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Abstract

Looking of finding an alternative to the use of chemical fertilizers to increase
yields of cassava (Manihot esculenta), trials were carried out in the Lamto
zone in central Cote d’Ivoire. Thus, the effects of compost and ash from cocoa
shell and NPK were tested on the agronomic parameters of cassava. The trial
was conducted for two years with four varieties of cassava: Yacé, Alleda agba,
Six mois and Bonoua, grown on elementary plots treated with one of these
fertilizers. The experimental design was complete randomized blocks with
three replicates. Analysis of the results showed that the Six mois variety gave
the longest stems (131, 67 cm) with the cocoa shell compost. The Bonoua va-
riety, on the other hand, gave the largest diameter of the stem base (21.56
mm), a higher number of leaves (77.30) and a large wingspan (136.89 cm)
with cocoa shell compost. The leaves developed by the plants of this variety
were wider (19.30 cm) and longer (17.96 cm) with cocoa shell compost. Also,
this Bonoua variety treated with shell compost yielded a high number of tu-
berized roots (5.11), high average weight per plant (5.83 kg/plant) and higher
yield (58.29 t/ha). This compost of cocoa shell has also allowed a better con-
servation of the cultivated soils quality.
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1. Introduction

The cultivation of cassava (Manihot esculenta Crantz) is widely spread in the
tropical and subtropical belt of the globe where it occupies an important place in
the diet of populations [1]. Global cassava production in 2016 was estimated at
292 million tons, of which 178 million tons were produced in Africa [2]. Cassava
is generally grown by low-income farmers, especially women, on marginal lands.
For these farmers and their families, it is an important crop because it contri-
butes to food security and generates substantial income [3].

In recent years, cassava has achieved industrial crop status in Cote d’Ivoire. It
is the second most important food crop after yam [4]. It is now grown on a large
scale, repeatedly season after season, on the same plot of land. This leads to soil
impoverishment and lower yields [5] [6]. In order to improve cassava produc-
tion and access to planting material, new high-yielding cassava varieties, devel-
oped through research, have been made available to cassava farmers. These va-
rieties are resistant to diseases and pests and can produce up to 40 tons per hec-
tare per year, compared to less than 20 tons per hectare for traditional cassava va-
rieties [7]. Despite the introduction of these improved varieties, cassava yields vary
between 20 and 30 tons per hectare, which is still far below the potential yield.

Thus, in order to improve their yields, producers practice numerous cultivation
techniques such as crop rotation, crop rotation or burying organic, plant or animal
residues in the soil [8]. These organic amendments remain one of the cost-effective
options to support long-term improvements in agricultural productivity [9] [10]
[11]. Thus, the use of household waste, animal excreta, sewage sludge but also agri-
cultural residues should be supported [12]. Unfortunately, these wastes are not al-
ways used in agriculture but are abandoned on the spot in the production areas. In
cities, this waste is often dumped in ravines for the most part, thus contributing to
urban environmental pollution [11]. This is the case of cocoa shells, which are or-
ganic residues available in significant quantities in cocoa farms.

Indeed, Cote d’Ivoire, the world’s largest cocoa producer, produces each year
about 4,000,000 tons of cocoa shells available on plantations and which are not
valorized [13]. These tons of shells remain and decompose at the denting site. It
would therefore make sense to add value to these agricultural by-products by
using them for the production of organic fertilizers to help improve soil fertility.

The objective of this work was to assess the influence of compost and ash
from cocoa shell on the agronomic parameters of cassava. The specific objectives
consisted in: 1) producing cocoa shell-based compost and ash and determining
their chemical compositions, 2) measuring the effect of these different fertilizers
and that of NPK taken as a reference, on some agronomic parameters of cassava
growth and yield.

2. Materials and Methods
2.1. Study Site

The tests were carried out in a farming environment in the “Lamto” area. It is
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located in the center of Cote d’Ivoire, in the southern tip of the “V-Baoulé”. It is
a contact zone between the savannah of the North and the forest of the South
which draws a V-shaped indentation. It is located 159 Km from the city of Ab-
idjan between 6°25' to 6°13' North latitudes and 5°02' to 4°97' West longitudes.
The climate is of humid tropical type with four seasons. The main rainy season
is between March and July with a peak of 266.50 mm of rain in June 2017. The
small rainy season is from September to November with 94.40 mm of rain in
November 2017. The long dry season is from December to February with a
maximum temperature of 30.59°C in February. In addition, the short dry season
lasted one month (August), with 34.94°C. The soils are of ferralitic types and
their pH varies from 5 to 6.5 [14].

