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ABSTRACT: Experiments were carried out to evaluate the performance of two compost turning 

machines for producing organic fertilizer by recycling agricultural wastes. To fulfill the objective of this 
research work, some operating parameters affecting the performance of the two compost turning machines 

were taken into consideration: Three different types of field crop residues of  rice straw, cotton stalks and 

corn stalks, four different machine forward speeds of 1.0, 1.2, 1.4 and 1.6 km/h, four different turning drum 

speeds of 150, 200, 250, and 300 rpm and four turning times of 1, 2, 3 and 4 times/month were considered. 
Evaluation of the compost turning machines was carried out taking into consideration compost density, 

period to compost maturity, machine productivity, energy requirements and final compost quality. The 

obtained data revealed that the compost density, the period to compost maturity, the machine productivity, 
energy requirements and final compost quality were in the optimum range with the use of the self-propelled 

compost turning machine under conditions of 1.4 km/h forward speed, 250 rpm turning drum speed and 

three turning times/month. Results also revealed that corn stalks required the least period for maturity of 8 
weeks, followed by rice straw of 12 weeks while cotton stalks required the longest period for maturity of16 

weeks. 

Key words: Turning machine, agricultural wastes, compost, forward speed, drum speed, machine 

productivity, energy requirements.  

INTRODUCTION 

The use of field crop residues for making 

suitable and safe organic fertilizer will reduce 

air pollution by avoiding field burning, reduce 

irrigation water by increasing water-holding 

capacity, reduce mineral fertilizers consumption 

and finally help in producing safe food to save 

human health. Gonawala and Jardosh (2018) 

stated that composting is a method that respects 

the environment instead of pouring directly into 

the soil. It is useful method for converting 

organic waste into useful products that would 

otherwise have been filled on land. Compost has 

many benefits such as: reducing landfill space, 

reducing surface and groundwater contamination, 

reduce methane emissions, improve the recycling 

of materials and can be carried out with lower 

operating costs. 

There is an urgent need to add organic 
fertilizers to both old and new agricultural lands 

in order to preserve their fertility, especially in 

hot countries such as Egypt, where organic 
materials are rapidly decomposing, particularly 

in desert lands. Abou Hussein and Sawan 

(2010) proved that brewing the agricultural 
residues in order to produce compost is the 

perfect method for recycling, aid the organic 

re-fertilizing to the soil and minimize the 

production cost. Therefore, the composting 
process considered as one of the best recycling 

processes to organic waste to close the natural 

loop. Elfeki et al. (2017) conducted a study 
focused on the bioconversion of agricultural 

wastes (AWs) in rural Egypt and analyzed data 

derived from literature to implement a future 

image suiting Egypt's situation. Results indicated 
that bioconversion is suitable to sustainably treat 

the unused part of AWs, which is about 52% of 
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a total of 46.7×10
6
 tons/year. Azim et al. (2018) 

indicated that composting, which utilizes several 
types of microorganisms, may be used as an 

alternative method for agricultural waste 

treatment where it is considered one of low-cost 
biological decomposition process.  

The compost turning in Egypt is still carried 

out manually, which is tedious and consumes 

long time with low production, or by many 
developed technologies, which require high cost. 

Michel et al. (1996) stated that turning process 

supplies some additional aeration, although 
oxygen levels tend to drop to original levels 

within a few hours or less after turning. Turning 

also exposes fresh surfaces for composting by 

breaking up particles, makes the composting 
mixture more homogeneous, exchanges material 

on the outside of the windrow with material 

from the inside, opens up the structure of the 
material to produce air spaces, and releases heat, 

carbon dioxide and water vapor in the form of 

steam. Abd El-Mottaleb (2006) conducted a 
study on the effect of operational parameters of 

compost-turner-cum-mixer on the energy 

requirement. He revealed that by increasing the 

machine forward speed from 200 to 600 m/h at 
various rotor speeds led to increase fuel 

consumption by 14.9 to 19.1 and 26%, the 

power requirement by 14.9, 23.2 and 26.9%, and 
the energy requirements by 12.40, 21.50 and 

