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Article Information ABSTRACT

Vermicomposts and vermiwashs obtained from pre-composted cassava peelings (Ca.Pe),
Received: November 17, 2024 ~ cocoa shells (Co.Sh) and cashew nut shells (Ca.Nu) were assessed for physical characteristics
and nutrients content. Five types of substrates were made from cassava (VC1), cashew

Accepted: December 24,2024 (VC2), cassava and cashew (VC3), cassava and cocoa (VC4), cocoa and cashew (VC5).
q . About 45 kg of each pre-compost was then placed in a plastic compost bin to be digested
LTS ey A, A0 by 600 g of earthworms (Eudrilus engeniae) for 11 weeks. The biofertilizers obtained were
analyzed for their total organic carbon, macronutrients and micronutrients content. The pH
of the different types of vermicomposts (VC) vatied from 5.8 to 8.15. NPK levels varied
and depended on the type of substrates used for vermicomposting. Highest values were
found in vermicompost from mixed substrates. VC5(18.01; 3.89 and 18.7g/kg), VC4(20.99;
1.29 and 13.7g/kg) and VC3(17.91; 0.91 and 8.72g/kg), VC2(18.06; 0.39 and 4.64¢/kg) and
VC1(21.19; 0.34 and 2.25g/kg. The pH of the vermiwashs (VW) was alkaline (7.65 to 9.25)
and their NPK content was lower than that of the VCs: VW1 (2.09; 0.08 and 2.18g/L),
VW2(0.49; 0.09 and 0.44g/L), VW3 (0.33; 0.12 and 1.05g/L), VW4 (2.18; 0.18 and 2.50g/L)
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and VW5 (0.27; 0.18 and 1.99g/L).

INTRODUCTION

Sustainable agriculture is partly based on the integration
of renewable resources, such as fertilizers produced
biologically from organic residues (Kumar ez al., 2022).
Among the many possibilities to make organic fertilizers,
vermicomposting is one of the most sustainable
practices. Vermicomposting is the stabilization of organic
waste through the interaction of earthworms and micro-
organisms to produce vermicompost and vermiwash rich
in organic matter, organic carbon, nitrogen, phosphorus,
potassium and trace elements (Esakkiammal & Sornalatha,
2016). Vermicompost is characterized by an excellent
granular, friable, finely divided and homogeneous
structure (Mista ¢ al, 2005; Andrianantenaina, 2019).
Vermiwash, on the other hand, is the odotless liquid that
is collected after the water has passed through the worm
activity columns, transporting the dead worms and micro-
organisms as well as any dissolved substances (Nayak
et al., 2019). Vermicomposting offers many advantages,
as the products resulting from this process sometimes
have essential physicochemical parameters that are higher
than in normal compost, except for organic carbon
(Abinaya ez al., 2024). Several studies have demonstrated
their efficiency in maintaining fertility and correcting
deficiencies in soil organic matter and mineral elements
(Amritha & Jayasree, 2020). The fertilizing value of
vermicomposts and vermiwashs is important to predict
its application (Filipovi¢ e/ al., 2023). This fertilizing value
depends on the nature and composition of the organic
substrates. Studies carried out by Atiyeh e a/. (2000) have
shown that mixing different vermicomposts produced
from different substrates such as household waste,
livestock manure, mown grass, coffee parchment, and
cocoa shell increases nutrients by converting it into the

form available to plants with a positive effect on growth
and plant quality. In Cote d'Ivoire, cocoa bean production
generates 4.4 million tons of cocoa pod residue each year,
most of which is abandoned in the bush (Koffi ef 4/,
2024). Similarly, cassava peelings and cashew nut shells
are left over. Vermicomposting can help transform these
residues into usable organic matter (Lohti ef al., 2017).
Apart from ordinary composting, few works have been
conducted on vermicomposting agricultural wastes.

The aim of this study is to determine the physical
characteristics and assess the chemical composition of
vermicompost and vermiwash obtained from agricultural
residues such as cocoa shells, cashew shells and cassava
peelings.