2.2. Plant Material and Fertilizer

The plant material used consisted of four traditional varieties of cassava locally
known as Yacé, Alleda agba, Six mois and Bonoua. They all have a cultivation
cycle of 12 months and were collected from farmers in Aheremou II, a village
located in the study area. The Yacé and Alleda agba varieties are single-

stemmed, the Six mois variety has its stem with dichotomous branching while
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Figure 1. Geographical location of the study site.
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the Bonoua variety has its stem with trichotomous branching. Healthy stems of
these four cassava varieties were selected from plants at least six months old.
Cuttings of 20 to 25 cm with four to six nodes were cut with pruning shears,
avoiding soft parts of the stem [15].

The fertilizer material consisted of compost made from cocoa pod shells (N:
7.50 g-kg™', P: 2.30 g-kg™', P: 10.19 g-kg™"), ash from dried cocoa pod shell N:4,50
gkg™, P: 3.80 g'kg™', P: 75.91 g-kg™') and the chemical fertilizer NPK 12-22-22
(N, P et K: 48 kg, 88 kg et 88 kg-ha™).

2.3. Preparation of Compost and Cocoa Ash

For the preparation of the cocoa shell compost, a pit (1 m x 1 m x 1 m) was dug
and the bottom was cemented to prevent loss of nutrients. The cocoa shells were
collected in the study area from a cocoa farmer. The pit was filled with 50 kg of
dried shells and 5 kg of Acacia mangium leaves sorted and weighed for com-
posting. The contents of the pit were turned over several times using the “Indore
Method” [16]. The moisture content of the pit was regularly adjusted to keep it
between 50% - 60%. The pit was covered with oil palm leaves (Elaeis guineensis
Jacq) to maintain humidity. The compost matured for three months. The com-
post matured for three months.

To prepare the ash, the cocoa pod shells were dried, sorted and weighed. Fifty
(50) kg of dried cocoa pod shells were burnt and the ash obtained was collected.

2.4. Collection and Preparation of Samples of Soil, Compost and
Ash from Cocoa Shells

Soil samples were taken from the experimental site at a depth of 0 - 30 cm before
planting the cuttings and after the cassava harvest. Soil samples were taken from
different parts of the plot. These samples were air-screened, crushed and well
homogenized, sieved with a 2 mm sieve and a sub-sample was taken for analysis.
At the end of the production of the different fertilizers, one kilogram (1 kg) of
each organic fertilizer was taken and analyzed at the Laboratory of Plant and Soil
Analysis (LPSA) of the Graduate School of Agronomy (GSA) of the Institute
National Polytechnique Houphouet-Boigny (INP-HB) of Yamoussoukro, Cote
d’Ivoire. The mineral content was expressed (g-kg™) in relation to the quantity
of dry matter in the sample for elements C, N, P, K, Mg and Ca. The results were
used to calculate the ratios of carbon and nitrogen (C/N). Also, cation exchange
capacity (CEC) of the soil which is the maximum amount of cation that a soil
can absorb (per 100 g of dry matter). It is determined by the Metson method de-
scribed in the NF X31-130 standard [17].

2.5. Experimental Design

The experimental design used for this study was a complete randomized block
design with 3 replicates. Each block consisted of twelve treatment and four con-

trol subplots. One treatment corresponded to a cassava variety whose crop soil
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was fertilized with a type of fertilizer. A total of four varieties of cassava x three
different fertilizers were tested. Each subplot had a size of 4 m x 3 m or 12 m’
and two consecutive subplots were separated by a 2 m wide bare band that was
regularly weeded. The distance between the sowing points of the cassava cuttings
was 1 m x 1 m, Ze. 10,000 plants ha™'. A repetition of subplot corresponds to
three rows of 4 plants each, resulting in a total of 12 plants of cassava per sub-
plot. All the seedlings were sown on the same day at the rate of one cutting per
hole and at a depth of 2 to 3 cm. The trial was set up on a plot with a total area of
1200 m?* (20 m x 60 m) with a 3 m wide border.

Fertilizer was applied around the cassava plants within a radius of 10 cm, 2
weeks after sowing. Fertilizer application was carried out on the same day at a
single dose of 40 g-plant ', i.e. 400 kg-ha™ for NPK (48 kg-ha™ of N, 88 kg. ha™'
and 88 kg-ha™) and 1 kg. plant™ or 10 t. ha™ for cocoa compost shells (N: 7.50
g'kg™', P: 2.30 gkg', P: 10.19 gkg™"), and cocoa ash (N: 4.50 g-kg™', P: 3.80
g'kg™, P: 7591 gkg™'). The trials were carried out from March to December
2017 for the first season and from March to December 2018 for the second sea-
son. Weeds were controlled by regular hand weeding to avoid competition with

cassava.

