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Abstract

The Nilakottai ecotype, a renowned indigenous variety of tuberose cultivat-
ed by farmers in the Dindigul district, is distinguished by its unique fra-
grance. To further enhance the floral characteristics of this tuberose eco-
type, mutation breeding was undertaken at Tamil Nadu Agricultural Univer-
sity, Coimbatore. The present study involved 11 treatments, each replicated
3 times, using a CRD (completely randomized design). The results revealed
that the LDsofor the Nilakottai ecotype with ethyl methane sulphonate
(EMS) was 0.42 %. As the EMS concentration increased, there was a reduc-
tion in both sprouting and survival, with a 38.2 % and 56.24 % decrease re-
spectively, at the highest concentration. Morphological parameters such as
root length, shoot length, leaf length, leaf width and the number of leaves
also showed a decrease of 78.80 %, 71.16 %, 87.29 %, 61.90 % and 62.99 %
respectively, compared to the control at 1.0 % EMS. Pollen viability studies
indicated a reduction in viability with increasing EMS concentration, show-
ing 85.74 % viability in the control group and only 31.54 % at 1.0 % EMS.
Analysis of antioxidant enzymes revealed a significant increase in catalase
(CAT), peroxidase (POD) and superoxide dismutase (SOD) levels with higher
EMS concentrations. Overall, EMS had a pronounced effect on various traits,
including germination, growth and antioxidant activity.

Keywords

antioxidant activity; EMS; Nilakottai ecotype; sprouting percentage; survival
percentage; tuberose

Introduction

Tuberose [Agave amica (Medik.) Thiede & Govaerts], a perennial plant from
the Asparagaceae family native to Mexico, holds significant value in the
floral industry as both a cut and loose flower. It is widely cultivated in sub-
tropical and tropical regions, including India. This bulbous perennial pro-
duces long spikes adorned with waxy, white, fragrant flowers that fill the air
with a sweet aroma. Renowned globally for its prolific flowering, tuberose is
highly sought after due to the extended shelf life of its spikes, making them
ideal for floral arrangements, bouquets and essential oil extraction (1). Dou-
ble varieties of tuberose, characterized by more than 3 rows of corolla seg-
ments are primarily used as cut flowers. In contrast, single varieties, which
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have a single row of corolla segments, serve multiple pur-
poses, including the making of garlands, veni, gajra and
bangles and are also essential for oil extraction. Notably,
the essential oil derived from tuberose floral concrete is a
key ingredient in the production of high-end perfumes and
cosmetics, adding an element of luxury and sophistication
to these highly sought-after products (2). The Nilakottai
ecotype is a well-known indigenous type of tuberose,
widely cultivated in the Dindigul district of Tamil Nadu. Its
distinct aromatic quality has attracted the attention of
farmers, leading them to prioritize its cultivation. This vari-
ety is primarily grown for its pure white buds, which are
used in garland stringing and essential oil extraction (3).
Due to the self-incompatibility of tuberose, hybridization
for varietal development is limited. In such cases, muta-
tion breeding offers a quick and effective alternate. Previ-
ously, studies have successfully used mutation to enhance
various growth and flowering traits in tuberose (4, 5). This
evaluation serves as a foundational step towards compre-
hensive developmental studies on the Nilakottai ecotype.
By analysing its response to EMS concentration, research-
ers can pave the way for future investigations aimed at
improving its growth, yield and other desirable character-
istics. The findings of this research have the potential to
provide valuable insights into the cultivation and enhance-
ment of the Nilakottai ecotype.

Materials and Methods

The present investigation was conducted at the Depart-
ment of Floriculture and Landscape Architecture, Tamil
Nadu Agricultural University, Coimbatore. The planting
materials were sourced from a farmer in the Nilakottai
region of the Dindigul district, with 200 bulbs selected for
each treatment. To ensure consistency, bulbs measuring
2.5-3 ¢cm in diameter and weighing 25-30 g were carefully
chosen for the experiment.

The chemical mutagen, EMS (CH-3S0,0C:Hs), with a
molecular weight of 124.16, a boiling point of 80 °C at 100
mm Hg and a density of D4*=1.203 g/mL, was stored in dry
air at 0 °C to preserve its purity. Before use, it was removed
from refrigeration and placed in desiccators with calcium
chloride to reach room temperature.

