


2/10/2021 Black rice mutant strain selection results of M3 generation mutation breeding - IOPscience

https://iopscience.iop.org/article/10.1088/1755-1315/486/1/012094/meta 1/3

PAPER • OPEN ACCESS

Black rice mutant strain selection results of M3
generation mutation breeding
M M Putra , M Riadi  and R Sjahril
Published under licence by IOP Publishing Ltd 

IOP Conference Series: Earth and Environmental Science, Volume 486, 2nd International Conference on Food

Security and Sustainable Agriculture in the Tropics 2 September 2019, Makassar, Indonesia

Citation M M Putra et al 2020 IOP Conf. Ser.: Earth Environ. Sci. 486 012094

Abstract

This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out more,
see our Privacy and Cookies policy. 

1 2 3

arielputra271@gmail.com
 Undergraduate Program, Agrotechnology Program Study, Universitas Hasanuddin, Makassar, 90245,

Indonesia

 Laboratory of Plant Breeding and Seed Sciences, Faculty of Agriculture, Universitas Hasanuddin,
Makassar, 90245, Indonesia

 Laboratory of Plant Bio-science and Reproduction Biotechnology, Faculty of Agriculture, Universitas
Hasanuddin, Makassar, 90245, Indonesia

https://doi.org/10.1088/1755-1315/486/1/012094

Buy this article in print

1

2

3

Journal RSS

Sign up for new issue notifications

Create citation alert

PDF

Help

https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/volume/1755-1315/486
https://iopscience.iop.org/issue/1755-1315/486/1
http://ioppublishing.org/privacyPolicy
mailto:arielputra271@gmail.com
https://doi.org/10.1088/1755-1315/486/1/012094
https://pod-iopscience.org/?doi=10.1088/1755-1315/486/1/012094&UTCDate=10022021_100224
https://iopscience.iop.org/journal/rss/1755-1315
https://myiopscience.iop.org/signin?origin=a0&return=https%3A%2F%2Fiopscience.iop.org%2Fmyiopscience%2Falerts%2Fsubscribe%3Fjournal%3D1755-1315
https://myiopscience.iop.org/signin?origin=a0&return=https%3A%2F%2Fiopscience.iop.org%2Fmyiopscience%2Falerts%2Fsubscribe%3FarticleID%3D1755-1315%2F486%2F1%2F012094
https://scholar.google.com/scholar_url?url=https://iopscience.iop.org/article/10.1088/1755-1315/486/1/012094/pdf&hl=en&sa=T&oi=ucasa&ct=ufr&ei=6rojYJDzGZiA6rQPltmS8Ao&scisig=AAGBfm1gtaoopgScE235jmH7osx17b6uDw
https://scholar.google.com/scholar/help.html#access


2/10/2021 Black rice mutant strain selection results of M3 generation mutation breeding - IOPscience

https://iopscience.iop.org/article/10.1088/1755-1315/486/1/012094/meta 2/3

Local rice is germplasm which has great potential to be developed in meeting food needs in Indonesia.

Black rice is known to have great health benefits but in general has a weakness in low yields.

Therefore, research is needed to overcome this weakness. This study aims to determine the effect of

heavy ion beam irradiation on production yields per hectare of the black rice mutant lines of the M3

generation. The experiment was carried out for 6 months using 50 strains of black rice mutants

obtained from the M2 generation plus 1 negative control and 1 positive control. Based on the results of

the coefficient analysis on the observed characters, there are potential and effective characters to be

developed in the next M4 generation of black rice, namely the number of grains per panicle, panicle

density, panicle length, percentage of filled grains per panicle and 100 grains weight.
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Abstract. Local rice is germplasm which has great potential to be developed in meeting food 

needs in Indonesia. Black rice is known to have great health benefits but in general has a 

weakness in low yields. Therefore, research is needed to overcome this weakness. This study 

aims to determine the effect of heavy ion beam irradiation on production yields per hectare of 

the black rice mutant lines of the M3 generation. The experiment was carried out for 6 months 

using 50 strains of black rice mutants obtained from the M2 generation plus 1 negative control 

and 1 positive control. Based on the results of the coefficient analysis on the observed 

characters, there are potential and effective characters to be developed in the next M4 

generation of black rice, namely the number of grains per panicle, panicle density, panicle 
length, percentage of filled grains per panicle and 100 grains weight. 

