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RESUMO: O consumo de combustivel demandado de um trator € um dos fatores que impacta
diretamente nos custos de producdo da atividade agricola. Este trabalho teve como objetivo avaliar
distintos modos de conducdo do trator agricola, buscando reduzir o consumo de combustivel e
otimizar seu desempenho em tracdo. O delineamento experimental foi de blocos ao acaso com seis
tratamentos, constituido da combinacdo dos fatores, marcha de trabalho (L5, L6 e H2) e rotacdo do
motor (1800 e 2000 rpm), com quatro repeticdes. As variaveis analisadas foram: velocidade de
deslocamento, forca de tracdo, eficiéncia em tragdo, consumo horéario e especifico de combustivel,
poténcia na barra de tracdo e patinamento das rodas motrizes. Os resultados indicaram que, ao
utilizar a estratégia de marcha para cima e rotacdo do motor para baixo, obteve-se menor consumo
horario de combustivel. Ao manter a velocidade de deslocamento e reduzir a rotacdo do motor,
ocorreu reducdo de até 12% no consumo horério. Esta estratégia ndo influenciou nos resultados das
outras variaveis (consumo especifico de combustivel, patinamento e poténcia na barra de tracéo).
Pela correlacéo linear de Pearson, a velocidade de deslocamento € um dos principais fatores que
interferem nas condicdes de desempenho em tracao do trator.

Palavras-chaves: rotacdo do motor, consumo horario de combustivel, eficiéncia em tracéo.

REDUCTION OF FUEL CONSUMPTION USING THE DRIVING STRATEGY OF THE
AGRICULTURAL TRACTOR

ABSTRACT: The fuel consumption demanded by a tractor is one of the factors that directly
impacts the production costs of agricultural activity. This work aimed to evaluate different driving
modes of agricultural tractors, with the goal of reducing fuel consumption and optimizing traction
performance. The experimental design was randomized blocks with six treatments, consisting of a
combination of factors, working gear (L5, L6 and H2) and engine speed (1800 and 2000 rpm), with
four replications. The displacement speed, traction force, traction efficiency, time and specific fuel,
drawbar power and slippage of the drive wheels were monitored. The results indicated that when
the gear-up and engine-speed-down strategies were used, lower fuel consumption was obtained. By
maintaining the displacement speed and reducing the engine speed, there was a reduction of up to
12% in the hourly consumption. This strategy did not influence the results of the other variables
(specific fuel consumption, slippage and drawbar power). According to Pearson's linear dynamics,
the displacement speed is one of the main factors that interferes with traction performance
conditions.
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1 INTRODUCTION

Agricultural mechanization plays a
fundamental role in the modernization of
activities and the efficiency of agricultural
systems, increasing operational capacity
(ALBIERO et al., 2019) and enabling better
use of the cultivation windows of agricultural
crops, which can contribute to an increase in
production. For the 2022/2023 harvest, Brazil's
cultivation area is estimated at approximately
72 million hectares, with 301 million tons of
grains produced for summer crops and 11
million tons for winter crops, with an
estimated area of 3 million hectares (GRAOS
VERAO E INVERNO, 2022).

To make it possible to cultivate the
entire agricultural area of the country, different
agricultural machines are available to farmers.
Among these, the tractor stands out, as it is
considered a versatile machine and can be
used in different ways on rural properties, one
of the main methods being the ability to exert
traction via the drawbar.

The energy consumed by agricultural
machines to carry out the work comes from
mineral diesel oil, the fuel most used in the
sector, derived from petroleum and from a
finite source. The increasing adjustments in
the price of this input directly impact the
production costs of agricultural activity. In this
sense, it is important to evaluate the fuel
consumption of agricultural machinery during
activities. Agricultural mechanization
corresponds to 20 to 28% of the total cost of
production on agricultural property, depending
on the crop used and the intensity of use of the
machines (SILVA et al., 2022).

Fuel expenditure by agricultural
tractors can be reduced by optimizing
operational processes. According to Kim,
Chung and Choi (2013), it is important to
analyze the selection of gears during operation
and engine rotation, as they can present
different levels of fuel consumption, even
when the same work is performed.

