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Abstract: It is obvious that fuel consumption in farm practices to boast mechanization of agriculture is a major concern. This study
field experiments were executed to assess the variability in tractor hourly and tilled area fuel consumptions during ridging operation.
A 138 m by 50 m (6900m2) experimental plot was cleared and divided into three blocks of nine sub-blocks. For different treatments,
each block was drawn out in 2 m by 50 m. Alleys to the plot of dimensions of 1m by 50m were provided. The tractor and equipment
utilized in the tillage operations were DFM 100CD fuel flow meter, disc ridger and Swaraj 978FE. Soil-implement-machine
parameters (draught, moisture content, bulk density, tractor forward speed, ridge height, width of cut), time and tractor fuel
efficiency parameters (hourly fuel consumption (FCh) and tilled area fuel consumption (FC:)) during ridging operations were
assessed. The data from the field experiment were statistically analyzed using analysis of variance (ANOVA) and coefficient of
variation (CV). From the results, the FC, and FCq, increased in line with working time and tilled area. ANOVA results revealed a
significant difference with 95 percent confidence levels and a highly significant difference with 99 percent confidence levels, as well
as coefficients of variation (CV) of (a) 0.19 percent and (b) 0.16 percent; and (a) 0.13 percent and (b) 0.10 percent, indicating that
experimental error was low and reliable. Generally, the variability in tractor hourly and tiled area fuel consumption during ridging
operation are influenced by differences in the soil-implement-machine parameters and hence become the decisive factors for the

management of fuel consumption.
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1. INTRODUCTION

Ridge is a long mound of tilled soil typically between two
furrows with a precise shape, its length depends on the size
and layout of the field while the width and height of the ridge
depend on the implement adjustment and size of the disc used
(Imonigie, 2007). Ridging is a type of tillage operation that
takes place after plowing and harrowing. Nkakini and Fubara-
Manuel (2012) define ridging as a tillage procedure that
involves piling up tilled soil from two sides to generate
lengthy stripes of mounds with a furrow in between. This is
majorly for undulating, flat and low-lying flat fields that are
susceptible to being wet and/or any other topography can be
used. The permanent raised ridges are flat and usually 30 to
61 cm (12 to 24 inches) wide and 10 to 16 cm (4 to 6 inches)
high and the operation is accomplished with the help of tillage
implement called ridger (Igoni et al., 2020).

The type of crop to be planted, the type of soil, the depth
of the ridger cut in the soil, and the tractor forward travel
speed all influence the height and structure of ridges. The
effect of the final three criteria on the amount of fuel spent
during a ridging operation in a humid tropical environment on
a sandy loam soil (Igoni et al., 2020). Fuel consumption rates
climb linearly with duration and area covered for each of the
tillage processes (ploughing, harrowing, and ridging),
according to lkpo and Ifem (2005). Igoni et al. (2020) in their
study found that increase in tractor forward speed and ridging
height increase fuel consumption. When compared to
circuitous and direct alternation patterns, traditional tillage

requires less fuel and time for tillage operation, lowering
production costs (Sarkar et al., 2016).

According to Udo and Akubuo (2004) there are two
different methods of measuring fuel consumption in
agricultural field machinery. These consist of the introduction
of an instrument to the machine to measure draught, fuel flow
and other parameters under soil-bin (controlled) condition,
and the other method is to measure fuel consumption in field
operations by fixing supply tank fuel meter and depend on the
operator to keep records. These aforementioned methods
create different types of data with the first method usually
present more useful and reliability of the results with respect
to the machine design parameters (Schrock et al., 1985), and
many more of the environmental variables and machine
features which affect actual on-farm fuel consumption were
considered the second technique.

