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ABSTRACT

It was found that in vitro microtuberization of potato (Solanum tuberosum L.) was
affected considerably by temperature and gelling agent. The best resultswere obtained
in cultures maintained at 20-22° C in dark. Moreover, considerable increases in
number, average weight and yield of microtubers was obtained on media solidified
with gelrite compared to agar, when used as gelling agent. Number of microtuber
formation and their weight had significant positive relationship (r = 0.630 and r =
0.771 respectively) with microtuber yield per plantlet.

I ntroduction

Potato (SolanumtuberosumL.) isanimpor-
tant food source in many parts of theworld.
Considerable effortsare continuously being
madeto breed potato for improvement both
through conventional breeding and in vitro
techniques. In vitro techniques are being
applied to improve potato production
through micropropagation, pathogen elimi-
nation and germplasm conservation etc. The
use of in vitro techniquesfor virus elimina
tion and clonal mass propagation are the
most advanced applicationsto thisrespect.

In vitro manipulationsin potato are mainly
carried out to maintain genetic stability and
achieve somelevel of genetic modifications
through gene transfer, gene inhibition and
microtuberization. In vitro masstuberization
in potato and successful integration of this
technology for virus-free seed potato pro-
duction was reported before (1).

In vitro micropropagation in potato is gen-
erally used to bulk up new cultivarsor breed-
ing lines, for germplasm storage, transport
and production of microtubersor minitubers
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which thus are easy to store, transfer and
distribute. Moreover, they are free of pests,
diseases and virus, which helpsin transport
of certified virus-free shoot culturesaswell.
Production of disease-free potato clones
combined withinvitro multiplication meth-
ods have become an integral part of seed
production in many countries with several
advantages helping to reduce time taken to
produce seed tubers and number of field
generations, resulting in higher quality seed
tubers (2).

Molecular analysisof invitro propagated and
stored potatoesindicate that micropropoge-
tion resultsin production of genetically sta-
ble plants(3). In recent yearsgenetic, trans-
formation has been achieved using in vitro
microtubersviaAgrobacteriumtumefaciens
in potato. Many researchers have devel oped
new transformation methods using in vitro
microtubers(4, 5, 6). It wasemphasized that
microtubers are good source of explant mate-
rid for developing genetic transformants (6).

Invivo and in vitro tuberization of potatois
influenced by genetic, physiological and
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environmental factorsincluding photoperi-
od, temperature, irradiance, mineral ele-
ments, physiological age and hormone con-
centrations. This suggests that culture con-
ditionsmust be optimized for optimal invitro
microtuberization. Thus, the aim of this
study was to find out effect of gelrite and
agar onin vitro microtuberization of potato
under different temperature regimes.

Materials and M ethods

Tubersof Lady Rosetta, Tomensaand Mon-
alisa potato cultivars were obtained from
Agriculture Credit Cooperativesand private
companiesin Turkey. Preliminary studiesin
our laboratory indicated that these cultivars
had higher micrutoberization capacity. Tu-
bers of Lady Rosetta, Tomensaand Monal-
isa potato cultivars were surface-sterilized
by shaking for 20 min in 50 % commercial
bleach (Axion) and rinsed four timesin ster-
ile water. Then, the tubers were sprouted in
dark at 20-22 °C. After six weeks, sprouts
were excised from the tubers and subjected
to surface sterilization again for 20 min in
25 % commercial bleach and rinsed three
timesin sterile water.

The sprouts (approximately 2 cmlong) were
placed on MS (7) 10 ml basal medium sup-
plemented with 30 g/l sucroseand 7 g/l agar
in glasstubes (2 x 10 cm) at 24 °C. After 5
weeks of growth period, single nodes from
plantlets were excised and subcultured on
the same medium twice. Findly, single node
segments were cultured on microtuber in-
duction medium described before (8) at pH
5.7 in a dark growth chamber at tempera-
tures of 18, 20, 22 and 24 °C for 20 days.
This induction medium consisted of MS
medium, 60 g/l sucrose, 2.25 mg/l kinetin
and 8 g/l agar or 2.5 g/l gelrite. After 20 days,
the cultures were transferred to 16-h-day
length photoperiod of 38 pMol 38 m? s?
under day and night temperature regime of
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24 + 2 °C. After three weeks, microtubers
were harvested, scored and weighted to de-
terminethe number of microtubersper plant-
let, average weight of microtubers and mi-
crotubersyield per plantlet. Dry matter con-
tent (%) was determined after drying micro-
tubersat 80 °C for 26 hin ventilated oven.

