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Effect of physical and chemical mutagens on flowering
and seed attributes of balsam (Impatiens balsamina)

Sumit Pal, Anil K Singh and Anjana Sisodia

Abstract

A field experiment was carried out to see the effect of gamma irradiation and oryzalin on flowering and
seed attributes in balsam genotypes for two years. Uniform and healthy seeds of 29 genotypes (BDR-22,
BDR-1, BDV-1, BS-39, BS-14, BS-20, BS-39, BS23, BSW-7, BSP-32, BDR-2, BSW-6, BDP-13, BDR-
3, BDV-17, BD- Rosi, BDR-4, BDR-5, BDR-6, BSV-11, BS-28, BSP-9, BSP-1, BSW-27, BSR-16,
BDV-2, BDP-1, BDP-2, BDR-7) of balsam were used for treatment with physical mutagen (Gamma ray)
and chemical mutagen (Oryzalin) in the study. Seeds were irradiated with different doses (35 and 40 kR)
of gamma rays from 8°Co source and treated with aqueous solution of oryzalin (50 pmol, 100 pmol and
150 pumol). The treated seeds were shown in nursery and seedling were transplanted in pots after 21 days
of sowing. The experiment was laid out in Randomized Block Design with three replications. Treated
plants showed deleterious effect of gamma irradiation and oryzalin although at lowest dose plants were
not affected much. Minimum days to bud initiation were taken by genotype BSP-1 (35.97 days) and
genotype BD-Rosi (36.43 days) in M1, whereas in M2 generation genotype BDR-6 (37.78) and genotype
BDR-5 (38.13) were taken minimum days in bud initiation. In M1 generation, minimum days to
flowering was recorded in untreated plants (45.24 days)’ whereas, maximum days flowering was
recorded in plants treated with gamma rays 35 kR (49.41 days) followed by plants treated with gamma
rays 40 kR (48.57 days) and oryzalin 150 pmol (47.84 days). Maximum number of seeds per pod was
recorded in untreated plants (12.21) and Minimum number of seeds per pod was recorded in plants
treated with gamma rays 40 kR (11.43) M1 generation.
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Introduction

Balsam (Impatiens balsamina) is an ornamental flowering plant, native to southern Asia
especially in India and Myanmar. Now it is widely cultivated in subtropical parts of the world.
Nearly 91% of Indian species of Impatiens are endemic. Impatiens balsamina also known as
Gulmehndi is one of the popular species of North India. The generic name Impatiens
balsamina is derived from Latin word impatiens (Impatient), which means an impatient
behaviour of the pods which, ripe, burst open on a slight pressure and scattering the seeds
(Randhawa and Mukhapathay, 2004) %1, Balsam is widely used for garden display and as
order plant in landscaping. It is a rainy season annual flowering plant and grown in both
summer and rainy season. Balsam produces flowers of pink, rose, white, purple, scarlet, red,
etc. colour (Singh and Sisodia, 2017) (161, It can with stand with heavy rains and high humidity
in atmosphere. Balsam has several medicinal properties, plant has been used as traditional
Chinese, Taiwanese and Thai medicine for treating rheumatism, isthmus and crural aches,
fractures, superficial infections, fingernail inflammation and has antifungal, antibacterial,
antipruritic and antitumor activities (Aras et al., 2014) 21, Moreover, active compounds such as
peptides from seeds, quinones, balasquinone, flavonoids can be isolated from this plant
(Maurya et al., 2015) ['* 20 1t is a well-known fact that genetic variations have practical
implication in crop improvement. Mutation breeding has played a major role in the
development of many new colour or shape mutants in ornamental plants (Broertjes and Harten,
1988) ™. Radiation technology has proven to be useful for mutation breeding and has
contributed towards improvements in ornamental crops. Among the mutant varieties, about
90% of these mutants were generated by using radiation. Gamma rays (y) are ionizing
radiations and interact with atoms and molecules to produce free radicals in cells. The
advantages of ionizing radiations as mutagens are accurate dosimetry, reasonable
reproducibility and uniform penetration of multicellular system particularly by gamma rays.
Morphological changes due to gamma doses were observed in gladiolus (Singh and Sisodia,
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2015 and Sisodia and Singh, 2015) [*5 22 23], Plant growth and
flowering were influenced due to gamma irradiation in
tuberose (Singh et al., 2017 and Sah et al., 2017) [18 2216, 21],
Chemical induction mutations have been widely used and
have been shown to increase genetic diversity. Seed
germination were affected by mutagen of oryzalin and gamma
rays. Rubus fraxinifolius and Rubus rosifolius seeds were still
able to germinate after treated by 100 uM of oryzalin (Mori et
al., 2021) M4, Therefore, keeping this in view the present
experiment was conducted to study the effect of gamma
irradiation and oryzalin on flowering and seed attributes in
balsam with the objective of creating genetic variations in the
subjected plant material.

Material and Methods

The research work was carried out the under Department of
Horticulture, Institute of Agricultural Sciences, Banaras
Hindu University, Varanasi, during the year 2017 and 2018.
The main objectives of the studies are to develop promising
genotype through mutations using chemical and physical
mutagens and to study the effect of induced mutagenesis on
different characters of balsam. The healthy seeds of 29
genotype of balsam were used for treatment with physical
mutagen (Gamma ray) and chemical mutagens oryzalin were
used in the study. Gamma rays treatment were done at
Division of Floriculture, Botanic Garden & Eco-education,
C.S.LR. - National Botanical Research Institute, Lucknow
(India). On the following day the irradiated seeds were shown
in raised nursery beds of 3 x 1 meter size. The oryzalin
treatment was done in Horticulture Laboratory, Department of
Horticulture. The seeds were first soaked in water for 6 hours,
then the seeds were soaked in oryzalin solution for 12 hours
with a concentration level of 0 umol (control), 50 umol, 100
pmol and 150 pmol. The treated seeds were shown in nursery
and seedling were transplanted in pots after 21 days of
sowing. The experiment was laid out in Randomized Block
Design with three replications. Standard package of practices
were followed accordingly. For collection of morphological
data, 5 plants per replication were observed and average was
calculated. Various flowering and seed related parameters
were observed during M; and M, generation such as, days to
bud initiation, days to flowering, bud diameter, flower
diameter, days to seed ripening, number of pods per plant,
number of seeds per pod, 1000 seed weight, seed yield per
plant etc. were calculated and analyzed statistically at
different period of time. The analysis of variance of data was
done as per design of the experiment as suggested by Panse
and Sukhatme (1954) 141,

