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Abstract High frequency somatic embryogenesis

can be obtained over a 7–8 month culture period

when using current routing coffee tree micropropa-

gation protocols. To reduce this response time and

improve the embryo formation yield, eight different

media were tested for primary culture. These media

differed from the classically used ones by their

mineral nitrogen and plant growth regulator concen-

trations. An increase from 0.66 to 0.75 in the NO3/

NO3+NH4 ratio and a 2-fold lower plant growth

regulator concentration in the primary culture med-

ium led to substantial improvements in terms of

rapidity and embryo/plantlet regeneration frequen-

cies. Embryo development time was reduced by up to

3 months with a 5-fold increase in the number of

formed embryos. These results were obtained for the

two cultivated coffee tree species, Coffea canephora

and C. arabica, and for a wild one, C. heterocalyx,

but not for a second wild species, C. sp. Moloundou

showing a species-specific response. The new con-

ditions described in this paper led to a substantial

enhancement that should be particularly helpful for

clonal propagation and genetic engineering of culti-

vated coffee plants.

Keywords Ammonium–nitrate ratio Æ Clonal

propagation Æ Coffee trees Æ Embryo development Æ
Plant growth regulator

Abbreviations

BAP Benzylaminopurine

2,4-D 2,4-Dichlorophenoxyacetic acid

Kin Kinetin

2-iP 2-Isopentenyladenine

(6-dimethylaminopurine)

MS Murashige and Skoog’s salts

N Nitrogen

NO3 Nitrate

NH4 Ammonium

PGR Plant growth regulator

SE Somatic embryogenesis
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Introduction

Clonal propagation through somatic embryogenesis

(SE) has become an essential method for the

improvement of most economically important plants.

Moreover, establishment of cultures yielding high

frequency somatic embryogenesis (HFSE) would be

useful for gene expression studies involving genetic

transformation since a steady quantity of target tissue

can be produced. Cell differentiation into somatic

embryos is governed by environmental or cultural

stimuli (Gaj 2004). Whatever the species or the plant

organ considered, nitrogen is a major nutrient com-

ponent that influences in vitro morphogenesis. The

plant growth regulator concentration and especially

the balance between auxins and cytokinins also ap-

pears to be a key factor in callus induction and SE

initiation (Raimondi et al. 2001; Gaj, 2004).

Numerous experiments have clearly shown that

nature and balance of nitrogen sources can induce SE

and regeneration in plants such as wild carrot

(Wetherall and Dougall 1976), rice (Ozawa et al.

1996), white spruce (Barrett et al. 1997), sorghum

(Elkonin and Pakhomova 2000), feijoa (Dal Vesco

and Guerra 2001) or cotton (Ikram-ul-Haq and Zafar

2004).

For the Coffea genus, many schemes have been

proposed to develop SE since the first observation of

Staritsky (1970). Occurrence of SE in coffee plants

has been reported from different explants for different

species and genotypes such as hypocotyl (Ocampo

and Manzanera 1991), stem (Nassuth et al. 1980),

leaf (Söndahl and Sharp 1977; Dublin 1984; Yasuda

et al. 1985; Berthouly and Michaux-Ferrière 1996),

integument (Sreenath et al. 1995) and protoplasts

(Spiral and Pétiard 1991; Tahara et al. 1994). Several

investigations have focused on the effects of geno-

type, explant age (Molina et al. 2002), plant growth

regulators (PGRs) and cultural conditions on the

induction of SE in several Coffea species (Van Boxtel

and Berthouly 1996; Berthouly and Etienne, 1999).

Methods that yield HFSE from leaf explants were

first described by Söndhal and Sharp (1977) through

two steps, and later by Berthouly and Michaux-Fer-

rière (1996) in solid medium, as well as Van Boxtel

and Berthouly (1996) and Ducos et al. (1999) in li-

quid medium. Large-scale production of somatic

embryos using a temporary immersion bioreactor has

also been recently developed (Etienne et al. 1997;

Etienne-Barry et al., 1999). All of these techniques

especially concern the two cultivated coffee tree

species, Coffea canephora and C. arabica and require

about 7–8 months to obtain embryos. In all of these

cases, the first culture step appears to be the primary

bottleneck for obtaining somatic embryos.

