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Abstract. This study observed the performance of mutated M4 generation of “mentik susu”
rice irradiated with 200 Gy gamma ray and select the high productivity short-stemmed ones.
The research was conducted in Karangpung Village, Kismoyoso, Ngemplak, Boyolali
Regency. In total, 39 individual M3 200 Gy gamma ray irradiated “mentik susu” rice and non-
irradiated “mentik susu” rice as control were planted. The observation was analyzed
descriptively and used t-test to know the difference with the control. There were differences
between irradiated and non-irradiated rice on plant height, harvest time, number of productive
tillers, weight of 100 grains, and grain yield per plant. There were 25 selected mutated M4
generation “mentik susu”. Those strains were M-MS2-G15T3- 2 (5),(19),and (27), M-MS2-
G15T3- 4 (7) and (28), M-MS2-G15T3- 5 (21), M-MS2-G15T3- 7 (18) and (28), M-MS2-
G15T3- 8 (5), M- MS2-G15T4-24 (10), M-MS2-G13T20- 12 (17) and (27), M-MS2-G18T7- 4
(4),(5),9), and (24), M- MS2- GI8T7- 6 (19) and (24), M- MS2- GI18T7- 7 (11) and (24), M-
MS2- G18T7- 10 (5), M- MS2- G18T7- 11 (24), and M- MS2- G17T7- 15 (2) and (10) which
were irradiated, and have short-stemmed characteristic and higher production compared to the
control.

1. Introduction
Mentik susu rice is local variety from Magelang, Central Java, Indonesia. Most farmer are not
interested to plant this variety of rice because it requires a long period to grow, high stem, and low
yield, which is in contrast to the national rice varieties that have a short harvest time and high
productivity [1].

The technology can be used to increase the productivity of major food like rice is by mutation
breeding techniques [2]. Mutation breeding is deemed better to repair one or several properties just by
not changing most of its original properties. Mutations can be done with a wide range, such as using
gamma radiation. Desirable mutation can cause the diversity of the properties that will be selected,
thus better character is selected but still maintain plants characters.

Genetic mutations using radiation beam is an alternative method to obtain new sources of diversity
[3]. Based on the description above, this study aimed to result mentik susu rice M4 generation with
gamma-ray irradiation 200 Gy. Furthermore, short stemmed mutant was selected. Gamma radiation
beam irradiation at a dose of 200 Gy was expected to generate short-stemmed plants, short-lived and
high productivity in order to obtain new varieties.
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2. Methods

The research was conducted in the paddy field Karangpung Village, Kismoyoso, Ngemplak, Boyolali.
The study used 39 seeds of M4 mentik susu rice as a result from gamma ray irradiation 200 Gy
(selection results M3) and mentik susu rice without radiation 1 (control). The research was designed as
a simple design of experimental design. The experiment was done by planting 39 individual M3 200
Gy gamma ray irradiated mentik susu rice and non-irradiated mentik susu rice.

3. Result and discussion

3.1. Plant height

Plant height often observed as an indicator to measure the environmental impact of growth or
treatment applied. Gamma ray irradiation at 200 Gy resulted high influence to mentik susu M4
generation (Table 1). This was in accordance with previous study where radiation with physical
mutagens reduced plant height mutant [4].

