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Annona senegalensis is a savannah species present in the wild in tropical and
sub-tropical African regions. It is used by the local populations for its many
economic, pharmacological, nutritional and ecological interests. However, the

strong pressure exerted on this species as well as the increasing degradation
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and development. Conventional methods of vegetative propagation are not
sufficient to ensure its durable regeneration and the renewal of endemic pop-

ulations in Senegal. In this context, it was undertaken in vitro propagation,
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from 30 days old juvenile seedlings. Thus, axillary, cotyledonary and apical
nodes were in vitro cultured in Murashige and Skoog (1962) medium (MS),
with different concentrations of cytokinins and/or auxins. BAP used alone at
2 mg-L™" proved to be more beneficial for micropropagation of different types
of explants compared to Kinetin used alone or in combination with BAP, es-
pecially for axillary and cotyledonary nodes. The BAP-NAA combination al-
lowed to have a better elongation of newly formed shoots. For shoots of apical
and cotyledonary nodes origin, a rhizogenic induction of 5 days, with IBA at
25 mg-L7, resulted in a better rooting rate with, respectively, 75% (for 2.22
roots) and 66.67% (for 4.17 roots). For newly formed shoots of axillary origin,
a 24-hour rooting induction with IBA at 50 mg-L™' gave a rooting rate of
58.33% (for 2.4 roots). After 30 days of acclimatization, the survival rate was
75% for the young plants from the apices and 83.33% for those originating
from the cotyledonary and axillary nodes. This protocol can therefore be
adopted for the in vitro clonal propagation of A. senegalensisjuvenile material.
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1. Introduction

Annona senegalensis Pers. commonly called apple-cinnamon of Senegal or Afri-
can custard-apple [1] is a forest species present in the wild state in the under-
growth of the Sudanian tree savannahs as well as in the para-littoral sands from
West to East Africa [2] in the tropical and sub-tropical regions [3] [4]. It is na-
tive to tropical east and northeast, west and west-central, and southern Africa, as
well as southern subtropical Africa, and islands in the western Indian Ocean [2].
It is a very important species both ecologically and socio-economically. Its fleshy
fruit, orange-yellow in color when ripe and fragrant is highly appreciated by lo-
cal populations [5] [6] [7]. Annona is very popular in Africa for its taste and
pharmaceutical qualities. It is also widely used in traditional African medicine
[8] to treat diseases such as anemia and painful periods [9]. It is also used as a
vermifuge [10], anti-bacterial [11], anti-inflammatory [12] and anti-malarial [13].
Thus, its different organs e.g. roots, branches, leaves, bark, etc. can treat various
conditions [14] thanks to the many active ingredients they contain [15]. Due to
its many uses, A. senegalensis is subject to extensive exploitation which does not
leave time for a natural renewal of wild populations. This species is, therefore,
threatened with extinction. In addition, the degradation of tropical forests both
in terms of surface area and plant population density leads to a huge loss of plant
biodiversity. Indeed, the acceleration of soil degradation [16] and desertification
which are not only rife in semi-arid regions but also locally in the sub-Guinean
and Central African areas, the fragmentation of stands and forest areas as well as
climate change interfere very negatively with the survival of certain woody spe-
cies [17] including A. senegalensis which is exclusively present in the wild in
these regions. Under these conditions, natural seeding is disturbed, which in-
duces random or slow growth in the best of cases [18]. In West Africa, the Afri-
can custard-apple is one of the woody species whose grains quickly lose their
germination power. In the natural state, the young plants, resulting from the
seed germination, develop a very powerful taproot, while the aerial growth of the
vegetative system remains weak, which poses problems in the nursery [19]. Re-
generation by sexual means is insufficient to ensure a good rate of regeneration
of the species [20] even if it is vital for genetic variability and allows a better
adaptation of the species to environmental changes. Indeed, for this wild species,
the slow growth of saplings is the main obstacle to its regeneration in a disturbed
semiarid area. Conventional regeneration techniques must, therefore, be asso-
ciated with in vitro vegetative propagation methods which make it possible to
obtain a good rate of multiplication of the species. The in vitro clonal propaga-
tion being already carried out from material directly taken from old subjects of
A. senegalensis [21], we undertook to set up an in vitro multiplication protocol
using juvenile material from young plants obtained following the seed germina-
tion under axenic conditions. More specifically, it involved 1) determining the

best type of explant, 7 e the most reactive, 2) examining the influence of different
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types of hormones (cytokinins and/or auxins) on the different stages of vitrop-
lant development, 3) determining the best elongation, multiplication and in vitro
rooting media and, finally, 4) defining the best acclimatization conditions for the

vitroplants obtained.

