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Abstract

Okra is a plant rich in nutrients and is very well consumed in Céte d’Ivoire.
Despite its many benefits, the production of this vegetable is still weak in our
country. The reasons for this include the inadequate selection of varieties, the
high cost of inputs and the poverty of the soil for its cultivation. One of the
alternatives for sustained production is to solve the problem of soil fertility. In
the case of our work, the aim is to improve the yield of okra. To achieve this
goal, experiments were undertaken to evaluate the impact of activated char-
coal on morphological parameters of a local okra variety. For this purpose, the
charcoal used was activated in three different times (activation time equal to 0
days, 15 days and 30 days). The experimental device used is a split-plot with
three repetitions, each comprising 12 elementary plots. The various charcoals
were buried the same day. Then, the seedling was done with two positions in-
cluding outside position and inside position. Observations were made on 360
plants. An analysis of the variances was carried out on the morphological pa-
rameters. Fruit mass is the variable most influenced by activated charcoal.
Thus, the greatest value of the mass was obtained with the charcoal CA0, with
outside position.
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1. Introduction

The agricultural sector formed the basis for Cote d’Ivoire economic development

as soon as it became independent. In order to take advantage of this sector, the
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Ivorian government has focused on the development of industrial crops, notably
the coffee-cocoa sector since the 1960. From the year 2000, it contributed to the
development of the rubber, Cotton-cashew nut and oil palm [1].

However, the food crops that constitute the basis of the direct food supply to
the Ivorians have all been kept out of public investment. They do not benefit
from any particular management and organizational reform [1]. As a result,
there is often low production or even discarding of certain crops, including okra.
Indeed, okra is heavily consumed in two forms (fresh and dry) in Cote d’Ivoire
due to 5.5 kg per capita [1]. At the nutritional level, okra is rich in carbohydrate
(7% - 8% dry matter) and protein (1.8% dry matter); it also contains 0.056%
phosphorus, 0.043% magnesium, 0.09% of calcium and its seeds are very rich in
protein (20%) and lipid (14%). Its sanitary virtues are multiple: it is an anti-
inflammatory, a diuretic, an antiseptic and an antispasmodic. The okra is used in
the composition of syrup used against colds and bronchial problems. Its stem is
used for the manufacture of pulp and the making of cords [2]. Despite its social
and economic importance, okra culture is still weak in our country. However,
low okra production can result from several factors: lack of adequate inputs, lack
of skilled labor, poor cropping practices and above all, soil fertility levels. The
leaching of culture media leads to consequences such as soil acidification, in-
creased fertilization costs, loss of moving parts and the threat of environmental
health [3]. In order to compensate for this, alternatives must be put in place that
can influence the evolution of agricultural soils. They must be able to contribute
to the fixation of nutrients and make them available to plants. Activated charcoal
appears, therefore a means to address this concern. Indeed, coal has large prop-
erties capable of improving the condition of agricultural soils. It contributes to
the reduction of soil acidity [3], accelerates the activation of microorganisms [4].
Charcoal contributes to the immobilization of nitrogen [5]. In fact, the addition
of charcoal in heavily weakened tropical soils improves their physical, chemical
and biological properties [6]. As a result, these soils can acquire good cation ex-
change capacities (CEC) and better capacities to retain and recycle nutrients
over long periods of cultivation [7]. Charcoal also influences the biological
community of the soil by its composition and abundance [8]. Indeed, it has a
high ratio surface/volume and a high affinity for inorganic ions. Moreover, it has
a composition of recalcitrant aromatic compounds which gives it excellent resis-
tance to degradation and a high adsorption power [9]. Generally, activated
charcoal is alkaline, but may have a pH of 4 to 12 depending on the conditions
surrounding the manufacturing process [10] [11]. Its use in cropping systems
contributes to the reduction of greenhouse gas emissions [12]. The incorpora-
tion of activated charcoal on the soil modifies its water state and influences the
root development of plants as well as the fauna of the soil [13]. It acts as an ad-
sorbent complex of nutrients, and so helps the soil to fix nutrients like carbon,
nitrogen, phosphorus, potassium and calcium [14]. This work is in the context
of improving farmers’ incomes by reducing the costs of inputs. Its objective is to

A,

improve the yield of a local variety of okra, also called “Soude”: Abelmoschus
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caillei. It consisted in evaluating the effect of activated charcoal on the morpho-
logical parameters of Abelmoschus caillel. In order to verify the production of all
plants, variables were measured on indoor plants and plants from the outside.
The variables measured are the mass of the fruits, the height of the plants the

numbers of fruits and leaves and the circumferences.