1.  Introduction 

Local rice in Indonesia, especially in South Sulawesi, is a germplasm that has potential as a source of 

genes that control important traits in rice plants. Prior to the development of technology during the 

green revolution, farmers in each region planted local rice that adapted to specific agroecosystems. 

The local rice has been cultivated since centuries ago for generations and is part of the cultural 

traditions of the people of South Sulawesi. 

Tana Toraja is one of the highland areas in South Sulawesi that has a diversity of local rice 

germplasm. Based on information from the Agriculture Office of Tana Toraja Regency, in this area 

there are still many local rice varieties planted by farmers. Some local rice varieties used from 

generation to generation as part of the community's traditions and culture are the black rice (Pare 

Ambo) and red rice (Pare Lea) from the North Toraja Regency. The use of rice in cultural rituals helps 

to preserve traditional rice varieties amid the rapid use of introduced varieties. 

Black rice has a unique phenotype character. The dark purple color makes this rice look black 

because of its high anthocyanin content. Anthocyanin is a water-soluble pigment that has antioxidant 

activity. Black rice is known to have properties to increase the body's resistance to disease, repair 

damaged liver cells, prevent damage to kidney function, prevent cancer/tumors, slow aging, 

antioxidants, clean cholesterol in the blood and prevent anemia [1]. 
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Local rice in general has several weaknesses including longevity and low yield [2]. Long harvest 

life and low productivity are the limiting factors that can cause the interest of farmers to grow local 

rice, so that it is feared that it will cause a lack of availability of local rice cultivars as germplasm 

material. 

Improvement of local rice plant characteristics can be done in various ways, both conventionally 

and by mutation induction. Along with the development of the times, breeding techniques are now 

developed using ion beams known as heavy ion beams. This ion beam is safer, does not damage the 

endosperm, because the dose is low so the mutation induction rate is higher. Mutations with this 

technique make it possible to produce local rice mutant genotypes that have good and more stable 

quantitative and qualitative characters. 

Mutation induction in local rice with irradiation is expected to produce mutant rice which has better 

properties compared to some of its original cultivars [3], especially in terms of improving plant age. 

From the results of a previous study by Trisnawati [4] on local black rice and red rice using heavy ion 

beam irradiation in M1 generation, a generation of mutants was obtained, then after planting M2 the 

black rice and red rice lines of M3 were obtained. Based on the description that has been stated, it is 

necessary to conduct research on "Black Rice Mutant Strain Selection Results of M3 Generation 

Mutation Breeding". 

2.  Materials and methods 

This research was conducted at the screen house as a seeding place and paddy field in Kambiolangi 

Village, Alla District, Enrekang Regency with an altitude of 650 m above sea level (S: 3° 19'47, 44";  

E: 119° 50'1, 57", from March to September 2018. 

Experiment was carried out using the method of mass selection. At this stage, selected genotypes of 

the M2 generation mutant strain number in the ion beam irradiation treatment of Carbon and Argon 

species were planted in 1 line on each line number plus 1 control line as the elders placed on both 

sides of the treatment plot with spacing 30 cm x 30 cm as many as 50 plants. Land management starts 

from clearing land from weeds using herbicides and remnants of M2 planting and then proceed with 

tillage using hand tractors until the land is clean and ready for planting. M3 seedlings that have been 

planted for three weeks were planted directly in each row plus 1 control line. Each line consisted of 10 

plants with a spacing of 30 cm x 30 cm.  

Plant maintenance included monitoring water conditions in the field, controlling weeds manually, 

sowing molluscides to control snail pests and rodenticides to control rodent pests in the field, and 

spraying insecticides to control pest ladybugs and stink bugs that attack when the plant starts 

flowering, and installation of nets to avoid sparrow pests when entering the milk maturation phase. 