Uniform-sized bulbs were treated for 8 h with vari-
ous concentrations (0 %, 0.1 %, 0.2 %, 0.3 %, 0.4 %, 0.5 %,
0.6 %, 0.7 %, 0.8 %, 0.9 % and 1.0 %) of freshly prepared
EMS in phosphate buffer (pH of 7.0). After incubation, the
bulbs were rinsed under running tap water for 1 h to re-
move any chemical residues. They were then planted in
portrays filled with a mixture of red soil: FYM: cocopeat:
vermicompost (1:1:1:1), with untreated bulbs serving as
the control.

Sprouting percentage

The sprouting percentage is calculated by dividing the
number of bulbs that sprouted by the total number of
bulbs sown and expressed in percentage.

Survival percentage

The survival percentage was determined by calculating

the number of bulbs that survived out of the sprouted
bulbs and expressed in percentage. Both the sprouting
and survival percentage were used to calculate the mean
lethal dose for this particular variety.

Days taken to sprouting

The time from the planting of the bulb to the emergence of
the first leaf was recorded and expressed in days.

Radio sensitivity studies

The analysis of LDsowas performed using a linear regres-
sion model, where the lethal dose was determined by plot-
ting the absorbed dose against mortality, resulting in a
best-fit straight line. The model equation, expressed as
y = mx + ¢, defines the response variable (sprouting %) as
y, the independent variable (EMS concentration) as x, with
m representing the slope and c the constant. Data analysis
was conducted using Polo Plus 2.0 software.

Growth parameters

In this study, the growth parameters assessed included
shoot length, root length, leaf length, leaf width and the
number of leaves. These parameters were evaluated 45
days after the bulbs were planted to examine the response
to EMS.

Antioxidant enzymes

CAT activity was measured according to the procedure (6).
This method involves macerating 500 mg of leaf sample
with phosphate buffer and centrifuging the mixture. The
supernatant is then reacted with sodium perborate and
phosphate buffer, followed by timed additions of sulphuric
acid. After titrating with KMnOs, the development of a per-
sistent pink colour indicates the endpoint. Catalase activi-
ty is expressed in pg of H,0, decomposed per gram per
minute:

X

Catalase activity= x10 % 1% 0.85 pg of H,0, g* min™

1x0.5

The quantification of POD enzyme activity was per-
formed according to the procedure (7). The reaction mix-
ture consisted of 2 mL of 100 mM sodium phosphate buffer
(pH 7.0), 20 pL of 10 mM hydrogen peroxide solution, 480
ML of 20 mM guaiacol and 50 pL of the enzyme aliquot.
Absorbance readings were taken at 470 nm at 1 min inter-
vals over a 3 min period.

DAy

Peroxidase activity =
min x mg of protein
verereeeenn(EQN. 2)

The determination of SOD enzyme activity was con-
ducted by evaluating the photoreduction of nitro blue te-
trazolium, following the procedure (8). An assay solution
was prepared, consisting of 27 mL of sodium phosphate
buffer (pH 7.8), 1 mL of 1.72 mM NBT solution, 1.5 mL of
0.12 mM methionine and 0.75 mL of 1 % Triton X-100. The
reaction mixture included 2.9 mL of the assay mix, 0.1 mL
of enzyme extract and 0.1 mL of 200 mM riboflavin. The
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reaction mixture was incubated for 8 min under illumina-
tion and absorbance was measured at 560 nm.
Acontrol - Asample

Superoxide dismutase activity =
...(Eqn. 3)

Acontrol

Where, Acontrotis the absorbance of the control reac-
tion without SOD and Asampieis the absorbance of the sam-
ple with enzyme extract.

Pollen viability

Pollen viability was determined using the acetocaramine
test. After staining for 5-10 min, the viable pollen grains
turned red, allowing for their counting to estimate pollen
viability.

Statistical analysis

The data were collected and analysed statistically using a
CRD with eleven treatments (ranging from 0.1 % to 1 %,
including a control group), with 200 bulbs allocated for
each treatment and three replications, at a 5 % probability
level (9). Additionally, principal component analysis (PCA)
was employed to examine the variance among the treat-
ments. Statistical tests were conducted using one-way
ANOVA, followed by Tukey’s Honest Significant Difference
test for multiple comparisons.