2. Material and Methods
2.1. Material
2.1.1. Study Site

The study was conducted in Zakoua, a village located 5 km from Daloa (Haut-
Sassandra). Zakoua has a tropical climate and records 1317 mm of rain per year
with a temperature ranging from 18°C to 32°C. The geographical coordinates of
this locality are: 06°48'06.24"N and 06°27'07.58"W. The study site is located at
the edge of a bottom. It is a deep soil with easy access to any season and any
means of displacement. The land has a slight slope, is well drained and sandy-
loamy. The soil moistens rapidly in small amounts of rainfall. However, it wipes
away and heats up very quickly. Corn is the previous crop grown on this site
bordered by a bottom. The vegetation of Zakoua is currently dominated by fal-

low.

2.1.2. Plant Material

The variety Tomi (Abelmoschus caillel) [1] commonly known as “soundé” was
used. The seeds were supplied to us by a peasant from Daloa. In fact, there is
considerable popularity among the populations. This vegetable offers better

quality and great possibility consumption in dried form.

2.2. Methods

2.2.1. Activation of Charcoal

Activation of the charcoal consisted of mixing equivalent volumes of coal powd-
er and litter of laying hens. Three coals were activated. For each, 36 buckets of 4
liters of coal were mixed with the same volume of litter of laying hens. These
mixtures were spread on surface of 2 m”. They were well moistened and then
covered with palm leaves to retain moisture. On each day, the mixtures were
stirred, moistened and covered. This operation lasted 30 days. Indeed, activation
of the charcoals was carried out progressively as a function of the age of the ac-
tivated charcoal expected. Thus, activated carbon for 30 days (CA30) was first
activated. Then, from the 16th day onwards, activation of the 15-day one (CA15)
was triggered. Finally, the CAO coal was activated on the same day of incorpora-

tion of all three charcoal on the ground.

2.2.2. Preparation of the Ground
The plot was weeded with a machete and then weeded to the daba. Then it
was plowed about 30 cm deep and crumbled. Finally 2 m*> boards have been

made. All these operations are intended to provide a better framework for plant
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development.

2.2.3. Incorporation of Activated Charcoal on the Ground

After activation, the activated charcoal was distributed on the boards. To allow a
fair distribution a 4 liter bucket was used for distribution. Thus, 4 buckets of ac-
tivated charcoal were uniformly spread on the surface of each board. Finally, the

boards were superficially plowed in order to allow the adhesion of the charcoal.

2.2.4. Maintenance

The maintenance of the plot consisted of sanitary control of the plants. Thus, the
inter-lines were regularly weeded to keep the farm very clean. This was of inter-
est; the contribution to the best development of plants and the avoidance of cer-
tain biological attacks as well as nutritional competitions. Agronomic control
has been practiced. It consisted of the uprooting of diseased plants or attacked
by diseases. These plants were transferred and then destroyed outside the plot.
In addition, the caterpillars and some insects were picked up and thrown out of
the plot.

2.2.5. Data Gathering

Data were collected on 10 plants selected at random from each plot. They were
chosen so that 5 of them were on the edge of the elementary plot and the other 5
were inside the randomized plot.

Fruit harvesting was carried out at physiological maturity. It was done twice a
week. The fruits were grouped by plant, by density, by treatment and block at
each harvest. The circumference, the number of leaves and the size were rec-
orded on each of these plants. The average mass of the fruits was taken just a few
hours after their detachment from the plant. The parameters were measured as
follows:

-The average mass (Ma) of fruits per plant was measured on 360 plants

-The distance separating the apex from the stem of each plant and the surface
(Tail) of the soil was measured on 360 plants.

-The count of the leaves (NbreFeui) of each plant was carried out on 360
plants.

-Fruit counts (Nbre F) of each plant were carried out on 360 plants

-The size of the main stem of each plant from the section at the insertion of

the first leaf (C1) and the last leaf was measured on 360 plants.

2.2.6. Statistical Analysis of Data
Three-factor variance analysis (ANOVA 2) was used to evaluate the effect of
treatments, and plant position on the plot for each parameter studied.

