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ABSTRACT 

 
       The effect of some factors, namely BA concentration (5 and 10 mg/l), 
sucrose concentration (8, 10, 12, 13, 14 and 15%) and presence of active 
charcoal in medium (0 and 5 g/l) on microtuber formation of six potato 
genotypes, four tetraploid, viz. Diamant, Picasso, Santa and Forella and two 
dihapliod, namely 805 and 808, was studied in two experiments. Potato 
genotypes responded differently to such factors, where Forella cv. showed 
the best performance regarding microtuber number per jar, average weight of 
microtuber, and microtuber yield per jar. Increasing sucrose concentration up 
to 12% and adding active charcoal at concentration of 5 g/l in medium having 
10 mg/l BA caused a remarkable increase in microtuberization parameters in 
all cultivars. On the other hand, increasing sucrose concentration or adding 5 
g/l active charcoal to MS medium having 5 mg BA /l promoted microtuber 
formation in some cultivars, and inhibited this process in others. 
 

INTRODUCTION 

 
The production of microtubers has got significant importance in many 
countries of the world for the purpose of the production of disease-free seed 
tubers, germplasm exchange, and conservation (Roca et al.1979; Ranalli et 
al. 1994). Mass production system of potato microtuber can revolutionize the 
world potato agriculture in the near future. Moreover, many laboratories are 
producing microtubers commercially for their own national programs as well 
as for export. In South Korea, they are producing millions of microtubers 
annually (Hyouk et al. 1994).  In the Philippines, the national breeding project 
on conservation and multiplication has a strong microtuber production 
programme in order to produce millions of minitubers every year (Paet and 
Zamora 1994). Baoquing et al. (1991) harvested at least ten usable size 
microtubers per flask after 30 days of culture. They tried to give a picture of a 
large scale and economic production of microtubers for the national 
programme with a comprehensive research outline. In USA, some 
commercial laboratories are producing millions of microtubers, which are sold 
with 15 cent each, while in Indonesia and China it costs only 5 cent due to 
cheap labor cost. 

In vitro microtuberization is a complex process regulated by different 
factors. However, work on micro tuberization in potato has mainly focused on 
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the use of growth regulators, such as benzyl amino purine (Wang and Hu 
1982; Hussey and Stacey 1984; Abbott and Belchel 1986), 2-chloroethyl 
trimethyl ammonium chloride (CCC) (Tovar et al. 1985), coumarin (Dodds et 
al. 1988), and jasmonoid (Pelacho et al. 1993), etc. Cytokinins are commonly 
included in media for in vitro tuberization of potatoes (Wang and Hu 1982), 
but their role is still obscure (Ewing 1985). Doubts have been raised whether 
cytokinins are directly responsible for tuber initiation (Ewing 1987). Addition of 
cytokinin to the agar medium promoted tuberization of stolons subcultured in 
darkness (Palmer and Smith 1970) and cytokinin like activity was nearly twice 
as high in induced as in non-induced tissues (Forsline and Langille 1976; 
Mauk and Langille 1978). Generally, the response to growth regulators 
depended upon a rang of factors including sucrose concentration and 
cultivars (Hussey and Stacay 1984; Ortiz- Montiel and Lozoya-Saldana 1987; 
Garner and Blake 1989). Concerning the effect of sucrose cocentration, Yan- 
Zheng and Guo-Dezhang (2004) found that the best medium for inducing 
microtuber production consisted of MS, 8% sucrose, 0.1% Active carbon, 30 
mg l-1 coumarin and 3 mg l-1 6-BA.  Also Gopal et al. (2004) reported that 
higher concentration of sucrose (60-80 g/liter) promoted biomass production, 
microtuber production and microtuber dry matter content. Tariq et al. (2004) 
reported that MS medium supplemented with higher concentration of sucrose 
(6%) and 1µ M of BA recorded the maximum number of micro tubers. Sidikou 
et al. (2003) studied the effect of sucrose level at 2-12% and BA at 0 - 5 mg/ 
liter on tuberization and found that tuberization increased with increasing 
concentration of BA and sucrose. Islam et al.(1999) investigated the effect of 
sucrose level (6, 8, 10 and 12%) and BA (4, 5 and 6 mg /liter) on the 
tuberization, and they observed that the highest number of tubers per flask 
and average tuber weight were upon treatment with 6% sucrose, 5 mg/liter 
BA. Alix et al. (2001) studied the effect of sucrose level (1, 2, 4 and 8%) on 
potato microtuber initiation, and found that microtuber initiation was 100% at 
8% sucrose falling to 40-50% at 4% sucrose and was absent at 1 or 2% 
sucrose. Regarding cultivar response, Hossain and Sultana (1994) reported 
that the preliminary studies on microtuberisation showed that the potato 
cultivars differed widely in this respect, i.e. the cultivar Patrones produced 
about 11 tubers per plant as against one - two for Heera, Dheera or Chamak. 
Medium containing activated charcoal gave the highest rate of tuberization 
and the largest microtubers in potato. It thus played a role in optimizing 
conditions for rapid, mass tuberization of these cultivars, and produced large 
microtubers for field planting (Bizarri. et al. 1995; Wang et al. 2006). Bulblet 
growth was also improved in lilium by supplement medium of AC. The 
medium with 2 g/L AC was most effective for bulblet growth (Bong et al. 
2005). As it was reported by Hossain (2005), most of the studies were based 
on a few genotypes only.  Thus, the present experiment was aimed at 
investigating the effect of different factors, namely, BA concentration, sucrose 
concentration, and presence of active charcoal on microtuberization over a w 
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MATERIAL AND METHODS 
 
