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Studies were carried out for rapid micropropagation of three sugarcane varieties i.e., HSF-240, CP-77-
400 and CPF-237. Shoot tip was used as explant source. Shoot initiation from explant of all three 
varieties was achieved at 1 mg/l Kin and 0.1 mg/l GA3. For rapid multiplication the regenerated shoots 
were transferred on liquid Murashige and Skoog medium containing 2% sucrose, supplemented with 
BAP in combinations with GA3. Optimum multiplication was observed at 1 mg/l BAP in combination with 
0.1 mg/l GA3 for variety HSF-240. Best response of multiplication for variety CP-77-400 was observed at 
0.5 mg/l BAP with 0.1 mg/l GA3. Variety CPF-237 was multiplied at 1.0 mg/l BAP with 0.5 mg/l GA3. 
Rooting response was observed on half strength liquid MS medium with 6% sucrose containing 
different concentrations of IBA and NAA. The sugarcane plantlets were acclimatized in greenhouse. 
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INTRODUCTION 
 
Plant tissue culture techniques have become a powerful 
tool for studying and solving basic and applied problems 
in plant biotechnology. During the last thirty years, 
micropropagation and other in vitro techniques have 
become more widely used in commercial horticulture and 
agriculture for the mass propagation of crop plants 
(George and Sherrington, 1984; Dodds, 1991; George, 
1993; Das et al., 1996). Sugarcane (Saccharum 
officinarum L.) is an important industrial cash crop of 
Pakistan. It is an economically important, polysomatic, 
highly heterozygous, clonally propagated crop that 
accounts for more than 60% of the world’s sugar produc- 
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Abbreviations: BAP, 6-Benzyl amino purine; GA3, gibberellic 
acid; IBA, indole-3-butyric acid; Kin, Kinetin; MS, Murashige and 
Skoog; NAA, naphthalene acetic acid; P-value, probability 
value. 

tion (Guimarces and Sobral, 1998). Lack of rapid multi-
plication has been a serious problem in Sugarcane 
breeding (Ali and Afghan, 2001). Time required and 
continuous contaminations by systemic diseases are the 
serious problems to multiply an elite genotype of 
sugarcane in the open field (Nand and Singh, 1994). 
Micropropagation is currently the only realistic means of 
achieving rapid, large-scale production of disease-free 
seed canes of newly developed varieties in order to 
speed up the breeding and commercialization process in 
Sugarcane (Feldmenn et al., 1994; Lal and Krishna, 
1994; Lee, 1987; Lorenzo et al., 2001; Taylor and Dukie, 
1993). Barba et al. (1978) reported that within 9 months 
callus culture of apical meristem produce planting 
material from a single spindle which was sufficient to 
plant a hectare of land. Sauvaire and Glozy, (1978) used 
auxiliary buds for micropropagation of Sugarcane. Lee, 
(1987) and Heinz et al. (1977) also reported shoot tip 
culture for mass propagation of Sugarcane. This study 
was carried out to develop protocol for multiplication of 
elite cultivars grown in Pakistan. 



 
 
 
 
MATERIALS AND METHODS 
 
Three sugarcane varieties HSF-240, CP-77-400 and CPF-237 were 
used in this study. The varieties were selected, based on their early 
maturity, high productivity and resistance to pests in different areas 
of Pakistan. The plant materials were provided by the Sugar crops 
programme at crop sciences Institute, National Agriculture 
Research Centre (NARC). All the experimental work was carried 
out at Agriculture Biotechnology Programme (ABP) at NARC, 
Islamabad during March to November 2005.  

The explant materials were taken from six months old sugarcane 
plants. Size of the apical meristem taken was 4 - 6 mm. For surface 
sterilization of explants 50% clorox (commercial bleach containing 
5.25% v/v sodium hypochlorite) for 30 minutes was used. After that 
the explants were washed with autoclaved distilled water three 
times each for 10 min. The explants were then cultured on MS 
(Murashige and Skoog`s medium (1962)) supplemented with 
various combinations of GA3 and Kin for initiation of cultures, BAP 
and GA3 in liquid medium for the multiplication of cultures and with 
various levels of NAA and IBA for the rooting of cultures. Data 
incase of shoot initiation were recorded 20 days after culturing, for 
shoot multiplication 30 and 20 days for rooting after culturing. Each 
individual experiment was carried out with three replications and 
MSTAT-C (1991) package was used for the statistical analysis of 
data. 
 
