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Université Mohammed Premier, Oujda, Morocco
2Laboratoire de Biologie des Ligneux et des Grandes Cultures (LBLGC), INRAE USC1328, Université D’Orléans,
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In this study, several methods have been used to facilitate shoot formation from nodal explants of local almond ecotypes known as
“Beldi” grown in EasternMorocco. Nodal segments of divers old local genotypes were cultured on various concentrations of auxin
(indole-3-butyric acid (IBA)) and cytokinins (6-benzyl-aminopurine (BAP), thidiazuron (TDZ), and kinetin (KIN)) added to two
different media (Murashige and Skoog (MS) and Heller medium). %e results showed that TDZ was more effective than the other
tested hormones for in vitro proliferation of the “Beldi” ecotype. TDZ at the concentration of 1mg/L significantly improved the
nodal shoot proliferation rate, with the highest percentage (63.6%± 0.63) and number of regenerated shoots (13± 0.54) recorded
for S1 genotype inoculated on MS medium, while the most significant rooting rate (60.41%± 0.81) of proliferated shoots and
number of roots per shoot (7.3± 1.36) were achieved for S2 genotype on 1mg/L of IBA incorporated to a half-strength MS
medium. With 80% of plantlets survival, the rooted shoots were successfully adapted to the in vivo conditions and were grown
vigorously in the greenhouse without any morphological abnormalities.

1. Introduction

Almond {Prunus amygdalus [syn. P. dulcis (Mill.) D.A.Webb]}
is a species belonging to Rosaceae family, with a genome
2n� 16.%e almond tree, native to Central Asia [1, 2], is one of
the oldest domesticated fruit trees. It has been introduced by
Phoenicians, Grecques, and Romans in different Mediterra-
nean regions [3, 4], where it has adapted to various micro-
climates. %e almond germplasm of the Mediterranean region
is adapted to drought and is frequently characterized by their
sensitivity to cold [5], due to its early pre-blooming, which
limits the expansion of these cultivars. Almond is a very
polymorphous species due to its self-incompatibility [6] and
open pollination in traditional culture [7], and its seed

propagation gives highly variable local genotypes creating an
important genetic variability in several areas of the Mediter-
ranean basin. According to the observations of Grasselly and
Crossa-Raynaud [5], the cultivation of traditional almond trees
results in the emergence of adapted ecotypes associated with
specific production areas. In terms of commercial production,
almond world production was 2.2 million tonnes in 2017, and
the United States provides alone 46% of the total [8]. %ese
production concerns also areas characterized by a Mediter-
ranean climate. %e main important modern growing regions
are Spain, Italy, Morocco, Tunisia, Greece, and Portugal [9].
Spain, Iran, and Morocco are considered contributing to 22%
of the world total production. Moreover, the world almond
production for 2018-19 was around 1.28 million metric tons
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(kernel basis) and it kept increasing year on year and in 2019/
2020 crop added up to over 1.36 million metric tons (kernel
basis), which represents 7% up from the previous season and
26% above the previous 10-year average. %e global almond
market size is projected to reach USD 9438.4 million by 2026,
from USD 7124.1 million in 2021, recording a compound
annual growth rate (CAGR) of 4.8% during 2021–2026, and is
expected to reach 16.7 billion by 2026, recording a compound
annual growth rate (CAGR) of 10.46% from 2021 to 2026
[10–12].

