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The increasing of plant genetic diversity can be done through physical
mutations with gamma-ray irradiation. This study aimed to determine the effect
of gamma-ray irradiation on the growth of six M1 generations of black rice
accessions. This research was conducted from May to October 2019 at the
Experimental Rice Fields of Perjuangan University, Tasikmalaya, West Java.
The materials used in this study were six black rice accessions from Tasikmalaya
(PH, PH2, PH3, PH5, PH7, and PH8) without 0 Gy irradiation and M1
generation irradiated with 200 Gy gamma-ray. The results showed that gammaray irradiation reduced germination characteristics, seedling height, and
flowering age. Some of the accessions showed different effects, there were a
decrease and an increase in the characters of root length, plant height, number
of productive tillers, number of unproductive tillers, and the total number of
tillers.
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1. Introduction
Indonesia has many rice (Oryza sativa L.) varieties, one
of the popular rice in the community is black rice.
Black rice is consumed as a functional food because it
is rich in nutrients such as amino acids, potassium,
magnesium, calcium, iron, anthocyanin pigments, and
flavonoids. Those nutrients can promote body health
and increase resistance to disease (Suhartini and Suardi
2010). The economic value of black rice is high
because it has higher properties and nutritional value
compared to white and brown rice. Local rice that has
been cultivated sustainably has the advantage of being
able to adapt well to various specific land and climatic
conditions (Kristamtini 2014; Sitaresmi et al., 2013).
But, local rice has limitations that make its existence
increasingly abandoned and threatened with extinction,
including long-life (>145 days), a high posture that
causes plants to fall easily, not resistant to pests and
diseases, and low production (Toha et al., 2005).
Local rice characteristics improvement can be done
through plant breeding activities. The most widely
practiced traditional breeding methods are crossing or
hybridization, but still have weaknesses such as
accuracy and long-time requirements. Meanwhile,
breeding through biotechnology can be carried out
with several methods such as tissue culture and genetic
engineering with the molecular marking approach and
mutation utilizing gamma-ray irradiation. Mutations
are changes that occur suddenly and randomly in
genetic material at the level of the genome,
chromosome, or gene (Aisyah, 2006; Lestari, 2012).
Induced mutations are a proven way to cause diversity
in plant varieties against desirable traits that cannot be
expressed in original characteristics or lost during
evolution.
The effect that will occur when inducing mutations
is to increase the high diversity after irradiation. This is
the only way that can be done to improve the diversity
in sterile and apomixis plants. Mutations can also
produce variety more quickly than conventional
breeding. In addition to having several advantages,
mutation breeding has several weaknesses, where the
acquired traits are unpredictable and the instability of
genetic markers that appear in the next generation.
The decrease in plant height or plants becomes stunted
due to the influence of high doses due to physiological
disorders or chromosomal damage due to the effect of
mutagens (gamma-ray radiation) given. This mutation
was carried out to obtain the genetic diversity of black
rice plants related to plant age to make it more early
through mutation breeding (Syukur, 2000).
According to Sobrizal (2016), mutation breeding
can effectively change a few traits without changing
other characteristics that are already preferred.
According to Rahayu et al. (2013) stated that after the
induction mutation, the production ranged from 4.377.20 tons/ha compared to the Sarinah variety, which
was 3.57 tons/ha altitude of 700 m above sea level.
The optimum dose of gamma-ray radiation of the
Cintana variety is around 200 Gy. This study aimed to

determine gamma-ray irradiation on the growth of six
M1 generation black rice accessions.

2. Materials And Methods
A. Time and place
This research was conducted from July-November
2019 at the Experimental Rice Fields of the
Tasikmalaya City, West Java, at an altitude of 350
meters above sea level.
B. Plant material
In this study, we used six black rice accessions
originally from Tasikmalaya that collected by the
Department of Agrotechnology of Perjuangan
University. The germplasm namely PH1 (Cisayong 1),
PH2 (Cisayong 2), PH3 (Tasikmalaya Regency Office),
PH5 (Indihiang), PH7 (Rajapolah), and PH8
(Singaparna) (Nurhidayah and Umbara, 2019). We
used black rice without irradiation (0 Gy) and M1
generation (irradiated with 200 Gy gamma-ray)
because Warman et al. (2015) stated that 200 Gy
gamma-ray radiation dose in black rice generation M2
could increase wide genetic diversity.
21 days after sowing, one seed per hole was
planted at a distance of 25 cm x 25 cm. The seeds
consisted of 6 accessions without gamma-ray
irradiation (0 Gy) and 6 accessions resulting from the
M1 generation of 200 Gy gamma-ray irradiation. Each
accession was planted in a plot measuring 6 m² with 3
replications so that the total area of the experimental
field was about 288 m².
C. Observation variables
The percentage of germination capacity (%) was
calculated from the number of live seeds divided by
the number of seeds sown multiplied by 100%. Seed
height (cm) measured from the base of the stem to the
tip of the leaf, by straightening the plates upwards and
expressed in cm at the age of 21 days after sowing
(DAS). Root length (cm), calculated by measuring the
stem's base to the tip of the root. Measurements were
made at the age of 21 HSS and expressed in units of
cm. Plant height (cm) was measured from the soil
surface to the tip of the flag leaves, is still upright at
the age of 11 days after planting (DAP). The total
number of tillers, namely the total number of tillers per
clump at the age of 11 weeks after planting (WAP).
The number of productive tillers, which is the number
of tillers who are tolerant and measured at the age of
11 DAP. Flowering age (DAS) was calculated when
the plants flower about 50%. Then, t data obtained
were calculated using descriptive analysis by calculating
each treatment's mean value using Microsoft Excel.

