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Abstract
 In Vitro rooting of micropropagated micro-shoots of two commercial sugarcane varieties was carried out with the 

aim of evaluating the root induction responses of the sugarcane varieties (B41-227 and N14) to alpha naphthalene 
acetic acid (NAA) and Indole -3- butyric acid (IBA). Accordingly, four levels of NAA (0, 1, 2, and 3 mg L-1) and IBA (0, 
1, 2 and 3 mg L-1) in a completely randomized design with 4 × 4 × 2 factorial treatment combination arrangements 
were tested. Data on the number of roots per shoot and average root length (cm) were collected after 30 days of 
culture on ½ MS root induction medium. Analysis of variance revealed that the interaction effects of NAA, IBA and 
the sugarcane genotypes on number of roots per shoot and average root length of both sugarcane varieties was very 
highly significant (P<0.0001). Culture medium containing 2 mg L-1 NAA and 1 mg L-1 IBA for B41-227 and 1 mg L-1 
NAA alone for N14 was found to be optimum. On these medium, B41-227 gave 33 ± 0.15 roots per shoot with 2.92 ± 
0.18 cm root length and N14 produced 35± 0.20 roots per shoot with 3.2 ± 0.25 cm root length. The rooted plantlets 
were survived 100% after four weeks of acclimatization in greenhouse on Farmyard manure and soil at 2:8 ratios. 
The optimized protocol can be used to develop healthy and profuse root system in the sugarcane micro-shoots, an 
essential stage in sugarcane micropropagation. 
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Introduction
Sugarcane (Saccharum officinarum L.) is one of the major cash 

crops grown extensively all over the world [1] ranking among the ten 
most planted crops [2,3] encompassing approximately half of the globe 
[4] and is an economically important multipurpose crop in tropical and 
subtropical regions of several countries [4-7]. In Ethiopia, sugarcane
is cultivated on more than 60,000 ha and the four sugar mills produce
about 300,000 tonnes of sugar per annum which only covers about
60% of the annual demand for domestic consumption. In spite of this
fact, Ethiopia is endowed with favorable climate, vast fertile land and
water resources for large scale irrigated sugarcane agriculture [8,9].
Besides, sugarcane has now emerged as a multiproduct crop used for
food (sugar), energy and raw material for a number of by-products [10-
12]. Accordingly, the Ethiopian Government is implementing a large
scale expansion and new green field sugar development programs with
the objective of boosting the country’s annual sugar production both
to satisfy the domestic sugar demand and exploit the international
sugar market. Following the completion of this development program,
the total cane development area will reach 342,000 ha. As a result, the
existing annual sugar production of 300,000 tonnes shall be boosted to
5 million with 181,604 m3 of ethanol and 101 megawatt electric power
generation. However, availability of adequate quantity quality disease
free planting materials of sugarcane within a short time is the major
limiting factor to attain the intended plan. In addition, the yield of the
existing few and old commercial cane varieties is declining sharply
and some productive varieties were obsolete due to lack of alternative
technologies for disease cleansing and rejuvenation. Moreover,
commercialization of improved introduced and adapted sugarcane
varieties took several years through the conventional propagation
method. The spectacular findings in micropropagation have generated
outstanding interests, enthusiasm and optimism over the world [13].

Micropropagation using shoot tip or apical meristem culture has been 
widely used to produce virus-free plants [14,15] and rapid multiplication 
of new variety [16,17] and for obtaining rapid rejuvenation and mass 

