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Effect of Gelling Agent on In vitro Tuberization of Potato
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Abstract:  Virus –free  plantlets  of  potato  cultivar  Spounta have been propagated on MS medium using
single-node cuttings. Shoots of plantlets were transferred into four tested media, i.e Wang and Hu (1982),
Wattimena et al., (1983), Estrada et al., (1986) and Rosell et al., (1987) solid or liquid medium to evaluate
microtuberization. The data indicated that medium of Estrada et al., (1986) was the best medium compared with
the others under solid or liquid medium. Liquid media produced heavier microtubers and a peak number of
microtuber than solid medium overall media used.
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INTRODUCTION in the areas of plant metabolism, germplasm selection and

The potato (Solanum tuberosum L.) is a vegetable and molecular farming [6].
crop of major economic importance worldwide. It is the However, several factors were found to affect
fourth  most  cultivated food crop after wheat, rice and success of microtubers formation such as concentration
maize, [1]. In traditional seed potato production systems, of growth regulators, physical characters of media and
the potato is mainly propagated via seed tubers. This light intensity [7-10].
method has disadvantages in terms of poor seed health Though a gelling agent should, theoretically, be an
and low rate of multiplication [2, 3]. Potato can also be inert constituent of plant tissue culture media, it has been
propagated rapidly by large scale tissue culture long known that this is not the case [11]. Different gelling
techniques. Recently, seed production systems have been agents  may  be  advantageous  for   specific  purposes
designed with a phase of in vitro multiplication through [12, 13]. A select grade of gelrite when used in a culture
either  plantlet  or  microtuber production. Such systems medium with kinetin in darkness or under an 8-h
allow faster multiplication and the build-up of a large photoperiod promoted more rapid tuberization and larger
stock which is disease free. In vitro plantlets are small microtubers than medium containing Difco Bacto-agar.
plantlets usually produced from nodal cuttings; Water availability or gel strength was not responsible
microtubers are very small in vitro tubers, which can be [14].
produced year round on complete plantlets or on plant In several studies, differences in response of cultures
organs [4]. Microtubers have some advantages over in to brands or types of agar have been reported.
vitro plantlets, i.e. they are very convenient and easy to Differences in the performance of agar have been
transport and  store, material is available and production attributed to the limited diffusion of medium components,
is possible all year round with little bench space, have the water, differences in gel strength and impurities [15-17].
same health status as in vitro plantlets, whereas it is not Several authors have demonstrated that size of
necessary  to  produce  them  just  before  use [3]. Unlike microtubers produced within two to three months
in vitro plantlets there will be few problems if microtubers depends on media conditions [18, 12]. Estrada et al.[19]
have been delayed during transit [5]. In addition, the use reported that the use of gerlite rather agar as a gelling
of microtubers as experiential research tools has potential agent was found to be beneficial.
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Nowak and Asiedu [13] found that tuberization was
earlier and more uniform (a higher proportion of total
tubers mass and dry matter content of potato) on gelrite
than on agar solidified medium and earlier in the darkness
than in the light.

Zimmerman et al. [20] showed that the cost of
component for tissue culture medium is concern for both
research and production laboratories. Prices for agar very
considerably depending on brand and type and more
expensive than other gelling agents. Furthermore, the
starch-gelrite mixture is easy to prepare and gelling agent
costs is only 10-15% of agar, or less if starch was
purchased in bulk.

The present study was initiated to determine the
effect of agar on potato microtuberization in vitro.

MATERIALS AND METHODS

Plant Materials: Virus –free potato in vitro plantlets of
cultivar spounta were obtained according to El-sawy and
El-Sherif [21].

Multiplication of In vitro Plantlets: The plantlets were
propagated using single-node cuttings. Ten explants were
cultured in sterilized culturing jars containing 40 ml of
standard medium. The medium contained 4.4g/l
Murashige and Skoog medium [22] with vitamins, 30g/l
sucrose, 6 g/l agar, 0.04mg/l kinetin and 1.0mg/l IAA, the
pH was adjusted to 5.8 -6 before adding the agar and
autoclaving. The culture jars were closed with
polyvinylcarbonate caps and sealed with household
plastic foil and were placed in a growth chamber set at
24°C ± 1 and 16 h photoperiod for 4 weeks. The single –
node explants were grown to rooted plantlets. Plantlets
were cut again into single-node explants and were
transferred into a fresh MS medium as described above.

The multiplication phase was routinely repeated
every 4 weeks by subculturing single-node cuttings until
the desired numbers of in vitro plantlets for experiment
was obtained.

