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Abstract 
The present work was aimed to study the effectiveness of different doses of Gamma radiations (5 

Krad, 15 Krad, 25 Krad, 35 Krad and 45 Krad) on days to germination, days to flowering, plant 

height, number of branches/plant, number of siliqua/plant, number of seeds/siliqua, siliqua 

length, 1000-seeds weight, oil, glucosinulates, moisture, proteins, oleic acid, linolenic acid and 

erucic acid contents. The results showed that Gamma radiation has no significant effect on days 

to germination and days to flowering. However, at 5 Krad and 15 Krad enhanced germination (5 

days) as compared to control (7 days), while days to flowering were delayed (110 days) in higher 

dose (45 Krad) as compared to control (96 days). A significant decrease was noticed in plant 

height (97.6cm) and number of siliqua/plant (101) compared to control (101.8 cm and 150). 

Higher dose (45 Krad) enhanced number of branches/plant (5), number of seeds/siliqua (27) and 

siliqua length (5.14 cm) as compared to control (4, 25 and 4.7 cm). On the other hand higher 

doses of radiation decreased oil contents (49.2%), protein contents (21.3%), oleic acid (61.4%) 

and erucic acid (19.7%) compared to control (51.6%, 29.0%, 67.1% and 21.5% respectively). A 

considerable increase was noticed in glucosinulates (16.1 %), linolenic acid (11.5 %) and 

moisture (5.5%) contents as compared to control (12.4% and 9.5% and (5.2%) respectively. 
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Introduction 
Canola (Brassica napus L.) belongs to the 

family Brassicaceae (Cruciferae). The name 

Brassicaceae is derived from the included 

genus Brassica. This family contains 330 

genera and about 3,700 species. The family 
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contains important and well known species 

such as Brassica oleracea and Brassica 

rapa. Brassica napus is one of the most 

important oilseed crops throughout the 

world which rank third among the oilseed 

crops after soybean and oil palm in 

production of vegetables oil [1]. Commonly 

this crop is known as “Sarsoon”. The most 

important types grown in Pakistan are 

Brassica compestris, Brassica juncea, and 

Brassica napus. Rape seed refers to 

Brassica compestris and Brassica napus. 

Due to the low concentration of erucic acid 

and glucosinulate contents Brassica 

compestris and Brassica napus have been 

preferred over other species of Brassica. 

The plant is also used to produce a high 

quality protein and extraction of oil, the 

residual high protein meal can be soaked in 

water and fed to cattle [2]. The name 

crucifer comes from the shape of flowers, 

with four diagonally opposite petals in the 

form of a cross. Brassica napus has dark 

bluish green foliage, glucose, smooth, or 

with a few scattered hairs near the margins 

and partially clasping. It is annual herb. 

Mature Brassica napus plants grow to the 

height of one to two meters. The stem is 

well branched, although the degree of 

branching depends on variety and 

environmental conditions. Branches 

originate in the axils of the highest leaves on 

the stem, and each terminates in an 

inflorescence. The lower leaves are deeply 

lobed, while the upper leaves are narrow and 

entire. Lower leaves petiolated, green and 

sometime with a whitish bloom. Ovate to 

obovat, variously lobed with toothed or 

frilled edges. The flowers are pale yellow 

and open progressively upward from the 

base of the raceme. The flowers are 

hermaphrodite. The plant is self-fertile. The 

seed pods are slightly apprised and 2.5 to 5 

cm in length exclusive of the beak. The beak 

is 0.5 to 1 cm long. Seeds are round and 

brown or black. The plants prefer sandy, 

loamy and clay soils and require well 

drainage soil. The plant prefers acid, neutral 

and basic (alkaline) soils and can grow in 

very acid and very alkaline soils. Also can 

grow in semi shade or no shade. 

It was less useful as food for animals or 

human because it has a bitter taste due to 

high levels of glucosinolates. Varieties have 

now been bred to reduce the content of 

glucosinolates, yielding more palatable oil. 

Nowadays Rapeseed is grown for the 

production of animal feed, vegetable oil for 

human consumption and biodiesel, leading 

producers include the European Union, 

Canada the United States, Australia, china 

and India. According to the United states 

Department of agriculture rapeseed was the 

third leading source of vegetable oil in the 

world in 2000, after soybean and oil palm. 

