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Abstract: Zinnia elegans is a herbaceous annual with diverse flower colours,
flower types and plant height. Zinnia elegans are popular as pot plants and also
for landscape gardening. The commercial value of Zinnia can be increased with
novel traits such as flower colour and form. One of the techniques to develop
plant varieties with superior traits is to induce mutations using gamma radia-
tion. Hence, three doses of gamma radiation (75Gy, 100Gy and 125Gy) were
utilised to obtain new and novel varieties of Zinnia elegans var. Dreamland and
to study the effect of gamma rays on germination of seeds, growth and survival
of the seedlings, height of the plants. All the three gamma ray doses were
found to decrease the germination and survival of seeds of Zinnia elegans. The
higher doses of gamma rays were found to be detrimental for the germination
and survival of seeds and height of the seedlings. Phenotypical variations such
as plant height, the number of flowers and flower diameter of the third genera-
tion mutants were highly significant as compared to the control. Eight floral
variations could be obtained with novel form and colour.

1. Introduction

In recent years floriculture has become a flourishing industry. One of
the requirements of the floricultural industry is diversity in order to intro-
duce new ornamental plants in the market. Zinnias are important orna-
mental plants on the world floral market. Zinnia has been reported to be
the first flower to be grown in space stations (Loff, 2016). Zinnia elegans
offers a wide range of flower forms and colours which have an immense
ornamental value. However there is a continuous demand for ornamental
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cultivars with new/novel forms and colours in mod-
ern and industrialized horticulture (Yunus et al.,
2013). Induced mutations offer a possibility of
obtaining ornamentals with novel forms and colours
to meet this demand (Tiwari and Kumar, 2011). More
than 2,200 mutant varieties of crop plants have been
released using induced mutagenesis and among
them, 566 represent ornamental plants (Jain, 2005;
Barakat and El-Sammak, 2011). 76 new mutant orna-
mental varieties with changed flower colour/shape
and chlorophyll variegation in leaves have been
developed using gamma rays and released (Datta et
al., 2009; Barakat and El-Sammak, 2011). But, no
reports of registration of mutant varieties of Zinnia
under mutant variety database of International
Atomic Energy Agency are found. There is only one
report of production of four new varieties in Zinnia
by Venkatachalam and Jayabalan (1997). Radiation
with Gamma rays has been reported to give rise to a
large number of novel mutants in several ornamental
species (Chrysanthemums, orchids, rose, pelargoni-
um, canna, and carnations). The present study was
carried out to utilize the mutagenic effect of gamma
rays on Zinnia elegans to obtain dwarf varieties and
flowers with novel architecture and colours.

2. Materials and Methods

Plant materials

Seeds of Zinnia elegans var. Dreamland with pink
flowers which were certified to be pure breeding
were procured from the Indo American Hybrid Seeds,
Bangalore.

Gamma irradiation

Zinnia elegans var. Dreamland seeds were treated
with gamma radiation at the Bhabha Atomic
Research Center, Mumbai, India. Three gamma ray
doses (75GY, 100GY and 125GY) were selected after
studying the radiosensitivity and lethal dose (LD50)
of Zinnia seeds (Pallavi et al., 2017). The gamma ray
doses were given at the rate of 1.7Gy/min using %°Co
source.

Evaluation of germination of seeds, survivability and
growth of seedlings

For the evaluation of germination of the irradiat-
ed seeds, survivability and growth of the seedlings, a
total of 90 seeds were treated in triplicates. 30 non-
irradiated seeds were established as controls. The
irradiated seeds were maintained as axenic cultures.
The germination of the seeds was recorded for the

268

first seven days and the percentage of survival of
seedlings on the 15" day after planting. The seedling
growth parameters such as plant height and root
length were recorded at an interval of 5 days for 15
days.

The data obtained was used to calculate the per-
centage of germination and the percentage of sur-
vival for each treatment as follows:

Germination % = No. of germinated seeds x 100/No. of irradi-
ated seeds planted;
Survival % = No. of survived seedlings x 100/No. of irradiated
seeds.

Evaluation of phenotypic variations observed in M,
generation

To determine the effect of gamma rays on pheno-
typic characteristics, 500 seeds were irradiated with
75Gy, 100Gy and 125Gy doses of gamma radiation in
each treatment. 500 non irradiated seeds were
established as control. The irradiated seeds were
sown in the green house of St. Aloysius College,
Mangalore and the seedlings were grown up to the
flowering stage and self-pollinated. The seeds of self-
pollinated flowers were collected and sown and the
procedure was repeated till the third mutant genera-
tion. The irradiated populations were screened for
mutants at the M, generation. The plant height was
recorded after 60 days of germination. The floral
characters such as flower diameter, the number of
flowers and flower colour were recorded at the flow-
ering stage.

