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ABSTRACT 

The controlled traffic of machines is a technique that performs the standardization of 

machine wheel gauges and width of implements, allowing them to move in predetermined 

places. The objective of this study was to evaluate the performance of an agricultural 

tractor, pulling seeder with configurations of furrows, in an area with controlled traffic of 

machines in various intensities. The study was developed in an agricultural area located 

in the municipality of Carazinho, RS. The experimental design was 3 x 3 randomized 

blocks, with traffic conditions (tractor traffic, tractor and harvester traffic, other tractor 

traffic, harvester and sprayer) and three configurations of furrows (double disk, double 

disk in the rows without traffic and rod in the traffic and double disk in the rows without 

traffic and without furrower in the lanes of traffic). The variables analyzed were traction 

force, power in the drawbar, maximum power, speed, skidding, operational capacity and 

efficiency of the engine. It was concluded that the absence of furrows in controlled traffic 

lanes provides reduction of traction force. The power demand of the seeder decreases 

when the rod-type furrow is replaced by double disc and this reduction is even greater 

when removed from the traffic lanes in situations of higher traffic intensity.   
 

INTRODUCTION 

Brazil has become a major producer of the main 

agricultural crops. The soybean area is expected to increase 

significantly over the next 10 years. To manage cultures, 

since implantation, cultural dealings and harvesting, 

agricultural machines and equipment traffic on the ground 

to perform their functions. With the modernization of 

agriculture, the machinery and implements mass, and the 

intensity of soil use have increased (Streck et al., 2004), and 

this may cause soil compaction. 

The traffic of machines of different masses, together 

with the intensity of passes, can interfere in the physical 

attributes of the soil so that they become restrictive for root 

and plant development (Cortez et al., 2014). The 

compaction is directly related to soil quality, and occurs due 

to the pressure applied by the machine wheels or trampling 

of animals, exceeding the load bearing capacity that the soil 

offers (Mazurana et al., 2013). 

A mechanical alternative for the reduction of 

problems caused by compaction of areas in no-tillage 

system is the use or the deepening of the action of the furrow 

rod for fertilizer deposition at the moment of sowing (Nunes 

et al., 2015). However, subsoil operation using rods 

influences the need for increased energy demand and the 

increase of the tractor’s skidding, requiring more tractive 

force to work at greater depths (Cepik et al., 2010). 

The controlled traffic system can reduce traction 

demand significantly by lower rolling resistance of the tire 

due to displacement in permanently trafficked areas and less 

demanding when opening the furrow in areas with lower 

compaction occupied by areas for cultivation of plants and 

without machine traffic (Chen & Yang, 2015). In controlled 

traffic, occurs the displacement of wheelsets in compacted 

tracks, increasing the traction of the machines and boosting 

the field efficiency of the equipment during agricultural 

operations (Rosset & Rampim, 2013). 

The adoption of controlled traffic of machines 

allows improvements in the physical structure of the soil 

and reduction in the fuel consumption, since a larger area of 

soil will not be compacted and will present less resistance 

to soil rupture in the passage of implements of mobilization, 

as well as improvement of the tractor’s traction potential 

(tire-soil relation), which increases the efficiency of the 

traction, result of the traffic of the machinery on firmer soil 

(traffic lanes) (Roque et al., 2010) 

Therefore, the objective of this study was to evaluate 

the performance of an agricultural tractor in the sowing 

operation with types of furrowers in the sowing, in areas 

with controlled traffic of machines at various intensities. 
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MATERIAL AND METHODS 

The research was carried out in the municipality of 

Carazinho, RS, in a rural property that has used for three 

years the controlled traffic system of machines. The soil of 

the site is classified as Red Latosol, of clay texture (55% of 

clay) with relatively flat topography. The area had been 

cultivated for more than a decade, with annual crops such 

as soybean, wheat and oats, characterizing a consolidated 

no-tillage system. In the experiment the area presented 

cultural remains of the soybean crop, whose harvest had 

been carried out at 20 days and presented 2.297 Mg ha-1 of 

dry matter. The soil water content on the day of the study 

was 22.4%; 20.3%; 21.8%; and 22.8% at depths of 0-0.05 

m; 0.05-0.1 m; 0.1-0.15 m and 0.15-0.2 m, respectively. 

