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Abstract With the objective to develop a practical and ef-
fective method of screening potato for drought tolerance,
shoot and root growth in microtuber-derived plantlets was
studied in vitro in three genotypes with known root mass
production under field conditions. Different levels of water-
stress were induced using five concentrations of either sor-
bitol or polyethylene glycol (PEG) in MS medium. Wa-
ter potential of various media ranged from − 0.80 MPa
to − 2.05 MPa. Water-stress in culture adversely affected
plantlet growth, and genotypes differed for their responses.
Genotype IWA-1 was less affected than IWA-3 and IWA-
5. At the same level of water potential, sorbitol had lower
adverse effect than PEG; the latter being sticky. Genotype
× sorbitol and genotype × PEG interactions were sig-
nificant. At 0.2 M sorbitol and 0.003 M PEG, IWA-1 had
significantly more roots with higher total root length, root
volume, as well as root-dry weight than those of IWA-3
and IWA-5, whereas the latter two genotypes were at par
for all these characters. This pattern was similar to the re-
ported pattern of these genotypes for root-dry weight un-
der field conditions. It is concluded that in vitro screening
of potato under specific and limited water-stress conditions
may provide a system for effectively differentiating the geno-
types for their expected root mass production under field
conditions.
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Introduction

Water is essential for plant growth. Many physiological pro-
cesses depend on it. Compared to other species, potato is
very sensitive to water-stress because of its shallower root
system (Iwama and Yamaguchi 2006). Improvement in root
traits is considered to be important for developing drought-
tolerant genotypes (Rossouw and Waghmarae 1995; Iwama
and Yamaguchi 2006). But, measurement of the root traits in
field-grown plants is laborious and time-consuming (Ingram
et al. 1994; Erusha et al. 2002; Iwama and Yamaguchi 2006).
As a result, little progress has been made in the development
of drought-tolerant varieties/cultivars. The normal method of
root measurements in field-grown plants needs digging the
soil deep ( > 1 m), collecting soil cores from different depths,
and washing the soil from the roots for recording root char-
acteristics. In vitro approach may be a possible alternative
to overcome the problems associated with field evaluation of
potato genotypes for root characteristics.

Potato is highly amenable to tissue culture (Espinoza et al.
1986), and micropropagation and microtuberization have be-
come established methods of rapidly multiplying cultivars
for seed production as well as for germplasm conservation
and exchange (Roca et al. 1979; Ranalli et al. 1994; Gopal
et al. 1998, 2002, 2005; Donnelly et al. 2003). The effec-
tiveness of these techniques has also been studied to facili-
tate selection for tuber characters including yield (Alsadon
et al. 1988; Gopal and Minocha 1998; Donnelly et al. 2003),
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maturity (Lentini and Earle 1991), and disease resistance
(Platt 1992a,b).

Heat and drought tolerance have not been evaluated in
vitro in potato (Donnelly et al. 2003). There are, however,
some reports on in vitro screening for salinity tolerance
(Morpurgo 1991; Zhang and Donnelly 1997; Khrais et al.
1998). The common technique has been to subject single-
node stem cuttings, root-tip segments, or microtuberization
to salt-stress in vitro. Progressive reduction in plant growth
occurs as NaCl levels increase, but there is some inconsis-
tency in the literature concerning the precise level suitable
for effective in vitro screening. Thus, to arrive at credible
results, evaluation at a range of salinity levels has been sug-
gested (Ashraf 1994; Zhang and Donnelly 1997; Khrais et al.
1998). Osmotic solutions of NaCl, mannitol/sorbitol, and
PEG have been used as in vitro stress factors for selecting
salt and drought-tolerant genotypes in some other crops also,
for example, for seed germination in wheat (Almansouri et al.
2001) and sunflower (Punia and Jain 2002), embryo germi-
nation in peach and almond (Ledbetter et al. 1998), sprouting
percentage in mulberry (Tewary et al. 2000), nodule devel-
opment in alfalfa (Djilianov et al. 2003), and growth of nodal
cuttings in cassava (Ng and Ekanayake 1997).

Though there is vast literature on the effect of various
cultural factors on micropropagation and microtuber pro-
duction in potato, little information is available on the in
vitro root growth. Medium supplemented with NaCl is re-
ported to adversely affect root growth in potato (Zhang and
Donnelly 1997). In wheat, drought-tolerant genotypes were
found to have better-developed root system under in vitro
water-stress mediated through PEG (Ye et al. 2002). In the
present study, shoot and root growth in the in vitro plantlets
derived by growing microtubers on MS medium (Murashige
and Skoog 1962) without and with sorbitol or polyethylene
glycol were studied in three potato genotypes with known
root mass production under field conditions, with the ob-
jective to develop in vitro screening method for drought
tolerance.