Results and Discussion

The lethal dose is a key parameter for determining the
optimal EMS concentration needed to induce mutations in
crop breeding. Establishing the LDs is critical to ensure the
efficacy of the crop mutagenesis procedure. The LDso
serves as a reference point for administering subsequent
doses during treatment and for studying a larger sample
population. The results demonstrated a direct relationship
between the concentration of EMS and increased lethality.
The probit curve for the Nilakottai ecotype revealed an
LDso value of 0.42 % EMS, with an upper limit (UL) of 0.48 %
EMS and a lower limit (LL) of 0.36 % EMS. The mathemati-
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Fig. 1. Representation of mortality % with EMS concentrations.

cal representation of the curve was expressed by the equa-
tiony =2.2515x - 0.294 and was depicted in Fig. 1.

The results regarding the days taken for sprouting
are presented in Table 1. Significant variations among the
different treatments were observed. The duration for
sprouting increased proportionally with the increase in
EMS concentration. The control group exhibited early
sprouting, occurring within 12.54 days after sowing, fol-
lowed by the bulbs treated with 0.1 %, which sprouted in
13.54 days. The longest period for sprouting, recorded in
the 1.0 % treatment group, was 24.65 days.

The impact of EMS on bulb sprouting was docu-
mented and is presented in Table 1. This parameter is of
significant importance in plant mutagenesis experiments,
as it serves as a gauge for assessing the extent of damage
inflicted on bulbs by EMS mutation treatments. Additional-
ly, it acts as a crucial indicator of the mortality rates of
plants exposed to EMS. Comparative analysis with the con-
trol group revealed a diminished sprouting percentage in
the EMS-treated groups. The findings indicated that lower
doses exhibited a negligible reduction in sprouting per-
centage compared to higher doses. The control treatment
showed the highest sprouting percentage (99.14 %), while
the treatment with 1 % EMS recorded the lowest sprout
percentage (37.89 %). These results are consistent with the
previous research outcomes in tuberose (10) and in gladio-
lus(11,12).

The assessment of seedling survival percentage was
conducted 45 days after planting and the outcomes are
presented in Table 1. Notably, an inverse relationship was
observed between the duration of sprouted bulb growth
and the survival percentage. Additionally, the decrease in
survival percentage followed the same trend as the reduc-
tion in sprouting percentage. Elevated concentrations of
EMS were associated with reductions in survival percent-
age, indicating a heightened risk of mortality in treatments
with higher EMS concentrations compared to those with
lower and moderate concentrations. The control treat-
ment exhibited the highest survival percentage (99.00 %),
while the treatment involving 1 % EMS-treated bulbs dis-
played the lowest survival percentage (55.68 %).

The observed decline in sprouting, survival percent-
age and prolonged duration of sprouting could potentially
be attributed to the formation of toxic substances by EMS.
These substances may induce cell death or impede cell
division, causing delayed sprouting and reduced sprouting
percentage, particularly at higher doses of EMS exposure
(10).

The impact of EMS on growth traits, including shoot
length, root length, leaf length, leaf width and leaf count,
is detailed in Table 2. The results regarding shoot and root
length exhibited an inverse correlation with the adminis-
tered dosage. A dose-dependent reduction in growth was
evident across all traits with increasing EMS concentra-
tions.

The analysis of shoot length revealed a range from
7.47 cm to 35.24 cm across all treatments (Fig. 2). The con-
trol group demonstrated the highest shoot length, reach-
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Table 1. Effect of EMS on number of days taken to sprout, sprouting percentage and survival percentage.
EMS (%) Days takgn for % over control Sprouting % % over control Survival % % over control