The rural property has its machines with wheelset 

gauges adapted for this type of operation, all with horizontal 

free span of 3 m. The machines feature a satellite navigation 

system of the Global Navigation Satellite System type 

(GNSS) -Real-Time Extended (RTX), with centimeter 

accuracy (0.04 m) and autopilot, to maintain the direction 

and accuracy of traffic on the determined lane, 

concentrating all traffic of the machines in defined places, 

being possible to maintain the lanes of the machines 

circulation permanent over the years. 

The tractor used for the sowing operation in the 

controlled traffic was Massey Ferguson, model MF 7415 

Dyna6, auxiliary front wheel drive (AFWD), with cabin, 

manufactured in the year 2014. It is equipped with four-

cycle diesel engine with six vertical cylinders, in line, with 

two valves per cylinder, totaling a cylinder capacity of 7400 

cm³. It features turbocharger with intercooler, providing 

rated power, according to the dynamometric evaluation 

performed of 145.6 Kw at 1795 rpm, and maximum torque 

of 893 Nm at 1402 rpm. In the experiment performing, the 

tractor had 1200 hours of work. 

The tractor was equipped with Goodyear-branded 

front wheels, specification 18.4-26 R1 and Firestone rear 

wheels, specification 30.5L32 R1. The four wheelsets had 

hydraulic lifting of 75% of the total volume, besides metal 

stripping, with 34 metallic blocks in the front support, and 

four masses of 50 kg and one of 200 kg in the rear wheel, 

adding 400 kg per rear wheelset rim, totaling a total tractor 

mass of 11,690 kg giving a mass/power ratio of 80.29 kg 

kW-1 (59.1 kg hp-1). The tire inflation pressure was adjusted 

to 144.7 kPa (21 lbf in-2) for the front wheels and 70.3 kPa 

(10.2 lbf in-2) on the rear wheels, according to the 

manufacturer’s recommendation. The tractor mass 

distribution was 60.3% and 39.7% on the rear and front 

axles, respectively. 

Two seeder-fertilizer drills Semeato, model SSM 27 

were used, of tractive drawbar in the form of tandem, 

configured with 52 sowing rows, spaced at 0.17 m. In order 

to simulate ideal field conditions, we used seedling 

ballasting with 2,060 kg of fertilizer in the reservoirs, 

characterizing half the maximum storage capacity of seeds 

and fertilizers. The seeder operated lubricated and with 

inflation pressure of the four tires of 275.8 kPa (40 lbf in-2). 

The research was conducted in randomized blocks, 

in two-factorial statistical design, with three traffic 

situations (tractor traffic, tractor and harvester traffic, other 

tractor traffic, harvester and sprayer) and three 

configurations of furrower (double disk in all seeding rows, 

double disk in the rows without traffic and rod in those that 

receive the traffic, double disk in the rows without contact 

of tire and absence of double disk furrow type and rod in the 

traffic lanes). The data collection was performed in 50 m 

length in three blocks, totaling 27 experimental units. 

The traffic situation factor in the controlled system 

was composed, initially, by the tractor pass only, 

characterizing its traffic in area without traffic (WT), which 

shifted by traction of the seeder outside the demarcated 

lanes to traffic (Figure 1A). The second level was 

characterized by the sum of the tractor pass in the sowing 

operation and the harvester in the soybean harvest, 

characterizing tractor and harvester (TH) (Figure 1B). The 

third level was composed of the sum of the traffic of the 

tractor in the sowing operation, the harvester in the soybean 

harvest and of the sprayer in the cultural tracts, which 

totaled seven traffics, characterizing tractor, harvester and 

sprayer (THS) (Figure 1C). 
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FIGURE 1. Traffic intensities scheme being an area without traffic (WT) (A), tractor + harvester traffic (TH) (B) and tractor + 

combine harvester + sprayer traffic (THS) (C), double disk configuration (D), double disc with rod (E) and double disc rodless (F).  

 

The configuration of the seeder, which composed the 

second variation factor, was characterized by the variation 

of the furrowing system, due to the different intensities of 

traffic in the previous factor. The initial configuration 

consisted of 52 furrow double disc type (DD) (Figure 1D) 

with 0.406 m and 0.381 m diameter of the discs, these being 

fixed in the same turning center. The second configuration 

was through the association of double disk and furrowing 

rod (DDwR) (Figure 1E), being 42 double discs of the 52 

furrow of the previous situation and the space by those 

removed occupied by 10 furrow of the rod type, these being 

located in the rows 14, 15, 16, 17, 18, 40, 41, 42, 43 and 44, 

counted from left to right of the seeder, which were 

characterized by coinciding on the traffic lanes of 

agricultural machine tires. For the third level, the 42 

previous double discs were retained and the 10 furrow rods, 

called double rodless disc (DRlD) (Figure 1F).  