The use of different driving modes on
tractors  can be performed either
manually, by the operator or automatically, in
this case, with the use of

continuously variable transmissions, which are
equipped with a control system that can adjust
the

transmission ratio and engine rotation so that it
can work at a point that
provides maximum  fuel  consumption
efficiency under certain
working conditions (RENIUS; RESCH, 2005).

Modern tractors are normally operated
through independent management of the
engine and transmission, a situation in which
the operator changes the engine speed through
the position of the accelerator and, in the
transmission, by modifying the gear ratio,
using gear levers (LINARES; CATALAN;
MENDES, 2006). By using different driving
modes, it is possible to change the
management of the engine and transmission so
that a situation that provides a reduction in fuel
consumption can be identified.

In the United States of America, this
technique is called “gear up and throttle
down”, that is, “gar up and throttle down”,
which can be used in operations that do not
require the maximum power of the tractor and
consists of reducing engine speed and
increasing working gear (GRISSO, 2020).
This reduces engine speed and maintains travel
speed while the work is being carried out.

Speed is a determining factor in
achieving greater quality during field
operations; thus, maintaining speed and
changing the travel gear and engine rotation
does not interfere with the quality of service or
the operational capacity of the tractor. (PARK
et al., 2010). Moreover, reducing engine speed
implies lower fuel consumption, as there is
greater torque availability at lower speeds in
addition to reducing the engine's frictional
power. The efficiency of agricultural
operations can be improved when the
operational capacity is increased or fuel
consumption is reduced, so the search for more
efficient operations becomes one of the main
concerns of farmers due to the high costs of
fuel, labor and maintenance (KUMAR,;
PANDEY, 2015).

In studies carried out by Hunt (1995),
maintaining the operating speed by reducing
engine acceleration and gear shifting, it was
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possible to increase fuel use efficiency by up
to 17%. In another work, developed by Silva et
al. (2003) using one gear and four engine
speeds, there was a 71% increase in fuel
consumption from the lowest to the highest
speed. Gotoh et al. (2010), using driving
strategies, reported a reduction in fuel
consumption ranging from 7--13%.

Within this proposal, this work aimed to
evaluate different driving modes of the
agricultural tractor, with the goal of reducing
fuel consumption and optimizing its traction
performance.

2 MATERIALS AND METHODS

The study was carried out at the
Federal University of Santa Maria (UFSM) in
an experimental area of the Department of
Animal Science, with coordinates 29°43'30.
19”S and 53°44'12.08”W. An area 110 m long
by 100 m wide with flat, very regular relief
was selected at the site. The typical soil of the
region is classified as sandy dystrophic Red--
Yellow  Argisol (EMBRAPA,  1999),
belonging to the Santa Maria Mapping Unit,
and according to Koppen's climate
characterization  (1931), it is  humid
subtropical.

In the experiment, a Massey Ferguson
tractor, model MF 6711, with an auxiliary
front-wheel drive, a diesel cycle engine
(AGCO Power brand, model 44WC3), a
turbointercooler with four cylinders, and a
displaced internal volume of 4,400 cm3, with a

maximum power of 74 kW at 1806 rpm and a
maximum torque of 431 Nm at 1402 rpm, was
used. To collect this information, the tractor
was previously subjected to a dynamometric
test.

The tractor has a total mass with ballast
of 25.77 kN (6,460 kgf), with a static mass
distribution of 40.7% on the front axle and
59.3% on the rear axle. According to
Strapasson Neto et al. (2021), this is a static
distribution that provides maximum traction
performance. The tractor was equipped with
type R1 tires from the Goodyear brand, Dyna
torque 11 12-ply model, with measurements of
14.9--26 on the front wheels, and type R1 tires
from the Goodyear brand, Dyna torque 11, 12
ply, with measurements of 23.1--30 on rear
wheels. The tractor always works with the
auxiliary front-wheel drive and differential
lock mechanism activated.

