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ABSTRACT 
 

The objective of the research is to study the composting process of rice 
straw in closed vessels, and to study the influence of adding the green agricultural 
residues to compost mixture, study some physical and chemical properties of raw 
materials and compost during the composting operation, study of the microorganism 
activity by monitoring differences in biomass temperatures and reducing the time 
requirement by minimizing fermentation time from 6- 24 weeks to about 4 weeks only 
and minimizing the area requirement by using in-vessel vertical bioreactor.. Three 
identical bioreactor vessels were designed, constructed, and installed to study and 
test their performance in rapid composting of chopped rice straw. Experiments were 
carried out to under aeration rate (0.007 m

3
/min) and particle size of chopped rice 

straw (2.0-12.0 mm).Laboratory tests were also executed to examine and evaluate 
some chemical properties of the raw materials; Temperature profiles; physical and 
chemical properties of produced compost. The obtained results showed that, the peak 
temperatures at the three mixtures compost were 57.3, 58.6 and 57.6 

0
C. The 

maximum ash, Organic Carbon, C/N ratio, pH, EC, Total Nitrogen, Phosphorus, and 
Potassium content were 32.34 %, 45.09 %, 58.51, 7.28, 0.870 S/m, 2.3%, 0.38%  and 
4.5% for mixture 1, 34.33 %, 45.05 %, 40.96, 7.08,  0.864 S/m, 2.5%, 0.40%  and 
4.9% for mixture 2 and 36.47 %, 44.78 %, 49.20, 7.12, 0.804 S/m, 2.39%,  0.36%  
and 3.70% for mixture 3  respectively.  
Keywords: composting; in-vessel bioreactor; bioengineering; temperature profiles; 

physical; chemical. 

 
INTRODUCTION 

 
A large amount of solid field residues remains after the harvesting 

operations of different crops. Egypt cultivates about 1.67 millions feddans rice 
every year, which produce 3.39 million tons of rice straw. This quantity 
presents a sizable problem to the farmers, government and the environment. 
(CMAE 2001).  These residues are commonly moved to dumps, where they 
pose a threat of environmental pollution. Treatment of these residues either 
by aerobic or anaerobic fermentations produces, biogas, digested slurry, and 
compost which is mainly used as a good growth media for different vegetable 
crops. Therefore, the utilization of field residues became as an important 
topic for different researchers in numerous countries and international 
regional associations. The bioengineering methods for recycling agricultural 
wastes in an embryonic stage. Composting is a method for the biochemical 
degradation of organic material. Composting methods are commonly 
employed on farms (open field) such as; passive composting, windrows, and 
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aerated piles. These methods need a large areas to accomplish and take a 
long time (about 3 months in summer season and 4 months in winter season) 
to convert the raw materials into compost.  

These methods are always followed without temperature control, 
aeration control, materials movement control, and odor control. There are 
usually two main types of parameters, which affect composting system 
performance. In-vessel composting refers to a group of methods which 
confine the composting materials within a building , container,  or vessel.  
In-vessel methods rely on a variety of forced aeration and mechanical turning 
techniques to speed up the composting process. Many methods combine 
techniques from the windrow and aerated pile methods in an attempt to 
overcome the deficiencies and exploit the attributes of each method. 
Engineering parameters (vessel design, aeration rate, shredding size of raw 
material, moisture content, and mechanical agitation intervals) and 
environmental conditions such as rainfall, and odor control. These 
parameters and their effect on composting system performance either for 
passive composting or windrows or aerated piles have been studied by 
several researchers (Hong and Ikeuchi (1985); Schuchardt, 1992; Vander 
Gheynst et al 1996; Sartaj et al., 1997 Walker et al. 1999). Experiments have 
shown that the process of grinding compost materials can increase the 
decomposition rate. Haug (1993) recommend a particle size of 1.3 to 7.6 cm 
(0.5 to 2 inches), with the lower end of this scale suitable for forced aeration 
or continuously mixed systems, and the upper end for windrow and other 
passively aerated systems.  

The importance of temperature monitoring lies on the fact that it 
reflects the activity of microorganisms in the substrate and it represents an 
indicator of the proper evolution and occurrence of the composting process 
(Diaz and Savage, 2007). According to Hassen et al. (2001) substrate 
temperature determines the rate at which biological processes take place and 
plays an important role in the evolution and succession of the micro-
organisms population.  

