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Efficient micropropagation of french tarragon (Artemisia dracunculus L.)
Micropropagación eficiente de estragón francés (Artemisia dracunculus L.)

John Cristhian Fernández-Lizarazo1 and Teresa Mosquera-Vásquez2

ABSTRACT RESUMEN

French tarragon is cultivated in Colombia for exportation. 
According to French tarragon producers, crops should be 
renovated but traditional propagation with cuttings has a high 
percentage of loss and there is incidence of Colombian tarragon 
crop rust. An alternative for inducing juvenile characteristics 
and increasing percentages of rooting and clean plant propa-
gation material is micropropagation. The aim of this research 
was to generate an efficient micropropagation protocol, which 
would be useful for providing clean propagation plant material 
and contributing to the renovation of French tarragon crops in 
Colombia. For establishment, the effect of both type and con-
centration of gelling agents and liquid mediums was assessed. 
For multiplication and rooting, the effect of indole acetic acid 
(IAA), N6-furfuril amine purine, planting orientation and 
pinching was assessed. Although French tarragon showed 
susceptibility to hyperhydricity, it was possible to determine 
protocols from 1 mm-meristematic tips established in the liquid 
medium Murashige and Skoog (MS), with in vitro multiplica-
tion/rooted in a solid medium MS supplemented with IAA 0.1 
mg L-1. Additionally, an alternative multiplication protocol was 
assessed from propagules horizontally sown in a solid medium 
MS supplemented with KIN 0.5 mg L-1 and AIA 5 mg L-1. 

El estragón francés es cultivado en Colombia con fines de ex-
portación. Según observaciones de los productores de estragón 
francés, los cultivos deben renovarse pero la propagación 
tradicional por esquejes tiene un alto porcentaje de pérdida y 
hay incidencia de la roya en los cultivos colombianos. Una vía 
alterna para inducir características de juvenilidad, incrementar 
porcentajes de enraizamiento y limpiar el material vegetal de 
propagación es la micropropagación. Esta investigación tuvo 
como propósito generar un protocolo de micropropagación 
eficiente útil para proveer material vegetal de propagación que 
contribuya a la renovación de los cultivos de estragón francés 
en Colombia. Para el establecimiento, se evaluó el efecto del 
tipo y concentración de agentes gelificantes y del medio líquido. 
Para la multiplicación, se evaluó el efecto del ácido indol acético 
(AIA), de la N6-furfuril amino purina, de la orientación del 
propágulo y del despunte. Aunque el estragón mostró suscep-
tibilidad a la hiperhidratación, fue posible determinar proto-
colos a partir de puntas meristemáticas de 1 mm establecidas 
en medio líquido Murashige and Skoog (MS) y multiplicadas/
enraizadas in vitro en medio sólido MS suplementado con 
AIA 0,1 mg L-1. Adicionalmente se determinó un protocolo 
alterno de multiplicación a partir de propágulos sembrados 
horizontalmente en medio sólido MS y suplementado con KIN 
0,5 mg L-1 y AIA 5 mg L-1.

Key words: micropropagation, indole acetic acid, N6-furfuril 
amine purine, hyperhydricity, pinching.
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Introduction

French tarragon comes from eastern Russia, but it is distrib-
uted in crops primarily in Central Europe and South and 
North America (Small and Deutsch, 2001). In Colombia, 
French tarragon is one of the most important culinary 
plants for exportation and there are crops over 8-years-
old, although Bareño and Clavijo (2006), recommended 
renovation of plants every 3 or 4 years. 

