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Abstract: Tillage systems classified into two groups: conventional (CT) and conservation (CVT) tillage. The first group (CT),
soil inverted and crop residues buried. (CT) has some disadvantages. Firstly, disturbing the soil unnecessarily in areas where the
soil structure and condition is not required is wasteful of time and fuel. Secondly, incorrect tillage depth can cause damage to the
soil structure, which can lead to the formation of a compaction layer. The second group, (CVT) defined as no-tillage with leaving
at least 30% of the crop residue on the field. (CVT) improves the efficient usage of the natural resources of water and soil.
However, (CVT) has some drawbacks such as not recommended if the soil has compaction problems. Recently a third group
emerged, namely variable-depth tillage (VDT), or precision tillage technology optimizes soil physical properties only where the
tillage needed by applying tillage at the required depth. (VDT) has been shown to reduce costs, labor, fuel consumption and
energy requirements. To implement (VDT) system, it is necessary to determine and map soil penetration resistance, spatially and
with depth through the soil profile. Therefore, an experiment conducted in a field to evaluate a technology to determine the tillage
depth based on soil penetration resistant at different depths of soil. The field experiment area divided into five plots (no-tillage -
uniform-depth tillage at 25cm tillage depth - uniform-depth tillage at 35cm tillage depth - uniform-depth tillage at 45cm tillage
depth - variable-depth tillage) where, no-tillage indicated to (CVT), uniform-depth tillage indicated to (CT) and (VDT) indicated
to precision tillage. The study measurements were fuel consumption rate (FCR), actual field capacity (AFC), power requirements
(PR), specific energy (SE), operating costs (OC), soil penetration resistance (SPR) and sorghum yield (SY). The results showed
that compaction layer occurred between the soil depths of 25cm and 35cm. Therefore, the (VDT) system was used at a tillage
depth of 35cm. The average ratio from total field area that needed to till was about 47%. The results showed that (VDT) system
caused a decreasing in the (FCR), (PR) and (OC) about 35%, 35% and 23%, respectively, compared to uniform-depth tillage
system (UDT), while the (AFC) for VDT system increased about 21% compared to (UDT). The (SY) for (VDT) system increased
about 53% compared to (UDT) at 25cm tillage depth, while the (SY) for VDT system decreased about 8% and 11% compared to
(UDT) at 35cm and 45cm tillage depth, respectively.

Keywords: Conventional Tillage, No-Tillage, Soil Compaction, Soil Penetration Resistant, Sorghum Crop Yields,
Variable-Depth Tillage

1. Introduction derived from a soil profile inspection. This universal
approach is attractive to growers because it requires little
specialist knowledge of the soil, simply relying on tillage
machinery design to achieve a satisfactory result. On the
other hand, there are several disadvantages to this approach.
Firstly, from an economic perspective, disturbing the soil
unnecessarily in areas where the soil structure and condition

is not required is wasteful of time and fuel [2]. Secondly,

Conventional tillage system, in general, less than 15
percent residue cover left on the soil after planting [1].
Conventional tillage practices use a whole field approach in
which the tillage effect is applied uniformly across the whole
field. Management decisions on which tillage machinery to
use and how deep to operate it at are usually decided on
historical management or occasionally based on, information
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incorrect tillage depth can cause damage to the soil structure
by smearing wet plastic soil [3] which can lead to the
formation of an impervious layer, restricting the development
of plants roots, negatively impacting on yield. Finally,
inappropriate tillage may cause the soil to be susceptible to
erosion where nutrients are not retained in the soil but are
lost to the environment through leaching and runoff.
Conservation tillage methods used especially to preserve soil
and soil water, and to create a sustainable environment. This
system is of great interest as it improves the efficient use of
the natural recourses: water, soil, and energy. Conservation
tillage is defined as “any tillage or planting system in which
at least 30% of the soil surface is covered by plant residue
after planting to reduce erosion by water or wind” [1].
Conservation tillage systems have advantages for both soil
and water resources. Soil conserved by eliminating erosion
via crop residues and water conserved by leaving the crop
residues on the soil surface so that the water under the soil
surface cannot evaporate. Additional positive effects are
improvement surface and ground water quality, reduced labor,
time and fuel savings, decreased erosion, higher soil moisture,
improved water infiltration, decreased soil compaction, more
wildlife and biological activity, reduced release of carbon
gases, and reduced air pollution [4]. The conservation tillage
has also some disadvantages. The main drawback is its
requirement of careful farm management practices. Other
disadvantages can be as follows:

1. increase of soil pests populations,

2. Increase of herbicide usage to control weeds competing

with the main crops,

3. Transfer of insect pests and diseases from the crop

residues to the next crop,

4. Uneven distribution and concentration of organic matter

in the topsoil,

5. More time required until methods result in an excellent

soil quality.