In-vessel methods rely on a variety of forced aeration and 
mechanical turning techniques to accelerate the composting process. Gaby 
et al. (1972) showed that the composted wastes were turned over every 5 to 
7 days and finished in 49 days. Initially the process was anaerobic and 
required 6 months for completion to occur. The process was later modified by 
turning the pile over twice, which reduced the composting time to 3 months. 
Rynk, (1992) stated that factors affecting the composting process include 
oxygen and aeration; nutrients (C:N ratio), moisture, porosity, structure, 
texture, and particle size.  

Moisture is necessary to support the metabolic processes of the 
microbes. Water provides the media for chemical reactions, transports 
nutrients and allows the microorganisms to move about moisture content 
range 40-65 %  is a general recommendation that works well for most 
materials. Porosity, structure, and texture relate to the physical properties of 
the materials such as particle size, shape, and consistency affect the 
composting process by their influence on aeration. The composting process 
is relatively insensitive to pH. The preferred pH is in the range of 6.5-8.0, but 
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the natural buffering capacity of the process makes it possible to work over a 
much wide range. Also, he stated that carbonaceous substrates should be 
mixed with nitrogenous ones at a ratio of 4:1 or less, but never lower than 1:1 
(on a dry weight basis). Some possible combinations are:  

 3 parts rice straw - 1 part horse manure   

 4 parts rice straw - 1 part chicken manure  

 4 parts grasses - 1 part legume materials + 1 part manure  

 
MATERIALS AND METHODS 

 
Experimental Equipment:  

This study was carried out in Port Said Research Station during 
summer season 2011-2012. Three 0.147 m

3 
reactor vessels were fabricated 

so concurrent composting tests could be run. Each bioreactor is cylindrical in 
shape, and made from stainless steel sheet 1 mm thick. The gross 
dimensions of the bioreactor are 50 cm in diameter (interior diameter) and 75 
cm high. Each reactor includes a perforated stainless steel screen plate was 
installed above the bottom of the composter (with 10 cm high) to aid in 
aeration and support of the compost mass.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure (1): Schematic diagram of in-vessel system was designed for 
composting process. 

Where: 1-Temperature sensor.  2- Air inlet.  3- Water inlet.  4- Gas outlet.   
5- Perforated screen.  6- Insulation.   7- Extract outlet.   
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The screen holes were (0.3 cm ID), and the opening area was > 40% 
of total plate area according to Hong et al., 1984. Air moves through a 50 mm 
ID plastic PVC pipe. The small fan supplies a constant air flow through the 
compost to meet requirements for oxygen. Each reactor is equipped with 
small ports to facilitate temperature measurements in the center of the 
composter. Air can be supplied from either fan on an intermittent basis by 
using timer. Each reactor was wrapped with 50 mm (thickness) of steel cap 
was placed on the top. Each cap having three ports, two to exhaust wet water 
vapour which uptaking during composting process and one for water and 
organic manure additions (whenever need that), as shown in Figure (1). A 
similar design and size have been used by Hansen et al., (1989); Seki 
(2000). In the exterior circumference of each reactor, 25 mm of fiberglass 
wool insulation was placed to reduce the heat losses from the curved surface 
of the reactor.  
Instrumentation:   
Temperature measurement: 

 The temperature in each composter and ambient air were measured 
by the continuous self-recording data logger with K-type thermocouple probe 
(Testo 177-T4, temperature data logger, 4 channels,), the data logger was 
designed to allow temperature measurement at 4 locations. 
Acidity (pH) meter:     
The acidity (pH) of the composting media was measured using pH meter 
(Misura line ML 1010 pH meter made in Romania). To measure the pH of 
composting media, a 5 grams of mixture was placed in a glass beaker (50 
cm

3
), and 30 ml of water was added and agitated together according to 

(ASAE, 1997).  
Electrical conductivity meter:     
 The salinity of raw materials was measured using electrical 
conductivity (EC) meter (model 470 Cond. Meter JENWAY made in the E.U.). 
Raw Materials for Composting Process:  
 Small particle sizes of raw materials create more surface area. 
Surface area is an important component when we are talking organic 
technology. Surface area influences not only compost temperatures and rate 
of decomposition; surface areas influence pot-substrate water retention and 
cation exchange capacities for nutrients Perr et al. (1982).  

Rice straw: were used as one of the raw materials for composting 
media. This raw material was collected and brought from the field after 
harvesting operation. Rice straw and other large objects cannot be 
composted without size reduction. Conventional threshing machine was 
employed to break and shred the rice straw when they reached a moisture 
content of 7.4 - 9 %(wb). Four different sieves were used to classify and sort 
the shredded straw into category of particles size (2.0 ≤ category ≤ 12.0 mm). 

