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INTRODUCTION

The cultivation of Robusta variety, Coffea canephora
sp.  is not only important for the productive potentiality
reached, which represents mean yields between 1.5 and
2.0 t.ha-1 of commercial coffee but among other things,
for the manifestation of resistance or tolerance to certain
pests and diseases, resistance to drought, rusticity and
the possibility of propitiating hybrids of interest between
them and the varieties of Coffea arabica (Catalina López
et al., 1993).

In this crop, the traditional breeding methods have not
been very efficient, mainly for the long period that it takes to
obtain a variety (15-20 years); also, the selfin-compatibility
of some species, as well as the low quality of seeds. However,
the latest advances from crop biotechnology enable to use
modern technologies in order to improve specific qualities of
the crop and others of practical applications like the massive
multiplication of selected clones, the production of haploid
plants, the production of agronomically important genes
related to the resistance to biotic and abiotic stresses, among
others (Paillard, Lashermes and Petiard, 1996).

Concerning coffee cultivation, numerous works have
been carried out and, at present, there are numerous
methodologies for the establishment and micropropagation
of materials wanted (Nancy Santana, 1998). One of the
essential and most expensive elements employed in the
in vitro propagation are crop growth regulators. That is
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Laboratory of Crop Genetics and Breeding from the National
Instituto of Agricultural Sciences (INCA), with the objective
of evaluating the effect of several concentrations of the bacterial
compound BC-1 on the growth and in vitro development of
three clones selected in Robusta variety from the Central
Research Station of Coffee and Cocoa, as well as to value the
possible substitution of IAA auxin in the culture medium
established for coffee multiplication. The treatments studied
were: the previously established multiplication medium was
used as a check, while the other three treatments consisted of
substituting IAA of the medium for the compound CB-1 at
several concentrations (0.5, 1.0 and 2.0 mg.L-1). The variables
evaluated were number of living explants, plant height (cm),
the number of sprouts, the number of leaf pairs and the
percentage of rooted plants. The coefficient of multiplication
was calculated. Variations in clonal answer were detected, as
well as in the indicators evaluated, obtaining the best results in
M-229 clone at the concentrations of  0.5 and mg.L-1 of BC-1.
When substituting the IAA BC-1 in the established culture
medium, a saving of 0.11 cent/dollars was achieved per each
liter of culture medium.

RESUMEN. Esta investigación se desarrolló en el Laboratorio
de Genética y Mejoramiento del Instituto Nacional de Ciencias
Agrícolas (INCA), con el objetivo de evaluar el efecto de dife-
rentes concentraciones del compuesto bacteriano CB-1 sobre
el crecimiento y desarrollo in vitro de tres clones selecciona-
dos de la variedad Robusta de la Estación Central de Investi-
gaciones de Café y Cacao, así como valorar la posible sustitu-
ción de la auxina AIA en el medio de cultivo establecido para
la multiplicación del cafeto. Los tratamientos estudiados fue-
ron: como testigo se empleó el medio de multiplicación esta-
blecido anteriormente, mientras que los otros tres tratamien-
tos consistieron en sustituir el AIA del medio por el compues-
to CB-1 a diferentes concentraciones (0.5, 1.0 y 2.0 mg.L-1). Se
evaluaron las variables número de explantes vivos, la altura
(cm), el número de brotes, el número de pares de hojas y el
porcentaje de plantas enraizadas. Se calculó el coeficiente de
multiplicación. Se detectaron variaciones en la respuesta de
los clones así como en los indicadores evaluados,
obteniéndose los mejores resultados en el clon M-229 con
concentraciones de 0.5 y 1.0 mg.L-1 de CB-1. Con la sustitu-
ción del AIA por el CB-1 en los medios de cultivo estableci-
dos, se logró un ahorro de 0.11 centavos dólar por cada litro de
medio de cultivo.

Ms.C. María E. González, Investigador Agregado de la Estación Central
de Investigaciones de Café y Cacao; Dra. Nancy Santana, Investigador
Titular del Departamento de Genética y Mejoramiento Vegetal; Ms.C.
Annia Hernández, Investigadora y J. L. Santander, Reserva Científica
del Departamento de Biofertilizantes y Nutrición de las Plantas, Institu-
to Nacional de Ciencias Agrícolas, Gaveta Postal 1, San José de las
Lajas, La Habana, Cuba.

Key words:   Coffea canephora, clones, IAA, bacterial
compound, varieties

Palabras clave: Coffea canephora, clones, ácido indolacético,
compuesto bacteriano, variedades



22

why the optimization of substitution by biorregulators of
a higher efficiency and lower cost is important (González
and Patricia Garbey, 1997).

Also, several authors have considered the existence
of a great amount of microorganisms capable of producing
crop promoting compounds such as bacteria, in particular
those of the Pseudomonas genus (Dileep and Dubet, 1992,
Annia Hernández, Ana I. Fernández and Ana N. Hernández,
1998). Gould (1990) and Annia Hernández (1998) remark
that some of these made up of bacterial origin have the
particularity of stimulating vegetable growth even at lower
concentrations than the conventionally employed.

