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Radio-sensitivity test informs the optimal irradiation dose for use in mutation breeding. In this study,
four rice varieties (Basmati 217, Basmati 370, ITA310, and Komboka) were irradiated with gamma-ray
doses ranging from 0 to 500 Gy, to examine their morphological responses at the seedling stage, and
estimate their optimal doses. Two experiments were carried out at varied time points between March
and May 2022. In the first experiment, the irradiated seeds were pre-germinated before sowing in soil
premixed with base fertilizer, while in the second experiment, irradiated seeds were imbibed by soaking
in water for 24 h followed by direct sowing in soil. Observations were made on germination percentage,
rate of seedling emergence, survival, and seedling height. The results indicated that sensitivity to
gamma irradiation varied across varieties. Basmati 370 and Komboka were the most sensitive, ITA310
was moderate, while Basmati 217 was the least sensitive. At low doses of 50, 100, and 150 Gy, gamma
irradiation enhanced seedling survival and height, but at higher doses above 300 Gy, they were
significantly reduced. LD50 values ranged from 354 to 556 Gy, reduction dose 30 (RD30) ranged from
267 to 426 Gy, while reduction dose 50 (RD50) ranged from 335 to 531 Gy.

Key words: Mutation breeding, radio-sensitivity, LD50, RD30, RD50, gamma irradiation.

INTRODUCTION

Rice (Oryza sativa L.) is an important staple food for
more than 50% of the world’s population (FAO, 2012),
with the bulk of the production globally based in Asia,
which is also the largest consumer (FAO, 2018). In

*Corresponding author. E-mail: wagatua@gmail.com .

Africa, and more specifically in Kenya, there is
overreliance on imports with only 20% of the consumed
rice grown locally (FAO, 2021). There are many
constraints toward increased rice productivity, majority of
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which can be dealt with by breeding of high productive
cultivars, resistance to biotic, and abiotic stresses.

Mutation breeding is a powerful method of rapidly
introducing novel genetic diversity from which favorable
traits can be selected (Till et al., 2014). Mutation breeding
scheme is based on induction of mutation, detection,
fixation, development of mutant line and the release of
new mutant cultivars (Chepkoech, 2018; FAOI/IAEA,
2021). More than 3,200 mutants have been released with
over 25% of the mutants being rice varieties (FAO/IAEA,
2021).

In Kenya, mutation breeding has been applied in a few
crops including wheat, cassava, potato, pigeon peas and
cowpeas (Chepkoech et al.,, 2020; FAO/IAEA, 2021,
Kinyua and Okwaro, 2021; Njau et al, 2005). To
introduce mutation breeding technique in Kenyan rice
cultivars, there is a need to determine the appropriate
doses for the local varieties. This can be achieved
through radio-sensitivity study of the plant materials to be
utilized in breeding (FAO/IAEA, 2018; Solim and Rahayu,
2021; Ulukapi and Ozmen, 2018). Radio-sensitivity differs
depending on plant species, varieties, plant part and
water content of the plant material to be irradiated (Kant
et al., 2020; Solim and Rahayu, 2021; Toker et al., 2005).
Effective mutations have been achieved at lethal dose
50% (LD50), where half of the materials irradiated die,
and where 30% or 50% of growth reduction (RD30 and
RD50) is achieved (Al-Azab, 2013; FAO/IAEA, 2018;
Kant et al., 2020). At these optimal dosages there is
maximal probability of getting beneficial mutations with
minimal impact on the genome (Al-Azab, 2013; Kant et
al., 2020).

This study was aimed at determining the optimal
dosages of three most popular, locally adapted rice
varieties in Kenya, Basmati 370, Basmati 217, ITA310
and a newly released variety, Komboka.

METHODOLOGY
Plant and treatment with mutagen

The genotypes used in the study were four locally adapted lowland
rice varieties. These included Komboka, Basmati 370, Basmati 217
and ITA310 which were obtained from the Kenya Agricultural and
Livestock Research Organization (KALRO), Mwea Research
Center. Average moisture content of seeds prior to radiation was
11%.

Radio-sensitivity protocol by FAO/IAEA (2018) with a few
modifications was adopted for the study. Two experiments were
conducted at varied time points. In the first experiment, eight
gamma ray dosages, that is, 0, 100, 150, 200, 250, 300, 400, and
500 Gy were used (dosages adopted from Lee et al., (2019) with a
few modifications). Approximately 60 seeds were randomly drawn
from the seed lots and placed in labeled brown paper envelopes to
constitute 8 dosages and placed in the plastic jar on the irradiator.

In the second experiment, eleven portions each containing 60
seeds were randomly drawn from the same seed lots as the first
and were treated with eleven gamma ray dosages from 0 to 500 Gy
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at 50 Gy intervals; 0, 50, 100, 150, 200, 250, 300, 350, 400, 450
and 500 Gy.