Water hyacinth: is a floating aquatic plant with fibrous root system 
and dark green round leaves. The stalks are swollen into spongy, bulbous 
structure. The stalks and the leaves contain air filled tissue which enable 
them to float on water (Olal et al., 2001). He described it as the most 
predominantly, persistently and troublesome aquatic weed in the world and 
has posed ecological and biological problem in several countries of the world. 
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This raw material was collected from drainage beside EL-Redwan village Port 
said Governorate.  
Alfalfa: the first-cutting of alfalfa were used as one of the green raw materials 
for composting media. This material was collected and brought from fields at 
EL-Redwan village Port said Governorate. 
Cattle manure: 

Fresh cattle manure was collected and moved from dairy cattle farms 
of Port said Governorate to the composting unit. 
The Compost Mixtures: 

Table (1) showed the raw materials of different mixtures. Different 
mixtures were mixed together at a ratio of 0.3 parts of water hyacinth and 
Alfalfa to 1 part of straw (by weight). Mixture operation of raw materials was 
manually executed on a plastic sheet placed on the concrete floor using 
handle shovels. The mixture of raw materials was weighed at the beginning 
and end of each test. 
 
Table (1): The three mixtures tested in the test. 
Ingredients Mixture 1 Mixture 2 Mixture 3 

Rice straw, kg 7 6.5 6.5 

Cattle manure, kg  15 14 14 

Alfalfa, kg 0 0 2 

Water hyacinth, kg 0 2 0 

Water, kg 0.75 1 1.5 

Total weight, kg 22.75 23.5 24 

 
For the duration of the experimental work, all treatments of the 

composting media were leaved in the bioreactor for just 28 days only to be 
composted. After composting period the composted material was removed 
from the bioreactors to store under natural conditions (at room ambient 
temperature) for curing stage.  
Laboratory Analysis of Compost: 

All laboratory analyses were executed according to (ASAE, 1997). 
Approximately 0.8 kg samples were collected from six arbitrarily selected 
points for each vessel at the start and at the end of each run. Some Chemical 
properties of raw materials were listed in Table (2).   
 
Table (2): Some Chemical Properties of Raw Materials. 

Determination Manure Rice straw 
Water 

hyacinths 
Alfalfa 

Moisture content, %(wb) 
pH (-) 
EC, mg L

-1
 

VS % 
Ash % 
TC % 
TN % 
C/N (-) 
Phosphorus, P % 
Potassium, K % 

86.0 
7.97 
1224 
81.09 
18.91 
45.13 
0.93 
48.44 
0.17 
0.32 

9.0 
6.05 
564 
91.0 
9.0 

47.30 
0.30 

157.68 
0.13 
0.29 

86.6 
7.03 
884 
54.0 
46.0 
30.0 
1.97 
15.23 
0.19 
0.41 

58.0 
7.84 
747 

83.17 
16.83 
46.20 
2.25 

20.54 
0.24 
0.67 
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Carbon: Nitrogen Ratio (C/N): 
 Because of the carbon: nitrogen (C/N ratio) of fresh compost was 
very high (Table 2), addition of nitrogen was necessary to achieve the desired 
C/N ratio. Therefore, the amounts of fertilizer were 5 and 14 kg/ton of super 
phosphate and urea were added respectively. A similar amount to that, used 
by Sadaka and Sabbah (1999) and many others.   

Moisture content: was determined by comparing the weight of a 
sample before and after drying at 70 

0
C for 48 hours, in an electrical oven. 

The moisture content (MC, %) was determined as follow: 
 Moisture content (MC, %) = [(Mw – Md) / Mw]*100           %     (3.1)  
Where:    Mw = weight of the wet sample; 
  Md = weight of the dry sample. 
    The moisture content of mixed materials at the beginning of each 
experiment was about 65 % (w.b). 
Volatile solids (Vs) and fixed solids (Ash): inorganic matter was determined 
by weighing the ash remaining after burned of an approximate 2g dried 
sample at 700 

0
C for 2 h in an electrical furnace. Volatile matter content for 

each raw material and mixed materials was computed according to the 
method of soil organic content test (Vander Gheynst et al., 1996; Eldridge et 
al., 1993). 
    Volatile matter content = (Ma – Mb / Ma-Mc) x 100,           %      (3.2) 
Where: Ma = sample and crucible mass, g; 
     Mb = ash and crucible mass after intensive heating at 700 

0
C for 2h, g; 

             Mc = crucible mass, g.  
Carbon content (TC): the sample used for moisture content, volatile solids, 
and fixed solids (ash) determination was also employed to estimate carbon 
content. The carbon content was calculated using the following formula 
(Chang et al, 1980).   

