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ABSTRACT 

A local machine was manufactured to apply compost and chemical fertilizers for vegetable 
cultivation in sandy soils and evaluate its performance with the traditional method under different 
operational conditions. The manufactured machine consists mainly of ridger, compost fertilizers 
applicator, chemical fertilizers applicator and a covering unit. Performance of the manufactured 
machine was studied as a function of change in machine forward speed, feed shaft rotating speed and 
furrow depth. The machine performance was evaluated in terms of field capacity, efficiency, 
uniformity of fertilizers distribution, crop productivity, power and energy requirements. The 
experimental results revealed that the manufactured machine increased both the uniformity..of fertilizer 
distribution and crop productivity and decreases energy requirements for both organic manure and 
chemical fertilizers under the conditions of 3.3 kmlhr., machine forward speed, 120 rpm feed shaft 
rotating speed and 20 em furrow depth. 
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INTRODUCTION 

The increase of any crop production in both 
quantity and quality does not depend only on the 
improvement of soil and plant conditions, but 
also largely on using improved methods and 
technology to fulfill the agricultural processes in 
correct time, and keep down production cost. 
General use of fertilizers is essential for 
producing high yield. Soils of Egypt are known 
to be poor in available nitrogen specially the 
sandy soils due to their low content of organic 
matter. Therefore the application methods of 
fertilizers for raising the production of most 
crops should be taken into consideration. On the 
Egyptian newly reclaimed soils, the organic and 
chemical fertilizers are often applied and mixed 
manually in furrows under soil surface during 
preparing soil to cultivate vegetable crops, 
causing a great increasing in costs and non­
uniform fertilizers distribution which leads to 
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high variation in crop growth and eventually 
creates harvesting problems (Metwalli, 2004). 
The introduction of combined machines 
performing several technological operations in 
one run of the unit reduced labor loss from 30 to 
50%, fuel consumption from 20 to 30% and 
increases the yield of farm crops from 10 to 15% 
compared with single operation machines 
(Manian et al., 1999). The fertilizer ~chines 
are in agricultural of today irreplaceable, 
because the control of the quantity of the 
materials mechanically is more accurate, so the 
uniformity obtained with machine is better than 
by hand. El-Attar (1995) designed and 
fabricated a self propeller liquid and organic 
fertilizer machine for small holding, the primary 
components of the machine were power tiller 
(14 hp), one- axial compost spreader, a device 
mix the compost with soil and injection unit. 
The results were indicated that the field capacity 
for broadcasting the compost was 0.18 fad./hr., 
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at field efficiency 30% and a field capacity for 
injecting liquid fertilizer was 0.22 fad./hr., at 
field efficiency 65%. The energy requirements 
for broadcasting compost were 1.357 and 1.879 
kW.hr./fad., and for injection liquid fertilizer 
were 6.67 and 4.123 kW.hr./fad., through 
unplowed and plowed surface, respectively. The 
cost of broadcasting compost through the labors 
was higher when compared with the machine, 
the relative increase was 17%. El-Bahrawy 
(1998) designed and fabricated a prototype of 
fertilizer application equipment, that can apply 
the mineral fertilizer in furrow trenches into the 
citrus orchard soil, also evaluated its 
performance throughout three depths of 5, 10, 
and 15 em and three fertilizer rate of 450, 675 
and 900 kg ammonium sulphate/fad., under two 
different speeds of 1.8 and 2.4 kmlhr. He found 
that the operation speed had not significant 
effect on all studies parameters, whereas the 
adjustment of the fertilizer rate was done 
through the feed opening at the used speed. The 
effect of the both depths of 10 and 15 em was 
nearly similar and greater than the depth of 5 em 
under all study parameters at the same fertilizer 
rate. Wagdy (1999) developed the conventional 
fertilizers machine from broadcast application to 
in row application by fixing the spreader spinner 
inside a collector box and connected the box 
under the hopper of the machine and fixing the 
machine on the tool bar with four furrow 
openers to use the developed machine as a row 
crop fertilizing machine. Awad (2002) 
developed the ordinary ridger to be used as a 
multi-purpose machine for ridging and 
fertilizing soils during planting cotton crop:'The 
field capacity values were found to be 0.8, 1.15, 
1.50 and 1.80 fad./hr., and 0.78, 1.21, 1.40 and 
1.67 fad,/hr., for the ridgers before and after 
development at forward speeds of 2, 3, 4 and 5 
kmlhr., respectively. The maximurri cotton yield 
values of 1.85 and 1.41 Mg/fad., were obtained 
for ridger after and before development. The 
maximum values of unit draft were 4.04, 3.37, 
4.61 and 4.84 N/cm2 and 3.43, 3.55, 3.67 and 
3.81 N/cm2 for the ridgers after and before 
development at the same forward speeds of 2, 3, 
4, and 5 km/hr., respectively. Also the values of 
the unit draft were affected by ridging depth, it 
were (6.04, 4.37, and 3.60 N/cm2