Keeping in mind what was previously stated and
considering not only the advantages of using biorregulator
substances in the development of in vitro explants but
also the possibility of substituting plant hormones like
auxins, this study was developed in order to check the
effect of the bacterial compound BC-1 in the development
of vitroplants of three clones of Robusta var., as well as to
value the possible substitution of the IAA in the established
crop medium, with the objective of diminishing the costs
in the process of coffee multiplication.

MATERIALS AND METHODS
For the development of this experiment, aseptic plants

having 3 to 5 pairs of true leaves from the 8-week-old clones
M-229, K-234 and M-28 were used, obtained by somatic
embryogenesis. The node microstakes were taken from
plant cultivar of 1 cm long; every segment held its entire
leaves or cut into halves when they were very big. In this
study, apical and axilary buds were used.

The explants were inoculated in 25x150 mm test
tubes containing 10 mL of the culture medium whose ge-
neral composition is related in Table I. They undergo a
photoperiod of 12-hour-light, a light intensity of 1000 lux
and a temperature of 27±1oC.

Table I.   Chemical composition of the culture medium
used in the experiment

Components    Units of     Treatments
measurements    MT       M-1    M-2   M-3

SM macronutrients mL 100 100 100 100
FE-Na2 EDTA solution mL     5     5     5     5
DP micronutrients mL   50   50   50   50
Morel and Wetmore´s vitamins mL     5     5     5     5
Cistein-HCl mg.L-1   25   25   25   25
Casein hydrolysate mg.L-1   50   50   50   50
IAA mg.L-1  1-2    -    -    -
BAP mg.L-1     2     2     2     2
Sucrose g   25    25   25   25
Gelrite g     2      2     2     2
BC-1 mg.L-1    -   0.5  1.0  2.0
pH -  5.6   5.6  5.6  5.6

SH-Schenk and Hilderbrandt (1972)
DP- Dutcher and Powell (1972)
MT- Check
M1- BC-1 (0.5 mg.L-1)
M2- BC-1 (1.0 mg.L-1)
M3- BC-1 (2.0 mg.L-1)

The following treatments were used: a medium
established for seeding coffee microcuttings (check); to
substitute IAA, BC-1 was used (a compound made up by
bacteria belonging to Pseudomonas cepacia 0057 species)
at rates of 0.5, 1.0 and 2.0 mg.L-1.

25 explants per treatment were seeded (clones /dose
of BC-1); the trial was repeated twice at different stages
(November/1997-March/1998 and May/1998-September/
1998). An unbalanced randomized complete design was
used.
The variables evaluated were:
♦  number of living explants
♦  height of vitroplants (cm)
♦  number of buds
♦  number of leaf pairs
♦  percentage of rooted plants

The evaluation was weekly carried out starting from
seeding and during the 90 days of cultivation. Data were
statistically processed, by means of an ANOVA and
submitting the means to Duncan´s multiple range test
with 5 % significance.

In order to determine if it was feasible to substitute
IAA by the dose of the bacterial compound evaluated, an
economic evaluation was performed based on the following
information.

Product  Dose         Cost.L-1

(mg.L-1) Pesos         Dollars

IAA 2.0   - 0.11
BC-1 0.5 0.01   -
BC-1 1.0 0.02   -
BC-1 2.0 0.04   -

RESULTS AND DISCUSSION
Table II shows the values of vitroplant height obtained

in each treatment evaluated. As it is appreciable,
significant differences were registered in the clones
according to the culture medium studied. After 12 weeks
of M-1 and M-2 media became remarkable for seedling
development.

Table II. Mean values of vitroplant height (cm) in the
clones evaluated

Treatments                     Clones
  M-229  K-234  M-28

MT   3.1 d 2.5 e 2.0 f
M-1   5.5 a 5.0 a 3.7 c
M-2   4.9 a 4.5 b 3.5 c
M-3   3.3 cd 2.9 e 2.5 e

   SE x (±)   0.16
   VC (%) 17.59

Treatments with the same letters do not differ significantly (α = 5 %)

It was observed that M-1 and M-2 media containing
2.0 mg.L-1 BAP and 0.5 and 1.0 mg.L-1 BC-1, respectively,
were those of the best result with values between 5.5 and
4.5 cm vitroplant height, for the clones M-229 and K-234,
followed by these same treatments for the clone M-28



23

(3.7-3.5 cm), that although it differs significantly from the
previously mentioned clones, it also overcomes notably
the check (Table II), where between 3.1 and 2.0 cm
vitroplant height of the clones studied were only obtained.
In general, a better capacity of answer of vitroplant height
of the clones M-229 and K-234 was observed than the
clone M-28, when compared with the values obtained.

