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Ab stract

A 2-stage in vi tro tuberization pro cess com pris ing first
micropropagation via nodal explants and then tu ber in duc tion
in the re sul tant in vi tro plantlets was stud ied us ing 2 cultivars
of po tato, Iwa and Daeji. In par tic u lar, the ef fects on both
plantlet growth and sub se quent in vi tro tuberization of
Murashige and Skoog (1962) basal me dium con tain ing ei ther
su crose or malt  ose,  each at  3 % (w/v),  used for
micropropagation were in ves ti gated. Su crose and malt ose
were found to be equally ef fec tive in sup port ing de vel op ment
of vig or ous plantlets from the nodal explants of both po tato
cultivars. Upon trans fer to a me dium with an op ti mised level of 
su crose (i.e. 8 %, w/v) for in vi tro tuberization, only the
plantlets pre vi ously grown in the su crose-containing me dium
were ca pa ble of form ing more microtubers of the larger size
cat e gory (greater than 0.5 g). The rel a tive im por tance of su -
crose sup ply at the mircropropagation stage was fur ther con -
firmed when the re sul tant plantlets grown in the 3 % su -
crose-containing me dium were trans ferred to an in vi tro
tuberization me dium con tain ing ei ther su crose or malt ose,
each at 8 % (w/v). In this ex per i ment, malt ose and su crose had
indistingushable ef fects on in vi tro tuberization.

In tro duc tion

Su crose has been shown to be a very im por tant fac -
tor for po tato in vi tro tuberization. For in stance, in a 
two-step in vi tro tuberization pro cess com pris ing
first grow ing in vi tro po tato plantlets from nodal
explants and then microtuber for ma tion by the re -
sul tant plantlets, 8 % (w/v) su crose alone in the
tuberization me dium was found to be suf fi cient
with out the need for any ex og e nous plant growth
reg u la tors (Leclerc et al. 1994, Yu et al. 2000).

The ef fect of sub sti tut ing su crose with malt ose on
in vi tro tuberization has been stud ied (Khuri and
Moorby 1995). It was found that a mix ture of 4 %
(w/v) su crose and 4 % (w/v) malt ose was in fe rior to
8 % (w/v) su crose for in vi tro tuberization. How -
ever, the ef fect of malt ose alone in the tuberization
me dium was not es tab lished. Fur ther more, in this
study the nodal expants were placed right from the
be gin ning of the 2-step tuberization pro cess on a
me dium con tain ing the mix ture of dissacharides.
Like most other stud ies on a two-step pro cess of
microtuber for ma tion, there was no due re gard to
the dis tinct na ture of the two steps in volved. As a
con se quence, it is not pos si ble to de ter mine how
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much di rect in flu ence the me dium had on plantlet
growth and microtuberization.

Zarrabeita et al. (1997) dem on strated that a
‘carry-over’ ef fect of a lower level of ni tro gen sup -
ply in the micropropagation me dium lead ing to the
de vel op ment of more vig or ous plantlets which
formed microtubers ear lier than those plantlets
grown in a higher level of ni tro gen dur ing the
micropropagation step. Here we in ves ti gated the
ef fect of vary ing the car bo hy drate source in ei ther
the micropropagation or tuberization me dium on in
vi tro tuberization. In par tic u lar, our ob jec tive was
to de ter mine if the use of malt ose-containing me -
dium can lead to the pro duc tion of com mer cially
viable microtuber yields, i.e. more microtubers of
fresh weights greater than 0.5 g (Yu et al. 2000).
This should dis tin guish it from most pub lished
microtuber pro duc tion meth ods which have lit tle
sig nif i cance for suc cess ful di rect field plant ing of
po tato microtubers.

Ma te rials and Methods

Stock plantlet cul ture and main te nance

In vi tro stock po tato plantlets (Solanum tuberso -
sum L. cvs. Iwa and Daeji) were reg u larly prop a -
gated us ing sin gle nodal seg ments ev ery 6-8 weeks
as fol lows. A sin gle nodal seg ment of a pre vi ously
prop a gated stock plantlet was placed in a clear
polycarbonate jar (64 mm ID x 80 mm with a to tal
ca pac ity of 250 cm3) con tain ing 40 cm3 MS basal
salts and vi ta min mix ture (Murashige and Skoog
1962), sup ple mented with 30 g·dm-3 su crose and 7
g/dm3 agar (Ger man town Com pany, New Zea -
land). This and other me dia used in this work were
all autoclaved for 20 min at 121 °C and 103 KPa af -
ter their pH was ad justed to 6.0. The cul tures were
kept in a growth room at 23 °C with con stant il lu mi -
na tion of 60 µmol·m-2·s-1 at the top of the tis sue
cul ture jars from white flu o res cent lamps (Philips).