Conservation tillage also not recommended if the soil has
compaction problems. Soil compaction restricts the root and
crop development resulting in a reduction in yield. The
alternative approach to conventional tillage and conservation
tillage practices is advanced tillage methods, soil tilled based on
the variation on the soil conditions and properties. The aims of
the advanced tillage methods are to use less fuel and energy and
to prevent excessive soil disturbance by varying the tillage
applications. Different terms can be used as advanced tillage
methods: variable-depth tillage, site-specific tillage or precision
tillage (part of Precision Agriculture, PA). Using these tillage
applications, it is possible to vary the soil tillage depth according
to the data from a data source, either a variability map or a real
time sensor. Therefore, this method called Map-Based or
Sensor-Based Site-Specific Tillage based on the data source.
These methods applied for removing the compacted soil layer at
variable-depth tillage [5]. Soil compaction can be naturally
occurring or machinery-induced [6]. Naturally occurring soil
compaction often facilitated by a soil that contains many
different sizes of soil particles [7]. Machinery-induced soil
compaction is due to vehicle traffic from large and heavy

equipment used in agricultural fields. Many studies have shown
that soil compaction increased under row middles that have been
subjected to vehicle traffic, as opposed to traffic middles where
no traffic has occurred [8]. Soil compaction, caused by either
natural causes or human interference, is a major yield limiting
factor. This is because soil compaction: 1) reduces soil pore size,
2) changes pore size distribution, 3) increases soil strength, 4)
reduces air and water permeability, 5) increases heat capacity
and bulk density, and most importantly, 6) increases root
penetration resistance [9]. A high-energy input is required to
disrupt hardpan layer to promote improved root development
and increased drought tolerance. Significant savings in tillage
energy could be achieved by site-specific management of soil
compaction. Site-specific variable-depth tillage system can be
defined as any tillage system, which modifies the physical
properties of soil only where the tillage is needed for crop
growth objectives. The energy cost of subsoiling decreased by as
much as 34% with site-specific tillage as compared to the
uniform-depth tillage technique currently employed by farmers
[10]. In addition, a 50% reduction in fuel consumption by site-
specific or precision deep tillage [11]. Tillage implement energy
directly related to working depth, tool geometry, travel speed,
width of the implement and soil properties [12]. Soil properties
that contribute to tillage energy are moisture content, bulk
density, cone index and soil texture [13]. Farmers apply uniform
depth subsoiling annually to mechanically disrupt the hardpan
layers and improve the root environment for optimal crop
growth [14]. The application of this energy intensive uniform
subsoiling based on the assumption that the compacted layers
are located at a constant depth. The relative strength and depth
of the hardpans, however, vary from field to field and within
fields [15]. With uniform depth subsoiling, tillage may be
applied in areas of the field where there is no soil compaction
problem or at depths that do not necessarily correspond to the
hardpan depth. This may incur unnecessary fuel consumption or
the desired soil conditions may not be attained. The benefits of
variable-tillage depth on crop profitability, ecology and the
environment. variable- depth tillage in particular is geared
towards achieving the goals of sustainable agriculture by
determining within-field variability and providing more accurate
records of soil compaction; and eventually reducing tillage
energy and fuel consumption [16]. About 50% reduction in
energy requirements for shallow tillage (approximately 18cm)
versus deep tillage (approximately 33cm) [17]. Approximately
75% of the test area required tillage operations shallower than
the commonly used tillage depth. They reported energy and fuel
savings of 42.8% and 28.4% respectively by adopting variable-
depth tillage as compared to uniform-depth tillage [18]. The
depth to a critical cone index value (2 MPa) used as the site-
specific tillage depth. At this critical value plant root, growth is
severely impeded [11]. If the soil penetration value is greater
than 2-3 MPa (300-435 psi), the crop growth is limited [19].
Also determined typical value of cone index that stops root
growth to be near 2.07 MPa (300 psi) [20]. An instrumented
subsoiler designed to map hardpans using dynamic operation of
the implement. The maps obtained could be used to prescribe
variable-depth tillage in different places within a field. A control
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system such as the one developed by [18] could then be used to
guide the tillage equipment to the appropriate depth. Proper
adjustments to equipment, operating techniques, and implement
selection can increase working efficiency leading to a decrease
in fuel consumption [21]. Site-specific tillage is one modern
tillage method that eliminates consuming excessive energy for
unnecessary uniform-depth deep tillage and minimize
disturbance of surface residue needed for erosion control [22].
Energy and fuel usage savings of 50% and 30%, respectively,
could be attained using variable-depth tillage. Optimum tillage
depth may be deeper or shallower than what is conventionally
applied making uniform-depth tillage costly. Therefore, there is
a need for a technology to determine the tillage depth based on
the thickness and depth of the compacted layer and apply tillage
accordingly. This type of variable-depth tillage technology could
be beneficial in optimizing the production costs. Since a high-
energy input is required to disrupt the hardpan layer to promote
improved root development, variable-depth tillage could result
in significant savings in energy required for the tillage [23].
Variable-depth tillage or site-specific tillage is one of the
important applications of Precision Agriculture, which based on
the concept of treating small areas of the field as separate
management units [24]. Farmers do not usually know if annual
subsoiling is required, where it is required in a field, nor the
required depth of subsoiling. Also, there is significant variability
in depth and thickness of hardpan layers from field to field and
also within a field. Therefore, applying uniform-depth tillage
over the entire field may be either too shallow to fracture the
hardpan or deeper than required resulting in excess fuel
consumption [25]. Ideally both the depth and thickness of the
hardpan needs to be known to accurately control a variable
depth tillage system. Also, there is little to no gain from tilling
deeper than required to fracture the compacted layer [26]. A soil
tillage resistance sensor that was able to appropriately measure
the hardpan depth and thickness to a depth of 46 cm [27].
Therefore, the objectives of this study were to developing
a control system to determine the soil hardpan depth and the
immediate intervention to tillage it, evaluation the control
system for carried out variable-depth tillage system and
quantitatively determine the effects of this system on energy
requirements, and plant responses in crop production.

