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machinery traffic

José Fernando Schlosser?> Rovian Bertinatto?
Marcelo Silveira de Farias*

Gilvan Moisés Bertollo'™
Alfran Tellechea Martini®

"Departamento de Ciéncias Agrondmicas ¢ Ambientais, Universidade Federal de Santa Maria (UFSM), 98400-000, Frederico Westphalen, RS,
Brasil. E-mail: gilvan.bertollo@ufsm.br. *Corresponding author.

2Departamento de Engenharia Rural, Universidade Federal de Santa Maria (UFSM), Santa Maria, RS, Brasil.

3Coordenadoria Académica, Universidade Federal de Santa Maria (UFSM), Cachoeira do Sul, RS, Brasil.

“Departamento de Ensino, Colégio Politécnico, Universidade Federal de Santa Maria (UFSM), Santa Maria, RS, Brasil.

ABSTRACT: Controlled machinery traffic is a technique to increase the efficiency of machines and make better use of inputs. This study
evaluated the pollutant gas emissions of an agricultural tractor towing a precision seeder-fertilizer with different plow configurations in an area
with varying intensities of controlled machinery traffic. The study was carried out in a commercial agricultural area located in the municipality
of Carazinho, Brazil. The experimental design was of randomized 3 x 3 blocks, with three traffic situations (tractor traffic; tractor + harvester
traffic; and tractor + harvester + sprayer traffic), as well as three plow settings. The pollutant gases analyzed were: particulate material (PM),
nitrogen oxides (NO ), carbon dioxide (CO,), and oxygen (O,). We concluded that greater controlled traffic intensity, compared to an area
without traffic, yields a PM reduction of 43% using the double disk, and 67% using the double disk without a ridge plow. The absence of plows
on the traffic lines reduces the PM, NO_, and CO, emissions by, respectively, 73%, 12%, and 17% with tractor + harvester traffic; and 80%,
12%, and 15% with tractor + harvester + sprayer traffic, compared to cultivation using ridge plows.

Key words: diesel cycle engine., greenhouse gases, traffic intensity.

Emissoes de poluentes de trator tracionando semeadora-adubadora
em drea com trafego controlado de maquinas

RESUMO: O trafego controlado de maquinas ¢ uma técnica para aumentar a eficiéncia das maquinas e melhor utilizar os insumos. O objetivo
deste trabalho foi avaliar as emissdes de gases poluentes de um trator agricola tracionando uma semeadora-adubadora de precisdo com
diferentes configuragdes de sulcadores em uma area com intensidades variadas de trafego controlado de maquinas. O estudo foi realizado em
uma area agricola comercial localizada no municipio de Carazinho, Brasil. O delineamento experimental foi em blocos casualizados 3 x 3,
com trés situagdes de trafego (trafego de trator; trafego de trator + colheitadeira; e trafego de trator + colheitadeira + pulverizador), além de
trés configuragdes de sulcadores. Os gases poluentes analisados foram: material particulado (MP), 6xidos de nitrogénio (NOx), didxido de
carbono (CO2) e oxigénio (02). Concluiu-se que a maior intensidade de trafego controlado, em comparagao com area sem trafego, proporciona
reducdo de MP de 43% usando o disco duplo e 67% usando o disco duplo sem haste. A auséncia de sulcadores nas faixas de trafego reduz as
emissdes de MP, NOx e CO2 em 73%, 12% e 17% respectivamente, com trafego trator + colheitadeira e 80%, 12% e 15% com trafego de trator
+ colheitadeira + pulverizador, em rela¢do ao cultivo com sulcador haste.

Palavras-chave: motor ciclo diesel., gases de efeito estufa. intensidade de trafego.

INTRODUCTION In the theoretical analysis of Diesel fuel’s
complete combustion process, its resulting products

Technology use in mechanized processes would be only water vapor and CO,; however, this

is important for obtaining maximum economic and
productive efficiency in agriculture. Currently, most
machines used in the rural property are equipped
with Diesel cycle engines, thus dividing efficiency
and reliability (PERIN et al., 2015).Conversely, such
engines pollute more compared to Otto cycle engines,
emitting especially NO_ and PM (BRIJESH&
SREEDHARA, 2013).
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does not occur due to transient engine conditions
(PETRANOVIC et al., 2017). The emissions associated
with the use of direct energy in the field operations
contribute, primarily, to environmental impacts
such as climatic alterations and the acidification of
ecosystems (STRANDDOREF et al., 2001).

