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ABSTRACT: Field experiments were carried out to evaluate the

performance of different cultivaiors during secondary tillage

operation in case of preparing soil for planting maize (Hagin 3/310)

variety and compare the used cultivators from the economic peint of

view,

Selection of cultivator size was dene taking into consideration
both time requirements and fuel consumption. While evaluation of
the different cultivators was carried out with reference to field
capacity and efficiency, some soil physical properties, crop yield,
energy requirements, and operational cost.

The experiment results revealed:

1- Use Motor-hand operated cultivator (small size, 110 cm. width)
in plot areas of less than 0.5 feddan, medium-rear mounted
caltivator (125 cm. width) can be used in plot areas of between
0.5 to 1.0 feddan, while large-rear mounted cultivator (145 cm.
width) can be used in plot areas of more than 1.5 feddans.

2- Operate medium and large-rear mounted culfivators at a
forward speed of approximately 3 km/h.

3- Operate motor-hand operated cuitivator at forward speed of
approximately 2.2 km/h.

4- Operate the used cultivators at a depth of 5 cm.

Key words: Cultivators, cultivation, tillage, ploughing, seedbed
preparation



616

INTRODUCTION

Secondary tillage operations
are carried out using harrows,
rotary hoes, and others. Rotary
cultivator is a limit use equipment.
It is used in crop fields only
between rows in a limited stage of
plant growth. It is also used in
horticulture between trees under
special care to remove and cut
weeds which may regrowth
intensively. For this reason the
rotary cultivator was selected to
increase its rate of use in the
secondary tillage operation.

The rotary cultivator is one of
the multi powered rotary tillage
implements. The rotary cultivator
performs complex motions. For
example, a translatory motion
with the machine and a relative
motion due to the positive drive
from the power-take-off (PTO)
shaft of the tractor. Positive drive
produces dynamic interaction
between the tools and the soil and
the plant roots, Therefore, the
rotary cultivator can be used to
break humps of soil, to process
severely weed infested soils, and
to cut stalks and plant shoots.
Added to that rotary cultivators
have many other merits such as:
small units are self-propeiled, they
are generally light and cause no
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appreciable soil compaction, and
they can perform secondary tillage
operation in only one pass.

Klein et al. (1999) carried out
investigations for several years to
determine the number of cultivator
classes required for over all tillage
in the Non-Black soil zone of the
Russian Federation. The
investigation results prove the
sufficiency of 3 classes that could
be roughly determined as follows:
light cultivators to be used to
cultivate ploughed fields (8-10
cm) deep, with post rigidity C=
600-700 Nm/rad; medium
cultivators to be used to cultivate
ploughed fields (16 cm) deep, post
rigidity C= 2800-3000 Nm/rad;
heavy cultivators to be used to
cultivate fields after autumn
ploughing up to (25 cm) deep,
post rigidity C= 7700-8000
Nmvrad. Investigation results have
been used to design a number of
cultivators for mass production in
Russia.

Kalinan et al. (2000) designed
2-Layered surface cultivators,
suitable for shallow and deep
cultivation. The effect of autumn
ploughing was investigated, using
a plough PN-4-35, a serial surface
cultivator KPG-250, and  2-
Layered surface cultivator KPG-
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250-U. Data are presented on soil
water Jlevels, soil nutrients in
fodder maize fields, weeds and
crop yield, and profitability. The
results showed that with surface
cultivation crop residues were
mixed with the upper soil layer
which  resulted in  faster
mineralization of crop residues,
thus improving soil fertility better
than after mould board ploughing.
More soil moisture was retained
after surface cultivation. A 2-
Layered  surface  cultivation
resulted in teh availability of more
soil nutrients compared with 1-
Layered  surface cultivation.
Surface cultivators showed higher
labor productivity, and lower fuel
consumption and total production
costs.

Hendric (1971) reported that
total power requirements for
operating rotary cultivator
increased with the tillage depth,
but the specific power requirement
in general decreased.

Abd El-Wahab (1994) noticed
with the use of cultivator that the
fuel consumption (litv/fed)
decreased as the travel speed
increased and this was due to the
increase In the field capacity
(fed/h) i.e. to the increase in the
forward speed, and showed that
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the increase in the travel speed
resulted in an increase in slip,
draft and consumed energy.