2. Materials and Methods
2.1. Field-testing

The experiment area was about one-hectare divided into
five pieces to apply five study treatments (no-tillage -

uniform-depth tillage at 25cm tillage depth - uniform-depth
tillage at 35cm tillage depth - uniform-depth tillage at 45cm
tillage depth - variable-depth tillage) arranged in
randomized complete blocks with three replications. Each
piece divided into 5 rectangles in width and 8 rectangles in
length to form a plot of 80 x 25 m with an area of 2000 m?,
as shown in Figure 1. Field experiment was conducted in
El-Sadat City, Menoufia Governorate at latitude: 30° 19' 5"
N, longitude: 30° 32' 33" E, with sandy loam soil (Coarse
sand 7.6%, Fine sand 51.4%, silt 18.4% and clay 22.6%).
The average moisture content, bulk density and penetration
resistant of soil surface layers (0-25, 25-35 and 35-45) cm
were determined as shown in Table 1. A complete set of
cone penetrometer measurements were obtained using
horizontal penetrometer by Meselhy, (2020) [28] at soil
depths 25, 35 and 45 cm across the entire field. The depth
and thickness of the hardpan were determined from the
collected data using the criteria defined by Taylor and
Gardener, (1963) [21]. Within each plot, it was decided to
set the tillage depth that would rupture compacted layers of
the soil with cone index values above 300 psi. The hardpan
layer located between 25 and 35 cm soil depth so that the
variable-depth tillage system applied at 35 cm tillage depth
which, compared with two tillage systems conventional
(uniform-depth tillage) and conservation (no-tillage).
Uniform-depth tillage system (conventional tillage) carried
out at 25 cm tillage depth (above hardpan layer), 35 cm
tillage depth (at hardpan layer) and 45 cm tillage depth
(below hardpan layer). No-tillage (conservation tillage)
carried out by direct sowing sorghum seeds using seeder
machine. All tillage treatments implemented using chisel
plow five blades at forward speed 3.13 km/h and all study
treatments planted by sorghum seeds using mechanic seeder
at forward speed 4.5 km/h. The sorghum crop (fresh forage)
planted in April to September 2020 (one season) by a
seeder machine, with a rate of 60kg/ha and harvested in two
cuts as a fresh forage.
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Figure 1. Each plot area 2000m’ divided into 5 rectangles in width (25m)
and 8 rectangles in length (80m). Arrows indicated to movement lines of
horizontal penetrometer.

Table 1. Some soil physical properties for experiment area.