Table 1. Plant height mentik susu rice with gamma 200 Gy ray irradiation

Strain M4 Shortest Longest Range Average
(cm) (cm) (cm)
M-MS2-G15T3-2 75 87 75- 87 81.20+6.20 *
M-MS2-G15T3-4 76 89 76- 89 82.50+6.69 *
M-MS2-G15T3-5 83 88 83- 88 85.80+2.57 *
M-MS2-G15T3-7 82 92 82-92 86.70 £ 5.17 *
M-MS2-G15T3-8 85 94 85- 94 89.70 £ 4.79 *
M-MS2-G15T4-24 85 91 85-91 88.00 +3.40 *
M-MS2-G16T5-7 86 92 86- 92 89.00 + 3.09 *
M-MS2-G5T7-12 89 93 89- 93 9120+ 1.81 *
M-MS2-G5T7-16 89 94 89- 94 91.30+£2.67 *
M-MS2-G13T20-29 84 88 84- 88 86.00 +2.36 *
M-MS2-G18T7-4 76 88 76- 88 82.00+6.34 *
M-MS2-G18T7-6 81 89 81- 89 84.70 + 3.80 *
M-MS2-G18T7-7 83 90 83-90 86.40 + 3.86 *
M-MS2-G17T7-10 86 98 86- 98 87.60+£2.01 *
M-MS2-G17T7-11 84 87 84- 87 8590+ 1.45*
M-MS2-G17T7-13 81 86 81- 86 83.20+2.66 *
M-MS2-G17T7-15 78 83 78- 83 80.30+£2.26 *
CONTROL 127 138 127-138 132.80 £ 5.47

Numbers followed by sign (*) significantly different from the control based on the results of t test with a = 0.05

The highest plant was obtained by the control plants (without radiation) with a height of 132.80 cm
high-range 127-138 cm. Lowest plant height 200 Gy radiation results there in strain M4M-MS2 with a
high-G15T3-2 which has a 75 cm height (range 75-87 cm) with an average of 81.20 cm. Previous
research showed differences in plant height than the previous generation (M3) of about 13 cm [5].
Decreased in plant height was due to chromosomal damage as a result of irradiation processes [6].

T test results showed that 200 Gy of gamma irradiation reduced plant height, indicated crop
diversity due to gene mutations of irradiation.

3.2. Harvest time

Harvesting or physiological maturity age is used to determine right harvest time. Characteristics of
physiological maturity is when 80-85% of grains and leaves are yellowing, the stalks are bent under
bear the increased grain weight, and when grain pressed it will feel hard and unbiased [7]. Provision of
200 Gy irradiation affected to harvesting time. Irradiation with 200 Gy accelerated maturity age (Table
2).
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Table 2. Harvest time mentik susu rice as a result of
gamma 200 Gy ray irradiation

Strain M4 Harvest Time (days)
M-MS2-G15T3-2 88
M-MS2-G15T3-4 88
M-MS2-G15T3-5 88
M-MS2-G15T3-7 38
M-MS2-G15T3-8 88
M-MS2-G15T4-24 91
M-MS2-G16T5-7 91
M-MS2-G5T7- 12 89
M-MS2-G5T7- 16 89
M-MS2-G13T20-12 89
M-MS2-G13T20-29 88
M-MS2-G18T7- 4 88
M-MS2-G18T7- 6 88
M-MS2-G18T7-7 90
M-MS2-G17T7- 10 90
M-MS2-G17T7- 11 90
M-MS2-G17T7- 13 90
M-MS2-G17T7- 15 90
CONTROL 135

Control (mentik susu rice without irradiation)

Age of harvest of mentik susu rice resulted from 200 Gy was 88-91 days. Meanwhile, the control
plants have a lifespan of 135 days harvest. Gamma ray irradiation at a dose of 0.2 kGy can produce
strains of shorter lifespan [8]. Mutations in the chromosome as a result of administration of gamma
rays can lead to a shorter-lived of rice [9].

Harvesting time of mentik susu rice M4 generation of gamma ray irradiation results 200 Gy
indicated the homogeneity and significantly different from the control, which similar to previous
studies [5]. Mentik susuM3 200 Gy irradiated has the earliest harvest age 88 days. This suggests that
gamma ray irradiation affects to the time of harvesting. A dose of 0.2 kGy induced mutation proved to
be done to get the plant with early harvesting time [10].

3.3. Number of productive tillers

A productive tiller produces panicles. The greater number of productive tillers per hill, the greater
number of panicles per hill. A 200 Gy of gamma ray can increase the number of tillers mentik susu
rice [11].