) and (4.97, 
3.55 and 2.64 N/cm2

) for the ridgers after and 

before development at ridging depths of (10, 15 
and 20 em), respectively. Hassan et al. (2005) 
developed the ordinary manure fertilizing 
machine to be used as dual purpose equipment 
for spreading different types of fertilizer either 
manure or chemical, and estimated the optimum 
forward speed. The results indicated that using 
of manure fertilizing machine after development 
at forward speed of about 4.00 km/hr., gave the 
lowest value of coefficient of variation 
(14.90%), the optimum application rate of 
manure (12.860 Mg/fad.), the highest yield (4.90 
Mg/fad.) and the lowest value of operation costs 
of(l4.62 LE/fad.) and (2.97 LE/fad.) for manure 
and chemical fertilization. Fouda (2007) 
manufactured multi-purposes machine which, 
was used as a combined unit for; chemical 
fertilizer dispenser and a profile maker for 
covering the fertilizer sets with lightly pressed 
soil. The fertilizer dispenser is supplied its motion 
using the land wheels. The profile maker is 
equipped with two opposite moldboards and 
leveling roll, which produce smooth furrows and 
a good seed bed for the vegetable crops. The 
optimum studied parameter for the combined 
unit with the moldboard profile maker at the 
sequence condition, forward speed of 5 km/hr., 
sitting angle of 20° and operating depth of 10 
em to achieve: The optimum fertilizing depth of 
7.5 em for the vegetable crops. Reducing fuel 
consumption, energy requirement, pulling force, 
field capacity and field efficiency as a 
percentage of about 3.41, 11.97, 25.0, 9.84 and 
9.84%, respectively compared with the winged 
unit. The total operating cost was less by about 
41.6% than the traditional method. 

Meselhy and Elhagary (20 14) developed the 
traditional ridger to be used as a multi-purpose 
machine for ridging and planting by adding unit­
to compact and change the shape of bottom 
furrow (V -shape, trapezoidal shape and W­
shape), also adding a planting unit behind the 
ridger to save time and effort. The results 
showed that using the developed ridger with W­
shape achieved the best values of soil bulk 
density, soil penetration resistance and average 
infiltration rate which ultimately resulting the 
highest value of Millet yield (40.4 Mg/fad.) and 
the highest value of water use efficiency (10.3 
kg/m3

). 
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Manufacture of multi-purposes machine 
technology for applying organic and chemical 
fertilizers during preparing soil to plant 
vegetable crops is a great importance to save 
time, labor and cost and obtained high 
uniformity of fertilizers distribution. So the 
objectives of the present study are to: 

- Develop and manufacture of a local multi­
purposes machine for ridging and applying 
organic and chemical fertilizers in furrows. 

- Optimize some operating parameters affecting 
the developed machine performance. 

MATERIALS AND METHODS 

The experiments of this study were divided 
into two main parts. The ftrst part (laboratory 
experiments) was conducted at Compost El­
Bostan Company, Belbies, Sharkia Governorate, 
Egypt to optimize some operating parameters 
affecting the application rate and the fertilizers 
distribution efficiency. While the second part 
(fteld experiments) were carried out through two 
successful agricultural winter seasons of 2011/ 
2012 and 2012/2013 at South of Qantara, 
Ismaillia Governorate, Egypt, to evaluate and 
optimize some operating parameters affecting 
the proposed machine performance during seed 
bed preparation for planting snap beans 
(Phaseolus vulgaris L.) under sandy soil and 
drip irrigation conditions. The mechanical 
analyses of the experimental soil are shown in 
Table 1. 

Materials 

The Cultivated Crop 

Snap beans (Ogzira) planted on 101
h of Oct. 

2011 and 81
h Oct. 2012 at seed rate of30 kg/fad., 

on an area of about 1 fad., under drip irrigation 
system. It was picked manually ftve times as 
fresh green pods. The agricultural practices of 
all the experimental treatments were done as 
usual in the area. 

The organic and chemical fertilizers 

Compost applied at the rate of 20 m3 I fad., 
while chemical fertilizers were mixed and 
applied at application rate of 400 kg/fad. The 
mixture was consisted of 200 kg super 
phosph~te calcium/fad., + 100 kg ammonium 

sulphate/fad., + 100 kg sulfur/fad., during bed 
preparation, some physical properties of 
compost and chemical fertilizers were 
determined as shown in Table 2. 

Tractor 

Tractor Belaruss MTZ-80, 4-strokes, Diesel 
engine, 66.2 kW (90 hp) was used a power 
source for operating the manufactured machine. 