Study by Fathollahzadeh et al. (2010) revealed that
flow-time diagram points out that some important and
operative factors on the spot upsetting fuel consumption
during tillage operations differ continuously in the field.
There by, recommended that the speedy fuel consumption
data and positioning system may perhaps be adapted to
develop fuel consumption map. A number of approaches to
measure the suitability of fuel consumption of tractor engine
have been adopted by several researchers such as
Fathollahdeh, et al. (2010, 2011); Grisso et al. (2010); Rahimi-
Ajdadi and Abbaspour-Gilandeh (2011); Spagnolo et al.
(2012); Jokiniemi et al. (2012); Tayel et al. (2015); Leghari et
al. (2016a; 2016b), Shafaei et al. (2018); Oyelade and Oni
(2018); Nkakini et al (2019a, 2019b); Igoni et al. (2019); Igoni
et al. (2020); Ekemube et al., (2020). These include: Direct
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method, cylindrical fuel container branched, Flow meters
sensors, two flow sensors, Series sensors, volumetric system,
instrumentation package and transducer system, and
transparent fuel level indicator.

But different variables have been mentioned to affect
tractor fuel consumption during tillage operations but there is
dearth of information in literature on the assessment of tractor
hourly and tilled area fuel consumptions variability during
ridging operation. Therefore, the objective of this study is to
assess the variability of tractor hourly and tilled area fuel
consumptions during ridging operation.

2. Materials and Methods
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2.1 Experimental Site

This experimental area map is shown in figure 1. The
experiment was performed on May 11, 2021 at the Rivers
Institute of Agriculture Research and Training (RIART) farm
at Rivers State University, Port Harcourt, Nigeria (latitude of
4° 49’ 27" N, and longitude of 7° 2" 1" E). The experimental
design used in this study is group balanced block design
(GBBD). A farm size of 138 m by 50 m (6900 m?) was divided
into three plots of 9 sub-plots each. Each sub-plot of 50m by
2m was marked with a 1m alley. The sub-plot was provided
for different treatment options and with a space of 2 m
between each block and 1 m at the sides of the outer blocks.
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Figure 1: Map of Nigeria, Port Harcourt Metropolis and River State University
(Source: Googgle Map, 2021).
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2.2 Tractor and Implement Specifications

The tractor used to perform the ploughing operation was A
two-wheel drive tractor Swaraj 978 FE (Swaraj, India) was
used for this study (Plate 1). The tractor has a total weight of
3015kg, engine horsepower of 72 hp and lifting power of 2200
kg. Front and the rear tyres were 7.5-16, 8 ply and 16.9 — 28,
12 radial respectively. A 1180 mm frame width mounted-type
disc plough with disc diameter of 300 mm of disc plough
(Baldan Implementos Agricolas, Brazil) with 3-disc bottom
mounted on a gauge wheel was used for the experiments (Plate
2). Also, a DFM 100CD fuel flow meter (Technoton
Engineering, Belarus) has nominal fuel pressure 0.2 MPa,
maximum fuel pressure 2.5 MPa, minimum kinematic
viscosity 1.5mmz2/s, maximum kinematic viscosity 6.0 mm2/s,
minimum supply voltage 10 V and maximum supply voltage
45V (Plate 3).

Plate 1: The Swaraj 978 FE Tractor (Swaraj, India)

AL Ty Al

' Plate 2: 2—Ro Disc Ridger

Plate 3: DFM 100CD Fuel Flow Meter (Technoton
Engineering, Belarus) used in this Study

2.3 Experimental procedure

Before ridging, a soil auger was used to collect soil
samples from depths of 0 — 10, 10 — 20, and 20 — 30 cm at
random in the field to evaluate the textural categorization of
the soil, moisture content, and bulk density. The soil samples
were collected and taken to a laboratory for analysis. The
hydrometer method was used to evaluate soil textural
classification, and the gravimetric (i.e., oven dry method)
method was utilized to determine soil moisture content. Also,
the bulk density was determined using core method preceding
to ridging operation (Walter et al., 2016).