Materials and methods

The study was conducted at the Crop Science Laboratory
of Research Faculty of Agriculture, Hokkaido University,
Sapporo, Japan (43◦N, 141◦E).

Genotypes

Three potato genotypes: IWA-1 (high root-dry weight and
very late maturity), IWA-3 (low root-dry weight and late
maturity), and IWA-5 (low root-dry weight and medium-
early maturity), were used for the study.

Table 1 Media used and their water potentials

Media Concentration (M) Water potential (MPa)

Controla − 0.80
with Sorbitol 0.1 − 1.00

0.2 − 1.35
0.3 − 1.70
0.4 − 2.05

with PEG 0.003 − 1.00
0.006 − 1.10
0.009 − 1.20
0.012 − 1.30

aMS medium (Murashige and Skoog 1962) with 30 g l−1 sucrose and
7 g l−1 agar.

Media

Two experiments were conducted, first with sorbitol and
second with polyethylene glycol (PEG) as the water-stress
inducing agents. In the first experiment, MS (Murashige
and Skoog 1962) medium with 30 g l−1 sucrose and
no hormones was supplemented with five levels of sor-
bitol (mol. wt. 182.17, Kanto Chemical Co. Inc., Japan),
and in the second experiment it was supplemented with
five levels of PEG (mol. wt. 8000, SIGMA, USA)
(Table 1).

The pH of the media was adjusted to 5.7 ± 1.0, and
the media solidified with 7 g l−1 agar (Kanto Chemical Co.
Inc., Japan). Test tubes (150 mm × 25 mm), each containing
20 ml of the medium and closed with cotton plugs were used
for culturing.

Explant and culture conditions

Well-sprouted microtubers (each of 0.3–0.5 g, with a 0.5–
1.0 cm long sprout) supplied by Kirin Brewery Co. Ltd.
(Japan) were used as explants. These were washed with liq-
uid detergent in running water for 1–2 min, disinfected with
0.1% mercuric chloride for 3 min, rinsed with autoclaved
water three times, and cultured aseptically (1 microtuber/test
tube).

The cultures were incubated at 24 ± 1◦C, un-
der 16 h photoperiod/day providing a photon flux
of 80–100 µmol m−2 s−1 from white fluorescent
tubes.

Water potential measurement

Water potential of all media was measured using an isopies-
tic thermocouple psychrometer (Boyer and Knipling 1965).
Measurements were repeated to arrive at a reliable consistent
value.
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Shoot and root characters

When cultures were 90 days old (without subculturing) and
fully grown having stout stems and broad leaves in the con-
trol treatment (i.e., MS medium without sorbitol and PEG),
data were recorded for various shoot and root characters.
At the time of observation, the plantlets, in general, had
just started showing signs of senescence (browning of leaf
edges and/or shoot tips) and were without any microtu-
ber formation. Plantlets were taken out of the tubes, and
number of nodal roots (those originating directly from the
basal stem nodes) were counted. Shoot was cut from the
roots, and plantlet height was measured as the length of the
main stem from base to the tip. Foliage (stems and leaves)
was cut into pieces and weighed. Roots were washed to re-
move any sticking medium and preserved in 70% alcohol,
and later measured for root length, root diameter, root vol-
ume, and root-dry weight. The former three characters were
recorded using an image analysis system (WinRhizo, Regent
Instruments Inc., Canada) and root-dry weight was deter-
mined after oven-drying the samples to a constant weight
at 80◦C.

Experimental design and statistical analysis

Both experiments were conducted in a completely random-
ized two-factor (3 genotypes × 5 levels of osmoticum) fac-
torial design with eight replications. As explant growth was
not normal in some replications, the effective number of
replications used for data recording was reduced to six. Data
were analyzed using the software CPCS1 (Punjab Agricul-
tural University, Ludhiana, India).

Results

Water potentials of the various media used are presented in
Table 1. The control semisolid MS medium with 30 g l−1

sucrose had a water potential of − 0.80 MPa. As expected,
the water potential of the media decreased with the addition
of sorbitol as well as PEG. Medium with the highest con-
centration (0.4 M) of sorbitol used in the study had a water
potential of − 2.05 MPa, whereas it was − 1.30 MPa for the
medium with the highest concentration (0.012 M) of PEG.