The spacing of 0.17 m between the rows and the use 

of the corrugated cutting discs was maintained, preceding 

all the rod type furrow with intermediate spring pressure, 

the same used by the producer during sowing. In the rows 

configured with a double-disc furrow, the depth control and 

compression wheels were present and the depth adjustment 

was maintained at 0.03 m. In the treatment consisting of 

rows with a furrowing rod, depth control mechanisms were 

not used and the intermediate pressure in the springs was 

regulated, and the average depth obtained by their action 

was then evaluated, which was found in 0.13 m. 

All plots were installed homogeneously with the 

tractor-seeder set, in the second gear of group B and 

acceleration of the engine in rotation of 1820 rpm, regulated 

by the manual accelerator of the tractor, characterizing 

speed of 4.2 km h-1. 

The variables analyzed were traction force, power at 

the drawbar, maximum power available, actual working 

speed, skidding, percentage of engine utilization and 

operational capacity. 

Data regarding the tensile force were collected using 

an electronic instrumentation. The tractive force demanded 

by the sowing machine in the sowing activity was measured 

directly by mean of a 100 kN load cell, which generates 

electric pulses at the same intensity as the required effort, 

which were stored for later evaluation.  

The determination of the power in the tractor 

drawbar was calculated with the values of the tractive 

force and real displacement speed of the tractor-seeder set, 

by [eq. (1)]: 

𝑁𝐵 =
𝑇𝑓∗𝑆𝑟

3.6
                                                            (1) 

Where: 

NB – Power on the drawbar (kW); 

Tf – Tractive Force (kN), 

Sr – Real Speed (km h-1). 

 

The power supplied by the engine is used to balance 

the required power in a given working condition and is 

decomposed by [eq. (2)]:  

𝑁𝐸 = 𝑁𝑡 + 𝑁𝛿 + 𝑁𝑘 + 𝑁𝐵                                          (2) 

Where:  

NE – Power supplied by the engine (kW); 

Nt –Power used in the transmission of the engine - 

drive wheels (kW); 

Nδ – Power consumed by skidding (kW); 

Nk – Power used to overcome rolling resistance (kW), 

NB – Power on the drawbar (kW). 

 

For determining the power supplied by the engine, it 

was necessary to discount the ways in which this power is 

lost until it reaches the point of use. From this deduction, it 

is possible to find the value of the total produced, estimating 

the losses of the power in the transmission and the skidding 

by means of eqs (3) and (4).  

𝑁𝑡 = 𝑁𝐸 ∗  ɳ𝑡                                                       (3) 

Where: 

Nt – Power used in the transmission of the engine (kW); 

NE – Power supplied by the engine (kW), 

ɳt – Efficiency of transmission (0.85). 

 

𝑁𝛿 =
𝐹𝑡∗𝑆𝑡∗ 𝛿

3.6
                                                                            (4) 

Where:  

Nδ – Power used by skidding (kW); 

Ft – Tractive force (kN); 

St – Theoretical displacement speed (km h-1), 

δ – Skidding. 

 

The skidding of the four-wheel drive was evaluated 

by the installation of inductive sensors, model LM12-

3004PC. It was assembled on all wheelsets of the tractor, 

where toothed wheels were fixed to the outside by means of 

adapted supports to the tractor. 

D E F 



Gilvan M. Bertollo, José F. Schlosser, Rovian Bertinatto, et al. 668 

 

 

Engenharia Agrícola, Jaboticabal, v.38, n.5, p.665-672, sep./oct. 2018 

In order to determine the working speed, the time the 

tractor took to go through 50 m of each plot was timed. The 

rolling resistance values (kN) were obtained with the same 

load cell used in the experiment, installed in another tractor 

and at the other end connected to an iron chain that was 

coupled to the test tractor. The data recording was 

instantaneously by the load readings that represented the 

rolling resistance values of the test tractor, and were 

acquired with the engine on and the transmission in neutral 

mode. 

