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Abstraet. The rooting ability of 2 cm long shoots of Pisum sativum L., derived from different
in vitro shoot-tip cultures in two pea cultivars Bohatyr and Kleine Rheinlinderin was evaluated.
In three mutually independent experiments the full and half-strength Murashige-Skoog medium
(containing full or half concentration of macro and microelements), with sucrose concentrations
10—30 g 11, and with various NAA and TAA combinations, was tested. The variant with half
concentration of macro- and microelements, supplemented with 30 g 1-1 sucrose, and with growth
regulators in the guantity of 1 uM proved optimum.

Regeneration of plants in meristem or callus cultures in pea is usually a
two-step process initiated by proliferation of buds and shoots and completed
by rhizogenesis (GAMBORG ef al. 1968, KARTHA ef al. 1974, 1979, MALMBERG
1979, MrogiNsk1 and KARTHA 1981, RUBLUO et al. 1982, 1984, GRIGA ef al.
1984b, 1986). Root formation is often a restricting factor in achieving re-
generants able to be transferred into soil (KunakH ef al. 1984 a, b, c).

In our previous work (Grica et al. 1984a, b 1986) we formulated a system
of clonal propagation ¢n vitro in pea, using the culture of shoot apices and
axillary buds. However, the frequency of rooting of isolated shoots is rela-
tively the least stable character, which showed up both within one genotype,
and — quite distinctly — during evaluating of a greater number of pea
genotypes (unpublished results). This fact could considerably restrain po-
tential application of the above technique in pea breeding.

The aim of our present work was to specify in more detail some factors
(above all the nutrient ones) affecting the root formation on isolated shoots
of peas of different physiological age.

MATERIAL AND METHODS

In the first experiment shoots for testing their rooting ability were pro-
duced tn vitro from Pisum sativum ssp. hortense A. et G. (the cultivars Bo-
hatyr and Kleine Rheinlanderin). The seeds were surface sterilized for 30 min
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in 5 9%, chloramine B, dipped in 70 9%, ethanol, and rinsed in sterile water
three times. Then they were placed one by one onto filter paper bridges
in test-tubes containing the MS medium (MurasHIGE-SKooG 1962). After
achieving the size of 10 nodes the plants were dissected into individual nodes
and these were cultured on the MS medium supplemented with 1 uM BAP.
Newly produced shoots from these segments, 2 ¢m in length, with 2 nodes
each and bearing a spread leaf, were transferred onto 12 variants of root-
inducing medium. We used the MS medium with full or half-strength con-
centration of mineral salts, with 10 or 30 g 1-1 sucrose and with three com-
binations of regulators 0 (control), 1 uM NAA + 1 uM IAA and 3 uM NAA +
2 uM JAA. The completely prepared medium was autoclaved for 15 min
at 121 °C and 100 kPa. In each variant 10 tubes in 3 replicates were estab-
lished. The culture took place at 25 4- 2 °C under 16 h photoperiod, evaluation
was made after 4 weeks.

In the second experiment a culture of pea shoot apices was used in the
third subculture on a modified MS medium containing 0.1 uM NAA and 20
uM BAP (Grica et al. 1984 a). For rooting, shoots of the same size as in the
first experiment were isolated. They were cultured on 8 variants of the MS
medium with full or half concentration of mineral salts, with 10 or 30 g 1-!
sucrose and with the regulator combinations 1 uM TAA 4+ 1 pM NAA or
3 uM NAA + 2 pM TAA. In each variant 25 tubes in 3 replicates were
established. The cultures were maintained at 23 + 2 °C. Evaluation was
made after 3 weeks of culture.

In the third experiment we used a long-term cultured (1 year long) pea cul-
ture, cv. Bohatyr, with a good proliferation of multiple shoots, maintained
on the same medium as in the second experiment. For rooting shoots of
the same size were again isolated. They were placed on 10 variants of root-
inducing medium MS, where the MS vitamins had been substituted according
to the B5 medium (GAMBORG ef al. 1968) with full or half-decreased content:
of MS-mineral salts, 10, 20, and 30 g 1-! sucrose, and supplemented with
0, 1, 5 concentrations of pM NAA. In each variant 20 test-tubes in 2 replicates
were established. The culture took place under a 16 h photoperiod at 25 °C
in the light and at 20 °C in the dark. Evaluation was made after 35 days.

In all three experiments we evaluated the following characters:
frequency of rooting in each experiment variant, number of roots longer
than 2 mm produced on each shoot, length of the longest root, length of
each shoot, number of nodes in each shoot.

