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ABSTRACT 
 

Plantain is one of the staple foods and source of income for the Ivorian populations. However, the cultivated varieties have 

low yields. Genotypes having diverse genetic background can improve the yield. This study was conducted in Anguédédou, 

in southern Côte d'Ivoire, to assess the agronomic performance of local cultivars and hybrids cultivated at high-density 

planting. Banana were planted in a randomized complete block design at a density of 2500 plants ha-1 (2 m x 2 m). Six 

banana genotypes were tested during a production cycle. The results showed that hybrid SH 3640 had the shortest plant 

height (2.56 m) and harvest period of (11 months), the highest bunch mass (17 kg) and yield (16 t ha- 1). The harvest period 

was longer with local varieties 3 Vert, Saci and Big Ebanga (around 15 months). The number of hands and fruit was higher 

in the hybrids. They had more than 8 hands and 90 and 73 fruits respectively for SH 3640 and BITA. Cultivar Big Ebanga 

produced the thickest (13 cm) and the longest (26 cm) fruit, while SH 3640 had the shortest fruit (18 cm). Hybrids and 

cultivars Saci, Big Ebanga and 3 Vert had the best yields and can be recommended to increase banana tree yield per hectare. 
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INTRODUCTION 

 

Formerly a household-farm crop, plantain has become 

over the years a crop with high added value. Its fruit is one 

of the main sources of food for the Ivorian populations. It 

is also a source of income for rural and urban populations, 

particularly women. They represent 80% of agricultural 

workers in plantain tree cultivation. Moreover, Côte 

d'Ivoire is the main supplier of the sub region. Despite its 

socio-economic importance, plantain yield remains low, 

around 4 tha-1 (Norgrove and Hauser, 2014 and FAOSTAT, 

2022). In Côte d'Ivoire, plantain is grown in traditional 

systems with few inputs leading to a long-term loss of soil 

fertility because of the nutrients exported at each harvest 

and their intrinsic poverty. Farmers do not always have 

access to fertilizers, or either in a very limited way because 

of their high cost (FAO, 2016 and Guèdègbé and Doukkali, 

2018) and availability. Furthermore, the cultivated varieties 

are for the most part not very productive and susceptible to 

diseases and pests. Disease control strategies remain 

inaccessible to smallholder farmers with often limited 

resources (Traoré et al., 2009). In order to improve plantain 

yield, hybrids and cultivars considered productive from 

various geographical areas have been introduced. These 

varieties, coupled with high-density planting 

(Khalequzzaman et al., 2009 and N'guetta et al., and Violet 

et al., 2020 and Swain et al., 2020), could increase plantain 

yield in Côte d'Ivoire. This study was therefore conducted 

to determine the yield potential of plantain cultivars and 

hybrids at high-density planting. 

 

MATERIALS AND METHODS 

 

Area of Study 

The experiment was conducted in southern Côte 

d'Ivoire, at the research station of Bimbresso on the site of 
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Anguédédou. The geographical coordinates are 5°25’ 
North latitude, 4°08’ West longitude and 30 m altitude. The 
climate of the area, of the Attiean type, has two rainy 
seasons, the most abundant of which is centered on the 
months of May-June and the other on the months of 
October-November. The two rainy seasons are separated 
by two dry seasons. The average annual rainfall is around 
2000 mm. The average temperature is 26°C, with minimum 
and maximum monthly values of 21°C and 32°C. This type 
of climate characterizes the dense forest. The soil is highly 
desaturated ferralitic (CPCS classification) or Ferralsol 
drastic (WBR classification) from Tertiary sands. The 
texture is predominantly sandy-clayey, with a high 
proportion of coarse sand. The chemical characteristics of 
the soil determined in this study are given in Table 1. 
 
Plant Material 

The plant material consisted of sword suckers of BITA 
3 and SH 3640 hybrids and cultivars French Sombre, 3 
Vert, Big Ebanga and Saci. The suckers taken from the 
collection of the National Center for Agronomic. The 
suckers were planted and monitored during a crop cycle. 
 

Experimental Design and Cropping Practice 

The experimental design was a Fisher block with three 

repetitions for each variety. Each elementary plot consisted 

of 12 useful banana trees. A distance of 2 m was kept 

between banana trees and 2 m between rows, giving a total 

of 2500 plants ha-1. Six weeks after planting, the banana 

trees received dolomite and tricalcium phosphate at the rate 

of 165 g and 135 g, respectively. Urea and potassium 

chloride (KCl) fertilizers were added three months after 

planting. Each banana tree received 27 g of urea and 66 g 

of KCl for eight months. Weeding, leaf stripping and 

desuckering were carried out as needed. Weeding was 

manual for the first three months, then chemical. 
 