The operational capacity of the tractor-seeder set 

was estimated considering an operational efficiency of 75% 

considering the seeder working width of nine-meter and the 

displacement speed according to the real speed obtained in 

the field. The determination of the operational capacity was 

based on [eq. (5)]: 

𝑂𝐶 =
Sr∗W∗OE

10
                                                                          (5) 

Where: 

OC – Operational capacity (ha h-1); 

Sr – Real speed (km h-1); 

W – Working Width (m), 

OE – Operational efficiency (dimensionless). 

 

To verify the contact surface, the tractor was 

positioned on the ground and the tire contour was marked 

with white calcitic limestone in order to delimit the 

impression of the tire on the ground. Soil compaction at the 

different traffic intensities was evaluated by means of a 

penetrometer at depth 0 to 0.4 m. Ten readings were 

performed in each traffic intensity (WT, TC, THS and WT) 

in the transversal direction of the traffic lane.  

The results were tabulated and submitted to analysis 

of variance, and the means were compared by the Tukey test 

at 5% probability. 

 

RESULTS AND DISCUSSION 

The results show a significant interaction between 

the traffic intensities and the furrowing systems used in this 

experiment for the variables traction force, real speed, 

drawbar traction and operational capacity (Table 1). The 

main effects of this study were the significant difference for 

all the variables in the furrower options, and only the 

tractive force and power in the drawbar traction did not 

show a significant difference in the traffic intensity factor 

(Table 1). 

TABLE 1. Summary of the ANOVA with mean squared values for the tractive force (Ft), skidding (δ), real speed (Sr), traction 

drawbar (NB), maximum power supplied by the engine (NE), use of the engine and operational capacity (OC), for traffic 

intensities, furrower options, their interaction, error, coefficient of variation and general average. 

  Average squares 

Sources of variation  
Ft 

(kN) 

δ 

(%) 

Sr 

(km h-1) 

NB 

(kW) 

NE 

(kW) 

Use 

(%) 

OC 

(ha h-1) 

Traffic (T)  0.39 3.57* 0.005* 1.47 21.27* 8.53* 0.002* 

Furrower (F)  1124* 20.26* 0.084* 1464* 2088* 836.7* 0.037* 

T x F  4.55* 0.56 0.006* 5.38* 5.63 2.25 0.002* 

Error  0.99 0.71 0.001 1.09 1.98 0.79 0.0005 

CV (%)  4.14 40.03 0.85 3.6 2.96 2.96 0.84 

       Overall average  24.08 2.11 4.37 29.06 47.49 30.05 2.76 

* Significant effect (p ≤ 0.05). 

 

When analyzing the general average of the variables 

studied in this research, it was verified that the values found 

were low when compared to those referenced by ASAE 

standard (ASAE, 1999), which, for the operation of seeders 

of large grains (precision seeders), in the horizontal 

direction of the displacement, already included the rolling 

resistance of the machine with good sowing bed, varies 

from 900N (± 25%) per row (sowing only) and of 3,400 N 

(± 35%) of variation per row (sowing and fertilization).  

In this sense, considering 900 N per row of the seeder 

for using only one seeder set per row and multiplied by the 

average of 48 rows, according to the average number of 

rows of the three configurations tested, totalizes a tractive 

force of 43.2 kN which is higher to 24.08 kN found in this 

research (Table 1).  

The power in the drawbar (NB), considering the 

average speed of 4.37 km h-1, was 52.44 kW which is 

approximately double when compared to the average found 

in this study that was only 29.06 kW (Table 1). Reduced 

results were also found by Rodrigues et al. (2011) 

evaluating the energy demand of a seeder of 17 rows in 

sorghum sowing, where they found 10.87 kW of power in 

the drawbar (0.64 kW per row). Results that are similar to 

the data of this study, if extrapolated to the average of 48 

rows in the seeder, would represent 30.69 kW of power in 

the drawbar, which is very close to the 29.06 kW found.  

This low power in the drawbar can be justified by the 

configuration of the seeder rows, seeding depth and speed 

of operation used in this study. The configurations of the 

rows of the sowing machine were composed by a double 

disk type furrow, with the function of furrow opening and 

deposition of the seed and fertilizer (phosphorus) in the 

same furrow, with depth control wheels. In this way, due to 

the low seeding depth (0.03 m) and operating in a large 

traffic-free area (81.2%), together with a low operating 

speed (4.37 km h-1), may have required little power demand 

on the tractor's drawbar. 