Carbon = (100 - % ash) / 1.8 (db),                               %       (3.3) 
Carbon / Nitrogen ratio (C/N): was calculated after the amount of carbon 
and total nitrogen in the composting media was assessed.     

The Density and bulk density: were calculated by dividing the weight 
of the substance on the volume that occupies. The bulk weight is expressed 
in the wet mass of material per unit volume. 

The bulk density is the dry mass of the material per unit volume of 
solids and voids occupied by the original material. Bulk density can be found 
from the following equation (ASAE, 1997). 
Bulk density (g/cm

3
) = ((density (g/cm

3
) x dry matter (%)) *100           (3.4) 

Specific gravity of the solids: defined as the dry mass of solid particles per 
unit volume of water displaced by them (ASAE, 1997).  
Porosity (P): is the air space occupied by both water and air. The porosity in 
the table was calculated using the following formula (Inbar and Hadar, 1993):      
Porosity = 100 x (1- (bulk density / specific gravity)),                 %      (3.5) 

Air space of porosity (A): was obtained using the following formula 
(Inbar and Hadar, 1993):  
Air space = porosity (1- moisture content / 100),                       %       (3.6) 
Major nutrients: nitrogen (N), phosphor (P), and potassium (K) contents of 
the raw materials, fresh compost and in the cured compost were assessed at 
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the Unit of Analysis and Studies, Soil, Water and Environment Res. Institute, 
Agricultural Research Center.  
The power consumption in aeration: 
 Total consumed power (kW) during aeration operations was 
estimated by using (WSE, Bedienungsanleitung LVM 210) energy 
consumption meter. 
  

RESULTS AND DISCUSSION 
 

Temperature Profiles of Produced Compost:- 
Composting process essentially takes place within the two ranges 

known as methophilic phase (10-40 
0
C) and thermophilic phase (greater than 

40 
0
C). Although mesophilic temperature allows effective composting, most 

experts suggest maintaining temperatures between 40 and 58 
0
C 

(thermophilic phase).  Temperature curves for the various mixtures during 
composting process are shown in (Figure 3). The temperature of the raw 
materials during composting process is considered as an action indicative of 
the degree of microbial decomposition activity. The temperature of the 
compost rose rapidly within 24 hours after mixtures was placed in the 
composters and reached a peak (58.6 

0
C) within about 8 days. The 

downward in the temperature histories are indicative of when turning 
occurred. Temperature recovery occurs in about 24 hours after compost is 
turned at the three mixtures. The turning frequency was scheduled for turning 
three times during the 28 days test. After the thermophilic phase, the compost 
temperature drops. Maintaining aerobic conditions can be accomplished by 
mechanical mixing or turning. Mixing and turning increase aeration by 
loosening up and increasing the porosity of the composting mixture. Results 
showed that the temperature was greater than 45 

0
C since the second day of 

the experiment, this rise in temperature lasted for about twenty days for the 
three mixtures. The peak temperatures were 57.3, 58.6 and 57.6 

0
C for 

producing compost mixture (Mix 1= shredded rice straw, cattle manure and 
water); (Mix 2= shredded rice straw, cattle manure, water hyacinth and water) 
and (Mix 3= shredded rice straw, cattle manure, Alfalfa and water) 
respectively under particle size of (2-12 mm) and aeration rate of 0.007 
m

3
/min. The relationship between compost materials temperature and time, 

day (T) can be represented as:  Mix 1 = 50.5 - 0.184 T, Mix 2 = 48.4 - 0.048 
T, and Mix 3 = 50.9 - 0.207 T 
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Fig. (4-1): Temperature Profiles of Compost Materials (Mix1, Mix2, and 

Mix3). 
 
