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Abstract

lonizing Radiations has emerged as a useful mutagen in the mutation breeding of ornamental plants result
in the induction of novel mutations. This study investigates the morphological and biochemical responses
of different varieties of Tagetes patula L. (French marigold) viz., Bonanza, Guljafri Orange, Guljafri
Yellow, Nana patula Yellow and Safari Red toward different dosage of gamma irradiation. In this study,
the dry seeds of different varieties of T. patula L. were irradiated at 0, 2.5, 10.0, 15.0, 20.0 and 25.0 kR.
The study demonstrated that low dosage (2.5 kR) of gamma irradiation had a stimulating effect on the
plant height, number of flowers per plant and flower diameter in all the varieties of T. patula L.
Meanwhile, dosage higher than 10.0 kR caused reductions in all the morphological parameters studied as
compared to the control samples. The highest total soluble protein content [(4.11+0.47) mg/g FW] was
observed in plantlets irradiated at 2.5 Kr. The present study also revealed that higher dosage of gamma
irradiation (15.0 to 25.0 kR) had stimulatory effect on the specific activity of peroxidase content of T.
patula L. varieties while low doses (2.5 and 10.0 kR) had a inhibitory effect on the specific activity of
peroxidase. Conclusion is gamma irradiation administered at low to moderate doses of 2.5 to 25.0 Kr
may induce T. patula L. var Bonanza, Safari Red, Guljafri Yellow and Nana patula Yellow mutants with
superior novel characters.
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1. Introduction

Gamma irradiation has emerged as a new physical mutagen in the mutation breeding of
ornamental plants, result in the induction of novel mutations. During past decades, mutation
breeding has been used for generating genetic variations of new crop varieties . The crop
plant characteristics that have been improved by mutation breeding are those that have either
not found with natural selection or were not achieved during previous plant breeding efforts 21,
The successful achievement with mutation breeding techniques for the improvement of the
major crops in the world would indicate that it is no longer a controversial breeding technique,
but an important way to complement the conventional breeding technology. Recently, physical
mutagens have been established as effective tools of inducing mutations in many plant species
due to its high frequency and broad spectrum Bl The conventional approaches of plant
breeding have exploited the available genetic variability in T. patula. Mutagens have
remarkable possibilities of improving plants with regard to their qualitative and quantitative
traits. The current study was conducted with the aim of determining the morphological and
physiological responses of T. patula L. viz., Bonanza, Guljafri Orange, Guljafri Yellow, Nana
patula Yellow and Safari Red toward gamma irradiation at different doses. Thus, this study
attempted to further improve the quality and traits of T. patula L. viz., Bonanza, Guljafri
Orange, Guljafri Yellow, Nana patula Yellow and Safari Red through ion beam irradiation.

2. Materials and Methods

2.1 Plant materials and irradiation method

The planting material (seeds) of all the varieties of Tagetes viz., Bonanza, Guljafri Orange,

Guljafri Yellow, Nana patula Yellow and Safari Red will be treated with gamma rays (Cobalt-

60) at 2.5, 10.0, 15.0, 20.0, 25.0 kR, respectively, which would be applied to the seeds just

before sowing in the gamma chamber of National Botanical Research Institute, Lucknow and

then immediately sown for raising nursery on raised beds and seedlings (about 30 days old)

will be used as a planting material to be transplanted in experimental plot. Untreated seeds of
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each variety will be planted beside the treated population for
the ease of comparison. Variations caused by these mutagenic
treatments would be recorded by observing the difference in
growth and flowering attributes between treated and untreated
seed derived plants.

2.2 Morphological studies

Both control and irradiated plantlets of different varieties of T.
patula L. were subjected to morphological studies, whereby,
the survival percentage of the seeds was determined after 30
days of germination. Meanwhile, the height and number of
branches per plant were observed and recorded at maturation
of the plantlets.

