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Abstract 
The population size of the earthworm Eudrilus eugeniae necessary for good 
stabilization of cashew residues was studied in this experiment. Thus, cashew 
apples and leaves separately and their mixtures with cow dung were miner-
alized with 5, 10, 15 and 20 individuals of the African nightcrawler E. eugeniae. 
Total organic carbon (C), total nitrogen (N), C:N ratio, pH, total potassium 
(K) and total available phosphorus (P) were measured at 0, 30, 60 and 90 days 
of the vermicomposting. The cocoons and earthworms numbers at the end of 
the experiment were also investigated. The pH was in the good range when 
mixing cashew residues with cow dung. C/N ratio showed good stabilization 
of the wastes CaA + CD, CaL + CD, and CaA + CaL + CD with 5, 10, 15 and 
20 individuals of E. eugeniae at 2 or 3 months of vermicomposting. The results 
of this study may help in recycling cashew residues into organic fertilizer 
through vermicomposting when using the earthworms species E. eugeniae. 
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1. Introduction 

Cashew (Anacardium occidentale L.) is widely cultivated in Côte d’Ivoire, with an 
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annual production of 1.2 million tons, making the country the first producer in 
the world [1]. It is grown mainly from the center to the north of the country where 
it occupies about 43% of the cultivated surface [2]. Due to this intensive cultiva-
tion, cashew trees generate significant quantities of residues on the field including 
apples and leaves. In fact, 5 million tons of cashew apples, and 179,232 tons of 
leaves are produced per year [3]. Cashew apples and leaves are generally aban-
doned in the plantations where they undergo natural decomposition. The un-
derutilization of cashew apples in Côte d’Ivoire is mainly due to the astringency 
of this fruit and certain ancestral taboos [4]. Cashew apples and leaves are known 
as lignocellulosic wastes and their decomposition in natural conditions is very 
slow because they contain high contents of lignocellulosic fibrous material such 
as phenol, lignin, tannin, and cellulose [5]. Production of large quantities of these 
organic wastes generally poses major environmental concerns, ranging from of-
fensive odors, contamination of groundwater and soil, and disposal constraints 
[6]. During dry season, leaves are also the cause of bushfires which very often rav-
age plantations. Moreover, snakes can hide under the leaves and may bite women 
when collecting nuts. 

However, crop residues are valuable for agriculture in developing countries. 
The use of crop residues in agriculture is not only linked to their richness in nu-
trients but also to their ability to control soils’ runoff and erosion, which enhances 
water retention necessary for plants and microorganisms [7]. Thus, crop residues 
deserve treatment or conditioning to reduce the risks associated with their use. 

Among organic residues treatment techniques, composting is the method 
mostly used by small farmers because of its reasonable operational cost and has 
thus enjoyed wide adoption in majority of Sahelian countries [8] for enhancing 
soil fertility and organic matter contents. Unfortunately, the composting period is 
long and during the process, there is a loss of nitrogen in the form of ammonia 
between 30% - 70%, carbon in the form of carbon dioxide nearly 50%, and phos-
phorus about 50% [9] [10]. Consequently, compost obtained at the end of the pro-
cess may be less rich than the expectations of producers. Recently, another method 
of treating organic residues with earthworms (vermicomposting) has emerged. 
This technology is considered more suitable because it is low-cost, environmen-
tally friendly and sustainable, and allows fairly good stabilization of organic resi-
dues before their use as fertilizer or soil conditioner [11] [12]. Vermicomposting 
is a natural mesophilic process in which organic waste undergoes biochemical de-
composition through the collaborative metabolic activities of earthworms and mi-
croorganisms [13]. During this process, earthworms and endosymbiotic microor-
ganisms in their gut secrete hydrolytic digestive enzymes, leading to the decom-
position and mineralization of the organic matter in biomass waste into mono-
meric units, releasing nutrients and energy [14] [15]. In the process of vermicom-
posting, the earthworms generally called “ecological engineers” play a pivotal role 
[16]. The activity of earthworms contributes to waste volume reduction, resulting 
in earthworms casts that are nutrient rich components crucial for plant growth 
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and it increases soil water retention [17] [18].  
Eudrilus eugeniae (Kinberg, 1867) is one of the most common and widely 

earthworm used in vermicomposting under tropical and subtropical conditions. 
Different authors showed that cashew residues can be used as cultural material for 
the earthworm species E. eugeniae and therefore can be composted successfully 
with it [19]-[21]. But literature is still rare on the stabilization of cashew residues. 
In fact, earthworms’ population size is known to influence vermicompost nutrient 
content and maturity time cause of intraspecific competition [22] [23]. The pre-
sent study is conducted to evaluate the effect of different population size of the 
earthworm Eudrilus eugeniae on the physico-chemical properties of the ver-
micompost. 

2. Materials and Methods 
2.1. Study Site 

The experiment was conducted at the experimental laboratory of the “Bioengi-
neering Research Group” built in the courtyard of the slaughterhouse of Korhogo 
(Côte d’Ivoire). Korhogo is situated between latitudes 9˚27 N - 9˚35 N and longi-
tudes 5˚37 W - 5˚45 W. The temperature and the humidity of the room were 
30.62˚C ± 1.41˚C and 87.7% ± 1.51 % respectively. 

2.2. Biological Materials 

Healthy adults of Eudrilus eugeniae (commonly used for vermicomposting in 
West Africa) have been picked from a pile of cow dung to be used in the experi-
ment. Individuals weighing 500 - 1200 mg were maintained in the laboratory with 
cow manure as culture material. Cow manure is largely produced in the north due 
to its suitability for cattle farming and about 2 million tons of cattle manure are 
produced per year [24]. Cashew residues were got from the areas of Mankono, 
Boundiali and Korhogo considered as the production centers. Cow dung was also 
collected in farming places in the town of Korhogo. Then, cashew residues were 
ground in the laboratory grinder (Moulinex, Double-Clic, France). The crushed 
samples were sieved to obtain particles between 125 µm and 250 µm.  

2.3. Experimental Design 

The containers used in the experiment were plastic with a volume = 3 L, diameter 
= 50 cm, depth = 15 cm. Six treatments were formed in the experiment. The first 
and second treatment were constituted of 300 g of ground cashew apple and 
cashew leaves respectively. The third treatment was a mixture of 150 g of cashew 
apple and 150 g of cashew leaves. The fourth treatment was formed of a mixture 
of 150 g of cashew apple and 150 g of cow dung when the fifth treatment was a 
mixture of 150 g of leaves and 150 g and cow dung. The sixth treatment was a 
mixture of 100 g of cashew apples, cashew leaves and cow dung. For each treat-
ment, 5 batches of the earthworm species E. eugeniae (0, 5, 10, 15, and 20 individ-
uals) were tested. Three repetitions were maintained for each treatment and batch 
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of earthworm. The content of the containers was watered with distilled water, and 
the moisture was adjusted to 70% - 80%. The mixtures were turned over manually 
daily for two weeks to eliminate volatile gases which may be potentially toxic to 
earthworms. After the pre-composting period, the different batches of earth-
worms were used for the mineralization of the substrates. The containers were 
covered with their pierced cover for 90 days. Homogenized Samples were taken 
from the containers at 0, 30, 60 and 90 days. Day 0 refers to the initial character-
istics of the wastes before the experiment starts. Day 30, 60 and 90 started from 
the day earthworms were introduced in the containers. The cocoons, earthworms 
and hatchlings were removed manually from each sample. The samples were air 
dried in the shade and the pH, total organic carbon (TOC), total N, total K and 
total available P were analyzed in Biological Systems Engineering Laboratory at 
Washington State University (USA). Distilled water suspension of each waste was 
used to measure the pH after mechanical agitation for 30 min and filtration 
through a Whatman No. 42 filter paper. Total nitrogen, and total carbon were 
determined using a TRUSPEC-CHN® (LECO, US) elemental analyzer [25]. In-
ductively coupled plasma mass spectroscopy (ICP-MS) analysis was used to ana-
lyze for the contents of total K, and P in the samples. This analysis was conducted 
based on the method described by Pecha et al. [26] in an ICP-MS (Agilent 7500cx) 
instrument. A 100-mg of dried sample in question was mixed with 3 mL concen-
trated nitric acid (HNO3) (69% - 70%) and 2 mL 30% H2O2 and placed in a mi-
crowave digester (SPD, CEM corporation) at 300˚C and 250 psi for 5 min. The 
filtrate obtained via the Whatman No. 42 filter paper was used for the ICP-MS 
analysis. 

