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ABSTRACT 

The objective of the present work was to develop and evaluate aeration 

machine for turfgrass to make under Egyptian condition. The aeration 

machine was evaluated versus two holes density (24 and 48 hole/m
2
), two 

hollow tine diameters (2.5 and 3 cm), three average depths of aeration (4, 

6 and 8 cm) and four forward speeds (2, 2.7, 3.6 and 4 km/h). After 7 days 

from aeration operation the results showed that the lower bulk density 

and penetration resistance values was 0.960 g/cm
3
 and 154 kPa, 

respectivaly opposite it the higher porosity and void ratio values were 

65.09% and 1.865, respectively at 48 hole/m
2
 holes density, 3 cm tine 

diameter, 8 cm depth of hole and forward speed 2 km/h comparing with 

control 1.271 g/cm
3
, 337 kPa, 53.79% and 1.164 for density, penetration 

resistance, porosity and void ratio, respectively. The higher actual field 

capacity was (0.941 fed/h) at 24 hole/m
2
 holes density, 2.5 cm tine 

diameter, 4 cm depth of hole and forward speed 4 km/h. The lower energy 

required was 16.223 kw.h/fed, at 24 hole/m
2
 holes density, 2.5 cm tine 

diameter, 4 cm depth of hole and forward speed 4 km/h. 

INTRODUCTION 

urfgrass in golf courses, clubs, public garden and stadiums play a 

vital role in population life. Turfgrass refines the atmosphere from 

the bad particles which cause pollution in the air (Morad et al., 

2003). Turfgrass plants are normally perennial which grow through 

tillering, stolon and rhizomatous growth, and ideally, develop new 

vegetative shoots continually throughout the year. Cool-season turfgrass 

grow strongly in winter. Warm-season perennial grasses are growing in 

summer to autumn (Lodge et al., 1990). Traffic of machine and human 

usually compacts the top 5 to 7.5 cm in turf situations with the top 2.5 cm 
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being the most severely compacted. Thatch is accumulation of living and 

dead grass leaves, stems and organic debris between the soil surface and 

the green vegetation in a turf (Beard, 1973). Excessive thatch can lead to 

increase disease incidence, reduce tolerance to environmental stress, and 

water management difficulties (Fontanier et al., 2011). Soil compaction 

decreased stand uniformity and plant growth, restricted root growth, 

reduced soil aeration, reduced water infiltration, reduced internal drainage 

and reduced effectiveness of underground drainage systems (Larson et 

al., 1994). There are many proposed benefits of aeration including 

increased air-filled space, decreased compaction, increased infiltration 

and drainage, increased root growth, improving the application of 

fertilizer (Binns, 2001). Aeration is a cultivation method in which small 

holes are made in the soil, usually by removal of small cylinders or plugs 

of soil and turf. These plugs are pulled out with hollow tines, spoons, or 

screws, discharged on the surface and then either removed or be broken 

up and worked back into the turf (Pessarakli, 2007). Core size varies 

from (0.635 to 2.54 cm) in diameter and the vertical length of the cores is 

usually (7.62 cm) (Turgeon, 2002). Mechanical aeration reduced bulk 

density and penetration resistance comparing to control (no aeration) 

(Abrougui et al., 2012). The hydraulic conductivity increased after 

mechanical aeration (Abrougui et al., 2012). Soil compaction may 

increase soil strength and compacted soil layers can effect on root and 

shoot growth. Root growth is generally noted down into the holes created 

by coring and coring promotes deep rooting of warm season grasses in 

particular (Zontek, 2002).  

MATERIAL AND METODS 

The aeration machine was manufactured at workshop and the experiment 

was carried out at Farm located in Nafesha village, Ismailia Governorate, 

Egypt from 2014 - 2015. 

1. Soil and turfgrass: 

The mechanical analysis of soil was classified as sandy and the real soil 

density is 2.75 g/cm
3
 and turfgrass type was Paspalum. 

2. The aeration machine of turfgrass: 

The aeration machine Figures (1 and 2) is constructed of main frame, 

hitching system, flanges, shaft, bearing and core tines. The overall 
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dimension of aeration machine were 117*63.5*86 cm. The distance 

between each flange was 8 cm. The distance between centers of two 

consecutive core tines was 125 cm. The total weight of aeration machine 

was 255 kg. Each flange has sex core tines based on it and each core tine 

fixed by two bolts and nuts.  

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Elevation of aeration machine. 

 

 

 

 

 

 

 
 
 
 

 

 

 Fig. (2): Side view of aeration machine. 