To apply a load to the tractor's
drawbar, simulating the sowing operation, a
Massey Ferguson seeder, model MF 509, 8
rows with a rod-type furrow system, with a
working depth of 0.10 m and mass, was used.
constant.

To collect the data, -electronic
instrumentation was used (Figure 1), which is
capable of simultaneously and instantly
collecting data on travel speed, traction force,
hourly fuel consumption and rotation of the
driving wheels, with a frequency of 1 Hertz,
storing them in a datalogger suitable for
mechanized activities and scientific research,
developed by Rosa (2019).
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Figure 1. Schematic representation of the tractor + seeder mechanized set with electronic

instrumentation

Source: Farias et al. (2020)

Legend: 1 — Tractor, 2 — seeder, 3 — actual working speed, 4 — slipping of the driving wheels, 5 — force on the drawbar,

6 — fuel consumption, 7 — data storage center.

The traction force was obtained
through a load cell positioned between the
tractor and the seeder via a retractable traction
bar, where the force demanded was measured
in mV, which generated electrical pulses
according to the intensity of the -effort
needed. The theoretical speed of the
wheelsets was obtained via sprockets with 32
teeth each, coupled to an extender and fixed to
the front and rear wheelsets of the tractor, and
an inductive sensor was placed on each
sprocket to detect the passage of the gear teeth.
gear by the sensor, according to the rotation
speed. The real speed of the tractor was
obtained by a satellite signal receiver (GNSS).
To estimate the theoretical speed, Equation (1)
was used:

(Freq x Per x 3,6)
n

Vroda =

(1)

where:

Vwheel: Wheel speed (km.h 2);

Freq: Frequency captured by the sensor (Hz);
Per: Wheel perimeter (m);

n: Number of teeth on the sprocket.

Hourly fuel consumption was measured
via an Oval M Il flowmeter, model LSF 41,
which generates a certain number of pulses
according to the volume of fuel that passes
through it, which was calculated via Equation
2:

CH = Pulx 3,6 2

where:
CH: Fuel consumption (L h );
Pul: Pulses generated by the flowmeter.

From the data obtained on traction
force and real speed of travel, the power on the
traction bar was determined via Equation 3:

FT .Vr

v (3)

PBT =

where:

PBT: Drawbar power (kW);

FT: Traction force on the bar (kN);
Vr: Actual travel speed (km h 1)

With data on the hourly fuel
consumption, fuel density and drawbar power,
the specific consumption is obtained according
to Equation (4):

CH X p X1000

CE = 5T 4)
where:

EC: Specific consumption (g kWh 1);

CH: Hourly fuel consumption (L h 1);

p: Fuel density (0.875 kg L 1);

PBT: Drawbar power (KW).

To obtain the slippage of the driving
wheels, data on the speed of the driving
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wheels and the speed of the tractor were used,
according to Equation 5:

§=[1-(%)].100 (5)

where:

d: Skating (%);

Vr: real tractor speed (km.h 2);
Vt: Wheel speed (km.h 1).

With the power data on the drawbar
and power supplied by the engine, the traction
efficiency of the tractor was obtained
according to Equation (6):

PBT
where:

ET: Traction efficiency;
PBT: Drawbar power (kW);
Nm: Power supplied by the engine (kW).

The treatments consisted of a
combination of working gear and engine
speed, totaling six treatments (Table 1). The
engine speeds were defined to compare two
working conditions, the first at 2000 rpm,
which is traditionally used by users, and the
second at 1800 rpm, which is considered
reduced. To define the gears used, the gears
that provided the closest travel speeds and the
best traction condition of the implement were
selected, corresponding to the gears L5, L6
and H2. To choose the combinations, a
previous experiment was carried out with all
the tractor's gears, which were capable of
pulling the seeder.