The experiment was conducted using ran-
domized complete block design (4 tempera-
tures x 2 gelling agent) with four replica-
tions. Each replication consisted of 5 nodal
segments per Magenta GA-7 vessels. Anal-
ysis of variance was performed using stan-
dard techniques and the differences among
the meanswere compared through Duncan’s
multiplerangetest using M STAT-C comput-
er programme (Michigan State University).
Correlation coefficient among microtuber
yield, number of microtuber, mean micro-
tuber weight and dry matter content were
also determined.

Results and Discussion

It was observed that micotubers formed in
all treatments (all temperatures and gelling
agents) and cultivars. Microtubers formed
under dark conditionswere white, however
they turned green when transferred to light.
First microtubers appeared after threeweeks
of culture. It was seen that tuberization be-
gan earlier on medium containing gelrite
than agar medium along with increase of
temperature. Analysis of variance showed
that effect of temperature and gelling agent
were highly significant (p < 0.01) on num-
ber of microtuber per plantlet, mean micro-
tuber weight and microtuber yield per plant-
let. Analysis of variance further indicated
that interactions between temperature and
gelling agents were not significant in three
cultivars. Different temperatureregimesand
gelling agents resulted in significant varia-
tionsfor microtuber yield per plantlet, num-
ber of microtuber per plantlet and mean mi-
crotuber weight in al cultivars (Table 1).



TABLE1

Effect of different temperaturesand gelling agents on microtuber yield, number of microtuber, mean microtuber weight and

dry matter content

Number of microtuber Microtuber yield (mg/plantlet) Dry matter content (%)

Mean microtuber weight (mg)

(per plantlet)

Tomensa Monalisa L. Rosetta ~ Tomensa Monalisa L. Rosetta  Tomensa Monalisa L. Rosetta  Tomensa Monalisa

L. Rosetta

Temperature

65.12 be 68.45 ¢ 15.8ns 17.6 s 15.9 s
87.03 a 1

95.52a
72.32b

1.38b 0.72a 0.66 b 153.87 ¢
0.78 a 304.37 a

146 b
1.62a

104.55 ¢

89.12 ¢

104.12 ¢!

18°C
20 °C

16.3
16.4

17.3

6.1

113.12a

0.67 a

145.62 a
159.22 a
131.65 b

127.75 ab

139.25a

24375 a

15.7 17.4

89.50 b

0.55 ¢ 331.12a

0.68 a

210.87 ab
191.25b

22°C

16.3 16.9 15.8

0.56 b 0.61 be 243.87 b 82.44 be

147b

124.87 b

24°C

Gelling
agents
Agar

1.26 b 0.56 b 0.59 b 214.68 b 72.53 b 78.58 b 15.7ns 17.40s 15.9ns
0.75a 0.71a 300.44 a

1.72a

102.13 b 121.27b
149.25a

167.06 b?
207.93 a

98.17 a 16.2 17.2 16.2

87.46 a

138.36a

Gelrite

12)VValues within acolumn followed by the different letters are significantly different at the 0.01 probability level using Duncan’s multiple range test.

Each value is the mean of 4 replications with 5 nodal segments
") not significant
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Mean microtuber weight was influ-
enced by the different temperaturere-
gimes. For all tested cultivars, the high-
est mean microtuber weight was ob-
tained under 20 and 22 °C tempera-
ture regimes, the lowest mean micro-
tuber weight wasfound at 18 °C. These
resultswere statistica ly different from
aforementioned in terms of mean mi-
crotuber weight for each of the culti-
vars. Comparison of mean microtuber
weight between agar and gelrite indi-
cated that the use of gelriteled to great-
er mean microtuber weight inal cul-
tivars. Lady Rosettaresulted in higher
mean microtuber weight than the oth-
er two cultivars in most treatments
(Table 1).