2.6. Agronomic Parameters Measured

Eleven agronomic parameters selected from cassava descriptors (Fukuda et al.
[18], were examined in this study. There are: the number of stems from the same
cutting (NSC), the number of leaves per plant (NLP) was determined by multip-
lying the number of apexes per plant by the average number of leaves per apex
according to the methodology adopted by Daellenbach et al [19]. Then the
length (LL) and average width (LW) of the leaf and the wingspan of the foliage
(WIN) were also measured. Finally, mean diameter at the stem base (DSB) and
mean total stem length (TSL) were determined for the most developed stem of
the plant. The measurement methodology followed that described by Ambang et
al [20]. At harvest, four performance parameters were measured. Plants were
uprooted and the mean number of tuberized roots (NTRP), mean tuberized root
weight (W1TRP) and tuberized root weight per plant (WTRP) were recorded.
The measurement methodology followed that described by Aniekwe et al [21].
Finally, the fresh yield per hectare (Y) was calculated. It was estimated by mul-
tiplying the average weight of tuberized roots per plant by the number of plants
calculated for 1 ha, 7e. 10,000 plants. These plants were harvested 10 months af-
ter planting according to the approach of Lenis et al [22]. Observations were

made on 10 plants in each elementary plot.

2.7.Data Analysis

A multivariate variance analysis (MVA) was performed with R software, version
3.1. The AMOV As were supplemented by ANOVA tests when interactions were

significant. When a significant difference is observed between the different fac-
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tors, Least Significant Difference (LSD) multiple range-tests procedure were
used to separate the means of the different treatments. Means were given as
mean followed by standard deviation (M + SD). Significant differences were de-
termined at P < 0.05.

3. Results and Discussion
3.1. Results

3.1.1. Chemical Parameters of Organic Residues

Table 1 presents data on the chemical characteristics of each organic fertilizer.
Analyses showed that the levels of carbon (387.70 g-kg™) and nitrogen (7.50
g-kg™") were higher in cocoa shells compost than in cocoa shells ash. On the oth-
er hand, the levels of phosphorus (3.80 g-kg™), potassium (75.91 g-kg™"), calcium
(59.87 g-kg™") and magnesium (5.17 g-kg™') were higher in cocoa shells ash than

in cocoa shells compost.

3.1.2. Physico-Chemical Parameters of the Test Soils

The results of the pre- and post-cultivation soil laboratory analyses are shown in
Table 2. Reading this table shows that the pH of the crop soils after tuberous
root harvest is slightly acidic (6.30 - 7.30). The carbon (19.70 g-kg™) and total
nitrogen (1.80 g-kg™") contents are higher in the cocoa shells compost plots. Also,
the levels of organic matter (33.90 g-kg™") and exchangeable phosphorus (66 - 77
ppm) are higher in soils where cocoa shells compost has been incorporated. Ca-
tion exchange capacity (CEC) and exchangeable bases concentrations in the fer-
tilized soils were higher compared to the control. However, the highest values
were observed in soils where cocoa shells compost was applied (CEC = 12.44
Cmol-kg™, Ca’ = 3.82 Cmol-kg™', Mg>* = 1.73 Cmol-kg™', K* = 0.14 Cmol-kg™}
Na * = 0.08 Cmol-kg™).

3.1.3. Overall Effect of the Different Factors and Their Interactions on
the Agronomic Parameters of Cassava Growth

The results of the multivariate analysis of variance (AMOVA) showed that the
treatments, varieties and their interactions (treatments x varieties) had a signifi-
cant positive effect on the agronomic parameters of cassava (P < 0.001). Howev-
er, as interactions were important, interpretations were made only with the in-
teraction table (ANOV A II). Thus, for a better presentation of the results, a first

table of the double interaction will be made for the growth parameters and a

Table 1. Chemical composition of organic residues.

Composition
Organic
residues -1 N -1 -1 -1 Mg
C (g-k; P (g-k K (g-k Ca (g'k C/N
(g-kg™) (gke™) (g-kg™) K(g-kg™) Ca (gkg™) (gkg )
Cocoa shell ash 129.20 4.50 3.80 7591 59.87 5.17 28.71
Compost of
387.70 7.50 2.30 10.19 19.78 2.77 51.69

cocoa shells
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Table 2. Physical and chemical composition of the soils of the different sub-plots.

