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Abstract
In Ethiopia, sugarcane is being grown as an important cash and industrial crop among many crops and plays an 

important role for the development of the economy of the country. Improvement of this crop through conventional 
breeding takes 8 to 10 years and its propagation by cutting takes 6 to 7 years for commercial scale. During these 
periods of years the crop might starts to detiorarte genetically by biotic and abiotic factors. To solve the limitations, 
tissue culture (micropropagation) was born as best alternative. Once millions of shootlets multiplied in vitro by 
micropropagation, they should have roots to be transplanted to the field. Hence, this research was launched to 
optimize appropriate concentration of IBA (0, 1, 2 and 3) mgl-1 and NAA (0, 1, 2, 3, 4 and 5) mgl-1 combinations for 
root induction of C86-12 and C86-56 genotypes in completely randomized design with 4×6×2 factorial treatment 
combinations arrangements. The analysis of variance showed that the interaction effects of concentrations of IBA 
and NAA combinations and genotypes were highly significant (p=0.001) for mean number of roots per shoot and 
mean root length.1/2 MS medium supplemented with 2 mgl-1 IBA+1 mgl-1 NAA for C86-56 has gave best number of 
roots (14.88) but best root length (3.14 cm) was obtained on ½ MS+3 mgl-1 IBA+4 mgl-1 NAA. For C86-12 genotype 
5 mgl-1 NAA alone has gave best number of roots (17.8) and root length (3.2 cm). Out 100 Plantlets taken for 
acclimatization from best media of root induction, 87% for C86-12 and 93% for C86-56 were survived. Thus these 
media combinations are the best media for induction of roots after multiplication stage of micropropagation for these 
genotypes.
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Introduction
Sugarcane belongs to the genus Saccharum officinarum L., of the 

tribe Andropogoneae in the grass family (Poaceae). This tribe includes 
tropical and subtropical grasses including the cereals like Sorghum and 
Corn with an octaploid 2n=8x=80 number of chromosome [1]. It is a 
perennial tropical grass that tillers at the base to produce unbranched 
stems of 3- 4 m length or more with a thickness of approximately 5 cm 
in diameter [2]. The plant was domesticated by the Polynesians for its 
sweet stem [3]. The commercially cultivated sugarcane was originated 
from New Guinea and Northern India [4]. 

Sugarcane is C4 plant of the most efficient converters of solar 
energy into sugars and other renewable forms of energy and stores in its 
internode [5]. It accounts for approximately 75% of the world’s sugar 
and is economically important cash crop in tropical and sub-tropical 
regions of many countries [5,6]. It is cultivated as a commercial crop in 
nearly 60 countries spread over 5 continents and Brazil and India are 
the largest one [7]. Beside to white sugar, it is being used as a source of 
other products like animal feed, antibiotics, particle board, biofertilizer 
and raw material for generating electricity and furthermore it is lately 
emerged as an important base material for bio-ethanol production [5].

In Ethiopia, sugarcane is being grown as an important cash and 
industrial crop among many crops and plays an important role for 
the development of the economy of the country. It is used for the 
production of white and brown sugar and bi-products like molasses, 
bagasse and press mud (filter cake) and no bi-product is thrown as 
non- useful matter. Molasses is a chief bi-product and is the main 
raw material for the production of drinking alcohol after distillation 
in Ethiopian Ethanol alcohol and liquor factories. Ethanol is also 
used as source of energy by mixing with benzene to reduce the cost of 

increasing oil prices and to make environment friendly fuel. Moreover, 
molasses can be used for making asphalt roads as a replacement 
of range. Bagasse is the fiber part of the sugarcane and used for co-
generation of electric power for the factory as well for the communities 
around the factory, for manufacturing paper and particle board. Filter 
cake contains considerable amounts of plant nutrients [8], so that it has 
been used as source of bio-fertilizer which reduces the cost incurred for 
chemical fertilizers and toxic residues from the soil. Furthermore, in 
Ethiopia the sugar factories are creating job opportunities, and trying 
to full fill the domestic demand of sugar and fuel.

Sugarcane is a highly poly-aneuploid crop, is impeded by its 
narrow gene pool, complex genome, poor fertility and long selection 
cycle makes the conventional breeding difficult for this crop [9]. 
Conventional breeding of this crop takes 8 to 10 years to release new 
improved variety [4,10]. The planting material of the released variety 
is so limited; hence, conventional vegetative propagation of sugarcane 
takes 6-7 years to commercialize, by the time it might starts to detoriate 
by biotic and abiotic factors [4,11]. This long duration causes major 
bottleneck in conventional breeding programmes [12]. The planting 
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materials (setts)are prepared when the age of sugarcane reaches 7 to 
10 months and one hector of nursery can plant 10 to 15 hectors of 
land if the setts are with two to three buds respectively [5,13]. Which 
means large area of nursery is mandatory to plant the planned new 
and the expansion projects of Ethiopia Sugar Corporation. The 
other disadvantage of vegetative propagation of sugarcane is the 
accumulation and transmission of diseases and pests over vegetative 
cycles which leads to further yield and quality reduction [5,13].

