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ABSTRACT: 
An experiment was designed to develop technological method through which formulate protocol for tissue culture 

in sugarcane. Shoot tips of Saccharum officinarum L. as explants of three varieties included NIA-2012, NIA-105 

and Gulabi-95. The regeneration of regenrable type of callus (whitened and solid type) was using in a basic medium 

with ABK (Indol acetic acid) ( indol butric acid) cytokinin (kintin) added with different content of auxin (2, 4-D), 

(NAA) and picloram. Main analysis of variance was showing that all the traits are significant in NIA-2012 which 

fallowed by NIA-105. The best combination   for the multiplication and shoot rising of sugarcane the plant growth 

hormone was used 2, 4-D and NAA. Root proliferated with the NAA at the concentrations of 3.0 mg/L was 

observed. However, the optimized protocol can be used for rapid in vitro mass multiplication of three sugarcane 

varieties related to the field parameter enhance production of sugarcane hence minimize the limitations sugarcane 

planting materials. 
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INTRODUCTION 

The large volumes of Sugarcane material used for 

micro propagation to apical meristems is very 

useful in sugarcane breeding programs, because of 

the time it saves in multiplying the promising 

varieties and clones and in facilitating the acquis-

ition of large volumes of material. Meristems 

culturing can also be useful in eliminating patho-

gens (Arencibia et al., 1997). Sugarcane (Saccha-

rum spp. hybrids) is an important agro industrial 

crop and information of heritability of phenotypic 

traits and agronomic characters is vital in breeding 

programs for globaly level (Anbalgan et al., 2000, 

Alvi et al., 2008). The genetic variability present 

in the sugarcane cultivars, cultivate by the pro-

ducers, has hybrid origin, generally thought of 

researchers (Khan et al., 2009; Ahmed et al.,2010; 

Bairu et al., 2011). 

In Pakistan requirements of advance in the 

characters of yield and sugar recovery. Therefore, 
application of plant tissue culture techniques 

provides an substitute method for development 

and improvement of sugarcane which relied on 

Phytohormone treatments were effective in induc-

ing genetic variability (Mekonnen et al., 2014).  

 

However, the picloram and 2, 4-D showed stimu-

lating and enhancing effect on plant height and 

width of internode (Tolera et al., 2014). Inter-

active effect of clones/parents x growth hormones 

had significant effect on all phenotypic characters. 

In sugarcane, maximum production means high 

sugar recovery Experimental work conducted to 

estimate variability of callus by tissue culture 

techniques which stimulate physiological trait 

(Raza et al., 2014) of sugarcane and enhancement 

of the production of sugarcane. Sugarcane is a 

traditional agricultural field crop with long olden 

times of safe use (Shimelis et al., 2014). It is thou-

ght to have become recognized as a domestic gar-

den crop and byproducts of sugarcane correlated 

with number of tiller and mill able cane, internode 

width and cane height, cane yield depend on 

width of internode sugar (Jahangir et al., 2014). 

Sugar yield using completely randomized block 

design through two factorial design data analyzed. 

Varied biotechnological tools have been used to 

improve qualitative and quantities characteristic 

of sugarcane crop (Kuar, 2014). 
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Sugarcane production in Pakistan improved since last five years. 
 

MATERIAL AND METHODS 

Experiments were conducted in Laboratory of 

Nuclear institute of Biotechnology, for micro-pro-

pagation. Shoots of sugarcane were used as expl-

ants source for the regeneration and micro propa-

gation of Saccharum (fig:1) sterilized with 100% 

commercial bleach for 25 min and 70% ethanol 

for 1 minute followed by rinsing three times with 

sterilized distill water. Whole process was carried 

out in laminar flow hood.  
 

 

Fig: 1: Steps included in sterilization of explants of 
sugarcane 
 

Tissue culture of sugarcane for micro propagation 

and regeneration was conducted according to 

technique developed by Khan et al., (2008). The 

shoot tips of three different varieties included 

NIA-(2012), NIA-(105) and (Gulabi-95) were cut-

ting into small pieces after sterilization process 

these particles were placed in each of MS basal 

medium supplemented with different concentra-

tion of auxins. 

