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Preface: The Second International Conference on Genetic Resources and Biotechnology 

 

The Second International Conference on Genetic Resources and Biotechnology, which is the continuation 
of the first event held in 2018, focuses on topics related to advances in biotechnology to create more 
opportunities for effective conservation and sustainable utilization of genetic resources for food and 
agriculture. This year conference’s theme is Harnessing Technology for Conservation and Sustainable 
Use of Genetic Resources for Food and Agriculture. The conference was organized by Indonesian 
Agency for Agricultural Research and Development (IAARD), Ministry of Agriculture, Indonesia, in 
collaboration with Indonesian Biotechnology Consortium and held on 24th-25th of May 2021virtually due 
to the pandemic of COVID-19.  

The conference aims to share and exchange current scientific information and technological developments 
on biotechnology and their applications for conservation and sustainable use of genetic, to encourage and 
promote quality, efficiency, and modernization of management and utilization of genetic resources, and to 
facilitate national and international collaboration among participants. There are five scopes discussed in 
this conference. They are effective management of conservation and sustainable use of genetic resources 
for food and agriculture, application of genomics and molecular markers for genetic resource 
conservation and crop adaptation to climate change, application of innovative crop improvement 
techniques for conservation and sustainable use of plant genetic resources for food and agriculture, plant 
cell and tissue culture for conservation and effective utilization of genetic resources, and the use of 
microbial genetic resources as biological control agents of agricultural pests and diseases, and for soil 
bioremediation.  

Five speakers from the United States of America, Japan, India and Indonesia were invited to discuss about 
their expertise and knowledge on relevant subjects in the plenary sessions. This conference was attended 
by more than 100 participants including 75 presenters and 44 listeners worldwide. They came from 
diverse governmental, private, or academic institutions and also scientific communities. The presented 
materials have undergone peer review processes and only qualified papers were selected. Furthermore, all 
papers were subjected to double blind peer-review and expected to meet the scientific criteria of 
significance and academic excellence to be published in a conference proceedings indexed in a well-
known, reputable service. 

We would like to express our sincere gratitude to our speakers, presenters and all participants for their 
contributions in this conference. We would also like to express our appreciation for the generosity of our 
sponsors that support this conference: PT CropLife, PT ITS Science Indonesia, PT Fajar Mas Murni and 
PT Prima Instrument Analitika. Lastly, special thanks to all committee members for their exceptional 
work and contributions in the conference and publication.  

 

Chair of Organizing Committee 

Dr. Toto Hadiarto 
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Abstract. Sweet sorghum (Sorghum bicolor [L.] Moench) is a multipurpose plant which can be grown for grain, forage, 
silage, syrup and/or sugar, and bioethanol production. Ratooning plant is an additional double ratooning scheme whereby 
the plant is harvested two or more times from a single planting during the growing season. The character of the main 
plant in the sorghum plant will determine the yield of the ratoon plant, however, information on the ratooning ability is 
lacking. The research objective was to determine the ratooning ability in the mutant lines of Numbu sorghum. The plant 
material consisted of 20 genotypes of the M6 mutant line which developed from gamma ray irradiation of Numbu variety. 
This research was arranged using completely randomized design which consisted of three replications with a cutting 
height of 10 cm. Each mutant line as a treatment was planted in a plot size of 3 m × 2.5 m, with 70 cm spacing between 
rows and a 25 cm spacing in row. The observation was conducted on plant height, stalk diameter, panicle weight, and 
length, and sugar content (brix) of the stalk sap. The results indicated that mutant lines were having more or similar 
values when compared to the main plant in plant height, stalk diameter, and sugar content of stalk sap. The mutant lines 
N17-2, N17-3, and N17-5 that have high ratooning ability which is a desirable trait, as it reduces overall inputs in terms 
of seed and labor for field preparation, will be further used in research concerning their utilization for feeds and the 
fermentation industry. 

