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ABSTRACT 
Abaca (Musa textilis Nee) is one of fiber crops which produced fiber as raw materials of rope 
ships and high quality papers. Improvement of abaca new varieties needs sufficient genetic 
materials so the expected new varieties can be produced. Abaca is normally multiplied 
clonally, so abaca has narrow genetic diversity. To increase genetic diversity of abaca, the 
chemical mutation by ethylmethane sulphonate (EMS) was done. ISFCRI has completed 
chemical mutation on abaca accessions Sangihe I and Tangongon. Twenty six abaca 
mutants were planted in Cobanrondo experimental station in Malang, at 1,450 m above sea 
level. Each mutant genotype was planted in a clump, with three meter spacing between 
clumps. Based on morphological character studies, chemical mutation of abaca Sangihe I 
and Tangongon clones using 0.6% EMS increased the variability of stalk number character 
(CV 91%). All quantitative characters observed have positive and significant correlation to 
weight of dry leaves sheats as indicator of fibre production character. Meanwhile, the 
qualitative characters diversity was not raised by chemical mutation. Eight mutant clones 
indicated superiority and potential to be improved as high yield clones of abaca i.e. Clone 3: 
Sh 1.1.1-2, Clone 6: Sh 4.1.2-2, Clone 11: FK Sh 1.1-3-6, Clone 15: Tg 3.1-2, Clone 17: Tg 
59.2-7, Clone 26: Tg 70.2.3-7, Clone 13: FK Sh 1.1.3-10, and Clone 18: Tg 59.2-8. 
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Abaca (Musa textilis Nee) is one of the fibre crops originated from Philippines and 
known as Manila hemp (Zapico et al., 2010; Batalon et al., 2014). Abaca fibre is mostly used 
as raw material of cloth, footwear, pulp, and paper industries, and recently used as fibre 
composite for the automotive industry (Dizon et al., 2012). Pulp and paper produced from 
abaca fiber has advantages including tear resistant, difficult to be emulated and high quality 
papers (Santoso et al., 2016). 

In Indonesia, improvement of abaca high yielding varieties using conventional breeding 
is difficult due to the narrow genetic variability and the sterile seed obtained from abaca 
hybridization. Setyo-Budi et al. (2001) reported that germplasm collection of abaca in 
Indonesian Sweetener and Fibre Crops Research Institute (ISFCRI) was only 47 accessions. 
This circumstance affects the difficulties of breeders to choose the parents for hybridization. 

An alternative solution in increasing genetic diversity is creating somaclonal variation 
by tissue culture techniques. This method has been widely applied to improve genetic 
variability of horticultural crops (Khrisna et al., 2016). Combination of somaclonal variation 
induction and gene mutation will produce more variants that may have superiority in some 
characters. Plant mutation breeding can be conducted chemically and physically using 
irradiation. 

Chemical mutagent widely used in plant mutation are cholchicine for chromosome 
doubling; nitrous acid (HNO2), hydroxyl-amine (NH2OH), methyl methane sulphonate (MMS) 
and ethyl methane sulphonate (EMS) for induction of random mutation in DNA bases 
(Russell, 1992). EMS is alkyl compound and has competency to induce mutation on various 
plants. EMS has been extensively used in increasing genetic variability of some plants: 
potato (Zia et al., 2018), Cucumber (Wang et al., 2014), rape-seed (Yadav et al., 2016), rice 
(Wattoo et al., 2013), carnation (Roychowdhury & Tah, 2011), Petunia (Berenschot et al., 
2008), and Abaca (Purwati et al., 2008). Meanwhile, Dizon et al. (2012) used Cobalt 60 
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(60Co) to induce abaca resistant lines to two strains of virus. The aim of this research is to 
identify the abaca mutants that are potential improved as high yield clones based on 
morphological characters. 
 

MATERIALS AND METHODS OF RESEARCH 
 

Genetic materials used in this experimant consisted of 26 clones of abaca mutant 
resulted from chemical mutation using 0.6% EMS (Table 1.). The abaca mutants and two 
clones of abaca non-mutants (parents) i.e. Sangihe I and Tangongon were planted in 2008, 
in Cobanrondo experimental station, Malang, East Java. This station is located at 1,450 m 
above sea level; the annual rainfall is 1,721 mm per year or including the E climate category 
(Ferguson). Each clone was planted in a clump of plants with three meters plant spacing 
between clumps. 

The plants were maintained by weeding and fertilizer. The fertilizer consisted of organic 
and anorganic compound, and the application was twice a year i.e. at the beginning of rainy 
season (November) and beginning of dry season (May). The dosage of each application was 
300 kg ha-1 of Urea, 650 kg ha-1 of Phonska, and 20 tones ha-1 of organic manure. 

