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ABSTRACT

The present investigation was carried out aiming to develop a technique for rapid in vitro micropropagation

of potato (Solanum tuberosum L) plants. Nodal explants prepared from proliferating shoots of established

axenic cultures of four potato cultivars viz Diamant, Alpha, Almera and Agria were used. Explants were

incubated on agar solidified (0.8% g) Murashige and Skoog’s (MS) medium containing 3% sucrose and

supplemented with different concentrations of thiadizuron (TDZ) and benzylaminopurine (BA) alone or in

combinations with a-naphthalene acetic acid (NAA).Cultivars studied showed wide variation in their response

to the plant growth regulators, best results being obtained for the cultivar Almera. Nodal explants responses

to BA and TDZ were cultivar-dependent for number of shoot per explant. The highest number (5.4

shoots/explant) of shoots per explant was obtained for Almera explant cultured on MS medium supplemented

with 3.0 mg/l TDZ in combination with 0.1 mg/l NAA. Regenerated shoots were rooted on MS medium with

or without auxins. The longest root (8.8±1.3) was induced from shoot cultured on MS medium lacking growth

regulator. The highest number (35.0±1.3) of roots per shoot was obtained on MS medium supplemented with

Indole 3-butyric acid (IBA) at 1.0 mg/l. Regenerated plants were successfully acclimatized and eventually

transferred to the green house with100% survival rate. All the plants appeared morphologically uniform with

normal leaf form, shape and growth pattern. The described protocol may be useful to establish

micropropagation industry of potato that to help in overcoming difficulties of conventional vegetative

propagation for this crop species.
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Introduction

The potato (Solanum tuberosum L) belongs to the family Solanaceae, is a crop of worldwide importance.

It supplies at least 12 essential vitamins, minerals, proteins, carbohydrates and iron (Gray and Hughes, 1978;

Thornton and Sieczka, 1980).  In Sudan potato is grown as a winter crop it is production is steadily increasing

and total production has tripled during the last ten years (Khalafalla, 2001). However, the increase in hectarage

has not been accompanied by increase in productivity. The average yield in Khartoum state, which is

considered to be one of the most important areas for potato production in Sudan, is estimated to be around

12 tons ha  (Khalafalla, 2001). Potato in Sudan considered as a high-input and high-risk crop, its failure is-1

mostly due to low-grade seed tubers, pests, and diseases. 

Conventionally, potato in Sudan is propagated through tubers; this propagation is characterized by low ratio

of multiplication that ranges from 1:4 to 1:15 (Rabbani et al. 2001). Farmers usually use previous harvest as
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seed tubers, this favors seasonal build up of the tissue borne pathogens, and such pests lead to significant loss

of yield and tuber quality via seed degeneration (Haverkort et al. 1991). 

One of the major constraints for the production of potato in Sudan is the high cost of seed tubers which
accounts for 75% of the total cost of potato production (Khalafalla, 2001). Therefore, farmers in Sudan usually

cut the seed tuber into small eye-pieces mainly to economize on seed cost. The subdivision of the seed tubers
into small seed pieces might result in seed-piece decay and also transmission of several kinds of diseases with

the cutting knives (Khalafalla, 2001). To circumvent these problems, the recent advancement in tissue culture
especially micropropagation allows for alternative methods of propagation through in vitro techniques (Tovar

and Dodds, 1986).  In vitro micropropagation in potato is generally used to bulk up new cultivars and breeding
lines, for germplasm storage, transport and production of minitubers which are easy to store, transfer, distribute

and production of disease- free plants within a short period of time all year around (Jones, 1988). In vitro
propagation of potato by the serial culture of axillary shoots on separated nodes has been reported by a number

of researchers, and is now becoming established as an effective means of rapidly multiplying new or existing
cultivars in disease-free conditions (Hussey and Stacey, 1984). In many countries these techniques have boosted

first multiplication steps in seed production programs by using in vitro plantlets, micro tubers (Bizarri and
Ranalli, 1995) or minitubers (Hussey and Stacey, 1981). The multiplication coefficient of this propagation

system is very high. Holdgate, 1982, mentioned that from one donor plant 100.000 clones could be obtained
in the first year of culture, the number of explants growing every year.

