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The Induction of Primary and Secondary Somatic
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Abstract

The primary and secondary somatic embryogenesis
(SE) can be used for clonal propagation of Coffea

arabica L. However, the success of SE induction
depend on plant growth regulators (PGR)s in the
propagation media . This study wasand varieties
conducted to investigate (1) the effects of 2,4-D and
thidiazuron to induce primary (2) the use ofSE,
thidiazuron in solid and semi-solid media to induce
secondary to support clonalSE Arabica coffee
propagation. The use of promoted freshPGR
weight, number of torpedo and germinated embryos,
but ha no effects ons callus formation. The best
medium to induce primary varied with variety;SE
media supplemented with 4 52 μM 4 D +18 16 μM. 2, - .
thidiazuron was the best for “AS2K” and “Sigarar
Utang”; 4 52 μM 2 4 + 9 08 μM thidiazuron for “S. , -D .
795”; whereas 4 52 μM 2 4 D + 13.62 μM thidiazuron. , -
was for “Kartika”. All treatments resulted in
morphologically normal somatic embryos. Primary
somatic embryo developed indirectly,s were through
callus, whereas the secondary embryos were
directly from somatic embryos The use of. 9.08 μM
thidiazuron and number ofincreased the percentage
secondary somatic embryos and the number of
regenerated Arabica coffee plan lett s.

Keywords: Coffea arabica L , 2,4-D, thidiazuron,.

semi-solid media, indirect somatic embryogenesis

Introduction

Somatic embryogenesis is one of tissue culture
techniques to propagate plant clonally. Somatic
embryogenesis of Arabica coffee has been
successfully developed to obtain plant rapidly,
uniformly, and true-to-type. Coffee embryogenesis
can be done through primary and secondary somatic

embryogenesis (Bertrand-Desbrunais et al., 1988;
Menendez-Yuffá and García, 1997; Fernández-Da
Silva et al., 2005). Secondary somatic embryos are
somatic embryo form from primary somaticed
embryos. Coffee somatic embryos can be
regenerated either directly without callus formation
or indirectly through callus formation (Mol na et al.,i
2002; Santana-Buzzy et al., 2007; rah m et al.,Ib i
2013 ).a

Propagation using indirect somatic embryogenesis
was more promising than direct embryogenesis to
produce large quantities of seeds. Embryo
maturation process, which was more uniform in
indirect embryogenesis, is considered more
pro�table in mass propagation. omaticInduction of s
embryogenesis of Arabica coffee using plant growth
regulator (PGR) have been reported by Gatica-Arias
et al. (2008), Samson et al. (2006), Etienne (2005),
Berthouly and Etienne (2000), and Ibrahim et al.
(2013a; 2013b) support the success ofing use
indirect somatic embryogenesis propagation.for

PGR has essential roles in inducing somatic
embryogenesis. The success of using synthetic
auxin 2,4-dichlorophenoxyacetic acid (2,4-D) for the
induction of somatic embryos (embryoids) on
cultured explants have been reported (Raghavan,
2004). Thidiazuron is effective to induce adventitious
shoot formation and to promote axillary shoot
proliferation (Lu, 1993). Studies by Santos-in vitro

Briones and Hernández-Sotomayor (2006) and
Samson et al. (2006) reported that in addition to
PGR, plant genotypes also affected leaf explant's
ability for somatic embryogenesis. The optimum
P G R c o n c e n t r a t i o n s t o i n d u c e s o m a t i c
embryogenesis in coffee genotypes requires further
studies.

Study by Ibrahim et al. (2013) on the use of 2,4-D and
t “ ”hidiazuron on Kartika reported that theC. arabica
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increase in number of somatic embryo was in
accordance with the increase of PGRto
concentration. Therefore, more studies on types and
concentration optimizeof PGR are required to coffee
propagation .in vitro

Somatic embryogenesis can also be optimized by
utilizing the formation of secondary somatic
embryos. Some advantages of using the secondary
somatic embryos are the availability of sterile
explants that can be directly used for propagation
and proliferation isexplant faster because requiring
no external somatic embryo induction. Secondary
somatic embryos mutanscan be used to propagate
or transgenic plants.