28.10%, respectively, when used the self-

propelled turning machine. Abd El-Mottaleb 

(2008) designed and constructed a simple 

upright compost turning machine suitable for 

small Egyptian farms. Results showed that 

optimum operation conditions were observed at 
forward speed of about 0.8 m/sec. for turning 

long shape piles and 0.3 m/sec. for turning 

round shape piles. Rotor speed of about 460 rpm 
and 4 turnings per month for turning both long 

and round shape piles. Morad et al. (2008) 

developed and locally manufactured a self-

propelled compost turning machine from local 
material to be suitable for Egyptian farms. Their 

experimental results revealed that final product 

quality and turning cost were in the optimum 
region under the conditions of 1500 m/h 

machine forward speed, 240 rpm rotor 

peripheral velocity, 100 cm pile height and four 
turning times per month. Mani (2012) 

developed an indigenously design of tractor 

PTO operated windrow turner, which is very 

useful for mass scale compost production. Bhat 

et al. (2013) studied the effect of operational 

variables of compost windrow turner along with 

windrow height on the composting of the agro-
waste. The results indicated that optimum 

conditions were straight shaped blades at a rotor 

speed of 300 rpm operated at the forward speed 

of 2.26 km/h for a pile height maintained at 1.0 
m. Three times turning at a regular interval of 10 

days resulted in reduction in density from 514.3 

to 299.1 kg/m
3
.  

Concerning final compost quality, Bhat et al. 

(2014) studied the effect of Pusa compost 

inoculant coupled with windrow turner to reduce 

the time of composting and for producing the 
better-quality compost. The pile was mixed at 

regular interval of 10 days using the windrow 

turner powered by 55.95 kW tractor. The 
reduction in density as 21.98 and 49.0 % in the 

subsequent turnings reduced the power 

consumption from 7.93 to 6.13 kW and composting 
time to 45 days, Khater (2015) studied the 

physical and chemical properties of compost 

made of different row materials. Results indicated 

that the bulk density value ranged from 420 to 
655 kg/m

3
. The water holding capacity values 

ranged from 3.50 to 4.40 g water/g dry. The 

total organic carbon values ranged from 16.6 to 
23.89%. The C/N ratio values ranged from 

14.22:1 to 18.52:1.  

There are many types of compost turning 
machines such as loaders, tractor-pulled turning 

machines and self-propelled turning machines. 

The all mentioned machines are complex in 

construction and expensive. Therefore, such 
studies had to be carried out to solve the 

problem of compost turning under conditions of 

Egyptian farms including the proper adjustment 
of these machines to optimize their performance. 

Therefore, the main objective of the present 

investigation was to use mechanical methods to 

carry out the turning operation required to 
convert organic farm wastes into organic 

fertilizer. To achieve the ultimate goal, the 

following criteria were taken into consideration: 

- Investigate the performance of two different 

compost turning machines (Tractor-pulled 

compost turning machine and self-propelled 
compost turning machine). 
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- Optimize some different operating parameters 

affecting the performance of the turning 
machines (forward speed, turning drum speed 

and number of compost turning per month) 

during composting different types of field 
crop residues. 

- Compare the final compost quality with the 

standard specifications guidelines. 

MATERIALS AND METHODS 

Experiments were carried out through years 

of 2018 and 2019 at El-Saad Company, Sharkia 
Governorate and El-Behera Company, El-

Behera Governorate to evaluate the performance 

of two different types of compost turning 
machine. 

Materials 

The used raw materials 

Three types of field crop residues: rice straw, 

cotton stalks and corn stalks were used as a raw 
material for producing compost. Poultry and 

livestock manure were also used to accelerate 

composting process. Added to that finished 

compost was used as a supply of microorganisms.  

Crop residues were collected from the field, 

cleaned from dust then chopped by using 

hammer mill. Specifications of the used crop 
residues are shown in Table 1. 

The used crop residues were analyzed in the 

Agricultural Residues Recycling Unit, 

Agricultural Research Institute to find fiber 

fractions such as Hemi Cellulose %, Cellulose 

% and Lignin %.  Chemical characteristics of 

the used raw materials are shown in Table 2. 

The milled and chopped crop residues were 

mixed with poultry and livestock manure as well 

as with finished compost to be as a supply of 

microorganisms. Then the mixture was formed 

in piles (2m width with 1 m height). After that, 

piles were turned to expose all material equally 

to the air at the surface and to the high 

temperatures inside the pile. 

The Compost Turning Machines 

The following compost turning machines 

were used to carry out the present investigations: 

The tractor-pulled compost turning 

machine 

The tractor-pulled compost turning machine 

(Local made at Tanta Motors Company, Egypt) 

mainly consists of frame, transmission system, 
distribution unit and turning drum as shown in 

Fig. 1. The machine was pulled by a tractor as a 

power source. 