The control mentik susu rice M4 has a number of productive tillers range between 11-17 with an
average of 13.80. Productive tillers highest result 200 Gy of gamma irradiation contained in strain M-
MS2-G13T20-29 as many as 33 straws that have a range of 20 to 33 straws with an average of 26.50.
T test results showed administration of 200 Gy of gamma irradiation significantly different from
control. Gamma-ray irradiation plants produce productive tillers number that is higher than the parent
[12].
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Table 3. The number of productive tillers mentik susu rice as results of gamma 200 Gy ray

irradiation
Strain M4 Lowest Supreme Range Average

M-MS2-G15T3-2 9 27 9-27 18.00 £9.20 *
M-MS2-G15T3-4 18 27 18-27 22.40 + 4.60 *
M-MS2-G15T3-5 20 30 20-30 2490+ 5.17 *
M-MS2-G15T3-7 21 28 21-28 24.30 +£3.30 *
M-MS2-G15T3-8 18 28 18-28 22.80 £5.18 *
M-MS2-G15T4-24 17 30 17-30 23.40 + 6.59 *
M-MS2-G16T5-7 20 30 20-30 2490 +4.61 *
M-MS2-G5T7- 16 19 31 19-31 2510+ 6.12 *
M-MS2-G13T20-12 18 30 18-30 2420+ 5.85 *
M-MS2-G13T20-29 20 33 20-33 26.50 + 6.65 *
M-MS2-G18T7- 4 20 32 20-32 25.70 £ 6.02 *
M-MS2-G18T7- 6 22 32 22-32 27.00 +£5.46 *
M-MS2-G18T7-7 21 28 21-28 24.50 +£3.54 *
M-MS2-G17T7- 10 22 32 22-32 26.70 £ 5.06 *
M-MS2-G17T7- 11 22 27 22-27 24.50 +£2.59 *
M-MS2-G17T7- 13 13 25 13-25 19.00 +5.72 *
M-MS2-G17T7- 15 15 30 15-30 22.60 +7.17 *
CONTROL 11 17 11-17 13.80 £3.12

Numbers followed by sign (*) significantly different from the control based on the results of t test with a = 0.05

3.4 Panicle length
M4 panicle length in this research showed a decrease rather than M3 (Table 4). The mutant plants
were irradiated with gamma radiation changed the components of reproduction such as the number of

panicle and panicle length [13].

Table 4. Panicle length mentik susu rice as result of gamma 200 Gy ray irradiation

Strain M4 Shortest (cm) L?:;lngle)St Range I\ﬁfjtn
M-MS2-G15T3-2 22.85 25.03 22,85-25.03 23.94+1.09 *
M-MS2-G15T3-4 21.91 24.41 21,91-24.41 23.16 £1.25 *
M-MS2-G15T3-5 22.53 24.27 22,53-24,27 23.40+0.87 *
M-MS2-G15T3-7 22.44 24.44 22,44-24.44 23.44 4+ 1.00 *
M-MS2-G15T3-8 22.70 24.36 22,70- 24.36 23.53+0.83 *
M-MS2-G15T4-24 22.31 24.05 22,31-24.05 23.18+0.87 *
M-MS2-G16T5-7 21.63 24,50 21,63- 24,50 23.06+1.43 *
M-MS2-G5T7- 12 23.27 25.42 23,27-25.42 2434+ 1.08 *
M-MS2-G5T7- 16 22.98 25.05 22,98-25.05 24.02 £1.04 *
M-MS2-G13T20-12 22.60 24.65 22,60- 24.65 23.62+1.03 *
M-MS2-G13T20-29 22.78 24.29 22,78-24.29 23.54+0.76 *
M-MS2-G18T7- 4 22.64 23.98 22,64-23.98 23.31 £0.67 *
M-MS2-G18T7- 6 22.54 23.94 22,54-23.94 23.24 +£0.70 *
M-MS2-G18T7-7 22.43 24.07 22,43-24.07 23.25+0.82 *
M-MS2-G17T7- 10 22.46 24.56 22,46-24.56 23.51+1.05*
M-MS2-G17T7- 11 22.41 24.20 24,41- 24,20 23.30 +£0.90 *
M-MS2-G17T7- 13 21.58 23.52 21,58-23,52 22.55+ 0097 *
M-MS2-G17T7- 15 21.92 24.20 21,92- 24,20 23.06 +£1.14 *
CONTROL 25.68 31.45 25,68-31.45 28.68 +£2.88

