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Abstract

Healthy seeds of red rice variety (Bhadra-MO 4) were exposed to different doses of gamma radiation at 15, 25,
35 and 45kR at Bhabha Atomic Research Centre, Mumbai, India. In M, generation, 15kR and 25kR doses did
not reduce the seed germination and its percentage. LD, was found at 35kR dose, where seed germination was
51%, while at 45kR dose killed most of the seeds and the plant survival rate was reduced drastically (27%) as

compared to the control (97%). Increased mean and variability were noticed in the number of productive tillers

per plant, number of grains and filled grains per panicle and grain yield per plot at 15 and 25kR doses, meanwhile

at 35kR dose exhibited reduced mean and increased quantitative variability and at 45kR dose showed decreased

mean and variability for all the traits. Lower doses (15 and 25kR) of gamma radiation could be effectively used

in mutation breeding for red rice crop improvement, which induces the stimulatory effect on grain yield.
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Introduction

India is the world’s second largest producer of rice and
the largest exporter of rice in the world. In coastal region
of Karnataka, red rice with medium/long bold grain
type varieties are very popular and people still prefer
red rice varieties for their daily consumption because of
excellent cooking and eating qualities in addition to the
nutritional values. Many traditional rice varieties along
with improved red rice varieties are being cultivated
in the farmer’s fields. Because of growing the same
variety in the same region over 25 years farmers are
not getting profitable yield due to fluctuating trends in
rainfall, temperature, humidity and observed genetic
variability in base population in the coastal zone.

Most crop improvement programmes on rice are
generally focused on breeding for higher yield. But
in recent decades, development of nutrient enriched

Genetic variation, Quantitative traits

rice varieties with improved cooking qualities has
become the most important objective, next to yield
enhancement (Krishnamrutha et al, 2023). The
induction of mutations has been accepted as a useful
tool in the plant breeding programmes. One of the
chief advantages of mutation breeding is its ability
to improve a single feature in a variety without
significantly altering desirable genetic makeup of
agronomic traits. Gamma rays were effectively
utilized to develop semi-dwarf mutants of cultivars
such as Basmati 370 (Deus ef al., 2020) and in Japan,
rice variety Reimei (gamma ray mutant) was one of
the first allele sources used for the development of
dwarf rice cultivars (Futsuhara et al., 1967). T-DNA
insertion (Chern et al., 2007), RNA interference (Qiao
et al., 2011) and recently CRISPR/ Cas9 (Han et al.,
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2019) induced mutations were used to develop semi-
dwarf cultivars in rice.

High doses induce physiological injuries which cause
the death of a plant and therefore, most effective dose
that induces high variability at morphological as well
as genetic level needs to be identified. Therefore,
the experiment was conducted to determine the
effects of different doses of gamma radiations on
seed germination, plant survival and also to find out
LD, in M, generation of red rice variety. The present
investigation was also aimed to assess the genetic
variability in M, generation for further selection of
superior mutants with beneficial variation in advanced
generation.

Materials and Methods

Bhadra (MO 4) is semi dwarf high yielding
(45-50g/ha), medium bold red rice variety that
matures in 130-135 days. 200 healthy seeds of this
variety were irradiated at 4 doses of gamma rays viz.
15, 25,35 and 45kR using “°CO source at Bhabha
Atomic Research Centre, (BARC) Mumbai, India.

Plant Material
M, generation

200 irradiated seeds of each treatment of red rice
variety were sown in their respective nursery beds
along with untreated parent seeds as Check to
raise the M, generation at Zonal Agricultural and
Horticultural Research Station, Brahmavar in kharif
2019. Seed germination was recorded right from the
emergence of the first shoot and the it’s percentage
was calculated by counting the germinated seedlings
emerged in each nursery bed per total number of
seeds sown, multiplied by hundred and seedling
survival was assessed based on number of plants that
reached transplanting age (25 days after sowing).
After 25 days of sowing, healthy seedlings of M,
Mutants along with untreated parent as a check
were transplanted separately in the main field with
15 cm x 10 cm spacing in 2 meter square area. Data

R

on plant height (cm), number of productive tillers

per plant, panicle length (cm), number of grains per
panicle and grain yield per plot (gm) were collected on
each plant in each treatment including parent MO 4.

M, generation

Plant to progeny method was followed to forward the
individual plants from M, (2019) to M, (2020) Plants
with semi-dwarf, earliness and medium bold red grain
type that were primarily selected and forwarded to M,
(2021) from each treatments (15, 25, 35 and 45 kR)
and mutants showing severe diseases incidence like
false smut, blast, brown leaf spot, lodging type were
rejected. Healthy plant attributing good agronomic traits
compared with the parent were selected and forwarded
to M, generation. For the present study 37, 43, 36 and
31 superior M, (2022) mutants were selected from each
treatment 15, 25, 35 and 45kR respectively and utilised
to estimate the Genetic Variability for yield and yield
attributing traits in superior mutants. All the above said
healthy superior mutants based on the yield and yield
attributing traits were transplanted in Randomized
Complete Block Design with two replications along
with untreated parent Check following 15 cm between
rows 10cm between plant spacing during kharif 2022
in 2mt® areas. Data on plant height (cm), number of
productive tillers per plant, number of filled grains per
panicle, panicle length (cm) and grain yield per plot
(gm) were collected from 10 randomly selected plants
of each replication.