The irradiation was conducted using ®°Co Gammacell 220
irradiator emitting 2.25 KGy/h belonging to the KALRO
Biotechnology Research Institute, Muguga, Kenya.

Planting of the M1 seeds
First experiment

The irradiated seeds were immediately pre-germinated according to
Kega et al. (2015) and PHILRICE (2007) with some modifications.
Seeds were soaked in water for 24 h then transferred and
incubated in moist paper towels contained in plastic containers.
Germination percentage was recorded on the 4th day after initiation
of pre-germination step, when the radicle had emerged. The
germinated seeds were sown in completely randomized design in
160-cell plastic seedling trays filled with soil collected from rice
fields. Prior to seedlings transfer, the soil was mixed thoroughly with
concentrated phosphate-base fertilizer (diammonium phosphate,
DAP). Thereafter, the trays were placed on water pods in a
greenhouse at the KALRO, Mwea Research Center.

Second experiment

The irradiated seeds were soaked in water for 24 h and
immediately sown in soil media in order of increasing gamma ray
dosage according to Mba et al. (2010), with three replications sown
in different trays. Irrigation was done on daily basis. Planting of the
imbibed irradiated seeds was carried out in a greenhouse at the
KALRO, Mwea Research Center.

Data collection

Data collected on the study included germination percentage, rate
of seedling emergence, survival rates, and seedling height
according to Solim and Rahayu (2021) and Gupta et al. (2021).
Germination percentage was recorded on the 4th day after initiation
of the pre-germination step. Data on seedling emergence was
recorded on the 7th day after sowing (7 DAS) in the first experiment
and 11 DAS in the second experiment (due to some delays in
emergence of Basmati 370 and Komboka varieties). Seedling
survival rate and seedling height were recorded at 14 and 21 DAS
in both experiments. LD50 was calculated from the emergence and
survival rates, while the median reduction dose 50 (RD50) and
reduction dose 30 (RD30) (Lee et al., 2019) were calculated by
analyzing plant height at 21 DAS according to Gupta et al. (2021)
and Kant et al. (2020).

Statistical analysis

The data was entered in Excel and the analysis of variance
computed in R software. Tukey HSD test (P<0.05) was used in
mean separation of the significant groups from the ANOVA table.
Data on seedling germination percentage, rate of emergence,
survival rate and seedling height were fitted in regression models
using Curve Expert Professional software version 2.7.3 available at
https://www.curveexpert.net/. On the regression models, seedling
emergence, survival rate and seedling height were the dependent
variables while the gamma ray dosage was the independent
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ANOVA table in response to germination

**0.01*0.05"0.1°"1

SOV Df Mean Sq.

Dosage 7 15.33

Variety 3 1651.79*= E

Residual 21 21.43 é
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Significant codes: ***'0.001
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Figure 1. Analysis of variance for germination as recorded at the end of the pre-germination step, and mean separation of

the significant group.
Source: Authors

variable. GraphPad prism 9 software version 9.3.1 (available at
https://www.graphpad.com/) was utilized in combining data of the
dependent and independent variables for the varied varieties in
single plots.

RESULTS AND DISCUSSION
Germination percentage

In the first experiment, data on germination was recorded
when the primary root or radicle had emerged from the
cotyledon. This was done on the 4th day after initiation of
pre-germination step. Analysis of variance in response to
germination rate was computed in R software, followed
by mean separation of the significant group using Tukey
HSD at P<0.05. As depicted in the ANOVA Figure 1,
gamma irradiation had no significance effect on
germination, but there were significant varietal differences
not associated with radiation. The results were consistent
with previous studies on rice (Harding, 2012; Singh et al.,
1998), common beans (Ulukapi and Ozmen, 2018) and
groundnuts (Mondal et al., 2017), where the authors
reported no significant effects of gamma irradiation on
seedling germination.

As shown in Figure 1, ITA310 variety had the highest
germination percentage, followed by Basmati 217 and
Basmati 370 in that order, with Komboka having the
lowest germination percentage.

Germination percentages for ITA310 (96.13%) and
Basmati 217 (93.63%) were not significantly different, but
were significantly different from those of Basmati 370
(80.50%) and Komboka (65%). In addition, Basmati 370

and Komboka showed significantly different germination
percentages.

Effect of varied gamma ray dosage on seedling
emergence

The data on the rate of seedling emergence was
subjected to analysis of variance per variety. From the
ANOVA Table 1, gamma radiation caused significant
effect on the rate of seedling emergence in both
experiments and in varieties.

