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Abstract

Pressure on land tenure is having a negative impact on the coconut sector,
reducing farmers’ incomes. Intercropping cultivars plantain under coconut
based has been considered as a solution to this problem. The aim of this work
is to diversify the sources of income for coconut growers. The plantain variety
PITA 3, popularised by the CNRA, was grown in coconut inter-rows (PB113*),
with two types of manure (chemical, organic). Six (06) treatments D1, D2,
D3, D4, D5 and D6 were studied. In the tenth month after planting, treatment
D3, which included banana plants fertilised with 9 kg of manure/plant, got
the best agromorphological performance: height (264.08 cm), neck circumfe-
rence (57.68 cm) and 12 leaves. In terms of production parameters, D3 bana-
na plants had a shorter production cycle (347 days) and the highest diet mass
(9.3 kg). However, the plants that received no fertiliser (D6) showed stunted
growth and were unable to produce brunch. The fertilization of plantain with
10 t/ha of laying hen droppings permitted good development and production
of plantains on tertiary sands.

Keywords

Intercropping, Coconut, Plantain PITA 3, Manure, Tertiary Sands

DOI: 10.4236/as.2023.1410092  Oct. 27, 2023

1405 Agricultural Sciences


https://www.scirp.org/journal/as
https://doi.org/10.4236/as.2023.1410092
https://www.scirp.org/
https://doi.org/10.4236/as.2023.1410092
http://creativecommons.org/licenses/by/4.0/

P.-M. J. Coffi et al.

1. Introduction

Cote d’Ivoire is the leading coconut plantation in Africa [1], with several indus-
trial plantations and numerous small private farms, mainly located on the ter-
tiary to quaternary sands along the coast, on which more than 20,000 families
depend [2]. Coconut plays a key role in people’s lives in terms of social and eco-
nomic uses [3].

However, the majority of this coconut field is planted with the local variety,
Grand Ouest Africain (GOA), which has a low yield and low density (143
trees/ha) [4]. In addition to the biotic difficulties (pests, diseases), this coconut
plantation is under ever-increasing land pressure, which is considerably reduc-
ing the area available for cultivation. This situation is leading to a drop in yields
and, consequently, in people’s incomes [3]. To remedy the situation, research is
proposing to renew the coconut plantations with improved, resistant varieties at
high planting densities, and to grow alternative crops such as plantain in the co-
conut inter-rows.

Indeed, sold on the market, plantain contributes to the GDP of countries in
Central and West Africa, helps to diversify people’s incomes and thus helps to
reduce poverty [5]. Plantain is one of the main sources of carbohydrates [6] and
feeds many people around the world, particularly in tropical countries [7]. In
Cote d’Ivoire, plantain is the third most important food crop, after yam and cas-
sava, with average annual production estimated at around 1.7 million tonnes [8].
However, plantain is one of the staple foods of the Ivorian population [9], and
despite its socio-economic importance, large-scale plantain cultivation is con-
fined to the East, Centre-West and West zones, where soil conditions are fa-
vourable [10]. As a result, this commodity is often irregular on local markets.

In the coastal zone, plantain cultivation techniques remain rudimentary, using
very few inputs. In addition, farmers who grow plantain mainly use the Corne 1
variety, which has limited intrinsic capacity [11]. This variety has poor resistance
to disease and is mainly grown in areas where there is a lot of humidity at all
times, such as low-lying areas, rubbish dumps and around houses [11].

It is therefore necessary to test other, better-performing varieties in order to
meet the ever-increasing market demand for plantain. The aim of this study is
therefore to find an ideal technical itinerary for growing and intercropping the
high-yielding PITA 3 plantain, popularised by the CNRA under coconut base,

on the tertiary sands of Cote d’Ivoire.

2. Study Site

The study was carried out at the Marc DELORME research station, on the coast
in south-eastern Cote d’Ivoire. The station is located on littoral, in Abidjan dis-
trict southern Cote d’Ivoire, between 3°82' - 3°87' West longitude and 5°26' -
5°29' North latitude (Figure 1).

