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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. Drought is one of limiting factor in sugarcane growth and productivity, therefore sugarcane which has high 
production in the dry season is needed. Somaclonal variation combined with in vitro selection could increase genetic 
variation, while those new variants can be selected in vitro. The purpose of this study was to evaluate the response of 
somaclones derived from gamma ray irradiation combined with in vitro selection by using polyethylene glycol (PEG). 
Three new varieties of sugarcane (AAS Agribun, CMG Agribun, and AMS Agribun) were used as plant materials. 
Embryogenic calli were induced using 3 mg/l 2,4-D and 3g/l. casein hydrolysate followed by gamma ray irradiation at 
doses of 10, 20, 30, 40, 50, and 60 Gy. After recovery step, calli were selected by using PEG 6000 10 and 15%. The 
results showed that AMS Agribun derived-cultures were growth faster to form callus, but they were most sensitive after 
treated with gamma ray irradiation. The highest percentage of callus regeneration were obtained from AAS Agribun 
mutants after selected with PEG. The highest number of mutant shoots tolerant to PEG were obtained from AAS Agribun 
and the lowest from CMG Agribun. The higher gamma ray irradiation dose more than 30 Gy and in vitro selection more 
than 10% inhibited the growth of cultures. 

INTRODUCTION 

Drought is one of factors that affect the rate of plant growth. The increase in earth temperature and changes in 
rain patterns cause the availability of groundwater to decrease, even causing drought in various regions, causing 
considerable losses. The availability of sufficient water is necessary for plant metabolism and physiological 
processes. 

Many superior varieties of sugarcane have been developed, however, the yield obtained is still below its  
potential yield. One of the contributing factors is changes in agroclimatic conditions and weather anomalies. 
Increasing sugarcane production can be achieved if the factors supporting the growth of sugarcane such as the 
availability of water is available. Sugarcane requires sufficient water, where in the early stages of growth to 
lengthening of sugarcane stalks, water demand is generally relatively high and decreases when it enters the ripening 
phase. The rapid growth or extension phase is the most critical phase, with water requirements reaching up to  
7.5–8.5 mm/day [1]. 

Sugarcane is a C4 plant group which is known to have an efficient photosynthetic system, but the rate of 
photosynthesis in sugarcane has decreased due to drought stress [2]. Water deficit will cause stomata closure which 
will reduce cellular CO2 concentration, while dehydration in leaf mesophyll cells can cause photosynthetic organs 
damage [3]. Plants will adapt to drought stress by accumulating water to delay or escape from stress [3], or by 
closing stomata mediated by ABA synthesis. This adaptation has implications for the accumulation of CO2 gas 
which will reduce the rate of photosynthesis so that the growth rate decreases [4]. Some of the important agronomic 
characters that will be affected by drought stress include a decrease in internode diameter, stem height, and a 
decrease in root length [5]. 
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Conventional improvement of genetic traits of sugarcane is difficult because flowering induction must be done 
using specific techniques. Somaclonal variation, mutation, and in vitro selection techniques can be used to increase 
the genetic diversity of plants, especially plants that are propagated vegetatively. In vitro culture techniques provides 
new opportunities to improve plant genetics, especially for characters that are not available in germplasm. 
Somaclonal variation is an in vitro culture method that can be used to obtain new characters that are not available in 
existing germplasm sources [6]. The application of somaclonal variation techniques is often combined with artificial 
mutations to increase the chances of obtaining the desired lines. Induce mutation can be done by applying gamma 
ray irradiation to the cell population (callus). This technique can accelerate the acquisition of new lines with various 
characteristics or characteristics desired. 

The selection method developed for drought resistance is selection using polyethylene glycol (PEG) to stimulate 
drought stress conditions. PEG has an ability to control the water potential reduction homogeneously linear to soil 
water potential [3]. The PEG concentrations of 5, 10 or 15% can effectively differentiate the drought tolerance of 
soybean genotypes similar with the field experiment result [7]. 

New varieties of sugarcane, namely AAS Agribun, CMG Agribun, and AMS Agribun, have a yield potential of 
more than 10% and productivity of more than 100 t/ha, higher than other varieties, therefore adding drought 
tolerance is very important so that potential productivity and yield can be achieved. 

MATERIALS AND METHODS 

Callus Induction 

The plant material used was embryogenic callus induced from three new sugarcane varieties (AAS Agribun, 
CMG Agribun, and AMS Agribun). The plant material used was young, rolled leaves which were taken from the 
innermost part of the cane shoots. Prior to planting, the explants were washed with soap, then sterilized by soaking 
the explants in Benlate solution for 1 h, then followed by 70% alcohol, 30% chlorox, and 20% chlorox. The 
sterilized explants were then cut into pieces 0.5 cm in size and planted on the medium for callus induction. 