One of the purposes of micropropagation is to improve 
morphological and biochemical qualities of certain plants, 
especially medicinal, aromatic and timber crops; in the 

case of Salvia officinalis (Avato et al., 2005; Santos et al., 
2002), Salvia fruticosa (Arikat et al., 2004), Artemisia annua 
(Liu et al., 2003), Acacia mearnsii (Beck et al., 1998), Vitis 
vinifera (Heloir et al., 1998), Cynara scolymus L. (Tabazza 
et al., 1998), Corylus avellana (Rey et al., 1998), it has been 
found that juvenile qualities obtained from micropropa-
gation express, in a species-specific way, better rooting 
capacity, change in leaf morphology, change in amount 
of trichomes, variation in polyamide content, antioxidant 
activity, increased capacity of essential oils and greater 
vigor, etc. In the case of mature crops of French tarragon, 
juvenile induction, which is only possible under in vitro 
conditions (Pedroza, 2008), is important because its sexual 
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reproduction characteristics are quite limited (Mackay and 
Kitto, 1988) especially in tropical areas (Bareño, 2006).

On the other hand, French tarragon crops in Colombia 
have two principal difficulties: absences of alternative 
propagation techniques and limiting diseases. Propagation 
of French tarragon is traditionally performed with cuttings, 
which has 50% loss due to rooting difficulty. This difficulty 
increases the cost of the procedure and decreases the quan-
tity of plants for the market (Bareño, 2006). Additionally, 
the same author reports that in Colombia, the most limiting 
disease of this crop is rust caused by the fungus Puccinia 
tanaceti D.C. var. dracunculina with losses that can reach 
70% in a period of 15 d.

Micropropagation is an alternative tool of propagation that 
makes it possible to avoid systemic pathogens (Bhojwani 
and Razdan, 1996). One of the most important techniques 
to obtain pathogen free plants is the culture of meristematic 
tips (Pedroza, 2008). MacKay and Kitto (1988) reported a 
nine-week protocol for the in vitro propagation of tarragon 
cuttings that were 15 mm in length, however, the size of 
the explants did not guarantee clean plant material. In 
this sense, the aim of this research was to generate an ef-
ficient micropropagation protocol that could provide clean 
propagation plant material to contribute to the renovation 
of French tarragon crops in Colombia.

Materials and methods

Plant material
French tarragon cuttings were provided by the Agronomy 
Faculty of the National University of Colombia. 20 mm 
length cuttings were selected with no apparent presence of 
rust pustules (P. tanaceti D.C. var. dracunculina [Fahrend.]) 
Cummis, however, this disease was present in the crop of 
origin (Gamba and Ramírez, 2005). 

Methodology
This research developed multiple trials aimed at obtaining 
efficient protocols for the establishment, multiplication and 
rooting of French tarragon. 

Establishment 
The cuttings were disinfected employing the Mackay and 
Kitto(1988) protocol. Leaflets were removed to obtain 1mm 
long tips. The medium used was Murashige and Skoog 
(MS), without plant growth regulators (PGR’s) and gellified 
with Difto Bacto Agar, Oxoid® 0.6%. Since hyperhydricity 
was present in preliminary trials, the effect of the agar (0.6 
and 0.7%) and gelrite (0.15 and 0.25%) on the percentage 

of hyperhydricity was assessed. Three meristematic tips 
constituted an experimental unit and 12 experimental units 
per treatment were planted. 

Finally, this experiment compared the effect of a liquid 
medium on initial development of French tarragon explants 
using three treatments: liquid MS without agitation (5 mL); 
liquid MS with orbital agitation at 80 rpm (5 mL); and solid 
MS gellified with Difto Bacto Agar, Oxoid® 0.6% as the 
control treatment. Five meristematic tips constituted an 
experimental unit and five experimental units per treat-
ment were planted 50 mL glass bottles were used. 

The cultivation grew in a growth chamber with a photo-
period of 16 h of light and a constant temperature of 25°C. 
Evaluations were done the third week after sowing. Average 
node number, height, and color of propagules were assessed 
employing the Color Chart of The Royal Horticultural 
Society (RHS), structuring three codes for the green color 
quality of propagules. Those codes were: 1) green group 14 
1b as very good (+++); 2) green group 142b as good (++) 
and 3) green group 150 c as regular (+). 