World production is growing rapidly, with 

FAO reporting 36 million tons of rapeseed 

was produced in the 2003-2004 season, and 

estimating 58.4 million tons in the 2010-

2011 season. 

Rapeseed and mustard is an important 

oilseed crop in Pakistan. It is grown over an 

area of 339.9 thousand hectare having an 

average yield of 85.9kg per hectare. Pakistan 

has become world’s third largest edible oil 

importer [3]. Edible oil consumption in 

Pakistan during 2008-09 was 2.821 million 

tons, where the local production stood at 

0.68 million tons which accounted for 24% 

of total availability, while the remaining 

76% was made available through imports. 

As the total demand for the year 2009-10 

was 3.45 million tons, of which 0.855 

million tons was locally produced from all 

sources and rest of the oil (2.550) was made 

available through imports costing 87 billion 

rupees [4]. In Pakistan during the year, 

2010-11 total cultivated area under rapeseed 

was 439 thousand acres, producing 157 

thousand tons of seed, which yielded 50 

thousand tons of oil. While in 2011-12¸the 

total cultivated area under rapeseed was 575 
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thousand acres, producing 203 thousand tons 

of seed, which yielded 61 thousand tons of 

oil [5].  After cotton, rapeseed-mustard is 

the second most important source of 

domestic oil production. Oil from 

conventional rapeseed and mustard is not 

considered as  regular cooking oil because 

of its inferior quality due to the presence of 

high erucic acid (more than 40%) and 

glucosinolates (more than 100 μmole /g of 

dry meal) and low level of oleic and linoleic 

acids. 

Mutation breeding is a supplementary 

breeding method which is rapid, potential 

and valuable tool to create genetic 

variability for various quantitative and 

qualitative characters in crop plants. In 

general mutation refers to sudden heritable 

change in the phenotype of an individual 

which may occur naturally or by artificial 

induction due to change in the 

Deoxyribonucleic Acid (DNA) sequences of 

a gene. Induced mutations are produced by 

the use of mutagenic agents like physical 

mutagens (x-rays, Gamma rays etc.) and 

chemical mutagens (alkaylating agents, base 

analogues etc.). However gamma rays act on 

genetic material by ionization leading to 

more of chromosomal rather than point 

mutations and gamma rays are successfully 

used in plant breeding program because of 

its simple application, good penetration, 

reproducibility and high mutation frequency 

and less disposal problems. Plants created 

using mutagenesis are sometime called 

mutagenic plants or mutagenic seeds. From 

1930-2007 more than 2540 mutagenic plant 

varieties have been released that have been 

derived either as direct mutants (70 percent) 

or from their progeny (30 percent).Mutation 

breeding is commonly used to produce traits 

in crops such as larger seeds, new colors, 

sweet fruits etc that either cannot be found 

in nature or have been lost during evolution.  

Among  the  different  breeding  methods,  

induced  mutation has  been  extensively  

and  successfully  used  for  genetic 

improvement  of  any  yield  attributes,  

either  qualitative  or quantitative  in  nature  

for  rapeseed-mustard  and  other  crops [6]. 

Induced mutations have been accepted as 

useful tool in a plant breeding program. One 

of the most important roles of mutation 

breeding is the genetic variability in 

quantitative traits in various crop plants. 

Mutagenesis provides a unique opportunity 

for the improvement of Brassica. Physical 

and chemical mutagens have been 

successfully used in rapeseed mustard to 

evolve new varieties with improved 

economic traits. Nuclear technology has 

been greatly utilized for the global benefit of 

mankind, not only in the field of medical 

science, but also in agriculture. Nuclear 

technology involving the use of ionizing 

radiation for mutation induction has been 

successfully applied worldwide in 

developing new varieties of crop plants [7]. 

Some mutations might be beneficial and 

have high economic value. Gamma rays 

generally influence plant growth and 

development by inducing cytological, 

genetically, biochemical, physiological and 

morphogenetic changes in cell and tissue. 