Awady (1986) completed the
construction of a rotary cultivator.
The rotavator can operate with
two to four tine rotors with
changeable engines ranging in
power between 3 and 7 kW
respectively. The big power and 4-
rotor arrangement are suitable for
orchard cultivation, while the
small power and  2-rotor
arrangement are suitable for inter-
raw cultivation. The rotavator has
been tried with 4-rotors, and with
2-rotors with promising results.

Ying Yibin (1998) designed a
small rotary cultivator and planted
in China. The implement is small,
simple, light, cheap, reliable, easy
to steer and very suitable for soil
tillage in vegetable production.
The machine weights only 0.2-0.5
as much as other rotary cultivators
of similar productivity. The depth
of cultivation is 10-20 c¢cm at a
work rate of 0.09 hm2/h.

Wang ef al. (1999) designed a
new dual purpose machine for
both  ditching and rotary
cultivating based on the rotary
cultivator. The kinematic and
kinetic properties of the machine,
its operating quatity and economic



618

benefits were analyzed. Trials
with the machine show its merits
for operating quality and
simplicity.

Adel et al (2002) developed
the rotary cultivator as multi
purposes machine to be used with
grain crops. The planting and
fertilizing unit is connected with
the rotary cultivator by means of

angle-iron frame. A seat was made -

and fixed on the angle-iron frame
between the cultivating units in
such a case to enable the driver to
operate the developed machine.
The experimental results reveal
that the use of the rotary cultivator
after development for cultivating,
planting and fertilizing grain crops
minimizes both energy and cost
added to the improvement of soil
propertics under the following
conditions.

1. Operate  the  developed
machine at forward speed of
4km/h  which corresponded to
kinematic parameter of 2.2 and
tilling pitch of 10cm.

2. Operate  the developéd
machine at soil moisture content
of 23%.

3. Operate the developed
machine at depth of 6¢cm.

El- Shal, et al.

Suslov et al (1998) studied
the effect of 10 different factors
on the energy consumption in
rotary cultivation. These factors
are: presence of soil loosening
tines in fropt of the cultivator,
design of the working organ,
number of knives on each disc,
soil type, speed of advance,
rotation  speed, direction of
rotation, soil condition, angle of
blade setting and cutting angle.
The relative importance of the
various factors is determined. The
most important factor is the
presence of soil loosening tools in
front of the cultivator; the least
important factors are the direction
of rotation and the speed of
advance. Some laboratory studies
are made on several designs and
geometric parameters (length of
drum sections, numbers of knives
on it and clearance angle) of the
cultivator on  the  energy
consumption during operation.
Torque increased nearly linearly
with increasing number of knives
{from 1 to 4) and decreased with
increasing clearance angle (from
6° to 18°).

Zangaladaze (2000) gave
details of the design and mode of
operation of a rotary cultivator,
The working organ executes a
progressive and a  rotary
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movement. The kinematics of the
blade movement are elucidated.
The analysis shows that the
cutting speed is variable and is
independent of the copying unit
under certain conditions,
Accordingly the speed of cutting
can be reduced, thus improving
the efficiency and reliability of
soil cultivation.

So, such care had io be taken
to use rotary cultivators in
performing  secondary tillage
operation and to improve its
performance to carry out the
operation with high efficiency and
minimum cost.

The objectives of this study
are:

1. Evaluating the performance of
three different types of
cultivators during secondary
tillage operation.

2. Selecting optimum cultivator
size suits for a certain field
size.

3. Optimizing cultivator forward
speed and operating depth to
achieve high efficiency.

4. Comparing the used
cultivators from the economic
point of view,
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MATERIALS AND
METHODS

The main experiments were
carried out through tow successful
seasons of 2002 and 2003 at
Zankloun village, Sharkiya
Governorate to evaluate the
performance of different types of
cultivators  during  secondary
tillage operation.

The mechanical analysis of the
experimental soil was classified as
Clay (Table 1). Soil mechanical
analysis was determined
according to the hydrometer
method. Black, et al. (1965).

Soil moisture content was
determined on dry basis with the
oven method at 105¢ for 24
hours.

Mechanical analysis and
moisture content were done in
laboratory of Agriculture College,
Zagazig University.

Materials:

The following machines were
used to carry out the secondary
tillage operation:

L Tractor

A four — wheel tractor (Kubota
MX 5000) of the standard type, 50
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hp (37.3 kW) was used in this cultivators were used. The
study. specifications of the used
. cultivators are tabulated in Table
2.Cultivators (2) )
Three different types of
Table (1): Soil mechanical analysis of the experimental soil.
Soil fraction % Soil
Seil moisture
s classification content
Clay Silt Sand %
42.60 30.50 26.90 Clay 14

Table (2): Specifications of the used cultivators.