These experiments were carried out during the period from 2005-

2006 in Plant Biotechnology Research Lab, Faculty of Agriculture, Cairo 
University, Giza, Egypt. 
Six potato genotypes, namely Santa, Picasso, Diamant, Forella, 808, and 805 
were used in the present experiments. The cultivars Santa, Picasso, and 
Diamant were received from Agriculture Research Center, Giza, Egypt, while 
Forella cv. and the dihaploid genotypes 805 and 808 were received from IPK 
Gene bank, Aussenstelle Nord, Gross Lusewitz, Germany.  
Experiment treatments:  
This work included two experiments as follows: 
1- Effect of sucrose and active charcoal concentrations on microtubers 

production in six different genotypes.  
 This experiment consisted of 96 treatments, i.e., 8 sucrose 
concentrations (8, 9, 10, 11, 12, 13, 14 and 15%) X 2 active charcoal levels 
(0 and 5 g/l) X 6 potato genotypes (4 tertraploid, namely Diamant, Picasso, 
Santa, Forella, and 2 dihaploid, namely 808 and 805). 
2- Effect of BA, sucrose concentration and active charcoal level on 

microtuber production in three different potato cultivars. 
  This experiment included 12 treatments which was a combination of 3 
sucrose concentrations (8, 10 and 12%), 2 active charcoal levels (0 and 5 g/l) 
X 2 BA (benzyl adenine) concentrations (5 and 10 mg/l). This experiment was 
conducted separately on 3 different potato cultivars, namely Diamant, 
Picasso and Santa. 
Plant material  

Potato tubers (Solanum tuberosum L. cvs Diamant, Picasso, and Santa) 
were established from apical meristems of sprouted tubers on MS medium 
(Murashige and Skoog, 1962) with 3% sucrose, 100mgl-1 myo-inositol, 
0.1mgl-1 BA and solidified with 0.7% agar. pH was adjusted to 5.8 before 
autoclaving at 121°C for 25 min. Sprouts were grown under 16h photoperiod 
at 2500 lux of white cool light and incubated at 24°C for 4 weeks in growth 
chambers. Forella, 805 and 808 genotypes were produced from Gen bank, 
Germany as plantlets in tubes. Thereafter, Shoot of all genotypes, i.e., Santa, 
Picasso, Diamant, Forella, 808 and 805 were subcultured every 28 days in 
baby gars (250 ml capacity) containing 40 ml of the same previously 
described culture medium via nodel cuttings as described by Espinoza et al. 
(1985). Subcultures were repeated for 4 times before cultured on tuberization 
medium. 
Tuberization medium and incubation condition  
 Tuberization medium consisted of  MS macro and micro elements 
salts, 0.7% agar and the additives mentioned in the experiments, i.e., 6 
sucrose concentrations (8, 9, 10, 11, 12, 13, 14 and 15%) as well as two 
active charcoal levels (0 and 5 g/l) in the first experiment and two BA 
concentrations (5 and 10 mg/l) , 3 sucrose concentration ( 8, 10 and 12% ) 
and two active charcoal levels ( 0 and 5 g/l ) in the second experiment. pH 
was adjusted to 5.8 before autoclaving at 121°C for 25 min. 
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Three shoots, each shoot containing 6 nodel, were cultured on different 
media cultures which were kept at 17°C in continuous dark.        
Recording data 

Data were recorded after 3 months from culture in the two 
experiments as follows: 

1- Number of microtubers per jar. 
2- Average weight of microtuber. 
3- Yield of microtubers per jar. 