The success induc primary and secondaryof ing
somatic embryos is in�uenced by various factors,
such as the combination and concentration of PGR
and plant genotypes. This study aimed to examine
the effects of 2,4-D and thidiazuron in the culture
media on primary and secondary somatic embryo
formation of several Arabica coffee genotypes, i.e.
“AS2K”, “S 795”, “Kartika”, and “Sigarar Utang”, to
support their clonal propagation.

Materials and Methods

The nduction of rimary omatic mbryogenesis ofI P S E

C. arabica sing andU 2,4-D Thidiazuron

Young leaves of “AS2K”, “Kartika”, “S 795”, and
“Sigarar Utang” greenhousewere -harvested from
grown plants. The leaves were cleaned under
running water sterilized 0.2% Dithane M-45 and, with
0.1% Agrimicin for 30 minutes, rinsed with water, re-
sterilized in 50% alcoholfor ten minutes , followed by
10 to 15 minutes in 10% calcium hypochlorite, then
rinsed with sterilthree times Leaf bladesized water.
were cut and ninto 10 mm x 10 mm slices planted o
callus induction media. The cultures were incubated
in the dark at ± 25° and 60%.C relative humidity of

Basic medium for callus induction was half-strength
o f M u r a s h i g e a n d S k o o g ( M S ) m e d i u m
supplemented with B5 vitamins, sucrose 30 g L( ),-1

Polyvinylpolypyrrolidone 250 mg L , and Phytagel( )-1

( ).2.5 g L The pH of media prior to autoclaving was-1

5.6 ± 0.1. PGR combination tested weres 4.52 μM
2,4-D + 4.54 μM thidiazuron; 4.52 μM 2,4-D + 9.08
μM thidiazuron; 4.52 μM 2,4-D + 13.62 μM
thidiazuron; 4.52 μM 2,4-D + 18.16 μM thidiazuron;
4.52 μM 2,4-D + 22.70 μM thidiazuron; 9.04 μM 2,4-
D + 4.54 μM thidiazuron; 9.04 μM 2,4-D + 9.08 μM
thidiazuron; 9.04 μM 2,4-D + 13.62 μM thidiazuron;
9.04 μM 2,4-D + 18.16 μM thidiazuron; 9.04 μM 2,4-

D + 22.70 μM thidiazuron.

Explants were subcultured into advanced callus
induction medi con of ½ MSa sisting , supplemented
with g.L g.Lsucrose 30 Phytagel 2 5 2,4-D( ), ( . ),-1 -1

( . ) and ( ) and4 50 μM BAP 17 75 μM (van Boxtel.

Berthouly, 1996). The embryogenic calli of about 200
mg were weighed and sub onto MScultured ½
medium supplemented with kinetin (9.30 M),μ
sucrose (35 g.L ), phytagel (2.5 g.L ) to solidify-1 -1and
the medium (Van Boxtel and Berthouly 1996).,

Cotyledonary-stage embryos were then sub cultured
into MS medium containing sucrose (40 ),g.L-1

Phytagel 2 5 BAP (Etienne,( . ) and (1.33 μM)g.L-1 ,
2005). The cultures were incubated at ± 25°C room
with irradiation intensity of 1000-1500 lux and
relative humidity of 60%.

The Morphological Development of C. arabica

Somatic Embryo

The development of Arabica coffee somatic embryo
from callus to globular embryos, to plantletsand
were recorded using Zeiss AxioVision microscope
connected to computer using AxioVision software
version 4.82.

T h e I n d u c t i o n o f S e c o n d a r y S o m a t i c

Embryogenesis sing in Solid andU Thidiazuron

Semi- olid MediaS

The explants to induce somaticused secondary
embryos primary somaticwere torpedo-stage of
embryos hidiazuronfrom four coffee varieties. T at
4.54 μM 9.08 μM MSor were added into modi�ed
solid and semi-solid media (Etienne, 2005).
Germination medium 1.33 μMadded with BAP was
used as control. Explants form secondarying
somatic embryos subculture germinationwere d into
media. The cultures were incubated in darkthen
room ± 25°C secondary somatic embryosat until
developed.