The aim of this study was to establish an efficient protocol for in vitro micropropagation of important
potato cultivars currently grown in Sudan which ultimately leads to mass multiplication of healthy stock and

successful in vitro seed tuber production.

Materials and methods

Plant Material:

The present investigation for in vitro micropropagation was conducted during 2007 - 2008 in the Tissue
Culture Laboratory, Commission for Biotechnology and Genetic Engineering, National Centre for Research,

Khartoum, Sudan.
Four popular high yielding potato cultivars namely Diamant, Alpha, Almera and Agria were obtained from

Horticulture Sector, Potato committee, Ministry of Agriculture, Sudan. Cultivars were kept under culture room
conditions and used as a source for explants throughout the experiment.

Surface Sterilization and Establishment of Explant-donor Axenic Plantlets:

Tubers were surface sterilized first by washing under running tap water and laundry bleach for 20 min.

then sprayed with 10% alcohol and finally washed for several times with sterile water. The sterilized tubers
were kept in dark at 4 ºC for sprouting and use for in vivo culture.

Healthy sprouted tubers were planted in pots at green house; the grown plants received normal practices
of cultivation, irrigation, fertilization and weed and pest control as recommended for potato production. 

After three to four weeks when the plants were 25 to 35 cm tall with 6 to8 nodes, they cut into single
node and large leaves were removed. Single node cuttings about (1-3 cm) long were washed under running

tap water for 20 min and used as explant throughout the experiment. 
Under the laminar airflow hood the explants were surface sterilized by immersing in 70% alcohol for

1min, washed three times with sterilized distilled water to remove the trace of alcohol then immersed in 25%
(v/v) sodium hypochlorite solution supplemented with 2 drops of liquid soap for 20 min and finally rinsed five

times with sterilized distilled water. Disinfested nodes were put on sterilized paper tissue in sterilized Petri
dishes as explant ready for inoculation.

Inoculation and Multiple Shoot Formation:

Explants were cultured in culture bottles containing MS (Murashige and Skoog, 1962) basal media

supplemented with different concentrations (0.0.0.1, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mg/l) of cytokinins (TDZ,
BAP) alone or in combinations with NAA at 0.1 and 0.5 mg/l. The explants were inoculated on multiplication

media for 4 weeks and and kept in a growth chamber at16 h photoperiod.

Rooting of In vitro Induced Shoots:

Regenerated shoots were excised from the explant and transferred to MS media supplemented with
different concentrations (0.25, 0.5 or 1.0 mg/l) of IAA, IBA and NAA for rooting.
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All the media used in this study were supplemented with 3% (w/v) sucrose, solidified with 0.8% (w/v)

agar and the pH was adjusted to 5.8± 0.1 with 1 N NaOH and 1 NHCl before autoclaving at 121°C and 15

lb psi for 15 min.

Acclimatization:

In vitro rooted plants were removed from rooting medium and washed to remove adhering gel and

transplanted to plastic pots containing autoclaved garden soil and sand at 3:1 ratio and covered with bottle.

Plants were kept under culture room conditions for 15 days then transferred to green house and placed under

shade until growth was observed.

Statistical Analysis:

Results on percentage of explants formed multiple shoot and number of shoot per explant was recorded.

The parameters recorded for rooting are number of root per shoot root length and rooting percentage. Data

were collected at regular intervals from three independent experiments and subjected to analysis of variance

and presented as average ± standard error (SE).

Results and discussion

Establishment of an efficient  in vitro micropropagation protocol is an essential prerequisite in potato seed

production programs by using in vitro plantlets, microtubers (Bizarri and Ranalli, 1995) or minitubers (Hussey

and Stacey, 1981) and development  of disease- free plants within a short period of time all year around

(Jones, 1988).

General aseptic techniques concerning in vitro culture of the explants were followed in the present experiment.

