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Abstract 

Drought is one of the problems that decrease sugarcane productivity. Therefore it needs to develop a new 

drought tolerant sugarcane variety. The objectives of this research were to evaluate the response of gamma 

irradiated calli and drought tolerant of putative mutants through in vitro and in vivo selection. Kidang Kencana 

(KK) variety was used as mother plant in this study. It has high productivity but susceptible to drought stress. 

Embryogenic calli were induced on MS media supplemented with 9 µM 2.4-D + 4.5 µM Picloram. Six levels of 

Gamma rays irradiation were used (0, 10, 20, 30, 40 and 50 Gy), while two levels of Polyethylene Glycol (PEG) 

were used for in vitro selection (0 and 10%). The plantlets derived from in vitro selection were acclimatized and 

selected in greenhouse. These putative mutants were treated with drought and watering condition (control). The 

result showed that irradiated calli at 10 and 20 Gy were more tolerant to 10% PEG selection media compared to 

the negative control (0 Gy). Among 42 obtained, the 17 putative mutants had higher drought tolerance than their 

negative and positive controls.  
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However, only four putative mutants had higher drought tolerance level than positive control (PSJT 941). It was 

concluded that gamma irradiation continued with in vitro and in vivo selection could increase drought tolerance 

of sugarcane. 

Keywords: Saccharum officinarum L.; Induced mutation; polyethylene glycol; somaclone; selection.  

1. Introduction  

Sugarcane (Saccharum officinarum L.) is one of the industrial plants which produces 65% sugar. Drought is one 

of the factors that decreased its productivity. Quantitatively, yield losses due to drought achieve to 40% of the 

potential production if occur in the critical phase of the plant [1] 

The effort to improve sugarcane productivity can be performed by extensification. Because of the limits 

productive land, it should be planted at marginal land, It has some limiting factors for plant growth, such as 

drought. 

Sugarcane drought-tolerant varieties can be performed by single or combined methods of conventional, and 

mutation breeding or in vitro selection and genetic engineering. The conventional breeding through 

hybridization has been used to overcome this problem. However there are several constraints, included complex 

genome, low fertility [2] and high ploidy level [3]. 

The combined method of mutation and in vitro selection is a potential tool to be applied. The drought-tolerant 

mutants can be obtained by applying in vitro selection and selective agents of polyethylene glycol (PEG). This 

compound can be used for simulating drought conditions at the field.  There were several reports of increasing 

drought tolerance gamma ray irradiation and in vitro selection on sorghum [4], sugarcane [5] and wheat [6]. The 

objectives of this research were to evaluate the response of gamma irradiated calli and drought tolerant of 

putative mutants through in vitro and in vivo selection.  

2. Materials and Methods 

Kidang Kencana variety used in this research. This variety is high productivity but drought sensitive. 

2.1. Embryogenic callus induction 

Callus was inducing from roll leaf explants. Surface sterilization is conducted by 96% alcohol and passed over 

Bunsen flame in the laminar air flow cabinet. The sterile explants were cut into ± 0.5 cm size and planted on MS 

callus induction media with the addition of 9 μM Dichlorophenoxy acetic acid (2.4 –D) +  4.5 μM Picloram and 

1 g/l casein hydrolisate, 3% sugar, and 0.25% Phytagel. Media were adjusted at 5.8% pH [7]. The cultures were 

incubated at 20-22oC with dark condition for 12 weeks. Subcultures were conducted every four weeks on the 

same medium for twice. 

2.2. Gamma irradiation of embriogenic calli 
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Embryogenic calli obtain from the previous step were irradiated by gamma ray (Gamma Chamber  4000A with 

active compound of Co60 This research was arranged in completely randomized design with 6 doses 0, 10, 20, 

30, 40 and 50 Gy  [8]. Each treatment consisted of 10 replications.  Each replication consists of 5 clumps of 

calli. Irradiated calli were sub cultured on hormone free media (MS0) for 2 weeks. Subsequently, those calli 

were regenerated on regeneration 2.46 µM IBA + 1.33 µM BAP [7] for two months. They were incubated in 

culture room with ± 1000 lux light intensity for 16 hours periodicity. The observed variable was percentage of 

survival calli. The data was analyzed by Curve Expert Program 1.3 to determine LD20 and LD50.  

