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Abstract: Pineapple plays an important role in international trade and supports of more than a
million households in Cote d’Ivoire. However, its yield is subject to pedoclimatic problems and
erosion of genetic potential of plant material. This study aims to establish an effective in vitro yield
protocol for MD2 and H4 pineapple varieties. Therefore, the effects of 6-benzylaminopurine (BAP)
combined with different concentrations of 2-isopentenyladenine (2-iP), with variable light intensity
and activated charcoal on leaf shoot proliferation and elongation were tested. Analysis of variance
revealed that Murashige and Skoog medium (MSB5) supplemented with 2 mg/L BAP combined with
0.25 mg/L 2-iP recorded the highest average number of microshoots (13.50 microshoots) in MD2
variety, while 2 mg/L of BAP combined with 0.5 mg/L of 2-iP recorded the best average number of
shoots (15.20 microshoots) in H4 variety. Maximum microshoot elongation (7.81 cm and 7.03 cm for
MD2 and H4, respectively) was obtained with 2 mg/L BAP combined with 0.25 mg/L of 2-iP. Light
intensity of 1500 lux produced 14.06 and 14.86 microshoots in MD2 and H4, respectively. In contrast,
maximum microshoot elongation (4.40 cm and 4.13 cm in MD2 and H4, respectively) was recorded
at 2000 lux light intensity. A 2 g/L of activated charcoal inhibited microshoot proliferation. However,
it induced an elongation of 7.50 cm in MD2 and 7.07 cm in H4. Microshoots were rooted on MS
medium supplemented with 100 mg/L myo-inositol, 30 g/L sucrose, 200 mg/L glutamine, 1 mg/L
naphthalene acetic acid (NAA), 2 mg/L indole-3-butyric acid (IBA), 2 g/L activated charcoal, all
solidified with 6g/L agar. In conclusion, the combination of 2 mg/L BAP and 2-iP (0.25 - 0.5 mg/L) is
recommended for better in vitro shoot proliferation in MD2 and H4 varieties. Light intensities of 1500
- 2000 lux are ideal for better shoot proliferation and elongation. Finally, the addition of 2 g/L
activated charcoal to the medium improves shoot elongation and rooting in MD2 and H4 varieties.

Keywords: Bromeliaceae, in vitro multiplication, light intensity, microshoots, plant hormones.

Abbreviations: AC_Activated charcoal, BAP_6-benzylaminopurine, FAO-Food and Agriculture, GDP_Gross Domestic Product,
H4_Hydrid 4, IBA_Indole-3-butyric acid, MD2_Del Monte Extra Sweet, MSB5_Murashige and Skoog medium including vitamin B5,
NAA_Naphtalene Acetic Acid, TDZ_Thidiazuron,2-iP_2-isopentenyladenine.

Introduction

Pineapple is the second most traded tropical fruit in the and maintaining a balance that is essential for the
world. Indeed, with 29.361 million tons in 2022, pineapple development of rural and urban populations (FAO, 2020).

contributes 20% of the world’s tropical fruit production (FAO, However, Ivorian pineapple production has been declining
2023). In Céte d’Ivoire, pineapple plays a strategic role in the for more than a decade, despite the efforts made by
economy of Eastern Comoé River including Grand-Bassam, producers. Thus, in 2006, Cote d’lvoire exported 94,000 tons
Bonoua, Adiaké, Aboisso, which provide 70 to 80% of national of fresh pineapple, but by 2022, less than 23,834 tons were
production. It contributes 0.6% to national GDP and 1.6% to exported (FAO, 2023). One reason for this situation is the lack
agricultural GDP (Kouadio, 2018). The significant income of financial and technical support for pineapple producers,
generated by the marketing of pineapples, mainly on the which has led many to abandon pineapple cultivation in
international market, supports more than one million people. favor of other crops such as oil palm and rubber trees.
As a result, pineapple cultivation contributes to food security Additionally, falling income and the proliferation of natural
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Table 1. Effect of different concentrations of 2-iP in combination with BAP on in vitro shoots multiplication and elongation in two

ananas varieties (MD2 and H4).

