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ABSTRACT: Mutation breeding has been used to enhance qualitative and quantitative traits of rice. The objective
of this study was to improve yield or yield component in mutated population of upland red rice induced by ethyl
methanesulfonate (EMS). Two thousand and five hundred seeds of upland red rice cultivar Dawk Kha 50 were exposed
to EMS at 1.23% based on root length of LD50, to make M1; M2 generation was segregated for selection of desirable
agronomic traits. From selected M2 plants, seven M3 lines and five M4 lines of induced upland red rice were evaluated
for yield and other traits. The mutant traits selected were successfully observed on many traits, such as number of filled
grains/panicle, size of paddy, brown color of the rice. Grain yield of mutant lines was higher than that of the wild type.
Phenotypic evaluation of the five M4 lines, comparing to the wild type cultivar Dawk Kha 50, showed a higher number
of filled grains/panicle, size of paddy and brown color of the rice in M4 43-1-1-1 and M4 43-2-1-3. The tenderness of
cooked mutant rice was better than the wild type. It, hence, could be concluded that EMS improved agronomic traits of
red rice. Moreover, the best mutant lines would be further used in developing commercial varieties or future breeding
materials.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most important food
crops in the world, especially in Asia [1]. Upland rice
is a type of rice associated with a land ecosystem. In
Southeast Asia it is grown on the hills and intercropped
with young rubber or palm oil plantations under rain-
fall. Improving upland rice yield is important to farm-
ers in the tropics [2]. Currently, upland red rice is very
important for producing functional foods. Upland red
rice, such as Dawk Kha 50, is rich in antioxidants acting
against aging and free radicals [3] and reducing risks
of chronic diseases [4]. Farmers do not desire to grow
red rice because its productivity is very low (2–3 t/ha).
Thus, improvement of superior red rice cultivars is nec-
essary, and mutation and hybridization can be used to
improve high yielding and other desirable agronomic
traits.

Mutation breeding is an effective method to induce
genetic variability and new mutant lines with improved
agronomic traits [5, 6]. Several traits; such as higher
yield, early maturity, disease resistance, short stem,
shattering resistance, and easier harvesting, were re-
ported on mutant cultivars [6]. The induction of
mutations involves physical and chemical mutagens
to create variations at molecular level. Chemical mu-
tagen is more efficient as it provides an inexpensive

and straightforward way for point mutation relating to
base pair changes, which are traceable; whereas the
physical one causes unintended deletions of part of the
DNA. Among chemical mutagens, Ethyl methanesul-
fonate (EMS) is the most widely used in various crop
plants, including wheat, rice, soybean, cotton, sesame,
and maize [7], tomato [8], rice [9, 10], peanut [11],
rapeseed [12], and carrot [13]. EMS can be applied
to induce desirable functions in mutants as well as
to recognize the functional roles of single amino acid
residues. There are several types of base changes of
mutants in M2, M3 or M4, such as C/G to T/A, A/T to
G/C, A/T to T/A, and A/T to C/G [14].

The aim of this study was to determine the impor-
tant traits in M2, M3, and M4 generations for selecting
and improving yield components and overall yield
in mutated population of upland red rice that had
undergone EMS induced mutations.

MATERIALS AND METHODS

Experimental methods

The experimental approach in this study was illus-
trated in Fig. S1. The parental upland rice, Dawk
Kha 50 variety, was induced for mutagenesis by EMS.
It is a non-glutinous, photoperiod sensitive, and red
brown rice type. Healthy seeds were supplied by
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the Krabi Rice Research Center, Rice Research and
Development Division, Thailand.