In this paper, we propose a new culture medium

composition for the primary culture medium used in

the two-step technique described by Berthouly and

Michaux-Ferrière (1996), which improves SE induc-

tion in the cultivated species and extends the process

to wild ones. We show that by lowering the nitrogen

and PGR levels, but increasing the NO3/(NO3+NH4)

and auxin/cytokinin ratios, HFSE from coffee leaf

explants and plant regeneration can be significantly

enhanced in some wild and cultivated species.

Materials and methods

Plant material

The most recently formed and fully expanded leaves

were collected before flowering on trees grown in a

tropical greenhouse at IRD Montpellier (France).

This was described as being the best period for

obtaining HFSE with C. canephora (Berthouly and

Michaux-Ferrière 1996). Two trees were used for

each of the four Coffea species studied: AR 38-05

and 26-06 for C. arabica, BD 69 and 71 for

C. canephora Pierre, JC 62 and 63 for C. heterocalyx

and OD 65 and 61 for C. sp. Moloundou. After five

rinses in running water the leaves were surface-dis-

infected by immersion in 70% ethanol for 1 min.

They were then immersed for 15 min in a solution

containing 12� active chloride (commercial bleach of

sodium hypochlorite diluted three times, Javel Oxena

–SH pieriChime), ascorbic acid (4% w/v) and

Tween-20 (1% v/v) as surfactant. Leaves were then

washed with sterile water 3–5 times, and dissected

into �1 cm2 squares, devoid of midrib, to be placed

on an appropriate medium for culturing.

Culture media

For the first culture step, a new primary culture

medium (NPCM), enriched with two different
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combinations of growth regulators (PGR1 and PGR2),

was assayed and compared to the classical salt solu-

tion of Murashige and Skoog (1962) at three different

concentrations (full salt solution: MS; half salt solu-

tion: MS/2; quarter salt solution: MS/4) enriched with

the same PGR1 and PGR2. The NPCM composition is

given in Table 1. It differed from Yasuda medium

(Yasuda et al. 1985) by some component concentra-

tion (CaCl2Æ2H2O, MnSO4ÆH2O, thiamine–HCl and

Myo-inositol) and by the mineral nitrogen source,

NH4NO3 was partially substituted by Ca(NO3)2Æ4-

H2O. Its inorganic nitrogen content is also compared

in Table 1 to the subsequent media for embryogenic

calli induction, embryo regeneration and plantlet

development (E, R and D, respectively). PGR1 was

composed of 2,4-D (2.25 lM) and 2-iP (4.93 lM)

and PGR2 of 2,4-D (2.25 lM), 2-iP (4.93 lM) and

kinetin (4.65 lM). The eight media were adjusted to

pH 5.6 using 1 N NaOH or 1 N HCl before adding

0.3% (w/v) Phytagel and autoclaving at 121�C for

25 min.

The compositions of culture media used for

embryogenic calli induction and embryo regeneration

(E and R, respectively) corresponded to the culture

media used by Van Boxtel and Berthouly (1996).

Plantlet development was obtained in D medium

consisting of R medium deprived of PGR (Table 1).

For all of these media, the mineral composition was

Table 1 Composition of media used for the induction of high frequency somatic embryogenesis in Coffea species

Components NPCM E R D

PGR1 PGR2

NH4NO3 250 250 825 825 825

KNO3 400 400 950 950 950

Ca(NO3)2Æ4ÆH2O 300 300 – – –

MgSO4Æ7 H2O 90 90 185 185 185

KH2PO4 85 85 85 85 85

CaCl2Æ2 H2O 160 160 220 220 220

H3BO3 3.1 3.1 3.1 3.1 3.1

CuSO4Æ5 H2O 0.0125 0.0125 0.0125 0.0125 0.0125

MnSO4ÆH2O 90.3 90.3 11.2 11.2 11.2

Na2MoO4Æ2 H2O 0.125 0.125 0.125 0.125 0.125

ZnSO4Æ7 H2O 4.3 4.3 4.3 4.3 4.3

CoCl2Æ6H2O – – 0.025 0.025 0.025

KI – – 0.83 0.83 0.83

Thiamine–HCl 15 15 20 10 10

Nicotinic acid 1 1 – 1 1

Pyridoxine–HCl 1 1 – 1 1

Myo-inositol 130 130 200 200 200

Glycine – – 20 2 2

Cysteine – – 40 – –

Adenine sulfate – – 60 40 40

Malt extract – – 800 400 400

Caseine hydrolyzate – – 200 400 400

Fe–EDTA solution (100 · ) (Sigma) 5 5 5 5 5

2,4-D 2.25 2.25 4.50 – –

2-iP 4.93 4.93 – – –

BAP – 4.65 17.75 – –

Kin – – – 9.30 –

Sucrose 30 30 30 35 30

Total inorganic N (mM) 12.74 12.74 30.00 30.00 30.00

NO3/Total N 0.755 0.755 0.657 0.657 0.657

NPCM: Primary culture medium, E: culture medium for embryogenic callus induction, R: culture medium for embryo regeneration,