Harvesting was done after 2/3 of the panicle has turned yellow. This third generation (M3) harvest has 

been directed at all possible genotypes arising from mutations. Each mutant genotype is separated into 

separate groups. 

Observations were made on growth and production parameters that included quantitative 

characters. The quantitative characters observed in this study were the number of productive tillers per 

hill (panicle), the number of grains per panicle (grain), panicle density (grain/cm), grain weight per hill 

(g), grain weight per line (g). Observation data obtained were then collected and analyzed by 

correlation test and heritability test using SPSS software version 24 and Microsoft Excel 2013. 

3.  Results and discussion 

Correlation results between the genotypes of the black rice mutants of the Pare Ambo M3 generation 

are presented in Table 1. The yield component which is significantly positive with the grain weight per 

line is the grain weight per hill. Likewise the character of panicle density is positively correlated with 

the number of grains per panicle. 
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Table 1. Correlation between characters of Pare Ambo black rice mutant lines 

  Number of 

Productive 

Tiller per Hill 

Number of 

Grains 

per Panicle 

Panicle 

Density 

Grain Weight 

per Hill 

Grain Weight 

per Line 

Number of Productive Tiller 

per Hill 
1 0.146ns 0.226ns -0.314ns -0.329ns 

Number of Grains per Panicle 0.146ns 1 0.898
**

 -0.247ns 0.033ns 

Panicle Density 0.226ns 0.898
**

 1 -0.193ns 0.195ns 

Grain Weight per Hill -0.314ns -0.247ns -0.193ns 1 0.598
*
 

Grain Weight per Line -0.329ns 0.033ns 0.195ns 0.598
*
 1 

ns= not significant; *=Correlation is significant at the 0.05 level (2-tailed); **=Correlation is significant at the 

0.01 level (2-tailed). 

 

Based on the heritability of black rice Pare Ambo in Table 2, for carbon ion irradiation treatment 

ranged from 33.98% to 79.02% and for argon ion irradiation treatment 65.32% to 96.57%. The 

characters that showed the highest heritability in carbon ion treatment were panicle density (79.02%), 

number of grains per panicle (59.35%), number of productive tillers (55.38%), grain weight per hill 

(33.98%) and the characters that showed the highest heritability in the argon ion treatment were grain 

weight per hill (96.57%), panicle density (72.38%), number of productive tillers (67.43%) and number 

of grain per panicle (panicle) 65.32%). 

Table 2. Genotypic variance (VG), phenotypic variance (VP), genotypic coefficient variation (GCV), 

phenotypic coefficient variation (PCV) and heritability values (h
2
) of the yield components characters 

from 10 red rice mutant lines third generation (M3) 

Character Treatment Average Min Max VG VP GCV (%) PCV (%) h2 

Number of Productive Tiller 

Cont. 9.10 7 11 49 -  -  -  -  

Carbon 12.70 6 22 8.57 12.39 23.05 27.72 55.38 

Argon 10.95 7 21       11.73        15.56  31.28 36.02 67.43 

Number of Grains per Panicle 

Cont. 186.80 135 257 2227.30  - -  -  -  

Carbon 185.76 100 326 2047.12 2879.22 24.36 28.89 59.35 

Argon 188.10 112 289 2399.04 3231.14 26.04 30.22 65.32 

Panicle Density 

Cont. 5.12 4.08 6.76 1.97  - -  -  -  

Carbon 5.55 2.70 9.79 1.66 2.01 23.19 25.51 79.02 

Argon 5.26 3.51 7.63 1.26 1.61 21.33 24.1 72.38 

Grain Weight per Hill 

Cont. 39.93 27.79 55.00 125.51  - -  -  -  

Carbon 54.24 10.50 124.64 396.18 657.76 36.69 47.28 33.98 

Argon 68.66 23.24 435.40 7636.95 7898.53 127.27 129.44 96.57 

Based on observations of the character of the M3 generation black rice mutant genotype of Pare 

Ambo, it was found that there was a high significant differences between genotypes. The treatment of 

heavy ion beam irradiation can cause damage to the main cell components of the chromosomes so as 

to cause changes in plant phenotypes. Changes in plant phenotypes can be seen from the differences in 

each character observed. Irradiation carried out causes an increase or even decrease in the measured 

observational character. 