There are some reports which showed that 

the higher exposure of gamma rays were 

usually inhibitory, where lower exposure 

were sometimes stimulatory [8]. Literature 

shows that more than 2700 mutant varieties 

of different crops with improved agronomic 

traits have been developed and released to 

the farmers for general cultivation all over 

the world [9, 10].The present work aimed to 

investigate effect of different doses of 

gamma irradiation (0, 5, 15, 25, 35, 45 k 

rad) on growth, yield and quality of Brassica 

napus L.  

Materials and Methods 

Plant material and radiation treatment: 

In the present study Brassica napus L. 

variety “Bulbul 98” was used. Seeds were 

obtained from Institute of Biotechnology 
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and Genetic Engineering (IBGE), The 

University of Agriculture Peshawar. The 

seeds were treated with different doses of 

gamma radiations i.e. 5, 15, 25, 35 and 45 

Krad at Nuclear Institute for Food and 

Agriculture (NIFA) Peshawar, Pakistan via 

cobalt-60 radiation source. 

Field experiment 

The irradiated and control seeds were sown 

in the Botanical Garden, Department of 

Botany, Islamia College Peshawar, on 22 

November 2013. Irradiated seeds of each 

dose were sown in 5 replica pots in green 

house. Various growth stages of plants from 

germination to harvest were noted timely. 

Parameters 

Various agronomic and morphological 

characters were measured during the plant’s 

life span. It includes the following: 

 Days to germination  

 Days to flowering 

 Plant height 

 Number of branches per plant 

 Number of siliqua per plant 

 Number of seeds per siliqua 

 Siliqua length. 

 1000 seeds weight 

Results and Discussions  

Effect of gamma radiations on days to 

germination, days to flowering, plant 

height and number of branches/plant: 

Days to germination 

Table 1 show that gamma radiation has no 

significant effect on days to germination. 

However, the 5 Krad and 15 Krad doses 

show stimulatory effect on seed germination 

as compared to control and 25 Krad, 35 

Krad and 45 Krad. Delay in germination 

may be due to inhibitory effects of gamma 

rays on seed dormancy. There was no 

significant difference in germination and 

survival percentage of irradiated and non-

irradiated seedlings of Brassica napus [11]. 

Days to flowering 

Table 1 shows the effect of gamma radiation 

on days to flowering. Gamma radiation has 

significant effects on days to flowering. 

Higher doses of gamma rays may delay the 

flowering. With increase of dose flowering 

also delay i.e. 5 Krad (99 days), 15 Krad (99 

days) 25 Krad (99 days), 35 Krad (98 days) 

and 45 Krad (110 days) as compared control 

(96 days). Emrani et al. [12] reported that 

mutagen treatment increase days to 

flowering. 

Plant height 
Table 1 represents the effect of gamma 

radiation on plant height. The result show 

decreasing tendency in the mean values of 

plant height with higher doses of radiation 

i.e. 15 Krad (107 cm), 25 Krad (97.6 cm), 35 

Krad (102.6 cm) and 45 Krad (101 cm) 

except 5 Krad (117.2 cm) which is the 

highest value. In higher doses i.e. 25 Krad, 

35 Krad and 45 Krad a significant decrease 

in plant height was noted (97.6 cm, 102.6cm 

and 101cm) respectively and short statured 

plants are produced. The reduction in plant 

height can be attributed to reduction in 

mitotic activity of meristematic tissue and 

reduced moisture content in seeds as 

reported by Khalil et al. [13]. 

Number of branches/plant 

The data of Table 1 shows the effect of 

gamma radiation on number of 

branches/plant. The highest numbers of 

branches/plant were noticed in 35 Krad (6 

branches/plant) and in 15 Krad (5 

branches/plant). The lowest value for 

number of branches/plant was noticed in 

control, 25 Krad and 45 Krad which are (4.6 

cm). A reduction in plant height and number 

of branches for many crops that were 

exposed to higher gamma ray doses had 

already been reported by Muhammad and 

Afsari [14]. 

Effect of Gamma Radiations on number 

of siliqua/plant, number of seeds/siliqua, 

siliqua length, 1000 seeds weight: 

Number of siliqua/plant 

The data of Table 2 shows the results for 

number of siliqua/plant. The results show 
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variation in the mean value for number of 

siliqua/plant. 5 Krad, 35 Krad and 45 Krad 

doses have the highest mean value for 

number of branches/plant. Control and 15 

Krad have the lowest mean value for 

number of Siliqua/plant. An increase is 

noticed in 45 Krad (196.8 siliqua/plant) as 

compared to 15 Krad (100.8 siliqua/plant) 

and other doses. Increased number of 

fruit/plant and seed/siliqua as a result of 

gamma irradiation was recorded by [15, 16]. 