Stan dard ex per i men tal re gimes

A se quen tial two-stage pro cess was used for in vi -
tro tuberization un less in di cated oth er wise. First,
the plantlet de vel op ment stage be gan when three
stem seg ments, each com pris ing 2 nodes ex cised
from the pre vi ously prop a gated stock plantlet cul -

ture were trans ferred to the same type of polycar -
bonate jars con tain ing 25 cm3 MS salts and vi ta min
mix ture sup ple mented with 30 g·dm-3 su crose. The
cul ture was main tained in a growth room with the
same con di tions as de scribed for stock plantlet
growth for 4 weeks. At the end of the plantlet de vel -
op ment stage, the me dium in each cul ture jar (now
with 3 po tato plantlets) was drained off and re -
placed with 50 cm3 of in vi tro tuberization me dium
com pris ing MS salts and vi ta min mix ture sup ple -
mented with 8 g·dm-3 su crose. The cul ture was
main tained at 20 °C in dark ness for 10 weeks.

Vari a tions to the stan dard ex per i men tal re gimes

In some ex per i ments, the stan dard me dium for
plantlet de vel op ment stage was mod i fied as fol -
lows: 3 % (w/v) su crose was sub sti tuted with 3 %
(w/v) malt ose (plant tis sue cul ture tested; Sigma
Chem i cal Co., St. Louis, USA). Af ter the plantlet
de vel op ment stage (4 weeks) in this mod i fied me -
dium, the stan dard in vi tro tuberization re gime was
used.

In other ex per i ments, af ter the stan dard plantlet de -
vel op ment stage, in vi tro tuberization of the re sult -
ing plantlets was stud ied us ing the stan dard tube -
rization me dium as well as a mod i fied tuberization
me dium con tain ing 8 % (w/v) malt ose in stead of
su crose.

In the above mod i fied me dia, malt ose so lu tion was
fil ter-sterilized through 0.22 µm mem brane fil ters
(type GS, Millipore Cor po ra tion, USA) be fore it
was added to the autoclaved MS basal me dium.

De ter mi na tion of plantlet growth

The ef fects 3 % (w/v) su crose or malt ose on fresh
and dry weight changes dur ing the plantlet de vel -
op ment stage were de ter mined. Each treat ment
con sisted of a to tal of 20 tis sue cul ture jars. Three
stem seg ments of the ap pro pri ate po tato cultivar
were placed in each of the jars. All the jars in the 2
treat ments were ar ranged ran domly in the growth
room. Ev ery week over a 4-week pe riod, 5 jars
from each treat ment were cho sen ran domly and the
plant ma te ri als were pooled, sur face dried and
weighed. This ex per i ment was re peated at least
twice with sim i lar re sults.
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Eval u a tion of in vi tro tuberization

For all the treat ments, microtubers were har vested
af ter 10 weeks from the start of the in vi tro
tuberization stage. The num ber of microtubers
formed by plantlets within a tis sue cul ture jar was
counted, but the fresh weight of the microtubers
found in all rep li cate jars of a treat ment were de ter -
mined and re corded in di vid u ally. Each jar was a
rep li cate and there were 20 jars in each treat ment.
The jars from dif fer ent treat ments were ar ranged
ran domly. All ex per i ments were re peated at least
twice with sim i lar re sults.

Data anal y sis

The data from a typ i cal rep li cate ex per i ment on
microtuber num ber and av er age microtuber weight
were eval u ated us ing Anal y sis of Vari ance
(ANOVA) and when re quired, other post ANOVA
pro ce dures for com par i son of means in Statistix for
Win dows (Ver sion 7.0) at a sig nif i cance level of
p=0.05 un less stated oth er wise. Microtuber fresh
weight dis tri bu tions were clas si fied ac cord ing to 5
cat e go ries (less than 0.25, 0.25-0.50, 0.50-0.75,
0.75-1.0, and greater than 1.0 g) and the data were
con verted to per cent ages for com par i son.

Re sults

De vel op ment of in vi tro po tato plantlets each com -
pris ing an up right shoot and a long green root oc -
curred equally well, within 4 weeks of cul ture of the 
2 nodal stem seg ments of cvs. Iwa and Daeji un der
con tin u ous il lu mi na tion, when the liq uid MS basal
me dium was sup ple mented ei ther with 3 % (w/v)
su crose (i.e. the stan dard plantlet mul ti pli ca tion

me dium) or 3 % (w/v) malt ose (a mod i fied plantlet
mul ti pli ca tion me dium). The time courses of fresh
weight changes over 4 weeks also re vealed that
over all there was lit tle dif fer ence in the rate of
plantlet de vel op ment of both cultivars (Iwa: Fig. 1;
Daeji: data not shown) in the su crose or malt -
ose-containing me dium.