Result and Discussion

Flowering attributes

Days to bud initiation increased with increase in mutagen
doses in both of M; and M, generations. In M; generation,
minimum days to bud initiation was observed in untreated
plants (35.81 days) which were statistically significant over
plants treated with gamma rays 40 kR (40.69 days), gamma
rays 35 kR (41.25 days), oryzalin 100 pumol (41.35 days),
oryzalin 50 pmol (41.74 days) and oryzalin 150 pmol (42.49
days). Maximum days to bud initiation was observed in plants
treated with oryzalin 100 pmol (43.10 days) followed by
plants treated with oryzalin 50 pmol (43.06 days) and oryzalin
150 pumol (42.88 days) in M generation. In M, generation
minimum days to bud initiation was recorded in BS-20 treated
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with oryzalin 100 pmol (32.83 days), whereas maximum days
to bud initiation was recorded in genotype BDV-1 treated
with oryzalin 50 pmol (62.70 days). These results are
corroborated with the results of Sarhan et al. (2019) 7 and
Bhusari et al. (2017) B! the observed earlier flower bud
initiation in African marigold treated with 5kR gamma doses
and 25Gy gamma dose respectively. In a experiment Padhi
and Singh (2022) [ also observed lower dose of gamma
resulted in late maturing of florets and maximum length of
spike in gladiolus. Delay in bud initiation at higher dose of
gamma radiation has been attributed to the destruction of
auxins due to inhibition of auxin synthesis (Gordon, 1956) [,
In M generation, minimum days to flowering was recorded in
untreated plants (45.24 days) whereas, Maximum days
flowering was recorded in plants treated with gamma rays 35
kR (49.41 days) followed by plants treated with gamma rays
40 kR (48.57 days) and oryzalin 150 pumol (47.84 days).
During M; generation, all genotypes showed delayed
initiation of flowering at higher mutagen doses except BSW-
6, BDP-13, BDR-6 and BSP-1 showed early flowering at
higher gamma irradiation dose while, genotype BDV-17, BD-
Rosi, BDR-4, BDR-5, BDR-6, BSV-11, BSP-1, BSW-27,
BSR-16, BDP-2 and BDR-7 had early flowering at high
concentration of oryzalin treatment. Delay in flowering might
be due to disturbance in biochemical pathway which plays
important role in flower initiation. Sarhan et al. (2019) "]
recorded earlier flowering at lower dose of gamma irradiation
in Tagetes erecta plant. Dilta et al. (2003) B! in
chrysanthemum and Singh and Sisodia (2015) ! in gladiolus
also found similar results were delayed flowering was
observed at higher dose of gamma radiation. In M; the
maximum length of peduncle was recorded in 50 umol (1.57
cm) and 150 umol (1.57 cm) oryzalin which was statistically
at par with 100 pmol oryzalin (1.56 cm) and statistically
significant over rest of the treatments. In M, length of
peduncle found maximum in 35 kR (1.60 cm) gamma rays
and 50 pmol (1.60 cm) oryzalin followed by 100 pmol (1.59
cm) and 150 pmol (1.59 cm) oryzalin concentration. While
minimum length of peduncle was found in 40 kR gamma
rays. These results were similar to the findings of Kole and
Meher (2005) P! in zinnia who noted reduction in length of
peduncle at higher dose of mutagen, Bhusari et al. (2017) Bl in
African marigold and Momin et al. (2012) [ in
chrysanthemum recorded similar trends of reduction in
peduncle length at higher dose of gamma radiation. Maximum
number of petals per flower in My generation were observed
in 35 kR (6.75) gamma dose followed by 40 kR (6.73) gamma
dose and 100 pmol (6.69) oryzalin concentration. Interaction
effect of mutagens and genotype was found non-significant in
M; and significant in M, generations of research. Sisodia et
al. (2015) I3 also observed maximum length of spike with
control in gladiolus.

Seed attributes

Increase in dose of gamma rays and oryzalin dose
significantly delayed seed ripening in M; as well as in M;
generation in most of the genotypes except genotype BS-39,
BS-23, BDR-3, BDV-17, BDR-5, BSV-11, BS-28 and BSP-1,
BSR-16 and BDV-2 during M; generation. Similar findings
were also recorded in the findings of Aney (2013) [, who
observed delay in seed ripening during a research on pea
(Pisum sativum L.) by using gamma radiation, whereas, Singh
et al. (2017) 18 22 found similar results of delay in seed
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maturity in pea at higher concentration of EMS. Number of
pods per plant decreased with increased dose of mutagen. In
M; generation maximum number of pod per plant was
recorded in untreated plants (238.35) which were statistically
significant plant treated with gamma rays 35 kR (230.79),
gamma rays 40 kR (230.79), oryzalin 50 pumol (216.93),
oryzalin 100 umol (213.70) and oryzalin 150 pumol (210.46).
In My generation results were found different from M;
generation where number of pods increase in higher dose of
mutagens. These results are in conformity with the results of
Verma and Purbiya (2017) @4, who recorded decrease trend
for number of pods per plants in pea (Pisum sativum L.) at
higher dose of gamma radiation. Maximum number of seeds
per pod was recorded in untreated plants (12.21) and
Minimum number of seeds per pod was recorded in plants
treated with gamma rays 40 kR (11.43) followed by plants
treated with gamma rays 35 kR (11.68) in M; generation. In
Ma, minimum number of seeds per pod was recorded in plants
treated with gamma rays 40 kR (11.44) followed by plants
treated with oryzalin 150 pmol (11.72). These results are in
conformity with the results of Aney (2013) ™ recorded
maximum number of seeds per pod in control and minimum
number of seeds per pod at higher dose (250 Gy) dose of
gamma radiation in Pea (Pisum sativum L.). In My generation
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maximum 1000 seed weight (12.73 g) was noted in BDR-7
treated with 50 pmol of oryzalin whereas minimum in
untreated BS- 20 (6.83 g). Maximum 1000 seed weight was
noted in treatment combination BDP-13 treated with 50 pumol
of oryzalin and minimum in treatment combination BS-20
treated with 50 umol of oryzalin (7.43). These results are in
conformity with the findings of Aney (2013) [ who found
decrease in 100 seed weight in pea at 250 Gy dose of gamma
rays. 1000 seed weight was decrease in higher dose of gamma
radiation recorded in pea by Khan et al. (2013) @1, similarly
Singh et al. (2015) ™ also observed decrease trend in 1000
seed weight in field pea at higher concentration (0.15%) of
EMS. The interaction between genotype and various doses
gamma radiation and oryzalin were found non-significant in
M; and significant during M generations for the traits number
of seeds per plant. In M; generation, maximum number of
seed per plant was recorded in untreated plants (2902.75),
whereas minimum number of seeds per plant was found in
150 umol oryzalin (2508.22) concentration. These results
were similar to the findings of Gnanamurthy et al. (2012) [©
they recorded decrease in seed yield per plant as dose of
gamma radiation increases at 35 kR gamma rays in cow pea
(Vigna unguiculata L.).

Table 1: Effect of mutagens on days to bud initiation in different genotypes of balsam.

