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Abstract, The most commonly uzed inorganic nuirient compoaitions such as Murashige & Skoog medium
have been optimized for heterotrophic growth. Therefors, they may not be optimal for photomixotrophic and
photoautotrophic growth of plantlets. In photomizotrophic micropropagation, medium sugar level iz often
lowered, while light and COy levels in wessel ars raized, and chlorophyllous explants are uzed to facilitate
photosynthestic carbon acquisition. In a factorial sxperiment effsct of addition {+) and omission (-} of organic
materials (OM, 0.5 g > sach of thiamine, nicotinic acid and pyridoxine and 100 g m™ myo-inositiol)
combined with three sucrose levels (0, 15, and 30 kg - m) was tested on the growth of potato plantlets,
Each of nodal cuttings with a leaf was cultured on 0.1 %107 m® MS agar (8 kg - m™®) medium (pH 5.80
before autoclave) in glass test tubes (100 mmx 25 mm) capped with a sheet of transparent film with a 6 mm
diameter gas permeable filter (5.1 air exchangss - h™). Cultures were maintained in a room for 27 days at
23°C, 50% RH, 350 — 450 pmol - mol™ GOy, 16h - d™! photoperiod at 130 umol - m - 57 PPFD provided by
white ool fluorescent lamps, Growth of potato plantlet in the +OM and —OM treatments were similar, while
medium pH waz 0.2 scale lower in the latter, Dry weight, % dry matter, and stem diameter enhanced, while
shoot to root dry weight ratio, leaf area, chlorophyll concentration per gram dry weight, and medium pH
decreaged with increasing initial sucroze level. Interaction between OM and sucrose levels was obzerved in
shoot length and medium pH. Results indicate that OM can be omitted from the medium without detrimen-
tal effect while addition of sucrose was beneficial for the photomizotrophic growth of potato plantlsts under
raized light and CO; conditions,
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Introduction photomixotrophic and photoautotrophic growths of plant-

lets. Optimal conditions for photoautotrophic culture

Inorganic nufrient compositions in tissue culture  have been extensively studied Kozai et al,, 1997). CO,
medium such as Murashige & Skoog (MS) medium  and sucrose (Deng and Donnelly, 1993), supporting
{(Murashige and Skoog, 1962) have been optimized for ~ materials (Jeong et al, 1999; Kirdmanee et al., 1993), ini-
heterotrophic growth. But they may not be optimal for tial phosphrous lkevel (Lee and Jeong, 199%), photosyn-
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thetic photon flux, and the number of air exchanges per
hour of the culture vessel (Kim and Jeong, 2003) have
been investigated.

Plant cells, tissues, and organs cultwed i vitro
require sugar, amino acid, and vitamin in media as car-
bon and energy sowurces for their growth under het-
erofrophic and sugar-dependent photomixotrophic
conditions. The effects of medium sugar concentrations
on their growth have been studied to obtain the maxi-
mum dry weight of the plant for a given period of time
{Tuskan et al., 1990). Plant cell growth and organ dif-
ferentiation can be affected by plant regulator in the
medium. Amino acid and vitamin in the medium influ-
enced plant cell and callus growth, adventitious
embryogenesis, and organ division {(Claparols et al,
1993; Ketchum et al., 1995; Liet al., 1995; Pinol et al.,
1985; Sheridan, 1977; Wei, 1086).

In photomixotrophic micropropagation, medium sugar

level is often lowered, while light and CO, levels are
raised, and chlorophyllous explants are used to facilitate
photosynthetic carbon acquisition. The necessity for the
photomixotrophic culture of the chlorophyllous tissues of
other organic materials that are usually added to the
medium is vet to be examined. In the present study,
potato explants were cultured in the treatments with sev-
eral combinations of addition and cmission of thiamine,
nicotinic acid, pyridoxine and myo-inositol at 3 initial
sucrose levels to investigate their effects on the photo-
mixotrophic growth of potato plantlets.

Materials and Methods

Culture Conditions

A general description of the culture condition is given
in Table 1. Single node cutting with a small leaf and vir-
tually no roots, and 65 mg in mean fresh weight of potato

Table 1. Materials and environmental conditions used in the sxperiment,

Flant material
Species
Explant
Fresh weight
Plant density

Types
Volurme

Cap

Nurrber of air exchanges
Culture medium

Basal corrposition

Volume

Gelling agent

rH

Growth regulators
Growth chamber

Alr termperature

Relative humidity

Radiation sourse

Photoperiod

PPFD level*

CO, conceniration

Potato, Solapum fuberosum L. Benimar
Single node cutting with a small leaf

£5 mgfexplant

1 explant per vessel

Glass teat tube (100 mmX 25 mrm)

047 x 107 m?

A sheet of tranzparent film with 2 6 mm
gas permneable filter

421!

Murazhige and Sloog (1962)
.13 1074 per veasel
Agar, & kg - i

5 8before autoclaving

None

23°C

0%

Cool-white fluorescent lamps
16h - d!

130 prnol - - g7

350 — 450 pmel - mol™

*FFFD: Fhotogynthetic photon flux density
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(Solanum fuberosum L. cv. Benimaru) plantlets were
subcultured iz vitre at the late-multiplication stages,
which had been cultwred under conventional het-
erotrophic culture conditions and were used as explants.
Each explant was transplanted on standard MS medium
with 8§ kg - m~ agar and no plant growth regulator in the
vessel. The pH of the medium was adjusted to 5.80
before autoclaving. The volume of the medium dispensed
was 10 mL per vessel.

