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Abstract
In spite of its diverse limitations, the conventional propagation method is exclusively used for multiplication of sugarcane planting
materials in the Ethiopian Sugar Estates since the establishment of the sugar industry in 1954. The present study was carried out
to optimize in vitro shoot multiplication protocol for two selected sugarcane varieties (B41-227 and N14) widely grown in Ethiopian
sugar estates to complement with the conventional propagation method. In the study, initiated aseptic shoot tip cultures of the two
sugarcane varieties were treated with four concentrations (1.5, 2, 2.5 and 3 mgL-1) of 6- benzylaminopurine (BAP) and Indole-3-acetic
acid (IAA) (0.25, 0.5, 0.75 and 1 mgL- 1) while Plant growth regulator free medium was used as free check (control). The experiment
was set up in a completely randomized design (CRD) with three factor factorial treatment combinations arrangements. Data were
collected on number of shoots per explant, average shoot length and number of leaves per shoot after 30 days. Data were subjected
to three way analysis of variance. The study verified that medium fortified with 1.5 mgL-1 6-benzylaminopurine (BAP) and 0.5 mgL-1
indole-3-acetic acid (IAA) for B41-227 and 2 mgL-1 6-benzylaminopurine (BAP) and 0.25 mgL-1 indole-3-acetic acid (IAA) for N14
resulted in optimum multiplication responses. On these media, B41-227 produced 15.5 ± 2.90 shoots per explant with 5.93 ± 0.57 cm
average shoot length and 6.4 ± 1.49 leaves per shoot while N14 gave 11 ± 00 shoots per explant with 6.32 ± 0.23 cm average shoot
length and 5.8 ± 0.06 leaves. Thus, the optimized protocol can be used for rapid in vitro mass multiplication of the sugarcane varieties
and hence minimize the limitations sugarcane planting materials.
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Introduction
Sugarcane is the most important cash crop widely grown in tropical
and sub tropical regions of the world and is the major source of sugar
[1-3]; accounting for 70% of the world’s total sugar production [3-7].
Properties such as an efficient photosynthesis and efficient biomass
production make this crop an excellent target for industrial processing
and valuable alternative and prime candidate for ethanol and other
byproducts production [8,9]. The Ethiopia sugar industry utilizes
only sugarcane and has great contributions to the socio-economy
of the country. It produces sugar for the household and industrial
consumption, provides job opportunity for the nationals, produces
ethanol and serves as a source of energy and co-products used for
miscellaneous purposes [10].
However, the current sugar production of the Ethiopian Sugar
Industry covers only 60% of the annual demand for domestic
consumption while the deficient is imported from abroad. In order to
make the country self sufficient in sugar and export the surplus sugar
and produce ethanol and other by-products, the Federal government
of Ethiopia is working to establish sugarcane plantation on 325,000 ha
in addition to the vast expansion project of the previously established
farms with erection of high crashing capacity 10 new sugar mills.
However, availability of adequate amount of quality disease free
planting materials of sugarcane within a short time is the major limiting
factor. 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, challenging the realization of
the intended plan through conventional propagation method.
In conventional propagation method where stem cuttings with two
to three nodes used as a planting material have various limitations. A
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bud produces 4 to 5 shoots [4] and the rate of propagation is 1:10 in a
year [11,12]. In contrast, if estimated conservatively, micropropagation
can produce 10,000 identical plants from a single bud in about 3 to 4
months [13] and the rate of propagation is 1:22 to 1:25 in 8 to 10 months
[14]. Propagation from stem cuttings facilitates spread of pathogens
with accumulation of disease over vegetative cycles leading to reduction
in yield and quality [11,12]. Unlike the conventional propagation
method, micropropagation using shoot tip or apical meristem culture
have been widely used to produce virus-free plants [15-18] with rapid
multiplication of new variety [19-21] and for rejuvenation and mass
production of true to type and uniform planting materials from old
diseased sugarcane plants [22,23]. Moreover, tissue culture raised
sugarcane plants were reported to give superior cane and sugar yield
as compared to their donors from conventional seed source under
similar climatic conditions and agronomic management practices [2428]. Thus, it is imperative to optimize in vitro propagation protocol
to minimize the challenges of conventional propagation method and
utilize the merits of micropropagation technology. In addition, there
is no information on tissue culture study of sugarcane varieties grown
in Ethiopian Sugar estates. Therefore, this study was carried out with
the objective to evaluate the response of the two sugarcane varieties to
different levels BAP and IAA on in vitro shoot multiplication.
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Materials and Methods

of 23-27°C under 16-hours light and eight hours dark photoperiod
regimes maintained under fluorescent light having 2500 µmolm-2S-1
light intensity and 75-80% relative humidity. The experiment was laid
out in a factorial treatment combination in a completely randomized
design with a three factor factorial treatment combinations
arrangement. Data were subjected to three way analysis of variance
(ANOVA) using SAS statistical software version 9.2 (SAS Institute Inc.,
2008) and Treatments’ means were separated using the procedure of
REGWQ (Ryan-Einot-Gabriel-Welsch Multiple range test).