2.4. Statistical Tests 

Data were analyzed by factorial analysis of variance (ANOVA) using the SAS gen-
eral linear model (GLM) procedure [27]. Least Significant Difference (LSD) mul-
tiple range-tests were used to determine significant differences between chemical 
components of the different substrates before and after vermicomposting and the 
number of earthworms and cocoons in the media at the end of the experiment. 
Significant differences between means were determined by P-values < 0.05 (i.e. α 
= 0.05).  

3. Results 
3.1. Changes in Physico-Chemical Characteristics of the Different 

Types of Waste during Vermicomposting 
3.1.1. pH 
The variation of the pH in the different substrates in function of composting tim-
ing and earthworms population size during the vermicomposting process is reg-
istered in Table 1. In cashew apples (CaA), pH varied from 4.22 ± 0.86 at day 0 to 
4.47 ± 1.24 at day 90. At day 0, 30 60 and 90 respectively, there was no significant 
difference (P > 0.05) between the pH values measured with 0, 5, 10, 15 and 20 
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earthworms. The initial pH in cashew leave (CaL) was 5.29 ± 0.96. Statistically, 
there was no significant difference between pH in the compost mineralized with 
5, 10, 15 and 20 individuals of Edrilus eugeniae at 30 and 90 days of the experiment 
respectively. But at 60 days, pH in cashew leave decomposed with 15 earthworms 
was significantly higher (P = 0.02) than others. When CaA and CaL were mixed, 
pH raised to 5.53 ± 0.72, corresponding to day 0 of the vermicomposting process. 
From day 30 to day 90, there was an increase in pH during the composting process 
when the earthworm’s number increased. At 30 and 60 days, the highest pH was 
in the substrate in which 15 earthworms were introduced initially. At the end of 
the experiment (90 days), the pH obtained with 20 earthworms was higher (pH < 
0.001) than those obtained with 0 and 5 earthworms. However, the pH got with 
10 (5.91 ± 1.11), 15 (5.85 ± 1.62) and 20 (5.91 ± 1.11) earthworms were statistically 
similar. In the mixture of cashew apples and cow dung (CaA+CD), the pH was 
5.87 ± 0.48. During the vermicomposting, pH differed significantly (P < 0.01) at 
30 days of the process. At that date, the highest pHs were observed in the mixtures 
decomposed with 15 (5.9 ± 1.46) and 20 earthworms (5.89 ± 1.27). At 60 and 90 
days respectively, the highest pH was 6.34 ± 1.23 with 10 earthworms and 6.57 ± 
1.61 with 15 earthworms. When cashew leaves and cow dung were mixed, the pH 
of the mixture was 6.11 ± 0.67 before the experiment started. From day 30 to day 
90, there was a variation in the pH of the mixture CaL + CD in function of earth-
worms population size. The lowest pH was obtained with 0 earthworm and the 
highest pHs were observed with 10, 15 and 20 earthworms that were statistically 
the same. When all the three substrates were mixed, pH values varied from 6.39 ± 
0.83 in raw mixture to 6.85 ± 1.67 in the vermicompost mineralized with 20 earth-
worms after 3 months. At day 30, pH shifted from 6.27 ± 1.82 (with 0 earthworm) 
to 6.56 ± 0.59 (with 10 earthworms). At 60 days, the lowest pH (6.34 ± 1.57) was 
obtained with no earthworm and the highest was measured with 10 earthworms 
(6.84 ± 1.08). At the end of the experiment, pH was 6.33 ± 1.74 with no earth-
worm, 6.69 ± 1.42 with 5 earthworms, 6.81 ± 1.37 with 10 earthworms, 6.78 ± 1.69 
with 15 earthworms and 6.85 ± 1.67 with 20 earthworms. 

 
Table 1. Changes in the pH values (mean ± SD, n = 3) of the different type wastes during vermicomposting. 

Type of waste 
Composting timing 

(days) 
Earthworm batches 

P 
0 5 10 15 20 

CaA 0 4.22 ± 0.86a 4.22 ± 0.86a 4.22 ± 0.86a 4.22 ± 0.86a 4.22 ± 0.86a 1 
 30 4.21 ± 1.03a 4.22 ± 1.12a 4.13 ± 1.07a 4.2 ± 1.2a 4.26 ± 0.63a 0.41 
 60 4.23 ± 1.22a 4.24 ± 0.95a 4.23 ± 1.23a 4.24 ± 1.06a 4.25 ± 1.15a 0.84 
 90 4.51 ± 0.88a 4.53 ± 1.26a 4.51 ± 1.35a 4.47 ± 1.24a 4.52 ± 0.67a 0.34 

CaL 0 5.29 ± 0.96a 5.29 ± 0.96a 5.29 ± 0.96a 5.29 ± 0.96a 5.29 ± 0.96a 1 
 30 5.33 ± 0.75a 5.32 ± 1.05 a 5.34 ± 1.62 a 5.33 ± 0.81a 5.37 ± 1.22a 0.15 
 60 5.31 ± 1.14c 5.4 ± 0.94bc 5.46 ± 1.44b 5.48 ± 0.75b 5.63 ± 1.34a 0.02 
 90 5.62 ± 1.23a 5.58 ± 1.17a 5.68 ± 0.69a 5.69 ± 1.25a 5.66 ± 1.61a 0.43 
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Continued 

CaA + CaL 0 5.53 ± 0.72a 5.53 ± 0.72a 5.53 ± 0.72a 5.53 ± 0.72a 5.53 ± 0.72a 1 
 30 5.52 ± 1.12c 5.53 ± 1.67c 5.76 ± 1.86ab 5.81 ± 1.15a 5.69 ± 1.32b <0.001 
 60 5.61 ± 1.08c 5.64 ± 1.16bc 5.71 ± 1.33b 5.88 ± 0.68a 5.86 ± 1.64a <0.001 
 90 5.67 ± 0.64b 5.69 ± 1.43b 5.86 ± 0.89a 5.85 ± 1.62a 5.91 ± 1.11a <0.001 

CaA + CD 0 5.87 ± 0.48a 5.87 ± 0.48a 5.87 ± 0.48a 5.87 ± 0.48a 5.87 ± 0.48a 1 
 30 5.9 ± 0.92a 5.88 ± 1.55a 5.79 ± 1.24b 5.9 ± 1.46a 5.89 ± 1.27a 0.01 
 60 6.11 ± 1.83bc 6.23 ± 1.26b 6.34 ± 1.23a 6.2 ± 1.82b 6.17 ± 1.16bc <0.001 
 90 6.18 ± 1.08b 6.26 ± 0.69b 6.45 ± 1.58a 6.57 ± 1.61a 6.49 ± 1.23a <0.001 