The analysis of variance due to different varieties, 

concentration and variety x concentration interac-

tion were significant for all agronomic traits Table 

2A, B and C. The study showed that shoot tips of 

sugarcane inoculated aseptically in auxins and 

cytokinins established the shoot induction and 

shoot multi-placation at the same concentration, 

the main parameters of external appearance in the 

sugarcane plant are number of tillers, height of 

cane as they directly effect on final phenotypic 

traits in sugarcane.  

 

        Table -2a: Impact of different auxins on NIA-2012 soma clones for phenotypic trait development. 

Phenotypic character                                                                 NIA-2012 

 

 

Number of tillers 

Height of cane 

Number of internode 

Width of internode 

Number of tillers 

Height of cane 

Number of internode 

Width of internode 

Number of tillers 

          Growth regulators Concentrations 2,4-D, Picloram, NAA (mg l-1) 

Control (0.00 0.5 1.0 2.0 3.0 

4.7778 e-f      6.5556  a-c 7.4444 a 7.3333  a 7.1111  a-b 

114.16 e-g      117.49c-d     119.24c     123.05  b 126.47 a 

13.778    g-h  16.556 d-e 17.889 c-d   20.222   b 24.889 a 

1.5011 e-g       1.6011 d-e     1.7100 c-d     1.8878  b 2.1789 a 

4.3333 d-g      5.0000c-e     6.3333  a-b 5.7778  a-c 6.7778 a 

113.44   b 116.76   b 118.25  b 122.08  b 125.20 b 

12.667 f-g       14.889 d-e     15.667    d 18.111  b-c 21.667  a 

1.4467 d-e     1.5589 c-d    1.6633  b-c 1.8122  b 2.0922  a 

4.7778  a-c 4.3333  a-c 5.8889  a 5.2222  a-c 5.6667  a-b 

1
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Height of cane 

Number of internode 

Width of internode 

116.53  c-d   116.69 c-d    117.78 c-d    121.37  a-b 123.85 a  

14.444 d-f     16.000c-e     17.111 cb-d    18.222  a-c 21.333 a 

1.3733 d-f     1.4911 c-e    1.6111 b-d   1.7378  a-c 1.9578  a 

        Mean comparison of sugarcane trait Anova at (p<0.05) two factorial designs 
 

       Table- 2b: Impact of different auxins on NIA-105 soma clones for phenotypic trait development 

Phenotypic character                                                                 NIA-105 

 

 

Number of tillers 

Height of cane 

Number of internode 

Width of internode 

Number of tillers 

Height of cane 

Number of internode 

Width of internode 

Number of tillers 

Height of cane 

Number of internode 

Width of internode 

               Growth regulators Concentrations 2,4-D, Picloram,NAA (mg l-1) 

control (0.00) 0.5 1.0 2.0 3.0 

5.1111d-f      4.5556 e-f      5.6667c-e     5.3333d-f      6.1111 b-d   

113.63  f-g      115.56 d-f      118.93  c 122.41 b 123.20   b 

13.000 e-f      14.00 d-f     14.000d-f      17.111b-d   19.778  a-b 

1.1600 g   1.2556f-g       1.3778  e-f 1.4611d-e     1.5589 c-d    

4.7778 c-f    4.2222e-g      4.8889 c-e    5.4444b-c    5.3333 b-e   

112.79   b 115.48  b 118.62   b 121.21   b 123.79   b 

12.667g-h         15.556 e-f      15.778 e-f      17.556c-d    20.111  b 

1.1956 i           1.283 h-i          1.4289 f-h       1.4889e-g      1.5978 d-e     

114.41 d-f     114.4 d-f      115.75 d-e     119.76 b-c 122.17  a-b 

12.000 g        13.44 e-g      15.222d-e     16.333b-d    18.111  b-c 

3.5556  b-c 4.000a –c 4.3333  a-c 4.3333  a-c 5.2222  a-c 

1.3022 e-f      1.4322d-f     1.5567c-d     1.6956  b-c 1.8400  a-b 

       Mean comparison of sugarcane trait Anova at (p<0.05 two factorial designs 
 

         Table -2c:  Impact of different auxins on Gulabi-95 soma clones for phenotypic trait development. 