production of true to type and uniform planting materials of sugarcane 
[18,19]. Moreover, tissue culture raised sugarcane plants were reported to 
give superior cane and sugar yield [20-25]. However, the wide spread use 
of this technology is restricted by the often high percentage of plantlets loss 
when transferred to ex vitro condition [26]. Besides correction of plantlets 
physiology, anatomy and the other morphological characteristics of 
micropropagated plantlets, the status of root development determines the 
survival rate and hence the profitability of micropropagation technology. 
Profuse and healthy root induction of micro-shoots is a crucial stage 
in micropropagation for successful establishment and survival of the 
plantlets to soil transfer. Naphthalene acetic acid (NAA) is reported to be 
the strongest auxin followed by indole-3-butyric acid (IBA) and indole-3-
acetic acid (IAA) in the order of decreasing strength for In Vitro rooting 
and plantlet growth in sugarcane [27]. Different researchers found 
optimum rooting responses of sugarcane micro-shoots on ½ MS medium 
fortified with different concentrations and combinations of NAA and IBA, 
indicating specificity of sugarcane genotypes to different concentration 
and combinations of auxins [28-35]. Therefore, this study was carried out 
with the objective to find out the optimum concentration and combination 
of NAA and IBA on In Vitro rooting of micropropagated micro-shoots of 
two selected sugarcane (B4-227 and N14) varieties widely grown in the 
Ethiopian Sugar Estates.
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Materials and Method
The same batches of micro-shoots of sugarcane varieties N14 and 

B41-227 derived from shoot tip explants and having similar sizes (3 
to 4 cm shoot length with 4 to 5 leaves) were used to study the root 
induction responses of the two sugarcane varieties under similar culture 
growth conditions In Vitro. These varieties were selected as they are 
well adapted and have high cane and sugar yield and are among a few 
very productive ones widely used in the Ethiopian Sugar Estates. Half 
strength Murashige and Skoog (1962), (MS) medium, supplemented 
with different concentrations and combinations of naphthalene acetic 
acid (NAA) and indole-3-acetic acid (IBA) was used for the rooting 
experiment. The MS medium contained 60 g/l sucrose (table sugar) as 
a carbon source, the pH of the medium adjusted to 5.8 before gelling 
with 8 g/l agar and autoclaved at 121ºC and 15 psi for 20 minutes. 
Then, molten medium of 40 ml was dispensed per each culture jar. The 
experiment was carried out at a temperature of 25 ± 2ºC under 16-hours 
light and eight hours dark photoperiod regimes maintained under 
fluorescent light having 2500 µmol m-2 S-1 light intensity and 75 to 80% 
relative humidity of the growth room. The experiment was laid out in a 
three factor (sugarcane varieties with NAA and IBA) factorial treatment 
combinations arrangements with a completely randomized design. After 
four weeks of culture transfer to rooting medium, data on the number of 
roots per shoot and average root length was collected from five randomly 
selected plantlets among 15 plantlets per treatment combinations and 
the collected data were subjected to analysis of variance (ANOVA) using 
SAS statistical software (version 9.2). Treatments’ means were separated 
using the procedure of REGWQ (Ryan-Einot-Gabriel-Welsch).

Results and Discussion
Analysis of variance (ANOVA) revealed that the interaction effects 

of sugarcane genotypes, naphthalene acetic acid (NAA) and indole-
3-butyric acid (IBA) was very highly significant (p<0.0001) on the 
number of roots per shoot and average root length of the two sugarcane 
varieties tasted. The two varieties also showed significant variation both 
in the number of roots per shoot and average root length. However, 
on MS medium lacking auxins (NAA and/or IBA), no root induction 
occurred in the micro-shoots of both sugarcane varieties (Figures 1 
and 2). This is due to the well-established fact that auxins are integral 
to root induction and development as they control basic processes 
in cell division and elongation [36-38]. Interaction of IBA and NAA 
promoted starch hydrolysis during root development and subsequently 
reduced the C:N ratio and increased the protein-nitrogen activity 
during the development of root primordial [39]. Auxins trigger enzyme 
activities which regulate different biochemical pathways like protein, 
carbohydrates, nitrogen, and phenolics, during root induction process 
[39-41]. Sugarcane variety B41-227 gave the largest (33 ± 0.15) number 
of roots per shoot with 2.92 ± 0.18 cm average root length on ½ MS 
medium supplemented with 2 mg L-1 NAA with 1 mg L-l IBA (Figures 
1-3) while only 24.17 ± 0.00 roots per shoot with 2.58 ± 0.00 cm average 
root length were observed in N14 on the same medium composition. 
The relative degree of activity of auxins is very variable and differs 
not only from plant to plant, but also from organ to organ, tissue to 
tissue, cell to cell [36]. In addition, the difference in the concentration 
of receptor molecules (proteins) for the auxins and the metabolic 
capabilities of the genotypes may result in the difference in the rooting 
response between the two genotypes (Table 1). 

