
The effect of mannitol on different genotypes of potato was studied in callus and plantlet culture. In vitro
responses of five potato genotypes with well-known field behaviour to water deficit were analysed. After
a 4-week-long cultivation on media containing mannitol up to 0.8 M, different morpho-physiological
parameters were determined and statistically analysed. The useful concentration of mannitol for in vitro
screening the osmotic tolerance of different genotypes depended on the type of culture; it was 0.4 M in
plantlet-test and 0.8 M in callus-test. In callus-test the relative increase of callus mass was a useful
parameter for determination of osmotic tolerance of genotypes at cellular level. In plantlet culture, stress
index calculated from the rate of surviving in vitro shoots, number and length of roots per surviving
explant and the rate of rooted explants were applicable to determine three groups according to the toler-
ant, medium tolerant and sensitive categories in agreement with the field behaviour of these genotypes.
Under in vitro stress conditions we were able to distinguish the examined genotypes with different
drought tolerance.
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INTRODUCTION

According to one of the stress concepts, stress is defined as an environmental factor,
which can be potentially unfavourable to living organisms [5]. Stress can be biotic
and abiotic, mild and severe. Severe stress has negative effect on the plant develop-
ment and damages the plant. A mild stress may increase physiological activity in the
plant and rarely induces damaging effects [6].

One of the most important abiotic stress conditions is the water availability in
plants. In Hungary, the growing season is characterized by high temperatures and few
rainfalls with long drought periods, which leads to an insufficient water regime in
soil. Therefore one of the main breeding aims includes selection of drought-tolerant
varieties. Potato is a drought-susceptible crop [4], however, there are differences in
the susceptibility to water stress between the cultivars under in vivo conditions [10].
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In the present work we have studied the in vitro responses of 5 potato genotypes
with well-known field behaviour to water-stress. In vitro morpho-physiological
responses of these clones were tested at different concentrations of mannitol added
to the medium. Mannitol is one of the osmotica has been suggested for drought
screening in other plant species [12].

Three questions were addressed: 1. Which morpho-physiological parameters are
usable in vitro for characterisation of the genotypes with different susceptibility to
water-stress? 2. Which is the mannitol-concentration useful for distinguish of the
genotypes with different drought-tolerance at cellular and at plantlet level, respec-
tively? 3. Are the in vitro conditions applicable to study the drought-tolerance of dif-
ferent genotypes?

MATERIALS AND METHODS

In vitro culture of Solanum tuberosum L. cv. Boró and Gülbaba (drought-tolerant),
Réka (medium tolerance), Desiree and 584/72 clone (drought-sensitive) were used in
this study. The in vitro responses of these genotypes were examined at cell level: in
callus culture and at plantlet level: in plantlet culture. Callus culture originated from
in vitro leaves and single nodal cuttings of in vitro plantlets served as explant in the
experiments, respectively. In vitro potato plantlet is adventitious shoot with adventi-
tious roots developed from the bud of single nodal cuttings during micropropagation.
Basal medium was the MS medium [9] in both cases, which was supplemented by
7 mg l–1 2,4-D in the case of callus culture. Four different concentrations of manni-
tol were added to the medium: 0.2, 0.4, 0.6 and 0.8 Mol mannitol (M-2, M-4, M-6,
M-8 treatments and the control ones: M-0) to model the water-stress in vitro.
Cultures were grown in a culture room at 24/15 °C day/night temperature and 16 h
photoperiod and 106 μmol m–2 s–1 light intensity for 4 weeks.

Every treatments in callus-test consisted of six petri dishes containing ten explants
(calli). In plantlet-test each treatment consisted of 15 Kilner jars (400 ml, 75 mm × 85
mm) with 20 explants (single nodal cuttings). Each experiment was repeated three-
times.

After 4-week-long treatments the relative increase of callus mass, the rate of sur-
viving in vitro shoots (SS), shoot length (SL), number and length of roots per sur-
viving explant (RN, RL) and the rate of rooted explants (RS) were determined and
analysed statistically by ANOVA followed by Tukey’s test. Before statistical analy-
sis data were transformed and expressed in the percent of the control treatment in
order to be able to make comparison between genotypes. In plantlet-test, stress index
(SI) was calculated from the morpho-physiological parameters as follows:
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Indexing of parameters by ‘R’ means that the data were given in the percent of the
control treatment.