D analysisata

The experiment was arranged in a completely
randomized design factorswith two , i.e. coffee
varieties and culture media as described above.
T were subjected to analysis of variancehe data
(ANOVA) and signi�cant treatment effects at P <
0.05 using. Means comparison were conducted
Duncan Multiple Range Test (DMRT) with SAS
software version 9.1 Factors tested at i. nduction of
primary were media combinationsomatic embryos
(2,4-D + hidiazuron) and varietiest , whereas at
induction of secondary somatic embryos PGRwere
type and concentrations, media density.and The

The Induction of Primary and Secondary Somatic Embryogenesis ..........



experiments had ten replications with �ve leaf slices
for each replication. For primary somatic embryos
induction each replication consists of one jar
containing 200 mg of callus. For secondary+
somatic embryo sinduction replicat consist ofone ion
10 torpedo primary somatic embryos.- ofstage
Parameters measured were percentage of callus
formation, callus, number offresh weight of
torpedoes, number of germinated embryos,
percentage of secondary somatic embryo formation,
and secondary somatic embryos.number of

Results and Discussion

The nduction of rimary omatic mbryogenesis ofI P S E

C. arabica sing andU 2,4-D Thidiazuron

When cultured on media, all of the coffee varieties in
this study showed high percentage (above 80%) of
callus formation (Table ). Calli were developed from1
edges of the leaf sections after about three weeks in
the callus induction media. Considering the high
phenolic content of perennial plants, including
Arabica coffee, these results were promising as
indirect embryogenesis is highly dependent on the
quantity of callus formation. Coffee varieties did not
signi�cantly affect the percentage of callus

formation, but substantially affected callus freshthey
weight (Table 1). AS2K had the callus“ ” heaviest
fresh weight These resultsthan the others.
demonstrated that each coffee variety require as
speci�c media to induce somatic embryogenesis.
Similarly, Molina (2002), Santos-Briones and
Hernández-Sotomayor (2006) and Samson et al.
(2006) reported that different coffee genotypes had
different rates of somatic embryo formation in
different media.

Increasing the concentrations of 2,4-D and
thidiazuron increased the percentage of callus
formation and c fresh weight (Table 2). Mediaallus
containing 9.04 andμM 2,4-D 13.62 μMof
thidiazuron had the highest percentage of explant
formation 9.04 μM 2,4-D, whereas media containing
and 22.70 μM thidiazuron had the greatest culture
fresh weight (Table 2). Addition of 2,4-D signi�cantly
increased callus formation. hidiazuron in theT
culture media the percentage of callusdid not affect
formation and culture.the fresh weight of

The combination of 2,4-D and thidiazuron in the
media induced a better callus formation than
addition of thidiazuron alone ( ,Gatica-Arias et al.
2 . These results suggested that high008)
concentrations of thidiazuron, which belong to
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Table 1. Callus formation and callus fresh weight of four varieties at months after subcultureC. arabica three .

“AS 2K”
“S 795”
“Kartika”
“ ”Sigarar Utang

86.00
85.80
87.20
87.20

41 a0
37 b0
36 bc0
33 c0

Varieties Callus formation (%) Callus fresh weight ( g)m

Note : Numbers n the same column followed by the same letter  were not signi�cantly different at 5%.i ��

Table 2. E of 2,4-D and thidiazuron in the callus induction medi on . callus formation andffects a C arabica

callus fresh weight at months after subculturethree .

