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ARTICLE INFO ABSTRACT

Keywords: Gladiolus is a highly allogamous flower plant, but owing to the prolonged juvenile phase, asexual
Cobalt 60 propagation is preferred, which acts as a barrier for the induction of natural genetic variability in
Survivability

gladiolus. Therefore, the induced mutagenesis could be utilized for the creation of desirable ge-
notypes, without altering their basic agronomic features. An analysis of the optimum doses of y
Median lethal dose radiation for the induction of fruitful mutations could be achieved in short period of time,
Flower colour mutation frequency compared with the conventional method of breeding. The objectives of this study were to perform
Mutation spectrum radiosensitivity tests on various gladiolus genotypes using different doses of gamma rays and to
determine the optimal dose of radiation dose for obtaining the greatest number of mutants. The
present experiment was carried out during the winter-spring seasons, for the four consecutive
years of 2017-18, 2018-19, 2019-20, and 2020-21. The seven genotypes of gladiolus were
exposed to seven doses of gamma rays (®*Cobalt). Plants irradiated with radiation doses lower
than 4.5 Kr (G1) had greater plant survivability than the higher doses of gamma rays (>5.0 Kr).
The radiation of Go (0 Kr) result in highest plant survivability, while radiation dose of Gg (6.5 Kr)
resulted lowest survivability. LDas and BDs for all the genotypes were achieved except for Vs and
V7, similarly the median lethal doses (LDsp) for V3 and V4 genotypes had been achieved. The
highest flower blindness percent and percent abnormal plants were observed at Gs and Gg and
between the 4.0 Kr (G;) and 5.5 Kr (G4) gamma ray doses, respectively. The flower colour mu-
tation frequency was recorded highest in genotypes Tiger Flame at 5.0 Kr (V;Gs), while the
Flower colour mutation spectrum was identified between 4.0 Kr (Gj) to 5.5 Kr (G4) in all the
genotypes except for genotypes Vs and V;. For the generation of higher phenotypic variations,
radiation dose between 4.0 Kr (G;) and 5.5 Kr (G4) were found the most prominent. Specifically

Median blind dose
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the gamma rays radiation dose of 5.5 Kr (G4) resulted in the highest flower colour mutation
frequency. These isolated mutant lines will broaden the gladiolus gene pool and support future
gladiolus breeding experiments.

1. Introduction

Mutation is one of many beneficial ways to identify the of nature and behavior of a certain gene, which eventually broadens the
genetic base of plant species and aids in the development of new gene pools or genotypes [1]. Aside from disrupting the link between
some specified features, mutation can induce diversity in both quantitative and qualitative traits in the aimed population at each
recognized as well as unrecognized DNA region [2]. It can be induced to create direct mutations or used in hybridization to improve
output and establish favorable agronomic traits while lowering viability to the greatest extent feasible [3]. Induced mutation has
significant potential and has been employed as an adjunct technique in plant genetic improvement [4]. Mutation breeding has made a
significant involvement in the production of high yielding genotypes across the globe in the last five decades. Because of the extensive
use of induced mutations, 3222 variations of over 170 plant species have been developed through plant breeding in over 60 countries
[5]. Plant breeders are now using this strategy much more efficiently than ever before, because to a novel approach in mutant breeding
that changes away from conventional mutation research and towards modern reverse genetics without the introduction of foreign
genes, which may or may not be as sustainable as the natural form of respective plants. Advantageous mutations are alterations in
genotypic structure that improve plant species heterogeneity and encourage adaptability to multiple selection environments [6]. This
can be caused by physical mutagens such as X-rays and gamma rays (ionizing radiation), ultraviolet rays (nonionizing radiation), and
protons, neutrons, alpha and beta particles (corpuscular radiation) [6-8].

The majority of mutant plant genotypes documented in the Collaborative FAO/IAEA mutant variety database were generated
through gamma rays [9]. Gamma rays are chosen for inducing mutations due to their high energy and deep penetration capabilities,
which result in a higher mutation rate. This makes them highly effective for generating genetic variations, thereby aiding in breeding
and research efforts to develop improved plant traits. This can also be explained by ion formation from gamma irradiation penetrates
tissues and influences mutation. These ions generate chemical reactions which damage the chromosomes and DNA. As a result of this
damage, plant genomes are altered. Fast neutrons produce severe deletions, chromosomal loss, and translocations, all of which can
often be lethal [10]. The most significant element influencing the biological consequences of ionizing radiation is the quantity of
energy received by the biological system. Gladiolus is one of the plant species for which the impact and application of gamma rays for
crop development have been thoroughly documented [11]. In contrast with the technique utilized to achieve genetically modified
organisms (GMOs), the generation of new varieties by gamma radiation is random, but they can be detected and chosen rapidly
speeding up the establishment and release process [6]. The International Atomic Energy Agency’s (IAEA) database of mutant cultivars
shows that 1703 plants of agronomic significance with mutations caused by gamma radiation were identified between 1960 and 2020.
A bicolour and mold resistance are two benefits of the Rose mutant (Pink Hat), which was certified in 1960 and was created by
radiating terminal buds. Mutants of Bougainvillea spp. and Solanum lycopersicum L. have recently been registered [6].