2.3.  In vitro selection of gamma irradiated mutants for drought tolerance 

The two weeks gamma irradiated embryogenic calli that planted on MS0 media were transferred to liquid 

selection media (MS0 + PEG 6000). Selection was conducted for 12 weeks. The survived calli were sub 

cultured on regeneration media. They were incubated in culture room with ± 1000 lux light intensity for 16 

hours periodicity at temperature of 20-220C. The survival plantlets (M1V0) were regenerated to form M1V1 -

M1V3 population. The experiment was arranged in factorial completely randomized design with 10 replications. 

The first factor was the concentration of PEG 6000 (0 and 10%) [9]. The second factor was the dose of gamma 

ray irradiation (0, 10, 20, 30, 40, 50 Gy). Each replication consisted of 5 clumps calli. The observed variables 

were percentage of survival callus, number and height of shoots. 

2.4.  In vivo selection of putative mutants for drought tolerance 

The vigorous plantlets were acclimatized on soil: manure (2:1) for 1.5 months in greenhouse. The survival 

seedling were transferred to seven kg media of soil: sand: manure (2:1:1) for 3.5 months. The 42 putative 

mutants (five months after acclimatized in green house), the mother plant of Kidang Kencana as negative 

control and drought tolerant variety of PSJT 941 as positive control.  Fertilizers were added to the media 

according to the standard operating procedures [10].  The putative mutants were not watered for 23 days to give 

drought stress, when more than 90% of the negative control plants had the folding and wilting leaves (L+1, the 

first leaves that have ear leaf). Control treatment was done with regular watering until field capacity. This 

research was arranged in factorial completely randomized block design with two replications. The first factor 

was putative mutants (42 numbers) and the second factor was drought treatment (drought and watering). The 

observed variable was percentage of folding and wilting leaves of the D+1 leaf. 

2.5. Statistical Analysis 

Data were analyzed using analysis of variance (ANOVA) with confidence level of 95%. If there was a 

significant difference among treatments, further analysis performed using Duncan test (Duncan Multiple Range 

Test/DMRT) with confidence level of 95%.  Analysis Dunnett test was done to determine the mutants which 

have higher drought tolerance compare the negative and positive control. 

3. Results 

3.1. Embryogenic callus induction 
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The initial response of callus formation was leaves swelling accompanied by the emergence of callus, especially 

around the wounding. Embryogenic callus was produce on callus induction. The visual performnace of the calli 

were dry, friable and white milk or cream [7]. According to [11], callus with these characteristics is 

embryogenic callus. This embryogenic callus was successfully initiated for 14 days. The percentage of explants 

forming callus was 98% and the percentage of embryogenic callus was 94% [7]. 

3.2. Gamma irradiation of embryogenic calli 

After treated with gamma irradiation, embriogenic calli turn to brown and black colour, especially occurred in 

high doses irradiation. Statistical analysis of survived calli decreased with the increasing of irradiation doses. 

The highest percentage of survival calli found in the control treatment (0 Gy) and was not significantly different 

with irradiation treatment of 10 and 20 Gy. The lowest percentage of survived calli yielded from 50 Gy, but not 

significantly different with 40 and 30 Gy (Table 1). This result was similar with the previous research [5]. 

Table 1: The survived calli of sugarcane variety Kidang Kencana on several doses of gamma ray irradiation 

Irradiation Doses (Gy) Survived calli (%) 

0 62.50 a 

10 52.40 a 

20 53.00 a 

30 16.90 bc 

40 22.20 b 

50 7.30 c 

Note: Number followed by the same letters in the same column showed no significant difference in the level of 

5% DMRT. 

Result of the lethal dose calculation using curve fit analysis program on variable of percentage of survived 

callus indicates that the best model equation Y = 103.14 - 1.84 x.  Thus, it found that the lethal dose of LD20 was 

12.57 Gy and LD50 was 28.88 Gy. These results are same with the research of [8] and [12]  which yielded that 

the lethal dose 50 (LD50) of sugarcane calli with gamma irradiation treatment was at dose of 20 Gy. The calli 

resulted from the treatment between LD20 and LD50 doses expected to have high variability and provide a higher 

probability to get certain properties for purpose breeding. 