Mean separation for the significant group was carried
out using Tukey HSD at P<0.05 on R software. As shown
in Table 2, high gamma ray dosages from 400 Gy caused
significant reduction on the rate of seedling emergence.
Variation in radiation sensitivity among varieties was
evident. In the first experiment, seedlings emanating from
seeds irradiated at 400 and 500 Gy showed significant
reduction in seedling emergence for Komboka and
Basmati 370, while for Basmati 217 and ITA310 varieties,
significant reduction in emergence was achieved at 500
Gy. In the second experiment, there was significant
reduction in emergence on Basmati 370 and ITA310
mutants at high dosage of 500 Gy, but this was not the
case for Basmati 217. Our results were consistent with
similar studies in rice by Cheema and Atta (2003), where
they reported no significant effect of radiation on
seedlings emergence at lower dosages. At high dosage,
gamma radiation causes generation of free radicals in the
irradiated material, causing metabolic disorders that
ultimately cause growth retardation of the seedlings
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Table 1. Analysis of variance table for the rate of seedling emergence at 7 and 11 DAS for the 1st and 2nd experiments

Experiment 1

Sov Df :

Mean Sqg. (Basmati 217) Mean Sq. (ITA310)
Dosage 7 0.0286476** 0.045190 *
Rep 2 0.0000542 0.001904
Residual 14 0.0064065 0.014276

Mean Sq. (Basmati 370) Mean Sq. (Komboka)
Dosage 7 0.067109*** 0.214021***
Rep 2 0.007600 0.004175
Residual 13 0.005539 0.012833

Experiment 2
. Mean Sq. .
Mean Sq. (Basmati 370) (ITA310) Mean Sq. (Basmati 217) Mean Sq. (Komboka)

Dosage 10 0.063136*** 0.0171667** 0.0213788* 0.083894***
Rep 2 0.008864 0.0023485 0.0037121 0.027500
Residual 20 0.012364 0.0040985 0.0073788 0.011417

Significant codes:
Source: Authors

“***0.001, ** 0.01, ** 0.06° 0.1 “* 1.

Table 2. Effect of gamma radiation on seedling emergence (data collected 7 DAS and 11 DAS for the first and second

experiments).

The rate of seedling emergence per variety in response to gamma irradiation

Gamma ray dosage Basmati 217 Basmati 370 ITA310 Komboka

Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2
0 0.9333% 0.7833% 0.9833% 0.8333?% 0.7433* 0.9333° 0.7900*  0.2000°*
50 - 0.8333% - 0.8833% - 0.8667% - 0.3333%
100 0.8667%  0.9500% 0.9733% 0.8333?% 0.8133° 0.9333° 0.8900°  0.4500%
150 0.9300* 0.8500% 1.0000® 0.7333% 0.7133* 0.8833° 0.8100° 0.4833%
200 0.9800° 0.8000%° 0.9167* 0.8167° 0.7667* 0.9333% 0.7900° 0.4333%
250 0.8867% 0.8333% 0.9567% 0.8000% 0.6900%  0.9000% 0.8966°  0.4500%
300 0.9467%° 0.8333% 0.9233* 0.7500% 0.7567* 0.9500% 0.7333% 0.4167%°
350 - 0.8500° - 0.5667% - 0.9333? - 0.5333?%
400 0.8433* 0.8167* 0.6567" 0.6333% 0.5867* 0.8500® 0.2900°  0.5000%
450 - 0.7667% - 0.5833% - 0.8500%" - 0.1000%
500 0.6667°  0.6000" 0.5700° 0.4167° 0.4333" 0.6833" 0.1150°  0.0500°

Source: Authors

(Kumar et al.,, 2013). It has also been attributed to
reduced enzyme activity and inhibition of auxins in seeds
exposed to high gamma ray doses (Kant et al., 2020;
Kumar et al., 2013). In the context of this study, it is
possible that even though the seeds germinated, the
seedlings vigor was greatly depressed by the inhibitory
effects of deleterious mutations at higher gamma ray
dosages causing low emergence.

In the second experiment, very low rates of emergence
were observed for Komboka variety, with only 20% of the
sowed seeds emerged from the non-irradiated group. For
this variety, the rate of seedling emergence increased
with increasing gamma ray dosage, with the highest rate
at 350 Gy, above which, it reduced significantly to 10 and
5% at 450 and 500 Gy, respectively. Similar findings
have been documented by Kim et al. (2000) on Chinese
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Table 3. Analysis of variance table for the four varieties in response to seedling emergence (7 DAS) and survival (14 and 21

DAS).
SOV DFf Experiment 1

Mean Sqg. (Basmati 217) Mean Sqg. (Basmati 370) Mean Sq. (ITA310) Mean Sq. (Komboka)
Dosage 7 0.059476*** 0.81820*** 0.104400*** 0.48482***
Rep 2 0.018533 0.00258 0.039981* 0.00955
DAS 1 0.014008 0.04877** 0.036300 0.00012
Residual 37 0.007807 0.00530 0.008998 0.00905