Cluster analysis was also performed on data by the hierarchical method using
average linkage between the groups. An observation unit consisted of one mannitol
treatment of a genotype. Statistical analyses were performed using a computer pro-
gram SPSS 7.5 for Windows.

RESULTS

Analysis of variance showed significant effects of genotypes and that of osmotic
stress treatments on the morpho-physiological parameters measured and also the
genotype × treatment interaction was significant, except in the case of shoot length.

Callus-test

No significant differences of the osmotic treatments could be detected in the case of
Boró. Its behaviour suggests high tolerance against osmotic stress at cell level.
However, in another four genotypes, the relative mass of calli decreased with the
increase of mannitol-concentration. The differences among genotypes depended on
the mannitol-concentration of medium. At 0.2 M, only the two drought-sensitive
genotypes could be distinguished significantly. Between 0.4 and 0.8 M, the most tol-
erant genotype was the Boró. The medium tolerant genotype, Réka, segregated step
by step from the tolerant genotypes by increasing stress conditions. At 0.4–0.8 M
mannitol-concentrations significant differences were detected between the two toler-
ant genotypes: the relative increase in the callus mass of Boró given in the percent of
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Table 1
Effect of different mannitol treatments on the relative increase of callus mass given

in the percent of control treatment in each genotype after 4-week-long callus culture*

Treatments M-2 M-4 M-6 M-8

Genotypes Relative increase of callus mass

Réka 67.00 b 36.56 b 30.22 bc 20.67 a
Boró 60.00 b 68.67 c 71.67 d 79.13 c
584/72 34.57 a 18.25 a 18.67 ab 13.08 a
Gülbaba 61.83 b 47.50 b 42.67 c 44.00 b
Desiree 45.57 a 16.58 a 13.07 a 11.08 a

* Letters in columns mean the differences between the genotypes in each treatment (p < 0.05). The
average callus masses measured on mannitol-free medium (=control treatment) after 4-week-long callus
culture and considered as 100% are the followings: 2243 mg in Réka, 683 mg in Boró, 3717 mg in 584/72
clone, 1864 mg in Gülbaba and 809 mg in Desiree.
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the control treatment was higher than that of Gülbaba. The highest differences among
the genotypes could be detected at 0.8 M mannitol, where the relative increase in cal-
lus mass of the sensitive genotypes (584/72 and Desiree) and that of the genotype
with medium tolerance (Réka) were significantly the less (Table 1).

Fig. 1. Dendogram of cluster analysis of callus-test. Observation units consisted of the data measured in 
M-8 treatments of genotypes

Table 2
Effects of different mannitol treatments on the morpho-physiological parameters measured in plantlet-

test, given in the percent of control treatment in each genotype after 4-week-long plantlet culture*

Treatments M-2 M-4 M-6 M-8 M-2 M-4 M-6 M-8

Genotypes Rate of surviving shoots (SS) Rate of rooted explants (RS)

584/72 83.7 b 23.4 b 5.6 b 0 a 80.2 b 19.8 a 15.7 b 14.5 bc
Réka 46.8 a 21.0 b 0 a 0 a 67.2 a 26.9 ab 16.1 b 9.7 b
Desiree 55.5 a 4.2 a 0 a 0 a 62.8 a 15.7 a 15.2 b 12.0 b
Gülbaba 75.3 b 14.9 ab 0 a 2.1 a 81.4 b 39.7 c 21.1 b 20.6 c
Boró 82.5 b 11.9 ab 0 a 0 a 82.5 b 35.1 bc 5.7 a 2.1 a

Number of roots (RN) Length of roots (RL)

584/72 84.0 b 32.3 b 25.0 b 20.7 a 71.0 b 10.5 ab 6.5 b 6.4 a
Réka 62.5 a 28.6 b 15.0 a 15.0 a 50.4 a 14.6 b 1.6 a 1.9 a
Desiree 63.6 a 19.7 a 19.0 a 19.0 a 54.6 a 2.9 a 2.0 a 3.0 a
Gülbaba 85.0 b 42.4 c 33.3 c 30.7 b 73.0 b 19.3 b 12.8 c 11.2 b
Boró 123.6 c 48.2 c 20.0 ab 20.0 a 85.9 c 17.5 b 2.8 ab 2.6 a