The observation was conducted at five years after planting in January – December 
2014. The quantitative and qualitative morphological characters were observed on 12 
months old of abaca plants. Quantitative characters consisted of stem height, stem girth, 
number of stalk per clump, leaf sheats number of harvested plants, weight of wet leaf sheats, 
weight of dry fibre, and fibre content. Meanwhile, qualitative characters were tapering along 
length of pseudoterm, stem color, intensity of antocyanin coloration on stem, growth habit, 
attitute of wings at base petiole, midrib on lower side color of leaf blade, and base shape of 
leaf blade. Observation of morphological characters was refered to UPOV of banana (UPOV, 
2008). Data analysis of quantitative characters was conducted using average + standard 
deviation and correlation between each character from three plants each. 
 

Table 1 – List of abaca mutant clones 
 

No. Mutants derived from Clone: Sangihe I No. Mutants derived from Clone: Tangongon 
1. Clone 1: Sh 10.1-2 15. Clone 15: Tg 3.1-2 
2. Clone 2: Sh 10.1-3 16. Clone 16: Tg 59.2-5 
3. Clone 3: Sh 1.1.1-2 17. Clone 17: Tg 59.2-7 
4. Clone 4: Sh 17.1.2-3 18. Clone 18: Tg 59.2-8 
5. Clone 5: Sh 28.2.2-4 19. Clone 19: Tg 70.2-9 
6. Clone 6: Sh 4.1.2-2 20. Clone 20: AF Tg 70.3.1.1-2 
7. Clone 7: Sh 42.2-1 21. Clone 21: AF Tg 70.3.1.1-6 
8. Clone 8: Sh 42.2-8 22. Clone 22: AF Tg 3.2.1.1-1 
9. Clone 9: FK Sh 10.1-2 23. Clone 23: AF Tg 3.2.1.1-2 
10. Clone 10: FK Sh 10.1-3 24. Clone 24: AF Tg 3.2.1.1-3 
11. Clone 11: FK Sh 1.1-3-6 25. Clone 25: AF Tg 3.2.1.1-4 
12. Clone 12: FK Sh 1.1-3-7 26. Clone 26: Tg 70.2.3-7 
13. Clone 13: FK Sh 1.1.3-10 
14. Clone 14: FK Sh 4.1.1-4 

 
RESULTS AND DISCUSSION 

 
Since morphological characters (phenotype) was performed an interaction between 

genetic and environment, these become important in identification of superiority plants. 
Morphological characters observed in this experiment consisted of quantitative characters 
i.e. stem height, stem girth, stalk number per clump, leaves sheats number per plant, weight 
of wet leaves sheats, weight of dry fibre, and fibre content. Meanwhile, qualitative characters 
consisted of tapering along length of pseudoterm, stem color, intensity of antocyanin 
coloration on stem, growth habit, attitute of wings at base petiole, midrib on lower side of leaf 
blade color, and shape of base of leaf blade. The average of quantitative characters, 
standard deviation, and coefficient variation (CV) are presented in Table 2. To identify 
correlation between each character, the quantitative characters were also analysed using 
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correlation. Almost all characters have positive correlation and significant at 1% of t-test, 
except fibre content (Table 3). 
 

Table 2 – Quantitative morphological characters of abaca mutant clones 
 

No Quantitative Characters Average  STDV CV (%) 
1. Stem height (cm) 198.96 ± 23.01 11.57 
2. Stalk number 9.93 ± 9.03 91.00 
3. Stem girth (cm) 41.90 ± 5.29 12.62 
4. No. of leaves sheats/plant 2.85 ± 0.52 18.47 
5. Weight of wet leaves sheats/plant (g) 2.66 ± 0.97 36.65 
6. Weight of dry fibre/plant (g) 0.07 ± 0.03 37.15 
7. Fibre content (%) 2.77 ± 0.43 15.60 

 
In this result, the variability of quantitative morphological characters was categorized 

into three groups. The low diversity (CV 0-25%) was found in stem height, stem girth, 
number of leaves sheats per plant, and fibre content. Moderately low diversity (CV 25-50%) 
was obtained on weight of wet leaves sheats and dry fibre characters. The high diversity 
(75%-100%) was observed on stalk number per clump. Grouping characters was refered to 
Moedjiono and Mejaya (1994), they divided the coefficient of variation into four criteria i.e. 
low (0%-25%), moderately low (25%-50%), moderately high (50%-75%), and high (75%-
100%). Data in Table 2 showed that quantitative characters of abaca are in narrow genetic 
variability. Only stalk number character presented a high coefficient variation (91%), 
indicated the high genetic variability of this character. The high number of new stalk has 
positive correlation in fibre production improvement of abaca, because more number of new 
stalk will provide more stalks to be harvested. 