The soil pH is acid, around 5, in depths 0 - 20 and 20 - 40 cm. it is consists
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Figure 1. Location of the Marc DELORME station and the experimental plot.

mainly of fine sand (over 80%) with very little silt and clay (less than 10% each).

The soil composition in chemical of elements and exchangeable bases at the
beginning of the trial, analysed at the Laboratory of the National Soil Bureau of
Burkina Faso (BUNASOLS), are shown in Table 1.

The climate is characterized by four seasons: two dry seasons and two rainy
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Table 1. Composition of chemical elements and exchangeable bases in the plot.

Minerals O.M. (%)
0-20cm 2.09
20 - 40 cm 0.91
Cation and Ca?*
CEC (meq/100 g)
0-20cm 0.59
20 - 40 cm 0.54

C (%) N (%) C/N P ass (ppm) K disp (ppm)
1.21 0.12 10.22 51.09 43.71
0.53 0.06 8.39 28.52 16.61
Mg?** K* Na* S CEC

(meq/100 g) (meq/100 g) (meq/100 g) (meq/100 g) (meq/100 g)
0.24 0.14 0.02 0.99 7.06
0.19 0.07 0.05 0.85 6.78

1 ppm = 1 mg/kg, O.M.: Organic matter, CEC: Exchangeable bases.

seasons. For the dry seasons, the longest covers the months of December to
March and the shortest goes from August to September. For the rainy seasons,
the longest covers April to July and the shortest goes from October to Novem-
ber. Over the decade from 2012 to 2021, average monthly rainfall ranged from
33.4 mm (January) to 464.1 mm (June) and temperatures from 25.3°C (Septem-
ber) to 28.3°C (April) (Figure 2). The sunshine was around 2000 hours a year™
and relative humidity fluctuated between 80% and 90%.

3. Material and Methods
3.1. Plant Material

Plantains suckers, PITA 3 variety, averaging 60 cm in height and with a produc-
tion potential of 30 t/ha (Figure 3(a)), were selected for the trial. They were
planted between rows of PB113* (NRC x GRL"), eighteen months old, with an
average of 4 living leaves (Figure 3(b)). PB 113" is a high-yield hybrid (4 to 6
t/ha/year), produced by the National Center of Agricultural Research (CNRA,
Cote d’Ivoire), characterised by its early production (3 to 4 years).

3.2. Fertilisers

Two types of fertilisations (chemical and organic) were used in this study.
Chemical fertilisation was carried out using urea and potassium chloride. Or-
ganic fertilisation was carried out using laying hen droppings, composted during

6 months. Dolomite was applied to all plantain’s suckers at planting.

3.3. Methods

3.3.1. Fertilisation and Maintenance

Chemical fertilisation with urea was carried out according to the dose recom-
mended by Kouamé ef al. (2014), for plantain. Thus, on the basis of 380 g of urea
provided per plantain banana tree to constitute treatment D4, the equivalent in
hen droppings, 6 kg, was spread around the banana trees in D1. Based on these
two types of fertilization (chemical and organic), three (03) other fertilization
were applied to the banana plants: half the reference dose of droppings (1/2 x 6
kg of droppings) for the banana plants in D2; three halves (3/2) the reference
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Figure 2. Umbrothermal diagram for the Marc DELORME station (By data of Marc
DELORME weather station from 2012 to 2021).

Figure 3. Plant material used for the study; (a): Plantain sucker of 60 cm, PITA 3 variety;
(b): Young coconut seedling in nursery.

dose applied to the banana plants in D3; and another fertilisation applied to the
plantains in D5, based on half the reference doses of urea and laying hen drop-
pings.

A total of six treatments were carried out:

TO0: Pure Coconut trees (main crop);

D1: Coconut and plantain trees fertilized with 06 kg of manure;

D2: Coconut and plantain trees fertilised with 03 kg of manure;

D3: Coconut and plantain trees fertilised with 09 kg of manure;

D4: Coconut and plantain trees fertilised with the reference chemical fertiliser,
380 g of urea and 400 g of potassium chloride;

D5: Coconut and plantain trees fertilized with urea and chicken droppings
(190 g urea + 3 kg chicken droppings);

Dé6: Coconut with banana without manure.

