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ABSTRACT

Tuberose (Agave amica L.) is an important ornamental crop cultivated widely for its fragrant flowers,
landscaping, and essential oil extraction. However, its genetic base is narrow due to vegetative
propagation. Mutation breeding using chemical mutagens has emerged as a potential strategy to induce
variability and develop new cultivars. The present investigation was conducted using bulbs of cv.
Prajwal treated with different doses of Ethyl Methane Sulfonate (EMS), Methyl Methane Sulfonate
(MMS), and Diethyl Sulfate (DES). The treatments were laid out in Randomized Block Design (RBD)
with three replications. Observations were recorded on vegetative, flowering, and bulb yield traits.
Results indicated that lower concentrations of mutagens significantly improved parameters such as spike
length, number of florets, and bulb yield, whereas higher concentrations caused inhibitory effects. EMS
proved to be the most effective mutagen in inducing useful variability. The study demonstrates the
potential of chemical mutagenesis in broadening the genetic base of tuberose and suggests its application
in breeding programs aimed at developing commercially viable cultivars.
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Tuberose (Agave amica L.), popularly known as

Introduction mutagens such as physical (radiation) or chemical

agents (Singh and Kumar, 2022). Among chemical

Rajnigandha (Thiede and Govaerts, 2017), is an
economically significant ornamental crop valued for its
fragrant flowers used in garlands, bouquets, and
perfumes. It holds an important place in both domestic
and international markets due to its high demand as a
cut flower and loose flower. Despite its commercial
importance, tuberose has limited genetic variability
because of its propagation through bulbs, which
restricts opportunities for conventional breeding.
Therefore, alternative breeding approaches are needed.
Mutation breeding is a proven method to induce
genetic variability by exposing plant material to

mutagens, EMS, MMS, and DES are widely used to
induce point mutations and create novel variability.
Several reports in crops like chrysanthemum,
gladiolus, and marigold have highlighted the potential
of mutagens in improving flower quality and yield
traits. However, limited work has been done in
tuberose. This study was undertaken to evaluate the
effect of different concentrations of EMS, DES, and
MMS on growth, flowering, and bulb yield in cv.
Prajwal, with an aim to identify promising treatments
for generating useful variability.
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Materials and Methods

The experiment was carried out at the Horticulture
Research Centre, SVPUAT, Meerut, during the Rabi
season 2024-25. Uniform and healthy bulbs of
tuberose cv. Prajwal were selected for treatment. The
bulbs were pre-soaked in distilled water and then
treated with different concentrations of EMS (T;-0.25,
T,-0.50, T5-0.75, T4-1.00) %, DES (Ts-0.25, T6-0.50,
T:-0.75, Ts-1.00, Te-1.25) %, and MMS (T1,-0.01, Ty:-
0.02, T1,-0.03, T45-0.04, T14-0.05) % for specified
durations. Control bulbs were soaked in distilled water
without mutagen treatment (Tis). The treated bulbs
were planted in plots following Randomized Block
Design (RBD) with three replications. Standard
cultural practices were adopted throughout the
experiment. Data were recorded on vegetative traits
(days to sprouting, sprouting percentage, plant height,
number of leaves, leaf length, leaf width), flowering
traits (days to spike emergence, spike length, rachis
length, number of florets per spike, weight of spike,
days to opening of first floret, and vase life) at the time
of plant growth, and bulb yield traits (number of bulbs
and bulblets per clump, bulb diameter, bulb weight,
and bulb yield per hectare) at the time of harvesting.
Statistical analysis was performed to evaluate the
significance of treatments.

Results and Discussion

The application of chemical mutagens
significantly influenced the growth, flowering, and
bulb yield of tuberose cv. Prajwal. The results obtained
are summarized as follows:

Analysis of Variance (ANOVA)