Phenotypic character                                                              Gulabi-95 

 

 

Number of tillers 

Height of cane 

Number of internode 

Width of internode 

Number of tillers 

Height of cane 

Number of internode 

Width of internode 

Number of tillers 

Height of cane 

Number of internode 

Width of internode 

           Growth regulators Concentrations 2,4-D, Picloram,NAA  (mg l-1) 

Control (0.00) 0.5 1.0 2.0 3.0 

2.0000     g 3.0000   g 4.3333    f 4.5556  e-f 6.1111  b-d 

110.59   b 114.12   b 117.31   b 115.28   b 223.40  a 

12.444     h 14.222  f-g 15.556  e-f 17.222  d-e 19.222  b-c 

1.2567f-g        1.4111 d-e     1.5378  c-d 1.6656  b-c 1.7700   b 

5.0000  a-c 3.2222c    3.2222 c    5.4444  a-b 4.4444  a-c 

111.05h          112.87g-h         114.85 e-g   116.22d-e      118.38    c 

12.111 g      14.667 d-f     14.667  d-f    16.111 c-d    18.333   b 

1.2867 h-i         1.3967 g-h        1.5633 d-f     1.6833  c-d 1.8000  b-c 

2.3333i           2.6667h-i          3.6667 f-h       3.4444 g-i        4.2222 e-g      

111.52 f       112.46 e-f      112.81 e-f      117.44 c-d    119.68  b-c 

  12.111  f 12.111    f 12.556  e-f 15.222 c-f 17.000  b-d 

1.2122 f       1.2778  e-f 1.4111 d-f     1.5056c-e     1.6233 b-d   

        Mean comparison of sugarcane trait Anova at (p<0.05 two factorial designs. 
 

RESULTS 

Variability in plantlets derived from sugarcane 

callus: The pooled performance of all the treat-

ments and their control for all the characters indi-

cate that parents/soma clones were significantly 

(p≤ 0.05) higher in agronomic trait obtained from 

high concentration of 2, 4-D in all replicates of 

sugarcane. In case of picloram high concentration 

yielded highest thickness of internode. Maximum 

phenotypic character in case of NIA-2012 was 

observed at 3.mg/l for all auxins.  Highest number 

of tillers were obtained 7.111a-b in 2,4D and 

minimum in NAA (5.6667a-b). Maximum height 

of cane, number of internode and diameter of cane 

was estimates in soma clones of sugarcane at 

additive concentration of 2, 4-D and lowest obtai- 

ned in NAA. 

The average performance of all the sugarcane 

plantlets, under the Concentration of phytoho-

rmone and their control for all the characters 

indicate that were significantly (p≤ 0.05) higher in 

soma clones obtained from high concentration of 

Picloram and 2,4-D in NIA-105, expressing indu-

ced more genetic variability as compared to other 

auxins under study. In case of NIA-105 Maximum 

number of cane was obtained when 2, 4-D was 

applied in 3mg/l. Highest height of cane and 

number of internode 123.79b, 20.11b was obtain-

ned at 3.0mg/l of picloram, whereas lowest height 

of cane and number of internode 122.17 a-b, 

18.111b-c was observed in NAA. Highest cane 

thickness was observed (1.8400 a-b) when NAA 

was applied. 