Two thousand and five hundred seeds were sub-
jected to 1.23% EMS for 12 h based on root length of
LD50 [15]. They were grown in the Plant Science field
of Agricultural Innovation and Management Division,
Faculty of Natural Resources, Prince of Songkla Uni-
versity (7°00′19.2′′ N, 100°29′58.2′′ E). One seed/hill
was grown along with peat to ensure better germina-
tion. Seeds were sown in simple rows by maintaining
distances between rows and plants at 5 cm and 10 cm,
respectively. Thirty-two plants of Dawk Kha 50 cultivar
were also grown for comparison between the treated
and the untreated plants. The segregated mutant
plants were tagged before harvesting. The germi-
nation percentage of the 1.23% EMS treated seeds
was 70.84%, i.e. 1771 out of 2500; and only 43 plants
survived and gave seeds. The mutant phenotypes of
M1 generation were reported in Sarhad Journal of
Agriculture [15].

All the seeds from individual M1 plants, the M2,
were harvested separately. Eight healthy seeds from
each plant were sown in plant progeny row basis for
marking M2. M3 seeds were collected from five high
yielding M2 mutant lines for subsequent M3 genera-
tion. The seeds were sown and grown at sixty plants
per mutant line. All experiments were completely
randomized design with five replications. The observa-
tions were recorded from the M3 mutant plants and ten
Dawk Kha 50 plants. The highest seed yield potential
produced to M4 generation was used to evaluate the
stability of yield traits.

The five best selected seeds of M4 mutant lines
were grown in the experimental field at the Agri-
cultural Innovation and Management Division. The
experimental design was a randomized complete block
design with three replications. The treatments were
five M4 lines and three controls (Dawk Pa-yawm, Mai
Tahk and Dawk Kha 50). In each experimental unit,
the seeds were sown in four rows with 25×30 cm
spacing between plant and row, and each row was four
m long.

NPK (15-15-15) fertilizer was applied at the rate
of 219 kg/ha at planting. Urea (46-0-0) was applied
on day 30 after planting at the rate of 219 kg/ha. NPK
fertilizer (0-0-60) was applied at boosting stage at the
rate of 250 kg/ha in each generation. Agronomic man-
agement, such as weed control, was made manually;
and insect control was done through the application of
40 ml cypermethrin 10% v/v EC in 20 l water solution.

Data collection

The traits: plant height (cm), days to maturity (day),
number of tillers/plant (no.), number of panicles/
plant (no.), panicle length (cm), number of filled
grains/panicle (no.), weight of one thousand grains
(g), and yield/plant (g) were recorded for the M2–M4

Fig. 1 Size and color of rice husk and dehusked rice grains of:
(A), Dawk Kha 50; (B), M4 43-1-1-1; and (C), M4 43-2-1-3.

generations and the Dawk Kha 50 wild type. In M4
generation, these traits were recorded on ten plants of
each genotype in each replicate. The other recorded
traits for the selected M4 lines and the Dawk Kha 50
wild type were length and width of paddy (mm),
amylose (%), gel consistency (mm), alkali test, and
elongation ratio (lengths of cooked rice to uncooked
rice). Color of husk and dehusked grain were deter-
mined by R.H.S. color chart of the Royal Horticultural
Society.

Statistical analysis

For M3 and M4 generations, the data were subjected
to analysis of variance (ANOVA). Multiple comparisons
among M3 or M4 mutant lines and the Dawk Kha 50
wild type were achieved using the least significant dif-
ference (LSD) test at the 0.05 probability level of the R
program [16]. The LSD values for comparisons among
mutant lines and the wild type at 5% of significance
were used to identify the best mutants.