The frame 

The frame is made of rectangular iron sheet 
steel. The frame is of 200 cm length, 200 cm 
width and 120 cm height. The frame includes 
elements to fix both the distribution unit and the 
turning shaft. It was carried by two ground 
wheels of 60 cm diameter. 

The transmission system 

Power is transmitted from the tractor to 
turning shaft by means of pulleys, belts, gears 
and shafts with different reduction speed ratios. 

The distribution unit 

The distribution unit is a top tank divided from 
inside into two parts: the first part is used for 
providing the compost pile with the necessary 
water for pile humidity during the turning 

operation, while the other part is used for spraying 
macro-organization during the same operation. 

The turning drum 

The turning drum exchanges the material at 
the windrows surface with material from the 
interior. The turning drum is of 300 cm length 
and 65 cm diameter. Bearings are used to 

support the turning drum in the machine frame. 
A screw with six blades (Three of them on the 
right and the other three on the left in opposite 
directions) are welded and fixed on the turning 

drum to turn compost materials. 

The power source 

Tractor four stroke-diesel engine 88 kW (120 
hp) was used as a power source. 

The self-propelled compost turning 

machine  

The self-propelled compost turning machine 
(Imported machine, made in Germany) mainly 

consists of diesel engine as a power source, 
frame, transmission system, distribution unit and 
turning drum as shown in Fig. 2. 
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Table 1. Specifications of the used crop residues 

Specifications Crop residues 

Moisture 

content, % 

Average diameter, 

mm 

Average length, 

cm 

Average mass, 

g 

8 4 95 50 Rice straw 

11 8 120 190 Cotton stalks 

12 10 150 160 Corn stalks 

 

Table 2. Chemical characteristics of the used crop residues 

Measured value Crop residues 

Ash, % Lignin, % Cellulose, % Hemi cellulose, % 

12.3 4.44 36.57 9.67 Rice straw 

5.8 9.91 43.20 10.92 Cotton stalks 

4.7 23.34 44.96 18.32 Corn stalks 
 

 

 

Fig. 1. The tractor-pulled compost turning machine 

 

Fig. 2. The self-propelled compost turning machine 
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The power source 

Self-propelled, four stroke – diesel engine 

132 kW (180 hp) was used as a power source.  

The transmission system 

Power is transmitted from the engine to both 

turning shaft and ground wheels by means of 

pulleys, belts, gears and shafts with different 

reduction speed ratios. 

The frame 

The frame is made of rectangular iron sheet 

steel. The frame is of 200 cm length, 200 cm 

width and 120 cm height. It includes elements to 

fix the engine, the gear box, turning shaft, 

distribution unit and transmission system. It was 

carried by two ground crawlers. 

The distribution unit 

The distribution unit is a top tank divided 

from inside into two parts: the first part is used 

for providing the compost pile with the 

necessary water for pile humidity during the 

turning operation, while the other part is used 

for spraying macro-organization during the same 

operation. 

The turning drum 

The turning drum exchanges the material at 

the windrows surface with material from the 

interior. The turning drum is of 300 cm length 

and 70 cm diameter. Anti-frictions bearings are 

used to support the turning drum in the machine 

frame.  

A screw with eight blades (Four of them on 

the right and the other four on the left in 

opposite directions) are welded and fixed on the 

drum, while seven individual blades were fixed 

in the middle of the screw between the two four 

blades. The eight blades on the screw move the 

compost material to the middle while the seven 

blades move and turn material from the top to 

the bottom.  

Methods 

Experiments were carried out to study and 

evaluate the performance of two compost 

turning machines under different operational 

parameters. 

Experimental Conditions 

To cover the objectives of this research work, 

some operating parameters were taken into 

consideration.  

Two different compost turning machines 

(Tractor-pulled compost turning machine and 

self-propelled compost turning machine).  

Three different mixtures for composting: 

* Mixture A: rice straw + poultry and livestock 

manure + finished compost as a supply of 

microorganisms. 

* Mixture B: cotton stalks + poultry and livestock 

manure + finished compost as a supply of 

microorganisms. 

* Mixture C: corn stalks + poultry and livestock 

manure + finished compost as a supply of 

microorganisms. 