In this experiment, all quantitative characters have significancy and positive correlation 
to dry fibre weight per plant (Table. 3). Weight of dry fibre per plant is one of fibre production 
components. All quantitative morphological characters observed in this experiment are 
valuable characters in supporting new abaca high yield clones. These results similar to 
Heliyanto et al. (1999), they reported that stem height, stalk number, and weight of wet stem, 
had positive and significant correlation to fibre production. On the other hand, most 
quantitative characters observed in this research have negative correlation to fibre content. 
The fibre content was still low due to the harvesting time was too early, the plants were 
harvested on 12 months (normally 18 months). La-Vina (1993) also reported that dry fibre 
yield was not only influenced by stem height, stem girth, and all parameters of fibre quality, 
but significantly interacted with environments. 
 

Table 3 – The correlation between each quantitative character of abaca mutants 
 

No. Characters SN SG NLS WLS DF FC 
1 Stem height (SH) 0.169 0.585** 0.505 ** 0.699** 0.652** -0.045 
2 Stalk number (SN)  0.229 0.431* 0.372 0.482** 0.117 
3 Stem girth (SG)   0.836** 0.932** 0.844** -0.233 
4 No. of leaves sheats (NLS)    0.900** 0.772** -0.310 
5 Weight of wet leaves sheats (WLS)     0.892** -0.250 
6 Weight of dry fibre (DF)      0.157 
7 Fibre content (FC)       
 

Notice: * Significant at 5%; ** Significant at 1%. 

 
The superiority and speed of abaca growth is indicated by stem height. Twenty six 

mutant clones showed variation on growth condition in Cobanrondo experimental station 
(Table 4). Stem height of some mutants were higher than their parents i.e. Clone 3: Sh 1.1.1-
2, Clone 6: Sh 4.1.2-2, Clone 11: FK Sh 1.1-3-6, Clone 15: Tg 3.1-2, Clone 17: Tg 59.2-7, 
Clone 26: Tg 70.2.3-7. The stalk number increased from 27 (non-mutant) to 35 for Sagihe I, 
and from 4 to 14 for Tangongon. The clone with the highest stalk number is Clone 13: FK Sh 
1.1.3-10. The biggest stem girth was observed on Clone 18: Tg 59.2-8. These eight mutant 
clones indicated superiority and potential to be improved as high yield clones of abaca. 
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Mutants derived from Tangongon mostly have better performance than their parent (non-
mutant). 
 
Table 4 – Quantitative morphological characters of individual abaca mutants and parents (non mutants) 

 

No Clones 
Stem 
height 

…cm… 

Stalk 
number 

Stem girth 
…cm… 

No. of 
leaves 
sheats 

Weight of 
wet leaves 

sheats 
…g… 

Weight of 
dry leaves 

sheats 
…g… 

Fibre 
content 
…%... 