      The experimental design 
The experiments were set in a three factors completely randomized 

design (CRD) in four replicates, each replicate consisted of 3 jars, each jar 
contained 3 plants. The three factors of the first experiment were 6 cultivars X 
8 sucrose concentrations X 2 active charcoal levels, while in the second 
experiment, they were 2 BA concentrations, 3 sucrose concentration X 2 
active charcoal levels. The data on different parameters were collected and 
statically analyzed. Thereafter, the significant differences between means of 
treatments were recorded at 5% level using L.S.D as described by Steel and 
Torrie (1960).   

 

RESULTS 
 

Experiment 1: Effect of sucrose concentration and active charcoal on 
microtubers production in six potato genotypes. 
         There were significant differences in microtuber number, microtuber 
average weight and yield per jar among the different genotypes. In this 
respect, Forella cultivar showed the best performance in all tuber characters 
and followed by genotype 808 in respect of   microtuber number and followed 
by cv. Picasso regarding average weight of microtubers, and jar yield of 
microtubers. On contrast, genotype 805 showed the lowest value of 
microtuber number per jar, average microtuber weight and jar yield of 
microtubers, were recorded by genotypes Santa, 808 and 805, respectively. 
Increasing sucrose concentration from 80 to 120 g/l significantly increased 
number of microtubers, microtuber average weight and jar yield per jar. This 
was true in all genotypes (Table 1, 2 and 3). Further increase in sucrose 
concentration up to 13% led to death of all genotypes, except Forella cultivar 
(Data are not shown). Data presented in the same table reveal that  adding 
active charcoal to the tuberization medium led to production of higher 
microtuber number per jar, and markedly increased both of average 
microtuber weight and microtuber yield per jar, as compared with medium 
without active charcoal. These results were true in all genotypes and at all 
sucrose concentrations of 80, 90, 100, 110 and 120 g/l. 

The highest values of average microtuber weight (1.933 g) and 
microtuber yield per jar (18.027 g) were noticed in cv. Forella by using 12% 
sucrose in presence of active charcoal. Meanwhile, the highest number of 
microtubers per jar (11.3) was produced in genotype 808 in medium 
containing 12% sucrose + 5 g/l active charcoal. 
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Table. 1: Effect of concentrations of active charcoal (A.C), and sucrose 
on number of tuber / jar of some potato genotypes. 

Mean Sucrose level (g/l) A.C (g 
/l)  

Genotypes 
 120 110 100 90 80 

2.5 
5.1 

2.3 
7 

3.6 
5.6 

2 
5.3 

3 
4 

1.7 
3.3 

0 
5 

Diamont 

3.8 4.6 4.6 3.6 3.5 2.5 Average  
2.5 
4 

3 
4.6 

2.6 
4 

2 
4 

2.7 
4 

2 
3.3 

0 
5 

Picasso 

3.2 3.8 3.3 3 3.3 2.7 Average 
1.7 
2.9 

2.3 
3.6 

2.3 
2.6 

1.3 
2.6 

1.7 
3 

1 
2.7 

0 
5 

Santa 

2.3 3 2.5 2 2.3 1.8 Average 
5.1 
5.8 

7.3 
9.3 

6.3 
6.6 

5 
5.6 

3.7 
4 

3.3 
3.7 

0 
5 

Forella 

5.5 8.3 6.5 5.3 3.4 3.5 Average 
2.2 
3.1 

1.6 
5.6 

2.6 
3.3 

2.3 
2.6 

2.3 
2 

2 
2 

0 
5 

805 

2.6 3.7 3 2.5 2.2 2 Average 
3.4 
4.8 

6 
11.3 

4 
4 

2.6 
4 

2 
2.3 

2.3 
2.3 

0 
5 

808 

4.1 8.7 4 3.3 2.6 2.3 Average 
2.9 
4.4 

3.8 
6.9 

3.6 
4.4 

2.5 
4. 