Since the early 1900s, Morocco has been an important
world producer of almonds, where its most traditional
production has been under low-input, dry land culture with
local cultivars and in unfavorable areas mainly upstream of
mountains [13]. Northeastern Morocco region is suitable for
almond “Beldi” culture with cold winter time sufficient for a
cold resting period and it is well adapted to high temperature
and low relative humidity in summer necessary for its
maturation and harvesting time. Moreover, some prelimi-
nary physicochemical results have shown the richness in
tocopherol of the local almond ecotypes [14], which indi-
cates a great potential of the “Beldi” almonds in this region.
In order to enhance the production, recent plantings have
incorporated more intensive cultural practices as well as new
cultivars originating from Spain and France [15, 16]. To
avoid genetic erosion of “Beldi” almond ecotypes and the
loss of interesting genotypes, several recent researches are
focused on a serious identification of “local cultivars” based
on seedling selections which represented the germplasm of
the region and where a traditional culture system was
evolved that minimized inputs of labour, fertilizers, and uses
of additional irrigations during dry periods [17]. Moreover,
many problems like the attack of the bark beetle “Scolytus
Amygdali,” an important pest that belongs to the Scolytidae
family, which is considered as one of the most destructive
insect pests in coniferous and fruit trees in both temperate
and tropical climates, could occur [18]. Since, this insect was
also found on fruit trees of several countries as Morocco,
Tunisia, and Egypt [19], and led to the ageing and the
mortality of trees and consequently caused almond genetic
erosion in those countries. In vitro propagation is an al-
ternative to overcome this kind of problem. Since tissue
culture technology has been widely used for a large-scale
micropropagation of commercial plants [20, 21], germplasm
protection [22], and development of new hybrids [23], it can
provide clean planting materials (virus and diseases-free) for
new orchards avoiding economic losses [24–26]. Prunus
species was successfully reproduced for the first time in the
1960s [27], and most research on this species was focused on
the optimization of reproduction steps by using leaves ex-
plants [28], axillary buds [29], seed [30], or branch tips [20].
Nevertheless, organogenesis seems to be highly dependent
on genotype and an efficient protocol for shoot formation
hangs too on type of media, plants growth regulators
combinations, and medium composition and culture con-
ditions [31]. %us, by using young shoots from Japanese
plums (cv. “America”) and 1.0mg·L−1 IAA, successful in
vitro propagation was achieved [32], and for “Gulf ruby”
cultivar grown in Woody Plant Medium (WPM)

supplemented with 0.05-0.1 mg/L IBA and 0.5-1.0 mg/L BA,
an effective in vitro culture system for mature stem segments
was developed showing an important shoots production and
a facilitated shoots elongation.

In the same way, in many sweet cherry varieties (Prunus
avium), regeneration was obtained when leaves and inter-
node slices were cultivated in woody plant medium DKW/
WPM (1 :1) and Quoirin/Lepoivre (QL) medium with thi-
diazuron in combination with indole-3-butyric-acid. In
apricot (Prunus armeniaca) cv. “Hacihaliloglu shoot in-
duction increased in presence of cytokinin 6-benzyladenine
(BA) at either 2.0mg/L or 1mg/L and rooting reached high
efficiency on Murashige and Skoog (MS) medium supple-
mented with 2.0mg/L indole-3-butyric acid (IBA). In 11
apomictic genotypes of Malus sieboldii, MS medium was
found to be the best for the multiplication rate and shoot
height compared to QL medium or DKW basal medium
[33].

In order to protect traditional almond plantations in
Eastern Morocco, and to provide farmers with “Beldi” ge-
notypes to exploit, it is necessary to establish conservation
and protection strategies and to develop an effective protocol
for clonal propagation of interesting “Beldi” almond ge-
notypes carrying the desired agronomic traits. %is paper
reports methods for successful micropropagation by using
segment nodal proliferation of almond “Beldi” ecotype in
Eastern Morocco. In addition, methods for successful
rooting of the “Beldi” ecotype as well as the transfer of
plantlets to potting mix for acclimatization are reported.

2. Materials and Methods

2.1. Plant Materials. Nodal segments of “Beldi” almond
genotypes were collected from selected local old trees
growing for more than 50 years in three areas in the eastern
region of Morocco (Table 1). %e selection of the studied
genotypes was based on pomological and physicochemical
characterization of several local almond genotypes.