When a significant difference was observed (P < 0.05) between the different
factors studied for a given parameter, multiple comparisons were made using the
Smallest Significant Difference test. This test made it possible to identify the
factor or factors that significantly induce this difference. All statistical tests were

performed using the software (SAS, 1999).
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3. Results and Discussion
3.1. Results

The results of statistical tests evaluating the influence on okra of activated char-
coal and plant position in Table 1 showed that the effect of variables such as
mass, size, number of fruits, number of leaves, circumference 1 and circum-fe-
rence 2 were significantly influenced by activated charcoal and position of plants
(P < 0.05). 5 variables (mass, number of fruits per plant, height of the plant,
number of leaves per plant, circumference of the plant measured at the insertion
of the first leaf on the plant)out of 6 variables (83%) were influenced by the type
of activated charcoal (P < 0.05). 3 variables (mass, number of leaves per plant
and circumference of the plant measured at the insertion of the first leaf on the
plant)out of 6 (50%)influenced by the position of the plants (P < 0.05). Double
interaction is influenced by mass and number of fruits per plant.

3.1.1. Influence of Activated Charcoal on Morphological Parameters

Means of the morphological characters were measured on the activated charcoal
and on the absolute control. The influence of the different activated carbons was
observed on five (5) of the six (6) characters analyzed. They are the mass, num-
ber of fruits, size, number of leaves and circumference 1. The highest values of
mass, size, number of fruits, number of leaves and of the circumference 1 were
observed with zero day activated charcoal (CA0). Indeed, CAO allowed a mass
increase of 171.56 g per plant. The size of each plant was increased by 49.22 cm.
The number of fruits and the number of leaves also increased respectively by 5
fruits and 3 leaves. Finally, CAO increased the circumference 1 by 2.21 cm. These
values decrease when the activation time of the coal increases. However, the in-
crease in size (28.72 g), the number of leaves (2 leaves) and the circumference 1
(1.16 cm) per T15 were statistically identical to CA30. Moreover, the circumfe-
rence 2 of the plants did not differentiate the three activated charcoal and the
absolute control (P > 0.05). Analysis of the influence of coal on morphological

parameters was presented in Table 2.

Table 1. Results of statistical tests evaluating the influence on okra of activated charcoal
and plant position.

Varisble CA POSI CA-POSI
P F P F P

Ma 847.49 <0.0001 11.86 0.0006 17.92 <0.0001
NbreF 500.56 <0.0001 0.03 0.8619 5.83 0.0007
Tail 114.92 <0.0001 0.52 0.4698 0.02 0.9952
NbreFeui 19.13 <0.0001 16.35 <0.0001 0.49 0.6900
Cl1 54.94 <0.0001 9.27 0.0025 1.36 0.2564
C2 2.36 0.0715 2.62 0.1061 1.89 0.1303

Ma: Mass of fruits per plant; NbreF: Number of fruits per plant; Tail: height of the plant; NbreFeui: Number
of leaves per plant; C1: Circumference of the plant measured at the insertion of the first leaf on the plant;
C2: Circumference of the plant measured at the insertion of the last leaf on the plant; CA: Activated char-
coal; POSI (Position): Location of the plants on the elementary plot.
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Table 2. Mean (+standard deviation) of morphological characteristics measured on acti-
vated charcoal and statistical test results.

Mean (tstandard deviation) Statistical
Variable

CA0 CAl5 CA30 Te F P
Ma  17422g+8557° 63.70 g+ 17.44" 49.46 g+ 1855 2.66g+0.53% 847.49 <0.0001
NbreF 6.53 + 1.05° 3.60 + 1.16° 273+080°  1.50+0.75¢ 500.56 <0.0001
Tail  66.53 cm # 25.52° 46.03 cm + 19.51° 43,63 cm # 14.84°17.31 cm + 9.19°114.92 <0.0001
NbreFeui  14.35+274°  13.15+2.57°  13.17+262° 1147 +279° 19.13 <0.0001
C1 594cm+ 143" 4.89cm+0.95° 5.178 cm +1.52° 3.73 cm # 1.05° 54.94 <0.0001

C2 2.65cm £0.52° 248 cm +0.36° 2.66cm +0.53" 2.64 cm +0.65° 2.36 0.0715

For each variable, the values with the same letters on the same row are statistically identical. Ma: Mass of
fruits per plant; NbreF: Number of fruits per plant; Tail: height of the plant; NbreFeui: Number of leaves
per plant; C1: Circumference of the plant measured at the insertion of the first leaf on the plant; C2: Cir-
cumference of the plant measured at the insertion of the last leaf on the plant; Te: Absolute witness; CAO:
Activated charcoal for 0 days; CA15 charcoal activated for 15 days: CA30 charcoal activated for 30 days.