Hormonal Varieties
combination MD2 H4
Mean number of Mean length of Mean number of Mean length of

shoots shoots (cm) shoots shoots (cm)
C1 10.80 + 0.244 7.06 £ 0.11P 11.85 + 0.274 6.75 + 0.182
C2 13.50 £ 0.312 7.81 £ 0.152 14.40 + 0.28b 7.03 £ 0.142
C3 12.75 + 0.20P 6.76 + 0.12b 15.20 £ 0.212 6.13+0.13P
C4 11.60 + 0.23¢ 5.50 £ 0.10¢ 11.50 + 0.254 5.02 £ 0.13¢
p < 0.05 < 0.05 < 0.05 < 0.05

Mean values within a column followed by the same letters are not significantly different at p < 0.05 by Fisher LSD test +
standard error. C1 (2 mg/L BAP + 0 mg/L 2-iP) ; C2 (2 mg/L BAP + 0.25 mg/L 2-iP) ; C3 (2 mg/L BAP + 0.5 mg/L 2-iP) ; C4 (2 mg/L

BAP + 1 mg/L 2-iP).

enemies of the crop, such as diseases and pests, are
contributing factors. Finally, the aging and erosion of genetic
potential also play a role. Considering the socio-economic
importance of pineapple in Céte d'lvoire, it is necessary to
revalue in its varietal dimension to reduce poverty among
vulnerable groups. Therefore, pineapple vegetative
multiplication by suckers (Harahap et al., 2015) has been the
safest method of multiplication to preserve the fruit quality
of selected varieties. However, this traditional multiplication
method, which is very slow, remains of very limited scope to
meet the needs of an ever-increasing demand for planting
material to expand existing pineapple plantations or create
new ones (Chotangui et al., 2019).

In contrast, in vitro micropropagation appears to be the most
promising means of producing pineapple plantlets to fill the
planting material deficit (Kouadio et al, 2017). This
technique has the advantage of producing a significant
quantity of healthy and rejuvenated planting material in a
relatively short time and in a reduced space, unlike
conventional vegetative propagation methods. However, the
production of planting material through in vitro techniques
production of planting material is dependent on several
factors.

This study aims to establish an efficient protocol to produce
MD2 and H4 varieties plants using micropropagation.
Factors such as hormonal combination, light intensity and
inorganic adjuvants can influence plant production. Thus,
several authors have recommended 6-benzylaminopurine
(BAP) as the most effective growth regulator for pineapple
shoot production (Kouadio et al., 2017). Several studies have
reported that a concentration of 2 mg/L of BAP is optimal for
pineapple shoot proliferation (Atawia et al., 2016; Sani et al.,
2019).

In contrast, Thidiazuron (TDZ) at 2 mg/L was recommended
by some authors for pineapple shoot proliferation (Manal et
al., 2021). In addition, Manal et al. (2021) observed that high
light intensity of 4000 lux was beneficial for shoot
proliferation but inhibited shoot elongation in pineapple. The
role of Activated charcoal (AC) in banana micropropagation
has already been reported (Ahmed et al., 2014, Gehan et al.,
2015; Emiru and Gerema, 2021). The search for an efficient
protocol for producing pineapple planting material would
make it possible to provide highly productive material
capable of revitalizing pineapple cultivation in Céte d’Ivoire.

Results

Effect of combining two cytokinins on in vitro shoot
multiplication and elongation in pineapple

Analysis of variance revealed a significant difference for the
concentration factor (p < 0.05) (Table 1). The results showed
that the addition of 2-iP to the medium containing BAP
resulted in an increase in the number of shoots compared to
the control containing BAP alone (C1) (Fig 1). Thus, the
combination C2 (2 mg/L BAP + 0.25 mg/L 2-iP) recorded the
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highest average number (13.25 shoots) and average length
(7.81 cm) of shoots in MD2 variety. In contrast, in H4 variety,
C3 combination (2 mg/L BAP + 0.5 mg/L 2-iP) induced the
highest average number of shoots (15.20 shoots), while C2
combination (2 mg/L BAP + 0.25 mg/L 2-iP) recorded the
highest average length (7.03 cm). Therefore, the results
suggest that increasing the concentration of 2-iP in the
presence of BAP inhibited shoot elongation in both varieties
compared to the control. Similarly, the addition of high
concentrations of 2-iP (1 mg/L) to the medium, in the
presence of BAP, also inhibited shoot induction in both
varieties (Table 1).