Experiment 2

Mean Sqg. (Basmati 217) Mean Sq. (Basmati 370) Mean Sq. (ITA310)
Dosage 10 0.101157*** 0.36907*** 0.077076***
Rep 2 0.002045 0.00881 0.017955*
DAS 2 0.007576 0.02859. 0.004773
Residual 84 0.004996 0.01021 0.005451

Mean Sq. (Komboka)

Dosage 10 0.153123***
Rep 2 0.104785***
DAS 2 0.019895
Residual 76 0.012815

Significant codes: “***'0.001, *** 0.01, ** 0.05 " 0.1 ** 1.
Source: Authors

cabbage and radish, where seedling emergence was
significantly higher at low dosages compared to the non-
irradiated samples. Abdel-Hady et al. (2008) in their
review paper indicated that the stimulatory effect of low
dosages of gamma ray radiation on germination is
attributed to activation of RNA and protein synthesis.

Effect of gamma ray radiation on seedling survival

The rate of seedling survival was recorded on 14 and 21
DAS. In the first experiment (as shown in Figures 6 and 7
in the Appendix), at 21 DAS, most of the entries including
the controls had dried up due to some external factors
(so the data at 21 DAS was skewed). Therefore, in the
analysis of variance and estimation of LD50, data on
emergence and survival at 7 and 14 DAS were utilized. In
the second experiment, data on emergence at 7 DAS and
survival at 14 and 21 DAS were included in the analysis.
In both experiments, gamma radiation caused
significant reduction on seedling survival rates as shown
in Tables 3 and 4. This is consistent with similar studies
in common beans, cowpeas, groundnuts and rice
(Harding, 2012; Kang et al., 2020; Mondal et al., 2017;
Ulukapi and Ozmen, 2018). DAS group in the ANOVA
Table 3 included the rate of emergence at 7 and 11 DAS

(for the first and second experiments, respectively), as
well as seedling survival rates at 14 and 21 DAS. DAS
group was only significantly different for Basmati 370 in
the first experiment, indicating that the seedling
emergence rate was significantly different from seedling
survival rate for this variety. However, it was not
significantly different on Basmati2l7, ITA310 and
Komboka varieties.

Upon computing the mean separation of the significant
DAS for Basmati 370, the number of seedlings at 14 DAS
was significantly reduced compared to what was
recorded as emergence at 7 DAS, implying that radiation
significantly affected this variety’s seedling survival.

Mean separation of the dosage group is presented in
Table 4. Of the four varieties, Basmati 370 was the most
sensitive, with gamma ray dosages from =300 and =350
Gy in the first and second experiments, respectively,
causing significant reduction in seedling survival.
Significant reduction on seedling survival rate for ITA310
mutants was reported at 400 and 500 Gy in the first and
second experiments, respectively. For Basmati 217,
mutant seedlings emanating from seeds irradiated at 100
Gy had the highest survival rate at 93.89%, this was
significantly higher than the other treatments in the group,
including the non-irradiated samples. Among the four
varieties, Basmati 217 was the least sensitive to gamma
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Table 4. The rate of seedling survival per variety and gamma ray dosage treatment (data collected at 21 DAS).

The rate of seedling survival per variety in response to irradiation

Gamma ray dosage in Gy Basmati 217 Basmati 370 ITA310 Komboka
Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2

0 0.9283*  0.7778°  0.9500° 0.8444% 0.7217*° 0.9222® 0.7850° 0.2222%
50 - 0.8167° - 0.8722% - 0.8833% - 0.34443¢
100 0.8283* 09389 0.9733%* 0.8556° 0.8000° 0.9222* 0.8733% 0.4500%°
150 0.9367*° 0.8556®  0.9667* 0.7444* 0.7067%" 0.8833* 0.8283° 0.5111%
200 0.9633% 0.8111° 0.8883* 0.8167° 0.7000®® 0.9333* 0.7967° 0.4500%
250 0.8650°  0.8111°  0.9400° 0.8056° 0.6900%° 0.8888%° 0.8817° 0.4722%
300 0.8900° 0.8500® 0.7667° 0.7444® 0.7117*° 0.9389% 0.7617° 0.3833*°
350 - 0.8278° - 0.5722° - 0.9222% - 0.4111%*°
400 0.8500°  0.8000°  0.2517° 0.5278° 0.5150°° 0.8389% 0.2900° 0.3111™
450 - 0.7500° - 0.4722° - 0.8167° - 0.0833°
500 0.6450° 0.5111° 0.0283" 0.2389° 0.3950°  0.6167° 0.0980° 0.0500°

Source: Authors

Experiment 1

Effect of gamma radiation on seedling survival

-o- BS217
- BS370
-+ |ITA310
-¥- Komboka

0.04+—T—T—TT T T T T 7T
0 50 100150200250300350400450500550

Gamma ray dosage in Gy

Seedling emergence/survival rate

Figure 2. The effect of gamma radiation on seedling survival rate.