To overcome the problems of conventional breeding and vegetative 
propagation of sugarcane, biotechnological tool (plant tissue culture) 
was born as a best alternative to intervene the challenges existing in 
Ethiopian sugar production. Advantages of this technology lies in the 
production of high quality, uniform and disease free planting materials 
that can be multiplied on a year-round basis anywhere irrespective 
of the season and weather and it also used to rejuvenate old varieties 
of sugarcane. Furthermore it saves the time needed to release and 
commercialize newly improved variety and the planting materials 
needed per hector. This technology is being used by India, Pakistan, 
Australia and etc [5]. So far in Ethiopia, new released varieties have 
been imported and propagated for commercial scale by vegetative 
propagation method. But now the country is already started to 
propagate enough planting material by in vitro micropropagation 
technology. Once, the required number of shoots produced, root 
induction is a must to enable the plantlets to absorb water and nutrients 
for further growth and development in the field. Usually auxins (IBA 
and NAA) are the common plant growth regulators used for in vitro 
root induction of many plants. Hence, this research was done to 
optimize an appropriate concentration of IBA and NAA combination 
to induce roots on the produced shoots of sugarcane genotypes.

Materials and Methods
The experiment was conducted at Plant Tissue Culture Laboratory 

of Jimma University College of Agriculture and Veterinary Medicine 
(JUCAVM), Ethiopia. Two sugarcane genotypes (C86-12 and C86-
56) were used for the study. They were imported from Cuba in 2006 
and passed through agronomic performance evaluation. They were 
among the selected ones to be commercialized. The setts of these 
genotypes were prepared and treated with hot water. The setts were 
taken to JUCAVM green house and planted. After two to three months 
of growing, shoot tip explants were taken from the sugarcane plants. 
The explants were prepared by the procedure described by Jalaja [5]. 
They were washed under running tap water and liquid detergents. 
They were socked in fungicide solution (0.3% kocid) for 30 minutes 
under laminar flow cabinet containing three drops of tween-20. After 
the kocid was properly washed off from the explants, they were rinsed 
three times with distilled water and disinfected with 70% of ethanol for 
one minute. The ethanol was poured off and the explants were rinsed 
again with sterile distilled water. Disinfection of explants was done with 
0.1% of HgCl2 for 10 minutes [2] followed by 3-4 washing with sterile 
distilled water. The required amounts of all stock solutions of ½ MS 
media (macro and micro nutrients, vitamins, amino acids, agar [14] 
and 60 gL-1 [11] sucrose and combinations of different concentrations 
of IBA and NAA were mixed in a beaker and the pH was adjusted 
to be 5.8. This was followed by addition of 0.8% agar for solidifying 
the media. Then, it was heated to melt the agar and 30 ml media was 
dispensed in to culture jars. Finally, it was autoclaved at temperature of 
121°C for 20 minutes with 15 psi of pressure. 

Initiated explants were multiplied and uniform micro-shoots of 
about 5-6 cm length of the two genotypes were excised from culture 

jars. They were washed by warm water and cultured on ½ MS medium 
under laminar flow hood aseptically. The cultures were transferred to 
the growth room at which the growth conditions were adjusted to be 16 
hours of photoperiod with 25 µmolm−2 s−1 photosynthetic photon flux 
intensity and 26 ± 2°C of temperature. The experiment was laid down 
in factorial treatment combination in complete randomized design 
with factorial treatment combination arrangements. Five micro shoots 
were cultured in a jar and each of treatment was replicated three times 
and per a treatment there were 15 micro shoots. Data on number of 
roots per shoot and root length were collected after 30 days of culturing. 
Uniform sizes of 100 plantlets of each genotype were acclimatized 
in greenhouse on 1:1:1 ratio of sand, soil and cow dung and data of 
survival percentage was recorded. Finally data were subjected to 
analysis of variance (ANOVA) using SAS statistical software version 
9.2 and treatments’ means were separated by using REGWQ (Ryan-
Einot-Gabreil-Welsch Multiple range test) mean separation method.

