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Abstract

Experiments were performed to optimize the macronutrients concentrations for in vitro rooting of Ceratonia siliqua
micropropagated shoots. Several dilutions of Murashige and Skoog (MS) medium were tested: full-strength MS, half-
strength MS (42MS), and 2MS + full N. The frequency of in vitro rooting was enhanced when the %2MS was used (50 %
rooted shoots). Mature leaves from 20 - 30 year-old carob trees and from 2 year-old micropropagated plants were
collected and the concentrations of macronutrients (N, P, K, Ca, Mg) assessed. Based on the mineral composition of the
leaves a new medium was formulated and compared with the previous ones showing an increment of the rooting
frequency to 80 %. Moreover, shoots rooted in the new medium did not show symptoms of apical necrosis that occurred

in the other tested media.
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The success of in vitro tissue culture is strongly
dependent on the chemical composition of the culture
medium (Ruzi¢ et al. 2004). Macronutrient salts are
indispensable for the growth of higher plants in vitro,
namely N, P, K, Ca, Mg and S. From these, nitrogen is
the most important component of the basal medium
(Chawala 2002). The deficiency of minerals in plants can
cause biochemical, physiological and morphological
changes, according to the nutrient and to the level of
deficiency (Preece 1995, Monteiro et al. 2000). The
optimization of mineral composition of the culture
medium has been frequently reported. Morard and Henry
(1998) used minerals in proportions found in shoot and
root tissues of seedlings. More recently, the use of
nutrients present in leaves (Monteiro et al. 2000, Terrer
and Tomas 2001) or seeds (Nas and Read 2004) was
proposed to optimize culture medium composition.

Carob (Ceratonia siliqua L.) is an evergreen legume
tree commonly cultivated in the Mediterranean area since
historic times. This species is of substantial importance
for the locust bean gum obtained from its pods and used
in the food industry. The Portuguese cultivar Mulata is
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economical and ecologically interesting (Battle and Tous
1997). As the traditional carob propagation methods
failed to meet the market request, the use of
micropropagation seems to be appropriate in order to
fulfil the increased demand for propagating this tree
(Romano et al. 2002). With the objective of improving
the rooting frequency and the shoots quality, a new
specific medium, based on the nutrient analysis of leaves
of mature carob trees and 2 year-old micropropagated
plants, was formulated and assayed.

For leaf nutrient analysis six adult carob (Ceratonia
siligua L., cv. Mulata) 20 - 30-year-old trees were
selected in an orchard located in southern Portugal on a
sandy loam soil. The trees were fertilized with 0.9 kg N
and 1.4 kg K,0 tree’ year', and were irrigated in
summer during last 4 years. Irrigation was based on water
loss by evaporation from a class A pan (100 %). Leaf
samples, (30 - 40 mature leaves per tree) homogenous in
terms of age and canopy position, were randomly
collected in the selected trees during four years (19
sampling dates, throughout all the phenological stages of
the crop).

Abbreviations: BA - benzyladenine; IBA - indole-3-butyric acid; MS medium - Murashige and Skoog (1962) medium.
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Micropropagated plants of one adult clone of
cv. Mulata were produced according to Romano et al.
(2002). Plants were grown for 2 years in the glasshouse,
and were fertilized once a month with a NPK fertilizer.
Forty mature leaves were randomly collected from
30 micropropagated plants of the same clone.

Leaf nitrogen concentration was determined by the
Kjeldahl method, P was analyzed spectrophotometrically
and K, Ca, and Mg, by atomic absorption spectroscopy
(Pye Unicam, Cambridge, UK), following the guidelines
of the AOAC. Concentration values were expressed on a
dry mass basis.

To compare leaf mineral composition of mature trees
and micropropagated plants with mineral composition of
the culture media, the balance among macronutrients was
calculated, taking N concentration value as the reference
element. The balance of macronutrients in leaves was
expressed as the ratio between each element and N. The
same procedure was applied to the culture media using
the content in macronutrients. Therefore, the results are
dimensionless and comparable among them.

Using N concentration of half-strength Murashige and
Skoog (/2MS) medium as a reference a new medium was
formulated (the carob medium) (Table 1). To define the
mineral composition of this culture medium, the
concentration of each nutrient was calculated multiplying
N by the mean of the balances obtained in the leaves of
healthy mature trees and micropropagated plants
(Table 2). These values were converted into amounts of
salts [g dm™] to add in the culture medium.

Table 1. Concentrations of macronutrients and balance using
nitrogen as reference for calculations of macronutrients in
leaves of mature carob trees and 2 year-old micropropagated
plants.

2 % (m/v) sucrose and 0.7 % (m/v) agar. The pH of the
media was adjusted to 5.8 before autoclaving at 121 °C
for 20 min.