Motor - hand | Medium -rear Large —rear mounted
operated mounted cultivator
cultivator cultivator

Model: Lamobardidi Maschio S.p.A | Maschio Sp.A
Made in: [taly Italy Italy
Engine type: | Diesel air
cooling, one
cylinder
Power at 14HP
rated speed: (10.3K.'W)
Gear box: 3 forward
speeds + 1
reverse
Working 110cm 125¢m 145¢cm
width:
Total height: | 94.7cm
Total length; | 179.4cm
Total width: §2.5¢m
Fuel: solar
Number of 2 2 2
wheels;
Wheel size: 14*63¢m
Mass: 163kg 255kg 277kg
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Methods:

Two main experiments
were carried out using different
types of cultivators to do
secondary tillage operation during
preparing soil for planting maize
(Hagin 3/310) variety.

The first experiment:

The first experiment was
conducted to select optimum
cultivator type suits for a certain
field size.

Three different cultivators
(Motor-hand operated cultivator,
Medium rear—mounted cultivator,

and Large rear-mounted
cultivator) were used in this
investigation.

The experimental area of the
first experiment was about 12
feddans divided into three equal
plots (4 feddans each). Every
cultivator was used for secondary
tillage operation in one of the
mentioned plots. The area of 4
feddans was classified into five
subplots areas with different sizes
of 0.25, 0.50, 0.75, 1.00 and 1.50
feddans.

All the experimental plots
were treated by two chiseling
secondary tillage by the above
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mentioned cultivators and leveled
by land leveler before planting.
Planting, fertilizing, irrigation and
weed control were the same in all
treatments  according to the
technical recommendations. In
this experiment, the three
cultivators were operated at
constant forward speed of 3 km/h
and constant operating depth of
S5cm.

Selection of cultivator size was
based on the following indicators:

Time requirements:

Time per plot area (min) for
the secondary tillage operation
was measured for every plot area.

Time per feddan (min/fed)
was determined by using the
following formula:

Time per Feddan =
Time per plot area (min)
Field Size (fed)

Fuel consumption:

Fuel per plot area (L) for the
secondary tillage operation was
measured for every plot area.

Cultivator fuel consumption
during the secondary tillage
operation was calculated by
measuring the quantity of fuel
required to refill the fuel tank after
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the working pertod. A graduated
glass cylinder was wused to
measure the added quantity of
fuel.

Fuel per feddan (L/fed) was
determined using the following
equation:

Fuel per feddan (L/fed) =
Fuel per plot area (lif)

Field size (fed)
The second experiment:

The second experiment was
conducted to evaluate the
performance of the different
cultivators.

The experimental area of the
second experiment was about (3
feddans) divided into three equal
plots (1 feddan each). Each one of
the three plots was prepared by
motor —~ hand operated cultivator,
the other by medium - rear
mounted cultivator and the third
by large — rear mounted cultivator.

The performance of the
cultivators was measured under
four different forward speeds of
1.1, 2.2, 3 and 3.9 km/h. and two
different cultivating depths of 5
and 10 cm.

Evaluation of the different
cultivators was done taking into
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consideration  the  following
indicators:
Field capacity and field
efficiency:

Effective field capacity is the
actual average working rate of
area, which was calculated by
using the following equation:

EFC=1/Te
Where:

EFC: effective field ‘capacity,
fed/h.

Te: effective time for harvesting
one feddan, h / fed.

Field efficiency was calculated
using the following equation:

ne=EFC / TFC *100
Where:
ny: field efficiency.

TFC: theoretical field capacity,
fed/h.

(Calculated by  multiplying
machine forward speed by the
effective working width of the
machine). '
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Soil bulk density (p):

Soil bulk density was obtained
according to the standard method.
Soil bulk density was determined
before and after each operation.
The percentage of reduction in
bulk density (Ap %) was
calculated using the following
formula:

Ap%=p1-p2/p;*100

Where:

pi: soil bulk density before
secondary tillage.

p2:  soil bulk density after
secondary tillage.

Soil penetration resistance (R):

Soil penetration resistance was
measured using the penetrometer.
Penetration resistance values are
measured directly using the above
mentioned  penetrometer.  Soil
penetration resistance was
calculated according to the
following formula:

R=S (W)?/L(W+WyA
Where:

R: resistance of soil to

compaction, kg/cm”.