MATERIALS AND METHODS

Study site
The study was carried out at the CNRA (National
Agricultural  Research ~ Centre)  research — station

(06°08'06.9°N and 05°53'52.7°W). The composting
unit was installed indoors in a well-ventilated building
protected from pests. The locality is in an area with an
average annual rainfall of between 1,300 and 1,400 mm
and an average temperatutre of around 27°C (Kassin ez a,
2008; Bongoua, 2009).

Collection, preparation and pre-composting of
agricultural residues

The raw materials used for making biofertilizers
consisted of cassava peelings (Ca.Pe), cocoa shells (Co.
Sh) and cashew nut shells (Ca.Nu). The cocoa shells came
from different cocoa farms located around the Gagnoa
research station, the fresh cassava peelings were collected
in the town of Gagnoa from cassava processors and the
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cashew nut shells were collected from a shelling plant
in Kothogo, in the north of Cote d'Ivoire. The various
residues were sun dried, crushed in a mechanical grinder
and sieved with a mesh size of 4 mm. Five treatments
were created from these three residues (Table 1). Each
treatment was fermented in brick bins measuring 1 m
long, 1 m wide and 0.4 m high. The pre-composting time
varied from one organic substrate to another. It was 72
days for Ca.Pe; 60 days for Ca.Pe + Ca.Nu and Ca.Pe
+Co.Sh; 48 days for Ca.Nu and Ca.Nu + Co.Sh

Table 1: Treatment composition

Treatments | Treatment Initial quantity of
composition treatments
Ca.Pe 60 kg cassava peelings
2 Ca.Nu 60 kg cashew nut shells
Ca.Pe + CaNu | 30kg cassava peelings
+ 30kg cashew shells
4 Ca.Pe +Co.Sh | 30kg cassava peelings
+ 30kg cocoa shells
5 CaNu + Co.Sh | 30kg cashew shells +
30kg cocoa shells

Ca.Pe (Cassava peelings); Ca.Nu (Cashew nut shells); Co.Sh
(Cocoa shells)

Vermicomposting system

The vermicomposting system used was a continuous-
mode reactor system. The reactor consisted of plastic
drums graduated from 0 to 100 liters (Essehi ez al., 2021;
Zziwa et al., 2021). The drums were fitted to a plastic tap
at the base and placed on a table of 3 m long, 0.5 m wide
and 1.70 m high (Figure 1). Watering cans with a capacity
of 4 liters were placed above each drum to moisten the
organic matter. The vermiwash (compost juice) were
collected in pots placed below each tap. The drums were
covered by a lid with a top opening to aerate the contents
and create darkness to facilitate the appearance of worms
on the surface in daylight. The device was placed in a
protected, well-ventilated environment. Plastic drum was
filled with gravel, sand, 30 kg of pre-decomposed organic
matter, 600 g of earthworms (Eudrilus eugeniae) and 15 kg

of pre-decomposed organic matter, for a total of 45 kg
(Ansari & Sukhraj, 2010; Esschi ez a/., 2021).

A: Watering can; B: Composting table; C: Lid with surface
opening; D: Graduated barrel (0 to 100L) E: Plastic
faucet; F: Canister of vermiwash

Vermicomposting process monitoring
Vermicomposting was monitored in two ways. Firstly, water
was added drop by drop using watering cans, and secondly,
the temperature and humidity of the different composts
were measured every week using a multi-parameter
electronic field meter. Fertilizing products were obtained
by collecting earthworm droppings (vermicompost or
castings), which were deposited on the surface of the drum
every 10 days. The excrement was weighed and dried in
the shade for 21 days before being stored. The vermiwash
produced was also collected progressively in plastic drums.
The quantities of each treatment were measured and stored
at room temperature. Two days before each collection,
the taps are left fully open to allow the worms to return
to the bottom of the barrel and facilitate the collection
of the excrements. The process lasted eleven weeks. After
each collection, all the organic matter in the barrel was
homogenized by turning it over.

Sampling

Every 10 days and for 11 weeks, 250 g of each type of fresh
vermicompost was sampled. The fresh vermicompost
collected was weighed and dried in the shade at room
temperature for 21 days before being stored at room
temperature. At the end of the vermicomposting process,
a single pile consisting of replicates of each type of
vermicompost was obtained. One kg sample of each type
of vermicompost was used for laboratory analysis. A
total of five vermicompost samples were obtained.

