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ABSTRACT 

Plantain is a food crop of great importance in developing countries. However, the extension of its 

cultivation is limited by the quantity and quality of seeds used. The present study was evaluated using two 

methods of plantain production. MSD and PIF methods were invoked by a local cultivar "Corne 1" and 

two hybrids "PITA 3 and FHIA 21" of plantains. The flowering plantain stump are used for MSD and its 

sucker for PIF methods. The apical meristem of suckers was destroyed to prevent their regrowth. Explants 

from stumps were sown in a tunnel for MSD method and sucker explant in propagator for PIF method. 

The whole of the rejections removed on the same plantain tree constituted a sucker’s unit. At weaning, the 

mean production of one stump is 18; 26; and 17 shoots and that sucker’s unit were 23, 12 and 09 shoots 

respectively with Corne 1, PITA 3 and FHIA 21. Thus, the total number of shoots leafy produced by 

Corne 1, PITA 3 and FHIA 21 was respectively with stump 118, 192 and 130 65, 34 and 29 leafy shoots 

with sucker’s unit. The shoots from the stumps were more vigorous. Vigorous indices were 16 for Corne 

1 and PITA 3 but it was 19 for FHIA 21. However, the vigorous indices were respectively 23; 27 and 21 

at the shoots from the suckers. As for the life time of the stumps under tunnel, it was 164; 150 and 142 

days, whereas that of the suckers to germoir was 112; 85 and 92 days respectively for cultivars Corne 1, 

PITA 3 and FHIA 21. 
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INTRODUCTION 

Plantain is one of the staple foods in sub-Saharan Africa. In general, banana plantations are created with 

discharges taken from old plantations very often of poor sanitary quality (Kouassi et al., 2015). Chronic 

low quality discarding limits the establishment of productive banana plantations to meet the ever-

increasing needs of populations. To produce seedlings, various traditional or modern methods of 

vegetative propagation are used in plantain. Among these are the improved in vivo and in vitro plant 

production method (Koné 2014; Koné et al., 2016). This method uses techniques that overcome the 

limitations of traditional methods. The in vivo multiplication techniques of plantain using the stem-

derived plant (PIF) technique and that of the decorticated stump (MSD) are based on the apical meristem, 

the central organ of the underground part of the plantain stem. The latter controls the growth of the plant 

as well as the production of the suckers (Kouassi et al., 2015). These techniques exploit the fast 

development of the buds present at the armpits of the foliar sheaths, as well as the newly formed buds. 

That would be with the imbalance caused by the apical meristem that was injured. PIF et MSD techniques 

make it possible to produce a large number of relatively healthy plants in a sanitized environment above 

ground level. However, the workload, the means of production and the availability of starting materials 

lead nurseries to adopt one of the multiplication systems (Kouakou et al., 2019). But, the information 

provided by them relative to the choice of the vivo methods are quite contradictory. However, it was 

found that the rate of recovery of plants transferred to the field remained low. However, according to the 
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work of (Mayeki et al., 2010), the development, growth and yield of PIF plants are influenced by many 

factors including rearing conditions and the type of substrate used during acclimation. Also, for a better 

management of the leafy shoots production, it is essential to determine the optimal conditions of 

production of vivoplants in plantain. 

Thus, the objective of this study was to evaluate the potentiality of production of the devices used by the 

producers of seedlings of plantain. 

 

MATERIALS AND METHODS 

Study site 

The study was carried out on the site of the DOUGBA plantation in Azaguié. This plantation was used for 

the production of leafy shoots, their evaluation in nursery conditions under shade and in plantation. 

Azaguié is located in the south of Côte d’Ivoire (Anonyme. 2017). Azaguié is located 50 km north of 

Abidjan (latitude 5 ° 38 ''and 5 ° 00' N and longitude 4 ° 05' and 4 ° 00' W, and 35 km from Agboville, 

The sub-prefecture of Azaguié covers an area of 650 km
2
 and is populated by 21,976 inhabitants (INS. 

2014). 