The study was conducted at plant tissue culture laboratory of Jimma
University College of Agriculture and Veterinary Medicine, Ethiopia.
Two sugarcane varieties, B41-227 and N14, were used in this study.
These varieties were collected from Metahara and Wonji-Shoa sugar
estate seedcane nurseries of the Ethiopian Sugar Corporation. The
stock plants were planted after hot water treatment (52°C for 2 hours)
and grown under greenhouse conditions for two to three months.
Then, preparation of explants was carried out according to the standard
procedure of [12,29] with some modifications. Shoot tops were cut
from actively growing sugarcane plants grown in the greenhouse. The
leaves were removed and the shoot tops were taken to the laboratory. In
the laboratory, surrounding leaf sheaths were removed carefully one by
one until the inner white sheaths were exposed. Then, 10 cm long tops
were collected by cutting off at the two ends, locating the growing point
somewhere in the middle. The shoot tops were washed under running
tap water for one minute with soap solution and treated with 0.3%
Kocide (fungicide solution) for one and half an hour under laminar air
flow cabinet. After decanting Kocide solution, shoot tops were washed
three times with sterile distilled water and further immersed in 70%
ethanol for one minute and rinsed three times each for five minute
with sterile distilled water. Finally, the explants treated with 10% (v/v)
Sodium hypochlorite solution (4% w/v active chlorine) for 20 minutes.
After discarding the sodium hypochlorite solution, the explants were
washed with sterile distilled water three times each for five minutes.
The surface sterilized explants were excised and sized to 1 cm long and
0.5 cm diameter and cultured on initiation media. The initiated aseptic
cultures were used to set up the multiplication experiment. Murashige
and Skoog (1962), (MS) media, in full strength was used with different
concentrations and combinations of 6-benzylaminopurine (BAP) and
Indole-3-acetic acid (IAA). The medium contained 30 g/l sucrose as
a carbon source and the pH was adjusted to 5.8 before gelling with 8
g/l agar and autoclaved at 121°C and 15 psi for 20 minutes. Molten
medium of 40 ml was dispensed per each culture jar.

Results and Discussion
Analysis of variance (ANOVA) revealed that there was a very high
significant interaction among the sugarcane varieties, BAP and IAA
(vareity *BAP *IAA=p<0.0001) on the number of shoots per explant,
average shoot length and number of leaves per shoot in both sugarcane
varieties. On MS media lacking plant growth regulators BAP and IAA
(control), no multiple shoot formation occurred in any of the varieties
tested. B41-227 gave the highest (15.5 ± 2.90) number of shoots per
explant on MS medium supplemented with 1.5 mgL-1 BAP and 0.5
mgL-1 IAA (Table 1 and Figure 1) while N14 produced only 3.22 ±
1.67 shoots per explant on this medium composition. N14 produced
maximum of 11 ± 0.00 shoots per explant on MS medium containing 2
mgL-1 BAP and 0.25 mgL-1 IAA (Table 1 and Figure 2) while the same
medium composition resulted in only 5.83 ± 0.93 shoots per explant
in B41-227. B41-227 also gave the highest average shoot length (5.93 ±
0.23 cm) with the largest number of 6.4 ± 1.49 leaves per shoot on MS
medium containing 1.5 mgL-1 BAP + 0.5 mgL-1 IAA where only 2.92 ±
1.27 cm average shoot length with 3.5 ± 1.11 leaves per shoot observed
in N14. In B41-227, maintaining BAP at 1.5 mgL-1 while increasing
IAA levels from 0.25 to 0.5 mgL-1, showed a marked increase in the
number of shoots per explant from 4 ± 0.69 to 15.5 ± 2.90, average
shoot length from 4.25 ± 1.02 to 5.93 ± 0.57 cm and number of leaves
per explant from 3.52 ± 0.19 to 6.4 ± 1.49. However, further increase
in the levels of IAA to 0.75 mgL-1 significantly reduced the number of
shoot per explant, average shoot length and number of leaves per shoot
to 7.0 ± 1.37, 5.17 ± 0.53 cm and 4.33 ± 0.11, respectively. The rate

The experiment was carried out at growth room temperature range

PGRs (mg/l)

B41-227

BAP

IAA

Number of shoots
Number of leaves Number of shoots
Number of leaves
Shoot length (cm)
Shoot length (cm)
per explant
per shoot
Per explant
per shoot

0.25

4.00n ± 0.69

4.25gh ± 1.02

3.52l ± 0.19

2.80t ± 0.88

2.35no ± 0.54

0.5

a

15.50 ± 2.90

5.93 ± 0.57

6.40 ± 1.49

3.22 ± 1.67

2.92 ± 1.27

3.50l ± 1.11

0.75

7.00c ± 1.37

5.17d ± 0.53

4.33h ± 0.11

4.50m ± 0.77

4.37g ± 1.19

4.45g ± 0.78

1

6.21d ± 0.21

4.74e ± 0.27

4.50fg ± 0.54

5.80f ± 1.11

5.23d ± 1.18

3.35m ± 0.68

b

1.5

2

2.5

3

CV (%)