Four different machine forward speeds: 1.0, 

1.2, 1.4 and 1.6 km/h.  

Four different turning drum speeds of 150, 

200, 250, and 300 rpm corresponding to 5.1, 6.8, 

8.5 and 10.2 m/s for the tractor-pulled compost 

turning machine and 5.5, 7.3, 9.2 and 11 m/s for 

the self-propelled compost turning machine.  

Four turning times: 1, 2, 3 and 4 times/ month. 

Measurements and Determinations 

The compost turning machines were evaluated 

taking into consideration the following indicators:  

Compost density  

Compost density was determined according 

to the following formula: 

v

m
  

Where: 

ρ - Compost density, kg/m
3
          

m - Compost sample mass, kg  

v - Compost sample volume, m
3
. 

Period to compost maturity 

The required time from the beginning until 

the compost maturity (RTCM) was recorded. 
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Machine Productivity 

Machine productivity (MP) was determined 
using the following formula:  

Machine productivity = A × V × ηop 

Where: 

A - Operational cross-sectional area, m
2
, 

V - Forward speed, m/h, 

ηop - Operational efficiency, %. 

Preliminary experiments were carried out 
with the two used compost turning machines 
during the turning operation to obtain their 
operational efficiency. Results of the 
preliminary experiments reveal that operational 
efficiency values were 70 to 80% for the tractor-
pulled compost turning machine and 80 to 90% 
for the self-propelled compost turning machine.   

Turning power  

The turning power was calculated by using 
the following formula (Barger et al. 1963): 

KW
1.36

1

75

1
427ηCVFCTP th   

Where: 

FC - Fuel consumption, kg/s  

CV-Calorific value of fuel, kcal/kg (CV = 10000 
kcal/ kg)     

427 - Thermo mechanical equivalent, kg.m/k cal 

th  - Thermal efficiency of the engine, % 

( th  = 30 % for diesel engine)  

Fuel consumption was recorded by accurately 

measuring the decrease in fuel level in the fuel 

tank immediately after executing each operation.  

Energy requirements 

Energy requirement can be calculated using 

the following equation: 

maturitytotimesturning

Mg/mρ,/hmMP,

WTP,
W.h/MgER,

33





 

Measurement of compost quality  

Final product quality was measured in terms 

of chemical, physical and biological properties 
for both turning machines. 

Random samples of compost, produced by 

both tractor-pulled compost turning machine and 
self-propelled compost turning machine were 

taken to obtain product quality. Compost 

samples were analyzed in the Agricultural 
Residues Recycling Unit, Agricultural Research 

Institute. 

Final product quality can be measured as 

follows: 

- Percentage of Nitrogen, %,  

- Percentage of organic carbon, %, 

- Percentage of organic material, %,   

- C/N ratio, 

- Water holding capacity, %, 

RESULTS AND DISCUSSIONS 

The discussion will cover the obtained results 

under the following heads: 

Effect of some Operating Parameters on 

Compost Density 

Effect of machine forward speed  

Results showed that machine forward speed 

affects compost density to a great extent (Fig. 3). 

Increasing forward speed from 1.0 to 1.6 km/h 
at constant turning drum speed of 250 rpm and 

constant 3 turnings per month, increased compost 

density from 600 to 720, from 610 to 740 and 
from 560 to 680 kg/m

3
 with the use of the 

tractor-pulled compost turning machine for 

compost mixtures A, B and C respectively. While, 

from 530 to 600 from 550 to 650 and from 470 
to 550 kg/m

3
 with the use of the self-propelled 

compost turning machine, under the same previous 

compost mixtures. The mentioned results agree 
with Huerta-Pujol et al. (2010) who found that 

the density values were between 447 and 502 

kg/m
3
 for different compost types. 

The increase in compost density by increasing 

forward speed is attributed to that the compost 

pile did not expose to the required impacting 

forces per unit time. 

This means that increasing forward speed did 

not gave the chance to the drum blades to turn 

and mix compost pile, resulting in an increase in 
compost density. The same results show that
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Forward speed, km/h 

Fig. 3. Effect of machine forward speed on compost density for the three used compost mixtures 
 

compost density values were very close at 
forward speeds of 1.0, 1.2 and 1.4 km/h. So, a 
forward speed of 1.4 km/h is recommended to 
increase machine productivity, reduce the 
required energy, and approximately achieve the 
same reduction in density of 1.0 km/h forward 
speed. 