The culture was conducted using flat bottom glass test
tube (inside volume: 47 mL) with a gas permeable, frans-
parent film under a photosynthetic photon flux (PPF) of
130 pmol - m - 57! (ca. 9 kIx) on the empty culture shelf
in the cultwre room. Micro-porcus polypropylene film
{brand name : TPX film, Mitsui Petrochemical Co.) was
used to cap the test fubes. A hole (6 mm in diameter) was
made at the center of square TPX film (the length of the
side: 7 cm).

The number of air exchanges per hour of the vessel
containing 10 mL medium with the cap was 5.1h' on
the average. CO, concentration outside the vessel (in side
the culture room} ranged from 350 o 450 pmol - mol™.,
The chamber air temperature and relative humidity were
maintained at about 23°C and 50% through day and
night, respectively. The photoperiod was 16 h.

Fresh weight, dry weight, the number of leaves, leaf
area, shoot length, stem diameter and medium pH were
measured on 28th day affer the start of the experiment.
Percent dry matter and shoot to root dry weight ratio

Table 2. General description of the treatrment.

Treatment code®  Organic material  Sucrose (g - mi?)
A + 0
B - 0
C + 15
D - 15
E + 30
F - 30

* +; addition, — ormission; addition treatment solution con-
tained (in g - m™) 100 grayo-inositol, each of 0.5 thiamine-
HCL, nicotinic acid, and pyridoxine-HCI ag organic materi-
ala.

were calculated based on dry and fresh weights, and
shoot and root dry weights, respectively. The chlorophyll
contents per dry weight (mg - gDW") of potato plantlet
were determined according to the methods described by
Amon (1949),

Treatments

The deseription of six treatments prepared is showm in
Table 2. In a factorial experiment effect of addition (+)
and omission {-} of organic materials (OM, 0.5 g-m™
each of thiamine, nicotinic acid, and pyridoxine, and 100
- m~ myo-inositiol) combined with three sucrose lev-
els (0, 15, and 30kg- m™) was tested on the growth of
potato plantlets. The numeral letters following dencted
sucrose concentrations in the medium. The number of
explants per treatment was 50. Data was analyzed by t-
test at the 5% level.

Table 3. Fresh weight (FW), percent dry matter (DM, stern diameter (3D), nurmber of leaf (NL), shoot to root (3/R) dry
weight (O'W) ratio per potato plantlet, and medium pH on day 28 as affected by addition and ornission of myo-inositol, vita-

rmin and amino acid and with thres initial susrose levels,

Treatment code® FWmg/plantlety DM(%) SL (ram) SD (rom) NL SR DW ratio  Medium pH
+OMO 359 76 45 13 10 £.2 4.7
—COMO 379 64 40 14 10 6.0 4.2
+0OM15 394 102 42 16 10 3.0 4.7
—0OM15 430 2.9 44 16 10 48 4.4
+OM30 437 11.0 46 16 2 29 4.6
—OM30 377 11.7 49 15 9 5.0 4.3

Organic mater, (OM) Ng© N3 N3 N2 N2 N2 *
Sucrose (3) ok ok ok ®% * e *
Interaction (OM 3) N2 N3 ok N2 NS N2 *

* +: addition, — omission; addition treatrment solution contained (in g - ™) 100 myo-inoaitol, each of 0.5 thiamine-HC, nic-
otinic acid pyridexine-HCI az organic material. The symbol following OM denoted organic material of the media.
NI, * #*: Nonsignificant and gignificant at P =005, 0.01, regpectively.
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Results

The growth of potato plantlet & virre on day 28 is
shown in Table 3. Fresh weight per potato plantlet was
the greatest in treatment +OM30 and was the smallest in
treatment +OMD. Fresh weight was not affected by addi-
tion or omission of thiamine, nicotinic acid, pyridoxine,
or myo-inositol as organic materials. However, fresh
weight increased gradually and significantly with the
increasing sucrose concenirations.

Diry matter and stem length per potato plantlet was the
greatest in treatment -OM30 and was the smallest in
treatment -OM0. Dry matter increased with the increas-
ing sucrose concentration under the addition of organic
materials. Stem diameter, the number of leaf, and shoot
to root dry weight ratio were affected by different sucrose
concentrations in the medium. In potato (Nakayama et al.
1991), total assimilation per plant dry weight was 8~10
times greater with presence than absence of the sugar in
the medim. On the other hand, omission of organic
materials as sucrose and vitamins was better than addi-
tion of organic materials for fresh weight and dry weight
of Limomium spp. cv. Misty Blue (Lee, 1998).

Figs. 1, 2, and 3 show the changes in dry weight, leaf
area, and chlorophyll concentration of potato plantlet iz
vifro on day 28. Dry weight increased with elevated sugar
concentrations regardless of the addition or omission of

thiamine, nicotinic acid and pyridoxine and myo-inositol
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Fig, 1. Dry weight of potato plantlsts on day 28 ag affectad
by addition (+OM) and omission (—OM) of organic rmateri-
ale at 3 initial sucroze levels,
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Fig, 2. Leaf area of potato plantlets on day 28 ag affected by
addition (+OM) and omisgion (—OM) of organic materials
at 3 initial sucroze levels.
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Fig, 3. Chlorophyll concentration of potato plantlets on day
28 ag affected by addition (+OM) and ornission (—OM) of
organic materials at 3 initial sucrose levels,

as organic materials (Fig. 1). Leaf area did not changed
significantly at sucrose concenirations of 0 and 15 kg -
m~ in both addition and omissicn of creanic materials.
However, gradual decrease in leaf area was detected with
increasing sucrose concentrations (Fig. 2). Chlorophyll
concentration also decreased gradually with the increas-
ing sucrose concentration, but it seems to be not affected
by addition or omission of organic materials.
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