Multiplication
The Mackay and Kito (1988) protocol suggested, for French 
tarragon micropropagation, the use of benzyl adenine 
(BA) and naftalenacetic acid (NAA), which are repeatedly 
associated with hyperhydricity (Fernández, 2009). Some 
authors report that NAA and particularly BA, promote 
abnormal development (Debergh, 1983; Kataeva et al., 
1991; Vandemortele, 2001). Vankova et al. (1991) claimed 
that it is possible to control hyperhydricity by modulating 
types of internal cytokinins trough the nature of applied 
synthetic cytokinins. In this sense, this study evaluated 
the effect of other growth regulators less associated with 
hyperhydricity, such as IAA and KIN. 

Initially, seven treatment combinations were evaluated: 
MS media culture supplemented with the growth regula-
tors indole acetic acid (IAA) (0.01 and 0.1 mg L-1) and N6-
furfuril amine purine (Kinetin, KIN) (0.5, 0.1 and 2.0 mg 
L-1); in the control treatment growth regulators were not 
used (Tab. 3). Three node apical cuttings were vertically 
planted per experimental unit with six experimental units 
per treatment. 

Based on the results of the previous test, a second assay 
was carried out which evaluated two types of propagules. 
First, a cutting of three apical buds was planted vertically 
and second, a cutting of one axiliary node was planted 
horizontally. 
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For each of the two types of propagules, six treatment com-
binations were evaluated. MS media, supplemented with 
the growth regulators IAA (0.1 and 0.5 mg L-1) and KIN (0, 
0.5 and 0.2 mg L-1), were used. As the control, IAA 0.1 mg 
L-1 plus KIN 0.5 mg L-1 was used because of the results of 
the previous test. Five propagules were planted per experi-
mental unit with five experimental units per treatment. In 
the case of axillary buds, they were planted horizontally. 

Due to the high variability of individual plant responses 
within different previous experiments, a test of individual 
plants was conducted. In order to reduce the effect of 
exogenous growth regulators of previous treatments, the 
propagules were planted in MS without PGRs for two 
weeks. Three types of propagules were grouped and used: 
large (≥ 25 mm), medium (24 mm ≥ x ≥ 11 mm) and small 
(≤ 10 mm). These propagules were cut to a size of 5 mm and 
sown in MS without PGRs to determine if they retained 
their characteristics of growth, forming three treatments. 
Each experimental unit consisted of three propagules and 
used seven, nine and eleven replications for large, medium 
and small treatments, respectively. The evaluation was 
conducted in the second week after sowing. 

Once a homogenous group of in vitro rooted plants was 
obtained, an assay to optimize multiplication was carried 
out. 1) stems with five nodes laid horizontally in MS, sup-
plemented with KIN 0.5 mg L-1 and IAA 0.5 mg L-1 (based 
on results of this research) and, 2) three weeks in vitro with 
rooted and newly pinched plantlets, leaving five nodes per 
stem, in MS without growth regulators. Four propagules 
constituted an experimental unit, with eight experimental 
units evaluated per treatment.

In all the trials, a MS medium supplemented with 3% su-
crose and Difto Bacto Agar, Oxoid®, 0.6%, and a pH of 5.7 
± 0.05 was used. The following variables were measured, as 
appropriate: height of propagule, number of nodes, rooted 
propagules, propagules with an axillary shoot and dead 
propagules, color of propagules, percentage of propagules 
with calli, proliferation of propagules and multiplication 
rate with the following formula: 

Multiplication rate = number of final nodes (3 weeks) 
/ number of initial nodes  (1)

Rooting tests were not done because under the selected 
multiplication treatments, an additional in vitro rooting 
was obtained (see results). ANOVA was used with SAS 
version 9.1 under a completely random model (P≤0.05) and 
means were compared using Tukey ś test.

Acclimatization
Acclimatization was carried out in a greenhouse, using 
plantlets rooted in vitro with 12-14 leaves. Transplantation 
was performed in 96 alveoli trays and as the substrate, a 
sterile peat was used. The trays were kept in propagation 
banks with 70% penetration of light. One minute frequency 
nebulizer irrigation was applied to maintain 80% relative 
humidity. This frequency gradually declined over two 
weeks until the acclimatization was completed.