After surface sterilization, nodal explants obtained from four potato cultivars were cultured on MS medium

supplemented with BA and TDZ either alone or in combination with NAA and the data were summarized in

table 1. Shoot initials were clearly visible on all explants within one week, then subsequently developed into

normal shoots after 4 weeks of culture initiation. The result showed that the micropropagation capacity were

influenced by the effect of both cultivar and growth regulators. Earlier it was reported that plant in vitro

micropropagation depends in a great manner on the cultivar, the nutrients in the culture media and the

hormonal balance (Danci and Danci, 2007). Comparing the results obtained, regarding micropropagation

capacity for the four cultivars studied, it was observed that the lowest results were obtained for Agria cultivar

that regenerated the lowest number of shoots per explant on the most of the hormonal variants used, that

proved to be a “recalcitrant” genotype for in vitro culture and its results being significantly inferior to the other

genotypes. The best axillary shooting capacity was given by Almera followed closely by Diamant. These results

prove the influence exerted by the genotype on the in vitro micropropagation capacity in the artificial culture

conditions under exogenous phytohormones effect (Ranalli, 1997). The observed differences in

micropropagation rates of four potato cultivars could result from various auxin and cytokinin metabolism of

plant tissue. Our findings with regard to effect of cultivar on micropropagation agree with previous study by

Danci and Danci, 2008, who reported that a very important role, in potato micropropagation, is played by the

genotype, knowing that there are recalcitrant genotypes to in vitro culture and genotypes with a good

“cultivability.

Plant growth regulator supplements into the nutrient medium are one of the most influential factors

affecting efficiency of in vitro propagation (Mohamed et al. 2007). Moreover, Kishor and Devir, 2009 reported

that exogenous application of different cytokinins, viz., BA, Kinetin, TDZ, Zeatin, etc. has become obligatory

for induction of multiple shoot in many plants.

Comparing the hormonal variants used for potato multiple shoots induction, it can be observed that when

different concentrations of BA and TDZ were introduced to the medium for shoot micropropagation the result

showed that, depending on the cultivar studied, significant differences exist inside each cultivar, between the

hormonal variants studied (table 1). Nodal explants responses to BA and TDZ showed that the number of shoot

per explants was higher on BA-medium in Alpha, Diamant and Agria cultivar while Almera cultivar gave

highest number of shoots on TDZ-medium (Fig. 1a). Weaker effect of TDZ on adventitious shoot regeneration

was observed for the cultivars Alpha and Agria. These results are in consistent with that obtained by Mohamed

et al., 2007, who reported that the responses to BA and TDZ were cultivar-dependent for sweet potato

micropropagation capacity.

The effect of using hormone combinations was different on micropropagation capacity (Table 1).

Application of BAP in combination with NAA does not improve micropropagation capacity of the four
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cultivars studied. Similarly, addition of NAA to TDZ medium does not improve micropropagation capacity

except for the cultivar Almera, where nodal explant cultured on MS medium supplemented with TDZ at 3.0

mg/l and NAA at 0.1 mg/l gave the highest number of shoot per explant (5.4). NAA at higher concentration

(0.5 mg/l) favoured callusing at the lower end of the nodal stem explants. The hormones auxin and cytokinin

control plant development through a multitude of complex interactions. The balance between auxins and

cytokinins controls the formation of roots, shoots, and callus tissue in vitro (De Ropp, 1954 and Skoog and

Miller, 1957). The mode of interaction between auxins and cytokinins can therefore be synergistic, antagonistic,

or additive and is dependent on the type of tissue and on the plant species in which the interaction occurs.

Although the molecular mechanisms underlying most of these auxin-cytokinin interactions are unknown, they

are thought to include mutual control of auxin and cytokinin metabolism, interactions in the control of gene

expression, and posttranscriptional interactions (Coenen and Lomax, 1997). 

