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ABSTRACT 
 Composting methods have resilient influence on spot differences in the physical and chemical 
characteristics of compost maturity. In the current study which carried out at Central Laboratory for 
Agricultural Climate (CLAC), from 1st October 2019 to 15th March 2020. Three ventilation methods for 
composting were evaluated, local turners, manual turning using hand shovels, and natural ventilation, 
the processes were examined between a week intervals up to 22 weeks. The gradual changes in 
physicochemical characteristics (temperature, pH, moisture content and C\N ratio) related by compost 
stability and maturity were studied and compared; the results showed that, mechanical ventilation and 
manual turning were higher than in the natural ventilation. The optimum level for compost stability and 
maturity parameters like moisture content, C\N ratio, pH, particle size, odor, and composting time were 
reached earlier in mechanical ventilation process as compared to manual turning ventilation processes. 
The final investigation results indicated that, using mechanical turning give best compost characteristics 
compared with natural or manual ventilation.  
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1. Introduction 

Composting is an aerobic fermentation process caused by micro-organism mediated, where, the 
solid organic materials were digested and converted into other stable compounds, the new product is 
known compost, and this compost has many advantages for the soil, where it is improve the physic-
chemical and microbiological properties (Sanchez et al., 2017).  

Compost producing process is an ecological complex process, where the temperature, oxygen, 
pH, moisture content, organic matter and many other factors are in a state of overlapping and a 
continuous mutability until to reach to the compost maturity. Compost producing process is carried out 
by using many different systems, which include turned windrows, static piles with forced ventilation 
and in-vessel systems. (Alexander, 2007). Composting process could be defined also as a biological 
process under control conditions used to digest the organic wastes and transform these wastes into 
organic fertilizer, the ventilation method is the influencing factor in the compost production process, 
and it helps to ensure the growth of aerobic microbes.  

To clarify the effect of ventilation methods on the compost maturity and quality (Zhi-Qiang 
Xiong et al., 2017) studied the effect of ventilation rates on nitrogen losses during compost producing 
process, and they found that ventilation rate highly affected on O2 content with all conditions, as well 
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as moisture content, nitrate and nitrogen loss. They are found also that NH3 emissions were increased 
with the increasing of ventilation rates and increased at high temperatures owing to nitrogen loss. The 
main results from this research are the ventilation rate had a significant effect on total nitrogen loses 
and ammonia emissions. Many physical factors have significant effect on the stability and maturity of 
the compost, like ventilation methods, temperature, moisture content and pH (Guo et al., 2012).  

Ventilation process has the mainly effect on compost component and maturity; where the 
ventilation process provides the oxygen needed for aerobic biochemical interactions, ventilation process 
helps to removes heat generated from the interaction, excess moisture and carbon dioxide and other 
products of disintegration (Shimizu, 2017). 

On other hand, the effect of ventilation rate on compost quality, nitrogen losses, and energy 
required were studied by (Scaglia et al., 2011). The results found that the anaerobic conditions could 
be caused by the deficient ventilation, that is due to the shortage of oxygen, on the other hand too much 
ventilation increase the production costs and decrease the speed of composting process by losing the 
heat, water, and ammonia, causing nitrogen loss. The up keeping of suitable oxygen content during 
composting process, lead to limit the formation of anaerobic zones and thereby avoid the generation of 
intermediate products of anaerobic metabolism, compost producing process helps to decrease the waste 
management problems including odors of manure, pathogens, groundwater pollution, and utilization 
costs (Tirado, 2008).  

Waste management in rural areas has focused more on usefully reusing it as feed for agricultural 
purposes, with the aim of increasing environmental awareness and reducing costs associated with 
disposing liquid wastes, organic waste and bio-solids (Sumner, 2000). Animal manures, agricultural 
wastes, food processing wastes and other agricultural byproducts have could be considered a good 
organic fertilizer for the soil cause of highly constants of nutrients and organic matter. Compost 
producing process is a one method of wastes recycling for reuse as a soil organic fertilizer (Defoer and 
Van Langenhove, 2002; Danso et al., 2006).  

Composting process starts when the organic wastes are motley to realize a C\N ratio, moisture 
content and suitable space that ensure a good condition for digestion and degradation to produce the 
compost (Illmer et al., 2007). Temperature increasing leads to increase the compost decomposition 
reactions. Although this rise is significant, it negatively affects the microbial assemblages during the 
process of decomposition, where the suitable temperature degree is directly affected by the microbial 
activity. Therefore, the ventilation rates must be good to maintain an adequate level of temperature 
(Nelson et al., 2006). Temperature is the main indicator, where the composting processes has been taken 
the place between two ranges known as mesophilic (10-40°C) and thermophilic (above 40°C), and the 
most composting processes takes place at temperatures between 45°C and 65°C. The temperatures of 
thermophilic result in more fast disintegration and pathogen weed seed and fly larvae devastation 
(Alexander, 2007; Tateda et al., 2005). Moreover, C\N ratio has highly effect on composting processes 
and on the losses of nitrogen throughout composting process too (Illmer et al., 2007).  