A comparison among temperaturesin-
dicated that L ady Rosettahad the high-
est number of microtubers per plant-
let (1.62) at 22 °C. However, Monal-
isaproduced the maximum number of
microtubers per plantlet (0.78) at 20
°C. Tomensa had the highest number
of microtuber (0.72) at 18 °C, howev-
er, therewere no significant differences
among 18, 20 and 22 °C for this culti-
var. Among temperature regimes, 24
°C was the |east effectivein al culti-
vars. The highest numbers of micro-
tubers per plantlet were also obtained
on medium solidified with gelrite in
al cultivars (Table 1). Similar to the
microtuber weight results, the highest
microtuber number per plantlet was
achieved from cultivar Lady Rosetta
inall treatmentstested (Table 1).
Theresultsrelated to the effect of vari-
oustemperatureson microtuber weight
were similar to that for microtuber
yield. Monalisahad the highest micro-
tuber yield per plantlet (113.12 mg) at
20°C, however thebest resultsin Lady
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TABLE 2

Correlationsamong microtuber weight, number of microtuber per plantlet,
microtuber yield per plantlet and dry matter content

Microtuber traits Microtuber Microtuber Microtuber Dry
weight number yield matter
content
Microtuber weight 1.000
Microtuber number 0.047 1.000
Microtuber yield 0.771** 0.630** 1.000
Dry matter content -0.169 0.045 0.031 1.000

Rosetta (331.12 mg) and Tomensa (95.52
mg/plantlet) were obtained at 22 °C, but
there was no significant difference between
20 and 22 °C temperature regimes on both
cultivars. Asthe case for mean microtuber
weight and number of microtubersper plant-
let the best results were achieved on gelrite
solidified medium and Lady Rosetta pro-
duced much higher microtuber yield per
plantlet than Tomensa and Monalisain al
treatments.

Ingenera, therate of tuberization increased
at 20-22 °Cinal cultivars. In contrast, there
were dramatic decreases in mean microtu-
ber weight, microtuber yield and number of
microtubersat 18 and 24 °Cinall cultivars.
Type of gelling agent also influenced the
aforementioned parameters. The highest
mean microtuber weights, number of micro-
tubers and microtuber yield in all cultivars
were obtained on gelrite solidified medium.
The effects of gelling agent did not vary in
different cultivars. Different temperature
regimes and gelling agents did not signifi-
cantly affect dry matter content of the culti-
vars.

Correlation analysis indicated significant
positiverelationship for microtuber yieldand
number of microtuber (r = 0.630**) and
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microtuber yield and mean microtuber
weight (r = 0.771**).The other parameters
did not show significant correlation (Table
2).

Environmental factors, especially photope-
riod and temperature, play amajor rolein
theinitiation of tubers (9,10). Unfavorable
conditionssuch ashigh temperatureand low
light intensity inhibit shoot and root growth
along with tuberization. It wasreported that
microtuberization is positively affected by
temperature up to certain temperature de-
grees.

The optimum temperature for in vitro tu-
berization was reported to be 20° C with a
constant temperature being more effective
than aternating day-night temperature (1).
Temperaturesbelow 12 °C and above 28 °C
have been found to beinhibitory for potato
microtuber production (1). It has also been
shown that in the absence of growth regu-
lating substances, especially cytokinins, low-
er temperatures enhance tuber-induction. It
was stated that cultures maintained under a
short photoperiod (day 20 + 2 °C; night 18
1 2 °C) led to both higher microtuber yield
and a greater number of microtubers than
those maintained under long days (16 h 38-
50 pmol m2 s1) combined with high tem-



peratures(day 28+ 2°Candnight 25+ 2°C
(12). It wasreported that high temperatures
(33/25 °C day/night) increased length of in-
ternodes, whereas either no effect or slight-
ly decreased node number, the highest num-
ber of tuberswas obtained at 20/15 °C day/
night temperatures (13). Size of microtubers
produced within two months depends on
temperature (1, 14). Theresultsof our study
indicated that temperature was an important
factor for in vitro microtuberization of po-
tato. The highest microtuber productionwas
recorded at 20 and 22 °C, however it was
decreased considerably at 18 and 24 °C tem-
perature regimes. Our findings with regard
to effect of temperature on microtuberiza-
tion agreewith other literatures (13, 15, 16).
Moreover, our dataindicated that 24 °C and
higher temperatures reduced tuberization.
Similar observations were also reported in
theliteratures (1, 17, 18).