2017 2018
Gamma rays Oryzalin Gamma rays Oryzalin
g:sgg/%gt 0 kR| 35 kR |40 kR|50 pmol|100 pmol | 150 pmol [Mean| 0 kR |35 kR|40 kR|50 pwmol {100 pmol|150 pmol [Mean
BDR-22 34.22| 48.22 |48.22| 4248 | 39.84 43.97 [42.82]40.44/40.11|39.66| 39.50 | 39.66 39.83 [39.87
BDR-1 33.33] 39.33 |40.00| 42.81 | 42.19 44.16 |40.30|39.55/36.66 |37.11| 42.66 | 43.33 43.33 [40.44
BDV-1 40.78| 44.22 |45.11| 62.70 | 61.82 61.92 [52.76|39.88{41.00|41.00| 60.83 | 60.16 56.83 [49.95
BS-39 34.11) 42.00 [42.66| 44.96 | 48.14 45.23 [42.85]39.00/40.00/39.00| 55.00 | 58.00 56.50 [47.91
BS-14 35.11| 41.78 |40.11| 53.81 51.67 52.21 |45.78|41.77|39.66 [40.00| 57.00 55.00 54.83 |48.04
BS-20 35.77] 39.66 [39.44| 35.08 | 32.83 43.06 |37.64|33.55/40.00[47.00| 43.83 | 43.83 42.66 [41.81
BS-39 34.55| 44.77 |42.33| 40.00 | 38.90 38.00 [39.76|39.55|46.55|45.00| 43.83 | 44.00 43.66 [43.76
BS23 33.44| 39.66 |38.22| 4256 | 4251 42.80 [39.86|34.44/40.44|41.55| 43.00 | 42.16 42.83 [40.74
BSW-7 34.67) 39.00 [38.33| 39.81 | 41.78 43.08 [39.44|39.33|41.44|41.55| 39.83 | 42.66 42.66 |41.25
BSP-32 33.22| 39.44 |37.78| 39.47 | 37.49 41.72 [38.19|33.55/41.00|41.77| 40.33 | 40.66 41.16 [39.74
BDR-2 33.89| 37.44 |37.66| 4055 | 39.34 37.89 [37.79|34.77)41.00(41.00| 43.16 | 4233 43.00 [40.87
BSW-6 35.22| 37.33 |38.11| 4296 | 43.15 40.61 [39.56|40.33|47.89|47.66| 48.83 | 44.00 39.00 |44.62
BDP-13 39.77) 47.33 [38.77| 46.34 | 48.13 48.48 |44.80(44.89|43.00|42.55| 42.66 | 43.83 42.66 |43.26
BDR-3 34.11) 37.89 [38.44| 38.85 | 37.84 38.72 [37.64|34.89|41.00{41.00| 37.66 | 37.83 40.50 [38.81
BDV-17 38.33| 44.44 |44.44| 42.67 39.17 4541 |42.41|40.11|41.66(41.00| 38.50 39.33 38.83 [39.90
BD- Rosi 36.22| 43.22 |44.33| 35.93 | 36.50 36.43 [38.77|35.11|38.33/38.88| 39.16 | 39.50 39.00 [38.33
BDR-4 36.00| 47.00 |46.77| 42.24 | 40.89 42.75 |42.61|35.89/39.55(39.00| 38.16 | 38.16 38.83 [38.26
BDR-5 33.89] 45.77 [45.11| 37.04 | 37.03 38.00 [39.47|35.22|39.00(39.89| 38.33 | 38.33 38.00 [38.13
BDR-6 34.00] 36.44 [37.11| 39.10 | 38.64 37.45 [37.12|33.55/40.00(38.33| 38.16 | 38.16 38.50 [37.78
BSV-11 35.22| 35.00 [36.33| 36.67 | 35.25 36.77 |35.87|37.77|45.33|38.78| 38.83 | 38.16 38.33 [39.53
BS-28 33.11] 38.77 |38.55| 35.79 | 35.43 39.11 [36.79]33.55|39.11|44.11| 43.66 | 43.50 44.00 [41.32
BSP-9 34.33] 37.77 |37.33| 36.11 | 37.22 38.60 [36.89|33.33/38.99(38.33| 42.83 | 41.83 4250 [39.63
BSP-1 33.55| 36.66 |36.00| 36.91 | 36.62 36.11 [35.97|34.55/41.0040.33| 39.33 | 39.83 40.50 [39.25
BSW-27 40.78| 47.89 |46.33| 46.38 | 46.30 48.08 [45.96(40.11142.11|46.44| 44.83 | 46.66 43.33 |43.91
BSR-16 38.89] 46.78 [45.88| 39.71 | 4252 40.71 |42.41|39.33|52.77|53.11| 43.83 | 42.50 44.00 |45.92
BDV-2 38.44| 44.11 |41.77| 4544 | 45.59 46.30 [43.61|39.44/41.00(41.00] 44.00 | 44.83 48.50 [43.13
BDP-1 41.33| 36.89 [38.33| 46.41 | 45.14 46.34 |42.40140.44|42.66|41.33| 44.00 | 44.33 43.00 [42.63
BDP-2 37.55| 38.33 [38.11| 40.13 | 40.50 40.78 [39.23]40.44/41.33|41.55] 38.50 | 39.33 38.66  [39.97
BDR-7 34.66| 39.11 |38.55| 37.69 | 36.62 37.65 [37.38]32.99|53.33|52.22| 38.50 | 38.16 38.16 |42.23
Mean 35.81] 41.25 |40.69| 41.74 | 41.35 42.49 37.51/41.93|42.07| 43.06 | 43.10 42.88
Eactors 2017 2018
C.D.|SE (m)| C.D. | SE (m)
Genotype 145| 0.52 | 0.87 | 0.31
Treatment 0.66] 0.23 | 039 | 0.14
Genotype xTreatment | 3.57 | 1.28 | 2.13 | 0.76
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Table 2: Effect of mutagens on days to flowering in different genotypes of balsam.

2017 2018
Gamma rays Oryzalin Gamma rays Oryzalin
geesg{;%’: 0 kR |35 kR [40 kR[50 pmol|100 pmol|150 pmol|Mean|0 kR |35 kR|40 kR |50 imol|100 umol|150 pmol|Mean
BDR-22 46.44| 53.55 |53.22| 47.34 | 46.38 48.30 [49.20(45.89|46.77 | 45.33 | 43.83 | 44.83 45.00 |45.27
BDR-1 40.33| 50.77 |47.33| 48.35 | 45.75 47.33 |46.64|47.22/42.44 | 42.55| 46.50 | 45.66 45.66 |45.00
BDV-1 47.00| 54.11 |54.22| 65.59 | 65.35 65.99 |58.71|48.44|51.00|52.88| 63.50 | 64.00 60.50 |56.72
BS-39 45.00] 48.78 |47.44| 50.80 | 52.24 51.60 [49.31|42.55/47.00 |44.11| 58.83 | 60.50 58.33 |51.88
BS-14 42.66| 50.89 |46.77| 60.75 | 62.67 62.08 |54.30|43.55[47.55|47.11| 61.33 | 60.50 60.16 |53.37
BS-20 46.33| 48.67 |48.89| 39.20 | 36.38 48.03 [44.58|41.33| 53.66 | 53.66 | 54.33 | 49.33 54.33 |51.11
BS-39 45.11| 51.00 [49.99| 46.78 | 44.14 45.12 [47.02|47.00| 54.55 | 50.00 | 52.33 | 52.33 51.83 |51.34
BS23 40.33| 43.77 |44.00| 48.40 | 46.18 48.03 [45.12|40.44)46.00 | 47.89 | 47.00 | 46.50 47.00 [45.80
BSW-7 44.33| 46.88 |44.44| 42.79 | 44.95 47.52 [45.15|44.43|50.553|52.447| 43.83 | 44.50 45.66 |46.90
BSP-32 40.44| 44.22 |43.00| 47.37 | 44.99 45.48 [44.25|39.33)49.88 | 52.78 | 45.00 | 45.16 46.16 |46.38
BDR-2 43.89| 43.44 |44.11| 46.22 | 45.81 43.51 [44.49|45.44|55.00 |5455| 51.83 | 51.33 51.66 |51.63
BSW-6 44.44| 48.00 |42.22| 47.81 | 48.03 48.18 [46.44|47.00| 50.00 | 53.66 | 55.83 | 51.50 44.00 |50.33
BDP-13 52.89| 56.33 |47.33| 55.69 | 57.07 58.32 [54.60(50.11) 50.89 | 49.44 | 47.50 | 50.50 49.00 [49.57
BDR-3 43.77| 45.89 |48.78| 44.76 | 44.49 46.02 [45.62|44.55|51.44 | 47.44| 42.00 | 41.33 48.66 |45.90
BDV-17 50.44| 57.11 |56.22| 46.31 | 45.49 50.05 [50.94|48.22| 54.78 | 55.77 | 42.33 | 42.66 43.83 |47.93
BD- Rosi 45.00] 52.77 |52.22| 39.65 | 39.81 40.94 [45.06(41.67|43.67 | 48.33 | 41.66 | 44.16 4250 |43.66
BDR-4 46.78| 55.11 |54.77| 46.29 | 46.25 45.23 [49.07|47.11)48.33 | 47.89| 42.83 | 42.66 42.66 |45.25
BDR-5 43.44| 52.11 |50.44| 42.95 | 41.88 41.99 [45.47|43.66/47.00 | 46.22 | 42.16 | 42.16 43.33 |44.09
BDR-6 43.89| 40.66 |42.22| 43.66 | 43.98 41.63 [42.67|43.11|46.77 | 44.22 | 42.66 | 41.66 42.16 |43.43
BSV-11 42.2]40.44 |42.33]| 40.83 | 38.83 41.19 [40.97|43.88| 45.55 | 45.66 | 42.66 | 42.66 41.66 |43.68
BS-28 38.78| 41.66 |42.88| 45.68 | 45.29 46.10 [43.40(40.7|48.55|50.33| 51.00 | 50.66 53.83 [49.19
BSP-9 36.89] 40.55 [40.44| 39.06 | 41.04 41.30 [39.88(40.11)47.44|49.33| 46.33 | 46.16 47.83 [46.20
BSP-1 41.66| 38.66 |40.33| 40.63 | 40.11 41.20 [40.43|42.33/51.78 |51.55| 42.33 | 42.16 43.66 |45.63
BSW-27 55.11| 60.55 |56.89| 53.03 | 53.32 54.57 [55.58/53.00| 55.33 |56.22 | 52.66 | 52.00 53.33 |53.75
BSR-16 50.55| 56.55 |55.67| 46.00 | 46.01 45.03 [49.97|46.89| 56.77 | 56.78 | 50.16 | 48.00 48.16 |51.13
BDV-2 50.22| 50.11 |50.33| 53.74 | 51.64 51.63 [51.28|47.22|56.00 | 58.00 | 50.00 | 49.66 48.66 |51.59
BDP-1 50.66| 57.89 |53.44| 53.76 | 53.01 53.57 [53.72|55.55/48.55 |48.11| 47.01 | 46.57 46.90 [48.78
BDP-2 48.00| 51.44 |54.11| 44.43 45.46 46.05 |48.25|48.44|50.00 | 48.22 | 43.33 47.83 48.83 |47.77
BDR-7 45.44| 51.00 |54.66| 41.26 41.77 41.34 145.91|42.55|58.22 | 58.89 | 42.50 42.66 42.16 |47.83
Mean 45.24| 49.41 |48.57| 47.21 | 46.84 47.84 45.23/50.19 | 50.32 | 48.04 | 47.92 48.19
Factors 2017 2018
C.D.|SE (m)| C.D. | SE (m)
Genotype 1.89]| 0.68 | 1.21 | 0.43
Treatment 0.86| 0.31 | 0.55| 0.19
Genotype xTreatment | 4.64| 1.66 | 297 | 1.07

Table 3: Effect of mutagens on length of peduncle (cm) in different genotypes of balsam.

