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ABSTRACT 

 
 Shoot cultures of potato microtuber (spunta cultivar) were established from meristem explants growing on Murashige and 

skoog,1962 (MS) medium supplemented with 0.04 mg/L-1 Kinetin (Kin) + 1 mgl-1 Indole acetic acid (IAA). Five tuberization inducing 

media evaluated, under dark condition at 20o in all media, data inducated that the medium "G" produced larger and bigger microtuber than 
other media and this medium stimulated the tuberization after faster. Inducing a high rate of tuber formation in vitro  was obtained in 

liquid culture. 
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INTRODUCTION 

 

 Potato (Solanum tuberosume L.) is one of the 

most important agricultural plants all over the world. 

Its annual worldwide output is just after rice (Oryza 

sativa), wheat (Triticum aestivum) and barley 

(Hordeum vulgare). In some countries, potatoes 

constitute the main daily food due to their low price 

and highly nutritive value [33]. 

 In vitro propagated potato plantlets are 

commonly used in potato seed production programs 

for production of in vitro tubers. However, 

microtubers formed through these conventional 

methods are susceptible to virus or fungus infections, 

and difficult to be transported and stored due to their 

big size. Microtubers can now be produced and 

stored in the laboratory year-round in order to be 

directly transported to market without transferring to 

fresh media [18]. In addition, these microtubers can 

be stored and transplanted directly to the field 

without an acclimatization stage [14]. However, 

there are limitations in microtuber production 

originating from the components of the culture 

environment and to the low photosynthetic ability of 

the explants or plantlets. Most systems currently used 

for microtubers production suffer from inefficiencies 

regarding the number and size of microtubers 

produced per cycle. Thus, both shoot and microtuber 

production systems are still less competitive and 

economical when compared with in vitro rapid 

multiplication. 

 The propagation of potato (Solanum tubersoum 

L.) by in vitro culture of axillary buds is commonly 

used in the production of disease - free seed tubers, 

germplasm exchange, and conservation [25,23]. In 

vitro propagated plantlets produce microtubers 

(approx. 2 -10 mm in diameter) when incubated 

under suitable conditions [30,7]. While microtubers 

generally originate as aerial structures on the stem, 

occasionally a few microtubers may be formed in the 

medium [12,13]. Work on microtuberization in 

potato has mainly focused on the use of growth 

regulators [20,30,7,29], and there is considerable 

variation in the results of these studies, i.e. the 

response obtained depended upon a range of factors 

including sucrose concentration, temperature, 

photoperiod, light intensity, and cultivar [13,19,9]. 

Most of these studies were based on a few genotypes 

only. Gopal [10] reported a faster rate of 

microtuberization and an early senescence of 

plantlets cultured under continuous darkness. How 

this and other culture conditions affect the number of 

eyes, which represent the nodes/buds on the stem, is 

not known. This character is important as a greater 

number of eyes per microtuber results in a better 

performance for most of the characters, including 

tuber yield in a crop raised from microtubers [11]. 

 In vitro tuberization always resulted when 

exogenous cytokinins were used. Wang and Hu [31] 

found that 10 mg / liter BA (N6 - Benzyladenine) 

induced the highest number of microtubers formed 

from in vitro rooted shoots within a concentration 
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range of 0.01 to 30 mg/l. A lower optimum dosage of 

BA (2.5 mg/1) was reported by Mauk and langille 

[15] when apical shoots were used as explants. 

Rosell et al [26] used 2 mg/1 BA in liquid culture to 

obtain heavier minitubers. 

 In the absence of light, Kinetin (KIN) was 

required for tuberization as reported by Wattimena, 

[32]. In this case, the optimum KIN concentration for 

dark tuberization was 10 mg/l. The requirement for 

KIN for in vitro tuberization has also been 

recognized by other researchers [20,2,19]. 

 The carbohydrate needed for in vitro 

tuberization is provided by the addition of sucrose to 

the media. In this respect, sucrose concentration in 

tuberization media was found to be higher than in 

media used for general purpose [31]. The optimum 

sucrose concentration has been reported to be 

between 6 and 8% [12,19,20]. At sucrose levels 

higher than 10-12%. the tuberization was inhibited 

[9,20]. 