Physical Properties of Produced Compost:-  
Physical properties of the three mixtures is summarized and tabulated in 
Table (2). It showed that, moistures content were 65, 68.8 and 68.11% at the 
beginning of the experiment and became 49.8, 47.17 and 50.03% at the end 
for the three mixtures 1, 2 and 3 respectively. The percentages of reduction in 
the moistures content were about 23.38, 30.88, and 26.55% for the three 
mixtures 1, 2 and 3 respectively. The bulk weight of the compost was always 
less than that of the initial admixture. Bulk weights were 0.276, 0.308 and 
0.304 g/cm3 at the beginning of the experiment and became 0.553, 0.557 
and 0.538 g/cm3 for finished compost of mixtures 1, 2 and 3 respectively. 
The bulk densities of the finished compost were 0.278, 0.294 and 0.269 
g/cm3 for mixtures 1, 2 and 3 respectively. The percentages of increasing in 
the bulk densities were about 65.11, 66.67, and 63.94 % for the three 
mixtures 1, 2 and 3 respectively. Also, results showed that the air spaces 
were 33.41, 30.39 and 30.44 % at the beginning of the experiment and 
became 43.66, 45.54 and 43.66 g/cm3 for finished compost for mixtures 1, 2. 
and 3 respectively. Porosity is an expression for the air space occupied by 
both water and air As the amount of surface area is increased with smaller 
particles size, the rate of aerobic decomposition also increased making the 
compost process more rapidly and more efficient. The porosity of the finished 
compost were 86.97, 86.19 and 87.38 %. The percentages of reduction in the 
porosity were about 8.89, 9.64, and 8.45 % for the three mixtures 1, 2 and 3 
respectively. Figure (2) reveals moisture content, density, porosity and air 
space of composting materials under particle size of (2-12 mm) and aeration 
rate of 0.007 m

3
/min. The maximum moisture content, density, porosity and 

air space were 68.14%, 308 kg/m
3
, 95.46 % and 33.41% for mixtures 1, 2 

and 3 respectively. The relationship between compost types (Mix) and 
moisture content (MC), density (D), porosity (P) and air space (A) can be 
represented as:  Mix = - 30.0 + 0.478 MC, Mix = -11.6 +46.1 D, Mix = 736 - 
7.7 P and Mix = 17.6 - 0.497 A 
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Table (2): Some physical characteristics of the compost material during 
process. 

  Some Physical Characteristics  

Raw 
Materials 

Time, 
day 

MC, 
% 

Dry matter, 
% 

Bulk Weight, 
g/cm3 

Bulk Density, 
g/cm3 

Porosity, 
% 

Air Space, 
% 

  1 65.00 35.00 0.276 0.097 95.46 33.41 

  7 61.13 38.87 0.359 0.172 93.13 35.97 

Mix1 14 55.40 44.60 0.449 0.187 91.25 38.55 

 21 51.15 48.85 0.516 0.232 89.09 40.97 

  28 49.80 50.20 0.553 0.278 86.97 43.66 

  1 68.14 31.86 0.308 0.098 95.39 30.39 

  7 62.34 37.66 0.370 0.147 93.12 34.21 

Mix2 14 54.61 45.39 0.432 0.195 90.79 36.89 

  21 49.22 50.78 0.494 0.246 88.47 41.15 

  28 47.17 52.83 0.557 0.294 86.19 45.54 

  1 68.11 31.89 0.304 0.097 95.44 30.44 

  7 62.23 37.77 0.363 0.140 93.49 33.76 

Mix3 14 56.98 43.02 0.421 0.189 91.46 37.42 

  21 52.36 47.64 0.491 0.226 89.04 40.83 

  28 50.03 49.97 0.538 0.269 87.38 43.66 
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Fig. (2): Physical Properties of Compost Materials. 
 
Chemical Properties of Produced Compost:- 

Chemical properties of composting substances under different 
components is tabulated in Table (3) and demonstrated in Figure (3). Results 
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showed that, changes in volatile solids of the admixture and produced 
compost was different from the C/N ratio. The produced compost was 
decreased to volatile solids from that of initial value. The loss in carbon 
contents amounted to around 16.63, 19.02 and 21.19 % for mixtures 1, 2 and 
3 respectively. Changes of the total solids (TS, %) resulted from evaporation 
of water in the compost mass and decomposition of volatile solids. As the 
initial C/N ratio was too high, (Table 3), addition of nitrogen was necessary to 
achieve the desired C/N ratio. 