Effect of sorbitol levels on different genotypes

Mean squares due to genotype, sorbitol, and their interaction
were significant for plantlet height, foliage fresh weight,
number of roots, and roots’ length, volume, and dry weight.
Performance of the genotypes in media with various levels
of sorbitol is presented in Table 2. In the medium with 0.2 M
sorbitol, plantlets of IWA-1 were significantly taller (mean
4.5 cm) than those of IWA-3 (1.9 cm) and IWA-5 (1.1 cm),
and the difference between the latter two genotypes was not
significant. Genotypic differences for plantlet height were
not significant in media without sorbitol, and with 0.1 and
0.4 M sorbitol. Plantlet height decreased with increase in
sorbitol concentration in all genotypes, but the decrease was
more pronounced in IWA-3 and IWA-5 than in IWA-1. Fo-
liage weight of IWA-1 was also higher than those of IWA-3
and IWA-5 in the medium with 0.2 M sorbitol, and the latter
two genotypes were at par for this character also. Foliage
growth was too little in media with 0.3 and 0.4 M sorbitol
in all genotypes (Table 1). Rooting also was adversely af-
fected by increase in sorbitol concentration, and no rooting

Table 2 Effect of different
levels of sorbitol on the
performance of potato
genotypes for various characters

Character Genotype Sorbitol concentration (M)
0.0 0.1 0.2 0.3 0.4

Plantlet height (cm) IWA-1 8.8 ab 6.9 c 4.5 d 2.5 e 1.1 fg
IWA-3 9.6 a 8.1 bc 1.9 ef 1.5 efg 0.78 fg
IWA-5 8.9 ab 5.4 c 1.1 fg 0.85 fg 0.68 g

Foliage fresh wt. (g/plantlet) IWA-1 1.1 a 0.87 b 0.41 c 0.04 d 0.03 d
IWA-3 0.86 b 0.86 b 0.17 d 0.03 d 0.03 d
IWA-5 0.56 c 0.49 c 0.03 d 0.03 d 0.03 d

Number of roots/plantlet IWA-1 12.8 a 12.5 a 6.20 d 0.33 e 0.00 e
IWA-3 12.0 ab 9.8 bc 0.83 e 0.17 e 0.00 e
IWA-5 11.3 ab 6.0 d 0.67 e 0.17 e 0.00 e

Total root length/plantlet (cm) IWA-1 564 a 576 a 275 d 24.5 f 0.00 f
IWA-3 369 c 440 b 160 e 1.00 f 0.00 f
IWA-5 347 c 294 d 123 e 0.00 f 0.00 f

Root volume/plantlet (cm3) IWA-1 0.52 a 0.38 b 0.25 c 0.01 e 0.00 e
IWA-3 0.42 b 0.37 b 0.15 d 0.00 e 0.00 e
IWA-5 0.35 b 0.25 c 0.15 d 0.00 e 0.00 e

Roots dry wt. (mg/plantlet) IWA-1 58.8 a 29.9 de 24.7 d 0.49 f 0.00 f
IWA-3 47.9 ab 34.1 cd 20.4 e 0.06 f 0.00 f
IWA-5 43.8 bc 23.5 de 20.4 e 0.12 f 0.00 f

Values followed by same letters
(a–g) were not significantly
(P ≤ 0.05) different from each
other.
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Fig. 1 Root growth in three
potato genotypes after 90 days
of culture of microtubers on MS
medium with 0.2 M sorbitol

was observed in the medium with 0.4 M sorbitol. Genotypes
did not differ for root number in the medium without sor-
bitol, whereas in the medium with 0.2 M sorbitol, IWA-1 had
significantly more number of roots (6.2/plantlet) than those
of IWA-3 (0.83/plantlet) and IWA-5 (0.67/plantlet), and the
latter two genotypes were at par. Like foliage weight, geno-
typic differences for this trait too were not significant in
media with 0.3 and 0.4 M sorbitol.

IWA-1 had significantly longer roots (total root
length/plantlet) than those of IWA-3 and IWA-5 in media
without sorbitol as well as with 0.2 M sorbitol, and the
differences between IWA-3 and IWA-5 were not signifi-
cant for this character also. Volume and dry weight of the
roots/plantlet also were higher in IWA-1 than IWA-3 and
IWA-5 in the medium with 0.2 M sorbitol and differences
between the latter two genotypes were again not significant
(Table 2, Fig. 1). Differences among genotypes for these
characters were not significant in media with 0.3 and 0.4 M
sorbitol, and for root-dry weight even in the medium with
0.1 M sorbitol. Mean squares for root diameter were signifi-
cant due to genotypes only. IWA-5 had thinner roots (mean
diameter 0.28 mm) than those of IWA-1 (0.31 mm) and
IWA-3 (0.32 mm).