The tractor transmission ratio (it) for
the gears at the peripheral engine speeds used
was also determined. The rotation of the rear
wheel axle was determined with a digital
tachometer. The transmission ratio s
determined by dividing the engine rotation by
the rotation obtained in the wheelset, and the

results are available in  Table 1.
Table 1. Treatments used in the experiment
Order March Engine revolutions Treatment it
1 L5 1800 L5 1800 171.43
2 L5 2000 L5 2000 190.48
3 H2 1800 H2 1800 160.71
4 H2 2000 H2 2000 178.57
5 L6 1800 L6 1800 139.53
6 L6 2000 L6 2000 155.04

Source: The author

The chosen experimental design was a
randomized  block  design  with  four
replications. The dependent variables analyzed
were speed (km h 1), hourly fuel consumption
(L h ), specific fuel consumption (g kWh 1),
traction force (kN), slippage (%), traction bar
power (kW) and traction efficiency (%).

The data were subjected to tests of
normality and homogeneity of residual
variances and additivity of the statistical
model, and subsequently, analysis of variance
was used at a 5% probability of error. On the
basis of data that differed from each other, the

Scott-Knott test was performed to compare
means. To identify the statistical relationships
between the variables, Pearson's linear
correlation was used. Data analysis was
performed via the RStudio statistical program.

3 RESULTS AND DISCUSSION

According to Table 2, the results of the
comparison of means can be verified via the
Scott-Knott test at a 5% probability of error
for the analyzed variables.
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Table 2. Comparison of Scott—Knott means for the variables speed (km h 1), CH — Hourly
consumption (L h %), CE — Specific consumption (g kW h 1), FT — Traction force (kN),
o - Slippage (%), PBT - drawbar power (kW) and ET - traction efficiency.

TREAT SPEED CH CE FT o PBT ET

L5 1800 5.54¢ 20.39b 347.43a 32,218a  16.99to 49.98b 0.67b
L5 2000 6.16b 21.40to 331.66b 32,504 a 8.69c 55.25t0 0.74to
H2 1800 6.26b 20.58a 31599 32,334a 11.16b 56.05t0 0.75to
H2 2000 6.24b 20.77a 322.15b 32,150 to 7.64c 55.56to0 0.75to
L6 1800 6.40b 18.82c  324.74b  28.483Db 7.64c 50.48 a 0.68b
L6 2000 7.09 to 20.77a 330.74b  27.276C 8.80c 5443a 0.73to
CV (%) 5.87 4.39 2.69 2.55 12.97 5.38 5.38

Means followed by the same letter in the same column do not differ from each other according to the Scott—Knott test at

5%.
Source: The author.

When the average test for the speed
variable was analyzed, the highest value
occurred in gear L6 at 2000 rpm, precisely
because it is the gear that has the lowest
transmission ratio among those used in the
experiment (Table 1), resulting in the highest
speed of the tractor. Compared with the L5
2000 rpm treatment, the L5 1800 rpm
treatment presented a lower displacement,
precisely because of the difference between
the engine rotations of these treatments, with
the latter having a greater rotation, resulting in
an increase in the displacement speed. In the
L5 2000 rpm, H2 1800 rpm, H2 2000 rpm and
L6 1800 rpm treatments, there was no
significant difference in this variable. The
behavior between travel speeds, which are
related to the working gear, has already been
predicted because, precisely, by increasing the
tractor's gear speed, the travel speed increases
(AMORIM et al., 2019).

For the variable hourly fuel
consumption (CH) (Table 2), the L5 2000 rpm
and L6 2000 rpm treatments presented higher
levels of consumption, with values of 21.40
and 20.77 L h L respectively, but did not differ
from those of the H2 1800 rpm and H2 2000
rpm treatments. The lowest fuel consumption
was observed for the L6 1800 rpm treatment,
with 18.82 L h 1. When comparing the L5
1800 rpm and L5 2000 rpm treatments and the
L6 1800 rpm and L6 2000 rpm treatments,
which were performed with the same gear but
with an increase in the engine's angular speed,
the consumption increased by 5% and 9%,
respectively.

The lowest fuel consumption was
observed in the treatments with the lowest
speeds, i.e., L6 1800 rpm and L5 1800 rpm.
The lower speed in Diesel cycle engines
achieves greater efficiency because of the
greater capacity to admit oxygen (oxidizer),
longer time to complete the combustion cycle
and lower friction between the dynamic and
static components of the engine (MARQUEZ,
2012).