2017 2018
Gamma rays Oryzalin Gamma rays Oryzalin
g:ﬁ;@;gt 0 kR| 35 kR |40 kR|50 pmol{100 pmol |150 pmol|Mean|0 kR|35 kR|40 kR[50 pmol |100 pmol | 150 pmol[Mean
BDR-22 1.28| 1.36 | 1.38 | 151 1.36 119 [134]154|153|157| 138 1.74 1.86 | 1.60
BDR-1 1.76| 1.82 | 2.01 | 1.44 1.42 135 |[163]1.67]169|161| 176 1.54 151 ]1.63
BDV-1 166| 152 | 1.87 | 151 1.48 176 |1.63]1.65| 155|189 | 174 1.63 204 | 175
BS-39 157| 126 | 129 | 1.73 1.79 1.46 151 (157|131 |150| 164 1.43 1.25 1.45
BS-14 2.02] 1.28 | 153 | 1.44 1.56 156 |156|212] 130|154 | 141 1.44 1.73 | 159
BS-20 1.38| 1.30 | 144 | 1.40 1.78 151 |147]141]131|153| 172 1.84 141 | 153
BS-39 13211373 | 138 | 154 1.43 173 [146]131] 173|169 | 132 1.33 150 |1.48
BS23 1281373139 | 151 1.49 161 |144]1.75/ 167 | 185 | 1.63 1.29 133 | 159
BSW-7 1.473| 1.34 | 1.38 | 1.67 1.53 1.48 148 [1.64| 1.97 | 1.67 | 142 1.73 1.35 1.63
BSP-32 131] 1.36 | 1.34 | 1.64 1.30 158 |142|147]142 144 | 152 1.77 181 | 157
BDR-2 144|134 | 136 | 142 1.52 166 |146]1.62] 171|152 | 191 2.01 1.64 | 173
BSW-6 1.63| 1.30 | 1.34| 151 1.64 153 [149]1.93]194|142| 140 1.56 158 |1.64
BDP-13 1.38| 1.33 | 140 | 1.99 1.67 142 |153]1.23] 148|139 | 1.40 1.37 1.28 |1.36
BDR-3 1.38| 143 | 152 | 171 1.42 149 [149]145|125|145| 1.67 1.70 114 | 1.44
BDV-17 2.01) 1.38 | 162 | 155 1.48 146 |158(1.47]192|154| 139 1.60 155 |1.58
BD- Rosi 1.54| 156 | 152 | 152 1.65 166 |157]1.67|172|154| 148 1.35 1.61 | 1.56
BDR-4 1.38| 1.44 | 159 | 1.45 1.52 171 |151]154|154|171| 2.00 1.53 1.66 | 1.66
BDR-5 1.30| 1467|139 | 151 1.58 170 |[149]1.69| 134|150 | 1.78 1.78 144 |1.58
BDR-6 124| 143 | 1.33 | 157 1.51 153 [143]136]137| 1.2 | 155 1.56 145 143
BSV-11 136| 1.36 | 144 | 144 1.61 143 1441174/ 114160 | 1.63 1.50 1.84 |157
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BS-28 142| 140 | 162 | 152 1.51 1597 |151|132|144|127| 174 1.72 1.61 | 152
BSP-9 1.62| 150 | 1.58 | 1.64 1.51 172 |[159]150| 158|184 | 172 1.78 193 | 172
BSP-1 1.43| 155 | 150 | 158 1.40 195 [157147/193 152 | 1.89 1.75 162 |1.69
BSW-27 1.56| 1.43 | 1.54 | 1.66 1.59 183 |1.60]2.04| 181 | 145 | 1.45 1.62 1.68 | 1.67
BSR-16 1.36| 1.59 | 1.50 | 1.48 1.60 162 |152]1.36]182|169| 1.53 1.40 1.68 | 1.58
BDV-2 2.01) 1.70 | 154 | 141 2.00 153 |[170]1.78/ 181|172 | 154 1.66 1.66 | 1.69
BDP-1 1.92| 151 | 150 | 1.95 1.57 159 |1.67]150| 155|168 | 1.75 1.54 173 |1.62
BDP-2 140| 1.48 | 148 | 1.68 1.45 144 149152182 ]139| 1.46 1.71 1.64 |159
BDR-7 1.367| 1.67 | 157 | 166 1.87 154 |1.616]|1.55]|1.76 | 1.65 | 1.62 1.32 149 |1.56
Mean 1.514) 144 | 149 | 157 1.56 1.57 1.58| 1.60 | 1.57 | 1.60 1.59 1.59
Factors 2017 2018
C.D.|SE (m)| C.D. | SE (m)
Genotype 0.126] 0.045 |0.193| 0.069
Treatment 0.057] 0.021 | N/S | 0.032
Genotype xTreatment [0.308] 0.111 | N/S | 0.170
Table 4: Effect of mutagens on number of petals per flower in different genotypes of balsam.
2017 2018
Gamma rays Oryzalin Gamma rays Oryzalin
ggﬁ;@%@t 0 kR | 35 kR |40 kR[50 pmol|100 pmol |150 pmol [Mean|0 kR [35 kR|40 kR |50 pmol|100 pmol |150 pmol |Mean
BDR-22 9.50| 9.61 | 9.83 | 9.53 9.00 9.23 |9.45|9.50|10.06(10.13| 9.83 10.00 9.66 | 9.86
BDR-1 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.003.00]3.00|3.00| 3.00 3.00 3.00 | 3.00
BDV-1 9.16| 9.83 | 8.61 | 9.46 9.53 8.80 |9.23 |10.00/10.06|10.06| 10.66 9.66 9.40 |9.97
BS-39 9.00| 9.83 |10.11| 9.66 8.53 9.00 |9.35|9.50|10.20| 6.86 | 8.80 9.66 10.33 | 9.22
BS-14 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.003.00]3.00|3.00| 3.00 3.00 3.00 | 3.00
BS-20 8.66| 8.11 | 7.61 | 8.80 8.50 8.80 |841|883|9.80 946 | 9.13 9.00 8.33 |9.09
BS-39 9.1 | 9.94 |10.33] 9.43 9.33 9.13 |9.558.83|10.20| 9.66 | 9.06 9.33 9.00 |9.35
BS23 3.00| 3.00 | 3.00 | 3.00 3.0 3.00 |3.00|3.00]3.00|3.00| 3.00 3.00 3.00 | 3.00
BSW-7 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.003.00]3.003.00| 3.00 3.00 3.00 | 3.00
BSP-32 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.00/3.00]3.00|3.00| 3.00 3.00 3.00 | 3.00
BDR-2 7.16| 8.00 | 7.22 | 7.66 8.66 766 |773|7.66| 9.8 |9.93| 9.00 8.00 7.33 |8.62
BSW-6 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.00|3.00|3.003.00| 3.00 3.00 3.00 | 3.00
BDP-13 9.83|10.27 |10.66| 8.50 10.40 9.13 ]9.80]9.83|8.13 |10.26| 9.66 9.66 9.66 | 9.53
BDR-3 10.33| 11.00 |11.05| 10.00 | 11.00 10.66 |10.67|10.16| 9.93 | 9.86 | 7.53 10.66 10.00 | 9.69
BDV-17 9.16|10.89 [11.16| 10.26 | 11.16 10.16 |10.47|8.50|10.40|10.33| 9.86 10.40 10.0 |9.91
BD- Rosi 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.003.00]3.00|3.00| 3.00 3.00 3.00 | 3.00
BDR-4 9.50 | 10.00 |10.00| 10.66 9.86 10.00 |10.00{10.00{ 9.93 | 9.93 | 10.80 | 10.33 10.13 |10.18
BDR-5 716| 7.77 | 7.27| 7.20 8.33 793 |7.61|7.83]|10.46|10.3 | 10.0 9.60 9.60 |9.63
BDR-6 8.16| 8.16 | 7.72 | 8.46 8.80 9.20 |842|9.16|9.66 | 9.80 | 9.26 7.83 9.00 |9.12
BSV-11 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.003.00]3.00|3.00| 3.00 3.00 3.00 | 3.00
BS-28 3.00| 3.00 | 3.00 | 3.00 3.000 3.00 |3.003.00]3.00 3.00| 3.00 3.00 3.00 | 3.00
BSP-9 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.003.00|3.003.00| 3.00 3.00 3.00 | 3.00
BSP-1 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.00|3.00]3.003.00| 3.00 3.00 3.00 | 3.00
BSW-27 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 3.0 [3.00] 3.00 | 3.00 | 3.00 3.00 3.00 | 3.00
BSR-16 4.00| 4.00 | 400 | 4.00 4.00 400 |4.00|4.00|3.93|4.00| 4.00 4.00 400 |3.98
BDV-2 13.00] 11.94 [12.61| 12,50 | 12.33 12.00 |12.39|12.66|10.93|10.93| 9.86 11.33 10.33 [11.01
BDP-1 17.00] 16.11 |17.16| 16.83 | 16.00 16.66 |16.62|15.33/12.20|12.46| 14.00 | 15.33 15.66 |14.16
BDP-2 3.00| 3.00 | 3.00 | 3.00 3.00 3.00 |3.00|3.00]3.003.00| 3.00 3.00 3.00 | 3.00
BDR-7 10.66| 11.33 [11.00| 11.66 9.66 9.73 |10.67|11.66/11.46(11.40| 12.00 | 11.33 9.66 |11.25
Mean 6.56| 6.75 | 6.73 | 6.67 6.69 6.59 6.63| 6.76 | 6.70 | 6.63 6.73 6.59
Factors 2017 2018
C.D.|SE (m)| C.D. | SE (m)
Genotype 045| 0.16 | 0.47 | 0.17
Treatment N/S | 0.07 | N/S | 0.07
Genotype xTreatment | N/S | 0.39 | 1.15| 0.41
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Table 5: Effect of mutagens on days to seed ripening in different genotypes of balsam.