sprouting
0.1 13.54 +0.81¢" 107.97 98.44 +1.79° 99.29 97.40 + 1.68% 97.40
0.2 14.87+1.63% 118.58 96.36 + 1.86° 97.19 91.25+1.74%¢ 92.17
0.3 15.24+0.91% 121.53 93.78 £ 1.45° 94.59 85.47 +1.59% 86.33
0.4 15.98 + 0.84°f 127.43 86.64 +1.25° 87.39 79.87 + 1.66% 80.67
0.5 17.54 £ 0.67¢ 139.87 73.34 +1.34¢ 73.97 73.65 % 1.24°f 74.39
0.6 19.51+0.88¢ 155.58 60.12 +0.84¢ 60.64 68.21+0.89% 68.89
0.7 20.68 +1.04<d 164.91 46.54 £ 0.62° 46.94 66.24 +0.95¢" 66.90
0.8 21.47 £0.97* 171.21 43.58 £ 0.77° 43.95 61.04 +0.62" 61.65
0.9 22.57 £0.54° 179.98 40.58 +0.68" 40.93 58.47 +0.63' 59.06
1.0 24.65+0.87% 196.57 37.89+0.94 38.21 55.68 +0.82/ 56.24
Control 12.54 +0.86" N 99.14 +0.69? - 99.00+0.782 -
Mean 18.05 - 70.58 - 76.02 -
cv 3.507 - 2.88 - 2.88 -
SE(m) 0.401 - 4.147 - 4.818 -
Table 2. Effect of EMS on growth parameters of tuberose var. Nilakottai ecotype.

EMS (%) Shoot length Root length Leaf length Leaf width No. of leaves
0.1 33.24+0.94° 12.78 £ 0.64° 31.25+0.67* 1.42+0.15% 15.24 £0.76°
0.2 32.16 +£0.85° 10.87 £ 0.74¢ 30.25+1.24% 1.36+0.90° 14.25+0.68°
0.3 29.95+0.76¢ 8.68 +0.51¢ 28.47+0.87° 1.11+0.11¢ 12.29+£0.71°¢
0.4 26.37+0.84¢ 7.59 £0.65¢ 22.64 +0.54¢ 1.09 +0.09¢ 10.38 +0.59¢
0.5 24.24 £1.02° 6.97 £0.35 18.54 +0.73¢ 0.94 +0.10¢ 9.26 £ 0.42¢
0.6 21.68 +0.64 6.21+0.268 15.48 £0.24° 0.92 +0.04¢ 8.82+0.65¢
0.7 16.24 +0.58¢ 5.68+0.288 11.24+0.43 0.86 +0.03¢ 7.94+0.21f
0.8 13.52+0.67" 4.94+0.19 7.58+0.168 0.72+0.07¢ 7.21+£0.358
0.9 11.25+0.59' 4.48 +0.16" 4.58 +0.90" 0.68 £0.02¢ 6.54+0.29"
1.0 7.47 £0.42 3.87+0.07 3.97+0.21" 0.59 +0.04f 5.47 £0.12
Control 35.24+0.732 13.42 +0.41° 29.21+0.35° 1.47+£0.12° 14.78 £ 0.49°
Mean 22.85 .77 18.47 1.01 10.20
cv 2.795 2.646 3.665 2.734 1.7
SE(m) 0.408 0.042 0.459 0.001 0.03

0.1% 0.2% 0.3% 0.4%

8/
ontrol

, 0.5% 0.6% 0.7% 0.8% 0.9% 1.0%

Fig. 2. Effect of EMS on shoot length.

ing 35.24 cm, followed by the 0.1 % EMS treatment at
33.24 cm. In contrast, the 1.0 % EMS treatment exhibited
the shortest shoot length at 7.47 cm, indicating a signifi-
cant reduction. The mean shoot length across treatments
was calculated at 22.85 cm. These findings are consistent
with the observations reported earlier (10) in tuberose,
confirming the trend of diminished shoot length with in-
creasing concentrations of EMS.

The root length data highlights a clear inverse cor-
relation between dosage exposure and root length, where
higher exposure levels coincide with shorter roots in the
treated bulbs (Fig. 3). Notably, the treated bulbs exhibited
a significant range of root lengths, from 3.87 cm to 13.42 cm.
The control treatment displayed the maximum root
length, measuring 13.42 cm, followed closely by the 0.1 %
EMS treatment at 12.78 cm. In contrast, the bulbs exposed
to the highest concentration (1.0 %) demonstrated the
minimum root length, measuring 3.87 cm. The overall av-
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Fig. 3. Effect of EMS on root length.

erage mean root length across all treatments was calculat-
ed to be 7.77 cm. These findings are consistent with the
research outcomes reported earlier(13) in sugarcane, rein-
forcing the trend of reduced root length with increasing
concentrations of EMS.