Treatments pH c o Nt_l C/Nt MO (gkg™) Pags Absorbent Somplex (Cmolie™)
water (g-kg™) (g-kg™) (PPm) CEC Ca?* Mg» K* Na*

IS 6.10 14.40 1.30 11 24.80 42 6.18 1.68 097 0.09 0.06
YcCo 6.40 16.80 1.50 11 21.90 37 6.40 1.87 1.03 0.10 0.03
AaCo 6.30 16.70 1.50 11 21.60 36 621 176 093 0.10 0.03
SmCo 6.40 16.50 1.50 11 21.70 37 6.19 188 094 0.10 0.03
BoCo 6.30 16.70 1.60 11 21.50 38 6.14 1.68 0.86 0.10 0.04
YcNPK 6.60 15.20 1.40 11 26.20 73 6.66 226 1.16 0.11 0.04
AaNPK 6.40 14.50 1.30 11 24.30 65 6.14 1.89 0.88 0.09 0.03
SmNPK  6.60 13.40 1.30 11 24.80 54 6.47 197 1.08 0.09 0.03
BoNPK 6.50 14.40 1.40 11 25.20 56 6.26 2.16 095 0.09 0.03
YcCSA 6.40 14.00 1.30 11 24.10 50 6.87 1.74 138 0.09 0.03
AaCSA 6.10 14.40 1.40 10 24.80 48 690 192 128 0.11 0.04
SmCSA  6.80 17.00 1.60 11 29.20 46 6.87 2.12 094 0.07 0.03
BoCSA 6.60 13.30 1.20 11 22.80 47 6.40 1.67 0.53 0.09 0.06
YcCSC 6.90 19.30 1.60 12 33.20 77 837 249 173 0.13 0.04
AaCSC 6.30 19.70 1.80 11 33.90 66 8.58 229 154 0.12 0.04
SmCSC 730 17.60 1.50 12 30.20 68 1244 3.82 113 0.10 0.03
BoCSC 6.90 18.50 1.50 12 31.90 77 1122 352 147 0.14 0.08

Nt: total nitrogen, MO: organic matter, P. ass: assimilable phosphorus, CEC: cation exchange capacity, IS:
initial soil, Yc: Yace, Aa: Alleda agba, Sm: Six mois, Bo: Bonoua, CSC: cocoa shells compost, CSA: cocoa
shells ash, NPK: chemical fertilizer, Co: Control.

second one for the yield parameters.

3.1.4. Effect of Treatment and Variety on the Agronomic
Parameters of Cassava Growth

Table 3 presents the results of the effect of the “fertilizer-variety interaction” on
cassava growth parameters. The analysis of the table shows that this interaction
positively influences (P < 0.001) the cassava growth parameters except the num-
ber of stems per cutting (P = 0.16). This number of stems remained constant
during the different life stages of the plant (2.89). Stem length varied from
131.67 cm to 61.27 cm depending on the cassava variety and fertilizer. The Six
mois variety produced the longest stems. It was followed by the Alleda agba va-
riety, then the Yacé variety and finally the Bonoua variety, regardless of the ferti-
lizer used. The longest lengths were obtained with cocoa shells compost (131.67
cm). Moreover, there is no difference in the growth of the stems of plants ferti-
lized with cocoa shells ash or NPK. With a value of 61.27 c¢m, the untreated Bo-
noua variety gave the shortest stems. As regards the diameter at the stem base, it
varies from 21.58 mm to 11.35 mm depending on the fertilizer applied to the

crop soil. Contrary to the length of the stem, observations have shown that the
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Table 3. Effect of treatments and variety on cassava growth parameters.

Treatments Varieties

Co Yc
Aa
Sm

Bo

NPK Yc

CSA Yc
Aa
Sm
Bo

CSC Yc

Sm
Bo
F

P

NSC
2.33 +£1.19
2.33£0.98
2.48 +£1.22
2.85+0.91
2.15 £ 0.96
2.47 £ 0.86
2.49 £ 0.90
2.82 +0.75
2.52 £ 0.89
2.89 +1.07
2.94 +1.07
2.88 +0.82
2.31+£1.01
2.43 £0.97
2.76 £ 0.96
2.99 +£0.79