The Manufactured Machine 

Multi-purposes machine, which was used as 
a combined unit was manufactured in a local 
engineering workshop to consist the following 
main parts: 

Frame and wheel 

The frame of proposed machine was used for 
ftxing all components. It consists of steel beam 
with (U) cross section of 60 x 120 and thickens 
of 5 mm. The frame width was 1500 mm and 
2000 mm length mounted on two rubber tires 
with size of 16-5/25. 

Ridging unit 

Riding unit consists of two shanks ftxed in 
frame bar, operating width and height can be 
adjusted. The width was from 600 to 1200 mm 
and the height was from 40 to 700 mm. The 
dimensions of each shank was 800 mm length 
and cross section area of 40 x 80 mm connected 
with a chisel blade and two wings. Each wing 
has a curved shape with dimensions of 175 x 
200 mm welded on the end edge of shank. 

Organic fertilizers application unit 

Organic fertilizers application unit consists 
of the following parts: 

Organic fertilizers box 

Organic fertilizers box was mounted on the 
front of the frame, it was made from galvanized 
steel of 2 mm thickness. The box has a 
rectangular shape at the top 1500 x 1800 x 600 
mm while the bottom has a trapezoid shape. The 
full capacity of the box is 2000 liters. Two outlet 
orifices were provided at the bottom of the box 
with a rectangular shape of 300 x 400 mm to 
deliver fertilizers into feeding device. 
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Table 2. Some physical properties of compost and chemical fertilizers 

Type of fertilizer Grade Bulk density, Repose Friction Friction 
coefficient 

against steel 

Form of 
fertilizer glcm3 angle angle 

Compost 32% O.M 0.65 

Super phosphate 15.5% P20s 0.91 

Ammonium sulphate 33.5% N 0.98 

Sulfur 98% 0.96 

The agitator 

An agitator made of steel shaft 25 mm 
diameter. It was fixed inside the box to keep 
fertilizer moving and grind compost blocks in 
the box. 

The organic fertilizer feeding device 

Two augers were fixed on the frame for 
controlling fertilizer movement from feed orifice 
to fertilizer tube. The dimensions of each auger 
was 1080 mm length, 149 mm screw flight 
diameter, 36 mm screw shaft diameter, 180 mm 
pitch length. The volumetric capacity of each 
auger was 2980 cm3

• 

Fertilizer tubes 

Two rubber tubes of 160 mm diameter and 
400 mm length are connected to the outlet of 
each auger to deliver fertilizers inside the 
furrow. 

Chemical fertilizers application unit 

Chemical fertilizers application unit consists 
of the following parts: 

43.6 33.8 0.67 

36.4 28.2 0.53 Granular 

31.5 24.1 0.45 Crystalline salt 

37.1 29.3 0.56 Granular 

Chemical fertilizer box 

Chemical fertilizer box was mounted on 
frame rear, it was made from galvanized steel 2 
mm thickness. The box has a rectangular shape 
at the top 1500 x 200 x 600 mm, while at the 
bottom, it has a trapezoid shape. The full 
capacity of the box is 220 liters. Two outlet 
orifices were provided at the bottom of the box 
with a rectangular shape of 100 x 80 mm to 
deliver fertilizers into feeding device. 

The agitator 

An agitator made of steel shaft 25 mm 
diameter, was fixed inside the box to keep 
fertilizer moving and grind fertilizer blocks in 
the box. 

The fertilizer feeding device 

Two feed discs in casing were made of steel, 
each disc was fixed on the end of auger shaft. 
The dimensions of each disc were 200 mm out 
diameter, 50 mm thickness. The disc consists of 
10 cells, the dimensions of each cell were 12.5 x 
10 x 50 mm, the volume of each cell was 6.25 
cm3

• The volumetric capacity of each disc was 
62.5 cm3

• 
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Fertilizer tubes 

Two rubber tubes of 50 mm diameter and 
400 mm length are connected to the outlet of 
casing to deliver fertilizers inside the furrow. 

Transmission system 

The source of power from tractor P.T.O. 
shaft by universal joint to gearbox which has 
three reduction ratio of rotating speed ( 1: 1, 1:1.5 
and 1 :2). The gearbox transmits the motion from 
P.T.O. to the agitators and feed shafts 

Covering unit 

The covering device designed to cover the 
furrow after putting organic and chemical 
fertilizers. There were two device mounted 
behind the chemical fertilizer box on the rear of 
the frame. The covering unit was having 
movement up and down through out three arms 
as shown in Fig. 1. 

Methods 

Experimental Conditions 

Laboratory experiments 

Laboratory experiments were conducted to 
estimate the optimum rotating speed of feed 
shaft and machine forward speed as follows: 

- Six feed shaft rotating speeds (60, 80, 100, 
120, 140 and 160 rpm). 