RESULTS AND DISCUSSION

Microplastics abundance in shellfish

Only 27 M2 families survived and gave healthy seeds.
The comparison mean values of different quantita-
tive traits of an average of Dawk Kha 50 and the
selected M2 mutants were shown in Table 1. The
selected M2 mutants showed ranges of 118–151 cm
plant height, 72–100 days to maturity, 8–21 tillers/
plant, 7–17 panicles/plant, 25–33 cm panicle length,
62.50–207.70 filled grains/panicle, 19–33 g weight
of 1000 grains, and 9.10–54.80 g/plant yield. The
common botanical morphology of each of M2 plants
(except the agronomic traits) did not change. For
Dawk Kha 50, the means with standard deviations
of plant height, days to maturity, number of tiller-
s/plant, number of panicles/plant, panicle length,
number of filled grains/panicle, weight of one thou-
sand grains, and yield/plant were 134±15.89 cm,
104±0.00 days, 11±1.87 tillers/plant, 8±1.21 pani-
cles/plant, 27±1.64 cm, 56.00±13.22 filled grains/
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Table 1 Agronomic trait of selected phenotypic M2 mutants.

Plant id
Plant Days to No. of No. of Panicle No. of filled 1000 grain Yield/

height (cm) maturity tiller panicles length (cm) grains/panicle weight (g) plant (g)

M2 1-2 118 100 15 11 25 62.5 23 9.1
M2 2-1 121 100 21 17 29 97.6 33 54.8
M2 36-1 151 90 10 10 33 155.7 25 38.9
M2 43-1 142 72 8 8 29 143.8 30 34.1
M2 43-2 147 72 9 7 27 207.7 19 27.6

Dawk Kha 50† 134.0±15.89 104.0±0.00 11.0±1.87 8.0±1.21 27.0±1.64 56.0±13.22 34.0±4.46 14.9±4.45

† mean±SD.

Table 2 Plant height, days to flowering, days to maturity, number of tillers/plant, and number of panicles/plant of M3 mutants.†

Genotype
Plant Days to Days to No. of No. of

height (cm) flowering maturity tillers/plant panicles/plant

M3 1-2-1 148±14 94±0 107±0 3.60±0.55 4.40±0.55
M3 1-2-2 124±2 94±0 107±0 2.80±0.45 3.40±0.89
M3 2-1-1 119±7 99±2 114±2 6.80±2.68 6.20±2.17
M3 36-1-1 111±11 99±2 117±4 5.80±2.68 3.80±2.05
M3 43-1-1 122±8 86±0 107±0 3.60±0.55 4.20±1.90
M3 43-2-1 140±4 83±0 106±0 3.80±0.84 4.00±0.71
M3 43-2-2 127±4 86±0 106±0 3.40±0.55 3.00±0.00
Dawk Kha 50 124±3 103±0 138±0 4.20±0.45 3.80±0.45

CV (%) 6.06 1.05 1.29 33.69 29.75
LSD 5% 11.00 1.00 2.00 1.84 1.57

† mean±SD.

panicle, 34±4.46 g, and 14.90±4.45 g/plant, respec-
tively. The performance of Dawk Kha 50 mutants
(except the M2 1-2) was far better than the Dawk
Kha 50 wild type; and, hence, provided a good basis
for improving the yield of Dawk Kha 50. The M2
1-2 plant had the lower panicle length, number of filled
grains/ panicle, weight of one thousand grains and
yield/plant than the Dawk Kha 50 (Table 1). These
results showed the accuracy of breeding program be-
cause of the availability of high genetic variability in
the M2 segregating generation [17]. The efficiency
transgressive segregate discovery could be raised if the
environmental variation influencing the expression of
the quantitative traits in the populations was small.
Thus, it needs to grow superior progenies and compare
the progeny means with the parent means grown in an
analogous environment [18].

In the M3 generation plants, the effect of EMS
treatment on yield component, yield and other traits
was studied. Based on good yield component and
grain yield from M2 segregating in each line, seven
M3 lines were selected. The performances of selected
M3 lines were analyzed. Table 2 and Table 3 show the
performances of the mutants. The completed analysis
of variances for plant height, days to flowering, days
to maturity, number of tillers/plant, number of pan-
icles/plant, panicle length, and yield/plant indicated
significant differences among treatment means; while
number of filled spikelets/panicle and the weight of