An option to reduce energy consumption
and; consequently, pollutant emissions, is the

Returned by the author 11.17.23

CR-2023-0173.R1

Editors: Leandro Souza da Silva

Marcia Xavier Peiter


mailto:gilvan.bertollo@ufsm.br
https://orcid.org/0000-0002-4906-3147
https://orcid.org/0000-0002-8723-6870
https://orcid.org/0000-0002-2949-1320
https://orcid.org/0000-0003-0176-0864
https://orcid.org/0000-0002-8443-6711
https://orcid.org/0000-0002-1636-6643
https://orcid.org/0000-0001-8945-5412

2 Bertollo et al.

adoption of controlled machinery traffic due to the
permanent dislocation of the wheels in trafficked
areas, resulting in a lower energy requirement in areas
with less compaction, occupied by spaces destined
for plant cultivation and without machinery traffic
(CHEN&YANG, 2015). However, subsoil operation
using ridge plows, for example, yields an increase
in energy demand, requiring more traction force for
working in greater depths, possibly resulting in more
environmental pollution (CEPIK et al., 2010).

Despite there being positive results in
the use of this technology, CHEN & YANG (2015)
stated that an in-depth exploration into the effect
of the system of controlled machinery traffic on
culture productivity, fuel economy, and pollutant
gas emissions by engines is necessary. In this sense,
the present study has the objective of evaluating the
pollutant gas emissions of an agricultural tractor
towing a precision seeder-fertilizer with different
plow configurations, in an area with varying
intensities of controlled machinery traffic.

MATERIALS AND METHODS

The study was carried out in the
municipality of Carazinho, RS, Brazil, (28°14'15" S,
52°40'08" W, 596 m above sea level) in a commercial
agricultural area, which has been adopting the systems
of controlled machinery traffic and direct planting
for three years. The soil is classified as Red Latosol,
of clay texture with slightly wavy topography. The
experimental area had 2.3 Mg ha! of dry matter. The
soil water content was 22%, 20%, 22%, and 23% at
the 0 - 0.05 m, 0.05 - 0.10 m, 0.10 - 0.15 m, and 0.15
- 0.20 m depths, respectively.

The agricultural tractor used to tow
the seeder-fertilizer was a Massey Ferguson MF
7415 Dyna-6, with auxiliary front wheel drive,
manufactured in 2014, with 1,200 hours of use.
Equipped with a four-stroke Diesel cycle engine
with six cylinders, 24 valves, a dislocated volume
of 7,400 cm?, and overloaded by a turbocharger with
intercooler. According to the essay report, in test wit
dynamometer, its maximum power is of 145.6 kW
(198.0 hp) at 1,795 rpm.

The tractor had a total mass of 11,690 kg
(114.64 kN), with a static mass distribution of 60%
over the rear axle and 40% over the front. The tractor
was operated with Firestone 30.5L.32 R-1 diagonal rear
tires and Goodyear 18.4-26 R-1 diagonal front tires, the
four having 75% of hydraulic ballasting. Attached to the
tractor, we used two Semeato SSM 27 seeder-fertilizers
in tandem, set with 52 seeding lines, spaced 0.17 m

apart. To simulate a real condition, we filled them with
2,060 kg of fertilizer in the reservoirs, characterizing
half the maximum cargo capacity of the seeders.

The study was done in randomized blocks,
in a two-factor statistical design, with three traffic
situations and three plow configurations, in three
blocks, totalizing 27 experimental units. Namely:

- Factor A: controlled machinery traffic, composed
of the passing of only the tractor, characterizing its
movement in an area without traffic (NT), with it
towing the seeder-fertilizer outside the lanes demarked
for traffic. The second level was characterized by the
sum of the tractor’s passage, in the seeding operation,
and that of a harvester while harvesting soybean, thus
defining the tractor + harvester scenario (TH). The third
level was composed by the sum of the traffic of the
tractor, the harvester, and a cultural treatment sprayer,
which totalized seven traffic in area, characterizing
the tractor + harvester + sprayer (THS).

- Factor B: configuration of the seeder-fertilizer
plows, according to the different traffic intensities
existing in factor A. The initial setting was composed
of 52 double disk (DD) plows fixed at the same
rotation center, with a depth of 0.03 m. The second
level of factor B was the association of double disk
and ridge plows (DDR), using 42 double disks and 10
ridge plows, which were characterized for coinciding
over the traffic lines of the agricultural machinery
wheels, with a depth of 0.13 m. For the third level,
we maintained the previous 42 double disks, but
removed the ridge plows, denominating this setting
the double disks without ridge plows (DDnR).