 
RESULTS  
 
Shoot tips with apical meristem were found excellent 
starting material for the micropropagation of sugarcane. 
We also tested lateral buds and spindle leaves but 
unable to initiate shoots. Anita et al. (2000) also used 
shoot tip as explant source for mass micropropagation of 
sugarcane crop, which supported strongly our choice of 
explant selection. Rapid shoot growth occurred when 
shoot tips were used as explants for micropropagation 
inoculated on MS medium.  
 
 
Interaction of shoot initiation with hormones Kin and 
GA3 
 
The different hormonal combinations attributed highly 
significant (P < 0.01) impact on growth percentages of 
shoot tips (Figure 1A-C). Growth percentages for different 
hormones ranged from 15 to 78.3%, where the control 
(TI5) showed the lowest value 15% and TI2 showed the 
highest value of 78% (Table 1). The interaction effect of 
different varieties and hormones combinations was also 
highly significantly (P < 0.01) different. The growth 
percentages for interaction between varieties and diffe-
rent hormones combinations ranged from 10 to 85%. The 
highest value (85%) was observed for HSF-240 with TI2. 
Control (TI5) showed significantly lower value (10%) as 
compared to all the treatments (Table 1).  

The different hormones combinations showed highly 
significant (P < 0.01) impact on average shoot length of 
shoot tips. However the average shoot length ranged 
from 5.0 cm for TI1 to 8.1 cm for TI2 (Table 1). The 
interaction effect of different varieties and hormones 
combinations was non-significant  (P > 0.05)  on  average  
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shoot length. However the average shoot length for 
interaction between varieties and hormones combinations 
ranged from 2.5 to 9 cm. The highest value (9 cm) was 
observed for HSF-240 with TI2. The control (TI5) showed 
significantly lower value of 2.5 cm for all the three 
varieties (Table 1).  

Similarly different hormones combinations showed 
highly significant (P < 0.01) impact on leaves number. 
The average leaves number ranged from 1.8  to 5.6  
where the control (TI5) showed the lowest value (1.8 ) 
and TI2 showed the highest value of 5.6 (Table 1). 
Interaction effect of hormones and different varieties 
showed non-significant (P > 0.05) effect on leaves 
number. The leaves number for interaction between 
varieties and different hormones combinations ranged 
from 2 to 7. The highest value (7) was observed for HSF-
240 with TI2. Control showed significantly lower value (2) 
as compared to all the treatments (Table 1). A maximum 
of 9 cm shoot length and 7 leaves per plant were 
observed at 1 mg/l Kin and 0.1 mg/l GA3 in 20 days.  
 
 
Multiplication of varieties HSF-240, CP-77-400 and 
CPF-237 
 
Multiplication of cultures, initiated on solid medium was 
carried out on liquid medium with four different com-
binations of BAP and GA3 along with control for all the 
three varieties. 
 
 
Effects of different concentrations and combinations 
of BAP and GA3 on multiplication of sugarcane 
varieties 
 
The different hormones combinations showed highly 
significant (P < 0.01) impact on average shoot length 
(Figure 1D-F). The shoot length ranged from 1.75 cm for 
control (TM5) to 10.5 cm for TM1 (Table 2). The interac-
tion effect of varieties and hormones combinations was 
non-significant (P > 0.05) for shoot length averages. The 
shoot length for interaction between varieties and diffe-
rent hormones combinations ranged from 1.5 to 13 cm. 
The highest value (13 cm) was observed for variety HSF-
240 on TM1. The control showed significantly lower value 
(1.5 cm) as compared to all other treatments (Table 2).  

The different hormones combinations also showed 
highly significant (P < 0.01) impact on number of tillers. 
The number of tillers ranged from 0 for control (TM5) to 
5.8 for TM2 (Table-2). The interaction effect of varieties 
and different hormones combinations on average tillers 
number was highly significant (P < 0.01). The number of 
tillers ranged from 0 to 7.5. The highest value (7.5) was 
observed for variety HSF-240 on TM2 while control (TM5) 
showed no response (Table 2).  