* Letters in columns mean the differences between the genotypes in each treatment (p < 0.05). In the
control treatment all of the explants survived (SS) and rooted (RS) in all of the genotypes (that means the
100 %). The average RN and RL measured on mannitol-free medium (= control treatment) after 4-week-
long plantlet culture and considered as 100% are the followings: RN was 6.5 in Réka, 4.9 in Boró, 5.6 in
584/72 clone, 4.4 in Gülbaba and 5.3 in Desiree and RL was 391 mm in Réka, 197 mm in Boró, 267 mm
in 584/72 clone, 135 mm in Gülbaba and 367 mm in Desiree.



At 0.8 M mannitol treatment the analysis of variance proved the existence of three
homogeneous groups. The first group includes the tolerant Boró cultivar, the second
includes the other tolerant variety, Gülbaba and the third group includes the medium-
tolerant and sensitive genotypes (Réka, Desiree and 584/72). This result was con-
firmed by hierarchical cluster analysis as can be seen in Fig. 1.

Plantlet-test

Both traits measured in plantlet-test decreased with the increase of mannitol-concen-
tration. The percent of rooted explants was similar or higher than the percent of sur-
viving shoots depending on genotypes. At higher mannitol concentrations the percent
of surviving shoots was zero, because the stress was presumably to high and the
explants could not reversed it independently on the genotype in shoot growth but root
growth was observable. At 0.2 M mannitol, only the percent of rooted explants was
significantly lower only in the case of two genotypes: the medium-tolerant Réka and
the sensitive Desiree. If 0.4 M mannitol was applied in the medium, the rooting per-
cent of 584/72 clone decreased from 80.2% to 19.8% and its was significantly the
less together with that of another sensitive genotype, the Desiree. With the increase
of osmotic stress, the rooting percent was less in the case of Boró but there was no
any significant differences among the another genotypes, except in the case of Gül-
baba at the highest mannitol-concentration, where its rooting percent was signifi-
cantly the highest (Table 2).

Decrease of root length was different among the genotypes even if osmotic stress
was low, at 0.2 M mannitol: its decrease was the highest in of Desiree and Réka, it
was medium in of Gülbaba and 584/72 and it was the lowest in Boró. At 0.4 M man-
nitol there were no significant differences between tolerant and medium-tolerant
genotypes and decrease of root length was the highest in Desiree. Under high stress
conditions it was the less Gülbaba and there were no important differences among the
other genotypes (Table 2).

Comparing the reactions of the different genotypes, the osmotic stress caused sim-
ilar differences in the decrease of root number like it was observable in the case of
root length at 0.2 M mannitol. When 0.4 M mannitol was applied in the medium,
three groups could be distinguished: first group, where the number of roots was less
affected by stress, includes the two tolerant genotypes, the second group includes the
medium-tolerant Réka and sensitive 584/72 clone and the third group includes the
sensitive Desiree. At higher mannitol concentrations the reaction of the different
genotypes was similar as in the case of root length (Table 2).

There was no difference between the genotypes and neither the genotype x treat-
ment interaction was significant in the shoot length (data are not presented), there-
fore stress index was calculated without considering this trait. The highest differ-
ences between the genotypes were observed at 0.4 M mannitol. Stress index (SI) was
usable to distinguish the genotypes according their drought-tolerance at 0.4 M man-
nitol (Fig. 2). Three groups can be seen according to their SI at 0.4 M mannitol. The
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first group includes Boró and Gülbaba with 1.40 and 1.34 SI, the second includes the
medium-tolerant genotype, the Réka with 0.73 SI and the third includes 584/72 clone
and Desiree with 0.46 and 0.33 SI. When hierarchical cluster analysis was performed
on the stress index calculated from the data of 0.4 M mannitol treatment, the separa-
tion of the above-mentioned three groups could be proved (Fig. 3). This in vitro
behaviour of genotypes examined is corresponding to the drought-tolerance of geno-
types observable under field conditions.