Determining the optimum radiation dosage, or the dose that eliminates 50 % and 25 % of the population (lethal dose, LDsy and
LDas), is requisite for the effective induction of mutagenesis by gamma radiation. Additionally, it needs factors like survival, mass, or
the quantity of specimens that have sprouted, among others; alternatively, both dosages rely on the plant tissue, development stage,
and moisture content, among other factors [12,13]. By influencing growth promoters and ultimately causing tissue damage, high
radiation doses can cause radio inhibition [14]. In addition to tissue damage, it can also result in plant tissues becoming malformed and
losing their ability to regenerate [15]. The flower blindness in gladiolus crop can be defined, as the plant which are unable to produce
flower due extreme short day condition or low temperature. In gladiolus, treating corms with gamma rays can result in some plants
being unable to produce flowers. This occurs due to disruptions in the biosynthesis of plant hormones responsible for flower devel-
opment. These non-flowering plants are referred to as blind plants. The radiation dose at which plants fail to produce flowers is termed
the blind dose. Radiation dose that causes flower blindness in half of the population (median blind dose, BDs(). According to Ref. [14],
the words “radio-sensitivity test” and “optimum dose analysis in plant mutagenesis” refer to the relative degree of observable effects of
radiation exposure on irradiated samples. Determining the somatic mutation, chromosomal breakage, mortality, or growth inhibition
of large-scale induced mutations is a prerequisite. Variations occur in the chemical, physical, and biological variables that can alter the
impact of radiation on plants. Tshilenge-Lukanda [16] stated that the optimal doses of mutation induction might be established
through calculating seed germination percentages, survival percentages of seedlings, lengths of hypocotyl, and epicotyl.

Generally, mutagen doses which caused 50 percent lethality (LDsg) among the M; population may be suitable due to its ability to
generate a higher range of mutations [17]. The objective of induction of mutation is to create genotypic and phenotypic variations,
which are important for the selection of plants with desirable characteristics. Optimum potential of producing viable and useful
mutants for genetic improvement of plant, the utilization of acute and chronic mutagenesis procedures might be obtained at higher
doses where half of the radiated samples died [13]. LDsg, LDgs, and BDs are typically determined based on the theory that lower
gamma-irradiation levels can have the lower effect on the plant genome, potentially causing morphological changes; on the other
hand, increased doses of gamma rays may have multiple effects on the entire genome, potentially resulting in unfavorable mutations
[13,18].

Replication mutations can occur as base substitutions, base additions, or base deletions. When discussing mutations, it’s important
to differentiate between mutation frequency and mutation rate [19]. Mutation frequency is defined as the number of mutations or



A.S. Rawat et al. Heliyon 10 (2024) e37387

variations detected at a particular mutagen dose per population of cells, organisms, gametes, plants, or plant parts during a single
mutant generation [20]. Mutation frequency is typically expressed as a proportion of mutants from radiated corms (My), surviving
plants in the first mutant generation (M;), or mutated plants in subsequent generations [21]. The mutations can be observed mostly in
the forms of chimeras, variegations, and colour blends in flower spike of gladiolus and may also found stable in subsequent genera-
tions. Gamma ray doses can sometimes adversely affect plants, leading to abnormalities such as fusion of tepals and sepals, multi-
plication of tepals, doubling of stamens and carpel, shortening of spikes, etc. It is apparent that the radio-sensitivity to gamma radiation
in numerous ornamental plants is essentially a genotype-dependent process. While some of the types have been identified to be quite
sensitive to mutagens, others were found to be extremely sensitive. It is true that distinct mechanisms for pigment production
determine the hue of flowers. Varieties with varying hue variations respond differently. The incidence of flower colour mutation varied
with gamma irradiation dosage and variety. Similarly, the mutation spectrum also varied with the dosages of gamma radiation.

2. Material and methods
2.1. Study site and plant material

The current filed experiment was carried out in the Model Floriculture Centre of G. B. Pant University of Agriculture and Tech-
nology, Pantnagar, Uttarakhand (India) falls under in lowland region of Himalayas, during the winter-spring seasons for the four
consecutive years 2017-18, 2018-19, 2019-20, and 2020-21. The experiment site has subtropical and humid climate conditions with
an elevation of 243.84 m above mean sea level in the foothills of the Himalayas at 29.01 °N latitude and 79.48 °E longitude. The seven
genotypes were selected for the current investigations for their unique for colour, texture, yield and quality. The phenotypic and
genotypic details of the genotypes are given in Table 1. The genotypes used in the present study were sourced from the Indian Institute
of Agriculture Research, New Delhi (India) and Banaras Hindu University (BHU), Varanasi, Uttar Pradesh (India).

2.2. Irradiation treatment and experiment design

Uniform and standard sized corms of gladiolus from seven cultivars namely, Nova Lux (V1), Praha (Vy), Black Star (V3), Nathan Red
(V4), Candyman (Vs), Punjab Dawn (V) and Tiger Flame (V) were exposed to seven doses of gamma radiation viz., 4.0 Kr (G1), 4.5 Kr
(G2), 5.0 Kr (G3), 5.5 Kr (Gy), 6.0 Kr (Gs), 6.5 Kr (Gg) and 0.0 Kr (control) (G7). Cobalt 60 (GOCO) based gamma chamber GC-5000 was
used for the acute gamma irradiation treatment available in the Radiations and Isotopic Tracers Laboratory (R.I.T.L.), CBSH, G.B. Pant
University of Agriculture and Technology, Uttarakhand (India). Irradiated corms than planted in experiment site for further
evaluation.