D: culture medium for embryo development

The concentration in mineral and organic components (including sucrose) is expressed in mg l�1; Plant growth regulator concen-

tration is expressed in lM

2.4-D: 2,4-dichlorophenoxyacetic acid, 2-iP: 2-isopentenyladenine, BAP: 6-benzylaminopurine, Kin: kinetin
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equivalent to MS/2 salts. As for primary culture

media, the three media were adjusted to pH 5.6 using

1 N NaOH or 1 N HCl before adding 0.3% (w/v)

Phytagel and autoclaving at 121�C for 25 min.

Culture conditions

For the primary cultures, five leaf explants were

inoculated in Petri dishes (120 · 10 mm) containing

20 ml of primary culture medium. Ten dishes were

prepared for each of the eight media used. After

sealing (Parafilm ‘‘M’’, American National Can�,

Chicago), the dishes were maintained in the dark at

26� 1�C for callus induction. After 1 month, ex-

plants showing callus growth were transferred to Petri

dishes (120 · 10 mm) containing E medium (Van

Boxtel and Berthouly 1996). The cultures were kept

in light (12 h day�1 photoperiod) with a photon flux

of 30 lmol m�2 s�1 provided by cool-white fluo-

rescent lamps. When white globular somatic embryos

appeared (between 1 and 3 months depending on the

species), the embryogenic calli were isolated and

separated in units of 100 mg each. For each primary

culture medium, ten of these calli were spread thinly

in tubes (20 · 150 mm) sealed with snap caps (Sig-

ma-Aldrich Corporation, St. Louis, USA) containing

R medium (Van Boxtel and Berthouly 1996) for

embryo development under the same culture condi-

tions. Green colored embryos appeared after 1 month

and were then transferred to tubes containing D

medium to promote the development of healthy

plantlets. The well-developed plants were then

transferred without modification (decapitation or

reduction) into small pots containing sterilized ver-

miculite. All the transferred plants rooted and accli-

mated in the greenhouse.

Morphological observations

All the experiments were performed according to a

completely randomized design. The total number of

compared treatments was 4 (culture medium com-

position) · 2 (PGRs combinations). Explants from

two plants belonging to four species, C. arabica,

C. canephora, C. heterocalyx and C. sp. Moloundou,

were used to study the effect of the composition of

primary culture medium on the development of

embryogenic calli. As results were not significantly

different between plants from the same species, only

one plant per species was used to study the effect of

this composition on the embryogenic competence and

plantlet development. The number of somatic

embryogenic calli (yellow friable calli) formed after

3 months of culture in E medium was taken into

account to evaluate the percentage of explant re-

sponse.

The number of somatic embryos was evaluated

after 5 weeks of culture in R medium. The average of

developed embryos and plantlets was calculated for

ten calli (100 mg each) isolated from each primary

culture medium and expressed per 100 mg of

embryogenic callus. Variance analyses were per-

formed using the Newman-Keuls test.

Results

Effect of primary culture medium on highly

somatic embryogenesis

The calli emerged from the explants after 10 days of

culture on NPCM medium for all the tested species.

White when they appeared and becoming yellowish,

they were observed on the edges of the explants. The

well developed embryogenic calli were observed

2 months after transfer on medium E for explants

from leaves of C. arabica, C. canephora and C.

heterocalyx. These yellow friable calli were formed

upon the explant surface. The first responses were

observed with C. arabica and C. canephora explants

in NPCM containing PGR1 as plant growth regulator.

In the case of C. sp. Moloundou, yellow embryo-

genic-like calli, with a more compact structure than

that observed with the other species, appeared after

3 months.

