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Effect of gamma radiations (60Co) on seed germination and growth of turnip plant (Brassica rapa L.)
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ABSTRACT
Effect of various doses of gamma radiations i.e. 0.8, 1.0, 1.2, 1.4, 1.6 kGy on various characteristics of turnip (Brassica rapa L.) was
studied. Seeds were radiated in the Nuclear Institute for Food and Agriculture (NIFA), Peshawar and set for germination in the
Laboratory of Weed Science, The University of Agriculture, Peshawar for three weeks. Data were collected on germination percentage,
radical length, number of roots, plumule length, the diameter of hypocotyls, time of germination, fresh weight, dry weight and percent
moisture contents and were statistically analyzed. Due to radiation the differences in mean value doses were statistically highly
significant for germination percentage, radical length and number of roots and significant for plumule length, percent moisture content,
and diameter of hypocotyls. However, the time of germination, fresh weight, and dry weight was insignificantly affected. Thus, all doses
showed the significant inhibitory effect on the germination and growth of turnip plant. This could potentially be applied to introduce a
new variety of turnip that could tolerate water stress.
Keywords: Brassica rapa L, Gamma radiations, Germination.

1. INTRODUCTION
Brassica rapa L. (turnip) belongs to the Brassicaceae
(Cruciferae) family. It’s a biennial crop with a huge variety in
shape and color. Turnips were introduced to China and cultivated
before Christ based on the Chinese book of poetry “Shih Ching”
[1]. Nowadays Chinese turnips are often replaced by other
vegetables and its cultivation area is reduced. Its domestication
was very old. It was an important crop in the Roman and Greek
period. Its classification is based on morphological appearance,
resulting of a division of the cultivated forms of B. rapa into three
main groups: turnip, oil, and leafy types.
The intensive use of gamma rays and its techniques
produced crop plant and the list of new improved varieties of it in
this way in the last few years. This techniques have been used by
different authors and used gamma rays of 200 Gy to get a good
yield of groundnuts [2], with (250 Gy) mutant Jajai-25/A
produced 57% higher paddy yield than its parent Jajai-77 rice
variety [3], by using different doses of gamma radiations. Worked
also has been done [4] on mung bean seeds to known about their
textured appearance on Hordeum Vulgare (Barley) variety Nosrat
[5] on dry seeds of the variety D-154 of Corchorus capsularis and
C.G of C. oliterius (Rahman and Mia), in dry seeds of three broad
bean varieties (Sinjar, Egyptian and French) to get quantitative

variations and improvement in broad bean [6] and for the in-vitro
mutagenesis with micropropagation in shoot tips of guava (
Psidium guajava L. ) with cultivar Safeda [7]. Mutation can also
be induced through different techniques like Amplified fragment
length polymorphism (AFLP) used in rice crop for obtaining new
cultivars [8] and he also radiated tomato seeds with 60Co gamma
rays to get 100% high yield with drought-resistant quality. Such as
Korea and Japan and in the Northern regions of Aisa the flowering
of sweet potato is artificially induced by grafting short day
treatments [9].
The effects of gamma radiations on mutant sweet potato having
high starch contents and high yields [10], irradiation effects on
Phaseolus vulgaris L. cv, Blue Lake seeds revealed the amino acid
composition and its variations [11]. Genetic diversity of 18 Iranian
native turnips with a British cultivar i.e., Top Millan showed
significant differences like highest storage in root weight and size,
size and no. of leaves and flowers [12]. Significant effects on all
parameters but not on germination percentage with the increase in
dose irradiated over dry seeds of Lepidium sativum L. [13]. This
study was conducted to see the genetic variability in cultivated
turnip by radiation using various doses of gamma rays.

2. EXPERIMENTAL SECTION
Turnip seeds were collected from the Grain Storage of the New
Developmental Farm, the University of Agriculture, Peshawar.
Those seeds were taken to the Nuclear Institute for Food and
Agriculture (NIFA), Peshawar to expose the seeds to different
doses of Gamma i.e. 0.8,1.0, 1.2, 1.4 and 1.6 kGys. The effects of
different doses of gamma radiations on different genetic

parameters were observed. For this purpose, seeds were set for
germination in the Laboratory of Weed Science, The University of
Agriculture, Peshawar.
Under laboratory conditions, the following parameters were
studied by placing 10 seeds in each Petri dish with five
replications for each dose in a completely randomized design
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(CRD). Those seeds were kept on filter paper with distilled water
(5 ml/Petri dish) in sterilized Petri dishes which were kept at room
temperature for three weeks. The seeds were kept moist until the
termination of the experiment.
There were five radiation doses i.e. 0.8, 1.0, 1.2, 1.4 and 1.6 kGys
and one control treatment, each treatment was replicated five
times. The seeds were observed daily and whenever water
required, the same amount of water was added.
After three weeks of data on the following parameters were
recorded.
• Germination percentage
• Radical Length
• Number of roots
• Plumule Length
• Diameter of Hypocotyls
• Time of Germination
• Fresh Weight
• Dry weight

• Percent Moisture Content
Length of the stem and roots were measured on a calibrated scale
in cm. The numbers of roots were obtained by counting the roots
of each grain. The percentage of germination was calculated as by
the multiplication with 100 of a total number of grains germinated
and then further division occurs by the total number of grains
planted. Time of germination was calculated by daily observation
of each Petri dish, while the Diameter of hypocotyls was
calculated by using a laboratory screw gage. Fresh weight of the
specimen was measured with electric balance after the termination
of experiment i.e. three weeks. Then the sample was oven dried
and fresh weight data was calculated using the same balance.
Finally, the difference between the fresh weight and dry weight
was considered as moisture contents of the sample. Data on the
above parameters were recorded and statistically analyzed through
computer software Statistics 8.1 using the Analysis of Variance
(ANOVA) techniques. Means were separated through Least
Significant Different test (LSD).