CaL + CD 0 6.11 ± 0.67a 6.11 ± 0.67a 6.11 ± 0.67a 6.11 ± 0.67a 6.11 ± 0.67a 1 
 30 6.14 ± 0.88b 6.2 ± 1.28ab 6.21 ± 1.48ab 6.19 ± 1.09ab 6.23 ± 1.18a 0.002 
 60 6.19 ± 0.93c 6.43 ± 1.07a 6.37 ± 1.21b 6.32 ± 1.53b 6.41 ± 1.01a <0.001 
 90 6.25 ± 0.56c 6.51 ± 1.77b 6.65 ± 1.62a 6.58 ± 1.27ab 6.62 ± 1.80a <0.001 

CaA + CaL + CD 0 6.39 ± 0.83a 6.39 ± 0.83a 6.39 ± 0.83a 6.39 ± 0.83a 6.39 ± 0.83a 1 
 30 6.27 ± 1.82c 6.42 ± 1.69b 6.56 ± 0.59a 6.4 ± 1.39b 6.53 ± 1.46a <0.001 
 60 6.34 ± 1.57c 6.73 ± 1.53ab 6.84 ± 1.08a 6.79 ± 1.58a 6.62 ± 1.19b <0.001 
 90 6.33 ± 1.74c 6.69 ± 1.42b 6.81 ± 1.37a 6.78 ± 1.69ab 6.85 ± 1.67a <0.001 

Values followed by the same letter in a row are not significantly different (P > 0.05) using LSD. CaA: Cashew apple, CaL: Cashew 
leaves, CD: Cow dung. 

3.1.2. Carbon 
The variation of carbon content during the vermicomposting of the six types of 
waste is presented in Table 2. The carbon content in the raw cashew substrate was 
37.86 ± 2.22%. During the composting process, there was no significant difference 
(P > 0.05) between carbon contents despite the increase in the number of earth-
worms at 30, 60 and 90 days. However, there was a decrease in carbon content 
with the increase of composting timing. Concerning cashew leaves, the non-com-
posted material contained 42.29% ± 4.18% of carbon. After 30 days of the com-
posting process, carbon content was not influenced by earthworms size used but 
at 60 and 90 days of the process respectively, carbon content varied significantly 
in function of earthworm size. At each these latter dates, the lowest carbon content 
was obtained in the substrates where 15 earthworms were introduced initially, and 
the highest contents were observed in the control (0 earthworm). Regarding the 
composting timing, there was a decrease in carbon content in function of the com-
posting timing. When cashew apples and leaves were mixed, carbon content was 
44.32% ± 6.03%. At 30 and 60 days of vermicomposting respectively, carbon con-
tent did not change significantly whatever the earthworms population size. How-
ever, it changed at 90 days of the composting process in function of earthworms 
batches. The carbon content at the end of the experiment was 41.69% ± 3.62% in 
the control (no earthworm), 36.53% ± 2.41% with 5 earthworms, 35.17% ± 3.08% 
with 10 earthworms, 33.88% ± 2.69% with 15 earthworms and 30.03% ± 2.34% 
with 20 earthworms. In the raw mixture of cashew apples and cow dung, carbon 
content was 42.15% ± 1.88%. Whatever earthworms population size at 30, 60 and 
90 days, carbon content did not change significantly. Regardless of earthworms 
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batches, carbon content decreased in function of composting timing. In the mix-
ture of cashew leaves and cow dung, carbon content was 45.30% ± 3.22%. After 
30 days of decomposition with 5, 10, 15 and 20 earthworms, there was no signifi-
cant difference (P > 0.05) between carbon contents. At 60 and 90 days of com-
posting, carbon content differed significantly in function of earthworms number 
used for the mineralization. At these latter periods, the lowest carbon content was 
30.01% ± 3.76 % and 19.63% ± 2.38% with 15 individuals of E. eugeniae. However, 
there was a similarity between the contents got with 5, 10 15 and 20 earthworms 
at 60 and 90 days respectively.  

After mixing CaA, CaL and CD, carbon content was 40.95% ± 4.10%. After 30 
days of composting, carbon content remained similar statistically. At 60 and 90 
days of composting respectively, carbon content differed significantly from one 
population size to another. At both dates, the lowest carbon content was obtained 
with 15 earthworms when the highest was measured in the control. 
 

Table 2. Changes in C content (%) (mean ± SD, n = 3) of the different type wastes during vermicomposting. 

Type of waste 
Composting 

timing (days) 
Earthworm batches 

P 
0 5 10 15 20 

CaA 0 37.86 ± 2.22a 37.86 ± 2.22a 37.86 ± 2.22a 37.86 ± 2.22a 37.86 ± 2.22a 1 
 30 40.21 ± 3.46a 38.57 ± 2.06a 37.24 ± 1.83a 36.13 ± 1.63a 36.49 ± 2.54a 0.55 
 60 35.54 ± 1.74 a 36.05 ± 2.47 a 34.18 ± 2.11 a 35.22 ± 1.88 a 35.61 ± 2.09 a 0.14 
 90 34.11 ± 2.65 a 36.43 ± 0.98 a 34.35 ± 1.52 a 35.15 ± 2.72 a 33.74 ± 1.74 a 0.19 

CaL 0 42.29 ± 4.18a 42.29 ± 4.18a 42.29 ± 4.18a 42.29 ± 4.18a 42.29 ± 4.18a 1 
 30 41.67 ± 2.41a 40.83 ± 3.19a 41.62 ± 2.6a 40.77 ± 3.56a 43.09 ± 3.18a 0.22 
 60 40.15 ± 3.66a 34.76 ± 1.27ab 31.16 ± 2.27b 29.53 ± 2.83b 30.36 ± 2.76b 0.006 
 90 39.02 ± 1.75a 30.91 ± 1.06ab 28.47 ± 1.81b 20.12 ± 2.27c 20.54 ± 1.54c 0.003 

CaA + CaL 0 44.32 ± 6.03a 44.32 ± 6.03a 44.32 ± 6.03a 44.32 ± 6.03a 44.32 ± 6.03a 1 
 30 43.87 ± 5.94 a 42.64 ± 3.44 a 46.12 ± 4.26 a 43.03 ± 4.37 a 43.94 ± 4.17 a 0.41 
 60 43.61 ± 2.41 a 40.47 ± 4.19 a 43.39 ± 2.63 a 40.31 ± 3.84 a 41.16 ± 5.21 a 0.27 
 90 41.69 ± 3.62 a 36.53 ± 2.41 ab 35.17 ± 3.08 ab 33.88 ± 2.69 ab 30.03 ± 2.34 b 0.012 

CaA + CD 0 42.15 ± 1.88a 42.15 ± 1.88a 42.15 ± 1.88a 42.15 ± 1.88a 42.15 ± 1.88a 1 
 30 39.27 ± 4.53a 36.29 ± 3.91a 37.25 ± 2.41a 38.16 ± 3.46a 35.69 ± 2.52a 0.256 
 60 33.95 ± 2.81 a 28.61 ± 2.55 a 29.19 ± 1.7 a 26.44 ± 251 a 25.37 ± 2.88 a 0.78 
 90 28.18 ± 4.01 a 23.56 ± 3.38 a 23.01 ± 2.01 a 20.93 ± 1.83 a 19.26 ± 2.12 a 0.067 

