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Abstract 

The experiment was conducted to study the effect of mutagens (physical and chemical) on seed germination along with root and shoot

lengths of two locally collected varieties of Brassica rapa denoted as variety-1 and variety-2 in in vitro condition. Seeds were treated with

various concentrations of mutagenic agents; physical (gamma radiation), chemical (sodium azide) and combined (gamma radiation + sodi-

um azide). The doses of gamma radiation were 100Gy and 200Gy, sodium azide concentrations were 100, 300 and 500ppm and for combi-

nation, 100Gy and 200Gy gamma irradiated seeds were further treated with 100, 300 and 500ppm sodium azide solution. After 7 days obser-

vation, 100% seed germination obtained from 100Gy gamma irradiated seeds of variety-1 and 500ppm sodium azide treated seeds of vari-

ety-2. 100% seed germination was also found in 7 days in physical and chemical mutagen combinedly treated seeds of variety-1 from 100Gy

gamma radiation + 100ppm sodium azide, 100Gy gamma radiation + 300ppm sodium azide and 200Gy gamma radiation + 100ppm sodi-

um azide and in variety-2, from 100Gy gamma radiation + 500ppm sodium azide and 200Gy gamma radiation + 500ppm sodium azide.

Maximum increased root length (avg. 3.8cm) was obtained from variety-1 combined treated (200Gy gamma radiation + 300ppm sodium

azide) seeds and minimum decreased root length (avg. 1.0cm) was from variety-2 combined treated (100Gy gamma radiation + 100ppm

sodium azide) seeds. Maximum increased shoot length (avg. 4.7cm) was obtained from variety-1 combined treated (200Gy gamma radia-

tion + 100ppm sodium azide) seeds and minimum decreased shoot length (avg. 1.4cm) was obtained from variety-2 combined treated

(100Gy gamma radiation + 100ppm sodium azide) seeds.

Keywords: Mutagenic agents; Gamma radiation; Sodium azide; Combined treatment;  Germination rate;  Root length;  Shoot length;

Brassica rapa riety-1 and 2.

Introduction

Mustard (Brassica rapa) belongs to the family Brassicaceae

is a biennial, economically important, oil producing herb,

normally 1 to 1.5 feet in height with swollen tuberous white-

fleshed taproot, leaves light to medium green, hairy or

bristly, stalked, lyrate-pinnatifid, 30-50 cm long, flowers

bright yellow, seeds blackish or reddish-brown, 1.5-2 mm in

diameter, the root and leaf are reported to contain calories,

water, protein, fat, carbohydrate, fiber, ash, Ca, P, Fe, Na, K,

a trace of beta-carotene equivalent, thiamine, riboflavin,

niacin and ascorbic acid (Watt and Merrill, 1963; Wu Leung

et al., 1972). Seed oil contains large amount of erucic, linole-

ic, and linolenic acids. Mustard has got strong medicinal

properties; seeds are powerful anti-microbial agents and cir-

culatory stimulant containing chemical components like

isothiocyanates, omega-3 fatty acids, selenium, magnesium

etc. (www.natradersonline.com). Mustard is a good antispas-

modic herb and a diuretic, believed to have antiseptic prop-

erties, can destroy all the food borne pathogens quite effec-

tively, stop the growth of cancer cells, helps in

asthma,migraine and heart attacks, curative for the common 

cold, lowering blood pressure, used to treat bronchitis and

pleurisy as well as helping arthritis and rheumatism and uri-

nary ailments (Antol, 1999; Herbst 2001; Downey 2003).

Induced mutation using physical and chemical mutagen is a

method to create genetic variation resulting in new varieties

with better characteristics (Wongpiyasatid et al., 2000;

Arulbalachandran et al., 2009). Gamma ray and sodium

azide used as physical and chemical mutagenic agent respec-

tively; the genetic effects of ionizing radiation of gamma ray

on DNA include rearrangements and deletions (Sax, 1963)

and sodium azide cause alteration of the structure of the

DNA (point mutation in the DNA, A.T-->G.C base pair tran-

sition and transversion) (Fahad and Salim, 2009). In this

study, the effect of mutagenic agents on Brassica rapa seed

germination and root and shoot development due to alter-

ation in genetic material is analyzed.