The highest specific fuel consumption
(CE) occurred in the L5 1800 rpm treatment,
with 347.43 g kW h 1, whereas for the other
treatments, there was no difference (Table 1).
This behavior of the results is related to the
power on the drawbar, which is considered for
calculating the specific fuel consumption.

Although there was no difference
between the treatments, the lowest specific
consumption was observed for the H2 1800
rpm treatment, with 315.99 g kW h . A lower
specific fuel consumption means that there is
greater optimization of engine performance,
traction efficiency and suitability of the
implement to the tractor (LYNE; BURT;
MEIRING, 1984).

For the variable traction force (FT), the
highest values were observed in the L5 1800
rpm, L5 2000 rpm, H2 1800 rpm and H2 2000
rpm treatments, with values of 32.22, 32.50,
32.33 and 32.15 kN, respectively, and these
treatments did not differ from each other
(Table 3). This may be associated with little
variation in displacement speed in these
treatments, and because the experimental area
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was flat, the required traction force presented
similar values.

The treatment that showed the greatest
difference was the L6 2000 rpm treatment with
27.28 KN, which could also be related to the
variation in displacement speed between these
treatments, which was 7.09 km h 1, with a
reduction in traction force with increasing
speed. Similar results were reported by Furlani
et al. (2007), where an increase in travel speed
results in a reduction in traction force.

For driving wheel slippage (), the
highest rate of 16.99% was found in the L5
1800 rpm treatment (Table 3). This may be
associated with the tractor's travel speed.
Furlani et al. (2007) reported a higher value
with a lower tractor travel speed. For the H2
1800 rpm treatment, the slippage rate was
11.16%, and the ideal rate in soils without
mobilization should be between 8 and 10%
(ASAE, 2003).

For the variable drawbar power (PBT),
the highest values were obtained for the L5
2000 rpm, L6 1800 rpm, L6 2000 rpm, H2
1800 rpm and H2 2000 rpm treatments, with
55.25, 50.48, 54.43, 56.05 and 55.56 kW,
respectively, but these values did not differ
from each other. The lowest power was
recorded in the L5 1800 rpm treatment, with
49.98 kW. The drawbar power to be obtained
considers the parameters of traction force and
travel speed, as demonstrated in Equation 3. In
this sense, the highest values for this variable
are related to treatments with the highest
tractor travel speed. A study conducted by
Silveira et al. (2013) revealed that with
increasing travel speed, the power demand on
the tractor drawbar increased.

For traction efficiency (ET), the highest
values were obtained in the L5 2000 rpm, L6
2000 rpm, H2 1800 rpm and H2 2000 rpm
treatments, with values of 0.74, 0.73, 0.75 and
0.75, respectively. These values are not
different from each other. These higher values
may be associated with the tractor slipping
conditions. A study conducted by Fiorese et al.
(2019) reported the highest efficiencies of 0.76
and 0.73 in subsoiling and harrowing
operations, respectively, with slippage rates
between 8% and 10%.

The lowest traction efficiency value of
0.67 was obtained for the L5 1800 rpm
treatment because of greater slippage. For the
L6 treatment, 1800 rpm was 0.68, an effect
related to the lower power on the drawbar that
was developed in this treatment, to obtain
traction efficiency, the relationship between
the power on the drawbar and the power
provided by the engine, as shown in Equation
6.

In another way of analyzing the results
obtained, treatments can be compared
according to the same travel speed, with
reduced working gear and high engine speed
and vice versa, as proposed by Grisso (2020).
The treatments that provided this analysis were
the alternatives proposed in the comparison of
L5 2000 rpm with L6 1800 rpm and H2 2000
rpm with L6 1800 rpm.

For the hourly fuel consumption
(Figure 2), as the working gear increased from
L5 to L6, reducing the engine speed from 2000
rpm to 1800 rpm, the hourly consumption
decreased by 12%. For another comparison,
the reduction in consumption was 9.4%,
increasing the gear from H2 to L6 and
reducing the engine speed.