2.3 Biochemical studies

2.3.1 Protein extraction

Leaves of irradiated and non-irradiated seeds were extracted
with Tris protein extraction buffer (pH 8.0) at the ratio of 1 g
of sample to 10 ml of protein extraction buffer. The samples
were homogenized in an ice bath with the addition of a
protein extraction buffer. The crude extracts were then
transferred to a 1.5 ml centrifuge tube followed by
centrifugation at 15,000 rpm for 20 min at 4°C. The resulting
supernatant was transferred to a new centrifuge tube and was
used for the determination of total soluble protein content of
different varieties of T. patula L. plantlets.

2.3.2 Determination of total soluble protein content

The total soluble protein contents of the irradiated and non-
irradiated varieties of T. patula plantlets were determined by
using the Bradford method . The total soluble protein assay
was carried out by addition of 20 ul of sample extract to 80 pul
of protein extraction buffer and 5 ml of protein reagent. The
solution was thoroughly mixed by vortexing, followed by a
determination of absorbance at 595 nm using GENESYS 20
spectrophotometer (Thermo Scientific, USA). The total
soluble protein content of the samples was determined from
the standard curve plotted by using bovine serum albumin
(BSA; Sigma Aldrich, USA) as the standard at 0, 50, 100,
150, 200, 250, 300, 350, 400, 450, and 500 mg/ml. The total
soluble protein content of the samples was then expressed in
mg/g FW of the plant material.

2.4 Statistical Analysis

In this study, the experiments were carried out in three
replicates for both morphological and biochemical studies
where each set of the experiments was repeated once. The
results obtained from the morphological and biochemical
studies of the plant samples were subjected to one-way
analysis of variance (ANOVA) as well as determine the
significance differences between the mean of each parameter
tested in the study at P<0.05.

3. Results and Discussion

3.1 Height of plantlets

The morphological study was carried out after maturation of
the plantlets of all the five varieties to compare the heights of
the irradiated and non-irradiated plantlets Fig 1. There was
significant difference in the height between all the irradiation
doses in all the varieties of T. patula L. However, all the
plantlets of the irradiated seeds showed a slight reduction in
their height as compared to the control samples in higher
doses with an exception for plantlets irradiated at 10 Gy of
carbon ion beam, which were 3.9% taller than the control
samples.

Plant Height (cm) at maturity

It is evident from the data that plant height gradually
decreased with increase in gamma rays dose. It reflects that in
M; generation, plants which were given 25.0 Kr gamma rays
treatment recorded minimum plant height at maturity (26.71
cm) while, maximum plant height was observed in 2.5 Kr
gamma rays treatment (40.27 cm). In My generation,
maximum plant height (39.01 cm) was observed in lower dose
(2.5 Kr) gamma rays whereas; smaller plant height (24.68 cm)
was recorded at higher dose (25.0 Kr) which was at par with
rest of treatments. In M3 generation, maximum plant height
(41.73) at maturity was observed in 2.5 Kr dose whereas,
smaller plant height (25.48 cm) was recorded in 25.0 Kr
gamma ray dose.

Variety differences were also significant in M1, Mz and M3
generation. Maximum plant height was recorded in variety
Guljafri yellow in M; (66.81 cm) which was at par with
variety Guljafri orange (34.66 cm), in M2 and M3 the variety
Guljafri yellow again exhibited maximum plant height (65.50,
66.17) cm which was at par with variety Guljafri orange
(31.98, 35.24) cm, respectively.

The untreated plants of all the varieties in M1, Mz and M3
resulted in maximum plant height except Guljafri yellow at
2.5 Kr gamma rays, which exhibited highest plant height
(78.29, 77.89, 79.58) cm, respectively whereas, variety
Bonanza resulted in all three generations minimum plant
height (15.12, 15.37, 14.29) cm, respectively which was
significantly shorter than the other interactions.