Soil depth (cm) Average soil penetration resistance (kPa) Soil bulk density (g/cm®) Soil moisture content (%)
0-25 878 1.54 16.44

25-35 2054 1.79 10.67

35-45 1861 1.67 7.49
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2.2. Horizontal Penetrometer

Horizontal penetrometer by Meselhy, (2020) [28]
consisted of a tine with a multi-tips horizontal sensor using
replaceable cone tips, was developed to measure the soil

penetration resistance at multiple depths as shown in Figure 2.

The width of tine was 20mm. The apex angle of both tips
was 30 degrees with the same base area of 254 mm® (The
diameter of the base of the cone was 18 mm) (ASAE
Standard, 2004) [29]. The tips were mounted horizontally on
the tine face. The sensing shafts were mounted horizontally
on the tines, and their depths were 25, 35 and 45c¢m from soil
surface. The sensing unit of system mounted on the backside
of each shaft and contact with oscilloscope device to
measuring and recording the change of output voltages by
change in variable resistance. This change in variable
resistance was made by the shaft, which connected between it
and the cone. Each sensing unit of the instrumented tine was
calibrated in the laboratory by applying known forces and
measuring output voltages.

1- Cone tips,
2- Shank.

Figure 2. The horizontal penetrometer system components (HPS).

2.3. Method of Carried out the Variable-depth Tillage
System

The variable-depth tillage system carried out by creating

electrical circuit consisted of a battery, lamp and electrical
disconnection switch, where one of the two ends of the switch
was moving with the horizontal penetrometer cone rod and the
second end of the switch fixed as shown in the Figure 3. When
the cone rod of the horizontal penetrometer moves under the
pressure of soil resistance, the end of the circuit switch moves
with it, and as long as the soil resistance does not reach a value
of 2MPa, the switch remains open. However, if the soil
resistance increased to 2MPa, the key end of the circuit
connected to the fixed end, and turns on the lamp in the control
panel front of the tractor driver, which moves the plow to the
required depth. If the soil resistance lower than 2MPa, the end
of the switch moves away from the fixed end, which causes
opening of the circuit and turns off the lamp then the tractor
driver raises the plow from the soil. The three tips of horizontal
penetrometer at the three depths of the soil (25 - 35 - 45) cm
connected to electrical circuit as previously mentioned.
Therefore, the control panel front of the tractor driver
contained three lamps (for three soil depths) indicating a
certain depth. The horizontal penetrometer placed in front of
the tractor with using suitable tractor forward speed to provide
enough time for raising and lowering the plow depending on
the soil resistance as shown in Figure 4 (a and b).

8 —> 7

3 >2MPa

5 (after pressure)

Figure 3. Mechanism of indicating soil resistance values above 2MPa. The
items are (1) cone tip, (2) cone rod, (3) the fixed point of electrical current
switch on and off, (4) the moving point of electrical current switch on and off,
(5) spiral spring, (6) battery, (7) electrical lamp is shut down and (8)
electrical lamp is light.

2.4. Actual field Capacity

Actual field capacity was calculated by using equations
mentioned by kepner et al., (1978) [30].

2.5. Fuel Consumption Rate

Fuel consumption per unit time was determined by
measuring the volume of fuel consumed during operation
time. It was measured using the fuel meter equipment as
shown in Figure 5. The length of line, which marked by the
marker tool on the paper sheet represents the fuel
consumption. The fuel meter was calibrated prior and the
volume of fuel was determined accurately.

2.6. Fuel Consumption per Unit Area

Fuel consumption per unit area was determined by using
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the following equation:
FCA=FCT/AFC 1)

Where: FCA=Fuel consumption per unit area (l/ha),
FCT=Fuel consumption per unit time (I/h) and AFC=Actual
field capacity (ha/h).

Figure 4. The horizontal penetrometer mounted on the tractor in field: a)
penetrometer outside the soil and b) penetrometer inside the soil.

3 Hand
P T
Grading
Marker (] Spring
Mass Guide
Paper  «——
—e  Refill
Fuel tank =—
—=— Buoy
Fuel —

Tractor tank cover
Figure 5. Fuel meter for measuring fitel consumption.
2.7. Total Cost of Performing a Tillage Operation

Total hourly cost was determined according to EL-Awady,
(1978) [31] as follows:

C=(%)*(%+%+t+r)+(1.2*RFC*O+(%)+(§—1)*
(i+%+t+r1) )

Where: C=Hourly cost (LE/h), P=Initial price of the tractor

(LE), h=Yearly working hours of tractor (h/year), L=Life
expectancy of the tractor (year), t=Annual taxes and
overheads ratio (%), f=Fuel price (LE/L), m=The monthly
average wage (LE/month), 1.2=Factor accounting for
lubrication, RFC=Actual rate of fuel consumption (l/h),
i=Annual interest rate (%), r=Annual repairs and
maintenance ratio for tractor (%), P,=Initial price of the
implement (LE), h;=Yearly working hours of implement
(h/year), r;=Annual repair and maintenance ratio for
implement (%), 144=Operation monthly average working
hours (h) and L;=Implements life expectancy (year).