Also, the addition of agricultural green wastes with a high content of 
nitrogen to raw materials at the beginning of the experiment. When the initial 
C/N ratio was to low, carbon became the limiting factor and the 
decomposition rate becomes slow. The initial C/N ratios were 58.51, 40.96 
and 49.20 and became 16.34, 14.59 and 14.77 of the finished compost for 
mixtures 1, 2 and 3 respectively. The percentages of reduction in C/N ratios 
were 72.07, 64.38 and 69.98 % for mixtures 1, 2 and 3 respectively. Addition 
of agricultural green wastes with a high content of nitrogen such as water 
hyacinth and alfalfa to raw materials at the beginning of mixtures 2 and 3   
respectively led to increasing the total nitrogen (TN, %) of the compost of 
mixtures 2 and 3 than that the compost of mixture 1. So, the influence of the 
nitrogen fertilizer component on the decomposition was very important. A 
higher decomposition rate was found at 1.10 % of influent nitrogen (in mixture 
2) that at 0.77 % and 0.91 % (in mixtures 1 and 3 respectively). The pH of the 
produced compost remained nearly the same as its initial condition. The initial 
pH of the admixtures was 7.02, 6.99 and 6.87 for mixtures 1, 2 and 3 
respectively. 
 
Table (3): Some chemical properties of composting mixtures. 

 
The final pH became 6.95, 7.08 and 7.11 at the end of the 

experiment for mixtures 1, 2 and 3 respectively. The evolution of electrical 
conductivity (EC) during composting process of rice straw with cattle manure 
is listed in Table (3). Data shown that the EC of the mixtures was 685, 779 

    Chemical Characteristics during composting process  

Raw 
Materials 

Time, 
day 

Ash, 
% 

Carbon, 
C % 

T.N, 
% 

T.K, 
% 

T.P,  
% 

C/N, 
(ratio) 

MC,  
% 

TS, 
% 

p H, 
( - ) 

EC, 
  mg L

-1
 

 1 18.91 45.09 0.77 2.90 0.13 58.51 65.00 35.00 7.02 685.00 

 7 19.80 44.55 1.27 3.14 0.18 35.08 61.13 38.87 7.28 769.00 

Mix1 14 20.00 44.44 1.76 3.76 0.27 25.25 55.40 44.60 6.86 804.00 

 21 29.70 39.05 2.01 4.13 0.31 19.43 51.15 48.85 7.06 742.00 

 28 32.34 37.59 2.30 4.50 0.38 16.34 49.80 50.20 6.95 870.00 

 1 18.91 45.05 1.10 3.20 0.23 40.96 68.14 31.86 6.99 779.00 

 7 20.93 43.93 1.56 3.05 0.25 28.16 62.34 37.66 7.08 806.00 

Mix2 14 25.25 41.53 1.84 4.11 0.28 22.57 54.61 45.39 6.96 864.00 

 21 30.35 38.70 2.14 4.42 0.34 18.08 49.22 50.78 7.08 824.00 

 28 34.33 36.48 2.50 4.90 0.40 14.59 47.17 52.83 7.08 848.00 

 1 19.40 44.78 0.91 3.10 0.16 49.20 68.11 31.89 6.87 697.00 

 7 21.35 43.70 1.22 3.12 0.19 35.82 62.23 37.77 7.12 712.00 

Mix3 14 22.39 43.12 1.64 3.30 0.21 26.29 56.98 43.02 7.04 804.00 

 21 30.35 38.70 2.11 3.43 0.29 18.34 52.36 47.64 7.08 705.00 

 28 36.47 35.29 2.39 3.70 0.36 14.77 50.03 49.97 7.11 736.00 
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and 697 mgL-1 respectively. The obtained results indicated that in all 
treatments, electrical conductivity values remained nearly the same as its 
initial condition during composting process. The obtained  Figure (3) reveals 
ash, Organic Carbon, C/N, ph, EC, Total Nitrogen, Phosphorus, and 
Potassium of composting materials under particle size of (2-12 mm) and 
aeration rate of 0.007 m

3
/min.The maximum ash, Organic Carbon, C/N, pH, 

EC, Total Nitrogen, Phosphorus, and Potassium were 19.4 %, 45.09 %, 
58.51, 7.02, 0.779 S/m, 1.1%, 0.23%  and 3.2 % respectively. The 
relationship between compost types (Mixtures) and ash, Organic Carbon, 
C/N, ph, EC, Total Nitrogen (TN), Phosphorus (TP), and Potassium (TK) can 
be represented as: 
 Mix = - 56.4 + 3.06 ash, Mix = 252 - 5.56 Carbon, Mix = 4.99 - 0.0604 C/N, 
Mix = 84.9 - 11.9 pH, Mix = 0.3 + 2.3 EC, Mix = - 0.36 + 2.55 TN, Mix = 1.01 
+ 5.7 TP and Mix = - 11.1 + 4.29 TK. 
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Fig. (3): Chemical Properties of Compost Materials. 
 
