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Abstract. A study has been conducted on the fuel consumption in direct sowing of wheat with a Horsch Avatar 6.16 SD direct seeder aggre-
gated to a John Deere 7250 R tractor. The experimental field (29.53 ha) was sown with winter soft wheat (Silverio variety) at a sowing rate of
195 kg/ha. The data from the sowing unit were collected using the JD Link telematics system, downloaded from the system and imported and
compiled in a database. Fuel consumption was analyzed in accordance with the operation mode, the idle mode and the transportion mode
of the machine-tractor unit. It was found that the average fuel consumption in work mode (when the seeder was sowing) was 23.08 I/h, while
in transportion mode the seeding unit consumed 16.55 I/h and while the unit was idling it consumed 4.30 I/h. The results also show that the

seeding unit has travelled 63 km and consumed 185 L of diesel fuel at an average diesel consumption of 23.08 I/h.
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Introduction

Sowing is the most important process in crop growing
(Tihanov, 2019). Crop yields are largely determined
depending on its timeliness and quality (Kolev, 1999). It
seeks to develop the seeds under appropriate conditions
depending on the basic agrotechnical requirements of
the crop, in order to obtain rapid and friendly sprouting
(Hristova, 2017). Dallev and Ivanov (2015) established
the right soil conditions for carrying out the technological
operation sowing of crops. According to them, creating
an appropriate aggregate composition, as well as the
soil structure is very important for growing crops. Precise
management of agricultural machinery is essential for
sustainable agriculture (Kaivosoja and Linkolehto, 2016). In
addition, automatic control reduces fuel consumption, soil
compaction and driver fatigue, and also increases overall
productivity (Zithak et al., 2014).

The reduction in fuel consumption has a favourable effect
on the production cost (Kolev, 1999). When working on the
field, the sowing unit consumes diesel fuel which is divided
into three categories: fuel to complete the basic technological
process, fuel to perform idling of the unit and fuel to operate
the engine during downtime that arises during the work
process (Kolev, 1999). Fuel consumption can be reduced if the
shift productivity of the sowing unit is increased. This can be
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achieved by reducing the relative idle time and by making more
rational use of shift time.

Direct seeders can work longer and make fewer mistakes
than the tired operator, which has a direct effect on optimizing
the seeding process. Optimized routes have been found
to reduce fuel energy consumption by up to 8% (Rodias et
al., 2017). Other authors have found that 34% of farms use
GPS systems to reduce machine time and fuel consumption
by 6.04% and 6.32%, respectively. Twenty-seven percent of
farms used automatic control systems, which further reduced
machine time by 5.75% and fuel consumption by 5.33% (Bora
et al., 2012). Planning of the way the units move is mainly
aimed at increasing their efficiency - reducing non-production
time and fuel consumption.

The objective of this paper is to study fuel consumption in
direct sowing of wheat using precision farming systems.

Material and methods

The survey was carried out in 2019 on the fields of ET
“Agroplod — Dian Tanev” company on the territory of the
town of Nova Zagora during wheat sowing. The type of
soil was leached vertisols. The study included the Horsch
Avatar 6.16 SD direct seeder, which was aggregated to a
John Deere 7250 R tractor (Figure 1). The operation width
of the seeder is 6 m.



Figure 1. Horsch Avatar 6.16 SD direct (stubble) sowing
aggregated to John Deere 7250 R tractor

The study of the field characteristics, agronomic data and
operation parameters in wheat sowing was made by using the
JD Link telematics system. During the survey we had access
to the telematics system of the manufacturer Mr. Dian Tanev
from ET “Agroplod - Dian Tanev’ company The data were
downloaded from the system and imported and compiled in a
database.

The wheat crop sowing was carried out on the Asenovets
farm in the field Gerenite-Star shown on Figure 2. The field was
sown with winter soft wheat of the Silverio variety at a sowing
rate of 195 kg/ha. The total area of the field is 29.53 ha.
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Figure 2. Map of field with an area of 29.53 ha

Results and discussion

Table 1 shows some of the agronomic data and sowing
indicators on the Gerenite-Star field. It was completed for 1 day
on 15 October 2019. The data show that the average input rate,
i.e. the actually sown amount of seeds is 193.77 kg/ha with
actually applied amount of 5722.83 kg. The seeding rate differs
by 1% from the preset one.

