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Abstract. Breeding work carried out during the period 1971–85 by the Coffee Research
Institute, Ruiru, Kenya resulted in the release of a new improved hybrid Coffea arabica
named Ruiru 11. The cultivar combines resistance to coffee berry disease (CBD) and leaf
rust, with high yield and good cup quality attributes. The propagation by F1 hybrid seeds
production, cuttings, and tip grafting do not produce enough planting materials. There
was a need to explore alternative methods and tissue culture offers potential options. The
objective of the study was to evaluate the effect of explant sources and cytokinins on
induction and regeneration of somatic embryos. Eight different explants were cultured
on half-strength Murashige and Skoog (MS) medium supplemented with 10 mM

benzylaminopurine (BAP). The effect of kinetin, N6-(2-isopentyl) adenine (2iP) evaluated
at (0, 0.5, 5, or 25 mM) or thidiazuron (TDZ) (0, 0.5, 1.0, or 5 mM) added in separate
experiments was also evaluated. The percentage of embryogenic cultures and the
numbers of embryos per explant were determined after 3 months’ culture. The explant
type had a significant effect (P > 0.05) on the induction of somatic embryos. Explants from
in vitro-germinated seedlings produced the highest embryogenic cultures (90%) and the
highest mean number of embryos (19.36) per explant. Cytokinins strongly enhanced
induction and regeneration of somatic embryos. TDZ at 1 mM produced the highest
embryogenic cultures (100%) and the highest mean number of embryos (24.2). The
embryos were germinated on half-strength MS medium without any hormones. A high
(98%) survival rate of the regenerated plantlets was recorded over all the treatments in the
greenhouse. This is the first report on induction of high-frequency direct somatic embryos
from coffee juvenile tissues. This is of great significance in tissue culture and indeedmolecular
biology manipulations because it allows regeneration of coffee from several explants.

Coffee is an economically important crop
grown in �80 countries across the world (Los
Santos-Brones and Hernandez-Sotomayor,
2006). The genus Coffee comprises �100 spe-
cies of which only two species, Arabica coffee
andRobusta coffee, are commercially cultivated
(Los Santos-Brones and Hernandez-Sotomayor,

2006). Disease control is one of the major
constraints to sustainable and economic coffee
production (Gichuru et al., 2012). Breeding
work in Kenya has resulted in the release of a
new improved cultivar—Ruiru 11. Moreover,
the hybrid combines resistance to CBD and leaf
rust with high yield and good cup quality attri-
butes (Van der Vossen andWalyaro, 1980). The
development and dissemination of Ruiru 11 has
made a significant contribution not only to the
coffee farmers, but also to the Kenyan commu-
nity as a whole for the following reasons:

� Its availability and use has the potential to
reduce the cost of coffee production by up

to 30% and thereby saves the Kenyan
government considerable amounts of for-
eign currency usually spent on the importa-
tion of fungicides and spraying equipment.

� Its usewill increase and stabilize the incomes
of small-scale farmers for whom disease
control using chemicals is frequently impos-
sible to realize.

� Most importantly it offers potential environ-
mentally friendly approach to the long-term
control of coffee diseases and in production
of organically grown coffee.

The propagation of Ruiru 11 is by F1
hybrid seed, production through hand artifi-
cial cross-pollination (Van der Vossen and
Walyaro, 1981), cuttings, and tip grafting
(Wamatu and Kingoro, 1991). The number
of planting materials produced by the above
methods is far below those needed to supply
farmer’s demand. Therefore, there is need to
accelerate the production of Ruiru11 plant-
ing materials by using alternative methods
such as tissue culture.

A great deal of work has been carried out
on coffee somatic embryogenesis using the
indirect method. However, direct somatic
embryogenesis (DSE) has not received much
attention. This is although DSE is preferred,
as it has the potential for maintaining geno-
mic stability of regenerated plants. The for-
mer method that is via an intermediate callus
phase increases the possibility of somaclonal
variations (Tang and Guo, 2001).