The media used for callus induction was the basic medium of Murashige-Skoog (MS) with the addition of 3 mg/l  
2,4-D and 3 g/l casein hydrolysate. In one bottle, four explants were planted. The bottle containing the explants were 
then placed on the culture rack in the culture room in the dark for optimal callus formation. The resulting callus was 
sub-cultured every 3 weeks using the same media to induce callus proliferation to produce embryogenic callus. 
Observations were made on callus formation time, callus color, and callus structure. A completely randomized 
design was used. Data were analyzed using ANOVA at the 95% confidence level. If there is a significant difference 
between treatments, then a further test is carried out using the Duncan’s Multiple Range Test (DMRT) at the 95% 
confidence level. 

Induction of Mutations in Callus Using Gamma Ray Irradiation 

The callus formed was treated with gamma ray irradiation at doses (10, 20, 30, 40, 50, and 60 Gy), then the 
callus was transferred to MS medium without growth regulators. The number of replication for each dose was 15 
calluses. This method was carried out on the callus of the three varieties used. The bottle filled with callus was 
placed in a culture rack using a TL lamp with an irradiation intensity of 1,000 lux for 16 h a day. Observations were 
made on the color of the callus and the appearance of green spots on the callus resulting from the gamma ray 
irradiation treatment. Color changes in callus were scored with a value of 1–5 (1 = shiny; 2 = yellowish;  
3 = brownish; 4 = brown; 5 = black), while the presence or absence of a green spot on the callus was given a score 
of 1–2 (1 = there is a green spot; 2 = no green spot). 

In Vitro Selection for Drought Tolerance 

The mutated callus population was transferred to MS medium added with PEG 6000 (10 and 15%). The number 
of samples in each treatment was 10 clump callus with two replications. Selection on media containing PEG was 
carried out for 2 months. The bottle that has been planted with callus was placed in a culture rack using a TL lamp 
with an irradiation intensity of 1,000 lux for 16 h a day. Observations were made on the percentage of survival 
callus after treated with 10 or 15% PEG. 
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Putative Callus Regeneration of Somaclone Mutants and Root Induction 

The media formulation used for callus regeneration was MS + 0.1 mg/l BA + 0.01 mg/l NAA. Shoots with good 
morphology were transferred into the medium to induce root formation using MS medium containing 1 mg/l NAA. 
The bottle containing the shoots was placed in a culture rack using a TL lamp with an irradiation intensity of 1,000 
lux for 16 h a day. Observations were made based on the percentage of regenerated callus, number of shoots, 
number of roots, and root length. A completely randomized design was used with three factors. The first factor was 
the variety used (AAS Agribun, CMG Agribun, and AMS Agribun), the second factor was the dose of gamma ray 
irradiation (10, 20, 30, 40, 50, and 60 Gy), and the third factor was the concentration of PEG (10 and 15%). Data 
were analyzed using ANOVA at the 95% confidence level. If there is a significant difference between treatments, 
then a further test is carried out using the DMRT at the 95% confidence level. 

RESULTS AND DISCUSSIONS 

Callus is induced from the young leaves using a certain media composition. The leaves of the three varieties used 
develop callus with different initiation times, ranging from 2–3 weeks. The fastest callus initiation was obtained 
from AMS Agribun (13.4 days), which was significantly different from other varieties, followed by AAS Agribun, 
and the slowest was CMG Agribun (Table 1 and Fig. 1). 

TABLE 1. Time of callus formation, callus color, and callus structure. 
Variety Time of callus formation (days) Callus color Callus structure 

CMG Agribun 18.2 a Brownish white Friable 
AAS Agribun 16.0 b Brownish white Friable 
AMS Agribun 13.4 c Brownish white Friable 

Means within a column having the same letter are not statistically significant (p = 0,05) according to Duncan’s Multiple 
Range Test. 

 

 
FIGURE 1. Induction of sugarcane embryogenic callus using MS containing 2,4-D. (a) AAS Agribun. (b) CMG Agribun.  

(c) AMS Agribun. 
  

Gamma ray irradiation caused a change in callus color which varied depending upon the variety and the dose of 
gamma ray irradiation given. Gamma ray irradiation can cause cell damage so that cells released phenolic 
compounds as a self-defense mechanism. The more compounds released, the more callus color turn brown/black. 
The ability of cells to survive to this condition determines the regeneration ability of the callus which is indicated by 
the appearance of green spots on the callus (Fig. 2). The result shows that the AAS Agribun has the smallest color 
change score compared to the CMG Agribun and AMS Agribun. AMS Agribun were most sensitive to gamma ray 
irradiation treatment as indicated by the greatest callus color change score and the smallest green spots score. 
 