For the vermiwash, the liquid was collected progressively
and stored in drums at room temperature. At the end of
the process, one liter sample of vermiwash was used for
analysis.

Laboratory analysis

The laboratory analyses consisted of determining the pH,
C/N, and the mineral elements content (N, P, K, Ca, Mg)
of the vermicompost and the vermiwash. The pH was
measured using a BUTECH ION 2700 pH meter.

The organic carbon content was determined by calcination
at 375°C for 16 hours using the Walkler-Black method
(1934) and in accordance with standard NIF U 44-160. The
organic matter content was determined by multiplying
the organic carbon content by 1.724. Total nitrogen was
determined using the Kjedahl method in accordance with
standard NF ISO 11261: June 1995. The C/N ratio was
determined by calculating the ratio of organic carbon and
nitrogen content. Exchangeable bases (Ca®*, Mg*", K*)
were determined using the ammonium acetate extraction
method at pH 7 in accordance with standard NFX 31-108
:2002. The quantities of mineral elements were read using
an ICP spectrometer. Extraction and spectrophotometric
determination of total phosphorus was carried out in
accordance with ISO 11263 :1994
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RESULTS AND DISCUSSION

Trends of temperature and humidity during
vermicomposting

Temperature  during  vermicomposting  fluctuated

between 24 and 29°C, with an average of 26.9°C (Figure
2). Moisture levels varied almost constantly during the
vermicomposting process. The average moisture content

varied between 64% and 69% (Figure 3).
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Figure 2: Temperature changes during vermicomposting
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Figure 3: Moisture during vermicomposting

Amount of vermicompost (VC) and vermiwash
(VW) produced

The vermicomposts obtained were odorless and
homogeneous (Figure 4). The quantities of VC and VW
collected depend on the activity of the earthworms in
the different substrates. The total fresh weight of VC
after 11 weeks is presented in Table 2. At the end of the
fresh process, the highest quantity of fresh matter was
obtained with vermicomposts (VC) from Ca.Pe (23705 g)
followed by Ca.Nu and Ca.Pe + Ca.Nu with 18282 g and
18492 ¢ respectively. The lowest quantity was obtained
with Ca.Nu + Co.Sh (10945g).

For the vermiwash, table 2 shows that treatment VW1
obtained from Ca.Pe yielded the highest (42.20L), the
lowest volumes were collected with VW4 (Ca.Pe + Co.Sh
) and VW5 (Ca.Nu + Co.Sh), which produced an average
of 33.10 and 27.40L respectively.

Figure 4: Vermicomposting products: Vermicompost
(VC1) and Vermiwash (VW1) from cassava peelings

Table 1: Quantity of vermicompost and vermiwash obtained in the drums

Treatments | Treatment composition Vermicompost (VC) Vermiwash(VW)
Fresh weight (g) Dried weight (g) Volume (L)

1 Ca.Pe 23705,66 9176,33 42,20

2 CaNu 18282,66 8106,66 35,30

3 Ca.Pe + Ca.Nu 18492,66 8599,33 38,60

4 Ca.Pe + Co.Sh 14713 6623,66 33,10

5 Ca.Nu + Co.Sh 10945,33 4706,33 27,40

Ca.Pe (Cassava peelings); Ca.Nu (Cashew nut shells); Co.Sh (Cocoa shells)

PH and mineral content of the vermicompost and
vermiwash

Figure 5 shows that the pH of the vermicomposts varied
from 5.8 to 8.15 depending on the composition of the
substrate. Vermicomposts VC3, VC4 and VC5 from the
combination of residues have a pH around neutrality
of 6.7, 7.2 and 7.3 respectively. The vermicompost VC1
made of cassava peelings had a pH of 8.15 and VC2
made of cashew nut shells had a low pH of 5.8.

The pH values of all the vermiwash were above 7. The
values ranged from 7.65 (VW2) to 9.55 (VW4).