Statistical analysis

The data was recorded and statistically analysed
using IBM SPSS 20 software. One-way ANOVA test
was performed to determine significant differences
between the variations. Tuckey HSD was used to
ascertain significant differences among treatments at
p=0.05.

3. Results

Effect of gamma rays on seed germination, surviv-
ability and seedling growth

The seeds started germinating within 3 to 4 days
of sowing in all the treatments and the control. The
percentage of germination of control seeds was
found to be 68.89+2.22. The percentage of germina-
tion of seeds irradiated with 75Gy (55.55+2.22) was
not significantly different from the control.
Irradiation with 100Gy and 125Gy gamma ray doses
significantly decreased the germination percentage



of seeds as compared to the control (Fig. 1).
Furthermore, the percentage of survival of seedlings
obtained from seeds irradiated with 75Gy, 100Gy and
125Gy was significantly lower as compared to the
control (Fig. 1). No significant difference was
observed in the percentage of survival of seedlings
obtained from seeds irradiated at 100Gy and 125Gy.
There was no significant variation in plant height and
root length of the seedlings up to 10 days as com-
pared to the control. From the 10" day onwards
there was a significant decrease in plant height and
root length in seedlings obtained from seeds irradiat-
ed at 100Gy and 125Gy as compared to the control
(Figs. 2 and 3).
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Fig. 1 - Effect of gamma radiation on percentage of seed germi-
nation and percentage of plant survival in Zinnia elegans
var. Dreamland. The mean values with same alphabets
do not differ significantly at P<0.05 level.
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Fig. 2 - Effect of gamma radiation on plant height of the
seedlings at 5 days interval.

Mutants obtained at Msgeneration

Variation in plant height. Variation in plant height
was observed in third generation plants obtained
from seeds irradiated at all three levels (Fig. 4). The
lowest plant height was seen in variant V1
(18.33£2.028 cm) obtained from seeds irradiated at

Pallavi et al. - Gamma ray induced variations in Zinnia elegans

== Control 756y  =de=100Gy =====125GY

14

12
<10 1
s
£ 8
i)
e
2 s A
§ X
x 4

2

0

5TH DAY 10TH DAY 15TH DAY

Fig. 3 - Effect of gamma radiation on the root length of seedlings
at 5 days interval.
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Fig. 4 - Comparison of plant heights of the variants and control
plants of Zinnia elegans var. Dreamland. The mean val-
ues with same alphabets do not differ significantly at
P<0.05 level.

the 75Gy dose. The variant V3 obtained from seeds

irradiated at 100Gy dose had the highest mean value

of plant height (55.33+1.85 cm).

Variation in number of flowers. The number of
flowers found in the variants is shown in figure 5. The
variant V7 gave the highest mean number of flowers
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Fig. 5 - Comparison of number of flowers in control and variants
of Zinnia elegans var. Dreamland. The mean values with
same alphabets do not differ significantly at P<0.05 level.
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(7£0.57) at 100Gy dose. The lowest number of flow-
ers was given by variant V8 (2.66£0.33) at 125Gy as
compared to the control (5.33+0.33). The variation
found in the number of flowers in all the variants is
statistically highly significant.

Variation in flower diameter. Variation in the
diameter was found in the flowers of plants of seeds
radiated at all three doses (Fig. 6). Except variant V3
most of the flowers were smaller than the control.
The variations in the smaller flowers are not signifi-
cant except for the variant V7.
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Fig. 6 - Comparison of flower diameter in control and variants of
Zinnia elegans var. Dreamland. The mean values with
same alphabets do not differ significantly at P<0.05 level.

Variation in form and colour of flowers. Variations
in flower form and colour were observed after treat-
ment with gamma rays of different doses as shown in
Table 1 and figure 7. In plants irradiated with 75GY,
two variants V1 with white coloured flowers and V2
with single whorled light yellow coloured flowers
were obtained. In plants of seeds irradiated with
100GY, 5 flower colour variants were observed. V4
and V5 plants showed light yellow coloured ray flo-
rets with pink coloured tips. V3 showed single whorl
pink flowers, V6 plants had orange yellow coloured

Table 1 - Effect of gamma radiation on flower colour and form

flowers. The V7 had only yellowish disc florets with-
out any ray florets. In plants irradiated with 125GY,
only one variant with yellow flowers was obtained.

Fig. 7 - Effect of gamma radiation on flower colour and form of
Zinnia elegans var. Dreamland. C= control, V1-V8 =
Variants.