Weeding was carried out along the banana rows on a monthly basis, to reduce
the effect of competition with weeds. Regular leaf-stripping was also carried out

on the plantain trees to reduce the risk of leaf diseases, that could lead to the
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death of the plant. The suckers were planted at the beginning of the short rainy
season, in early October 2019. During dry periods, the banana plants were irri-
gated with 15 litres of water/day/plant.

3.3.2. Experimental Design
A Fisher system containing 03 blocks and 07 completely randomised treatments
was set up on plot 074 covering an area of 1.4 ha.

A total of 21 sub-plots were set up (Figure 4). Each sub-plot consisted of ten
(10) plantain trees and four (4) useful coconut trees (Figure 5). The configura-
tion of plantain in the field (Figure 6), was 2 m between two plants and 2 m be-
tween plantains rows (2 x 2 m), which represented a density of 1110 plants/ha.
The density of coconut plantation was 160 plants/ha, that means a configuration
of 7.35 m x 8.5 m (Figure 7).

Bloc 1 Bloc 2 Bloc 3
174 m 7.35m
<> <>

€
< I D2 D5 D4
@ A
va2m
D1 D6 D5
D4 D2 D3
TO D1 D2
D3 TO D6
D6 D4 D1
D5 D3 TO

Figure 4. Fisher system containing tree blocks with all treatments random-
ised.
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Figure 5. Treatment of the experimental set-up showing useful bananas and
coconut trees.
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Figure 6. Spacing configuration inintercropping plantain cultivar (PITA 3) under coco-
nut tree based; (a): Observed distance between plantain rows and plants in a coconut row;
(b): Observed distance between coconut and plantain rows.

Figure 7. Spacing between coconut palms on the same rows and between rows.

3.3.3. Variables Measured

Observations were made on plantain trees in treatments D1, D2, D3, D4, D5 and
D6. Measurements of the banana plants were taken from the third month after
planting to the tenth month after planting (Table 2). The vegetative growth pa-
rameters determined at monthly intervals were the height to the last V formed
by leaves of the plant, the circumference at 10 cm from the ground of pseu-
do-stem and the number of functional leaves. From flowering onwards, the time
intervals Planting-Flowering, Planting-Cutting and Flowering-Cutting were
monitored. At harvest, the masses of the bunches obtained were compared
(Table 3).

3.3.4. Statistical Analysis of Data

Statistical analyses were carried out using IBM software, Statistical Package of
Social Sciences (SPSS), Version 16.0 (IBM Corp. Armonk, New York, USA). The
agromorphological data of the banana plants were subjected to an analysis of va-
riance (ANOVA). Significant differences between the agromorphological para-
meters measured were identified using the Student-Newman-Keuls multiple
comparison of means test with a threshold of 5% (a = 0.05). The Microsoft Of-
fice 2013 Excel spreadsheet was used to produce curves and histograms to mon-

itor changes in the variables studied.
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Table 2. Definition of measurement periods for growth parameters.

Measurement period Definition

TIME 1 Third month after planting plantain suckers
TIME 2 Fourth month after planting plantain suckers
TIME 2 Fifth month after planting plantain suckers
TIME 4 Six months after planting plantain suckers
TIME 5 Seventh month after planting plantain suckers
TIME 6 Eighth month after planting plantain suckers
TIME 7 Ninth month after planting plantain suckers
TIME 8 Tenth month after planting plantain suckers

Table 3. Parameters measured on banana plants.

Parameters Variable measured Unit Method
Height to the last V
‘ formed by leaves Measured with a
::rg;:le‘c::sgrowth Circumference 10 cm - tape measure

above ground

Number of living leaves List

Flowering planting

interval (FPI)
Interval Planting i
' Days List

Production Regime cut (IPC)
parameters Flowering interval

Diet cut (IFC)

Weighing on the
A ight of pl k;
verage weight of plans & scales
4. Results

4.1. Agromorphological Characteristics

e Height

The Newman Keul statistical test at the 5% threshold (Table 4), shows signif-
icant differences between plantain heights after TIME 1, which is 3 months after
the planting suckers (F = 0.25; P = 0.94).