Results

Establishment
The propagules sown in agar did not have hyperhydricity 
(Fig. 1a), while gelrite increased propagules with hyper-
hydricity at rates between 11.1 and 19.4% (Tab. 1, Fig. 
1b-1c). On the other hand, gelrite apparently enabled the 
development of more nodes and at a greater size than agar 
(Tab. 1). However, gelrite induced malformations and de-
creased the intensity of the green color in comparison with 
the agar. This was possibly due to loss of photosynthetic 
pigment (Fig. 1b). 

Meristematic tips planted in a liquid medium developed 
more nodes, were taller, but had less intense photosynthetic 
pigment and a 6.7% percentage of hyperhydricity (Tab. 2, 
Fig. 1d), this percentage was lower than the percentage of 
hyperhydricity when using gelrite (Tab. 1). 

Multiplication
In the first multiplication assay, color, multiplication rate, 
and average of nodes developed by propagules did not 
have statistically significant differences. However, higher 
values obtained in these parameters corresponded to the 
treatment with IAA 0.1 mg L-1 plus KIN 0.5 mg L-1 (Tab. 3).

Differences between the treatments IAA 0.01 mg L-1 and 
IAA 0.1 mg L-1 were observed. In the presence of IAA 
0.01 mg L-1, a percentage ranging from 5.56 to 55.6% of 
the propagules developed calli at the bottom (Fig. 2a) and 
none of them developed proliferation of axillary buds. On 
the contrary, in the presence of IAA 0.1 mg L-1, propagules 
developed a proliferation of axillary buds but none of them 
developed calli at the base (Tab. 3, Fig. 2b). The treatment 
with IAA 0.1 mg L-1 plus KIN 0.5 mg L-1 was chosen as the 
control of the next assay (Tab. 4), because while it presented 
a greater proliferation of axillary buds, it had the highest 
multiplication rate (Tab. 3).

In the case of apical bud propagules planted vertically, 
there were no statistically significant differences in most 
variables (Tab. 4), however, it was noted that IAA 0.1 mg L-1 
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TABLE 1. Effect of gelling agent and its concentration on hyperhydricity incidence, number of nodes and color of propagules of A. dracunculus. 
Hyperhydricity percentages were determined from the total number of propagules. 

Gelling agent Concentration (mg L-1) Color Hiperhidricity (%) Average node number Standard deviation

Gelrite 1.5 ++ 19.44 2.89 a 0.88
Gelrite 2.5 ++ 11.11 2.81 a 0.66
Agar 6 +++ 0 2.17 b 0.30
Agar 7 +++ 0 1.94 b 0.24

Means in the same column followed by the same letter are not significantly different according to Tukey test (P≤0.05).

Color Chart (RHS) as very good (+++); good (++) and regular (+).

TABLE 2. Effect of medium consistency on the establishment and initial development of A. dracunculus apical tips. Hyperhydricity percentages were 
determined from the total number of propagules. 

Treatment Color Hiperhidricity (%) Average node number Standard deviation Average height (mm) Standard deviation

Liquid + 80 rpm ++ 6.7 5.67 ab 1.03 20.45 a 7.68
Liquid ++ 6.7 7.78 a 2.32 20.39 a 5.54

Solid (Agar 0,6%) +++ 0 4.93 b 1.23 10.52 b 0.94

rpm, revolutions per minute.

Color Chart (RHS) as very good (+++); good (++) and regular (+). Means in the same column followed by the same letter are not significantly different according to Tukey test (P≤0.05).

TABLE 3. Evaluation of the effect of different concentrations of IAA and KIN on in vitro multiplication of A. dracunculus propagules. Presence of callus 
percentages were determined from the total number of propagules. 