The analysis of variance revealed that the effects
of EMS, DES, and MMS were statistically significant
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for most of the vegetative, flowering, and bulb yield
characters under study (Table 1). Significant
differences among treatments confirmed the
effectiveness of mutagenic treatments in inducing
variability in tuberose cv. Prajwal. Traits such as spike
length, number of florets per spike, rachis length, bulb
number, and bulb weight exhibited highly significant
variation. This suggests that chemical mutagenesis was
successful in generating variability which can be
utilized for selection of superior genotypes. Among the
mutagens, EMS at lower concentrations proved to be
more effective in improving growth, flowering and
yield attributes. The treatment EMS @0.25% exhibited
superior performance for traits such as plant height,
number of leaves per plant, number of spikes per plant,
spike length, number of florets per spike and bulb
yield, whereas EMS @0.50% showed better results for
rachis length and bulb characters. Similar findings
were reported by Kayalvizhi et al. (2016), Yadav
(2018) and Kaur et al. (2018) in tuberose. The control
treatment recorded minimum days to bulb sprouting
and maximum survival percentage, although lower
concentrations of EMS and DES also showed
comparatively good performance, which is in
accordance with the results of Jyothi et al. (2024).
Lower concentrations of DES showed better
performance for traits like spike weight, width of
longest leaf and number of bulblets per plant, as also
reported by Kannan et al. (2017) and Kapadiya et al.
(2014). In contrast, MMS exhibited comparatively
lesser effectiveness and showed improvement only at
the lowest concentration for number of bulblets per
plant, which agrees with the findings of Vedwan
(2024) and Kumar et al. (2021).

Table 1: Analysis of variance for different characters in tuberose cv. Prajwal.

S.No. \S/(;L;ir;gg; Replication Treatments Error Total
1 df 2 14 28 44
2 DBS 0.88 2.52** 0.33
3 SP 2.83 188.69** 13.61
4 PH 14.82 40.7*%* 4.27
5 NLP 2.34 18.43** 2.38
6 LLL 0.19 6.88** 0.23
7 WLL 0.002 0.061** 0.002
8 DFF 0.97 13.29** 0.93
9 NSP 0.001 0.481** 0.002

10 SL 12.38 24.1%* 7.12
11 RL 0.44 10.4** 2.86
12 DS 0.03 3.7%* 0.22
13 sSw 7.78 36.33** 4.03
14 NFS 6.02 32.26** 1.97
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15 NBP 0.013 0.255** 0.005

16 NB/LP 1.02 21.04** 0.48

17 NBPL 0.2 49,32** 0.85

18 NB/LPL 28.21 3185.17** 11.9

19 WBP 0.49 20.71** 0.53

20 WB/LP 0.04 1.71** 0.07

21 BD 0.006 0.616** 0.048

22 YPP 0.001 0.062** 0.001

23 YPH 13.06 524.32** 11.4

**Significant at 1%

DBS — days to bulb sprouting SW —  spike weight
SP —  survival% NFS —  number of florets per spike
PH —  plant height NBP —  number of bulbs per plant
NLP — number of leaves per plant NB/LP —  number of bulblets per plant
LLL — length of longest leaf NBPL — number of bulbs per plot
WLL —  width of longest leaf NB/LPL —  number of bulblets per plot
DFF —  days required for opening of 1% floret WBP —  weight of bulbs per plant
NSP —  number of spikes per plant WB/LP —  weight of bulblets per plant
SL —  spike length BD —  bulb diameter
RL — rachis length YPP — vield of bulb kg per plot
DS —  diameter of spike YPH — vyield of bulb quintal per hectare

Estimation of coefficient of variation

Mean performance indicated that lower doses of
EMS (0.25-0.50%) consistently outperformed the
control and other mutagens for most vegetative and
floral characters in tuberose cv. Prajwal. DES at lower
concentrations also improved several growth and
flowering traits, whereas MMS showed comparatively
moderate  effectiveness. In  contrast, higher
concentrations of all mutagens reduced plant Vigor and
yield due to phytotoxic effects. Similar trends have
been reported in gladiolus and chrysanthemum, where
lower mutagen doses enhanced desirable traits while
higher concentrations suppressed growth (Table 2).

Genetic parameters such as genotypic coefficient
of variation (GCV), phenotypic coefficient of variation
(PCV), heritability and genetic advance were estimated

to assess variability among the mutagen-treated
populations. High GCV and PCV were observed for
number of bulblets per plot, number of bulblets per
plant, bulb yield (g/ha), number of bulbs per plot and
spike weight, indicating substantial genetic variability,
as also reported by Ratna Priyanka et al. (2020). High
heritability coupled with high genetic advance for bulb
yield, number of bulblets per plant and spike weight
suggested the predominance of additive gene action
and effectiveness of selection Johnson et al. (1955).
However, traits such as spike length and days to
opening of first floret showed moderate heritability
with low genetic advance, indicating environmental
influence or non-additive gene action. EMS treatments
exhibited comparatively higher variability and genetic
parameters, indicating its effectiveness in inducing
useful variability.