The total forty nine treatment combination of genotypes, gamma rays and their interaction were subjected for the study in Ran-
domized Block Design with three replications. In each replication, there were sixty corms or plants, and a total of 147 replications of all
treatment combinations. The intercultural operations such as weeding, staking and irrigation were done as per need. The radiated
genotypes along with one control (non-irradiated corms) were the studied for the morphological characteristics viz., plant surviv-
ability, mortality, percent abnormal plant, percent blind plants, Mutation colour frequency and mutation spectrum.

2.2.1. Post irradiation plant culture and method of evaluation of phenotypic data

After the successful irradiation of gladiolus corms with the above mentioned doses of gamma rays, planting of corms was done in
the experiment field. Uttarakhand’s lowland area is renowned for having a humid subtropical climate. Winter temperatures often
range from 0 °C to 9 °C, while summer temperatures typically range from 30 °C to 43 °C. The area has hot, dry summers and chilly
winters, along with high rainfall of up to 1400 mm yearly. The Monsoon season typically lasts from mid-June until the end of
September. Typically, frost begins around the final week of December and continues through the end of January. Between mid-June
and the end of February, relative humidity normally ranges from 80 to 90 %; during the first week of May, it drops to 50 % and remains
there until mid-June. The experiment was conducted under the open field condition. The corms were planted in the raised bed at a
spacing of 30 cm plant to plant and 30 cm row to row, after dipping corms in the systemic fungicide for 30 min. Treating gladiolus
corms with a systemic fungicide protects the plants from contamination and infection by soil-borne fungal diseases. Additionally, the
application of systemic fungicides does not have any genotoxic effects on gladiolus. The phenotypic variations were assisted by visual
screening of the irradiated plants for their novel flower colour. After visual screening, the mutants were subjected to a colour

Table 1
Detailed list of genotypes and doses of gamma radiation.
S/N Genotype Notation RHS" Colour S/N Doses Notation Source
1 Nova Lux Vi Yellow Group 4C 1 4.0 Kr Gy %Co
2 Praha Vs Red Group 40A 2 4.5 Kr (e 80Co
3 Black Star Vs Red Purple Group 59A and 59 B 3 5.0 Kr Gs %Co
4 Nathan Red A Red Purple Group 72A 4 5.5 Kr Gy %Co
5 Candyman Vs Purple Group C 5 6.0 Kr Gs %°Co
6 Punjab Dawn Ve Red Group 49A 6 6.5 Kr Ge %Co
7 Tiger Flame \' Orange Group 29A and 27B 7 0.0 Kr Go Control

@ Royal Horticulture Society.
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conformity test using the Royal Horticulture Society’s colour chart. The isolated desirable mutants were planted and screened for their
colour stability in subsequent generations.

2.3. Data collection

The observations for the plant survivability (%), Lethal dose (LD2s and LDsg), Blind dose (BDsp), Mortality (%), Percent abnormal
plant, Percent blind plants, Mutation colour frequency and Mutation spectrum were recorded during the course of investigation by
following the methods described by FAO/IAEA [6,8,22].

2.3.1. Plant survival percentage (%)
The corm sprouting or survivability percent was counted after two weeks of planting in experiment field. The survivability per-
centage was calculated by the formula (Equation 1).

Numbers of corm sprouted

100 1
number of corms treated x M

Plant Survival percentage(%) =

2.3.2. Radio sensitivity test

Based on plant survival and mortality percentages (%) following gamma radiation treatment, the radio sensitivity test was assessed.
Lethal dose percentages (LD2s and LDs() was evaluated after two weeks of sprouting in open field condition.

By fitting the straight-line equation for the model, the mean lethal dose (LD35 and LDsg) was plotted using a simple linear regression
approach (Equation (2)). Graph of absorbed dosage of gamma rays versus plant survival percentage.

y=mx+c @

where y is the outcome factor (the percentage of plants that survive), x is the independent variable (gamma ray dosages), and m and ¢
are the slope and constant, respectively.

2.3.3. Blind dose (BDsg)
The mean blind dose (BD5p) was determined by plotting the straight-line equation for the model, a basic linear regression model
graph of absorbed dosage of gamma radiation against flower blindness percentage (Equation (3)).

y=mx+c 3)

where y is the outcome factor (the percentage of plants that survive), x is the independent variable (gamma ray dosages), and m and c
are the slope and constant, respectively.

The data were also observed and collected on plant survivability percentage, mortality (%), percent blind plants, percent abnormal
plants, mutation frequency (%) and colour mutation frequency (%) for each genotype, gamma irradiation treatment and their in-
teractions as follows.

2.3.4. Percent blind plants (%)
The percent blind plants was counted after completion of flowering period. The percent blind plants was calculated by using
following formula (Equation (4)).

Numbers of blind plants
Total number of Plants

Percent blind plants (%) = x 100 (€]

2.3.5. Percent abnormal plants (%)
The percent abnormal plants was counted after 30 days of germination. The percent abnormal plants was calculated by using
following formula (Equation (5)).

Numbers of Abnormal plants
Total number of Plants

Percent Abnormal plants (%) = x 100 5)

2.3.6. Flower colour mutation frequency (%)
The flower colour mutation frequency data from four consecutive generations were combined and computed using the following
method (Equation (6)).