INTRODUCTION 

Sweet sorghum (Sorghum bicolor [L.] Moench) is a multipurpose plant. Their stalk and seed contain high level 
of fermented lignocellulose and saccharides [1, 2]. In several countries, sorghum has been used as a source of 
material for food and feed industry [3, 4]. Among the parts of the sorghum, their stalk plays a major role in sap 
production which used as raw material to produce bioethanol [1, 3, 5, 6], through fermentation process [7]. 
Extracted sap from sorghum stalks can be processed into liquid sugar owing to the its high sucrose content, 
specifically 30% sucrose, 18.64% fructose, and 12.45% glucose [1, 7–9]. Sorghum plants have advantages, one of 
them is an ability to adapt to suboptimal environmental conditions such as drought, therefore they can be cultivated 
in less-fertile fields and is well suited to be used as a source of bioethanol [10, 11]. The leaves and stalks of sweet 
sorghum contain nutrients which identical to Napier grass, hence they are suitable to be processed as raw material 
for green fodder [5, 6]. Prospect for sweet sorghum as a green fodder and bioethanol ingredient needs to be 
supported by findings sweet sorghum varieties that possess the advantages of biomass, ratooning ability, and high 
stalk sap sugar content [11, 12]. One of many problems faced by ranchers is the increasing amount of raw materials 
needed for animal feed as livestock population increases, therefore research is deemed necessary to find lines that 
possess high ratooning ability and superior quality [11]. 

The advantages of cultivating sorghum, among other things, are ability to produce new shoots from the stump of 
trimmed stalks [12]. The stumps could produce new tillers which then be harvested again, these new tillers are 
known as ratoon plant [12]. According to Meliala et al. [12] and Tsuchihashi and Goto [13], sorghum plants can be 
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harvested two to three times, including the main plant and the ratoons, which allows production increase in the next 
harvest season. 

The advantages of ratoon cultivation on sorghum plants includes a relatively shorter growing time compared to 
the main plant, less water requirements and lower production costs [12, 14, 15]. Efendi et al. [15] showed that 
sorghum of the Numbu variety has a high ratooning ability with the percentage of first ratoon emergence exceeding 
75%. Research conducted by Lestari et al. [16] showed a similar result that sorghum of the Numbu variety 
demonstrate a considerable ratooning ability. The advantage of high ratooning ability can be utilized to reduce costs 
(energy, labor, and time) because one planting session can provide enough sustenance for two or three harvest 
seasons [15]. The material used in this experiment were 6th generation mutant (M6) sourced from selected seed, 
based on their performance on seed production and brix value of stalk sugar content. The research objective was to 
determine the ratooning ability in 20 mutant lines of Numbu sorghum. 

MATERIALS AND METHODS 

The research was conducted at the Cikeumeuh Experimental Station, Indonesian Center for Agricultural 
Biotechnology and Genetic Resources Research and Development (ICABIOGRAD), Bogor from March to 
September 2018. The planting material used in this study was 20 sorghum mutant lines of Numbu variety. Every 
plant was planted within a plot size of 3 m × 2.5 m, with 70 cm spacing between rows and 25 cm spacing within 
rows. Each plot contains 4 rows, and 10 planting holes were set in each row. The total plants grown for each plot 
were 40 plants. 

Fertilization is performed twice, the first fertilization dosage consists of 100 kg/ha urea and 150 kg/ha Phonska at 
12 days after sowing, while second fertilization was given at 35–40 days after sowing with a dosage of 150 kg/ha 
urea and 150 kg/ha Phonska. Sorghum plant that grows from seed is called the main plant. After harvesting the main 
plant at 105 days, ratoon is performed once by cutting the main stalk and leaving one node from the surface of the 
soil. The plant that grows from the node that has been trimmed is called ratoon. For ratoon maintenance, the amount 
of fertilizer dosage is similar with the main plant, and fertilizer is given three weeks after cutting. 

Five plants from each line were observed as samples. Variables of vegetative character observed in the yield of 
ratoon plants were plant height (cm), stalk diameter (mm), and panicle length. Plant height measured from the base 
of the stalk to the point where the panicles emerged. Stalk diameter (bottom, middle, and top; mm) measured using 
Vernier calipers. Reproductive characters observed at 105 days consisted of the weight of full seed per panicle, fresh 
weight, and dry weight per panicle, and stalk sugar content (brix) measured using refractometer. There were five 
tillers produced, but only one of each tiller was observed in this experiment. The experiments were arranged in a 
complete randomized design. Data was analyzed using ANOVA test in SAS program version 12.0, further analysis 
was conducted using Duncan’s Multiple Range Test (DMRT). 