The clone M-229 in presence of M-1 medium showed
the highest average value of buds (3.95) differing
significantly from the rest of the clones and culture me-
dia used (Table III). Similar results were obtained by
González et al. (1998) when evaluating the behavior of
buds in presence of BAP and IAA, obtaining 3.75 buds
average as maximum value.

Table III. The effect of culture medium composition
on the average number of buds and of pairs
of leaves of vitroplants

Treatments          Number of buds        Pair of leaves
M-229 K-234 M-28 M-229 K-234 M-28

MT   1.20 e 1.34 e 1.20 e   2.20 d 2.70 cd 2.20 d
M-1   3.95 a 2.13 c 2.20 c   3.28 abc 3.57 a 2.70 cd
M-2   3.20 b 2.20 c 1.34 e   2.73 cd 2.70 cd 2.70 cd
M-3   2.20 c 3.05 b 1.62 d   2.80 bc 2.65 cd 3.30 ab

   SEx (±)   0.13**   0.59***
   VC (%) 24.16 77.53

Treatments with the same letters do not differ significantly (α = 5 %)

In this case, the lowest values were reached with MT
medium composed by 2.0 mg.L-1 BAP and 1.0 mg.L-1 IAA,
for the three clones evaluated. The explants coming from
the clone M-28 inoculated in the variants of media studied
showed a low potential for the formation of new buds, two
buds per explant being the highest value reached besides
this material also showing most recalcitrant behavior for
the variable evaluated.

With regard to the average value of pair of leaves, it
was observed that the medium supplemented by BC-1
in dose of 1.0 mg.L-1 favored notably this indicator for
the clones M-229 and K-234, where values of 3.28 and
3.57 pairs of leaves were obtained, respectively; however,
for the clone M-28 this effect was obtained with the M-3
medium (2.0 mg.L-1 of BC-1) that reached values of
3.30 pairs of leaves, without significant differences
between these three treatments (Table III). It was
observed that for this variable, the clones tend to maintain
a certain degree of stability according to culture medium
conditions, that is verified upon analyzing each clone
studied individually.

The inclusion of 0.5 mg.L-1 of BC-1 in the culture
medium allowed to obtain the highest value of the
coefficient of multiplication (11.7) in the clone M-229, this
dose being the lowest of BC-1 employed in the experiment
and even lower to the dose of IAA used in the check medium
(1 mg.L-1), where values between 2.8 and 2.0 of the
coefficient of multiplication were obtained for the three
clones studied. It is valid to point out that the greater the
doses of BC-1 in the culture medium (1.0, 2.0 mg.L-1),

the lower the values of this indicator, they oscillating
between 7.0 and 2.0, respectively (Table IV). Zok and
Dublin (1991) obtained values that did not surpass the 9.5
in the cultivation of Coffea arabica L., using higher doses
of IAA and BAP; however, María E. González, Morejón y
Maira Portilla (1998) remark that in studies carried out for
the variety Catuai inside this same species, a better
behavior of the coefficient of multiplication was obtained
when applying doses of IAA iqual to 0.05 mg.L-1 and high
concentrations of BAP (8 mg.L-1), which allows to denote
that this indicator is favored by low doses of auxins or of
its similar compounds.

Table IV.  Influence of BC-1 on the coefficient of
multiplication of the clones evaluated

Treatments Living explants Total of pairs Coefficient
         (v) of leaves (H) of multiplication

                  M-229   K-234   M-228      M-229    K-234    M-228    M-229    K-234   M-228

MT 11 14 10   22 40 20  2.0 2.8 2.0
M-1 12 15 14 140 98 70 11.7 7.0 5.0
M-2 13 14 14   91 70 40  7.0 6.5 4.4
M-3 14   7   7   73 49 31  5.2 5.0 2.8

The composition of the culture medium did not have
such a marked effect on the percentage of rooted plants;
in spite of this, the improved values were obtained for the
clone M-229 in the M-1 medium (94.3 %) and with the
medium M-2 for the clone K-234 (95.1 %), that is to say,
with 0.5 and 1.0 mg.L-1 of BC-1. In the rest of the
treatments, there are no significant differences except in
the clone M-28, where a differentiated behavior was
observed according to the doses of BC-1 employed,
obtaining values between 87.8 and 51 % (Table V).

Table V. The effect of BC-1 on the percentage of
rooted vitroplants

Treatments                     Clones
M-229  K-234  M-28

MT 93.9 ab 91.0 b 54.0 f
M-1 94.3 a 92.7 b 69.9 c
M-2 91.3 b 95.1 a 87.8 d
M-3 90.9 bc 93.6 ab 51.0 g

   SE x (±)   0.89***
   VC (%)   4.14

The substitution of the synthetic IAA by BC-1 was
feasible, since with the use of this new compound, it has
been able to save 0.11 cents per dollar of each liter of
culture medium. For obtaining the new product, national
inputs were only used.
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