In vitro Tuberization: Under aseptic conditions, roots
and shoot tips of plantlets were isolated and transferred
into four tested medium as shown in Table 1. Ten shoots
were inoculated into each sterilized jar (300ml) sealed with
polyvinyl carbonate caps, 40 ml of each tested medium
were used either with agar "solid medium" 6 g/l or without
agar "liquid medium". Ten inoculated jars for each medium
were incubated in complete dark conditions at 18-20 °C for
eight weeks.

Table 1: Different types of medium used for tuberization
Constituents
-----------------------------------------------------------

Medium type MS Kin BA NAA CCC Sucrose
Wang and Hu (1982) + - 10mg/l - - 8%
Wattimena et al. (1983) + 16µM - - - 8%
Estrada et al. (1986) + - 5mg/l - 500mg/l 8%
Rosell et al. (1987) + - 2mg/l 2mg/l 100mg/l 8%

Experimental Design and Statistical Analysis: The
experiments were carried out as completely randomized
factorial designs with two factors. The two factors were
growth regulators (medium composition) and type of
medium (solid or liquid) [23]. 

The following growth characters were record after 8 weeks

Tuberization curve (tuberization percentage during 8
weeks).
Percent of tuberization after 8 weeks from culturing.
Number of tubers/100 plantlets.
Weight of 100 tubers (g).
Category of produced tubers. 

RESULTS AND DISCUSSION

Virus –free plantlets of potato cv. Spounta has been
obtained by meristem tip cultured (Fig. 1A) on MS
medium supplemented with kin (0.04 mg/l) and (IAA 1
mg/l) as mentioned before [21]. The cultures were kept in
culture room under a suitable conditions of light and
temperature. Mass production of potato meristem derived
plantlets cv.Spounta (Fig. 1B) were carried out by nodel
cuttings to obtain a peak number of plantlets (Fig. 1C).
Finally, plantlets were transferred to microtuberization
medium (solid or liquid) ( Fig. 1D).

Data indicated that, higher number of microtubers
were obtained from liquid culture in comparison with solid
medium regardless the medium composition (four media
were used). The number of microtubers/100 plantlets in
case of solid media were 140, 140, 120 and 180 in Wang
and Hu [24], Wattimena et al. [25], Estrada et al. [19] and
Rosell et al. [26] media, respectively. In case of liquid
media, the results were 190, 180, 190 and 230 in the same
arrangment. It means that the number of microtuibers in
100 plantlets are increased by 35.7, 28.6, 58.3 and 27.7% in
liquid culture than solid media overall media have been
used (Tables 2-5). On the other hand, heavier microtubers
were produced in case of liquid media. Our findings
shown  that,  the  weight  of  100 microtubers in solid
media  is  1.7,  2.8,  2.9  and  4.5 g  in  Wang  and   Hu  [24],
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Fig. 1: Scheme for production of potato Microtuberization from meristem to microtuber

Table 2: Growth data of microtubers induction in vitro on Wang and Hu Table 5: Growth data of microtubers induction in vitro on Rosell et al.
(1982) medium (soild & liquid)

Medium type
-------------------------------------

Growth character Solid Liquid
% of tuberization 83.3± 1.1 50± 1.1
No of tubers/100 plantlets 140± 5.7 190± 75.4
Weight of 100 microtubers (g) 1.733± 0.08 15.4± 0.30
Tuber weight Category (mg) <100 100 45

100-200 0.0 15
200-300 0.0 25
300-400 0.0 15
400-500 0.0 0.0
>500 0.0 0.0

Values are means ± SE.

Table 3: Growth data of microtubers induction in vitro on Wattimena et al
(1983) medium (soild & liquid)

Medium type
-------------------------------------

Growth character Solid Liquid
% of tuberization 96.7±0.8 83.3±1.4
No of tubers/100 plantlets 140±7.6 180±11.5
Weight of 100 microtubers (g) 2.8±0.1 21.1±0.1
Tuber weight Category (mg) <100 100 30

100-200 0.0 40
200-300 0.0 10
300-400 0.0 0.0
400-500 0.0 0.0
>500 0.0 20

Values are means ± SE.

Table 4: Growth data of microtubers induction in vitro on Estrada et al.
(1986) medium (soild & liquid)

Medium type
-------------------------------------

Growth character Solid Liquid
% of tuberization 100±0.0 83.3±0.5
No of tubers/100 plantlets 120±5.7 190±30.5
Weight of 100 microtubers (g) 2.93±0.08 14.2±0.1
Tuber weight Category (mg) <100 100 52

100-200 0.0 28
200-300 0.0 10.0
300-400 0.0 3.0
400-500 0.0 0.0
>500 0.0 7.0

Values are means ± SE.

(1987) medium (soild & liquid)
Medium type
-------------------------------------

Growth character Solid Liquid
% of tuberization 95.8±0.2 50±1.7
No of tubers/100 plantlets 180±11.5 230±17.3
Weight of 100 microtubers (g) 4.5±0.1 16.8±0.1
Tuber weight Category (mg) <100 92 44

100-200 8.0 22
200-300 0.0 13
300-400 0.0 4.0
400-500 0.0 17.0
>500 0.0 0.0

Values are means ± SE.