S: disk fall distance, S = 50cm.
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L: probe penetration depth in soil,
cm for each trial.

Wi: disk mass, W = 0.49g.

W,: mass of the vertical shaft, W,
= (.665kg.

A: the surface area of the probe, A
=3.12cm’”.

Soil penetration resistance was
measured before and after each
operation.

The percentage of reduction in
the soil resistance (AR %) was
calculated from the following
formula:

AR%=R;-R;/R; * 100
Where:

Ry:  soil  resistance
secondary tillage.

before

R3: soil resistance after secondary
tillage.

Yield and its components:

The following components
were measured;

» Average seed yield, (ton/fed).
» Average total yield, (ton/fed).
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Energy requirements:

Energy requirements can
be calculated by using the
following equation;

Energy requirements, (kW.hifed) -
Power required, (kW) .

Effective field capacity, (fedh) .

Estimation of the required
power to operate each cultivator
was carried out by accurately
measuring the decrease in fuel
level in the fuel tank immediately
after executing each operation.
The required power  was
calculated by using the following
formula (Barger et al, 1963).

PW)=We* CV ¥, * 427775 * 1/1.36.

Where:

We : rate of fuel consumption,

(kg/s).

C.V: calorific value of fuel by
kcal/’kg. (average C.V of fuel is
10000 kecal/kg).

427. thermo-mechanical
equivalent, (kg.m/keal).

Nw . thermo efficiency of the
engine. {considered to be 30% for
diesel engine).

El- Shal, et al.

Cost analysis:

The  machine
determined
following
1978).

C=Ph(lla+i2+1t+r)+ (0.IWS.F) + m/144

Where:

cost
according
equation.

was
to the
(Awady,

¢: hourly cost.

p: price of the machine.

h: yearly working hours.

a: life expectancy of the machine.
i: interest rate / year.

t: taxes overheads ratio.

1 repairs and maintenance ratio.

W: power.  S: specific fuel
consumption. F: fuel price.

m: operator monthly salary.

0.9: factor according for ratio of
rated power and lubrications.

144: the monthly average working
hours.

The operating cost was
determined using the following
equation:

Operating cost! fed =
Machine cost/ h.
Effective field capacity, (fed/M).
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RESULTS AND
DISCUSSION

The main results obtained
from both the first and the second
experiments are  summarized
under the following main points.

Results of the
experiments:

first

1-1- Effect of cultivator size
on time requirements:

The required time for
secondary tillage of one feddan
differs from one cultivator to
another; their values are 105.3,
68.2, and 66.7 min/fed using
motor hand-operated, medium and
large-rear mounted cultivators
respectively. This emphasizes the
high effect of cultivator size on
time requirements. (Fig. 1)

Increasing the plot area from
0.25 to 1.0 feddan decreased
cultivating time per feddan from
88 to 68.2 min/fed using medium
cultivator and from 86 to 66.7
min/fed using large cultivator,
while increased cultivating time
from 98 to 105.3 min/fed using
motor hand-operated cultivator.
As the plot area increased more
than one feddan up to 1.5 feddans,
the time requirements values
decreased to 65.5 min/fed using
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large cultivator, while increased to
120 and 71 min/fed for both motor
hand-operated and  medium
cultivators respectively.

1-2- Effect of cultivator size
on fuel consumption:

During  secondary tillage
operation of one feddan, motor
hand - operated cultivator
consumed minimum amount of
fuel (3.210 lit/fed), medium
cultivator  consumed  (8.500
lit/fed), while large -cultivator
consumed maximum amount
{8.920 livfed). (Fig. 2)

Increasing the plot area from
0.25 to 1.0 feddan, decreased fuel
per feddan from 9.760 to 8.500
livfed using medium cultivator,
also decreased fuel from 9.800 to
8.920 lit/fed using large cultivator.
While increased fuel consumption
from 2.960 to 3.210 lit/fed using
motor hand-operated cultivator.
As the plot area increased more
than 1.0 feddan up to 1.5 feddans,
the fuel consumption values
decreased to 8.500 lit/fed using
large cultivator, while increased to
3.600 and 8.800 liv'fed using both
motor hand-operated and medium
cultivators respectively.
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Results of the second
experiments:

2-1- Field capacity and field
efficiency Jor different
cultivators:

The highest field capacity
values under using motor-hand
operated cultivator were 0.57
fed/h under operating depth of
5cm and forward speed of 3.0
km/h. In addition, the lowest field
capacity values under using
motor-hand operated cultivator
were 0.24 fed/h under operating
depth of 10cm and forward speed
of 1.1 km/h. (Fig. 3)

While field efficiency value
were 725 % and 84 %
respectively under the same
previous conditions.

