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Abstract
Pineapple production is mostly constrained by unavailability of high-performance suckers. However,
somatic embryogenesis (SE) have been revealed the most rapid and controllable method for Pineapple
propagation than conventional sucker production methods. The aim of this study was to evaluate the
responses of two cultivars of pineapple regenerated through somatic embryogenesis. Calli were induced
from crown leaf and plantlets leaf of Smooth Cayenne and Sugar Loaf cultivars. Murashige and Skoog
base medium supplemented with vitamins B5 and different plant growth regulators combinations. BAP
and / or 2,4-D have been added to base medium for calli maturation. BAP and GA3 have been added for
plant elongation. The results indicated a signi�cant in�uence of type of explant and copper on callus
induction in pineapple cultivars. Likewise, the medium MS with NAA (0.5 mg/l) + BAP (1mg/l) has a
highly signi�cant in�uence with 8.8 mature somatic embryos per explant. Also, the growth regulator
combinations and the cultivars have signi�cantly in�uenced somatic embryos regeneration with a high
rate of 55.25% plantlets using the hormonal combination BAP (3 mg/l) + GA3 (2 mg/l) for the smooth
Cayenne. Leaves from plantlets constitute the explants to be used for callus induction in pineapple.  The
combination of BAP (1 mg/l) + copper (2 mg/l) + Picloram (6 mg/l or 12 mg/l) on Murashige and Skoog
medium supplemented with vitamins B5 was favorable somatic embryos regeneration of pineapple. The
protocol developed is a key study for successful mass propagation and genetics transformation of
pineapple. 

Introduction
Pineapple (Ananas comosus) is one of fruit crops widely produced in the tropics and with global
production around 24.8 million tons in 2017 (Sukruansuwan and Napathorn, 2018). It is the third world
tropical fruit crop after banana and citrus (Hemalatha and Anbuselvi, 2013). It is a self-sterile plant, and
the propagation methods widely used is from suckers (Yapo et al., 2011). The traditional propagation of
suckers facilitate the production of pineapple but has enormous disadvantages, such as low rate of
multiplication, long period of production, high variation in size, weight and age, and non-uniform
vegetative cycle (Luan et al., 2000; Badou et al., 2017). Therefore, tissue culture have become an
alternative methods for mass production of healthy pineapple planting material with homogeneity of
morphotypes (Danso et al., 2008; Zuraida et al., 2011). However, the micropropagation by organogenesis,
mostly used for mass production, (Acheampong et al., 2015; Badou et al., 2018) but didn’t offer a number
of applications as alternative pathways for mass multiplication within a short time, germoplasm
conservation and genetic (Wu et al., 2007; Gonzalez-Arnao et al., 2008).

 In this regard, somatic embryogenesis constitutes a palliative for in vitro multiplication (Piatti, 1988), and
constitute the most rapid in vitro multiplication method for many types of plants and trees that also
request the industrialization (Gaj, 2001; Luan et al., 2020). It is reported that developmental pathways of
somatic embryogenesis and plant regeneration greatly depends on different factors, such as: genotype,
explant type, and age of explant (Gogate and Nadgauda, 2003; Hegde et al., 1994). Moreover, the external
environment which includes composition of media and physical culture conditions (light, temperature)
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are not fully clear (Jimenez, 2005; Jimenez and Thomas, 2006). Interaction between all these factors
leads to the induction and expression of a speci�c mode of cell differentiation and development. In
pineapple, explants origin, its age and plant genotypes highly determine the quality of callus induced
(Stefenon et al., 2020). The determining of adequate explants and its age for embryogenic callus
production in the local varieties constitute an advantage for pineapple transformation. Furthermore, plant
growth regulators such as auxins (2,4.D and Pi) / cytokinins (BAP and Kinetin) action in the different step
on somatic embryogenesis in pineapple need a deepen knowledge for their utilization and their effects on
callus induction, callus colors, and more on somatic embryos induction, their maturation and embryos
regeneration. Copper and picloram constitute also an excessive additive used in somatic embryogenesis
of pineapple (Méndez-Hernández et al., 2019), but their action is highly depended by the plant growth
regulators used alone or in combination. The microscopic structure of leave stomata in the regenerated
plant through somatic embryogenesis as compared to the original are things to investigate. However, the
full understanding of these internal and external factors in�uence in the process remained the key point
to be addressed for the effective somatic embryos induction, maturation, and regeneration. Here, we have
studied somatic embryogenic response in two cultivars of pineapple (Sugar loaf and Smooth cayenne)
and the information provided are e�cient for reproductive protocol.