Effect of light intensity on in vitro shoot multiplication
and elongation

It appears from the analysis of the results (Table 2) that light
intensity significantly influenced the average number of
shoots induced in both varieties (p < 0.05). The highest
average number of shoots was observed at a light intensity
of 1500 lux for both pineapple varieties (14.06 and 14.86
shoots in MD2 and H4, respectively), while light intensities
above 1500 lux inhibited shoot multiplication in both
varieties (Fig 2). In contrast, the analysis of variance did not
reveal any significant difference between the light intensities
tested in terms of shoot elongation, (p < 0.48 in MD2 and p <
0.32 in H4). However, the results show that shoot elongation
increased with increasing light intensities. The maximum
elongation was recorded with a light intensity of 2000 lux, in
both varieties (440 cm and 4.13 ¢cm in MD2 and H4,
respectively).

Effect of activated charcoal on in vitro multiplication
and elongation of leafy shoots

Analysis of variance of shoot multiplication and elongation
parameters in two pineapple varieties (MD2 and H4) (Table
3) showed that the different concentrations of activated
charcoal recorded a significant effect (p < 0.05) on shoot
multiplication and elongation in both varieties.

The results indicated that the addition of activated charcoal
to the culture medium inhibited the proliferation of shoots,
as indicated by the average number of shoots. The medium
without activated charcoal; therefore, recorded the large
number of shoots in MD2 (13.55 shoots) and H4 (13.75
shoots) varieties. An increase in the concentration of
activated charcoal resulted in a decrease in the number of
shoots (Fig 3 and Fig 4). In contrast, the results indicated that
shoot elongation increased in both varieties as the activated
carbon content of the culture medium rose (Fig 3 and Fig 4).
The highest average shoot length was recorded with 2 mg/L
activated charcoal in both varieties (7.50 cm and 7.07 cm in
MD2 and H4, respectively).



Table 2. Effect of light intensity on shoot number and length in two ananas varieties (MD2 and H4).

Varieties
MD?2 H4

Light intensity Mean number of Mean length of Mean number of Mean length of
(Lux) shoots shoots (cm) shoots shoots (cm)
1000 11.13 £ 0.19¢ 3.73 £0.222 12.60 + 0.28¢ 3.73 £0.222
1500 14.06 + 0.342 4.06 + 0.442 14.86 + 0.192 3.86 £ 0.132
2000 12.20 + 0.20P 4.40 + 0.422 13.46 + 0.29P 413 +0.192

p < 0.05 0.48 < 0.05 0.32

Mean values within a column followed by the same letters are not significantly different at p < 0.05 by Fisher LSD test + standard

error.

Table 3. Effect of Activated charcoal on shoot number and length in two ananas varieties (MD2 and H4).

Varieties

Activated charcoal MD?2

H4

concentrations Mean number

Mean length of

Mean number of Mean length of

(g/L) of shoots shoots (cm) shoots shoots (cm)
0 13.55 £ 0.342 4.25 + 0.094 13.75 £ 0.252 4.05 + 0.074
0.5 12.25 £ 0.30P 5.76 + 0.07¢ 12.95 + 0.30P 5.25 + 0.05¢
1 10.85 + 0.36¢ 6.70 £ 0.12P 11.90 + 0.26¢ 6.15 + 0.12b
2 10.05 + 0.29¢ 7.50 + 0.142 10.60 + 0.29d 7.07 +0.132
p <0.05 <0.05 <0.05 <0.05

Mean values within a column followed by the same letters are not significantly different at p < 0.05 by Fisher LSD test + standard

error.

Fig. 1. In vitro multiplication and elongation of pineapple shoots under the effect of BAP and 2-iP combination in MD2 (A) and H4
(B) varieties. C1 (2 mg/L BAP + 0 mg/L 2-iP); C2 (2 mg/L BAP + 0.25 mg/L 2-iP); C3 (2 mg/L BAP + 0.5 mg/L 2-iP); C4 (2 mg/L BAP