The flange had two diameters the big diameter is 240 mm with thickness 

25 mm and the small diameter is 165 mm with thickness 45 mm. The 

shaft was manufactured from medium carbon steel, 117 cm length and 4 

cm diameter. 



FARM MACHINERY AND POWER 

Misr J. Ag. Eng., January 2017  - 4 - 

3. Source of power: 

The characteristics of the agricultural tractor are driving wheel 2WD, 

engine power 33 hp (24.6 kW) at 2700 rpm and source of manufacture is 

Japan. 

4. Soil bulk density: 

Soil samples were taken with cylindrical core (100 cm
3
 volume). The core 

samples were immediately weighted and then they were dried at 105 C
o
 

for 24 hours. Soil bulk density was determined according the following 

formula: 

   
  

  
 

Where: 

ρb: Soil bulk density, g/cm
3
. 

Wd: Dry soil mass, g. 

Tv: Total soil volume, cm
3
. 

5. Soil porosity: 

Soil porosity was determined by using the following formula: 

   {   (
  

  
)}      

Where: 

Sp: Soil porosity (%). 

ρs: Real soil density, g/cm
3
. 

6. Void ratio: 

Void ratio (e) was calculated using the following formula: 

  
     

  
 

7. Penetration resistance: 

Soil resistance to insertion of penetrometer was determined by using the 

following formula: 

         
      

        

Where: 

PR: Penetration resistance, kPa. 

F: Force required to penetration, kg. 

A: Average cone area, m
2
. 
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8. Actual field capacity: 

Actual field capacity was calculated by using the following formula: 

    
 

  
 

Where: 

Afc: Actual field capacity, fed/h. 

Tt: Total effective operating time, h/fed. 

9. Energy requirements: 

The following formula was used to estimate the engine power required 

according to Embaby (1985): 

       (
 

    
)                       

 

  
  

 

    
 

Where: 

EP: Engine power, kW. 

f.c: Fuel consumption, L/h. 

ρf: Density of fuel, 0.85 kg/L for diesel. 

L.C.V: Lower calorific value of fuel, 10000 kcal/kg for diesel. 

427: Thermo-mechanical equivalent, kg.m/kcal. 

ηth: Thermal efficiency of engine, 80% for diesel. 

ηm: mechanical efficiency of engine, 35% for diesel. 

The energy requirements were calculated by using the following equation: 

    
  

   
 

Where: 

ER: Energy requirements, kW.h/fed. 

RESULTS AND DISCUSSION 

1. Effect of forward speed on soil bulk density: 

Results show that the values of bulk density were decreased by using 

aeration machine in all treatments comparing with the control (no aeration 

treatment). Figure (3) shows that the lower value of bulk density was 

(0.960 g/cm
3
) at 48 hole/m

2
 holes density, 3 cm tine diameter, 8 cm depth 

and forward speed 2 km/h. Bulk density at 24 hole/m
2
 holes density, 2.5 

cm tine diameter, 4 cm depth and forward speed 4 km/h was higher value 

of bulk density (1.136 g/cm
3
), comparing with the control (1.271 g/cm

3
). 
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The bulk density values decreased with decreasing forward speed and 

increasing (holes density, tine diameter and depth of hole). 
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Forward speed (FS), km/h  
Fig. (3): Bulk density Vs forward speed during different holes 

density, tine diameter and depth of holes after 7 days from aeration. 

2. Effect of forward speed on soil porosity: 

Results show that the values of porosity were increased by using aeration 

machine in all treatments comparing with the control (no aeration 

treatment). Figure (4) shows that the higher value of porosity was (65.09 

%) at 48 hole/m
2
 holes density, 3 cm tine diameter, 8 cm depth and 

forward speed 2 km/h. porosity at 24 hole/m
2
 holes density, 2.5 cm tine 

diameter, 4 cm depth and forward speed 4 km/h was lower value of 

porosity (58.69 %), comparing with the control (53.79 %). The porosity 

values increased with decreasing forward speed and increasing (holes 

density, tine diameter and depth of hole). 
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Fig. (4): Porosity Vs forward speed during different holes density, 

tine diameter and depth of holes after 7 days from aeration. 

3. Effect of forward speed on void ratio: 

Results show that the values of void ratio were increased by using 

aeration machine in all treatments comparing with the control (no aeration 

treatment). Figure (5) shows that the higher value of void ratio was 

(1.865) at 48 hole/m
2
 holes density, 3 cm tine diameter, 8 cm depth and 

forward speed 2 km/h. Void ratio at 24 hole/m
2
 holes density, 2.5 cm tine 

diameter, 4 cm depth and forward speed 4 km/h was lower value of void 

ratio (1.421), comparing with the control (1.164). The void ratio values 

increased with decreasing forward speed and increasing (holes density, 

tine diameter and depth of hole). 
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Fig. (5): Void ratio Vs forward speed during different holes density, 

tine diameter and depth of holes after 7 days from aeration. 