In case of Gulabi-95 all treatments of growth hor-

mones for all morphological characters were 
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significantly (p≤ 0.05) higher in regeneration of 

clones obtained from high concentration of 2, 4-

D, picloram yielded similar results. Maximum 

number of tillers was obtained 6.1111 b-d in 2, 4-

D and minimum was observed 4.2222e-g in NAA 

were applied.  Highest height of cane was estim-

ate 223.40a at 2, 4-d and lowest in NAA was obta-

ined 119.68b-c. In clones of Gulabi -95 maximum 

number of internode was observed 19.222b-c and 

minimum were 17.000bd Reduced width of inter-

node found in NAA and increased in picloram at 

the concentration of 3.0mg/l. 

      The absence of certain economic trades from 

the genetic pool of sugarcane like insecticide and 

herbicide resistance required adoption of genetic 

transformation as means of improvement. It requi-

res 10 to 15 years to get an improved variety for 

commercial cultivation. The time spent for this 

multiplication is considered a serious economic 

problem, mainly in view of the high yields NIA-

2012 showing significant results (Table: 1). that 

would be obtained by planting the new variety 

earlier on a large commercial scale, because the 

propagation of improved or modified clones of 

sugarcane (Fig:2). Through sets is very slow, usu-

ally 1-10 in a year, this is a major hurdle.  

 

         Table 1: ANOVA for three different varieties of sugarcane soma clones for phenotypic trait development 

 
 
 

Source 

 
 
 

DF 

Mean    s q u a r e  

 
NIA-2012                 NIA-105               GULABI-95 

Number of 
tillers 

Number of 
internodes 

Height of 
cane 

Width of 
internodes 

Replication 2 5.4889 82.689 7445.45 0.58266 

Treatment 2 6.556* 79.49** 6947.65* 0.16520** 

Concentrations 4 26.204** 193.59** 6652.07ns 1.10429** 

VAR 2 78.699 ** 34.02** 4570.04* 1.3956** 

T x C 8 4.746 ** 1.387 * 7564.78* 0.0065ns 

T x VAR 4 2.744ns 13.74** 7455.24* 0.02904* 

C x VAR 8 4.826* 5.237** 7577.19* 0.0291ns 

Error 104 1.595 4.76
7 

7347.88 0.0268 

Total 134 CV 23.42 CV 14.00 CV 68.84 CV 10.67 
 

 
Fig-2: Steps included in callus formation of sugarcane. 
 

Maximum number of tillers cm in case of 2, 4-D 

was observed in NIA-2012 soma lones 6.8667a 

followed by NIA-105 (6.667a) and minimum in 

Gulabi-95 parents 3.60d-e. Highest height of cane 

was found in NIA-2012 soma clones 180.2a and 

minimum in Gulabi-95 (115.0 c). Maxi-mum 

number of internode found in NIA-2012 soma 

clones 20.13a and Minimum in Gulabi- 95 parent 

15.33b-d. Highest width of internode was obtain-

ned in NIA-2012 soma clones 1.867a followed by 

NIA-105 (1.8253 a) and minimum in Gul-abi-95 

(1.51c-d).  

The comparison of parents and their clones in case 

of picloram maximum number of tillers (cm) was 

found in NIA-2012 soma clones 6.0667a-b foll-

owed by NIA-105 (5.6667a-b) and minimum in 

Gulabi-95 parents 3.2667e. Highest height of cane 

was obtained in NIA-2012 parents 119.96a and 

minimum in Gulabi-95 parent 114.26c. Maximum 

number of internode found in NIA-2012 soma 

clones 18.467b and minimum in NIA-105 parent 

15.200 b-d. Highest width of internode was obtai-

ned in NIA-2012 soma clones 1.7713a-b followed 

by Gulabi – 95 soma c1ones 1.5933c-d and mini-

mum in NIA-105 parent 1.3573e-f.   