Plant material 
Plantain stumps and suckers of two hydrids, PITA 3 and FHIA 21 and one cultivar namely Corne 1, were 

used in this study. PITA 3 and FHIA 21 hybrids have been widely disseminated in several West African 

countries in recent years [Tenkouano et al 2019] for their tolerance to black Sigatoka (Traoré et al., 2008; 

Traoré 2008). These hybrids show high yields (N’guetta et al., 2015). Stumps of flowering plants and 

traditional sword sucker of these three banana plantain cultivars constituted the plant material. The 

characteristics of these three cultivars have been presented in Table 1. The production units (UP) 

consisted of suckers for PIF method and stump for MSD. At FHIA 21, the UP was made up of three 

sword sucker for all the cultivars considered. 

 

Table 1: Characteristics of cultivars used 

Name Type, genomic group Origin Cycle Diet features 

Corne 1 Local plantain, AAB Côte 

d’Ivoire 

11-12 months 

tolerant to 

Sigatoka 

9-13 kg 

4 to 7 hands 

10-18t / ha 

PITA 3 Hybrid plantain, AAAB Nigeria 10-11 months 

resistant to 

Sigatoka 

20-30 kg 

6 to10 hands 

20-40t/ha 

FHIA 

21 

Hybrid plantain, AAAB Honduras 10-11 months 

resistant to 

Sigatoka 

25-35 kg 

6 to10 hands 

20-40 t/ha 

 

Methods 

Shoots production with MSD technique 

MSD methods used were inspired by those described by (Koné, 2014). MSD means Multiplication on 

Stumps Decorticated. This technique used strain of plantain tree at the flowering stage (7 - 8 months). 

They were uprooted using palm-blade chisel. The stump obtained were washed with running water and 

then cleared by removing with a machete, the black superficial layer of the bulb. After this step, the stump 

were decorticated. This operation consisted in exposing the dormant lateral buds. These explants were 
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disinfected by soaking in a fungicidal solution of mancozeb 880W (15g / L). To evaluate the potentialities 

of MSD technique, forty-five (45) stumps weighing between 9 and 15 Kg of each cultivar were sown in 

bins containing lagoon sand as substrate and placed in a tunnel. (Figure 1A). The root portion of the 

explants was blanked out and buried in the substrate. The spacing between the stumps was 10 cm. The 

substrate was previously treated with 5g / L of rugby10G (cadusafos 10%) which is a nematicide. 

  
A B 

Figure 1: Stumps sown in bins containing lagoon sand as substrate (MSD) A: Decorticated stump in 

substrate; B: Proliferating shoots on stump 

 

Shoots production with PIF technique 

The second type of explant used for PIF technique was obtained with sword sucker. PIF means seedlings 

resulting from stem fragment. For evaluate the potential of the FIP, the experimental unit consisted of 3 

sword suckers around one plantain stump. It was also used forty-five (45) units per cultivar. After their 

removal, the sucker were washed with tap water to rid them of the soil. They were then decorticated and 

pared,  then dipped into a solution containing a mixture of 5g / L of Furadan 5G (carbofuran 5%) and 

mancozeb 880w (15g / L), for disinfect any microorganisms (fungi, nematodes , insects). After 15 

minutes of soaking, the explants were removed from the solution and then exposed to the open air under a 

shelter for 48 hours. Subsequently, the pseudo-trunk surface was rejuvenated. Two right angle incisions 

were made in the center of the explant to stress the apical meristem. The explants obtained were placed in 

vertical orientation in the box containing the sawdust used as substrate (Figure 2 A). The distance 

between two explants in one unit was 5 cm and that between two units was 10 cm. The excised part of the 

explants was oriented upwards and they were covered with 2 to 3 cm of substrate thickness Twenty-four 

hours after germination of the explants, the substrate was abundantly watered then two to three weekly 

waterings were performed according to the state of humidity of the substrate. 