In sugarcane vareity N14, the highest number (35 ± 0.20) of roots 
per shoot with 3.20 ± 0.25 cm average root length was obtained on ½ 
MS medium supplemented with 1 mgL-1 NAA without IBA (Figures 
1-3) while the same treatment combination resulted in only 16.25 ± 
0.57 roots per shoot with 2.71 ± 0.00 cm average root length in B41-
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Figure 1: Effects of NAA and IBA on number of roots per shoot.
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Figure 2:Effects of NAA and IBA on average shoot length of the sugarcane vareities.
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227 (Figures 1 and 2). Increasing the concentration of IBA from 0 to 1 
mg L-l at 0 mg L-l NAA significantly increased the number of roots per 
shoot (from 0 ± 0.00 to 14.05 ± 0.35) and average root length (from 0 ± 
0.00 to 1.23 ± 0.44 cm) in B41-227. Similarly, N14 showed a significant 
increase in the number of roots per shoot (from 0 ± 0.00 to 12.1 ± 0.57) 
and average root length (from 0 ± 0.00 to 2.5 ± 0.06 cm) because of the 
increase in the concentration of IBA from 0 to 1 mg L-l at 0 mg L-l NAA. 
However, keeping the concentration of IBA at 0 mg L-l and increasing 
NAA beyond the supra-optimal concentration resulted in significant 
reduction both in the number of roots per shoot (from 35 ± 0.20 to 
31 ± 0.69) and average root length (from 3.20 ± 0.25 cm to 2.45 ± 0.01 
cm) in N14. This might be related to the fact that higher concentrations 
of NAA is inhibitory both to root induction and elongation in 
sugarcane [30]. Increased concentrations of auxins stimulate natural 
ethylene production which is inhibitory to rooting. However, despite 
many reports on the physiological action of both phytohormones, 
the molecular mechanisms of their effect(s) on cell expansion, cell 
division, differentiation, organogenesis, and the mechanisms of their 
interactions have not yet been elucidated [36]. Nevertheless, the main 
steps in auxin signaling are initial perception of the hormone signal 
by the receptor protein, the signal transduction cascade, and the final 
physiological response (root induction). Auxin signal perception by 
analogy to animal systems each target plant cell is presumed to possess 
receptors which are able to detect hormonal signals and then to initiate 
the chain of molecular events leading to the final physiological response 
[42,43]. 

In case of B41-227, maintaining the concentration of NAA at 2 mg 
L-l and increasing IBA from 0 mg L-l to 1 mg L-l showed a significant 
increase in the number of roots per shoot (from 22.42 ± 0.17 to 33 ± 
0.15) and average root length (from 2.82 ± 0.00 to 2.92 ± 0.18 cm). 
However, further increase in the concentration of IBA from 1 to 2 mg 
L-l in B41-227 showed a significant reduction in the number of roots 
per shoot (Figure 1) and average shoot length to 16.18 ± 0.23 and 2.63 
± 1.20 cm (Figure 2), respectively. This inhibition of root induction and 
elongation at higher concentrations of IBA may be due to deposition 
of ethylene in the culture jars as auxins of all types stimulate plant cell 
to produce ethylene which retards root induction and elongation [37]. 
The present results in N14 are in contrast with the results obtained in 
sugarcane vareity HSF-240 on ½ MS medium containing 1 mg L-l NAA 
[38]. One 1 mg L-l NAA was best for rooting response in sugarcane [39]. 