The observed decrease in root and shoot length
with increasing concentration may be linked to mutational
effects. This phenomenon could be attributed to a reduc-
tion in auxin levels (14), inhibition of auxin synthesis (15),
or a decline in the assimilation mechanism (16). Specifical-
ly, mutagens such as EMS have been reported to affect
auxin synthesis in plants, thereby reducing seedling
growth.

The findings regarding the influence of EMS on leaf
characteristics are elucidated in Table 2. Remarkably, the
highest leaf count (15.24) was observed in the group treat-
ed with 0.1 % EMS, closely followed by the control group,
which exhibited an average of 14.78 leaves per bulb. In
stark contrast, the group subjected to 1.0 % EMS recorded
the lowest leaf count, with only 5.47 leaves observed. The
mean number of leaves across all treatments was calculat-
ed to be 10.20. While the reduction in leaf numbers was
not uniform across all treatments, there was a general
trend of decreasing leaf count with increasing EMS con-
centration. These results align with the previous observa-
tions reported (17) in tuberose.

The results related to leaf length provide valuable
insights into variations within this parameter. Leaf lengths
ranged significantly from a substantial 31.25 cm to a mod-
est 3.97 cm. The 0.1 % EMS group demonstrated the maxi-
mum leaf length, measuring 31.25 cm, followed by the
control group with a leaf length of 29.21 cm. Conversely,
the group exposed to 1.0 % EMS exhibited the shortest leaf
lengths, averaging only 3.97 cm. The mean leaf length
across all treatments was calculated to be 18.47 cm. These
collective findings highlight the notable variability in leaf
length across different treatment conditions, with the
overarching trend indicating a reduction in leaf length as
the concentration of EMS increased.

Within the various treatments, leaf width for the

Nilakottai ecotype ranged from 0.59 cm to 1.47 cm. The
widest leaf width was observed in the control treatment
(1.47 cm), while the narrowest width (0.59 cm) was noted
in the 1.0 % EMS treatment. The second widest leaf width
was found in the group exposed to 0.1 % EMS, measuring
1.42 cm. The mean leaf width was calculated to be 1.01 cm.
Overall, a clear trend of decreasing leaf width was evident
across the treatments.

The parameters of leaf length, leaf width and the
number of leaves serve as key indicators for studying po-
tential alterations in leaf physiology. The findings of this
investigation are supported by the previous work (18) in
gladiolus, which noted a decrease in the number of leaves
at higher doses of EMS. This reduction may be attributed
to the activation of physiological substances in corms at
lower doses, while higher doses are speculated to hinder
cell division by arresting mitotic cell division, thereby ex-
erting detrimental effects on auxins. Moderate doses of
EMS, as indicated (19) in gladiolus, exhibited a stimulatory
effect on the growth of certain vegetative characteristics,
likely due to increased enzymatic activity involved in the
biosynthesis of hormones such as gibberellins and cyto-
kinins at lower mutagen doses. This could explain the in-
creased leaf length and number of leaves observed at the
0.1 % EMS concentration. Additionally, observations of
crinkled leaves displaying a golden yellow colour and
leaves with white stripes were also noted.

The application of the mutagenic agent EMS result-
ed in a noticeable reduction in pollen viability. In the Nil-
akottai ecotype variant, the control group exhibited the
highest pollen viability at 85.74 %, closely followed by the
treatment with 0.5 % EMS, which registered a viability of
80.18 %. Conversely, the treatment with 1.0 % EMS
demonstrated the lowest viability at 31.54 %. These find-
ings are consistent with observations reported (10) in tu-
berose. The detailed results of pollen viability in response
to EMS treatment are visually represented in Fig. 4.

