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Lavender is well-known for its essential oils, which are in high demand and have a very important economic
interest, particularly for the pharmaceutical and cosmetic industries. This work had been done to study seed
germination and in vitro culture of Lavandula angustifolia. The seeds of L. angustifolia had undergone
a vernalization followed by two treatments (physical and chemical), in order to increase the percentage of
germination. Seeds were introduced into tubes containing the culture medium Murashige et Skoog (MS).
Untreated seeds were germinated in the same medium supplemented with gibberellic acid at different
concentrations. The kinetics, the speed, and the final germination rate were retained in order to evaluate the
response of seeds. The micropropagation of L. angustifolia was performed on MS medium supplemented with
different concentrations of 6-Benzylaminopurine (Treatment I) and 6-Benzylaminopurine in combination with
Naphthalene Acetic Acid (Treatment II). Multiplication rate, shoots number, nodes number, leaves number, and
stem length were determined. Lavandula angustifolia seeds revealed very low germination percentages for all
the treatments used. However, those treated with sand (physical treatment) showed the highest percentage of
germination (22%) followed by sulfuric acid treatment with a percentage of 14%. Results showed that the 11.11
UM concentration of 6-Benzylaminopurine favored the maximum reactivity of the explants. The combination
between 6-Benzylaminopurine and Naphthalene Acetic Acid showed that MS supplemented with 8.88 uM
6-Benzylaminopurine and 2.68 pM Naphthalene Acetic Acid was the most effective in the development of
vitroplants.

Key words:

Lavandula angustifolia, physical
treatment, chemical treatment,
AG3, BAP, NAA.

1. INTRODUCTION

The genus Lavandula, belongs to the Lamiaceae family,
comprises about 20 species distributed in the Mediterranean
zone [1,2]. Lavandula angustifolia has been used since ancient

Today, the cultivation of L. angustifolia is widespread. These
plants are used for therapeutic purposes, aromatic, or containing
substances that can provide drugs by synthesis. The essential oils
of Lavandula are highly sought by pharmaceutical, cosmetic, and

times in perfumery and medicine to treat many ailments. From
the XVIII®™ century, this spice sees growth, in France, with the
development of the perfume industry and, therefore, the use of
her essential oil.
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perfume industries [3]. They also have many other uses, including
utilization as ornamental and melliferous plants [4].

As other species, Lavandula spp. can spread sexually or asexually.
Seeds multiplication is generally slow and the plants show a large
variation of characteristics such as growth rate and composition
of essential oil [5]. Therefore, vegetative propagation techniques
are most effective at producing a large number of plants with an
interest genotype.

Micropropagation can provide large-scale production under
controlled conditions in a short time [6]. Although this technique
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is more expensive, a more consistent yield and quality of oil can
be achieved, resulting in economic savings.

Indeed, the objective of the present work was to develop a method
of regeneration by multiplication of L. angustifolia from the Azrou
region and also to observe their response to different components
of culture media.

2. MATERIALS AND METHODS

2.1. Seed Germination Test of L. angustifolia and Effect of
Growth Hormones

Lavandula angustifolia seeds had a cold pre-treatment in the
freezer (—13°C) for 5 days. Then, they were divided into three
batches: A batch treated with sulfuric acid (chemical treatment),
another one scarred by sand (physical treatment), and a third batch
of untreated seeds updated in the culture medium (MS), addition
with gibberellic acid (AG,) at different concentrations, namely,
2.88, 5.7, 8.66, 11.55, and 14.44 uM. Seeds were superficially
disinfected with 70% alcohol for 2 minutes and decanted in 2%
sodium hypochlorite solution for 20 minutes. Finally, three rinses
with sterile distilled water 15 minutes each.

Culture medium’s pH was adjusted to 5.8 before autoclaving at
120°C for 20 minutes and under 1 bar pressure. After transplanting,
the tubes were placed in a culture room under a luminous intensity
of 1,500 lux. The temperature was maintained at 20°C, with a
photoperiod of 16/8 hour in darkness.