Numbers of plants having Colour variation

Total number of irradiated Plants x 100 ®

Flower Colour Mutation Frequency (%) =

The data for the mutation spectrum were observed by comparing the mutant plant flower colour or variation with their parent plant
or flowers from the control plants by using Royal Horticulture Colour (RHS) chart. The variation were recorded in the form of colour
code and pictures.
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2.4. Data analysis

The present study utilized analysis of variance for a completely randomised design that included two factors, namely varieties and
Gamma rays, and three replications [23]. This allowed for a statistical analysis of the data acquired for various plant metrics. In
accordance with [24], the square root transformation of the percentage data was used to achieve the model assumptions for the
analysis of variance. IBM SPSS statistics, version 26, were used as a statistical tool for the analysis of data regarding the plant survival
percentage (%), percent blind plant (%), percent abnormal plants (%) and mutation frequency. The Probit analysis was performed to
estimate the optimal gamma radiation dosage in the dosage-response analysis to evaluate radiation tolerance of the crop species and to
indicate a target dose for large-scale experimentation. The LDy5 and LDs( values were determined from plant survival percentage and
mortality (%) data of plants using probit analysis, a kind of regression that uses Microsoft Excel to examine binomial response variables
and converts the sigmoid dose-response curve into a straight line, as described by Refs. [25,26]. In case of flower colour mutation
frequency and spectrum, the data collected from vM;, vMy, vM3 and vM4 generations was pooled and analyzed for F-test. Only fre-
quency distribution and the variance around the average of irradiated and non-irradiated plants (control) with novel traits were
performed because data have been collected from particular plants, which were not replicated.

3. Results
3.1. Plant survival percentage

Plant survival percent (%) of different genotypes of gladiolus on different doses of gamma radiations were calculate by the
comparing the sprouting or survival percent of untreated corms. Among the treatments a significant reduction (P < 0.01) in sprouting
percent of corms were observed over the control, which resulted the overall reduction of plant survival percentage (Table 2). Among
the genotypes, highest plant survival percentage was observed in Vs (94.04 %) while the lowest was recorded in genotype V4 (78.82
%). Among the gamma radiation doses, the highest plant survival percentage was recorded in non-irradiated corms (Gg) (98.87 %)
whereas, lowest survivability was found at Ge (65.80 %) dose (Table 3). Data for interactions of genotypes and gamma ray doses
indicate that, the highest plant survival percentage was recorded in V5Gg (99.46 %) followed by V4Gq (99.34 %) and V2Gg (99.30 %)
whereas, lowest plant survivability was found in V4Ge (34.64 %) followed by V4Gs (45.78 %) (Table 4).

3.2. Lethal dose (LD25 and LDsg)

Based on mortality data and probit analysis, a liner increase in plant mortality was observed with the increase in gamma ray doses
under field condition (Fig. 1). The lethal dose (LD3s) for the genotypes ranges from 5.48 to 10.10 Kr, similarly median lethal dose
(LDsp) ranges from 5.90 to 22.15 Kr, which indicating the targeted dose for getting the optimum numbers of mutations from the
genotypes. More specifically, LDs; for Vi, Vo, V3, V4, Vs, Vg and V; were determined at 6.19, 5.98, 5.48, 5.72,10.11, 6.10 and 7.34 Kr,
respectively (Fig. 1A-G). Whereas median lethal dose (LDsqs) for the genotypes Vi, Vg, V3, V4, Vs, Vg and V; were recorded at 8.95,
8.12, 6.31, 5.90, 22.15, 8.12 and 14.69 Kr, respectively. The R? values and equations for different genotypes are depicted in (Fig. 1
(A-G).

3.3. Blind dose (BDsg)

Blind dose (BDsg) could be the significant measurement of inhibitory effect of gamma rays on flower bud initiation and other
important physiological, chemical and morphological events in plant system. The careful study and analysis of flower blindness data of
gladiolus plant can be unfold the accurate prediction of flower blindness per cent or events in plants at specific gamma ray dosses. A
significant increment were observed in flower blindness in all the genotypes with the increase in gamma ray doses. The R? values and
straight line equation for different genotypes are given in (Fig. 2A-G). Based on flower blindness percent (%) data and probit analysis,
the blind dose (BDs) for genotypes Vi, Va, V3, V4, Vs, Vg and V7 were calculated to be 6.43, 6.31, 3.29, 2.95, 13.0, 5.40 and 6.95 Kr
respectively (Fig. 2A-G).

Table 2
Mean sum of square values and significance test for the survival percentage (%), percent blind plants (%), percent abnormal plants (%) and flower
mutation frequency (%) of genotypes, gamma ray doses and their interactions.

Source of Variation Df  Mean Sum of Square
Survival Percentage Percent blind Plants Percent Abnormal Plants Flower Colour Mutation Frequency
(%) (%) (%) (%)

Genotypes 6 707.84** 3,647.13* 149.56* 50.06*

Gamma Ray Doses 6 2905.43** 6,328.83%* 240.49* 12.17*

Genotypes x Gamma Ray 36 252.21%* 431.41* 45.32 8.79*

Doses
Error 9% 1.25 9.15 16.05 0.003

Where, df degree of freedom, ** Significant at p < 0.01, * Significant at p < 0.05.
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Table 3
Mean survival percentage (%), percent blind plants (%) and percent abnormal plants (%) of seven gladiolus genotypes and seven gamma ray doses.