Data Collection 

The behavior of the varieties with regard to black leaf 

streak disease through the youngest leaf affected (YLA) 

and the youngest necrotic leaf (YNL) was noted each 

month. But only data from two months before flowering 

(50% of shooting) of each variety were shown. At 

inflorescence emergence (flower stalk emergence), data 

was also collected on the banana trees. They focused on the 

height of the plant’s collar up to the V formed by the last 

two leaves, the girth of banana trees at 1 m above ground, 

the number of emerged and living leaves. The latter was 

obtained by counting. A leaf is considered alive if 2/3 of its 

surface is green. The counting of the number of emerged 

leaves started three months after planting and took place 

every month until flowering. The number of days between 

planting and inflorescence emergence, from planting to 

harvest was calculated. At harvest, bunch mass, number of 

hands per bunch, number of fruits per bunch, fruit girth and 

length were taken. The yield was calculated taking into 

account the number of banana trees harvested and brought 

back per hectare. 

 

Statistical Analysis 

The data collected was subjected to an analysis of 

variance using SPSS software. The means were separated 

by Tukey's test when the analysis was significant at 5% 

threshold. 

RESULTS 

 

Plant Height and Girth at Flowering 

The highest pseudostem height (Table 2) was obtained 

with variety Big Ebanga (315 cm) followed by Saci (310 

cm) and French Sombre (303 cm). Hybrid SH 3640 had the 

lowest height (256 cm) and differed statistically from other 

banana trees. Only varieties SH 3640 and 3 Vert had 

heights below 3 m. The girth of banana trees at flowering 

varied from 41 to 49 cm (Table 2). Cultivar French Sombre 

had the smallest girth and cultivar Big Ebanga the highest 

value. 

 

Number of Emerged and Functional Leaves at 

Flowering 

Leaf emergence was different from one genotype to 

another. With an average of 44, more leaves emerged from 

cultivar Big Ebanga than the other banana trees (Table 3). 

Hybrids SH 3640 and BITA 3 had the lowest number of 

emerged leaves. These hybrids had respectively 35 and 39 

emerged leaves and were significantly different (p=0.001) 

from cultivars 3 Vert (42 leaves), Saci (42 leaves) and Big 

Ebanga (44 leaves). 

The number of functional leaves at flowering was 

greater than eight in all banana trees (Table 3). Hybrid SH 

3640 had the highest number of functional leaves (10) and 

was significantly different (p=0.012) from cultivar Big 

Ebanga (8 leaves). 

 

Crop Duration of Banana Tree 

The analysis of variance showed a significant effect 

(p=0.000) between banana tree varieties for the crop 

duration characteristics (Table 4). Variety SH 3640 had the 

shortest cycle (days to shooting= 259 and days to 

Harvesting = 347). The crop cycle (days to harvesting) was 

long with varieties Saci (445 days), 3 Vert (445 days) and 

Big Ebanga (431 days). The flowers of these plantain trees 

appeared 11 months after planting (Table 4). 

 
Table 1: Chemical characteristics of the soil of the study site in 

0-30 cm depth 

Parameters Value 

Water pH 4.4 

C (gkg-1) 12.9 
Nt (gkg-1) 1.4 

Pass (mgkg-1) 43 
MO (%) 2.21 

CEC (cmol+kg-1) 7.2 
Ca2+ (cmol+kg-1) 0.522 

Mg2+ (cmol+kg-1) 0.397 

K+ (cmol+kg-1) 0.076 

 

Table 2: Height and girth of the pseudostem of banana trees 
assessed at the shooting stage 

Hybrids and Cultivars Height (cm) Girth (cm) 

3 Vert 287 c 46.13 b 
Saci 309.69 ab 48.13 ab 

Big Ebanga 314.62 a 49.23 a 
French Sombre 303.33 abc 41.53 c 

BITA 3 295.59 bc 42.24 c 
SH 3640 256.39 d 46.44 ab 

Standard deviation 25.7 3.9 
P-value <0.0001 <0.0001 

The means followed by the same letter in each column are not 

significantly different according to Tukey's test, at 5% 
probability. 
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Bunch Characteristics Depending on the Varieties 

The results presented in Table 5 show a variety effect 

on bunch mass (p<0.0001). All varieties except French 

Sombre had bunch masses greater than 12 kg. Bunches of 

hybrid SH 3640 had the highest mass with an average of 

17.25 kg. Cultivar French Sombre produced the smallest 

bunches with a mass of 12 kg. The other cultivars had 

masses of about 14 kg (p=0.98). 