43 Moura et.al/Reducéo do consumo.../v38n1p36-46 (2023)

Figure 2. Hourly fuel consumption at the same travel speed but with different gears and engine

speeds.

22
21,40

21

20

Consumo de combustivel (L h'')

L5 2000

19 18.82

) I
17 —

L6 1800

20,77

18.82

H2 2000 L6 1800

Marchas de deslocamento com diferentes rotagdes do motor

Source: The author

In a study conducted by Silveira et al.
(2013) using different engine speeds for the
same travel speed, variations of 7--44% in
hourly fuel consumption were found, from the
lowest to the highest speed. Miranda, Oliveira
and Nunes (2000), using two peripheral engine
speeds (1800 rpm and 2000 rpm), reported an
increase of 12.9% in the hourly fuel

consumption when the tractor was driven at
the highest speed.

Pearson's linear correlation (Figure 3)
demonstrates the relationships between the
studied variables, regardless of the treatment
used, which can positively or negatively
influence the correlated response variable.

Figure 3. Pearson correlation for the variables speed (km h 1), CH — hourly consumption (L h 1),
CE — specific consumption (g kW h 1), FT - traction force (kN), & - slippage (%), PBT -
drawbar power (kW) and ET - traction efficiency.

Pearson's
Correlation

-10 -05 00 05 10

063 CE

0.03 037 FT

-0.01 CH

*p<0.05;* p<0.01;and " p<0.001

Source: The author

The slipping of the driving wheels is
positively correlated with specific fuel
consumption (CE); that 1is, as slippage
increases, there is an increase in specific fuel
consumption by the tractor. Wheel slipping
occurs due to several factors, the main factor
being the traction effort required to pull certain
equipment, which consequently reduces the
speed of the tractor. Cortez et al. (2005)
reported that, in soil preparation and soybean

sowing operations, a lower travel speed
provided the highest specific fuel consumption
of the agricultural tractor.

The traction efficiency (ET) has a
significant and negative association with
driving wheel slippage and specific fuel
consumption as the traction efficiency
increases and slippage decreases. Gabriel Filho
et al. (2004), evaluating the performance of
tractors in different types of vegetation cover,
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reported a relationship similar to that
demonstrated for these variables, where less
slippage  increased traction  efficiency.
Likewise, while traction efficiency tends to
increase its indices, it provides a reduction in
specific fuel consumption, as the tractor
presents fewer losses during the traction
process, thus becoming more efficient
(NEUJAHR; SCHLOSSER, 2001).

The variable drawbar power (PBT) also
has a negative and significant association with
slippage and specific fuel consumption; as the
value of the first variable increases, it tends to
decrease. The power on the drawbar
demonstrates how much of the engine's power
is reaching the drawbar and thus provides the
tractor's greater capacity to pull implements,
which tends to require greater traction
demand.

The power on the drawbar is a product
of multiplying the travel speed by the traction
force, as shown in Equation 3; therefore, any
factor that influences these requirements
interferes with the development of power on
the drawbar. In this sense, the increase in
slippage leads to a decrease in travel speed,
which in turn reduces the power at the
drawbar.

The reduction in specific fuel
consumption, related to the increase in
drawbar power, may be associated with travel
speed, as previously described. To obtain the
specific consumption, in addition to the fuel
density data and hourly consumption, it also
considers the bar power values, as shown in
Equation (4), which means that the higher the
value is, the lower the specific fuel
consumption. Traction efficiency showed a
high positive and significant correlation with
drawbar power because these variables are
dependent on each other.

Hourly fuel consumption (CH) was
positively correlated with the drawbar power
and traction efficiency. For the first variable,
this may occur because the power on the
drawbar is dependent on the traction force
exerted by the tractor; with greater force
demands, the hourly fuel consumption tends to
be greater. This can also be related to the
second variable; to obtain traction efficiency,

the power developed in the traction bar is
considered.

The travel speed had the highest
number of correlations with the other variables
analyzed, as increasing speed tends to reduce
the traction force, specific fuel consumption
and slipping of the driving wheels. The
drawbar power and traction efficiency increase
with increasing tractor speed.