1000 grains did not exhibit any differences. The
selected M3 mutants showed ranges of 111–148 cm
plant height, 83–99 days to flowering, 106–117 days
to maturity, 2.80–6.80 tillers/plant, 3.00–6.20 pani-
cles/plant, 28.70–34.58 cm panicle length, 134.00–
231.00 filled grains/panicle, 22.28–31.40 g weight
of 1000 grains, and 10.38–36.40 g/plant yield. The
common botanical morphology of each of M3 plants,
except the agronomic traits, did not change. The plant
height, days to flowering, days to maturity, number of
tillers/plant, number of panicles/plant, panicle length,
number of filled grains/panicle, weight of one thou-
sand grains, and yield/plant means of Dawk Kha 50
were 124 cm, 103 days, 138 days, 4.20 tillers/plant,
3.80 panicles/plant, 35.60 cm, 202.00 filled grains/
panicle, 21.64 g, and 17.18 g/plant, respectively. In M3
generation, the populations were still segregated; and
some of the M3 plants could transmit the mutations
classified in the M2 parents. EMS showed variability
for yield component and grain yield in M2 and M3 rice
lines [19].

In order to explore stabilization of variability and
mean, M4 plants were tested in a more significant
appearance. Five M4 lines were selected based on good
yield component and grain yield from M3 segregating
in each line. The performances of selected M4 lines
were analyzed. The completed analysis of variances for
plant height, days to flowering, days to maturity, num-
ber of tillers/plant, number of panicles/plant, number
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Table 3 Panicle length, number of filled grains/panicle, grain weight/panicle, 1000 grain weight, and yield/plant of M3
mutants.†

Genotype
Panicle No. of filled 1000 grain Yield/plant

length (cm) grains/panicle weight (g) (g)

M3 1-2-1 34.58±3.13 195.20±30.38 23.44±3.95 17.32±7.37
M3 1-2-2 31.12±2.72 157.20±32.46 23.92±2.60 10.38±3.74
M3 2-1-1 30.86±3.38 212.20±85.76 25.53±5.23 36.40±23.36
M3 36-1-1 32.76±3.10 205.80±69.93 22.28±2.28 19.00±14.71
M3 43-1-1 33.14±1.60 174.80±19.74 25.24±2.26 15.74±2.72
M3 43-2-1 32.04±2.16 231.00±132.53 31.40±12.35 29.12±13.53
M3 43-2-2 28.70±1.15 134.00±14.63 28.43±2.85 12.70±0.61
Dawk Kha 50 35.60±2.19 202.00±26.27 21.64±4.02 17.18±3.34

CV (%) 7.85 34.02 21.56 57.66
LSD 5% 3.27 ns ns 14.66

† mean±SD; ns = not significant.

Table 4 Plant height, days to flowering, days to maturity, number of tillers/plant, and number of panicles/plant of M4 mutants.†

Genotype
Plant Days to Days to No. of No. of

height (cm) flowering maturity tillers/plant panicles/plant

M4 1-2-1-3 116±2 103±1 123±1 4.67±1.15 4.00±1.00
M4 2-1-1-1 121±8 103±1 122±1 10.33±2.51 10.33±2.51
M4 36-1-1-1 107±12 103±0 123±0 3.67±0.58 3.17±10.76
M4 43-1-1-1 96±5 103±0 123±0 5.94±1.53 5.65±1.70
M4 43-2-1-3 110±3 103±1 123±1 6.70±1.18 6.16±1.28
Dawk Kha 50 102±1 108±1 125±1 11.00±1.00 10.00±0.00
Dawk Pa-Yawm 104±6 103±1 122±1 12.00±1.00 11.00±1.73
Mai Tahk 125±3 110±0 140±0 3.53±0.18 3.72±0.35

CV (%) 5.36 0.39 0.45 18.68 19.52
LSD 5% 10.00 1.00 1.00 2.36 2.31

† mean±SD.