Explant tracking, control, and transplanting leafy shoots 

In these two methods seedling separation started when leafy shoots reached the 2-3 leaf stage. Leafy 

shoots without roots were removed with a small piece of the bulb. In both propagation systems, each 

seedling is transplanted into bags containing a sterilized loose substrate consisting of a mixture of black 

soil and well-composted organic matter (1:1, v / v). The treated seedlings are put under shelters letting 

pass 50% to 60% of luminous ray. 

Shoots from MSD: Two to three weeks after sowing of the stump, the shoots row one (1) were formed. 

They were decorticated and the destroyed apical meristem. The new shoots of row two (2) products were 

evaluated and taken. Two samples were performed per week (Figure 1B). 

Shoots from PIF: The direct shoots obtained were separated or reactivated (to raise the apical 

predominance of the most developed seedlings). Seedling separation began when the leafy shoots reached 

40 cm 40 cm 
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the two to three leaf stage. Leafy shoots without roots are removed with a small piece of the bulb. After 

the sample of leafy shoots, the bulb is returned to the propagator. Thus, the reactivated explants produce 

as many seedlings as the operation can be repeated until depletion of their reserves (Figure 2 B). The 

sampling operation was carried out once a week. 

Under the tunnel and in the propagator the explants were arranged in a completely random block with 

three repetitions. The experiment was performed twice. 

Parameters evaluated 

The morphology of the two types of vivoplants was described by simple observation and by touch. The 

parameters considered are the shape, appearance, color, size, number and shape of leaves at weaning. 

Rates of bud bursting and bull heads (TB): It was determined one month after seeding the explants in 

germiners and in tunnels. It is calculated by reporting the number of sprouts or bud-producing bull head s 

on the total number of explants seeded. 

 

  
A B 

Figure 2: Stages of plant production by PIF technique. A: Seeding B: Leafy shoots 

 

Under-tunnel sprouting and emergence of sprouting buds (TpB): The budding time in the case of 

MSD and bud emergence in the case of PIF is the time taken by a bud to emerge after seeding an explant. 

It is calculated by counting the sum of the times taken for the appearance of the buds on the total number 

of explants inducing buds. 

Mean number of shoots produced (NMP): It was determined at the end of the leafy shoots produced. It 

is calculated by reporting the total number of leaf shoots produced on the total number of explants that 

have been weaned 

Vigor of plants produced (V): It was evaluated according to the formula of (Alexandre. 1977). V = 

Height of the plant / Diameter of the plant 

Explant life (DVE): It is determined at the end of bud production. This is the time during which the 

explant is still able to produce and keep alive the buds that appear on its surface. It is determined by 

dividing the sum of the times taken to produce buds by the total number of explants that induced buds. 

Statistical analysis 

For all experiments performed, Statistica 7.1 software was used for statistical analysis. The analysis of 

variance (ANOVA) made it possible to know if there is a difference between the treatments studied. 

When a difference was observed, the Newman-Keuls multiple rank test at the 5% threshold was adopted 

to separate the means. 

 

30 cm 30 cm 
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RESULTS AND DISCUSSION 

Table 2: Influence of the multiplication system on explant budding of three plantain cultivars 

Cultivars Production 

system 

Budding Rate 

(%) 

Time for 

Bud’s induction 

(Days) 

Number of 

shoots produced 

Corne 1  MDS 100
a
 13,32±0,84

a
 118,41±16,80

b
 

PIF 100
a
 16,92±2,73

b
 65,54±10,56

c 
 

PITA 3  MDS 100
a
 10,54±1,91

a
 192,98±48,81

a
 

PIF 100
a
 18,58±4,87

b
 34,23±9,97

c
 

FHIA 21  MDS 100
a
 16,36±2,67

b
 130,52±29,47

b
 

PIF  100
a 
 17,97±4,37

b
 29,04±8,25

c
 

P   0,86084060  0,007626  0,000123  

NB: in the same column, the digits followed by the same letter are statistically identical to the 5% 

threshold (Newman-keuls test), mean ± standard deviation 

 

Table 3: Production of units in propagation systems in three banana plantain cultivars 

Cultivars Production 

system  

 