 Hydroponics is a plant culture technique, which 

enables plant growth in a nutrient solution with the 

mechanical support of inert substrata. Largely 

applied both in laboratory experiments and in 

commercial crop production, hydroponics is 

considered as a promising technique not only for 

plant physiology experiments but also for 

commercial production [24,17]. Hydroponics 

provides numerous advantages: no need for soil 

sterilization, high yields, good quality, precise and 

complete control of nutrition and diseases, shorter 

length of cultivation time, safety for the environment 

and special utility in non-arable regions. These 

benefits were crucial in tropical areas, where these 

pests grow continuously over a year. Application of 

this culture technique can be considered as an 

alternative approach for large-scale production of 

some desired and valuable crops. This study initiated 

to describe five microtuber inducing media under 

liquid or solid media and estimate comparable 

productivity of microtubers.    

 

Materials and Methods 

 

Establishment of aseptic tissue cultures: 

 

 Certified tubers of potato cv. Spunta were used 

as plant material. Tubers were sprouted in dark at 

room temprature (25 ± 2ºC). When the sprouts had  

3-5 nodes (4-5 cm length), they were removed from 

the tuber and surface sterilized by 10% (v/v) clorox 

(contained 5.25% of  sodium hypochlorite) for 20 

min, then rinsed three times in sterile distilled water. 

Under binocular, meristem tips excised in length 

about 0.5 mm were placed into tubes (7.5 × 2.5 cm) 

which contained 10 ml of MS medium. Murashige 

and Skoog [16] supplemented with 0.04 mg/l Kin 

and 1 mg/l IAA. Medium was solidified with 7 g/l 

agar.  Subculturing of meristem to a fresh medium 

was carried out every month.  

 Indexing of potato viruses, i.e., PVX, PVY and 

PLRV in obtained plantlets was carried out by 

ELISA test [3].  

 

Micropropagation of plantlets:  

 

 Meristem-derived virus-free plantlets (6-9 cm 

height) were used as mother source for rapid 

multiplication. Plantlet was cut into single node 

cutting, each having an axillary bud. Immediately 

after preparation, cuttings were then aseptically 

placed horizontally onto surface of agar solidified 

medium in 250 ml jars, each containing 40 ml 

medium and sealed with autoclaved plastic covers. 

The medium used was basal MS-medium 

supplemented with 0.04 mg/l Kin + 1 mg/l IAA + 

3% sucrose and 0.7% agar [1]. Cultures were 

incubated in a growth chamber under the same 

conditions as mentioned before. After four weeks, 

plantlets with 6-7 nodes were used for subculture. 

Single cuttings propagation process was repeated 

four times at four week intervals to increase the 

number of plantlets.  

 

In vitro tuberization:  

 

 In vitro plantlets were grown in a shoot inducing 

medium previously described above under aspectic 

conditions. Roots and shoot tips of plantlets were 

removed and transferred into Ten tested media as 

follow:   

 
Table 1: A Comparison of Ten Media used for in vitro Tuberization. 

Media Constituents 

Agar MS Kin. BAP NAA CCC Sucr. 

Po-Jen wang and ching-yeh 

Hu, 1982(PL) 

- + 1 10Mg/L - - 8% 

Po-Jen wang and ching-yeh 

Hu, 1982(PS) 

+ + 1 10Mg/L - - 8% 

Watimena, et al., 1983(GL) - + 16um - - - 6% 

Watimena, et al., 1983(GS) + + 16um - - - 6% 

Estrada, et al., 1986 (EL) - + - 5mg/L - 500mg/L 8% 

Estrada, et al., 1986 (ES) + + - 5mg/L - 500mg/L 8% 

Rosel et al., 1987 (R2L) - + - 2mg/L 2mg/L 100mg/L 8% 

Rosel et al., 1987 (R2S) + + - 2mg/L 2mg/L 100mg/L 8% 

Modified of rosell (R1L) - + - 2mg/L 2mg/L - 8% 

Modified of rosell (R1S) + + - 2mg/L 2mg/L - 8% 

All media preparation were based on the medium of Murashige and Skoog [16] salts mixture (MS).  

BAP= benzylaminopurine; NAA= naphthalene acetic acid; Kin= kinetin; CCC= chlorocholine chloride.  
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 Ten plantlets were inoculated into each sterilized 

jar (300ml), 50 ml of tested medium containing each 

container. Ten jars for every tested medium were 

inoculated. Inoculated jars were incubated in 

complete dark conditions, at 20
o
C for eight weeks.  