The disc ridger was attached to the tractor and
levelled using the top links of the tractor in order to reduce
parasitic forces. Then, ridging heights were determined by
setting the level control of the lifting mechanism (three-point
linkage height) to lower the disc ridger to the desired depth for
ridge height. Tractor forward speeds were determined by
choosing a gear ratio that provided the desired speed. This was
done in a practice area in advance for each test plot to maintain
the desired treatment. The ridge height measurement was done
by placing the meter rule from furrow bottom to the surface
of the ridge, while the width of cut was measured by placing
a steel tape from one side of the furrow wall to the other end.
Before each operation, a stopwatch was set to zero to
determine the time. Draught force was calculated using the
formula represented below (ASAE, 2002):

D =F[A+ B(S) + C(S)*WT] (D)
Where:

D = Implement Draught force, N;

F = dimensionless soil texture and adjustment parameter;
i = 1 for fine, 2 for medium 3 for coarse;

ABC = machine specific parameter;

S = speed (Km/h);
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W = machine with or number of rows (m);
T = depth (cm).

The digital method of measuring the amount of fuel
used was adopted to determine tractor fuel consumption.
During this process, the use of DFM fuel flow meter was
employed to measure fuel consumption. The metre was
mounted on the fuel line between the tractor’s fuel tank and
the pump. At the end of each test operation the data was taken
from the fuel flow meter as display information, switching is
performed by light touch to the top cover of fuel flow meter
by iButton key. Mathematically, hourly and tilled area fuel
consumptions were deduced by expression in Equations (2
and 3) (Shafaei et al., 2018):

FCy = L2 )

Where:

FCh = Hourly fuel consumption (L/h);
= Tractor fuel consumption, L;

h = Working hour, h.

@)

FCta = Tilled area fuel consumption, L/ha;
= Tractor fuel consumption, L;

V = Forward speed, Km/h;

W = Implement width, m

E = Implement field efficiency, %;

h = Working hour h

2.4 Statistical analysis

The statistical method used to examine the data is
analysis of variance (ANOVA) in this research based on the
F-test and to help achieve suitable error terms with single
probability risk to determine if the means measured are totally
different and if the differences are away from what is ascribed
to chance or experimental error (Table 1) (Gomez & Gomez,
1983):

Table 1: Analysis of Variance of Data for Group Balanced Block Design
Sources  of | Degree of | Sum of Square | Mean Square | Computed F Tabular F
Variation Freedom (df) | (SS) (MS) 1% 5%
Replication r—1 Replication SS Replication MS
Group s—1 Group SS Group MS Group MS
Error (a) MSS
Error (a) (r—1) (s-1) Error (a) SS Error (a) MS
Group A tls—1 Group A SS Group A MS Group AMS
Error (b) MS
Group B tls—1 Group B SS Group B MS Group B MS
Error (b)MS
Group C tls—1 Group C SS Group C MS Group C MS
Error (b)MS
Error s(r-1)(t/s-1) Error (b) SS Error (b) MS
Total (N -1 Total SS

3. Results and Discussion

3.1 Soil textural class

A particle size distribution (PSD) air-dried soil revealed soil
particles of varied sizes, including sand (9.60 %), silt (8.80
%), and clay (83.60 %). According to the United States
Department of Agriculture (USDA) textural categorization of
soil, the soil texture was loamy sand (Figure 2).
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The field experiment variables include tractor
draught (D), forward speed (S), ridge height (h), moisture
content (MC), bulk density (pb), and width of cut (W) were
evaluated (Table 2). Considering table 2, results displayed that
the increased in the values of the field test parameters
increased the tractor fuel efficiency parameters (TFEPS)

Figure 2: USDA Soil Texture Triangle

(hourly fuel consumption, FC;), and tilled area fuel
consumption, FC:). During the ridging operation, draught,
tractor forward speed, ridge height, width of cut, bulk density,
and moisture content all effect fuel usage. As a result, tractor
fuel usage rises with time and tilled area. This is consistent
with Ikpo and Ifem (2005).

