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Abstract

Origanum vulgare L. is a commercially valued species with remarkable bio-
logical properties. It is subject to over-exploitation practices that seriously
threaten its sustainability for future generations. Thus, micropropagation
serves as a tool for the protection and domestication of this species. In this
study, we established an in vitro vegetative propagation protocol for Origa-
num vulgare. This is done through the axillary bud technique by carrying out
various tests. Six culture media (MS, MSm, N,,K, SD, SH and B5) were tested.
Therefore, SD was chosen for the following experiments. Seven cytokinins
(adenine (Ad), N6-(2-isopentenyl) (2ip), zeatin (Zeat), kinetin (Kin), benzy-
ladenine (BAP), 1,3-diphenylurea (DPU) and thidiazuron (TDZ) at 5 con-
centrations (0.44, 1.33, 2.22, 3.11 and 4.44 pM/L) were evaluated. Thus, Kin at
3.11 uM allowed high regeneration of vitroplants, optimal elongation, total
rooting of explants, maximum bud multiplication, and absence of hyperhy-
dric explants. In fact, the integration of auxins (indole-3-acetic acid (IAA),
indole-3-butyric acid (IBA), and 1-naphthaleneacetic acid (NAA)) into the
culture medium and their combinations with 3.11 uM Kinetin contributed to
the optimization of the root part. Thus, it was improved in particular in the
case of 3.11 pM Kin and 6.27 uM IBA. Three polyamines (Putrescine, Sper-
midine and Spermine) at different concentrations (1.134, 3.402, 5.67, 7.938
and 11.34 uM/L) combined at 3.11 uM Kin and 6.27 pM IBA were tested. In
fact, 1.304 pM putrescine was considered to be the most suitable for in vitro
culture of explants, since it allowed optimal propagation of buds and roots,
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also a high rate of regeneration and rhizogenesis. GA; at 1.15 uM combined
with 3.11 pM Kin and 6.27 uM IBA permitted maximum bud multiplication.
The acclimatization was carried out successfully using vitroplants showing
good foliar and root development. Thus, three months after acclimatization,
the seedlings were transferred into large pots under natural light and temper-
ature conditions. Almost all acclimatized plants developed flowers in the first
year between May and July.

Keywords

Auxins, Cytokinins, Gibberellic Acid, Macronutrients, Micropropagation,
Polyamines, Origanum vulgare

1. Introduction

Origanum vulgare L. is an herbaceous plant, perennial, 30 - 80 cm long, branched
and covered with hairs, a little reddish purple. It blooms from July to September
[1] and is native to the Mediterranean region [2] [3] and grows on drained dry
silt soils in warm regions and can tolerate low temperatures [4]. It is a hemicryp-
tophyte plant whose organs for the bad season (drought or winter) are located at
ground level. It is propagated from seeds or by asexual production [5].

Origanum vulgare is an important culinary herb and belongs among the most
widely consumed spice plants in the world [6]. In addition, this plant has long
been used in traditional medicine and the interest in the conception of new for-
mulations in various fields is increasing. Several studies have shown that this
plant contains a wide variety of secondary metabolites. The majority of them are
phenolic compounds such as flavonoids, terpenoids, phenolic acids, alkaloids
and also fatty acids among others [7] [8]. These main compounds are responsible
for the biological activities which allow their use not only in the medical field, but
also in food and cosmetic preparations [8] [9]. Several investigations have dem-
onstrated several therapeutic properties: antimicrobial [10], antipasmodic [11],
antiviral [12] and neuroprotective [13]. For these reasons, Origanum vulgare is
one of the most commercially popular species with remarkable biological prop-
erties. As a result, its global marketing and consumption are constantly increas-
ing [14]. In fact, the growing demand in the pharmaceutical, perfumery and
cosmetics industries requires large-scale production. Currently, most of the
plant material of Origanum vulgare is harvested from nature, which favors its
disappearance in natural populations [15]. In addition, it is subject to overex-
ploitation practices that seriously threaten the sustainability of its resources for
future generations. The conservation of this species remains an important neces-
sity for reducing its overexploitation.

Conventional propagation techniques have several disadvantages, namely
large-scale propagation by seeds is subject to several barriers such as low germi-

nation, low viability, seed sterility, repeated vegetative propagation that causes
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progressive yield loss, and finally, low rooting capacity of cuttings [16]. Also, the
search for alternative pathways through the in vitro cultivation of these species is
a promising biotechnological strategy for the conservation of the species and
their large-scale production. This allows rapid mass propagation and mainten-
ance of its durability.

In this study, nodes with two axillary buds of Origanum vulgare were used as
explants. The objective was to establish an in vitro vegetative propagation pro-
tocol by carrying out various tests to optimize its development. This allows the
needs of the farmer to be met and an alternative culture of Origanum vulgare to

be introduced in northern Morocco.

2. Material and Methods
2.1. Plant Material

The explants used in this study were obtained from the apex of 3 to 4 cm of
4-week young plantlets of Origanum vulgare L. preserved in the Laboratory of

Plant Biotechnology.

2.2. Effect of Mineral Nutrients

The mediums tested were MS (Murashige and Skoog, 1968) [17], SD (Shah and
Dalal, 1978) [18], modified MS (MSm) (Badoc, 1982) [19], N30K (Margara,
1978) [20], B5 (Gamborg 1968) [21] and SH (Schenk and Hildebrandt, 1972)
[22]. All of them were added with MS micronutrients and vitamins and 3% su-

crose. The best macronutrients were served for all the following tests.

2.3. Effect of Cytokinin

Seven cytokinins: Adenine (Ad), (2-Isopentenyl)adenine (2ip), Zeatin (Zeat),
Kinetin (Kin), 6-benzylaminopurine (BAP), 1,3-diphenylurea (DPU) and thi-
diazuron (TDZ) at five concentrations each (0.44, 1.33, 2.22, 3.11 and 4.44 pM/L)
were tested for their effect on growth and development of Origanum compactum

explants. Cytokinins free medium was considered a control.

2.4. Effect of Cytokinins Combined with Auxins

Three auxins: IAA (indole-3-acetic acid), NAA (1-naphthalene acetic acid) and
IBA (indole-3-butyric acid) at four increasing concentrations (1.14, 2.85, 4.56
and 6.27 pM/L) were tested with the most appropriate cytokinin determined in
the preceding test for the purpose of determining the best concentration of auxin
that stimulate stem and root growth. The medium contains only cytokinin served

as a double control.