The observed reduction in pollen viability, which
became evident with the progressive increase in mutagen-
ic treatments, can be explained by the concurrent rise in
chromosomal aberrations and physiological damage. Mu-
tagenic agents inherently induce genetic alterations, lead-
ing to a higher frequency of chromosomal abnormalities
within the pollen cells. These structural changes, such as
deletions, duplications or translocations, can disrupt the
normal processes of pollen development and maturation.
Additionally, the physiological damages induced by muta-
genic treatments may involve disruptions to crucial cellu-
lar mechanisms essential for pollen viability. Such damage
can affect vital metabolic pathways, cellular structures or
regulatory processes, ultimately compromising the overall
health and functionality of the pollen grains.

The screening procedure involved an evaluation of
the antioxidant enzymes: CAT, POD and SOD. The selection
of these enzymes was deliberate, as they play pivotal roles
as key enzymatic antioxidants within the plant defence
system. Their essential function includes neutralizing free
radicals produced under stress conditions, thereby pro-
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Fig. 4. Graphical representation of pollen viability with EMS concentration.

tecting the plants.

The examination of catalase activity in the mutated
progeny revealed an initial increase in antioxidant levels,
followed by a slight decrease at higher dosages. Plants
treated with 0.8 % EMS exhibited the highest antioxidant
content, while control plants recorded the lowest. Progressive

increase of 10 %, 20 %, 23 %, 28 %, 31 %, 34 %, 37 % and
45 % were observed. Additionally, catalase activity experi-
enced a 43 % and 40 % increase following the 0.8 % EMS
treatment, although this increment was lower compared
to those earlier observations at 0.8 %. These findings are
visually presented in Fig. 5.

0.5 0.6 0.7 0.8 0.9 1

4
3.5
$ 3
[+Ts
~E 2.5
|
= 2
=
r 1.5
=
= 1
S
g 0.5
)
= 0
o Control 0.1 0.2 0.3 0.4
&
[_‘
e
@)

EMS concentration (%)

BN SOD W POD s CAT

Fig. 5. Representation of antioxidant content with EMS concentration.
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The examination of peroxidase activity in the Nil-
akottai ecotype within the mutated population revealed
distinct outcomes. The highest peroxide content was ob-
served in the population treated with 0.9 % EMS, while the
control treatment exhibited the minimum content. As EMS
concentration increased, there was a noticeable rise in

POD activity, peaking at 0.9 %, after which a slight decline
was noted. The progressive pattern in POD activity showed
increments of 8 %, 21 %, 29 %, 37 %, 47 %, 58 %, 63 %,
74 % and 97 % until reaching the maximum at 0.9 % EMS.
Subsequently, at 1.0 % EMS, the concentration increment
was recorded at 82 %.

In the examination of superoxide dismutase, find-
ings for the Nilakottai ecotype indicated that the highest
SOD activity was observed in the treatment with 1.0 %
EMS, contrasting with the control group, which exhibited
the lowest SOD activity. Additionally, a discernible trend of
increasing SOD content was noted, with increments of 3 %,
9 %, 14 %, 20 %, 22 %, 27 %, 30 %, 37 %, 40 % and 46 %
corresponding to the escalating EMS concentration from
0.1 % to 1.0 %. These results are visually represented in
Fig. 5.

Mutation induces oxidative stress in plants, gener-
ating positive radical ions and free electrons during ioniza-
tion. Electrons become trapped in polar environments,
providing an opportunity for radical ions to react or under-
go internal rearrangements. The presence of molecular
oxygen leads to the formation of harmful ROS radicals,
prompting plants to develop detoxifying mechanisms
through the production of antioxidant enzymes. This de-
toxification process helps scavenge ROS species, safe-
guarding plant physiological activities.

Peroxidases and catalases collaboratively break
down hydrogen peroxide (H,0,) into water (H,0) and mo-
lecular oxygen (0O.), thereby preventing additional free-

radical generation. Catalases are primarily found in peroxi-
somes, while peroxidases are distributed in chloroplasts,
mitochondria and the cell wall. The elevated levels of
peroxidase and catalase under increased stress are con-
sistent with findings from a study on stress physiology in
tuberose (20).

SOD plays a crucial role in dismutating the superox-
ide radical (0y) into oxygen (O,) and hydrogen peroxide
(H20,). Various isoforms of this enzyme are located in pe-
roxisomes, chloroplasts, mitochondria and the cytosol,
indicating diverse cellular localization. The production of
SOD exhibits an upward trend with increasing concentra-
tions of EMS, likely attributed to the heightened presence
of superoxide radicals that require scavenging. This trend
aligns with findings reported in rice (20).