4, Discussion and Conclusions

Higher doses of gamma radiation were found in
our study to reduce seed germination and survival of
seedlings. This is confirmed by Hanafiah et al. (2010),
who found that higher doses of radiation have an
adverse effect on seed germination and survival of
soybean seedlings. Similarly, Kumari et al. (2013)
reported that Gamma rays significantly reduced plant
survival and growth of Chrysanthemum morifolium
variety ‘otome pink’; reduction in survival increased
with increase in dose. Significant reduction in survival
of plants obtained from seeds irradiated with gamma
rays was also observed by Jala and Bodhipadma
(2011) in Celosia argentea var. cristata. According to

. Gamma ray doses
Plant variants y

Flower characteristics

(Gy)
Control - Pink, double whorled
V1 75 White, double whorled
V2 75 Light yellow, single whorled
V3 100 Pink, single whorled
V4 100 Light yellow, double whorled ray florets with pink shaded tips
V5 100 Light yellow, double whorled ray florets with light pink shaded tips
V6 100 Orange yellow, double whorled
V7 100 No ray florets
V8 125 Yellow, double whorled
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Datta and Gupta (1982), Banerji and Datta (2002),
and Khan (2003), the decreased survival percentage
of plants obtained from seeds treated with higher
gamma radiation doses is due to chromosomal aber-
rations and gene mutation after irradiation treat-
ment. According to Tiwari and Kumar (2011) many
mutations can be lethal due to the inhibition of cell
division and induction of cell death. In our study
higher doses of radiation were found to reduce
height of the plants in Zinnia. Significant reduction in
plant height is also reported with higher doses of
radiation in Chrysanthemum morifolium variety
‘otome pink’ (Kumari et al., 2013). The decrease in
plant height and root length observed in our study
has also been reported in a number of other crops
(Thimmaiah et al., 1998; Yagoob and Ahmad, 2003;
Al-Salhi et al., 2004; Toker et al., 2005; Kon et al.,
2007; El Sheriff et al., 2011). The plant height and
root length of seedlings from the seeds treated with
100Gy and 125Gy was found to be similar to the con-
trol seedlings until 10" day in our study but both
decreased after the 10" day. Similar results have
been reported by Khalil et al. (1986) in barley and El
Sheriff et al. (2011) in Hibiscus sabdariffa. According
to them the probable cause for the reduction in plant
height and root length after the 10" day, could be
the decrease in activity of mitotic division of meris-
tematic tissues and decrease in the moisture content
of the seeds. Induction of mutations based on ionis-
ing radiations has played a major role in the develop-
ment of many new and novel flower colour and
shape mutants in ornamentals (Datta et al., 2005).
Schum and Preil (1998) reported that 55% of the
records on induced mutation in ornamental plants
concerned changes in flower colour and 15% in
flower morphology. Yamaguchi et al. (2008) obtained
more than 8 types of flower colour mutants from
Chrysanthemum plants bearing pink flowers. Datta
and Chakrabarty (2009) developed four mutants with
flower colour and floret shape variation by irradiating
the ray florets of five decorative type
Chrysanthemums. Venkatachalam and Jayabalan
(1997) induced four types of new flower colour
mutations: majenta, yellow, red and red with white
spots in Zinnia elegans Jacq. cv. crimson red using
gamma irradiation. In our study, eight Zinnia mutants
with novel variations in form and colour of flowers
were obtained with gamma rays. Studies by Datta et
al. (2009); Zalewska et al. (2011) on pigment analysis
of florets of chrysanthemum flower colour mutants
indicated that changes in flower colour were due to
gualitative and quantitative changes in the pigments
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as a result of mutations induced by gamma rays.
Flower pigments are composed of flavonoids includ-
ing anthocyanins, flavones and flavonols (Harborne
and Grayer, 1988; Hattori, 1992). Mutations in the
core structural genes or regulatory loci of
Anthocyanine biosynthesis pathway result in changes
in flower colour according to Streisfeld et al. (2013)
and Nakatsuka et al. (2005). The blockage in the early
steps of anthocyanin synthesis leads to the loss of
floral anthocyanine pigments ultimately resulting in
the formation of white flowers whereas a blockage in
the later steps leads to flower colour changes from
blue to red because of the accumulation of a particu-
lar anthocyanin (Mato et al., 2000; Lee et al., 2008;
Tanaka et al., 2008; Casimiro-Soriguer et al., 2016).

A higher frequency of flower colour mutation was
observed in 100Gy. This could be a suitable dose for
obtaining higher number of flower colour mutants in
Zinnia elegans var Dreamland. Our studies have
resulted in obtaining one dwarf variety (18.33+2.028
cm) and eight varieties with varying floral colours
from which desirable variants can be selected and
commercially exploited.