Materials And Methods
Plant material

The plant material was composed of plantlets and fruits of two cultivars, Smooth Cayenne and Sugarloaf
of pineapple obtained respectively from University of Abomey-Calavi in Central Laboratory of
Biotechnology and Plant breeding Gemoplasm, and the laboratory �eld station located at Wawata in
Benin Republic.

Methods

Explants sterilization

The lea�ets from crowns of the fruits and those from plantlets of each cultivar were harvested in a beaker
and washed with tap water for 1 mn. The leaf explants were sterilized with copper hydroxide (45 mg/l) for
45 min following by three successive rinsing with sterile distilled water, and thereafter soaked in 70% v/v
commercial bleach Jik (15% NaOCl) and rinsed with sterile distilled water three times successively as
described by Bukhori et al., (2013). The explants were then transferred under laminar �ow hood and
soaked in ethanol 96° solution for 10 min before being rinsed three times with sterile distilled water.

2-2-2-Callus induction, maturation and somatic embryos regeneration

The sterilized leaf explants from crown and those from organogenesis obtaining plantlets were excised
aseptically and cut into pieces of 1 to 2 cm before being cultured on MS medium (1962) basal salts
(MSBS) supplemented with 30 g/l of sucrose, vitamins B5, glycine (2.0 mg/l), glutamine (1,000 mg/l),
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casein hydrolysate (100 mg/l) and MgCl2 (0.75 g/l)—(Sigma, France) (Kouadio et al., 2017). The media
were different by supplying BAP (0.5 mg/l or 1 mg/l), Kinetin (0.5 mg/l or 1 mg/l) and copper (2 mg/l).
Each cytokinin were combined with 2,4-D or Picloram at the concentrations of 3 mg/l, 6 mg/l, 9 mg/l or
12 mg/l. Cultures were maintained in the dark at 27±1°C with unmonitored light interruptions during daily
observation with a relative humidity of 80% for four to six weeks.

 Embryogenic calli obtained were removed from plates and fragmented into cell aggregate subunits. Each
subunits were plated on embryos induction media having the same basic elements with MSBS but
containing double concentration of KNO3 and half of NH4NO3, (Kouadio et al., 2017) supplemented with
BAP (0.5 mg/l or 1 mg/l) and/or NAA (0.5 mg/l). The plated calli were incubated in the darkness with
monthly subculture.

Somatic embryos obtained were transferred MSBS media supplemented with combined NAA (0.5 mg /l),
BAP (0.5 mg/l; 1 mg /l; 3 mg/l and 5 mg/l), and GA3 (1 mg/l and 2 mg/l). The embryos were incubated
for one week in the dark, then placed in a 10/14 h light/dark cycle at 27±1°C for plantlets regeneration.

The pH of the media was adjusted to 5.7 ± 0.1 using 0.1M HCl or 0.1M NaOH, and the media was gelled
with 0.7% phytagel. The media were dispensed in 10 ml aliquots into culture vessels and then autoclaved
at 1.1 kg·cm2 and 121 °C for 20 min.

Cells observation in somatic embryogenesis and organogenesis regenerated plantlets

Leaf diaphanization were made freehand on the leaves of somatic embryogenesis regenerated plantlets
and organogenesis regenerated plantlets of two cultivars. The sections were transferred to sodium
hypochlorite (30%) solution for 15 min and rinsed with tap water follow by soaking in green carmine
solution for 5 min and rinsed again with tap water. The sections were covered with a glass by a coverslip
on a slide maintained with a drop water. Optical microscope (MOTIC) was used for cells observations of
sections in order to make epidermis cells difference of different type of leaves (Tomlinson and
Zimmermann, 1969; Lindorf, 2005).

Data collection and statistical analysis

Data analyzes were performed based on a completely random block design making each explant a
repetition. The Khi2 independence test was performed to evaluate the type of explant responding best to
somatic embryogenesis and Binary logistic regression (BLR) was performed on the callus induction rate
of the explants. The analysis of variance was carried out with General Linear Model (GLM) procedure to
evaluate the variability of induced callus rate, the fresh mass of callus, the kinetic of callus induction,
during the different treatments. The test of SNK at 5% threshold was performed to compare the length
and width of stomata and ostioles in the cultivars. The normality of distribution and the equality of
variances of the dataset were veri�ed by Ryan-Joiner test and Levene test, respectively, before the
comparisons. Poisson regression was performed to determine �rst, the effect of genotype and hormonal
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combinations on the variability of regenerated plantlets number and second, the impact of somatic
embryogenesis technique on the regenerated plantlets (Mize et al., 2005).