2.8. Total Cost per Unit Area

Total cost per unit area was determined as follows:
TCA=C/AFC 3)

Where: TCA=Total cost per wunit area, (LE/ha),
AFC=Actual field capacity, (ha/h) and C=Hourly cost, (LE/h).

2.9. Power Requirements

Power requirements were determined from fuel
consumption for each operation using the following relation
Hunt and Welson, (2015) [32]:

1
4

1 1
PR—(FC* ﬁ)*pf*L.C.V*427*nth*nm*E*E

Where: PR=Power requirements due to fuel consumption,
(kW), F=Fuel consumption rate, (L/h), p=Density of the
fuel, (kg/l) (for solar fuel=0.85 kg/1), L.C.V=Lower calorific
value of fuel, (kcal/kg) (average L.C.V of solar fuel is 10000
kecal/kg), 427=Thermal-Mechanical equivalent, (kg.m/kcal),
nu=Engine thermal efficiency (assumed to be 40% for diesel
engine) and n,=Engine mechanical efficiency, (assumed to
be 70% for diesel engine).

2.10. Specific Energy

The specific energy in (kw.h/ha) can be calculated as
follows:

SE=PR/A;. (5

Where: SE=Specific energy, (kW.h/ha), PR=Power
required for a particular operation, (kW) and A;.-=Actual
field capacity, (ha/h).

3. Results and Discussions

3.1. Distribution of Soil Penetration Resistance Before
Tillage for Five Experimental Pieces at Different Soil
Depths

The soil penetration resistance was measured for the five-
areas from field experiment using the horizontal
penetrometer of the soil layers 0-25cm, 25-35cm and 35-
45cm, and maps of the soil penetration resistance distribution
were drawn as shown in Figures 6, 7, 8, 9, 10 and 11. These
maps showed that the soil layers from 0-25cm and 35-45cm
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did not reach to the values of soil penetration resistance equal ~ (a) Uniform-depth tillage at 3Scm

or above 2MPa, while their values exceeded 2MPa with soil T1 T2 T3 T4 TS5 16 1.7 T8

layer 25-35cm in all five-test areas. The percentage of soil S
area that exceeded the value of 2MPa and required to tillage Sm
Sm

were 47.5%, 42.5%, 45%, 50% and 50% for treatments no-

tillage, uniform-depth tillage of 25cm, uniform-depth tillage W40 2> |Sm
of 35c¢m, uniform-depth tillage of 45¢cm and variable-depth WSO > _ [Sw
. . . . 10 m
tillage respectively as shown in Figure 7. From these results, 7y
cleared that the experiment area required plowing at a depth Penetration range (kPa)
of 35cm and at an average percentage about 47% from the 729 | 765 | 801 | 837 | 873 | 909 | 945 }, 40 |Fﬁgl
entire experiment area. Therefore, variable-depth tillage J64 ] 800 | 836 | 872 | 908 | 944 ] 380 To
p . : > . p g Number of each color Total
performed at tillage depth of 35cm and in areas where the 4 7 9 [ 4 [ 51 2 [ 51 a [a0]
values of soil penetration resistance exceeded 2 MPa. Area fzunshl.mmr_(lmzl Total
200 [ 350 | 450 [ 200 [ 250 | 100 | 250 | 200 [2000]
No-Till Preentage of each color (%) Total
(a) No-Tillge [10 [175]225] 10 [125] 5 [125] 10 [100]
_T" 12 __T'3 _T"‘ Table of data analysis for soil map
W-1|4 N = PAY
w2 A =2 A (b) Uniform-depth tillage at 45cm
w3 3 2 A
W4l = = > 5m
wsEa > R O |5m
10m 10m 10m 10m O Sm
A = O 5 e O [sm
Penetration range (kPa) A : . -
737 [ 788 [ 839 [ 890 [ 941 [ 992 T1043] . T Fro A A A DO Sm
787 | 838 | 889 | 940 | 991 | 1042 [ 1093 To 1I0m 10m 10m 1I0m 10m 10m 10m 10m
Number of each color Total [A = =
6 14 | 3 ] 21571 a3 3 JTa] Penetration range (kPa)
Area ] Total 787 | 828 | 869 | 910 | 951 | 992 | 1033 > 1073 Fro
300 | 700 | 150 | 100 | 250 | 200 | 150 | 150 |2000] 827 | 868 | 909 | 950 | 991 | 1032 | 1073 To
Preentage of each color (%) Total Number of cach color Total
(15 [ 3 175 5 [125] 10 [ 75 [ 7.5 [100] (51T 71 91T 48131301 4 [a]
Table of data analysis for soil ma Areaf[_u_ch[;salgr_['!fl Total
250 | 350 | 450 | 200 | 250 | 150 | 150 | 200 [2000]
(b) Uniform-depth tillage at 25cm Preentage of each color (%) Total
(1257175225 10 [125] 75 | 75 | 10 | 100]
T3 T4 T5 T-6 T-7 Table of data analvsis for soil m
o > » 0O sm able of data analvsis for soil map
ke A 5 A a
ﬁ- l 2 o yi ¢) Variable-depth tillage
LANNA O RS m T-3 T4 T-8
IO A [C O Sm SHEl A Sm
W-s| O FOraE> O > |sm > Sm
1I0m 10m 10m 10m 10m 10m I10m 10m > Sm
A = O§s = .
Penctration range (KPa) f e Sm
712 | 748 | 784 | 820 [ 856 [ 892 [ 928 [, - Frogl *x (@ e A |5m
747 | 783 | 819 | 855 | 891 | 927 | 963 To I0m 10m 10m 10m 10m 10m 10m 10m