CaL + CD 0 45.30 ± 3.22 a 45.30 ± 3.22 a 45.30 ± 3.22 a 45.30 ± 3.22 a 45.30 ± 3.22 a 1 
 30 44.65 ± 2.48 a 42.23 ± 3.76 a 41.64 ± 3.47 a 42.59 ± 2.24 a 41.26 ± 4.35 a 0.002 
 60 42.83 ± 3.15a 33.81 ± 4.09b 30.41 ± 4.74b 30.01 ± 3.76b 30.87 ± 3.19b <0.001 
 90 40.11 ± 2.73a 23.54 ± 3.14b 20.18 ± 3.21b 19.63 ± 2.38b 20.13 ± 3.13b <0.001 

CaA + CaL + CD 0 40.95 ± 4.10a 40.95 ± 4.10a 40.95 ± 4.10a 40.95 ± 4.10a 40.95 ± 4.10a 1 
 30 38.76 ± 4.32a 36.42 ± 2.87 a 35.93 ± 3.84 a 37.15 ± 2.77 a 34.84 ± 3.63a 0.68 
 60 37.84 ± 1.44a 29.54 ± 2.18ab 21.59 ± 1.52b 20.68 ± 2.64b 22.39 ± 3.31b 0.002 
 90 37.96 ± 2.67a 24.66 ± 1.24ab 19.11 ± 0.69b 18.92 ± 1.07b 19.46 ± 3.45b <0.001 

Values followed by the same letter in a row are not significantly different (P > 0.05) using LSD. CaA: Cashew apple, CaL: Cashew 
leaves, CD: Cow dung. 
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3.1.3. Nitrogen 
The percentage of nitrogen during the vermicomposting of the different types of 
waste is shown in Table 3. In the raw cashew apples, nitrogen content was 0.87% 
± 0.03%. There was no significant variation in nitrogen content at 30, 60 and 90 
days of the composting process respectively with 0, 5, 10, 15 and 20 individuals of 
E. eugeniae. However, there was an increase in its content regarding vermicom-
posting timing. In cashew leaves, nitrogen content was 0.67% ± 0.07%. At 30 and 
60 days of the vermicomposting, nitrogen content did not differ statistically what-
ever the number of earthworms introduced initially for wastes mineralization. But 
after three months, the content of nitrogen in the control was lower than those 
observed with 5, 10, 15 and 20 earthworms. In the mixture of cashew apples and 
cashew leaves, the nitrogen content was 1.57% ± 0.22%. During the composting 
process, nitrogen content was similar with 10, 15 and 20 earthworms and higher 
than those got with 0 and 5 earthworms at 30, 60 and 90 days. In the mixture of 
cashew apples and cow dung and that of cashew leaves and cow dung, nitrogen 
percentage was 1.21% ± 0.13% respectively. At 30, 60 and 90 days of the compost-
ing process of both substrates, nitrogen content differed significantly (P < 0.05) in 
function of earthworms population size. At these latter dates, the highest nitrogen 
contents were obtained with 10, 15 and 15 earthworms which were statistically 
identical. In the mixture of the three types of wastes (CaA, CaL, CD), nitrogen 
content was 0.98% ± 0.12%. It varied significantly in function of earthworms 
number at 30, 60 and 90 days respectively. The highest nitrogen content at each 
date was obtained with 10, 15 and 20 earthworms which were statistically similar. 
Regarding the composting timing, nitrogen content increased with it.  
 

Table 3. Changes in N content (%) (mean ± SD, n = 3) of the different types of waste during vermicomposting. 

Type of waste 
Composting 

timing (days) 
Earthworm batches 

P 
0 5 10 15 20 

CaA 0 0.87 ± 0.03a 0.87 ± 0.13a 0.87 ± 0.13a 0.87 ± 0.13a 0.87 ± 0.13a 1 
 30 0.87 ± 0.04a 0.89 ± 0.03a 0.88 ± 0.09a 0.89 ± 0.08a 0.88 ± 0.1a 0.86 
 60 0.88 ± 0.1a 0.89 ± 0.21a 0.89 ± 0.06a 0.89 ± 0.11a 0.89 ± 0.16a 0.81 
 90 0.89 ± 0.09a 0.88 ± 0.14a 0.89 ± 0.19a 0.88 ± 0.23a 0.89 ± 0.21a 0.84 

CaL 0 0.67 ± 0.07a 0.67 ± 0.07a 0.67 ± 0.07a 0.67 ± 0.07a 0.67 ± 0.07a 1 
 30 0.66 ± 0.12a 0.69 ± 0.13a 0.71 ± 0.11a 0.73 ± 0.18a 0.7 ± 0.11a 0.45 
 60 0.68 ± 0.08a 0.76 ± 0.26a 0.79 ± 0.17a 0.78 ± 0.14a 0.77 ± 0.09a 0.32 
 90 0.71 ± 0.05b 0.82 ± 0.08a 0.85 ± 0.12a 0.87 ± 0.21a 0.9 ± 0.18a 0.43 

CaA + CaL 0 1.57 ± 0.22a 1.57 ± 0.22a 1.57 ± 0.22a 1.57 ± 0.22a 1.57 ± 0.22a 1 
 30 1.59 ± 0.17b 1.63 ± 0.18ab 1.65 ± 0.25ab 1.66 ± 0.25ab 1.69 ± 0.46a 0.003 
 60 1.59 ± 0.34b 1.68 ± 0.41ab 1.72 ± 0.18a 1.86 ± 0.37a 1.78 ± 0.29a 0.002 
 90 1.6 ± 0.11c 1.76 ± 0.35b 1.84 ± 0.28ab 1.87 ± 0.34a 1.83 ± 0.62ab <0.001 

CaA + CD 0 1.21 ± 0.13a 1.21 ± 0.13a 1.21 ± 0.13a 1.21 ± 0.13a 1.21 ± 0.13a 1 
 30 1.22 ± 0.19b 1.28 ± 0.27b 1.32 ± 0.34ab 1.38 ± 0.17a 1.27 ± 0.27b 0.012 
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 60 1.22 ± 0.16c 1.36 ± 0.12b 1.43 ± 0.44ab 1.54 ± 0.53a 1.51 ± 0.55a <0.001 
 90 1.24 ± 0.08c 1.49 ± 0.46b 1.61 ± 0.31a 1.65 ± 0.44a 1.66 ± 0.34a <0.001 

CaL + CD 0 1.02 ± 0.15a 1.02 ± 0.15a 1.02 ± 0.15a 1.02 ± 0.15a 1.02 ± 0.15a 1 
 30 1 ± 0.07c 1.22 ± 0.09b 1.24 ± 0.43a 1.31 ± 0.33a 1.28 ± 0.41a <0.001 
 60 1.11 ± 0.24b 1.57 ± 0.33a 1.66 ± 0.39a 1.66 ± 0.58a 1.64 ± 0.63a <0.001 
 90 1.13 ± 0.32c 1.56 ± 0.13b 1.69 ± 0.51a 1.73 ± 0.63a 1.71 ± 0.42a <0.001 

CaA + CaL + CD 0 0.98 ± 0.12a 0.98 ± 0.12a 0.98 ± 0.12a 0.98 ± 0.12a 0.98 ± 0.12a 1 
 30 0.97 ± 0.14b 1.17 ± 0.08ab 1.23 ± 0.19a 1.26 ± 0.73a 1.29 ± 0.17a <0.004 
 60 1 ± 0.11b 1.29 ± 0.19a 1.38 ± 0.36a 1.41 ± 0.28a 1.35 ± 0.26a <0.001 
 90 1.02 ± 0.09c 1.46 ± 0.16ab 1.55 ± 0.42ab 1.63 ± 0.39a 1.58 ± 0.41a <0.001 

Values followed by the same letter in a row are not significantly different (P > 0.05) using LSD. CaA: Cashew apple, CaL: Cashew 
leaves, CD: Cow dung. 