The ef fects of prior cul tur ing of the po tato plantlets 
of cvs. Iwa and Daeji in me dia con tain ing 3 % (w/v) 
su crose or malt ose on the num ber of microtubers
formed, their av er age fresh weights and relaive size 
dis tri bu tion fol low ing 10 weeks of the stan dard in
vi tro tuberization pro to col were in ves ti gated. The
num ber of microtubers formed by Iwa or Daeji
plantlets was found to be sim i lar (about one per
plantlet) in the stan dard 8 % (w/v) su crose-con -
taining in vi tro tuberization me dium re gard less of
whether the plantlets were trans ferred from 3 %
(w/v) malt ose or 3 % (w/v) su crose-containing
plantlet mul ti pli ca tion me dium.

The stan dard pro to cols, i.e. the trans fer of Iwa
plant le ts  f rom the  stan dard 3  %
surcrose-containing plantlet mul ti pli ca tion me -
dium to the stan dard 8 % su crose-containing in vi -
tro tuberization me dium, re sulted in higher
microtuber fresh weight when com pared to the
trans fer from the mod i fied mul ti pli ca tion me dium
con tain ing 3 % (w/v) malt ose to the stan dard in vi -
tro tuberization me dium (Fig. 2; Bonferoni’s com -
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Fig. 1. Time course of po tato (cv. Iwa) plantlet fresh weight in -
crease in re sponse to me dium con tain ing ei ther 3 % (w/v) malt -
ose (mal) or su crose (suc). 

0

0.2

0.4

0.6

0.8

1

1.2

mal suc

fr
e

sh
w

e
ig

h
t(

g
)

Iwa

Daeji

Fig. 2. Ef fect of plantlet mul ti pli ca tion me dium con tain ing ei -
ther 3 % (w/v) malt ose (mal) or su crose (suc) on av er age fresh
weights of microtubers har vested at the end of the stan dard
microtuberization step us ing po tato cultivars ‘Iwa’ and
‘Daeji’. Only the Iwa re sults are sig nif i cantly dif fer ent from
each other (Bonferoni’s com par i son of means, P=0.01 level,
Statistix for Win dows, ver sion 7.0).



par i son of means, Statistix for Win dows, P=0.01).
In the case of the same ex per i ments with Daeji, sta -
tis ti cal anal y sis of the re sults reavealed no sig nif i -
cant dif fer ences in av er age microtuber weight (Fig.
2; ANOVA P=0.05).

From an ex am i na tion of the fre quen cies of micro -
tubers formed in dif fer ent fresh weight cat e go ries

(Figs. 3 & 4), it is clear that the re sponse to the stan -
dard in vi tro tuberization me dium is in flu enced by
the carry-over ef fects of the plantlet mul ti pli ca tion
me dium. Both the Iwa and Daeji plantlets trans -
ferred from the stan dard mul ti pli ca tion me dium
con tain ing 3 % (w/v)su crose tended to form more
larger microtubers (greater than 0.5 g fresh weight)
and fewer smaller ones when com pared to the
trans fer from the mod i fied plantlet mul ti pli ca tion
me dium con tain ing 3 % (w/v) malt ose. The Daeji
re sult s are par tic u larly con trast ing as only micro -
tubers smaller than 0.5 g fresh weight were formed
(Fig. 4).

The con verse ex per i ments were also per formed for 
com par i son. Po tato plantlets of cvs. Iwa and Daeji
were trans ferred af ter the stan dard plantlet de vel -
op ment stage, i.e. on me dium con tain ing 3 % (w/v)
su crose to the stan dard in vi tro tuberization me -
dium con tain ing 8 % (w/v) su crose or that mod i fied 
to con tain 8 % malt ose in stead of su crose. The
num ber (about 1 microtuber per plantlet in both
cul tivars), av er age fresh weight (Iwa: about 0.5 g;
Daeji: about 0.4 g), and rel a tive size dis tri bu tion of
microtubers (Fig. 5) formed by both cultivars were
very sim i lar in both su crose- and malt ose-con -
taining in vi tro tuberization mediuim. 

When malt ose was sup plied both dur ing stage 1
and the in vi tro tuberization step, in vi tro tube -
rization was in fe rior to the stan dard ex per i men tal
re gimes (data not pro vided). This is sim i lar to the
find ing of Khuri and Moorby (1995).