2.5. Effect of Cytokinins and Auxins Combined with Gibberellic
Acid

Five concentrations of gibberellic acid (0.29, 1.50, 2.60 and 2.89 uM/L) were

tested with the best combination of cytokinin and auxin. The medium contain-
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ing only cytokinin was considered the control medium number 1 and the me-
dium supplemented with the best combination of cytokinin and auxin served as

double control.

2.6. Effect of Cytokinins and Auxins Combined with Polyamines

Three polyamines (putrescine, spermidine and spermine) at five concentrations
each (1.134, 3.402, 5.670, 7.938 and 11.340 uM), were tested with the best com-
bination between cytokinin and auxin. The medium contains only cytokinin
served as the control medium number 1 and the medium supplemented with the

best combination of cytokinin and auxin serves as double control.

2.7. Culture Conditions

The tubes were hermetically wrapped with aluminum foil and autoclaved at
121°C and a pressure of 1 bar for 21 mn. The cultures were incubated under
specific conditions (photoperiod: 18/6h with 4000 lux light density, temperature:
24°C+£1°C).

2.8. Acclimatization of Plantlets

The rooted explants, one-month old and about 15 cm were removed from the
tubes and their roots were freed of the agar. They were transferred to plastic pots
filled with autoclaved peat. The plantlets were covered with transparent plastic
to prevent the loss of moisture and placed in a culture room (photoperiod: 18/6
h, humidity: 90% - 100%, temperature: 24°C * 1°C). The leaves were sprayed
with water twice a week. After four weeks, the transparent plastics were re-
moved, and after a period of three weeks, the surviving ones were transferred to
large pots and placed under the natural conditions of illumination and tempera-
ture. After ten days, the number of acclimated plants and the percentage of sur-

vival were determined.

2.9. Evaluation of Explant Growth

After 30-day culture, the following morphological measurements were evaluated:
—Mean explants length (cm),
—Mean number of buds,
—Mean number of shoots,
—Mean number of roots,
—Regeneration rate (%),
—Rooting rate (%),
—Hyperhydricity rate (%).

2.10. Statistical Analysis

36 explants were used for each experiment and data were processed by analysis
of variance (ANOVA) to detect significant differences between means using
the IBM SPSS 20 and Statistica 18 PSW software. Significant differences were
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compared using Tukey’s HSD. Values above p < 0.05 were considered signifi-

cant.

3. Results

3.1. Effect of Macronutrients on Plantlets Growth

SD and N,)K media favor bud multiplication (23.52 and 23.00), followed by
MSm (18.74). On the other hand, minimal proliferation is noted for the SH and
MS media (15.06 and 15.00). The maximum number of shoots is offered by Msm
and B5 (1.66 and 1.60) followed by N,K (1.47) and the minimum number for
SH (1.17). In addition, root multiplication is at its maximum for SD (9.14) fol-
lowed by MSm (7.77) and SH (5.89) and at its minimum for N; K (3.77) (Table
1, Figure 1 and Figure 2). Furthermore, SD accords promising results in terms
of elongation of the stem part (2.16 cm) followed by MS (1.86) and MSm (1.67
cm). On the other hand, the shortest shoots are generated by B5 (1.17 cm).
(Table 1, Figure 1).
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@ Number of buds  ®Number of shoots & Number of roots

Figure 1. Effect of six macronutrients on the multiplication of buds, shoots and roots of
Origanum vulgare L.
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Figure 2. Effect of six macronutrients on the regeneration, rooting and hyperhydricity
rates of Origanum vulgareL.
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Table 1. Effect of six macronutrients on the micropropagation of Origanum vulgare L.

Medium Regeneration (%) Shoot length (cm) Number of buds Number of shoots Rooting (%) Number of roots
MS 27.80 1.86 + 0.14ab 15.00 + 1.58b 1.20 + 0.13ab 100.00 5.60 = 0.73cd
MS,, 75.00 1.67 + 0.09ab 18.74 + 1.31ab 1.66 £ 0.17a 100.00 7.77 £ 0.52ab
N, K 88.90 1.59 + 0.11ab 23.52 £ 1.59a 1.47 + 0.12ab 63.89 3.77 £ 0.67d
SH 80.55 1.43 £ 0.06b 15.06 + 0.66b 1.17 £ 0.07b 93.10 5.89 £ 0.51bc
SD 100.00 2.16 £0.12a 23.00 £ 1.26a 1.45 + 0.12ab 100.00 9.14 + 0.69a
B, 44.44 1.13 £ 0.08c¢ 15.88 + 1.28b 1.61 £ 0.16a 88.89 5.11 £ 0.81cd

Letters represent homogeneous groups; in each column, different letters indicate a significant difference at p < 0.05 using ANOVA
and Tukey Post Hoc.

Thus, SD allows a total regeneration of the explants, followed by N;K (88.90%)
and SH (80.55%). In addition, the vitro plants grown in MS all generate roots, as
did MS and MSm. The absence of hyperhydric explants is noted in the six cul-
ture media (Table 1, Figure 3).

(a) (b)

Figure 3. Effect on macronutrients on the
micropropagation of Origanum vulgare L.
((2) SD; (b) N,,K).

In conclusion, SD medium gives the best development and growth of vitrop-
lants. It allows total regeneration and rooting of the explants and he was selected

for the following experiments.

3.2. Effect of Cytokinins

Integration of cytokinins into the culture medium reveals notable changes, par-
ticularly in terms of bud, shoot and root multiplication (Table 2, Figure 4 and
Figure 5).