3. RESULTS SECTION
Germination percentage. Least Significant Test (LSD) revealed
that doses of different gamma irradiations showed significant
effects on seed germination when means were compared with
control treatment at P ≤ 0.05. Lowest germination percentage was
recorded in the 1.6 kGy treatment, which is significantly different
from the control and 0.8, 1.0, and 1.2 kGy treatment (P = 0.0001).
However, germination percentage in 1.4 was comparable with 1.6
kGy treatment (Figure1).
Radical length. From (LSD) concluded that doses of different
gamma irradiations showed the highly significant effect on radical
length as shown in (Figure 2). The lowest radical length was
recorded in the 1.6 kGy i.e. 1.2520 treatment, which is
significantly different from the control and 0.8, and 1.0 kGy
treatments (P = 0.0001).
Plumule length. LSD test revealed that Plumule length increased
under all the radiation doses applied but lowest Plumule length
was recorded in the 1.6 kGy treatment, which is significantly
different from the control and other treatments (Figure 3).
A number of roots. From LSD the lesser number of roots were
recorded in the 1.6 kGy treatment, which is significantly different
from the control and 0.8, 1.0, and 1.2 kGy treatment (P = 0.0001).
However, a number of roots in 1.4 were comparable with 1.6 kGy
treatment (Figure 4).
Fresh weight. Fresh weight increased under all the radiation doses
applied, revealed through LSD test but the minimum fresh wt. was
recorded in the 1.6 kGy treatment and compared with 1.0 and
1.4kGy (Fig.5) which is significantly different from the control
and other treatments (P = 0.0001).
Dry weight. Least Significant Test (LSD) revealed that no
significant difference was recorded in different treatment and was
statistically at par with the control treatment (Fig 6). The highest
dry weight was recorded in control (1.33 mg) and all other
treatments were similar except 1.6 kGy which is slightly different
when doses of different gamma irradiations applied (Figure.6).

Diameter of hypocotyls. LSD Test depicts that the maximum
diameter of hypocotyl showed by control and minimum by 1.6
kGy when doses of different gamma irradiations applied
(Figure7).
Percent moisture contents. Different gamma irradiations effects
on seeds showed by LSD test which revealed that the highest
percentage moisture contents found in 0.8 kGy and lowest in 1.6
(Figure 8).
Time of germination. Time of germination increased under all
the radiation doses when applied revealed by LSD test and but
when means were compared with control treatment at P ≤ 0.05, a
significant difference was observed (Figure 9). Minimum time of
germination was recorded in the 1.4 and 1.6 kGy treatments,
which is significantly different from the control and 0.8, and 1.0
kGy treatment (P = 0.0001) (Figure 9).
Discussion. The germination percentage decreased after gamma
irradiation, but the decrease was related to the increase of dosage.
A high increase was observed at 0.0 and 0.8 KGy and lowest at
1.6 KGy for usually all parameters, which shows some stimulatory
effect of hormones. This result is in agreement with the result of
[14,15,16]. The radical length was increased with application of
all doses applied. A high increase was observed at 0.8 KGy and
lowest at a higher dose of 1.6 KGy, in general, lower doses were
stimulatory and higher doses were inhibitory in action. Similar
results were also obtained by [17,18]. The effect of plumule
length was highly significant with the application of all doses
applied. This result is compatible with the result of [19], and [20,
21]. The number of roots was highly significant with the
application of all doses applied. A high increase was calculated at
0.8 KGy and lowest at 1.6 KGy. This result is in contrast with the
result of [18, 22]. The time of germination was decreased with the
application of all doses [18,22,23]. The fresh and dry weight was
increased with application of all doses. A high increase was
observed at 0.0 KGy and lowest at 1.6 KGy. All the doses have
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similar effects on the average fresh and dry weight/replicates. The
effect of gamma rays on percent moisture content and on the
diameter of hypocotyls were also significant in the response of all
radiation doses which is similar to the result of [18,23]. The effect
of gamma rays on the diameter of hypocotyl was significant in the
response of all radiation doses apply. A high increase was
observed at 0.8 KGy which is contrasting with [18] values and
lowest at 1.6 KGy which is in similarity with the result of [18].
From the parameters examined and it is seen that 150 Gy inhibited
seedling growth significantly [24]. The success of vitro studies
based firstly on the viability of seedling from which explain were
excised [24, 25].
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Figure 2. Gamma irradiation effects on radical length.
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4. CONCLUSIONS
On the basis of above work, concluded that the effects of
all the doses of Gamma Irradiations applied were highly effective
against all parameters studied where the growth parameter is

shown a significant decrease in growth, which could possibly be
used to introduce a new short statured variety with less water
requirement.
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