1.45

0.16

TLS (cm) DSB (mm) NLP LL (cm) LW (cm) WIN (cm)
6823 +49.33  11.35+4.35" 31.59 £21.48"  13.14+3.78°  11.62+2.42f  62.78 +21.96"
67.49 4581  11.35+4.61" 32,67 £22.94% 1394 +4.81% 12.14+241°  65.60 +25.18
70.05 +52.64°  11.53 +3.87" 30.21 £18.027  13.62+2.15° 1243 +1.27°  66.17 +13.77
6127 +45.655 12.35+6.155 3342 +2559°  14.65+4.71¢ 1413 +4.74°  69.66 + 32.26
7623 £62.37° 1320+ 7.548 3317 +24.19° 13.80+5.11% 13.44+4.67° 7582 +33.67%
96.89 +56.45%  12.83+3.370 3857 +£19.20¢ 1647 £4.72° 1518 +3.72®  77.64 +20.05
124.94 + 66.40°  13.94 + 4.65° 4499 +£24.26° 16.85+4.39° 1536 +2.84°  82.81 +25.43%
73.56 £ 57.52"  14.48 +8.15¢  48.77 £29.15° 1542 +4.34° 1558 +4.52°  87.89 +44.37¢
75.03 +36.77°  12.04+6.748 3421 +21.53° 1351 +4.26° 13.08 +3.13¢  72.74 + 31.60"
95.81 £43.73% 1233 +7.71%5 3507 +18.27% 1436 £3.28¢ 1447 +2.57° 74.74 + 14.998"
105.73 + 50.85°  12.89 +5.937  43.31 £32.08°  15.66 £3.03° 15.52+2.57°  80.80 + 26.67°
73.41 £54.48" 1433 +8.16° 47.34+32.73®  1552+2.50° 1567 +2.67°  88.30 + 55.41°
79.66 +59,90°  13.81 £6.78° 38.09 +26.21¢ 1507 +4.48°  14.47 £3.70°  82.99 + 35.33%
106.51 + 64.60°  15.61 +6.39°  44.23 +30.80° 1623 +4.51° 1514 +3.68®  85.31 +27.55¢
131.67 + 66.46* 16.53 £5.54° 47.82 +28.59® 1693 +3.16> 1532 +2.87"  90.00 + 15.30°
7436 +46.80¢  21.58 +£8.68°  77.30 £47.52*  17.96 £3.18  19.30 £.2.24*  136.89 + 88.19°

3.56 3.62 6.05 2.49 3.13 4.71
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

NB. For each parameter, the means followed by different letters are statistically different when P < 0.05. NSC: number of stems per cutting, TLS: total length

of main stem, LW: leaf width, LL: leaf length, NLP: number of leaves, WIN: wingspan of foliage, DSB: diameter at the stem base, CSC: cocoa shells compost,
CSA: cocoa shells ash, Co: Control, Yc: Yacé, Bo: Bonoua, Sm: Six mois, Aa: Alleda agba, NPK: chemical fertilizer.

stems of large diameters were obtained with the Bonoua variety fertilized with
cocoa shells compost. Reading the table reveals that the plants from the fertilized
sub-plots induced more leaves compared to the control plants. However, the
Bonoua variety with trichotomous branching developed the highest number of
leaves (77.30) and a wider leaf span (136.89 cm). Similarly, the leaves developed
by the plants on the cocoa shell compost plots gave wider (19.30 cm) and longer
(17.96 cm) leaf blades.

3.1.5. Effect of the Interaction of Fertilizers,
Varieties on Cassava Yield Parameters

Table 4 shows the results of the effect of variety treatment interaction on cassava
yield parameters. Reading the table reveals that there is a difference in the effect
of the two factors on these yield parameters. Indeed, plants from the fertilized
plots produced a higher average number of tuberized roots per plant than those
from the untreated plots. Thus, the Bonoua and Six mois varieties harvested
from the fertilized plots produced the highest average number of tuberous roots
per plant (5.11) compared to Alleda agha and Yacé (3.50). The average weight of
one tuberous root per plant at harvest from the cocoa shells compost plots was
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Table 4. Effect of treatments and variety on cassava yield parameters.