Source: Authors

irradiation, with significant reduction on survival rate only
at 500 Gy in both experiments.

In the first experiment, Komboka mutants at 400 and
500 Gy had significantly reduced survival rates compared
to the non-irradiated samples. But in the second
experiment, significantly higher survival rates were
exhibited by doses between 100 and 250 Gy compared
to the control. In the second experiment, at 350 Gy,
seedling survival reduced from 53.33% recorded as
emergence rate at 11 DAS to 41.11% at 21 DAS as
shown in Tables 2 and 4, respectively.

Data on seedling emergence and survival was used in
generating the plots on Figure 2 using GraphPad Prism 9
software. As shown in Figure 2, Basmati 370 in the first
and second experiments, and Komboka in the first
experiment were most affected by gamma radiation.

Experiment 2

Effect of gamma radiation on seedling emergence and survival

- |TA310
-=- BS217
-+ BS370
-+ Komboka

@ 0.0—r—rTTTTTT T T
0 50 100150200250300350400450500550

Gamma ray dosage in Gy

From 300 Gy, the number of seedlings reduced with the
increasing gamma ray dosage. Dosages at 400 and 500
Gy significantly caused stunted growth in most of the
seedlings, with 500 Gy causing more than 90% seedling
death in Komboka and Basmati 370 varieties in the first
experiment. On the contrary, ITA310 and Basmati 217
were less sensitive to irradiation in both experiments, with
survival rates above 50% at 500 Gy relative to the 0 Gy
dose. The results are consistent with similar studies in
varied crops, including rice and cowpeas, where gamma
radiation above 300 Gy caused significant reduction on
seedling survival (Harding, 2012; Kadhimi et al., 2016;
Kang et al., 2020).

Seedling emergence and survival at 0 Gy was used as
the reference (converted to 100%), where all the other
doses were compared against. From the output in Table
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Table 5. The estimated LD50 values and the regression models from seedling emergence and survival

rates.

Variety Experiment LD50 Regression model
r=0.9061, ’=0.821, y = a/(1 + (2)°) ;
1 555.6757 Gy 3 /(1+ {ﬂ] )
where a=0.1871, b=76.7839, ¢c=-14.7525
Basmati 217
= 2_ L— 1 b — .
) 5215158 Gy r=0.9329, r'=0.8705, ¥y = a /{1 + exp (b — cx} };
where a=1.0702, b=-14.5025, c=-0.0280
r=0.9973, r’=0.9945, v = a /(1 + (3)°);
1 354.3508 Gy 3 / {ﬂ'] )
where a=1.0013, b=354.9963, ¢c=8.9019
Basmati 370
2 —
=0. =0. F = .I_:J —_— —_— -
) 450.6149 Gy r=0.9718, r’=0.9445, v = alb — exp({—cx));
where a=0.0108, b=94.2896, c=-0.0086
r=0.9642, ’=0.9297, v = a /(1 + (3));
1 517.8957 Gy 3 ) {ﬂ'] )
where a=1.0274, b=510.5239, ¢c=4.0701
ITA310
= 2_ — 1 h — .
) 521.2337 Gy r=0.9715, r°=0.9439, ¥ = a /(1 + exp (b — cx});
where a=0.9892, b=-13.5057, c=-0.0259
r=0.9907, r’=0.9814, v = a/(1 + (3)%);
1 385.1236 Gy 3 /a+ {ﬂ':] )
where a=1.0656, b=378.2225, ¢=9.6489
Komboka
= 2 g = br* :
2 437.2305 Gy r=0.9867, r’=0.9736, ¥ = & + &~ + cx;

where a=5.8871, b=-4.9486, c=-0.0114, r=0.9942

Source: Authors

4, the reduction on the rate of seedling emergence and
survival, relative to the control (dose 0Gy) was calculated
for each dose and variety, then fitted on regression
models using Curve Expert Professional version 2.7.3.
where estimation of LD50 was done.

From the curve expert output presented in Table 5,
more than 80% of the data fitted the regression models
perfectly as depicted by the coefficient of determination
(r2). LD50 values across varieties ranged from 354.3508
to 555.6757 Gy. Basmati 217 had the highest LD50
values, thus the least radio-sensitive variety with LD50
ranging from 521.5158 to 555.6757 Gy, followed by
ITA310 with LD50 ranging from 517.8957 to 521.2337
Gy. Komboka rice variety had its LD50 ranging from
385.1236 to 437.2305 Gy, while Basmati 370 had the
lowest LD50 ranging from 354.3508 to 450.6149 Gy.
A low LD50 consistent with that of Basmati 370 has been
reported on MRQ74, MR269 and White Ponni rice
varieties on similar studies, which had LD50 at 365.1061,
351.3429 and 354.8000 Gy, respectively (Kadhimi et al.,
2016; Ramchander et al., 2015).