As shown in Table 2, the best results were ob-

tained for the four species when the primary culture

was conducted on NPCM containing PGR1 as plant

growth regulator. For this culture medium (NPCM +

PGR1), depending on the tree tested, from 84 to 100%

of the explants produced embryogenic calli. The two

trees belonging to the same species responded simi-

larly, as shown by the identical results obtained with

C. arabica or slightly different with the other species

(£4%). For all species, cultures in NPCM with PGR2,

which consisted of PGR1 plus kinetin (4.65 lM),

gave lower rates of embryogenic calli formation than
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NPCM containing PGR1 (44–84%). The effect of

PGR was particularly marked with C. canephora C

69 and C. heterocalyx JC 63 explants on NPCM.

Adding PGR2 instead of PGR1 to the other media

(MS, MS/2 or MS/4) also resulted in a decrease in the

embryogenic competence, except for C. heterocalyx.

The lowest response was obtained when culturing

explants on full MS salt solution (MS), especially

when PGR2 was used as plant growth regulator. The

2- or 4-fold dilution of the MS salt solution (MS/2

and MS/4) increased the development of embryo-

genic calli compared to MS, regardless of the PGR

used. On average, the embryogenic callus develop-

ment rate was 2.6- and 5.7-fold higher in MS/2 and

MS/4, respectively, than in MS when the media were

enriched with PGR1. Apart from the wild species,

particularly C. heterocalyx, the responses were quite

uniform for the two trees belonging to the same

species, except when cultures were performed with

PGR2.

Effect of primary culture medium on

embryogenic competence and plantlet

development

Embryogenic calli developed on E medium and de-

rived from primary cultures obtained on the eight

primary culture media were spread thinly and, after

weighing, plated on R medium (Table 1) to induce

somatic embryo development. As the percentage of

explants producing embryogenic calli in NPCM cul-

ture conditions was fairly the same for the two trees

from the same species (Table 2), only one tree per

species was kept to make this experiment (AR 38-05

for C. arabica, BD 69 for C. canephora, JC 62 for

C. heterocalyx and OD 65 for C. sp. Moloundou).

Numerous globular embryos (Fig. 1A,B) were

produced by cultures initiated on NPCM and on di-

luted MS salts (MS/2 and MS/4) enriched with PGR1

or PGR2 after 5 and 7–8 weeks, respectively, of

subculture on R medium. These embryos were issued

from globular tissues that appeared on the calli

surface and their formation took place continuously

during the culture. When full MS had been used as

primary culture medium, or in case of C. sp. Molo-

undou explants, no embryos were formed. For this

recalcitrant species, irrespective of the mineral

content and plant growth regulators used in the

primary culture medium, embryogenic-like calli were

unable to produce somatic embryos. For the three

other species, the best results were generally obtained

when primary cultures were conducted on NPCM

containing PGR1 as a source of plant growth

regulators (Table 3). For C. canephora, the results

Table 2 Percentage of explants producing numerous embryogenic calli (or embryogenic-like calli for C. sp. Moloundou) after

4 weeks of culture in eight different primary culture media

Species Embryogenic callus frequency (%)

MS MS/2 MS/4 NPCM

PGR1 PGR2 PGR1 PGR2 PGR1 PGR2 PGR1 PGR2

C. arabica

AR 38-05 17 a 0a 56ab 56b 84b 84b 100b 84b

AR 26-06 22a 8a 54ab 24ab 84b 26ab 100b 64b

C. canephora

BD 69 15a 0a 38a 18b 82b 32b 96b 44b

BD 71 20a 8a 40a 42b 90b 60b 100b 63b

C. heterocalyx

JC 62 16a 24a 46ab 28a 80b 56b 100b 64b

JC 63 4a 0a 14ab 22bc 36b 46c 96c 44c

C. sp. Moloundou

OD 65 18 a 2 a 33 a 23 ab 75 b 69 c 87 b 67 c

OD 61 10 a 0 a 24 a 0 a 84 b 56 b 84 b 64 b

Two trees for each Coffea species were tested on MS salt solution (MS), half MS (MS/2), quarter MS (MS/4) and NPCM, and two

solutions of plant growth regulators [PGR1: 2,4-D (2.25 lM) and 2-iP (4.93 lM); PGR2: 2,4-D (2.25 lM), 2-iP (4.93 lM) and

kinetin (4.65 lM)]. Observations were performed after 3 months of culture on E medium. Fifty explants were used for each

experiment. For a given genotype, means for PGR1 on one hand and PGR2 on another hand, followed by the same letter in superscript

are not significantly different at the 5% level according to variance analysis and the Newman–Keuls test
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were not significantly different between explants

cultured on NPCM containing kinetin or not (PGR1

or PGR2). Lower results were obtained when cultures

were performed in MS salts. For these culture media,

the response increased with the dilution of the salt

solution. The highest number of somatic embryos

was obtained in the set of C. arabica cultures without

kinetin (PGR1), with 306 embryos formed per

Fig. 1 Developmental stages of coffee plant regeneration

process through high frequency somatic embryogenesis. (A)

Globular embryos from an embryogenic callus of C. hetero-

calyx. Arrows indicate early stage of globular embryos (GE).