2.5 
3.2 

2.1 
2.9 

0 
5 

 5.4 4 3.31 2.9 2.5 Mean 
 L.S.D. at 0.05 for             Factor A (genotypes) 0.7 
 Factor B (A.C) = 0.4       Factor C (sucrose) = 0.7 
 A X B = 1.1      B X C = 0.9        A X C= 1.7     A X B XC = 2.4 

 
Table. 2: Effect of concentrations of active charcoal (A.C) and sucrose 

on tuber average weight (g) of some potato genotypes. 
Mean Sucrose level (g/l) A.C (g /l )  Genotypes  

 120 110 100 90 80 
0.129 
0.485 

0.123 
0.770 

0.296 
0.614 

0.108 
0.497 

0.059 
0.282 

0.056 
0.262 

0 
5 

Diamont  

0.307 0.447 0.455 0.303 0.171 0.159 Average 
0.218 
0.615 

0.359 
0.806 

0.151 
0.407 

0.164 
0.487 

0.116 
0.682 

0.301 
0.690 

0 
5 

Picasso  

0.416 0.583 0.279 0.325 0.399 0.496  Average 
0.297 
0.357 

0.623 
0.755 

0.405 
0.457 

0.187 
0.215 

0.152 
0.191 

0.118 
0.167 

0 
5 

Santa  

0.327 0.689 0.431 0.201 0.172 0.143  Average 
0.447 
0.825 

0.857 
1.933 

0.544 
0.823 

0.420 
0.627 

0.232 
0.445 

0.184 
0.296 

0 
5 

Forella  

0.636 1.395 0.683 0.523 0.339 0.240 Average 
0.169 
0.243 

0.228 
0.476 

0.172 
0.245 

0.177 
0.181 

0.137 
0.158 

0.129 
0.155 

0 
5 

805 

0.206 0.352 0.208 0.179 0.148 0.142   X 
0.116 
0.283 

0.167 
0.686 

0.149 
0.255 

0.122 
0.175 

0.073 
0.158 

0.068 
0.140 

0 
5 

808 

0.199 0.427 0.202 0.148 0.116 0.104  Average 
0.229 
0.468 

0.467 
0.904 

0.319 
0.364 

0.393 
0.285 

0.196 
0.286 

0.143 
0.129 

0 
5 

 0.649 0.376 0.280 0.224 0.214 Mean             

L.S.D. at 0.05 for                   Factor A (genotypes) = 0.038 
Factor B (A.C) = 0.224          Factor C (sucrose) = 0.035 
A X B = 0.055       B X C = 0.050      A X C= 0.087      A X B XC = 0.123 
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Table. 3: Effect of concentrations of active charcoal (A.C), and sucrose 
on jar yield (g) of some potato genotypes. 

Mean Sucrose level (g/l) A.C Genotypes  
 120 110 100 90 80 

0.378 
1.589 

0.297 
3.594 

1.064 
2 

0.143 
0.705 

0.266 
0.786 

0.118 
0.856 

0 
5 

Diamont  

0.983 1.946 1.532 0.424 0.526 0.487  Average 
0.525 
2.453 

1.050 
3.842 

4 
1.666 

0.265 
1.820 

0.309 
2.670 

0.603 
2.269 

0 
5 

Picasso  

1.489 2.446 1.033 1.042 1.489 1.436  Average 
0.680 
1.193 

1.723 
2.761 

1.025 
1.690 

0.327 
0.585 

0.218 
0.504 

0.109 
0.423 

0 
5 

Santa  

0.937 2.242 1.358 0.456 0.361 0.266  Average 
2.518 
5.954 

5.739 
18.027 

3.325 
5.416 

2.048 
3.502 

0.848 
1.762 

0.632 
1.066 

0 
5 

Forella  

4.236 11.883 4.370 2.775 1.305 0.849  Average 
0.365 
0.850 

0.456 
2.277 

0.465 
0.832 

0.367 
0.495 

0.326 
0.338 

0.213 
0.309 

0 
5 

805 

0.608 1.367 0.648 0.431 0.332 0.261  Average 
0.443 
1.730 

0.987 
6.171 

0.594 
0.992 

0.322 
0.776 

0.148 
0.372 

0.165 
0.336 

0 
5 

808 

1.086 3.579 0.793 0.549 0.260 0.251  Average 
0.818 
2.295 

1.709 
6.112 

1.145 
1.314 

0.579 
1.072 

0.353 
0.877 

0.307 
0.877 

 
0 
5 

 3.910 1.622 0.946 0.712 0.592  Mean        

L.S.D. at 0.05 for               Factor A (genotypes) = 0.580 
Factor B (A.C) = 0.335      Factor C (sucrose) = 0.530 
A X B = 0.821     B X C = 0.749 
A X C= 1.298      A X B XC = 1.836 