2.2. Explants Preparation. Nodal segments (5 to 6 cm long)
with effectively developing shoots were gathered in March
2019 from youthful parts of “Beldi” ecotypes branches
growing in three different sites of eastern Morocco
(Figure 1(a)). S1 genotype was collected from Rislane, S2
genotype from Ain Sefa, and S3 genotype from Bsara. %e
explants were kept in an icebox during their transportation
to the laboratory for in vitromicropropagation.%e explants
were prepared by removing additional leaves and washed
under running water and afterward by using 40% (v/v) of
commercial bleach solution (NaOCI) containing 0.05% (v/v)
Tween 20 for 30min, explants were surface-disinfected. %e
shoots were dissected into nodal segments with 20± 3mm
long (Figure 1(b)).%e disinfected explants were cultured on
various concentrations of IBA and cytokinins (BAP, TDZ,
KIN) added to two different media: MS (Murashige and
Skoog) medium [34] and Heller medium [35] (Figure 1(c)).
3% sucrose (w/v) were added to all media and then solidified
by using 0.7% (w/v) of Agar. %e pH was fixed at 5.7 before
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autoclaving at 120± 1°C for 20min. Plant growth regulators
were added to themedium prior to the adjustment of pH and
sterilization. %e experiment was conducted in three rep-
licates with 15 explants in each replication. 45 explants were
tested in total per treatment. %e inoculated cultures of
nodal explants were incubated at 25± 2°C with 16 h pho-
toperiod (40 μmol·m−2s−1) provided mercury fluorescent
lamps. Observations were routinely noted during four weeks
to identify healthy cultures from the non-growing cultures
and at the same time to discard the infected ones. %e
numbers of shoots per explant and shoot length were
recorded after 40 days of culture duration.

2.3. Rooting and Acclimatization. In this trail, the newly
formed shoots were excised and utilized for in vitro in-
duction of roots, where various concentrations of IBA (0,
0.5, 1, and 1.5mg/L) were added to two types of culture
media (half-strength MS and Heller medium). %e mixture
of 1 :1 :1 perlite, sand, and soil (v/v/v) was utilized for the
incubation of in vitro rooted shoots after being washed in
running water. To keep up relative humidity, the rooted
plantlets were secured with plastic cups for approximately 4
weeks before being transferred to a growth chamber under
16-photoperiod and a temperature of 25°C. %e growth
room was illuminated by Mercury fluorescent lamps
(400W).%e plants were irrigated every two-three days with
water and gradually acclimatized to room temperature by
progressively opening the bag until the plants will be ready
to be transferred to the greenhouse. Survival rate of in vitro
raised plantlets has been recorded.

2.4. Statistical Analysis. In this investigation, all the ex-
periments were prepared in a totally randomized design with
three replications. Statistical data analysis was done by using
Duncan’s new multiple range tests using SPSS software to
discriminate differences between treatments. %e analysis of
variance “ANOVA” method was utilized to determine the
effect of growth regulators on shoot proliferation at p≤ 0.05.

3. Results

3.1. Effect of Culture Media, BAP, and IBA on Shoot Prolif-
eration from Selected “Beldi” Almond Explants. In the first
experiment, tests were made to determine the effect of two
different culture media on proliferation rate, average
number, and length of shoots from nodal segments of
“Beldi” almond ecotypes. In this research study, MS and
Heller media were used in the presence and the absence of
BAP at the concentration of 1mg/L, or BAP combined with
IBA at the concentration of 0.5mg/L. Table 2 indicates that

MS and Heller media, as well as BAP, had a significant effect
on proliferation rate, shoot number, and length. %e results
showed that a hormone-free Heller nutrient medium gives
higher results (45.6%) of shoot proliferation for S2 genotype
compared to a hormone-free MS medium (32.43%) noted
for the same genotype. %e lowest regeneration frequency
(27.65%) was obtained on a hormone-free MS medium for
S3. A genotype effect was observed between the different
tested genotypes since S1, S2, and S3 show different pro-
liferation rates in the same media. Regarding the interaction
between media and plant growth regulators, 1mg/L BAP
allowed for better results in both media since proliferation
rate was much more enhanced (more than 1.5-fold) in MS
medium than in Heller medium, and the average number of
shoots was high (5 times more than without hormone),
except for S2 genotype grown in MS medium, where no
significant effect has been obtained on the number of shoots.
By combining 0.5mg/L of IBA to 1mg/L of BAP, bothmedia
gave significantly greater numbers of shoots thanmost of the
other treatments, with the exception of S1 genotype culti-
vated in Heller medium, since the highest number of shoot
(4) was recorded only with 1mg/L of BAP. Results revealed
that in vitro shoot proliferation response increased by
adding 0.5mg/L of IBA for S2 (58.50%) and S3 (56.9%)
inoculated in MS and Heller media, while for the other
experiments the maximum shoot proliferation rates were
maintained in both media supplemented with 1mg/L of
BAP. In fact, the highest regeneration frequencies (62.5%
and 56.9%) were obtained on MS medium supplemented
with 1mg/L of BAP and 0.5mg/L of IBA for S1 and S3
genotypes, respectively, with a production of an important
number of shoots (6 and 4), respectively, with significant
lengths, meanly above 1 cm. For S2 genotype, the greatest
results (61.42%) were recorded on Heller medium with
1mg/L of BAP and 0.5mg/L of IBA (Table 2).