(B) Developing torpedo-stage embryos from an embryogenic

callus of C. heterocalyx. (C) Developed plantlets of C.

canephora. (D) Acclimatized plants of C. canephora and C.

heterocalyx Bar in (A) and (B) = 2 mm

Table 3 Somatic embryo (SE) induction and plantlet

development in different Coffea species from calli initially

cultured on eight different media: MS salt solution (MS), half

MS (MS/2), quarter MS (MS/4), or NPCM solution and two

concentrations of plant growth regulators [PGR1: 2,4-D

(2.25 lM) and 2-iP (4.93 lM); PGR2: 2,4-D (2.25 lM), 2-iP

(4.93 lM) and kinetin (4.65 lM)]

Species Plant growth

regulators

Number of SE Number of plantlets

MS MS/2 MS/4 NPCM MS MS/2 MS/4 NPCM

C. arabica AR 38-05 PGR1 0 62� 10a 198� 22b 306� 22c 0 31� 8a 56� 7b 157� 10c

PGR2 0 35� 4a 151� 25b 239� 21c 0 17� 4a 41� 7b 117� 22c

C. canephora BD 69 PGR1 0 16� 12a 98� 11b 124� 30b 0 8� 6a 33� 14b 55� 7b

PGR2 0 23� 8a 75� 10b 127� 47c 0 12� 4a 21� 9a 60� 26b

C. heterocalyx JC 62 PGR1 0 50� 10a 131� 20b 285� 53c 0 25� 4a 61� 27b 145� 23c

PGR2 0 18� 7a 113� 37b 179� 52c 0 10� 3a 60� 21b 90� 26b

C. sp Moloundou OD 65 PGR1 0 0 0 0 0 0 0 0

PGR2 0 0 0 0 0 0 0 0

Observations were performed after 10 weeks of culture on R medium for somatic embryo induction and 3 months on R medium for

plantlet development. The results are expressed as number of SE obtained per 100 mg embryogenic calli. Ten embryogenic calli were

used for each treatment. Means in the same line followed by the same letter in superscript are not significantly different at the 5%

level according to variance analysis and the Newman–Keuls test
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100 mg of embryogenic calli on average. A similar

response pattern was obtained with C. heterocalyx.

The higher mean number of plantlets developed on

D medium was also observed with C. arabica and

C. heterocalyx explants grown in NPCM supple-

mented with PGR1 (Table 3). C. canephora also

generated more plantlets when using this medium for

primary culture. For the three species, 3- and 5-fold

lower results were obtained using quarter and half

strength MS salts, respectively. Interestingly, the

percentage of embryos forming viable plantlets was

around 50%, except for C. arabica and C. canephora

explants that were initially cultured on MS/4 salts.

After 2 months, plants regenerated from embryo-

genic calli of C. arabica, C. canephora and C. het-

erocalyx were isolated for subsequent culture on D

medium. When they reached 3–4 cm high, they were

transferred into sterilized pots, where all of them

successfully rooted (Fig. 1C–E).

Discussion

Culture of coffee leaf explants on NPCM enriched

with PGR1 as plant growth regulator led to the

development of a high percentage of embryogenic

calli (near 100%) which formed embryos that could

readily develop into plantlets with a high success rate

(close to 50%). This was noted with the two culti-

vated species C. arabica and C. canephora, but also

with a wild species, C. heterocalyx. Moreover,

compared to previous results, variability in the

embryogenic callus frequency observed in this med-

ium within the cultivated species appeared to be low

(under 4%). This could be attributed to the NPCM

medium, as it has been shown that variability in the

C. canephora response may be reduced by 50%

depending on the medium used (Berthouly and

Michaux-Ferrière 1996).