2.1.1 Parameters studied

Parameters to evaluate the behavior of seeds during germination
were as follows:

Kinetics of the germination corresponds to the curve of the
cumulative daily germination rate, calculated from the number of
newly germinated seeds at each observation [7].

Germination rate characterizes the variation of germination rates
from the appearance of the first radical’s tips to the stability of
germination. Kotowski’s [8] formulas were used for calculating
the Velocity Coefficient (Cv) or the Mean Germination Time (Tm).

v = N1+N2+N3+...+Nn
NIT1+N2T2 + N3T3 +....+ NnTn

x100

_ NIT1+N2T2+ N3T3 +....+ NnTn
NI1+N2+N3+...+ Nn

Tm

With:

N1: Number of sprouts sprouted at time T1;

N2: Number of seeds germinated at time T2;

N3: Number of seeds germinated at time T3;
* Nn: Number of seeds germinated at time Tn.

Final germination rate depends on the conditions of germination
and seeds treatments [9]. The final germination rate was calculated
from Ni (percentage of germinating seeds) and Nt (total number
of seeds used).

Te = %100
Nt

2.2. Micropropagation Test of L. angustifolia

Plant material consists of L. angustifolia’s nodal sections
measuring 1 cm, collected in the Azrou region. The samples have
already been identified in the Scientific Institute in Rabat, Morocco
with a bar code 78993. Climatic data of the area of harvest are
summarized in Table 1. The explants were disinfected under a
laminar flow hood, following this protocol:

Wash with water for 1 hour, soak in 70% alcohol for 2 minutes,
then immerse in 10% sodium hypochlorite solution for 20 minutes
and rinse three times with sterile distilled water 15 minutes each.

The culture medium tested was MS medium supplemented with
growth hormones (Table 2): 6-banzylaminopurine (BAP) and
naphthalene acetic acid (NAA).

The explants were transplanted into 15/150 mm glass tubes
containing 25 ml of culture medium, placed in a culture chamber
at 25°C and with a photoperiod of 16/8 hour of darkness.

2.2.2 Monitoring and observed parameters

Cultures were monitored once a week to remove contaminated
explants and observe their growth. Thus, the following parameters
were measured:

e Multiplication rate = Number of newly formed vitroplants/
Number of starting explants;

* Number of shoots;

e Number of nodes;

e Number of leaves for each newly formed explant;

* Length of the stem.

Table 1: Principal climatic data of the studied station.

Station
Climatic data
AZROU
Latitude 33°26'03” N
Longitude 5°13'16” W
Altitude 1,277 m
Bioclimatic stage humid

N = North; W= Western.

Table 2: Different concentrations of hormones tested.

Treatment I Treatment IT
Basic medium BAP (uM) Basic medium NAA(pM) BAP (M)
M 4.44 M, 2.68 4.44
M, 6.66 M,, 2.68 6.66
M, 8.88 M,, 2.68 8.88
M, 11.11 M,, 2.68 11.11
M 13.32 M 2.68 13.32

Treatment I: MS supplemented with BAP.
Treatment II: MS supplemented with NAA & BAP (Leelavathi et al., 2013).
BAP = 6-banzylaminopurine, NAA = naphthalene acetic acid.
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2.3. Statistical Analysis

The data were analyzed statistically [averaging, analysis of the
variance (ANOVA), and standard deviation] to find the variability
between the different treatments. The data were processed using
the “SYSTAT 12” software. A test of averages comparison
(Tukey) was made each time there was a significant effect of factor
studied by the ANOVA. Results presented as a percentage were
transformed to meet the conditions of distributions normality and
variances equality. This angular transformation was carried out
according to the following formula: ¥ = 2ArcSinVx/100 [10].

3. RESULTS
3.1. Germination Test of L. angustifolia Seeds

3.1.1. Kinetics of germination according to treatments of
L. angustifolia seeds

The results showed that germination varies distinctly depending on
the treatments used (Fig. 1). The seeds control showed no signs of
germination. After 6 weeks, germination reaches 22%, 14%, and
4.16 % for sand, sulfuric acid, and AG, treatments, respectively.
The ANOVA revealed a highly significant effect for the treatment
factor (ANOVA: F =737.9, dd1 =3, p <0.001).