The average height of the plantains varied between 82 and 222.18 cm from
TIME 1 to TIME 8. The greatest performance at TIME 8 was that of D3 plan-
tains (264.08 cm), followed by D1 plantains (239.53 cm) (Figure 8). The lowest
height of plantains was obtained in D4, where values rose from 81.73 (TIME 1)
to 193.76 cm (TIME 8). The growth of D6 banana plants stopped at the eighth
month (TIME 6) and the value reached at this stage was 90.19 cm (Figure 8).

e Circumference
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Table 4. Indicative values for the Newman Keul test for comparing heights.

Modalities ddl b:[:j:z: F P Value
TIME 1 5 5.02 0.25 0.94
TIME 2 5 2293.84 48.30 <0.001
TIME 3 5 8338.89 243.48 <0.001
TIME 4 5 15870.16 388.76 <0.001
TIME 5 5 27297.52 561.62 <0.001
TIME 6 5 42942.39 578.49 <0.001
TIME 7 5 205454.28 3006.17 <0.001
TIME 8 5 267207.76 5919.48 <0.001

300 1
250 A
——D2
200 4 ~#-D]
150 A D3
100 D6
50 =¥=D5
—8—-D4
0 + t + t t + t 1

TIME 1 TIME 2 TIME 3 TIME 4 TIME 5 TIME 6 TIME 7 TIME 8

Figure 8. Changes in plant height as a function of time.

The Newman Keul statistical test at the 5% threshold indicates significant dif-
ferences between neck circumferences after TIME 1, which means 3 months af-
ter the shoots were planted (F = 1.57; P = 0.17) (Table 5).

The circumferences of the plantains varied between 20.46 and 47.33 cm. The
tenth month (TIME 8) was marked by strong growth in circumference for D3
banana plants (57.68 cm). At this stage, the smallest circumference (41.38 cm)
was that of T4 plantains. The growth in circumference of T6 plantains stopped
in the eighth month after the suckers were planted. At this stage, the circumfe-
rence was 25.11 cm (Figure 9).

e Number of functional leaves

Table 6, shows significant differences in the number of functional plantain
leaves after TIME 1, which is 3 months after transplanting (F = 0.48; P = 0.79).
The number of functional plantain leaves increased from 5.1 to 9.15 on average
during the observations, except for the leaves at D6. The maximum number of
leaves obtained at TIME 8 was 12 for D3 plantain followed by D1 (10.03 leaves)
and D5 (9.29 leaves). D4 and D2 plantains had the fewest functional leaves (7.43
and 6.97 respectively) at the tenth month. For D6, a drop in the number of func-
tional leaves was observed from TIME 1 (5.07 leaves) to TIME 6 (2.63 leaves)
(Figure 10).
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Table 5. Indicative values of the Newman Keul test for comparing neck circumferences.

Measurement Medium

period ddl squares F P Value
TIME 1 5 2.22 1.57 0.17

TIME 2 5 94.79 19.56 <0.001
TIME 3 5 415.16 38.31 <0.001
TIME 4 5 719.19 53.10 <0.001
TIME 5 5 1189.80 67.45 <0.001
TIME 6 5 2270.63 138.47 <0.001
TIME 7 5 11011.06 923.24 <0.001
TIME 8 5 12271.59 953.38 <0.001

Table 6. Indicative values of the Newman Keul test for the comparison of functional

plantain leaves.