3.1.2. Influence of Plant Position on Morphological Parameters

The statistical analyzes showed that the two positions of the plants influenced
the mass, the number of fruits and the circumference 2. In order to evaluate the
results according to the position of the plants, the averages were calculated for
each position. As a result, the mass (81.93 g), the number of fruits (14 fruits),
and the circumference 2 (2.65 cm) were higher outside the elementary plots than
in the interior. Indeed, inside, 74.11 g were obtained at the level of the mass, 12
sheets and 2.56 cm for the circumference 2. Moreover, no significant difference
was observed between the two positions of the plants on the average size, on the
number of fruits and on the circumference 2. The result of the analysis is pre-
sented in Table 3.

3.1.3. Influence of Activated Charcoal-Plant Position Interaction
on Morphological Parameters

Statistical analysis of the variables in Table 4 showed that the mass and number
of fruits were influenced by the activated carbon-position interaction. The fruit
mass was increased to 191.5 g with the plants from the outside. However, CA0
was able to increase the mass of the fruits of the plants of the interior only to
156.85 g. However, CA15 increased the mass of fruit from outdoor plants to
58.62 g and that of indoor plants to 68.77 g. Furthermore, for CA30 and Te,
there was no statistical difference in mass between the two positions. At the fruit
level, CAO led to the largest increase, but the two positions gave statistically
identical values (6 fruits). With CA15, the number of fruits per plant was more
statistically increased indoors (3.93 fruits) than externally (3.26 fruits). However,
with T15 no statistical difference was observed on the number of fruits between
the two positions. Furthermore, the size, number of leaves and circumferences 1

and 2 were not influenced by the activated charcoal-position interaction.
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Table 3. Mean (+standard deviation) of morphological characteristics measured on two positions and statistical test results.

Variable

Ma
NbreF
Tail
NbreFeui
Cl
C2

Mean (+écart-type) Statistical
Ex In F P

81.93 g + 81.86" 7411 g+ 62.52° 11.86 0.0006
3.58 + 2.04° 3.60 + 2.14° 0.03 0.8619
44.06 cm * 24.97° 42.70 cm + 25.58° 0.52 0.4698
13.58 + 2.64° 12.49 +2.97° 16.35 <0.0001
512 cm £ 1.39* 4.75 cm + 1.55° 9.27 0.0025
2.65cm £ 0.51* 2.56 cm £ 0.54* 2.62 0.1061

For each variable, the values with the same letters on the line are statistically equal. Ma: Mass of fruits per plant; NbreF: Number of fruits per plant; Tail:
height of the plant; NbreFeui: Number of leaves per plant; C1: Circumference of the plant measured at the insertion of the first leaf on the plant; C2: Cir-
cumference of the plant measured at the insertion of the last leaf on the plant; Ex: position of the plant at the periphery of the elementary parcel; In: position

of the plant inside the elementary plot.

Table 4. Mean (+standard deviation) of the morphological characteristics measured on the interaction between the activation

time of the coal and the two positions of the plants and the results of the statistical tests.

Mean (técart-type) s |
tatistica

Variable CAO0

CAl5 CA30 Te

Ex

Ex In Ex In Ex In F P

Ma (g) 191.59+97.71* 156.85+68.15" 58.62 +£11.90¢ 68.77 +20.52° 49.49 +21.07° 49.42 +15.88° 28.03 +14.99' 21.39 +9.32f 17.92 <0.0001

NbreF 6.60 £1.09*  6.46 +1.01°

3.26+0.71° 3.93+1.42% 275+0.90% 2.71+0.69% 1.71+0.84° 1.28+0.58" 5.83 0.0007

Tail (cm) 66.91 +26.30* 66.16 + 25.00*°47.10 + 17.09* 44.96 + 21.81*44.29 + 15.66* 42.97 + 14.12* 17.94 £ 8.16* 16.69+10.17* 0.02 0.9952

NbreFeui 14.95+2.54° 13.75+2.83
C1 (cm) 6.30 £1.52*  5.59 +1.24°

C2 (cm) 2.65%0.50"  2.64 +0.54°

* 13.82 £2.12% 12.48 £2.83" 13.44 +£2.71* 1291 £2.52* 12.13 +2.45" 10.82 +2.97° 0.49 0.6900
5.10 £0.96° 4.69 +0.90° 5.18 £0.92° 5.17+1.95 3.92+0.95° 3.54+1.12* 1.36 0.2564

2.53+0.35" 244 +0.36" 2.64+049" 2.68+0.58 2.78+0.65" 2.49=*0.62° 1.89 0.1303

For each variable, the values with the same letters on the line are statistically equal. Ma: Mass of fruits per plant; Number: NbreF of fruits per plant; Tail:
height of the plant; NbreFeui: Number of leaves per plant; C1: Circumference of the plant measured at the insertion of the first leaf on the plant; C2: Cir-
cumference of the plant measured at the insertion of the last leaf on the plant; CA0: Activated charcoal for 0 days; CA15: activated carbon for 15 days; CA30:
coal for 30 days; Te: absolute witness; Ex: position of the plant at the periphery of the elementary parcel; In: position of the plant inside the elementary plot.