In general, there was reduction in plant height after gamma
radiations in all the varieties except in Guljafri yellow where
it has increased at 2.5 Kr. Reductions were more at higher
doses in all the varieties. Significantly longer plant height in
Guljafri yellow at 2.5 Kr might be due to the reason that it
was an early variety and growth was faster as compared to
other varieties. Inactivation of auxin and decrease in auxin
content with increase in radiation doses is responsible for
reduction of plant height.

The present study revealed that inhibited growth in terms of
height was evident in T.patula L. plantlets with increasing
doses of gamma radiation administered on the seeds. The
negative impact of radiation on plants may be indirectly
mediated via metabolic changes through free radical
formation, as well as indirectly, by DNA damage to the
dividing cells Bl. According to [, cell division is the most
sensitive parameter to irradiation, which might account for the
growth inhibition observed in irradiated plantlets.

On the contrary, stimulated growth was observed on T.patula
L. var Guljafri orange plantlets derived from seeds that were
irradiated with low doses of gamma rays. The stimulation of
plant height at low doses of gamma irradiation was frequently
observed on plants "> 8. This may be due to the hormetic
effects of low-dose ionizing radiation on plants that
accelerated the cell proliferation, stimulated germination and
growth, or even increased yield. These effects could be
characterized as the modulation of photosynthesis and
antioxidant machineries [,

3.2 Number of flowers per plant

Fig. 2 reveals that there were significant effects of gamma
radiations and varieties on number of flowers per plant. The
irradiation of plants with gamma rays, irrespective of varieties
caused non-significant reduction in number of flowers per
plant. Maximum number of flowers per plant (17.04) was
recorded in control, and was higher than the rest of the
treatments. Further, increase in gamma rays dose caused
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significant reduction in flower number. The higher doses of
gamma rays (25.0 Kr) resulted in minimum number of
flowers per plant (15.90). In M, and Ms; generation also,
similar reduction in number of flowers per plant were
recorded at higher dose whereas, control resulted in more

number of flowers (16.93, 16.98, respectively) as compared to
higher doses of gamma radiations. Minimum flowers per
plant (15.85, 15.83) were recorded in the plants treated with
25.0 Kr treatment in Mz and M3 generations, respectively.
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Fig 1: Effect of gamma irradiation on plant height at maturity on five varieties of T. patula L (Each bar represents Mean £SD [Standard
deviation] p< 0.05

Among the variety, Guljafri Orange exhibited maximum
number of flowers per plant in M1 (19.98) as well as Bonanza
in M (20.15) and M3 (20.13), whereas, minimum number of
flowers per plant in My, My as well as in M3 generation was
observed in variety Safari red (18.13, 18.08, 18.10,
respectively).

The interaction effect of varieties and gamma rays treatment
was significant in M1 generation but in M, and Msgeneration
was found to be non-significant. In general, interactions of all
the varieties with control resulted in highest number of
flowers per plant and interaction with highest dose (25.0 Kr)

caused more reduction in flowers in all the varieties as
compared to lower doses.

Decrease in flowers per plants with higher doses is mainly
due to disturbances in plant physiological processes and
reduction in vegetative growth of plant. Researchers also
recorded increase in flower number at lower doses of gamma
radiation in zinnia, whereas number of flower heads reduced
drastically at higher doses of gamma rays 1. These results
also corroborate with the findings [*% who recorded maximum
number of florets per spike in untreated plants and reduction
in florets at higher doses of gamma rays in gladiolus.
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3.3 Flower diameter after gamma rays