-Five machine forward speeds (1.7 , 2.5 , 3.4 , 
4.2 and 5.1 km/hr.). 

Measurements of laboratory experiments 

Evaluation of the manufactured machine in 
the laboratory was based on the following 
indicators: 

Fertilizers discharge rate 

Fertilizers discharge rate (R, kg/min) was 
calculated by using the following equation: 

Where: 

R=m 
t 

m: The amount of collected fertilizers, kg 

t: The recorded time, min 

Volumetric efficiency 

Volumetric efficiency (17v,%) was calculated 
by using the following equation: 

v 
TJ =~xlOO 

v vth 

Fig. 1. A photograph of the manufactured machine 
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Where: 

Vact: Actual volume capacity, cm3/min 

Vth: theoretical volume capacity, cm3/min 

The theoretical volumetric capacity of the 
auger was defmed by (Ismail et al., 2011) as: 

Vaug = ~ [c~f)2 -((\si] IP.N 
4 

Where: 

V aug : The volume of auger unit, cm3 

dsf: Screw flight diameter, em 

dss: Screw shaft diameter, em 

Ip : Pitch length, em 

N: Rotating speed of auger 

Theoretical volume of auger was 2980 cm3 

while Theoretical volume of feed disc was 62.5 
cm3

. 

The application rate 

The application rate of compost during seed 
bed preparation for planting Snap bean under 
sandy soil conditions is 20 m3 /fad. So the 
compost bulk density was determined and the 
application rate of compost was determined as 
follow: 

R 1h =Dxp 

Where: 

Rth: The theoretical application rate, kg/fad. 

D: the application rate, m3/fad. (20m3/fad.) 

p : Bulk density, g/cm3 (0.65 g/cm3 for compost) 

Rth = (20 x 1000)0.65 Rth=13000 kg/fad. 

When distance between the furrows is 1 m, 
the theoretical application rate for one meter is 
determined as flow: 

R = 
13000 

=3.lk /m 
th 4200 g 

This means that compost should be applied at 
3.1 kg for every one meter of furrow. The same 
theoretical consideration was determined for the 
application rate of chemical fertilizers as follow: 

Rth = D x 1000/4200 g/m 

Where: 

Rth: The theoretical applied rate, g/m 

D: the amount of chemical fertilizers ( 400 kg/fad) 

When distance between the furrows is 1 m, 
the theoretical application rate is determined as 
follow: 

400xl000 = 95 .2 /m 
Rth= 4200 g 

This means that chemical fertilizer should be 
applied at 95.2 g for every one meter of furrow 

The actual application rate was calculated by 
using the following equation: 

m 
Ract =-kg/m 

L 

Where: 

Ract: The actual application rate, kg/m 

m: The amount of collected fertilizers, kg 

L: The recorded distance, m 

The uniformity of fertilizers distribution 

Standard deviation, coefficient of variation 
and coefficient of uniformity were run for each 
test and cal culated as the following: 

Coefficient of variation (C.V) was calculated 
as the following: 

""'x. Xa=-L..J __ l 

n 
8 

C.V =-xlOO 
X a 

Where: 

Xi: The individual collection points 

Xa: The arithmetic mean 

n: Total number of collection point 

8 : Standard deviation 

C.V: Coefficient ofvariation (%), 

Coefficient of uniformity (C.U %) was 
calculated as the following formula (Dragos, 
1975); 

l (xi- xa) 
2

] 

C.U = 1- ~~ 1 
X 100 
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The field experiments 

Field experiments were carried out under the 
following conditions: 

- Three machine forward speeds at three feed 
shaft rotating speeds as follows. 

- 2.3 km/hr., at 80 rpm 

- 3.3 kmlhr., at 120 rpm 

- 4 km/hr., at 160 rpm 

-Three furrow depths (15, 20 and 25 em). 

Measurements of field experiments 

Evaluation of the manufactured machine 
performance in the field was based on the 
following indicators: 

Machine field capacity 

The theoretical field capacity was determined 
by the following formula (Hanna eta/., 1985): 

P =SxW 
th 4200 

Where; 

P th :The theoretical capacity of machine, fad.lhr. 

S: Travel speed, mlhr. 

W: Operating wide, m 

Field efficiency 

The field efficiency was determined by the 
following formula 

Where: 

Er: The field efficiency(%) 

Pact: The actual capacity of the machine, fad.lhr. 

P1h :The theoretical capacity of machine, fad. /hr. 

Slip percentage 

The slip (S, %) was determined by the 
following formula: 

s = Lth- Lact X 100% 
Lth 

Where: 

Lth: the calculated advance per I 0 wheel 
revolutions without load, m 

Lact: the calculated advance per I 0 wheel 
revolutions under load, m 

Crop productivity 

Snape beans was picked manually five times 
as fresh green pods and the total crop 
productivity was determined for each treatment. 