The data presented in the fig. 3 and 3a,3b and 3c 

revealed that maximum number of tillers (cm) in 

case of NAA was observed in NIA-105 parent 

5.3333d-e) followed by NIA-2012 parent 5.266-

7a-c) and minimum in Gulabi-95 parents (2.9333-

e). Highest height of cane was found in NIA-2012 

parent 180.22a and minimum in Gulabi-95 parent 

114.30c. Maximum number of internode found in 

NIA-2012 soma clones 20.13a and minimum in 

Gulabi- 95 parent 15.333b-d. Highest width of 

internode was obtained in NIA-2012 soma clones 
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1.6793b-c followed by NIA-105 (1.3700e) and minimum in Gulabi-95 parent (1.3260f). 
 

    
 Fig- 3: Different stages included in the regeneration of sugarcane. 

 
 

 

                        
(A)                                                               (B)                                          (C) 

Fig. 3a,b,c: Different stages included in the regeneration of sugarcane. 
 

DISCUSIONS 

The evaluation of comparative performance of 

the selected clones through Randomized complete 

block design (RCBD) is given in Table (2A, B, 

C). All the concentration gave best results in same 

combination for the phenotypic characters of 405 

soma clones of three different varieties of sugar-

cane. 135 clones were observed under the treat-

ment of 2, 4-D for NIA- 2012 responded best as 

compare to the other growth hormones. Shahid et 

al. (2012) reported 3.mg/l of 2,4D important for 

inducing variability in the morphological charac-

ter of sugarcane. 

Results reflected that out of the 405 soma 

clones of genotype evaluated for genetic variation 

in sugarcane varieties through in-vitro culture 

techniques. 135 clones of NIA-105 observed in 

which highest result was found with additive con-

centration of picloram. Anbalogan et al. (2000) 

reported that some phenotypic variability was the 

result of physiological changes during in vitro 

conditions Bairu et al. (2011).  Present result sim-

ilar with the findings of Khan et al. (2009) and 

seema et al. (2013). 

It is evaluated from the current results, Soma 

clones of Gulabi -95 assessed not more variability 

in the phenotypic and morphological character as 

compare to the other clones of varieties.2,4-D and 

picloram performed better than NAA. Baksha et 

al. (2002), Khatun et al. (2003) and Sabaz et al. 

(2008) reported lowest concentration of NAA was 

better than increasing concentration. Whereas pre-

sent results reflected with the finding of feyissa et 

al. (2014). 

Highly significant (P≤0.005) differences were 

observed for four studied characteristics in diffe-

rent parents / soma clones has been given in 

(Table a,b,c). The maximum number of tillers was 

observed in NIA-2012 soma clones when 2, 4-d 

applied. Hoy et al., (2003) also observed smaller 

cane diameter and increased number of stalks in 

the plants regenerated from callus culture. How-

ever, the finding of Khan et al. (2009) and Raza et 

al. (2014) are similar to our findings. 

It is optimized from the results number of 

tillers, height of cane, number of internode and 

width of internode enhanced and improved these 

quantitative characters with increase in dose of all 
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the auxins applied. Present results are similar with 

the finding of Nawaz et al. (2013). 

It is understandable from the result that 

number of internode increases with increase in 

concentration of picloram applied. Whereas height 

of cane decreases with increases the concentration 

of picloram. All the treatment gave best results in 

3.0mg/l for the number of internode. Present 

results are in agreement with the finding of Gaol 

et al. (2010) and Pandey et al. (2012). They found 

best result of at lower concentration of picloram 

(Shimelis et al., 2014). 

It is clear from the result fig. 4 that width of 

internode depends upon the application of all the 

auxins applied. Present results are concerning 

with the finding of Khan et al. (2004), Roy et al. 

(2010) and Sughra et al. (2014). 
 

 
Fig. 4: Field parameter of sugarcane crop. 
 

Conclusion 

Recently research-based work on the biotechnolo-

gical methods through plant growth hormones, it 

is possible to deduce that, we have developed a 

rapid in vitro shoot multiplication method proto-

col for the three sugarcane varieties which can use 

to complement the conventional propagation met-

hod directly significance with sugar production 

characters of field. 
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