Results also showed that compost density 
values with the use of the self-propelled 
compost turning machine are lower than values 
obtained with the use of the tractor-pulled 
compost turning machine. This attributed to the 
number, arrangement and shape of the turning 
blades which fixed on the turning drum of the 
self-propelled turning machine compared to the 
tractor-pulled turning machine.    

Effect of turning drum speed  

Results showed that compost density is 

highly affected by turning drum speed. Data 

obtained in Fig. 4 show that increasing drum 

speed decreased compost density. Increasing 

drum speed from 150 to 300 rpm at constant 

forward speed of 1.4 km/h and constant 3 

turnings per month, decreased compost density 

from 770 to 640, from 750 to 640 and from 720 

to 590 kg/m
3
 with the use of tractor-pulled 

compost turning machine for compost mixtures 

A, B and C respectively. While, from 620 to 540 

from 650 to 570 and from 560 to 490 kg/m
3
 with 

the use of self-propelled compost turning 

machine, under the same previous compost 

mixtures. 

Decreasing compost density by increasing 
drum speed because the high forces that affect 
compost materials in addition to that the more 
turning and mixing by the drum blades per unit 
volume of the disturbed compost, which lead to 
increase the volume of material resulting in 
decreasing compost density. 

The same results showed that compost 
density values were very close at drum speeds of 
250 and 300 rpm. So, a drum speed of 250 rpm 
is recommended to reduce the required energy 
and approximately achieve the same density 
results of 300 rpm drum speed. 

Effect of turning times  

Representative turning times values versus 
compost density are given for different compost 
mixtures for both tractor-pulled and self-
propelled compost turning machines in Fig, 5. 
Increasing turning times from 1 to 4 turnings per 
month, at a constant forward speed of 1.4 km/h 
and constant turning drum speed of 250 rpm, 
decreased compost density from 790 to 640, 
from 780 to 640 and from 770 to 590 kg/m

3
 with 

the use of tractor-pulled compost turning 
machine for compost mixtures A, B and C 
respectively, While from 650 to 540 from 660 to 
570 and from 600 to 490 kg/m

3
 with the use of 

self-propelled compost turning machine, under 
the same previous compost mixtures. 

C
o
m

p
o
st

 d
e
n

si
ty

, 
k

g
/m

3
 



426            Sayed, et al. 

 

 

 Mixture A    Mixture B    Mixture C 

Turning drum speed, rpm 

Fig. 4. Effect of turning drum speed on compost density for the three used compost mixtures 
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Mixture A    Mixture B    Mixture C 

Turning times per month 

Fig. 5. Effect of turning times per month on compost density for the three used compost 

mixtures 

 

Decreasing compost density by increasing 
turning number is attributed to lot of carbon 
dioxide, heat and water vapor emissions from 
compost material to air that highly reduce the 
bloc of the primary material thus compost 
density.  

The same results showed that compost 

density values were very close at turning times 

of 3 and 4 rpm. Therefore, three or four turnings 

per month are preferred in order to accelerate 

composting operation and obtain final 

product as quickly as possible. So, three 

turning times per month is recommended to 

reduce the required energy and approximately 

achieve the same density results of four turnings 

per month. 
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Effect of some Operating Parameters on 

the Period to Compost Maturity  

Effect of machine forward speed  

Machine forward speed negatively affects the 
period to compost maturity as shown in Fig. 6. 

Obtained data show that increasing forward 

speed increased the period to compost maturity. 
Increasing forward speed from 1.0 to 1.6 km/h 

at constant turning drum speed of 250 rpm and 

constant 3 turnings per month, increased period 

to maturity from 12 to 28, from 16 to 36 and 
from 10 to 28 weeks with the use of tractor-

pulled compost turning machine for compost 

mixtures A, B and C respectively. While, from 
10 to 20 from 14 to 24 and from 6 to 16 weeks 

with the use of self-propelled compost turning 

machine, under the same previous compost 

mixtures. 

The increase in the period to compost 

maturity by increasing forward speed is 

attributed to that the compost pile did not expose 
to the required impacting forces per unit time. 

This means that increasing forward speed did 

not gave the chance to the drum blades to turn 
and mix compost pile, resulting in a delay in 

compost maturity.  