Fuel consumption 

Fuel consumption rate (Fe, L/hr.) was 
determined by the following equation: 

Vf 
Fc=-x3.6 

T 

Where: 

Vr. Volume of fuel consumed, cm3 

T: Time of operation, sec 

The required power 

The required power was estimated by using 
the following formula (Barger eta/., I963f 

1 1 1 
PR=Fc--xpxLCVx427xT)th XT) x-x-

3600 m 1.36 75 
Where: 

PR: The required power, kW 

Fe: Fuel consumption rate, Llhr 

p: Fuel density, g/cm3 (0.85 for solar) 

LCV: Lower calorific value of fuel (for solar= 
10000 k callkg) 

427: Thermal-mechanical equivalent, kg.mlk cal 

11th : Thermal efficiency ( 40% for diesel engine) 

11m: Mechanical efficiency (80% for diesel engine) 

Energy requirements 

The energy requirements was calculated as 
follow: 

ER:PR 
EFc 

ER: The energy requirements, kW.hr./fad. 

PR: The required power, kW. 

EFc: Effective field capacity, fad.lhr. 

,. 
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RESULTS AND DISCUSSION 

Data obtained from the laboratory and field 
experiments to evaluate the performance of the 
manufactured machine were discussed under the 
following items. 

Results of the Laboratory Experiments 

Effect of Feed Shaft Rotating Speed on 
Fertilizers Discharge Rate and Volumetric 
Efficiency 

Discharge rate 

The effect of feed shaft rotating speed on 
fertilizers discharge rate was illustrated in Fig. 3. 
In general, a liner relationship between the 
discharge rate (kg/min) and feed shaft rotating 
speed (rpm) up to 120 rpm. Beyond this value, 
there was irregular relationship. This trend may 
be attributed to that by increasing the rotating 
speed of feed shaft, the centrifugal force 
decreases the fertilizers flow. 

The increasing percentage of compost 
discharge rate by increasing rotating speed from 
60 to 100 rpm was 69% while, by increasing 
rotating speed from 120 to 160 rpm the 
increasing percentage of compost discharge rate 
was 16%. The same trend was detected for the 
feed disc, the increasing percentage of chemical 
fertilizers discharge rate by increasing rotating 
speed from 60 to 100 rpm was 70%, while by 
increasing rotating speed from 120 to 160 rpm 
the increasing percentage of chemical fertilizers 
discharge rate was 16.5%. 

Volumetric efficiency 

The effects of the feed shaft rotating speed 
on the volumetric efficiency were illustrated in 
Fig. 4. The general trend of this relationship is 
that the volumetric efficiency increases with 
increasing the rotating speed up to ·120 rpm for 
both compost and chemical fertilizers. Beyond 
this value, the volumetric efficiency decreased 
by increasing the rotating speed. This trend may 
be attributed to that after 120 rpm; the 
centrifugal force restricts the flow of fertilizers. 

The results indicated that the highest value of 
the auger volumetric efficiency was 78.71% at 
feed shaft rotating speed of 120 rpm while, the 
lowest _value was 68.35% at feed shaft rotating 

speed of 160 rpm The same trend was recorded 
for the feed disc, whereas the highest value of the 
disc volumetric efficiency was 80.63% at feed 
shaft rotating speed of 120 rpm while, the lowest 
value was 70.46% at feed shaft rotating speed of 
160 rpm 

The same results indicated that the 
volumetric efficiency of feed disc recorded 
higher values than the volumetric efficiency of 
auger under the same conditions. This trend may 
be attributed to that the volumetric efficiency 
was affected by the density of fertilizers and the 
shape of fertilizer particles. 

Effect of Feed Shaft Rotating Speed and 
Forward Speed on the Application Rate 
and the Uniformity of Fertilizers 
Distribution 

The application rate 

The actual application rate was determined 
and the results were illustrated in Fig. 5. The 
results indicated that the highest value of 
compost application rate was 7.22 kg/m, which 
was obtained at auger rotating speed of 160 rpm 
and 1.7 km/hr., forward speed. Meanwhile the 
lowest value was 1.01 kg/m, at auger rotating 
speed of 60 rpm and 5.1 km/hr., forward speed. 
The same trend was observed for the feed disc, 
where the highest value of application rate was 
220 g/m, which was obtained at disc rotating 
speed of 160 rpm and 1.7 kmlhr., forward speed. 
Meanwhile the lowest value was 37 g/m, at disc 
rotating speed of 60 rpm and 5.1 km!hr., forward 
speed. 