Results and Discussion 
The analysis of variance showed that the interaction effects of 

concentrations of IBA and NAA combinations and genotypes were 
highly significant (p=0.001) for mean number of roots per shoot and 
mean root length. Both genotypes exhibited a significant variation both 
in the mean number of roots per shoot and mean root length. This 
because it is a general truth that different genotype of the same species 
may have different response to a media. No rooting was observed in 
the absence of plant growth regulators (Table 1). Similar results were 
reported by Tilahun [15] on half MS medium without PGRs.

The highest mean number of roots per shoot was recorded on ½ 
MS medium supplemented with 0.0 mgl-1 IBA+5 mgl-1 NAA for C86-
12; 2 mgl-1 IBA+1 mgl-1 NAA, 2 mgl-1 IBA+4 mgl-1 NAA and 3 mgl-1 
IBA+3 mgl-1 NAA for C86-56. ½ MS medium supplemented with 5 
mgl-1 NAA+60 gl-1 sucrose resulted in 17.5 ± 0.00 mean number of 
roots per shoot and 3.2 ± 0.223 cm mean root length in C86-12 (Table 1 
and Figure 1A) but it only gave 7.76 ± 0.750 mean number of roots per 
shoot with 0.84 ± 0.055 cm mean root length and ½ MS+3 mgl-1 IBA+4 
mgl-1 NAA is best media that gave best root length (3.14 ± 0.167 cm ) 
for C86-56. Though all the three media gave statistically insignificant 
mean number of roots per shoot in C86-56 genotypes, ½ MS medium 
supplemented with 2 mgl-1 IBA+1 mgl-1 NAA gave relatively better 
mean number of roots per shoot (14.88 ± 0.164) and root length (2.80 ± 
0.02 cm ) (Table 1 and Figure 1B). However this medium combination 
resulted in only 11.80 ± 0.570 mean number of roots per shoot and 2.46 

± 0.057 cm mean root length in C86-12.

Increasing the concentration of NAA from 0.0 mgl-1 to 5 mgl-1 in the 
absence of IBA showed a significant increase in both the mean number 
of roots per shoot and mean root length from 0.00 ± 0.00 to 17.5 ± 0.00 
and 0.00 ± 0.00 cm to 3.2 ± 0.223 cm in C86-12 respectively. For C86-56, 
the same trend holds true in the root length (0.0 ± 0.0 to 0.84 ± 0.055) 
but the mean number of roots per shoot increased discontinuously 
from 0.0 ± 0.0 to 7.76 ± 0.750. Similarly increasing the concentration 
of NAA from 0.0 mgl-1 to 1 mgl-1 at 2 mgl-1 IBA significantly increased 
the mean number of roots per shoot and mean root length from 8.22 

± 0.044 to 14.88 ± 0.164 and from 1.36 ± 0.089 cm to 2.80 ± 0.02 cm 
respectively for C86-56. Increasing the concentration of IBA from 0.0 
mgl-1 to 2 mgl-1 with absence of NAA, the mean number of roots per 
shoot increased from 0.0 ± 0.0 to 11.56 ± 0.966 for C86-12 and from 
0.0 ± 0.0 to 8.22 ± 0.044 in C86-56 but increasing the concentration of 
IBA beyond 2 mgl-1 showed reduction in number of roots per shoot for 
both genotypes.
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Many authors recommend that combination of IBA and NAA are 
promising for root initiation and elongation of sugarcane. Nadgauda 
reported 5.0 mgl-1 of NAA or combination of NAA and IBA were 
good for rooting in sugarcane [16]. Pruski et al. also found that the 
combinations of IBA and NAA were best for root induction of sugarcane 
[17]. The current result for the C86-12 genotype is in agreement with 
result reported by Baksha R who had got 15 ± 0.5 mean number of 
roots per shoot and mean root length of 4 ± 0.5 cm after seven days of 
culturing on ½ MS medium supplemented with 5 mgl-1 NAA [18]. A 
similar result also reported by Singh B profuse rooting of shoots were 
achieved on ½ MS+5 mgl-1 NAA+60 gl-1 sucrose within 30-40 days of 

culturing [19]. It also agrees with result reported by Ramanand et al. 
that showed ½ MS medium supplemented with 5 mgl-1 NAA along with 
50 gl-1 sucrose proved to be the best combination for rooting in CoS 
96268 and CoS 95255 genotypes [20]. 