Of the several factors that influence the
process of somatic embryogenesis, the most
important are the origin of the explant and
composition of the culture medium, particu-
larly with respect to the type and concentration
of growth regulators. Somatic embryogenesis is
known to be highly dependent on the explant
used. The kind of explant chosen, its size, age,
and the manner in which it is placed on the
media can all determine whether morphogen-
esis can be induced (Rossin and Rey, 2011).
Explants taken from juvenile plant tissues,
particularly those from seedlings, are usually
highly responsive. For example, whileworking
on somatic embryogenesis of chickpea, Rao
(1991) observed that more embryos were pro-
duced from leaf explants of 9-d-old seedlings
than from older explants. In general, explants
from newly originating organs are known to be
more responsive than those taken from older
ones (George, 1993). In vitro plant-derived
leaves are regarded as rejuvenated plant mate-
rials (Nozeran, 1978) in which the endogenous
hormonal balance is probably different from
that of physiologically older leaves from glass-
house or field-grown plants. The embryogenic
potential of this type of explant is considered to
be substantially higher than the glasshouse and
field-grown explants (Franclet, 1983). Micro-
propagated leaf explants from C. arabica and
Anthurium scherzarium plants were found to
be better explants than all the others tested
(Bieysse et al., 1993; Hamida et al., 1997).

Most researchers working on coffee so-
matic embryogenesis have used leaves from
the field or glasshouse plants as source of
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explant (Boxtel and Berthouly, 1996; De
Almeida et al., 2014; Tahara et al., 1994).
The production of embryos and plantlets from
leaf explants offers a number of advantages
including, uniform leaf material, and abun-
dantly available and easily renewable source of
explants.

Growth in vitro is highly dependent on the
interaction between naturally occurring en-
dogenous growth substances and the anal-
ogous synthetic growth regulators that may
be added to the medium (George, 1993). The
induction of DSE in C. arabica is strongly
associated with the addition of cytokinins to
the culture medium, in the absence of auxins
(Almeida and Silvarolla, 2009; De Almeida
et al., 2014; Kahia, 1999). The objective of
the current study was to evaluate the ideal
explant and the best type and concentration of
cytokinins (phenylurea-type vs. adenine-type)
for induction and regeneration of direct somatic
embryos in the new cultivar.

Materials and Methods

Experimental site characteristics
The study was undertaken at the Coffee

Research Station (CRS) in Ruiru, Kenya. The
CRS is located on lat. 1�06#S long. 36�45#E
and an altitude of 1608 m above sea level.

Plant materials
The explants evaluated were type 1; leaves

from in vitro-germinated seedlings, type 2;
leaves from 6-month-old seedlings raised
in green house, type 3; hypocotyls of somatic
embryos type 4; leaves from coffee somatic
embryos, type 5; lateral roots of coffee so-
matic embryos, type 6; primary roots of somatic
embryos, type 7; cotyledonary leaves of em-
bryos, and type 8; leaves from field-grown trees.

Third pair of leaves was harvested from
6-month-old seedlings growing in the green-
house and field-grown coffee plants. They
were taken to the laboratory in polythene
bags and kept under running tap water for
30 min. This was followed by sterilization
using 20% commercial bleach (JIK) which
contains 3.85% (w/v) sodium hypochlorite
for 15 min and rinsing twice in sterile distilled
water and thereafter a quick immersion (30 s)
in 70% (v/v) ethanol and finally rinsing four
times in sterile distilled water. The other
explants used were in vitro derived and there
was no need to surface sterilize them as they
were presumed to be clean. The leaf explants
used were�1 cm2 in size (excluding the main
vein, edges, and apical and basal portions) and
the other explants were �5 mm in length.

The media used to evaluate the effect of
explant source on induction and regeneration of
somatic embryos was half-strength MS (1962)
supplemented with 10 mM BAP, 100 mg/L
inositol, 30 mg/L cysteine-HCl, and 3% (w/v)
sucrose and gelled with 0.3% Phytagel.