The same results showed that the period to 

compost maturity values were very close at 
forward speeds of 1.0, 1.2 and 1.4 km/h. So, a 

forward speed of 1.4 km/h is recommended to 

increase machine productivity, reduce the 
required energy and approximately achieve the 

same reduction in the period to maturity of 1.0 

km/h forward speed. 

Results also showed that the period to 

compost maturity values with the use of the self-

propelled compost turning machine are lower 

than values obtained with the use of the tractor-
pulled compost turning machine. This attributed 

to the number, arrangement and shape of the 

turning blades of the self-propelled turning 
machine, which are able to interact with the 

compost bile, resulting in period to maturity 

reduction, compared to the tractor-pulled turning 

machine. 

Effect of turning drum speed  

Results showed that the period to compost 

maturity is highly affected by turning drum 

speed (Fig. 7). Data obtained show that 

increasing drum speed decreased period to 
maturity. Increasing drum speed from 150 to 

300 rpm at constant forward speed of 1.4 km/h 

and constant 3 turnings per month, decreased 
period to maturity from 32 to 15, from 38 to 18 

and from 28 to 12 weeks with the use of tractor-

pulled compost turning machine for compost 

mixtures A, B and C respectively. While, from 
20 to 11 from 24 to 15 and from 16 to 8 weeks 

with the use of self-propelled compost turning 

machine, under the same previous compost 
mixtures. The decrease in period to compost 

maturity by increasing drum speed is attributed 

to the speeding up of compost maturity by the 

disintegration of compost material, which in turn 
leads to reducing period to compost maturity. 

The same results showed that the period to 
compost maturity values were very close at 
drum speeds of 250 and 300 rpm. So, a drum 
speed of 250 rpm is recommended to reduce the 
required energy and approximately achieve the 
same results of 300 rpm drum speed. 

Effect of turning times  

Turning times values versus period to 
compost maturity are given at different compost 
mixtures with the two used turning machines in 
Fig. 8. Increasing turning times from 1 to 4 
turnings per month, at a constant forward speed 
of 1.4 km/h and constant turning drum speed of 
250 rpm, decreased period to maturity from 36 
to 14, from 38 to 18 and from 28 to 12 weeks 
with the use of tractor-pulled compost turning 
machine for compost mixtures A, B and C 
respectively. While from 24 to 11 from 24 to 15 
and from 16 to 7 weeks with the use of self-
propelled compost turning machine under the 
same compost mixtures. 

Decrease period to compost maturity by 

increasing turning times is attributed to the 

adequate environment initialization that increase 

the growth microorganisms' opportunities, 
leading to speeding up the time to maturity and 

thus reducing the composting period.   

The same results showed that the period to 
compost maturity values were very close at 

turning times of 3 and 4 times per month. So, 

three turning times per month is recommended 
to reduce the required energy and approximately 

achieve the same results of 4 turning per month.  
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Fig. 6. Effect of machine forward speed on the period to compost maturity for the three used 

compost mixtures 
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Fig. 7. Effect of turning drum speed on the period to compost maturity for the three used 

compost mixtures 

P
er

io
d

 t
o
 m

a
tu

ri
ty

, 
W

ee
k

s 
P

er
io

d
 t

o
 m

a
tu

ri
ty

, 
W

ee
k

s 



Zagazig J. Agric. Res., Vol. 48 No. (2) 2021      429 

 

  

4

8

12

16

20

24

28

32

36

40

1 2 3 4

Turning times per month

P
e

r
io

d
 t

o
 m

a
t
u

r
it

y
, 

W
e

e
k

s
  

  
 

Tractor-pulled machine self-propelled machine

4

8

12

16

20

24

28

32

36

40

1 2 3 4

Turning times per month

P
e

r
io

d
 t

o
 m

a
t
u

r
it

y
, 

W
e

e
k

  
  

Tractor-pulled machine Self-propelled machine

4

8

12

16

20

24

28

32

36

40

1 2 3 4

Turning times per month

P
e

r
io

d
 t

o
 m

a
t
u

r
it

y
, 

W
e

e
k

  
  

 

Tractor-pulled machine Self-propelled machine

 

Mixture A    Mixture B    Mixture C 

 Turning times per month   

Fig. 8. Effect of turning times per month on the period to compost maturity for the three used 

compost mixtures 
 

 

Effect of Machine Forward Speed on 

Machine Productivity 

The most critical factor in productivity of 

turning machine is its forward speed and its 

operational efficiency. Machine productivity 

was calculated under different machine forward 
speeds and at the recommended turning drum 

speed of 250 rpm and three turning times per 

month. Fig. 9 shows the effect of machine 
forward speed on machine productivity. Results 

show that increasing machine forward speed 

from 1.0 to 1.6 km/h, increased machine 
productivity from 1060 to 1493 m

3
/h for the 

tractor-pulled compost turning machine. While 

increased from 1200 to 1706 m
3
/h for the self-

propelled compost turning machine. The 
increase in machine productivity by increasing 

machine forward speed is due to the amount of 

turning materials rise per unit time. 