Numbers followed by sign (*) significantly different from the control based on the results of t test with a2 = 0.05

The longest panicle was showed by control plants which a length of 31.45 cm. The length of the
longest panicle rice Mentik susu 200 Gy radiation that results in strainM-MS2-G5T7- 12 with a 25.42
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cm panicle length and the average length of panicle 24.34 cm. T test results showed administration of
200 Gy of gamma irradiation significantly different from the control plants. Results showed Mentik
susu rice panicle length M4of controls is longer than the crops of 200 Gy of gamma ray irradiation.
This is in accordance with previous finding that radiation did not always produce a better crop [14].

The average length of the longest panicle M3 is 26.83 cm [5]. The decreased in the average length
of panicle occurred on the M4 as much as 2.49 cm. This was due to rice blast disease that attacks the
research field. Blast disease caused by the fungus Pyricularia oryzae can attack the leaves and a book
on the pommel panicle and disturb the growth [15].

3.5 Index of panicle

Panicle heaviness index is the ratio between the number of grains per panicle with panicle length
[16]. Plant control in this research have panicles heaviness index higher than 200 Gy irradiation (Table
5). Panicle heaviness index indicates the number density of grain or seed that grows in a panicle.

Table 5. Index of Panicle mentik susu rice result of gamma 200 Gy ray irradiation

Average Average Index
Strain M4 Number of Grains Length of Luxuriance
per Panicle (grain) Panicle (cm) Tassel
M-MS2-G15T3-2 112.96 23.94 4.70 *
M-MS2-G15T3-4 108.14 23.16 4.66 *
M-MS2-G15T3-5 108.22 23.40 5.48
M-MS2-G15T3-7 105.46 23.44 449 *
M-MS2-G15T3-8 110.04 23.53 4.68 *
M-MS2-G15T4-24 94.50 23.18 4.07 *
M-MS2-G16T5-7 102.76 23.06 444 *
M-MS2-G5T7- 12 114.66 24.34 4.69 *
M-MS2-G5T7- 16 114.58 24.02 477 *
M-MS2-G13T20-12 106.34 23.62 449 *
M-MS2-G13T20-29 105.08 23.54 447 *
M-MS2-G18T7- 4 105.30 23.31 4.51%*
M-MS2-G18T7- 6 102.18 23,24 439 *
M-MS2-G18T7-7 105.54 23.25 4.53 %
M-MS2-G17T7- 10 104.96 23.51 446 *
M-MS2-G17T7- 11 101.12 23,30 433 *
M-MS2-G17T7- 13 102.16 22.55 451%
M-MS2-G17T7- 15 111.62 23.06 4.83 *
CONTROL 181.17 28.68 6.35

Numbers followed by sign (*) significantly different from the control based on the results of t test with a = 0.05

The results showed that the control plants had an average index of 6.35 with the longest panicles
26.68 cm and number of grains per panicle 181.17. Mentik susu rice 200 Gy irradiated in lines M-
MS2-G15T3-5 has the highest index of heaviness panicles 5.48, which 23.40 cm panicle length and
number of grains 108.22. These results indicate that the average flash of rice panicle rice control was
denser than mentik susu rice M4 generation results 200 Gy of gamma radiation. In line with the
average panicle length control plants were higher than crops of 200 Gy irradiation. Panicle potential
heaviness index is determined by the amount of total grain and panicle length [17].

3.6 Weight 100 grains

Mentik susu rice results 200 Gy of gamma irradiation has a weight of 100 grains were heavier than
control. The 100-grain weight is the number of filled grain biomass contained in the grain. The amount
of grain that contains (pithy) indicates the more biomass contained in it.
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Table 6. Weight of 100 grains of mentik susu rice as result of gamma 200 Gy ray irradiation