3. Results And Discussion
A. Germination
The test results showed that black rice accessions
without gamma-ray irradiation had germination power
ranging from 79-97%, while accessions irradiated with
gamma rays had germination power of 72-90%. A total
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of 5 accessions (PH1, PH2, PH3, PH5, and PH8)
decreased their germination capacity after irradiation,
except for PH7 accessions, which increased their
germination capacity from 87% to 90%. PH2
accession experienced the most considerable reduction
in germination, which was 22%. Meanwhile, PH3
accession experienced a decline in germination at least
2% (Figure 1).

According to Sakin (1998), gamma rays harm the
M1 generation. The percentage of the number of live
seeds decreased with the increase in the mutagen
concentration. The decrease in seed germination
capacity was due to a deterministic effect due to
gamma-ray irradiation. This causes a low rate of
germination and seedling growth and can even cause
death.

Figure 1. Percentage of black rice germination before and after gamma-ray irradiation.
B. Seed height
Based on Figure 2, the seed height growth for each
accession is different. PH1 accessions before gammaray irradiation had seedlings about 20.48 cm taller than
other accessions. Meanwhile, PH3 accession tended to
be the shortest at around 18.11 cm. High inhibition in
each accession occurred in all accessions tested after
irradiation. This was supported by the data that the

accessions that had been irradiated with gamma rays
were seen to experience seed growth inhibition in the
height range 17.20-18.94 cm.
PH1 accession after irradiation had higher seeds
compared to other accessions. This can be caused by
genetic factors so that it has almost the same effect on
rice plants' height. Of all accessions resulted in
gamma-ray irradiation tends to decrease compared to
without gamma-ray irradiation.

Figure 2. Height of black rice seedlings before and after gamma irradiation.
C. Root length
Figure 3 shows that PH5 had the longest roots before
irradiation, and PH3 had the shortest roots.
Meanwhile, after gamma-ray irradiation, PH2 accession

had longer roots (5.28 cm), and PH1 accession had the
most lacking roots (3.47 cm). Accessions PH1, PH5,
and PH7 tended to shorten roots, while accessions
PH2, PH4, and PH8 tended to become longer after
being given gamma-ray irradiation.

Figure 3. Length of black rice roots before and after gamma-ray irradiation.
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Gamma rays can also suppress the growth of roots,
stems, and leaves (vegetative growth). Gamma
radiation at too high a dose can directly affect plants.
The higher the gamma radiation dose, the lower the
plant's survival or growth; even higher doses, causes
the plant to die. The radiation dose used to induce
diversity is critical to the success of mutant plants.
Giving too high a dose will inhibit cell division, which
causes cell death, which affects the plant growth
process and decreases plants' growth power and plant
morphology. However, radiation doses that are too
low are insufficient to mutate plants because the
mutation frequency is too low to produce only a few
mutated regions.
D. Plant height
Based on the morphological criteria for plant height
issued by IRRI in 2012, it is divided into short (<90
cm), medium (90-125), and tall (> 125) criteria. Plant
height is classified as a somewhat important character,
and this is because plant height dramatically affects the
level of soil and efficiency in harvesting. If it is seen
from Figure 4 that all accessions tested before
irradiation are included in the moderate criteria, while
after irradiation, one accession is in a short category
(88.2 cm), and five accessions are in the medium
category. The height distribution of the black rice
plants tested had different results when seen from the
research of Nurhidayah and Umbara (2019) that the
black rice accession tested included high criteria with a
height range of 129-137 cm. Environmental conditions