The different hormones combinations showed 
significant (P < 0.05) impact on average  leaves  number.  
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Figure 1. A. In vitro shoot tip growth of var. HSF-240 at 1.0 mg/l Kin + 0.1 mg/l GA3 after 20 days. B. In vitro shoot 
tip growth of var. CP-77-400 at 1.0 mg/l Kin + 0.1 mg/lGA3 after 20 days. C. In vitro shoot tip growth of var. CPF-
237 at 1.0 mg/l Kin + 0.1 mg/l GA3 after 20 days. D. In vitro shoot multiplication of var.  HSF-240 at 1.0 mg/l BAP + 
0.1 mg/l GA3 after 30 days. E. In vitro shoot multiplication of var. CP-77-400 at 0.5 mg/l BAP + 0.1 mg/l GA3 after 
30 days. F.  In vitro shoot multiplication of var. CPF-237 at 1.0 mg/l BAP + 0.5 mg/l GA3 after 30 days. G.  In vitro 
rooting of var. HSF-240 at 0.5 mg/l IBA after 20 days. H. In vitro rooting of var. CP-77-400 at 1.0 mg/l IBA after 20 
days. I.  In vitro rooting of var. CPF-237 at 1.5 mg/l IBA after 20 days. J, K and L. Acclimatization of sugarcane 
varieties. CPF-237, CP-77-400 and CPF-237, respectively. 

 
 
 
Average leaves number for different hormones combina-
tions ranged from 2.5 for control (TM5) to 16.17 for TM2 
(Table 2). The interaction effect of different varieties and 
hormones combinations was highly significantly (P < 
0.01) different. The leaves number for different varieties 

and hormones combinations ranged from 2 to 26. The 
highest value (26) was observed for HSF-240 with TM2 
while the lowest value (2) was recorded at control (TM5) 
for both CP-77-400 and CPF-237 (Table-2). The leaves 
were  dark  green  in  color  initially  but  changed  to  light  
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Table 1. Effects of hormonal combinations/concentrations (Kin + GA3) on initiation of sugarcane varieties (HSF-
240, CP-77-400, CPF-237). 
 
 

Hormones combinations 
Mean growth 
percentage 

Mean shoot length 
(cm) 

 
Mean no. of leaves 

TI1 48.333 c 5.000 b 4.333 b 
TI2 78.333 a 8.167 a 5.667 a 
TI3 46.667  c 5.833 b 4.667 ab 
TI4 60.000  b 5.833 b 5.333 ab 
TI5 15.000  d 2.500 c 1.833 c 

Interaction of varieties and hormones combinations 
HSF-240 � TI1 45.000 ef 6.000 cdef 5.000 abcd 
HSF-240 � TI2 85.000 a 9.000 a 7.000 a 
HSF-240 � TI3 45.000 ef 5.000 ef 5.000 abcd 
HSF-240 � TI4 65.000 cd 6.500 bcde 6.500 a 
HSF-240 � TI5 20.000 g 2.5 g 2.0     ef 
CP-77-400 � TI1 45.000 ef 4.5 f 3.000  def 
CP-77-400 � TI2 70.000 bc 7.5 abc 4.000  bcde 
CP-77-400 � TI3 55.000 de 5.5 def 3.500  cdef 
CP-77-400 � TI4 60.000 cd 5.5 def 4.000  bcde 
CP-77-400 � TI5 15.000 g 2.5 g 1.500  f 
CPF-237 � TI1 55.000 de 4.5 f 5.000  abcd 
CPF-237 � TI2 80.000 ab 8.00 ab 6.000  ab 
CPF-237 � TI3 40.000 f 7.000   bcd 5.500  abc 
CPF-237 � TI4 55.000 de 5.5 def 5.500  abc 
CPF-237 � TI5 10.000 g 2.5 g 2.000  ef 

 

Legends: TI1 = 1.0 mg/l Kin + 0.0 mg/l GA3; TI2 = 1.0 mg/l Kin + 0.1 mg/l GA3; TI3 = 2.0 mg/l Kin + 0.0 mg/l GA3; TI4 = 2.0 
mg/l Kin + 0.1 mg/l GA3; TI5 = 0.0 mg/l Kin + 0.0 mg/l GA3. 