3.1.4. C/N Ratio 
Table 4 shows the variation of C/N ratio during the vermicomposting process. 
C/N ratio was 43.52 ± 5.19 in cashew apples. It varied from 46.21 ± 3.11 to 41.46 
± 5.74 at 30 days, from 40.38 ± 4.53 to 40.01 ± 4.09 at 60 days and from 38.32 ± 
2.17 to 39.94 ± 3.57 at 90 days of the process with 0, 5, 10, 15, and 20 earthworms. 
In non-composted cashew leaves, C/N ratio was 63.12 ± 9.84. At 30 days of the 
composting process, C/N ratio was similar whatever the number of earthworms 
used for mineralization. But at 60 and 90 days respectively, C/N ratio varied sig-
nificantly in function of the population size. The lowest C/N ratio was 22.82 ± 5.33 
obtained with 20 earthworms and 23.13 ± 4.23 with 15 earthworms. With the mix-
ture of cashew apples and cashew leaves, C/N ratio was 28.22 ± 6.94. At 30 and 60 
days respectively, C/N ratio remained similar despite the variation in earthworms 
number. But a variation was observed in the ratio at 90 days of the vermicompost-
ing. After mixing cow dung with cashew apples and cashew leaves respectively, 
C/N ratio was 34.83 ± 6.22 and 44.41 ± 10.22. At 30 days of the vermicomposting, 
C/N did not differ whatever the earthworms batches used initially. But, at 60 and 
90 days of the vermicomposting, C/N ratio differed significantly from one batch 
of earthworm to another. In all cases, C/N ratio obtained at 90 days was lower 
than others. In the mixture of cashew apples, cashew leaves and cow dung, C/N 
ratio was 41.78 ± 9.37. At 30 days, C/N ratio was 39.95 ± 7.56 in the control and 
did not change statistically from those got with 5, 10, 15 and 20 earthworms. At 
60 and 90 days respectively, the highest C/N content was obtained in the control, 
and the lowest contents were measured with 10, 15 and 20 earthworms. 
 

Table 4. Changes in C:N (mean ± SD, n = 3) of the different type wastes during vermicomposting. 

Type of waste 
Composting 

timing (days) 
Earthworm batches 

P 
0 5 10 15 20 

CaA 0 43.52 ± 5.19a 43.51 ± 5.19a 43.52 ± 5.19a 43.51 ± 5.19a 43.52 ± 5.19a 1 
 30 46.21 ± 3.11a 43.33 ± 4.22a 42.31 ± 3.26a 40.59 ± 4.35a 41.46 ± 5.74a 0.67 
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 60 40.38 ± 4.53a 40.50 ± 4.71a 38.40 ± 4.66a 39.57 ± 5.13a 40.01 ± 4.09a 0.79 
 90 38.32 ± 2.17a 41.39 ± 3.84a 38.59 ± 3.02a 39.94 ± 3.57a 37.91 ± 2.28a 0.85 

CaL 0 63.12 ± 9.84a 63.11 ± 9.84a 63.11 ± 9.84a 63.12 ± 9.84a 63.11 ± 9.84a 1 
 30 63.13 ± 8.12a 59.17 ± 7.67a 58.61 ± 8.36a 55.84 ± 6.42a 61.55 ± 7.08a 0.39 
 60 59.04 ± 6.31a 45.73 ± 4.16b 39.44 ± 3.62b 37.85 ± 4.64b 39.43 ± 6.27b 0.003 
 90 54.95 ± 2.65a 37.69 ± 3.53b 33.49 ± 4.15bc 23.13 ± 4.23c 22.82 ± 5.33c <0.001 

CaA + CaL 0 28.22 ± 6.94a 28.22 ± 6.94a 28.22 ± 6.94a 28.23 ± 6.94a 28.23 ± 6.94a 1 
 30 27.59 ± 2.23a 26.15 ± 3.76a 27.95 ± 2.56a 25.92 ± 3.2a 26.00 ± 1.68a 0.83 
 60 27.42 ± 1.56a 24.08 ± 1.29a 25.23 ± 1.23a 21.67 ± 1.94a 23.12 ± 2.07a 0.72 
 90 26.05 ± 1.44a 20.75 ± 0.86ab 19.11 ± 0.82ab 18.11 ± 1.05ab 16.41 ± 0.77b <0.001 

CaA + CD 0 34.83 ± 6.22a 34.83 ± 6.22a 34.83 ± 6.22a 34.83 ± 6.22 a 34.83 ± 6.22a 1 
 30 32.18 ± 5.67a 28.35 ± 4.35a 28.21 ± 3.86a 27.65 ± 4.24 a 28.10 ± 2.13a 0.54 
 60 27.83 ± 2.11ab 21.03 ± 3.42ab 20.41 ± 2.18ab 17.17 ± 1.86 b 16.80 ± 0.52b <0.001 
 90 22.72 ± 2.49ab 15.81 ± 2.78ab 14.29 ± 2.06ab 12.68 ± 1.29 b 11.60 ± 1.37b <0.001 

CaL + CD 0 44.41 ± 10.22a 44.41 ± 10.22a 44.41 ± 10.22a 44.41 ± 10.22 a 44.41 ± 10.22a 1 
 30 44.65 ± 5.14a 34.61 ± 4.43b 33.58 ± 3.19b 32.51 ± 6.68 b 32.23 ± 4.16b 0.005 
 60 38.58 ± 2.34a 21.53 ± 1.94b 18.32 ± 1.53b 18.08 ± 1.34 b 18.82 ± 1.53b <0.001 
 90 35.49 ± 3.21a 15.08 ± 2.35b 11.94 ± 2.07b 11.35 ± 0.86 b 11.77 ± 0.47b <0.001 

CaA + CaL + CD 0 41.78 ± 9.37a 41.78 ± 9.37a 41.78 ± 9.37a 41.78 ± 9.37a 41.78 ± 9.37a 1 
 30 39.95 ± 7.56a 31.13 ± 1.44ab 29.21 ± 3.72b 29.48 ± 4.76b 27.01 ± 1.93b 0.006 
 60 37.84 ± 2.13a 22.89 ± 1.62b 15.64 ± 1.29b 14.67 ± 1.68b 16.58 ± 1.54b <0.001 
 90 37.21 ± 1.64a 16.87 ± 0.78b 12.32 ± 1.12b 11.61 ± 1.48b 12.32 ± 4.06b <0.001 

Values followed by the same letter in a row are not significantly different (P > 0.05) using LSD. CaA: Cashew apple, CaL: Cashew 
leaves, CD: Cow dung. 

3.1.5. Phosphorus and Potassium 
Phosphorus and potassium content during the vermicomposting process with dif-
ferent batches of earthworms are presented in Table 5 and Table 6 respectively. 
Relatively to phosphorus, its content was 1.23% ± 0.21% in raw cashew apples. At 
30 days, it increased to 1.25% ± 0.14% in the control and did not change statisti-
cally whatever earthworms population size. At 60 and 90 days, phosphorus con-
tent remained similar statistically whatever earthworms population. Similar trend 
was observed during the vermicomposting of cashew leaves. In the mixtures CaA 
+ CaL, CaA + CD, CaL + CD and CaA + CaL + CD, the highest phosphorus con-
tents were obtained with 10, 15 and 20 earthworms which were statistically simi-
lar. As for potassium content, it was 0.88% ± 0.03% in raw cashew apples and 
0.48% ± 0.01% in cashew leaves. At dates 0, 30, 60 and 90 respectively, potassium 
content did not differ significantly from one population size to another. In CaL, 
the highest potassium contents were measured with 10 and 20 earthworms. In 
general, potassium content did not differ significantly whatever earthworms 
population at a same date. 
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Table 5. Changes in P content (%) (mean ± SD, n = 3) of the different type wastes during vermicomposting. 