Leaves from in vitro-germinated seed-
lings were cultured on half-strength MS
media supplemented with 30 mg/L cysteine,
100 mg/L inositol, and 3% (w/v) sucrose. To
this media, adenine type of cytokinins (kine-
tin or 2iP) tested at three concentrations and

a control (0, 0.5, 5, or 25 mM) and phenylurea
type cytokinin (TDZ) tested at 0, 0.5, 1, or
5 mM were added in separate experiments.

The media pH was adjusted to 5.8 by using
either 1N HCL or 1N NaOH before the gelling
agent was added. The media was dispensed in
culture vessels and autoclaved at a temperature
of 121 �C and a pressure of 1.1 kg·cm–2 for
20 min. The cultures were incubated in a dark
room maintained at 25 ± 2 �C. The explants
were induced for 14 d on the above medium
and then transferred to the medium without
growth regulators. The regenerated embryos
were germinated in a growth room maintained
at 25± 2 �C, coolwhite fluorescent light intensity
of 33 mmol·m–2·s–1, and 16-h photoperiod.

All experiments were laid out in com-
pletely randomized design with 20 replicates
per treatment and the experiment repeated
three times. The data were subjected to one-
way analysis of variance and the significant
differences between treatment means were
assessed by using Minitab version 14 Soft-
ware. The percentage of embryogenic cul-
tures was calculated by the number of cultures
that produced embryos (any stage between
globular and early cotyledonary stage) di-
vided by the total number of culturesmultiplied
by 100. Counting of embryos was done using
a binocular microscope (at magnification
·10–20).Culturesweremonitored onaweekly
basis for contamination. The assessment of the
percentage of embryogenic cultures and the
numbers of embryos per explant were carried
out after 3 months. The results are expressed
as a mean ± SE. The total number of embryos
was the combined summation of somatic
embryos at different stages (as described
below) of development in each culture.

Globular stage. Discrete round structures
with no visible cotyledons or apical dome
originating and projecting above the explant.

Heart-torpedo stage. Intermediate be-
tween globular and cotyledonary stages, having
a heart shape formed by developing cotyledons.

Early and late cotyledonary stage. Vari-
able in size, but possessing differentiated
cotyledons.

Acclimatization
The plantlets were removed from the test

tubes and the roots gently cleaned with running
tap water to remove the culture media. A total
of 100 plants were then taken to the glasshouse
where they were treated with 2% fungicide
(Redomil for 10 min). The plantlets were sown
in pots (supplied by Sunplam Australia) con-
taining substrate composed of top soil, river
sand, and cattle manure mixed in the ratio of
3:2:1 (w/w). The holes on the covers were
closed for 2 weeks to build the relative
humidity. They were then gradually opened
for another 2 weeks to reduce the humidity
and eventually fully opened after 1 month.
The plants were watered weekly with tap
water using a hand operated sprayer.

Results

Effect of explant source on induction
of somatic embryos. The explant type had

a significant effect (P < 0.05) on the induction
of somatic embryos in Ruiru 11. Embryos were
induced from all of the explants tested. Em-
bryogenic initials were first observed from in
vitro-germinated seedlings leaf explants after
2 weeks of culture. In the case of other explants
tested, embryogenic initials were observed
after 3–4 weeks culture. Explants from in
vitro-germinated seedlings produced the high-
est frequency (90%) of embryogenic cultures
(Fig. 1A) and the highest mean numbers of
embryos (19.3) per explant (Fig. 1B), whereas
explants from cotyledonary leaves produced
the lowest (3.64)mean numbers of embryos per
explant. Somatic embryos were observed from
the cut edges of all types of explants tested and
frequently, the various developmental stages of
somatic embryos (globular, heart, torpedo, and
cotyledonary stages) were observed in the same
culture (Fig. 2A). In vitro-regenerated coffee
plantlets with well-developed roots (Fig. 2B).