Materials and methods

Two varieties of Brassica rapa seeds were collected from the

locally cultivated plants. A portion of these seeds were used
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to treat by Co60 gamma irradiator from Atomic Energy

Research Establishment (AERE), which is a source of

gamma radiation. Two different doses 100Gy and 200Gy of

gamma radiation were given (Akgun  and Tosum, 2004).

These seeds were pre-soaked with distilled water and plated

on petridish. Another portion of locally collected seeds were

treated with sodium azide solution prepared in different con-

centrations of 100ppm, 300ppm and 500ppm. These seeds

were first presoaked in distilled water then immersed into

sodium azide solution for three hours. These seeds were

washed thoroughly under running tap water (Larik A, 1987).

After washing, the seeds were dried in between filter paper

folds. These seeds were then ready for plating on germina-

tion petridish. To create a modification some portions of

locally collected seeds were combined treated. The com-

bined treatment was, gamma radiated seeds of each dose

were immersed into sodium azide solution of three different

concentrations, after washing seeds were prepared for plat-

ing. Petridishes were prepared with sterile blotting papers

and distilled water was poured on it to make the blotting

paper wet enough for germination. Then seeds of different

treatment category (physical, chemical and combined treat-

ed) with control group were plated on different petridishes

and kept at normal environmental conditions age value of

root and shoot length statistical analysis was performed by

SPSS software (ver.15.0.1).

Results and discussion

For germination of seeds, after 7 days, the germination rate

of control group in variety-1 and variety-2 were respectively

100% and 80%. For physical treatment, in variety-1, 100Gy

treated seeds gave maximum 100% germination & 200Gy 

treated seeds gave 90% germination. In variety-2, both

100Gy and 200Gy treated seeds gave the maximum 100%

germination. For chemical treatment, in variety-1, 100ppm

and 300ppm sodium azide treated seed showed 90% germi-

nation and 500ppm showed 80% germination. In variety-2,

500ppm showed the maximum 100%, 300ppm gave 80%

and 100ppm gave 70% germination. For variety-1 combined

treatment in combination with 100Gy, 100ppm 300ppm gave

maximum 100%, 500ppm 90% germination and in combina-

tion with 200Gy, 100ppm gave 100%, both the 300ppm and

500ppm gave 90% germination. For variety-2 combined

treatment in combination with 100Gy, 100ppm and 300ppm

gave 90%, 500ppm gave 100% germination and in combina-

tion with 200Gy, 100ppm gave 70%, 300ppm gave 90%,

500ppm gave 100% germination. Variety-1 seeds and 100Gy

gamma ray gave better germination. 

In the case of length of root & shoot, for simplification, the

results and discussion of root and shoot length are made up

with the average value of five (5) germinated seeds after 7

days observations. Maximum increased root length (3.8cm)

was obtained from variety-1 combined treated (200Gy +

300ppm) seeds, moderate results (3.7cm), (3.6cm), (3.3cm)

were also recorded from different mutagenic treatment in

variety-1, and minimum decreased root length (1.0cm) was

from variety-2 combined treated (100Gy + 100ppm) seeds.