Number of each color Total A = s
3] alwlwlaT3T3T3 ITm_]l Penctration range (kPa)
Area of each _color (m”) otal
[ 150 [ 200 | 500 [ s00 | 200 | 150 | 150 | 150 |2000] :L: 232 _:392 33; 19.;183 }3_23 :?o%““““ F1r::,m
Precentage of each color (%) Total Number of each color Total
751 10 [ 25 ] 25 [ 10 [ 75 [ 75 [ 7.5 [100] (81 5161518131213 [4]
Table of data analysis for soil map Arca 2 Total
|4nnlzsn|3mlzsnl4nul 150 | 100 | 150 |2000)
Figure 6. Distribution map of soil penetration resistance (kPa) before tillage Preentage of each color (%) Total
for two experimental pieces at soil layer 0-25cm: a) no-tillage and b) (20 T125] 15 [125] 20 [ 75 [ 5 [ 7.5 [100]
uniform-depth tillage at 25cm. Where T and W are the symbol of rectangle Table of data analysis for soil map

area as shown in previously Figure 1.
Figure 7. Distribution map of soil penetration resistance (kPa) before tillage

for three experimental pieces at soil layer 0-25¢m: a) uniform-depth tillage
at 35cm, b) uniform-depth tillage at 45cm and c) variable-depth tillage.
Where T and W are the symbol of rectangle area as shown in previously
Figure 1.
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(a) No-tillage a) Uniform-depth tillage at 45cm
T-1 T2 T3 T4 TS5 T6 T-7 :
A /“. ."A\ '} 'D

W-1
W-2
W-3

W-4
W-5)
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15 | 10 | 25 | 25 [125] 75 | 2.5 | 475 [ 100] 75 [ 5 [ s 1 101 5 J126] s [ 50 [100]
Table of data analysis for soil map Table of data analysis for soil map
(b) Uniform-depth tillage at 25cm b) Vari ;
b) Uniform-depth tillage at 25¢cm b) Variable-denth tillage

T-1 T2 T3 T4 TS5 T6 T7 T8
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W-2|/
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W-5

10m 10m 10m 10m 10m 10m 10m 10m

1I0m 10m 10m 10m 10m 10m

A = O
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1844 | 1870 | 1896 | 1922 | 1948 | 1974 | 2000 To s : > 2000 o
Nisilier of anch coler Total 1832 | 1860 | 1888 | 1916 | 1944 | 1972 | 2000 | To |
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¢) Uniform-depth tillage at 35cm Figure 9. Distribution map of soil penetration resistance (kPa) before tillage

for two experimental pieces at soil layer 25-35cm: a) uniform-depth tillage
at 45¢cm and b) variable-depth tillage. Where T and W are the symbol of
rectangle area as shown in previously Figure 1.
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(b) Uniform-depth tillage at 25cm
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(c) Uniform-depth tillage at 35cm