In the first experiment we also evaluated callus-formation on a shoot
base. ’

RESULTS

Evaluating the characters, frequency of rooting and number of roots in
the first and second experiments by analysis of variance, we found out that
the effect of growth regulators, sucrose and mineral salt concentrations is
statistically highly significant or significant (Table 1).

As far as root length is concerned, merely different concentrations of
growth regulators and sucrose are statistically significant; mineral salt
concentration does not affect this character.

For all evaluated characters the optimum root-inducing medium variant
is evidently that one containing 50 %, of mineral salts and 30 g 1-1 sucrose.
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As far as the regulators are concerned, the results are not quite unambi-
guous. Maximum rooting frequency in the first experiment, 93.3 9, in the
cultivar Kleine Rheinldnderin and 86.8 9%, in the cv. Bohatyr, was on the
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Fig. 1. Frequency of rooting, mean number of roots per shoot and mean length of roots (cal-
culated including the non-rooted shoots in each variant, i.e. zero values of the number of roots
on & shoot and their length were taken into account) in two pea cultivars (Bohatyr and Kleine
Rheinlénderin). Cv. Bohatyr: Ist experiment — empty column, 2nd experiment — dotted
column, 3rd experiment — dashed column; cv. Kleine Rheinlinderin: 1st experiment — full
column.
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medium variant with 3 uM NAA 4 2 uM IAA. In the second experiment,
in the cv. Bohatyr, the highest rooting frequency was 73.3 %, on the medium
with 1 uM NAA + 1 puM IAA. In the third experiment (cv. Bohatyr) maxi-
mum 65 %, rooting was achieved on the medium variant with 1 uM NAA
(Fig. 1).

The characters number and length of roots are very unsteady. The number
of roots is 0—17, their length is from 0.2—16.5 cm. These characters vary in
the same way as the frequency of rooting — on optimum root-inducing
medium variants we also achieved the highest numbers of roots of maximum
length.

As far as the shoot length and the number of nodes are concerned, we
observed no conclusive differences in any experiment. Generally, it can be
said that a good development of shoots corresponds with an optimum devel-
opment of roots. The variants with a full concentration of MS medium are
insignificantly better. A higher concentration of auxins also inhibits the
shoot growth.

Mazximum shoot length in the first experiment was 7.7 cm and maximum
number of nodes was 9. In the third experiment it was 14.5 cm and 12 nodes;
this character was not evaluated in the second experiment.

DISCUSSION

In spite of the facts that the experiments were carried out in 3 different
laboratories, that we used cultures of different ages, and that the schemes
of individual experiments were not completely identical, the effects of the
observed factors are in all cases similar.

The stimulating effect of sucrose on root formation is also mentioned by
HuxNart and LEroUux (1976) in Sanseviera trifasciata (40 g1-1), by DunOUX and
Davirs (1985) in Acacie albida (50—65 g 1-1), and MAENE and DEBERGH
(1985) in Cordyline terminalis, who found out that the function of higher
sucrose concentrations is nutrient and not osmotic.

Our further experiments also showed that even a higher concentration
of sucrose will be optimal for root formation in pea, namely above 30 g 1-1
(unpublished).

The stimulating effect of auxins upon root formation is generally known
in all plants. KarTHA (1984) uses 1 uM NAA in a 1/2 medium B5 for root
induction in pea. He also mentions the fact that a high concentration of
salts can inhibit the initiation of roots (KARTHA ef al. 1974).

An optimum concentration of regulators must be selected with regard to
the subsequent transfer into soil, where plants without callus at the base,
with normally developed root system survive better (Fig. 2).

In our further experiments the NAA appears more effective than the TAA
(unpublished), which can be caused by the fact that the latter is decomposed
by the cells.

The lower frequency of root formation in explants in the second and third
experiments can be caused by the age of the culture on one hand, and also
by a high concentration of the BAP (20 uM) in the previous subculture on
the other hand. Low concentrations of exogenous cytokinins have a stimu-
lating effect on root formation (NEMETH 1979), whereas high concentrations
even in the previous subculture can have a negative impact.
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A deeper knowledge of factors affecting the root induction ¢n witro on
regenerated shoots of pea should enhance the efficiency of complete plants
during regeneration in vitro (in a meristem or callus culture), and in this
way bring the explant techniques in pea closer to a potential exploitation
in breeding.
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