Analyzing the interaction between intensity of 

traffics and furrow options, it is observed that the tractive 

force was higher in the TH traffic, not different from the 

THS in the configuration of DDwR (Table 2). 
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TABLE 2. Traction force (kN), displacement speed (km h-1), power on the drawbar (kW) and operational capacity (ha h-1) in an 

area without traffic (WT), with tractor and harvester (TH) traffic and with tractor, harvester and sprayer traffic (THS) in the 

configurations of double disk type, double disk with rod and double disk rodless. 

Traffic  Furrow system 

  Double disc  Double disc with rod  Double disc rodless 

 ---------------------------------------- Tractive force (kN)---------------------------------------- 

WT  19.14 Ba  35.27 Ab  17.53 Ba 

TH  18.57 Ba  38.33 Aa  16.06 Ca 

THS  18.48 Ba  37.18 Aab  16.17 Ca 

------------------------------------------- Speed (km h-1) ------------------------------------------- 

WT  4.39 Aa  4.29 Ba  4.39 Ab 

TH  4.46 Aa  4.29 Ba  4.46 Aab 

THS  4.39 Ba  4.22 Ca  4.50 Aa 

--------------------------------- Power on the drawbar (kW) --------------------------------- 

WT  23.34 Ba  41.99 Ab  21.37 Ba 

TH  23.03 Ba  45.63 Aa  19.92 Ca 

THS  22.54 Ba  43.55 Aab  20.22 Ca 

----------------------------------- Operational capacity(ha h-1)----------------------------------- 

WT  2.77 Aa  2.70 Ba  2.77 Ab 

TH  2.81 Aa  2.70 Ba  2.81 Aab 

THS  2.77 Ba  2.66 Ca  2.84 Aa 

* Means followed by the same lowercase letter in the column and uppercase in the row in each variable, do not differ by Tukey's test (p≤ 0.05). 

 

The tractive force results show the objective of this 

configuration used in the seeder, which consists of the 

simple opening of the furrow where there is no compaction 

(double disc) and the opening of the furrow with 

decompression of the soil (rod), in those places that received 

the traffic of machinery tires. However, it requires greater 

tractive force to break through these compacted layers 

generated by the localized traffic of the machines when 

using furrower of rod type.  

When analyzing the compaction generated by the 

traffic of the machines through a penetrometer, it is 

observed, even without statistical analysis, that the higher 

compaction occurs in the traffic of the TH, followed by the 

THS traffic in the surface profile of the soil (Figure 2), 

where it occurs the performance of the furrower 

mechanisms of the seeder. In this sense, the higher tractive 

force requirement of the tractor to drive the seeder when 

using DDwR can be attributed to this compaction generated 

by the traffic of the machines. 

 

 

FIGURE 2. Soil penetration resistance (kPa) in soil depth (mm), measured in area without traffic (WT), with tractor and harvester 

traffic (TH), with tractor, harvester and sprayer traffic (THA) and random machine traffic (RT). 
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For the other options of furrow, the traffic intensities 

did not present a significant difference (Table 2). This result 

can be attributed to the lower depth of actuation of the 

double disc furrow mechanism when compared to the rod. 

In this study, the double discs of the seeder machine 

operated at a depth of 0.03 m, not having high resistance to 

penetration at this depth when compared to the performance 

of the rods, which reached greater depth in the vertical 

profile of the soil with greater resistance to penetration 

(Figure 2). 

When analyzing the furrowing systems at each 

traffic intensity, it is observed that the tractive force was 

higher in the DDwR furrower for all traffic intensities 

(Table 2). Evaluating different furrowers, Levien et al. 

(2011) also found a higher requirement for traction for the 

fixed furrow opening elements when compared to moving 

elements. By providing greater friction with the ground and 

depth of actuation, different from the discs that only open 

the furrows, the rods become more energy demanding to 

perform their work, requiring for this, greater power of the 

tractor in the form of traction. 

The lowest traction force was observed in the DDwR 

furrowing system for the traffic intensities evaluated, except 

in the WT area that did not differ from the DD furrowing 

system (Table 2). Based on Table 2, and calculating the 

percentage value of reduction of the tractive force, the 

absence of furrows in the traffic lanes compared to the use 

of furrows with rods (DDwR to DRlD) provided a reduction 

of 56% of tractive force. When the rods were replaced by 

double disc (DDwR to DD) this decrease was 50% in the 

tractive force.  

The displacement speed, analyzing the traffic 

intensities in each furrower option, was higher in the THS 

traffic, not statistically differing from the TH traffic in the 

DDwR furrower configuration (Table 2). This result, when 

analyzed in percentage based on the values in Table 2, the 

traffic controlled in the highest intensity (THS) provided 

2.4% higher speed when compared to WT area.  