of filled spikelets/panicle, and yield/plant indicated
significant differences among the treatment means,
while panicle length and the weight of 1000 grains
did not show any significant differences (Table 4 and
Table 5). The M4 43-1-1-1 and M4 43-2-1-3 lines
showed a higher grain yield (23.65 and 23.26 g/plant,
respectively) and, otherwise, better performance com-
pared with the Dawk Kha 50. The common botanical
morphology of each of M4 plants, except the agronomic
traits, did not change. Dawk Kha 50 had a grain
yield of 22.37 g/plant, but these three genotypes were
not significantly different. Plant height, number of
panicles/plant and days to flowering should be used as
selection criteria in the early segregating generation,
but grain yield was to be used in a later generation.
However, the results were not in agreement with those
of Barmana and Borahb [20], which reported that M2
and M3 generations could be effective for selecting the
high yielding mutants in an early generation, while
the M4 generation was proper for quality traits in
bread wheat. As in this study, the grain yield of M4
lines was not influenced significantly in desirable direc-
tion, which might be due to polygenic mutations with
equally distributed positive and negative effects [21].

The two M4 lines were selected based on high
grain yield and other good agronomic traits and tested
to identify size of paddy rice as well as eating and
cooking qualities. The length and width of the paddy
rice and the brown rice of the two selected M4 lines
and the Dawk Kha 50 exhibited significant variations
(Table 6). The two selected M4 lines and the Dawk
Kha 50 had the paddy rice length of 10.69, 10.54 and
10.23 mm and the paddy rice width of 2.15, 2.17
and 2.04 mm, respectively; while the values for the
brown rice were 7.87, 7.87 and 7.51 mm in length
and 1.90, 1.21 and 2.06 mm in width, respectively.
In Fig. 1, greyed-orange group 162C was for rice husk
color of Dawk Kha 50 cultivar, greyed-yellow group
162B for M4 43-1-1-1, and greyed-yellow group 162C
for M4 43-2-1-3. Color of dehusked rice grains of Dawk
Kha 50 cultivar was greyed-orange group 172C; while
colors of dehusked rice grains of M4 43-1-1-1 and M4
43-2-1-3 were greyed-orange groups 173C and 175C,
respectively. The size of paddy rice and brown rice in
M4 lines was larger than the Dawk Kha 50. Color of rice
husk and dehusked rice grains of some mutants were
different from the parental cultivar. A similar result
was obtained from Mohapatra et al [22], who reported
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Table 5 Panicle length Number of filled grains/panicle, grain weight/panicle, 1000 grain weight, and yield/plant of M4
mutants.†

Genotype Panicle No. of filled 1000 grain Yield/plant
length (cm) grains/panicle weight (g) (g)

M4 1-2-1-3 30.31±1.48 87.88±20.89 20.65±0.47 10.11±2.95
M4 2-1-1-1 30.13±1.00 89.93±22.23 21.25±0.38 17.93±0.09
M4 36-1-1-1 28.44±3.19 95.12±19.14 22.00±0.85 16.43±1.97
M4 43-1-1-1 28.00±0.11 102.25±3.96 20.80±1.04 23.65±0.30
M4 43-2-1-3 28.38±0.69 103.40±32.71 20.51±1.99 23.26±0.57
Dawk Kha 50 29.75±2.10 87.67±10.86 19.72±1.24 22.37±2.64
Dawk Pa-Yawm 30.03±1.14 41.09±12.95 17.99±2.98 22.23±3.14
Mai Tahk 30.07±0.63 51.60±21.18 19.39±1.80 19.04±0.79

CV (%) 5.71 23.99 7.98 10.57
LSD 5% ns 4.61 ns 3.58

† mean±SD; ns = not significant.