Varieties with low sensitivity, Basmati 217 and ITA310

had higher LD50 values than the highest value of the
thirteen cultivated varieties in Sierra Leone studied by
Harding (2012), whose LD50 ranged from 345 to 423 Gy.
These were also slightly lower than Galon rice genotype
in Bangladesh which was reported at 575 Gy by Gupta et
al. (2021). Higher LD50 values in rice varieties have also
been reported by Solim and Rahayu (2021) for Mira-1
and Bastari in Indonesia whose LD50 ranged from
521.40 and 663.68 Gy. Suliartini et al. (2020) in a similar
study on four lowland rice varieties, reported an LD50
value of 518 Gy for one of the varieties, Inpago Unram-1.
The outcomes are consistent with the varieties with the
lowest sensitivity in our study, Basmati 217 and ITA310
whose LD50 ranged from 517.8957 to 555.6757 Gy.

Effect of radiation on seedling height at 14 and 21
DAS

Seedlings height was measured and recorded at 14 and
21 DAS. Analysis of variance was computed in R
software, from which the output in Table 6 was



Wagatua et al. 217

Table 6. Analysis of variance table in response to seedling height at 14 and 21 DAS.

Variety SOV Df Mean Sq SOV Df Mean Sq
Dosage 7 2079.1%** Dosage 10 452 2%+
. Rep 2 7661.2%** Rep 2 10.6
B ti 217
asmat DAS 1 307165**  DAS 1 439127
Residual 951 45.9 Residual 1017 55
Dosage 7 550.1%** Dosage 10 452.79***
. Rep 2 244.0*** Rep 2 14.78
B ti 370
asmat DAS 1 115658  DAS 1 2589.84%
Residual 576 29.1 Residual 890 5.62
Dosage 7 344.6%** Dosage 10 640.32***
Rep 2 654.8*** Rep 2 15.91**
ITA310 DAS 1 6958.7*** DAS 1 2161.92%**
Residual 574 16.7 Residual 1127 3.44
Dosage 7 3525%** Dosage 10 184.96***
Rep 2 6460*** Rep 2 53.74%**
K k
omboka DAS 1 44384+ DAS 1 103754
Residual 732 42 Residual 415 5.22

Source: Authors

Table 7. The output for the mean separation of seedling height (in cm) at varied gamma ray dosage.

Seedling height in cm of seedlings grown from irradiated seeds per variety and experiment

Sc?s"!;? (ré‘;’) Basmati 217 Basmati 370 ITA310 Komboka
Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2

0 13.9932°  13.0064%®  9.3282° 125667  9.4891%° 13.1164%° 21.0008%°  8.4643%
50 - 13.0208% - 11.1000% - 13.9275% - 10.5429%
100 15.4037%  13.1518°  12.9718° 11.3077°® 8.8283*  14.2855%°  22.8576°  9.8815%
150 18.4587*°  13.0519%  10.4330%*  10.5644° 6.7771" 12.5396™ 20.2934%"  8.8969%"
200 16.4667%°  13.8896° 8.6931°  10.7000° 8.7691%° 12.3411"™ 17.7800°°  8.3393%
250 13.1479°  12.4314*° 10.0436%®  10.5708° 8.1281%* 11.6692°  15.9599°  7.9034"
300 15.6434%  11.4269°  4.7186° 8.8159°  4.5809°  11.3148°  6.5695 5.3522°
350 - 10.7898% - 6.4189° - 10.4722¢ - 4.3381%
400 8.6231° 9.0149% 2.8238° 6.3688°  4.8059°  8.5592° 3.0500°  3.1462%
450 - 8.7318° - 5.8481¢ - 7.6714° - 0.7000°
500 4.5815° 7.1259° 0.7500° 5.0500°  2.7697° 5.1382' 4.6400° 0.0000°

Source: Authors

generated. As shown in Table 6, dosages, replication and
DAS groups were significantly different for all the
varieties in the first experiment. In the second
experiment, dosage and DAS groups were significantly
different in all varieties, while the replication group was
significantly different in ITA310 and Komboka varieties.
Mean separation using Tukey HSD at P<0.05 was

computed for the significant groups in R software.
Seedling height at 21 DAS was significantly greater than
the height at 14 DAS.

As shown in Table 7, in the first experiment, Basmati
217 and Komboka were significantly taller at lower
dosages than other entries in the first and second
experiments. In addition, at 100 and 150Gy doses of
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Experiment 1

Effect of gamma radiation on rice seedling
growth at 21 DAS in experiment 1
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Effect of gamma radiation onrice seedling
growth at 21 DAS in experiment 2
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Figure 3. The effect of gamma ray radiation on seedling height grown from irradiated seeds.