Number of seeds/siliqua 

Table 2 represents the effect of gamma 

radiation on number of seeds/siliqua. The 

results show variations in the mean value for 

number of seeds/siliqua. Control, 5 Krad, 35 

Krad and 45 Krad doses have highest mean 

value for number of seeds/siliqua. 15 Krad 

and 25 Krad have the lowest mean value for 

number of seeds/siliqua. An increase is 

noticed in 5 Krad and 45 Krad (26.8 and 

26.6 respectively) as compared to 25 Krad 

and other doses. 

Siliqua length 

The data of Table 2 shows the effect gamma 

radiation on siliqua length. Length showed a 

varying tendency for various doses. 5 Krad, 

15 Krad and 45 Krad have the highest value 

for siliqua length (4.82, 4.68 and 5.14 

respectively). For control 15 Krad the mean 

value for siliqua length were 4.7, 4.68 and 

35 Krad showed 4.62 cm which was the 

lowest value of all doses. 

1000 seeds weight 

The data of Table 2 shows the effect of 

gamma radiation on 1000 seeds weight. A 

varying tendency was noted for 1000 seeds 

weight.  The highest value was noted for 5 K 

rad dose (4.32 g respectively) while the 

lowest value was noted for 45 Krad 

treatments (3.38 g respectively).The control, 

15 Krad, 25 Krad and 35 Krad doses were 

(3.77 g, 3.97 g and 3.81 g respectively). 

Higher irradiation doses affect 1000 Seeds 

weight negatively and decreases its means 

value for all doses except 35 Krad. The 

present results coincide with those. 

Biochemical Analysis of Seeds: 

Oil percentage 
 Seeds of Brassica napus were analyzed for 

oil contents and the data (Table 3) revealed 

that the oil contents decreased significantly 

with increasing radiation doses. The lowest 

oil contents (49.2 %) were recorded for 

25Kraddose, while the highest oil contents 

(51.6 %) were recorded for control. 

Increasing radiation decreases the oil 

content. The similar result was reported by 

[17]. 

Protein percentage 

Seeds were analyzed for protein contents. 

The results showed that the Protein contents 

decrease with increasing radiation except 5 

Krad and 35 Krad which is 32.1 % and 26.5 

% respectively. The high amount of proteins 

were recorded in control (29 %)  while the 

lowest proteins content were recorded in 15 

Krad, 25 Krad and 45 Krad which is (22 %, 

22.3 % and 21.1 % respectively). Our results 

are supported by previous published studies 

that decrease in protein production by 

gamma irradiation reported by [18-20]. 

Glucosinulate contents 

Seeds were analyzed for glucosinulate 

(GSL) contents. The results showed that 

with increasing doses of gamma rays, the 

GSL contents were significantly increased, 

while an equality was noticed in 

45Krad(12.8) which showed equal amount 

GSL contents like control. The result was 

investigated by Gharaghani et al. [21]. 

Moisture 

Seeds were analyzed for moisture contents. 

The results showed that with increasing 

radiation doses the moisture contents of the 

seeds increased significantly as compared to 

control except (5.0 %) with the 5 Krad 

which showed lower mean value for 

moisture compared to control.  



Khan et al. 

 

241 
 

Table-1. Effect of gamma radiations on morphological and yield components of Brassica napus 

 

Doses 

PARAMETERS 

Days to 

germination 

Days to 

flowering 
Plant height 

Number of 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

Siliqua 

length 

1000 seeds 

weight 

Control 7 96 101.8 b 4.6 c 130.6 bc 25.8 a 4.7 d 3.77 

5 Krad 5 99 117.2 a 4.8 bc 150.4 b 26.8 a 4.82 b 4.32 

   15 Krad 5 99 107 b 5 b 100.8 d 23.6 b 4.68 bc 3.97 

25 Krad 7 99 97.6 c 4.6 c 114.4 bc 21.4 bc 4.62 c 3.67 

35 Krad 7 98 102.6 b 5.2 a 139.4 b 25a 4.6 d 3.81 

45 Krad 7 110 101 b 4.6 c 196.8 a 26.6 a 5.14 a 3.38 

 