+1 mg/L 2-iP).
Discussion

The main objective of this study was to establish an efficient
protocol for in vitro production of MD2 and H4 pineapple
variety plants using a combination of two cytokinins (BAP
and 2-iP), light intensity and activated charcoal
concentration. The results indicated that BAP alone was
effective for in vitro induction of multiple shoots in both
varieties. However, the addition of low concentrations of 2-
iP to BAP improved the number of induced shoots in both
varieties. Thus, the addition of 0.25 mg/L or 0.5 mg/L of 2-iP
to a medium containing 2 mg/L of BAP made it possible to
induce 13.50 and 15.20 shoots in MD2 and H4 varieties,
respectively. However, the combination of 2 mg/L BAP with
0.25 mg/L 2-iP induced the best shoot elongation in both
varieties (7.81 cm and 7.03 cm in MD2 and H4, respectively).
The positive effect of the synergy between two cytokinins
may be explained by the fact that the combined supply of
BAP and 2-iP, at different concentrations, improved the
suboptimal level of endogenous cytokinins, resulting in an
optimal balance capable of reducing apical dominance and
stimulating the formation of axillary and adventitious shoots
in both MD2 and H4 varieties (Van Staden et al., 2008).
Contrary to our work, some authors have reported that
fusing BAP alone in the shoot multiplication medium
enabled to obtain better results in certain pineapple varieties.
For example, Sani et al. (2019) were able to produce 120 to
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130 shoots using a concentration of 2 mg/L BAP, while
Magsood et al. (2023) and José et al. (2023) produced 16.7 and
8 shoots, respectively. However, increasingly higher
concentrations such as 3 mg/L of BAP (Zuraida et al., 2018)
and 5 mg/L of BAP (Adeoye et al., 2020) allowed to induce a
maximum of 94 and 7.80 shoots, respectively. This suggests
not only the physiological ability of BAP to induce shoot
budding but also a differential response of pineapple
explants to BAP concentration. Our study found that using a
fortified medium of 2 mg/L of BAP in combination with 0.25
mg/L of 2-iP resulted in a maximum elongation of 7.81 cm
and 7.03 cm in MD2 and H4 pineapple varieties, respectively.
These results suggest that the combination of two cytokinins
was essential to stimulate cell division and elongation. Our
results corroborate with Atawia et al. (2016), who also
observed long pineapple shoots after infusing 0.25 mg/L BAP
in the culture medium. Furthermore, several authors have
reported the synergistic effect of combining BAP with 2-iP
on other plant species. Thus, in Ziziphus Jujuba Mill the
combinations of 4 mg/L BAP + 0.5 mg/L 2iP and 0.5 mg/L
BAP + 0.5 mg/L 2iP induced 4.6 shoots and an optimal length
of 2.57 cm, respectively (Hemaid and Ghada, 2013). Similarly,
in Chrysanthemum morifolium Ramat, the addition of 0.5
mg/L 2iP to the culture medium in the presence of 2 mg/L
BAP induced an elongation of 1.88 cm (Rinaldi et al., 2016).



Fig. 2. In vitro multiplication and elongation of pineapple shoots under the effect of different light intensities in MD2 (A) and H4

(B) varieties.

Fig. 3. In vitro multiplication and elongation of pineapple leafy shoots under the effect of different concentrations of activated

charcoal in MD2 varieties.

Fig 4. In vitro multiplication and elongation of pineapple leafy shoots under the effect of different concentrations of activated

charcoal in H4 varieties

Furthermore, in Caralluma adscendens, Aruna et al. (2012)
found that MS medium supplemented with 2 mg/L BA and
0.5 mg/L 2-iP resulted in an average of 5.16 shoots per
explant, with an average shoot length of 2.98 cm.

To determine the optimal light intensity for in vitro shoot
multiplication, the cultures were exposed to different light
intensities. Indeed, light intensity influences shoot
regeneration during micropropagation in various plants
(Meziani et al., 2015; Farhadi et al. 2017). Furthermore, light
influences the biological effectiveness of growth regulators
added to the culture medium, as well as the endogenous
hormonal balance in tissues (Ding et al., 2011). Our results
revealed that the light intensity of 1500 lux induced the
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highest average number of shoots in both varieties MD2
(14.06 shoots) and H4 (14.86 shoots). These results suggest
that this light intensity is optimal for increasing the
availability of nutrients, such as sucrose, and consequently
the multiplication and elongation of shoots. According to
Hosseini et al. (2013) low light intensity reduces the
availability of sucrose for explants, resulting in a significant
reduction in shoot induction. They also suggest that
endogenous auxins may be activated at these light
intensities, working together with cytokinins to induce cell
division. In fact, plant hormones influence changes in plant
physiology and morphogenesis that are caused by light
intensity or quality (Kissoudis et al., 2017). However, it is



