be the mutation after 30 and 45 days of sowing. The pH value affects the
at various loci of genome at various concentration of rate  of mutation produced by sodium azide and at low
sodium  azide. Our results were contradictory to the pH-values, however, a considerable reduction in plant
results of Corte [26], Niknejad [27], who worked with height was found [29-33]. The quantities of sodium azide
concentrations (1 and 4x10  M) and 5 to l00 x 10  M and dissociated to hydrazoic acid are theoretically many times-3 -4

found that the lowest concentration induced a higher greater at low pH (at pH 3 there is approximately 19 times
frequency of chlorophyll-deficient mutations. The seed of more hydrazoic acid than at pH 6, for the same
the diploid oat species A. strigosa was mutagenized with concentration of sodium azide) and that would be the
10 mM sodium azide in 0.1M sodium phosphate buffer condition for better penetration through the cell
(pH 3.2) and mutagenesis of M  seed from individual M membrane [34, 32].2 1

plants was assessed by monitoring the frequency of Fresh leaf, stem and root weight per plant was
chlorophyll-deficient seedlings, which was 4.6% and decreased in plants of treated seeds at 1mM, 2 mM, 4 mM
amplified fragment length polymorphism (AFLP) analysis and 5 mM solution of sodium azide except 3 mM as
was used to confirm that the saponin-deficient mutants compared  to  control  plants  after  30  days  of  sowing.
identified in this study originated from the seed used for At  3  mM  of  sodium  azide,  the plants had equal or
the mutagenesis [13]. higher fresh weight as compared to control plants and

However, seeds were treated in phosphate buffer of also from plants of treated seeds developed at various
pH 3.2 at various concentrations of sodium azide, showed concentrations of sodium azide and at this concentration
wide variation in plant height and it was dose dependent fresh weight of leaf, stem and root per plant was 0.38±0.09
(Table 1 and 2). After 30 days of sowing, the plants were g, 0.31±0.04 g and 0.03±0.003 g respectively (Table.  1).
observed for plant growth and considerable variability Dry leaf weight per plant was reduced significantly at all
was found among plants at various concentrations of concentrations except 4 mM, stem at 2, 4 and 5 mM except
sodium azide. The morphological as well as yield traits 1 and 3 mm and root at 4 and 5 mM except 1, 2 and 3 mM
produced in Eruca sativa under various concentrations after 30 days of sowing. Fresh and dry weight of leaf per
of sodium azide were more or less varied by the end of 45 plant  was higher in plants of treated seeds at 3 mM and
days after sowing; thereafter these traits were enhanced 1 mM concentration of sodium azide and it was
in plants of treated seeds with sodium azide by the end of 0.841±0.096  g,   0.269±0.023   g  and 0.258±0.033  g  after
60 days of sowing as compared to control plants. Plant 45 days of sowing. Similarly, stem weight per plant was
height and leaf area per plant profoundly decreased after also higher in plants of treated seeds at 1mM and it was
30 and 45 days of sowing and varied significantly as 0.659 ± 0.027 g as compared to control plants and also
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Fig. 1: Secondary roots developed from seeds treated at various concentrations of sodium azide (photographs taken
after 60 days of sowing). c : control, a: 1 mM, b: 2 mM, c: 3 mM, d: 4 mM and e: 5 mM1

among plants of treated seeds. Except these two number  in  plants  developed  from  treated  seeds  after
concentrations of sodium azide for above parameters, 60 days of sowing as compared to control plants (Fig 1).
fresh and dry weight per plant was decreased at all The  fresh  root weight  per plant was higher in those
applied concentrations as compared to control plants plants of treated  seed  at  3  mM  and  then  followed  by
(Table 2). Muehlbauer and Sanders [35] determined that 4   mM, 5   mM,  2  mM,  1mM and  control  respectively.
1 mM NaN  affected plant length, plant weight and the (Fig 1, Table 3). Since, sodium azide causes reversible3

form of the leaf following exposure for 4 h. Conversely, inhibitory effects and thus our results were confirmed
Konzak et al. [33] did not find any effect of NaN  at according to its mutagenicity action. The toxicity of3

concentrations ranging from 2.0 to 2.5 mM following sodium azide and most of its physiological effects can be
exposure for 2 h with respect to the length of barley traced to its reversible inhibitory effect on enzymes
seedlings. containing a coordinated divalent ion, such as those of