Thus, the maximum number of buds is indicated in the case of the culture
medium supplemented with 3.11 uM Kin (23.56) followed by the control me-
dium (23.26) and that containing 2.22 uM Zeat (22.77), in contrast to the case of
4.44 yM TDZ and 1.33 uM adenine where a minimum multiplication is observed
(13.63 and 13.86). In addition, the proliferation of shoots is at its peak for 4.44
uM adenine (1.907) followed by 2.22 and 1.33 uM BAP (1.84 and 1.81) while it is
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at its lowest for 2.22 uM TDZ (1.30). Furthermore, the addition of different
concentrations of Zeat has a positive effect on root multiplication. It is maxi-
mum for 2.22 uM Zeat (8.83) followed by 4.44 (8.00) and 3.11 pM Zeat (7.74). In
opposition, TDZ at different concentrations is unfavorable to root proliferation.
In addition, the maximum shoot elongation is noted for 3.11 pM Kin (2.87 cm),
followed by 4.44 pM and 0.44 pM DPU (2.83 and 2.75 cm), and the minimum
value is noted for 1.33 uM Zeat (1.20 cm) (Table 2, Figure 4).

Total rooting of explants is recorded for Kin at all concentrations, for Zeat at
four concentrations (0.44, 1.33, 2.22 and 3.11 pM), 2ip at four concentrations
(1.33, 2.22, 3.11 and 4.44 pM) and BAP at three concentrations (1.33, 2.22 and
4.44 uM). The highest rate of regeneration is reported for 4.44 uyM DPU and 3.11
uM Kin (97.22% and 97.00%). However, low regeneration is noted with 4.44 pM
BAP (22.22%) and hyperhydricity is observed at 0.44, 2.2 and 1.33 pM (3.00%,
6.25% and 3%, respectively) (Table 2, Figure 4).
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Figure 4. Effect of seven cytokinins at different concentrations on the multiplication of buds, shoots and roots of
Origanum vulgare L.
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Figure 5. Effect of six macronutrients on the regeneration, rooting and hyperhydricity rates of Origanum vulgareL.
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Table 2. Effect of cytokinins on the micropropagation of Origanum vulgare L.

Cytokinins (uM/L)  Regeneration (%) Shoot length (cm) Number of buds Number of shoots Rooting (%) Number of roots

Control (SD) 52.70 1.93 + 0.17abcdef  23.26 + 1.81a 1.78 £0.19a 95.00 4.31 £ 0.54efg
0.44 69.44 1.93 £ 0.11abcd  14.96 £ 0.63ab 1.68 £0.09 a 92.00 4.24 £ 0.51efg
1.33 41.66 1.84 + 0.12abcd 13.86 + 1.05b 1.60 £0.13 a 73.33 3.86 + 0.72fg
Ad 2.22 72.22 1.92 £ 0.14abcd  15.00 £ 0.83ab 1.53+0.11a 80.76 4.23 + 0.59fg
3.11 66.66 2.32+£0.18ab 15.83 £ 0.94ab 1.50+£0.10 a 91.66 4.95 + 0.64defg
4.44 75.00 1.90 £ 0.15abed  15.40 + 0.84ab 1.90 £ 0.15a 92.59 4.88 £ 0.56defg
0.44 94.44 1.63 + 0.09bcdef  21.00 + 0.89a 1.58 £ 0.10a 97.00 7.20 + 0.43abcd
1.33 89.00 1.59 + 0.10cdef ~ 20.25 +1.23a 1.68 £ 0.13a 100.00 7.34 + 0.36abc
2ip 2.22 83.33 1.38 + 0.07ef 19.40 + 1.51ab 1.66 + 0.16a 100.00 7.56 + 0.52abc
3.11 75.00 1.29 + 0.07ef 21.77 £ 1.00a 1.62 +0.09a 100,00 6.07 = 0.57bcdef
4.44 83.33 1.48 + 0.12def 20.46 + 0.92a 1.70 £ 0 .09a 100.00 6.26 + 0.43bcde
0.44 69.44 1.60 + 0 .11bcdef  20.96 + 1.09a 1.72 £ 0.12a 100.00 7.00 * 0.39abcde
1.33 69.44 1.20 + 0.12f 19.60 £ 1.23ab 1.72 £ 0.09a 100.00 5.88 * 0.47bcdef
Zeat 2.22 86.11 1.55 + 0.07cdef ~ 22.77 £ 1.49a 1.67 £ 0 .14a 100.00 8.83 + 0.49a
3.11 75.00 1.33 + 0.10ef 21.03 +1.72a 1.55 = 0.09a 100.00 7.74 + 0.63ab
4.44 72.22 1.38 + 0.07def 20.07 + 1.06a 1.57 £0.09a 96.10 8.00 £ 0.53ab
0.44 80.55 2.10 £ 0.14abc 22.53 +1.31a 1.70 £ 0.13a 100.00 5.66 + 0.57bcdefg
1.33 89.00 2.12 £ 0.15ab 2110+ 1.01a 1.34 £ 0.10a 100.00 4.93 + 0.18defg
Kin 2.22 66.70 1.98 + 0.14abcd ~ 22.50 £ 1.40a 1.58 £ 0.13a 100.00 5.12 + 0.50defg
3.11 97.00 2.87 £0.13a 23.56 +1.20a 1.57 £0.09a 100.00 3.81 £ 0.51fg
4.44 75.00 2.48 £ 0.16ab 21.48 +1.53a 1.37 £ 0.14a 100.00 3.25 + 0.43fg
0.44 77.80 1.36 + 0 .08ef 20.21 £ 1.03a 1.53 £0.10a 90.00 4.82 + 0.51defg
1.33 61.11 1.28 + 0.04ef 22.27 + 1.54a 1.81 £0.12a 100.00 5.40 + 0.49bcdefg
BAP 2.22 52.80 1.27 + 0.07ef 2210+ 1.61a 1.84 £0.17a 100.00 5.94 * 0.52bcdefg
3.11 52.80 1.73 + 0 .12def 2210+ 1.34a 1.73 £0.12a 95.00 5.05 + 0.58cdefg
4.44 22.22 1.08 + 0.12ef 22.25+1.33a 1.75 + 0.16a 100.00 3.50 £ 0.70efg
0.44 83.33 2.75+0.15a 20.13 +1.38a 1.66 £ 0.12a 93.33 7.30 £ 0.63abc
1.33 91.66 2.40 £ 0.16ab 19.69 £ 1.09ab 1.60 = 0.12a 84.84 5.27 + 0.62bcdefg
DPU 2.22 63.88 2.17 £ 0.20abc 17.47 £ 0.93ab 1.43 £0.10a 78.26 5.56 + 0.83bcdefg
3.11 80.55 2.41 £ 0.16ab 19.72 £ 1.01ab 1.41 £ 0.09a 93.10 6.68 £ 0.71bcde
4.44 97.22 2.83 £0.21a 20.17 £ 0.77a 1.45 +0.08a 77.14 3.28 + 0.48fg
0.44 33.33 1.63 + 0.12bcdef  16.33 + 1.64ab 1.50 £ 0.19a 91.66 2.75 £ 0.85fg
1.33 66.66 1.80 + 0.06abcd  17.33 + 1.15ab 1.41 £0.10a 8.33 0.00 £ 0.00g
TDZ 2.22 63.88 1.75 + 0.07def 15.65 + 1.09ab 1.30 £ 0.09a 0.00 0.00 £ 0.00g
3.11 41.66 1.78 + 0.08def 16.53 + 1.17ab 1.33 £0.12a 0.00 0.00 £ 0.00g
4.44 30.55 1.81 £0.18abed  13.63 +1.39b 1.36 £ 0.15a 0.00 0.00 + 0.00g