IAA mg L-1 KIN mg L-1 Color Callus (%) Axillary bud Standard 
deviation

Average node 
number 

Standard 
deviation

Multiplication 
rate

Standard 
deviation

0 0 +++ 0 0 c 0 4.44 a 2.15 1.48 a 0.72
0.01 0.5 +++ 55.60 0 c 0 3.50 a 1.03 1.17 a 0.34
0.01 1.0 +++ 5.56 0 c 0 4.67 a 0.92 1.56 a 0.31
0.01 2.0 +++ 16.67 0 c 0 4.28 a 0.49 1.43 a 0.16
0.1 0.5 +++ 0 1.33 a 1.37 4.83 a 1.05 1.61 a 0.35
0.1 1.0 +++ 0 0.33 bc 0.52 4.44 a 0.86 1.48 a 0.29
0.1 2.0 +++ 0 1.00 ab 0.89 4.44 a 0.72 1.48 a 0.24

Means in the same column followed by the same letter are not significantly different according to Tukey test (P≤0.05).

Color Chart (RHS) as very good (+++); good (++) and regular (+).

TABLE 4. Effect of different concentrations of IAA and KIN in multiplication of A. dracunculus apical propagules. Presence of callus percentages were 
determined from the total number of propagules. Ranking of the color of the propagules according to Color Chart of The Royal Horticultural Society 
(RHS) as very good (+++); good (++) and regular (+). 

IAA mg L-1 KIN mg L-1 Color Callus (%) Axillary bud Standard 
deviation

Average 
node number

Standard 
deviation

Multiplication 
rate

Standard 
deviation

Sprout 
height (mm)

Standard 
deviation

0.1 0 +++ 0 0.20 c 0.24 5.92 a 0.91 1.97 a 0.30 11.19 a 1.78
0.1 0.2 +++ 0 1.04 b 0.48 5.84 a 0.50 1.95 a 0.17 10.86 a 1.62
0.1 0.5 +++ 0 1.88 a 0.52 5.32 a 0.90 1.77 a 0.30 10.85 a 0.99
0.5 0.0 +++ 0 0.52 bc 0.76 5.48 a 1.35 1.83 a 0.45 9.36 a 1.67
0.5 0.2 +++ 100 1.08 b 0.36 5.72 a 0.44 1.91 a 0.15 9.35 a 0.72
0.5 0.5 +++ 100 2.28 a 0.59 5.60 a 1.02 1.87 a 0.34 10.31 a 0.93

Means in the same column followed by the same letter are not significantly different according to Tukey test (P≤0.05).

Color Chart (RHS) as very good (+++); good (++) and regular (+).

prompted a higher number of nodes and taller propagules 
than all the other treatments (Fig. 2c), moreover, in this 
treatment, 100% rooting was observed on the 13th d after 
sowing. In addition, IAA 0.5 mg L-1 plus KIN 0.2 or 0.5 mg 
L-1 induced calli at the base of the plants (Tab. 4). On the 
other hand, a basipetal death of the seedlings was observed 

(Fig. 2d). This phenomenon presented in treatments with 
KIN plus IAA but not with IAA alone. 

In the axillary bud propagules planted horizontally, no 
statistically significant differences were presented, but 
some qualitative differences became apparent. The medium 
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TABLE 5. Effect of previous size of A. dracunculus propagules sown in MS without PGR’s. Percentages were determined from the total number of 
propagules. 

Treatment Rooted 
propagules (%)

Propagules with 
axillary budding (%)

Dead 
propagules (%) Height (cm) Standard deviation Average node nuber Standard deviation

Large 66.67 0 0 1.45 a 0.17 6.95 a 1.10

Medium 44.44 3.70 29.63 1.07 b 0.37 6.30 ab 1.35

Small 12.12 0 18.18 0.66 c 0.22 5.27 c 0.85

Means in the same column followed by the same letter are not significantly different according to Tukey test (P≤0.05).

TABLE 6. Comparison of in vitro multiplication of A. dracunculus. Linn. using stems with five nodes sown horizontally in MS medium suplemented 
with KIN 0,5 mg L-1 plus IAA 0,5 mg L-1 and using rooted and pinched plantlets in MS (1962) medium suplemented with IAA 0,1 mg L-1. 