3.1.2. Germination rate of L. angustifolia

The highest velocity coefficient was that of seeds treated with sand
(7.69%), followed by seeds treated with pure sulfuric acid (3.32%)
(Table 3). The shortest average germination time was recorded
for sand treatment (13 days) and the longest was noted in AG,
treatment (34.5 days).
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Figure 1: Kinetics of seed germination (%) of L. angustifolia.

Table 3: Velocity coefficient and mean germination time of L. angustifolia
seeds.

Velocity coefficient Mean germination time

Sand 7.69% 13 days
Sulfuric acid 3.32% 30.12 days
Gibberellic acid 2.28% 34.5 days

3.1.3. Final germination rate of L. angustifolia

The highest germination rate was recorded in sand treatment
(22%), followed by AG, treatment (14%) (Fig. 2). The ANOVA
showed highly significant differences between the treatments
studied (ANOVA: F =1013.7, ddl =3, p <0.001).

3.1.4. AG, effect on the germination of L. angustifolia

It can be seen that 11.55 uM showed the highest germination rate,
followed by 8.66 uM. On the other hand, a concentration of 14.44
UM negatively affected germination and this can be explained by
phyto-toxicity (Fig. 3). The statistical analysis of results showed
highly significant differences between the studied concentrations
(ANOVA: F =527.7, ddl = 3, p < 0.001).

3.2. Micropropagation Test of L. angustifolia

3.2.1 Propagation rate of L. angustifolia

Days required to establish culture varies from 27 to 30 days
(Table 4). The BAP induces callus formation for the 4.44 uM
concentration corresponding to the M, . The callus has a light
brown color and a compact consistency.
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Figure 2: Final germination rate of L. angustifolia. .
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Figure 3: Effect of AG3 on the germination of L. angustifolia.
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For treatment II, the number of days required for vitroplant
establishment varies from 32 to 38 days (Table 4). After 32 days of
culture, the tested media induced the formation of vitroplants with
no callogens, except for the M, which expressed an important
callogenic effect.

3.2.2. Effect on shoots number per explant

This study showed a variability of explant responses according to
culture media. The number of shoots formed varies from 1 to 6 per
explant (Fig. 4). Thus, the results showed that M, was the most
effective in shoots development, followed by M, ;. The ANOVA
revealed a significant effect (p < 0.001) for both, treatments and
medium factors.

3.2.3. Effect on nodes number per explants

Medium supplemented with BAP only did not show the
nodes formation, contrary to the MS supplemented with NAA
(Fig. 5). Thus, M, , recorded the maximum number of nodes. The
analysis of the variance clearly showed highly significant effects
(» £0.001) for both, treatments and medium factors.

3.2.4. Effect on leaves number per explants

The results showed that MS supplemented with BAP recorded
the best responses concerning the leaves number (Fig. 6). Thus,
M, ,and M, , were revealed to be the most suitable medium for
leaves neoformation. On the other hand, the presence of NAA,
for the same concentrations, greatly reduced the leaves number.
Statistical analysis showed highly significant effects (p < 0.001)
for both, treatments and medium factors.

Table 4: Effect of the media on the establishment of vitroplants.

q Propagation q Propagation
* *

Treatment I  Time rate (%) Treatment I1 Time rate (%)
M - 0 M, - 0
M, 29 days 66.7 M,, 38 days 333
M, 30 days 333 M,, 32 days 333
M, 27 days 66.7 M,, 32 days 66.7
M, 30 days 333 M, 33 days 333

*Time required for the establishment of vitroplants.
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Figure 4: Effect of treatments on the number of shoots for each medium.
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Figure 5: Effect of treatments on the number of nodes for each medium.
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Figure 6: Effect of treatments on the number of leaves for each medium.
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Figure 7: Effect of treatments on the length of the stem for each medium.