 
 Experiment 2: Effect of BA concentration, sucrose concentration and 
active charcoal level on microtubers production in three different potato 
cultivars. 

BA at 10 mg/l  significantly increased number of microtubers per jar 
and microtubers yield per jar in cv. Picasso and Diamant as well as average 
microtubers weight in cv. Diamant as compared with the concentration of BA 
at 5 mg/l. On the contrary, in cv. Santa the reverse was true, where number 
of microtubers /jar, average microtubers weight and jar yield of microtubers 
were greater when BA was used at 5 mg/l, as compared with the 
concentration of 10 mg/l. Adding active charcoal to medium in presence of 
BA at 10 mg/l significantly increased number of microtubers /jar, average 
microtubers weight and jar yield of microtubers. This was true in all cultivars. 
In contrast, adding active charcoal to MS medium having 5 mg BA/l led to 
significant reduction in number of microtubers /jar in cv. Santa and Picasso 
and jar yield of microtubers in cv. Santa. Meanwhile, cv. Diamante responded 
differently to active charcoal in presence of BA at the concentration of 5 mg/l, 
where active charcoal promoted greater number of microtubers /jar, average 
microtubers weight and jar yield of microtubers. Increasing sucrose 
concentration significantly increased number of microtubers per jar in cv. 
Picasso at both concentrations of BA; i.e., 5 and 10 mg/l. Meanwhile, 
increasing sucrose concentration in the medium of the cultivars Diamante 
and Santa had a different effect, depending on BA concentration. Whereas 
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the increase in sucrose concentration led to an increase in the number of 
microtuber in presence of 10 mg BA/l, it caused a decrease in microtuber 
numbers in presence of 5 mg BA/l. Concerning effect of sucrose 
concentration on average microtubers weight and microtubers yield per jar, 
data in the same Tables reveal that both of average microtubers weight and 
microtubers yield per jar were promoted by raising sucrose concentration in 
presence of BA at 10 mg/l in medium. These results were true in all cultivars. 
On the other hand, in presence of BA at 5 mg/l medium increasing sucrose 
concentration from 80 to 120 g/l increased average tuber weight in the three 
cultivars. Meanwhile, such increase in sucrose concentration at the 
concentration of 5 mg/l BA led to increment, reduction and no effect in 
microtubers yield per jar in cv. Picasso, Santa and Diamant, respectively. The 
highest values of number of microtubers per jar, average microtubers weight 
and microtubers per jar were recorded by using 12% sucrose + 10 mg BA/ l 
in presence of active charcoal in cv. Diamant and Picasso. 
On the other hand, in cv. Santa the highest values of microtubers number per 
jar, average microtubers weight and microtubers per jar were produced by 
the utilization of 5 mg BA/l +8% sucrose without active charcoal, 5 mg BA + 
12% sucrose + 5 g active charcoal and 10 mg BA+ 12% sucrose + 5 g active 
charcoal, respectively. 
 
Table. 4: Effect of concentrations of benzyl adenine (BA), active 

charcoal (A.C) and sucrose on tuber number per jar, average 
tuber weight (g) and jar yield (g) of Santa cultivar.  

Jar yield (g) Average tuber weight 
(g) 

Tuber number/ jar BA (mg / l) 

0.532 0.203 2.4 10 
0.729 0.271 3.0 5 

0.079 0.026 0.4 L.S.D 

   A.C (g / l) 
0.512 0.182 3.7 0 
0.748 0.292 2.7 5 

0.079 0.046 0.4      L.S.D at 0.05   

Sucrose (g / l) 
0.560 0.174 3.1 80 
0.551 0.206 2.6 100 
0.779 0.330 2.3 120 

0.978 0.032 0.5 L.S.D at 0.05 

BA X AC 
0.193 0.120 1.8 10         0        
0.871 0.286 3.0  5         
0.832 0.254 3.7 5           0  
0.675 0.298 2.3   5          

0.113 0.367 0.6 L.S.D at 0.05 

BA X Sucrose 
0.271 0.136 2.1     80          10 
0.482 0.206 2.3 100 
0.841 0.268 2.8 120 
0.849 0.214 4.1  80 5     
0.620 0.206 3.0 100 
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Table. 5: Effect of concentration of benzyl adenine (BA), active charcoal 
(A.C) and sucrose on tuber number per jar, average tuber 
weight (g) and jar yield (g) of Diamant cultivar.  