RESULTS AND DISCUSSIONS 

As observed in the growth of plant height and stalk diameter in main and ratoon plants, there were five mutant 
lines that grew larger than Numbu, namely N17-1, N17-2, N17-3, N17-4, and N17-5. These five lines also showed 
optimal growth in their ratoon plants (Table 1). N17-2 line was the highest plant at 289.2 cm which is not 
significantly different from line N17-3 with a height difference of 5.6 cm. Those two lines were significantly 
different from lines N17-1, N17-4, and N17-5. In plant height variable, ratoon line N17-3 produced the highest plant 
at 262 cm. 

Results of correlation analysis indicate the efficacy for biomass production per ha has a significant to plant 
height with a correlation coefficient value of 0.56 [10]. This analysis shows that the higher the plant, the higher the 
productivity of fresh biomass per ha, and vice versa, the lower the plant, the lower the fresh biomass per ha. 

As for stalk diameter variable, it showcase done stable line, the main plant and ratoon plant produced larger 
stalks than Numbu, specifically line N17-5. The stalk diameter of the main plant was measured at 18.4 mm, its 
ratoon plant was 17.2 mm, whereas in Numbu it was 14.6 mm. 

In this study, the yield components (panicle length and panicle weight) were also observed to see a decrease in 
yield on ratoon plants. Main plants showcased multiple lines that grow longer panicle than Numbu, namely N6-3, 
N25-2, N2-1, N5-1, and N21-3 with panicle length ranging from 22.5–23.4 cm, while on Numbu it was only  
21.8 cm. For the ratoon plants, there were 8 lines which had different panicle length from the parent plants (Table 2). 
Out of those 8 lines, 3 lines produced panicles with the same length as the main plant, these lines were N1-4, N2-1, 
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N2-2, N7-4, N9-1, N17-1, N25-2, N5-1, N21-2, and N17-5. In wet panicle weight variable, there was a decrease in 
both Numbu parent and tested lines. Of the 20 lines tested, one line namely N17-5 yielded the same results as the 
main plant and was superior to Numbu. 

 
TABLE 1. Plant height and stalk diameter of main and ratoon plants of sorghum mutant lines. 

No. Lines Height of main 
plant (cm) 

Height of ratoon 
plant (cm) 

Stalk diameter of 
main plant (mm) 

Stalk diameter of 
ratoon plant (mm) 

1 N1-1 249.6de 204.0 de 15.8 bc 13.0 fgh 
2 N1-4 230.0 ef 227.0 bcd 15.6 bc 12.0cdef 
3 N2-1 241.6 de 245.6 ab 16.0 bc 12.2 gh 
4 N2-2 248.8 de 235.8 ab 16.0 bc 15.6 abcd 
5 N6-2 257.2 bcd 221.8 bcd 15.0 bc 15.8 abc 
6 N6-3 252.4 cd 228.0 bcd 14.2 c 13.8 efg 
7 N7-4 245.6 g 223.6 bcd 15.4 bc 15.0 bcde 
8 N8-1 252.6 cd 241.0 ab 16.0 bc 14.0 def 
9 N9-1 246.6  de 247.6 ab 16.0 bc 14.0 def 

10 N17-1 276.6 ab 241.0 ab 17.0 ab 14.6 bcdef 
11 N19-1 240.2 def 244.8 ab 16.2 b 15.0 bcde 
12 N25-2 209.0 g 176.2 f 16.6 ab 14.4 cdef 
13 N2-1 221.8 ef 194.8 ef 16.6 ab 11.4 h 
14 N5-1 240.2 def 207.4 cde 16.6 ab 14.4 cdef 
15 N7-3 246.0 de 226.8 bcd 15.8 bc 13.6 efg 
16 N21-2 239.8 def 231.8 bc 16.2 b 14.0 def 
17 N17-2 289.2  a 247.4 ab 17.0 ab 14.2 cdef 
18 N17-3 283.6 a 262.0  a 16.8 ab 16.2 ab 
19 N17-4 271.2 abc 244.6 ab 16.2 b 14.2 cdef 
20 N17-5 272.8 ab 259.0 a 18.4 a 17.2 a 
21 Numbu (control) 241.8 de 228.0 bcd 15.2 bc 14.6 bcdef 

Numbers in the same column followed by the same letter are not significantly different by DMRT at P 0.05. 
 

TABLE 2. Panicle length and panicle weight of main and ratoon plants of sorghum mutant lines. 