The data revealed to the effect of gamma rays treatment on
the flower diameter have been presented in Fig 3. It is evident
from the data that highly significant differences for this
character were recorded in all the three generations. The
perusal of the data revealed that irrespective of the varieties,
lower doses (2.5 Kr) treated plants had significantly larger
flower size in My (6.32cm), M, (5.67cm) and M3 (6.23cm)
than un-radiated plants in all the three generations, while
exposure to higher doses gamma rays reduced the flower size
significantly. The 25.0 Kr gamma rays treated plants recorded
lowest flower diameter (5.99 cm) followed by 20 Kr gamma
rays treatment (5.70 cm) in M; generation. In M, generation,
5.92 cm in 25.0 Kr followed by 5.63 cm in 20.0 Kr and in M3
generation, 5.93 cm in 25.0 Kr followed by 5.63 cm in 20.0
Kr recorded lowest flower diameter. The variety differences
for flower diameter were significant in M1, M. as well as in

M3 generation. Irrespective of gamma rays treatment, variety
Bonanza exhibited significantly maximum flower diameter
(8.21), whereas minimum flower diameter was recorded in
variety Guljafri yellow (4.53 cm) in M generation. In M,
generation, significantly maximum flower diameter was
recorded in the variety, Guljafri orange (5.73 cm) while,
minimum flower diameter was exhibited by variety Bonanza
(4.44 cm). In M3 generation, maximum flower diameter was
recorded in the variety, Bonanza (8.21 cm) while, minimum
flower diameter was examined by variety Safari red (5.71
cm). A critical perusual of data revealed that in M1, M, and
M3 generations, variety Bonanza (8.38, 8.39,8.44 cm) treated
with 2.5 Kr followed by Safari red had maximum flower size
(6.47,6.32, 6.44 cm), respectively in comparison to untreated
plants. Minimum flower size in M1, M2 and M3 generations
was exhibited by Guljafri yellow (4.34, 4.31, 4.28 cm) with
25.0 Kr gamma radiations.
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Fig 2: Effect of gamma irradiation on number of flowers per plant on five varieties of T. patula L (Each bar represents Mean +SD [Standard
deviation] p< 0.05
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In general, higher doses of gamma radiation reduced flower
size drastically. This might be due to reduction in vegetative
growth of plants. Reduction in flower size at higher doses of
gamma rays treated was also reported in chrysanthemum [,
These results are also in lines with findings who reported
reduction in flower size of dahlia cv. ‘Pinki’ after gamma
radiations of rooted cuttings. At higher doses, effect of
gamma radiations was more pronounced, which resulted in
smaller flower size [*2,

3.4 Total soluble protein content

The biochemical assay revealed that the total soluble protein
content of different varieties of T. patula L. showed some
variability with different doses of gamma irradiation.
According to Fig. 4 irradiation of seeds at lower doses (2.5
t010 Kr) resulted in plantlets with relatively high total protein
content in T. patula L. var Safari Red and T. patula L. var
Nana patula yllow compared to the other varieties in M1, M;
and M3 generations. However, irradiation with higher doses
(15 to 25 Kr) of gamma irradiation gradually reduced the total
soluble protein content of the resulting varieties of T. patula
L.
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Fig 3 Effect of gamma irradiation on flower diameter on five varieties of T. patula L (Each bar represents Mean +SD
[Standard deviation] p< 0.05

Gamma irradiation on the seeds of different varieties of T.
patula L. causes a considerable stress on the plant. Plants may
alter their metabolic mechanisms and gene expressions to
cope with the stress effect %1, The plants stress often results
in an alteration of gene products ', which plays an important
role in the molecular changes of stress tolerance 131,

Different genes displayed different patterns of gene
expression in response to irradiation in tobacco plants,
thereby complex signaling mechanism is involved in the
irradiation-induced defense by plants %1, Therefore, altered
gene expression under radiation stress, the qualitative and
quantitative variation in protein content was obvious [,
These proteins might play a role in signal transduction, anti-
oxidative defense, metal binding and osmolyte synthesis,
which are essential to a plant’s function and growth [, This
might be the possible explanation for the increase in total

soluble protein content at low irradiation doses as observed in
the present study.