The plant height, leaf area, fresh and dry weight per cellular respiration [19]. It binds to metal sites in enzymes,
plant were increased as compared to control after 60 days either as the free acid HN  or as the ionic compound N .
of sowing except dry root weight of plants of treated When the ionic form is involved, there is little effect on
seeds at 1 mM of sodium azide and was observed pH, but when the free undissociated acid is involved, the
maximum at 3 mM of sodium azide. The highest fresh pH effect may be large and inhibition is increased by
weight of leaf was found in those plants of treated seeds lowering pH [38, 39]. A decrease in intracellular pH was
which developed  at  1 mM of sodium azide after 60 days reported in D. discoideum cells treated with sodium azide
of sowing (Table 3). The high incidence of abnormalities [40] and is expected to be related to its toxicity through
in the experiments might have been due to diplontic energy deprivation, as a result of general inhibition of
selection [36]   or   disturbances   at   some  stage  in  the cellular respiration and oxidative phosphorylation
chlorophyll apparatus, which becomes corrected as processes. Both the processes are necessary for the cell
growth progressed. Apparently, changes in morphologic to derive energy in the form of ATP molecule and to
expression  and  yield  traits  appeared   to  have complete biological reactions. Cell recovery can be related
happened with sodium azide treatment, which caused a to the reversible effects of sodium azide on proteins
developmental switch, precise function of which remains and/or possibly related to its degradation into less toxic
elusive. The mutant cells resulting from the mutagenic metabolites. The enzymes play important role in
treatment apparently die and non mutants ones seem to mutagenesis when any mutagens are used. The enzyme
be the precursors of the new parts. Prina and Favret [37] O-acetylserine  sulphydrylase,  modifies  sodium  azide in
used 0.001 and 0.005 M doses of sodium azide on barley D. discoideum cells into a mutagenic metabolite,
but could not detect any physiological changes on the azidoalanine, which is highly mutagenic to Salmonella
shoot development. The secondary roots are higher in typhimurium, but its toxicity was not investigated [41].

3 3
-
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Variances for all characters under study were found 7. Mahandjiev,  A.,  G.  Kosturkova and M. Mihov,
significantly in plants of treated seeds at 2, 4, 5 mM except 2001. Enrichment of Pisum sativum gene resources
1  and  3  mM  as compared to control plants after 30 and through combined use of physical and chemical
45 days of sowing. Similar results have been reported in mutagens.  Israel    Journal    of    plant   sciences,
Avena sativa [42]. The observed variation in the treated 49(4): 279-284.
plants was more than those of control plants and it was 8. Coe, E.H.  and  M.G.  Neuffer, 1977. In: Spragues,
the expected result because the control plants are G.F. (Ed). The genetics of Corn improvement.
supposed to be genetically similar and any kind of Agronomy, 18: 157-223.
difference observed in the control plants is only due to 9. Mashenkov,   A.,    1986.    Induced    mutation
the environment factors. The results of present study process as a source of new Mutants. Maize Genetics
suggest that particular dose of sodium azide, (that is 3mM Cooperation newsletter, 60: 70-71.
for 2 h treatment) can be used to create genetic variability 10. Ricardo, M.  and  A.  Ando,  1998.  Effects of
in Eruca sativa, which would be the basis for quality gamma-radiation and sodium azide on quantitative
improvement in this species. characters in rice (Oryza sativa L.). Genetics of
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