Table 2: Hourly Mean Results of Field Test Performed during Ridging Operation

Parameters
h,m | S Km/h | W,cm | po, Cl, D,N MC, % FCh, L/h FCta, L/ha
g/cm® N/cm?
0.10 5.00 1.00 1.42 156.25 4533.75 17.92 3.30 6.27
7.00 1.00 1.42 156.25 4904.25 17.92 4.27 6.80
9.00 1.00 1.42 156.25 5274.75 17.92 4.38 6.90
0.20 5.00 1.00 1.56 195.31 9067.50 19.90 4.78 9.03
7.00 1.00 1.56 195.31 9808.50 19.90 6.11 9.72
9.00 1.00 1.56 195.31 10549.5 19.90 6.26 9.99
0.30 5.00 1.00 1.70 226.56 13601.25 21.05 7.15 13.46
7.00 1.00 1.70 226.56 14712.75 21.05 8.86 14.61
9.00 1.00 1.70 226.56 15824.25 21.05 9.40 14.93

h = ridge height (m), S = tractor forward speed (Km/h), W = width of cut (m). pb=(N/cm?, CI = cone index (N/cm?), D = draught
(N), MC = moisture content (%), FCy (L/h), FC (L/ha)

3.2 Variability of hourly fuel consumption

Figure 3 presented the results of hourly fuel
consumption during ridging operation. The hourly fuel
consumption data were presented in Table 2 during ridging
operation were 3.30, 4.27, 4.38, 4.78, 6.11, 6.26, 7.15, 8.86
and 9.40 L/h respectively. These were measured with the use
of fuel flow meter. Draught, cone index, forward speed, tillage
depth, bulk density, and moisture content were all measured
before, during, and after the ridging process to see how they
affected fuel consumption variability. Their corresponding
values with fuel consumption were 4,533.75, 4,904.25,
5,274.75, 9,067.50, 9,808.50, 10,549.50, 13,601.25,
14,712.75 and 15,824.25 N for draught; 156.25, 195.31, and
226.56 N/cm? for cone index; 1.42, 1.56 and 1.70 g/cm? for
bulk density; 0.10, 0.20 and 0.30 m for tillage depths; 5.00,
7.00 and 9.00 Km/h for forward speed; 17.92, 19.00 and 21.05
%; and a constant width of 1.00 m respectively. The increase
in the aforementioned parameters increased fuel consumption
during the process of ridging but the draught influences the
fuel consumption with the combinations of the tillage depth
and forward speed in Table 2. From the experimental results,
it can be observed that the depth influenced fuel consumption
more than any other parameters that were tested in this study.
This is in line with the findings of Igoni et al. (2020). The
variation in fuel consumption was observed with increase in
draught, cone index, tillage depth, forward speed, bulk density
and moisture content. The standard error bar showed a

statistically significant different which revealing its mean
reliability treatment (Figure 3). Also, ANOVA results showed
that they were statistically significant at 95 % confidence level
and highly significant at 99 % confidence from different
treatments mean. Moreover, coefficient of variations (CV) ()
is 0.19 % and (b) 0.16% respectively, which revealed that the
experimental errors were low and reliable. This agrees with
the findings of Igoni et al. (2020).

12 4

10 -

(o]
1

Hourly FC (M), L/h

1 2 3 4 5 6 7 8 9
Treatment

Figure 3: Variability of Hourly Fuel Consumption during
Ridging using Fuel Flow Meter
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Table 3: Analysis of Variance (Group Balanced Block Design) for Tractor Hourly Fuel Consumption (FCn)

Source of Degree of Sum of Mean Computed F Tabular F
Variation Freedom Squares Square 5% 1%
Replication 2 0.00056 0.0028
Treatment group 2 92.43627 46.21813 346,636.00** 6.94 18.00
Error (a) 4 0.000533 0.000133
Treatment within 2 2.0726 1.0363 11,658.38** 3.88 6.93
group A
Treatment within 2 4.0950 2.0475 23,034.38** 3.88 6.93
group B
Treatment within 2 8.2782 4.1391 46,564.88** 3.88 6.93
group C
Error (b) 12 0.0001067 8.89E-05
Total 26 106,8893