Due to the impossibility of measuring
the pollutant gas emissions directly in the field, we
measured the traction forces required by the seeders,
obtained through a 100 kN charge cell installed
between the tractor’s traction bar and the tandem
header. The data, transformed into torque values,
were applied through a dynamometric brake, in
laboratory, with the objective of simulating the
charges demanded by the seeders in the field.

The dynamometric brake used to simulate
the torque values required by the seeders was model
PT 301 MES by EGGERS. Through the EGGERS
Power Control software, was performed the braking
control and recorded the torque and engine rotation data,
under the same intensity required by the seeders, for
the different situations studied, according to figure 1.

It was performed analyses of the emitted
pollutant gases using EGGERS Infrality ELD
gas analyzer, which measured the concentrations
of CO, (% vol.), O, (% vol.), NO (ppm), and NO,
(ppm), which compose the chief greenhouse gases.
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Figure 1 - Schematic representation of the torque simulation of the agricultural tractor’s engine (1. Dynamometric
brake, 2. Opacimeter, 3. Gas analyzer, 4. Thermocouple, 5. Agricultural tractor, 6. Manager software).

Weobtained the gas opacity values using an EGGERS
Opacilyt ELD partial-flow opacimeter.

The samples were collected directly
at the tractor’s tailpipe, through a metallic probe,
conducting them into the equipment for analysis. We
used the MW IELD 01030 software for analyses of
the gases and particulate materials.

Before starting the data collection, was
warmed the tractor’s engine for 20 minutes using the
dynamometric brake. For this purpose, the engine
was put into its maximum free rotation (2,300 rpm)
and a charge equivalent to 75% of this rotation was
imposed. We tabulated the results obtained and
submitted them to an analysis of variance (ANOVA),
while was compared the means through the Tukey test
at 5% error probability using the statistical program
SISVAR (FERREIRA, 2014).

RESULTS AND DISCUSSION

The pollutant gas emissions of the
engine of the agricultural tractor presented an
interaction among all the traffic intensities and plow
configurations (Table 1). Moreover, upon analyzing
the primary effects, a difference was observed among
all the variables evaluated.

The traction demand on the bar to tow
the set of seeders varied according to the plow
configurations. Such variation modifies the engine’s
functioning, especially the air and fuel mixture
responsible for combustion. Combustion within
the engine is one of the processes that control the
power, efficiency, and production of pollutant gases
(HEYWOOD, 2018).

In this sense, the existence of interactions
between the traffic intensities and the plow
configurations demonstrated that the controlled
machinery traffic, as well as the different plows,
interferes in the functioning of the tractor’s engine;
and consequently, affects its pollutant gas emissions.
Table 2 shows the values of pollutant gases emitted
by the engine for the different traffic systems and
plow configurations of the seeder.

The PM emissions from the tractor’s
engine were higher at the NT area for almost all plow
configurations except for the DDR plow, which did
not present a difference between the NT and TH areas
(Table 2). This demonstrated that the controlled traffic
(THS) for all plow configurations, upon allowing the
accumulation of agricultural machinery passing over
the same location, yields reductions of up to 67% in
the PM emissions for the DDnR setting.

This PM emission reduction in the highest
traffic intensity (THS) may be justified by the fact that
a tractor, when going over firm soil, has a lower rolling
resistance. In addition, the lower energy demand allows
the engine to work at maximum efficiency, i.e., with an
adequate mixture of air and fuel, without the need for
fuel overload. This favors combustion and may reduce
the PM emissions, as made evident in this research.

The lowest PM emissions occurred during
the use of DDR in all traffic intensities evaluated
(Table 2). The employment of this configuration
proved to be sustainable, in view of the significant
reduction of emitted PM. For FURLANI et al. (2008),
grain production within a sustainable system must be
based on conservationist practices and the rational
use of agricultural machinery.
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Table 1 - Analysis of variance with mean square for particulate materials, nitrogen oxides, carbon dioxide, and oxygen in source of

variation.

Source of variation Particulate materials

Traffic (T) 0.199"
Plow (P) 1.1137
TxP 0.035"
Error 00

CV (%) 11.65
Geral mean 0.065

"Significativ effect (P < 0,05).

Due to the separation of production and
machinery circulation areas, controlled machinery
traffic is a relevant tool in the sustainable management
of the system. In the present study, this division made
82% of the area be destined for plant cultivation, and
18% for machinery traffic.

The THS traffic system presented the
lowest NO_ emissions for all plow configurations
evaluated (Table 2). We verified a 2% and 3% NO_
reduction from the NT system to THS with the DD
and DDnR settings, respectively. Even with the use of

Mean square

Nitrogen oxides Carbono dioxide Oxygen
0.609" 9,376" 8.432"
33.172° 1,046,438" 139.99"
0.185" 4,872" 4.143"

0.0 6.198 0.004

0.94 0.75 0.43
2.738 332.72 14.206

the controlled traffic technique, the choice of proper
plow mechanisms may contribute to the reduction of
NO.. In the present research,it was demonstrated that
the use of disk plows rather than ridge plows is the
best option.