The number of productive tillers of Pare Ambo black rice mutant lines in 10 lines had fewer 

number of tillers and were significantly different than those of the control. According to IRRI [5], the 

grouping category consists of number of tillers; few (<10), moderate (10-20) and many (> 20). To 

observe the total number of tillers, a large classification is taken according to IRRI, because the more 

total number of tillers it is expected that in these mutants the productivity will also be higher. The 

average number of productive tillers in Pare Ambo can be categorized as moderate. The effect of the 

mutated seed, if radioactivity hits the plant tissue will cause ionization of water molecules, then it will 

oxidize DNA sugars resulting in the breakdown of the nucleotide sequence. In addition, there is also 

radiation that can directly cause nucleotide bases to become loose, damaged or change the 

composition of the molecule [6]. The small number of tillers per clump in mutant lines could 

attributed to plants having relatively high stems. According to Nuruzzaman et al. [7], number of tillers 
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of rice varieties could also affected by the morphological characters. High-stemmed rice varieties will 

produce fewer tillers because most of the photosynthetic results will be transferred to plant height 

growth. Makarim et al. [8] reported that productive tillers is one component of yield that directly 

affected the grain yields. Increased productivity of rice plants can be associated with the number of 

productive tillers, because tillers directly produce rice panicles that produce rice seeds or grain. 

In Pare Ambo black rice, G12 strain produced the highest grain weight per family (80.21 g) and 

was significantly different from control and 10 other lines. The weight of grain per line in black rice 

Pare Ambo has a significantly positive correlation with grain weight per hill (0.598). That is, the more 

grain weight per hill, the heavier grain weight per line and the character of the grain weight per panicle 

are positively correlated with panicle density. This is confirmed by research by Ogunbayo et al. [9] 

which explains that the amount, percentage and weight of filled grains per panicle in rice is one of the 

factors affecting grain production. This character has a positive correlation with grain yield in rice 

plants. The increase in grain yield will be followed by the large number of total grain per panicle [10]. 

This is confirmed by research Winarsi et al. [11] which found that the total grain character per panicle 

has a very significant correlation with the grain weight per clump. 

According to Kumar and Vidyakar [12] each character in rice plants has a different contribution to 

the level of diversity produced. The heritability value of Pare Ambo black rice mutant lines irradiated 

with Carbon and Argon for the character of the number of productive tillers, number of grains per 

panicle, panicle density, grain weight per clump and grain weight per row ranged between 33.98% -

96.57%. 

High heritability value means that genetic diversity plays an important role in the appearance of 

phenotypes of the plants. According to Babu et al. [13], high heritability value means that genetic 

factors make an important contribution in the subsequent selection process. Heritability values show 

how the proportion of a gene can be derived in the next generation based on observations of the 

observed phenotype characteristics. Saleem et al. [14] reported that high heritability and genetic 

progression results from Basmati rice crossing for traits such as plant height, flag leaf area, grain 

production per plant and number of productive tillers. Meanwhile, according to the report Vanaja and 

Babu [15] the heritability value indicated by the ratio of grain length and width, percentage of grain 

sosoh/sesame seeds, water absorption and amylose content can be used as a selection parameter in rice 

plant breeding. 