Strain M4 L‘Zg?t Su}()(r:)me Range Average
M-MS2-G15T3-2 2.21 2,68 2.21-2.68 2.44+0.24 *
M-MS2-G15T3-4 223 2.57 2.23-257 2.40+0.17 *
M-MS2-G15T3-5 2.11 2.58 2.11-2.58 2.344+0.24 *
M-MS2-G15T3-7 2,14 2.41 2.14-241 2.28+0.13 *
M-MS2-G15T3-8 2.10 2,81 2.10-2.81 2.45+0.35*
M-MS2-G15T4-24 2.03 2,54 2.03-2.54 2.29+£0.25*
M-MS2-G16T5-7 2.35 2.70 2.35-2.70 2.524+0.17 *
M-MS2-G5T7- 12 2.34 2,68 2.34-2.68 2.51+0.17 *
M-MS2-G5T7- 16 2.30 2,68 2.30-2.68 2.49+0.19 *
M-MS2-G13T20-12 2.18 2,78 2.18-2.78 248 £0.30 *
M-MS2-G13T20-29 2.31 2,59 2.31-2.59 2.45+0.14 *
M-MS2-G18T7- 4 241 2.65 2.41-2.65 2.53+0.12 %
M-MS2-G18T7- 6 2.26 2,69 2.26-2.69 2.48+0.21 *
M-MS2-G18T7- 7 2.20 2.52 220-2.52 2.36+0.16 *
M-MS2-G17T7- 10 2.31 2,63 2.31-2.63 2.47+0.16 *
M-MS2-G17T7- 11 2.15 2.40 2.15-2.40 227+0.12 *
M-MS2-G17T7- 13 2.16 2.55 2.16-2.55 2.35+0.20 *
M-MS2-G17T7- 15 2.29 2.55 2.29-2.55 2.42+0.13 *
CONTROL 2.06 2.33 2.06-2.33 2.19+0.13

Numbers followed by sign (*) significantly different from the control based on the results of t test with o = 0.05

Based on Table 6 control plants had an average weight of 100 grains of 2.19 g with a range 2.06-
2.33 g. The weight of an average of 100 grains in mentik susu rice results 200 Gy of gamma
irradiation highest obtained by the strain M-MS2-G18T7-4 is 2.53 g with a weight range 2.41- 2.65 g.
Gamma ray irradiation mutant plants which have an average weight of 100 seeds was significantly
higher compared with controls (plant origin) [18]. Based on t test results of 200 Gy of gamma ray
irradiation managed to make the weight of 100 grains to be higher than the control plants.

3.7 Yield per plant

Mentik susu rice M4 200 Gy irradiation results show higher productivity grains than control.
Production of gamma-ray irradiation mutation IR 64 in Vietnam getting strains have greater yield of
15-20% of the parents [19]. Seed yield per plant is determined by the number of productive tillers,
panicle length, number of grains per panicle and weight of 100 seeds. When these properties show a
high yield, most result of seeds per plant are also high [20].

Based on Table 7, strains M-MS2-G15T3-2 has the yield per plant by weight of 92.01 g with a
range of 41.00 to 92.01 g. Control plant has an average weight of 24.76 g with a range of grain yield
36.51 g —24.76 g. T test results showed administration of 200 Gy of gamma irradiation significantly
different from the control plants. Based on the results of the T test gamma ray irradiation of 200 Gy
make crop grain yield higher than the control plants. Seed yield per plant is the correlation of the
various components of the results [21]. Components of the crop is the number of panicles, number of
grains per panicle and weight of 100 seeds. The high one component will affect the results of the high
seed yield per clump.

In a previous study, M3 200 Gy irradiation results in strain-coded M-MS2-15-3 which have seed yield
per plant of 91.00 g [5]. Changes that occur in grain yield per plant M4 amounting 1.01 g. M4 in strain
M-MS2-G15T3-2 has the highest grain yield by weight of 92.01 g.
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Table 7. Yield per plant mentik susu rice result gamma 200 Gy ray irradiation