2017 2018
Gamma rays Oryzalin Gamma rays Oryzalin
g:r?gt‘;%gt 0 kR |35 kR |40 kR |50 pmol {100 pmol |150 pmol[Mean| 0 kR |35 kR|40 kR[50 pumol|100 umol|150 pmol|Mean
BDR-22 32.33/ 31.66 | 29.33 | 28.86 | 28.33 26.16 [29.45(31.33/27.83|26.83| 27.83 | 27.50 24.83 |27.69
BDR-1 34.83| 30.00 | 29.66 | 30.83 | 33.66 35.00 [32.33|33.16/32.16)|28.66| 38.66 | 38.33 38.16 |34.86
BDV-1 30.33| 28.83 | 28.66 | 30.00 | 31.66 30.23 [29.95|31.83/30.50|28.66| 36.83 | 36.50 35.66 [33.33
BS-39 28.83| 26.83 | 27.33 | 29.40 | 28.93 30.00 [28.55(27.00/27.00/29.33| 31.16 | 30.00 29.00 [28.91
BS-14 27.33] 25.00 | 27.00 | 26.10 | 26.43 23.83 [25.95(29.66/30.33|22.83| 23.66 | 25.50 23.83 |25.97
BS-20 32.00] 33.83 | 29.83 | 25.60 | 26.83 25.83 [28.98|22.33/28.66|26.50| 22.00 | 22.50 25.83 [24.63
BS-39 27.00] 32.16 | 29.16 | 23.66 | 25.33 21.83 [26.52|29.50/29.83|32.66| 26.50 | 26.00 23.33 |27.97
BS23 27.00| 28.83 | 27.50 | 28.33 | 33.00 32.33 [29.50(31.50/33.16|24.83| 30.50 | 29.33 27.16 |29.41
BSW-7 32.66| 31.66 | 30.83 | 35.83 | 31.66 29.00 [31.94|30.66/36.00|28.16| 33.66 | 33.50 30.50 [32.08
BSP-32 24.33| 24.33 | 20.00 | 22.00 | 24.33 24.66 [23.27|21.66/29.66|25.33| 23.83 | 24.50 22.00 |24.50
BDR-2 30.33| 27.16 | 22.83 | 28.33 | 26.26 28.56 |27.25|33.83/25.00|22.50| 30.50 | 30.33 26.50 [28.11
BSW-6 34.33/ 31.83 | 28.83 | 33.16 | 29.00 30.93 |[31.35/31.83/30.50|31.00| 34.50 | 35.16 33.66 [32.77
BDP-13 38.33] 27.83 | 29.50 | 34.66 | 35.00 28.96 [32.38|33.83/33.83|34.83| 32.00 | 31.66 25.33 [31.91
BDR-3 27.00] 34.50 | 32.33 | 23.83 | 24.33 29.10 [28.51|29.16/33.00/30.33| 23.83 | 24.33 27.50 [28.02
BDV-17 24.50] 25.83 | 31.16 | 26.33 | 21.16 25.33 [25.72|22.50/29.00|29.16| 24.00 | 24.16 27.66 |26.08
BD- Rosi 24.83| 23.83 | 25.66 | 27.66 | 25.50 23.57 |25.17|27.66/22.83|26.16| 27.66 | 28.50 30.66 |27.25
BDR-4 32.50] 31.83 | 31.50 | 32.00 | 31.83 27.33 |31.16|31.83|27.66|33.66| 33.16 | 34.33 31.00 [31.94
BDR-5 32.33] 33.16 | 33.16 | 34.50 | 29.90 31.33 [32.40(31.16/33.00/32.00| 32.83 | 32.50 31.33 [32.13
BDR-6 32.33/ 33.33 | 32.33| 30.83 | 31.66 26.66 [31.19(30.83/33.50/32.00| 31.16 | 30.83 31.00 |31.55
BSV-11 23.66| 25.00 | 29.33 | 27.16 | 28.23 25.83 [26.53|22.66/23.83|28.00| 25.50 | 25.66 25.83 |25.25
BS-28 30.33] 29.16 | 26.50 | 29.83 | 29.10 32.66 [29.60(32.66/34.66|23.50| 31.50 | 31.16 28.00 [30.25
BSP-9 29.16| 24.16 | 27.00 | 23.50 | 27.66 27.63 |26.52|27.50/27.50|26.66| 25.83 | 25.00 23.50 [26.00
BSP-1 25.50| 28.66 | 30.83 | 27.30 | 30.00 28.83 [28.52|23.66/30.16/32.83| 25.16 | 26.33 25.66 |27.30
BSW-27 32.00] 25.83 | 23.50 | 25.70 | 23.50 27.66 [26.36(22.33/21.83|22.66| 22.16 | 23.50 22.00 |22.41
BSR-16 27.00| 34.16 | 33.66 | 26.93 | 25.50 26.36 [28.93|30.66/31.66|27.33| 23.83 | 25.50 23.50 |27.08
BDV-2 23.83| 23.83 | 31.16 | 27.83 | 26.00 23.16 [25.97|22.83/22.16|31.50| 25.66 | 26.00 23.16 |25.22
BDP-1 33.33] 25.83 | 22.00 | 26.53 | 25.83 29.66 [27.20(27.16/23.50|22.83| 22.50 | 23.33 23.66 [23.83
BDP-2 28.50| 33.83 |26.500] 29.10 | 31.66 31.66 [30.21|32.66/31.00/33.00| 31.00 | 33.00 31.66 |32.05
BDR-7 31.16| 29.00 |28.667| 33.00 | 29.00 35.66 [31.08|31.33/33.00/32.16] 29.33 | 30.83 30.66 [31.22
Mean 29.57| 29.03 |28.477| 28.58 | 28.32 28.27 28.78/29.40(28.48| 2851 | 28.82 27.67
Factors 2017 2018
C.D.|SE (m)| C.D. | SE (m)
Genotype 1141 041 | 0.71 | 0.25
Treatment 052| 018 | 0.32 | 0.11
Genotype xTreatment | 2.80| 1.00 | 1.75 | 0.63

Table 6: Effect of mutagens on number of pod per plant in different genotypes of balsam.

