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INTRODUCTION

The rapid rise in local population, especially in developing 
countries, causes a higher increase in solid wastes which 
will constitute a major environmental dilemma for these 
countries (Mishra & Yadav, 2021; Chaher et al., 2021). 
In Tunisia, green waste represent 68% of  the total solid 
waste, but only 5% is transformed into compost (Achiba 
et al., 2009; ANGED, 2021). Despite this small portion 
of  composted waste, the Tunisian government tried to 
organize the composting process with Law number 96-
41of  June 1996 relating to waste control, its management, 
and its disposal. After that, the appearance of  Circular 
number 15 of  June 17, 2009, from the Ministers of  
Environment, Sustainable Development and Tourism, 
relating to the collection of  green waste, food residues and 
their composting. In 2013, the development of  a Tunisian 
standard on the specificities and quality of  compost 
NT 10.44, proposed by the agency for the attention of  
the Technical Committee of  the National Institute for 
Standardization and Industrial Property. As a result of  these 
government incentives, composting has received growing 
attention as a biological process and an acceptable means 
of  removing and using organic wastes as a soil amendment 
(Jara-Samaniego et al., 2017; Meyer-Kohlstock et al., 2015; 

Paredes et al., 2002). Recent research has demonstrated 
that the composting of  diverse organic compounds can 
shorten the composting period and lead to a nutrient-
balanced product (Chaher et al., 2021; Feng & Zhang, 
2021). Recently, the use of  biochar in compost has been 
of  great interest since it affects compost’s processes and 
qualities (Petric et al., 2012; Paredes et al., 2002; Das et al., 
2011; Malinowski et al., 2019).

Biochar is derived through biomass pyrolysis. Biochar, as 
an organic soil amendment, can increase the availability 
of  nutrients (Ajayi & Horn, 2016; Karbout et al., 2019), 
enhance the physical properties of  the soil (Barnes et al., 
2014; Mohawesh & Durner, 2019), and increase crop 
yields (Ali et al., 2017; J. Zhang et al., 2021). Most of  
these effects are associated with the valuable physical 
and  chemical properties of  biochar, in particular the 
high specific surface area (Mohawesh & Durner, 2019; 
J. Zhang et al., 2021). Likewise, Agyarko-Mintah et al. 
(2017); Malinowski et al. (2019); and Zhou et al. (2021) 
highlighted the role of  biochar because of  its favorable 
physical and chemical properties in improving the 
composting process. Hua et al. (2009) and López-Cano 
et al. (2016) showed that the co-composting of  an amount 
between 3% and 5% of  biochar with other organic wastes 
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can activate the maturity of  compost, decrease the smell, 
and activate the microbiological community. Also, recent 
studies by Malinowski et al. (2019) and Zhou et al. (2021) 
have confirmed that the use of  biochar in the composting 
process at a percentage of  1.2% to 6 % can accelerate 
the degradation of  organic compounds while preventing 
greenhouse gas emissions and nitrogen losses. However, 
Liu et al. (2017) and Zhou et al. (2021) don’t recommend 
the use of  higher doses of  biochar because of  its negative 
impacts, in particular on the microbial community.

Various chemical, physical, and biological tests must be 
carried out on a regular basis throughout the composting 
process in order to determine the compost’s maturity and 
stability (Azim et al., 2018; Liu et al., 2017; López-Cano 
et al., 2016; Schulz et al., 2013; Zhou et al., 2021). In fact, 
maturity determines the extent to which the organic matter 
is transformed during the co-composting process and the 
phytotoxicity of  the end product (Y. Yuan et al., 2012; 
Alvarenga et al., 2015; Cesaro et al., 2015; Luo et al., 2018; 
Villaseñor et al., 2011; Oviedo-Ocaña et al. 2015; Viaene 
et al., 2017;Luo et al., 2018). In order to assess the compost’s 
ecotoxicity, Huguier et al. (2015) adopted a direct approach 
based on solid phase tests and an indirect approach based 
on liquid phase tests evaluating sample extracts.

The main purpose this study is to convert organic waste 
available in the Institute of  Arid Regions into a stable, 
non-toxic product ready for use as an organic amendment 
in degraded soils. In addition, the valorization of  these 
wastes through composting can reduce the amount of  
waste produced and thus limit the costs associated with 
their disposal. In this context, the intent is to produce a 
stable organic material by co-composting 55 kg of  green 
waste, 40 kg of  poultry effluent, and 5 kg of  green waste 
biochar. The final composting product will serve as an 
organic amendment to rehabilitate degraded soils and 
fight desertification. A variety of  chemical, physical, and 
biological tests are used throughout the composting process 
to make sure that the compost reaches the desired stable 
and mature state.