 
 
 
green and in some cases yellowish after some time.       
 
 
Rooting of sugarcane plantlets 
 
The shoots of size 8 to 10 cm with multiple leaves were 
transferred to rooting medium. Two growth hormones i.e., 
NAA and IBA with six different concentrations were used 
(Figure 1G-I). We found that root initiation started in all 
the three varieties of sugarcane after 6 to 10 days.  

Rooting response of the three varieties of sugarcane 
were observed on half strength liquid Murashige and 
Skoog medium supplemented with various concentra-
tions of NAA and IBA with 60 g/l sucrose. There were 
differences in the response of different varieties towards 
different concentrations however NAA 0.5 - 3.0 mg/l and 
IBA 0.5 - 2.0 mg/l responded well. 
 
 
Effects of different concentrations of NAA and IBA on 
rooting of variety HSF-240 
 
The average roots number for variety HSF-240 were 
highly significantly (P < 0.01) different. The average roots 
number ranged from 11 to 35. The highest value (35) was 
observed at 0.5 mg/l IBA while the lowest value (11) was 
for that of 1.5 mg/l NAA (Table 3). The control for both 

hormones (NAA and IBA) failed to produce any root in 
HSF-240. Root length for variety HSF-240 was highly 
significant (P < 0.01)) for different treatments. The root 
length means ranged from 1.2 cm at 0.5 mg/l NAA and 
1.5 mg/l IBA to 3.05 cm at 0.5 mg/l IBA and 2.95 cm at 
2.0 mg/l NAA. The means for 0.5 and 1.5 mg/l NAA were 
non-significant. Similarly 1.0 mg/l NAA, 3.0 mg/l NAA and 
3.0 mg/l IBA were also non-significant. The impact of 1.5, 
2.0 and 3.0 mg/l IBA was non-significantly (Table 3) 
different. No roots were observed for medium without any 
hormone. 
 
 
Effects of different concentrations of NAA and IBA on 
rooting of variety CP-77-400 
 
The roots number means for variety CP-77-400 were 
highly significantly (P < 0.01) different. The roots number 
averages ranged from 9.0 as the lowest value at 3.0 mg/l 
IBA to 41 as the highest value at 1.0 mg/l IBA (Table 3). 
The root length means for variety CP-77-400 were highly 
significantly (P < 0.01) different. The root length ranged 
from 0.75 to 2.15 cm. The highest value (2.15 cm) was 
observed for 2.5 mg/l NAA while the lowest value (0.75 
cm) was recorded for 3.0 mg/l IBA (Table 3). The medium 
without any hormone failed to give any rooting response.  
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Table 2. Effects of hormonal combinations/concentrations (BAP + GA3) on multiplication of sugarcane varieties (HSF-
240, CP-77-400, CPF-237). 
 
 

Hormones combinations 
Mean shoot 
length (cm) 

 
Mean no. of tillers 

 
Mean no. of leaves 

TM1 10.50 a 5.167 ab 15.83 a 
TM2 9.583 ab 5.833 a 16.17 a 
TM3 8.667 ab 5.333 ab 14.33 a 
TM4 7.200 b 3.500  b 10.50 ab 
TM5 1.750 c 0.0000 c 2.500 b 
Interaction of varieties and hormones combinations 
HSF-240 � TM1 13.00 a 6.000 ab 18.50 ab 
HSF-240 � TM2 13.25 a 7.500 a 26.00 a 
HSF-240 � TM3 10.50 abc 5.000 ab 16.50 abc 
HSF-240 � TM4 9.100 abcd 3.500 b 13.00 abcd 
HSF-240 � TM5 2.500 ef 0.0000 c 3.500 cd 
CP-77-400 � TM1 11.50 ab 5.500 ab 17.50 abc 
CP-77-400 � TM2 8.500 bcd 5.000 ab 12.50 abcd 
CP-77-400 � TM3 6.500 cde 4.500 ab 14.00 abcd 
CP-77-400 � TM4 5.000 def 3.500 b 10.50 bcd 
CP-77-400 � TM5 1.250 f 0.0000 c 2.000 d 
CPF-237 � TM1 7.000 cd 4.000 b 11.50 bcd 
CPF-237 � TM2 7.000 cd 5.000 ab 10.00 bcd 
CPF-237 � TM3 9.000 abcd 6.500 ab 12.50 abcd 
CPF-237 � TM4 7.500 bcd 3.500 b 8.000 bcd 
CPF-237 � TM5 1.500 f 0.0000 c 2.000 d 