4. Effect of forward speed on penetration resistance: 

Results show that the values of penetration resistance were decreased by 

using aeration machine in all treatments comparing with the control (no 

aeration treatment). Figure (6) shows that the lower value of penetration 

resistance was (154 kPa) at 48 hole/m
2
 holes density, 3 cm tine diameter, 

8 cm depth and forward speed 2 km/h. Penetration resistance at 24 

hole/m
2
 holes density, 2.5 cm tine diameter, 4 cm depth and forward 

speed 4 km/h was higher value of penetration resistance (237 kPa), 

comparing with the control (337 kPa). The penetration resistance values 

decreased with decreasing forward speed and increasing (holes density, 

tine diameter and depth of hole). 
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Fig. (6): Penetration resistance Vs forward speed during different 

holes density, tine diameter and depth of holes after 7 days from 

aeration. 

5. Effect of forward speed on actual field capacity: 

Figure (7) shows that the higher value of actual field capacity was (0.941 

fed/h) at 24 hole/m
2
 holes density, 2.5 cm tine diameter, 4 cm depth and 

forward speed 4 km/h. Actual field capacity at 48 hole/m
2
 holes density, 3 

cm tine diameter, 8 cm depth and forward speed 2 km/h was lower value 

of actual field capacity (0.449 fed/h). The actual field capacity values 

increased with increasing forward speed and decreasing (holes density, 

tine diameter and depth of hole). 
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Fig. (7): Actual field capacity Vs forward speed during different holes 

density, tine diameter and depth of holes after 7 days from aeration. 

6. Effect of forward speed on energy requirements: 

Figure (8) shows that the lower value of energy requirements was (16.223 

kW.h/fed) at 24 hole/m
2
 holes density, 2.5 cm tine diameter, 4 cm depth 

and forward speed 4 km/h. Energy requirements at 48 hole/m
2
 holes 

density, 3 cm tine diameter, 8 cm depth and forward speed 2 km/h was 

higher value of energy requirements (27.935 kW.h/fed). The energy 

requirements values decreased with increasing forward speed and 

decreasing (holes density, tine diameter and depth of hole). 

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

depth 4 cm
depth 6 cm
depth 8 cm

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

2 2.7 3.6 4 2 2.7 3.6 4



FARM MACHINERY AND POWER 

Misr J. Ag. Eng., January 2017  - 11 - 

 Tine diameter, 3 cm Tine diameter, 2.5 cm  
E

n
er

g
y
 r

eq
u

ir
em

en
ts

, 
k

W
.h

/f
ed

 

  H
o
le

s 
d

en
si

ty
, 
2
4
 h

o
le

/m
2
  

  

H
o
le

s 
d

en
si

ty
, 
4
8
 h

o
le

/m
2
 

Forward speed (FS), km/h  
Fig. (8): Energy requirements Vs forward speed during different 

holes density, tine diameter and depth of holes after 7 days from 

aeration. 

CONCLUSION 

 The lower value of bulk density and penetration resistance were 

0.960 g/cm
3
 and 154 kPa, respectively at 48 hole/m

2
 holes density, 

3 cm tine diameter, 8 cm depth and forward speed 2 km/h 

comparing with control 1.271 g/cm
3
 and 337 kPa . 

 The higher porosity and void ratio was 65.09% and 1.865 

respectively at 48 hole/m
2
 holes density, 3 cm tine diameter, 8 cm 

depth and forward speed 2 km/h comparing with control 53.79 % 

and 1.164. 
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  The higher actual field capacity was (0.941 fed/h) at 24 hole/m
2
 

holes density, 2.5 cm tine diameter, 4 cm depth and forward speed 4 

km/h. 