Performance Parameters

Treatments  Varieties NTRP WITRP WTRP Y (& hat)
(Kg. tuber™) (Kg. plant™) ’
Yc 3.50 + 0.70° 0.37 £ 0.07" 1.25 + 0.40% 12.51 + 1.13%
Aa 3.33 + 1.04¢ 0.38 + 0.07" 1.32 + 0.44) 13.18 + 1.86
c Sm 3.14 % 0.68° 0.42 % 0.06" 1.35 + 0.38 13.53 £ 0.64
Bo 3.25 + 0.50¢ 0.46 + 0.058 1.68 +0.71! 16.77 + 2.90'
Yc 4.53 +0.70° 0.78 + 0.12¢ 3.55 + 0.88" 35.51 £5.17"
Aa 4.53 +0.77° 0.86 + 0.13¢ 3.93 +0.81° 39.32 +3.69°
NPK
Sm 5.06 + 0.63° 0.98 + 0.05% 4.94 +0.57¢ 49.43 +0.89¢
Bo 5.11  0.67° 0.96 + 0.07¢ 5.10 + 1.47¢ 50.99 + 0.00¢
Yc 4.53 +0.70° 0.78 + 0.12¢ 3.58 + 0.81" 35.84 + 4.68"
Aa 4.53 +0.77° 0.86 + 0.13¢ 3.94 +0.82f 39.35 +3.72f
oA Sm 5.06 + 0.63° 0.99 + 0.06¢ 4.98 + 0.60¢ 49.81 +1.31¢
Bo 5.11 % 0.67* 1.03 + 0.14% 5.18 + 1.55° 51.76 + 1.14¢
Yc 4.53 +0.70° 0.80 + 0.10° 3.73 £ 0.828" 37.26 + 5.428"
Aa 4.53+0.77° 1.06 +0.18° 4.85+1.11° 48.52 + 1.55°
o5 Sm 5.06 + 0.63* 1.01 + 0.05%¢ 5.52 +0.89" 55.17 +2.88°
Bo 5.11 % 0.67* 1.13 £ 0.07 5.83 + 1.00* 58.29 + 3.68°
F 3.69 11.63 5.47 11.14
P <0.001 <0.001 <0.001 <0.001

For each parameter, the means followed by different letters are statistically different when P < 0.05. NTRP =
number of tuberized roots per plant; WITRP = weight of a tuberized root; WTRP = weight of tuberized
roots per plant ; Y = yield of fresh tuberous root per hectare, CSC: cocoa shells compost, CSA: cocoa shells
ash, NPK: chemical fertilizer, Yc: Yacé, Bo: Bonoua, Sm: Six mois, Aa: Alleda agba, Co: control.

higher (1.13 kg). However, the tuberized roots of the plants in the ash and NPK
plots have similar average weights depending on the variety of cassava (0.99 Kg
and 0.98 Kg for NPK and shells ash respectively). Moreover, whatever the cassa-
va variety, fertilization increases yield. However, the Bonoua variety gives the
best yield (58.29 t) with cocoa shells compost, followed respectively by the Six
moisvariety (55.17 t), Alleda agba (48.52 t) and finally the Yacé variety (37.26 t).

3.2. Discussion

3.2.1. Chemical Parameters of Composts

The results of the laboratory analyses showed a difference in the composition of
the different fertilizers used. Apart from the high amount of nitrogen in the
compost, all other minerals dosed (P, K, Ca and Mg) are in low quantities com-
pared to those contained in the cocoa shell ash. This difference could be ex-
plained by the mineralization of the organic matter. Indeed, when the shells are

reduced to ash, all the organic matter is mineralized. As a result, all the minerals
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constituting the organic matter are released and therefore available in the ash. In
compost, only a portion of the organic matter is mineralized by microorganisms
during the composting process [23]. The high amount of nitrogen in the com-
post could be explained by the addition of the leaves of Acacia mangium, a ni-
trogen-rich legume. This result is consistent with the work of Blanchard ef al.
[24]. In their work, these authors observed that the nutrient content varied ac-

cording to the type of organic matter used.

3.2.2. Physico-Chemical Parameters of Soils

The chemical analysis of the soils taken from the different sub-plots, are slightly
acidic. Fertilized soils generally showed a good cation exchange capacity (CEC)
and exchangeable bases are generally higher than controls. This result would be
typical for tropical soils and specific to soils with a degrading vegetation cover
[25]. Indeed, land in the study area is regularly used for agriculture. As a result,
this area is also currently undergoing large-scale deforestation. However, the less
dense vegetation cover is exposed to strong evapotranspiration due to the heat of
the sunshine and the leaching of unstable ions such as Na*after the rains. This
has a negative impact on the physico-chemical parameters of the soils. Thus,
cocoa shells compost with a high Cation exchange capacity (CEC) will retain and
exchange in large quantities the nutrients readily available to the plant [26].

In addition, the structure of cocoa shells compost will allow a constant renew-
al of organic matter in the soil. As a result, it constitutes a favorable habitat for
the proliferation and nutrition of soil microorganisms, which in turn will mine-
ralize the organic matter and thus make the various nutrients available to cassa-

va plants [26].