2. Material and Methods
2.1. Plant Material

Three different types of explants measuring 1 to 2 cm long and taken from
30-day-old sterile seedlings of A. senegalensis were tested as for explants origi-
nated from mature material [21]. These were cotyledonary nodes, axillary nodes
and terminal apices. These different types of explants were transferred separately
and individually into sterile glass culture tubes (150 x 25 mm) filled up with 20

mL of solidified culture medium.

2.2. Methods

2.2.1. Culture Media

The basic nutrient medium used is the complete one of Murashige & Skoog [22].
The media were solidified with 8 g-L™" of agar at pH 5.7 and supplemented with
30 g-L™' of sucrose. Growth regulators were added or not into the different me-
dia. The composition of the different hormonal concentrations tested alone or in
combination in the different culture media is given in Table 1. All the culture
media were tested in the presence of 2 g-L™' of activated charcoal. The hormonal
treatments were multiplied by a factor of 10 due to the adsorbing action of the

activated charcoal on phytohormones.

Table 1. Composition of the different culture media used for the micropropagation of the
juvenile material of Annona senegalensis.

Media Nomenclature Hormonal Combinations
MO MSO0
M1 MS + BAP 1 mg-L™!
M2 MS + BAP 2 mg~L’1
M3 MS + BAP 5 mg:L"!
M4 MS + KIN 1 mg-L™*
M5 MS + KIN 2 mg-L’1
M6 MS + KIN 5 mg-L™*
M7 MS + BAP 1 mg-L™! + KIN 1 mg-L™!
M8 MS + BAP 2 mg-L™" + NAA 0.1 mgL™
M9 MS + BAP 2 mg-L™! + NAA 0.2 mg-L™!
M10 MS + BAP 2 mg-L™" + NAA 0.5 mgL™

MS: Murashige & Skoog medium (1962); BAP: 6-Benzy-laminopurine; KIN: Kinetin
(6-furfuryl aminopurine); NAA: 1-Naphthaleneacetic Acid.
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The second experiment included 3 other culture media. This was M2 medium
[MS + BAP 2 mg-L™'] to which NAA was added at concentrations of 0.1, 0.2 and
0.5 mg-L™". All media were dispensed into culture tubes (150 X 25 mm), ie. 20
mL per tube, then sterilized by autoclaving at 110°C for 20 min.

2.2.2. Experimental Setup

For each type of explant, a number of 12 per medium was tested and repeated 3
times, e 36 explants in total for each treatment. The tubes are first incubated in
a growth chamber at 27°C + 1°C in the dark for 5 days then under a photoperiod
of 16 h day/8h night and an incident light of 4000 Lux. This device is similar to
those used for juvenile explants of A. squamosa and A. muricata [23].

After 30 days of incubation, measurements on each type of explant were per-
formed. The measurement parameters used to relate to the presence or absence of
resumption [Reactivity (%) = (Number of explants having reacted/Total number
of explants) x 100], the number and length of newly formed shoots and the num-
ber of newly formed nodes. Thus, from these data, the averages were calculated,

the coefficients or multiplication rates determined and the best media deduced.

2.2.3. Rooting Procedure
Third generation shoots, 7.e from three successive subcultures lasting thirty days
each, were induced in the dark in the solid MS/2 medium (8 g-L™" of agar) sup-
plemented with IBA used alone at 25 mg-L™' and 50 mg-L™". These media were
supplemented with 2 g-L™' of activated charcoal, according to the method used
by [24], 20 g-L ™" of sucrose and the pH was adjusted to 5.7 prior to autoclaving at
110°C for 20 min. The explants were induced in the dark, for periods of 1, 3 and
5 days, respectively, before being transferred to the light in the MS (0)/2 expres-
sion medium, without hormones. For each type of explant and each treatment, a
sample of 12 explants was used per duration and induction medium and re-
peated 3 times. A batch of 12 explants was maintained as a control one without
root induction in the MS (0)/2 hormone-free expression medium, with the ma-
cronutrients diluted by half.

After 30 days, for each treatment, measurements were taken to determine the
rooting rate [(Number of rooted explants/total number of explants) x 100], the

number of newly formed roots per explant and their length.

2.2.4. Acclimatization

As for A. muricata and A. squamosa juvenile vitroplants [23] and after four weeks
of incubation in the expression medium, well-rooted young plants issued from
differents types of explants were transferred to weaning conditions. They were
removed from the test tubes and freed from the agar by washing with sterile dis-
tilled water. The young plants produced in vitro were then transplanted into plas-
tic pots containing a substrate composed with a sand-potting soil mixture (v/v)
previously sterilized at 121°C for 1 hour. The sown pots were stored in a mini-
greenhouse where the plants, under a transparent Plexiglas bell whose opening is
adjustable, were kept in an atmosphere of high relative humidity, i.e. the shutter
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completely closed for 2 weeks. A sample of 12 young plants is chosen for each
type of explant. Watering was carried out daily with the nutrient solution of
Hoagland & Arnon [25] and every 2 days after the second week. The bell was al-
so opened gradually from the 2™ week of ex vitro weaning.