Letters represent homogeneous groups; in each column, different letters indicate a significant difference at p < 0.05 using ANOVA
and Tukey Post Hoc.
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In conclusion, the medium supplemented with 3.11 pM Kin is the most fa-
vorable for the micropropagation of vitroplants of Origanum vulgare, since it
ensures high regeneration, optimal elongation and total rooting of the explants
as well as maximum multiplication of the buds with the absence of hyperhydric
explants. The root part will be improved by combining 3.11 uM Kin and three

auxins at different concentrations (Figure 6).

(a) (b) (©) (d)

Figure 6. Effect of cytokinins on micropropagation of Origanum vulgare L.
((a) Control; (b) 3.11 uM Kin; (c) 1.33 uM DPU; (d) 3.11 uM DPU).

3.3. Effect of Auxins

The combination of 3.1 uM Kin and the three auxins results in changes in the in
vitro growth of Origanum vulgare explants, particularly at the root part (Table
3, Figure 7 and Figure 8).

Table 3. Effect of auxins combined with 3.11 uM Kin on the micropropagation of Origanum vulgareL.

Auxins (uM/L) Regeneration (%) Shoot length (cm) Number of buds Number of shoots Rooting (%) Number of roots

Control 1 SD 52.70 1.93 +0.17d 23.26 + 1.8labc  1.78 £ 0.19ab 95.00 4.31 + 0.54bcd
Control 2 (3.11 pM Kin) 89.00 2.07£0.13cd  23.56 * 1.20abc 1.37 £ 0.09b 100.00 3.81 £0.51cd
1.14 83.33 2.78 £0.16bcd  24.60 £ 1.22ab 1.63 £+ 0.12ab 100.00 6.13 £ 0.41abc
2.85 83.33 2.94 £0.19bcd  23.20 £ 1.20abc  1.46 * 0.09ab 100.00 6.43 + 0.64abc
1ad 4.56 94.44 2.22 +0.16cd 25.55 + 1.48ab 1.91 + 0.14a 91.17 6.41 £ 0.67abc
6.27 100.00 2.43£0.17bcd  25.72 £ 1.25ab 1.63 £ 0.11ab 100.00 7.16 + 0.58ab
1.14 77.80 2.81 £0.25bcd  21.10 £1.20bc  1.46 + 0.09ab 96.42 5.82 + 0.62abc
2.85 93.10 291 +£0.22bcd  23.10 £ 1.68abc  1.58 * 0.09ab 80.50 5.31 * 0.60abcd
1BA 4.56 63.88 3.07 £ 0.18bc 17.04 £ 0.931c 1.34 £ 0.10ab 100.00 6.21 £ 0.69abc
6.27 100.00 4.20 £ 0.27a 28.11 + 1.53a 1.77 £ 0.09ab 94.44 7.72 = 0.66a
1.14 94.44 2.66 £0.19bcd  23.29 +0.19.abc  1.55 = 0.10ab 91.17 4.50 £ 0.51c
2.85 94.44 2.56 £ 0.16bcd  23.21 £ 1.63abc  1.57 + 0.14ab 79.41 2.84+041d
NAA 4.56 66.66 2.43 £0.15bcd  22.64 £ 1.20abc  1.60 % 0.10ab 69.44 4.12 £ 0.38cd
6.27 85.18 3.17 £ 0.25d 23.70 + 1.80abc  1.70 £ 0.12ab 75.00 4.62 £ 0.65bcd

Letters represent homogeneous groups; in each column, different letters indicate significant difference at p < 0.05 using ANOVA

and Tukey Post Hoc.
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+
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Figure 7. Effect of auxins combined with 3.11 pM Kin at different concentrations

on the multiplication of buds, shoots and roots of Origanum vulgareL.
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Figure 8. Effect of auxins combined with 3.11 pM Kin at different concentrations
on the regeneration, rooting and hyperhydricity rates of Origanum vulgare L.

Thus, the maximum number of roots is noted in the case of the medium sup-
plemented with 6.27 uM AIB (7.72), followed by 6.27 and 2.85 uM IAA (7.16
and 6.41), unlike the medium free of growth regulators where multiplication is
minimal (0.55). Similarly, bud proliferation is at its maximum for 6.27 uM IBA
(28.11), followed by 6.27 uM IAA (25.72) and 4.56 uM TAA (25.55), and is at its
minimum for 4.56 M IBA (17.04). Therefore, there is no significant difference
for shoot multiplication, the maximum value being noted for 4.56 uM IAA
(1.91) and the minimum shoot multiplication recorded for 4.56 uM IBA (1.34)
(Table 3, Figure 7).

Compared with the control medium without growth regulators, the combina-
tion of 3.11 uM Kin with 6.27 uM AIB is suitable for elongation of the aerial part
of the explants (4.20 cm), followed by 6.27 uM NAA and 4.56 pM IBA (3.17 and
3.07 cm) (Table 3, Figure 8).
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Total rooting of explants is indicated for 3.11 uM Kin, 3.11 pM Kin + 1.14 uM
TAA, 3.11 uM Kin + 2.85 uM TAA, 3.11 uM Kin + 6.27 pM TAA and 3.11 pM Kin
+ 4.56 IBA yM. In addition, the medium supplemented with 3.11 uM Kin + 6.27
uM IBA allows total regeneration of the vitroplants. No cases of hyperhydricity

are observed in the different combinations (Figure 9).