 The lower value of energy consumption was (16.223 kW.h/fed) at 

24 hole/m
2
 holes density, 2.5 cm tine diameter, 4 cm depth and 

forward speed 4 km/h. 
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 الولخص العربً

 دراست علً هيكنت الخهىيت فً النجيل

حسن علً فؤاد
 *
سوير حافظ هحوذ دسىقي**  رأفج علي أحوذ وربي 

  **
  

حسن عبذالرحون عبذالىاحذ سيذ
***

 

صيادج اٌّسطحاخ اٌخضشاء ِٓ أساسياخ اٌذوي اٌّرمذِح ولذ صاد الإهرّاَ تها فى اٌسٕىاخ 

الأخيشج فى ِصش ػٓ طشيك صساػرها فى اٌحذائك واٌّلاػة وإٌّاصي. وتسثة وصشج اٌّشوس 

ػٍى اٌرشتح ذٕذِج ويحذز ٌها أضغاط ٌزٌه اهرُ اٌثحس ترطىيش وذصٕيغ آٌح ِحٍيح ذٕاسة 

ِّا يؼطى إٌثاخ اٌمذسج ػٍى اِرصاص اٌّاء واٌغزاء  ؼًّ ػٍى ذهىيح اٌرشتحاٌظشوف اٌّصشيح ذ

. ولذ ذُ إجشاء اٌرجاسب اٌحمٍيح فى ِضسػح وزٌه ِىاجهح ِشىٍح اسذفاع شّٓ الآٌح اٌّسرىسدج

 .4102 – 4102ػاَ تّحافظح الإسّاػيٍيح خلاي 

 اسخخذام:بوقذ حن اخخبار الآلت 

 ( شمة/َ 24و  42وصافريٓ ِٓ اٌصمىب
4

) 

 ٓسُ(. 3 و 4.2) ٌلأسٕاْ اٌّجىفح لطشيٓ ِخرٍفي 

 ( 4 و 6،  2شلاشح أػّاق ِخرٍفح ٌٍرهىيح .)ُس 

 ( 2 و 3.6،  4.2،  4أستغ سشػاخ أِاِيح .)وُ/ساػح 

 :أهن النخائج الوخحصل عليهاوكانج 

 ( جُ/سُ 1.961وأد ألً ليّح ٌٍىصافح اٌظاهشيح
3

 0.420( ِماسٔح تاٌىٕرشوي )

جُ/سُ
3

شمة/َ 24وصافح شمىب  ( ػٕذ
4

 4وسشػح أِاِيح سُ  4 سُ، ػّك 3، لطش 

 وُ/ساػح.

 ( 62.19وأد أػٍى ليّح ٌٍّساِيح %) ( 23.29ِماسٔح تاٌىٕرشوي )%  وصافح ػٕذ

شمة/َ 24شمىب 
4

 وُ/ساػح. 4سُ وسشػح أِاِيح  4سُ، ػّك  3، لطش 

 ( ػٕذ 0.062( ِماسٔح تاٌىٕرشوي )0.462وأد أػٍى ٔسثح ٌٍفشاغاخ ) 24وصافح شمىب 

شمة/َ
4

 وُ/ساػح. 4سُ وسشػح أِاِيح  4سُ، ػّك  3، لطش 

 القاهرة. –جاهعت الأزهر  –كليت الهنذست السراعيت  –*  أسخار الآلاث والقىي السراعيت الوخفرغ 
 القاهرة. –جاهعت الأزهر –كليت الهنذست السراعيت -السراعيتقسن هنذست الآلاث والقىي  -** أسخار هساعذ

 القاهرة. –جاهعت الأزهر  –كليت الهنذست السراعيت  -قسن هنذست الآلاث والقىي السراعيت  -***  هعيذ 
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 ( ن  332ن تاسىاي( ِماسٔح تاٌىٕرشوي ) 022وأد ألً ليّح ٌّماوِح الإخرشاق

شمة/َ 24تاسىاي( ػٕذ وصافح شمىب 
4

 4سُ وسشػح أِاِيح  4سُ، ػّك  3طش ، ل

 وُ/ساػح.

 ( ػٕذ  1.920حممد الآٌح أػٍى سؼح حمٍيح )شمة/َ 42وصافح شمىب فذاْ/ساػح
4

، لطش 

 وُ/ساػح. 2سُ وسشػح أِاِيح  2سُ، ػّك  4.2

  ًشمة/َ 42وصافح شمىب /فذاْ( ػٕذ اػحن واخ.س 06.443اسرهلان ٌٍطالح )وأد أل
4

 ،

 وُ/ساػح. 2وسشػح أِاِيح سُ  2سُ، ػّك  4.2لطش 

  شمة/َ 24وصافح شمىب  راخويىصى اٌثحس تاسرخذاَ آٌح ٌرهىيح اٌّسطح الأخضش
4

 ،

ٌرحميمها أػٍى ليّح ٌٍّساِيح  وُ/ساػح 4سُ وسشػح أِاِيح  4سُ، ػّك  3لطش 

 .واٌفشاغاخ ووزٌه ألً ليّح ٌٍىصافح وِماوِح الإخرشاق