Gelling agent used in vitro may also affect
microtuberization of potato. It was stated that
gelrite is an aternative to agar for micro-
propagation and microtuberization of pota-
to (19). In vitro tuberization of four potato
cultivarsunder heat stressyielded more uni-
form microtuberson medium solidified with
gelritethan agar (14). It was also found that
tuberization was earlier and more uniform
on gelrite than agar solidified medium in
dark compared to light. Our observations
confirmed thefindingsin theliterature (20).
In our study, the best results also were ob-
tained on mediacontaining gelriteinall cul-
tivars. Microtuber yield per plantlet, num-
ber of microtuber per plantlet and mean mi-
crotuber weight increased with the use of
gelrite under al temperature regimes. Al-
though there was no interaction between
temperature and gelling agent, the highest
microtuberization was achieved on a medi-
um solidified with gelrite at 20-22 °C tem-
perature regimes. Gelling agents and tem-
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perature regimes did not influence the dry
matter content of microtubers. However, it
may be considired that 24 °C and higher tem-
peratures may affect dry matter content of
tuber and microtuber aswell.

Thehighest correl ation coefficients between
mean microtuber weight and microtuber
yield suggested that microtuber weight or
size is an important factor in determining
microtuber yield potential invitro. By com-
parison, it may be said that microtuber
weight is more important than microtuber
number in determining microtuber yield
potential.

It was concluded that the most suitable tem-
peratures for microtuberization were 20-22
°C. Considerableimprovementsin microtu-
berization of potato can be induced by use
of gelrite as a gelling agent under in vitro
conditions. Our resultswhen combined with
anumber of in vitro manipulations (photo-
period, irradiance, mineral elements, physi-
ological age and hormone) will lead to effi-
cient tuberization in potato. These results
may be highly useful in production of trans-
genic potato plants carrying resistance genes
against viruses, pathogens, herbicidesetc. in
our laboratory.

Acknowledgements

The authors acknowledge The State Plan-
ning Commissions (DPT) and University of
Ankara Turkey (Project No : 98K 120640)
for financial support.

REFERENCES

1. Wang P, Hu C. (1982) Am. Potato J., 59,
33-37.

2. JonesM.G.K. (1994) Plant Cell Tiss. Cult.,
11, 379-411.

3. Potter R.H., JonesM .G .K. (1991) Plant Sci.,
76, 239-248.

4. Ishida B., Snyder G., Belknap M. (1989)
Plant Cell Rep., 8, 325-328.

5. Snyder G.W., Belknap W.R. (1993) Plant
Cell Rep., 12, 324-327.

Biotechnol. & Biotechnol. Eq. 19/2004/2



6. Kumar A., Miller M., Whitty P., Lyon J.,
Davie P. (1995) Plant Cell Rep., 14, 324-328.
7. Murashige T., Skoog F. (1962) Physiology
Plant, 15, 473-497.

8.Kumar D., Wareing P.F. (1974) New Phytal.,
73, 833-840.

9. Jolivet E. (1969). Ann Physiol. Veg., 11, 265-
301.

10. Seabrook J.E.A., Coleman S., Levy D.
(1993). Plant Cell Tiss. Org. Cult., 34, 43-51.
11. Hussey G., Stacey N.J. (1981) Ann. Bot.,
8, 787-796.

12. Gopal J.L., Minocha H.S., Dhaliwal H.S.
(1998) Plant Cell Rep., 17, 794-798.
13.Bensalim S., Nowak J., Asiedu SK. (1998)
Amer. J. Potato Res., 75, 145-152.

14. Nowak J., ColborneD.(1988)Am. Potato J.,

Biotechnol. & Biotechnol. Eq. 19/2004/2 94

66, 35-45.

15. Cutter E.G. (1978) In: Structure and deve-
lopment of the potato plant. PM. (HarrisPM Ed.)
The potato crop, Chapman and Hall, London,
UK,70-152.

16. Garner N., Blake J. (1989) Ann. Bot., 63,
663-674.

17. Slater J.W. (1963) In: Mechanismsof tuber
initiation. (J.D. Ivins, FL Milthorpe Eds.), The
Growth of the Potato, Butterworths, London,
114-120.

18.Menzel C.M. (1980) Ann. Bot., 46, 259-265.
19. Veramendi J., Villafranca M .J., Sota V.,
Mingo-Castel A.M. (1997) In Vitro Cell Dev.
Biol., 33, 195-197.

20. Nowak J, Asiedu SK. (1992) Am. Potato J.,
69, 661-670.