(a) (b) (0)

Figure 9. Effect of auxins combined with 3.11 uM Kin on micropropagation of
Origanum vulgare L. ((a) 4.56 uM IBA, (b) 4.56 uM IAA, (c) 6.27 uM NAA).

3.4. Effect of Cytokinins and Auxins Combined with Gibberellic
Acid

The combination of different concentrations of AG, with 3.11 uM Kin and 6.27

uM IBA leads to some changes in the in vitro growth of Origanum vulgare ex-

plants (Table 4, Figure 10 and Figure 11).

Number

Control 1 Control2  029GA3  1.15GA3 2.6 GA3 2.8 GA3
Gibberellic acid (uM)
+

3.11 uM Kin+ 6.27 uM IBA
H Number of buds H Number of shoots 4 Number of roots

Figure 10. Effect of GA, at four concentrations combined with 3.11 uM Kin and 6.27
uM IBA on the multiplication of buds, nodes and roots of Origanum vulgareL.
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Figure 11. Effect of GA, at four concentrations combined with 3.11 uM Kin and 6.27
UM IBA on the regeneration, rooting and hyperhydricity rates of Origanum vulgareL.
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Table 4. Effect of gibberellic acid combined with 3.11 pM Kin and 6.27 uM IBA on the micropropagation of Origanum vulgareL.

Control 1 (SD)

Regeneration Shootlength Number of = Numberof  Rooting  Number of
(%) (cm) buds shoots (%) roots
66.66 1.16 £ 0.28ab 15.82+0.95a 1.82+0.08a 91.66 1.86 £ 0.43b

Control 2 (3.11 uM Kin + 6.27 uM IBA) 63.88 159 +0.16a 1433 £0.66a 1.87 +0.06a 5217  4.62+0.5%
0.29 5277  1.37+022ab 1252+0.77a 1.82+0.08a 7368  3.10 +0.62ab
1.5 5833  045+0.13b 1628+093a 1.95+0.04a  42.85  1.90 +0.65b
GA, (uM/L)
2.60 66.66  0.89+024ab 16.11+127a 1.70+0.09 5416  2.70 + 0.70ab
2.89 77.78 1.56+0.23a 1521+1.18a 1.78+0.07a 7500  3.64 + 0.60ab

Letters represent homogeneous groups; in each column, different letters indicate significant difference at p < 0.05 using ANOVA

and Tukey Post Hoc.

Thus, the addition of GA; acts positively on the multiplication of buds. The
maximum number is noted in the case of 1.5 uM GA, (16.28) followed by 2.60 uM
GA, (16.16) and followed by the control medium 1 (15.82). In contrast, a low con-
centration of GA, (0.29 uM) allows minimal bud proliferation (12.52). With regard
to shoot multiplication, no significant differences are observed between the differ-
ent combinations and the two-control media; an increase in number is noted in the
case of 1.5 uM GA, (1.95) followed by the control medium 2 (3.11 pM Kin + 6.27
uM IBA) and control medium 1 (SD only) (1.87 and 1.82 respectively) while a de-
crease is noted in the case of 2.60 uM GA, (1.70). Moreover, root multiplication is
at its maximum in the case of control medium 2 (4.62) followed by 2.89 uM GA,
(3.64) and 0.29 pM GA; (3.10) while it is at its minimum in the case of 1.5 uM GA,
(1.90). On the other hand, an optimum concentration of GA, (2.89 uM GA,) is fa-
vorable for the elongation of the stem part (2.41 cm); however, the maximum value
is noted for control medium 2 (3.11 uM Kin + 6.27 uM IBA) (2.76 cm), and the
minimum for GA, (0.29 uM GA;) (1.63 cm) (Table 3, Figure 10).

In addition, the control medium 2 (3.11 pM Kin + 6.27 uM IBA) generates a
high level of rooted vitroplants (91.66%) followed by the medium supplemented
with 2.89 and 0.29 uM GA,; (75.00 and 73.68%, respectively). On the other hand,
the medium supplemented with 2.89 uM GA, allows a high percentage of rege-
neration (77.78%) followed by the control medium 2 and that supplemented
with 2.60 uM GA, (66.66%) (Table 3, Figure 11 and Figure 12).

(a) (b)

Figure 12. Effect of GA, combined with 3.11 uM Kin and 6.27 uM IBA on mi-
cropropagation of Origanum vulgareL. ((a) 0.29uM GA,, (b) 1.15 uM GA,).

DOI: 10.4236/ajps.2022.136056

844 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2022.136056

R. Benkaddour et al.

3.5. Effect of Polyamines Combined with Cytokinins and Auxins

The combination of three polyamines at different concentrations with 3.11 uM
Kin and 6.27 uM IBA results from some changes in the micropropagation of
Origanum vulgare vitroplants (Table 5, Figure 13 and Figure 14).

Thus, an increase in the number of buds is noted in the case of 1.134 pM Pu-
trescine (21.72) followed by the control medium 2 (3.11 uM Kin + 6.27 uM IBA)
(21.44) and 5.67 pM spermine (21.38). On the other hand, a decrease in number
is reported in the case of 7.938 uM spermidine (14.08). For what concerns the
shoots multiplication, it is at its maximum in the case of 5.67 uM and 1.134 upM
putrescine (2.07 and 2.03) followed by 11.34 uM putrescine (1.94) while it is at its
minimum in the case of 7.938 uM spermidine (1.44). In addition, in comparison
with the control medium 2 (3.11 uM Kin + 6.27 uM AIB), the addition of the po-
lyamines, with the exception of 1.134 uM Putrescine where a maximum prolifera-
tion of the roots is marked (5.22), has an insignificant effect on the root multipli-
cation; in fact, it is minimal for 5.67 pM spermidine (0.33) and absent for 3.402
uM putrescine and 3.402 pM spermidine. On the other hand, the longest explants
are regenerated in the medium supplemented with 1.134 uM spermidine (4.21
cm) followed by those cultivated in the medium supplemented with 7.938 uM
spermine and 3.402 pM spermidine (3.50 cm) whereas the shortest explants are
indicated in the case of 5.67 uM Spermidine (2.38 cm) (Table 5, Figure 13).