4.  Conclusions 

The results of this study indicate that the high grain weight per clump in Pare Ambo black rice is 

supported by the number of grains per panicle, panicle density, grain weight per panicle and grain 

weight per line. These four characteristics are very important and effective for selection in increasing 

grain yields in Pare Ambo black rice cultivation in the next fourth generation (M4). The selection of 

the right characteristics of the crossed product, it is hoped that the selected lines can be developed into 

new varieties. 
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Abstract. Toraja black rice has a high anthocyanin content, a water-soluble pigments, with 

antioxidant activity. Toraja black rice has a variety of seeds colour in one panicles such as full 

black (the outside and inside the rice), medium black (the outside and slightly inside rice) and a 

little black (only the outside of rice). Embryo culture in vitro is one way to grow plants in sterile 

conditions. The presence of contamination and the death of the embryo require in vitro embryo 

culture. The sterilization technique is a very important first step to eliminate contamination and 

the death of embryos. This research aims to determine the right material composition for 

sterilization of black rice’s embryo. The experiment was done by growing black rice on half 

strength MS media with the treatment of three method of sterilization, i.e.: S1 (70% alcohol for 

5 minutes, 3% and 2% Chlorox each for 10 minutes,), S2 (70% alcohol for 3 minutes, 2% Clorox 

for 10 minutes) and S3 (70% alcohol for 3 minutes and 1% Clorox for 15 minutes). The materials 

used are rice seedlings that have been cut in two and opened the pericarp of paddy grain, leaving 

a piece of rice that has a complete embryo. The best sterilization for Toraja black rice embryo 

culture was using the S3 composition. Best germination was seen on the seeds with full and 

medium black color. 

1.  Introduction 

Black rice from Toraja District / North Toraja region, has a unique phenotype character. A dark purple 

color that makes this rice looks black at a glance, caused by high anthocyanin content. Anthocyanins 

are water-soluble pigments, which have antioxidant activity. Black rice is known to increase the body's 

resistance to disease, repair damaged liver cells, prevent renal function, prevent cancer / tumor, slow 

aging, as an antioxidant, clean cholesterol in the blood, and prevent anemia [1, 2]. 

Black rice in Indonesia is predominantly derived from local rice from various regions. One of the 

areas in Indonesia that has a variety of local rice is South Sulawesi. Local rice is a major source of 

genetic diversity in rice breeding efforts, especially black rice. One of the local rice varieties used for 

generations as part of the tradition, ritual and culture of the community is black rice (Pare Ambo) from 

Toraja District / North Toraja District. 

The productivity of local paddy especially Toraja black rice is still low. BPS data [3] noted that local 

rice productivity in the country of 3.99 tons ha-1 is much lower than that of paddy field productivity of 

5.26 tons ha-1. Other shortcomings due to black Toraja rice have a deep age, ranging from 5-6 months 

[4]. This cause the black rice is less developed in a broad scale. 

In addition, Toraja black rice has a very low level of purity, to be used as a source of genetic diversity. 

Preliminary studies have been done, indicating that at one panicle there were different colors of seeds. 

mailto:feranita_haring@yahoo.co.id
http://creativecommons.org/licenses/by/3.0
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Some black seeds are black in whole (the outside and in the rice), others are medium black (the outside 

and slightly inside the rice) and are black in color (only the outside of the rice). In vitro culture has been 

widely used for the development of plant food cultivation. In plant breeding, embryo rescue culture 

applications are expected to maintain their integrity and grow into new plants [5]. One of the most 

widely used in vitro culture techniques is embryo culture, because embryo culture is one of the earliest 

studies to obtain plants that are free from contamination of microorganisms. 

Through embryo culture, early embryo development can be studied. In the field of plant breeding, 

embryo culture can speed up the hybridization cycle [6]. The choice of embryos as explants due to the 

availability of seeds, has a high physiological uniformity and can be carried over time and at 

considerable distance [7]. 

One obstacle in the process of embryo culture in vitro is contamination. The sterilization technique 

is a very important first step to eliminate contamination and the death of embryos in in vitro cultures. In 

addition it is expected that sterilization does not change the color of black rice rice. 

2.  Materials and methods 

2.1.  Place and Time 

The research was conducted at the Laboratory of Plant Biosciences and Reproduction Biotechnology, 

Department of Agronomy, Faculty of Agriculture, Hasanuddin Universit, Makassar. The study took 

place from April to November 2017. 