The power consumption in aeration: 
 Total consumption power at aeration rate of 0.007 m

3
/min was 0.343 

kW for each reactor vessel.  

 
CONCLUSION 

 
The objective of the research is to study the composting process of 

rice straw in closed vessels, and to study the influence of adding the green 
agricultural residues to compost mixture, study some physical and chemical 
properties of raw materials and compost during the composting operation, 
study of the microorganism activity by monitoring differences in biomass 
temperatures and reducing the time requirement by minimizing fermentation 
time from 6- 24 weeks to about 4 weeks only and minimizing the area 
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requirement by using in-vessel vertical bioreactor. The peak temperatures at 
the three mixtures compost were 57.3, 58.6 and 57.6 

0
C. The maximum ash, 

Organic Carbon, C/N ratio, pH, EC, Total Nitrogen, Phosphorus, and 
Potassium content were 19.4 %, 45.05 %, 58.51, 7.02, 0.779 S/m, 1.1%, 
0.23%  and 3.2 % respectively. Experiment has shown the possibility to 
speed up the process of compost produced from rice straw. Also, it proved 
the possibility of increasing the content of nitrogen of the finished compost by 
the addition of agricultural wastes green with a high content of nitrogen to raw 
materials at the beginning of the experiment, and reduces the time required 
to process from about six months to four weeks only. Addition of agricultural 
green wastes with a high content of nitrogen such as water hyacinth and 
alfalfa to raw materials at the beginning of mixtures 2 and 3   respectively led 
to increasing the total nitrogen (TN, %) of the compost of mixtures 2 and 3 
than that the compost of mixture 1. So, the influence of the nitrogen fertilizer 
component on the decomposition was very important. A higher 
decomposition rate was found at 1.10 % of influent nitrogen (in mixture 2) that 
at 0.77 % and 0.91 % (in mixtures 1 and 3 respectively). 
Bulk weights became 0.553, 0.557 and 0.538 g/cm3 for finished compost of 
mixtures 1, 2 and 3 respectively. The maximum moisture content, density, 
porosity and air space were 68.14%, 308 kg/m

3
, 95.46 % and 33.41% for 

mixtures 1, 2 and 3 respectively. The maximum ash, Organic Carbon, C/N, 
pH, EC, Total Nitrogen, Phosphorus, and Potassium were 19.4 %, 45.09 %, 
58.51, 7.02, 0.779 S/m, 1.1%, 0.23%  and 3.2 % respectively. 
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عملية اإلنتاج السريع للسماد العضوي من قش االرز مع بعض  المللاضاا الزراعييضة 
 تحا نظم التحكم الكامل والمللااا الحيوانية اللضراء

 و عبضضدالرحمن ابضضراريم الضضري ، محمضضد علضضر هبضضراريم الرا حضضر، مانعبضضد العلضضيم للضض  سضضل
  احمد فؤاد عبد المطلب

 وث الزراعيةمركز البح -معهد بحوث الهندسة الزراعية
 

 للمحتصدي  المختلفد م مصدة الحصدت  عمليدت  بعد  تندت  الزةاعيد  المخلفدت  كبيدة  مد  كميد  توجد 
 هذه الكميد  .قش األةز ط  م  3.390.000 حوالى ، والتي تنت سنويت أةز ف ا  ماليي  =>76حوالى  تزةع
تشدك   أنهدت ، حيد ملتلد  إلدى خلفدت هدذه الم يدت  نلد  وعدت   .والبيئد  ، والمدزاةعي للحكومد  كبيدة  مشكل  تمث 
،  (البيوجدتز)الغدتز الحيدو  النتدت   الالهدوائي التخمة إمت ع  طةيق هذه المخلفت  للبيئ  وتلوثهتم معتلج  ته ي ا

الخضدتة  محتصدي  النتدت  يسدتخ   بشدك  ةئيسدي الدذ  (الكمبوسد )أو التخمية الهوائى النتت  السمت  العضو  
 مةي  واالقتصت ي  العتلي العضوي  ذا  الليم  التص ي

 اخدد  االوعيدد   البلددة ةو مدد  قددش االةز والكمبوسدد   انتددت   ةاسدد  عمليدد  يهدد ه هددذا البحدد  إلددى
المغلل  ، و ةاس  تأثية إضتف  مخلفت  نبتتي  خضةاء الى خليط الكمبوس  ) مثد  نبدت  وة  النيد  والدذت يعتبدة 