The best result obtained in C86-56 genotype is contradictory with 
of Ali [13] who had found a mean root number per shoot of 4.0 ± 0.346 
from CP 77,400 after seven days of culturing and 3.4 ± 0.289 from BL-4 
genotype after 6 days of culturing on full MS medium supplemented 
with 2 mgl-1 NAA alone. This might be due to the number of days of 
culturing, the concentration of medium and genotypes used. From 100 

PGRs (mg l-1) C86-12 C86-56

IBA NAA Number of roots per shoot 
± SD Root length(cm) ± SD Number of roots per shoot 

± SD Root length (cm) ± SD

0 0 0.00y ± 0.00 0.00u ± 0.00 0.00y ± 0.00 0.00u ± 0.00
0 1 6.7q-t ± 0.00 2.06i-m ± 0.134 5.42t-v ± 1.769 0.34st ± 0.055
0 2 9.2l-n ± 0.447 2.24e-i ± 0.089 6.64q-t ± 0.416 0.50q-t ± 0.071
0 3 14.1cd ± 0.223 2.5de ± 0.000 6.26s-u ± 1.545 0.62p-r ± 0.045
0 4 16.2b ± 0.671 2.62cd ± 0.447 7.22p-s ± 0.303 0.70op ± 0.071
0 5 17.5a ± 0.00 3.2a ± 0.223 7.76o-r ± 0.750 0.84op ± 0.055
1 0 10.94h-k ± 1.009 1.76jk ± 0.167 7.04p-s ± 0.230 0.48q-t ± 0.045
1 1 14.00cd ± 1.00 2.06hi ± 0.114 8.00n-q ± 0.557 0.52q-s ± 0.277
1 2 11.52g-i ± 1.675 2.50de ± 0.00 6.38r-t ± 0.694 0.24tu ± 0.089
1 3 13.82cd ± 0.853 3.04ab ± 0.167 7.12p-s ± 0.130 0.40r-t ± 0.071
1 4 9.6k-m ± 1.022 2.64cd ± 0.894 3.24x ± 0.134 0.26s-u ± 0.114
1 5 12.18e-h ± 0.164 2.02hi ± 0.130 7.06p-s ± 0.151 1.26mn ± 0.089
2 0 11.56g-i ± 0.966 2.96ab ± 0.089 8.22n-p ± 0.044 1.36lm ± 0.089
2 1 11.80f-i ± 0.570 2.46d-f ± 0.057 14.88c ± 0.164 2.80bc ± 0.02
2 2 4.14v-x ± 0.351 1.04no ± 0.219 7.00p-s ± 0.00 1.58kl ± 0.071
2 3 4.94u-w ± 0.467 1.98hij ± 0.130 6.72q-t ± 0.045 1.52k-m ± .0.084
2 4 13.24de ± 0.289 2.50de ± 0.000 14.02cd ± 0.634 1.72k ± 0.045
2 5 10.12j-m ± 0.130 2.30d-g ± 0.000 12.28e-h ± 0.045 1.42lm ± 0.045
3 0 6.2s-u ± 0.071 2.38d-g ± 0.045 3.68wx ± 0.045 0.62p-r ± 0.045
3 1 12.38e-g ± 0.192 2.78bc ± 0.045 6.00s-u ± 0.00 1.10n ± 0.071
3 2 10.48i-l ± 0.319 2.20f-h ± 0.100 8.8m-o ± 0.045 2.20f-i ± 0.071
3 3 10.12j-m ± 0.327 2.26e-i ± 0.134 14.00cd ± 0.000 2.62cd ± 0.084
3 4 11.44g-j ± 1.054 2.82bc ± 0.084 13.00d-f ± 0.00 3.14a ± 0.167
3 5 13.16d-f ± 0.422 1.58kl ± 0.476 13.00d-f ± 0.00 2.12g-i ± 0.045

 Cv (%) 6.63 7.15 6.63 7.15

*PGRs=plant growth regulators. Values for number of roots per explant and root length given as mean ± SD. Numbers with in the same column with different letter(s) are 
significantly different from each other according to REGWQ at p<0.05.

Table 1: Effects of indole-3-butryic acid and α -naphthalene acetic acid on rooting.

   B       A 

Figure 1: Best results of In vitro rooting of A) C86-12 on 1/2MS medium with 5 mgl-1 NAA and B) C86-56 genotype on 1/2MS medium with 2 mgl-1 IBA+1 mgl-1 NAA.
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plantlets taken for acclimatization stage, 87% for C86-12 and 93% for 
C86-56 were survived Figure 2A and Figure 2B respectively.

Conclusion 
From the research we can infer that the two genotypes of sugarcane 

need different concentrations of IBA and NAA combinations for 
optimum in vitro root induction. Hence, ½ MS medium supplemented 
with 5 mgl-1 NAA alone for C86 and ½ MS medium with 2 mgl-1 
IBA+1 mgl-1 NAA for C86-56 are the best media combination for root 
induction.
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Figure 2: Acclimatized plantlets of A) C86-12 genotype and B) C86-56 genotype after 30 days in lab room and in greenhouse.
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