In all the composting units, the vermicomposts have
values close to neutrality and the vermiwashs have values

above 7.
Organic component of vermicomposts and
vermiwashs

The C/N ratios of all the vermicomposts were between
14 and 28. VC2, VC3, VC4 and VC5 have values above
20. The highest C/N ratio (C/N=28) was observed in
vermicomposts VC2 and VC3. Vermicompost VC1 had
the lowest C/N=14 (Table 3). Regarding the organic
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Figure 5: pH of vermicomposts and vermiwash

matter (OM), all the vermicomposts had contents
above 50%. The highest contents were recorded in the
treatments containing cashew nuts VC2, VC3 and VC5,
with contents of 88.89, 86.5 and 85.69% respectively.
The OM content of vermiwash was lower than that of
vermicomposts, ranging from 32 to 66%.

Table 3: Organic elements content of Vermicomposts
(VC) and Vermiwashs (VW)

Treatments Organic parameters
Vermicomposts | C (%) OM (%) | C/N
VC1 30,88 53,11 14,6
VvC2 51,68 88,89 27,1
VC3 50,29 86,5 28,7
VC4 44,49 76,52 21,8
VC5 49,82 85,69 27,8
Vermiwashs

VW1 23,47 40,37 -
Vw2 38,68 66,53 -
VW3 25,44 43,76 -
VW4 18,94 32,58 -
VW5 206,16 45 -

Mineral elements content of vermicomposts

Figure 5 shows that Nitrogen concentrations range from
17.91g/kg (VC3) to 21.29g/kg (VC1). Potassium levels
are high, with values ranging from 2.25 to 18.7 g/kg. VC4
and VC5 containing cocoa shells in their composition are
more concentrated in potassium with contents of 13.70
and 18.70 g/kg respectively. Calcium is the third most
important element in vermicomposts. The levels range
from 3.23 g/kg (VC2) to 12.20 g/kg (VC4). Phosphorus
levels ranged from 0.34 to 3.89/kg. VC1, VC2 and VC3
contained less than 1g/kg, with only VC4 and VC5
containing more than 1g/kg. The magnesium content of
VC1 is less than 1g/kg. The other four vermicomposts
had almost identical contents, above 2g/kg: VC2 (2.53g/
kg), VC3 (2.35g/kg), VC4 (3.93g/kg) and VC5 (3.68g/

kg).

Amont g/kg

vcl ve2 Ve vca VCs

Vermicomposts (VC)

Figure 6: Mineral content of vermicomposts

Mineral elements content of vermiwash

Vermiwash contains low concentrations of mineral
clements, particularly nitrogen, with values ranging
from 0.27g/L (VW5) to 2.18¢/L (VW4) (Figure 7).
Phosphorus levels varied between 0.08 and 0.19g/L.
Magnesium and calcium levels appear to be low, with
values below 0.25¢/L. Only potassium was found in high
concentrations in all the vermiwashes, with values ranging
from 0.4 to 2.50g/L.

3 SN
oP
8K
aMg
BCa

Content g/L

Vermiwashs (VW)

Figure 7: Mineral content of vermiwashs

DISCUSSION
biofertilizers crop the
vermicomposting technique involves two phases. A

made of residues  using
thermophilic decomposition phase and a composting
phase in the presence of earthworms of the genus
Eudrilus Enginae.

In this study, an average temperature of 26°C and a
moisture content of the organic substrate of 60% allowed
an efficient vermicomposting process. Similar results
have been reported by Ansari & Rajpersaud (2012) while
vermicomposting water hyacinths and grass clippings.
Temperatures comprise between 25-30°C atre defined as
the optimum temperature for good activity and growth of
earthworms of the genus Eudrilus Enginae in an organic
substrate (Awadhpersad ez a/., 2021). Moisture content of
the substrate is considered critical. According to Sierra ef
al. (2011), excess moisture is harmful to worms because
it affects respiration.

pH regulates the rate at which nutrients are dissolved and
absorbed by plants. (Ansari & Rajpersaud, 2012). All the
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vermiwah obtained have pH values above 7, most likely
due to the release of organic nitrogen in the form of
ammonia, which dissolves in the compost water reducing
the concentration of H* ions (Beaudette, 2014). Highest
pH values were found in substrate containing cassava
peelings.