3.2. Effect of TDZ and Kinetin on Shoot Proliferation from
Selected “Beldi” Almond Explants. To find suitable plant
growth regulators for multiplication of the three studied
“Beldi’’ almond genotypes, MS medium was supplemented
with two other types of cytokinin (TDZ and KIN) tested at
the concentration of 1mg/L (Table 3). %ere was signifi-
cantly higher number of shoots raised on 1mg/L of TDZ
compared to MS medium with 1mg/L Kin. With TDZ, S1
genotype shows significantly greater numbers of shoots
(13± 0.54) and most of them longer than 1.0 cm. Moreover,
the results show a significantly greater proliferation rate and
number of shoots per explant with TDZ (63.6± 0.63)
compared to KIN (43.75± 0.62) (Table 3). No shoots reached
2 cm in the presence of KIN for all tested genotypes. TDZ
reveals to be more effective and a powerful cytokinin for
nodal shoot proliferation of almond “Beldi” ecotypes.

3.3. Elongation, Rooting, and Acclimatization. In this in-
vestigation, all obtained plantlets from tested genotypes were
used as a source for rooting experiments. %us, newly
formed shoots were excised from nodal segments and
transferred to hormone-free MS basal medium for

Table 1: Geographical coordinates of “Beldi” almond three sites
used for collecting plant materials in the eastern region ofMorocco.

Sites Geographical coordinates

Rislane 34°44′59.8″ N, 002°26′44.7″ W
Ain Sfa 34°46′42.4″ N, 002°09′28.9″ W
Bsara 34°45′06.2″ N, 002°13′53.0″ W
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(a) (b)

(c) (d)

(e) (f )

(g) (h)

Figure 1: In vitro culture of nodal segments from “Beldi” almond ecotypes. (a) Young branch taken from adult almond tree. (b) 4 uninodal
herbaceous cuttings. (c) Uninodal segment culture on MS medium supplemented with 1mg/L BAP+ 0.5mg/L IBA. (d) Actively growing
shoots. (e) Shoots elongation in hormone-free MS medium. (f ) Formation of roots from regenerated shoot cultured on half-strength MS
medium supplemented with 1mg/L of IBA. (g) Healthy plantlets transferred to pot filled with a mixture of perlite, sand, and soil (1 :1 :1)
after 2 weeks of acclimatization. (h) Plantlets placed in a greenhouse successfully adapted to the in vivo conditions.
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elongation. Most of the studied genotypes developed in
elongated shoot cultures within 2–3 weeks (Figures 1(d) and
1(e)). Well-developed shoots (around 2 cm) were excised
and introduced into rooting half-strength MS or Heller
media containing different concentrations of IBA (0, 0.5, 1,
and 1.5mg/L) and kept in the dark for one week.
Root formation occurred as early as 2 weeks after the transfer
of shoots to the rooting medium (Table 4), but the majority
of the rooting occurred after 3 to 4 weeks (Figure 1(f)). %e
greatest percentage of root regeneration (60.41%± 0.81) was
obtained when shoots were placed on half-strength MS with
1mg/L IBA and the maximum mean number of roots
(7.3± 1.36) was regenerated for S2 genotype, while for Heller
medium supplemented with 1mg/L IBA the highest per-
centage of rooting (40.74%± 0.95) was obtained for S1 ge-
notype and the highest mean number of roots (6.8± 1.07)
was observed when the shoots were maintained in Heller
medium supplemented with 1.5mg/L IBA. %e rooting

response among almond “Beldi” ecotypes could also be a
result of the genotype or culture conditions.

After 4 weeks, rooted plants were washed to remove agar
from the roots to avoid fungal contamination and the
plantlets were transferred in a 1 :1 :1 mixture of perlite, sand,
and soil (Figure 1(g)). After 5 weeks of duration, the plantlets
were successfully adapted to the in vivo conditions with 80%
of survivability. Plants were then placed in a greenhouse
where they grew vigorously without any morphological
abnormalities (Figure 1(h)).