Table 6 Length and width of paddy and brown rice, amylose, gel consistency, alkali test, and cooked rice elongation ratio of
the selected M4 mutants and Dawk Kha 50.†

Genotype
Paddy rice Brown rice Amylose (%) Gel Alkali test Elongation

Length Width Length Width consistency ratio
(mm) (mm) (mm) (mm) (mm)

M4 43-1-1-1 10.69±0.04 2.15±0.01 7.87±0.03 1.90±0.00 23.58±0.28 83.64±0.01 6.00±0.00 1.22±0.01
M4 43-2-1-3 10.54±0.06 2.17±0.02 7.87±0.07 2.06±0.02 23.89±0.17 84.11±0.01 7.00±0.00 1.21±0.00
Dawk Kha 50 10.23±0.16 2.04±0.06 7.51±0.20 1.78±0.10 22.21±0.44 84.50±0.00 5.00±0.00 1.22±0.00

CV (%) 0.93 1.58 1.45 3.08 1.35 0.09 0.00 0.34
LSD 5% 0.20 0.07 0.24 0.18 1.00 0.24 ns ns

† mean±SD; ns = not significant.

that EMS induced mutants of grain color of upland rice
cultivar Nagina22.

The amylose contents and gel consistencies of the
two selected M4 lines and Dawk Kha 50 were sig-
nificantly different, but the alkali test and elongation
ratio did exhibit significant variations (Table 6). The
two selected M4 lines and Dawk Kha 50 had 23.58,
23.89 and 22.21% of amylose, respectively. The gel
consistencies of the two selected M4 lines and Dawk
Kha 50 were 83.64, 84.11 and 84.50 mm, respectively.
In mutants and parental cultivar, the amylose contents
and gel consistencies ranged within 22.21–23.89%
and 83.64–84.50 mm, respectively, indicating that the
cooking and eating qualities of these alternatives did
not differ. With 20–25% amylose, rice is soft and not
sticky [23]. The cooled gel length of 61–100 mm
indicated that the cooked rice was tender, which is
widely preferred by consumers [24].

The selected mutants should be carried over to
later generations (M6–M7) using single seed descent
method to produce homozygous plants or genetic
stability [25]. The number of filled grains/panicle
in M2–M4 lines was better than in Dawk Kha 50.
Thus, this trait can be used as one of the selection
criteria in an early generation for yield improvement.
There must be the accuracy in selection for selective
mutation breeding to be effective [21]. In certain
situations, hybridization between various progenies’

selections led to a clearly higher yield, which could
be a result of the impacts of heterosis for mutant
genes [18]. Nakwilai et al [26] reported that pure-line
selection in four generations could be used to improve
the homogeneity, grain yield and cooking quality of
japonica rice cv. DOA2. All selected mutants, M2, M3
and M4 were not tested for the detail molecular genetic
variations. In future research, phenotypic variation
could be described using genetic analyses, such as
genetic linkage maps, whole-genome sequencing, and
RNA sequencing, giving a complete image of gene
expression differences and single nucleotide polymor-
phisms contrasted to wild type, based on the source of
rice genome. Furthermore, the high rice grain quality
genes can be introgressed to rice cultivars having the
low grain qualities using a marker-assisted pseudo-
backcross method [27].

CONCLUSION

The results of the present study indicated that inducing
mutations can be used to improve number of filled
grains/panicle, size of paddy and brown color of the
wild type. The preliminary yield evaluation showed
that the selected mutant lines, namely M4 43-1-1-1 and
M4 43-2-1-3, were high yielding, and cooked mutant
rice had good tenderness. The desirable upland red
rice lines could be chosen from each segregating mu-
tants of advance generation. The selected mutant lines
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could be used as germplasm and breeding materials in
future upland red rice breeding programs.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasia1513-1874.
2023.040.
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Appendix A. Supplementary data

2,500 wild type seeds (Dawk Kha 50)

1.23% 12 h EMS mutagenesis

M1

Twenty-seven survival M2 families

M2

Seven best selected M3 lines

M3

Five best selected M4 lines

Comparison between M4 lines and Dawk Kha 50

Fig. S1 Illustration of EMS induced mutagenesis.
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