The number of young plants surviving after 15 and 30 days of acclimatization

were counted; this helped to determine survival rates.

2.2.5. Statistical Analysis

The overall experiment was set up as a standard randomized design with growth
regulator chosen as the primary factor variable and explant type as the sub-factor
variable. The various treatments carried out were discriminated by multiple
comparison of the means after analysis of variance followed by the Student-
Newman-Keuls test (SNK). The significance was determined at 95% confidence
limits, Z.e. the significantly different means were discriminated by the SNK test at
the p-value of 5% (SPSS 19.0 software).

3. Results

3.1. Influence of Growth Regulators on the in Vitro Morphogenesis
of Different Types of Juvenile Explants

3.1.1. Effects of BAP and/or KIN on the Morphogenesis of Juvenile
Explants

In the M2 medium [MS + BAP 2 mg-L™'], the best reactivity rates are obtained

with 91.67% for the apices and 100% for the axillary and cotyledonary nodes.

However, the presence of callus was observed at the base of the explants.

Apices: The best average number of shoots is 2.45 which is significantly higher
than that of the control (F = 16.677; p = 0.00) which is 1 shoot on average. It was
obtained with M7 medium [MS + BAP 1 mg-L™" + KIN 1 mg-L™'] where the
reactivity rate is 66.67%. Overall, media containing BAP allowed better bud
burst than media containing Kinetin alone. The M5 medium [MS + KIN 2
mg-L™'] induced the greatest elongation (5.03 cm) of newly formed nodes even if
this is not significantly different from those obtained with the M1 [MS + BAP 1
mg-L7'] and M2 [MS + BAP 2 mg-L™'] media with which the average shoot
lengths are respectively 4.9 cm (F = 24.284; p = 0.827) and 5.01 cm (p = 0.956).
The highest average number of nodes is 4.62 and it is obtained with M2 and M7
[MS + BAP 1 mg-L™" + KIN 1 mg-L™'] media; it is significantly higher than that
of MSO (F = 4.066; p = 0.001).

- Axillary nodes. The average number of shoots is 3.01 for the M2 medium
[MS + BAP 2 mg-L™']; it is significantly different from those obtained with the
other media (F = 12.72; p = 0.000). The lowest average number of shoots (1.12)
was obtained in the M6 medium [MS + KIN 5 mg-L™'] (p = 0.000). The M5 me-
dium [MS + KIN 2 mg-L™'] made it possible to have an elongation of 5.0125 cm
which is significantly greater than those obtained with the other media except
for the M2 and M6 [MS + KIN 5 mg-L™'] media which the mean lengths were 4.7
cm (F = 18.77; p = 0.37) and 4.68 cm (p = 0.32), respectively. The M2 medium
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gave the best average number of nodes (4.5) which is significantly higher (F =
12.12; p = 0.00) than that of the control [MS0] one.

- Cotyledonary nodes. the M1 [MS + BAP 1 mg-L™'] and M2 [MS + BAP 2
mg-L™'] media gave 2.75 and 2.87 (p = 0.65), respectively, newly formed shoots
per explant on average (Plate 1). These means are significantly higher than that
obtained with M0 [MSO0] (F = 21.12; p = 0.000) which is 1.75. The M6 medium
[MS + KIN 5 mg-L™'] revealed an average number of shoots (1.25) which is not
significantly different (p = 0.06) from that of M0 [MS0]. Media M1 and M2 also
gave elongations (F = 26.64; p = 0.00) and average number of nodes (F = 30.41; p
= 0.00) significantly higher than that of the control medium [MSO0] without
hormones, with respectively 6.36 cm and 6.57 cm as well as the greatest average

number of nodes with respectively 5.75 and 5.25 nodes (Table 2).

Table 2. Influence of BAP and Kinetin on the in vitro morphogenesis of juvenile material
from A. senegalensis.