From Fig. 5 the results indicated that, generally 
by increasing forward speed, the application rate 
was decreased. So by increasing forward speed 
from 1.7 to 2.5 km/hr., the application rates of 
compost were decreased from 3.13 to 2.12, from 
4.29 to 2.85, from 5.21 to 3.54, from 6.09 to 
4.14, from 6.8 to 4.64 and from7.22 to 4.89 
kg/m at auger rotating speeds of 60, 80, 100, 
120, 140 and 160 rpm, respectively. However, 
by increasing forward speed from 4.2 to 5.1 
kmlhr., the application rates of compost were 
decreased from 1.25 to 1.01, from 1.68 to 1.37, 
from 2.09 to 1.71, from 2.44 to 2, from 2.72 to 
2.22 and from 2.88 to 2.36 kg/m at auger 
rotatingspeedof60, 80,100,120,140 and 160 
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rpm, respectively. The same trend was achieved 
for the chemical fertilizers, where by increasing 
forward speed from 1.7 to 2.5 kmlhr., the 
application rates were decreased from 96 to 64, 
from 128 to 86, from 158 to 107, from 176 to 
118, from 207 to 140 and from 220 to 148 g/m 
at disc rotating speeds of 60, 80, 100, 120, 140 
and 160 rpm, respectively. However, by 
increasing forward speed from 4.2 to 5.1 kmlhr., 
the application rates of chemical fertilizers were 
decreased from 37 to 30, from 48 to 39, from 57 
to 46, from 70 to 57, from 79 to 64 and from 86 
to 68 g/m at auger rotating speeds of 60, 80, 
100, 120, 140 and 160 rpm, respectively. This 
trend may be attributed to the volumetric 
capacity was affected by increasing the rotating 
speed. 

The same results indicated that, generally by 
increasing rotating speed, the application 
increased. So by increasing auger rotating speed 
from 60 to 80 rpm, the application rates of 
compost were increased from 3.31 to 4.2, from 
2.12 to 2.85, from 1.55 to 2.09, from 1.25 to 
1.64 and from 1.01 to 1.37 kg/m at forward 
speed of 1.7, 2.5, 3.4, 4.2 and 5.1 kmlhr., 
respectively. However, by increasing auger 
rotating speed from 140 to 160 rpm, the 
application rates were increased from 6.8 to 
7.22, from 4.64 to 4.89, from 3.38 to 3.58, from 
2.72 to 2.88 and from 2.22 to 2.36 kg/m at 
forward speed of 1.7, 2.5, 3.4, 4.2 and 5.1 
km/hr., respectively. 

The same trend was found for the chemical 
fertilizers, where by increasing disc rotating 
speed from 60 to 80 rpm, the application "rates 
were increased from 96 to 128, from 64 to 86 , 
from 46 to 62, from 37 to 48 and from 30 to 39 
g/m at forward speed of 1.7, 2.5, 3.4 , 4.2 and 
5.1 kmlhr., respectively. However, by increasing 
disc rotating speed from 140 to i 60 rpm, the 
application rates were increased from 207 to 
220, from 140 to 148, fromlOO to 108, from 79 
to 86 and from 64 to 68 kg/mat forward speed 
of 1.7, 2.5, 3.4, 4.2 and 5.1 km/hr., respectively. 

Referring to Fig. 5, it was found that the 
optimum forward speeds of the manufactured 
machine, which achieved the optimum 
application rate (3.1 kg/m for compost and 95.2 
g/m for chemical fertilizers) are 2.3, 3.3 and 4 
kmlhr., at using rotating speeds of 80, 120, 160 

rpm, respectively. Therefore field experiments 
were carried out under the previous 
recommended parameters during seed bed 
preparation for planting snap beans. 

Uniformity offertilizers distribution 

The effects of the feed shaft rotating speed on 
uniformity of fertilizers distribution at different 
forward speeds were illustrated in Fig. 6. The 
general trend is that the uniformity of fertilizers 
distribution increases with increasing the 
rotating speed up to 120 rpm for the auger and 
feed disc at different forward speeds. Beyond 
this value, the uniformity of fertilizers 
distribution decreased by increasing the rotating 
speed at different forward speeds. This trend 
may be attributed to the volumetric efficiency 
which was increased by increasing rotating 
speed up to 120 while it decreased beyond this 
value. 

The results indicated that the highest values 
of the uniformity of fertilizers distribution were 
98.02 and 97.74% for chemical fertilizers and 
compost, respectively at feed shaft rotating 
speed of 120 rpm and 1. 7 kmlhr., forward speed, 
while the lowest values were 88.13 and 88.82% 
for chemical fertilizers and compost, respectively 
at feed shaft rotating speed of 160 rpm and 5.1 
kmlhr., forward speed. 