Therefore, piles size and piles rotating rate directly affect composting costs due to the machinery 
systems used and the required area to each pile. However the size of a pile is limited by the machinery 
systems, the depth of permeation of oxygen and by high temperatures that develop in the center of the 
pile that can inhibit microbial activity (Guo et al., 2007; Halet et al., 2006).  

This study aims to produce a high quality compost form agricultural wastes, suggest the best 
ventilation method for producing processes, that by studying effect of three different ventilation 
methods on the compost maturity and quality 
 
2. Materials and Methods 
 

This exprimental were carried out at Central Laboratory for Agricultural Climate (CLAC), from 
1st October 2019 to 15th March 2020. 
 
2.1. Raw materials 

Four types of raw materials were selected (corn stalks 30%, rice straw 25 %, vegetables wastes 
30%, and mixed manure 15%). These raw materials were chopped and divided into three piles. The 
dimensions of each pile were 1.3* 0.7 * 10 m (W, H, L). 100g of samples were collected from three 
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different depths (10 cm, 30 cm and 50 cm), and three different points of the piles length every 2m, on 
week zero, 4, 8, 12, and 16 after ventilation before turning according to (Zue et al., 2004). 

 
 
2.2.  Ventilation methods 

To providing air and enough oxygen for aerobic biodegradation to remove excess water vapor, 
heat, and gases, three ventilation methods were selected to study and evaluate the performance 
characteristic for each ventilation methods. 

 
A) Natural ventilation "Pile 1",  
B) Ventilation using manual turning "Pile 2", and  
C) Mechanical ventilation "Pile 3" 
D)  

Each pile 2 and 3 were turned twice a week for 10 weeks then once a week for five weeks. Also, 
turning was started when the pile temperature ranged from 60 to 70°C. 

 
2.3. Temperature 

The pile temperature profiles were measured manually at three different depths (5cm, 30cm and 
50cm), using a series of portable K-thermocouples (Omega). 

 
2.4. Moisture content 

Sample weighted 250g was dried at 105 ± 5°C for 24h until a constant weight. The moisture 
content (%) was calculated as the mass loss due to water removal (g/g) divided by the wet (Michel et 
al., 1993). 

 
2.5. Particle size 

The compost samples were dried and the particle size was determined. The method was 
implemented as described according to ASAE Standards S424.1, A set of seven square-hole sieves were 
used consisting of numbers 3.5, 6, 10, 14, 20, 35 and 60, with screen openings of 5.66, 3.36, 2, 1.41, 
0.85, 0.5 and 0.246mm, respectively. 

 
2.6.  C\N ratio 

The organic carbon was determined according to FAO Soil Bulletin (1989). Total nitrogen was 
determined using kjeldahl digestion and distillation method as described by FAO Soil Bulletin (1989). 

 
2.7. pH 

Compost pH was determined by taken 10 grams of compost and added to 100ml of deionized 
water then pH determined using a pH electrode (Carnes and Lossin, 1970). 
 
3. Results and Discussion 
 
3.1.  The properties of the initial raw materials: 

At the start and after preparing and mixing the three piles 10 samples were taken from each pile 
and analyzed (Table 1). 
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Table 1: Properties of the initial raw materials: 
Piles No. Temp. oC MC % C/N ratio pH 

Pile 1 27 + 0.8 29.3% +1.1 40/1 +1.6 5.9 + 0.5 
Pile 2 27.5 + 0.9 29.3% +1.1 40/1 +1.6 5.7 + 0.5 
Pile 3 27.7 + 1.0 29.3% +1.1 40/1 +1.6 6 + 0.5 

 
3.2.  Average temperature profiles: 

The results comparisons for analyzed compost after every week were conducted out for a period 
of 22 weeks. The variations in the parameters during different times of the study were documented 
graphically and tabulated for three ventilation method. The rising of the average temperature degree is 
the integral part of the composting process. In addition, the increasing in average temperature degree is 
an essential component towards sterilization of the compost (Haug, 1993). The increasing of the average 
temperature degree after 7 days is caused by the microbial activity, and it was detected in all types of 
three ventilation method (Fig. 1), followed by decline due to less availability of organic carbon, these 
results are also described by (Hagerty et al., 1973). The difference in average temperature degree was 
recorded in all types of ventilation. In the natural ventilation the maximum average temperature 
increased was 60oC on 5th week and 70oC on sixth week. Whereas, in ventilation using manual turning 
obtained the average temperature was 55oC on 5th week and 62oC on sixth week (Fig. 1). The average 
temperature of mechanical turning was lowest as compared to other ventilation due to its good 
ventilation average temperature recorded was 53oC on 5th week and 58oC on sixth week. Moreover, 
temperature can be used as an indicator of the composting performance and it is very important for 
killing of pathogens and weed seeds in the compost. 