At the same time, the highest
field capacity values under using
medium-rear mounted cultivator
were 1.05 fed/h under operating
depth of Scm and forward speed
of 39 km/., In addition, the
lowest field capacity values under
using medium-rear mounted
cultivator were 0.29 fed/h under
operating depth of 10 cm and
forward speed of 1.1 km/h.

While field efficiency value
were 904 % and 877 %

" El- Shal, et al.

respectively under the same
previous conditions.
As to, the highest field

capacity values under using large-
rear mounted cultivator were 1.1
fed’h under operating depth of
S5cm and forward speed of 3.9
km/h. In addition, the lowest field
capacity values under using large-
rear mounted cultivator were 0,32
fed’h under operating depth of
10cm and forward speed of 1.1
km/h.

While field efficiency value
were 817 % and 829 %
respectively under the same
previous conditions.

2-2- Effect of cultivator type
on some soil physical properties:

-Soil bulk density:

Bulk density generally
decreased due to secondary tillage
operation and the used cultivator.
The maximum percentage of
reduction in bulk density of
28.013% was observed under
medium-rear mounted cultivator
at operating depth of 10cm and
forward speed of 1.1 km/h, While
the minimum percentage of
reduction in bulk density was
1.937% under the use of motor-
hand operated cultivator at
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forward speed of 3.9 km/h and
operating depth of Sem (Fig. 4)

-Soil penetration resistance:

The maximum reduction in
soil penetration resistance was 50
% under the use of medium-rear
mounted cultivator at operating
depth of 10cm and forward speed
of 1.1 km/h. While the minimum
percentage of reduction in soil
penetration resistance was 3.33%
under the use of motor-hand
operated cultivator at forward
speed of 3.9 km/h and operating
depth of Scm. (Fig. 5)

2-3- Effect of cultivator type
on crop yield and yield
components:

The maximum yield were
7.204 ton under operating depth of
10cm and forward speed of 3.0
km/h  under using large-rear
mounted cultivator. While the
minimum yield were 6.500 ton
under operating depth of 5cm and
forward speed of !.lkm/h under
using  motor-hand  operated
cultivator (Fig. 6)

2-4- Effect of cultivator type
on fuel, power and energy
requirements:

Using large-rear mounted
cultivator at operating depth of 10
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cm and forward speed of 1.1 kmm/h
required the highest value of fuel
219 litfed and energy 75.75
kW.h/fed. While using motor-
hand operated cultivator at
operating depth of 5 cm and
forward speed of 39 km/h
required the lowest value of fuel
2.740 lit/fed and energy 20.9
kW h/fed. (Figs. 7 and 8)

2-5- Effect of cultivator type
on the operational cost:

Results reveal that for areas
less than 0.5 feddan the motor-
hand operated cultivator might be
more economical than large and
medium-rear mounted cultivators.
Meanwhile for areas more than
1.0 feddan the large-rear mounted
cultivator might be economical
than motor-hand operated
cultivator and  medium-rear
mounted cultivator. As to areas of
approximately between 0.5 to 1.0
feddan medium-rear mounted
cultivator can be used as the
economical one in relation to
motor-hand operated cultivator
and large-rear mounted cultivator
(Figs. 9 and 10).

CONCLUSION

The experimental results revel
to the following recommendations:
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Figure 10: Operational cost requirements for different cultivators
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1- It is recommended to wuse
Motor-hand operated cultivator
(small size, 110 cm. width) in
plot areas of less than 0.5
feddan, medium-rear mounted
cultivator (125 cm. width) can
be used in plot areas of
between 0.5 to 1.0 feddan,
while large-rear mounted
cultivator (145 cm. width) can
be used in plot areas of more
than 1.5 feddans.

2- It is recommended to operate

medium and large-rear
mounted cultivators at a
forward speed of
approximately 3 km/h.

3- It is recommended to operate
motor-hand operated cultivator
at forward speed of
approximately 2.2 km/h,

4- It is recommended to operate
the used cultivators at a depth
of 5 cm,
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