4. Discussion

In this study, in vitro micropropagation of nodal almond
explants has been investigated in two different media and the
effect of BAP, TDZ, and KIN was assessed by inoculating
three main selected local almond ecotypes named “Beldi”
from eastern Morocco. Nodal micro-shoots obtained from

Table 2: Proliferation rate, average number, and length of shoots of “Beldi” almond ecotype on MS and Heller media added with 1mg/L of
BAP or IBA.

Genotype Medium

Plant growth
regulator
(mg/L) Proliferation rate (%) Average number of shoots

Average length of shoots
(cm)

BAP IBA 0.4–1.0 >1.0 >2.0
S1

MS

0 0 38.33± 0.44gh 1± 0.46d 0 1 0
S2 0 0 32.43± 0.84hi 2± 0.71cd 1 1 0
S3 0 0 27.65± 0.56i 1± 0.04d 0 1 0
S1 1 0 62.10± 0.64a 5± 1.13a 2 2 1
S2 1 0 47.61± 1.15e 2± 0.58cd 0 2 0
S3 1 0 40.65± 0.76fg 3± 0.62bc 0 2 1
S1 1 0.5 62.5± 0.85a 6± 0.1a 0 3 3
S2 1 0.5 58.50± 0.53b 5± 1bc 1 2 2
S3 1 0.5 56.9± 1.46bc 4± 0.5ab 1 1 2
S1

Heller

0 0 37.17± 0.8gh 2± 0.57cd 1 1 0
S2 0 0 43.7± 0.66ef 1± 0.17d 0 1 0
S3 0 0 35.12± 0.86gh 2± 0.75cd 1 1 0
S1 1 0 60.5± 0.71ab 4± 0.73ab 1 2 1
S2 1 0 45.60± 0.73ef 3± 0.64bc 0 1 2
S3 1 0 41.66± 0.8fg 2± 0.55cd 1 1 0
S1 1 0.5 52.83± 1.9cd 2± 0.2cd 0 1 1
S2 1 0.5 61.42± 0.7ab 4± 0.1b 1 1 2
S3 1 0.5 49.6± 0.78de 3± 0.5bc 0 1 2

Each value represents the mean± SE of three replicates.%e same letter within a column denotes statistically equal means with Duncan’s multiple range test at
p≤ 0.05.

Table 3: Proliferation rate, average number, and length of “Beldi” almond ecotype shoots on MS medium in the presence of TDZ and KIN.

Genotypes Medium

Plant growth
regulators (mg/

L)
Average number of shoots

Average length of shoots
(cm)

TDZ KIN 0.4–1.0 >1.0 >2.0
S1 MS 1 0 63.6± 0.63a 13± 0.54a 4 4 5
S2 1 0 41.7± 0.58b 6± 0.62a 1 3 2
S3 1 0 55± 0.5a 5± 0.05bc 1 1 3
S1 0 1 43.75± 0.62b 3± 0.33c 1 2 0
S2 0 1 45.83± 0.55ab 2± 0.42c 0 2 0
S3 0 1 39.58± 0.53b 4± 0.13bc 1 3 0

Each value represents the mean± SE of three replicates.%e same letter within a column denotes statistically equal means with Duncan’s multiple range test at
p≤ 0.05.
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almond “Beldi” explants actively grew further to the accli-
matization period and survived successfully without com-
plications under the greenhouse conditions. %is developed
protocol highlighted that almond “Beldi” ecotypes could be
used to preserve genetic diversity of many interesting ge-
notypes, to establish conservation strategy, and to provide
farmers with “Beldi” genotypes to exploit.