3.3. In vitro selection of gamma irradiated mutants for drought tolerance 

There was significant interaction between the dose irradiation and selection media to the survived calli variable. 

The percentage of survived callus on control media (0% PEG) decreased with the increase of irradiation doses. 

The dose of 10-30 Gy was significantly increasing the survival rate of calli, indicated by the number of relative 

decrease index (Table 2). It means that those doses could increase the tolerance to calli to 10% PEG.  

The survived calli was lower in 10% PEG selecting media for 60 days than the control (0% PEG). It means that 
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10% PEG can be used as selecting agent for drought tolerance. The same statement was also reported by the 

other researcher [9] when the PEG was treated for 40 days. The PEG treated calli become reddish and several of 

them turn to black  

Table 2: The effect of combined treatment of gamma irradiation and in vitro selection with PEG to the survive 

calli of sugarcane variety Kidang Kencana, 60 days 

Irradiation Dose 

(Gy) 

Percentage of callus survival Relative decrease 

index  (%)* 0% PEG 10% PEG  

0 100.00  66.00  34.00 

10 97.00  81.50  15.98 

20 91.30  71.00  22,23 

30 74.00  69.20  3.89 

40 72.00  31.00  56.94 

50 66.50  19.70  70.38 

Note:  

- There was significant different between gamma irradiation and PEG treatment. 

- *) The relative decrease index was calculated by dividing the number of survived calli from the 10% 

PEG with the 0% PEG multiplied by 100. 

There was no interaction between irradiation treatment and selecting media to shoots number and height, but 

these single treatments were significantly affected to those variables (Figure 1). The  higher shoot number and 

height resulted from the 10 and 20 Gy dose than the control. Those doses were around LD 20 and LD50. It 

suggested that those doses may increase growth rate. The 10% PEG selection media caused the decrease of 

shoots number and height.  

The visual performance of putative mutants was shown at Figure 2.  The shoot growth of 10  to 20 Gy irradiated 

cultures (Figure 2b, 2c, 2h, 2i) was better than the other treatments  both on selecting media and the control and 

PEG treatment.  Among the plantlets, about 80% was successfully acclimatized and totally obtained 42 putative 

mutants. 

3.4. In vivo selection of putative mutants for drought tolerance  

There were different responses among 42 putative mutants to the growth under drought stress tested in 

greenhouse. Several mutants showed different response to drought stress compared to the negative and positive 

control, Kidang Kencana and PSJT 941 respectively. The early drought symptoms of sugarcane could be 

detected from the rolling leaves at the tip area during the day, but it could recover in the evenings. At more 

severe levels of drought stress, the leaf blades were rolled permanently and they could not recover and followed 

by wilting. This process was started from the older to the younger leaves. The wilting process began from the 

tips, to the edges of leaves and move to the middle leave and midrib. Finally the wilting process was occurred in 
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the sheaths. The rolled leaf as caused by the degrees of cell turgor. The damage can be observed after five days 

in drought stress. 

  

 

 

 

 

 

 

 

 

 

Figure 1: The effect of single treatment of irradiation dose and PEG selection media to the shoots number and 

height of sugarcane variety Kidang Kencana 

 

      

      

Figure 2: Visual performance of regenerated calli of sugarcane from variety Kidang Kencana after gamma 

irradiation (upper row) and in vitro selection treatment with 10% PEG (lower row),  2 months after treatments: 

control 0 Gy (a and g); 10 Gy (b and h); 20 Gy (c and i); 30 Gy (d and j); 40 Gy (e and k); 50 Gy (f and l). 
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Table 5:  Leaf damage of  D + 1 leaves on 42 putative mutants variety Kidang Kencana and their control, 23 

days after drought stress 

No Genotype  

Leaf 

Damage 

(%) 

Mutant test to the control 

No Genotype 

Leaf  

Damage   

(%) 

Mutant test to the control 

KK(-) PSJT 941(+) KK (-) PSJT 941 (+) 

G K G K G K G K G K G K 

1 MK22 (0 Gy) 86.5 70.0 

 

* 

  

23 MK21 (20 Gy) 62.5 42.5 

 

* 

 

* 

2 MK23 (0 Gy) 72.5 57.5 

 

* 

  

24 MK33 (20 Gy) 87.5 75.0 

    3 MK24 (0 Gy) 67.5 57.5 

 