The table shows that the sowing rate deviates from the
setrate. This is due to the fact that the coefficient of adhesion
between the tyres of the seeding unit and the stubble is

greater than the field of cultivation. From our observations,
in order to fulfill the agrotechnical requirements of the direct
seeder, it is necessary to increase the set sowing rate by
0.63%. Also, in this way the soil microflora is not disturbed,
erosion is avoided, soil moisture and soil compaction are
preserved, which is caused by the “repeated” cultivation of
heavy machinery (FAQO, 2014).

Table 1. Agronomic data and indicators for wheat sowing of
Silverio variety

Agronomic data and parameters Fléld
Gerenite-Star
Seeding start 15 Oct 2019
Seeding end 15 Oct 2019
Average application rate, kg/ha 193.77
Total quantity applied, kg 5722.83
Planned rate, kg/ha 195
Planned final quantity, kg 5759.18
Cultivated area, ha 29.53

Table 2 summarizes the measurement results for the
fuel consumption of the seeding unit in the three engine
operation modes: idle, work and transportion mode. The
data in the table show that the diesel fuel consumed is 185
L and also shows that the average diesel fuel consumption
in work mode was 23.08 //h. In the transport position the
unit has consumed 16.55 I/h, and while idling the unit was
it consumed 4.30 I/h. According to some authors, when
planting the crop, fuel consumption was 1.10 I/h (Muazu et
al., 2015). Other authors have found that in direct sowing of
wheat fuel consumption is lower by 10.7 I/h compared to if
sown after tillage (Marakglu and Carman, 2012). Kéller has
found that direct seeding saves about 73% of fuel energy
compared to the conventional method (Kéller, 2003).

Table 2. Fuel consumption of the seeding unit under different
engine operation modes

Fuel consumption measurements

Operation of the seeding unit

parameters in idle inwork in transportation
mode mode mode

Us‘e of the seeding 153 6.46 0.00

unit, h

Consumed amount

of diesel fuel, L 6.60 185 0.05

Average diesel fuel 430 23.08 16.55

consumption, //h

Table 3 presents the results of fuel consumption during
seeding on the Gerenite-Star field. It can be seen that in
order to sow the field, the unit travelled 63 km in 8 hours and
consumed 185 L of diesel fuel. At the end of the working day,
it can be seen that the average diesel fuel consumption was
23.08 I/h.
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Table 3. Diesel fuel consumption of the seeding unit

Start, hour End, hour

Total hours In movement, hour Idling, hour Distance, km Consumed diesel fuel, L Fuel consumption, //h

10:30:07 18:30:58  8:00:51 6:35:33

1:25:18 63

185 23.08

Figure 3 shows graphically the consumed diesel fuel.
On the abscissa is plotted the time, and on the ordinate - the
volume in liters. The straight line shows the processed diesel
fuel level. The graph in the figure shows that sowing started
with available fuel in the tank 545 liters and finished with the
remaining amount of 360 liters of diesel fuel in the tank.

Figure 3. Consumed diesel fuel level
Conclusion

It was found that: (i) the average application rate of the
seed of winter soft wheat of the Silverio variety is 193.77 kg/
ha with actually applied amount of 5722.83 kg; (i) the average
fuel consumption of the seeding unit (a Horsch Avatar 6.16 SD
direct seeder aggregated to a John Deere 7250 R tractor) was
23.08 I/h at work mode, 16.55 I/h in transportion mode and 4.30
I/h in idle mode; (iii) the seeding unit has travelled 63 km and
consumed 185 L with an average diesel fuel consumption of
23.08 I/h; (iv) the use of this type of direct seeder should be
used especially on larger farms which are not able to complete
all the cultivation in time before sowing of the crops, and also
when time is pressing.
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