Effect of PEG levels on different genotypes

Mean squares due to genotype, PEG, and their interaction
were significant for plantlet height, foliage fresh weight, and
roots’ length, diameter, volume, as well as dry weight. Effect
of PEG levels on genotype performance for these charac-
ters is presented in Table 3. In the medium with 0.006 M
PEG, plantlets of IWA-1 were significantly taller (9.2 cm)
than those of IWA-3 (7.5 cm) and IWA-5 (6.5 cm), whereas
the latter two genotypes did not differ significantly. Plantlet

height decreased with increase in the concentration of PEG,
and the decrease was more pronounced in IWA-3 and IWA-
5 than in IWA-1. In media with 0.009 and 0.012 M PEG,
plantlets were significantly shorter than those in lower con-
centrations of PEG, and the genotypic differences were not
significant in the medium with 0.012 M PEG. Like plant-
let height, foliage weight also decreased drastically in media
with > 0.006 M PEG and the genotypic differences were not
significant. In media with up to 0.006 M PEG, IWA-1 had
significantly more foliage weight than IWA-3 and IWA-5,
whereas the latter two genotypes did not differ significantly.

All root characters also were adversely affected by in-
crease in PEG concentration. In the medium with 0.003 M
PEG, IWA-1 had higher root length, root diameter, root
volume, as well as root-dry weight than those of IWA-3
and IWA-5, and the latter two genotypes were at par with
each other. In medium without PEG, genotypic differences
were not significant for all these characters. In other me-
dia too, genotypic differences for these characters were not
significant, except for root-dry weight which was higher in
IWA-1 than IWA-3 and IWA-5 in media with 0.006 and
0.009 M PEG, and root diameter which was higher in IWA-
3 and IWA-5 than IWA-1 in the medium with 0.006 M
PEG, whereas the reverse was true in the medium with
0.009 M PEG.

Genotype × PEG interaction was not significant for num-
ber of roots per plantlet. Mean number of roots over media
were more in IWA-1 (8.6/plantlet) than IWA-3 (4.1) and
IWA-5 (3.7), and the latter two genotypes were at par with
each other. Mean number of roots per plantlet over genotypes
was 10.5 in the medium without PEG and this decreased to
1.2 in the medium with 0.012 M PEG. Only IWA-1 could pro-
duce some roots (3.5/plantlet) in the medium with 0.012 M
PEG.
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Table 3 Effect of different
levels of polyethylene glycol on
the performance of potato
genotypes for various characters

Character Genotype PEG concentration (M)
0.000 0.003 0.006 0.009 0.012

Plantlet height (cm) IWA-1 10.5abc 9.3 c 9.2 c 5.4 ef 4.3 fg
IWA-3 11.6 a 9.8 bc 7.5 d 4.1 fg 3.6 g
IWA-5 8.0 cd 6.1 e 6.5 de 3.9 g 3.0 g

Foliage fresh wt. (g/plantlet) IWA-1 1.20 a 0.77 b 0.51bcd 0.20 ef 0.09 f
IWA-3 0.64 bc 0.30 def 0.11 f 0.03 f 0.03 f
IWA-5 0.81 b 0.42 cde 0.27 def 0.01 f 0.04 f

Total root length/plantlet (cm) IWA-1 550 a 522 a 356 b 114 ef 69 fg
IWA-3 470 a 270 bc 270 bc 44 fg 0.0 g
IWA-5 485 a 253 cd 263 bcd 49 fg 0.0 g

Root diameter (mm) IWA-1 0.28 h 0.37 bcd 0.39 bc 0.45 a 0.36 bcde
IWA-3 0.31 efgh 0.32 efgh 0.45 a 0.33 defgh 0.35 cdef
IWA-5 0.30 fgh 0.29 gh 0.41 ab 0.35 cdefg 0.33 defgh

Root volume/plantlet (cm3) IWA-1 0.42 b 0.59 a 0.42 b 0.18 def 0.07 fg
IWA-3 0.36 bc 0.32 bc 0.44 b 0.12 efg 0.00 g
IWA-5 0.34 bc 0.25 cde 0.31 bcd 0.08 fg 0.00 g

Roots dry wt. (mg/plantlet) IWA-1 49.5 ab 47.3 abc 49.5 ab 23.4 def 8.20 fgh
IWA-3 33.8 bcde 31.9 cde 30.7 de 6.0 gh 0.00 h
IWA-5 34.6 bcde 31.2 cde 31.7 cde 5.4 gh 0.00 h

Values followed by same letters
(a–g) were not significantly
(P ≤ 0.05) different from each
other.