Acknowledgements

The authors thank Mangalore Jesuit Educational
Society for providing the facility to carry out the work
and The Board of Research in Nuclear Sciences
(BRNS), Department of Atomic Energy, Mumbai for a
JRF to Pallavi B. The authors also thank the staff
members of the Laboratory of Applied Biology, St.
Aloysius College, Mangalore for their immense sup-
port.

References

AL-SALHI M., GHANNAM M.M., AL-AYED M.S., EL-
KAMEESY S. U., ROSHDY S., 2004 - Effect of gamma
irradiation on the biophysical and morphological prop-
erties of corn. - Nahrung, 48(2): 95-98.

BANERIJI B.K., DATTA S.K., 2002 - Induction and analysis of
gamma ray-induced flower head shape mutation in
‘Lalima ‘chrysanthemum (Chrysanthemum morifolium).
- Indian J. Agr. Sci., 72(1): 6-10.

BARAKAT M.N., EL-SAMMAK H., 2011 - In vitro mutagene-
sis, plant regeneration and characterization of mutants
via rapd analysis in Baby’s breath ‘Gypsophila panicula-
ta L.”- Aust. J. Crop Sci., 5(2): 214-222.

CASIMIRO-SORIGUER I., NARBONA E., BUID M.L., DEL VALL
J.C., WHITTAL J.B., 2016 - Transcriptome and biochemi-
cal analysis of a flower colour polymorphism in Silene

271



Adv. Hort. Sci., 2017 31(4): 267-273

littorea (Caryophyllaceae). - Front Plant Sci., 7: 204.

DATTA S.K., CHAKRABARTY D., 2009 - Management of
chimera and in vitro mutagenesis for development of
new flower color/shape and chlorophyll variegated
mutants in Chrysanthemum, pp. 303-305. - In: SHU Q.Y
(ed.) Induced plant mutations in the genomics era.
Food and Agriculture Organization of the United
Nations, Rome, Italy, pp. 460.

DATTA S.K., DATTA K., CHATTERGEE J., 2009 - Cyto-palyno-
logical, biochemical and molecular characterization of
original and induced mutants of garden
Chrysanthemum, pp. 253-256. - In: SHU Q.Y (ed.)
Induced plant mutations in the genomics era. Food and
Agriculture Organization of the United Nations, Rome,
Italy, pp. 460.

DATTA S.K., GUPTA M.M., 1982 - Effect of gamma irradia-
tion on rooted cuttings of small flowered chrysanthe-
mum. - New Botanist, 7: 73-85.

DATTA S.K., MISRA P., MANDAL A.K.A., 2005 - In vitro
mutagenesis - a quick method for establishment of solid
mutant in chrysanthemum. - Curr. Sci., 88(1): 155-158.

EL SHERIF F., KHATTAB S., GHONAME E., SALEM N., RAD-
WAN K., 2011 - Effect of gamma irradiation on
enhancement of some economic traits and molecular
changes in Hibiscus Sabdariffa L. - Life Sci. J., 8(3): 220-
229.

HANAFIAH D.S., YAHYA S., WIRNAS D., 2010 - Induced
mutations by gamma ray irradiation to Argomulyo soy-
bean (Glycine max) variety. - Nusantara Bioscience,
2(3):121-125.

HARBORNE J.B., GRAYER R.J., 1988 - The anthocyanins, pp.
1-20. - In: HARBORNE J.B. (ed.) The Flavonoids.
Advances in Research since 1980. Chapman and Hall
Ltd, London, UK, pp. 621.

HATTORI K., 1992 - Inheritance of anthocyanin pigmenta-
tion in flower color of Chrysanthemum. - Jpn. J. Genet.,
67(3): 253-258.

JAIN S.M., 2005 - Major mutation-assisted plant breeding
programmes supported by FAO/IAEA. - Plant Cell Tissue
Organ Cult., 82(1): 113-123.

JALA A., BODHIPADMA K., 2011 - Low doses of acute
gamma radiation promote root formation and leaf
canopy in common cockscomb (Celosia argentea var.
cristata). - Journal of King Mongkut’s University of
Technology North Bangkok, 21: 503-507.

KHALIL S.J., REHMAN S., AFRIDI K., JAN M.T., 1986 -
Damage induced by gamma irradiation in morphologi-
cal and chemical characteristics of barley. - Sarhad J.
Agric., 2: 45-54.

KHAN I.A., 2003 - Induced mutagenic variability in Saffron
(Crocus sativus L.). - Proc. International Symposium on
Saffron Biology and Biotechnology, 650. Albacete,
Spain, Oct. 22-25, pp. 281-283.