 

Legends:  
TM1 = 0.5 mg/l BAP + 0.1 mg/l GA3,  TM2 = 1.0 mg/l BAP + 0.1 mg/l GA3 
TM3 = 1.0 mg/l BAP + 0.5 mg/l GA3,  TM4 = 1.5 mg/l BAP + 0.5 mg/l GA3 
TM5 = 0.0 mg/l BAP + 0.0 mg/l GA3 

 
 
 
 

Table 3. Effects of different concentrations of hormones (NAA, IBA) on roots induction in sugarcane varieties HSF-240, 
CP-77-400 and CPF-237. 
 

HSF-240 CP-77-400 CPF-237 

 Treatment 
 

Means for 
roots number 

Means for 
roots length 

(cm) 

Means for 
roots number 

Means for 
roots length 

(cm) 

Means for 
roots 

number 

Means for 
roots length 

(cm) 
0.5 mg/l NAA 14.50 fg 1.250 e 9.500 gh 1.050 e 10.50 g 1.050 g 
1.0 mg/l NAA 16.50 ef 1.550 d 12.00 fg 1.200 d 15.50 f 1.450 c 
1.5 mg/l NAA 11.00 g 1.250 e 15.50 e 1.000 e 15.50 f 1.250 e 
2.0 mg/l NAA 29.50 b 2.950 a 19.50 d 1.550 b 30.00 b 1.410 cd 
2.5 mg/l NAA 19.00 de 2.150 b 24.50 c 2.150 a 26.00 c 1.250 
3.0 mg/l NAA 15.00 f 1.400 de 37.00 b 1.500 b 20.50 d 0.8000 h 
0.5 mg/l IBA 35.00 a 3.050 a 20.50 d 2.050 a 10.50 g 1.300 de 
1.0 mg/l IBA 23.00 c 1.750 c 41.00 a 1.550 b 15.50 f 1.200 ef 
1.5 mg/l IBA 21.00 cd 2.050 b 14.50 ef 1.250 cd 34.50a 1.800  a 
2.0 mg/l IBA 17.00 ef 2.050 b 9.500 gh 1.050 e 30.50 b 1.650 
2.5 mg/l IBA 15.50 ef 2.000 b 9.500 gh 1.350 c 15.50  f 1.100 fg 
3.0 mg/l IBA 16.00 ef 1.400 de 9.000 h 0.7500 f 17.50 e 1.050 g 

 
 
 



 
 
 
 
Effects of different concentrations of NAA and IBA on 
rooting of variety CPF-237 
 
Roots number averages for variety CPF-237 were highly 
significant (P < 0.01) at different treatments of two 
hormones. However the roots number means ranged 
from 10.5 to 34.5. The highest value (34.5) was observed 
for 1.5 mg/l IBA. The lowest value (10.5) was for 0.5 mg/l 
NAA and 0.5 mg/l IBA, while the effects of 1.0 , 1.5 mg/l 
NAA, 1.0 and 2.5 mg/l IBA were non-significantly different 
(Table 3). The root length for variety CPF-237 was highly 
significantly (P < 0.01) different. The root length means 
ranged from 1.05 to 1.8 cm. The highest value (1.8 cm) 
was observed for 1.5 mg/l IBA, while the lowest value 
(1.05 cm) was recorded for two concentrations i.e., 0.5 
mg/l NAA and 3.0 mg/l IBA (Table 3).  