MATERIALS AND EXPERIMENTAL PROCEDURES

Composting process
The research was carried out at the Institute of  Arid 
Regions (IRA) of  Medenine -South East of  Tunisia (Fig. 1) 
(UTM WGS 8- X: 652587- Y: 3707742).

The experiment consisted of  the co-composting of  three 
organic wastes, namely poultry manure green waste, and 
green waste biochar. The green waste consisted of  fresh 
leaves and thin branches are collected from the pruning of  

green spaces in the Institute (table 1). All green waste was 
shredded into small pieces (≤ 1cm particle size) with an 
electric grinder (Fig. 2). The ground material was manually 
homogenized and sun-dried in an open environment for 
2 weeks, then sieved through a 0.5x0.5 cm square mesh. 
Wastes larger than 5 mm in diameter were pyrolyzed as 
recommended by Domene et al. (2015); Karbout et al. 
(2019); Lu et al. (2013); Han et al. (2016); Laghari et al. 
(2016); and Méndez et al. (2013) in a continuous flow 
oven at temperatures of  350°C for 3 hours. The biochar 
obtained is characterized by a pH of  around 7.63, contains 
81.2% of  organic matter (OM), contains 0.608% of  NH4

+, 
and has concentration of  extractable phosphorus (P) and 
exchangeable potassium (K+) of  respectively 2.976 mg.kg-1 

and 407.446  mg kg-1. With a water content of  5.19 %, 
the cation exchange capacity (CEC) was approximately 
54.6 meq/100g.

After manually mixing with the following proportions: 
55 kg, 40 kg, and 5 kg (by weight of  dry matter), respectively, 
for the three elements: green waste (particle size < 0.5 cm), 
poultry manure (particle size < 0.5 cm), and biochar (green 
waste particle size ≥0.5 cm), the mixture was moved to the 
composting basin (Fig. 3).

The carbon-to-nitrogen ratio (C: N) of  the mixture was 
equal to 36.6 at the beginning of  the experiment, which was 
considered to be the optimal starting ratio for a composting 
(Sanchez-Monedero et al., 2018; Nekliudov and Fedotov, 
2008). The raw material was composted from October 21 to 
December 25, 2019 (65 days). The process was conducted 
in a cement basin with the dimensions of  width: 1m; 
length:1m; height: 1.5 m with a perforated bottom. For the 
effective metabolic activity of  microorganisms, the moisture 
content was attempted to reach 40 % (Agnew & Leonard, 
2013), and the composted material was irrigated regularly 
to ensure humidity conservation of  at least 60%. To avoid 
material compaction, the mixture was turned with a spading 
fork every 3 days for the first week, and then whenever the 
recorded temperatures exceeded 60°C. The temperature 
was controlled daily using a digital probe thermometer, 
which was placed in the center and at both ends of  the 
pile at a depth of  30 cm. Temperature measurements were 
taken until the pile temperature approached the ambient 
temperature (within a range of  ±5°C).

Sampling and laboratory tests
On the basis of  monitoring the composting process, a 
representative sample of  1 kg was collected at a depth of  
30 cm from the center and at both extremities of  the pile 
at the beginning of  the experiment (T0) and at days 7, 14, 
21, and 28, in three replications. These samples were the 
subject of  different tests in the laboratory to determine 
the compost’s stability and maturity (Tiquia, 2005a). 
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Indeed, the moisture of  the mixture was determined 
gravimetrically at 105°C. The total organic carbon was 
quantified by the Walkley-Black method (Brewer & 
Sullivan, 2001; Schulte & Gibson, 2011). The pH and the 
electrical conductivity were evaluated on aquatic solutions 
prepared at a 1/10  (v/w) ratio, respectively, with a pH 
meter (Thermo Electron Corporation, Orion Star) and 

a conductivity meter (Inolab Cond Level 1). Volatile 
solids were valued with loss on ignition at 550 °C for 4 
hours. The total nitrogen was calculated according to 
the Kjeldahl method (Icontec, 1997). The C/N ratio of  
the mixture was evaluated during the composting. The 
compost temperature was measured daily by using a digital 
thermometer (Vee Gee Scientific-83210-12; range:  -50 
to 150°C). The respirometric index was evaluated via 
the measurement of  CO2 production from the samples. 
The germination index was quantified using pepper seed 
according to Zucconi et al. (1982), and it was calculated 
using the following equation (Guo et al., 2012):
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Data analysis
The data were examined with SPSS software to monitor 
temperature, moisture, pH, total carbon, total nitrogen, 

Fig 1. Localization of the experimental area.