. Average Average Average
Media Explant Reactivity number Shoot length ~ number
Type Rate (%) of shoots (cm) of nodes
APX 58.33d le 3.82b 2.37c
Mo NA 75 bc 1.75 bc 2.85¢ 2.12¢
NC 58.33 1.75 bc 3.06 ¢ 2.75d
APX 83.33b 1.33 de 49a 4.12 ab
M1 NA 75 bc 1.87 bc 3.88Db 3.25b
NC 83.33b 2.75a 6.36 a 5.75a
APX 91.67 ab 2.16 ab 5.01a 4.62a
M2 NA 100 a 3.0la 4.7 ab 45a
NC 100 a 2.87a 6.57 a 5.25 ab
APX 75 bc 2.12 abc 2.52 ¢ 3.87 ab
M3 NA 75 be 1.5¢cd 3.32 bc 2.62 bc
NC 83.33b 1.87 b 5.56 b 5.12 ab
APX 75 bc 1.83 bed 3.08 be 4.12 ab
M4 NA 66.67 ¢ 1.37 cd 4.07b 2.5bc
NC 75 be 2.5 ab 6.17 a 5ab
APX 58.33d 1.62 cde 5.03a 4 ab
M5 NA 75 bc 1.5cd 5.01a 3.75 ab
NC 83.33b 1.62 bc 5.53b 4.75 bc
APX 75 bc 1.45 de 4.23 ab 3.75 ab
Mé6 NA 83.33b 1.12d 4.68 ab 3.75 ab
NC 75 bc 1.25 bed 5.48Db 35cd
APX 66.67 c 245a 4.28 ab 4.62a
M7 NA 83.33b 2.33b 392b 3.77 ab
NC 91.67 ab 2.44 ab 4.7 be 4.11 bc

APX: Apex; AN: Axillary Node; CN: Cotyledonary Node. In the same column and for the
same type of explant, the numbers followed by the same letter are not significantly dif-
ferent at the 5% threshold of the Newman-Keuls test.
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Plate 1. Appearance, in M2 medium, of newly formed shoots from juvenile
material taken from Annona senegalensis Pers. A, C: Vitroplants neoformed
from axillary nodes. B: Vitroplant neoformed from cotyledonary node.

3.1.2. Effects of NAA Combined to BAP on the in Vitro Morphogenesis of
Juvenile Explants

There is a significant decrease (p = 0.00) in the average number of shoots for the
different types of explants introduced into the media containing NAA compared
to those having grown in the M2 medium [MS + BAP 2 mg-L™'] devoid of NAA.
The reactivity rates also remain higher in this medium compared to media con-
taining NAA. For all types of explants, the presence of scar callus at the base of
the explants is noted in all media.

- Apices: The average number of shoots in medium M2 [MS + BAP 2 mg-L™']
is not significantly different (2.16) from those of M9 [MS + BAP 2 mg.L™"' +
NAA 0.2 mg-L™'] and M10 [MS + BAP 2 mg-L™" + NAA 0.5 mg-L"'] which are
respectively 1.63 (F = 3.62; p = 0, 07) and 1.62 shoots (p = 0.06). The presence of
NAA allowed good shoot elongation (Table 3).

With 7.03 cm, the M8 medium [MS + BAP 2 mg-L™' + NAA 0.1 mg-L™'] made
it possible to have the highest average length of shoots with a reactivity of
83.33%. This average length is significantly greater (F = 44.08; p = 0.00) than
those of vitroplants cultured in media M9 [MS + BAP 2 mg.L™' + NAA 0.2
mg-L™'] with 5.13 cm and M10 [MS + BAP 2 mg-L™' + NAA 0.5 mg-L™'] with
5.43 cm. In these environments, the reactivity rates are respectively 75% and
66.67%. The average number of nodes is 4.37 in the M8 medium [MS + BAP 2
mg-L™" + NAA 0.1 mg-L™'] which is not significantly different from that of the
media M2 with 4.62 (F = 4.66; p = 0.39), M9 [MS + BAP 2 mg-L™' + NAA 0.2
mg-L7'] and M10 [MS + BAP 2 mg-L™' + NAA 0.5 mg-L™'] with 3.87 (F = 4.66; p
=0.09).

- Axillary nodes. The average number of shoots decreases considerably com-
pared to one of the M2 medium [MS + BAP 2 mg-L™'] regardless of the NAA
concentration (F = 27.22; p = 0.000). The M9 medium [MS + BAP 2 mg-L™" +

NAA 0.2 mg-L™'] gave a mean length and a mean number of nodes significantly
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Table 3. Influence of NAA on the in vitro morphogenesis of juvenile material of A. sene-

galensis.
Metn BP0l amberel Shostlengh  number

Type (%) shoots (cm) of nodes
APX 58.33d lc 49c 2.37b

MO NA 75 bc 1.75 ¢ 2.85¢ 212 ¢
NC 58.33d 1.75b 3.06 c 2.75d
APX 91.67 ab 2.16 a 5.01 bc 4.62 a

M2 NA 100 a 3.0la 4.7b 45b
NC 100 a 2.87a 6.57 b 5.25b
APX 83.33b 1.54b 7.03a 4.37 a

M8 NA 91.33 ab 1.55 c¢d 543D 3.66b
NC 75 be 2.11b 8.26 a 6.11a
APX 75 bc 1.63 ab 5.13 bc 3.87a

M9 NA 83.33b 2.62b 8.26 a 5.87a
NC 66.67 ¢ 2.5 ab 6.26 b 5.12b
APX 66.67 ¢ 1.62 ab 5.43b 3.87a

M10 NA 91.33 ab 1.25d 57b 4.1b
NC 66.67 ¢ 1.25¢ 57b 4c

APX: Apex; AN: Axillary Node; CN: Cotyledonary Node. In the same column and for the
same type of explant, the numbers followed by the same letter are not significantly dif-
ferent at the 5% threshold of the Newman-Keuls test.

greater than those of the other media. This best average length is equal to 8.26
cm (F = 87.77; p = 0.000) for 5.87 nodes (F = 21.12; p = 0.000). With this com-
bination, the reactivity rate is 100% as in M2 medium.