Treatments Survival percentage (%) Percent blind plants (%) Percent abnormal plants (%) Flower colour mutation frequency (%)

Genotypes (Factor A)

Vi 85.24 37.72 4.49 0.33
Vs 85.50 32.31 5.11 0.67
Vs 79.32 60.02 1.10 0.23
Vy 78.82 62.69 3.20 0.00
Vs 94.05 29.74 3.71 3.88
Ve 87.95 43.84 9.83 1.44
\% 92.06 36.17 4.29 3.17
Gamma Ray Doses (Factor B)

Gy 92.59 36.35 7.59 1.15
Ga 92.26 50.23 6.23 1.69
Gs 91.20 40.65 9.07 2.00
Gy 88.16 51.98 5.13 2.20
Gs 74.08 57.17 2.41 0.90
Ge 65.80 57.83 1.29 1.76
Go 98.87 8.29 0.00 0.00
CD(0.05) 0.687 1.856 2.458 0.033
SE(D) + 0.345 0.933 1.236 0.017
SE(M) + 0.244 0.66 0.874 0.012

3.4. Percent blind plants (%)

Pooled data showed significant effect of genotypes, gamma irradiation doses and their interactions on per cent blind plants
(Table 2) The pooled data regarding effect of genotypes revealed that, percentage of blind plants was found highest in genotype V4
(62.69 %) whereas it was found least in V5 (29.74 %). Among the gamma radiation doses, highest percentage (57.83 %) of blind plants
was recorded in Gg closely followed by Gs (57.17 %) dose of gamma radiation whereas, lowest per cent blind plants (8.29 %) was found
in untreated corms (Gp) (Table 3). The interaction effect of irradiation doses and genotypes on blind plants percentage showed that, it
was highest in V4Gg (100 %), whereas least percentage of blind plants was recorded in V4Gg (4.76 %) (Table 4).

3.5. Percent abnormal plants (%)

The pooled data for per cent abnormal plants has been presented in Table 4. Among the genotypes, lowest percentage of abnormal
plant was observed in genotype V3 (1.10 %), while the highest percentage of abnormal plants was found in Ve (9.83 %) (Table 3).
Among the gamma ray doses, the minimum per cent abnormal plant was recorded in Gg (1.29 %) dose whereas, maximum per cent
abnormal plant was found at V3 (9.07 %). Data for interaction of genotypes and gamma radiation doses exhibited non-significant
differences (Table 2) for per cent abnormal plants, the minimum per cent abnormal plant was recorded in V¢Ga (21.43 %), while
minimum (0.83 %) were recorded in V3Gs (Table 4).

3.6. Flower colour mutation frequency and spectrum

The pooled data of four consecutive generations showed that, genotype V5 (3.88 %) had the maximum flower colour mutation
frequency followed by V7 (3.17 %) dose of gamma rays, while lowest was observed V4 (0.00 %) followed by V3 (0.23 %) (Table 3;
Fig. 3). Among the gamma ray doses, the highest flower colour mutation frequency was recorded in G4 (2.20 %) dose followed by G3
(2.00 %) whereas, lowest was recorded at Gp (0.00 %). The interactive effect showed that, the highest flower colour mutation fre-
quency was found in V;G3 (9.05 %) followed by VsGg (7.66 %), whereas second lowest observation was recorded in V1G4 (0.44 %)
(Table 4). The flower colour mutation spectrum (FCMS) for all the genotypes under investigation were observed between 4.0 and 6.5
Kr except for V4. The FCMS for V; (4.0-5.5 Kr), V5 (4.5-5.5 Kr), V3 (4.5 Kr), V5 (4.0-6.5 Kr), Vg (4.0-6.5 Kr) and V; (4.5-6.5 Kr)
(Table 4; Fig. 3).

4. Discussion
4.1. Plant survival percentage (%)

In the current investigation, a very significant interactions were identified between the genotypes and dosages of gamma radiations
for the plant survival percentage (%) (Tables 3 and 4). The sudden reduction in plant survival percentage and mortality may result
from several factors, including the detrimental effects of cytochrome oxidase concentration and reduction in respiration [27,28],
drastic distortion of the actively dividing phase [29]; molecular destruction of cell constituents; altered enzyme activity or block in
cellular DNA formation causing the plant growth to cease or slow down [30,31]; suppression of auxin and gibberellins syntheses [32,
33]; disruption in the synthesis of enzyme activity and acceleration in the degradation of existing enzymes [34]; nature and extent of
chromosomal damage [35]. These physiological factor might be involved in the low plant survivability of plants over the generations
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Table 4
Mean survival percentage (%), percent blind plants (%), percent abnormal plants (%) and flower mutation frequency (%) of forty nine treatment
combinations of genotypes and gamma ray doses.