Sm

5m

> L lsm

O =S Sm

* L A Sm

1I0m 10m 10m I0m 10m 10m 10m

A =
Penetration range (kPa)
1785 | 1811 [ 1837 [ 1863 [ 1889 [ 1915 [ 1941 [ " o TFro
1810 | 1836 | 1862 | 1888 | 1914 | 1940 | 1966 To
Number of cach color Total
9 | s T sTsT 61 212 Ta]}

L6 |
Area ch_color (m®) Total
i 300 | 450 fnzsn [ 250 ] 250 | 300 [ 100 [ 100 [2000]

Prcentage of each color (%) Total
(s [22s5]25[125]125] 15 [ 5 | 5 J100]
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Figure 10. Distribution map of soil penetration resistance (kPa) before
tillage for three experimental pieces at soil layer 35 to 45c¢m: a) no-tillage b)
uniform-depth tillage at 25cm, c) uniform-depth tillage at 35cm., Where T
and W are the symbol of rectangle area as shown in previously Figure 1.
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(b) Variable-depth tillage
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Figure 11. Distribution map of soil penetration resistance (kPa) before
tillage for two experimental pieces at soil layer 35-45cm: a) uniform-depth
tillage at 45cm and b) variable-depth tillage. Where T and W are the symbol
of rectangle area as shown in previously Figure 1.

3.2. Effect of Treatments on Fuel, Power Requirements,
Specific Energy, Operating Cost, Sorghum Yield,
Specific Cost of Yield and Actual Field Capacity

Results as shown in Figure 12 showed that the highest
values of fuel consumption rate (I/h), fuel consumption per
unit area (I/ha), power requirements from fuel (kW), specific
energy (kW.h/ha) and operating cost (LE/ha) were recorded at
uniform-depth tillage 45cm treatment. While the lowest values
were achieved at no-tillage treatment. The results also showed
that the decreasing percentage of fuel consumption rate (I/h),
fuel consumption per unit area (I/ha), power requirements from
fuel (kW), specific energy (kW.h/ha) and operating cost
(LE/ha) for variable-depth tillage treatment were 14.5%,
21.2%, 14.5%, 21.2% and 8.7% respectively compared to
uniform-depth tillage 25cm. The decreasing percentage of fuel
consumption rate (I/h), fuel consumption per unit area (L/ha),
power requirements from fuel (kW), specific energy (kW.h/ha)
and operating cost (LE/ha) for variable-depth tillage treatment
were 46.5%, 56.7%, 46.5%, 56.7% and 26.4% respectively
compared to uniform-depth tillage 35cm. The decreasing
percentage of fuel consumption rate (1/h), fuel consumption per
unit area (I/ha), power requirements from fuel (kW), specific
energy (kW.h/ha) and operating cost (LE/ha) for variable-
depth tillage treatment were 51.7%, 64.6%, 51.7%, 64.6% and
34.3% respectively compared to uniform-depth tillage 45cm.
From results in Figure 13 no-tillage achieved the highest value
of actual field capacity (ha/h) while the lowest value was at
uniform-depth tillage 45cm. the results showed that increasing
percentage of actual field capacity (ha/h) for variable-depth
tillage were 8.5%, 21.4% and 34.2% compared to uniform-
depth tillage 25cm, uniform-depth tillage 35cm and uniform-
depth tillage 45cm respectively. The uniform-depth tillage
45cm achieved the highest value of sorghum yield, fresh
forage (Mg/ha) where the increasing percentage was 15.9%
compared to variable-depth tillage. While the uniform-depth
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tillage 25cm treatment achieved the highest value of specific
cost of yield, (LE/Mg) where the increasing percentage was
68.3% compared to variable-depth tillage.
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Figure 12. Effect of study treatments of no-tillage (NT), uniform-depth
tillage (25¢cm) (UDT 25cm), uniform-depth tillage (35cm) (UDT, 35cm),
uniform-depth tillage (45cm) (UDT, 45¢m) and variable-depth tillage (VDT)
on a) operating cost (LE/ha), b) specific energy (kW.h/ha), ¢) power
requirements from fuel (kW), d) fuel consumption (I/ha) and e) fuel
consumption (I/h). Values followed by different letters are significantly
different at p < 0.05 according to the LSD test. LSD for operating
cost=35.79, specific energy=10.35, power requirements from fuel=3.74, fuel
consumption per unit area=2.75 and fuel consumption=2.49.
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Figure 13. Effect of study treatments of no-tillage (NT), uniform-depth
tillage (25cm) (UDT 25cm), uniform-depth tillage (35cm) (UDT, 35c¢m),
uniform-depth tillage (45cm) (UDT, 45cm) and variable-depth tillage (VDT)
on a) actual field capacity (ha/h), b) specific cost of yield (LE/Mg) and c)
sorghum yield, fresh forage (Mg/ha). Values followed by different letters are
significantly different at p < 0.05 according to the LSD test. LSD for actual
field capacity=0.2, specific cost of yield=2.01and sorghum yield=5.2.

