
Abstract Twenty-two genotypes of potato (Solanum tu-
berosum L.) were induced to form microtubers under six in
vitro culture conditions. Cultures maintained under a short
photoperiod (10 h of 6–12 µmol m–2 s–1) and low temper-
atures (day 20°±2°C and night 18°±2°C) had both a higher
yield (255 mg/plantlet) and a greater number (2/plantlet) of
microtubers than those maintained under long days (16 h
of 38–50 µmol m–2 s–1) combined with high temperatures
(day 28°±2°C and night 25°±2°C) (yield 207 mg/plantlet;
microtuber number, 0.9/plantlet), over a wide range of gen-
otypes. After the plantlets had been cultured under long
days for an initial period of 60 days, continuous darkness
advanced microtuberization by 2–3 months in various gen-
otypes. Under short-day and low-temperature conditions
the addition of 6-benzylaminopurine increased microtuber
yield from 255 mg/plantlet to 645 mg/plantlet and average
microtuber weight from 115 mg to 364 mg. A similar pat-
tern was observed under conditions of long days and high
temperature, and continuous darkness and low-tempera-
ture. Microtubers produced under light had a greater num-
ber of eyes (maximum average: 5.96/microtuber) than those
produced in the dark (maximum average: 3.50/plantlet).
The genotype × cultural conditions interactions were sig-
nificant indicating the importance of developing genotype-
specific protocols to maximize microtuberization.
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Abbreviations BAP 6-Benzylaminopurine · MS Mura-
shige and Skoog (1962)

Introduction

The propagation of potato (Solanum tubersoum L.) by in
vitro culture of axillary buds is commonly used in the pro-
duction of disease – free seed tubers, germplasm exchange,
and conservation (Roca et al. 1979; Ranalli et al. 1994). In
vitro-propagated plantlets produce microtubers (approx.
2 –10 mm in diameter) when incubated under suitable con-
ditions (Wang and Hu 1982; Estrada et al. 1986). While mi-
crotubers generally originate as aerial structures on the
stem, occasionally a few microtubers may be formed in the
medium (Hussey and Stacey 1981, 1984). Work on micro-
tuberization in potato has mainly focused on the use of
growth regulators (Palmer and Smith 1969; Wang and Hu
1982; Estrada et al. 1986; Vecchio et al. 1994), and there is
considerable variation in the results of these studies, i.e. the
response obtained depended upon a range of factors includ-
ing sucrose concentration, temperature, photoperiod, light
intensity, and cultivar (Hussey and Stacey 1984; Ortiz-
Montiel and Lozoya-Saldana 1987; Garner and Blake
1989). Most of these studies were based on a few genotypes
only. Gopal (1996) reported a faster rate of microtuberiza-
tion and an early senescence of plantlets cultured under con-
tinuous darkness. How this and other culture conditions af-
fect 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 (Gopal et al. 1997).
We report here the effect of photoperiod, light intensity,
temperature, and BAP on yield, number and size of micro-
tubers, and number of eyes per microtuber, in 22 genotypes.

Materials and methods

Plant material

Tuber samples of 22 genotypes of Solanum tuberosum L. were drawn
from the National Potato Breeding Program at the Central Potato Re-
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search Institute, Shimla. Twenty of these, namely AB455, CP1710
(‘Kerr Pondy’), CP2132 (‘Tollocan’), E4451, F1277, JE812, JH222
(‘Kufri Jawahar’), JN1501, JR465, JTH/C107, MS78-46, MS78-56,
MS79-34, MS80-758, MS81-152, MS82-638, MS84-1169, PJ376 
(‘Kufri Ashoka’), RG1197, and SLB/K23, belong to Solanum tube-
rosum ssp. tuberosum and 2, EX/A680-16 and EX/A723, to S. tube-
rosum ssp. andigena. These have 38 diverse parents in their imme-
diate pedigree, some with S. demisum as a distant ancestor. The ma-
terial was thus of a wide genetic background.