Type of waste 
Composting 

timing (days) 
Earthworm batches 

P 
0 5 10 15 20 

CaA 0 1.23 ± 0.21a 1.23 ± 0.21a 1.23 ± 0.21a 1.23 ± 0.21a 1.23 ± 0.21a 1 
 30 1.25 ± 0.14a 1.24 ± 0.12a 1.23 ± 0.16a 1.24 ± 0.13a 1.23 ± 0.14a 0.28 
 60 1.26 ± 0.23a 1.24 ± 0.18a 1.24 ± 0.2a 1.25 ± 0.15a 1.25 ± 0.11a 0.81 
 90 1.25 ± 0.15a 1.26 ± 0.23a 1.25 ± 0.16a 1.26 ± 0.17a 1.26 ± 0.23a 0.88 

CaL 0 0.13 ± 0.06a 0.13 ± 0.06a 0.13 ± 0.06a 0.13 ± 0.06a 0.13 ± 0.06a 1 
 30 0.22 ± 0.08a 0.26 ± 0.06a 0.27 ± 0.06a 0.28 ± 0.08a 0.26 ± 0.06a 0.43 
 60 0.36 ± 0.04a 0.41 ± 0.05a 0.44 ± 0.04a 0.37 ± 0.04a 0.43 ± 0.07a 0.58 
 90 0.45 ± 0.06a 0.53 ± 0.09a 0.58 ± 0.07a 0.49 ± 0.07a 0.51 ± 0.07a 0.67 

CaA + CaL 0 0.57 ± 0.14a 0.57 ± 0.14a 0.57 ± 0.14a 0.57 ± 0.14a 0.57 ± 0.14a 1 
 30 0.64 ± 0.08a 0.66 ± 0.1ab 0.69 ± 0.08ab 0.73 ± 0.05a 0.64 ± 0.09 b 0.024 
 60 0.71 ± 0.09b 0.83 ± 0.06a 0.77 ± 0.05ab 0.84 ± 0.06a 0.72 ± 0.07 b 0.013 
 90 0.76 ± 0.1b 0.89 ± 0.07a 0.94 ± 0.09a 0.96 ± 0.11a 0.89 ± 0.07a <0.001 

CaA + CD 0 0.66 ± 0.08a 0.66 ± 0.08a 0.66 ± 0.08a 0.66 ± 0.08a 0.66 ± 0.08a 1 
 30 0.74 ± 0.1b 0.76 ± 0.07ab 0.78 ± 0.06ab 0.81 ± 0.0.07a 0.87 ± 0.08a 0.004 
 60 0.75 ± 0.08b 0.83 ± 0.08ab 0.87 ± 0.11a 0.89 ± 0.01a 0.89 ± 0.04a 0.002 
 90 0.76 ± 0.06b 0.86 ± 0.06ab 0.92 ± 0.09a 0.93 ± 0.08a 0.92 ± 0.05a <0.001 

CaL + CD 0 0.27 ± 0.11a 0.27 ± 0.11a 0.27 ± 0.11a 0.27 ± 0.11a 0.27 ± 0.11a 1 
 30 0.34 ± 0.1a 0.38 ± 0.08a 0.4 ± 0.02a 0.43 ± 0.03a 0.37 ± 0.06a 0.65 
 60 0.39 ± 0.04b 0.44 ± 0.09ab 0.49 ± 0.01a 0.54 ± 0.04a 0.42 ± 0.03ab 0.011 
 90 0.41 ± 0.02b 0.52 ± 0.05a 0.57 ± 0.08a 0.61 ± 0.07a 0.56 ± 0.05a 0.006 

CaA + CaL + CD 0 0.51 ± 0.06a 0.51 ± 0.06a 0.51 ± 0.06a 0.51 ± 0.06a 0.51 ± 0.06a 1 
 30 0.56 ± 0.08b 0.64 ± 0.07ab 0.68 ± 0.05a 0.69 ± 0.04a 0.66 ± 0.04a 0.026 
 60 0.63 ± 0.03b 0.72 ± 0.06ab 0.73 ± 0.03a 0.76 ± 0.08a 0.71 ± 0.07ab <0.019 
 90 0.68 ± 0.08b 0.83 ± 0.06a 0.89 ± 0.04a 0.86 ± 0.07a 0.84 ± 0.06a <0.001 

Values followed by the same letter in a row are not significantly different (P > 0.05) using LSD. CaA: Cashew apple, CaL: Cashew 
leaves, CD: Cow dung.  

 
Table 6. Changes in K content (%) (mean ± SD, n = 3) of the different type of wastes during vermicomposting. 

Type of waste 
Composting 

timing (days) 
Earthworm batches 

P 
0 5 10 15 20 

CaA 0 0.88 ± 0.03a 0.88 ± 0.03a 0.88 ± 0.03a 0.88 ± 0.03a 0.88 ± 0.03a 1 
 30 0.88 ± 0.02a 0.89 ± 0.06a 0.88 ± 0.11a 0.89 ± 0.10a 0.87 ± 0.06a 0.87 
 60 0.91 ± 0.08a 0.9 ± 0.03a 0.89 ± 0.07a 0.9 ± 0.05a 0.88 ± 0.04a 0.71 
 90 0.89 ± 0.1a 0.88 ± 0.04a 0.91 ± 0.08a 0.92 ± 0.04a 0.91 ± 0.06a 0.64 

CaL 0 0.48 ± 0.01a 0.48 ± 0.01a 0.48 ± 0.01a 0.48 ± 0.01a 0.48 ± 0.01a 1 
 30 0.51 ± 0.13b 0.55 ± 0.06b 0.62 ± 0.05ab 0.67 ± 0.06a 0.65 ± 0.01a 0.041 
 60 0.64 ± 0.09c 0.72 ± 0.04bc 0.83 ± 0.08a 0.88 ± 0.12a 0.76 ± 0.07 b 0.003 
 90 0.68 ± 0.1 b 0.87 ± 0.06a 0.88 ± 0.06 0.91 ± 0.09a 0.87 ± 0.03a <0.001 
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CaA + CaL 0 0.63 ± 0.17a 0.63 ± 0.17a 0.63 ± 0.17a 0.63 ± 0.17a 0.63 ± 0.17a 1 
 30 0.68 ± 0.13a 0.67 ± 0.09a 0.71 ± 0.15a 0.72 ± 0.08a 0.76 ± 0.13a 0.51 
 60 0.72 ± 0.08 b 0.78 ± 0.12ab 0.77 ± 0.04ab 0.81 ± 0.05a 0.86 ± 0.06a 0.023 
 90 0.86 ± 0.06 b 0.89 ± 0.1ab 0.96 ± 0.09a 0.97 ± 0.07a 0.95 ± 0.09a 0.031 

CaA + CD 0 0.74 ± 0.07a 0.74 ± 0.07a 0.74 ± 0.07a 0.74 ± 0.07a 0.74 ± 0.07a 1 
 30 0.79 ± 0.06a 0.83 ± 0.03a 0.84 ± 0.04a 0.78 ± 0.11a 0.81 ± 08a 0.45 
 60 0.84 ± 0.04a 0.89 ± 0.08a 0.92 ± 0.06a 0.87 ± 0.09a 0.88 ± 0.04a 0.86 
 90 0.88 ± 0.04 b 0.95 ± 0.05ab 1.02 ± 0.02a 0.98 ± 0.05a 0.97 ± 0.04a 0.010 