N14

b

a

qr

l

3.33m ± 0.42

0.25

5.83 ± 0.93

4.55 ± 0.19

3.81 ± 0.05

11.00 ± 0.00

6.30 ± 0.23

5.80b ± 0.06

0.5

10.90b ± 0.82

5.26d ± 1.35

5.20d ± 0.08

5.41hi ± 1.91

3.78i ± 1.01

5.22d ± 0.40

0.75

6.02e ± 1.26

5.85b ± 0.00

4.50fg ± 0.89

4.64l ± 0.71

3.42j ± 0.44

4 .00i ± 0.90

1

5.52 ± 0.77

5.52 ± 1.30

4.33 ± 0.41

3.22 ± 0.92

2.88 ± 0.83

3.54l ± 0.78

0.25

6.00e ± 0.38

4.17h ± 1.46

4.51f ± 0.91

3.33q ± 1.22

4.15h ± 0.64

2.90o ± 0.62

0.5

5.24j ± 0.65

3.82i ± 0.04

3.33m ± 0.60

3.80o ± 0.69

3.23k ± 0.00

4.82e ± 0.00

0.75

5.20 ± 0.82

3.52 ± 0.31

5.51 ± 1.27

4.10 ± 0.54

2.25 ± 0.47

3.00n ± 0.81

1

4.81k ± 0.21

4.38g ± 0.67

4.34h ± 1.11

4.43m ± 0.00

5.21d ± 0.66

2.42r ± 0.66

0.25

4.53lm ± 0.55

3.19k ± 1.02

3.50l ± 0.00

3.52p ± 0.00

4.53f ± 0.31

3.84j ± 0.11

0.5

4.50m ± 0.67

2.93l ± 0.79

3.50l ± 0.15

3.33q ± 0.48

2.65m ± 0.00

3.60k ± 0.00

f

gh

j

f

c

j

j

h

c

rs

n

a

l

o

0.75

3.17rs ± 1.20

3.00l ± 0.15

3.33m ± 0.97

2.80t ± 0.01

2.11p ± 0.19

2.82p ± 0.92

1

3.05s ± 0.55

2.44n ± 0.44

2.92o ± 0.24

2.52u ± 0.51

2.46n ± 0.00

2.50q ± 0.71

8.33

5.27

7.91

8.33

5.27

7.91

PGRs=Plant growth regulators. *Values for number of shoots per explant, average shoot length and number of leaves per shoot given as mean ± SD. *Numbers with in
the same column with different letter(s) are significantly different from each other at p ≤ 0.05 according to REGWQ.
Table 1: Response of B41-227 and N14 to BAP and IAA on In vitro shoot multiplication
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Figure 1: In vitro shoot multiplication of B41-227 at 1.5 mg/l BAP and 0.5 mg/l IAA

Figure 2: In vitro shoot multiplication of N14 at 2 mg/l BAP and 0.25 mg/l IAA

of sugarcane propagule multiplication depends upon auxin-cytokinin
balance of culture medium [30]. A low concentration of auxin is often
beneficial in conjunction with higher levels of cytokinin during shoot
multiplication and exogenous auxin does not promote auxiliary shoot
proliferation; however, their presence in culture medium may improve
the culture growth [31]. Although cytokinins are known to stimulate
cell division, but does not induce DNA synthesis. Nevertheless, the
presence of auxin promotes DNA synthesis. Hence, the presence of
auxin together with Cytokinin stimulates cell division and control
morphogenesis thereby influences shoot multiplication. The present
results in B41-227 are in line with the findings of [32] in terms of the
number of shoots per explant. He found maximum of 16.5 shoots per
explant on MS medium supplemented with 3 mgL-1 BAP with 1 mgL1
IAA in sugarcane, but in contrast with the present result in N14.
Murashige and Skoog (MS) medium supplemented with BAP and
IAA for shoot induction in sugarcane showed the formation of profuse
shoots on the MS medium containing 1 mgL-1 BAP along with 0.5 mgL1
IAA [33,34].

Conclusion
Based on the current result, it is possible to deduce that, we have
developed a rapid in vitro shoot multiplication protocol for the two
sugarcane varieties which can use to complement the conventional
propagation method. Murashige and Skoog (1962) (MS) media fortified
with 1.5 mgL-1 benzylaminopurine (BAP) and 0.5 mgL-1 indole-3-acetic
acid (IAA) for B41-227 and 2 mgL-1benzylaminopurine (BAP) and
0.25 mgL-1 indole-3-acetic acid (IAA) for N14 can be used as a suitable
medium combinations for rapid shoot multiplication in vitro.
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