Discussion

The addition of sorbitol or PEG to the MS medium decreased
the water potential of the media inducing water-stress that ad-
versely affected both shoot and root growth of the plantlets.
Water-stress under field conditions is also known to adversely
affect plant growth including stem height, foliage weight,
root number, and root-dry weight along with a corresponding
decline in tuber yield (Munns and Pearson 1974; Lynch and
Tai 1989; Deblonde and Ledent 2001; Tourneux et al. 2003;
Lahlou and Ledent 2005). So, the general effect of water-
stress on in vitro plant growth as observed in the present
study was similar to that observed under the field conditions.
These similarities in the effects of water-stress under in vitro
and in vivo conditions suggest that the in vitro system can
be used as an alternative to field evaluations for studying the
general effect of water-stress on plant growth and develop-
ment. The observed differences between the two experiments
for the performance of various characters on the same con-
trol MS medium (Tables 2 and 3) may be due to the fact that
physiologically older microtubers were used in the second
experiment as it was initiated 2 months later than the first one.

The three genotypes used in the present study, had been
developed at the Hokkaido University, Japan and previ-
ously evaluated for root-dry weight under field conditions.
Based on 3-year data, IWA-1 was found to have significantly
higher root-dry weight (4.7 g/plant) than that of (2.6 g/plant)
IWA-3 (Iwama et al. 1999). The difference between IWA-5
(2.0 g/plant) and IWA-3 for root-dry weight was not signif-
icant, but IWA-5 matures earlier than IWA-3 (unpublished).
IWA-3 is late maturing and IWA-1 is very late maturing
(Iwama et al. 1999). Genotypes with longer maturity period,

in general, have high root-dry weight under field conditions,
but in genotypes maturing early, root growth stops earlier
(Iwama 1998). The genotypes used in the present study repre-
sented the different possible combinations of root-dry weight
and foliage maturity. A genotype with high or medium root-
dry weight and early maturity perhaps is too difficult to find
(Iwama et al. 1981). The results of the present study show
that root-dry weight of the three genotypes under field condi-
tions was very well reflected by their root growth in vitro on
MS medium supplemented with 0.2 M Sorbitol or 0.003 M
PEG. In these media, IWA-1 had more number of roots with
higher total root length, root volume, as well as root-dry
weight than those of IWA-3 and IWA-5, and the latter two
genotypes did not differ from each other significantly for any
of these characters (Tables 2 and 3). Similar pattern of dif-
ferences were also observed for plantlet height and foliage
fresh weight.

IWA-1 had higher root-dry weight than IWA-3 and IWA-5
also in the media supplemented with some other concentra-
tions of sorbitol or PEG. However, in the medium without
sorbitol and PEG, or having more than 0.2 M of sorbitol or
more than 0.003 M of PEG, genotypic differences for one
or more of root as well as shoot characters were not signif-
icant. Under extreme water-stress conditions as induced by
0.4 M sorbtiol and 0.012 M PEG, all genotypes had little
shoot as well as root growth (Tables 2 and 3) and genotypic
differences were not significant for any character. Thus, the
proposed in vitro system for screening potato against water-
stress has the limitation that water-stress induced to only a
limited level can be used for differentiating the genotypes.
These results have similarity to findings with single-node cut-
tings of potato screened for salinity tolerance where use of
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a relatively high level of NaCl failed to quantify differences
among cultivars in vitro (Morpurgo 1991). Water-stress be-
yond the limit of tolerance by a plant will naturally prove
fatal, as is also observed under field conditions. Differential
growth response observed at different water-stress levels in
vitro, is consistent with similar observations found in vivo
(Iwama et al. 1999), and suggests the involvement of dif-
ferent genes at different levels of stress (Tal 1994). This
and significant genotype × water-stress (sorbitol/PEG) in-
teraction for a majority of the characters as observed in the
present study suggest that ranking of a genotype at a par-
ticular level of water-stress would not be predictive of its
water-stress tolerance at other levels applied in culture or in
the field. Relative vigor is an important component of toler-
ance to abiotc stress (Munns 1993). Higher foliage weight
of IWA-1 in medium without sorbitol or PEG suggests that
relative plantlet growth may be sufficient to select for both
vigor and root geometry such as root length—both of which
are useful under water-stress conditions. However, keeping
in view the consistent pattern of genotypic differences for
all characters, MS medium with 0.2 M sorbitol or 0.003 M
PEG can be considered as the best for reliably differentiating
the genotypes for their expected root-dry weight under field
conditions. This can be based on the in vitro root-dry weight
or related characters, i.e., root number, total root length, or
root volume. Among these, root-dry weight, which reflects
the overall root growth, perhaps is also the easiest to mea-
sure reliably. Since genotypic difference for root diameter
did not follow the pattern observed for other root charac-
ters in various media tested, this parameter is not useful for
differentiating the genotypes for their overall root growth.