والصدةه وكدذلا الحشد  االولدى للبةسدي  والتدى تلجدأ  م  أه  مشدتك  الدةت نادةاك لكثتفد  نمدو  فدى قندوا  الدةت
كثية مد  المدزاةع الكبيدة  للدتخله منهدت ببيعهدت بدثم  بخدل نادةاك لللد  أهميتهدت بتلنسدب  للحشدت  التتليد (م ايضدت 

م كذلا  ةاس  النشتط الميكةوبدى أثندتء تخمة ةاس  بعض الخواه الطبيعي  والكيميتئي  للكمبوس  اثنتء عملي  ال
 الكمبوس  والتى يعبة عنهت اةتفتع  ةج  حةاة  الكتل  الحي م تت ان عملي 

التجةب  اثبتد  امكتنيد  االسدةاع مد  عمليد  الكمبوسد  المندت  مد  قدش االةز وتلليد  الدزم  الدالز   
يومت فلط وبجدو   عتليد ، وذلدا بتسدتخ ا  نادت  الدتحك   <8شهوة إلى حوالى  >إلى  :م  والذت يستغةق عت   

الكتم   اخ  االوعي  المغلل  والتى تتيح حفا  ةج  حةاة  الكتل  الحي  والنتتجد  عد  النشدتط الميكةوبدى، حيد  
الدى  تلو  الكتئنت  الحي  ال قيل  بتلتغذي  على الموا  العضوي  وتحليلهت ممت ينت  عن  فى النهتي  تحويد  المخلفدت 

امكتنيد  زيدت   المحتدوت مد  النيتدةوجي  عد   النتدتئ  اثبتد  كمتعتلى الليم  السمت ي م  )كمبوس (سمت  عضوت 
طةيددق اضددتف  مخلفددت  زةاعيدد  خضددةاء ذا  محتددوت عددتلى مدد  النيتددةوجي  مثدد  نبتتددت  وة  النيدد  والحشددت  

 االولى م  البةسي م
 767، ==76ب ايدد  التجةبدد    الخددت  كتندد  فددى أوضددح  التجةبدد  ا  نسددب  النيتددةوجي  فددى المددواكمدت 

و  67>;، 8;6>>بزيدت   ملد اةهت %  ?869و  ;86، 869وأصبح  النسب  فدى الكمبوسد  الندتت  %  7?76و
 على التوالىم 9و  8،  7وذلا لك  م  الخليط  % 8?76>

  وذلا بتحسدي  كذلا أوضح  التجةب  ا  اضتف  مخلفت  زةاعي  خضةاء ق  حسن  م  جو   الكمبوس  النتت
بعض الخواه الطبيعي  والكيمتئيد  للكمبوسد  الندتت  مد  الخلطدت  الثتنيد  والثتلثد  والتدى تحتدوت علدى مخلفدت  

 نبتتي  خضةاءم
أ  النشتط الميكةوبى كدت  عتليدتك وذلدا للدثال  خلطدت  وهدذا مدت عبدة عند   ةجدت   وأاهة  النتتئ 

 ;:م   كتن  أكبة الحةاة  والتى
5 

اسدتمة  فدي  ةجد  الحدةاة  هدذا االةتفدتعالتجةبد  ، و الثدتني مد    منذ اليو 
 9كجد        <9;و  =;;،   553  أصدبحالكثتفد  الاتهةيد  للكمبوسد   . الثالثد  خلطت لل عشةي  يومت لم  
 مالنهتئي كمبوس لل

 308، ٪ 68.14 والفةاغدت  الهوائيد  المسدتمي والكثتفد  و محتدوت الةطدوبىالحد  األقصدى لل كدت 
  أقصدى كتند  م ووذلدا عند  ب ايد  التجةبد  على التوالي 3 و 2 ، 1 خليط ٪ لل 33.41 و ٪ 95.46 ،9كج   

و ةجد  الحموضد ، و ةجد  التوصدي   ونسدب  الكةبدو  الدى النيتدةوجي  ،والكةبدو  العضدو  للةمت نسب  مئوي  
 0.779 ،7.02 ،58.51 ٪ ، 45.09 ،٪ 19.4 والبوتتسديو  الفوسدفوة ، الكلدى ، والنيتدةوجي  الكهةبدتئى

 معلى التوا  ٪ 968و  ٪ 0.23 ،٪ 1.1 مليموز لتة ،
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