Treatment Average sprout 
number

Standard 
deviation

Average node 
x sprout

Standard 
deviation

Total nodes 
per plant

Standard 
deviation

Multiplication 
rate

Standard 
deviation

Sprout 
height (mm)

Standard 
deviation

Axillar 
horizontal

4.00 a 0.56 6.74 a 0.88 26.63 a 5.73 5.33 a 1.15 14.51 b 1.78

Axillar 
vertical 

3.19 b 0.46 7.21 a 1.24 21.38 b 3.55 4.28 b 0.71 34.07 a 7.07

FIGURE 1. Different conditions evaluated for in vitro establishment of A. dracunculus. A, seedling with hyperhydricity and malformation. B, propagu-
les on gelrite 1.5 mg L-1. C, propagules on agar 6.0 mg L-1. D, propagules on liquid MS medium without agitation. 

FIGURE 2. Multiplication of A. dracunculus. A, callus on the basis. B, axillary sprouting. C, apical propagules (IAA 0.1 mg L-1+KIN 0.5 mg L-1). D, ba-
sipetally death. E, axillary propagules (IAA 0.5 mg L-1+KIN 0.5 mg L-1). F, axillary propagules (IAA 0.5 mg L-1+KIN 0.2 mg L-1). G, five nodes-stems 
horizontally (0.5 KIN mg L-1+IAA 0.5 mg L-1). H, rooted and pinched plants (arrow) without PGR I, homogeneous rooted plantlets.

supplemented with IAA 0.5 mg L-1 plus KIN 0.5 mg L-1 in-
duced more leaf development and vigor (Fig. 2e) compared 
to the other treatments, in spite of that, the propagules 
developed a similar number of nodes (Fig. 2f). 

An analysis of individual assessment showed taller and 
rooted plants for the larger propagule treatment, while 
there was a greater number of deaths in the medium and 
small propagules. In addition, a tendency to proliferate 

A B C D

A B C D E

F G H I
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axillary buds was observed, accompanied by hyperhydric-
ity and death in the medium propagules and, more so, in 
the small propagules (Tab. 5). 

Axillary propagules planted horizontally in a medium 
supplemented with KIN 0.5 mg L-1 plus IAA 0.5 mg L-1 
induced fewer nodes per shoot but more shoots per explant 
compared to plants rooted and cultured without PGRs and 
recently pinched (Tab. 6). The number of shoots per plant 
was the variable which determined the highest number 
of total nodes per plant and therefore, the highest rate of 
multiplication in horizontally sown explants. However, 
these buds presented 2.4 times less than average size than 
shoots from rooted plants (Tab. 6 and Fig. 2g-h). 

All seedlings cultured in a medium supplemented with IAA 
0.1 mg L-1 were developed in a homogeneous way (Fig. 2i) 
with roots present (100%) at the 13th d after sowing. The 
acclimatization of the seedlings with the methodology 
referred to this research allowed for 95% survival of plant 
material. 

Discussion

Establishment
Hyperhydrated French tarragon propagules had a glassy 
aspect, noticeable malformations and an apparent de-
crease in photosynthetic pigments (Fig. 1a), as has also 
been reported by Mackay and Kitto (1988). These kinds 
of changes have been thoroughly characterized (Kevers et 
al., 1984; Franck et al., 1998a; Franck et al., 1998b; Gribble 
et al., 1998; Franck et al., 2001; Park et al., 2004). In this 
experiment, the factors which induced hyperhydricity in A. 
dracunculus propagules could have come from the explants 
or hormonal imbalances, because the plant material used 
in this research came from a crop with an incidence of ta-
rragon rust (P. tanaceti D.C. var. dracunculina) (Fahrend.) 
(Cummis) (Gamba and Ramírez, 2005) and the stress 
induced by pathogens can manifest in abnormal growth 
due to hormonal imbalances (Pessarakli,1999). 

Changes in hyperhydricity of A. dracunculus were not 
evident when the concentration of each gelling agent in-
creased (Tab. 1). In contrast, the literature reports that the 
traditional gelling agent concentration has been increased 
in order to decrease propagule hyperhydricity (Brand, 1993; 
Deberg et al., 1981; Debergh 1983; Williams and Taji, 1991). 
Additionally, only the propagules cultured in the Difto 
Bacto Agar did not present hyperhydricity, but they had 
fewer nodes than those cultured in gelrite (Tab. 1).