- Cotyledonary nodes. With the M9 medium [MS + BAP 2 mg-L™' + NAA 0.2
mg-L™"], the average number of shoots is 2.5; it is significantly higher than that of
M10 [MS + BAP 2 mg-L™' + NAA 0.5 mg-L™'] (F = 10.116; p = 0.000). The aver-
age elongation length is equal to 8.26 cm for M8 [MS + BAP 2 mg-L™" + NAA 0.1
mg-L™'] with 6.11 nodes on average. This average length (F = 84.67; p = 0.000)
and average number of nodes (F = 13.041; p = 0.000) remain significantly higher
than those of the other environments even if the reactivity rate has decreased to
75%.

3.2. Effects of Induction with IBA for 1, 3 and 5 Days on the
Vitroplant Rooting

Refering to Table 4, according to the concentration of IBA and the duration of

induction, for each species, the results are as follows:
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Table 4. Effect of concentration and duration of IBA induction on rooting of vitroplants
from juvenile material of A. senegalensis.

Induction Rooting Average Average
Media Time  Explant Type Rate number of  root length
(days) (%) roots (cm)
APX 16.67 d 1ab 32a
MS (0)/2 0 NA Oe 0b 0b
NC Oe Oc 0b
APX
8.33 1 ab 2.7a
1 NA 16.67d 0b 0b
16.67d Oc 0b
NC
APX
MS/2 + IBA 41.67 bc 2a 1.2b
= 3 NA Oe 0b 0b
25 mg-L
3333 ¢ 3.25a 0.8a
NC
APX
75a 2.22a 1.3b
5 NA 41.67 bc 2a 0.8a
66.67 ab 417 a 0.6a
NC
APX
16.67 d 1.5ab 3.33a
1 NA 58.33b 24a 18a
Oe Oc 0b
NC
APX
MS/2 + IBA 16.67 d 1.5b 0.8 ¢
o 3 NA 3333 ¢ 1b 0.6b
50 mg-L
33.33¢c 1b 15a
NC
APX
Oe 0b Oc
5 NA Oe 0b 0b
Oe 0c 0b
NC

APX: Apex. AN: Axillary Node; CN: Cotyledonary Node. In the same column and for the
same type of explant, the numbers followed by the same are not significantly different at
the 5% threshold of the Newman-Keuls test.

When the vitroplants from the different explant types were induced for 1 day
with IBA at 25 mg-L™, only a rate of 8.33% was obtained, with 1 newly formed
root and a root length of 2.7 cm for the shoots from the apices, and a rate of
16.67% for those from the axillary and cotyledonary nodes, The rooting rate is
41.67% for a 3-day pretreatment of the vitroplants from the apices, whereas for
those newly formed from the cotyledonary nodes, it is 33.33%. For the latter, the

average number of roots is 3.25 with an average length of 0.8 cm. The average
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number of roots issued from vitroplants of the apices is 2, which is significantly
higher (F = 23.79; p = 0.032) than the average number of roots of the vitroplants
from the apices when the induction period is 1 day. Root elongation is 1.2 cm for
apical shoots when pretreated for 3 days. On the other hand, the one-day pre-
treatment induced a significantly greater average root length of 2.7 cm (F =
25.68; p = 0.013). The highest rooting rate of shoots from apical origin (75%)
was obtained for an induction period of 5 days, with an average number of roots
of 2.22. This is not significantly greater than that obtained when the incubation
period was 3 days (p = 0.274). The same is valid for vitroplants from cotyledo-
nary nodes (66.67%) with an average of 4.17 roots per vitroplant. Rooted shoots
(33.33%) from axillary nodes and incubated in the dark for 5 days on media
containing IBA at 25 mg-L™' gave rise to an average of 2 roots with an average
length of 0.8 cm (Table 4).