2017 2018

Gamma rays Oryzalin Gamma rays Oryzalin
ggﬁg@;@t 0 kR |35 kR |40 kR[50 pmol|100 pmol[150 pmol| Mean| 0 kR |35 kR |40 kR[50 pmol|100 pmol[150 pmol| Mean
BDR-22 310.66/301.00{228.66| 258.33 | 244.00 | 236.66 [263.22|235.66|270.33/191.66| 175.00 | 210.66 | 166.66 [208.33
BDR-1 257.66/287.00{250.00| 216.33 | 223.00 | 124.00 [226.33|220.00|293.33|303.33| 133.33 | 127.66 | 124.00 [200.27
BDV-1 231.00/246.00{247.33| 225.33 | 239.00 | 209.00 [232.94|135.66|283.33|213.66| 105.33 | 205.00 | 205.00 |191.33
BS-39 229.33|242.66[213.33| 181.00 | 205.00 | 197.33 [211.44]212.00|239.00/268.00] 89.33 | 235.33 | 226.00 [211.61
BS-14 252.00/257.66|271.66| 190.66 | 227.66 | 232.66 [238.72|157.33|176.00/191.00] 109.33 | 240.00 | 174.33 |174.66
BS-20 250.66/274.00{219.00| 220.00 | 251.33 | 179.66 [232.44|203.66|267.66/202.33| 153.66 | 174.00 | 176.66 |196.33
BS-39 260.33|295.33|259.66| 277.66 | 214.00 | 214.00 [253.50|232.33|301.00/256.66| 214.33 | 207.33 | 224.33 [239.33
BS23 223.00/218.66|209.33| 238.66 | 220.66 | 229.33 [223.27|139.33|281.00/218.33| 109.66 | 204.66 | 193.66 |191.11
BSW-7 215.33/123.00(184.33| 214.33 | 177.33 | 223.00 [189.55|146.33|172.33|177.66| 127.66 | 191.00 | 197.00 |168.66
BSP-32 291.00/238.66|216.33| 225.00 | 197.00 | 200.33 [228.05|179.33|272.00/273.66| 158.00 | 217.33 | 165.00 [210.88
BDR-2 236.00/236.66|214.33| 205.00 | 269.33 | 185.66 [224.50|225.00|332.33|239.66| 143.66 | 208.33 | 128.00 [212.83
BSW-6 153.00{178.66|205.00| 150.00 | 223.66 | 172.66 |180.00213.00|248.66|180.00| 134.66 | 144.33 | 119.00 |173.27
BDP-13 210.00/258.00{234.33| 213.66 | 221.33 | 183.00 [220.06|241.66/|260.00240.33| 183.33 | 169.33 | 175.00 [211.61
BDR-3 207.00/269.33]247.33| 230.33 | 204.33 | 237.33 [232.61]204.33|177.66/160.66| 212.33 | 167.00 | 155.00 |179.50
BDV-17 233.33)238.00{190.00| 215.00 | 187.33 | 255.66 [219.88|183.00|179.00/151.33| 199.66 | 153.33 | 155.00 |170.22
BD- Rosi 158.33|251.00|169.33| 153.66 | 172.00 | 201.00 |184.22|137.66|151.33|145.33| 151.00 | 211.00 | 184.66 |163.50
BDR-4 263.00/271.33]206.00| 224.33 | 191.00 | 212.66 [228.05|181.33|259.33|237.00| 200.66 | 155.66 | 176.00 [201.66
BDR-5 291.33|247.66|255.33| 272.66 | 237.66 | 283.33 [264.66|125.33|200.66/212.00| 203.66 | 202.00 | 242.00 |197.61
BDR-6 254.33)253.00{235.00| 270.33 | 286.66 | 237.00 [256.05|149.66|239.00[229.66| 252.33 | 185.33 | 268.00 [220.66
BSV-11 253.66/209.00{229.00| 200.66 | 172.00 | 213.66 [213.00[209.00|166.00/179.00| 193.66 | 142.00 | 224.66 |185.72
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BS-28 192.66|232.66|202.66| 136.00 | 201.00 | 266.66 |205.27|220.00{140.66|242.33| 131.33 | 169.00 | 244.66 |191.33
BSP-9 255.00{190.33]200.00| 226.00 | 213.66 | 251.33 |222.72|161.66|238.33|236.66| 156.00 | 181.33 | 270.66 [207.44
BSP-1 247.66/195.00{206.00] 212.66 | 180.00 | 206.66 |208.00[223.00/186.00|167.33| 139.00 | 185.00 | 261.00 |193.55
BSW-27 209.66|231.00(223.66| 237.33 | 225.00 | 257.33 |230.66/207.33|249.66|214.33] 92.00 | 253.66 | 257.00 |212.33
BSR-16 224.66(180.33|171.33| 182.66 | 138.00 | 168.00 |177.50/195.33|216.66|246.33| 159.33 | 184.00 | 183.66 [197.55
BDV-2 243.33|173.00]191.66| 199.33 | 167.33 | 157.00 |188.61|174.33)240.00/190.00| 183.33 | 200.00 | 168.00 |192.61
BDP-1 246.33|144.00]208.66| 239.33 | 265.66 | 164.33 |211.38/150.00/188.66/216.00] 138.00 | 253.66 | 166.00 |185.38
BDP-2 240.00/243.00{207.66| 195.33 | 219.00 | 163.66 |211.44|177.66(210.33|212.00| 197.33 | 269.00 | 175.33 |206.94
BDR-7 272.00[207.00(208.00| 279.33 | 223.33 | 240.33 |238.33|203.00/280.33|250.33| 246.33 | 208.00 | 205.33 |232.22
Mean 238.35(230.79|217.41] 216.93 | 213.70 | 210.46 187.72|231.74{215.40| 161.83 | 195.00 | 193.50
Factors 2017 2018
C.D. |SE (m)| C.D. | SE (m)
Genotype 28.10]10.09 | 25.19| 9.05
Treatment 12.78| 459 |11.45| 4.11
Genotype xTreatment| 68.83 | 24.73 |61.70 | 22.17

Table 7: Effect of mutagens on number of seed per pod in different genotypes of balsam.

2017 2018
Gamma rays Oryzalin Gamma rays Oryzalin
Egﬁ;g;? 0 kR |35 kR |40 kR|50 pmol | 100 pmol | 150 pmol |[Mean| 0 kR | 35 kR | 40 kR | 50 umol | 100 pmol | 150 umol | Mean
BDR-22  |11.33) 10.66 | 9.61 | 11.33 | 12.00 | 11.81 |11.12]11.40] 11.20 | 9.40 | 11.53 | 1133 913 |10.66