Multivariate analysis

PCA was employed to elucidate the impact of EMS concen-
trations on the phenotypic diversity of various traits. This
multivariate statistical technique aimed to identify the
principal plant attributes responsible for the significant
variances observed within the mutated population. A bip-
lot representation of correlations (Fig. 6) was utilized to
explore the differentiation among parameters in relation
to varying EMS concentrations. Notably, the biplot re-
vealed marked disparities across the treatments.

In the PCA results, the first principal component
(PC1) exhibited eigenvalues exceeding one, specifically
registering at 11.634, which accounted for 96.94 % of the
cumulative variance. A graphical depiction of this variance
is provided in Fig. 7.

Furthermore, a correlation plot (Fig. 8) was as-
sessed to understand the relationship between the varia-
bles and the principal component groups. Intriguingly,
variables such as the duration of sprouting and the activity
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(namely CAT, POD and SOD) demonstrated negative corre-
lations, while the remaining growth parameters were posi-
tively correlated with the PC groups.

Conclusion

The current investigation revealed that EMS had a signifi-
cant impact on both the germination process and various
morphological parameters in tuberose bulbs of the Nil-
akottai ecotype. Additionally, there was a notable de-
crease in pollen viability and an increase in antioxidant
enzyme activity with increasing concentrations of EMS.
The optimization of the LDs, for Nilakottai ecotype tuber-
ose, determined to be 0.42 %, serves as a foundational
reference for subsequent trait-specific breeding proce-
dures aimed at the genetic improvement of this promising
ecotype for fragrance and yield. However, the long-term
stability of the mutagenic effects should be explored fur-
ther.

Acknowledgements

To carry out the research, the financial support was ex-
tended by UGC through SJSGC fellowship and | am ex-
pressing my special gratitude to my chairperson Dr R
Chitra and advisory committee for the immense support to
implement this work.

Authors’ contributions

MSNVSSB carried out the experiment, took observations
and analysed the data. RC guided the research by formu-
lating the research concept, helped in securing research
funds and approved the final manuscript. MG contributed
by developing the ideas, reviewed the manuscript and
helped in procuring research grants. RKcontributed by
imposing the experiment, helped in editing, summarizing
and revising the manuscript. NMB helped in editing, sum-
marizing and revising the manuscript. DU helped in sum-
marizing and revising the manuscript. SPM helped in carry-
ing out the experiment and analysing the data.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethical issues: None

References

1.  Amjad M, Ziaf K, Igbal Q, Ahmad I, Riaz MA, Saqib ZA. Effect of
seed priming on seed vigour and salt tolerance in hot pepper.
Pakistan Journal of Agricultural Sciences. 2007;44(3):408-16.

2. Alan 0, Giinen Y, Ceylan S, Giinen E. Effect of nitrogen applica-
tions on flower yield, some quality characteristics and leaf min-
eral content in tuberose (Polianthes tuberosa L.). ANADOLU
Journal of Aegean Agricultural Research Institute. 2007;43-45.

3. Harshavardhan S, Karthikeyan S, Chitra R, Kalaiyarasi R, Ra-
jagopal B, Rajamani K. Varietal evaluation of single petalled
tuberose (Agave amica Medik.) germplasm for the growth and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

flowering attributes. International Journal of Environment and
Climate Change. 2023;13(10):2245-51. https://doi.org/10.9734/
ijecc/2023/v13i102887

Kumar M, Chaudhary V, Kumar M, Sirohi U, Yadav MK. Applica-
tion of conventional and mutation approaches in genetic im-
provement of tuberose (Polianthes tuberosa L.): A review on
recent development and future perspectives. International
Journal of Agriculture and Rural Development. 2021;14(3):277-
97. http://dx.doi.org/10.30954/0974-1712.03.2021.1

Kainthura P, Srivastava R. Induction of genetic variability and
isolation of mutants in tuberose (Polianthes tuberosa L.). Tropi-
cal Agricultural Research. 2015;26(4):721-32.  https://
doi.org/10.4038/tar.v26i4.8135

Gopalachari NC. Changes in the activities of certain oxidizing
enzymes during germination and seedling development of
Phaseolus mungo and Sorghum. Indian Journal of Experimental
Biology. 1963;1:98-100.