The number of hands was around nine (9) with hybrids 

SH 3640 and BITA 3 (Table 5). In contrast, the cultivars 

had numbers of hands between 6 and 8. 

A variety effect was also observed on the number of 

fruit per bunch (p<0.0001). Hybrids SH 3640 and BITA 3 

gave more fruit per bunch compared to the cultivars (Table 

5). Their numbers of fruit were 90 and 73, respectively. 

Cultivars Big Ebanga (48) and 3 Vert (43) had the lowest 

numbers of fruit per bunch. 

The comparison of fruit girth showed a significant 

difference (p<0.0001) between the banana varieties tested 

(Table 5). Cultivar Big Ebanga had the largest fruits (13.36 

cm). Fruit girth of hybrid SH 3640 (12.43 cm) did not differ 

statistically from cultivars 3 Vert (12.26 cm) and Saci 

(12.17 cm). French Sombre cultivar had the highest fruit 

girth value (11.16 cm). Contrary to the other bunch 

characteristics, the hybrids gave the shortest fruits (Table 

5). Variety SH 3640 had the lowest fruit length value 

(18.53 cm) followed by BITA 3 (20.93 cm). Cultivar Big 

Ebanga gave the longest fruits (25.85 cm). 

 

Behavior of Varieties with Respect to Black Leaf Streak 

Disease 

Differences were observed between varieties with 

respect to the YNL (p=0.000). Cultivar French Sombre 

with the lowest YNL value (7.19) differed from cultivars 3 

Vert and Saci (Table 6). The latter two had a rank of 

necrotic leaves higher than 8. Hybrids BITA 3 and SH 3640 

had YNLs statistically identical to cultivars 3 Vert, Saci, 

Big Ebanga. Regarding the YNL variable, there was no 

statistically significant difference (Table 6) between the 

varieties (p=0.46). 

 

DISCUSSION 

 

Agronomic Characteristics 

Variety SH 3640 had a low habit (height less than 3 

m), which gives it an advantage in areas with strong winds 

or steep slopes. This variety had the lowest number of 

emerged leaves, probably linked to its shorter production 

cycle which was 11 months. The number of functional 

leaves at flowering was greater than 8 leaves. This value 

is the minimum number of leaves indicated by 

Lassoudière, (2007) for correct bunch development. The 

green leaves, by their photosynthetic capacity, allow a 

better filling of banana fruit and therefore acceptable 

yields. 

In this study, the local varieties, except French Sombre, 

developed the inflorescence after 11 months far from the 

value indicated by Aubert, (1971). The latter reported that 

flowering generally occurs before 7 months after planting 

when the banana trees are in good growing condition. 

Banana tree cycle duration is influenced by several factors 

such as lack of water, planting density, plant material, 

temperature. Indeed, the more the planting density increases, 

the longer the crop duration lengthens (Biswas and Kumar, 

2010 and Ndabamenye et al., 2013). The increase in density 

to 2500 plants ha-1 could therefore be at the origin of the 

lengthening of the crop duration of genotypes up to 2 months 

longer compared to low density (CNRA, 2016). Lack of 

irrigation may also have contributed. The test was in rainy 

conditions. These results differ from those of Nankinga et al. 

(2005) in Uganda and N'guetta et al. (2015) in Côte d'Ivoire 

who observed no effect of plantain tree spacing (2 m x 2 m) 
 
Table 3: Number of Emerged and Functional Leaves of Banana 

Trees Assessed at the Shooting Stage 
Hybrids and 

cultivars 

Number of 

emerged leaves 

Number of 

functional leaves 

3 Vert 41.69 b 8.5 ab 

Saci 41.88 b 8.88 ab 

Big Ebanga 44.23 a 8.11 b 

French Sombre 40.47 bc 8.4 ab 

BITA 3 38.82 c 9.07 ab 

SH 3640 34.67 d 9.5 a 

Standard deviation 3.6 1.3 

P-value <0.0001 0.005 

The means followed by the same letter in each column are not 

significantly different according to Tukey's test, at 5% 

probability. 