The general trend is that the uniformity of 
fertilizers distribution decreases with increasing 
forward speed at different rotating speeds. When 
forward speed increased from 1. 7 to 3.4 kmlhr., 
the uniformity of fertilizers distribution decreased 
from 97.74 to 96.83% and from 98.02 to 96.89% 
for the compost and chemical fertilizers, 
respectively at 120 rpm rotating speed. While,­
by increasing forward speed from 3.4 to 5.1 
kmlhr., the uniformity of fertilizers distribution 
decreased from 96.83 to 95.28% and from 96.89 
to 95.47% under the same menthioned conditions. 

The results indicated that uniformity of 
distribution of feed disc recorded higher values 
than the uniformity of distribution of auger at 
the same conditions. This trend may be 
attributed to the volumetric efficiency was 
affected by the density of fertilizer and the shape 
of fertilizer particles. 
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Fig. 6. Effect of the forward speed on coefficient of uniformity of fertilizers distribution at 
different rotating speed 

Results of Field Experiments 

Depending on the obtained data from 
laboratory results, field experiments were 
conducted under the recommended forward speeds 
of 2.3, 3.3 and 4 kmlhr., corresponding to feed 
shaft rotating speeds of 80, 120 and 160 rpm at 
furrow depths of 15, 20 and 25cm 

Effect of Forward Speed and Furrow 
Depth on Field Capacity, Field Efficiency 
and Slip Percentage 

Field capacity 

The results indicated that, generally by 
increasing the forward speed the field capacity 
was increased, while by increasing the furrow 
depth the field capacity was decreased. By 
referring to Fig. 7, it was noticed that 
increasing forward speed from 2.3 to 4 krn/hr., 
the field capacity increases from 0. 77 to 1.26, 
from 0.69 to 1.12 and from 0.65 to 1.08 
fad./hr., at operating depths of 15, 20 and 25 
em, respectively. While, by increasing furrow 
depth from 15 to 25 em, the field capacity 
decreases from 0.77 to 0.65, from 1.08 to 0.90 
and from 1.26 to 1.08 fad./hr., at forward 
speeds of 2.3, 3.3, 4 kmlhr., respectively. 

Also, the results indicated that, the maximum 
value of field capacity was 1.26 fad./hr., which 
obtained at furrow depth of 15 em and forward 
speed of 4 krn/hr. While the minimum value was 

0.65 fad./hr., at furrow depth of 25 em and 
forward speed of 2.3 krn/hr. This trend may be 
attributed to that the increasing in operating 
depth caused an increase in the resistance of soil 
layer and more time consumed .~ 

The field efficiency 

As shown in Fig. 8, it was obvious that by 
increasing the forward speed from 2.3 to 4 
krn/hr., the field efficiency was decreased from 
70.64 to 66.31, from 63.30 to 58.95 and from 
59.63 to 56.84% at furrow depths of 15, 20, 25 
em, respectively. The same trend was shown for 
the furrow depth, where by increasing furrow 
depth from 15 to 25 em, the field efficiency 
decreases from 70.64 to 59.63, from 68.79 to 
57.32 and from 66.31 to 56.84% at forward 
speeds of 2.3, 3.3 and 4 krnlhr., respectively. 

The maximum value of field efficiency-was 
70.64%, at furrow depth of 15 em and forward 
speed of 2.3 krn/hr. While the minimum value 
was· 56.84%, at furrow depth of 25 em and 
forward speed of 4 krn/hr. 

Slip percentage 

Slip percentage was determined and the 
results were illustrated in Fig. 9. Generally by 
increasing the forward speed the Slip was 
increased, while by increasing the furrow depth 
the field capacity was decreased. The same trend 
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was recorded for the furrow depth, by increasing 
furrow depth, where the slip was increased. The 
maximum value of slip was 14.36%, at furrow 
depth of 25 em and forward speed of 4 km/hr. 
While the minimum value was 8.34%, at furrow 
depth of 15 em and forward speed of2.3 km/hr. 

As shown in Fig. 9, it was obvious that by 
increasing the forward speed from 2.3 to 4 kmlhr., 
the slip was increased from 8.34 to 11.54, from 
9.63 to 12.88 and from 10.71 to 14.36% at furrow 
depths of 15, 20, 25 em, respectively. The same 
trend was detected for the furrow depth, where by 
increasing furrow depth from 15 to 25 em, the 
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Fig.lO. Effect of furrow depth on crop 
productivity at different forward speed 

slip increases from 8.34 to 10.71, from 9.61 to 
12.21 and from 11.54 to 14.36% at forward -
speedsof2.3, 3.3 and4 kmlhr., respectively. 

Effect of using the manufactured machine 
on crop· productivity 

Snape beans was picked as fresh green pods 
manually and the total crop productivity was 
determined as shown in Fig. 10. From the obtained 
data it can be noticed that, using the manufactured 
machine at forward speed of 3.3 kmlhr., rotating 
speed of 120 rpm and furrow depth of20 em gave 
the best result (5.44 Mg/fad) compared with other 
treatments. 