Dis cus sion

The in vi tro ex per i ments here on the 2 cultivars of
po tato sup port our con ten tion that it is im por tant to
study the ef fects of vari a tions in cul ture me dia with
due re gard to the plantlet de vel op ment stage and
the en su ing in vi tro tuberization step. In par tic u lar,
it is clear that the in flu ence of su crose or malt ose in
this 2-step in vi tro tuberization pro cess with out ad -
di tion of any ex og e nous plant growth reg u la tors is
largely dif fer ent in the 2 com po nent steps.

While the re sul tant po tato plantlets from the su -
crose or malt ose-containing me dium ap peared sim -
i larly vig or ous, it was noted here that only the su -
crose-grown plantlets pro duced more of the larger,
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Fig. 3. Ef fect of plantlet mul ti pli ca tion me dium con tain ing ei -
ther 3 % (w/v) malt ose (mal) or su crose (suc) on fresh weight
dis tri bu tion of microtubers har vested at the end of micro tube -
rization of po tato cultivar Iwa in a stan dard in vi tro tube -
rization me dium.

Fig. 4. Ef fect of plantlet mul ti pli ca tion me dium con tain ing ei -
ther 3 % (w/v) malt ose (mal) or su crose (suc) on fresh weight
dis tri bu tion of microtubers har vested at the end of microtube -
rization of po tato cultivar Daeji in a stan dard in vi tro tube -
rization me dium.

Fig. 5. Fresh weight dis tri bu tion of microtubers formed by po -
tato plantlets of cultivars ‘Iwa’ and ‘Daeji’ (Dae) in re sponse
to in vi tro tuberization me dia con tain ing 8 % (w/v) malt ose
(mal) or su crose (suc). The microtubers were har vested af ter
10 weeks of cul ture on these me dia.



com mer cially de sir able size microtubers in re -
sponse to the stan dard in vi tro tuberization me -
dium. This sug gests that the ‘carry-over’ in flu ence
of plantlet vig our, if any, can not fully ex plain the
in fe rior per for mance of malt ose-grown plantlets as
far as form ing microtubers in the stan dard in vi tro
tuberization me dium con tain ing 8 % (w/v) su crose
is con cerned.

There is a gen eral agree ment in the lit er a ture that
su crose is re quired in the me dium for in vi tro po tato 
tuberization (e.g. Fung et al. 1972, Estrada et al.
1986, Khuri and Moorby 1995, Gopal et al. 1998,
Xu et al. 1998, Yu et al. 2000). Here, the data in di -
cate that su crose can be sub sti tuted with malt ose to
pro duce com mer cially viable microtuber yields
(i.e. fresh weight greater than 0.5 g ), pro vided su -
crose is used in stage 1 of the in vi tro tuberization
re gime.

Su crose or malt ose at the equiv a lent con cen tra tion
of 3 % (w/v) in the me dium ap pears to be in ter -
change able as far as po tato micropropagation is
con cerned, i.e. dur ing stage 1. In Albizzia root
explants, how ever, it has been found that malt ose
rather than su crose fa vors the re gen er a tion and de -
vel op ment of healthy and vig or ous plantlets (El
Maataouri et al. 1998). In some an ther cul tures and
so matic embryogenesis sys tems, malt ose has also
been shown to be more preferrable to su crose in the
me dium. For ex am ple, malt ose has been found to
im prove em bryo in duc tion and de vel op ment in an -
ther cul ture of pe tu nia (Raquin 1983), po tato (Batty 
and Dunwell 1989), and in the for ma tion of ma ture
so matic em bryos in Albies nordmanniana (Norga -
ard 1997), and in Medicago sativa (Strick land et al.
1987).

The mech a nism as to how malt ose from the me -
dium can sup port these 2 pro cesses in po tato
plantlets and the other pro cesses in other plants as
re ported in the lit er a ture is largely not known.
Khuri and Moorby (1995) have al ready shown that
a me dium con tain ing 4 % (w/v) malt ose sup ple -
mented with 4 % su crose or glu cose led to lower
tuberization per for mance com pared to 8 % su crose. 
It is there fore un likely that a small amount (less
than 0.05 %) of glu cose or su crose that might be
pres ent in the com mer cially avail able malt ose used
in our ex per i ments might be re spon si ble for the re -

sults ob tained. Fur ther more, our pre lim i nary un -
pub lished data sug gest that malt ose in the plantlet
mul ti pli ca tion me dium or in vi tro tuberization me -
dium re mained largely in tact, i.e. not hy dro lyzed.
This is in sharp con trast to the known fate of su -
crose in the in vi tro tuberization me dium, i.e. rapid
and com plete hy dro ly sis (Yu et al. 2000, Yoon and
Leung, un pub lished data). Fur ther re search is
needed to clar ify the role of malt ose in po tato
microtuberization.
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