Establishment of axenic cultures

Single nodal sections (0.5–1.0 cm long) cut from etiolated sprouts
were disinfected with a mixture of 0.1% HgCl2 and 0.1% sodium
lauryl sulfate for 5 min, rinsed with sterile water thrice, and cultured
aseptically in 150×25-mm test tubes, one segment per test tube. Ba-
sal and top nodal segments were not used (Le 1991). Each test tube
contained 12–15 ml of semisolid (7 g l–1 agar) MS basal medium
(Murashige and Skoog 1962) with 3% sucrose. The test tubes were
closed with cotton plugs and incubated under a 16 h/day photoperi-
od of 38 µmol m–2 s–1 and under day and night temperatures of
28°±2°C and 25°±2°C, respectively.

Microtuberization

Six- to eight-week-old axenic plantlets were subcultured aseptical-
ly using single nodal segments (0.5–1.0 cm) from the central portion
of the plantlets as explants and incubated under six different culture
conditions for microtuberization (Table 1).

Experimental design

The experiment was conducted in a randomized complete block de-
sign (22 genotypes×six culture conditions) with four replications.
Each replication consisted of two culture vessels (jam bottles of 300-

ml capacity) with four nodal sections per jam bottle. Thus there were
32 plantlets per genotype per culture condition.

Data recording and statistical analysis

At the onset of foliage senescence (browning of leaves and/or stems),
plantlets were taken out of the vessel, media sticking to the roots
were rinsed off, and data were recorded for four characters, micro-
tuber yield/plantlet (mg), number of microtubers/plantlet, average
microtuber weight (mg), and number of eyes/microtuber. Abnormal-
ly slow-growing plantlets, if any, were not included in the data. Anal-
ysis of variance and means over genotypes were computed. The
fixed-effect model was used as the objective of the study was to com-
pare the effect of various culture conditions on microtuberization
over a range of selected genotypes.

Results

All of the treatments employed induced the formation of
microtubers (Fig. 1), but none of them in all 22 genotypes
(Fig. 2). In treatments MT2A and MT2B, 2 genotypes,
RG1197 and MS79-34, did not develop any microtubers;
in treatment MT3A 3 genotypes, JN1501, RG1197, and
EX/A723, did not produce any microtubers; and in treat-
ment MT3B, 4 genotypes, RG1197, MS79-34, MS82-638,
and JN1501 did not form any microtubers. Treatment
MT1B was the least effective, i.e., 8 genotypes did not mi-
crotuberize, followed by MT1A in which 5 genotypes did
not form any microtubers. Genotype MS82-638 microtu-
berized under all treaments, except in MT3B. RG1197 did
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Table 1 In vitro treatments used for microtuberization

Treatment Media Incubation conditions

MT1A 40 ml of solid MS media with 8% sucrose, 16-h day (38–50 µmol m–2 s–1; 28°±2°C); 8-h night (25°±2°C)
no hormones

MT1B 40 ml of solid MS media with 8% sucrose, 
no hormones
and ––––––– do –––––––
after 60 days of culture, addition of 20 ml 
of liquid MS media with 8% sucrose
and 10 mg/l BAP

MT2A 40 ml of solid MS media with 8% sucrose, 10-h day (6–12 µmol m–2 s–1; 20°±2°C); 14-h night (18°±2°C)
no hormones

MT2B 40 ml of solid MS media with 8% sucrose, For initial 60 days: 16-h day (38–50 µmol m–2 s–1; 28°±2°C)
no hormones and 8-h night (25°±2°C)
and
after 60 days of culture, addition of 20 ml For remaining period: 10-h day (6–12 µmol m–2 s–1; 20°±2°C)
of liquid MS media with 8% sucrose and 14-h night (18°±2°C)
and 10 mg/l BAP

MT3A 40 ml of solid MS media with 8% sucrose, For initial 60 days: 16-h day (38–50 µmol m–2 s–1; 28°±2°C)
no hormones and 8-h night (25°±2°C)

For remaining period: continuous dark (19°±2°C)

MT3B 40 ml of solid MS media with 8% sucrose,
no hormones
and ––––––– do –––––––
after 60 days of culture, addition of 20 ml
of liquid MS media with 8% sucrose
and 10 mg/l BAP



not microtuberize in any of the treatments. There were only
12 genotypes which microtuberized under all conditions.
Microtubers produced under light (treatments MT1A,
MT1B, MT2A and MT2B) were green, and those produced
in the dark (treatments MT3A and MT3B) were white.

Analysis of variance (Table 2) showed that mean
squares due to genotypes, culture conditions, and their
interactions were highly significant (P<0.01) for various
characters. However, mean squares due to interactions
were much lower than those of genotypes and culture con-
ditions. Characters’ means over 22 genotypes are given in
Table 3.