Treatments (Factor A x Factor Survival Percentage Percent Blind Plants Percent Abnormal Plants Flower Colour Mutation Frequency
B) (%) (%) (%) (%)
ViGy 88.23 32.96 7.64 1.11
ViG, 90.18 47.02 8.55 0
V1Gs 93.38 39.88 11.54 0.73
V1G4 87.36 37.91 3.69 0.44
V1Gs 74.57 47.39 0.00 0
V1Gse 64.33 53.14 0.00 0
V1Go 98.62 5.76 0.00 0
V3G 90.23 10.77 7.49 0
VoGo 93.23 45.72 3.55 0.66
V2Gs 94.62 31.26 15.44 1.57
V2Gy 86.80 25.42 9.28 2.45
V2Gs 73.71 48.57 0.00 0
V2Ge 60.63 55.17 0.00 0
V2Go 99.30 9.29 0.00 0
V3G 86.38 70.19 6.85 0
V3Go 87.45 76.06 0.00 1.59
VsGs 89.15 39.60 0.83 0
V3Gy 81.76 86.40 0.00 0
V3Gs 64.34 75.38 0.00 0
V3Ge 47.78 64.71 0.00 0
V3Go 98.40 7.77 0.00 0
ViGy 93.56 41.39 6.94 0
V4Go 93.17 68.21 2.19 0
V4Gs 93.45 55.62 13.26 0
V4Gy 91.81 82.15 0.00 0
V4Gs 45.78 86.67 0.00 0
V4Ge 34.64 100.00 0.00 0
V4Go 99.34 4.76 0.00 0
VsGq 95.79 33.68 3.32 4.13
VsGo 92.69 38.10 3.88 5.3
VsGs 94.17 31.57 3.82 1.34
VsGy 96.77 38.31 9.09 7.18
VsGs 89.55 31.56 1.67 1.57
VsGe 89.93 25.85 4.17 7.66
VsGo 99.46 9.10 0.00 0
VeG1 97.31 39.94 12.42 2.82
VeGo 94.90 48.46 21.43 2.46
VeGs 89.27 52.17 5.56 1.32
VeGa 81.34 47.50 11.42 2.15
VeGs 75.31 51.96 13.14 0
V6Ge 78.36 53.77 4.86 1.33
VeGo 99.18 13.11 0.00 0
V;Gy 96.63 25.51 8.44 0
V;Gy 94.17 28.03 4.01 1.85
V7Gs 84.41 34.44 13.05 9.05
V;Gy 91.29 46.17 2.44 3.17
V;Gs 95.25 58.66 2.08 4.76
V7Ge 84.92 52.18 0.00 3.33
V7Go 97.77 8.20 0.00 0
CD(o.05) 1.818 4.909 6.503 0.087
SE(D) + 0.914 2.469 3.271 0.044
SE(M) + 0.646 1.746 2.313 0.031

as evident by the earlier studies. According to Ref. [36], a high mutagen dosage rate results in an increased proportion of alterations
such as chromosomal abnormalities, mortality, damage, and sterility. The current investigation demonstrated that greater doses of
gamma rays (>5.0 Kr) had a more substantial impact on plant survival than the lower doses (<4.5 Kr). Optimisation of mutation
frequency is critical and it must be empirically estimated; if it is excessively low, plenty of plants will be required to locate mutations in
the targeted gene; if it is overly high, plant survivability, sterility, abnormalities, and mortality will likely to be issues, especially when
unfavorable. Plant sterility, mortality in the first and second generation, apical meristem growth halt, tumorigenesis, pollen
non-viability were also observed by Ref. [37] in gladiolus and chilli pepper [38]. As noted by Refs. [39,40], the observed variations in
biological traits imply that the determined optimal dosages of single gamma radiation may result in beneficial mutants.
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Fig. 1. Patters (A-G). Determination of Lethal Dose (LD,s and LDs,) of gamma ray doses on different genotypes of gladiolus using probit analysis
(A) Nova Lux, (B) Praha, (C) Black Star, (D) Nathan Red, (E) Candyman, (F) Punjab Dawn and (G) Tiger Flame.

4.2. Lethal dose (LDss and LDsg)

Over the generations, a highly significant interaction has been observed for plant mortality (%) between the genotypes and gamma
ray dosses. The LDss and LDsgs were calculated on the basis of plant mortality and survivability in four consecutive generations (vM;,
vM,, vM3 and vMy). LDyss and LDsgs values for different gladiolus genotypes Vi, Vo, V3, V4, Vs, Vg and V7 was found at 6.19 and 8.95
Kr, 5.98 and 8.12 Kr, 5.48 and 6.31 Kr, 5.72 and 5.90 Kr, 10.11 and 22.15 Kr, 6.10 and 8.12 Kr and 7.34 and 14.69 K, respectively
(Fig. 1A-G). The present finding indicates that we had achieved the specific doses of gamma radiations to obtain the LDys; for all the
genotypes except Vs and Vy (Fig. 1A-G). The median lethal doses (LDs) for V3 and V4 genotypes had been achieved under present
study but for the rest genotypes median lethal doses were not achieved yet (Fig. 1C-D). Therefore, irradiation with higher doses of
gamma rays (>6.5 Kr) may needed to obtain median lethal doses for the genotypes Vi, Vs, Vs, Vg and V;. The lethal dose (LDsg) is
believed to be have a crucial factor to assess the level of radio-sensitivity in plants [41]. The researchers emphasized the need of
utilizing the optimal dosage rate to achieve beneficial and healthy plant populations that can be brought to maturity. When Singh and
Bala [34] exposed Chrysanthemum flowers to gamma radiation dose rates ranging from 0 Gy to 30 Gy, they discovered that LDsgg
values calculated using plant survival rate were more appropriate for large-scale mutagenesis than those derived using sprouting
percentage data. This outcome confirms the observations in gladiolus [42] for several genotypes between 10 Kr and 15 Kr, chry-
santhemum [33,43], in which they observed median lethal dose at 2.5 Kr and 3.0 Kr dose of gamma rays, respectively.
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Fig. 2. Patters (A-G). Determination of Blind dose (BDso) of gamma ray doses on different genotypes of gladiolus using probit analysis (A) Nova
Lux, (B) Praha, (C) Black Star, (D) Nathan Red, (E) Candyman, (F) Punjab Dawn and (G) Tiger Flame.