Table 5. Effect of polyamines combined with 3.11 uM Kin and 6.27 uM IBA on the micropropagation of Origanum vulgare L.

Polyamines (WM/L) Regeneration ~ Shoot length Number Number of  Rooting Number
(%) (cm) of buds shoots (%) of roots
Control 1 (3.11 uM Kin) 73.33 3.16 £0.29ab 17.73 £0.99ab 1.80 +0.10ab  41.60  2.73 £ 0.65abcde
Control 2 (3.11 uM Kin + 6.27 uM IBA) 94.44 3.46 +0.28ab 21.44 +£2.20a 1.83 +0.20ab  50.00 4.27 + 0.69ab
1.134 95.45 3.32+0.33ab  21.72+1.75a 2.04+0.13a 61.11 5.22 +0.53a
3.402 0.00 3.13+0.38ab 17.81 +1.71ab 1.54 +0.15ab  30.56 0.00 £ 0.00e
Putrescine 5.67 78.94 2.74+0.19b 19.57 £ 1.55ab 1.68 +0.13ab  52.78 3.21 £ 0.59ab
7.938 78.51 3.16 £0.33ab  18.71+2.34 1.57+0.13ab  38.89 3.35 + 0.70abc
11.34 27.78 2.68 +£0.19ab 20.56 + 1.75ab 1.94 +0.17ab  50.00 1.00 £ 0.45de
1.134 52.94 421+0.36a 18.11+0.89ab 1.52+0.12ab  47.22 1.64 + 0.41bcde
3.402 0.00 3.50 + 0.27ab 15.71 + 1.06ab 1.47 +0.11ab  58.46 0.00 £ 0.00e
Spermidine 5.67 27.78 2.38+0.21b 16.00 + 1.04ab 1.56 +0.12ab ~ 50.00 0.33 £ 0.14cde
7.938 28.00 3.38 £0.26ab 14.80+0.82b 1.44 £ 0.10b 69.44 1.04 + 0.43cde
11.34 33.33 2.97 +£0.25ab 21.06 + 1.87ab 1.80 + 0.14ab  41.67 1.06 £ 0.45bcde
1.134 68.18 3.16 £ 0.20ab 19.09 + 1.09ab 1.59 £0.10ab  61.11 2.68 * 0.67abcd
3.402 60.00 3.34+0.27ab 16.70 + 1.06ab 1.55 +0.11ab  55.56 1.50 £ 0.36bcde
Spermine 5.67 53.84 2.56+£0.24b 21.38+1.85ab 2.07 +0.17a 36.11  0.92 +0.28bcde
7.938 57.14 3.68 £0.40ab 20.57 + 1.84ab 1.57 +0.13ab  38.89 2.35 * 0.82abcd
11.34 40.90 3.41 +0.26ab 16.45+ 1.06ab 1.50 + 0.10ab  61.11 1.45 £ 0.47cde

Letters represent homogeneous groups; in each column, different letters indicate significant difference at p < 0.05 using ANOVA

and Tukey Post Hoc.

DOI: 10.4236/ajps.2022.136056

845

American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2022.136056

R. Benkaddour et al.

25

20

15 +

10

Number

Ll o~ < o~
5 35 |9|¢%
ElE|A|
o o
o o
Putrescine Spermidine ‘ Spermine
Polyamines (uM)
+
3.11 uM Kin+6.27 uM
H Number of buds i Number of shoots M Number of roots

Figure 13. Effect of 3 polyamines at 5 concentrations combined with 3.11 uM Kin and
6.27 uM IBA on the multiplication of buds, nodes and roots of Origanum vulgareL.
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Figure 14. Effect of 3 polyamines at 5 concentrations combined with 3.11 uM Kin and 6.27
UM IBA on the regeneration, rooting and hyperhydricity rates of Origanum vulgareL.

The percentage of regeneration is relatively high in the case of 1.134 uM pu-
trescine, 7.938 uM spermidine, 1.134 and 11.34 pM spermine (61.11%). In addi-
tion, the rhizogenesis rate is maximal in the case of control medium 2 and 1.134
uM putrescine (94.44%). No cases of hyperhydria are noted in the various com-
binations (Table 5, Figure 14 and Figure 15).

(a) (b)

Figure 15. Effect of polyamines combined with 3.11 uM Kin and 6.27 uM IBA on
micropropagation of Origanum vulgareL. ((a) 7.938 uM Spd; (b) 5.67 uM Sp).
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3.6. Acclimatization of Plantlets

Explants grown in SD medium supplemented with 3.11 uM Kin and 6.27 uM
IBA (the best medium for rooting) showed good root and foliar development,
and the survival percentage of seedlings acclimatized in the culture room, and

after their transfer under natural conditions, was 96% (Figure 16).

Figure 16. Acclimatization phase of Origanum vulgare L. ((a) Acclimatization
after 3 months; (b) after 5 months; (c) after 7 months, (d) inflorescences).

4. Discussion

The evaluation of the effect of macronutrients on the micropropagation of Ori-
ganum vulgare allowed us to choose the SD culture medium since it ensured to-
tal regeneration of vitroplants, a relatively high percentage of rooted plants and a
better multiplication of buds and roots. It also offered promising results in terms
of root multiplication. However, in numerous investigations of the micropropa-
gation of Origanum vulgare, MS medium was the most preferred [23]-[28]. In
addition, Morone-Fortunato and Avato (2008) [29] chose a less concentrated
medium (Nitsh medium) in their protocol for the in vitro culture of Origanum
vulgare. On the other hand, Economou et al (2011) [30] established explants
culture on B5 medium.

Improvements in vitroplants growth are observed following the addition of
cytokinins to specific concentrations in the culture medium. Thus, an optimiza-
tion in terms of elongation of the vegetative part is noted with 3.11 uM Kin, 4.44
and 0.44 uM DPU. The addition of 1.33, 3.11 and 0.44 uM DPU allowed better
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development of the root part. In addition, shoot multiplication improved with
the integration to the culture medium 4.44 uM adenine and 2.22 uM BAP. In
addition, high concentrations of zeatin are favorable for root propagation. Op-
timal regeneration of the vitroplants is noted with 3.11 uM Kin and 4.44 uM
DPU. Total rooting is observed with different concentrations of Kin, Zeat (0.44,
1.33,2.22, and 3.11 uM), 2ip (1.33, 2.22, 3.11, and 4.44 uM) and BAP (1.33, 2.22,
and 4.44 pM). Hyperhydricity is marked only as a low percentage at 0.44, 2.22,
and 1.33 pM (3, 6.25 and 3%, respectively).