Results
Effects of explants origin and genotypes on embryogenic callus induction

The type of explant and cultivar signi�cantly in�uence (P < 0.0001) callus induction. Thus, only leaf
explants of regenerated plantlets were able to induce calli with higher rate in Smooth cayenne (60.87%)
than Sugar loaf (27.78%) (Figure 1).

Effects of combined Auxins (2,4.D and Pi) / Cytokinins (BAP and Kinetin) and copper on callus induction.

Kinetics of callus induction

There was a signi�cant difference (p < 0.0001) in the time of appearance and callus rate within cultivars
of pineapple (Table 1). Media supplemented with copper produced higher callus rate in Smooth Cayenne
than media without copper. Explants of Smooth cayenne induced calli from second week after incubation
while those of Sugar loaf induced calli from third week until fourth week in presence or not of copper
(Figure 2). 

Rate of callus induced

The response of explants on the media different in their growth regulators combination and copper
concentrations have been grouped in six lots according to callus induced rate (Table 2). The medium MS
without growth regulators and copper was used as control in the experiment and classi�ed in the lot A
according to the callus induced rate (Table 2).

Formation of callus was signi�cantly in�uenced by plant growth regulators combination and copper
concentrations incorporated in the medium (p < 0.0001). The average rate of callus formation varied from
0 to 100%. Maximum callus formation (100%) was obtained for both cultivars on a medium containing
the combination of BAP (1mg/l) + Copper (2mg/l) + Picloram (6 mg/l or 12 mg/l) within the cultivars (Lot
F).

Weight of callus induced

There was not a signi�cant difference (P  0.05) of copper on the callus weight within the cultivars
whatever the plant growth regulators combination (Table 3). However, the average of fresh calli weight
varied according to the plant growth regulators combinations and the cultivars (S1 File). The highest
weight of callus (604.7 mg) whatever the hormonal combination was obtained in the absence of copper
in Sugar loaf cultivar and the lowest weight of callus (345.1 mg) in the presence of copper with Smooth
Cayenne.
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Effects of NAA and BAP / Kinetin on somatic embryos development

Different combination of plant growth regulators combinations had a highly signi�cant in�uence (P
<0.0001) on the rate of formed and matured embryos in the different cultivars (S2 File). Excepted the
medium supplemented with BAP (1 mg/l), Smooth cayenne produced embryos with more degree of
maturation than Sugar loaf on any other. The highest number (8.8) of mature embryos was obtained with
the medium supplemented with NAA (0.5 mg/l) + BAP (1 mg/l) in Smooth Cayenne and the lowest (2)
with BAP (0.5 mg/l) in Sugar loaf. In sugar loaf, the highest number (4.8) of mature somatic embryos
was obtained on the medium supplemented with BAP (1 mg/l) (Figure 3). The developmental stages of
somatic embryos included the embryos induction, embryos formation, and embryos maturation are
described in the �gure 4.

Effects of BAP and GA3 on plant regeneration

The cultivars and plant growth regulator combination had a highly signi�cant difference (P < 0.0001) on
the number of plantlets formed per embryos while no in�uence of the interaction culture media X
cultivars was noted) (S3 File). Thus, the highest average number (10.36) of plantlets per embryo was
obtained with Smooth Cayenne on the medium supplemented with GA3 (1mg/l) + BAP (1mg/l) and the
lowest (0.58) was obtained on the same medium with the Sugar loaf (Table 4). Thus, except the media
supplemented with GA3 (1 mg/l) + BAP (0.5 mg/l; 1mg/l), Smooth Cayenne had more plantlets than
Sugar loaf with all other combinations. Medium supplemented with growth regulator combination GA3 (2
mg/l) + BAP (3 mg/l ) was favorable to obtain the highest number (55.25) of plantlets with Smooth
Cayenne, while this same medium gave a low number (5) of plantlets with Sugar loaf (S4 File). The
plantlets regeneration process from mature embryos is described in �gure 5.