The vermicomposts produced were alkaline to slightly
acidic depending on the substrate. Vermicompost from
cashew nuts shells were the most acid. Similarly, a pH
range of 5 to 8 was found for water hyacinths and grass
(Ansari & Rajpersaud, 2012). Vermicomposts from
household waste can vary from 8.5 to 9.5 (Rubabura ez 4/.
2020). Composts with pH values of 7 to 9 are considered
mature and stable (Pujol, 2012; Rubabura ez 4/, 2020).
Their pH depends on the chemical composition of the
substrate. pH values around neutrality was obtained with
a mixture of cassava peelings and cashew shells (VC3), a
mixture of cassava peelings and cocoa pod shells (VC4)
and cashew shells and cocoa shells (VC5). This type of
vermicompost could be attributed to the production of
high concentrations of CO, and organic acids during
vermicomposting process, which regulate and shift the
pH of vermicompost towards neutrality (Ayed ef al,
2005; Pattnaik & Reddy, 2010; Awadhpersad ez a/., 2021).
It appears that although vermiwash and vermicomposts
are derived from the same substrates, their pH values are
different.

The C/N ratio is an indicator of compost stability
and maturity, but also an important indicator of the
mineralization and decomposition of the initial raw
matetial. The final C/N ratio depends on the otigin of
the waste and its relative nitrogen content (Dieng e/ al.,
2019). The C/N ratios of the vermicomposts obtained ate
above 20, except for VC1. values around 25 characterize a
stable vermicompost (Hien ez 4/, 2018). Such ratios were
obtained in studies carried out by Sall (2014) and Hien e#
al. (2018) with composts and vermicompost from plant
debris, respectively. According to Amery ef al. (2021),
organic fertilizers with a low C/N ratio release a relatively
large proportion of their nutrients rapidly in the first year,
wheteas fertilizers with a high C/N ratio trelease their
nutrients slowly but over a longer period. The results
of work by Djéké et al. (2011) showed that cocoa shell
grindings with a C/N ratio of 25.7 helped to improve the
mineralization of soil organic carbon. Our study indicates
that compost made of cassava will mineralize faster than
the others.

The quality of the different vermicompost and vermiwash
were related to the chemical and biochemical composition
of the organic substrates used as food sources for the
earthworms.

Vermicompost containing cassava peelings were the most
productive due to an increased activity of earthworms
in these substrates. These results corroborate those of
Saravanan e al. (2018) who showed that cassava peelings
prove to be a suitable substrate for Eisenia fefida worms.
They contain cyanide and are therefore easily degradable,
whereas cocoa residues and cashew nut shells contain

large quantities of lignocellulosic matter (Coulibaly
et al, 2019), which is more difficult to digest. The
biodegradation of agricultural residues depends on several
factors, in particular the matrix structure of the residues
(granulometry, void space, exchange surfaces, etc.), which
determines the access routes for micro-organisms (Pujol,
2012). According to Xu e/ al. (2023), lignocellulosic waste
has a high natural resistance to hydrolysis, which explains
why it is less fermentable than sugar-rich waste. When the
litter is highly porous, earthworm activity is maximized.
Concerning vermiwash, the differences observed between
the quantities collected depend on the capacity of the
substrates to retain water in their constitutional matrix
(Pyjol, 2012). The weight losses observed after drying
the vermicomposts in the treatments containing cassava
peelings were greater than in the treatments without
cassava peelings. From these results, we can deduce that
the higher the water retention capacity of the substrates,
the greater the leaching,

The level of the macro-elements mainly the carbon
content show that biofertilizers are rich in organic matter.
The high quantities of Nitrogen found in the different
types of vermicomposts could be due to the activity of
the earthworms which increase the nitrogen level of
substrates by adding their excretory products, mucus
secretion, fluid body, enzymes and even through the
putrefaction of dead earthworm tissue in vermicomposts
(Rubabura ef al., 2020). In general, vermicomposts made
from a mixture of residues had higher mineral element
contents than vermicomposts made from a single residue.
In a study by Hien ez /. (2018) on cocoa shells and grass
clippings, higher values of mineral content were obtained
from the mixture of the two residues.