Fig 2. Grinding green waste into small pieces with an electric shredder.

Table 1: Composition of the green waste feedstocks
Green waste Fresh 

weight (kg)
% of the 

total weight
Fig tree branches and leaves 35.20 15
Citrus branches and leaves 28.15 12
Leaves and thin branches of vines 35.20 15
Palm tree waste 58.65 25
Cypress 30.50 13
Ficus leaves and thin branches 46.92 20
Total (kg) 234,62 100

Fig 3. Mixing of the three organic compartments at 55 kg of GW, 40 kg 
of PM and 5 kg of GWB.
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C/N ratio, and CO2 emission during the co-composting 
process. In addition, the data were presented for variance 
analysis (ANOVA), and the means were compared using 
the Turkey test (P<0.05) for the germination index.

RESULTS AND DISCUSSION

Variation of the pile temperature during the composting 
process
Composting is a natural procedure that takes place 
under the action of  microbial activity to break down 
and stabilize the organic matter in waste (Hachicha et al., 
2009). Temperature is an important factor that ensures 
and enhances the maturity of  the compost. Also, an 
ideal temperature is required for the microbes to carry 
out the bioconversion of  the organic compounds. As a 
result, the temperature was monitored daily during this 
study until the 65th  day of  treatment. As mentioned in 
Fig. 4, the composting process consists of  three phases: 
a mesophilic stage followed by a thermophilic stage, 
and finally the cooling or maturation stage. The initial 
activation phase lasts 2 days and is marked by a sudden 
increase in temperature to reach 50.43°C (Fig.  4). This 
sudden rise may be explained by the mix of  biochar to 
the raw organic waste materials, which can stimulate and 
accelerate the composting process with an abrupt rise in 
temperature at the beginning of  the process (Khan et al., 
2014; Zhang & Sun, 2014). Also, according to López-
Cano et al. (2016) and Sanchez-Monedero et al. (2018), 
the presence of  biochar in the pile increased compost pile 
aeration owing to its high porosity, favored the activation 
of  the composting process, and boosted the temperature of  
the compost pile. The thermophilic phase started relatively 
quickly on the third day of  the process, and the mesophilic 
microorganisms are progressively being replaced by 

thermophile bacteria, fungi, and actinomycetes with a 
gradual rise in temperature around 61.27°C on the fourth 
day. During this co-composting operation, the thermophilic 
phase lasted two weeks, and this is in accordance with the 
results of  Liu et al. (2017), who mentioned that the co-
composting of  biochar with organic wastes accelerates 
and extends the high-temperature duration, which favors 
rapid mineralization during organic waste composting. In 
addition, Bernal et al. (2009) mentioned that the high CO2 
emission throughout the initial stage of  co-composting 
(the thermophilic stage) is a reflection of  the intensive 
microbial activity (Fig. 4). Finally, the temperature of  the 
pile slowly decreases to enter the cooling stage, and the 
maturation stage is initiated at the ambient temperature (day 
54) (Fig. 4), and a stabilized product is obtained (González 
et al., 2019). The results of  pile temperature obtained in the 
current study are corroborated with results attained during 
previous research conducted by Sanchez-Monedero et al. 
(2018) and Zhou et al. (2021).

Variation of the pile moisture during the composting 
process
The humidity content of  the organic compounds is essential 
for proper microbial activity during composting. Indeed, 
humidity causes several biological, physical, and chemical 
effects during the operation of  composting. Various recent 
researchers have suggested that preserving water content 
between 50 and 70% is perfect for high-quality compost 
(Mishra & Yadav, 2021). As a result, moisture content 
monitoring is required to ensure an adequate amount of  
water content and, thus, aerobic degradation of  organic 
compounds throughout the composting process. Fig.  5 
showed that the water content of  the pile decreased 
continuously during the composting. The initial moisture 
content exceeded a value of  50%, which dropped to around 
40% at the end of  composting. The high reduction in 
moisture observed during the thermophilic phase (Fig. 5) 
is due to increased microorganism activity. The compost 

Fig 4. Temperature variation of co-composted materials in relation to 
the ambient temperature.

Fig 5. Variation of the pile moisture over time during the co-composting 
materials.
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was irrigated when the moisture of  the pile reached a 
minimum of  40% for the survival of  microbes (Mishra 
& Yadav, 2021).