Effect of Machine Forward Speed on 

Energy Requirements 

Results showed that fuel consumption 

increased by increasing machine forward speed, 

which in turn increased the required power. 

While energy requirements are affected by the 
required power, machine productivity added to 

the turning times to compost maturity (Fig. 10). 

Energy requirements was calculated under 

different machine forward speeds at the 

recommended turning drum speed of 250 rpm 

and three turning times per month. Data 

obtained show that increasing machine forward 

speed from 1.0 to 1.6 km/h, increased energy 

requirements from 447 to 802, from 586 to 1000 

and from 400 to 848 W.h/Mg for the tractor-

pulled compost turning machine under compost 

mixtures A, B and C, respectively. While 

increased from 373 to 603, from 494 to 668, and 

from 252 to 526 W.h/Mg for the self-propelled 

compost turning machine under the same 

mentioned compost mixtures.  

Increasing the energy by increasing forward 

speed because the compost material overload on 

the turning drum blades as well as the 

significant influence of blades on the compost 

material. Moreover, high forward speeds are 

accompanied with high turning times to compost 

maturity that consuming more energy. 

The same results showed that energy values 

were very close at forward speeds of 1.0, 1.2 

and 1.4 km/h. So, a forward speed of 1.4 

km/h is recommended to achieve high 

machine productivity with reasonable energy 

requirements. 
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Fig. 9. Effect of machine forward speed on machine productivity 

 

 

 
 

Mixture A        Mixture B    Mixture C 

Forward speed, km/h 

Fig. 10. Effect of machine forward speed on energy requirements for the three used compost 

mixtures 

 

Results also showed that energy 

requirements values with the use of the self-
propelled compost turning machine are lower 

than values obtained with the use of the tractor-

pulled compost turning machine. This attributed 

to that the turnings times per month for the 
tractor-pulled turning machine is higher and 

consuming more energy compared to the self-

propelled turning machine. 

Final Compost Quality  

Data obtained in Table 3 showed that the 

final compost quality for Ideal compost and the 

compost produced by the two used compost 

turning machines are approximately similar and 
very closed to the ideal compost especially with 

the use of the self-propelled compost turning 

machine. 

This is in agreement with Naidu et al. (2010) 

who showed that at compost maturity carbon/ 

nitrogen (C/N) ratio decreased at the end of 

composting comparing with the raw materials. 
They found that C/N ratio of rice straw compost 

at the beginning of composting process was 30:1 

and it was 18:1 at the end of composting period.
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Table 3. Final compost quality for ideal and the produced compost from field crop residues 

Compost Measured value 

Mixture (C) 

compost from 

corn stalks 

Mixture (B) 

compost from 

cotton stalks 

Mixture (A) 

compost from 

rice straw 

Ideal  

compost 

1.85 1.80 1.72 1.75 Nitrogen, % 

20.0 18.0 19.3 20.4 Organic carbon, % 

49.7 45.8 47.4 49.9 Organic matter, % 

18:1 20:1 18:1 18:1 C/N ratio 

240 230 235 240 Water holding capacity, % 

 

Conclusion 

Experiments were carried out to evaluate the 

performance of two compost turning machines 

for producing organic fertilizer by recycling 
agricultural wastes.  

The obtained data reveal that the use of the 

self-propelled compost turning machine 
decreases energy compared to the tractor-pulled 

compost turning machine. 

The obtained data also reveal that compost 

density, machine productivity, energy 
requirements and final compost quality were in 

the optimum range under 1.4 km/h machine 

forward speed, 250 rpm turning drum speed and 
three turning times per month. 