 
Table 4: Parameters of Crop Duration of the Bananas Assessed 

Hybrids and 

cultivars 

Days to 

shooting 

Days to 

harvesting 

3 Vert 358.48 a 444.73 a 

Saci 360.8 a 445.67 a 

Big Ebanga 347.25 a 430.63 a 

French Sombre 298.62 b 385.14 b 

BITA 3 288.81 b 374.14 b 

SH 3640 259.33 c 346.89 c 

Standard deviation 43 39.3 

P-value <0.0001 <0.0001 

The means followed by the same letter in each column are not 

significantly different according to Tukey's test, at 5% 

probability. 
 

Table 5: Banana Trees Yield Parameters 

Hybrids and 

cultivars 

Bunch mass 

(kg) 

Number of hands per 

bunch 

Number of fruit per 

bunch 

Fruit girth 

(cm)  

Fruit length 

(cm) 
Yield (tha-1) 

3 Vert 13.64 cd 6.43 c 43.29 d 12.26 bc 23.13 b 12.28 cd 

Saci 14.07 bc 7.6 b 58.4 c 12.17 bc 21.36 cd 12.81 bc 

Big Ebanga 13.97 bc 6.85 bc 47.69 d 13.36 a 25.85 a 12.57 bc 

French Sombre 12.14 d 6.68 c 58 c 11.16 d 22.46 bc 10.93 d 

BITA 3 15.46 b 8.7 a 73.5 b 11.59 cd 20.93 d 13.91 b 

SH 3640 17.25 a 8.8 a 90.27 a 12.43 b 18.53 e 16.04 a 

Standard deviation 2.4  1.2 17.9 1.0 2.4 2.26 

P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

The means followed by the same letter in each column are not significantly different according to Tukey's test, at 5% probability. 
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Table 6: Phytopathological Parameters of Banana Trees 

Hybrids and cultivars YLA YNL 

3 Vert 3 a 8.5 a 

Saci 3.25 a 8.75 a 

Big Ebanga 3 a 8.06 ab 

French Sombre 3.22 a 7.19 b 

BITA 3 3.11 a 8.22 ab 

SH 3640 2.85 a 7.65 ab 

Standard deviation 0.7 1.4 

P-value 0.46 0.0005 

YLA: youngest leaf affected; YNL: youngest necrotic leaf. The 

means followed by the same letter in each column are not 

significantly different according to Tukey's test, at 5% probability. 

 

in the first crop cycle. Hybrid SH 3640 was the most 

precocious of the varieties tested. It was harvested eleven 

months after planting before most cultivars started 

flowering. This result is different from the one obtained by 

Uazire et al. (2008) in Mozabique where SH 3640 banana 

trees were harvested after fifteen months, despite being 

planted at a lower density (3 m x 2 m). 

Bunch mass and other yield components showed 

significant differences between varieties. Only hybrids had 

bunches of more than 15 kg, probably linked to their higher 

number of fruit and hands than that of local cultivars 

(Woomer et al., 1999 and Cohan et al., 2003 and Soares et 

al. 2012 and Dzomeku et al., 2016). However, the yield of 

the cultivars was all above the national average (4 tha-1). 

Fruit length of hybrid SH 3640 was less than 20 cm; which 

could constitute a handicap to its distribution. Consumers 

generally prefer long fruits. These two hybrids have, in a 

previous study in Côte d'Ivoire (Azaguié), given higher 

bunch masses (Kobenan et al., 2009). This can be 

explained by higher rainfall and soil fertility in Azaguié. 

 

Phytopathological Parameters  

The effect of leaf streak disease did not show any 

difference between hybrids and local cultivars two months 

after flowering. As the latter occurred in the dry season, the 

pressure of the pathogen was not strong due to the humidity 

which decreases during this period but also to the stripping 

carried out to limit the spread. Indeed, when humidity is 

high, it eases the development of the fungus21. 

 

Conclusion 

All the banana trees tested exceeded the ideal size (3 m) 

except SH 3640 which had a low habit. Although the crop 

duration was long in all varieties, 11 to 15 months, the yields 

obtained were above the national average (4 tha-1) by 63 to 

75%. Hybrid SH 3640, which had the highest yield and the 

shortest crop duration, had the smallest fruits in terms of 

length. Cultivar French Sombre had the lowest yield. 
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