The total number of roots produced per plant ranged 
from 9.0 to 41. A maximum of 41 roots were recorded for 
var. CP-77-400 at 1.0 mg/l IBA, minimum roots number of 
9 was observed again for CP-77-400 at 3.0 mg/l IBA. The 
root length for different concentrations of IBA and NAA 
ranged from 0.75 cm for var. CP-77-400 at 3.0 mg/l IBA 
to 3.0 cm for var. HSF-240 at 0.5 mg/l IBA.  No rooting 
response was observed for medium without hormones. 
 
 
Acclimatization 
 
The rooted plantlets were transferred in flasks containing 
plain water and covered with polythene bags for high 
humidity for 2 - 3 days. After that these were transferred 
to soil in growth room for few days and then were 
transferred to green house to assess their potential for 
further hardening. The acclimatization potential was 70 - 
80%. 
 
 
DISCUSSION   
 
In this article, we reported an easy and efficient protocol 
for sugarcane mass micropropagation which can be 
easily repeated for the improvement of sugarcane crop. 
Gosal et al. (1998) established shoot cultures from 
spindle explants on MS medium instead of shoot tips, 
supplemented with IAA (0.5 mg/l), BAP (0.5 mg/l) and Kin 
(0.5 mg/l), these results are different from those of our 
results as we found shoot tip better than spindle leaves, 
but our results are in line with those of Anita et al. (2000), 
because they also reported shoot tip as explant source 
for in vitro mass micropropagation of sugarcane crop. 
The reason might be that shoot tip is much safer and fast 
growing portion of the plant.  

Razi-ud-Din et al. (2004) reported maximum shoot 
growth of 83.3% with average shoot length of 3.7 cm 
when using MS medium supplemented with 5.0 mg/l BAP 
and 1.0 mg/l GA3, while we reported here maximum 
growth of  85% for variety HSF-240 at 1.0 mg/l kinetin 
and 0.1 mg/l GA3  without  BAP,  also  we  used  very  low  
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concentration of GA3.  Khan and Rashid (2003) also 
reported shoot tip initiation at the same combination/ 
concentrations of above two growth hormones (Kin, GA3) 
with 5 cm shoot length per plant. Saini et al. (2004) used 
1.0 mg/l GA3 and 1.0 mg/l Kin for the organogenesis of 
sugarcane on MS medium. These results are very much 
in line with those of our’s regarding Kin concentration but 
they used a bit higher concentration of GA3. Patel et al. 
(2001) also recorded highest shoot growth on 1.5 mg/l 
Kin with maximum length of main shoot and number of 
leaves. 

Hendre et al. (1983) obtained shoots of sugarcane 
cultivars on different BAP and Kinetin concentrations, 
while Chattha et al. (2001) and Jadhav et al. (2001) 
reported that different genotypes give shoots on different 
media. Wongkaew and Fletcher (2004) used MS medium 
containing 0.5 mg/l NAA, 0.5 mg/l BAP and 15% coconut 
water for the growth initiation of meristem tips. These 
results are not in line with our results, while Khan and 
Rashid (2003) reported shoot tip initiation on Kin and GA3 
with 5 leaves per plant which is very much similar to our 
results. Baksha et al. (2002) recorded maximum of 4.5 ± 
0.01 shoot length using 2.0 mg/l BAP and 0.5 mg/l IBA in 
MS medium, while Cheema and Hussain (2004) 
observed maximum of 7 cm shoot length at 0.4 mg/l Kin 
and 0.4 mg/l BAP. This strongly supports the use of 
cytokinin for multiple shoot formation but we recorded low 
level of cytokinin compared to them. Cheema and 
Hussain (2004) observed 29 shoots per plant at 0.4 mg/l 
BAP in combination with 0.4 mg/l Kin. We reported here 
the combinations of Gibberellic acid and cytokinins for 
sugarcane micropropagation, which is previously 
reported by only few authors and also not reported for 
varieties used in this research. 