    

    

 
    
    
    
    
    
    

    

 
    
    
    
    
    
    
    
    
    
    
    
    

    

Jar yield (g) 
Average tuber 

weight (g) 
Tuber number/ 

jar 
BA (mg / l) 

1.914 0.363 4.8 10 
0.731 0.202 3.4 5 

0.138 0.061 0.5 L.S.D 

A.C ( g / l) 
0.365 0.146 3.0 0 
2.280 0.415 5.2 5 

0.138 0.061 0.5  L.S.D at 0.05      

   Sucrose ( g / l) 
1.110 0.263 4.3 80 
1.259 0.266 3.9 100 
1.600 0.319 4.1 120 

0.169 0.601 0.6 L.S.D at 0.05 

BA X AC 
0.471 0.179 3.6 10         0 
3.358 0.547 6.1              5 
0.259 0.113 3.0              05    
1.203 0.287 5.2                  5 

0.195 0.694 0.7 L.S.D at 0.05 

BA X Sucrose 
1.516 0.373 4.5     80            10 
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Table. 6: Effect of concentration of benzyl adenine (BA), active charcoal 
(A.C) and sucrose on tuber number per jar, average tuber 
weight (g) and jar yield (g) of Picasso cultivar 

1.732 0.343 4.4 100 
2.495 0.375 5.6 120 
0.703 0.153 4.1  80 5     
0.785 0.189 3.5 100 
0.706 0.763 2.5 120 

0.238 0.106 0.9 L.S.D at 0.05 

A.C X Sucrose 
0.305 0.165 3.4 80              0 
0.400 0.139 2.6 100 
0.390 0.134 3.0 120 
1.914 0.36 5.3  80 5 
2.117 0.393 5.3 100  
2.810 0.504 5.1 120 

0.238 0.106 0.9 L.S.D at 0.05 

BAX AC X Sucrose 
0.302 0.241 3.5 10       0             80  
0.606 0.176 3.3                     100 
0.506 0.121 4.0                      120  
2.731 0.504 5.5            5             80 
2.859 0.510 5.5                     100  
4.484 0.628 7.3                    120 
0.308 0.089 3.3 5         0            80 

    
    
    
    
    

    

Jar yield (g) 
Average tuber 

weight (g) 
Tuber number/ jar BA (mg / l) 

1.328 0.353 3.3 10 
0.682 .0.367 1.8 5 

0.123 0.035 0.4 L.S.D 

A.C (g / l)              
0.687 0.292 2.4 0 
1.323 0.437 2.6 5 

0.123 0.035 0.4       L.S.D at 0.05 

  Sucrose (g / l)    
0.542 0.229 2.3 80 
0.700 0.294 2.3 100 
1.773 0.570 3.0 120 

0.213 0.042 0.4 L.S.D at 0.05 

BA X AC 
0.487 0.187 2.7 10        0 
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DISCUSSION 

 
In the present investigation, there were significant differences among 

the different genotypes in the number of microtubers per jar, average 
microtubers weight and microtubers yield per jar (Table 1, 2 and 3). The 
average microtubers number per jar ranged from 1 in cv. Santa to 11.3 in the 
genotype 808. Meanwhile, the average microtubers weight ranged from 
0.056g in cv. Diamant to 1.933 g in cv. Forella. On the other hand, 
microtubers yield per jar ranged from 0.109 g in cv. Santa to 18.027 g in cv. 
Forella. Such levels were produced from culturing 3 shoots per jar. The 
previous studies revealed that Zakaria (2003) harvested 8.12 microtubers per 
Erlenmeyer flask of cv. Diamant. Hossain (2005) Obtained from 0.5 to 4 
microtubers per test tube having three micro plants and found that the 

2.170 0.520 3.9             5 
0.687 0.397 2.2  5         0 
1.323 0.354 1.3             5 