 

a b c 
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FIGURE 2. Scoring of color change in callus and appearance of green spots on callus after gamma ray irradiation treatment at a 

dose of 10 to 60 Gy. 
 

TABLE 2. Percentage of survival callus after gamma ray irradiation and in vitro selection, 2 months after 
treatment. 

Somaclonal mutants Irradiation 
dosages (Gy) 

Percentage of survival calli 
0% PEG 10% PEG 15% PEG 

AAS Agribun 

0 90 0 0 
10 85 40 0 
20 80 50 50 
30 50 15 25 
40 30 15 10 
50 20 5 0 
60 20 12.5 0 

CMG Agribun 

0 85 0 0 
10 70 30 0 
20 60 30 0 
30 40 0 0 
40 25 0 0 
50 0 0 0 
60 0 25 0 

AMS Agribun 

0 90 0 0 
10 80 40 15 
20 100 15 12.5 
30 70 12.5 10 
40 40 0 0 
50 30 0 0 
60 10 0 0 

 
Gamma ray irradiation dose affects the callus ability to survive. Increasing gamma ray irradiation dose could 

increase cell damage and decreasing the callus survival. The addition of PEG to the media further decreased the 
viability of the callus. PEG application on callus that were not treated with gamma ray irradiation caused 100% of 
callus death. Callus survival in media containing PEG 10% were higher compared to 15% (Table 2). 

Regeneration ability of the mutants from CMG Agribun was the lowest compared to the other two varieties 
(Table 3). The gamma ray irradiation treatment seemed to further reduce its regeneration ability. The calli treated 
with gamma ray irradiation at a dose of 50 Gy were all unable to regenerate to form shoots. According to 
Daszkowska-Golec and Szarejko [3], response of callus to gamma ray irradiation depends on the explant source and 
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irradiation dose rate. The level of sensitivity of plants to gamma ray irradiation is influenced by the type of plant, the 
growth phase, the size and physiological conditions of the explants, which was varies between plant types and 
genotypes. High doses of irradiation can result in tissue death [8]. In mangosteen, increasing the irradiation dose 
decreases the ability of nodular callus to form shoots [9]. The application of gamma ray irradiation at a dose of  
25 Gy reduced the shoot formation compared to the control. 

TABLE 3. Regeneration of gamma ray-irradiated mutant callus in selection media with PEG. 
Somaclonal 

mutants 
Irradiation dosages 

(Gy) 
PEG concentration 

(%) 
Regeneration 

(%) 
Shoots 

number 

AAS Agribun 

10 10 40 16 
10 15 30 16 
20 10 40 17 
20 15 30 15 
30 10 35 10 
30 15 25 6 
40 10 30 8 
40 15 25 6 
50 10 0 0 
50 15 0 0 
60 10 12.5 5 
60 15 0 0 

CMG Agribun 

10 10 30 10 
10 15 0 0 
20 10 35 12 
20 15 0 0 
30 10 0 0 
30 15 0 0 
40 10 0 0 
40 15 0 0 
50 10 0 0 
50 15 0 0 
60 10 25 5 
60 15 0 0 

AMS Agribun 

10 10 30 10 
10 15 35 10 
20 10 40 12 
20 15 12.5 5 
30 10 35 10 
30 15 0 0 
40 10 0 0 
40 15 0 0 
50 10 0 0 
50 15 0 0 
60 10 0 0 
60 15 0 0 

 

Mutated callus that were still viable on the selection media using PEG (10 and 15%), not all of them could 
regenerate to form shoots. Callus regeneration ranges from 0 to 40%. The highest regeneration ability was 
conducted from AAS Agribun, while CMG Agribun had the lowest regeneration ability, besides that, the presence of 
PEG of 15% in the medium seemed to cause a high enough stress, thus reducing the cells ability to regenerate quite 
significantly. Table 3 shows that most of the mutated callus cannot regenerate to form shoots, this indicates that the 
calli have lost their ability to grow and develop into complete plants because the gamma ray irradiation given causes 
damage the shoot meristem of cells and plants lose the ability to regenerate. In addition, the presence of drought 
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stress in the growing media due to the use of PEG causes cells that do not tolerate to these conditions to be unable to 
form shoots (Fig. 3). 

PEG with molecular weight of 6,000 is a natural polymer that is water-soluble and nonionic. PEG 6000 is found 
to mimic drought stress and results in lowering of plant's water potential due to osmotic stress [10, 11]. The highest 
number of shoots were obtained from AAS Agribun with 99 shoots, followed by AMS Agribun with 47 shoots and 
CMG Agribun with 27 shoots. 