Microtuber yield

A comparison of microtuber yield obtained by culture
under three treatments without BAP, i.e., MT1A vs. MT2A
vs. MT3A, indicated that MT2A (short days, low-light in-
tensity, low temperature) was the most effective and MT1A
(long days, high-light intensity, high temperature) was the
least effective (Table 3). A similar comparison among
three treatments with BAP, i.e., MT1B vs. MT2B vs.
MT3B, indicated that MT2B was the most effective and
MT1B was the least. There was considerable increase in

microtuber yield in treatments with BAP, i.e., MT2B (av-
erage yield 645 mg/plantlet) and MT3B (average yield 414
mg/plantlet) over the corresponding treatments without
BAP, i.e., MT2A (average yield 255 mg/plantlet) and
MT3A (average yield 225 mg/plantlet). The trend was the
same for MT1B (average yield 242 mg/plantlet) vs. MT1A
(average yield 207 mg/plantlet), and the differences were
significant.

Number of microtubers

The effect of various treatments on this character was sim-
ilar to that for microtuber yield. Among non-BAP treat-
ments, MT2A resulted in the maximium (2 microtu-
bers/plantlet) and MT1A had the lowest (0.9 microtu-
bers/plantlet) number of microtubers. Among BAP treat-
ments, MT2B was the most effective (1.7 microtu-
bers/plantlet) and MT1B, the least effective (0.9 microtu-
bers/plantlet). However, unlike microtuber yield, the addi-
tion of BAP media did not affect the number of microtu-
bers, except in MT2B in which number of microtubers was
significantly lower than in MT2A (Table 3).

Average microtuber weight

A comparison among treatments without BAP indicated
that MT1A produced the heaviest microtubers (average
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Fig. 1 Microtuberization in CP1710 (‘Kerr Pondy’) following 
treatment MT3A. Bar: 1.5 cm

Fig. 2 Genotypes responded (in percentage) to various microtube-
rization treatments



weight 226 mg) and MT2A the lightest (average weight
115 mg). Among treatments with BAP, MT2B produced
the heaviest microtubers (average weight 364 mg), and the
difference between the other two treatments, i.e., MT1B
and MT3B, which produced smaller microtubers (average
weight 263 mg and 260 mg, respectively), was non-signif-
icant. Comparison of microtuber weight between MT1A
and MT1B, MT2A and MT2B, and MT3A and MT3B in-
dicated that the addition of BAP media increased microtu-
ber weight (Table 3).

Number of eyes

Microtubers produced in the dark (treatments MT3A and
MT3B) had a significantly lower number of eyes (3.50 and
3.48 per microtuber, respectively) than those produced in
light (treatments MT1A, MT1B, MT2A, and MT2B) (5.96,
4.75, 4.69, and 5.56 per microtuber, respectively). A com-
parison of long photoperiod (MT1A and MT1B) versus
short photoperiod (MT2A and MT2B) did not depict any
pattern with regard to their effect on this character. The
effect of the addition of BAP media after 60 days varied
from treatment to treatment, and there was no consistent
trend.

Discussion

Our findings with regard to the effect of photoperiod on
microtuberization agree with those of Wang and Hu (1982),
Hussey and Stacey (1984), Ortiz-Montiel and Lozoya-Sal-
dana (1987), and Garner and Blake (1989) who also found
better microtuber induction when in vitro plantlets were
incubated under short-days conditions. Also it is a well-
established fact that under in vivo conditions tuberization
in whole plants is hastened during short days and at low
temperatures (Cutter 1978), particularly at low night tem-
peratures. The desirable effect of low light intensity on mi-
crotuberization, as observed in the present study, was also
reported by Wang and Hu (1982). Lower microtuber yield
under continuous darkness in the present study may be at-
tributed to etiolation. As compared to low light intensity,
no further growth occurred under dark conditions (Gopal
1996).