0.174 0.049 0.5 L.S.D at 0.05 

BA X Sucrose 
0.762 0.269 2.9     80          10 
0.883 0.271 2.3 100 
2.340 0.521 3.0 120 
0.323 0.190 3.0  80 5     
0.517 0.318 3.8 100 
1.206 0.619 5.0 120 

0.213 0.060 0.6 L.S.D at 0.05 

A.C X Sucrose 
0.432 0.189 2.4 80              0   
0.549 0.267 2.1 100     
1.079 0.421 2.8 120     
0.652 0.269 2.3  80        5   
0.851 0.321 2.4 100    
2.467 0.719 3.3 120    

0.213 0.060 0.6 L.S.D at 0.05 

BAX AC X Sucrose 
0.471 0.181 2.8 10       0            80   
0.324 0.147 2.3                   100 
0.665 0.233 3                     120  
1.053 0.356 3            5            80 
1.441 0.395 3.8                     100  
4.015 0.809 5                    120 
0.394 0.197 2 5          0           80 
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average microtubers weight ranged from 0.066 g to 0.105 g and the yield of 
each tube ranged from 0.103 g to 0.407 g, depending on genotype. The 
differences in genotype response are due to the varietal differences and their 
interaction to the different environmental condition. The highest values of the 
number of microtubers per jar, average microtubers weight and microtubers 
yield per jar in the present work was obtained in all cultivars, except in cv. 
Santa, in medium contented 10 mg BA / l + 12% sucrose and 5g/l active 
charcoal. Hossain (2005) used in his study MS medium containing 5 mg BA/l 
+ 500 mg CCC/l + 8% sucrose in absence of active charcoal. The result in 
respective of average microtubers weight indicated obtaining high value up to 
1.933 g (in cv. Forella). Simko (1990), Hossain and Sultan (1998), Zakaria 
(2003) and Yassmin (2005) obtained a mean microtubers weight of about 100 
mg from culturing their cultivars in the dark. In contrast, Randhawa and 
Chamder (1990) obtained much higher microtubers weight ranging from 
0.850 to 2.060 g in MS +10 mg BA/l + 8% sucrose in six Indian potato 
cultivars, which is contradictory to the findings of the present investigation. 
Probably, varietal differences and their response are main reasons for such a 
good performance for some genotypes (Tovar et al. 1985). 
  The present study proved that increasing sucrose concentration up to 
12% in medium containing BA at concentration of 10 mg/l led to improving of 
microtuberization. This concentration of sucrose caused a significant increase 
in number of microtubers per jar, microtubers average weight and 
microtubers yield per jar. These results were achieved in all tested genotypes 
in the two conducted experiments (Table1-6). On the other hand, in medium 
containing 5 mg BA/l, increasing sucrose concentration increased number of 
microtubers in cv. Picasso, whereas this concentration of sucrose decreased 
number of microtubers in cv. Diamant and Santa. The previous study 
indicated that the highest microtubers per flask were obtained by using 6% 
sucrose in presence of 5 mg BA/l as compared with sucrose level at 8, 10 
and 12 % (Islam et al. 1999). In other studies, the best medium for inducing 
microtubers production contained 8% sucrose + 3 mg BA/l (Yan-Zhong and 
Guo –Dezhang, 2004; Gopal et al. 2004), 6% sucrose + 1 µM BA (Tariq et al. 
2004). Also, Sidikuo et al. (2003) studied the effect of sucrose level at 2 -12% 
and BA at 0-5 mg /l on tuberization and found that tuberization increased with 
increasing concentration of BA and sucrose. The results indicated the 
importance of the interaction between sucrose level and BA concentration. 
The present investigation also indicated that BA at 10 mg/l increased 
microtuberization in cv. Picasso and Diamant, as compared with BA at 5 mg/l, 
whereas the reverse was achieved in cv. Santa. As it was mentioned before 
addition of cytokinin to agar medium promoted tuberization in the darkness 
(Palmer and Swith 1970). The optimum concentration of BA for 
microtuberization was 10 mg for some cultivers (Randhawa and Chamder 
1990) and 5 mg/ l for other (Randhawa and Chamder 1990; Sidikuo et al. 
2003). This clearly indicates that different genotypes are mainly responsible 
for such a wide variation. Adding active charcoal to medium in presence of 
BA at 10 mg/l significantly increased number of microtubers /jar, average 
tuber weight and jar yield of microtubers per jar. This was true in all cultivars. 
In contrast, active charcoal adding to MS medium having 5 mg BA/l led to 
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significant reduction of number of microtubers /jar and jar yield of microtubers 
in cv. Santa and Picasso. Meanwhile, cv. Diamante responded differently to 
active charcoal in presence of BA at the concentration of 5 mg/l, where active 
charcoal promoted greater number of microtubers /jar, average microtubers 
weight and jar yield of microtubers. The previous investigations indicated that 
medium containing activated charcoal gave the highest rate of tuberisation 
and the largest microtubers in potato. It thus played a role in optimizing 
conditions for rapid, mass tuberization of potato cultivars, and produced large 
microtubers for field planting (Bizarri. et al. 1995; Wang et al. 2006). 
Generally, it was previously proved that media with charcoal had substantially 
lower levels of phenylacetic and O-OH benzoic acids, compounds that may 
inhibit tuberization (Fridborg et al. 1978). Activated charcoal also has been 
shown to absorb 5- hydroxymethyl furfural, an inhibitor formed by sucrose 
degradation during autoclaving, as well as substantial amounts of auxin and 
cytokinins. Thus it may absorb inhibitors that would prevent growth as well as 
reduce the level of growth promoters that would cause continued 
proliferation. 
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ْ           ِ                                           بَعْض العوامل اِلمؤثرة علي عملية تكوين الدرينات في البطاطس َ  
  2             رشا رمضان عيد   و   2,3                 اسامة محمد الشيحي   ، 1             احمد علي غريب   ، 1              سيد فتحي السيد