3.2.3. Effect of Treatment-Variety Interaction
on Cassava Growth Parameters

Investigations showed that the application of cocoa shells compost, cocoa shells
ash or NPK had a positive effect on the growth parameters of cassava. Indeed,
these fertilizers allowed a better evolution of the growth parameters of cassava
plants compared to plants in plots without fertilizer. The differences that ap-
peared, such as the difference in stem length, diameter of the stem base, number
of leaves, leaf width and length, span between the different treatments of com-
post or ash and NPK fertilizer compared to the control could be explained by the
fact that the crop soils were previously deficient in mineral elements. The appli-
cation of these fertilizers therefore brought nutrients into the soil solution. The
uptake of these mineral elements by the cassava plants contributed to the im-
proved growth and development of cassava. These results are similar to those of
Hien et al [27]. These authors showed in their work that the amounts of nu-
trients available in the soil for the plants were low. After using vermicompost to
fertilize the soil for tomato and cabbage crops, they found an improvement in
the growth parameters of these plants compared to the control plants.

For the plots that received fertilizer, cocoa shells compost gave better results
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for cassava plant growth parameters compared to ash and NPK. This variation in
the effect of fertilizers on plant growth could be explained by a difference in
mineral composition, soil availability and morphology of the cassava plant.
Concerning stem length, the cassava variety Six mois gave longer stems. Indeed,
it is a dichotomous plant that branches later in its growth from a certain distance
from the soil, thanks to a relatively open foliage [28]. This variety uses the min-
eral elements available in the soil for the growth in length of its stem before it
branches, unlike the Bonoua variety, which has a trichotomous branching and
branches very early. Furthermore, observation of the stems shows that the Six
mois variety has longer internodes. However, internodal growth determines the
growth of the stem. The Six mois variety with strong internodal growth gave the
longest stems. Stem elongation in this variety is thought to be due to genotype,
because in the unfertilized plots, its stem growth was stronger. Stem elongation
was decreasing from the Alleda agha and Yacé varieties to the trichotomously
branched Bonoua variety. In the latter, poor internodal growth led to the short-
est stems. These results are in line with those reported by Dje Bi et al [29] who
noted that the dichotomous variety of cassava gave longer stems than the tri-
chotomous branched variety. In general, the similar results obtained with cocoa
shells ash and the mineral fertilizer NPK on growth parameters could be ex-
plained by the fact that both types of fertilizers contain the available mineral
elements (NPK) and thus directly assimilable by the plant. However, not all of
these minerals will be used by the plants for their development. Indeed, during
the time of cultivation, part of these elements is used by the plant to ensure its
nutritional needs but the other part is lost through leaching. On the other hand,
the plants cultivated on the plots fertilized with cocoa shells compost, receive the
nutrients gradually and continuously. The slow and progressive mineralization
undergone by the compost during the cultivation cycle thanks to the soil micro-
organisms makes it possible to make the nutrients available to the plant in a
progressive manner. This promotes better plant growth, especially of the stem.
The stimulation of plant growth remained effective throughout the vegetative
stage of the plant. These results are similar to those of Coulibaly et a/ [12] who
showed during their work on maize cultivation that the compost input increased
the length of the stem. The stems of the plants from the fertilized plots had large
diameters of the stem base with a predominance of the Bonoua variety. This in-
crease in stem length is the result of diametrical growth. In dicotyledons such as
cassava, it occurs after stem elongation and is due to the activity of secondary
meristems such as cambium and suberophyllous seating. The latter ensure the
growth in thickness of the stem. The activity of these meristems is regulated by
the hydromineral and carbon nutrition of the plant. The cocoa shells compost
that continuously releases the mineral elements necessary for the nutrition of the
plant could ensure the general growth of the plant [23]. Other authors such as
Hien et al [27] had also obtained an increase in cabbage diameter of stem base

when using cocoa shells compost.
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The trichotomously branched Bonoua variety also produced the largest num-
ber of leaves. This high leaf production is due to the high number of apexes. In-
deed, the number of leaves being proportional to the foliation of the stems, the
Bonoua variety which has several stems due to its trichotomous ramification has
a high number of leaves. Moreover, due to the reduction of internodal growth,
the nodes bearing the leaves are brought closer together by increasing the rate of
leaf emission and consequently the number of leaves. Therefore, this variety
produced more leaves compared to Six mois which has two branches and Yacé
and Alleda agba which are single-stemmed varieties. This high number of leaves
was observed on maize stalks after application of compost to the crop soil by
Coulibaly et al [12].