M t Medi
easur‘emen adl edium F P Value
period squares
TIME 1 5 0.166 0.48 0.79
TIME 2 5 35.04 76.70 <0.001
TIME 3 5 112.573 184.23 <0.001
TIME 4 5 163.14 245.26 <0.001
TIME 5 5 204.29 375.99 <0.001
TIME 6 5 250.44 576.13 <0.001
TIME 7 5 393.05 309.65 <0.001
TIME 8 5 519.52 1086.22 <0.001
70 A
60 1 ——D2
50 4 —=-DI
40 | D3
30 | D6
2 | —%=D5
—e—-D4
10 4
0 } : : : : : : y

TIME1 TIME2 TIME3 TIME4 TIMES TIMEG6 TIME7 TIMES8

Figure 9. Changes in neck circumference of plants as a function of time.

4.2. Production Parameters

Planting-Flowering, Planting-Cutting and Flowering-Cutting Intervals
The interval of time Planting-Flowering (IPF), varied from 264 to 282 days, with
significant differences depending on treatments (F = 24.52; P < 0.001). Of all the
Planting-Flowering intervals (IPF) obtained, the shortest was for D3 plants (264
days), followed immediately by D1 plantain (279 days) and those of D5 (281
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TIME1 TIME2 TIME3 TIME4 TIMES TIMEG6 TIME7 TIME 8

Figure 10. Changes in the number of leaves on plants as a function of time.

days). The highest number of days was obtained by plants in the reference
chemical treatment (D4), with a value of 287 days (Table 7).

Planting-Cutting intervals (IPC) were statistically differentiated by treatment
(F =29; P <0.001). The lowest number of days was for D3 plants fertilised with
9 kg of chicken droppings/plantain (347 days), followed by D1 plants fertilised
with 6 kg of chicken droppings/plantain (364 days). D4 plantains had the longest
planting-cutting interval at 373 days (Table 7).

Concerning Flowering-Cutting interval (IFC), no significant difference was
observed in this parameter. The different treatments showed statistically identic-
al values of between 83 and 86 days (Table 7).

4.3. Brunch Mass

The different treatments applied to the plantain had a significant effect on bunch
weight (F = 186.13 and P < 0.001). At the end of the cycle, plantain of D6 (Con-
trol with no manure applied) did not produce any bunches. Those in D3 had the
highest bunch mass (9.3 kg), followed by the plantains in D1 with 8.36 kg.
Brunches from (D4) had the lowest mass at 5.1 kg (Figure 11).

5. Discussion

Fertilised PITA 3 plantains showed better agromorphological performance than
unfertilised ones (D6). This lack of improvement in the performance of unferti-
lised plants indicates the positive effect of fertilisers on plantain [12], and the
usefulness of fertilisers in sandy soil cultivation [13]. The number of leaves,
height and circumference of D3 plants (9 kg of chicken droppings per banana
plant) were highest at the tenth month with values of 12 ¢cm; 264.08 cm and
57.68 cm respectively. These performances were immediately followed by those
of the D1 banana plants (6 kg of droppings per plant). Chicken droppings are
therefore an essential mineral reserve for plantain growth and ripening. Ac-
cording to [14], the application of hen droppings provides additional quantities
of nitrogen, phosphorus, potassium and magnesium to the pool of mineral ele-
ments in the soil, thereby increasing the nutrient content [15]. The plants would
integrate the mineral elements supplied, in particular nitrogen, into their meta-
bolism more efficiently and more slowly. For D3 plantains, the quantity of ni-

trogen required for development would be better conserved, unlike that available
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Table 7. Duration of parameters determining plantain production.

Treatments
D1 (droppings 6 kg)
D2 (droppings 3 kg)
D3 (droppings 9 kg)
D4 (TCHref)
D5 (T'CH + droppings)

IPF (Day)
2785+5.1b
284.3+ 7.8 bc
264.2 t7.4c
2879+29a
281.1+45b

24.52
<0.001

IPC (Day)
363.7+5.4c
370.3 £7.7 ab
347.2+7.2d
373.5+532a

365.7 + 2.23 be
29
<0.001

IFC (Day)
852+ 1.5
86.0 = 5.50
83.0+1.4
85.6 £ 3.8
84.6 + 2.88
1.74
0.157

Brunch (kg)

Figure 11. Weight of plantain bunches according to treatments. The letters (a, b, ¢, d, e)

Treatment

show the significant differences according to the Student-Newman-Keuls test (a = 0.05).

for D1, D2, D5 and D4 plantains. This is despite the high infiltration capacity of
sandy soils. According to [16], organic matter contributes to the fixation of

mineral elements and limits soil leaching. In this sense, leaching and the low ni-

trogen content of the soil, as indicated by [17], would be overcome.