Lin CC, Kao CH. NaCl induced changes in ionically bound peroxi-
dase activity in roots of rice seedlings. Plant and Soil.
1999;216:147-53. https://doi.org/10.1023/A:1004714506156

Beyer Jr WF, Fridovich I. Effect of hydrogen peroxide on the iron-
containing superoxide dismutase of Escherichia coli. Biochemis-
try. 1987 Mar 1;26(5):1251-57. https://doi.org/10.1021/
bi003792a008

Panse VG, Sukhatme PV. Statistical methods for agricultural
workers. 1978;3:147-48.

Kaur M, Kumar S. Effect of mutagen ethyl methane sulfonate on
growth characters of tuberose (Polianthes tuberosa L.) cv.
Prajwal. International Journal of Conservation Science. 2018;6
(4):412-16.

Srivastava P, Singh RP, Tripathi VK. Response of gamma radia-
tion (60Co) on vegetative and floral characters of Gladiolus.
Journal of Ornamental Horticulture. 2007;10(2):135-36.

Kumar P, Maurya RK, Chakraborty B, Mer R, Mishra DS. Genetic
variability and correlation studies in Gladiolus hybrida L. under
Tarai condition of Uttarakhand. Progressive Agriculture.
2013;13(1):68-74.

Kona P, Hemanth Kumar M, Balaji A. Effect of 2, 4D and EMS on
in vitro regeneration in sugarcane cultivar. International Journal
of  Microbiology  Research.  2018;10:1090-93.  https://
doi.org/10.9735/0975-5276.10.3.1090-1093

Gordon SA. Occurrence, formation and inactivation of auxins.
Annual Review of Plant Physiology. 1954;5:341-78. https://
doi.org/10.1146/annurev.pp.05.060154.002013

Skoog F. The effect of x-irradiation on auxin and plant growth.
Journal of Cellular and Comparative Physiology. 1935;7(2):227-
70. https://doi.org/10.1002/jcp.1030070206

Quastler H, Baer M. Inhibition of plant growth by irradiation:
Radiation effects on initiation and completion of growth. Can-
cer Research Journal. 1950;10(10):604-12.

Abraham V, Desai BM. Biological effectiveness of fast neutrons
and gamma rays in some bulbous ornamentals. Indian Journal
of Genetics and Plant Breeding. 1976;36(2):230-37.

Misra RL. Radiation-induced variability in gladioli. Journal of
Genetics, Genomics and Plant Breeding. 1998;58(2):237-39.

Singh K, Singh P, Arora JS. Effect of cultivar response, season,
stages of harvest and sucrose on keeping quality of gladiolus
spikes. Proceeding of the National Conference on Gladiolus.
2000;143-49.

Shahzad S, Ali S, Ahmad R, Ercisli S, Anjum MA. Foliar applica-
tion of silicon enhances growth, flower yield, quality and post-
harvest life of tuberose (Polianthes tuberosa L.) under saline
conditions by improving the antioxidant defence mechanism.
Silicon. 2021;1-8. https://doi.org/10.1007/s12633-021-00974-z

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.9734/ijecc/2023/v13i102887
https://doi.org/10.9734/ijecc/2023/v13i102887
http://dx.doi.org/10.30954/0974-1712.03.2021.1
https://doi.org/10.4038/tar.v26i4.8135
https://doi.org/10.4038/tar.v26i4.8135
https://doi.org/10.1023/A:1004714506156
https://doi.org/10.1021/bi00379a008
https://doi.org/10.1021/bi00379a008
https://doi.org/10.9735/0975-5276.10.3.1090-1093
https://doi.org/10.9735/0975-5276.10.3.1090-1093
https://doi.org/10.1146/annurev.pp.05.060154.002013
https://doi.org/10.1146/annurev.pp.05.060154.002013
https://doi.org/10.1002/jcp.1030070206
https://doi.org/10.1007/s12633-021-00974-z