Table 2: Estimation of mean, range, components of variance, heritability and genetic advance for growth, flower

and yield parameters in Tuberose cv. Prajwal.

o Character Mean [SEM|  Range |GCv|pcv |HeMEOIY | Ga | Gage mean
1 |Days to bulb sprouting 28.53 1 0.33 | 26.77-30.41 | 2.99 | 3.62 68.55 1.46 5.11
2 |Survival per cent (%) 88.57 | 2.13 | 75.82-99.62 | 8.63 | 9.58 81.09 14.17 16.00
3 |Plant height (cm) 90.12 | 1.19 | 84.02-98.45 | 3.87 | 4.50 73.98 6.17 6.85
4 |Number of leaves per plant 38.62 | 0.89 | 34.52-43.58 |5.99 | 7.20 69.19 3.96 10.26
5 |Length of longest leaf 32.86 | 0.28 | 30.41-35.14 | 4.53 | 4.76 90.45 2.92 8.88
6 |Leaf width of longest leaf 1.20 | 0.02| 0.90-1.38 |11.63|12.14 91.76 0.28 22.96
7 |Days required for opening 1st floret 91.26 | 0.56 | 88.37-95.74 | 2.22 | 2.46 81.66 3.78 4.14
8 |Number of spikes per plant 1.56 |0.03 1.20-2.41 |25.67|25.84 98.72 0.82 52.54
9 |Spike length (cm) 85.52 | 1.54 | 81.31-91.95 | 2.78 | 4.18 44.26 3.26 3.81
10 |Rachis length (cm) 26.46 | 0.98 | 23.34-29.35 |5.99 | 8.76 46.76 2.23 8.44
11 |Diameter of spike (mm) 9.64 |0.27| 8.04-11.14 |11.18|12.18 84.23 2.04 21.13
12 |Spike weight (g) 52.86 | 1.16 | 47.90-58.70 |6.21 | 7.28 72.74 5.77 10.91
13 |Number of florets per spike 40.66 | 0.81 | 35.16-46.73 | 7.81 | 8.54 83.67 5.99 14.72
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14 |Number of bulbs per plant 1.79 | 0.04 1.17-2.19 16.13|16.57 94.84 0.58 32.37
15 |Number of bulblets per plant 13.36 | 0.40 | 9.83-16.92 (19.60|20.27 93.46 5.21 39.03
16 |Number of bulbs per plot 21.97 | 0.53| 13.73-28.13 |18.30(18.78 94.99 8.07 36.74
17 |Number of bulblets per plot 162.26| 1.99 | 116.35-204.64 |20.04|20.16 98.89 66.62 41.06
18 |Fresh weight of bulb per plant (g) 22.60 | 0.42 | 18.30-26.78 [11.47[11.92] 92.68 |5.14| 22.75
19 |Fresh weight of bulblet per plant (g) 3.75 [ 0.15 2.45-4.99 19.7 | 20.9 89.2 1.44138.41

20 (Bulb diameter (mm) 2.96 |0.13 2.37-3.71 14.71)16.46 79.80 0.80 27.06
21 |Yield of bulb (kg/plot) 0.51 {0.02 0.25-0.73 |28.20(28.97 94.76 0.29 56.55
22 |Yield of bulb (g/ha) 47.04 | 1.95| 23.26-68.55 |27.80(28.71 93.75 26.08 55.44
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Fig. 1: Genotypic coefficient of variation, Phenotypic coefficient of variation, Heritability and Estimation of Genetic
Advance as per cent of mean for different parameters in tuberose cv. Prajwal.

DBS- days to bulb sprouting WLL- width of longest leaf
SP- survival%

PH- plant height

NLP- number of leaves per plant
LLL- length of longest leaf

YPP- yield of bulb kg per plot

NSP- number of spikes per plant
SL- spike length

RL- rachis length

YPH- yield of bulb g/ha

Correlation Studies

Correlation analysis revealed that spike length,
rachis length, number of florets per spike, and spike
weight were positively and significantly correlated
with bulb yield per hectare. Similarly, bulb diameter
and bulb weight showed strong positive associations
with total bulb vyield. These results suggest that
improvement in flowering and bulb traits directly
contributes to higher yield. Similar correlations have
been reported in tuberose and other ornamental crops,
emphasizing the importance of selecting for these traits
in breeding programs.