CaL + CD 0 0.57 ± 0.04a 0.57 ± 0.04a 0.57 ± 0.04a 0.57 ± 0.04a 0.57 ± 0.04a 1 
 30 0.62 ± 0.04a 0.67 ± 0.03a 0.65 ± 0.03a 0.66 ± 0.02a 0.63 ± 0.05a 0.67 
 60 0.71 ± 0.03 b 0.84 ± 0.02ab 0.92 ± 0.06a 0.89 ± 0.01a 0.76 ± 0.04 b <0.001 
 90 0.83 ± 0.05 b 0.93 ± 0.06a 1.15 ± 0.08a 1.01 ± 0.06a 0.94 ± 0.03a <0.001 

CaA + CaL + CD 0 0.61 ± 0.07a 0.61 ± 0.07a 0.61 ± 0.07a 0.61 ± 0.07a 0.61 ± 0.07a 1 
 30 0.68 ± 0.05a 0.67 ± 0.06a 0.7 ± 0.06a 0.77 ± 0.07a 0.75 ± 0.03a 0.79 
 60 0.74 ± 0.03 b 0.72 ± 0.03 b 0.86 ± 0.08a 0.88 ± 0.05a 0.87 ± 0.04a 0.021 
 90 0.81 ± 0.04 b 0.96 ± 0.04a 0.95 ± 0.05a 0.99 ± 0.06a 1.11 ± 0.09a <0.001 

Values followed by the same letter in a row are not significantly different (P > 0.05) using LSD. CaA: Cashew apple, CaL: Cashew 
leaves, CD: Cow dung. 

3.2. Growth and Fecundity Parameters of Eudrilus eugeniae 

Table 7 encapsulates the growth and fecundity parameters of Eudrilus eugeniae 
in the different wastes. In cashew apples waste, earthworms did not survive. In 
cashew leaves, earthworms number varied from 24 to 136 and from 102 to 176 in 
the mixture of cashew apples and cashew leaves. In cashew apples mixed with cow 
dung, earthworms number shifted between 153 to 203 and between 186 to 255 in 
cashew leaves mixed with cow dung. In the mixture of the three wastes, earth-
worms number fluctuated between 172 and 266. However, earthworms number 
harvested differed significantly in function of the initial population used. What-
ever, the initial population, the highest number of earthworms was obtained in 
the mixture of the three wastes. 

Regarding earthworm biomasses, they were higher in the mixture of the three 
wastes than those in the other types of wastes. Also, the number of cocoons har-
vested at the end of the experiment differed significantly from one type of waste 
to another. The highest cocoons number was counted in the mixture of the three 
wastes compared to others. 
 

Table 7. Growth and fecundity parameters (mean ± SD, n = 3) in different type of waste after 90 d of vermicomposting. 

Growth and fecundity 
parameters 

Initial number of 
earthworms used 

Type of waste  

CaA CaL CaA + CaL CaA + CD CaL + CD 
CaA + CaL + 

CD 
P 

Total number of 
earthworms 

5 0 24 ± 3.19 102 ± 11.02 153 ± 8.69 186 ± 4.51 172 ± 3.69 <0.001 
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 10 0 41 ± 2.21 132 ± 13.24 185 ± 9.16 234 ± 10.2 261 ± 5.75 <0.001 
 15 0 134 ± 5.63 176 ± 11.52 196 ± 7.67 255 ± 9.44 278 ± 6.08 <0.001 
 20 0 136 ± 4.84 164 ± 12.15 203 ± 8.42 249 ± 6.83 266 ± 8.26 <0.001 

Total biomass of 
earthworms (g) 

5 0 1.11 ± 0.18 5.19 ± 0.65 7.19 ± 0.35 7.53 ± 0.32 7.88 ± 0.12 <0.001 

 10 0 2.38 ± 0.56 5.46 ± 0.39 7.73 ± 0.41 8.86 ± 0.91 9.27 ± 0.58 <0.001 
 15 0 6.22 ± 0.71 6.66 ± 0.64 8.26 ± 1.11 9.13 ± 0.74 9.64 ± 0.46 0.002 
 20 0 6.27 ± 0.68 6.54 ± 0.36 8.61 ± 0.68 8.95 ± 0.59 10.11 ± 0.47 0.004 

Total number of  
cocoons 

5 0 13 ± 1.47 10 ± 0.63 47 ± 1.15 54 ± 0.64 76 ± 0.29 <0.001 

 10 0 21 ± 4.12 19 ± 0.55 33 ± 0.61 41 ± 0.58 52 ± 0.43 <0.001 
 15 0 34 ± 3.59 38 ± 0.86 28 ± 0.49 48 ± 0.6 56 ± 0.68 <0.001 
 20 0 30 ± 2.25 41 ± 0.73 32 ± 0.72 35 ± 0.77 47 ± 0.52 <0.001 

Values followed by the same letter in a row are not significantly different (P > 0.05) using LSD. CaA: Cashew apple, CaL: Cashew 
leaves, CD: Cow dung. 

4. Discussion 
4.1. Variation in Physicho-Chemical Properties of Wastes during 

Vermicomposting 

pH. Soil pH is a “master variable” in plant nutrition, primarily controlling nutri-
ent solubility, availability, and microbial activity in the soil. An optimal pH (6.0 - 
7.5) ensures essential nutrients like nitrogen, phosphorus, and potassium are sol-
uble and accessible to roots, while extreme pH levels can cause nutrient deficien-
cies, toxicities, and reduced yields [28] [29]. In our experiment, pH varied from 
4.22 to 4.52 in cashew apples, from 5.29 to 5.69 in cashew leaves and from 5.53 to 
5.91 in the mixture of cashew apples and cashew leaves. These results could be 
linked to the fact that cashew leaves and apples are known as lignocellulosic resi-
dues. Therefore, their decomposition is slow, and they might need more than 90 
days to reach optimal pH essential for good absorption of nutrients by plant roots. 
When mixed with cow dung, pH varied from 5.87 to 6.57 in cashew apples and 
from 6.11 to 6.65 in cashew leaves. In the mixture of the 3 residues (cashew apples, 
cashew leaves and cow dung), pH fluctuated between 6.27 and 6.85. These results 
showed good pH promoting nutrients absorption. Cow dung might be basic and 
that could improve the pH of the cashew residues. For cashew apples, optimal pH 
was obtained after 60 or 90 days of composting with the different population of 
earthworms. Regarding the composting timing, there was an increase in pH when 
it increases. The increase of the pH during the vermicomposting or the compost-
ing process could be linked to the mineralization of nitrogen and phosphorus. In 
fact, earthworm activity, including the secretion of enzymes (phosphatase) and 
microbial action, leads to the mineralization of nutrients. The breakdown of or-
ganic nitrogen compounds produces ammonia, which contributes to an increase 
in pH. The metabolic processes and decomposition of organic matter by worms 

https://doi.org/10.4236/oalib.1115061


I. C. Kambou, S. S. Coulibaly 
 

 

DOI: 10.4236/oalib.1115061 14 Open Access Library Journal 
 

result in the release of inorganic phosphorus and other mineral constituents that 
act to raise the pH. The transformation of organic matter into stable vermicast 
involves the conversion of ammonia into nitrates in the later stages, but the overall 
reduction of volatile fatty acids and production of ammonium generally results in 
a higher pH. Also, during the composting process, the initial organic acids pro-
duced during early decomposition are consumed or degraded by microbial activ-
ity, reducing the overall acidity. 