KON E., AHMED O.H., SAAMIN S., MAJI N.M., 2007 -
Gamma radiosensitivity study on long bean (Vigna
sesquipedalis). - Am J Appl Sci., 4(12): 1090-1093.

272

KUMARI K., DHATT K.K., KAPOOR M., 2013 - Induced muta-
genesis in Chrysanthemum morifolium variety ‘otome
pink’ through gamma irradiation. - The Bioscan, 8(4):
1489-1492.

LEE G.J., CHUNG S.J., PARK I.S., LEE J.S., KIM J.B., KIM D.S.,
KANG S.Y., 2008 - Variation in the phenotypic features
and transcripts of color mutants of Chrysanthemum
(Dendranthema grandiflorum) derived from gamma
ray mutagenesis. - J. Plant Biol., 51(6): 418-423.

LOFF S., 2016 - First flower grown in Space Station’s Veggie
facility. -Space Station Research and Technology, NASA,
https://www.nasa.gov.

MATO M., ONOZAKI T., OZEKI Y., HIGETA D., ITOH Y.,
YOSHIMOTO Y., IKEDA H., YOSHIDA H., SHIBATA M.,
2000 - Flavonoid biosynthesis in white-flowered Sim
carnations (Dianthus caryophyllus). - Sci. Hortic., 84(3):
333-347.

NAKATSUKA T., NISHIHARA M., MISHIBA K., YAMAMURA
S., 2005 - Two different mutations are involved in the
formation of white-flowered gentian plants. - Plant
Science, 169(5): 949-958.

PALLAVI B., NIVAS S.K., D’SOUZA L., GANAPATHI T.R.,
HEGDE S., 2017 - Gamma radiosensitivity studies on
Zinnia elegans var. Dreamland. - Bionature, 37(1): 5-10.

SCHUM A., PREIL W., 1998 - Induced mutations in ornamental
plants, pp. 333-366. - In: JAIN S.M., D.S. BRAR, and B.S.
AHLOOWALIA (eds.) Somaclonal variation and induced
mutations in crop improvement. Kluwer Academic
Publishers, Dordrecht, The Netherlands, pp. 640.

STREISFELD M.A., YOUNG W.N., SOBEL J.M., 2013 -
Divergent selection drives genetic differentiation in an
R2R3-MYB transcription factor that contributes to
incipient speciation in Mimulus aurantiacus. - PLoS
Genetics, 9(3): p.e1003385.

TANAKA Y., SASAKI N., OHMIYA A., 2008 - Biosynthesis of
plant pigments: anthocyanins, betalains and
carotenoids. - The Plant Journal, 54(4): 733-749.

THIMMAIAH S.K., MAHADEVU P., SRINIVASAPPA K.N.,
SHANKRA A.N., 1998 - Effect of gamma irradiation on
seed germination and seedling vigour in Cowpea. - J.
Nuclear Agric. and Biol., 27(2): 142-145.

TIWARI A.K., KUMAR V., 2011 - Gamma-rays induced mor-
phological changes in pot marigold (Calendula offici-
nalis). - Progressive Agriculture, 11(1): 99-102.

TOKER C., UZUN B., CANCI H., CEYLAN F. O., 2005 - Effects
of gamma irradiation on the shoot length of Cicer
seeds. - Radiat Phys. Chem., 73(6): 365-367.

VENKATACHALAM P., JAYABALAN N., 1997 - Effect of
gamma- rays on some qualitative characters in Zinnia
elegans, Jacqg. - Indian J. Genet. Plant Breed., 57(3):
255-261.

YAMAGUCHI H., SHIMIZU A., DEGI K., MORISHITA T., 2008
- Effects of dose and dose rate of gamma ray irradia-
tion on mutation induction and nuclear DNA content in
Chrysanthemum. - Breed Sci, 58(3): 331-335.

YAQOOB M., AHMAD B., 2003 - Induced mutation studies



Pallavi et al. - Gamma ray induced variations in Zinnia elegans

in some mung bean cultivars.- Sarhad J. Agric., 19(1): markers. - Turk. J. Biol., 37: 716-725.

301-365. ZALEWSKA M., TYMOSZUK A., MILER N., 2011 - New
YUNUS M F., AZIZI M.A., KADIR M.A., DAUD S.K., RASHID Chrysanthemum cultivars as a result of in vitro muta-

A.A., 2013 - In vitro mutagenesis of Etlinger aelatior genesis with the application of different explant types.

(Jack) and early detection of mutation using RAPD - Acta Sci. Pol., Hortorum Cultus, 10(2): 109-123.

273