Histological impact of somatic embryogenesis of the regenerated plantlets

The microscopic analysis of leaf section from plantlets obtained through organogenesis and somatic
embryogenesis presented a similar structure of epidermis cells tissues. The tissues presented guard cells
and unequal distribution of opened ostioles on the both faces of the sections in organogenesis plantlets
and somatic embryogenesis plantlets (Figure 6). Abaxial epidermis had more stomata. In Sugar loaf, the
stomata obtained from organogenesis plantlets (149) is higher than those of somatic embryogenesis
techniques (141). By comparing the stomata and ostioles in plantlets from different techniques, there
was a signi�cant difference (P < 0.0001) in stomata and ostioles development of the plantlets obtained
through the both techniques. Moreover, cultivars had a signi�cant in�uence (P < 0.0001) (S5 File) on the
number, width and length of stomata; the length and width of ostioles by both somatic embryogenesis
and organogenesis. Thus, in Smooth cayenne cultivar, 134 stomata were counted per leaf area analyzed
against 141 in Sugar loaf by somatic embryogenesis technique. The length, and width of the stomata
and ostioles are respectively 26.6 μm; 19.82 µm for the stomata, 16.23µm and 5.45µm for the ostioles in
Smooth cayenne versus 33.5µm; 22µm for the stomata and 19.8µm and 8.3µm for the ostioles in Sugar
loaf. (Table 5).
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Discussion
Callus induction, embryos maturation, and plantlets regeneration constitute essential steps in indirect
somatic embryogenesis regeneration technique developed in Ananas comosusvar. comosus. Unlike the
collected leaves from crown of the fruit, those from the plantlets lead the development more to
callogenesis, whatever the plant growth regulators combinations tested. Indeed, the leaves of
conventional plants being in advanced differentiation compared to the younger plantlets; should require
special conditions favoring their dedifferentiation and callus induction. Cells were more directed to
morphogenesis in tissue culture (Firoozabady and Moy, 2004). The effect of copper was found to be
signi�cant on callus induction in both cultivars. This result suggested that the copper is an essential
additive witch activate cells of the explants for multiplication. Nirwan and Kothari (2003) have also
shown the positive effect of copper on embryogenic calli production that stimulate the tissue sensitivity.
As copper plays a fundamental role in the activation of several enzymes involved in electron transport,
the biosynthesis of proteins and carbohydrates, the metabolism of polyphenols is thought to be involved
in the rapid proliferation of cells and explants regeneration (Sahrawat and Chand, 1999). Also, a
signi�cant in�uence of cultivars was noted especially with regard to the kinetics of callogenesis with an
earliness callus induction in Smooth cayenne (two weeks) compared to Sugar loaf (three weeks). Despite
the delay in Sugar loaf, the addition of copper (2 mg/l) and growth regulator in the combinations BAP (1
mg/l) + Picloram (6 mg/l or 12 mg/l) to the media induced 100% of calli in both cultivars. These �ndings
revealed the importance of picloram in inducing callogenesis and maintaining strong callus growth in
pineapple cultivars (Roostika et al., 2012a). This is explained by the easy transport of picloram compared
to 2,4-D participating for rapid and large proliferation cells (Roostika et al., 2012b). The media tested as
well as the cultivars have a signi�cant in�uence on the somatic embryos. By increasing BAP (0.5 mg/l - 1
mg/l), number of mature embryos have been increased. This growth regulator plays a determining role by
acting on the pro-embryogenic cells and the proliferation of embryogenic globules on the surface of calli
(Yapo et al., 2011). Also, it was found the increase of the number of mature embryos by addition of NAA
(0.5 mg/l) to medium with an optimal rate of initiation and maturation of embryos (88%) on Murashige
and Skoog medium supplemented with BAP (1 mg/l) and NAA (0.5 mg/l). This indicates that BAP alone
is not su�cient to optimize somatic embryos induction. The results of the present study also revealed
that obtaining plantlets from somatic embryos in Smooth cayenne and Sugar loaf cultivars of pineapple
required the use of auxins and cytokinins, as this has been indicated in our previous studies on cassava
(Cacaï et al., 2012, 2013). However, the most favorable combination for Smooth cayenne was very
unfavorable in Sugar loaf cultivar with a rate of 21% showing the non-signi�cant effect between the
media factors and cultivar factors in embryos maturation.