Fig. 5. Preparation of pineapple explant for in vitro shoot initiation. (A) Trimmed pineapple sucker; (B) Trimmed sucker exposing

buds; (C) Isolated buds; (b) buds.

important to note that the optimal light intensity for
pineapple shoot multiplication may vary depending on the
variety. For example, Manal et al. (2021) reported that high
light intensities were optimal for pineapple shoot
multiplication. Therefore, it is possible that each variety
requires a different light intensity to produce multiple
shoots. In contrast, Manal et al. (2021) found that low light
intensity (500 lux) results in maximum shoot elongation,
while our study required a high light intensity of 2000 lux to
achieve long shoots. This difference could be due to varietal
effects. However, our results are consistent with previous
studies on Phoenix dactylifera L. (Meziani et al., 2015) and
Ipomea batatas (Ibrahim et al., 2016), which also found that
high intensities (2000-3000 lux) stimulate shoot elongation.

Concerning the effect of activated charcoal on in vitro shoot
multiplication and elongation of MD2 and H4 pineapple
varieties, our results revealed that the addition of activated
charcoal to the culture medium can improve shoot
elongation while reducing proliferation in both varieties. In
contrast, the medium without activated carbon induced the
highest number of shoots. This result suggests that shoot
proliferation in pineapple was inhibited by the addition of
activated charcoal to the culture medium. This agrees with
the findings of Fernando et al. (2010), who demonstrated that
incorporating activated charcoal into the regeneration
medium, inhibits shoot growth and development. The
authors suggest that activated charcoal adsorbs significant
quantities of growth regulators from the medium; thus,
limiting the available quantity below the threshold necessary
to stimulate shoot proliferation in both pineapple varieties.
This adsorption role of activated charcoal was also reported
by Praveen et al. (2009). The authors suggest that the
addition of activated charcoal to the culture medium can fix
certain compounds, such as phenolic compounds, which
reduces oxidation of the medium, browning, and death of the
explants. Our study confirms this role of fixing compounds,
including growth regulators, as the inhibition of shoot
proliferation was induced by the addition of activated
charcoal to the culture medium. Our results agree with those
of Sanputawong et al., (2015) in Cardamine lyrata and
Priyanka et al., (2015) in Aloe vera L., who reported that
media  without activated charcoal favored shoot
proliferation. However, we also found that supplementing
the medium with 2 g/L of activated charcoal resulted in
maximum shoot elongation in both pineapple varieties. This
could be explained by the fact that activated charcoal
adsorbs excess growth regulators and toxic phenolic
compounds released by stressed explants; thus, favoring cell
growth and differentiation. Certain authors have confirmed
the positive effect of activated charcoal on shoot elongation.
For example, in Aloe vera L., a lower concentration of
activated charcoal (0.5 g/L) than ours had a positive effect on
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shoot elongation (Nayanakantha et al., 2010; Priyanka et al.,
2015). In contrast, a concentration like ours allowed shoot
elongation in Elaeis guineensis (Periasamy et al., 2011), in
sugar cane (Mittal et al., 2016).

Materials and Methods

Plant material

The plant material used during this study consisted of
suckers of MD2 and H4 pineapple varieties obtained from the
pineapple collection at the station of the National Center for
Agronomic Research (CNRA) in Anguédédou (Cote d’Ivoire).

Preparation and disinfection of explants

Pineapple suckers were trimmed (Fig 5A) to expose the buds
(Fig 5B). They were then carefully washed with soapy water.
The suckers were then immersed in a sodium hypochlorite
solution with 3.8% active chlorine for 20 min after rinsing
with tap water. Under a laminar flow hood, the buds were
gently isolated (Fig 5C) and soaked in 70% ethanol for 5 min.
After three rinses with sterile distilled water, the buds were
immersed in a 2.5% calcium hypochlorite solution for 15 min.