BDR-1 12.66] 9.77 |10.83| 11.99 12.22 10.93 [11.40|12.80| 10.80 | 11.40 | 12.40 11.26 1153 |11.70

BDV-1 10.83] 11.77 |11.00| 10.92 11.69 1155 [11.29|11.20| 14.20 | 11.13 | 12.13 12.00 11.13 |11.96

BS-39 12.16| 10.44 |11.89| 13.06 12.90 12.83 [12.21|11.80| 11.40 | 12.53 | 12.40 11.46 12.06 [ 11.94

BS-14 11.16] 11.16 | 9.83 | 10.90 11.82 10.25 |10.85/11.60| 12.86 | 9.26 | 11.86 13.40 9.86 11.47

BS-20 13.33] 11.89 |12.00| 13.16 12.53 12.72 12.60|12.80| 12.66 | 11.40 | 12.13 12.40 10.40 |11.96

BS-39 10.16] 9.55 |11.94| 11.43 11.13 1243 [11.11]12.00| 11.53 | 12.40 | 11.93 12.00 1293 |12.13

BS23 11.50] 12.00 |11.39| 11.42 10.76 10.71 [11.29|11.66| 11.60 | 12.13 | 11.40 12.06 10.80 |11.61

BSW-7 11.33] 855 | 9.11 | 10.50 9.10 10.14 [9.79 |10.80| 8.40 | 9.40 | 1253 8.73 10.86 |10.12

BSP-32 12.00] 12.77 [12.05| 12.50 12.65 12.60 |12.43|12.20| 11.86 | 12.06 | 12.13 12.20 12.06 |12.08

BDR-2 12.00] 11.55 |11.94| 12.66 12.85 12.36 [12.23|11.93| 12.46 | 12.00 | 11.86 12.13 1233 |12.12

BSW-6 11.66] 12.33 |12.39| 13.16 11.76 13.20 [12.41|12.06| 12.73 | 13.33 | 15.80 11.73 12.00 [12.94

BDP-13 14.83| 13.16 |11.94| 15.16 15.86 15.13 [14.35/16.40| 13.60 | 10.66 | 11.66 15.80 13.73 | 13.64

BDR-3 10.00| 11.33 |10.50| 11.10 11.03 10.03 [10.66|11.66| 12.00 | 12.13 | 11.93 11.60 9.26 11.43

BDV-17 12.66| 11.33 | 9.55 | 10.53 11.41 11.10 [11.10(11.73| 11.80 | 13.26 | 13.53 11.93 1253 |12.46

BD- Rosi  |14.16] 11.55 |11.27| 10.93 12.19 12.50 [12.10|14.93| 13.06 | 12.46 | 10.53 13.53 13.66 |13.03

BDR-4 11.66] 11.77 |11.11| 12.56 13.20 13.16 [12.24|12.60| 12.86 | 9.33 12.73 12.73 13.66  |12.32

BDR-5 10.33] 8.94 | 9.22 | 10.20 10.60 9.86 [9.8610.80| 9.40 | 12.20 | 11.33 11.33 9.60 10.77

BDR-6 10.00| 10.22 |11.83| 10.76 10.73 11.64 [10.86/10.86| 11.46 | 12.20 | 11.26 11.06 12.00 |11.47

BSV-11 15.50| 11.44 |11.33| 12.70 12.20 13.36 [12.75(12.80| 12.13 | 12.33 | 11.60 11.53 13.40 |[12.30

BS-28 13.00] 13.11 |12.16| 11.23 11.90 11.60 [12.16]12.26| 13.26 | 11.46 | 11.93 11.93 12.80 |12.27

BSP-9 11.66] 12.05 |11.50| 11.86 11.73 12.30 [11.85/12.00] 11.60 | 11.26 | 11.40 11.40 12.33 | 11.66

BSP-1 12.50] 11.11 |11.11| 12.33 12.76 1253 [12.05|12.40| 12.13 | 11.13 | 12.33 12.33 11.80 |12.02

BSW-27 13.00| 11.50 |12.00| 10.36 10.56 9.70 [11.18]12.80| 11.93 | 11.40 | 12.40 12.40 11.93 [12.14

BSR-16 13.50| 13.66 [ 29.77| 13.86 13.53 12.66 |16.16]/12.86| 13.33 | 13.06 | 13.20 13.26 12,13 12,97

BDV-2 15.16] 13.11 |11.39| 15.20 14.16 1460 [13.93|15.20| 12.46 | 12.33 | 13.93 13.93 11.93 |13.30

BDP-1 12.50| 13.22 |11.83| 12.46 12.90 12.90 [12.63|13.06| 12.73 | 9.86 12.93 12.86 12.66  |12.35

BDP-2 12.50| 9.83 | 7.83 | 12.73 14.16 13.33 [11.73|12.60| 9.13 | 10.26 | 13.06 13.73 1046 | 11.54

BDR-7 11.00| 11.61 |10.50| 11.46 11.17 11.66 [11.23|12.40| 11.00 | 10.00 | 12.66 12.66 11.06 | 11.63

Mean 12.21] 11.43 |11.68| 12.01 12.12 12.05 12.40| 11.92 | 1144 | 12.29 12.23 11.72

2017 2018
C.D.[SE (m)| C.D. | SE (m)

Factors

Genotype 161| 058 [ 0.36 | 0.13

Treatment N/S| 0.26 | 0.16 | 0.05

Genotype
xTreatment N/S| 142 | 089 | 0.32
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Table 8: Effect of mutagens on 1000 seed weight (g) in different genotypes of balsam.

2017 2018
Gamma rays Oryzalin Gamma rays Oryzalin
g:r?gt‘;%gt 0 kR |35 kR |40 kR|50 umol 100 umol 150 pmol [Mean|0 kR [35 kR|40 kR|50 pmol{100 pmol | 150 pmol |Mean
BDR-22 8.66| 8.73 | 8.23 | 9.80 8.55 845 |874|845)|8.70|8.20 | 8.06 8.85 8.03 |8.38
BDR-1 9.43] 8.30 | 9.13 | 10.25 8.32 8.18 893893840898 | 8.66 8.43 9.00 |8.73
BDV-1 9.56| 8.76 | 9.06 | 9.43 9.53 9.46 |9.30/9.21)|858|9.25| 8.95 8.25 9.25 |8.91
BS-39 7.73| 8.46 | 7.97 | 8.02 9.04 8.23 |824|8.20)|8.36|856| 7.75 8.40 8.83 |8.35
BS-14 10.60| 10.23 |10.13| 9.84 10.12 9.97 |10.15/9.9810.00/10.60| 9.85 9.71 9.71 |9.97
BS-20 6.83| 853 | 7.80 | 9.12 9.61 955 |857|748|8.75|7.93| 743 9.01 8.03 |8.10
BS-39 8.30| 843 | 859 | 8.89 8.94 8.67 863838820870 | 8.68 8.30 8.08 |8.39
BS23 7.10| 7.46 | 8.06 | 7.75 8.19 779 | 772|758)|846|810| 7.58 8.41 8.25 | 8.06
BSW-7 10.20| 9.86 | 9.89 | 9.55 8.69 8.70 |9.48/9.86]|9.68 |9.71 | 9.73 9.88 9.63 |9.75
BSP-32 9.53] 9.13 | 955 | 9.98 9.21 9.21 19.43/9.33|8.98|9.66 | 9.21 8.68 9.26  |9.19
BDR-2 9.10| 9.46 | 8.89 | 9.06 8.72 9.46 |9.11)9.00|9.35)|8.10| 8.76 9.31 8.50 |8.83
BSW-6 10.56| 9.70 | 9.63 | 10.02 8.63 9.03 | 9.59 |10.45| 9.86 | 9.98 | 10.80 9.70 9.66 |10.07
BDP-13 9.60| 9.26 | 8.90 | 9.06 9.28 7.56 |8.94|12.18/12.11|12.55| 12.16 | 12.38 1246 |12.31
BDR-3 9.03] 9.26 | 9.50 | 8.57 8.32 9.21 |8989.35|9.26|9.25| 9.31 8.65 9.21 ]9.17
BDV-17 9.53] 9.13 | 9.73| 743 8.27 9.00 |885)9.23|9.08|9.28| 9.23 8.85 9.00 |9.11
BD- Rosi 9.26| 9.16 | 8.46 | 9.56 9.30 8.00 |896/9.45|853|871| 9.73 8.13 8.00 |8.76
BDR-4 9.20| 9.06 | 8.76 | 9.80 8.88 8.61 |9.05)/8.88)|9.05)|8.71| 8.63 8.88 8.61 |8.79
BDR-5 10.03| 9.66 | 7.30 | 9.33 8.39 9.39 |9.02 |10.06| 9.65 | 9.08 | 10.15 9.71 9.20 |9.64
BDR-6 11.56| 11.40 |10.87| 12.13 | 10.08 10.64 |11.11|11.38/10.00/10.88| 10.80 | 12.21 10.33 |10.93
BSV-11 8.60| 8.46 | 8.76 | 9.30 9.68 8.17 |883)856|833)|891| 8.03 8.35 8.76 | 8.49
BS-28 8.30| 8.66 | 853 | 9.21 8.42 8.52 |8.608.35|8.633|9.283| 8.00 8.96 7.98 |8.53
BSP-9 10.33| 10.23 | 9.66 | 8.78 9.34 9.44 |9.6310.85/10.26| 9.36 | 10.91 | 10.01 9.31 |10.12
BSP-1 9.36| 9.20 | 8.93 | 9.94 9.00 875 19.199.20)|8.81|8.70| 8.86 9.00 8.75 |8.88
BSW-27 8.56| 8.56 | 8.56 | 8.96 8.68 796 |855)811)|8.75|8.61| 7.96 8.68 796 |8.35
BSR-16 8.30| 7.73 | 8.00| 7.57 9.29 821 818831791820 8.36 7.50 8.21 |8.08
BDV-2 9.36| 9.56 | 9.23 | 9.84 9.53 10.16 |9.61|9.15|9.10 | 858 | 9.50 8.45 8.63 |8.90
BDP-1 9.43] 9.46 | 9.23 | 10.26 9.33 9.99 |9.61/890)|9.38|8.63| 891 8.65 8.83 |8.88
BDP-2 11.36| 11.33 |10.76| 11.63 10.98 10.32 [11.06|11.25/11.13{11.08| 11.00 11.31 10.78 [11.09
BDR-7 11.16| 10.93 |10.90| 12.73 | 10.96 10.55 |11.20(10.91/11.18|10.65| 9.38 11.25 10.55 |10.65
Mean 9.33] 9.24 | 9.07 | 951 9.15 9.00 9.3419.26 | 9.25 | 9.18 9.24 9.06
Factors 2017 2018
C.D.|SE (m)| C.D. | SE (m)
Genotype 040| 0.14 [ 032 | 0.11
Treatment 0.18] 0.06 | 0.14 | 0.05
Genotype xTreatment | 0.99| 0.35 | 0.80 | 0.28