4.52
4.52
4.52
4.52
4.52
9.04
9.04
9.04
9.04
9.04

4.54
9.08

13.62
18.16
22.70

4.54
9.08

13.62
18.16
22.70

76.00 e
78.50 de
83.00 cd
85.00 bc
88.50 abc
90.50 ab
90.00 ab
92.50 a
91.00 ab
90.50 ab

31 c0
34 bc0
35 bc0
36 abc0
37 abc0
37 abc0
39 ab0
39 ab0
40 ab0
41 a0

Note :  Numbers n the same column followed by the same letter were not signi�cantly  different  at 5%.i ��

PGR in allus induction mediC a Callus formation
(%)

Callus fresh weight
mg( )2,4 D (μM)- Thidiazuron (μM)

Meynarti Sari Dewi Ibrahim, R Sri Hartati, Rubiyo, Agus Purwito  and SudarsonoRaden oro ,
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cytokines group with strong activity (Sakakibara,
2004), were not able to induce callus without 2,4-D.
The concentration of 2,4-D and thidiazuron in the
callus induction media signi�cantly affected somatic
embryogenesis. However, the increase of 2,4-D and
thidiazuron concentration were not always followed
by increase in torpedo number (Table 3).d stage
“ ”AS2K had the best response in generating torpedo
stage at , S4.52 μM 2,4-D + 18.16 μM thidiazuron “
795 at ,” 4.52 μM 2,4-D + 22.70 μM thidiazuron
“ ” 9.04 μM 2,4-D + 18.16 μM thidiazuronKartika at
and Sigarar Utang at“ ” 4.52 μM 2,4-D + 18.16 μM
thidiazuron erminated embryo. Similarly, number of g
was also affected signi�cantly by 2,4-D and
thidiazuron concentrations (Table 4).

The combination of 2,4-D at 4.52 μM 9.04 μM andor
thidiazuron at the range of 4.54 22.70 μM in theto
culture media resulted in signi�cant effect of somatic

embryo germination (Table 4). The best media for
each variety was determined by number of
embryogenic callus in callus induction phase,
number of torpedos and germinatednumber of
embryos. The best medium to generate the highest
number of torpedo and germinated embryos was
variety speci�c. edia containing 4.52 μM 2,4-D +M
18.16 μM thidiazuron AS2K“ andwas best for
“Sigarar Utang”; 4.52 μM 2,4-D + 22.70 μM
thidiazuron 9.04 μM 2,4-D + 18.16for “S 795" and
μM thidiazuron (Tables 3 and 4).for "Kartika".
However, selection of the best media was not only
determined by number of torpedo and germinated
embryos, but also the costs of PGR. When the costs
of PGR were taken into account, media with 4.52 μM
2,4-D and 9.08 μM thidiazuron was the bestof
medium for “S 795” media 4.52 μM 2,4-; containing
D + 13.62 μM thidiazuron ,was for “Kartika whereas”
“AS2K” and “Sigarar Utang” bestwere cultured in

Table 3. Interaction effects between variety and callus induction medi on torpedo stage embryocoffee a
development at eight months after subculture.

Coffee varieties

4.52
4.52
4.52
4.52
4.52
9.04
9.04
9.04
9.04
9.04

4.54
9.08

13.62
18.16
22.70

4.54
9.08

13.62
18.16
22.70

56.60 dA
53.60 dA
66.10 bcdAB
99.10 aA
94.20 aA
59.00 cdA
71.40 bcdA
80.40 abcA
95.10 aA
82.20 abA

45.10 bA
48.30 abA
53.80 abB
58.90 abB
61.20 aB
44.80 bA
46.50 abA
45.70 abB
56.60 abB
59.20 abB

43.40 dA
48.80 cdA
87.90 abA
62.40 bcdB
63.90 bcdB
56.10 cdA
64.00 bcdA
71.50 bcA
99.40 aA
85.20 abA

48.90 dA
44.80 dA
56.60 cdB
84.00 aA
78.40 abAB
47.80 dA
72.40 abcA
64.70 abcdAB
58.30 cdB
62.90 bcdB

“ ”Sigarar Utang“ ”Kartika“ ”S 795“ ”AS2K
Thidiazuron

(μM)
2,4 D-
(μM)

C aallus induction medi

Note : Numbers followed by the same lower case letters on the same column and the same uppercase letters on the same row were
not signi�cantly different at DMRT 5%.