4 CONCLUSIONS

According to the results obtained, it
can be concluded that:

I. Maintaining the same travel speed
and reducing the engine's angular
speed results in lower hourly fuel
consumption.

ii. In the proposal to gear up and rev
down as a strategy to reduce fuel
consumption, there is a reduction of
up to 12% in hourly consumption.

iii. The use of driving strategies did not
influence  the  specific  fuel
consumption, slippage or drawbar
power variables.

iv. Pearson's linear  correlation
demonstrates that travel speed is one of the
main  factors  affecting the tractor's
performance conditions.

5 REFERENCES

ALBIERO, D.; XAVIER, RS; GARCIA, AP;
MARQUES, AR; RODRIGUES, RL The
technological level of agricultural
mechanization in the state of Ceara, Brazil.
Agricultural engineering , Jaboticabal, vol.
38, no. 6, p. 133-138, Jan./Feb. 2019.

AMORIM, MQ; BORGES, RCP; BRITO,
LLM; LIMA, 10; MAIA, AL; CHIODEROLLI,
CA; SILVEIRA, WM; NASCIMENTO, EMS
Performance in the drawbar of a tractor-seeder
set. Brazilian Journal of Development ,
Curitiba, v. 5, no. 11, p. 26762-26769, nov.
2019.



45 Moura et.al/Reducdo do consumo.../v38n1p36-46 (2023)

ASAE. ASAE EP496.2 : Agricultural
Machinery Management . St Joseph: American
Society of Agricultural Engineers, 2003. p.
366-372.

CORTEZ, JW; CARVALHO FILHO, A;;
SILVA, RP; FURLANI, CEA Consumption of
a tractor coupled to a fertilizer seeder in a
direct planting system for soybean cultivation.
Nucleus , Ituverava, v. 3, no. 1, p. 1-5, 2005.

EMBRAPA. Brazilian system of soil
classification. Rio de Janeiro: Embrapa soils,
1999.

FARIAS, MS; SCHLOSSER, JF; CASALLI,
L.; CELLA, MC; MARTINI, AT Energy
demand in soybean sowing with different
furrower configurations. Energy in
Agriculture , Botucatu, v. 35, no. 4, p. 507-
515, 2020.

FIORESIS, DA; MARASCA, |,;
FERNANDES, BB; SANDI, J.;
MORELLIFERREIRA, F.; LANCES, KF
Performance of three agricultural tractors in
traction tests. Neotropical Agriculture
Magazine , Cassilandia, v. 2, no. 2, p. 68-76,
2019.

FURLANI, CEA; PAVAN JUNIOR, A.;
LOPES, A.; SILVA, RP; GROTTA, DCC;
CORTEZ, JW Operational performance of a
seeder-fertilizer in different coverage and
speed management. Agricultural
engineering , Jaboticabal, vol. 27, no. 2, p.
456-462, May/Aug. 2007.

GABRIEL FILHO, A.; SILVA, SDL;
MODOLO, AJ; SILVEIRA, J. Performance of
a tractor operating on soil with different types
of vegetation cover. Agricultural
Engineering , Jaboticabal, v. 24, no. 3, p. 781-
789, 2004.

GOTOH, T.; TESHIMA, T.; SUGIURA, Y;
TAKAHASHI, H.; SHIMIZU, K.; SEKI, E.
Reduction rates of fuel consumption by gear
up and throttle down on an agricultural tractor.
Japan Agricultural Research Quarterly ,
Tokyo, vol. 44, no. 4, p. 369-374, 2010.

SUMMER AND WINTER GRAINS.
Monitoring the Brazilian Harvest : grains,
Brasilia, DF, v. 10. No. 1, p. 1-76, Jan. 2022.
Harvest 2022/2023, First survey. Available in:
https://www.conab.gov.br/info-
agro/safras/graos/boletim-da-safra-de-
graos?limitstart=0. Accessed on: 27 July.
2022.