 

Record:  

 

a. Tuberization curve.  

b. Percentage of tuberization. 

No. of tuberized plantlets  

-------------------------------- X 100 

No. of cultured plantlets  

c. Number of microtubers per tuberized plantlet.  

d. Average weight of microtuber.  

e. Microtubers in every treatment were divided into 

five categories based on the microtuber weight as 

follow: 

1. > 100 mg   4. 300-400mg 

2. 100-200mg  5. 400-500mg 

3. 200-300mg  6. < 500mg 

f. Average size of microtuber.  

g. Number of days to reach 50% tuberization.  

 

Statistical analysis:  

 

 All analyses were performed in triplicate and 

data reported as mean ± standard deviation (SD). 

Data were subjected to analysis of variance 

(ANOVA) (P<0.05). Results were processed by 

Excel (Microsoft Office 2010) and SPSS Version 

17.0 (SPSS Inc., Chicago, IL, USA). 

 

Results and Discussion  

 

 Microtuberization became advantageous to 

develop a mass in vitro tuberization method for 

potato propagation. Thus, this experiment was 

carried out to evaluate five media and their 

modification for tuberization. In vitro plantlets 

derived from nodal cuttings were harvested and 

transferred into ten media under investigation [30, 

32,7,26]. Cultured under completely dark conditions 

at 20
o
C for 8 weeks. The evaluation between the 

media was based on, tuberization %, average number 

of microtuber/plantlet, average weight of microtuber, 

average size of microtuber and number of days to 

reach 50% tuberization. Tuberization curve and % of 

different categories based on microtuber weight.  

 Data in Table(2) indicated that concerning the 

media tested differences occurred clearly regardless 

the media state (solid or liquid) where medium "G" 

was better than other media. It gave 92.8 % of 

tuberization and need about 13 days to reach 50% 

tuberization. 

 Also, it is clear in table (3) and fig. (2) . The 

production of microtuber more than 500 mg in 16.8 

% in fig.(1) and the rate of microtuberization is faster 

in the  media "G" than the other media. 

 Concerning the effect of liquid media, it is clear 

that liquid media regardless the type of hormones 

gave lower % of tuberization than the solid media 

(76.8%). Although, it produced bigger microtuber 

than the solid media (248 mg and 43.6 mg, 

respectively). Microtuber in case of liquid media is 

larger three fold than the solid media. Otherwise 

liquid media needs 14.5 days to reach 50 

%tuberization, so liquid media produced 2.1 

microtuber per plantlet and solid media produce 1.2. 

In other words, liquid media speeded up the 

tuberization process, it's clearly in fig. (1). 
 

Table 2: Growth data of microtubers induction in vitro into different media. 

Record E P G R1 R2 

% of Tuberization L 82±13.04 88±17.89 89.56±7.10 72±22.80 52±25.88 

S 76±21.91 84±21.91 100±0.00 88.66±10.44 91±12.45 

Average weight 
of microtuber 

(mg) 

L 232.3±10.60 199±2.74 288.1±5.67 186.1±3.36 336.2±25.39 

S 5.3±0.22 51.5±3.54 61±2.24 48±2.55 52±1.58 

Average size of 
microtuber (cm) 

L 0.3±0.07 0.22±0.06 0.336±0.03 0.194±0.00 0.406±0.04 

S 0.07±0.07 0.18±0.18 0.68±0.60 0.12±0.13 37.86±36.99 

No. of day to 

reach 50% 

L 11.8±4.38 13.4±3.58 10.2±4.38 14.6±4.98 22.6±18.01 

S 26.6±5.86 24.2±11.30 16.2±2.68 17.4±3.29 21±0 

No. of 

microtubers / 
plantlet 

L 2.4±0.35 2.14±0.55 1.96±0.11 2.06±0.28 2.12±0.22 

S 1±0 1±0 1.12±0.11 1.56±0.37 1.34±0.08 

Values are expressed as means ± SE, n =5, significance was checked using two way ANOVA test *p ≤0.05, ** p ≤ 0.01, *** p≤0.001. 

 

Table 3: Growth data of microtubers induction in vitro into different media % of different categories on microtubers weight. 