Furlani et al. (2005) reported higher average speed at 

no tillage system in relation to soil preparation with 

scarifier. The result of these authors can explain the data 

obtained in this study, due to the greater density in the traffic 

lanes compared to the WT area, favoring the displacement 

of the tractor and seeder set. 

Analyzing only the DDwR option, the lowest 

displacement speed was evidenced in the WT situation 

(Table 2). This result can be justified by the greater area of 

contact of the tire with the soil, which in this study presented 

the highest value when compared to situations with more 

intense traffic (Figure 3). This greater contact area causes 

the tires to have greater adhesion with the ground being able 

to interfere in the displacement speed of the tractor-seeder 

set.

 

FIGURE 3. Contact area (cm²) of the tractor tires in area without traffic (WT), with tractor and harvester traffic (TH) and with 

tractor, harvester and sprayer traffic (THS). 

 

Allied the contact area of the tire with the ground, the rolling resistance imposed on the tractor tires can also interfere 

with the displacement speed. In this study, it was verified that the higher rolling resistance was obtained in the WT situation 

when compared to the other intensities studied (Figure 4). This demonstrates that the greater resistance offered by the ground to 

the tires, can reduce the displacement speed of the tractor as observed in this study. In the other furrower options, the traffic 

intensities showed no significant difference in the displacement speed (Table 2). 

 

 
* Means followed by the same letter do not differ by Tukey test (p≤0.05). 

FIGURE 4. Rolling resistance (kN) of the agricultural tractor in an area without traffic (WT), with tractor and harvester traffic 

(TH) and with tractor, harvester and sprayer traffic (THS). 
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Analyzing the configurations of furrowers in each 

traffic intensity, it was verified that the tractor and the 

seeder speed were higher in the DRlD and DD furrower 

configuration in the traffic-free situation and in the TH 

(Table 2). It is observed, when transforming the data of 

Table 2 in percentage value, that the use of rods in the traffic 

lanes (DRlD for DDwR) in the THS system, reduced the 

speed in 6.2%. 

According to Silveira et al. (2005), the working 

speed of a seeder is directly related to the force required for 

the tractor to be able to drive it, being lower as the demand 

on traction increases. In this study the use of double disk 

replacing the rods and the absence of furrows in the traffic 

lanes, demanded lower tractive force (Table 2), which 

resulted in a higher displacement speed. 

The power in the drawbar analyzing the traffic 

intensities in each furrows option, was higher in TH traffic, 

not statistically different from THS in the DDwR 

configuration (Table 2). Silveira et al. (2013) report that 

several factors are responsible for the force requirement in 

the drawbar, such as: model of the furrowing rod, seeding 

depth, fertilization, water content, type of soil and its 

preparation, size and load of the seeder. In this study, this 

higher power in the drawbar can be attributed to the soil type 

and its handling, when it comes to the traffic intensity, 

because the history of the TH and THS traffic may have left 

the soil with greater difficulty in the furrow opening, when 

compared to WT situation. 

The lower power in the drawbar was observed in the 

DRlD configuration for the traffic intensities evaluated, 

except for the WT situation that did not differ from the DD 

configuration (Table 2). Based on the values in Table 2 and 

turning them into percentage values, it is observed that the 

absence of rod-type furrows in the traffic lanes (DDwR to 

DRlD) provided a reduction in the power of the drawbar of 

50.8%, 57.9% and 53.5% in the WT, TH and THS areas, 

respectively. 

This result can also be attributed to the smaller 

number of furrows used between the three configurations 

studied, which were 52 for the DD and DDwR treatments, 

and 42 for the DRlD system because the traffic lanes of the 

tires were not cultivated. However, this high percentage 

reveals the high power in the drawbar required by the action 

of these furrows, which was higher than 50% in all traffic 

intensities. 

The WT situation may not have differed between DD 

and DRlD, because of the reduced tire passages and, 

consequently, low soil resistance offered to this mechanism, 

different from the higher intensities of the tested traffics, 

where the withdrawal of the furrows required less power in 

the tractor drawbar.    