For the reference chemical treatment (D4), the height, circumference and
number of living leaves at the tenth month of cultivation were statistically lower

than for the plants in D1, D5 and particularly D3. The weakness of these para-

meters could be linked to three factors:

- firstly, the low presence of litter or organic matter [18]. The low natural con-
tent of organic matter and clay in the first 20 to 30 centimetres of sandy soils
reduces the formation of colloidal matter and clay-humus complex. As a re-

sult, cation exchange is reduced, leading to low soil fertility (Koull and Hali-

lat, 2016) [16];

- then to the rapid lateral and deep infiltration of rainwater and irrigation wa-
ter, which leaches out the mineral elements. According to [17], farmers cul-

tivating sandy soils in Cote d’Ivoire use organic matter as a fertiliser and soil

improver to counter the leaching phenomenon;
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- lastly, the high heat stored by sandy soils during the day (rapid heating),
which would cause mineral fertilisers to react more quickly, particularly urea,
which is highly susceptible to evaporation under the effect of heat. This rapid
warming of the soil [17] would also reduce the humidity around the plantain.
This reduction in humidity would be more pronounced for unfertilised
plants and those that have received chemical fertiliser. This would be a major
limitation to root development.

Irrigation was therefore very important in maintaining humidity around the
plantain. It was an essential condition for their development. The addition of
organic fertiliser also improved soil structure and reduced water infiltration deep
into the soil. The combination of organic matter and water promotes good hu-
midity, adequate biological activity and better availability of mineral elements
[19], for the plantains needs. This result corroborates those of [20], during his
work on tomatoes in tertiary sandy soils. According to this author, this condi-
tion is essential for good vegetative growth and higher yields. However, the ab-
sence of fertiliser in D6 plants resulted in stunted growth and death.

The plantains in treatment D3 got interval Planting-Flowering (IPF) and
Planting-Cutting (IPC) of 264 and 347 days respectively. These plantains flo-
wered and were harvested 14 and 16 days before those of D1. This difference in
cycle would be due to the cumulative effect of the height, circumference and
number of leaves of the banana plants [12], which were greater for the plantain
of D3 than for the others. The plantain in D3, reached the flowering and fruiting
stage more quickly. In the case of D4 plantain, the high leaching capacity of ter-
tiary sandy soils led to a reduction in the mineral elements required by the plan-
tain, which would have delayed its production cycle. The average weight of
plantains bunches receiving fertiliser varied from 5.05 kg to 9.32 kg. Unfertilized
plantain did not produce any bunch. In fact, the ability of plantains to produce
bunches is strongly linked to the treatment applied and to good vegetative de-
velopment (Géraldine, 2012) [21]. This would explain the good performance
observed in D3, D1 and D5 banana plants, both in terms of parameters relating
to vegetative growth (height, girth, number of living leaves) and those relating to

production (short cycle, greater mass of bunches).

6. Conclusion

The study was carried out in order to highlight the effects of two types of fertili-
zation on plantain associated with coconut. It was found that plantain of the
PITA 3 variety fertilised with hen droppings performed better agromorphologi-
cally than those fertilised with chemical fertiliser and those not fertilised. Banana
plants of D3 (9 kg of droppings), D1 (6 kg of droppings), D2 (3 kg of droppings)
and D5 (mixture of droppings and chemical fertiliser) all achieved production.
However, D3 gave the best values in terms of agromorphological parameters
(height, circumference, number of leaves and production). In addition, a shorter

production cycle was observed in these banana plants (D3) compared with the
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other treatments (D1, D2, D4 and D5).
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