Maximum increased shoot length (4.7cm) was obtained from

variety-1 combined treated (200Gy + 100ppm) seeds, mod-

erate results (4.2cm), (4.1cm), (3.6cm), (3.5cm), (3.0cm)

were also got from different mutagenic treatment in variety-

1, and minimum decreased shoot length (1.4cm) was 

Table I. Screening the effect of gamma radiation, sodium azide (NaN3) and combined treatment on seed germination

and average root and shoot length of Brassica rapa varieties with control

90%

3.3 ±

0.22

3.5 ±

0.19

100%

1.6 ±

0.19

1.6 ±

0.16

500 ppm

200Gy100Gy

300 ppm100 ppm500 ppm300 ppm100 ppm500 ppm300 ppm100 ppm200Gy100Gy

Control
group

Variety-1

90%

3.8 ±

0.22

4.1 ±

0.19

90%

2.5 ±

0.19

2.5 ±

0.31

100%

3.6 ±

0.26

4.7 ±

0.19

70%

2.1 ±

0.40

2.3 ±

0.17

90%

2.4 ±

0.21

4.2 ±

0.32

100%

1.9 ±

0.24

1.8 ±

0.24

100%

3.7 ±

0.44

3.6 ±

0.15

90%

2.3 ±

0.18

1.9 ±

0.11

100%

3.6 ±

0.42

4.0 ±

0.23

90%

1.0 ±

0.28

1.4 ±

0.16

80%

1.5 ±

0.16

3.0 ±

0.21

100%

1.4 ±

0.13

1.9 ±

0.25

90%

1.1 ±

0.16

2.4 ±

0.18

80%

1.5 ±

0.16

1.8 ±

0.19

90%

1.6 ±

0.15

2.2 ±

0.13

70%

1.7 ±

0.24

2.0 ±

0.15

90%

2.7 ±

0.19

2.8 ±

0.21

90%

1.6 ±

0.22

1.8 ±

0.17

100%

1.8 ±

0.27

3.0 ±

0.26

90%

1.6 ±

0.21

1.7 ±

0.19

100%

1.4 ±

0.24

2.1 ±

0.24

80%

1.9 ±

0.31

1.8 ±

0.20

Germination rate
(%) Root

Length (cm)
±STDEV Shoot 

Length (cm)
±STDEV
Variety-2

Germination rate
(%) Root

Length (cm)
±STDEV Shoot

Length (cm)
±STDEV

Combined  treatedSodium azide treatedGamma radiated
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Graph-1: Inter-varietal comparison for root length development of Mustard (Brassica rapa) after applying different

doses of mutagenic agent.

Underlined values show significance at 0.05 level (Table II)

Graph-2: Inter-varietal comparison for shoot length development of Mustard (Brassica rapa) after applying different

doses of mutagenic agent.

Table II. Significance determination by Statistical analysis (ANOVA) of the length of root and shoot of  Brassica rapa
seeds treated with different combination of mutagens

0.000

0.000

0.058

0.208

500 ppm

200Gy100Gy

300 ppm100 ppm500 ppm300 ppm100 ppm500 ppm300 ppm100 ppm200Gy100GyVariety-1

0.000

0.000

0.002

0.000

0.000

0.000

0.352

0.001

0.005

0.000

0.892

0.596

0.000

0.000

0.006

0.481

0.000

0.000

0.000

0.003

0.060

0.000

0.002

0.122

0.060

0.015

0.016

0.523

0.018

0.149

0.297

0.050

0.000

0.002

0.082

0.741

0.020

0.000

0.066

0.331

Root
Shoot 

Variety-2
Root
Shoot

Combined effect treatedChemical mutagen 
treated

Gamma
irradiated

Level of significance (compared with control)
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obtained from variety-2 combined treated (100Gy +

100ppm) seeds (Table I). Variety-1 and combined treated

seeds gave better increased root and shoot length. Statistical

analysis (ANOVA) (Lewontin and Hum, 1974) was per-

formed with SPSS ver 15.0.1 (Mauric et al., 2010) to evalu-

ate the significance at 0.05 level.
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Fig.  Effect of mutagenic agents on seed germination and

vegetative growth of Mustard 1) Control seeds plat-

ed on petridish. 2) Physically treated seeds. 3)

Chemically treated seeds 4) Combinedtreated seeds

of varity-1. 5) Combined treated seeds of variety-2.