Production 

unit 

Mass of a 

production 

unit (kg) 

Number of 

buds / unit 

Number of 

plants / sample 

Corne 1 MSD 1S 11,8±3,21
a
 13±2,42

a
 18,49±1,47

b
 

PIF 3R 2,70±0,83
b
 12±4,34

a
 23,83±0,85

c
 

PITA 3 MSD 1S 12,4±2,10
a
 13±3,12

a
 26,63±7,38

e
 

PIF 3R 1,45±0,37
c
 9±1,17

b
 12,21±2,85

d
 

FHIA 21 

 

MSD 1S 11±1,21
a
 13±2,23

a
 18,97±6,05

f
 

PIF 2R 1,28±0,21
b
 14±5,81

a
 10,45±4,51

a
 

P   0,000010 0,000003 0,000012 

NB: in the same column, the digits followed by the same letter are statistically identical to the 5% 

threshold (Newman-keuls test), mean ± standard deviation, S = bull head, R = sucker 

 

Table 4: Growth parameter of leafy shoots in acclimation end 

 Cultivars Production system Height of 

plants (cm) 

Diameter of 

plants 

(cm) 

Vigor of 

plants 

 Corne 1 MDS 7,37±2,40
d
 0,46±0,12

c
 16,42±4,18

a
 

 PIF 7,75±2,81
b
 0,35±0,14

a
 23,41±8,16

b
 

 PITA 3 MSD 12,13±4,00
c
 0,73±0,17

b
 16,61±3,69

a
 

 PIF 15,28±3,42
a
 0,55±0,12

c
 27,84±4,39

b
 

 FHIA 21 MSD 8,75±3,55
b
 0,64±0,11

b
 19,60±6,59

a
 

 PIF 15,91±3,52
a
 0,53±0,17

c
 21,10±4,12

b
 

P   0,000002 0,002415 0,000919 

NB: in the same column, the digits followed by the same letter are statistically identical to the 5% 

threshold (Newman-keuls test), mean ± standard deviation 
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Figure 3: Morphology of plantain vivoplants. (A: plants from MSD, B: plants from PIF) 

 

 
 

Figure 4: Explant life span as a function of the multiplication system in three plantain cultivars 

 

RESULTS 

Morphology of different types of plants 

Figure 3 shows that vivoplants from the MSD method (Multiplication on Stumps Decorticated) are more 

vigorous than plants derived from stem fragments (PIF). The seedlings taken from the MSD (Figure 3A) 

are purple in color which is reinforced at the bulb. The latter is bulging, robust, firm and waterlogged. 

Leaf scales evolve from green to purple green. Brown bands appear gradually and then join. During this 

time, the bulbs of shoots pull on dark brown. Scales very numerous and robust appear at the bulb and 

gives it a rough appearance. The leaves are less wide and less developed on shoots when they are 

separate. As for the vivoplants of the PIF technique (Figure 3B), they are slender. The seedlings are green 

but the bulb is whitish, not robust, stiff and also waterlogged. If the leaf scales are present, they remain 

green. But, they are generally few or nonexistent at the level of the bulb; which justifies its more or less 

smooth appearance. These scales are also stiff. The leaves are wider and more developed at weaning. 
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Influence of vivo-system on explant production performance 

Table 2 presents the parameters for budding rate, mean time for bud induction, and mean number of 

shoots produced. The classification criteria of cultivar and production system were compared for each 

unit (suckers and stumps). 

All explants produced bud whatever production system used and that with all evaluated plantain cultivars. 

Statistical analysis of explant relating times budding revealed a cultivar effect (P = 0.031280) and a 

multiplication system effect (P = 0.000002) as well as one of cultivar x multiplication systems interaction 

(P = 0.007626). The mean time for bud induction was the shortest in the MSD in the cultivars Corne 1 

and PITA 3, but statistically identical for both MSD and FIP in FHIA 21. The budding time was the 

shortest with MSD.  