2.2.  Materials 

Black rice seed of Pare Ambo variety was obtained from farmers survey in Ao 'Gading Toraja Utara, 

inorganic and organic material components for the manufacture of Murashige and Skoog (MS) media, 

clorox and alcohol. 

2.3.  Implementation of Research 

There were two goals in this experiment. First experiment was carried out by testing kinds of sterilization 

technique for Toraja's black seed and the second experiment was to see germination performance of 

black seeds of Toraja. 

2.3.1.  Experiment 1. Preparation of materials. The seeds used were peeled Toraja black rice seeds cut 

crosswise into two parts to see the color within the endosperm. The part used was the embryo half pieces. 

Peeling and cutting the seed were conducted to select and classify seeds based on the same color criteria. 

The pieces are grouped into three sections of the rice color level: the full black (HP) (black on the surface 

and inside of the rice), the medium black (HM) (black on the surface and slightly inside the rice) and 

the black one (HS) (black only the surface of the rice) (figure 1). The seeds of embryo half pieces are 

grown in vitro on ½ MS germination medium after a sterilization process. 

 

 

 

Figure 1. Cross-section of black rice seeds of Toraja (a) Black rice seeds with black color 

(HS), (b) Black rice seeds with medium black color (HM), and (c) Black rice seeds with 

full black color HM). 

 

a b c 
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Sterilization was performed with three sterilization sequence treatments based on the materials used. 

Treatment of S1 was done by sterilizing rice explants consecutively using 70% alcohol for 5 minutes, 

rinsed with sterile distilled water 3 times, then soak in 3% Chlorox solution for 10 minutes, rinsed again 

with sterile distilled water for 3 times, continued with immersion in 2% Chlorox for 5 minutes and 

finally rinsed with again with sterile distilled water 3 times. Sterilization S2 treatment with 70% alcohol 

for 1 minute, rinsed with sterile distilled water 3 times, followed by 2% Chlorox solution for 10 minutes, 

and finally rinsed with sterile aquades 3 times. S3 sterilization treatment using 70% alcohol for 3 

minutes, then rinsed with sterile distilled water 3 times, followed by 1% clorox for 15 minutes, and 

finally rinsed with sterile distilled water 3 times. Quantitative and qualitative observations were made 

on the color of cut seeds with embryo part after sterilization process. 

2.3.2.  Experiment 2. Preparation of materials. The second experiment was based on the first experiment. 

Seed materials used were black rice seeds of Toraja black rice which have the embryo part and are full 

black rice (surface and inside of part rice), medium black (surface and slightly inside of part rice) and 

thin black (only the surface of rice). Half-cut seeds were further planted in vitro on germination medium 

½ MS after going through the sterilization process. The sterilization process is based on the best results 

of the first experiment. Quantitative observations include observing the number of days required to begin 

germination (day), and the length of the plumula (cm). 

2.4.  Methods and Analysis 

The embryo culture in the laboratory consists of three treatment of sterilization sequence based on the 

materials used are S1, S2 and S3. Treatment S1 is a sequence of sterilization using alcohol 70% for 5 

minutes, Chlorox 3% for 10 minutes and Chlorox 2% for 5 minutes. The treatment of S2 is sterilization 

with alcohol 70% for 1 minute and Chlorox 2% for 10 minutes. S3 treatment using alcohol 70% for 3 

minutes and Chlorox 1% for 15 minutes. To know the difference of treatment, data was analysis by test 

of two middle value in pairs. 

3. Result and discussion 

3.1.  Result 

3.1.1.  Sterilization experiment of black rice embryo. Table 1 shows germination of Toraja black rice 

embryo in combination treatment of sterilization composition. The results of the experiment showed 

that each sterilization sequence technique can be used for sterilization of black Toraja rice with different 

germination rates. This can be seen from the absence of contaminants in the culture. The best 

sterilization composition for black rice embryo culture is S3 sterilization composition with 93% 

germination. 
 

Table 1. Germination of black rice embryo of Toraja on 

treatment of combination of chemical sterilization 

composition. 