Fig. 2. Stress index of different genotypes calculated from the morpho-physiological parameters
measured in plantlet-test in M-2 and M-4 treatments, respectively

Fig. 3. Dendogram of cluster analysis of plantlet-test. Observation units consisted of stress index of
geno-types calculated from the data of M-4 treatment



DISCUSSION

According to the present results, the questions we addressed could be answered as
follows:

Our first question was, which morpho-physiological parameters were applicable
in vitro for characterisation of the genotypes with different susceptibility to water-
stress.

Maintenance of cell turgor pressure is important for many metabolic processes and
for growth [7]. Osmoregulation helps in the maintenance of turgor pressure under
water stress conditions and therefore one of the most important mechanisms for over-
coming drought [8]. Water deficiency means practically an osmotic stress for plants
and in vitro osmotic stress can also induce osmoregulation in callus culture.
Measurement of the relative increase of callus mass was suitable for choosing the
two tolerant genotypes and we were able to detect differences in the degree of their
osmotic tolerance at cellular level. However, we were not able to detect any signifi-
cant difference between medium-tolerant and sensitive genotypes. One of the reason
of this result could be that the mechanism for coping drought in these genotypes may
be affected by morpho-physiological characters expressed on intact plant level. Some
of these characters were tested in our in vitro experiments in plantlet-test.

Root system size is one of the most important factors involved in mechanism of
drought-tolerance of potato cultivars under in vivo conditions [3]. According to our
in vitro results, in plantlet-test root growth was less affected by osmotic stress than
shoot growth, similarly to the finding of others [2, 8], but among morpho-physiolog-
ical parameters measured, the parameters connected root growth were the most
important for characterisation of the different genotypes. No morpho-physiological
parameters measured were suitable to distinguish the genotypes according to their
drought-tolerance. However, the genotypes could be distinguished by constituting
stress index from morpho-physiological parameters which showed significant differ-
ences among genotypes. When stress index was formed, we considered, that the
development of root system is a very important factor in coping with water deficit of
potato also under field conditions, moreover, the adaptation ability of plants to the
water stress increase by increasing the rate of root and shoot [8, 11].

According to our second question concerning the useful concentration of manni-
tol we could answer, that the useful concentration applicable for screening depended
on the type of culture, namely it was different in cell and in plantlet culture. The sen-
sitivity of culture type was different. In callus culture, at 0.8 M mannitol, we were
able to detect differences in the degree of tolerance between the two tolerant geno-
types, similarly to the reaction of these genotypes, which could be detected under
field conditions at high or long-lasting water-stress. However, we were not able to
distinguish the medium-tolerant and the sensitive ones. In plantlet-test there were no
any significant differences between the two tolerant genotypes, but three groups
could be determined at 0.4 M mannitol by using of stress index, according to the tol-
erant, medium-tolerant and sensitive categories. In the callus-test we could detect the
capability of osmoregulation on cell level, whilst in plantlet-test characters expressed

In vitro responses of potato to osmotic stress 371

Acta Biologica Hungarica 54, 2003



372 JUDIT DOBRÁNSZKI et al.

Acta Biologica Hungarica 54, 2003

on plant level could be examined. Present results suggest, that both types of tests
should be necessary for testing osmotic tolerance of a genotype under in vitro condi-
tions.

Our last question considered the applicability of in vitro culture in screening
drought tolerance of different potato genotypes. The results of analysis of variance
proved significant differences for morpho-physiological parameters measured in cal-
lus and plantlet tests (except for shoot length) under stress conditions, indicating the
presence of genetic variation and the possibility of screening and selection for labo-
ratory predictors of drought tolerance. Our results confirm the finding of others [1]
that in vitro culture is a very useful tool to study the osmotic stress tolerance in pota-
to; the examination time is very short compared with the study made under
glasshouse or field conditions. 

Under in vitro stress conditions we were capable of distinguishing the examined
genotypes with different drought-tolerance. However, on one hand, we suggest, in
vitro screening of more potato genotypes and strictly controlled glasshouse-experi-
ments in order to be able to make exact determination of correlations between in vitro
and in vivo morpho-physiological parameters on the other. Such experiments are in
progress in our institute.
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