1 Sangihe I (parent) 217.50 27.00 51.50 3.50 4.34 0.14 3.19 
2 Clone 1:Sh 10.1-2 155.00 8.00 41.67 3.00 2.31 0.04 1.83 
3 Clone 2: Sh 10.1-3 203.33 7.00 39.33 2.89 2.49 0.08 3.24 
4 Clone 3: Sh 1.1.1-2 218.50 16.00 43.50 3.33 3.95 0.09 2.22 
5 Clone 4: Sh 17.1.2-3 175.00 2.00 42.00 3.00 2.27 0.06 2.73 
6 Clone 5: Sh 28.2.2-4 200.00 2.00 44.33 3.33 2.91 0.08 2.69 
7 Clone 6: Sh 4.1.2-2 241.00 25.00 48.50 3.33 4.01 0.12 3.00 
8 Clone 7: Sh 42.2-1 177.50 26.00 42.50 3.17 2.86 0.07 2.44 
9 Clone 8: Sh 42.2-8 214.00 11.00 46.50 3.33 3.82 0.09 2.48 
10 Clone 9: FK Sh 10.1-2 186.00 2.00 39.00 2.67 2.04 0.06 3.12 
11 Clone 10: FK Sh 10.1-3 198.00 8.00 39.00 2.33 2.30 0.07 3.38 
12 Clone 11: FK Sh 1.1-3-6 221.33 21.00 40.33 2.89 2.81 0.09 3.40 
13 Clone 12: FK Sh 1.1-3-7 173.00 6.00 39.00 2.56 1.92 0.06 3.18 
14 Clone 13: FK Sh 1.1.3-10 185.33 35.00 40.67 3.33 2.65 0.08 3.11 
15 Clone 14: FK Sh 4.1.1-4 192.33 2.00 36.67 2.67 2.13 0.06 2.77 
16 Tangongon (parent) 218.50 4.00 40.83 2.67 2.51 0.06 2.57 
17 Clone 15: Tg 3.1-2 221.00 7.00 47.33 3.22 3.16 0.09 2.82 
18 Clone 16: Tg 59.2-5 183.67 10.00 38.00 2.44 1.87 0.05 3.00 
19 Clone 17: Tg 59.2-7 236.67 14.00 43.67 3.56 3.54 0.07 2.04 
20 Clone 18: Tg 59.2-8 216.67 6.00 53.33 3.78 4.59 0.10 2.23 
21 Clone 19: Tg 70.2-9 179.50 10.00 35.75 2.25 1.41 0.04 2.42 
22 Clone 20: AF Tg 70.3.1.1-2 166.33 9.00 42.67 2.56 2.22 0.06 2.67 
23 Clone 21: AF Tg 70.3.1.1-6 182.50 4.00 37.00 2.33 1.69 0.05 3.49 
24 Clone 22: AF Tg 3.2.1.1-1 211.33 5.00 38.67 2.11 1.84 0.05 2.72 
25 Clone 23: AF Tg 3.2.1.1-2 168.00 5.00 33.67 1.89 1.32 0.04 2.70 
26 Clone 24: AF Tg 3.2.1.1-3 215.00 1.00 49.67 2.89 3.50 0.10 3.01 
27 Clone 25: AF Tg 3.2.1.1-4 185.00 4.00 31.00 1.70 0.56 0.01 2.87 
28 Clone 26: Tg 70.2.3-7 229.00 1.00 47.00 3.00 3.37 0.07 2.16 

 
Table 5 – Qualitative morphological characters of abaca mutants 

 

Qualitative characters Persentage (%) 
Pseudoterm: tapering along length Absen or weak 53.57 

Medium 46.43 
Strong 0.00 

Stem color Weak 60.71 
Medium 39.29 
Strong 0.00 
Verry strong 0.00 

Intensity of antocyanin coloration Weak 0.00 
Medium 0.00 
Strong 96.43 
Verry strong 3.57 

Growth habit Upright 53.57 
Spreading 46.43 
Drooping 0.00 

Petiole: attitute of wings at base Curved outwards 100.00 
Straight 0.00 
Slightly curved inwards 0.00 
Moderatly curved inward 0.00 
Overlapping 0.00 

Leaf blade: midrib color on lower side Yellow 0.00 
Green 100.00 
Pink 0.00 
Purple 0.00 
Black purple 0.00 

Leaf blade: shape of base Both sides rounded 53.57 
One side acute and one side rounded 0.00 
Both sides acute 0.00 
Both sides rounded with distance 46.43 
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Some mutants showed worse growth condition than parent (non-mutant). Dwiatmini 
(2009) stated mutation induction may offer negative effect to plant genom due to gene 
damage. These conditions disturbed the growth of mutant plants and bring about abnormal 
or worse growth than their parent. Gichner (2003) pronounced that decreasing quantitative 
characters was affected by random mutation. Purwati et al. (2008) reported that EMS 
treatments created some abaca mutants with various negative and positive of qualitative and 
quantitative characters such as leaf shapes and abnormalities of plant growth. 

Qualitative morphological characters of abaca mutants were categorized in low genetic 
diversity. The variation of tapering along length of pseudoterm, stem color, intensity of 
antocyanin coloration, growth habit, and base shape of leaf blade was not affected by 
chemical mutation, but mostly occurred due to the different genotype (Sangihe I and 
Tangongon). There is not diversity on attitute of wings at base petiole and midrib color on 
lower side of leaf blade characters (Table 5). 
 

CONCLUSION 
 

Chemical mutation of abaca Sangihe and Tangongon clones using 0.6% EMS 
increased in diversity of quantitative characters i.e. stalk number (CV 91%). Meanwhile 
chemical mutation of abaca did not produce diversity of qualitative characters. All quantitative 
characters observed have positive and significant correlation to weight of dry fibre which is 
indicating fibre production. Eight mutant clones i.e. Clone 3: Sh 1.1.1-2, Clone 6: Sh 4.1.2-2, 
Clone 11: FK Sh 1.1-3-6, Clone 15: Tg 3.1-2, Clone 17: Tg 59.2-7, Clone 26: Tg 70.2.3-7, 
Clone 13: FK Sh 1.1.3-10, and Clone 18: Tg 59.2-8 indicated superiority and potential to be 
improved as high yield clones of abaca. 
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