GRISSO, RD L. “Gear up and throttle down” to
save fuel. Virginia Cooperative Extension ,
Richmond , ID BSE-326P, p. 1-8, 2020.

HUNT, D. Farm power and machinery
management . 9. ed. Ames: lowa State
University Press, 1995,

KIM, YJ; CHUNG, SO; CHOI, CH Effects of
gear selection of an agricultural tractor on
transmission and PTO load during rotary
tillage. Soil & Tillage Research , Amsterdam,
v. 134, p. 90-96, 2013.

KOPPEN, W. Climatology . Mexico:
Economic Culture Fund. 1931.

KUMAR, N.; PANDEY, KP A visual basic
program for predicting optimum gear and
trottle position for best fuel economy for 32
KW tractor. Computers and Electronics in
Agriculture , West Bengal , vol. 119, p. 217-
227, 2015.

LYNE, PWL; BURT, EC; MEIRING, P.
Effect of tire and engine parameters on
efficiency. Transaction of the ASABE , Saint
Joseph, v. 27, no. 1, p. 5-11, 1984.

LINARES, P.; CATALAN, H.; MENDEZ, V.
Traction theory of agricultural tractors.
Madrid: Universidad Politécnica de Madrid:
Escuela Técnica Superior de Ingenieros
Agronomos , 2006.

MARQUEZ, L. Agricultural tractors:
Technologies and uses. Madrid: B&H Grupo
Editorial, 2012,

MIRANDA, NDO; OLIVEIRA, MD;
NUNES, RL Operational performance of an



Moura et.al/Reducdo do consumo.../v38n1p36-46 (2023) 46

auxiliary front-wheel drive tractor in the
subsoiling of an inceptisol. Brazilian Journal
of Agricultural and Environmental
Engineering , Campina Grande, v. 4, no. 1, p.
97-102, 2000.

NEUJAHR, EB; SCHLOSSER, JF Behavior
of radial and diagonal agricultural tires in
relation to traction. Agricultural
engineering , Jaboticabal, vol. 21, no. 2, p.
180-189, May 2001.

PARK, SH; KIM, YJ; IM, DH; KIM, C.K,;
JANG, Y.; KIM, SSC Analysis of factors
affecting fuel consumption of agricultural
tractor. Journal of Biosystems Engineering ,
Tupa, v. 35, n. 1, p. 15-20, 2010.

RENIUS, KT; RESH, R. Continuously
variable tractor transmissions. St. Joshep:
ASAE, 2005. (Distinguished Lecture Series,
29).

ROSA, LS Design and development of a
data acquisition and storage system for
agricultural machinery assessments .
Dissertation (Master’s in Agricultural
Engineering) — Federal University of Santa
Maria, Santa Maria, 2019.

STRAPASSON NETO, L.; LASKOSKI, M,
JASPER, SP; CAMPOS, GS; KMIECIK, LL;
PARIZE, GL Agricultural tractor traction
efficiency by changing the mass distribution
between axles and speed. Brazilian Journal
of Agricultural and Environmental
Engineering , Campina Grande, v. 25, no. 4,
p. 277-281, 2021.

SILVA, ACCJ; ROSSATO, JV; KRAETZIG,
ERS; SILVA, VR Soybean production costs
on a rural property in the interior of the State
of Rio Grande do Sul. Costs and
Agribusiness , Recife, v. 18, no. 1, p. 2-24,
Jan./Mar. 2022.

SILVA, SL; GABRIEL FILHO, A
SILVEIRA, JCM; RICIERI, RP Reduction of
fuel consumption as a function of engine shaft
rotation. In :

BRAZILIAN CONGRESS OF
AGRICULTURAL ENGINEERING, 32.,
2003, Goiania. Annals [.. .]. Goiania: SBEA,
2003. p. 1-4.

SILVEIRA, JCMD; FERNANDES, HC;
MODOLO, AJ; SILVA, SDL; TROGELLO,
E. Energy demand of a seeder-fertilizer at
different travel speeds and engine rotations.
Agricultural Science Magazine , Fortaleza, v.
44, no. 1, p. 44-52, 2013.