No. Lines Panicle length of 
main plant (cm) 

Panicle length of 
ratoon plant (cm) 

Panicle weight of 
main plant (g) 

Panicle weight 
of ratoon (g) 

1 N1-1 22.1 abcdef 19.5 fghi 66.3 bcdef 58.4 abcd 
2 N1-4 23.1 abcd 21.1 abcdefg 61.8 defgh 57.2 abcd 
3 N2-1 21.9 cdef 21.7 abcdefg 58.5 fgh 58.4 abcd 
4 N2-2 21.7 f 21.2 abcde 66.4 bcdef 61.2 abc 
5 N6-2 22.8 abcde 20.6 abcdefghi 70.6 abcdefg 56.6 abcd 
6 N6-3 22.5 abc 29.4 bcdefghi 53.6 h 54.2 bcd 
7 N7-4 21.9 cdef 21.7 abcdef 58.8 fgh 59.8 abcd 
8 N8-1 21.1 f 19.6 defghi 67.3 bcdefgh 61.8 abc 
9 N9-1 22.5 abcde 21.2 abcdefgh 65.1 cdefg 60.2 abc 
10 N17-1 22.5 abcde 22.1 ab 63.7 defgh 61.4 abc 
11 N9-1 22.1 abcdef 18.7 i 76.8 abcd 60.0 abcd 
12 N25-2 23.4 a 21.9 abc 76.4 abcd 60.4 abc 
13 N2-1 23.3 ab 19.5 efghi 81.2 abc 54.8 abcd 
14 N5-1 23.3 ab 22.9 a 81.7 ab 63.6 a 
15 N7-3 22.4 abcdef 20.8 abcdefghi 75.1 abcde 53.8 cd 
16 N21-2 23.2 ab 21.8 abcd 72.9 abcdef 60.0 abcd 
17 N17-2 22.5 abcde 19.4 ghi 59.5 efgh 54.2 bcd 
18 N17-3 22.5 abcde 19.0 bcdefghi 54.2 h 59.4 abcd 
19 N17-4 22.0 bcdef 20.9 abcdefghi 54.4 gh 61.6 abc 
20 N17-5 22.9 abcde 21.6 abcdefg 86.3 a 63.2 ab 
21 Numbu (control) 21.8 def 19.1 hi 66.0 bcdefgh 50.7 d 

Numbers in the same column followed by the same letter are not significantly different by DMRT at P 0.05. 
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In this study, the measurement of stalk sugar content (brix) was carried out to see the efficacy of ratoon plant as a 
raw material for liquid sugar and bioethanol production. The results showed that the main plants had 13 lines with 
higher sugar content than Numbu, while in ratoon plants it decreased to 8 lines. The range of sugar content in those 
8 lines were 10.1–13.3%, while in Numbu it was only 8.9%. Out of 20 lines tested, there were 7 stable lines with 
significantly higher results than Numbu, namely N1-4, N2-2, N25-2, N5-1, N21-2, N17-2, and N17-3 (Table 3). The 
results obtained showed that in ratoon plants, the sugar content (brix) remains high, thus these lines have the 
potential to be used as a ratoon plant. The high stalk sugar content provides an opportunity to process the sap into 
liquid sugar or alcohol. The higher sugar content in the stalk, the more level of bioethanol produced [5]. 

 
TABLE 3. Brix value (%) of main and ratoon plants of sorghum mutant lines. 

No. Lines Brix value of main plant  Brix value of ratoon plant  
1 N1-1 9.0 efg 10.1 bcde 
2 N1-4 11.0 acbcde 11.3 abcd 
3 N2-1 12.1 abc 12.1 ab 
4 N2-2 9.6 efg 6.0 g 
5 N6-2 10.4 bcdef 5.4 f 
6 N6-3 10.5 bcde 5.4 g 
7 N7-4 9.8 defg 6.6 fg 
8 N8-1 9.6 efg 9.4 cde 
9 N9-1 9.9 defg 10.1 bcde 

10 N17-1 10.2 cdef 9.3 de 
11 N9-1 6.4 hi 10.7 bcde 
12 N25-2 8.0 gh 12.4 ab 
13 N2-1 8.0 gh 11.8 ab 
14 N5-1 8.3 fgh 11.3 abcd 
15 N7-3 7.8 ghi 10.5 bcde 
16 N21-2 6.7 hi 11.8 ab 
17 N17-2 13.3 a 13.3 a 
18 N17-3 11.9 abcd 11.8 abc 
19 N17-4 9.6 efg 10.1 bcde 
20 N17-5 12.5 ab 9.3 de 
21 Numbu (control) 5.71 i 8.9 ef 

Numbers in the same column followed by the same letter are not significantly different by 
DMRT at P 0.05. 