Source: Authors

Basmati 370 and Basmati 217, respectively, mutants
were significantly taller than the non-irradiated (0Gy)
samples as presented in Table 7 and Figure 3. The same
was reported in the second experiment on ITA310
mutants at 50 and 100 Gy. Our results were consistent
with similar studies in rice, chickpeas and Chinese
cabbage (Gupta et al., 2021; Kadhimi et al., 2016; Kim et
al., 2000; Toker et al., 2005). In rice, increased seedling
height relative to non-irradiated samples at 100 and 200
Gy was reported by Gupta et al. (2021) and Kadhimi et
al. (2016). Kim et al. (2000) showed increased seedling
height in Chinese cabbage at low dosages of 4 and 10
Gy. Toker et al. (2005) reported increased seedling
growth on chickpeas at 100 and 200 Gy, while Ulukapi
and Ozmen (2018) reported enhanced root growth in
common beans F16 cultivar at 100 Gy compared to the
non-irradiated samples.

As shown in Table 7 and Figure 3, gamma radiation
caused significant reduction in seedling height from as
low as 150 Gy in experiment 2 for Basmati 370 mutants.
The height significantly reduced with increasing gamma
ray dosages with variations across varieties as shown in
Figure 3, and Figures 4 to 12 in the Appendix. This is
consistent with similar studies in various crops (Kadhimi
et al., 2016; Kang et al., 2020; Sasikala and Kalaiyarasi,
2010).

In the first experiment, significant growth reduction on
Basmati 370 was observed from 300 Gy. Radiation
caused significant growth reduction on Komboka mutants
from 2250 Gy and 2300 Gy in the first and second
experiments, respectively. For ITA310, mutants were
significantly shorter from 2250 Gy and =300 Gy for the

second and first experiments, respectively compared to
the non-irradiated samples. In the first experiment,
ITA310 mutants at 150 Gy were also significantly shorter
than the non-irradiated (0Gy) samples, but the mutants at
200 and 250 Gy were not. This is possible because of the
random effect of radiation giving different responses
(Suliartini et al., 2020). For Basmati 217, significant
reduction on seedling height was observed from 2350 Gy
and 2400 Gy on the second and first experiments,
respectively. This placed Basmati 217 as the least
sensitive variety and Basmati 370 as the most sensitive
variety in our study. The results across varieties on the
effect of radiation on seedling height were consistent with
reports on similar studies by Harding (2012) and Solim
and Rahayu (2021) where significant growth reduction
was reported at radiation dosages >300 Gy and >400 Gy,
respectively.

The reduction effects on varied growth parameters by
gamma radiation have been associated with disruption of
cell cycle at G2/M phase, disruption of DNA, RNA,
protein, growth hormone synthesis (Kang et al., 2020;
Solim and Rahayu, 2021; Ulukapi and Ozmen, 2018),
disturbance in hormonal balance and enzyme activity
(Kant et al., 2020).

The output in Table 7 was converted as a percentage
of the non-irradiated samples and used in generation of
growth curves presented in Figure 3. As shown in Figure
3, similar pattern on the effect of radiation on individual
variety is notable in both experiments.

The data on seedling height at 21 DAS was fitted on
regression models and utilized in estimation of RD30 and
RD50 values. Data on seedling height fitted well on
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Table 8. Regression models and the estimated RD30 and RD50 using seedling height data at 21 DAS.

Variety Experiment RD50 RD30 Regression model
= = N h x
1 496.2296 Gy 4259882 Gy r=0.9825, r2=0.9652 ; v = a + br* + cx,
where a=43.5626, b=-22.7030, c=-0.0656, r=99.2821
Basmati 217
_ 2_ = 2
2 5311608 Gy 417.0106 Gy r=0.9860, r'=0.97224; v = {a+ bx}/(1 + cx + dx*), .
where a=12.7855, b=0.0106, c=0.001596, d=3.3595%10
= = N — h x
1 368.3795 Gy  311.0258 Gy r=0.9840, r2=0.9683; ¥ = a + b + cx,
where a=33.3609, b=-17.3821, c=-0.0659, r=0.9926
Basmati 370
= 2: Ty = ] x
2 421.8008 Gy 2869128 Gy | 00085 1'=0.9379;y =a +br+ cx,
where a=-5.0162, c=-0.02353, r=0.99596
=0. =0. [ T EJ — —
L 4183331 Gy  330.2820Gy 0.7355, 2=0.5410; ¥ = a(b — expl(—cx)),
where a=2.2609, b=7.9619, c=-0.0037
ITA310
2
=0. =0. . = EJ — —
5 470.0000 Gy 302.4310 Gy " 0.9858, r’=0.9719; v = alb — exp(—cx)),
where a=69.3933, b=20.8654, c=-0.0518
=0. =0. y=1 b z
1 335.3650 Gy 2665063 Gy 09464 12=08956;y = 1/(a+bx +cx7),
where a=0.03386, b=-1.2602x10™, ¢=6.7307x10
Komboka
= 2: L h x
2 3512681 Gy 2025661 Gy 099281709857,y =a + ot + cx,