4.1. Effect of Culture Media and Plant Growth Regulators on
Shoot Proliferation of Selected “Beldi” Almond Explants.
In this experiment, without affecting the massive loss of
explants, some contamination and browning problems of
the tissues in the culture occurred (data not shown) [39].
Besides the problem of microorganisms, the release of
phenolic compounds inhibited the reactivity of the explants
and remains problematic in woody plants. Although the
disinfection procedure of the majority of experimental
Prunus protocols uses hypochlorite concentrations ranging
from 5 to 15% for 10 to 20min [40, 41], in this study, 40% (v/
v) of commercial bleach solution (NaOCI) containing 0.05%
(v/v) Tween 20 for 30min has been used. %is high con-
centration of NaOCl did not affect shoot regeneration but it
was effective in limiting microorganism growth as the in-
fection level decreased with the increase of contact time or
NaOCI concentration. In addition, young branches of Beldi
almond trees were taken from the current year to minimize
browning. In this experiment, some contaminations and
browning problems of the tissue in the culture occurred
without affecting a big percentage of the explants, with a
contamination rate (data not shown). Endogenous or ex-
ogenous microbiological contaminants have always limited
the in vitro establishment of explants from woody plant

material; in fact the proliferation of the starting plant ma-
terial depends on several factors linked essentially to the
physiological state of the explants but also to the nutritional
and environmental conditions of the culture [42]. %e losses
recorded in this study are mainly due to the age of local
almond trees, since the age of “Beldi” almond cultivated in
eastern Morocco is estimated for more than 50 years, and
this issue could be overcome by the use of a sterile cold
antioxidant solution like citric acid and ascorbic acid at the
time of explants rinsing or by their inclusion in the medium
[43], or even by using less expensive methods such as the
natural antibacterial properties of some plants, taking, for
example, the infusion of olive leaves [44].

After one month of culture, a difference in shoot re-
generation indicated that proliferation of starting nodal
segments had depended on several factors, mainly the ge-
notype, the type of media tested, and the plant growth
regulators as well as their combinations. Althoughmost of the
nodes exhibited growth soon after the culture initiation,
showing some bud swelling and leaf expansion, proliferation
rate was higher in a hormone-free Heller medium
(43.7%± 0.66) compared to MS-free medium (38.33%± 0.44)
observed for S2 and S1 genotypes, respectively, while the
weakest percentage of regeneration was noted for S3 genotype
for both hormone-freemedia.%us, shoot proliferation varied
among media and genotypes tested. In general, it has been
noted that S1 and S2 genotypes had a higher number and
shoot proliferation rate than S3 genotype. Indeed, it is well
known that regeneration frequencies are affected by the ge-
netics of the stock. Genotypic effects were also indicated for
other Prunus species [45, 46]. Consequently, it is important to
test more “Beldi” ecotypes under identical conditions to select
genotypes that give the highest regeneration frequencies in in

Table 4: Rooting average of the “Beldi” almond ecotypes on half-strength MS and Heller media with different concentrations of IBA.

Genotypes
Rooting media

Rooting rate (%) Root number Root length (cm)
Media IBA (mg/L)

Half-strength MS
S1 0.5 26.08± 0.75e 1.4± 0.10f 1.0± 0.10c
S2 0.5 21.73± 0.49ef 3.3± 1.01d 2.3± 0.42a
S3 0.5 30.43± 0.69d 2.1± 1.07e 1.7± 0.44ab
S1 1.0 58.33± 0.72a 4.5± 0.78bc 1.3± 0.15b
S2 1.0 60.41± 0.81a 7.3± 1.36a 2.4± 0.67a
S3 1.0 48.14± 0.90b 6.2± 1.30ab 1.6± 0.61ab
S1 1.5 54.16± 0.52ab 4.7± 1.56b 1.3± 0.47b
S2 1.5 43.75± 0.68bc 5.4± 0.67b 1.7± 1.30ab
S3 1.5 59.25± 0.74a 4.6± 0.87bc 2.1± 0.59a

Heller
S1 0.5 15.21± 0.50f 1.1± 0.78f 0.7± 0.06c
S2 0.5 28.57± 0.81d 2.3± 0.67e 0.6± 0.53c
S3 0.5 26.08± 0.61ef 1.5± 0.53f 1.4± 0.67b
S1 1.0 40.74± 0.95bc 2.5± 0.15e 0.9± 0.78c
S2 1.0 38.09± 0.59c 2.7± 1.22c 1.5± 0.15b
S3 1.0 30.43± 0.87d 4.8± 0.76b 1.8± 0.76ab
S1 1.5 21.67± 0.97ef 3.4± 1.01d 2.2± 0.63a
S2 1.5 29.26± 0.90d 6.8± 1.07ab 1.5± 0.47ab
S3 1.5 37.78± 0.85bc 5.1± 0.14 b 1.3± 0.20b
Each value represents the mean± SE of three replicates.%e same letter within a column denotes statistically equal means with Duncan’s multiple range test at
p≤ 0.05.
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vitro conditions. In this research, hormone-free Heller me-
dium was more suitable than MS medium without phyto-
hormones for shoot proliferation of S2 and S3 genotypes.
Previous studies have shown that the composition of the
culture media had also an effect on shoot production. Indeed,
explants cultured onMS orWPmedia developed significantly
more shoots than explants cultured on QL medium [47].
Similar results were obtained from in vitro culture of wild
cherry [48].