Baksha et al. (2002) used 5.0 mg/l NAA for best 
response of rooting in half strength MS medium. This 
suggests use of high concentration of NAA for rooting 
purpose while we observed 1.0 mg/l IBA as the best root 
initiation growth hormone with highest number of 41 roots 
per plant. Baksha et al. (2002) also got rooting response 
at 0.1 - 0.5 mg/l IBA along with 0.5 - 2.0 mg/l BAP but 
these were of poor quality. These findings also agree well 
with the previous findings of Nadar and Heinz (1977). 
Alam et al. (2003) reported best rooting response at 2.5 
mg/l IBA with 16 number of roots/explant having 1.1 cm 
root length. Mamun et al. (2004) obtained best results of 
rooting on MS medium supplemented with auxins (NAA + 
IBA) 0.5 mg/l for each one. We also found that NAA 3.0 
mg/l was best for optimum root growth for variety CP-77-
400 but at the same concentration of NAA the other two 
varieties produced only 15 - 20 roots per plant. The other 
two varieties rooted well at IBA 0.5 - 1.5 with maximum 
35 root per plant for variety HSF-240 and 34 for variety 
CPF-237. Similarly, Sing et al. (2001) observed best 
rooting response (75%) when using MS medium with 60 
g/l sucrose and NAA, while Kale et al. (2004) observed 
best rooting at MS medium with 2 mg/l IAA.  

Alam et al. (2003) found better rooting response  at  2.5  
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mg/l IBA and 2.5 mg/l NAA. He observed maximum of 25 
roots and 2.0 cm root length per plant. It proved the role 
of auxins in rooting, but he reported high concentration of 
IBA as compared to us, this may be due to different 
varietal response. Gosal et al. (1998) obtained rooting on 
liquid MS medium containing NAA (5 mg/l) and 70 g/l 
sucrose. Ali and Afghan (2001) observed only 6 - 7 roots 
after 3 weeks on MS medium containing 2 mg/l IBA and 
6% sucrose while we reported 41 roots per plant which 
are much higher number as compared to their results. 
Here we suggested low level of IBA for rooting.  

Micropropagation of sugarcane from shoot tip may 
become the successful method to cope with the present 
day demand. It will be an easy way for obtaining intensive 
number of plants in limited time under controlled 
conditions. Through the use of tissue culture technique it 
may be easy to obtain disease free plants. The protocol 
used in the present study can be used for rapid 
multiplication of sugarcane. 
 
 
REFERENCES 
 
Alam R, Mannan SA, Karim Z, Amin MN (2003). Regeneration of 

sugarcane (Saccharum officinarum L.) plantlet from callus. Pak. 
Sugar J. 18: 15-19. 

Ali K, Afghan S (2001). Rapid multiplication of sugarcane through 
micropropagation technique. Pak. Sugar J. 16(6): 11-14.  

Anita P, Jain RK, Schrawat AR, Punia A (2000). Efficient and cost-
effective micropropagation of two early maturing varieties of 
sugarcane (Saccharum spp.). Indian Sugar, 50: 611-618. 

Baksha R, Alam R, Karim M.Z, Paul,b SK, Hossain MA, Miah MAS, 
Rahman ABMM (2002). In vitro shoot tip culture of sugarcane 
(Saccharum officinarum) variety LSD28. Biotechnology, 1(2-4): 67-
72. 

Barba RC, Zamora AB,  Malion AK,  Linga CK (1978). Sugarcane tissue 
culture research. Proc. Int. Soc. Sugarcane Technol. 16: 1843-1863. 

Chattha MA, Abida A, Muhammad I, Akhtar A (2001). Micropropagation 
of sugarcane (Saccharum species hybrid). Pak. Sugar J. 16: 2-6. 

Cheema KL, Hussain M (2004). Micropropagation of sugarcane through 
apical bud and axillary bud. Int. J. Agric. Biol. 2: 257-259. 

Das S, Jha TB, Jha S (1996). Strategies for improvement of Cashewnut 
through Tissue Culture. In: Plant Tissue Culture. Islam AS (ed.) 
Oxford and IBH Publishing Co. Pvt. Ltd, pp. 1-7. 

Dodds JH (1991). In vitro methods for conservation of plant genetic 
resources. Book, published by Chapman and Hall, London. 

Feldmenn P, Sapotille J, Gredoire P, Rott P (1994). Micropropagation of 
sugarcane. In: Teisson C, ed. In vitro culture of tropical plants. 
France: CIRAD: 15-17. 

George EF, Sherrington PD (1984). Plant propagation by tissue culture. 
Handbook and directory of commercial laboratories. Exegenetics 
Ltd., Basingstoke, Hants, England, pp. 444-447. 