Effect of cytokinin type and concentration
on induction of somatic embryos. The pres-
ence of cytokinins strongly enhanced the in-
duction and regeneration of somatic embryos in
the new hybrid. Initiation of somatic embryos
was first observed after 2 weeks on medium
supplemented with 5 mM 2iP and 1 mM TDZ.
The presence of 2iP in the medium had a
significant effect (P < 0.05) on induction and
regeneration of somatic embryos in Ruiru 11.
Increasing the concentration of 2iP from 0.5 to
5 mM significantly increased both the frequency
and the number of embryos, while raising the
concentration beyond 5 mM resulted in a de-
crease in the frequency and mean number of
embryos. 2iP at 5 mM produced the highest
(22.4) mean numbers of embryos per explant
(Table 1).

Supplementing the medium with kinetin
had a significant effect (P < 0.05) on themean
numbers of embryos per explant. Kinetin at
5 mM gave the highest (14.3) mean number of
embryos (Table 2). On the other hand, TDZ at
1 mM produced the highest frequency (100%)
of embryogenic cultures and the highest
(24.2) mean number (Table 3).

Acclimatization. The regenerated plant-
lets were weaned by gradually reducing the
relative humidity in the pots and finally expos-
ing them to the external environment (Fig. 3A).
A survival rate of 98% was recorded in the
greenhouse (Fig. 3B).

Discussion

The explants source is an important factor
affecting the in vitro propagation of many
plant species. Somatic embryogenesis in the
new hybrid appeared to be strongly explant
dependent. Leaves from in vitro-germinated
seedlings were found to be the best source of
explant. The results of this study concur with
those of Siong et al. (2011) who found that
cauliflower juvenile leaf explants formed
significantly more embryos than the hypo-
cotyl explants. The root explants gave well-
synchronized embryos. Unfortunately, the
embryos obtained from root explants became
contaminated in the 2nd month of culture.
The reason for this was unclear, but it is likely
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to have been caused by random coinciden-
tal infection or as a result of endophytic mi-
crobes associated with this particular type of
tissue. According to the International Coffee
Organization report (ICO, 1986), somatic em-
bryogenesis in coffee has been achieved from
various explants except root explant. The re-
sults of the current study are the first report on
induction of somatic embryos from root ex-
plants in coffee. The different responses of the
explant types under the samemedia regime are
probably due to the endogenous hormonal
balance in plant tissues (Grattapaglia and

Machado, 1998). These differences in var-
ious explants can be explained by changes
in the levels of endogenous hormones and
the expression of genes encoding hormone
receptors, as proposed by Gallagher-Ludeman
and Close (1989).

The role of cytokinin on somatic embryo-
genesis has been explained by enhanced cell
division of preembryogenically determined
cells (Kintzios et al., 2002). The cytokinins
tested during the current study had a signifi-
cant effect on induction of somatic embryos
of Ruiru 11. The responses were influenced

not only by the type of cytokinin but also
their concentrations. Although 2iP is not very
often used in tissue culture, exogenous 2iP
has shown beneficial effect on somatic em-
bryogenesis for some plants (Capelo et al.,
2010; Comlekcioglu et al., 2009; Khierallah
et al., 2015). Kinetin was found to be inferior
to the other cytokinins tested. These results
contradict with those of Ramos et al. 2009,
who found kinetin better than other cytoki-
nins tested in somatic embryogenesis of cof-
fee. This could be due to the difference in the
genetic makeup. TDZ at 1 mM produced 100%
embryogenic cultures and the highest mean
numbers of embryos. These results are con-
sistent with those of Gill and Saxena (1993)
who reported 100% induction of somatic
embryos on Nicotiana tabacum leaf explants
using TDZ. TDZ is chiefly used as cotton
defoliant (Giridhar et al., 2004), but it also acts
as a growth regulator in tissue culture systems.
It has been shown to stimulate somatic em-
bryogenesis in woody species such as white
ash (Bates et al., 1992), eastern black walnut
(Neuman et al., 1993), apples (Daigny et al.,
1996), and cacao (Li et al., 1998). In peanut
and geranium, the use of TDZ has effectively
replaced the requirement of auxin and/or cyto-
kinin for inducing somatic embryogenesis (Gill
and Saxena, 1992; Visser et al., 1992). During
the current study, the frequency and number of
somatic embryos per explant was found to
gradually decline with increasing concen-
tration of TDZ beyond the optimum. It is