Growth regulators significantly improved the number of
shoot proliferation. Cytokinin supplemented MS medium
supported multiple shoot proliferation from the nodal ex-
plants. By adding BAP at the concentration of 1mg/L, MS
medium showed higher proliferation rate (62.10% and
47.61%) for S1 and S2, respectively, and produced more
shoots (5) for S1 genotype with significant lengths compared
to those cultivated on Heller medium, while for S3 both
media supplemented with 1mg/L of BAP were optimal for
inducing higher proliferation rates, while the maximum
number of shoots per explant was recorded in MS medium
(Table 2). Data of analysis revealed that the use of 1mg/L of
BAP supplemented to both studied media was favorable for
increasing proliferation rate; mean shoots number induced
per explant and mean shoot length were significantly dif-
ferent. %is result confirms previous study reported on
Prunus species when a large range of BAP was used showing
high percent in promoting organogenesis for all P. Persica
tested genotypes [46]. Similarly, BAP at the concentration of
2mg/L was also proved to be best for higher number of shoot
regeneration showing a maximum axillary shoot length with
significant number of leaves in other plant species such as
genus Morus species [49]. In this study, other BAP con-
centrations were not tested since it has been reported that
BAP at higher concentrations decrease shoot length, and
thus negatively affect shoot development [50]. Moreover, the
high amounts of cytokinin in medium caused vitrification
and decreased the quality and viability of the shoots [41].%e
combination of BAP at 1mg/L and IBA at 0.5 1mg/L showed
a significantly higher number of shoots (6± 0.1) and with
significant lengths (more than 2 cm), particularly those
growing on MS medium. %ose results agree with previous
works on Prunus species as almond or plum where the
hormone combination of IBA and BAP was most effective in
both new shoot production and shoot growth rate [51–53].

In order to improve promoting shoot proliferation, it has
been attempted to test TDZ and KIN effect at 1mg/L in MS
medium. Regeneration percentage was not so much affected
as the number and length of shoot with TDZ. Indeed, the
significant effect of TDZ was observed on higher numbers of
shoots (13± 0.54) with significant lengths (mostly longer
than 2.0 cm). %e same trend has also been reported in other
studies, when TDZ induced high adventitious shoot num-
bers in many woody plant species [30, 54–57]. In this study,
TDZ, a cytokinin-like chemical, was revealed to be more
profitable and efficacious in promoting “Beldi” almond
organogenesis. Since the most important roles of cytokinin
result from its role in DNA synthesis, cell division, growth of
shoots, and also the mechanism responsible for the for-
mation of the mitotic spindle which is the regulation of

protein synthesis [58], it is important to test other TDZ
concentrations to increase regeneration frequencies and
number of shoots regenerated for “Beldi” P. dulcis.

KIN at 1mg/L gave the lowest results regarding shoot
regeneration rate, shoot number per explant, and shoot
length of the tested cytokinins. Such results were also noted
for Prunus domestica where weak shoots were developed on
media with KIN [51].

4.2. Rooting and Acclimatization of Selected “Beldi” Almond
Explants. %e in vitro rooting of almond microshoots was
induced by different auxins, such as indole-3-butyric acid
(IBA), α-naphthaleneacetic acid (NAA), or indole-3-acetic
acid (IAA) [30, 59, 60]. IBA is often tested in the root in-
duction phase as reviewed in Dobránszki and Teixeira da
Silva [61, 62]. All the plantlets obtained in this investigation
were used as a source for rooting experiments. Heller me-
dium, which is a simple medium, usually used for rooting,
was not as effective as half-strengthMSmedium.%e highest
rooting rate (60.41%± 0.81) was observed for S2 ecotype on
half MS medium strength with 1mg/L of IBA, which was
found to be the most suitable for in vitro rooting of the
“Beldi” ecotypes because it also presents an important
number of roots (7.3± 1.36) with significant lengths (up to
2.4± 0.67).%e utilization of auxins as plant hormones for in
vitro induction of roots has also been reported by numerous
studies for different woody species, taking, for example,Olea
europaea L., Nyctanthes arbor-tristis L., Prunus avium L.,
andMalus pumilaMill. [63–65]. In different apple genotypes
and depending on the IBA concentration used, rooting
percentage varied between 18 and 100%, with 69–74 % for
axillary shoot tips [66].