 The types of medium and cultivar had signi�cant in�uence (P < 0.05) on the germination of somatic
embryos and the plantlets regeneration. Thus, there are more plantlets obtained per embryo (10.36) by
adding to the medium, growth regulator combination BAP (1 mg/l) + GA3 (1 mg/l). Indeed, if a lower
concentration of GA3 (0.05 mg/l) with the same dose of BAP favored the conversion of embryos in
plantlets with Smooth cayenne, we deduce from the lower plantlets obtained with 2 mg/l of GA3, that a
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high concentration of GA3 slow down the conversion of embryos into plantlets. The in�uence of cultivar
with the ability of somatic embryos from Smooth cayenne to produce plantlets clearly indicates the
involvement of speci�c genetic factors not only to cultivars but also to the conversion of somatic
embryos into plantlets (Alexandro and Conger, 2002; Ansaldi, 2002).

The somatic embryogenesis technique did not affect the structure of leaf cells, the ostioles opening, and
their uneven distribution between the faces in the cultivars. This constant openness, a particularity of
plantlets, has already been found by Shackel et al., (1990). Compared to embryogenesis, the stomata in
leaves of plantlets produced by organogenesis were large in both cultivars. This difference could be
explained by the juvenility of the material obtained from somatic embryogenesis technique. In addition,
the stay in the darkness of the material during the process of somatic embryogenesis could also impact
their dimensions, unlike plantlets exposed to light radiation during organogenesis.

Conclusions
The study highlighted some information necessary for the somatic embryogenesis of pineapple. Plantlets
leaves have been shown to be the material of choice in callus induction. Also, the combination of BAP (1
mg/l) + copper (2 mg/l) + Picloram (6 mg/l or 12 mg/l) on Murashige and Skoog medium supplemented
with vitamins B5 was favorable somatic embryos regeneration of pineapple. As for embryos maturation,
MS medium supplemented with the growth regulators combination NAA (0.5 mg/l) + BAP (1 mg/l) was
e�cient for two cultivars. The combination for GA3 (2 mg/l) + BAP (3 mg/l) in the same medium was
favored for shoots induction from somatic embryos of pineapple with stable histological structure of
leaves cells. This is a key study for mass propagation of the pineapple and genetics transformation of
pineapple.

List Of Abbreviations
NAA: Acid α Naphthalele Acetic; 2,4-D: 2,4- Dichlorophenoxylacetic acid; Pi : Picloram or; 4-amino 3,5,6-
trichloropicolinic acid; BAP: 6-benzylaminopurine; GA3: Gibberellic Acid.
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Tables
Table 1: Khi2 test on time of appearance of callus and callus rate within pineapple cultivars.  

Source DDL Khi² (Wald) Pr > Wald Khi² (LR) Pr > LR

Cultivars 1 12.6726 0.0004 12.6291 0.0001***

Nber.WAS 2 95.2701 < 0.0001 90.6280 < 0.0001***

*** = highly signi�cant difference (p < 0.0001); Nber = Number; WAS = Week after sowing.

 

WAS = Week after sowing.

 

Table 2: Effect of plant growth regulators combination and copper on calli induction rate
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Lots PGRs Calli induction rate Groupes

  K0.5D12 0 A

Lot A K0.5D3 + Cop 0 A

  B0.5P6 0 A

  K1D6 0 A

  B1D6 0 A

  M0 0 A

  B0.5P12 0 A

  B0.5D9 0 A

Lot B B1D3 + Cop 16.66 AB

  K1P12 + Cop 16.66 AB

  K1P3 16.66 AB

  B0.5P6 + Cop 16.66 AB

  B0.5P9 16.66 AB

  K0.5D12 + Cop 16.66 AB

  K1P9 16.66 AB

  B0.5D9 + Cop 16.66 AB

  K1P12 16.66 AB

  K1P6 + Cop 16.66 AB

  B1P12 16.66 AB

  K0.5P3 16.66 AB

Lot C B1P6 33.33 AB

  K0.5P12 33.33 AB

  K0.5P12 + Cop 33.33 AB

  K1P6 33.33 AB

  B0.5P12 + Cop 33.33 AB

  B0.5P3 33.33 AB

  B0.5P3 + Cop 33.33 AB

  K0.5P9 33.33 AB
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  B0.5D6 33.33 AB

Lot D B0.5D3 50 AB

  B0.5D3 + Cop 50 AB

  B0.5D6 + Cop 50 AB

  B1D6 + Cop 50 AB

  B1P3 + Cop 50 AB

  B1P9 + Cop 50 AB

  K0.5D3 50 AB

  K0.5P3 + Cop 50 AB

  K0.5P6 50 AB

  K0.5P9 + Cop 50 AB

  K1D6 + Cop 50 AB

  K1P3 + Cop 50 AB

  K1P9 + Cop 50 AB

Lot E B0.5P9 + Cop 66.66 AB

  B1D3 66.66 AB

  B1P9 66.66 AB

  K0.5P6 + Cop 66.66 AB

Lot F B1P6 + Cop 100  B

  B1P12 + Cop 100  B

PGRs = plant growth regulators, Kx = Kinetin [mg.L-1], Dx = 2.4-D [mg.L-1], Cop = copper, Px = Picloram
[mg.L-1], Bx = Benzylaminopurine [mg.L-1], M0 = Medium without plant growth regulators.