4.3. Blind dose (BDsg)

In the present studies for the genotypes V3, V, V3, V4 and Vg median blind doses (BDsgs) were achieved, while for the genotypes Vs
and V7 to achieve BDsg irradiation with higher doses are to be needed in future experiments with higher doses of gamma rays (>6.5 Kr)
(Fig. 2A-G). The median blind dose (BD5p) was computed on the basis of flower blindness percentage (%) in four consecutive gen-
eration as discussed earlier. Determining the median blind dose may be useful in both optimising the radiation dosage for flower
mutations and comprehending the impact of ionizing radiation on the flower of the plant under consideration. Flower blindness were
also observed by several researcher but not analyzed the median lethal dose before. Patil and Dudhuk [44] observed flower blindness
in gladiolus between 6 Kr to 7 Kr dose of gamma rays.

4.4. Percent blind plants (%)

A highly significant interaction between the gamma ray doses and percent blind plants were observed in present study. The flower
blind plants was observed highest at G5 and Gg. Whereas, in untreated plants minor flower blindness was might be due to the lower



A.S. Rawat et al. Heliyon 10 (2024) e37387

Flower Colour Mutation Frequency (%)
N Nova Lux V1G14.0 Kr
 TigeMESHERPENEIYFONOl ¢4 Nova L Vi Ga Y &5 5.0 kr
Tiger Flame V7G5 6.0 Kr Nova Lux V1G4 5.5 Kr
Tiger Flame V7G4 5.5 Kr 45 Nova Lux V1G5 6.0Kr
Tiger Flame V7G3 5.0 Kr 20 Nova Lux V1G6 6.5 Kr
s\ /M1 1 Tiger Flame V7G2 4.5 Kr Nova Lux V1GO Control
35
Tiger Flame V7G1 4.0 Kr Praha V2G1 4.0 Kr
30
Punjab Dawn V6GO Control Praha V2G2 4.5 Kr
e V1 2 25
Punjab Dawn V6G6 6.5 Kr 20 Praha V2G3 5.0 Kr
Punjab Dawn V6G5 6.0 Kr 15 Praha V2G4 5.5 Kr
vM3
Punjab Dawn V6G4 5.5 Kr Praha V2G5 6.0 Kr
Punjab Dawn V6G3 5.0 Kr Praha V2G6 6.5 Kr
—\M 4
Punjab Dawn V6G2 4.5 Kr Praha V2GO0 Control
Punjab Dawn V6G1 4.0 Kr Black Star V3G1 4.0 Kr
Pool
mutation Candyman V5GO Control Black Star V3G2 4.5 Kr
frequency
Candyman V5G6 6.5 Kr Black Star V3G3 5.0 Kr
Candyman V5G5 6.0 Kr Black Star V3G4 5.5 Kr
Candyman V5G4 5.5 Kr Black Star V3G5 6.0 Kr
Candyman V5G3 5.0 Kr Black Star V3G6 6.5 Kr
Candyman V5G2 4.5 Kr Black Star V3GO Control
Candyman V5G1 4.0 Kr Nathan Red V4G1 4.0 Kr
Nathan Red V4GO Conl Nath 4.5 Kr
Redhbieatieads c.oke Natha IR0 RS 558 ¥ 8%

Fig. 3. Flower colour mutation frequency of different treatment combination of seven gladiolus genotypes with seven doses of gamma rays.

temperature during the vegetative growth phase. Gamma doses had showed both reducing and enhancing effect on per cent blind
plants in irradiated plant population. However, the increasing impact was more significant than the lowering effect. Similarly,
Raghava et al. [42] also observed blind plants in gladiolus after exposing several gladiolus genotypes with 10 Kr of gamma rays. Plants
remained blind in gladiolus genotype Eurovision and Nova Lux at 6 Kr and 7 Kr of gamma rays, respectively [44]. Kumari and Kumar
[45] found out that the upsurge in blind plant numbers is most likely caused by gamma rays that the emergence of inflorescence

Fig. 4. (Pattern A-D): Vegetative and Floral Abnormality in the plants after exposing with different doses of gamma rays. (A) Shorting of spike in
genotype Nova Lux, (B) Bifurcation of spike of genotype Praha, (C) Fusion of sepals and petals in genotype Tiger Flame, (D) Development of one
extra stigma and anther in the floret of genotype Candyman.
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constantly precedes with the development of particular quantities of leaves in gladiolus.

4.5. Percent abnormal plants (%)

In the current investigation, the unusual pattern in the irradiated and non-irradiated plants showed significant variations for the
percent abnormal plants. In case of gamma ray dose, the percent abnormal plants were found highest between the 4.0 Kr (G1) to 5.5 Kr
(G4) gamma ray doses whereas, in case of genotypes highest abnormal plants were recorded in genotypes V; and Ve. The plant and
spike abnormality had expressed in the form of shorting of spike, bifurcation of spike, fusion of sepals with petals and development of
extra anther and stigma in florets (Fig. 4A-D). The direct and significant correlation were found between the percent abnormal plant
and gamma ray doses. After exposing gladiolus cultivars to gamma radiation in the vM; generation, Tiwari et al. [36] also noted
asymmetrical floret growth, aberrant spikes, and fasciation of buds. According to Donini [46], the spike anomalies in plants might have
originated from triggering an excessive number of mutational events, which elevated the probability of both desirable and unwanted
genetic variation. Chromosome aberrations, genetic mutations, chromosome number variations, reorganization of distinct histogenic
layers and modified biochemical pathways can all cause radiation-induced alterations in flowers, leaves, and other tissues [47].