The different types and the specificity of the organic
residues used in each treatment can explain the
differences in the mineral content of each biofertilizer.
Vermicomposts and vermiwash can therefore be used in
combination or not on crops. The positive effects of this
biofertilizers were demonstrated by Awadhpersad ez .
(2021) to improve the physical and chemical properties of
the soil with the combined input of vermicompost and
vermiwash. The use of vermicompost and vermiwash
can improve resistance to pathogens and early ripening
of tomato fruits Makkar ez a/. (2017). Marius ez al. (2020)
showed that cassava variety reached its best agronomic
potential when grown with cocoa shell compost as
fertilizer. Gupta & Dahiya (2021) have shown that
vemicompost from rice straw provides a good quality
biofertilizer that improves soil quality and promotes plant
growth, health, and yield.

CONCLUSION

This study showed that vermicomposting, through the
action of earthworms, makes it possible to eliminate
waste by transforming it into biofertilizers (vermicompost
and vermiwash). The fertilizing element content of
which varies according to the type of residue composted.
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Vermicomposts VC4 and VC5 containing cocoa shells
were the richest in NPK and vermicomposts VC1 and
VC2 made up of cassava peelings and cashew nut shells
respectively wetre the pootest. The C/N ratio of the
vermicomposts was greatet than 20, except for VC1 (C/
N=14). Despite these differences, the vermicomposts
obtained were richer in OM and NPK than the vermiwash.
Based on the chemical characteristics, these two biological
products can be used as fertilizer independently or in
combination to optimize soil fertility. Composting crop
residues leads to the production of environmentally
friendly fertilizers.

REFERENCES

Abinaya, V., Devanathan, S., & Senthilmurugan, S.
(2024). Physicochemical analysis of compost and
vermicompost of banana and water hyacinth leaf
wastes processed by using the earthworm FEisenia
fetida. International Journal of Entomology Research, 9 (9),
1-7.

Amery, F, Gerits, E, Huygens, ], ILakkenborg
Kristensen, H., & Willekens, K. (2021). Influence des
caractéristiques du compost et du rapport compost:sol
sur les propriétés du sol et la croissance de Vicia
faba. Acta Horticnlturae, (1317), 271-280. https://doi.
org/10.17660/ActaHortic.2021.1317.31

Amritha, K., & Jayasree, S. S. (2020). Production and
characterization of vermicompost and biochar from
rice straw. Journal of Pharmacognosy and Phytochemistry,
9(5), 1556-1562. https://doi.otg/10.22271/
phyto.2020.v9.i5v.12557

Andrianantenaina, S. T. (2019). Engrais phosphates
biologiques et différentes sources a Madagascar.
Mémoire en vue d’obtention du dipléme Licence.
Ecole  supérienre  des  sciences  agronomiques,  Université
d’Antananarivo, 53.

Ansari, A. A., & Rajpersaud, J. (2012). Physicochemical

of  Water
Hyacinth (Fichhornia crassipes) and Grass Clippings.
International ~ Scholarly Research Network  Soil ~ Science
(2012), 6. doi:10.5402/2012/984783

Ansari, A. A., & Sukhraj, K. (2010). Effect of vermiwash
and vermicompost on soil parameters and productivity

Changes during Vermicomposting

of okra (abelmoschus esculentus) in Guyana. Pakistan
J- Agric. Res., 23 (3-4), 137-142.

Atiyeh, R. M., Subler, S., Edwards, C., Bachman, G,
Metzger, ].D. & Shuster, W. (2000). Effects of
vermicomposts and composts on plant growth in
horticultural container media and soil». Pedobiologia,
44, 579-590.

Awadhpersad, RR. V., Ori, L., & Ansar, A.A. (2021).
Productionandeffectof vermiwashand vermicompost
on plant growth parameters of tomato (Lycopersicon
esculentum Mill.) in Suriname. International Journal of
Recycling of Organic Waste in Agriculture, 10, 397-413.
Doi: 10.30486/IJROWA.2021.1911898.1148

Ayed, L. B, Hassen, A, Jedidi, N., Saidi, N., Bouzaiane,

O., & Murano, E (2005). Caractérisation des

parametres physico-chimiques et microbiologiques au
cours d’un cycle de compostage d’ordures ménageres.
Environnement, Ingénierie & Développement, (40), 4-11

Beaudette, V. (2014). Caractérisation des liquides issus
du compostage de résidus agroalimentaires végétaux.
Mémoire de Maitrise en génie des eaux de I'Université
Laval, Canada, 239.