Strain M4 chg)est Su{)g)me Range Average
M-MS2-G15T3-2 41.00 92.01 41.00 to0 92.01 66.51 £25.51 *
M-MS2-G15T3-4 36.86 56.65 36.86 to 56.65 46.76 £ 9.89 *
M-MS2-G15T3-5 42.36 69.98 42.36 t0 69.98 56.17+£13.81 *
M-MS2-G15T3-7 44.96 61.99 44.96 to 61.99 53.47 +£8.51 *
M-MS2-G15T3-8 57.02 76.96 57.02 to 76.96 66.99 £9.97 *
M-MS2-G15T4-24 35.64 64.38 35.64 to 64.38 50.01 £14.37 *
M-MS2-G16T5-7 40.96 64.54 40.96 to 64.54 52.76 £11.78 *
M-MS2-G5T7- 12 37.33 69.82 37.33 t0 69.82 53.57+£16.24 *
M-MS2-G5T7- 16 46.15 75.05 46.15 to 75.05 60.60 + 14.45 *
M-MS2-G13T20-12 38.81 73.44 38.81 to 73.44 56.13+17.32 *
M-MS2-G13T20-29 41.73 75.24 41.73 to 75.24 58.49 £ 16.76 *
M-MS2-G18T7- 4 49.24 80.78 49.24 to 80.78 65.01 £15.77 *
M-MS2-G18T7- 6 46.45 76.41 46.45 t0 76.41 61.43 £14.98 *
M-MS2-G18T7- 7 43.94 63.49 43.94 to 63.49 53.72+£9.78 *
M-MS2-G17T7- 10 49.28 76.34 49.28 to 76.34 62.81 £13.53 *
M-MS2-G17T7- 11 43.84 53.06 43.84 t0 53.06 4845+ 4.61 *
M-MS2-G17T7- 13 33.63 62.58 33.63 t0 62.58 48.11 £ 14.48 *
M-MS2-G17T7- 15 39.05 47.04 39.05 to 47.04 53.05+£13.99 *
CONTROL 24.76 36.51 24.76 t0 36.51 24.76 +36.51

Numbers followed by sign (*) significantly different from the control based on the results of t test with o = 0.05

3.8 Selection of M4

Based on individual selection, mentik susu rice M4 generation 200 Gy with irradiation resulted in
25 mutant plants which were selected by criteria have short-stemmed and have high productivity. The
result of the selection of 25 plants have an average high range of 72- 84 cm. Strain M-MS2- G15T3- 2
with the number 25 is the best selection of plants that have the lowest plant height is 72 cm. Selection
results also seen by productivity gains. Strain M-MS2- G15T3- 2 with the number 19, which has the
highest productivity gains is to have the results of planting seed yield as much as 129.67 g. Mutation
resulted shorter plants [22] and the productivity of rice plants irradiated at doses of 100 to 200 Gy can
provide a higher yield than the control plants [23].
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Table 8. Selection of M4

No. Strain M4 Number of Plants Plant Seed Yield
Selected Height(cm) Planting(g)
1 M-MS2- G15T3-2 5 81 88.39
19 82 129.67
25 72 60.54
2 M-MS2- G15T3-4 7 76 70.30
28 80 56.88
3 M-MS2- G15T3-5 21 33 56.73
4 M-MS2- G15T3-7 18 77 40.97
28 78 48.88
5 M-MS2- G15T3-8 5 79 45.14
6 M-MS2- G15T4-24 10 83 79.08
7 M-MS2- G13T20-12 4 82 69.09
8 M-MS2- G13T20-29 17 84 55.63
27 83 43.72
9 M-MS2- G18T7-4 4 81 54.96
5 83 88.90
9 83 85.81
24 84 82.92
10 M-MS2- G18T7-6 19 83 75.32
24 80 69.10
11 M-MS2- G18T7-7 11 78 43.39
24 82 69.63
12 M-MS2- G18T7-10 5 84 83.62
13 M-MS2- G18T7-11 24 84 53.22
14 M-MS2- G17T7-15 2 79 88.81
10 76 56.62

Source: Results of selection

4. Conclusions

The conclusion of the research is rice plants of mentik susuM4 generation results 200 Gy of gamma
ray radiation has a high performance of the plants, harvesting age, number of productive tillers, 100-
grains weight and grains yield per plant better than the control (without radiation). There were 25
individual selected mutant strains of mentik susuM4 generation results 200 Gy of gamma radiation
that has the character of a short stem and has a higher productivity than the control (without radiation).
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