* 

  

25 MK34 (20 Gy) 60.0 45.0 

 

* 

 

* 

4 MK25 (0 Gy) 60.0 37.5 

 

* 

 

* 26 MK35 (20 Gy) 72.5 82.5 

    5 MK26 (0 Gy) 45.0 27.5 * * 

 

* 27 MK36 (20 Gy) 97.5 72.5 

    6 MK27 (0 Gy) 37.5 27.5 * * * * 28 MK37 (20 Gy) 50.0 42.5 * * 

 

* 

7 MK28 (0 Gy) 55.0 30.0 * * 

 

* 29 MK38 (20 Gy) 85.0 62.5 

 

* 

  8 MK29 (10 Gy) 65.0 70.0 

 

* 

  

30 MK39 (20 Gy) 42.5 84.0 * 

 

* 

 9 MK96 (10 Gy) 67.5 37.5 

 

* 

 

* 31 MK40 (20 Gy) 55.0 60.0 * * 

  10 MK10 (10 Gy) 55.0 50.0 * * 

 

* 32 MK46 (20 Gy) 27.5 25.0 * * * * 

11 MK12 (10 Gy) 55.0 37.5 * * 

 

* 33 MK47 (20 Gy) 42.5 37.5 * * * * 

12 MK13 (10 Gy) 67.5 42.5 

 

* 

 

* 34 MK54 (20 Gy) 70.0 65.0 

 

* 

  13 MK14 (10 Gy) 75.0 50.0 

 

* 

 

* 35 MK57 (20 Gy) 45.0 32.5 * * 

 

* 

14 MK15 (10 Gy) 47.5 38.5 * * 

 

* 36 MK58 (20 Gy) 45.0 47.5 * * 

 

* 

15 MK16 (10 Gy) 50.0 47.5 * * 

 

* 37 MK51 (30 Gy) 50.0 42.5 * * 

 

* 

16 MK17 (20 Gy) 100.0 80.0 

    

38 MK42 (30 Gy) 70.0 72.5 

    17 MK18 (20 Gy) 65.0 47.5 

 

* 

 

* 39 MK60 (40 Gy) 55.0 37.5 * * 

 

* 

18 MK30 (20 Gy) 100.0 92.5 

    

40 MK64 (40 Gy) 62.5 60.0 

 

* 

  19 MK31 (20 Gy) 70.0 37.5 

 

* 

 

* 41 MK65 (40 Gy) 100.0 100.0 

    20 MK32 (20 Gy) 75.0 67.5 

 

* 

  

42 MK68 (40 Gy) 97.5 90.0 

    21 MK19 (20 Gy) 39.5 37.5 * * * * 43 KK (-)  100.0 100.0 

    22 MK20 (20 Gy) 57.5 32.0 * *   * 44 PSJT 941 (+) 85.0 85.0         

Note: G = roll leaf, K = wilting leaf, Kidang Kencana (KK) as a negative control, PSJT 941 as a positive 

control.  Mutants are marked with asteric sign (*) indicate significantly different from the negative control or 

positive control based on Dunnett test at level of 5% 

Base on table 5, there were 17 putative mutants that have better drought tolerance level than negative control 

(KK), but only four putative mutants that have better drought tolerance than positive control (PSJT 941). It was 

determined by the value of leaf damage where the leaf damage (rolling and wilting D+1 leaf) was significantly 

lower than the controls.  

Among the 17 putative mutants which have increase drought tolerance, three of them derived from non 
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irradiated calli (MK 26, 27 and 28) and 14 mutant derived from irradiated calli consisted of four mutants from 

10 Gy  (MK 10, 12, 15 and 16), eight mutants from 20 Gy  (MK 19, 20 , 37, 40, 46, 47, 57.58),  one mutant 

from 30 Gy  (MK51) and  one mutant from 40 Gy dose (MK 60). The four putative mutants with higher drought 

tolerance than the positive control (PSJT 941), namely MK 27 (derived from non irradiated calli) and three 

mutants derived from 20 Gy irradiated calli  (MK 19, 46, 47). It is suggested that somaclonal variation plays 

important role to form the three non irradiated mutants increase genetic variability in three mutants. 