Bongoua, D. A. J. (2009). Implications des communautés
bactériennes ferri-réductrices et des parametres
environnementaux dans le fonctionnement et la
qualité des sols de rizieres (Thailande et Cote d’Ivoire).
These de Doctorat de "Université de Cocody, Abidjan et
[Université Henri Poincaré, 251.

Coulibalya, S. S., Ndegwab, P.M., Ayianiab, M., & Bi Zoro,
LA. (2019). Growth, reproduction, and life cycle of
Eudrilus eugeniae in cocoa and cashew residues.
Applied Soil Ecology, 143,153-160.

Dieng, M., Diedhiou, A. S., & Sambe, E. M. (2019).
Valorisation par compostage des déchets solides
fermentescibles I'Ecole  Supérieure
Polytechnique de I'Université Cheikh Anta Diop de
Dakar : Etude de Peffet phytotoxique sur des plants
de mais et d’arachide. International Journal Biological and
Chemical Sciences, 13(3), 1693-1704

Djeké, M.D., Angui, PK.T., & Kouadio ]. Y. (2011).
Décomposition des broyats de coques de cacao dans

collectés 2

les sols ferrallitiques de la zone d’Oumé, centre-ouest
de la Cote d’Ivoire : effets sur les caractéristiques
chimiques des sols. Buotecol. Agron. Soc. Environ., 15(1),
109-117.

Esakkiammal, B., & Sornalatha, S. (2016). Studies on
the Physico-chemical Parameters of Different
Vermicomposts and Vermiwash from Leaf Litter
Wastes by Eudrilus eugeniae. International Journal of
Current Microbiology and Applied, 5(6) pp. 377-383.
http://dx.doi.org/10.20546/ijcmas.2016.506.043

Essehi, JL., Yao, K. A., Konan, D., Ballo, E. K, &
Obouayeba, S. (2021). Comment produire et utiliser
le vermicompost et le vermiwash pour fertiliser le sol.
Fiche technigue, Centre national de Recherche Agronomique,
3.

Filipovi¢, A., Mandi¢ A., Hadziabuli¢, A., Johanis, H.,
Stipanovi¢, A. & Brekalo, H. (2023). Characterization
and evaluation of vermicomposting materials. Journal
of the Institute of Landscape Ecology, Slovak Academy of
Sciences, 42(2), 101-107. DOI:10.2478/ ¢ko-2023-0012

Gupta, R., & Dahiya, T. (2021). Vermicomposting of rice
straw. Agricultural Science: Research and Reviews, 3,121-
128.

Hien, V., Ehouman, N. M., Touté, M., & Tiho, S. (2018).
Effets du vermicompost a base de coques de cacao et
de graminées sur quelques parameétres agronomiques
de la tomate (Solanum lycopersicum), du concombre
(Cucumis sativus) et chou (Brassica oleracea) a
Yamoussoukro. Journal of Applied Biosciences, 126,
12707-12716, https://dx.doi.org/10.4314/jab.
v126i1.8

Kassin, K.E., Doffangui, K., Kouamé, B., Yoro, R.G,,




Am. J. Agric. Sci. Eng, Technol. 9(2) 53-59, 2025

@oalli

& Assa, A. (2008). Variabilit¢é pluviométrique et
perspectives pour la replantation cacaoyere dans le
Centre Ouest de la Cote d’Ivoire. Journal of Applied
Biosciences, 12, 633 - 641.

Koffi, K.P, Akanvou, K. R., Adolphe, M.G., & Kouadio,
K-K. H. (2024). Availability and uses of cocoa pod
residues in Cote d’Ivoire: An opportunity to improve
soil fertility and plant biosecurity. International Journal
of Innovation and Applied Studies, 41(4), 1273-1285.