Fig. 2. (A) Different stages of coffee somatic embryos derived from the media supplemented with
thidiazuron 1 mM. (a) Globular, (b) heart-shaped, (c) torpedo, and (d) early cotyledonary stage in a single
culture after 90 d in culture. (B) Plantlet with well-developed shoot and root ready for weaning.

Fig. 1. Effect of different explants types on induction and regeneration of somatic embryos. (A) The frequency of somatic embryo regeneration. (B) Themean number
of embryos. 1, Leaves from in vitro-germinated seedlings; 2, leaves from 6-month-old seedlings; 3, hypocotyls of embryo 4, leaves from in vitro-propagated
somatic embryos; 5, lateral roots of somatic embryos; 6, primary roots of embryos; 7, cotyledonary leaves of embryos; and 8, leaves from field-grown trees.
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likely that TDZ results in a balanced ratio
of endogenous growth regulators that allows
for specific mode of regeneration to take place
and this is likely to be dependent on the

concentration of TDZprovided in themedium
and the species (Anushi et al., 2014). The
results of the present study concur with pre-
vious work by Khan et al. (2006), Aboshama
(2011) who found similar results while work-
ing on pepper, and Hua and Chen (2014)
while working on Phalaenopsis aphrodite.
The reason why such comparative low levels
of TDZ are effective on some woody plant
tissues, whereas adenine types are not, could
be because TDZ is resistant to cytokinin-
degrading enzymes (oxidases). It is also stable
and biologically active at lower concentra-
tions than the adenine type of cytokinins (Mok
et al., 1987). Improved regeneration using
the urea-based cytokinin TDZ, rather than
adenine-based cytokinins, is well documented
in different plant species (Bacchetta et al.,
2003; Dai et al., 2007; Faisal et al., 2005;
Mithila et al., 2003; Sanikhani et al., 2006).
There are now many publications on different
aspects of the effect of TDZ on plant regen-
eration. One reason for great level of interest
in TDZ could be due to its unique mode of
action which may involve, at least in part,
the modulation of the levels of endogenous
growth regulators, polar auxin transport,
and accumulation of proline in TDZ-induced
tissues (Murthy et al., 1998). According to
Faisal et al. (2005), TDZ is an alternative for
high-frequency direct regeneration of somatic
embryos in many plants. The effectiveness of
TDZ is possibly due to its capacity to stimulate
endogenous cytokinin biosynthesis that alters
endogenous cytokinin metabolism. These at-
tributesmake TDZpossesses a strong cytokinin-
like activity exceeding the other commonly
used adenine-type cytokinins including BAP
and kinetin (Li et al., 1998). Another possible
explanation according to Hare and Van Staden
(1994) could be that TDZ has a capacity to
inhibit (at least partially) the action of cytoki-
nin oxidase, which in turn may increase the
level of endogenous.

Conclusion

A relatively simple, straightforward and
reproducible method for regeneration of

Coffea arabica-robusta · canephora var.
Ruiru 11 was developed by comparing the
direct somatic embryogenesis potentials of
several different types of leaf and root ex-
plants derived from in vitro raised seedlings
exposed to a range of different urea- and
adenine-type cytokinins. The cytokin TDZ
proved to be the best cytokinin for induction
of DSE in this coffee variety. The developed
protocol will improve the prospects for large
scale production of F1 hybrid seed of this
variety to supplement existing conventional
systems of seed production for this important
new coffee variety.
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