3.2.5. Effect on stem length per explants

The largest stem length was observed in M, , followed by M, ,
(Fig. 7). The analysis of the variance relative to L. angustifolia stem
length showed a non-significant effect (p > 0.05) for the treatment
factor. On the other side, statistically significant differences were
recorded between the studied medium (ANOVA: F = 883.04,ddl
=4,p<0.001).

4. DISCUSSION

Results of L. angustifolia seed germination enabled us to deduce
that applied treatments were effective and necessary in comparison
with the control. The kinetics, the speed, and the final germination
rate allowed us to assume that sand treatment was the best to
increase the germination capacity (22%), followed by sulfuric acid
treatment with a percentage of 14%.
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On the other side, the results found by Mala et al. [11] indicate
that the greatest percentage of L. angustifolia seeds germination
was that of sulfuric acid treatment with 12.5%, followed by sand
scarification 6.25% in light, while they had the same germination
percentage in dark 6.25%.

The gibberellic acid induces an increase in seed germination of
studied species. The most significant effect was obtained at 11.55
UM and 8.66 uM concentrations.

Gibberellin was an important growth-stimulating hormone of
L. angustifolia. Gibberellin treatments caused growth increases,
resulted in rapid fruiting and plant improvement. The action
mechanisms of this hormone were now quite well-known [12].

In the lavender seed germination study, it was shown that
gibberellic treatments, with or without freezing, significantly
accelerate the percentage of germination [13].

The low germination percentage recorded at a level concentration
of gibberellic acid (14.44 pM) seems to be related to the
chemical toxicity of gibberellin, as proposed by Abdel Hady et
al. [14]. According to these authors, gibberellin was a hormone
whose high concentrations cause acute toxicities on animal and
plant cells, long exposed to its action. Gibberellic acid can be
recommended in L. angustifolia germination improvement
programs, provided that the recommended concentration ranges
were respected.

Regarding the micropropagation of L. angustifolia nodal sections,
it found that the 11.11 pM concentration of BAP favored the
maximum explant reactivity and the combination between BAP
and NAA (8.88 pM BAP +2.68 uM NAA) was the more effective
for the development of vitroplants.

According to Leelavathi and Narendra [5], the [MS + 8.88 uM
BAP + 2.68 pM NAA] promoted the maximum reactivity of the
explant, which was in agreement with results obtained in this
experiment.

Previous studies have shown that MS + 1 mg/l BAP + 0.05
mg/l NAA gives the best results for the number and length of
L. angustifolia shoots [15]. In addition, Mitrofanova et al. [16]
pointed out that several shoots are grown on MS + 0.3 mg/l
Kinetin, 0.025 mg/l NAA, and 0.25 mg/l GA..

However, the use of NAA at 0.5 mg/ml (2.68 uM) did not induce
rhizogenesis. Tahmineh et al. [17] demonstrated that MS medium
supplemented with 5 mg/ml NAA and 5 mg/ml BAP was the best
for the tissue culture of lavender. This medium gave shoots and
roots after callus induction. On his side, Andrade [18] showed that
the highest multiplication and rooting rate were observed with
MS + BAP (2 uM). Those parameters increase with the
concentrations of NAA. The in vitro propagation of L. stoechas on
the MS supplemented with a concentration ranging from 0.05 pM to
5.4 uM NAA allowed the rooting of seedlings for all media used [19].

5. CONCLUSION

Lavender is an aromatic and medicinal plant well known for many
pharmacological activities. The regeneration of L. angustifolia is

confronted with the problems of seed dormancy and the difficulty
of propagation by conventional cuttings. During this work, it was
contributed to the in vitro cultivation of L. angustifolia in order
to develop a propagation method of this species. The in vitro
germination of L. angustifolia seeds showed that the physical
treatment (sable) allowed to have the highest percentage of
germination.

The micropropagation of L. angustifolia explants on MS medium
supplemented with different concentrations of BAP only
and BAP in combination with NAA showed that the medium
supplemented with NAA is the most effective in the development
of vitroplants.
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