 

Table 3: Effect of plant growth regulators combination and copper on induced calli weight.
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Cultivars Culture media Calli weigth (mg)

Sugar loaf MWC 432.7±0.7

MSC 604.6±0.7

Smooth Cayenne MWC 345.1±0.7

MSC 378.3±0.7

P-Value Cultivars 0.037*

Culture media 0.345NS

Cultivars x Culture Media 0.166NS

MWC: Media without copper; MSC: Media supplemented with copper; NS : No signi�cant difference ( 5%);
* signi�cant difference (5%).

 

Table 4: Effects of different concentrations of BAP and GA3 on plant regeneration.  
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Cultivars GA3+BAP

(mg/l)

Nber.Emb/

Treatment

Nber.Plantlets

/Treatment

Nber.Plts /

Emb. /Treatment

Smooth Cayenne 2 mg/l+5 mg/l 7ab 15a 3.92a

2 mg/l+1 mg/l 2.25a 9.5a 5.21a

2 mg/l+0.5 mg/l 1.25a 16.25a 9.58ab

1 mg/l+ 1 mg/l 4ab 16a 10.36b

1 mg/l+3 mg/l 2.25a 24.5ab 7.92ab

1 mg/l+5 mg/l 0.50a 12.75a 5.25a

1 mg/l+0.5 mg/l 9ab 22.25ab 4.88a

2 mg/l+3 mg/l 12.75b 55.25b 5.29a

Sugar Loaf 2 mg/l+5 mg/l 0.25a 1.75a 1.75a

2 mg/l+1 mg/l 4.5ab 7.75a 2.21a

2 mg/l+0.5 mg/l 0.25a 2.25a 2.25a

1 mg/l+1 mg/l 2a 2.75a 0.58a

1mg/l+ 3 mg/l 0.75a 5.25a 3.37a

1 mg/l+5 mg/l 6ab 23ab 3.36a

1 mg/l+0.5 mg/l 8.25ab 2.75ab 4.80a

2 mg/l+3 mg/l 2.75a 14a 5a

P. Value Culture Media < 0.0001*** < 0.0001*** < 0.0001***

Cultivars 0.0003*** < 0.0001*** < 0.0001***

Culture Media X Cultivars 0.212NS 0.089NS 0.821NS

Nber.Emb: Number of embryos; Nber.Plantlets/Treatment: Number of plantlets per treatment; Nber.Plts
/Emb/treatment: Number of plantlets per embryo per treatment; *** Highly Signi�cant difference (0.01%);
NS: not signi�cant at 5%.

 

 Table 5: Stoma frequency and dimensions of stomata and ostioles in Smooth cayenne and Sugar loaf.
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Variables Nber Sto/µm2 LoSto (µm) LaSto (µm) LoOS (µm) LaOS (µm)

CayFVPT 134±0.31 46.6±0.5 35.6±0.8 32±1 5.87±0.1

Cay FVPEmS 134±0.63 26.6±0.5 19.82±0.4 16.23±0.5 5.45±0.47

PSFVPT 149±1.26 36.43±0.4 30.82±0.2 19±1.26 10.48±0.48

PSFVPEmS 141±2.21 33.5±0.8 22±0.7 19.8±0.86 8.3±0.8

R² 0.816 0.975 0.967 0.911 0.787

Pr > F 0.0197* < 0.0001*** < 0.0001*** < 0.0001*** < 0.0001***

 

 

Figures

Figure 1

Effect of explants origin on calli formation in pineapple.
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Figure 2

Effect of copper on callus formation; (WAS) Week after seeding.
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Figure 3

Effect of growth regulators combination on somatic embryos maturation

Figure 4

Somatic embryos development stages in pineapple
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Figure 5

Plant regeneration steps in somatic embryogenesis of pineapple.
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Figure 6

Microscopic structure of pineapple leaves.
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