Kumar, A., Jha, A. K. & Kumar, A. (2022). Physico-
chemical characterization of vermicompost and
enriched vermicompost. The Pharma Innovation Journal,
11(4),1462-14065.

Lohti, C. R, Diener, S., Zabaleta, 1., Mertenat, A., &
Zurbriigg, C. (2017). Treatment technologies for
urban solid biowaste to create value products: a review
with focus on low- and middleincome settings. Re»
Environ Sci Biotechnol, 16, 81-130. https://d01.10.1007/
s11157-017-9422-5

Makkar, C., Singh, J. & Parkash, C. (2017). Vermicompost
and vermiwash as supplement to improve seedling,
plant growth and yield in Linum usitassimum L. for
organic agriculture. Int | Recyel Org Waste Agricult 6,
203-218 https://d0i.10.1007/s40093-017-0168-4

Marius, K.K., N’guessan, K., Ignace, K.K., Kévin, K.,
Kouassi, K., Arsene, Z.B.I1., & Odette, D.D. (2020).
Comparative Effects of Organic Cocoa Shell-Based
and Inorganic NPK Fertilization on the Growth
and Yield of Four Cassava Varieties. Open Journal of
Soil Science, 10, 217-232. https://doi.otg/10.4236/
0jss.2020.106011

Misra, R.V,, Roy, R.N., & Hiraoka, H. (2005). Méthodes
de compostage au niveau de I'exploitation agricole.
Cabhiers techniques de la FAO. Documents de travail sur
les terres et les eaux, 51. TC/D/Y5104F/1,/05.05/500

Nayak, H., Rai, S., Mahto, R., Rani, P, Yadav, S., Prasad,
S.K., & Singh, R. K. (2019). Vermiwash: A potential
tool for sustainable agriculture. Journal of Pharmacognosy
and Phytocheniistry, 5, 308-312.

Pattnaik, S., & Reddy, M. V. (2010). Nutrient Status of
Vermicompost of Urban Green Waste Processed
by Three Earthworm Species- Eisenia fetida,
Eudrilus eugeniae, and Perionyx excavates. Applied
and Environmental Soil Science, ID 967526, 13. https://
doi:10.1155/2010/967526

Pujol, A. (2012). Modélisation du procédé de compostage
-Impact du phénomeéne du séchage. These de
Doctorat de I’'Université de Toulouse, 268.

Rubabura, J.A.K.,Bagalwa, ].]. M., Lorena, A. C., Ngerengo,
C. N,, & Masunga, C.L. (2020). Caractérisation et
évolution de vermicompost des déchets ménagers
des vers de terre Fisenia feotida et Perionyx escavatus
au Centre de Recherche en Sciences Naturelles de
Lwiro, République Démocratique du Congo. Afrique
SCIENCE, 17(2), 25-35.

Sall, P. M. (2014). Etude du compost et du lixiviat obtenus
par cocompostage des résidus agroalimentaires a la
ferme. Mémuoire de Maitrise en biologie végétale de I'Université
Laval, 126.

Saravanan, A.K., & Wesely, E.G. (2018). Vermicompost
production by eiseniafetida on cassava peel waste
compost (periderm). International Journal of Creative
Research Thoughts (IJCKT), 6(1), 1676- 1680.

Sierra, J. A, Loranger-Merciris, A, B. G., Solvar, A. F,
Badri, C. N, & Arquet, R. (2011). Le vermicompostage en
Guadeloupe. Fiche technigue INRA, 5.

Xu, P, Shu, L, Li, Y., Zhou, S., Zhang, G., Wu, Y., &
Yang, Z. (2023). Pretreatment and composting technology
of agricultural organic waste for sustainable agricultural
development Hélios, 9(5), 20. https:/ /doi.otg/10.1016/].
heliyon.2023.¢16311

Zziwa, A., Jjagwe ., Kizito, S., Kabenge, 1., Komakech,
A. ], & Kayondo, H. (2021). Nutrient recovery
from pineapple waste through controlled batch
and continuous vermicomposting systems. Journal
of Environmental Management (279), 11. https://doi.
org/10.1016/j.jenvman.2020.111784