The operational capacity, analyzing the traffic 

intensities in each furrows option, was higher in the THS 

traffic, not statistically differing from the TH traffic in the 

DRlD configuration (Table 2). The consolidation of the soil 

caused by the traffic of the machines, together with the 

removal of the furrows operating in this area (DRlD), may 

have favored the increase of the operational capacity when 

compared to the ground, that does not receive the traffic of 

machines and it becomes less consolidated reducing the 

displacement speed as observed in Table 2 and, 

consequently, the operational capacity. The DD and DDwR 

configuration did not present statistical differences in traffic 

intensities (Table 2). 

Analyzing the furrows configurations at each traffic 

intensity, the highest operational capacity was observed in 

the DD and DRlD configuration for all intensities, except 

THS traffic that was higher only for DRlD (Table 2). The 

lower operational capacity was observed in the DDwR 

furrower configuration for all traffic intensities (Table 2). 

When analyzing the percentage contribution of the 

controlled traffic of machines between the furrows 

configurations evaluated, based on the values in Table 2, it 

is observed that the absence of furrower (DRlD) in relation 

to the DD and DDwR configurations in the highest traffic 

intensity (THS) increase operational capacity by 2.5% and 

6.3%, respectively. 

This study reveals that the operational capacity in the 

sowing operation can be greater with the technique of 

controlled traffic of machines, for accumulating the 

passages of the machines in the same place and to favor the 

movement of the same ones. The correct adjustment of the 

configuration of the furrows that, in addition to increasing 

the performance of the set, can provide reduction of costs 

by the lower power requirement. 

Analyzing the main effects, it is observed that the 

skidding was higher in the WT area, not statistically 

different from the THS traffic (Table 3). When analyzing 

the main effects, it can be observed that the furrowing 

systems in the DDwR configuration presented the greatest 

slippage when compared to the other furrows options 

(Table 3).  

 

TABLE 3. Skidding (%), engine power (kW) and engine utilization (%) for areas without traffic (WT), tractor and harvester 

traffic (TH) and tractor, harvester and spray traffic (THS), in double disk (DD), double disk with rod (DDwR) and double disk 

rodless (DRlD) configurations. 

  Variables 

Traffic  Skidding(%)  Engine power (kW)  Using the engine(%) 

WT  2.65 a  49.0 a  31.0 a 

TH  1.42 b  47.5 b  30.1 ab 

THS  2.28 ab  45.9 b  29.1 b 

Furrow  Skidding(%)  Engine power (kW)  Using the engine (%) 

DD  1.16 b  40.1 b  25.4 b 

DDwR  3.85 a  65.0 a  41.1 a 

DRlD  1.35 b  37.4 c  23.7 c 

* Means followed by the same letter in the column for each variable do not differ by Tukey test (p≤0.05). 
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The power supplied by the engine was higher in the 

WT area compared to the other machine traffic intensities 

(Table 3). This result, although, did not show significant 

interaction to evaluate in which furrow options is more 

intense, demonstrates that controlled traffic of machines 

requires less power provided by the tractor engine. This may 

represent greater gains in efficiency in the use and reduction 

of the inputs use, such as fuel consumption and pollutant 

emissions. 

Analyzing the furrowing systems, the higher power 

supplied by the engine was observed in the use of DDwR 

(Table 3). According to Francetto et al. (2016), the rod type 

furrower requires greater strength and power than the 

mismatched double discs, and both when combined with 

cutting discs have their requirements increased. This 

increased requirement on power and strength may justify 

this increase in the maximum available power of the engine 

found in this study with the use of DDwR. 

The highest use of the engine was observed in the 

WT area, not statistically different from the TH traffic 

(Table 3). The existence of a soft soil resulting from the 

absence of machine traffic may have required more demand 

from the tractor engine to overcome the rolling resistance 

(Figure 3) and thus use more engine power. By analyzing 

the furrowing systems, the greater use of the engine occurs 

in the use of DDwR (Table 3). 

These results of tractor performance, in the sowing 

operation in an area with controlled traffic of machines, 

express the importance and the benefits in using different 

configurations in the sowing machine, especially when 

there is variation of the intensity of compaction of the area 

and if it occurs in specific locations, such as the use of 

controlled traffic in machinery, that happens in traffic lanes.  

 

CONCLUSIONS 

The absence of furrows in the controlled traffic lanes 

provides reduction of the tractive force. When the rods are 

replaced by double disc, there is also decrease. 

The power demand of the seeder decreases when the 

rod-type furrow is replaced by a double disc and this 

reduction is even greater when the furrows are removed 

from the traffic lanes in situations of greater traffic intensity.  
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