Drought tolerant mutants derived from the 20 Gy irradiation treatment, which around the LD50. It indicates that 

the induced mutation by gamma irradiation especially at 20 Gy, provided greater opportunities to obtain specific 

mutants with desired properties. 

4. Discussion 

Gamma ray irradiation is widely used to improve plant genetic resources because it is very efficient to change 

the genetic materials. This physical mutagen has high energy and penetration power. When plant material is 

exposed to this mutagen, ionization process will occur in the tissues and causes changes at the cellular level, 

genomes, chromosomes and DNA [13]. 

Gamma irradiation affects plant responses depended on the type of culture and the rate of irradiation. In this 

research, calli were exposed by gamma irradiation. Calli are non differentiated cells, thus the probability of 

genetic chances is higher than differentiated cell (organ).  This statement is similar with [14]. In this studi, the 

black and the brown irradiated calli is occurred because of the activity the polyphenol oxidase enzyme. 

According to [15] , the oxidation of phenolic compounds was occurred after the degradation of cell membrane 

or cell disorganization followed by degradation of chlorophyll. The brown color indicate the form of quinone 

formation [15] 

Generally, the low dose gamma irradiation is applied to the in vitro culture [16, 17]. Sensitivity to irradiation 

can be measured based on the value of LD (lethal dose), which cause the cell death from the irradiated cells. The 

level of sensitivity is influenced by plant species, genotypes, growth stages, size, and explants type [18]. Some 

studies indicate that the optimum dose to produce mutants commonly obtained from the around of LD dose [19]. 

The highest variability was derived from the LD 20 and LD 50, in this research ranged between 10-30 Gy. [14] 

confirmed that 10-30 Gy gamma irradiations could increase somaclonal variation of non differentiated cells. [8] 

and [12] also found the lethal dose of LD50 occured at 20 Gy of sugarcane. Percentage of survival calli 

decreased with the increase irradiation dose. This is consistent with research of [5]. 

In vitro selection using drought selective agent of PEG was performed to obtain drought-tolerant sugarcane 

genotypes. This research showed that the use of 10% PEG for two months capable to inhibit the survival and 

regeneration rate of calli, which indicated by relative decrease index of the control was 34%. This is consistent 

with [9] which stated that callus proliferation and regenerated sugarcane plantlets would be restricted by in vitro 

selection  using selecting agent 10% PEG. 
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It was observed that the 10 and 20 Gy irradiated calli increased their ability for surviving and regenerating 

become plantlets compared to the control on selecting agent of 10% PEG. This corresponds [16] and [20] which 

states that the use of low dose irradiation can stimulate in vivo plant growth. 

The use of PEG during in vitro selection can induce of water stress and has positive correlation with drought 

stress at field and greenhouse [21]. This results give strong expectation that the survived calli during in vitro 

selection would have better drought tolerance when tested in greenhouse or field.   

The starting materials in this research were rolled leaf explants and the regeneration system was somatic 

embryogenesis which through the callus formation. That is why the non irradiated calli could generate  drought 

tolerant putative mutants at low frequency. It is probably due to polysomic tissue on sugarcane leaf explants and 

non differentiated callus formation that cause somaclonal variation. Somaclonal variation is spontaneously 

genetic variation as a result of tissue culture process using somatic cells. 

On the early growing stage, sugarcane needs successive water. It shows morphological and physiological 

disorders if water is limit.  Effect of drought stress in one variety is different with the other varieties [22]. There 

are 17 putative mutants obtained in this research during in vivo at green house. These mutants had higher 

drought tolerance level than the negative control. It means gamma irradiation followed by in vitro and in vivo 

selection may increase drought tolerance in sugarcane. Evenly, the four putative mutants had higher drought 

tolerance than the positive control (PSJT 941). It means the induce mutation by gamma irradiation and in vitro 

selection by 10% PEG provided superior mutants. 

4. Conclusion 

Percentage of survived calli decreased with the increase of gamma irradiation dose. The lethal doses of LD20 and 

LD50 were 12.57 Gy and 28.88 Gy, respectively. The 10 and 20 Gy increased drought tolerance level of 

sugarcane calli variety Kidang Kencana during in vitro selection. There were 17 putative mutants with higher 

drought tolerance than their negative and positive controls. However, only four putative mutants have drought 

tolerance higher than positive control (PSJT 941). 
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