The widest and longest leaves were observed in the Bonoua variety when co-
coa shells compost is incorporated into the crop soil, but also in all cassava va-
rieties before tuberization. The increase in leaf size during this phase could be
explained by the increased activity of the root system which absorbs and trans-
ports the minerals released by the compost mineralized by microorganisms [29].
Similar results were obtained by Djé Bi et al [28] who found significant devel-
opment of cassava leaves during the aerial development phase of the plant.

Similarly, by its trichotomous branching, the Bonoua variety grown on plots
fertilized with cocoa shells compost developed a larger leaf span than the other
varieties. The increase in spread is due to the spread-out habit and development

of the leaves.

3.2.4. Effect of Treatment-Variety Interaction on
Cassava Yield Parameters

The increase in the yield of fresh cassava tubers obtained on the fertilized plots
would be due to the better growing conditions. Indeed, the different life phases
of cassava plants, namely recovery, establishment, development of the aerial sys-
tem and tuberization, took place on nutrient-rich soil [30]. For example, the
roots emitted during the installation will ensure the hydromineral nutrition of
the leaves. Through their efficient photosynthetic activity, the leaves will syn-
thesize starch and store it in the roots, thus promoting their tuberization [31].
According to Egle, [32], the increase in the yield of tuberized roots is closely
correlated with the development of vegetative variables. This correlation be-
tween growth variables and yield at harvest is a reliable indicator for assessing
production from plant observations. Knowledge of the vegetative state of the
plants at harvest makes it possible to link aerial development to the formation of
tuberous roots. This is why the Bonoua variety that showed the best growth of its
vegetative organs gave high yields. However, the best yields obtained on plots
fertilized with cocoa shells compost are thought to be due to the permanent
presence of nutrients in the soil. On these plots fertilized with compost, during
the tuberization of the roots, the essential nutrients are made available to the
plant for root development through the decomposition action of the humus

contained in the compost by microorganisms. The nitrogen contained in these
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fertilizers has contributed to the vegetative development of all the aerial parts of
the plant. Similarly, the high level of phosphorus has increased plant resistance.
The average number of tuberized roots per plant and the average weight of tu-
bers produced would depend on both the variety and the fertilizer applied to the
growing soil. Consequently, the best yields were obtained with the Bonoua va-
riety grown on plots fertilized with cocoa shells compost. The high tuber yield
observed in the Bonoua variety is believed to be due to the high number and size
of leaves. Also, the leaves can be used as an indicator of good yield. On the other
hand, the difference in yield observed between varieties could be due to the dif-
ference in volume of their leaf mass. In fact, the number of tuberized roots and
their weight would depend on the interception of sunlight by this leaf mass, its
photosynthetic activity and the speed of translocation of nutrient reserves from
the leaves to the roots. In addition, this leaf density, thanks to the foliar water
call, activates the absorption of water and minerals. This enhances the general
nutrition of the plant [33]. Also, the spread of the foliage provides shade that
creates a microclimate around the cassava stem. This shade helps to conserve
soil moisture for root and tuber development [34]. These results are in line with
those of Lenis et al [19] who suggested that the presence of leaves on the stem at
harvest could indicate a longevity of these organs that ensure photosynthesis.
These authors thus demonstrated that there are strong correlations between leaf
life and fresh root yield. The higher yield observed in Bonoua could be attributed
to an improvement in soil properties through the structure of the compost and
the presence and availability of the nutrient resources it contains [35]. Indeed,
during tuberization, microorganisms continue to decompose the compost, thus
providing cassava plants with the nutrients essential for their development. This
soil becomes more aerated and thus allows the roots to develop well. Similar re-
sults were observed by Blakeley and Dennis [36] and, Zhang and Jiang [37].
These authors demonstrated that the resource allocation for each tuber is high
when the amount of available nutrient resources is high.

The similar effects observed for cocoa shells ash and NPK would be due to the
fact that both types of fertilizers are in the form of minerals directly assimilable

by the plant.

4. Conclusion

The general objective of this work was to evaluate the effect of organic and inor-
ganic fertilization on the agronomic parameters of cassava. The results obtained
showed that fertilizers positively influenced these agronomic parameters. Of the
four cassava varieties tested, the Bonoua variety showed the best agronomic po-
tential when grown with cocoa shells compost as fertilizer. Also, this ear-
ly-branching trichotomous variety has the advantage of increasing the soil cover
by its dense foliage and thus reducing the development of weeds in the field
while promoting soil moisture conservation. In addition, the use of permanently

available cocoa shells would improve cassava productivity at reduced costs and
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conserve soil quality. Thus, the Bonoua variety and cocoa shells compost could

be selected to improve cassava yields.
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