DS- diameter of spike

DFF- days required for opening of 1 floret SW- spike weight

NFS- number of florets per spike
NBP- number of bulbs per plant
NB/LP- number of bulblets per plant

NBPL- number of bulbs per plot
NB/LPL- number of bulblets per plot
WBP- weight of bulbs per plant
WAB/LP- weight of bulblets per plant
BD- bulb diameter

Genotypic Correlation

The genotypic correlation coefficients were
generally higher in magnitude compared to phenotypic
ones (Table 3), indicating that the observed
associations were largely genetic in nature and less
influenced by the environment. Spike length
maintained a strong positive genotypic correlation with
rachis length, number of florets per spike, spike
weight, and bulb yield per hectare. This suggests that
genetic improvement in spike length would
simultaneously lead to improvement in other important
yield traits.
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Similarly, bulb diameter and bulb weight were
positively and strongly correlated at the genotypic
level, both contributing significantly towards higher
bulb yield. Negative genotypic correlations were
observed between days to flowering and bulb yield,
reinforcing the need to select for early flowering
genotypes to maximize yield.

These results align with reports of Kannan et al.
(1998), Ranchana et al. (2015), and Gogoi et al.
(2019), who also highlighted the stronger nature of
genotypic correlations in tuberose compared to
phenotypic ones. The consistency of these findings
suggests that genetic selection based on correlated
traits such as spike length, florets per spike, and bulb
diameter would be highly effective in tuberose
improvement programs.

Phenotypic Correlation

The phenotypic correlation coefficients revealed
that most of the flowering and vyield traits were
positively associated with each other (Table 4). Spike
length exhibited a significant positive correlation with
rachis length, number of florets per spike, and spike
weight, indicating that longer spikes not only
accommodated more florets but also contributed to
higher spike weight. Similarly, bulb diameter and bulb
weight showed a strong positive correlation with total
bulb yield per hectare, suggesting that improvement in
bulb size directly enhances yield potential.

However, days to flowering showed a negative
phenotypic correlation with bulb yield, indicating that
delayed flowering reduces the productive potential of
plants. Such associations emphasize the importance of
selecting for earliness in flowering along with superior
floral traits. These findings agree with earlier studies in
tuberose by Kannan et al. (1998) and Ranchana et al.
(2015), who also reported strong positive correlations
between spike length, florets per spike, and bulb yield.

Path Coefficient Analysis

Path  coefficient analysis partitioned the
correlation into direct and indirect effects, thereby
providing a clearer understanding of trait
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interrelationships. Spike length and number of florets
exhibited high positive direct effects on bulb yield,
suggesting that these traits should be given priority in
selection. Rachis length also contributed positively,
both directly and indirectly, while days to flowering
showed a negative direct effect on yield. This implies
that early flowering genotypes may not always be high
yielding unless supported by superior spike and bulb
traits. These findings align with earlier reports in
gladiolus and marigold where spike characters
contributed significantly towards yield.

Genotypic Path Analysis

At the genotypic level, spike length, florets per
spike, bulb diameter, and bulb weight showed strong
positive direct effects on yield. Rachis length also
contributed positively, mainly through its association
with spike length. Days to flowering again exerted a
negative direct effect (Table 5). These results agree
with Kannan et al. (1998) and Ratna Priyanka et al.
(2020).

Phenotypic Path Analysis

Phenotypic path analysis indicated that spike
length had the highest positive direct effect on bulb
yield, followed by florets per spike and spike weight.
Rachis length contributed indirectly through spike
length, while days to flowering had a negative direct
effect (Table 6). Similar trends were noted by
Ranchana et al. (2015) and Singh et al. (2019).

Conclusion

The present study demonstrated that chemical
mutagens, particularly EMS at lower concentrations
(0.25%, 0.50%), can effectively induce variability in
tuberose cv. Prajwal. Enhanced vegetative growth,
improved flowering traits, and increased bulb yield
were observed under optimum doses. In contrast,
higher concentrations of mutagens proved detrimental.
EMS proved superior among the mutagens tested,
highlighting its potential use in tuberose breeding
programs. The variability induced can contribute to the
development of improved cultivars with higher
ornamental and commercial value.
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