The results also showed that the observed adverse effect
of water-stress on shoot and root growth, was in general
lower on IWA-1 than IWA-3 and IWA-5 over a range of
stress levels, thus indicating higher drought-tolerance ability
of IWA-1. Under water-stress field conditions too, IWA-1
had higher root-dry weight than IWA-3 (Iwama et al. 1999).
However, IWA-5 was not included in the study. Root fresh
weight in vitro (Morpurgo 1991) as well as in vivo (Iwama
et al. 1982) is reported to be positively correlated with tu-
ber yield in vivo. Under field conditions, larger root-dry
weight delays leaf senescence and thus prolongs tuber bulk-
ing (Iwama et al. 1982). So, the observed relationship of
growth under mild water-stress (induced by 0.2 M sorbitol
or 0.003 M PEG) in culture in three genotypes with their
relative growth under both nonstress and water-stress field
conditions is due to the inherent higher drought-tolerance
ability of IWA-1 compared with IWA-3 and IWA-5.

The nature of the water-stress inducing agent is also im-
portant for root growth. It is desirable to use a compound that
does not interact with plants in any way other than lowering
the water potential of the medium. Thus, slowly penetrating
osmotica such as mannitol or sorbitol (Hohl and Schopfer

1991) or inorganic salts (Termaat and Munns 1986) are not
ideal, especially for experiments extending beyond a few
hours. Polymers of PEG have been used for many years,
principally because PEG molecules with molecular weight
≥ 6000 cannot penetrate the cell wall pores (Carpita et al.
1979). Because PEG does not enter the apoplast, water is
withdrawn not only from the cell but also from the cell wall.
Therefore, PEG solutions mimic dry soil more closely than
solutions of low molecular weights osmotica, which infiltrate
the cell wall with solute (Verslues et al. 1998). However,
PEG has its own drawbacks. Some studies have indicated
that PEG could contain toxic contaminants that inhibit plant
growth (Plaut and Federman 1985). Another potential disad-
vantage is that the high viscosity of PEG solutions limits the
movement of O2, thereby increasing the likelihood of root
O2 deficiency. In the present study, the water potential of the
medium with 0.2 M sorbitol was − 1.35 MPa, and though
it was similar to that caused by 0.012 M PEG (Table 1),
the latter medium had higher adverse effect on plant growth,
and genotypes did not differ for various characters in this
medium. PEG being very viscous, the media supplemented
with this were found to very sticky and hard, and also diffi-
cult to wash off from the roots. Thus, it is not only the water
potential imposed by the different stress inducing agent, but
also the texture of the medium that affects the plant growth,
especially the root development. Keeping in view the ease
with which the medium can be washed off the roots, and
lower adverse effect on plant growth at the same level of
water potential, sorbitol would be a better choice for in vitro
induction of water stress.

In conclusion, in vitro propagation system using MS
medium with 0.2 M sorbitol and microtubers as explant
(Fig. 1), may have potential to differentiate potato genotypes
for their root-dry weight production under field conditions.
The effectiveness of this system, however, should be further
tested on a greater number of genotypes with known perfor-
mance for root characteristics related to drought-tolerance
under field conditions. One issue in comparing effective-
ness of screening methods in relation to field rankings for
drought-tolerance is to determine the reliabilty of the rank-
ings. In such comparisons, data from field evaluations must
be based on well-conducted trials repeated over years. Unfor-
tunately, such evaluations for root characters are available for
only a few genotypes. Nevertheless, the results of the present
study clearly showed that screening of genotypes under cul-
tural conditions that simulate the in vivo conditions might
provide a high efficacy in vitro screening method for abiotic
stresses like drought tolerance.
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