Results and Discussions

Effect of gamma radiations on germination and
plant survival in M, mutants:

Gamma rays influence plant growth and development
by inducing cytological, genetical, physiological
and morphogenetic changes in cells and the higher
doses of gamma rays will usually inhibit the seed
germination and plant survival in rice (Soriano, 1961).
The impact of gamma radiation on red rice seed
germination and plant survival percentages drastically
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reduced with increasing doses, maximum decrease in
seed germination (38%) was noted at 45kR followed
by 35kR where germination percentage was 51 and
the lower doses affected least on seed germination
percentage (93.5 and 90 at 15kR and 25kR dose
respectively). Similarly, majority of the seedlings
from the seeds irradiated with 15kR (82.5%) and
25kR (77%) survived, but there was marked decrease
in plant survival at 35kR (44.5%) and only 27% plant
survived at 45kR as compared with control (97%)

(Table 1 and Figure 1). Similar results were also
seen by Mohammed Jiya ef al., (2018) who reported
that the decrease in seed germination percentage with
increasing doses might be attributed to the disturbance
at cellular as well as physiological levels. Mushtaq
et al., (2015) observed the consistent decrease in
survival percentage with the increasing intensity of
gamma radiations. In the present investigation, LD,
was found at 35kR dose, where seed germination
recorded 51%.

Table 1: Effect of gamma radiations on germination and plant survival in M, mutants

Varieties Gamma rays | M -All treated seeds were | Germination | M -Indiviusal plants transplanted in main field
treatments sown in nursery bed No. % No of Plant survival Plant survival%
Parent MO 4 untreated 200 200 | 100 194 97
MO 4 15Kr 200 187 | 93.5 165 82.5
25Kr 200 180 90 154 77
35Kr 200 102 51 89 44.5
45Kr 200 76 38 54 27
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Figure 1: at seedling stage: a) Albino; b) Albino seedling; c) pale yellow; d) deflexed leaves; e) stripped leaves; f) Control- MO 4

Induced variations in M, generation

All the doses of gamma radiations exhibited wide
range of variations for plant height, number of
productive tillers per plant, panicle length, number of

filled grains per panicle and grain yield per plot as
compared to the untreated parent (Table 2), indicating
gamma radiation induces wide of variation in all the

treatments in red rice variety.
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Table 2: Range values of qualitative and
quantitative traits in M, generation after different

doses of gamma radiations

Characters Control | 15kR | 25kR | 35kR [45kR
Plant height (cm) 78-83 | 70-95 | 61-98 | 53-84 |53-80
Panicle length (cm) | 18-22 | 12-21 | 16-27 | 12-25 | 8-15
No. of Productive 18-20 | 8-19 | 4-25 | 2-24 | 2-8
tillers/plant
No. of grains/ 126-160| 108- | 103- 71- |36-98
panicle 162 165 171
No. of filled grains/ | 93-150 | 55- [42-162| 22- | 8-49
panicle 158 170
Grain yield/2 mt? 960- | 800- | 780- | 685- | 540-
(gm) 1270 | 1298 | 1297 | 1270 | 850

Retardation of growth process is one of the most common
responses of plants subjected to ionizing radiation. Mean
value of plant height was reduced (72.41 cm) at higher
(35kR) doses of irradiation, but a slight stimulating
effect was observed at the lowest dose of irradiation
i.e.,, some of the plants at 15kR responded positively
to gamma irradiation and showed a slight increase in
average plant height (80.54 cm) in comparison to the
control plants (80.18 cm). Lesser plant height (Dwarf
plants) was observed at higher dose of irradiation
(45 kR) (67.33 cm) (Table 3). The adversely affected
plant height was also reported by Tabasum et al,
(2011) and Mushtaq et al., (2015) who opined that the
irradiation of seeds with high doses of gamma rays
might have disturbed the synthesis of proteins, hormone
balance, leaf gas-exchange, water exchange and enzyme
activity to cause adverse effects on plant height.

Plants exposed to at 15kR and 25kR gamma
irradiation significantly produced highest average
mean (18.39, 18.21, 153.15, 144.27, 132.42 and
129.32) and decreased variability (8.83, 26.18, 7.44

R

and 11.13) for number of productive tillers per plant,

number of grains and filled grains per panicle than
the control, but decreased mean (12.46, 107.23 and
114.88) and increased variability (39.70, 22.70 and
41.18) was observed for these above traits at 35kR.
Higher dose (45kR) of gamma radiation caused
marked decreased in average mean and variability
in number of productive tillers per plant, number of
grains and filled grains per panicle (Table 3). The
lowest dose furthermore offered maximum potential
for increasing the number of productive tillers/
plant and number of grains/panicle which can be an
economically useful character. The present results are
in agreement with Jiya et al., (2018) who observed
gamma irradiated plants significantly (P <0.05)
produced higher number of tillers.