George EF (1993). Plant propagation by tissue culture. Part 1. The 
Technology. Exegetics Ltd., Edington, wilts, England, pp. 89-91. 

Gosal SS, Thind KL, Dhaliwal HS (1998). Micropropagation of 
sugarcane. An efficient protocol for commercial plant production. 
Crop Improv. 2: 167-171. 

Guimarces CT, Sobral WS (1998). The Saccharum complex: relation to 
other andropogoneae. Plant Breed. Rev., 16: 269-288. 

 
 
 
 
 
 

 
 
 
 
Heinz DJ, Krisnamurti M, Nickell LG, Maretzki A (1977). Cell tissue and 

organ culture in sugarcane improvement. Applied and Fundamental 
Aspects of Plant Cell and Organ Culture. (Eds. Reinert, JYPS. Bajaj), 
Springer, Berlin, Heidelburg, New York 

Hendre RR, Iyer R.S, Kotwal M, Khuspe SS, Mascarenhas AF (1983). 
Rapid multiplication of sugarcane by tissue culture. Sugarcane 1: 5-8. 

Jadhav AB, Vaidya ER, Aher VB, Pawar AM (2001). In vitro multipli-
cation of co–86032 sugarcane (S. officinarum) hybrid. Indian J. Agric. 
Sci. 71: 113-115. 

Kale VP, Bruno TV, Bhagade SV (2004). Studies on callus initiation and 
plantlet regeneration in sugarcane (Saccharum spp.) Indian J. Genet, 
64(20); 165-166. 

Khan MR, Rashid H (2003). Studies on the rapid clonal propagation of 
Saccharum officinarum. Pak. J. Biol. Sci. 6(22): 1876-1879. 

Lal N, Krishna R (1994). Sugarcane and its problems: Tissue culture for 
pure and disease free seed production in sugarcane. Indian sugar, 
44: 847-848. 

Lee TSG (1987). Micropropagation of sugarcane (Saccharum spp.) 
Plant Cell Tissue Org. Cult. 10: 47-55. 

Lorenzo JC, Ojeda E, Espinosa A, Borroto C (2001). Field performance 
of temporary immersion bioreactor derived sugarcane plantys. In vitro 
cell Dev. Biol., Plant, 37: 803-806. 

Mamun MA, Skidar MBH,  Paul DK,  Rehman MM, Islam M (2004). In 
vitro micropropagation of some important sugarcane varieties of 
Bangladesh. Asian J. Plant Sci. 3(6): 666-669. 

Mstat-C (1991).    Michigan State University, East Lansing, USA 
Murashige T, Skoog F (1962). A revised medium for rapid growth and 

bioassays with tobacco tissue culture. Plant Physiol., 9: 473-497. 
Nadar HM, Heinz DJ (1977). Root and shoot development from 

sugarcane callus tissue. Crop Sci., 17: 814-816. 
Nand L, Singh HN (1994). Rapid clonal multiplication of sugarcane 

through tissue culture. Plant Tissue Cult. 4: 1-7. 
Patel AA, Patel SR, Patel CL, Prajapati BS (2001). Effects of media 

composition on in vitro multiplication of sugarcane varieties. Indian J. 
Gene. Plant Breed. 61(1): 82-83. 

Razi-ud-Din, Salim Shah S,  Waqus Hussan S, Ali S, Zamir R (2004). 
Micro-propagation of sugarcane though bud culture. Sarhad J. Agri. 
20: 1.  

Sauvaire D, Glozy R (1978). Multiplication vegetative de canne a Sucre 
(Saccharum sp.) par bouturage in vitro. CR Acad. Sci. Paris, Seri D., 
pp. 467-470. 

Taylor PWJ, Dukie S (1993). Development of an in vitro culture 
technique for conservation of Saccharum Sp. Plant cell Tissue Organ 
Cult. 34: 217-222. 

Wongkaew P, Fletcher J (2004). Sugarcane white leaf phytoplasma in 
tissue culture, long term maintenance, transmission and 
oxytetracycline remission. Plant Cell Rep., 23: 426-434. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