Shoots were grown in test tubes (32 x 200 mm)
containing 20 cm’ of medium, capped with aluminum
foil. Shoots were grown in the dark for one week and
then transferred to a 16-h photoperiod, with an irradiance
of 60 pmol m™? s, produced from cool-white fluorescent
lamps, and grown for three weeks. Rooting was
evaluated 1 month after induction and was expressed in
terms of rooting frequency, root number, and the longest
root length per plantlet. The results presented are the
mean * standard error (SE) of 30 plantlets per experi-
ment. All the experiments were carried out three times.
The results were compared through analysis of variance
(ANOVA) and Duncan’s New Multiple Range Test.

Table 2. Content of macronutrients [mg dm™] in culture media
tested during in vitro rooting of carob tree micropropagated
shoots.

Nutrients MS MSHN AMS Carqb
medium

N 840.9 840.9 420.4 420.4

P 37.8 19.4 19.4 23.7

K 782.4 758.0 391.2 2339

Mg 36.1 18.1 18.1 71.2

Ca 120.6 60.3 60.3 219.8

Nutrients ~ Mature trees Micropropagated plants
[gkg'(dm.)] balance [gkg'(dm.)] balance

N 18.0 1.00 19.2 1.00

P 0.9 0.05 1.2 0.06

K 7.6 0.43 13.1 0.68

Mg 3.0 0.17 33 0.17

Ca 12.9 0.72 9.2 0.48

The establishment and multiplication of shoot
cultures, starting from buds of mature carob trees
cv. Mulata, have been previously described (Romano
et al. 2002). For root induction the basal ends of the
shoots, 3 cm in length, were harvested at the end of the
multiplication stage on full-strength MS medium
supplemented with 2.22 uM benzyladenine (BA), were
dipped in 4.9 mM indole-3-butyric acid (IBA) for 3 min,
followed by culture on one of the following growth-
regulator-free media: full-strength MS, 2MS, »2MS +
full N (AMS+N) and carob medium (Table 2). All media
contained micronutrients and vitamins of MS medium,
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The concentration of macronutrients of MS basal
medium played important role on rooting response of
carob shoots. When the concentration of the
macronutrients was lowered (2MS+N and 2MS) the
rooting frequency was enhanced to 40 and 50 %,
respectively. The mean number of roots was higher in
MS or 2MS+N, however the roots developed in 2MS
medium were longer (P < 0.05) (Table 3).

The preference of carob cultures for a low total ionic
strength agrees with the results obtained for a great
number of other woody plants and with the general rules
recommended for tree culture (Bonga and Von Aderkas
1992, Chawala 2002, Channuntapipat et al. 2003, Walia
et al. 2003). Alorda and Medrano (1996) have previously
reported a high rooting frequency of carob shoots using
“MS medium. More recently, Romano et al. (2002)
observed high rooting frequency in carob cv. Galhosa
using the reduced strength GD (Gresshoff and Doy 1972)
medium.

The concentrations of macronutrients in leaves of
mature trees indicated lower proportion of P, K, and Mg
in relation to N (Table1). In leaves of 2 year-old
micropropagated plants the pattern is similar for P and
Mg, however, the amount of K is higher and Ca lower
than in mature trees. In the culture media (MS, 2MS and
2MS+N) the balances among the different macro-
nutrients are different (Table 2). Generally, culture media



presented a higher amount of K and a lower amount of
Mg and Ca (Table 2) in comparison with leaves.

Since it was previously shown that carob is sensitive
to high content of N in the medium (Martins-Loug@o and
Duarte 1987, Cruz et al. 1993, Martins-Lougdo and Cruz
1999), the concentration of N in 2MS was used as
reference to formulate a new medium (carob medium)
according to leaf analysis (Table 2). The most important
differences between 2MS and carob medium in terms of
elemental composition are a decrease in K concentration
and an increase in the concentration of Ca and Mg.

It is known that high levels of K reduce the Mg
inflow (Troyanos et al. 2000) and carob tree rootstocks
showed multiple deficiency symptoms in the absence of
Mg in spite of the development of special adaptations
mechanisms like the increase in root length, swelling of
subapical zones and increment in root ferric chelate-
reductase activity (Correia et al. 2003).

Table 3. Effect of culture media on the rooting frequency, mean
number of roots and length of the longest root. Values represent
means = SE of tree replicates with 30 shoots. Different letters
indicate significant effects at P < 0.05.

Culture Rooting Mean number Longest root
medium frequency [%] of roots length [mm]
MS 30t1la 100t1.1a 13.7+5.2b
MS-+Ntotal 40£3D 7.1+12ab 11.0£4.5b
2"MS 50+2c¢ 31+05¢c 383%52a
Carob medium 80 +4 d 43+09bc 273+33a

In a non-circulating nutritive solution, occurs a
recombination between H,PO, and Ca’" responsible for
an insoluble form of calcium (Morard et al. 1987). In
addition, calcium availability is low in media, because of
its low solubility in water. Therefore, Morard and Henry
(1998) proposed a new mineral composition for in vitro
culture of Solanum paludosum with a larger amount of
Ca than K. Also, in Eucalyptus tereticornis high Ca
concentration in the rooting medium has been
successfully used (Sharma and Ramamurthy 2000).
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