Sterilization 

composition 

S1 

(73) 

S2 

(80) 

S3 

(93) 

S1 (73) 0.0 7.0 ns 20.0 ns 

S2 (80) 7.0ns 0.0 13.0 ns 

S3 (93) 20.0 ns 13.0 ns 0.0 
( ) = Presentation of embryo germination (%) 
ns = Not significantly different 
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3.1.2.  Black rice rice seed culture. Rice seeds of black rice Toraja result of embryo culture that has 

germinated, will grow and develop plantlet. The germination of black rice seeds of Toraja with HM and 

HP color character is better than HS (figure 2). The time it takes seeds to start germinating gives a 

difference to the average length of the planlet plumula on the three colors of the seed. The average length 

of plumula from a small black seed (HS) is 1.1 cm, medium black average length of 1.8 cm and full 

black average length of 1.7 cm (table 2). 

 

 

Figure 2. The germination of black rice seeds of Toraja rice is the result 

of embryo culture. 

 

Table 2. The average length of black rice plumula of Toraja resulting 

from embryo culture at 7 days after culture. 

The color of embyo HS 

(1.1) 

HM 

(1.8) 

HP 

(1.7) 

HS (1.1) 0.0 0.7 ns 0.6 ns 

HM (1.8) 0.7ns 0.0 0.1 ns 

HP (1.7) 0.6 ns 0.1 ns 0.0 
( ) = The average length of plumula (cm) 
ns = Not significantly different 

3.2.  Discussion 

The first experiment was conducted by determining the exact order of sterilization materials for the 

sterilization of the black rice embryo of Toraja. The composition of the sterilizing agent is one of the 

main keys in tissue culture. The materials often used for wet sterilization are alcohol and chlorox. 

Alcohol is a suitable sterilizing agent but also very toxic to plants. Therefore, explant is usually exposed 

for several seconds or minutes [8]. 

Chlorox compounds are commonly used as a disinfectant or bleach. This compound is very effective 

in killing bacteria and viruses, cleaning microorganisms that are embedded in plant material, removing 

soil particles, dust and others. In plant tissue culture techniques, this compound is commonly used as a 

sterilizing agent of plant tissue surfaces [9, 10]. The use of Chlorox as a surface sterilizing agent from 

various sources of plant explants has been widely reported [11, 12, 13, 14, 15, 16]. 

The concentration and time of using Chlorox solution per explant vary. So with the right 

concentration and time of exposure, because the less Chlorox concentration the explants are more 

susceptible to the pathogen, but if the higher concentration of Chlorox the development of tissue explant 

become obstructed [17]. It is seen that by using S3 composition, the color of black rice seed did not fade 

Unlike the sterilization using material composition S1 and S2 (figure 3).  
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Figure 3. Culture of black rice embryo with different sterilization composition. (a) 

Composition S1, (b) S2 Composition, and (c) S3 Composition. 

 

The process of seed germination is a complex sequence of physiological, morphological and 

biochemical changes. In the case of germination of black rice seeds of Toraja, the seeds that have a 

darker black color (black medium and black full) more quickly experience the germination process. We 

suspected thickness of the aleouron, cause faster enzyme activity, resulting in the hormone to work 

faster. This growth hormone activity that triggers the germination of black rice seeds Toraja faster. 

The concentration and duration of seed immersion in the Chlorox solution, caused the black color of 

the rice seed to fade. In addition, the Chlorox solution and the composition of the sterilizing agent can 

also cause damaged embryos, browning, unable to grow and thrive in a culture bottle and eventually 

die. 

4.  Conclusion 

The black rice seeds of Toraja have three color characteristics: black full (outside and inside of rice) 

(HP), medium black (outside and slightly inside rice) (HM), and thin black (only the outside of rice) 

(HS). The best sterilization for black rice embryo embryo culture Toraja using S3 sterilization sequence 

(Alcohol 70% for 10 minutes and Chlorox 1% for 5 minutes). Toraja black rice rice embryo culture on 

MS medium has succeeded in growing a sterile plantlet, with best growth in plantlet from seeds with 

medium black and black color. 
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