LSD at 0.05 α level for plant height = 15.431 

LSD at 0.05 α level for number of branches/plant = 1.266 

LSD at 0.05 α level for number of siliqua/plant = 43.185 

LSD at 0.05 α level for number of seeds/siliqua= 2.771 

LSD at 0.05 α level for siliqua length = 0.06 

 

Table-2. Biochemical Analysis of Seeds. The quantitative analysis of seeds was carried out using NIRS (Near Infra 

Red Reflectance Spectroscopy) which works on the principle of measuring the absorption of light energy or 

wavelengths of each component at its characteristic frequency in the near IR region. 
Doses Oil % Protein % Glucosinulates 

μmol/g 

Moisture % Oleic Acid 

(18:01)% 

Linolenic Acid 

(18:03) % 

Erucic Acid 

(22:01) % 

Control 51.6  29.0  12.4  5.2  67.1  9.5  14.5  

5 Krad 50.2  32.1  16.1  5.0  62.4  9.6  17.9  

15 Krad 50.5  22.0 15.1  5.2  64.5  9.9  13.4  

25 Krad 49.2 22.3 14.5  5.2  63.5  10.1  13.7  

35 Krad 50.1  26.5   14.5  5.4  62.4  11.5  15.1  

45 Krad 50.9  21.3  12.8  5.5  65.7  9.7  12.7  

C.V (Coefficient of 

Variation) 

 

5.23 

 

17.24 

 

9.83 

 

3.35 

 

3.29 

 

7.38 

 

8.55 

 

The values of the equilibrium moisture 

contents increased with increasing radiation 

dose. In contrast increasing gamma radiation 

moisture contents decreased significantly.  

Oleic acid (18:01) 
The collected seeds were analyzed for oleic 

acid content. The result (Table 3) revealed 

that the oleic acid contents significantly 

decreased with the increasing doses of 

gamma rays. Higher dose i.e. 25 Krad 

showed in decrease (61.4 % respectively) as 

compared to control (67.1%). Higher 

radiation doses decreased oil content in 

different degrees, the oleic acid and erucic 

acid contents showed a drastic variation 

[22]. 

Linolenic acid (18:03) 

The analysis of collected seeds compared to 

control revealed that the linolenic acid 

contents changed variously compared to 

control. Control shows the lowest mean 

value (9.5 %), while 35 Krad show the 

highest mean value (11.5 %). Higher  

 

radiation doses increased oil content in 

different degrees except 45 Krad with (9.7 

%) which is almost equal to control (9.5 %). 

Erusic acid (22:01) 

As shown in Table 3 Erucic Acid contents 

decreased significantly in the irradiated 

seeds with increasing doses of gamma rays 

except 5 Krad with (17.9 %). The highest 

mean value for Erucic acid (17.9 %) was 

found in 5 Krad and the lowest (12.7 %) was 

found in the highest radiation dose i.e., 45 

Krad. Similar result was also reported by 

[23]. 

Conclusion 

The present study showed that 5 Krad and 

15 Krad doses were the best rate for 

increasing all traits. Higher doses of gamma 

irradiation decreased all traits in this study. 

There was no significant change in days to 

germination in Brassica napus crop. The 

reduced germination due to inhibitory effect 

of Gamma radiation.  Higher doses of 

gamma rays may delay the flowering. With 
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increase of dose flowering also delay. 

Control 96 days while 5 Krad, 15 Krad, 25 

Krad, 35 Krad and 45 Krad (99, 99, 99, 98 

and 110 days). Gamma Radiation has 

significant effect on plant height. The result 

show decreasing tendency in the mean 

values of plant height. Gamma radiation has 

no significant effect on number of branches. 

A varying tendency was noted for number of 

siliqua/plant, number of seeds/siliqua, 

siliqua length and 1000 seeds weight. The 

consequences showed that the gamma 

radiation has significant effect on protein, 

oil, oleic acid and erucic acid contents. 

Increasing radiation, protein and oil, oleic 

acid and erucic acid contents were decreased 

significantly. 
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