Carbon. Carbon content is considered as the key indicator of soil health and the 
essence of life on earth heavily depends on it. Carbon content decreases with soil 
fertility. The main reason for this decrease is the presence of organisms that 
mineralize the organic substances essential to their metabolism in the form of car-
bon dioxide [30]. Organic carbon content in fertile soils varies between 10% and 
30% [30] [31]. In the present study, carbon content was higher than 30 during the 
vermicompost of cashew apples whatever the population size of earthworms. In 
the vermicompost of cashew leaves, carbon content was 20.12% and 20.54% after 
90 days with 15 and 20 earthworms respectively. When cashew apples and leaves 
were mixed, carbon content was higher than 30 whatever the earthworms popu-
lation size and the vermicomposting timing. In the mixture of cashew apples and 
cow dung, carbon content was in the range 10% - 30% after at 60 and 90 days of 
composting with 5, 10, 15 and 20 individuals of E. eugeniae. In the mixture of 
cashew leaves and cow dung, carbon content was in the optimum range after 90 
days of vermicomposting with 5, 10, 15 and 20 earthworms. In the mixture of 
cashew apples, leaves and cow dung, carbon content was in the optimum range at 
60 and 90 days of composting with 5, 10, 15 and 20 earthworms. Regarding the 
composting timing, there was a decrease in carbon content when timing and 
earthworms increased. This could be due to the activity of earthworms and mi-
croorganisms that mineralize carbon. Mineralization generally resulted in the loss 
of carbon as CO2 during the process. Similarly, Coulibaly et al. [22] observed a 
decrease in carbon content during the vermicomposting of different types of ani-
mal wastes in function of the timing and the population size of earthworms used. 

Nitrogen. Nitrogen content increased during the vermicomposting in the dif-
ferent cashew residues and when earthworms number increased. However, there 
was a similarity between nitrogen content got with 10, 15, and 20 individuals of E. 
eugeniae. The increase in nitrogen was probably due to the mineralization of or-
ganic matter by earthworms during vermicomposting. The similarity between ni-
trogen content for the treatments with 10, 15 and 20 earthworms in the different 
types of wastes suggest that up to 10 individuals of E. eugeniae can be considered 
as the limit for earthworm density to prevent competition. Another explanation 
for the increase in nitrogen could be its addition in the form of mucus, nitroge-
nous excretory substances, growth-stimulating hormones and enzymes from 
earthworms [32], which may be more important after 90 days. 

C:N ratio. The C:N ratio is the most important chemical parameter for deter-
mining the maturity of organic wastes in a state of decomposition [33]. It allows 
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the assessment of the biodegradability of organic matter. According to Senesi [34] 
and Mathur et al. [35], a C/N ratio equal to 20 or lesser than 20 indicates high soil 
fertility. In our experiment, C/N ratio of the cashew apples vermicompost oscil-
lated between 43.52 and 37.91 which is higher than 20. Similar observations were 
made during the vermicomposting of cashew leaves. However, C/N ratio in the 
vermicompost of cashew leaves mineralize with 15 and 20 earthworms were re-
spectively 23.13 and 22.82. These latter were below the 25 indicated by the Test 
Methods for the Examination of Composting and Compost [36] as an index of 
maturity. These results indicated that the vermicomposting of cashew apples 
needed more than 90 days due to the complexity of its composition. In contrast, 
cashew leaves can be composted with 15 and 20 individuals of E. eugeniae for 90 
days. When cashew apples and cashew leaves were mixed with cow dung, C/N 
ratio was below 25 when using 5, 10, 15 and 20 earthworms for 60 or 90 days. The 
same remark was made when composting the mixture of cashew apples, leaves 
and cow dung with 5, 10, 15 and 20 earthworms. When earthworms were not used 
in the composting process, C/N ratio was higher than 20 whatever the composting 
timing. In addition, there was a decrease in C/N ratio when the composting timing 
increases. The C/N ratio lesser than 25 in the vermicompost of the different mix-
tures with 5, 10, 15 and 20 earthworms at 60 and 90 days could be explained by 
the fact that these population sizes and timing are suitable for good vermicompost. 
Contrary to vermicomposting, 90 days is not enough to obtain mature compost 
when using composting process. These differences could be linked to the activity 
of earthworms that accelerate wastes decomposition. Mixing cashew residues with 
cow dung could increase their palatability to earthworms that accelerate their 
mineralization and that was shown by the maturity of the vermicompost of the 
mixtures with cow dung at 60 days. The decrease in C/N ratio when the compost-
ing timing increases might be linked to the decrease in carbon content and the 
increase in nitrogen content during the vermicomposting process. In fact, the loss 
of carbon in the form of carbon dioxide in the process of respiration and the pro-
duction of mucus and nitrogenous excrements enhanced the level of nitrogen 
which lowered the C:N ratio.  

Phosphorus and potassium. There was a slight increase in phosphorus and po-
tassium content when the number of earthworms increased. This increase was 
also noted with the increase in the composting timing. The increase in P content 
during vermicomposting could have been induced by the mineralization and the 
mobilization of phosphorus through bacterial and faecal phosphatase activity of 
the earthworms. The direct action of worm gut enzymes and the stimulation of 
microflora could increase phosphorus [37]. Our result agreed with those of Satch-
ell and Martin [38] and Le Bayon and Binet [39] who observed an increase in 
phosphorus during the vermicomposting of paper waste sludge and organic sub-
strates, respectively. They attributed the increase in P to the activities of earth-
worms. In contrast, Lopez-Hernandez et al. [40] observed a decrease in P in the 
casts of Pontoscolex corethrurus. This difference may be due to the initial charac-

https://doi.org/10.4236/oalib.1115061


I. C. Kambou, S. S. Coulibaly 
 

 

DOI: 10.4236/oalib.1115061 16 Open Access Library Journal 
 

teristics of the animal waste used in our experiment and those of the soil used in 
their experiment. Regarding potassium content, similar observations were made 
by Delgado et al. [41] who observed an increase in K content during the ver-
micomposting of sewage sludge. In contrast, Orozco et al. [42] reported a decrease 
in K in the vermicomposting of coffee pulp waste. Coulibaly et al. [22] noted a 
decrease in K content during the vermicomposting of cow, sheep, pig and chicken 
waste. These differences could be attributed to the chemical nature of the initial 
raw wastes. 

4.2. Growth and Fecundity of Eudrilus eugeniae on Wastes 

Contrary to other treatments, earthworms did not survive in cashew apples sub-
strates. At the end of the experiment, earthworms reproduced more in the mixture 
of the residues with cow dung than when they were alone. These results could be 
explained by the initial characteristics of cashew residues. Cashew apples might 
contain more complex compounds like lignin and cellulose making it hard for 
earthworms. When adding cow dung, it might reduce the rate of complex com-
pounds. Therefore, mixtures with cow dung become favorable for earthworms. 
According to several authors, earthworms preferred organic matter that contained 
low complex compounds such as lignin and cellulose [43]-[45]. 

5. Conclusion 

This study demonstrated the use of vermicomposting to recycle cashew apples and 
leaves into organic fertilizer when using the African nightcrawler earthworm E. 
eugeniae under laboratory conditions. Based on the maturity index and the pH, 
cashew residues are recommended to be mixed with cow dung to obtain good 
vermicompost. Thus, when mixing 150 g of cashew residues with 150 g of cow 
dung, or 100 g of cashew apples, cashew leaves and cow dung, 5, 10, 15 and 20 
individuals of E. eugeniae are required for a composting period of 60 or 90 days.  
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