Other studies have examined the effect of cytokinin concentration and type,
including BAP on the growth and development of Origanum vulgare explants.
Thus, Pandey et al (2019) [27] demonstrated that the cytokinin-free control
medium caused browning of explants and shoot proliferation was not triggered.
However, a maximum elongation of the shoots is noted in the case of the me-
dium supplemented with 4 uM BAP. On the other hand, the presence of high
concentration of BAP in the culture medium has a negative effect on the induc-
tion of shoots. Morone-Fortunato and Avato (2008) [29] reported that 5.94 uM
BAP allowed multiple shoots regeneration of Origanum vulgare subsp. hirtum
explants. In addition, Cristea et al (2008) [24] found that BAP from 2.97 to 5.94
uM had the best results in terms of proliferation and regeneration of Origanum
vulgare shoots. In opposition, its replacement with Kinetin did not promote ex-
plant regeneration, unlike our study. Therefore, the study of the effect of cytoki-
nin concentration and type on organogenesis is reported in several species be-
longing to the genus Origanum. These results reveal the importance of these
chemicals in the micropropagation and reproduction of plants, because they
promote cell divison in plant roots and shoots and also axillary bud growth and
affect apical dominance in appropriate concentartion. Korkor et al (2017) [31]
showed that 5.94 uM BAP had a negative effect on the elongation of Origanum
majorana shoots and a positive effect on their multiplication. Abdallah et al
(2017) [32] demonstrated that treatments with 2 uM Kinetin allowed good re-
sults in terms of proliferation shoot elongation of Origanum syriacum L ex-
plants. Moreover, Zayova et al. (2019) [33] found that 2.28 and 4.56 pM Zeatin
allow the formation of multiple shoots of Greek oregano (Origanum heracleoti-
cumlL.).

In our study, the medium supplemented with 3.11 uM Kin was most suitable
for improving the growth of vitroplants of Origanum vulgare, particularly the
vegetative part. The root part is optimized by combining 3.11 uM Kin with three
auxins at precise concentrations. In fact, the integration of auxins ensured not
only the improvement of the development of the roots, but also of the vegetative
part, in particular with 6.27 uM IBA where an optimal multiplication of buds
and roots is observed as well as a better elongation of shoots. On the other hand,
the increase in NAA concentration is unfavorable for root development, in
agreement with the study of Cristea et al (2008) [24] where rooting medium

containing low concentration of NAA showed good development of Origanum
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vulgare explants. The cytokinin/auxin combination sometimes only leads to the
development of the vegetative or root part. In the investigation of Pandey et al
(2019) [27], the presence of high-concentration BAP with 0.25 uM NAA ensured
a better multiplication of shoots while rooting is initiated in the medium sup-
plemented with only 50 uM IBA. Similarly, Cristea et al (2008) [24] proved that
the combination of 8.88 uM BAP and 0.54 pM NAA guarantees a high percen-
tage of regeneration and maximum shoot proliferation, while a high rate of
rooted explants occurs in the medium supplemented with 3.22 uM NAA without
any combination with cytokinins. The integration of auxins without combina-
tion with cytokinins into the culture medium is sometimes sufficient for the de-
velopment of both parts. In this context, Nanova and Slavova (2006) [34]
showed that the medium supplemented with only 0.85 pM IAA gave better re-
sults in terms of vegetative part development with an optimal percentage of vi-
troplants of Origanum vulgare subsp. hirtum rooted. On the other hand, the
species response varies according to the cytokinin/auxin ratio in the study of
Camacho et al (2018) [5] where 8.88 uM BAP/10.70uM NAA ratio regenerate
vitroplants with better morphological characteristics. Nicutd and Lazar (2018)
[26] showed that 4.44 uM BAP/6.27uM TAA ratio ensured rapid explant growth
and good root development, while 4.44 uM BAP/2.68uM NAA ratio provided
vitroplants with thin and short roots.

In our study, the ratio of 3.11 puM Kin/6.27uM IBA is the most suitable for the
development and growth of both the root and aerial parts and the combination
of three polyamines at different concentrations with this ratio alters the growth
of Origanum vulgare. Compared with the two-control media, low-concentration
of putrescine is considered to be the most suitable for in vitro culture of ex-
plants, as it allows optimal bud and root multiplication, as well as a high rate of
regeneration and rhizogenesis and absence of hyperhydria. In addition, sper-
mine at 5.67 uM allowed maximum shoot multiplication and 1.134 pM spermi-
dine contributed to a better elongation of vitroplants. In contrast, the combina-
tion of 3.402 puM putrescine and spermidine with 3.11 uM Kin + 6.27 pM IBA
had an inhibitory effect on root development. The study of the effect of polya-
mines alone or in combination with cytokinins or/and auxins has been ad-
dressed in investigations of other species belonging to the Lamiaceae family. El
Ansari et al (2020) [35] showed that medium supplemented with 10 uM Sper-
mine gave the best results in terms of bud, shoot and root multiplication, and
Sarropoulou and Maloupa (2019) [36] showed that the integration of exogenous
polyamines contributed to numerous modifications in the growth of Sideritis
raeseri Boiss. & Heldr. subsp. raeseri. Thus, among the three polyamines tested,
spermidine gave the best results in terms of shoot and root multiplication, while
spermine allowed maximum shoot elongation compared with spermidine and
putrescine. In addition, 10 uM Spermidine is most suitable for shoot prolifera-
tion. However, 1 uM spermine is most favorable for the elongation of the vegeta-