When evaluating the plow systems, the
DDR configuration yielded the highest NO_emission
compared to the other settings (Table 2). REIS (2013)
obtained a direct relation between the increase in NO_
and that of the charges applied to the traction bar.
The NO_emissions of the DDR configuration to the

Table 2 - Particulate materials, nitrogen oxides, carbon dioxide, and oxygen for the area without traffic (NT), tractor and harvester traffic
(TH), and tractor + harvester + sprayer traffic (THS), with the double disk, double disk with ridge plow, and double disk

without ridge plow configurations.

Plow system:

Traffic Double disk Double disk with ridge plow Double disk without ridge plow
Particulate materials (g kW h")

NT 0.07 Ba 0.11 Aa 0.06 Ca

TH 0.06 Bb 0.11 Aa 0.03 cb

THS 0.04 Be 0.10 Ab 0.02 Ce
Nitrogen oxides (g kW h™)

NT 2.70 Ba 2.94 Ab 2.65 Ca

TH 2.65 Bb 2.96 Aa 2.60 b

THS 2.64 Be 2.92 Ac 2.58 Ce
Carbon dioxide (g kW h™)

NT 323 Ba 368 Ab 316 Ca

TH 315 Bb 372 Aa 309 Ce

THS 312 Be 366 Ac 311 co

Oxygen (%)

NT 14.63 Aa 13.78 cb 14.51 Ba

TH 14.50 Ab 13.78 cb 14.25 Bb

THS 14.38 Ac 13.84 Ca 14.18 Be

"Means followed by the same uppercase letter at the line and lowercase at the column in each variable do not differ according to the

Tukey test (Pp < 0.05).
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DDnR represent a reduction of 10%, 12%, and 12%
for the NT, TH, and THS systems, respectively.

CO, emissions were higher in the NT
area when using the DD and DDnR configurations,
whereas in the TH traffic area they were higher for the
DDR setting. This configuration also yielded greater
emissions for all traffic intensities evaluated (Table
2). Overall, CO, emissions increase due to the joint
action of the rise in applied load and the agricultural
operation that is being performed (RASHID et al.
2013; REIS et al. 2013).

Conversely, the lowest CO, emissions
occurred during the use of DDnR for all traffic
intensities (Table 2). For PERIN et al. (2015),
emissions stemming from the agricultural engine
decrease with the reduction of applied load. In the
present study, it was also lower when using the double
disk without ridge plow (DDnR) configuration.

The use of the DDnR setting in detriment
of the DDR reduced the CO, emissions by 17%
and 15% in the TH and THS traffic conditions,
respectively. Again, based on these results, one may
state that the adoption of controlled traffic and the use
of double disks without ridge plows are significant
and sustainable techniques, considering that they
reduce CO, emissions from agricultural engines.

The O, level emitted by the engine after
combustion was higher in the NT area for the DD,
DDR, and DDnR plow configurations in TH traffic
(Table 2). The highest percentage of O, not consumed
during the engine’s internal combustion occurred
with the DD plow setting, for all traffic intensities.

The lowest O, percentage was observed
during the use of the DDR plow configuration, for
all traffic intensities evaluated (Table 2). Moreover,
we verified that the reduction in O, emission by using
the ridge plows (DDR) compared to the DDnR was
5%, 3%, and 2% for the NT, TH, and THS traffic
intensities, respectively.

In the region around the flame, within the
combustion chamber, there may occur a combustion
interruption due to an insufficient supply of O, (rich
mixture) or due to excessive heat loss (TORRES et
al., 2003). In agreement with the results obtained
in thisresearch, REIS (2013) also stated that there
is a reduction of O, emissions when there are high
demands for power in the power take-off and on the
tractor’s traction bar.

CONCLUSION

The adoption of controlled traffic of
agricultural machinery provides a reduction of the

chief pollutant gases emitted by the engine. Double
disk plow configurations, which demand less traction
force by the tractor, make the engine emit lower
amounts of particulate materials, nitrogen oxides, and
carbon dioxide into the atmosphere.

ACKNOWLEDGEMENTS

This study was financed in part by the Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES)

DECLARATION OF
INTEREST

CONFLICT OF

The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTIONS

All authors contributed equally for the conception
and writing of the manuscript. All authors critically revised the
manuscript and approved of the final version.