In a previous study on peach rootstock Guardian, IBA
plays a cardinal role in rooting, where its utilization in
culture media presents the highest percentage of roots, and
also contributes to a better induction of lateral roots
compared to indole acetic acid (IAA) as reported by
Channuntapipat, De Klerk GJ, and Ludwig-müller [67–69],
successfully rooted Prunus amygdalus, batch, and the hybrid
Prunus dulcis mill cv Titan x P.persica cv Nemaguard, at the
same concentration after 10–21 days. Other studies on root
induction experiments of the genus Prunus have shown that
NAA and IAA are more effective for root stimulation than
IBA [60, 70]. Other investigations showed the highest
rooting percentage (70% and 94%) on Prunus species as
compared to this study [41, 71]. So, there are significant
differences in the rate rooting depending on genotype,
concentration and type of auxin, and culture conditions.
Optimized in vitro rooting method can ensure successful
acclimatization of almond “Beldi” ecotype. Plantlets with
developed roots were transferred to pots and after 5 weeks of
ex vitro growing in a greenhouse, 80% of the potted plantlets
survived, and the size of the plantlets ranged between 9.5 and
14.3 cm. 20% of the acclimatized plants were lost and this
may be probably due to the fact that plants with long roots
are easily damaged during transplantation [72]. In addition,
the destruction of roots promotes the appearance of infected
areas caused by pathogens, which can affect the survival of
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plants as it was noted for acclimatization of Japanese plum
trees [32]. Moreover, the same authors emphasized that
higher plant survival rate during the acclimatization period
was obtained when rooting was done in presence of IAA
(92%) which gave shorter roots easier to handle during the
transplant process.

In the present study, the obtained survival percentage of
almond “Beldi” ecotypes (80%) was similar to Nyctanthes
arbor-tristis L. acclimatized and transplanted into the field
with 80% survival rate after 90 days [63], or almost similar to
84% reported by Espinosa et al. [41] on Prunus serotina. %e
acclimatized plants were successfully adapted to in vivo
conditions showing that “Beldi” ecotypes can be acclima-
tized without any additional treatments such as paclobu-
trazol, cold, and GA3 treatments [61, 73, 74] already reported
for black cherry a Prunus species. Acclimatized plants were
then planted in the soil where they grew vigorously without
any morphological abnormalities.

5. Conclusion

To our knowledge, this is the first report on direct or-
ganogenesis from Almond “Beldi” ecotypes of eastern
Morocco. Several almond nodal explants were used for in
vitro tissue culture to assess their ability for multiplication
in Murashige and Skoog (MS) medium containing dif-
ferent combinations of auxins and cytokinins, with 1mg/L
of BAP in combination with 0.5 mg/L IBA high prolif-
eration rate obtained, whereas, in the presence of 1 mg/L
TDZ, the highest shoot number (13 ± 0.54) longer than
2.0 cm was achieved, while the highest rooting rate was
obtained on half-strength MS medium supplemented with
1mg/L of IBA. %is complete protocol for almond “Beldi’’
nodal shoot proliferation, rooting, and acclimatization
could be used for the production of enormous quantities
of clonal plants from aged starting material in limited
space and brief timeframes. It could also be used for the
preservation of selected varieties for the economic value of
their characteristics or the preservation of genetic
diversity.

Data Availability

All data generated or analyzed during this study are include
within this article.

Additional Points

Highlights. %e present study has developed a complete
protocol for proliferation, rooting, and acclimatization of
almond “Beldi” through nodal explants. %is study could be
used to preserve the genetic diversity and to conserve the
interesting genotypes of almond.
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