The results obtained in B41-227 are different from the root induction 
results obtained in sugarcane variety CP-77- 400 and BL- 4 on medium 
containing 2 mg L-l NAA and 1 mg L-l IBA [28]. Phytohormones NAA 
and IBA are the most widely used auxins in commercial vegetative 
propagation practices in sugarcane. They are chosen because of their 
rhizogenic efficacy, which results from their high stability in plant 
tissues [41]. This, in turn, also makes them the preferred choice for 
varieties that are difficult to root and do not respond well to IAA 
application. However, the most potent auxin may not necessarily be the 
most suitable one in terms of root development and quality [44,45]. 
Thus, IAA (Indole-3-acetic acid) either alone or in combination 
with NAA and/or IBA shall be investigated to further improve of the 
optimized protocol. 

Acclimatization
The rooted plantlets were taken carefully out of the culture jar and 

the roots washed with running tap water gently to remove traces of 
culture medium particularly sucrose. Since the plantlets were from high 
sucrose concentration medium and the chance of fungal attack could 
potentially be minimized through washing, the collected plantlets 
were transferred to plastic pots filled with autoclaved farmyard manure 
and soil in the ratio of 2:8 as a potting mixture. Fifty plantlets of each 
variety were used for acclimatization. After four weeks of transfer 
to greenhouse, 100% of the plantlets of each of the varieties were 
successfully acclimatized and survived (Figure 4).

Conclusion
Lack of steady supply of adequate quantity quality and disease 

free sugarcane planting materials is one of the most challenging issues 
for attaining the intended production plans of the Ethiopian Sugar 
Industry using the conventional method of propagation. In Vitro mass 
propagation of sugarcane through shoot tip or apical meristem explant 
ensures rapid multiplication of true to type and disease free planting 
materials of sugarcane within a short period of time. Rooting of In Vitro 
propagated micro-shoots is an important stage in micropropagation 
technology that affects the ex-vitro survival rate. In the present study, 
an efficient protocol for In Vitro rooting was optimized with subsequent 
acclimatization of micropropagated sugarcane micro-shoots of shoot 
tip explant derived sugarcane varieties: B41-227 and N14. Accordingly, 
½ MS medium containing 2 mg L-1 NAA and 1 mgL-1 IBA for B41-227 

B41-227 N14 
Figure 3: In Vitro rooting of B41-227 on ½ MS+2 mgL-1 NAA+1 mgL-1 and N14 on ½ MS+1 mgL-1 NAA.

PGRs (mg/l)
Details of Media formulation codes for Figures 1 and 2

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16
NAA 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3
IBA 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

Table 1: Description of media formulation codes.
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and 1 mgL-1 NAA without IBA for N14 were found to be optimum. 
On these medium, B41-227 could produce 33 ± 0.15 roots per shoot 
with 2.92 ± 0.18 cm average root length and N14 produced 35± 0.20 
roots per shoot with 3.2 ± 0.25cm average root length after 30 days of 
culture transfer to root induction medium. The plantlets showed 100% 
survival on planting medium containing farm yard manure and soil in 
2:8 ratios after four weeks of planting in greenhouse conditions. Thus, 
the optimized protocol can be used to develop healthy and profuse root 
system for the sugarcane varieties and can play a key role in the stage of 
rapid supply of quality planting material of the sugarcane varieties and 
minimizes the current challenge of the Sugar Industry. As a subsequent 
activity, effects of IAA either alone or in combination with NAA and/
or IBA on In Vitro rooting and ex-vitro rooting of the sugarcane 
micro-shoots to merge rooting and acclimatization stage as a low cost 
alternative to the usual In Vitro propagation shall be investigated. 
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