Table 4. Interaction effects between ariety and callus induction medi oncoffee a germinationv somatic embryo
at months after subculture.two

Coffee varieties

“ ”Sigarar Utang“ ”Kartika“ ”S 795“ ”AS2K
Thidiazuron

(μM)
2,4 D-
(μM)

C aallus induction medi

4.52
4.52
4.52
4.52
4.52
9.04
9.04
9.04
9.04
9.04

4.54
9.08

13.62
18.16
22.70

4.54
9.08

13.62
18.16
22.70

40.80 deA
37.60 eA
51.00 cdeAB
84.40 aA
78.20 abA
43.00 cdeA
55.40 cdeAB
64.40 abcA
79.10 abA
62.00 bcdAB

33.10 bA
36.30 abA
41.80 abB
46.90 abB
49.20 aB
32.80 bA
34.50 abB
33.70 abB
44.60 abB
47.20 abC

31.40 dA
36.40 cdA
75.90 abA
50.40 bcdB
51.90 bcdB
44.10 cdA
62.00 bcdAB
59.50 bcA
87.40 a A
73.20 abA

38.60 cdA
35.10 dA
47.10 cdB
80.10 aA
75.20 abA
40.00 cdA
76.10 abA
61.40 abcA
52.40 cdB
56.90 bcdBC

Note : Numbers n the same column followed by the same lower case letters the same upper casei , or in the same row followed by
letters not signi�cantly different at 5%.were not ��



media containing 4.52 2,4-D + 18.16μm μm
thidiazuron was best for “AS2K” and “Sigarar Utang”.

The Morphological Development of Arabica Coffee

Somatic Embryo

Somatic embryos were formed from embryogenic
callus at callus induction phase (Figure 1 A and B)
after about four weeks of culture in embryo induction
medium. Embryogenic callus was population of
meristematic cells aggregates known asforming
pro-embryogenic mass (PEM). PEM have no strong
bond cells, so could easily be separatedamong they
from each other. Pro-embryo developed into a
globular- embryo at three months afterstage
subculture on regeneration medium (Figure 1C).

The size of Arabica coffee globular embryo was only
about ± 200 in diameter (Figure 1D). Globularμm
embryos were then developed into oblong-stage
embryo of about the similar size, but the upper parts
had stretched so the shape of oblong- embryostage
was ovate (Figure 1D). Figure 1E represented heart-
stage embryo (400 to 500 μm in diameter), with
distinct curvature at the top, indicating the beginning
of cotyledon formation. Cotyledon was observed as
a small protrusion at the tip of the apical embryo and

its development was indicated by heart-shaped
stage (Yeung 1995 Quiroz-Figueroa 20 )., ; et al., 06
Cotyledon of dicotyledonous plants emerged as two
meristematic protrusions located at the apical tip of
the embryo. These protrusions occurred due to the
expansion of the apical tip of the embryo laterally.
Both protrusions caused the embryos split
symmetrically (Nugroho et al. 2008).,

Embryos elongated before developing into torpedo-
stage (Figure 1F). The stages of development in this
study were consistent Quiroz-with those reported by
Figueroa 2002). The average measurement ofet al. (
embryos and torpedo- embryo were bystage 500 μm
100 600 μm by 2000 μm, respectivelyμm, and
(Figure 1G).

The early of cotyledonary started withphase stage
the opening of upper part of embryo, which was then
developed into leaf (Figure 1H). The apex of both
cotyledones form apical meristem (Nugroho et al ,ed .
2008). Cotyledonary- can be observed whenstage
the cotyledon was ± 600 μm in diameter and 2000-
3000 μm in height, with radicle and leaves of the
embryo. Development plantlets was indicated byof
the growth of green leaves and tap roots (Figure 1I).
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Figure 1. Development of indirect somatic embryogenesis of “AS2K“ n mediaal stages oC. arabica

containing 2,4-D and thidiazuron: (A) callus on initial induction medium; (B) embryogenic callus on
advanced callus induction medium; (C) pro-embryonic mass (PEM); (D) globular ; (E) heartstage -
stage stage stage; - a fully grown .(F) elongated embryo; (G) torpedo ; (H) cotyledonary ; (I) planlet
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The developmental stages ofArabica coffee somatic
embryo in this study, i.e. pro-embryo, globular,
oblong, heart, elongated embryo , torpedo,s
cotyledonary, germinated embryo , until plantletss
were fully developed, were considered normal and
followed the pattern of somatic embryogenesis
reported by Zimmerman (1993). This study had
succesfully described and documented somatic
embryo developmental stages ofArabica coffee.