On the other hand, radiation may disrupt hydrogen bond,
destroy sulfydryl groups, or affect other reactive groups in the
side chain of protein molecules €. This can cause
irreversible change in the protein conformation, which tends
to occur with high irradiation doses. In addition,
fragmentation and aggregation of protein molecules might
also occur in response to radiation exposure 1. These
phenomena might lead to a reduction in total soluble protein
content when the seeds were irradiated at high doses of ion
beam, as observed in the current study.

Extensive research has been carried out to investigate the
effects of y irradiation and other ionizing radiation on the total
protein content of plants, while little research evidence was
found regarding the effects of ion beam irradiation on the
protein content in a plant model. In the study which
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investigated the effect of y irradiation on edible seed protein,
it was discovered that the total protein content decreased with
increasing doses of vy irradiation as compared to the control
samples 2% 21 revealed that there was a significant increase in
protein contents of corn seeds and Zea mays after irradiating
the seeds at 0, 17.39, 86.96, 130.40, and 173.90 Gy of y rays.
Similarly, discovered an increase in the protein content of O.
sativa after irradiation.

3.5 Specific activity of peroxidase

Specific activity of peroxidase of varieties of T. patula L. was
determined after maturation of different varieties of T. patula
L. As illustrated in Fig. 5 an increase in the specific activity of
peroxidase was observed with increasing doses of ion beam.
Non-irradiated plantlets were found to have specific activity
of peroxidase of 547.67 U/mg, which was the lowest among
all the treatments. On the other hand, the highest specific
activity of peroxidase (1,165.42 U/mg) was recorded in
plantlets irradiated with 25.0 kR of gamma irradiation, which
was significantly greater than that of the control samples.
Meanwhile, plantlets at 15 kR also exhibited relatively high
specific activity of peroxidase, which was 748.19 U/mg. This
study also revealed that plantlets irradiated at 15.0, 20.0 and
25.0 kR showed greater specific activity of peroxidase of
17.09%, 24.14%, and 27.45%, respectively, over the control

samples. However, statistical analysis showed that the
specific activity of peroxidase was not significantly different
between all the treatments.

Gamma irradiation generates free radicals, which might be
inhibitory to the biochemical processes %1, Water radiolysis
as the predominant effect of radiation in organisms which
induces reactive oxygen species (ROS) formation, one can
assume that plant enzymes that are involved in cell protection
against oxidative stress will display similar responses under
radiation stress as under other stress factors 24, According to
the research conducted by ! heavy ion obviously enhanced
ROS, which is reflected by the increased production of O, and
H,0,. Consequently, plants need to develop antioxidant
enzymes and antioxidative molecules to mitigate and repair
the damage initiated by free radicals or ROS [, Therefore,
peroxidases play an essential protective role against oxidative
stress and they are the indicators of cellular damage [?61.
Peroxidase, antioxidant enzymes play an important role in
plant defense systems (Veitch, 2004). In this study, it has
been demonstrated that the specific activity of peroxidase
increased with increasing doses of gamma irradiation. All T.
patula L. plantlets derived from irradiated seeds were found
to have higher specific activity of peroxidase as compared to
the control plantlets of different T. patula L. varieties.
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Conclusion

In short, the morphological and biochemical responses
of different varieties of T. patula L. towards high energetic
gamma beam are dose-dependent. Low irradiation doses at
2.5 to 10.0 kR stimulate plant height, number of flower per
plant, flower diameter as well as total soluble protein content
of Safari Red followed by Nana patula Yellow, while
irradiation at 15.0 to 25.0 kR resulted in an increase in
peroxidase activity. Therefore, it is postulated that irradiation
administered at low to moderate doses of 2.5 to 25.0 kR may
induce mutants with superior characteristics of different
varieties of T. patula L in M1, Mz and M3 generations. Further
investigations were carried out on further progeny
of T. patula L. plantlets, by this possible mutants were
induced by irradiation. Study shows that gamma irradiation
on T. patula L. is transmittable to the succeeding generations.
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