3.2. Discussion

3.2.1. Influence of Activated Charcoal on Morphological Parameters

The respective values of mass, fruit number, leaf number, size and circumference
1 were decreased when the activation time of the charcoal was increased. Thus, a
total difference in mass was observed. But, the variation in the number of fruits,
leaves number, size and circumference 1 was partial when the activation time of
the charcoal was varied. Moreover, the high value of the mass per plant was ob-
tained with CAO. This significant increase in mass could be due to the release of
nutrients from the litter and also to the role of charcoal in the soil. Indeed, when
the activation time of the charcoal lengthens, the litter releases nutrients. Also,
adding water to the coal followed by mixing and covering accelerates decompo-
sition of the litter. This decomposition results in the release of nutrients that can

be lost before the supply of charcoal to the soil. And even if these elements are
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not lost before the charcoal is brought to the soil, they would be quickly released
before the active need of the plants, which is generally during the filling phase of
the fruit at about 60 days from sowing. Therefore, it would not fix cations that
are very important to the harmonious functioning of plants, but would promote
biological soil activity and improve pH [14]. The non-retained cations would
therefore be exposed to the leaching phenomenon. However, when the mixture
is brought to the soil just after its formation (CAO), the charcoal by its negative
charge, would fix the anions of the soil and let the cations flocculate. Moreover,
the litter would have liberated the elements gradually according to its level of
decomposition. Indeed, work carried out on coal by [15] also showed that char-
coal immobilizes anions on its surface. These results also corroborate those of
[16] which showed that charcoal is a good adsorbent for trace metals.

In general, up to 30 days of activation, coal contributed to the increase in okra
yield. Indeed, the mass obtained with CA30 was higher than that given by the

absolute control.

3.2.2. Influence of Plant Position on Morphological Parameters

An increase in mass was observed with plants from the outside. This increase in
the average mass of plants from outside could be explained by a decrease in the
competitive effects of plants. Indeed, on the outside the plants flourished and
spread better, enjoy the best conditions (sunshine, hygrometry less attacks). This
allows them a good assimilation of the nutrients thus contributing to a better

synthesis of carbonaceous substances accumulated in the fruits [17].

3.2.3. Influence of Activated Carbon-Plant Interaction on
Morphological Parameters

The average mass and the number of fruits per plant are influenced by the
treatment-position interaction. An inverse correlation was observed under this
interaction. These values have been decreased with increasing the activation
time of the charcoal and with the plants of the interior. This could be explained
by the fact that CO, efficiently provides the nutrients that are better assimilated

by plants from outside with little or no competition [18].

4. Conclusion and Perspectives

The use of activated charcoal associated with the position of plants in this work,
is very beneficial for the cultivation of okra in the sandy loam soil. Therefore,
zero-day activated charcoal is beneficial for the cultivation of okra on the sandy
loam soil. Indeed, although charcoal has had several advantages to its potential
as a soil amendment, its properties may vary depending on the type of soil, de-
pending on the growing conditions. For the time being, it would be difficult to
standardize the effects of activated charcoal on okra from a single study. How-
ever, economically and from an environmental point of view, activated charcoal
appears to be a good substitute for chemical inputs. However, it is necessary to

be able to characterize activated charcoal well and to use it in cropping systems.
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The results of this study therefore offer an alternative to okra producers in order
to comply with environmental standards. They will therefore be able to limit the
leaching of certain elements such as phosphorus and nitrates without however
having a negative impact on the productivity of the crops. This study thus
presents a means of limiting the intake of fertilizers while meeting the needs of
the plant. In addition, the charcoal associated with the position of the plants has
allowed better availability and a good use of the nutrients by the crop.

In addition, soil analysis before and after okra cultivation would be necessary.
Also, biochemical analysis would be useful to qualify the nutritional value of
okra. It would still be necessary to carry out this experiment on different types of

soil and at different seasons to standardize the effect of activated charcoal.
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