The Induction of Secondary Somatic Embryo singU

Thidiazuron Sin Solid and Semi- olid Media

The addition of and thidiazuron into the4.54 9.08 μM
culture media resulted in higher percentage ofs
secondary somatic embryogenesis than 1.33that of

μM BAP media. Medium did not affect thesolidity
percentages of somatic embryo formation (Table 5).

Previous studies reported the success of secondary
somatic embryogenesis induction in Arabica coffee
“Catimor” that were previously frozen with liquid
nitrogen and stored (Menendez-Yuffá and García,
1997; Bertrand-Desbrunais et al . 1988).,
Furthermore, Oktavia et al. 2003) regenerated,
secondary somatic embryos using IAA and BAP-
containing media. However, no studies reported the
use of semi-solid media to regenerate secondary
somatic embryos in Arabica coffee. This study has
demonstrated alternative protocol to inducean
coffee somatic embryogenesis which could
potentially be used for other crops.

The Induction of Primary and Secondary Somatic Embryogenesis ..........

Fig . Secondary somatic embryogenesis A lobular stage B orpedo stageure 2 of “AS2K“ : ( ) g ; ( ) t ; (C)C. arabica

cotyledonary ; (D) plan let. primary somatic embryostage t blackfully grown Blue arrow indicates ,
arrow indicates and red arrow indicates stagesecondary somatic embryogenesis cotyledon of, ary
primary somatic embryo.

Table 5. secondary somatic embryo formation “AS2K” on solid and semi solidPercentage of of -C arabica.

media two months after culture.at

Treatment
Per entage of secondary somatic embryoc formation

Solid media Semi solid- media

Thidiazuron 4.54 μM
Thidiazuron  9.08 μM
BAP 1.33 μM (control)

Note :  Numbers n the same column followed by the not signi�cantly different at 5%.i same letters were ��

52.00
64.00

2.00

49.00
61.00

1.00

50.50 a
57.50 a
1.50 c

Average 39.33 33.67
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Media containing 9.08 thidiazuronμM resulted in the
highest somatic embryogenesis (Table 6). The
number of secondary somatic embryos was affected
by thidiazuron concentrations in the induction media.
These results suggested increas number ofing
somatic embryos by increasingcan bedone
thidiazuron concentration in the media. esults ofR
this study also demonstrated that media density did
not signi�cantly affect the number of somatic
embryos. The induction of secondary somatic
embryos using thidiazuron at μM could4.54 dan 9.08
use either solid or semi-solid media. The secondary
somatic embryos in this study developed directly
without However, the developmentcallus induction.
of resembled thesecondary somatic embryos
development of primary somatic embryo. The
development of secondary somatic embryo from
primary somatic embryo started with ,pro embryo-
globular, heart , co iledonary and, torpedo t ,stages
planlets (Figure 2).

Conclusion

The 2,4-D and thidiazuron primaryeffects of on
somatic embryo was variety .induction speci�c
“AS2K” “Sigarar Utang” were best grown onand
media containing 4.52 μM 2,4-D + 18.16 μM
thidiazuron; “S 795” on media containing 4.52 μM
2,4-D + 9.08 μM thidiazuron, and “Kartika” on media
containing 4.52 μM 2,4-D + 13.62 μM thidiazuron.
The morphology of Arabica coffee somatic embryo
was in o thers im i la r to somat ic embryo
dicotyledonous plants. The ofdevelopment
secondary somatic embryos from torpedo-phase in
this study redoccur directly without callus induction.
Either s orolid semi-solid media can be used to
induce secondary somatic embryos Arabicaof
coffee. percentage and number ofThe highest
somatic embryos obtainedwere media withfrom
9.08 μM thidiazuron. Thidiazuron 9.08 μMat
increased the percentage and number of secondary
somatic embryos, hence was suitable for
propagatingArabica coffee.
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