Results of this study have pointed out that the optimal hormone combination may be unique for each

potato cultivar. Furthermore, the inhibitory effect of auxin on multiple shoot induction has been demonstrated

in numbers of plants. In cotton (Abdellatef and Khalafalla, 2007), faba bean (Khalafalla and Hattori, 2000) and

mung bean (Gulati and Jaiwal, 1992) it was reported that the addition of NAA to medium containing cytokinin

did not improve shoot multiplication rate

Roots have an essential role and function in plant life and development, supplying water and nutrients to

the plant from the environment (Schiefelbein et al. 1997). In vitro induction of roots in potato regenerated

shoots was studied by using full MS medium salt strengths without or with various concentrations of IAA, IBA

or NAA (Table 2). The result showed that MS medium lacking auxins as well as the four concentrations of

the three auxins used were capable to induce roots in the regenerated plantlets. Moreover, the result showed

that 100% rooting of shoots and the longest root (8.8±1.3) of the regenerated shoots were obtained for the

shoots cultured on a medium lacking auxin. However, the roots found in treatments without any hormone are

much weaker and their number is much lower than the other hormonal treatments (Table 2). These results are

in agreement with Vinterhalter et al. (1997) who reported that potato is an easy to root species and nodal

explants do not require exogenous hormone for rooting. The result for the number of root per shoot varied with

type of auxins used and their concentrations. The best result (35.0±1.3) was obtained by using MS medium

supplemented with IBA at 1.0 mg/l (Table 2, Fig. 1b). The beneficial effect of using IBA for in vitro rooting

has already reported for potato by Khatun et al. (2003).The result showed that at higher concentration of NAA

there was no rooting instead resulted in callusing at the basal end of the shoots (Table 2).

Based on previous study for potato acclimatization carried in our laboratory (Accepted for publication),

the rooted shoots were removed from the culture bottle, washed thoroughly to remove remnants of agar from

roots and transplanted to small pots containing garden soil and sand (1: 1 v/v). Plants were covered with bottle

to ensure high humidity while irrigating regularly and kept for two weeks under culture room conditions (Fig.

1c). Thereafter, the plantlets were transferred to green house, where all the plants appeared morphologically

uniform with normal leaf form, shape and growth pattern (Fig. 1d) and 100% plantlets survived in this way.

Table 1: Effect of type and concentration of plant growth regulators on in vitro micropropagation from nodal explants of potato after four weeks of culture 
Growth Cultivars
regulators(mg/l) ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Alpha. Almera Diamant. Agria.
----------------------------------- ----------------------------------------- ------------------------------------------- -------------------------------------------- --------------------------------------------
NAA TDZ BAP Percent explant No. of shoots / Percent explant No. of shoots / Percent explant No. of shoots / Percent explant No. of shoots /

response explant response explant response explant response explant
(mean ± SE) (mean ± SE) (mean ± SE) (mean ± SE) (mean ± SE) (mean ± SE) (mean ± SE) (mean ± SE)