The promotion of microtuberization on cultured shoots
by cytokinin has been demonstrated by many workers 
(Palmer and Smith 1969; Wang and Hu 1982; Hussey and
Stacey 1984; Estrada et al. 1986; Ortiz-Montiel and Lo-
zoya-Saldana 1987). The present results show that the in-
crease in microtuber yield upon supplementing the MS me-
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Character Mean squares

Culture Genotypes Interaction Error
conditions

Microtuber yield (mg per plantlet) 2307676** 1124242** 254522** 5332
Microtuber number (per plantlet) 7.76** 8.04** 2.06** 0.07
Average microtuber weight (mg) 694090** 398139** 81835** 2693
Number of eyes (per microtuber) 50.38** 23.54** 5.80** 0.71

df a 5 21 105 393

** Significant at P<0.01
a df of number of eyes were 5, 11, 55 and 213, respectively, as data were available for only 12 geno-
types

Table 3 Means over genotypes for various characters in different in vitro culture conditions

Character Treatment CD (5%) a

MT1A MT1B MT2A MT2B MT3A MT3B

Microtuber yield 207.49 241.78 254.91 644.84 225.39 414.49 21.85
(mg per plantlet)

Microtuber number 0.91 0.91 2.05 1.69 1.28 1.33 0.08
(per plantlet)

Average microtuber 226.33 263.42 114.69 363.76 156.58 260.39 15.53
weight (mg)

Number of eyes b 5.96 4.75 4.69 5.56 3.50 3.48 0.34
(per microtuber)

a CD, Critical difference=SE×t (0.05)
b Average over 12 genotypes which tuberized in all the treatments

Table 2 Analysis of variance
of in vitro performance of 22
genotypes in different culture
conditions



dium (1962) with BAP (10 mg/l) following 60 days of cul-
ture on a non-BAP medium was mainly due to an increase
in average microtuber weight as there was little change in
microtuber number under the two conditions (Table 3). Our
observation that the promotion of microtuberization by
BAP was more pronounced under short days than under
long days confirms the findings of Hussey and Stacey
(1984). Our results also confirm the findings of Garner and
Blake (1989) and Ranalli et al. (1994) who reported that
microtubers could be induced even without the use of
growth regulators. The use of media without growth reg-
ulators, would be desirable where the objective is to judge
the innate capacity of genotypes to produce microtubers
and to remove the possibility of any undesirable carry-over
effect of growth regulators on morphology, dormancy or
sprouting.

As the microtuber yield and average microtuber weight
increased with the addition of BAP (Table 3), the number
of genotypes responding to microtuberization decreased
(Fig. 2). This observation indicates that BAP interferred
with the innate capacity of the genotypes to initiate micro-
tuberization, perhaps by disturbing the balance of en-
dogenous levels of growth regulators. This effect was ev-
ident mainly in treatments with long days and high tem-
peratures or in treatments where plantlets were shifted to
total darkness after an initial exposure to long days and
high temperatures for 60 days. Thus, it would be interest-
ing to investigate the endogenous levels of various growth
regulators in plantlets exposed to varying in vitro condi-
tions.

In the microtuberization protocols used at the Interna-
tional Potato Centre, Lima, Peru (Estrada et al. 1986) and
the Central Potato Research Institute, Shimla, India (Dhin-
gra et al. 1992) plantlets are placed in the dark because
light delays microtuberization (Dobranski and Mandi
1993). In the present study microtuberization was also
faster under continuous darkness and was completed
within 4–5 months after culture initiation in comparison to
the 6–8 months taken by treatments with light. However,
the number of eyes per microtuber was higher in microtu-
bers induced in a light-dark photoperiod. There is no other
report on this aspect. The faster rate of microtuberization
and early senescence of the plantlets (Gopal 1996) may
have resulted in fewer eyes being produced in microtubers
cultured in the dark than those cultured in the light. The
microtuber yield obtained (Table 3) and the subsequent
performance of the crop raised from the microtubers (Go-
pal et al. 1997) suggest the desirability of inducing micro-
tubers under short days of low light intensity.

In conclusion, it can be said that microtuberization can
be induced in potato under a variety of culture conditions.

A short photoperiod (10 h) of low light intensity
(6–12 µmol m–2 s–1) coupled with low temperatures (day
20°±2°C; night 18°±2°C) gives a wide genotypic response,
high microtuber yield with more number of tubers; and this
combined with media containing BAP results in a higher
microtuber yield and larger microtubers. The significance
of genotype × culture conditions interaction, however, in-
dicates the need of developing genotype-specific protocols
to maximize microtuberization.
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