4.6. Flower colour mutation frequency and spectrum

Very substantial differences in bloom colour and morphology were discovered in the current study. The flower colour mutation
frequency (FCMF) was found highest in genotypes Tiger Flame (V) at 5.0 Kr (G3) followed by genotype Candyman (Vs) at 5.0 (G3) and
5.5 Kr (G4) dose gamma radiations, while the least variation observed in genotype Nova Lux (V1) at 5.5 Kr (G4) (Table 4). Overall
Flower colour mutation spectrum was observed between 4.0 Kr (G1) to 5.5 Kr (Gy4) in all genotypes except for genotypes Candyman
(Vs) and Tiger Flame (V) (4.0 Kr to 6.5 Kr) (Table 4; Fig. 5A-H). The FCMFs were found higher in those genotypes which had the
strong flower pigment colours as compare to genotypes had the lighter flower pigments.

The mutations had been observed mostly in the forms of chimeras, variegations, and colour blends in flower spike of gladiolus in

Fig. 5. (Pattern A-H): Strong mutant were isolated from the genotype Candyman (A) and Punjab Dawn (E) and undergone through stability over the
generations. Mutant isolated in vM, generation at 4.5 Kr and 4.0 Kr dose of gamma rays from genotype Candyman (B) and Punjab Dawn (F),
respectively. Reoccurrence of previously isolated mutants in vM3 (C, G) and in vM, generation (D, H) of genotypes Candyman and Punjab Dawn.
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subsequent generations in present study. Some of the mutant were also observed for their stability in vMy, vM3 and vM4 generations
(Fig. 5A-H). Buiatti et al. [48] reported this kind of findings in gladiolus cv. “Oscar” after treating them with 4. 0 Kr to 6.0 Kr of gamma
radiations. They observed that the mutated sector size, form and expressivity were varied from plant to plant and genotype to ge-
notype. Sectorial chimaeras were seen by Ref. [27] in chrysanthemum mutant flowers from the vM; generation, which is consistent
with the results of this investigation. Kumari and Kumar [45] have discovered similar forms of chimerical patterns following irradi-
ation in various gladiolus cultivars. Periclinal and sectorial chimeric forms of flower colour mutants were observed in gladiolus ge-
notype Sylvia, when irradiated with 2-4 Kr dose of gamma rays” by Ref. [49]. The changes in flower colour was observed in few florets
or as well as in whole spike in few genotypes. The gamma irradiation-induced production of colour mutations was lines up with earlier
findings in ornamental flower plants such as gladiolus, chrysanthemum, and carnation [50-53].

In this work, we determined the fatal and flower blindness dosages of gamma radiation to several gladiolus cultivars, as well as the
frequency and spectrum of mutations. However, further research is required in subsequent studies where we might combine several
modern plant improvement approaches and techniques. We might explore for more productive outcomes by targeting phenotypic
variations associated to plant genotypes through the combination of mutant breeding and molecular approaches. The recent ap-
proaches such as bulked segregant analysis, association mapping, genome re-sequencing, and fine gene mapping identify single base-
pair polymorphisms and QTL-linked biomarkers for genome manipulation and germplasm enhancement, and screen for gene muta-
tions [54,55]. Despite its effectiveness, traditional mutagenesis is constrained by the need for extensive screening and the presence of
undesired lethal mutations [56]. CRISPR/nCas9 or dCas9 linked with cytidine deaminase allows targeted point mutations [57], as
proven in cotton genome editing using the GhBE3 system. CRISPR-associated endonucleases, such as Cpf1, give precise genome editing
with increased specificity [58,59].

5. Conclusion

From the combined study of consecutive generations, it can be concluded that gamma radiation significantly varied with respect to
plant survival percentage (%), flower blindness percentage (%), percent abnormal plants (%) and flower colour mutation frequency.
The most suitable dose for getting highest plant survivability were found between 4.0 Kr (G;) and 5.0 Kr (Gg3), while for genotype V5
and V; were found most resistant to gamma irradiation exposer over the generations. The radio-sensitivity levels for different ge-
notypes were also achieved by identifying 6.31 Kr and 5.90 Kr as median lethal dose (LDsg) for genotype V3 and V4, respectively,
whereas partial lethal dose (LD2s) and median blind dose (BDs5() were achieved for all genotypes between 5.0 Kr (Gs) and 6.5 Kr (Gg)
and less than 6.5 Kr except for the genotype Vs and V5. The percent abnormal plants were recorded highest between the 4.0 Kr (G;) and
5.5 Kr (G4) doses of gamma rays and incase of genotypes i.e., Vg and Vg had the highest plant abnormality percentage. The highest
flower colour mutation frequency was found at G4 (5.5 Kr) of gamma rays. Radiation doses ranging from 4.0 Kr (G;) to 5.5 Kr (Gy), as
well as genotype Vs and V7, were shown to be most successful in generating larger phenotypic variants. Therefore, irradiation with the
gamma rays could be utilized as a primary breeding tool for the enhancement of the gladiolus genepool and could be later on aligned
with modern biotechnological tools for the development of favorable and desirable variability in gladiolus and other horticultural
tools. Similarly, the repeated experiment can be performed in other flower crops to study the influence of gamma irradiation on plant
survivability, radiosensitivity, variability and other important agronomic parameters.
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