0 0 0 100 1.63±0.27 100 1.8±0.25 100 1.5±0.2 100 1.1±0.1
0.1 0 0 100 1.80±0.00 100 2.3±0.68 87.5 1.9±0.4 100 1.6±0.0
0.5 0 0 100 2.50±0.33 100 2.5±0.38 87.5 2.5±1.3 100 2.0±0.3
1 0 0 100 2.38±0.27 100 3.35±0.37 100 3.0±0.3 100 2.8±0.4
2 0 0 100 3.18±0.18 87.5 3.6±1.04 62.5 3.6±1.0 100 3.0±0.2
3 0 0 100 3.25±0.37 62.5 3.8±0.78 100 3.6±0.3 100 2.5±0.4
4 0 0 100 3.04±0.48 87.5 3.4±0.63 75 2.8±0.3 100 2.5±0.4
5 0 0 100 1.49±0.15 87.5 2.5±0.38 87.5 2.4±0.5 100 1.3±0.1
0 0.1 0 87.5 1.63±0.47 100 4.3±1.11 100 3.0±0.3 87.5 1.5±0.5
0 0.5 0 87.5 1.38±0.27 87.5 4.3±0.93 100 3.5±0.4 87.5 1.3±0.3
0 1 0 87.5 1.63±0.38 100 4.4±0.97 100 3.9±0.9 87.5 1.5±0.3
0 2 0 62.5 1.88±0.30 75 4.4±0.60 100 2.5±0.9 62.5 0.6±0.2
0 3 0 100 2.38±0.33 100 3.8±1.04 100 2.3±1.0 100 1.9±0.4
0 4 0 75 1.25±0.32 100 3.5±0.75 100 2.0±0.6 75 1.0±0.3
0 5 0 75 0.88±0.23 87.5 3.0±0.80 75 1.6±1.5 75 0.8±0.2
1 0 0.1 100 2.63±0.33 100 3.3±0.37 87.5 1.6±0.3 100 2.1±0.4
2 0 0.1 100 1.75±0.25 100 2.9±0.77 100 2.0±0.3 100 1.5±0.2
3 0 0.1 100 1.75±0.37 87.5 2.3±0.68 87.5 1.5±0.3 100 1.8±0.4
1 0 0.5 87.5 1.50±0.33 87.5 2.3±0.53 87.5 1.5±0.3 87.5 1.4±0.3
2 0 0.5 75 1.38±0.38 100 2.3±0.46 87.5 1.0±0.2 75 1.0±0.3
3 0 0.5 75 1.88±0.30 100 2.4±0.63 62.5 1.0±0.3 75 0.9±0.2
0 1 0.1 87.5 2.63±0.66 100 5.1±0.77 100 3.1±0.3 87.5 2.1±0.5
0 2 0.1 75 0.88±0.23 75 5.3±0.56 100 2.3±0.3 75 1.8±0.2
0 3 0.1 75 1.63±0.47 100 5.4±0.71 87.5 1.9±0.4 75 1.5±0.5
0 1 0.5 37.5 0.38±0.18 100 2.3±0.25 87.5 1.9±0.5 37.5 0.4±0.2
0 2 0.5 50 0.75±0.32 100 1.9±0.75 75 1.3±0.4 50 0.8±0.3
0 3 0.5 50 0.75±0.37 100 1.8±0.37 62.5 0.6±0.2 50 0.6±0.3
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Table 2: Effect of type and concentration of auxin on rooting of in vitro-derived shoots of potato after 20 days of culture

Growth regulators(mg/l) Number of root/ shoot Root length (cm) Rooting (%)

---------------------------------------------

IAA IBA NAA

0.0 0.0 0.0 2.0±0.9 8.8±1.3 100

0.5 0.0 0.0 2.4±0.9 0.1±0.0 60

1.0 0.0 0.0 3.6±0.9 0.1±0.0 90

1.5 0.0 0.0 5.8±1.1 0.4±0.1 100

2.0 0.0 0.0 14.0±2.0 2.3±0.3 100

0.0 0.5 0.0 20.3±2.5 4.8±1.2 100

0.0 1.0 0.0 35.0±1.3 1.9±0.2 100

0.0 1.5 0.0 19.8±4.2 0.4±0.1 100

0.0 2.0 0.0 5.3±1.6 0.1±0.0 100

0.0 0.0 0.5 7.3±1.7 1.7±0.7 80

0.0 0.0 1.0 12.6±2.1 0.2±0.1 100

0.0 0.0 1.5 0.0±0.0 0.0±0.0 00

0.0 0.0 2.0 0.0±0.0 0.0±0.0 00

Fig. 1: In vitro micropropagation of potato (Solanum tuberosum L.) cultivar almera (A) Four weeks old

regenerated shoots on MS medium  containing 2.0 mg/l TDZ in combination with 0.1 mg/l NAA. (B)
Regenerated plantlets with well developed roots induced on MS medium containing 1.0 mg/l IBA (C)

Acclimatization of plantlet under culture room conditions. (D) Potato plant established in soil under
green house conditions

In conclusion, to our knowledge the present study is the first report for in vitro micropropagation of potato

in Sudan. The study describes an efficient procedure for in vitro micropropagation of potato and a successful
adaptation of plantlets to field conditions. The high survival rates (100%) and the achievement of vigorous

plantlets were indications that potato responds well to tissue culture, this represent the first step towards the
establishment of micropropagation industry of potato and is, thus, the foundation of potato biotechnology in

Sudan. 
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