A 5-day induction in the medium containing IBA at 50 mg-L™, did not induce
any rooting after 30 days of expression in the MS (0)/2 medium. In addition,
33.33% of the vitroplants from the axillary nodes, 41.67% of those from the co-
tyledonary nodes and 50% of those from the apices revealed advanced rotting
followed by their senescence. At the end of the experiment, large scarred calluses
were observed at the base of the explants. For an induction period of 3 days, only
16.67% of the vitroplants from the cotyledonary nodes rooted with a newly
formed root per explant on average and with an average length of 0.8 cm, whe-
reas for the 2 other types of explants from nodes, 33.33% became rooted. For an
induction lasting 24 hours, the axillary nodes gave a rooting rate of 58.33% with
an average of 2.4 roots and a root elongation of 1.8 cm. These last values remain
the best obtained even if they are not significantly different from those obtained
following a 5-day induction (F = 5.75; p = 0.26) in the presence of IBA at 25
mg-L™". For vitroplants from the apices, induction for 24 hours in a medium
containing IBA at 50 mg-L™" followed by expression in an MS (0)/2 medium
made it possible to record a 16.67% rooting rate, with 1.5 roots on average and
an average length of 3.33 cm which is not significantly different from those ob-
tained for the control (F = 0.987; p = 0.327) and the induction of vitroplants with
25 mg-L™" of IBA. On the other hand, for vitroplants from axillary nodes, this

rate is 58.33% with 2.4 roots on average and an average root length of 1.8 cm.

3.3. Acclimatization

On the 12" day of acclimatization, a beginning of rotting and a survival rate of
16.67% for all types of explants are noticed. From the 14™ day, the shutter is
opened halfway. On the 21% day, the plexiglass cover is completely opened to
avoid prolonged confinement. The explants are first in the shade under the
bench for 3 days and then transferred on the bench in the greenhouse. Thus, on
the 30™ day, the survival rates are 75% for plantlets formed from the apices and

83.33% for those from the axillary and cotyledonary nodes (Table 5, Plate 2).
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Table 5. Survival rate, after 15 and 30 days, of ex vitro weaning of young plants from ju-
venile material of A. senegalensis.

Survival rate (%)

Species Explant Type After 15 days After 30 days
APX 83.33a 75b
Annona
, NA 83.33a 83.33a
senegalensis
NC 83.33a 83.33a

APX: Apex; AN: Axillary Node; CN: Cotyledonary Node. In the same column and for the
same type of explant, the numbers followed by the same letter are not significantly dif-
ferent at the 5% threshold of the Newman-Keuls test.

Plate 2. Young plants of Annona senegalensis resulting from the
juvenile material after 30 days of ex vitro weaning under shade.
A: Plant from the apex; B: Plant from axillary node.

4. Discussion

4.1. Influence of Growth Regulators on the in Vitro Morphogenesis
of Different Types of Juvenile Explants

As for juvenile explants of Annona muricata and A. squamosa [23], all types of
explants prelevated from sterile seedlings of A. senegalensis began to turn brown.
The onset of browning noted during the first introduction of material could be
due to the exposure of plants resulting from germination to light which would
promote, according to [26], the synthesis of polyphenols. The authors such as
[27] and [28] noted that light is one of the abiotic factors that can stimulate the
biosynthesis of phenolic products responsible for the browning of explants with
a negative impact on their development. To avoid these harmful effects of poly-
phenols, 2 g-L™" of activated charcoal were added to the culture media.

The medium of [22] is one of the most widely used media for the in vitro ve-
getative propagation of plant species, especially in numerous studies of the An-
nona genus. This medium was used in in vitro organogenesis from leaf explants
of Annona squamosa by [29], in A. cherimola [30] [31], in A. muricata [32], in

the hybrid species, A. cherimoya cv (A. cherimola x A. squamosa) and in A.
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glabra [33]. The authors [24] used this medium to in vitro multiply A. squamosa
explants in accordance with the results obtained by [34]. In our previous re-
search studies, we have also used this medium for the in vitro clonal propagation
of various types of explants from adult Annona senegalensis subjects [21] and
from juvenile material of A. muricata [23].