REFERENCES

BRIJESH, P.; SREEDHARA, S. Exhaust emissions and its control
methods in compression ignition engines: a review. International
Journal of Automotive Technology, v.14, p.195-206, 2013.
Available from: <https:/link.springer.com/article/10.1007/s12239-
013-0022-2>. Accessed: Mar. 18, 2023. doi: 10.1007/s12239-013-
0022-2.

CEPIK, C. T C. et al. Power demand and soil mobilization in fixed
shanks of seed drills. Revista Brasileira de Engenharia Agricola
e Ambiental, v.14, p.561-566, 2010. Available from: <https://
www.scielo.br/j/rbeaa/a/YXPs7BXHTNbWszpSFW3K7Hc/
abstract/?lang=pt>. Accessed: Mar. 18, 2023. doi: 10.1590/S1415-
43662010000500015.

CHEN, H.; YANG, Y. Effect of controlled traffic system on machine
fuel saving in annual two crops region in North China Plain. Soil and
Tillage Research, v.153, p.137-144, 2015. Available from: <https:/
www.sciencedirect.com/science/article/pii/S0167198715001166>.
Accessed: Mar. 18, 2023. doi: 10.1016/j.sti11.2015.06.001.

FERREIRA, D. F. Sisvar: a Guide for its Bootstrap procedures in
multiple comparisons. Ciéncia & Agrotecnologia, v.38, p.109-
112, 2014. Available from: <https://www.scielo.br/j/cagro/a/
yyWQQVwgNcH6kz9qT9Jdhv/>. Accessed: Mar. 18, 2023. doi:
10.1590/S1413-70542014000200001.

FURLANI, C. E. A. et al. Planter: requirements as related to soil
tillage, tire pressure, and machine speed. Revista Brasileira de
Ciéncia do Solo, v.32, p.345-352, 2008. Available from: <https://
www.scielo.br/j/rbes/a/CR5z8xOH86FkWt8Pw(Q33Rhf/?lang=pt>.
Accessed: Mar. 18, 2023. doi: 10.1590/S0100-06832008000100032.

HEYWOOD, J. Internal Combustion Engines Fundamentals.
McGraw-Hill Education. New York, EUA, 2018. 1056p.

PERIN, G. F. et al. Emissions of agricultural engine using different

diesel types and biodiesel concentrations in the fuel mixture.
Pesquisa Agropecuiria Brasileira, v.50, p.1168-1176, 2015.

Ciéncia Rural, v.54, n.6, 2024.



6 Bertollo et al.

Available from: <https://www.scielo.br/j/pab/a/pKBh6CzKFJ8qqL
VYmHmnpWk/?lang=pt>. Accessed: Mar. 18, 2023. doi: 10.1590/
S0100-204X2015001200006.

PETRANOVIC, Z. et al. Modelling pollutant emissions in
diesel engines, influence of biofuel on pollutant formation.
Journal of Environmental Management, v.203, p.1038-1046,
2017. Available from: <https://www.sciencedirect.com/science/
article/pii/S0301479717302499>. Accessed: Mar. 18, 2023. doi:
10.1016/j.jenvman.2017.03.033.

RASHID, G. et al. Analysis and comparison exhaust gas emissions
from agricultural tractors. International Journal of Agriculture
and Crop Sciences, v.5, p.688-694, 2013. Available from: <https://
www.academia.edu/63052864/Analysis_and Comparison_
Exhaust Gas_Emissions_from_Agricultural Tractors?from
sitemaps=true&version=2>. Accessed: Mar. 18, 2023.

REIS, E. F. et al. Performance and emissions of a diesel engine-
generator cycle under different concentrations of soybean
biodiesel. Revista Brasileira de Engenharia Agricola e
Ambiental, v.17, p.565-571, 2013. Available from: <https://
www.scielo.br/j/rbeaa/a/r3PKZZv639FShsQfzWXJh8w/
abstract/?lang=pt>. Accessed: Mar. 18, 2023. doi: 10.1590/S1415-
43662013000500015.

STRANDDORF, H. et al. Impact categories, normalication
and weighting in LCA. Copenhagen: Danish Environmental
Protection Agency, 2001. (Environmental News, 78).

TORRES, J. et al. Exhaust emissions evaluation of Colombian
commercial Diesel fuels. Ciencia, Tecnologia y Futuro, v.2,
p-19-34, 2003. Available from: <http://www.scielo.org.co/scielo.
php?script=sci_abstract&pid=S0122-53832003000100003>.
Accessed: Mar. 18, 2023.

Ciéncia Rural, v.54, n.6, 2024.



	_GoBack