--

. ...... ~ 

/ 



:.. 

-
i 
I ._ 

Zagazig Journal of Agricultural Engineering 1315 

From the previous data, it was noticed that, 
by increasing the furrow depth from 15 em to 25 
em, the crop productivity was increased from 
4.65 to 4.85, from 4.82 to 5.02 and from 4.16 to 
4.55 Mg/fad., at forward speeds of2.3, 3.3 and4 
km/hr., respectively. By increasing the forward 
speed from 2.3 to 4 km/hr., the total crop 
productivity was decreased from 4.65 to 4.16, 
from 5.28 to 4.83 and from 4.85 to 4.55 Mglfad, 
at furrow depths of 15, 20, 25 em, respectively. 

The increasing percentage in crop productivity 
was 36.2% when using the manufactured 
machine at the optimum operating parameters 
(forward speed of 3. 3 km/hr., rotating speed of 
120 rpm and furrow depth of20 em). 

Effect of Forward Speed and Furrow 
Depth on Fuel Consumption, Power 
Requirement and Energy Requirements 

Fuel consumption 

The fuel consumption was recorded by 1/hr., 
at different treatments, the data were illustrated 
in Fig. 11. The results indicated that the highest 
value of fuel consumption was 17.89 1/hr., 
which obtained at furrow depth of 25 em and 
forward speed of 4 km/hr. While the lowest 
value was 11.02 1/hr., at furrow depth of 15 em 
and forward speed of2.3 km/hr. 

Generally by increasing the forward speed 
and furrow depth the fuel consumption was 
increased. By increasing the forward speed from 
2.3 to 4 kmlhr., the fuel consumption was 
increased from 11.02 to 15.53, from 12~11 to 16.15 
and from 12.17 to 17.89 1/hr., at furrow depths of 
15, 20, 25 em, respectively. While by increasing 
the furrow depth from 15 em to 25 em the fuel 
consumption was increased from 11.02 to 12.32, 
from 12.71 to 14.41 and from-15.53 to 17.891/hr., 
at forward speeds of 2.3, 3.3 and 4 kmlhr., 
respectively. 

Required power 

Required power was determined from fuel 
consumption and the results were illustrated in 
Fig. 12. Generally by increasing the forward 
speed, the required power was increased. The 
same trend was noted for the furrow depth, 
whereas by increasing furrow depth, the required 
power. was increased. The maximum value of 

required power was 56.53 kW at furrow depth of 
25 em and forward speed of 4 km/hr. While the 
minimum value was 34.82 kW at furrow depth 
of 15 em and forward speed of2.3 km/hr. 

As shown in Fig. 12, it was obvious that by 
increasing the forward speed from 2.3 to 4 kmlhr., 
the required power was increased from 34.82 to 
49.07, from 38.27 to 51.03 and from 40.16 to 
56.53 kW at furrow depths of 15, 20, 25 em, 
respectively. The same trend was found for the 
furrow depth, where by increasing furrow depth 
from 15 to 25 em, the required power increases 
from 34.82 to 40.16, from 38.93 to 45.52 and 
from 49.07 to 56.53 kW at forward speeds of 
2.3, 3.3 and 4 km/hr., respectively. 

Energy requirements 

Generally by increasing the furrow depth the 
energy requirements was increased. By 
increasing the furrow depth from 15 em to 25 
em, the energy requirements was increased from 
45.22 to 61.78, from 36.04 to 50.58 and from 
38.94 to 52.34 kW.hr./fad, at forward speeds of 
2.3, 3.3 and 4 km/hr., respectively. While by 
increasing the forward speed from-~2.3 to 3.3 
km/hr., the energy requirements was decreased at 
different furrow depths, but increasing the forward 
speed more than 3.3 kmlhr., led to increase the 
energy requirements at different furrow depths. 
This increase may be due to the high consumption 
of fuel rate when used forward speed up to 3.3 
kmlhr. 

As shown in Fig. 13, it was obvious that the 
highest value of energy requirements was 61.78 
kW.hr./fad, which obtained at furrow depth of 
25 em and forward speed of 2.3 km/hr. While 
the lowest value was 36.06 kW.hr./fad, at 
furrow depth of 15 em and forward speed of 
3.3 km/hr. 

Conclusion 

·The experimental results revealed that the 
manufactured machine increased both 
uniformity of fertilizer distribution and crop 
productivity and decreases energy requirements 
for both compost and chemical fertilizers under 
the following conditions: 

Machine forward speed of 3.3 km/hr., feed 
shaft rotating speed of 120 rpm and furrow 
depth of 20 em. 
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