A decrease in moisture toward the end of  composting is 
predicted as microbial activity diminishes and the compost 
reaches maturity. According to Barthod et al. (2018), a high 
moisture content favors anaerobic conditions, influences 
the oxygen uptake rate, limits the microbial activity, and thus 
decreases the degradation rate of  the compost. Richard 
et  al. (2013) claimed that the optimal water content for 
organic matter biodegradation has been estimated to be 
between 50 and 70%. On the contrary, Razmjoo et al. 
(2015) reported that a water content between 45 and 50% 
is suitable for the composting process. Misra et al. (2003) 
cited that the optimal moisture content of  the pile should 
be within the range of  40% to 65%. In fact, microbial 
activity is limited when the moisture in the compost is less 
than 40%, and anaerobic degradation is favored when the 
moisture is greater than 65%.

pH variation throughout the composting process

According to Fig.  6, the pH ranged between 5.4 and 
8.91, which is sufficient for various microbes to work 
efficiently (Benito et al., 2005). The pH value became 
more neutral in the maturation phase and reached 7.5 
(Gómez-Brandón et al., 2008). According to Mustin 
(1987), this pH decrease may be explained by the 
production of  organic acids following the degradation 
of  sugars, lipids, and other substances existing in 
the compost. Additionally, CO2 production during 
aerobiological degradation contributes to environmental 
acidification (Mustin, 1987).

Total carbon variation throughout the composting
Fig.  7 shows that the total organic carbon content 
diminished slightly during the thermophilic phase of  

composting. On the fifty-fifth day of  the composting 
process, the carbon content dropped from 50.68% to 
30.5%, indicating that the thermophilic phase had ended 
(Fig.  7). At the maturity stage, the total organic carbon 
content remains steady from the fifty-fifth day of  the 
composting, which indicates that the compost has reached 
its stability stage. These results are consistent with those 
of  Mishra and Yadav (2021).

Variation in total nitrogen levels during composting
Fig.  8 shows that the total nitrogen augmented slightly 
from the tenth day of  the composting process and reached 
a value of  1.8% at about the fifty-fourth day since the 
beginning of  the experiment. This rise in the total azote 
percentage may be explained by the nature of  the starting 
elements, especially the poultry manure, which is high in 
azote fermentables. In harmony with Mustin (1987), the 
increase in the percentage of  total nitrogen is due to the 
breakdown of  the proteins in the starting materials by the 
heat and action of  the microorganisms. This increase is 
under the influence of  the microbes and bacterial residues 
that have proliferated, particularly during the first stage of  
the experiment.

Fig 6. pH measurement over time in the compost.

Fig 7. Variation in total carbon throughout the composting.

Fig 8. Total nitrogen variation throughout the composting.



Lamourou, et al.

126 	 Emir. J. Food Agric  ●  Vol 35  ●  Issue 2  ●  2023

Variation of the C/N ratio of the compost
Nitrogen, carbon, and the C:  N ratio are the major 
indices for the assessment of  the stability of  the compost 
(Elango et al., 2009; Yuan et al., 2015). In fact, for perfect 
composting, a C/N ratio of  25 to 30 is recommended 
(Feng & Zhang, 2021). The C/N variation in compost 
reflects compost stabilization (Khalil et al., 2008). Based 
on previous research, a final C/N below 25 indicates that 
compost reaches maturity (Alvarenga et al., 2015). Results 
in Fig. 9 indicate that the composting of  55 kg of  green 
waste, 40 kg of  poultry manure, and 5kg of  green waste 
biochar was slightly higher in the beginning (36.6), then 
exhibited an apparent decrease with a value of  10.3 at the 
end of  the experiment (Fig. 9). Wang et al. (2021) claimed 
that the smaller the C/N ratio, the better the quality of  
compost. Vuorinen and Saharinen, (1997) proposed that 
the compost had reached maturity when T was <0.6 
(T=(C/N) final/(C/N) initial).

Variation of the CO2 emissions from the pile throughout 
the experiment
Results in Fig.  10 present the CO2 emissions from the 
compost during the aerobic composting process. The 
first stage is distinguished by intense microbial activity, 
which began a few hours after the composting started 
and reached a maximum of  5600  mg.CO2/kg compost 
on the third day. This peak was lincked to an increase 
in the biodegradation of  easily degradable compounds. 
According to Fig. 10, a slight decrease was detected in the 
emission of  CO2 due to the overturning of  the pile on the 
third day of  composting. Then, a second raise was reached 
after 14 days of  composting. Subsequently, the emission 
of  CO2 decreased sharply and then stabilized around the 
28th day, showing a slowing of  biological activity, which 
indicates the compost’s ripeness despite the turning over 
of  the compounds. In conformity with previous research 
by Goyal et al. (2005) and Brewer & Sullivan (2001), we 

can confirm that our compost has reached its maturity 
degree. Goyal et al. (2005) mentioned a value of  500 mg 
CO2.100g-1 as an index of  the compost’s maturity, whereas 
Brewer & Sullivan (2001) presented a rate of  6 mg CO2.g-1 
carbon (C). day-1.