Wattimena et al. [25], Estrada et al. [19] and Rosell et al.
[26] media, respectively. But in case of liquid media, it is
15.4, 21.1, 14.2 and 16.8g in the same arrangement. It
means that the weight of 100 microtubers were increased
by 805%, 653.6%, 389.7% and 273.3% in liquid culture
than  soild media  overall  media  have   been  used
(Tables 2- 5). Furthermore, our results revealed that MS
medium, which is always used for conventional in vitro
solid media is effective. Also, when it is used as a liquid
medium  without  agar  for the  formation  of  microtubers
in vitro, (hydroponic system) where an inorganic nutrient
solution is usually used. The rich nutrient composition of
the MS medium promoted the early development of potato
shoots and the microtuber formation. All the microtubers
formed in the liquid media were bigger and heavier due to
the fact that they could uptake and accumulate nutrients
and plant growth regulators (PGRs) from liquid media
easier than from the solid media.

As shown in Tables 2- 5, a high number of
microtubers (No of tuber/ 100 plantlets) can be harvested
from liquid media. The number of microtubers varied in
different media, i.e. Wang and Hu [24], Wattimena et al.
[25], Estrada et al. [19] and Rosell et al. [26]. The main
problems associated with microtubers production are the
low yield of tubers (1-1.5 tubers/plantlet), 0.91-2.05 tubers
for in vitro  cultures  and  the  small  tubers  size that limits
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Fig. 2: Tuberization curve for different media (Solid or Liquid medium) during 8 weeks

direct transplanting to field conditions [27]. Our results over all the media. Earlier tuberization was observed with
showed that a great number (%) of high quality agar for most media used. Water availability was not
microtubers could be easily obtained in case of liquid responsible for the observed enhancement of
culture inversely of solid culture, so solid culture Microtuberization [14].
produced  about  at  least  98% of microtubers less than In vitro microtubers are used in many experimental
100 mg, but liquid culture produced about 42.8 less than procedures such as mass propagation of seed potato
100 mg and different category of microtubers weights, stock, germplasm conservation and exchange and
6.8% of microtubers weighed about >500mg overall media physiological and molecular studies related to tuberization
used. Consequently, the results from this experiment [29]. In our study, the differences in tuberization observed
showed that the liquid culture can produce more for both liquid and solid media, was not refer to water
microtubers than the conventional one involving a solid availability but may be to attributably to agar
medium. composition. Chemical analysis of agar were carried out

The highest formation of microtubers rate (91.7%) by Arregui et al. [30] who found that concentration of all
was recorded in medium " Estrada et al. "[19] and also, the elements were higher in agar. The contribution of
when explants cultured on solid media under four media inorganic nutrients in agar to the final media composition
condition (94%). However, tuberization% under complete compared to mineral salt mixtures was generally low,
dark at 18-20 ºC, after 8 weeks in culture tuberization in ranging from 1% inorganic N to 30% Fe. Therefore, these
solid medium overall media are used was higher than differences would not seem to have a substantial effect on
liquid media (Table 2-5 and Fig. 2). Moreover, earlier tuberization. The high value of organic N content may be
tuberization was observed in solid media, similar results indicative of impurities which could an inhibitor of
were observed for cv. Baraka [14]. Otherwise, the tuberization. Seven different brands of agar analyzed by
tuberization curves (Fig. 2) for every medium in two types Scholten and Pierik [11] showed a N content ranging from
of medium (solid and liquid) was not similar as shown in 1 to 178 mM/kg. On the other hand, differences in
Fig. (2). The rate of tuberization were increased in both tuberization  in  solid  and  liquid media may be attributed
solid and liquid culture by the time, but the rate of to the change of pH in the culture media, after sterilization
tuberization under solid media is higher than liquid media the  pH of  the  medium  decreased   in   solid  media.
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Sarma et al. [31] observed that the process of autoclaving 11. Scholten, H.J. and R.L.M. Pierik, 1998. Agar as a
produced a decrease in the pH of the media being gelling agent: chemical and physical analysis. Plant
depended on agar concentration. Eight weeks in culture Cell Rep., 17: 320-235. 
resulted in an acidification of the media. Wan et al. [32] 12. Nowak J. and D. Colborne, 1988. In vitro tuberization
reported that a decreased in pH of the nutrient solution of and tuber proteins as indicators of heat stress
hydroponically grown potato plant promoted tuber tolerance in potato. Am. Potato J., 66: 35-45.
initiation. 13. Nowak J. and S.K. Asiedu, 1992. Gelling agent and
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