influence this study, namely, the research was carried
out in the dry season, and there was a drought to affect
rice plants' growth.
Based on Figure 4, black rice paddy after
irradiation gave a different response. Black rice
accession experienced a high increase (PH1, PH2, and
PH8) as much as 50% and 50% experienced
shortening (PH3, PH5, and PH7). Reduced plant
height or plants become stunted due to the influence
of high doses as a result of physiological disturbances
or chromosomal damage caused by mutagens (gammaray radiation) given. That the provision of gamma rays
with high concentrations, in general, can reduce the
percentage of plant growth.
The decrease in the rate of plant growth due to
gamma-ray radiation is caused by a deterministic
effect. The deterministic impact is the effect of cell
death induced by radiation exposure (Aisyah, 2006).
This arises because the radiation exposure dose given
is above the threshold dose that should be received.
The higher the radiation dose, the higher the
deterministic effect. Plant height is a quantitative trait
that is controlled by many genes. The character of
plant height or a decrease in plant height is the most
common indicator used to see mutagens' effects, both
physical and chemical (Aisyah, 2006). In the study of
Hanafiah et al. (2010), the impact of gamma-ray
irradiation was to increase plant height at a dose of 20150 Gy and reduce plant height at a dose of 200 Gy in
soybeans.

Figure 4. Distribution of mean height of black rice plants before and after gamma-ray irradiation.
E. Number of tillers
The number of productive tillers of accessions tested
before gamma-ray irradiation ranged from 8-14 tillers,
while accessions that had been irradiated with gamma
rays ranged from 9 to 20 clumps (Figure 5.a). A total
of 3 accessions (PH3, PH5, and PH7) experienced an
increase in the number of tillers per cluster. Three
accessions (PH1, PH2, and PH8) experienced a
reduction in the number of tillers per clump after
gamma-ray irradiation. In line with the research of
Rahayu et al. (2020), there was a decrease in the
number of productive tillers in the Mira-1 variety and
Bestari variety after the M1 generation of 200 Gy
gamma-ray irradiation dose treatment.
Before gamma-ray irradiation, accessions were in
the range of 8-14 unproductive tillers and 9-20
unproductive tillers per clump (Figure 5.b). After

gamma-ray irradiation, accessions PH1, PH2, PH7,
and PH8 increased the number of tillers while PH3
and PH5 decreased the number of tillers per clump.
After irradiation, PH3 accessions had fewer
unproductive tillers (9 tillers) than PH8 accessions had
more tillers, about 20 unproductive tillers per hill. A
large number of unproductive tillers cause fewer rice
yields. The photosynthate results that are inhibited
from entering the grain (sink) result in fewer rice
yields.
The total number of tillers of accessions tested
before gamma-ray irradiation ranged from 13 to 18
tillers, while accessions that gamma rays had irradiated
ranged from 13-24 tillers (Figure 5.c). After being
irradiated with gamma rays, PH8 accessions had the
most tillers, namely 24 tillers, while the lowest was
PH3 accessions with an average of 13 tillers.
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Figure 5. Distribution of the mean number of tillers per hill of black rice. a) productive tillers, b) unproductive tillers c) the
total number of tillers per hill.
Figure 5 shows that the accessions PH1, PH2,
PH7, and PH8 after gamma-ray irradiation
experienced an increase in the number of tillers. In
contrast to the accession PH, 5 experienced a
reduction in the total number of tillers. Meanwhile,
PH3 accession did not change (13 children). The
observation of the number of offspring showed that
the results were not significantly different. The
genotype that was initially homozygous changes to
heterozygous so that the dominant gene's difference
into a recessive gene remains covered by the dominant
gene pair. Also, mutation treatment sometimes does
not appear in the M1 generation but only seems in the
M2 age and so on (Soedjono, 2003). This was also
reinforced by Nurhidayah and Umbara (2019), who
revealed that the total number of tillers of black rice
was around 15-19 tillers. Soeranto (2011) states that
mutations may not be directly expressed in the
phenotype when the transformation occurs in a
recessive direction and is in the heterozygous genotype
structure, also known as silent mutation.

F. Flowering age
Based on Figure 6, black rice accessions before
gamma-ray irradiation have a flowering age ranging
from 74-89 DAS, while black rice accessions after
gamma-ray irradiation range from 70-84 DAS. After
being irradiated with gamma rays of all rice accessions,
black rice tends to flower more quickly. The flowering
of PH1 accession was faster, around 70 DAS, and the
slowest PH3 acquisition was 84 DAS after irradiation.
The rapid age of harvest can be indicated by the
quick age of flowering mutant plants from the
observations carried out. It is that between the
flowering period and the harvest age of the rice crop,
there is a genuine positive correlation, where the more
the flowering age, the deeper the harvesting age so that
the flowering period can be used as a marker of the
harvest age. The fast flowering of plants is due to
genetic changes resulting from the induction mutations
carried out.
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Figure 6. Flowering age of black rice before and after gamma irradiation.

4. Conclusion
All tested black rice accessions after gamma irradiation
resulted in the most decline in the characteristics of
germination, seedling height, and flowering age.
Moreover, some of the accessions experienced a
decrease and increase in the character of plant height,
root length, and the number of tillers.
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