Variation of the germination index of the compost
According to Bernal et al. (2009) and Komilis (2015), 
the germination index can be affected by the use of  an 
immature compost because of  the presence of  phytotoxic 
substances. Fig.  11 and Table  2 show, respectively, the 
results of  the germination index and medium-length 
root of  Baklouti pepper seeds (a local variety in south 
Tunisia) in the extracts of  different organic compounds 
and compared with the control (water). The results of  the 
germination index (Fig. 11) indicated that seed germination 
exceeded 70% in the extracts of  compost and biochar, 
and it was higher in the extracts of  compost compared to 
biochar and the control. The results of  Table 2 show that 
the highest medium length is recorded for seeds sprouted 
in the compost extract, followed by seeds sprouted in the 

Fig  10. Variation of the CO2 emissions from the pile during the 
co-composting materials.

Fig 9. The C: N ratio variation during composting.
Fig 11. Germination index of Baklouti pepper seeds sprouted in different 
extracts of organic compounds.



Lamourou, et al.

Emir. J. Food Agric  ●  Vol 35  ●  Issue 2  ●  2023	 127

extract biochar, and finally the seeds sprouted in the distilled 
water (control). The medium lengths are, respectively, 
0.97  cm, 0.95  cm, and 0.94  cm for seeds sprouted in 
extracts of  compost, biochar, and distilled water. According 
to Luo et al. (2018), our findings show that compost and 
biochar are not toxic and don’t prevent the pepper seeds’ 
germination. In accordance with Guo et al. (2012) and 
Jagadabhi et al. (2019), the seed’s germination reflects both 
the maturity and the toxicity of  the compost. Zucconi 
et al. (1981) suggested the employment of  biological tests 
to check the toxicity of  compost and assumed that the 
compost is deemed non-toxic when the seed germination 
value is greater than 50%. According to Tequila (2005b) 
and Rashad et al. (2010), the compost reaches maturity 
when the germination index is >80%.

Scanning electron microscopy analysis
Scanning Electron Microscopy is a technique that 
produces high-resolution images by scanning the surface 

of  samples with a focused beam of  electrons. The physical 
characteristics of  compost and biochar are conditioned 
by the chemical composition of  the organic compounds. 
According to Fig. 12, the Scanning Electron Microscopy 
images illustrated that the mean pore size from the six 
SEM images of  compost and biochar and particles ranged 
from 12.5 to 12.2mm (sd± 0.3mm) to 12.1 to 11.3 mm 
(sd±0.9 mm). The pores were highly elliptical, depending 
on their orientation and measurements, indicating that 
the original porous structure of  the wood feedstock had 
become distorted during pyrolysis. Furthermore, the pore 
size distribution was greatly asymmetric, with 95% of  pores 
being smaller than 212 μm (Fig. 12). Finally, the disparity 
in porosity observed in Fig. 12 depends on the processes 
of  composting and biochar fabrication.

CONCLUSION

This study examined different parameters for evaluating the 
compost’s maturity and stability. The final compost’s main 
physical, chemical, and biological properties assert that it 
has achieved stability and maturity. Results indicated that 
the compost temperature reached the ambient temperature 
on the 54th day. Also, the pile moisture confirmed that the 
compost had reached the maturation phase. The C/N ratio 
reached 10.3 and T = 0.28 on the 54th day, indicating that the 
compost had matured. The germination index test proved 
that the compost was nontoxic, reaches maturity (GI = 80%), 
and couldn’t have negative effects on soil or plant health.

According to previous research on the use of  biochar and 
the results obtained during this study, we can note that the 
incorporation of  biochar (at low rates) to other organic 
residues (green waste and poultry manure, etc.) at the 
beginning of  the composting process can speed up the 
operation by promoting the microbial communities and their 
activities. All these results require further research by testing 
other rates and types of  biochar. More research is needed, 
however, on biochar as an organic amendment, biochar 
residence time, and the pyrolysis temperature of  biochar.
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