Hyperhydricity can decrease according to the type of gell-
ing agent (Tab. 1), from gelrite to Difto Bacto Agar, which 
provides a harder medium and less matrix potential, mak-
ing materials that potentially may induce hyperhydricity 
less available. The physical structure of the gelrite seems 
to allow increased absorption of substances which may be 
responsible for hyperhydricity, such as cytokinins, am-
monium ions and water (Williams and Taji, 1991). More-
over, The brand used in this research (Oxoid®) produced 
efficient results in hyperhydricity management as well as 
in multiplication. This product influences water retention 
capacity of propagules since it promotes a better “pumping 
function”. It seems to allow better absorption of water and 
nutrients (Beruto et al., 1999). 

Liquid medium increased the number of nodes, average 
height and reactivated growth of tarragon propagules (Tab. 
2, Fig. 1d); and it possibly facilitated rapid absorption of 
nutrients, faster initial development of propagules and 
especially of the vascular system, which would therefore, 
facilitate the possible hyperhydricity evasion at initial 
growth under in vitro conditions. Similar to A. dracunculus, 
Artemisia judiaca was massively propagated using solid, 
liquid and liquid with supplements media; reportedly the 
liquid medium had the best results for the spread of buds 
(Liu et al., 2004). 

Employment of liquid media with agitation produced a 
smaller average node number and no significant variations 
on average height of propagules in comparison with liquid 
medium without agitation, suggesting that adding 5 mL 
of liquid medium in containers used in this test does not 
affect oxygen availability for propagules, allowing their 
normal development.

Multiplication
Results suggest that the presence of calli is dependent on 
type, interaction, and concentration of PGRs because, 
they occur with KIN, in assessed concentrations, with the 
addition of IAA 0.01 mg L-1 and 0.5 mg L-1, but not with 
the addition of IAA 0.1 mg L-1 (Tab. 3 and 4). Furthermore, 
auxin enhanced the effect of cytokinin, inducing prolife-
ration of axillary buds, i.e. the treatments with IAA alone 
had the lowest percentages of proliferation of axillary buds, 
which increased with increased concentrations of KIN and 
IAA (Tab. 4). 

Additionally, in the second multiplication assay of apical 
propagules, basipetal death was observed in treatments 
supplemented with IAA 0.1 mg L-1 plus KIN 0.2 mg L-1; 
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IAA 0.1 mg L-1 plus KIN 0.5 mg L-1; IAA 0.5 mg L-1 plus 
KIN 0.2 mg L-1; and IAA 0.5 mg L-1 plus KIN 0.5 mg L-1 

(Tab. 4); possibly due to the exogenous supplementation of 
KIN, which possibly reduced apical dominance and caused 
a subsequent apical necrosis (Fig. 2d).

On the other hand, both the vigor and multiplication rate 
of propagules from an axillary origin had a tendency to be 
greater when cultured in media with increased concentra-
tions of IAA 0.5 mg L-1 and KIN 0.5 mg L-1 (Fig. 2e-f), which 
might result from a different hormone balance compared 
with apical propagules. 

Response variations of in vitro plants of different sizes may 
be caused by previous hormonal differences which, as in 
the apple, may be due to a temporary physiological state 
(Puente and March, 1997). For example, propagules of a 
medium-sized origin (24 mm ≥ x ≥ 11 mm) were more 
heterogeneous than those of a large or small size, includ-
ing others intermediate features (Tab. 5). This could be 
due to the fact that, during the selection process in field, 
cuttings that were designated for micropropagation were 
at an intermediate physiological range that was not easily 
distinguishable even when they were collected at the same 
size (Fig. 1c). 

The multiplication assay using uniform plants, five node 
explants planted horizontally in a medium supplemented 
with KIN 0.5 mg L-1 plus IAA 0.5 mg L-1 showed a more 
efficient multiplication rate in comparison with plantlets 
rooted and pinched (Tab. 6). 