After one week of incubation, the outlines of newly formed shoots are visible
at the level of the cotyledonary and axillary nodes and are more numerous in the
media enriched with growth regulators. The greatest mean numbers of newly
formed shoots were obtained on the axillary (3.01) and cotyledonary (2.87)
nodes with the M2 medium supplemented with BAP at 2 mg-L™". In both cases,
the responsiveness is 100%. In this M2 medium, the reactivity rate remains high
for the apices with 91.67%. The MS medium supplemented with 2 mg-L™" of BAP
led as well to the best reactivity rate (91.66%), the greatest average number of
newly formed shoots (2.3) and the greatest number of nodes (5.3) for in vitro
clonal propagation of explants prelevated from adult materiel of A. senegalensis
[21]. For explants issued from apices, the M7 medium [MS + BAP 1 mg-L™" +
KIN 1 mg-L™'] gave also a good average number of newly formed shoots (2.45)
with a reactivity rate of 66.67%. Thus, BAP alone seems more beneficial to the
reactivity of the different types of explants compared to Kinetin used alone or
combined with BAP. This beneficial action of BAP was noted by [35] in Cerato-
nia siliqua L., especially for the same concentration of 2 mg-L™". The authors [36]
reported that enrichment of MS medium with BAP at concentrations of 1 mg-L™
to 2 mg-L™" favored shoot multiplication in Vanda helvola. The same observation
was made by [37] with Vanda pumila Hook. F. According to [21] [23] and [38],
BAP was more effective than Kinetin for shoot regeneration and elongation in
Parkia biglobosa, A. senegalensis, A. muricata and A. squamosa. On the other
hand, for the species Echinops kebericho, Kinetin was more effective for new
shoot formation [39]. The authors [40] demonstrated that the best medium for
the shoot reactivity of Annona annua is the MS medium supplemented with
BAP at 1 mg-L™". The same concentration of BAP allowed to obtain better rege-
neration of apical and nodal explants in Vanilla planifolia [41] compared to the
BAP-NAA association. According to [42], high concentrations of cytokinins gen-
erally favor the production of large numbers of cuttings. Thus, the use of BAP at
2 and 4 mg-L™" has been shown to significantly increase the number of cuttings
produced from explants of A. muricata.

The BAP-NAA combination proved to be more beneficial for the elongation
of newly formed shoots. It also made it possible to increase the average number
of nodes for explants of axillary and cotyledonary origin. For this purpose, the
M8 medium [MS + BAP 2 mg-L™' + NAA 0.1 mg-L™'] was more beneficial for the
apices and cotyledonary nodes whereas for the axillary nodes, it is rather the M9
medium [MS + BAP 2 mg-L™' + NAA 0.2 mg-L™'] which made it possible to ob-
tain better elongation and a greater number of shoots. The beneficial action of

NAA on shoot elongation has already been reported by several authors [43] [44].
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The addition of NAA in the culture medium in the presence of BAP rather led
to a decrease in the number of newly formed shoots. Indeed, the shoot regenera-
tion observed on the explants cultured on the MSO medium reflects the presence
of endogenous phytohormones in the explants, thus stimulating the formation
of shoots but with a lower frequency than in the mediums containing exogenous
hormones. However, the contents of endogenous auxins and cytokinins differ
from one type of explant to another. This explains why the BAP-NAA associa-
tion promotes either the regeneration of new shoots, or their elongation, or both
at the same time depending on the type of explant. The authors [45] indicated
that the hormonal combination BAP-NAA can induce an increase in the num-
ber of regenerated shoots from the cotyledonary nodes while for [46], it would
rather lead to its decrease.

The callogenesis observed on many explants incubated in vitro in the MS me-
dium containing NAA would be due to the inner balance of the auxins and cyto-
kinins contents and their synergistic action at the cellular level. It has already
been reported by [47] on Vigna unguiculata and [48] on Nigella damascena L.
However, the presence of calli at the base of the explants makes it difficult for

them to root later, both during the induction phase and rhizogene expression.

4.2. Influence of Growth Regulators on the in Vitro Rooting of
Different Types of Juvenile Explants

Rooting is the most important step for in vitro plant regeneration. It strongly
conditions the success of the last step, which is acclimatization or weaning ex vi-
tro. Indeed, the classical methods of vegetative propagation were inefficient, due
to the low morphogenetic potential of A. senegalensis, and the low rooting rate
of its conventional cuttings originated from juvenile or mature material as well.
The micropropagation technique can be applied successfully to this species and
other Annona sp. to overcome these contraints [21] [49] [50].

A 5-day-rhizogenic induction in the dark with IBA at 25 mg-L™, followed by
in vitro subculturing in the MS (0)/2 hormone-free expression medium, made it
possible to have the best rooting rates and the greatest average number of roots
for young plants originated from apices (75% for 2.22 roots) and cotyledonary
nodes (66.67% for 4.17 roots) whereas for shoots of axillary origin, this rate is
58.33% and is obtained thanks to an induction period of 24 h in the presence of
IBA at 50 mg-L™". This also made it possible to have the best average number of
roots (2.4) and the best root elongation (1.8 cm).

After one month of culture in the expression medium, a rooting rate of 16.67%
was obtained for the vitroplants issued from the apices, in an hormone-free MS
(0)/2 medium; this confirms the existence of high levels of endogenous auxin
synthesized at the apices whether they are juvenile or mature [21]. The same ob-
servations were made with Parkia biglobosa vitroplants [38]. It could be that the
environment being depleted in cytokinins, the quantity of auxins synthesized by

the young shoot modifies the auxin/cytokinin ratio in favor of rooting. This
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would explain why IBA at 25 mg-L™' was more effective for rhizogenesis than
that at 50 mg-L™".