             امعة القاهرة ج-                       قسم الخضر كلية الزراعة   - 1
   رة           جامعة القاه  -                                                    قسم النبات الزراعي فرع فسيولوجيا النبات كلية الزراعة  - 3
  ة            كلي ة الزراع   - ة                                                             ادة تحمل الارز و القمح للملوحة باستخدام تقنيات الهندسة الوراثي         مشروع زي  - 2

              جامعة القاهرة
 

                            و م                                               اجريتتت رجتتر رير سةراأتتر رتتْضير  وامتتِ اساثاةتتل  اسةتت ضرو ن تتد نة يتتر ر تتثير استتةري  ت  تتد 
  ,  3 0  ,   01  ,   01  ,  8                    (، اسأ رثز   رر يز )mg /l 10,5                                           اس ط طس ةضل اأرخةام اس  زايل اة ير  رر يز )

   ةتر    6                 ( ث ذست    أترخةام g/l   1     صتفر,                                                 %( ثاض  ر اسفحم  اس شط   د  يئر اسزرانر  رر يز )    01 ث    01
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  Diamant ،  Picasso ،  Santa     هتتتتتتم     tetraploid                             ا تتتتتتثان ث اصتتتتتت  ر اس طتتتتتت طس،  ر اتتتتتتر 
                                           ا ثان ث اص  ر اس ط طس   ر سه  رة  اتل ةخر تر    .     818 ث     dihapliod    811       ثإض  ر   Forella ث

، اسص ر                                                        . اظهر   ضل  ةاء  ةر   حير نةة  اسةري  ت س تل   رطةت ر،ث Forella                           س لا ةر هذه اساثاةل 
                                                                                    ةرثأط ثزر اسةري  ت س ل  رطة ر، ثةحصثل اس رطة ر ةر اسةري  ت. زي ةو رر يتز اسأت رثز إست  

         زايتل     mg /l  01                               استد  يئتر اسزرانتر اسةحرثيتر ن تد     g /l  1                              % ثاض  ر اسفحم اس شط  رر يتز       01
ُ                           اة ير اةي اسد حةثث زي ةو ة حثظر  د اثزار ثانةاة  اسةري  ت  د ُ ل  الاص  ر. ةر   حير اخرى،                                                               

  l  5 mg/             اسةحرثيتر ن تد   MS                      ةتر اسفحتم  شتط إست   يئتر    g /l  1     ُ      و           و        زيت ةوُ رر يتزو اسأت رثز   وث اضت  ر 
                                           ري  ت  د  اِ الاص  ر ثض طه   د اس اِ الاخر                                  زايل اة ير حفز نة ير ر ثير اسة

 
 