Preparation of media

All media were prepared from MSB5 basal medium
(Murashige and Skoog, 1962), fortified with 30 g/L sucrose
and solidified with 6 g/L agar. The pH of the media was
adjusted to 5.8 and the media were autoclaved at 121 °C for
20 min under a pressure of 1 bar.

In vitro initiation of shoots

After 10 min of drying on previously sterilized blotting paper,
the disinfected buds were inoculated into test tubes
containing 15 mL of initiation medium. This medium consists
of MSB5 basal medium (Murashige and Skoog, 1962);
supplemented with 100 mg/ L myoinositol, 200 mg/L
glutamine, 1 mg/L kinetin, 40 mg/L gibberellic acid (GA3) and
2 g/L activated charcoal. Cultures were incubated for two
months under 2000 lux light intensity provided by white
fluorescent lamps.

Assessment of the effect of combining two cytokinins
on in vitro shoot multiplication and elongation

To assess the effect of cytokinins, the initiated shoots were
transferred to MSBs medium supplemented with 2 mg/L of
BAP  (6-benzylaminopurine) combined at different
concentrations (0; 0.25; 0.5 and 1 mg/L) of 2-iP (2-
Isopentenyladenine). Four hormonal combinations were
tested as follows:

Combination 1 or C1: 2 mg/L BAP + 0 mg/L 2-iP
Combination 2 or C2: 2 mg/L BAP + 0.25 mg/L 2-iP
Combination 3 or C3: 2 mg/L BAP + 0.5 mg/L 2-iP



Combination 4 or C4: 2 mg/L BAP + 1 mg/L 2-iP
The cultures were maintained for eight weeks under the
same conditions as previously mentioned.

Assessment of the effect of light intensity on in vitro
shoot multiplication and elongation

After two-month culture period, the shoots were
transplanted into jars containing 50 mL of the previously
selected best multiplication medium. The cultures were then
incubated in culture chambers under varying light intensities
(1000; 1500 and 2000 Lux).

Assessment of the effect of activated charcoal on in
vitro leafy shoot multiplication and elongation

After two months of culture on multiplication medium, the
shoots were transplanted onto a selected medium. Different
concentrations (0, 0.5, 1, and 2 g/L) of activated charcoal were
added to evaluate its effect on in vitro shoot multiplication
and elongation.

In vitro shoot rooting

The shoots were individually seeded on MSB5 medium
containing 100 mg/L myoinositol, 30 g/L sucrose, 200 mg/L
glutamine, T mg/L NAA, 2 mg/L IBA, 2 g/L activated charcoal
and solidified with 6 g/L agar.

Culture conditions

The test tubes and jars containing the explants were tightly
closed and then sealed with stretch film. The cultures were
randomly arranged and incubated in a culture room at a
temperature of 25 + 2 °C under a photoperiod of 16/8 hours
(16 h of light and 8 h of darkness).

Acclimatization of in vitro regenerated plantlets
Well-rooted plantlets were gently removed from the agar
medium. The roots were carefully washed with sterile
distilled water to remove agar medium residues.
Subsequently, the plantlets were transplanted into
perforated polyethylene bags, previously filled with sterile
sand. The bags containing the vitroplants were placed under
a tunnel at room temperature which oscillate between 30 and
40 °C, for two months.

Statistical analysis

All cultures were placed in the light following a completely
randomized design. Each treatment consisted of 30 jars, with
one explant per jar, and was repeated three times. After 60
days of cultivation, the parameters (number and length of
shoots) were using STASTICA 7.1 software was used for data
analysis. A one-way Analysis of Variance (ANOVA) was
performed and the means were compared using Fisher's LSD
test at 5% threshold.

Conclusion

The study results highlight a protocol for producing
microshoots of MD2 and H4 varieties. The combination of 2
mg/L of BAP and 2-iP (0.25 - 0.5 mg/L) induced better in vitro
shoot proliferation in MD2 and H4 varieties. Light intensities
of 1500 — 2000 lux are ideal for better shoot multiplication
and elongation. Finally, the addition of 2 g/L of activated
charcoal to the culture medium improves shoot elongation
and rooting in MD2 and H4 varieties. The search for an
efficient protocol to produce pineapple planting material
would allow producers to provide highly productive material
capable of revitalizing pineapple cultivation in Céte d’lvoire
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