In the present study, average mean of panicle length
was not affected by lower doses (15, 25 and 35kR) of
gamma radiation and the negative effect of gamma
rays on panicle length was noticed at higher dose and
it’s mean was decreased (11.33cm) with the increasing
(at 45kR) intensity of gamma radiations (Table 3).
The present findings are in accordance with Degwy
(2013) and Ramchander et al., (2015) who reported
that M, irradiated mutants had shorter panicle length
than control.

Average mean values and variability of grain yield
per 2 square meter shown improvement over control
(1036.10gm/ (2mt*). The mean grain yield per 2 square
meter at 15kR (1131.19 gm), 25kR (1141.80 gm) and
at 35kR (1131.21 gm). The maximum decrease in the
average values of grain yield per 2 square meter was

Table 3: Mean, Standard deviation, coefficient of variation of qualitative and quantitative traits in M,

generation after different doses of gamma radiations

:lr:r?tts. Plant height (cm) | Panicle length (cm) No'ﬁ(l)lfe l:sr/(;:::ﬁlve No. of grains/panicle No. ofpf;l:lei(cilgrams/ Grain yield/2 mt? (gm)
Mean |£SD | CV | Mean (+SD | CV | Mean |+SD | CV | Mean | £SD | CV | Mean | +£SD | CV | Mean +SD CvV

Control | 80.18 | 1.83 | 2.28 | 20.73 | 1.48 | 7.16 | 18.15 | 0.53 | 2.90 | 149.50 | 10.38 | 6.94 | 127.00 | 15.92 | 12.53 | 1036.10 | 77.48 | 7.48
15kR | 80.54 [ 6.58 | 8.17 | 20.04 | 1.85| 9.23 | 1839 | 1.62 | 8.83 | 153.15 | 11.39| 7.44 | 132.42 | 23.46 | 17.72 | 1131.19 | 116.64 | 10.31
25kR | 76.26 | 8.37 [ 10.98 | 20.03 | 1.46 | 7.28 | 18.21 | 4.77 | 26.18 | 144.27 | 16.06 | 11.13 | 129.32 | 33.02 | 25.54 | 1141.80 | 128.63 | 11.27
35kR | 72.41 | 7.59 | 10.49| 20.08 | 2.04 | 10.18 | 12.46 | 4.95|39.70 | 107.23 | 24.34 | 22.70 | 114.88 [ 41.18 | 35.85 | 1131.23 | 126.77 | 11.21
45kR | 67.33 | 6.06 | 9.00 | 11.33 | 1.01 | 892 | 591 | 1.52 |25.81| 89.13 | 877 | 9.84 | 44.04 | 6.21 | 14.09| 627.16 | 49.76 | 7.93
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observed at 45kR of radiation dose (627.16 gm) with
respect to the control (Table 3). The present results are
in agreement with the findings of Igbal et al., (1975).
The little increase in rice seed yield occurred mainly in
lower dose treatments which enhanced tillering. The
reduction in seed yield may be in terms of small sized
panicle, reduced number of grains/ panicle, reduced
the number of weight of individual seeds and sterile
grains occurred more due effect of gamma doses.

Gamma radiation induced variations
Most treated M, plants exhibited retarded growth
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Figure 2: at main field: 1) Nodal Pigmentation; 2) Internode pigmentation; 3) Broad leaves; 4) Thin stem; 5) Spreading; 6)
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(lanky and twisted plant) at early seedling stage due
to the effects of gamma rays used, but majority of
them recovered and reached maturity as the parent
type. Most common variations observed in M, and M,
generation were albino, xantha, striped, bushy plant,
thin leaves, light yellowish leaves, striped leaves in
seedling stage, node/internodes pigmentation and
stunted growth, difference in plant height, lodging,
erect and spreading type, pale green and drooping/
vertical leaves, clustered spikelet, awned, seed tip
pigmented and sterile seed were observed in different
stages (Figure 1 and 2).

Early maturity and height difference; 7) lodging; 8) Stunted growth
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(12) 13) 14)

as) (16)
Figure 2: at main field: 9) Long and seed husk colour change; 10) seed tip pigmented; 11) clustered spikelet; 12) drooping
leaves; 13 & 14) Awns; 15) Change in seed husk colour; 16) Small seeds

The genetic variations of thin leaves, striped leaves, node/internode pigmentation and pale green and drooping/
vertical leaves and the mutants observed in the M, generation are shown in Figure 3.

(B)

© (D)
Figure 3: A) early maturity; B) semi erect/ semi Spreading; C) Difference in plant height compared with control;
D) Field view in M, generation
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