The MS/2 medium alone, without the addition of auxins, can induce the
rooting of shoots. This is the case, for example, with Vigna unguiculata [47]. The
MS/2 medium is very favorable to the rooting of shoots in many woody species
compared to the complete MS medium according to [51]. The addition of IBA to
the MS/2 medium enabled them to improve the in vitro rooting rate of Crypto-
lepis sanguinolenta vitroplants. The use of this basal medium, with or without
added auxins, for the rooting step has been frequently reported and led to good
rooting of shoots from mature material in many woody species as well as for
Annonaceae species [30] [31] [32]. This is all the more true when the plant tis-
sues are juvenile. As a result, they are more sensitive and receptive to high levels
of auxins. Thus, 25 mg-L™" of IBA is sufficient to induce good rhizogenicity of
vitroplants derived from juvenile material, in particular those originating from
cotyledonary nodes and terminal apices. According to several researchers, IBA
would be more favorable to the rhizogenic induction of woody species, which
are difficult to root in vitro [40] [52].

4.3. Acclimatization

Acclimatization is a crucial step in the micropropagation of woody plant species.
This is one of the most important failure factors of the in vitro vegetative propa-
gation technique.

After 30 days of acclimatization, the survival rate is 75% for young plants from
the apices and 83.33% for those from the cotyledonary and axillary nodes. The
confinement of young plants in an atmosphere saturated with humidity (90% to
100%), close to in vitro conditions at a high temperature, has proven beneficial
for the success of their weaning. Indeed, plants from in vitro culture generally
have a thinner cuticle than that of the parent plants, which causes them to dry
out rapidly when the relative humidity is lowered quickly by their transplanta-
tion in ex vitro conditions. The very high relative humidity in the culture tubes
favors a high density of stomata in the epidermis of the leaves and stems of
young plants compared to those of adult plants adapted to natural conditions,
but the stomata in in vitro conditions remain few or not functional, namely that
the adjustment of the opening and closing of the stomatal ostiole is weak or not
regulated in an atmosphere saturated with humidity. Consequently, a progres-
sive weaning allows the young plants to survive well the passage in a natural en-
vironment, less saturated with humidity, because the stomata can thus adapt to
this new ambient atmosphere and gradually acquire their capacity for gaseous
and respiratory exchanges with the external environment. Acclimatization of
plantlets in a mini-greenhouse followed by gradual contact with the ambient
conditions, therefore, makes it possible to obtain the best survival rates for
young plants, whether they originate from adult or juvenile material [21] [23]

[38]. In fact, as it has been observed for the mature material, keeping the young
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plants in a mini-greenhouse, before their transfer under natural conditions, made
it possible to maintain the explants under conditions close to those in vitro, i.e.
very high relative humidity conditions, which lead to saturation of the atmos-
phere, hence to the protection of leaf surfaces of plants not yet fully adapted to
natural conditions. This is how [53] were also able to successfully wean young
plants by maintaining them for 6 weeks of culture in a mini-greenhouse, at a
temperature of 27°C = 3°C and a relative humidity of 80% - 85%. In this case,
the substrate used is composed of peat and perlite in equal proportions. The
same substrate allowed obtaining a survival rate of 100% with Bambusa vulgaris
plantlets [54]. Indeed, the substrate used during acclimatization also plays a very
important role for the survival of plants; switching from an asphyxiating agar
substrate to a more porous one can cause difficulties in adapting to the root sys-
tem of newly formed plants. We used a proportional mixture of sterile sand-soil
(v/v) which ensured good drainage for the young plants and good aeration of
their root system. The authors [55] obtained the best seedling survival rate (75%)

of Albizia odoratissima L.F. (Benth.) after acclimatization in a mixed substrate.

5. Conclusion

As for vitroplants issued from mature material of A. senegalensis, the MS me-
dium supplemented with 2 mg-L™" of BAP led to the best reactivity rate (91.67%
and 100%), the greatest average number of newly formed shoots (3.01 and 2.87)
and the greatest number of nodes (4.62 and 4.50), depending on the type of ex-
plant in vitro cultured. The results obtained at the end of this study made it
possible to highlight the beneficial effects of BAP in the bursting of shoots (M2
medium) and of NAA for their elongation (M8 and M9 media), but the effect of
these hormones is not the same depending on the type of explant used. Newly
formed shoots were able to be rooted thanks to IBA at 25 mg-L™" (66.67%), and
then acclimatized with good rooting rates. Gradual weaning of plantlets, during
acclimatization, results in fairly high survival rates (83.33%) after 15 days. How-
ever, to improve this micropropagation protocol from juvenile material of A.
senegalensis, it will be interesting to screen other types of auxins and cytokinins

at different concentrations.
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