 

   

              

             

FIGURE 3. Regeneration of mutant calli of sugarcane after gamma ray irradiation and in vitro selection with 10% PEG. (a) AAS 
Agribun, 10 Gy. (b) AAS Agribun, 20 Gy. (c) AAS Agribun, 30 Gy. (d) CMG Agribun, 10 Gy. (e) CMG Agribun, 20 Gy.  

(f) CMG Agribun, 30 Gy. (g) AMS Agribun, 10 Gy. (h) AMS Agribun, 20 Gy. (i) AMS Agribun, 30 Gy. 
 

Growth of shoot and root growth is presented in Table 4. There is a different growth response of the mutants. 
The highest shoots were produced from CMG Agribun at dose of 10 Gy with PEG concentration of 10%, while the 
shortest shoots were obtained from AAS Agribun of 30 Gy and selected with 10% PEG. The highest number of 
roots was obtained from AAS Agribun of 10 Gy and 10% PEG, which were not significantly different with AMS 
Agribun of 10 Gy and 10% PEG and CMG Agribun of 10 Gy and 10% PEG. The longest roots were obtained from 
AMS Agribun of 10 Gy dose of gamma ray irradiation and selected with 10% PEG (3.84 cm), while the shortest 
roots were obtained from AAS Agribun of 40 and 60 Gy with 10 and 15% PEG. Gamma ray irradiation causes 
genetic changes in the cells and increasing genetic tolerance of the cells to drought stress [12, 13]. The higher the 
gamma ray irradiation dose given, the lower the growth rate of shoots and roots. High doses of gamma ray 
irradiation will generally cause cells damage and made cells lose the ability to growth. The application of gamma 
ray irradiation at doses of more than 30 Gy caused significant inhibition of shoot and root growth. 

 

(a) (b) 

(e) (d) (f) 

(g) (h) (i) 

(c) 
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TABLE 4. Growth of shoots and roots of mutant sugarcane irradiated by gamma rays and selected with PEG. 
Somaclonal 

mutants 
Irradiation 

dosages (Gy) 
PEG concentration 

(%) 
Shoot height 

(cm) Roots number Root lenght 
(cm) 

AAS Agribun 

10 10 3.00 b 8.00 a 3.48 b 
10 15 2.95 b 6.00 bc 2.40 d 
20 10 2.56 cde 6.00 bc 2.00 ef 
20 15 2.00 gh 5.74 bc 2.50 d 
30 10 1.80 h 5.00 bc 2.00 ef 
30 15 2.02 gh 5.74 bc 1.92 f 
40 10 2.20 fg 4.00 d 1.50 g 
40 15 2.00 gh 4.74 cd 1.76 fg 
60 10 2.30 ef 4.00 d 1.46 g 

CMG Agribun 
10 10 3.44 a 7.00 ab 3.46 b 
20 10 2.6 cd 5.74 bc 3.42 b 
60 10 2.00 gh 5.00 cd 2.00 ef 

AMS Agribun 

10 10 3.00 b 8.00 a 3.84 a 
10 15 2.80 bc 6.00 bc 3.00 c 
20 10 2.36 def 5.74 bc 2.94 c 
20 15 2.12 fg 5.00 cd 2.98 c 
30 10 2.50 de 5.74 bc 2.30 de 

Means within a column having the same letter are not statistically significant (p = 0,05) according to Duncan’s Multiple 
Range Test. 

 
Drought stress causes inhibition of cell division, enlargement, and elongation due to the low water content 

available, thereby reducing cell turgor [14]. The decrease in turgor pressure in plant cells also causes inhibition of 
the process of cell division and enlargement [3], so that the plant becomes short. Drought stress can also inhibit the 
process of cell division and enlargement in the roots, as a result of which root growth is inhibited. Roots are an 
important organ in plants, especially for absorbing water and nutrients in the planting medium. More plants develop 
root systems in response to nutrient deficiencies and drought [15]. 

CONCLUSION 

AMS Agribun derived cultures were faster to form callus compared to AAS Agribun and CMG Agribun, but the 
callus were most sensitive after treated with gamma ray irradiation. The highest percentage of callus regeneration 
were obtained from AAS Agribun mutants after selected with PEG. The highest number of mutant shoots tolerant to 
PEG were obtained from AAS Agribun and the lowest from CMG Agribun. The higher gamma ray irradiation dose 
more than 30 Gy and in vitro selection more than 10% inhibited the growth of cultures. 
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