 
In the variables of plant height, stalk diameter, and sugar content (brix), there were mutant lines with higher, 

similar, and lower yields compared to main plant. As for variables of plant height and sugar content (brix), three 
lines showed great potential to be used as ratoon plants, namely N17-2, N17-3, and N17-5, which could be further 
selected into superior lines of ratoon plants. One way to increase the productivity of sorghum is through the use of 
ratoon plants, which is expected to produce cheaper product while avoid competition with food plants. Yield and 
quality evaluation of ratoon plants that were carried out by Liu et al. [14] and Vinutha et al. 17] obtained a similar 
results that showed a decrease in ratoon plant yields. 

Sugar content increase of ratoon plant in this study is assumed to occur because it was harvested in a period of 
less rain, which happened around September, while the harvest of main plant is conducted in May. Mathur et al. [1] 
stated that sugar production and seed yields depend on the grown varieties, growth environment conditions, and the 
growing season. In dry climate condition, there is a tendency for higher production than in a period of heavy rain, 
therefore it is suitable to be developed during water shortage in the dry season [13]. Tsuchihashi and Goto [13] 
stated that ratoon plants are suitable to be developed during dry season when rain frequency starts to decrease, in 
these conditions, the roots of the main plants can function optimally. 

Correlation coefficient between agronomic characters in ratoon plants can be seen in Table 4. Lines N8-1 and 
N9-1 showed a correlation between plant height and stalk diameter. Lines N6-3, N7-4, and N19-1 also showed a 
significant correlation between panicle length and wet panicle weight. 
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TABLE 4. Correlation coefficients between agronomic characters of sorghum mutant lines. 
No. Lines MD×MB MD×MB PL×PW 
1 N1-1 (-)0.04 ns 0.25 ns 0.39 ns 
2 N1-4 (-)0.25 ns 0.06 ns 0.31 ns 
3 N2-1 0.532 ns 0.10 ns 0.68 ns 
4 N2-2 0.15 ns 0.10 ns 0.85 ns 
5 N6-2 0.35 ns 0.98 ns 0.39 ns 
6 N6-3 0.17 ns 0.24 ns 0.88* 
7 N7-4 0.05 ns 0.07 ns 0.89* 
8 N8-1 0.97** (-)0.49 ns 0.55 ns 
9 N9-1 0.98** (-)0.82 ns 0.39 ns 
10 N17-1 0.78 ns 0.65 ns (-)0.62 ns 
11 N19-1 (-)0.42 ns 0.31 ns 0.95** 
12 N25-2 (-)0.46 ns (-)0.45 ns 0.49 ns 
13 N2-1 0.32 ns (-)0.39 ns 0.51 ns 
14 N5-1 (-)0.82 ns 0.35 ns 0.75 ns 
15 N7-3 0.82 ns 0.66 ns 0.08 ns 
16 N21-2 0.39 ns 0.54 ns 0.53 ns 
17 N17-2 (-)0.07 ns 0.51 ns 0.94** 
18 N17-3 0.51 ns (-)0.53 ns 0.63 ns 
19 N17-4 0.56 ns 0.16 ns (-)0.49 ns 
20 N17-5 0.85 ns (-)0.67 ns 0.92** 
21 Numbu (control) (-)0.82 ns (-)0.08 ns 0.13 ns 

MD = middle stalk diameter, MB = middle stalk brik, PL= panicle length, PW= panicle 
weight, ns = not significant. *Significant at P<0.05. **Significant at P 0.01. 

CONCLUSION 

Based on the variables of plant height and sugar content (brix), mutant lines N17-2, N17-3, and N17-5 can be 
used as ratoon plants. Line N17-5 showed stalk diameter in primer and ratoon plants larger than the control. The 
selected lines are expected to be able to provide the needs for carbohydrate raw materials, animal forage or 
bioethanol in sustainable manner. 
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