tive part. For the root part, 50 uM Spermidine provided the best propagation of

DOI: 10.4236/ajps.2022.136056

849 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2022.136056

R. Benkaddour et al.

roots. This is in contrast to the study of Erland and Mahmoud (2014) [37] which
showed that treatments with spermidine and spermine had an inhibitory effect
on rooting, a total absence of rooted vitroplants in the medium supplemented
with 1 Mm spermine, and browning and necrosis in the presence of high polya-
mine concentrations on Lavandula x intermedia cv Grosso explants. Moreover,
Carlos Sanchez-Gras and Segura (1988) [38] proved that the effect of Spermidine
depends on its concentration in the culture medium and the type of explant: for
cotyledons, 0.01 mM spermidine has a rhizogenesis-promoting effect, while
high-concentration of spermidine inhibits the NAA response to root induction;
for hypocotyls, the combination of 0.01 mM spermidine and 27 uM NAA in-
creases root induction. Oliveira et al (2019) [39] showed that among the polya-
mines tested on the in vitro growth of Lavandula angustifolia L. vitroplants, 5,67
uM of putrescine and spermidine promote the in vitro culture of explants. Fra-
betti et al (2009) [40] incorporated exogenous polyamines into the culture me-
dium and combined them with auxins to optimize the rooting of Teucrium fru-
ticans L. and they observed that putrescine alone or in combination with IBA
does not improve root multiplication and rhizogenesis rate. The combination of
polyamines and cytokinins was tested by Fazal et al (2016) [41]; these authors
showed that the combination of Kinetin and 11.34 uM putrescine induced elon-
gation of the vegetative part and maximum shoot proliferation.

GA, combined with 3.11 uM Kin + 6.27 uM IBA improves the growth of Ori-
ganum vulgare vitroplants, especially in the propagation phase for the vegetative
part. Thus, the maximum number of buds and shoots is given with 1.15 uM GA,.
However, the presence of high concentrations of GA,; in the culture medium has
a negative effect on bud multiplication. On the other hand, it favors shoot elon-
gation and root development and growth. An optimal concentration of GA,
(2.89 uM) allows a relatively high rate of rhizogenesis and maximum regenera-
tion of the vitroplants. Few studies on the effect of gibberellic acid combined
with or without auxins are reported in Origanum genus. Harfi et al (2019) [42]
showed maximum elongation of Origanum glandulosum Desf. in a medium
supplemented with 2.22 uM BAP and 1.44 uM GA;, and the combination of 2.22
uM BAP, 1.42 uM IAA and 1.44 pM GA, induced callus formation; they also
showed that the combination of GA, with IAA without cytokinin addition was
favorable for root development and allowed the regeneration of a high percen-
tage of rooted vitroplants. Goleniowski et a (2003) [16] noted that the replace-
ment of NAA with 0.25 pM GA; and its combination with BAP showed a posi-
tive response for shoot elongation of vitroplants of “Mendocino” oregano, but in
return the multiplication decreased. Sevindik et al (2017) [43] reported that the
combination of 2.22 uM BAP and 0.58 uM GA, generates a maximum number
of shoots and is the most efficient for the micropropagation of Origanum sipy-
leum L.

Integration of GA; alone or in combination with cytokinins or/and auxins is

reported in several species of Lamiaceae. Arumugam et al. (2020) [44] found that
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the combination of 4.44 pM BAP and 2.89 pM GA, allowed maximum elonga-
tion and shoot multiplication of Plectranthus amboinicus (Lour.) Sprengel, but
generated a high percentage of vitroplants with abnormal morphological cha-
racters. In the micropropagation of five Lamiaceae, Thymus syriacus Boiss., Clino-
podium insulare (Candargy) Govaerts, Clinopodium serpyllifolium subsp. fruti-
cosum (L.) Brauchler, Origanum majorana L. and Thymbra capitata (L.) Cav.,
the medium supplemented with 4.65 uM Kin and 0.87 uM GA, is shown to be
the best for shoot multiplication and proliferation for Clinopodium insulare (96%)
[45]. Ozudogru et al (2011) [46] demonstrated that the medium supplemented
with 4.65 pM Kin and 0.87 pM GA; ensured optimum shoot proliferation and
maximum regeneration rate of Thymus longicaulis C.Presl and T. vulgaris L. vi-
troplants. Also, Sevindik and Tutuncu (2020) [47] showed that the combinations
8.88 uM BAP + 5.77 uM GA, and 8.88 uM BAP + 4.32 uM GA, are favorable for
shoot multiplication of Lamium garganicum L. subsp. striatum (Sm.) Hayek var.

striatum.

5. Conclusions

This study represents a well-detailed and original protocol for the micropropa-
gation of Origanum vulgare explants stored in the Tetouan Plant Biotechnology
Laboratory.

Initially, the SD medium was chosen because it provided total regeneration of
vitroplants, a relatively high percentage of rooted plants, and improved bud and
root propagation. The SD medium also offered promising results in terms of ve-
getative elongation. After the multiplication of cultures, the evaluation of the ef-
fect of seven cytokinins at five concentrations showed that Kinetin at 3.11 uM
allows high regeneration of vitroplants, optimal elongation, maximum bud mul-
tiplication, and total rooting of explants and absence of hyperhydric vitroplants.
The addition of 6.27 uM IBA with 3.11 uM Kinetin allowed not only the im-
provement of the root part development, but also of the vegetative part with an
optimal multiplication of buds and roots. The combination of polyamines with
3.11 pM Kinetin and 6.27 pM IBA shows that low-concentration of putrescine is
most suitable for in vitro culture of explants. It allows optimum propagation of
buds and roots, as well as a high rate of regeneration and rhizogenesis and ab-
sence of hyperhydria. The incorporation of GA; into the culture medium sup-
plemented with 3.11 uM Kinetin and 6.27 uM IBA allowed the growth of Origa-
num vulgare vitroplants to be improved, especially in the propagation phase of
the vegetative part. Thus, the maximum number of buds and shoots is high in
the case of 1.15 uM GA,. Finally, acclimatization was successfully established by
the use of vitroplants that showed good foliar and root development. Two months
after acclimatization, 100% of the plants were in good condition, and after 7
months, acclimatized plants developed flowers between May and July.

From a practical point of view, the protocol described makes it possible to

overcome conclusively the decreasing of wild Origanum vulgare and regenerate
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plants that can meet market needs for essential oils and bioactive compounds.
With regard to plant growth regulators, another chemicals could be used to

prompt the growth of Origanum vulgare L., as like the elicitors, which notably

include yeast extract, methyl jasmonate, salicylic acid, vanadyl sulphate and chi-

tosan.
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