The average multiplication rate (5.33) using five node ex-
plants horizontally planted (Tab. 6) was 1.5 times greater 
than that observed in three node explants at the same 
concentration of PGRs (3.7) (data not shown) and 1.3 times 
higher than the plantlets rooted and pinched in this test 
(Tab. 6). This increase may be due to the fact that the sur-
face contact with the nutrient medium increased when the 
explant was larger, allowing absorption of larger quantities 
of water, nutrients and PGRs. This effect had already been 
reported in French tarragon by Mackay and Kitto (1988). 

In addition, due to the position of the explant, the prob-
ability of each node getting assimilates is similar and 
therefore competition between sinks decreases (Fig. 2g), 
which is reflected in the highest average number of nodes 
per explant (Tab. 6). Stems used in this test came from more 
developed plants than in previous trials with horizontal 
explants, which involved further development of the vascu-

lar system, greater differentiation of tissues and therefore, 
greater capacity and efficiency in nutrient uptake. 

The observed elongation in sprouts from plantlets rooted 
and pinched in vitro (Fig. 2h) is explained by lower apical 
dominance due to pinch and because growth was sup-
ported by water and nutrients uptake, specifically by roots. 
The root, as a structure for this function, positively affects 
efficiency in both biomass formation and organogenesis. 
Another explanation may be that rooted seedlings had bet-
ter initial proliferation due to the effect of the cytokinins 
sent from the root (Puente and March, 1997). In addition, 
competition for nutrients did not allow all the buds per stem 
to develop, but those that developed, elongated because they 
had increased availability of nutrients per node and the 
density of stems (sprouts) generated competition for light. 

The results suggest that the use of KIN 0.5 mg L-1 and IAA 
0.5 mg L-1 can be more efficient in the multiplication rate 
(Tab. 6), however, the lack of sprout elongation would 
require a greater number of transplants in order to get 
suitable in vitro rooted plants, as well as, more laboratory 
inputs and PGRs. Conversely, plantlets that are rooted in 
vitro and previously pinched have a lower rate of multipli-
cation but larger length between nodes. These facts make 
it possible to obtain suitable plants, with adequate size, for 
subsequent multiplication or rooting without additional 
transplants and with fewer laboratory inputs and without 
additional PGRs.

MacKay and Kitto (1988) reported a methodology based on 
the establishment of 15 mm long French tarragon cuttings 
using a multiplication protocol that induced strong axillary 
sprouting using a MS and BAP 0.4 mg L-1 plus NAA 0.05 mg 
L-1. Those authors, however, did not report on in vitro but 
ex vitro rooting with the addition of NAA 1 mg L-1. These 
authors claimed that the time of in vitro establishment/
proliferation is four weeks and for field rooting, five weeks, 
for a possible total required time of nine weeks. 

In contrast, this research used 1 mm meristematic tips. 
Initially, the apical dominance was stimulated. This stimu-
lus was obtained with the initial use of a liquid MS (1962) 
medium and then a solid MS medium, supplemented with 
only IAA 0.1 mg L-1, i.e. with fewer gelling agents and 
growth regulators. 

Finally, the in vitro establishment time was three weeks. 
The in vitro multiplication/rooting was three weeks and 
according to the standard hardening protocol, requiring 
two to three weeks. The total time required from in vitro 
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establishment to hardened rooted plants in the field is about 
eight to nine weeks. 

Conclusion 

This research generated a protocol to micropropagate 
French tarragon (A. dracunculus L.) that consists of an in 
vitro establishment of 1 mm-meristematic tips in a liquid 
MS medium and in vitro multiplication/rooting in a solid 
MS medium supplemented with IAA 0.1 mg L-1. An alter-
native multiplication protocol was assessed for propagules 
horizontally sown in a solid MS medium supplemented 
with KIN 0.5 mg L-1 and AIA O.5 mg L-1.

This protocol contributes to the renovation of Colombian 
French tarragon crops through the production of more 
vigorous plant propagation material with less inoculum 
pressure from pathogens, and with a similar time period 
as that of the currently reported protocols. 
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