where a=14.9272, b=-6.3269, ¢=0.0302, r=0.9874

Source: Authors

regression models as shown in Table 8, with coefficient
of determination 20.9 for all the varieties, except for the
data of ITA310 in the first experiment, where the r2 was
0.5410, indicating that only 54.10% of the ITA310 data
set in the first experiment fitted the model. This can be
explained by the fact that only a few plants across
dosages for this variety survived per entry to 21 DAS
data point (as shown in Figure 7 in the Appendix), so the
data on seedling height for this variety was skewed.

From RD30 and RD50 values as presented in Table 8,
the least radio-sensitive variety was Basmati 217
followed by ITA310, while the most sensitive variety was
Komboka followed by Basmati 370. For Basmati 217,
RD30 values ranged from 417.0106 to 425.9882 Gy,
while RD50 values ranged from 496.2296 to 531.1608
Gy. For ITA310, RD30 values ranged from 330.3820 to
392.4310 Gy, while RD50 values ranged from 418.3331
to 470.0900 Gy. Basmati 370 had its RD30 ranging from
286.9128 to 311.0258 Gy, while RD50 ranged from
368.3795 to 421.8008 Gy. Komboka’s RD30 ranged from
266.5063 to 292.5661 Gy, while RD50 ranged from
335.3659 to 351.3659 Gy.

RD50 values in this study are consistent with the

growth reduction 50 values on rice reported by FAO/IAEA
(2018), which ranged between 350 and 500 Gy. LD50
and RD30/RD50 values differed slightly across
environments consistent with similar studies on rice by
Kant et al. (2020) where the researchers studied the
effect of gamma radiation in vivo and in vitro.

Conclusion

In this study, gamma radiation on rice seeds did not have
significant effect on seedling germination, but significantly
affected seedling emergence, survival and growth. The
effect of irradiation on these growth parameters varied
across varieties and slightly across experiments/
environments. Basmati 370 and Komboka were the most
sensitive to irradiation, ITA310 was moderate, while
Basmati 217 was the least sensitive. At low doses of 50,
100, and 150 Gy, irradiation caused increased seedling
vigor on Basmati 217, Basmati 370, and ITA310. Across
varieties, seedling survival and height reduced with
increasing doses from 300 and 350 Gy, respectively. The
effective doses were determined for each variety as their
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individual LD50, RD30 and RD50 values. LD50 values
ranged from 354 to 556 Gy. Basmati 370 had the lowest
LD50 values at 354 and 451 Gy, followed by Komboka at
385 and 437 Gy, then ITA310 at 518 and 521 Gy, while
Basmati 217 had the highest LD50 values at 522 and 556
Gy in the first and second experiments, respectively.
RD30 values ranged from 267 to 426 Gy. Komboka had
the lowest RD30 values at 267 and 293 Gy followed by
Basmati 370 at 290 and 311 Gy, then, ITA310 at 330 and
392 Gy, while Basmati 217 had the highest values at 417
and 426 Gy in the first and second experiments,
respectively. RD50 values ranged from 335 to 531 Gy.
Komboka had the lowest RD50 values at 335 and 351
Gy, followed by Basmati 370 at 368 and 422 Gy, then
ITA310 at 418 and 470 Gy, while Basmati 217 had the
highest values at 496 and 531 Gy in the first and second
experiments, respectively. Radio-sensitivity study was
successful in determining the effective doses for selected
varieties. In the rice mutation breeding program, it is
recommended to adopt gamma ray doses between RD30
and LD50 in this study as the optimal doses for each
variety to cause the desired mutations.
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Figure 7. The effect of radiation on
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Figure 8. Data collection in progress in experiment 2 at 21DAS. Note that the orientation of the
dosages is from left to right (0- SOOGy)

Figure 9. Basmati 217 mutant seedlings at 21 DAS. The arrangement of the dosages is as shown by
the arrow from 0-500Gy.

Figure 10. Basmati 370 mutant seedlings at 21 DAS. The arrangement of the dosage groups is as
shown by the arrow from 0-500Gy.

Figure 11. ITA310 mutant seedlings at 21 DAS. The arrangement of the dosages is as shown by the
arrow from 0-500Gy.

Figure 12. Komboka mutant seedlings at 21DAS. The arrangement of the dosages is as shown by
the arrow from 0-500Gy.
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