Cat.(mg) R1-L R1-S P-L P-S R2-L R2-S G-L G-S E-L E-S 

Less than 100 50.0 91.8 56.3 92.7 50.0 86.5 26.7 78.0 35.1 87.0 

100-200 22.2 6.1 12.5 7.4 6.3 13.5 18.8 17.1 22.5 13 

200-300 5.6 0.0 6.3 0.0 6.3 0.0 12.9 4.9 13.5 0.0 

300-400 11.1 0.0 6.3 0.0 6.3 0.0 14.9 0.0 12.6 0.0 

400-500 0.0 2.0 12.5 0.0 0.0 0.0 9.9 0.0 4.5 0.0 

More than 500 11.1 0.0 6.3 0.0 31.3 0.0 16.8 0.0 11.7 0.0 
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Fig. 1: Tuberization curve of microtubers inducing in vitro on different media.  
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Fig. 2: Growth data of microtubers induction in vitro into different media % of different categories on 

microtubers weight. 

 

 Plantlets derived from tissue culture have the 

advantages of easy shipping and if from a pathogen 

tested collection, the relative assurance of sanitation; 

however, the transfer to soil may pose difficulties, 

particulary where personal are not familiar with the 

techniques, and/or where environmental conditions 

for proper development of the plants 
-
are not 

provided. One alternative that satisfies both in vitro 

and in vivo propagation, as well as the maintenance 

of valuable germplasm with minimum costs and 

risks, is the induction of microtubers from plants, 

grow in vitro. The pathogen-free tubers obtained in 

this way can be aseptically planted, or be sown in 

soil, eliminating the adaptation problems 

encountered by artificially grown whole plantlets 

when transferred to natural conditions. In this studies 

ten media were evaluated under the same conditions 

(complete dark at 20°C for eight weeks incubation). 

 The variation in tuberization parameters were 

due to the media and to the The results that obtained 

indicated that medium "G" [32] was better than other 

media and all the differences with other media were 

clearly for all parameters except the % of 

tuberization medium "G" reported by Wattimena et 

al, [32]. The medium component are MS salts + 

kinitin (16 um) + sucrose 6% under complete dark 

conditions at 20°C. Generally, different factors have 

been reported to induce the formation of in vitro 

tubers and different opinions have been exist 

between the investigators to reach the optimal levels 

for each of the factors, such as growth retardants, 

growth regulators, carbon source and growth 

conditions. In regard of cytokinin effect, Forsline and 

Langille, [8] have confirmed the presence of four 

compounds with cytokinin activity in the potato plant 

and reported that the concentration of them changed 

in proportion to variaton of environmental conditions 

such as day length and temperature which directly 

regulate the tuberization process. Courduroux, [4] 

suggested that a specific tuber forming substance 

may be related to cytokinin. 2.5 mg/L kinetin was 

more effective for tuber induction in vitro than other 

cytokinin, Palmer and Smith, [21] and kinetin was 

effective in stimulating starch accumulation in 

excised potato stolons grown in vitro [27]. Also, the 

carbon source in the medium is a very important 

factor for in vitro tuberization. 'Many workers have 

used different concentrations of sugars in the 

medium, Carbon source directly influences 

carbohydrate synthesis. In tuber crops. There is an 

inverse relationship between shoot and tuber growth. 

However, the dry matter distribution pattern does 

vary between the different tuber crops. In potato 

shoot growth virtually stops once tuber initiation has 

taken place. Carbohydrate translocation to the tubers 

only takes place once the needs of the shoots have 

been fulfilled sucrose is a much more sugar 

important as a carbon source in the medium for 

tuberization in vitro and can be used in different 

concentrations. Otherwise, kinetin to be effective, it 

needs sucrose in deffinte concentrations [21,22]. The 

amount of starch accumulated to build the main body 

of microtuber seems to depend on the amount of 

sucrose available in tissue culture medium. Kinetin 

may be required to stimulate the process of sugar 

translocation into the developing tubers. It was 

suggested that kinetin exist its stimulatory effect by 

promoting the activity of starch synthetase and 

suppressing that of starch hydrolase [20]. In addition, 

higher level of cytokinin in potato were associated 

with tuber induction [5] and starch deposition and 
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mitosis were the earlist detectable changes in 

anatomy associated with tuber initiation [6]. 

 From these results, it in clear that medium "G" 

that contained two important factors for initiated and 

development of tuber in vitro, can initiate the 

microtubers faster than other media. It produced 

larger and heavier microtubers and big 

number/plantlet than other media, mostly due to the 

presence of kinetin and sucrose. 
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