The mean number of shoots produced by explant was statistically different regardless of the cultivar and 

multiplication system employed (P = 0.000123). In the three cultivars '' Corne 1 '', PITA 3 and FHIA 21, 

the number of shoots produced was 118.41; 192.98 and 130.52 for the MSD system and 65.54; 34.23 and 

29.04 for the FIP system. However, PITA 3 hybrid produced the greatest number of shoots with MSD 

system. Thus, stump s (MSD) produced many more buds than suckers (PIF) when taken individually. 

System influence on the production unit capacity  

The number of plants obtained per unit of production (Table 3) was statistically different whatever the 

cultivar and the multiplication system used (P = 0.000012). In hybrids PITA 3 and FHIA 21', the number 

of leafy shoots obtained by harvest is much higher than the level of MSD compared to PIF while it is the 

at opposite cv. Corne 1. 

Influence of production system on some growth parameters of shoots produced in acclimation 

The height (P = 0.000002) and the diameter of the weaned plants (P = 0.002415) were significantly 

different. The vigor of the plants obtained at the end of hardening varied significantly (P = 0.000919) 

according to the multiplication system used (P = 0.000101) in the three plantain cultivars evaluated. The 

cultivar effect did not allow to appreciate this parameter. At weaning, the plants obtained with MSD 

system have a larger diameter and a lower height compared to those from the PIF system. The plants from 

the latter system are large with the value of vigor greater than 20 regardless of the cultivar considered 

(Table 4). 

Influence of production system on the lifespan of the explants 

The observation of Figure 4 shows that in the three cultivars studied, the stumps have a longer life than 

the sucker with respectively 164.20; 150.94 and 142.17 days for Corne1, PITA3 and FHIA 21. With PIF, 

the life of the explants does not exceed 100 days with the exception of the variety Horn 1 which produced 

seedlings for 112.91 days. 

Discussion 

The seedlings resulting from each vegetative propagation system, stump or sucker, presented the same 

morphological characteristics whatever the studied cultivar. Similar results were also obtained by (Koné, 

2014). According to this author, morphogenesis in plantain is a characteristic linked to propagation 

methods and not to cultivars. 

Both stump and suckers showed a budding rate of 100%. The seedling multiplication system therefore did 

not influence the budding rate of the explants, that is to say stump and suckers. However, the budding 

time was influenced by the multiplication system as well as the cultivar. For all cultivars, MSD had the 

shortest awake phase. Tunneling facilitated the rapid hydration of these stump compared to sprouting in 

germiners. Indeed, under tunnel hygrometry and temperature are high compared to the propagator. This 

temperature activates the enzymes, in particular hydrolases such as α-amylase, which mobilizes the 

reserves necessary for the recovery of the metabolism. This reduced the recovery time of latent buds or 

waking time. Following the work done by (Koné, 2014). On the same subject, he explained this waking 

time by comparing it with that of the resumption of the seed germination process. Indeed, this waking 

time is accompanied by a resumption of the respiratory activity and a synthesis the new enzymes 

necessary to mobilize the reserves useful for a recovery of the growth by (Boyé et al., 2010). Reservoir 
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mobilization also depends on the activity of hydrolytic enzymes and the latent bud maturity stage (Bonté 

et al., 1995; Bakelana et al., 2000). The rhizome of the explants being essentially rich in starch [Turquin, 

1998], those of the bull head s would certainly be more rapidly hydrolysed by α-amylase in soluble sugars 

necessary for the resumption of germination that is to say the growth of buds on plantain bull head s. The 

seeding mode may also influence the budding time. Indeed, at the level of the PIF system, the suckers 

were buried in the substrate. At the time of budding in the strict sense, is added the emergence time that is 

to say its perception on the surface of the substrate. This has lengthened the budding time evaluated with 

this multiplication system. 

The stump of PITA 3 and FHIA 21 resulted in a high number of weaned plants compared to the sucker. 