3.3 Variability of tilled area fuel consumption

The key technical indicator in the assessment of
agricultural machinery efficiency for fuel consumption could
be attained based on fuel consumption per hectare
measurement (Serrano, 2007). Figure 4 presented the results
of tilled area fuel consumption during ridging operation. The

treatment (Figure 4). Also, ANOVA results showed that they
were statistically significant at 95 % confidence level and
highly significant at 99 % confidence for different treatments
mean. Additionally, coefficient of variations (CV) (a) is 0.13
% and (b) 0.10% respectively, which showed that the
experimental errors were low and reliable. This agrees with
the findings of Igoni et al. (2020).

tilled area fuel consumption reading was presented in Table 2
during ridging operation were 6.27, 6.80, 6.90, 9.03, 9.72,

9.99, 13.46, 14.61 and 14.93 L/ha respectively. These were 12
measured using fuel flow meter. Draught, cone index, forward

speed, ridge height, bulk density, and moisture content were © 10 1
all measured before, during, and after the ridging operation to <

see how they affected fuel consumption variability. Their : 8 -
corresponding values with fuel consumption were 4,533.75, =3
4,904.25, 5,274.75, 9,067.50, 9,808.50, 10,549.50, 13,601.25, e ¢
14,712.75 and 15,824.25 N for draught; 156.25, 195.31, and ®
226.56 N/cm? for cone index; 1.42, 1.56 and 1.70 g/cm? for &

bulk density; 0.10, 0.20 and 0.30 m for tillage depths; 5.00, b 41
7.00 and 9.00 Km/h for forward speed; 17.92, 19.00 and 21.05 =

%; and a constant width of 1.00 m respectively. The increased 2 A
in the aforementioned parameters increase fuel consumption

during the process of ridging but the draught influences the 0 -
fuel consumption with the combinations of the ridge height 1 2 3 4 5 6 7 8 9

and forward speed (Table 2). From the experimental results, it
can be observed that the ridge height influences fuel
consumption more than any other parameters that were tested
in this study. This is in line with the findings of Igoni et al.
(2020). The variation in fuel consumption was observed with
increase in draught, cone index, ridge height, forward speed,
bulk density and moisture content. The standard error bar
showed a statistically significant revealing its mean reliability

Treatment

Figure 4: Variability of Tilled Area Fuel Consumption
during Ridging using Fuel Flow Meter
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Table 4: Analysis of Variance (Group Balanced Block Design) for Data in Table 1 (FChn)

Source of Degree of Sum of Mean Computed F Tabular F
Variation Freedom Squares Square 506 1%
Replication 2 0.004356 0.002178
Treatment group 2 270.2138 3135.1069 759,976.30** 6.94 18.00
Error (a) 4 0.000711 0.000178
Treatment within 2 0.6878 0.3439 3,095.10** 3.88 6.93
group A
Treatment within 2 1.4706 0.7353 6,617.70** 3.88 6.93
group B
Treatment within 2 3.5858 1.7929 16,136.10** 3.88 6.93
group C
Error (b) 12 0.001333 0.000111
Total 26 275.9644

4. Conclusion

The variability of tractor hourly and tilled area
fuel consumption during ridging operations has been
investigated. The foollowing conclusions were drawn:

(i) The hourly fuel consumption increment in
during ridging operation were caused by soil-
implement-machine parameters (draught,
forward speed, ridge height, width of cut,
bulk density and moisture content);

(i) Similarly, the incresae in tilled area fuel
consumption during ridging operation are
caused by increment in soil-implement-
machine parameters (draught, forward speed,
ridging depth, width of cut, bulk density and
moisture content);

(i) Furthermore, the incresae in working hour
and tilled area in course ridging operation
increases in line with tractor  fuel
consumption rate;

(iif) Variations in the soil-implement-machine
variables measurement cause the variability
in hourly and tilled area fuel consumptions
during ridging.
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