 

 
Fig. 1: Average temperature profile during composting operation. 

 
Furthermore, the average temperature data showed that, the average temperature decreased for 

piles 2 and 3 reached near the atmospheric temperature after 13 weeks, while, it decreased near 
atmospheric temperature after 22 weeks for the pile 1.  
 
3.3.  pH profiles 

Presented data in Figure 2, indicated that the pH started increasing for each pile from first week 
until 11 weeks for piles 2 and 3 and 14 weeks for pile 1 from composting process. After that, pH profile 
was started to decrease until reached to stability. This changing in pH is due to the metabolically 
activities resulted in the production of organic acids and release of ammonia. All organic wastes proper 
for composting processes have a range of pH from 6 to7 but no specific pH is required for composting 
process the pH of the raw material (6.7) rise in all types of ventilation (Fig. 2), due to the organic acids 
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produced by the fermentation of carbohydrates and lipids due to microorganisms (Gaur, 1997). The pH 
comeback to neutral level after the organic acids converted to CO2 by microbial activity, which is in 
agreement with the observation made by (Heo et al., 2004). At maturity aerobic process pH was 
gradually decreased and tended to be stable 7.5 to 7.8, however pH cannot be considered as a good 
parameter to assess compost maturity agree with (Hernando et al., 1989). 

  

 
Fig. 2: pH profile during composting operation. 

3.4.  C\N profiles 
Illustrated data in Figure 3 obtained that, C\N profiles were started reducing after first week to 

17 weeks for pile 2 and 3 and 22 weeks for pile 1 from composting process for each pile. Also, the 
reduction percentage in C\N ratio value was 30.5%, 26.7% and 24% for neutral ventilation, manual 
ventilation and mechanical ventilation, respectively, (Fig. 3). This observation due to the carbon 
reduction was greater compared to N in all types of composting processes because microorganisms use 
carbon as an energy source and N to build the cell structure in the decomposition process. Higher 
reduction of carbon and nitrogen ratio in mechanical ventilation method was due to ventilation stable 
earlier than in manual ventilation the final C\N ratio was higher than recommended values. Natural 
ventilation is not suitable for land application. The C\N ratio for organic wastes is critical and usually 
used for the maturity degree of the compost (Bernal et al., 1998). 

 

 
Fig. 3: C\N profile during composting operation. 
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3.5.  Maturity stage 
The change in temperature, pH, C/N, MC, texture, color Odor and Particle size are the indicators 

of the end of composting operation. Final samples were analyzed to indicate and evaluate the properties 
of the final compost materials for the three piles shown in Table (2). Result show that compost produced 
after 22, 18 and 17 weeks for piles 1, 2 and 3, respectively. The final analysis of the samples indicated 
that, there are significant differences in between the three systems with different agitation rates 
especially in odor and C\N ratio beside the period of composting and particle size. In addition, 
producing the compost by using mechanical ventilation method led to enhance the compost quality and 
faster the composting process more than other tested methods.  
 
Table 2: The properties of the final compost materials. 

Pile No. Temp oC MC % 
C\N  
ratio 

pH Texture 
Color 

 Intensity 
Odor 

Particle 
size  

(mm) 

Pile 1 28 + 0.8 45% +1.1 30/1 +1.6 7.5+ 0.5 Cruse Light black Acceptable 18 

Pile2 28 + 0.8 42% +1.1 27/1 +1.6 7.8+ 0.5 Soft Dark brown Good 15 

Pile 3 28 + 0.8 40% +1.1 22/1 +1.6 7.5+ 0.5 Soft Brown Good 8 

 
4. Conclusion 

The results showed that, the mechanical ventilation method is the most suitable methods for 
compost production comparing with the other two methods in this study, where, it gave the highest 
nitrogen level and reached to maturity degree earlier after 13 weeks, and gave the optimum properties 
of compost especially in C\N (22:1), pH (7.5) and average particle size (8mm). 
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