These results could be explained by both the proliferation potential of the cultivar and the production 

system adopted. Indeed, PITA 3 and FHIA 21 which are hybrid cultivars would certainly have undergone 

a profound modification of their genome compared to local cultivar Corne 1. This modification would be 

favorable to the multiplication. In addition, the sampling period of explants stem "flowering stem" 

corresponds to the period when the bulb mobilizes both nutrients but also phytohormones necessary for 

the growth of fruit. The presence of these phytocomposites could militate in favor of the divisions at the 

origin of the massive budding of this explant (Deless et al., 2015). 

Observations have shown that bud development on explants (stump and sucker) goes through different 

stages (sharp, rounded, elongated). But, the induction of the buds has not been synchronized. 

At the seedling stage, the gradual degradation of cellulose and lignin would stimulate the availability of 

assimilable nutrients in sawdust. This may partly justify the formation of a relatively large number of 

buds on suckers (Koné et al., 2016). In tunnels, seeded stump are no longer removed until they are 

depleted. This would allow them to continuously absorb and accumulate minerals contained in the seed 

substrate made from humus-rich forest soil. In this case, the stump is close to natural planting conditions. 

They are not subject to stress such as suckers in propagator that are removed for operations and reseeded. 

This stability would allow the stump to produce a larger quantity of seedlings over a long period, unlike 

suckers whose accumulation of reserves is hampered by each withdrawal. Otherwise, stumps by their 

size, contain many dormant buds that evolve into seedlings as soon as they are activated. 

In the course of the study carried out, the production system influenced the size of the vivo-plants, the 

diameter and consequently the vigor. This phenomenon was observed at the level of the three cultivars 

studied. The observed differences are due to the microclimate around the plants and especially to the 

starting material used for seeding. Indeed, for the bull head stump of the tunnels, the vivoplants obtained 

are robust. This robustness could be explained by the size of the bull head s that provide all the nutrients 

and other compounds essential for the establishment of buds. At the propagator level, the sucker are 

generally small and are buried completely in the substrate. Insufficient nutrients in these explants would 

not allow optimal seedling growth. In addition, they acquire late their ability to photosynthesis because of 

the extension of the time of emergence. This leads to the tapered appearance of the plants obtained. For 

all cultivars, the vigor index is low for MSD vivoplants and high for FIP vivoplants. This parameter being 

the ratio of the height to the diameter, the seedlings which had a large diameter were characterized by a 

weak vigor. According to (Alexandre, 1977), a high index of vigor reflects a predominance of aerial 

growth over cambial growth. Conversely, a low vigor index reflects a low growth in plant height. Large 

diameter seedlings generally accumulate reserves, are resistant to rainfall and may express a higher 

survival rate. 

The life span of the stump in the three cultivars was longer compared to sprouting in the sprouts. This 

difference could be explained by the large quantity of reserves contained in the stump because of their 

large size. Discards being small, their reserves were quickly depleted by seedlings leading to their 

degeneration. This same result was made by (Koné, 2014) who obtained a lifetime of explants from 

sucker shorter than that of explants from old stump are respectively, two to four months and six to eight 

months on mean. Other studies have supported these results by showing that the size of the explants in the 
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propagator influenced the life of the explants (Koné et al., 2016). According to these authors, the larger 

the explant, the longer it lasts. 

 

CONCLUSION 

The production of vivoplants is the primary activity of a nurseryman and this activity requires human, 

technical and financial resources. Its efficiency and yield depend on the production system and the 

performance of the plants produced. The tunnel made it possible to obtain vivoplants with a good vigor 

compared to vivoplants of the propagator. 

This study also confirmed the influence of the production system on the productivity of a cultivar to be 

propagated in vivo. Considering the parameters taken into account in this study, the stump decorticated 

method (MSD) gave the best results compared to that of "Plants derived from stem fragments" (PIF), 

except the budding rate where the results remain similar for both systems (PIF and MSD). To have a good 

performance while reducing the workload and the human needs, producers of vivoplants can thus use this 

tool of work in the exercise of their function. However, in order to optimize the quality of the results 

obtained, it would be important to study the behavior of vivoplants in nursery conditions and in the field. 
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