For three of the four species cultured in this med-

ium, the first somatic embryos began to appear after

12 weeks (4 weeks of culture on NPCM and 8 weeks

on E medium), when calli were transferred to R

medium. Maximal regeneration was observed after

1 month on this medium. For all the media containing

MS salts at different concentrations, the best results

were similarly obtained after 1 month and with PGR1

as plant growth regulator. In PGR1, the auxin/cyto-

kinin ratio was 1/2 and 2-fold higher than in PGR2.

This balance ratio was described by Berthouly and

Michaux-Ferrière (1996) as being the best one to

obtain HFSE in C. canephora. However, the final

concentration of both auxin and cytokinin in PGR1

was 2-fold less than in the hormonal solution proposed

by these authors. In their culture conditions, which

was equivalent to our MS/2 medium enriched with

2 · PGR1, 14 weeks were needed to obtain friable

calli able to form embryos after 3–4 months. Com-

pared to these results, the response time for embryo

development was thus shortened by at least 2–

3 months using NPCM medium. A reduced response

time was previously obtained with C. arabica but

under very special conditions, i.e. in vitro pre-condi-

tioning of seedling leaves for 2 months with growth

regulators (Quiroz-Figueroa et al. 2002). The present

results, combined with those obtained previously by

the cited authors, reinforce the hypothesis that low-

ering the PGR concentration triggers embryogenic

callus initiation. Accordingly to results obtained by

Van Boxtel and Berthouly (1996) showing that the

endogenous hormone concentration in non-embryo-

genic calli of a recalcitrant genotype was 3 fold higher

than in calli able to produce somatic embryos, the

delay in embryogenic callus initiation and the lack of

embryo formation observed for C. sp. Moloundou

could be attributable to a high endogenous hormone

level in this species. But the endogenous hormone

level and the aptitude of somatic embryo production

should be compared in different Coffea species in

order to confirm this hypothesis.

NPCM allowed us to obtain a high number of

embryos and plantlets as compared to the other media

(Table 3). On average, for the three embryo-forming

species, the number of developing plantlets was 5-

fold higher in this medium than in MS/2 enriched

with PGR1 (equivalent to Berthouly and Michaux-

Ferrière’s conditions). The mineral composition of

NPCM consisted of slightly modified MS/4 salts

(Yasuda et al. 1985) in which the mineral composi-

tion, and particularly the inorganic nitrogen source,

has been modified. It mainly differed by the ammo-

nium concentration, with the nitrate content being

almost equivalent (Table 1). Then the NO3 and NH4

concentrations were 2- and 3-fold lower, respectively,

in NPCM than in MS/2 medium. The NO3/inorganic

N ratio was increased by 15% in NPCM (0.75 instead

of 0.66) compared to all the other media. Enhanced

embryo production was observed in Mangifera indica
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when the total nitrogen concentration in the medium,

particularly ammonium, was low (Laxmi et al. 1999).

Similarly, a low nitrate level (11.6 mM) was found to

induce higher embryogenesis in Santalum album

(Das et al. 2001) and sorghum (Elkonin and

Pakhomova 2000). In Medicago sativa, the increase

in the NO3/NO3 + NH4 ratio to 0.8 in the primary

culture medium stimulated SE induction (Meijer and

Brown 1987). The decrease in the mineral nitrogen

concentration, and especially the increase of the NO3/

total N ratio could be, along with the PGR concen-

tration, another factor that could enhance the

embryogenic competence of coffee leaf explants.

These results underline that the first medium

composition was a key factor in obtaining successful

induction of high frequency embryogenic calli and

embryogenesis. This culture step seemed to be crucial

for conditioning tissues to subsequently produce so-

matic embryos. The new primary culture medium

described here can be used to produce a higher yield

of developed embryos in a significantly shorter time,

and to extend the embryogenesis procedure to some

wild coffee tree species. In addition, reducing the

culturing time might decrease the somaclonal varia-

tion frequency; another major commonly encountered

difficulty (Barry-Etienne et al. 2002a,b), and it will

probably ensure the formation of more homogenous

plantlets. The fact that this new medium improves the

yield and reduces the culture time required makes it

more time and cost effective. It will be particularly

interesting and helpful for clonal mass propagation

and/or genetic engineering in coffee plants after

testing its efficiency on large samples representative

of intraspecific genetic variability. It could also be

interesting to test this medium with other woody

plants such as poplar or vines.
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