Table 9: Effect of mutagens on seed yield per plant (g) in different genotypes of balsam.

2017 2018

Gamma rays Oryzalin Gamma rays Oryzalin
ggﬁ;@;@t O kR | 35 kR |40 kR|50 pmol | 100 pmol | 150 pmol |Mean| 0 kR | 35 kR | 40 kR |50 pmol | 100 pmol | 150 pmol | Mean

BDR-22 30.28| 27.61 | 18.06 | 28.57 25.04 23.61 [25.53|22.73| 26.24 | 14.76 | 16.37 21.16 1223 ]18.92

BDR-1 30.89| 22.95 | 24.84| 26.45 22.74 11.11 23.16[24.96 | 26.88 | 31.09 | 14.35 12.02 12.72 120.34

BDV-1 23.68| 25.45 |24.74| 24.36 26.68 22.80 [24.62]14.03| 34.44 | 21.98 | 11.45 20.47 21.07 |20.57

BS-39 21.45| 21.48 |20.26| 19.39 23.86 20.77 |21.20|20.50| 22.85 | 28.75 | 8.67 22.62 24.09 |21.25

BS-14 29.88| 29.54 |27.26| 21.00 27.06 23.68 [26.40|18.11| 22.39 | 18.64 | 12.74 31.28 17.00 ]20.03

BS-20 22.66| 27.65 | 20.75| 26.44 30.13 21.89 [24.92|19.43| 29.64 | 18.16 | 13.87 19.48 1453 19.18

BS-39 21.74| 23.78 | 26.95| 28.88 21.26 22.98 |24.26|23.47| 28.46 | 27.78 | 22.12 20.67 2346 [24.32

BS23 18.25| 19.47 |18.88| 21.33 18.93 19.11 |19.33|12.54 | 27.63 | 21.38 | 9.40 20.85 17.16 |18.16

BSW-7 24.91| 10.24 |16.39| 21.59 14.10 19.560 |17.80|15.55| 14.08 | 16.31 | 15.59 16.40 20.60 |16.42

BSP-32 21.31)| 28.00 | 25.04| 27.83 22.64 23.22 |24.67|20.39| 29.14 | 31.90 | 17.65 23.10 18.42 23.43

BDR-2 25.79| 25.95 | 22.63 | 23.37 30.37 21.68 |24.96|24.20| 38.93 | 23.27 | 14.86 23.69 13.21 [23.03

BSW-6 18.94| 21.29 |25.07| 19.77 22.55 2048 |21.35/26.90| 31.15 | 23.93 | 22.75 16.25 13.79 |22.46

BDP-13 30.06| 31.48 |24.77| 29.47 32.57 20.81 [28.19[48.24| 43.16 | 32.40 | 26.02 33.27 29.77 |35.47

BDR-3 18.68]| 29.01 |24.83| 21.97 18.76 21.77 2250|2228 | 19.53 | 17.83 | 23.45 16.94 1350 ]18.92

BDV-17 28.25| 24.41 |17.62| 16.72 17.66 2555 |21.70/19.61| 19.42 | 18.58 | 24.96 16.02 17.73 ]19.39

BD- Rosi 21.05| 26.65 | 16.44| 16.14 19.54 20.06 |19.98|19.49| 16.95 | 15.87 | 1541 23.26 20.07 [18.50

BDR-4 28.59| 28.99 | 20.28 | 27.93 22.30 2439 |25.41|20.33| 30.20 | 19.20 | 21.93 17.50 20.72 | 21.64

BDR-5 30.06| 21.49 |18.17| 26.15 21.12 26.18 [23.86[13.70| 18.33 | 2345 | 23.46 22.40 21.48 20.47

BDR-6 29.54| 29.46 |30.17| 35.07 31.07 29.27 |30.76|18.56 | 27.94 | 30.42 | 30.73 24.85 33.20 [27.62

BSV-11 33.47| 20.06 | 22.88 | 23.97 20.32 23.62 |24.05|22.81| 16.85 | 19.65 | 18.05 13.78 26.50 [19.60

~ 43257
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BS-28 20.76] 26.34 |21.00| 14.16 19.98 26.45 |21.45|22.43] 16.03 | 25.78 | 1244 18.13 25.15 [19.99
BSP-9 30.84| 23.59 | 22.18| 23.53 23.45 29.19 |25.46|20.90| 28.59 | 25.14 | 19.54 21.05 31.04 |24.38
BSP-1 28.72| 19.74 | 20.53| 26.31 20.75 22.63 |23.11]25.38| 19.79 | 16.15 | 15.16 20.53 26.97 |20.66
BSW-27 23.16| 22.76 | 22.90| 22.63 20.74 19.99 ]22.03]|21.46| 25.94 | 20.98 | 9.02 27.49 2446 |21.56
BSR-16 25.13] 19.39 [41.20| 19.20 17.10 17.35 [23.23]21.11| 22.83 | 26.36 | 17.59 18.35 18.16 |20.73
BDV-2 34.51)| 21.75 | 20.28 | 29.74 22.48 23.58 25.39|24.33| 27.41 | 20.09 | 24.54 23.62 16.99 |22.83
BDP-1 29.00| 17.95 [ 22.93| 30.73 31.95 21.16 |25.62|17.45| 22.64 | 18.31 | 15.93 28.32 18.61 |20.21
BDP-2 34.28| 27.37 [19.43| 29.11 34.20 22,29 |27.78]25.26| 21.54 | 23.96 | 28.92 41.92 19.69 |26.88
BDR-7 33.51| 26.46 | 23.17| 40.59 27.50 29.45 |30.11|27.45| 3449 | 26.62 | 29.82 29.77 23.97 |28.68
Mean 26.53| 24.15 | 22.75| 24.91 23.68 22.57 21.85] 25.64 | 22.71 | 1851 22.25 20.56

Factors 2017 2018

C.D.[SE (m)| C.D. | SE (m)

Genotype 414 148 | 3.11 | 112

Treatment 188 | 0.67 | 141 | 0.50

Genotype

ponoPe  |10.15 364 | 7.63 | 2.74
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