Results also revealed that corn stalks 

required the least time for maturity of 8 weeks, 
followed by rice straw of 12 weeks while cotton 

stalks required the longest time for maturity of 

16 weeks. 
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 ث ـــــىسـيب الكمبـً أداء آلات جقلـعل رــــؤثــــً جـــيل الحـغـــــل الحشــىامــــض عــه بعــــة عــــدراس

 هند أحمد مجدي المغاورٌ -محمىد مصطفً علً علً  - محمد محمد مراد حسه - سيد أحمد دينا فهمً محمىد

 يصش –صبيؼت انضلبصَك  –كهُت انضساػت  –لسى انهُذست انضساػُت 

انُبحضت ػٍ وانؼذَذ يٍ انًشكٗث انُبصًت ػٍ انًخهفبث انضساػُت بًخخهف أَىاػهب  ٌؼبًَ انمطبع انضساػٍ انًصشَ

أَشطت أَخبس انضساػً، حُذ أٌ انخخهص يُهب ػٍ طشَك انحشق َؤدي إنً خفض خصىبت انخشبت وحهىد انبُئت وأضشاس 

ٍ انحبصٗث انضساػُت انًخخهفت ولذ أدي انخىسغ فً انًسبحبث انًضسوػت ي .صحُت نَٕسبٌ وانحُىاٌ فً انبُئت انًحُطت

إنً انبحذ ػٍ طشق آيُت  دفغوصَبدة أػذاد انحُىاَبث انًضسػُت إنً صَبدة انًخهفبث انضساػُت بكًُبث كبُشة اْيش انزي 

نضًبٌ  .نهخخهص يُهب أو إػبدة اسخخذايهب نهحصىل ػهً يُخضبث يفُذة يزم اسخخذايهب فً إَخبس سًبد ػضىي )كًبىسج(

 .وانًُشظ انبكخُشٌ انخشطُب ببنًبءَخبس انكىيبىسج حسخخذو آٖث نهخمهُب بهذف إحًبو ػًهُت انخهىَت وسهىنت كفبءة ػًهُت ا

. ولذ نت راحُت انحشكت(آنت يهحمت ببنضشاس وآ) ويٍ رى فمذ أصشٌ هزا انبحذ بهذف حمُُى أداء آنخٍُ يٍ آٖث حمهُب انكًبىسج

حطب  -حطب انمطٍ -)لش اٖسص نًسخخذيت ححج ػىايم حشغُم يخخهفت شًهج َىع انًخهف انضساػٍحى حمُُى أداء اِٖث ا

 انًؼبيٗث. ولذ حى حمُُى َتكىيبث انسًبدانوانسشػت اْيبيُت نّنت وانسشػت انذوساَُت نهذسفُم وػذد يشاث حمهُب  انزسة(

 .انُبحشصىدة انكًبىسج وانطبلت انًسخههكت وصُت نّنت أخزا فٍ اٖػخببس كم يٍ كزبفت انسًبد وفخشة انُضش وانسؼت أَخب

نت، ويخطهببث انطبلت، وصىدة ، وإَخبصُت اُِضشانأٌ كم يٍ كزبفت انسًبد، وفخشة  وكبَج أهى انُخبئش انًخحصم ػهُهب يب َهٍ:

انخً  خشغُمانظشوف  ححج حمهُب انكًبىسج راحُت انحشكتاسخخذاو آنت فٍ حبنت  حذود انمُى انًُطمُتانسًبد انُهبئٍ كبَج فٍ 

 3وػذد يشاث انخمهُب  نفت/دلُمت 250كى/سبػت وانسشػت انذوساَُت نهذسفُم  1.4انسشػت اْيبيُت نٓنت  َىصً ببٌ حكىٌ

سُمبٌ انمطٍ  حطهبجأسبىػًب( بًُُب  12أسببُغ(، َهُهب لش اْسص ) 8سُمبٌ انزسة ألم فخشة َضش )حطهبج  . ويشاث شهشَب

 أسبىػًب(. 16)أطىل فخشة نهُضش 

 

 

 

 

 

 ـــــــــــــــــــــــــــ

 المحكمــــــىن:

 يشكض بحىد انهُذست انضساػُت-يؼهذ بحىد انهُذست انضساػُت -سئُس بحىد هُذست انُظى انحُىَت    لبـــاحمد فؤاد عبد المطأ.د. -1

 صبيؼت انضلبصَك -هُت انضساػتك -اسخبر انهُذست انضساػُت انًخفشؽ   همحمىد عبد العزيز حسأ.د. -2