3.3. Soil Penetration Resistance for Variable-Depth Tillage
Area at Different Soil Depths 25, 35 and 45cm Before
and After Tillage

The variable-depth tillage system was carried out by
placing the cone tips of horizontal penetrometer at soil
depths of 25 cm, 35 cm and 45 cm, where the tillage in this
system is only done in areas which soil penetration
resistance higher than or equal to 2 MPa (hardpan area)
which showed in Figure (14 a, b and c) as the horizontal
line extending from the value of soil penetration resistance
2000 kPa, so that the tillage will be done at a soil depth of
35 cm only because it is the layer containing the hardpan
area, as specified before. Consequently, the layer under 35
cm depth will not be plowed because it does not contain
hardpan areas. Therefore, the curve of soil penetration
resistance values after tillage at 45 cm soil depth will
approximately be similar to the values of soil penetration
resistance before tillage for the same soil depth as shown in
Figure 14 - a. Also, the curve of soil penetration resistance
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values after tillage at 25 cm soil depth, taking the same
behavior as the curve of the soil penetration resistance
values at 35 cm soil depth after tillage because the soil layer
from zero to 35 cm is plowed all with the variable-depth
tillage system which contains the layer 25 cm. Thus, the
curve of soil penetration resistance for the 25 cm and 35 cm
layers after tillage take the same behavior as shown in
Figure 14 - b and c. In addition, Figure 14 showed that the
control system succeeded in changing the tillage depth
according to the values of soil penetration resistance.

2015 ~
2000

47

3.4. Soil Penetration Resistance for Study Treatments
Before Tillage and After Harvesting of Sorghum Crop

The results in Figure 15 showed that values of soil
penetration resistance before applying the study treatments
and after applying them until the period after harvesting of
sorghum crop at different soil depths. The data showed that
compaction layer was broken in treatments of uniform-depth
tillage at tillage depths 35cm and 45c¢cm and variable-depth
tillage while the compaction layer remained in the treatments
of no-tillage and uniform-depth tillage at tillage depth 25 cm.
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Figure 14. Soil penetration resistance for variable-depth tillage area at different soil depths 25cm (c), 35¢m (b) and 45¢m (a) before and after tillage. Where
T-W is the symbol of rectangle area as shown in previously Figure 1.
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Figure 15. Soil penetration resistance for five study pieces: a) no-tillage, b)
uniform-depth tillage (25c¢m), c) uniform-depth tillage (35¢m), d) uniform-
depth tillage (45cm) and e) variable-depth tillage at different soil depths
(25¢m, 35¢m and 45cm) before tillage and after harvesting of sorghum crop.
Values followed by different letters are significantly different at p < 0.05
according to the LSD test. LSD for no-tillage=16.95, uniform-depth tillage
(25¢m)=83.34, uniform-depth tillage (35c¢m)=2.29, uniform-depth tillage
(45¢m)=15.36 and variable-depth tillage=11.44.

4. Conclusion

No-tillage as a conservation tillage system has advantages
to save energy consumption about 79% compared to
variable-depth tillage system but is not recommended if the
soil is compacted since soil compaction restricts the root and
crop development which, resulted in sorghum crop yield
reduction about 42% compared to variable-depth tillage
system. When conventional tillage system (uniform-depth
tillage at 25cm) applied above soil layer compaction caused
an increasing of energy consumption about 17% and
decreasing of sorghum yield about 35% compared to
variable-depth tillage system. However, when conventional
tillage system applied at suitable tillage depth (uniform-depth
tillage at 35cm) caused an increasing of energy and sorghum
yield, about 87% and 8.7% respectively compared to
variable-depth tillage system. However, when applied
conventional tillage system (uniform-depth tillage at 45cm)
below soil compaction layer caused an increasing of energy
and sorghum yield, about 107% and 16% respectively
compared to variable-depth tillage system. From the previous,
conclude that the variable-depth tillage system avoided the
disadvantages both of conventional and conservation tillage
systems and achieved an increasing in crop productivity
while saving energy consumed.
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