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Introduction

Sowing is one of the important technological processes in 
crop cultivation and it is a prerequisite for efficient agricultural 
production (Mitev, 2018). It seeks to develop the seeds under 
appropriate conditions, depending on the basic agro-technical 
requirements of the crop, in order to obtain rapid and friendly 
sprouting (Hristova, 2017). Depending on the timeliness and 
quality of sowing, crop yields are largely determined (Kolev, 
1999). 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.

Mitev et al. (2019) pointed that, the choice of a seeder for 
direct sowing should begin with an assessment of the difficulties 
arising from the application of soil protection technologies. 
Direct sowing of wheat is carried out with specialized machine-
tractor units (MTU), which are not widespread and there is 
not enough information about their presence in our country. 
Seeders for direct sowing do not require pre-tillage (ploughing, 
fertilizing, disking, etc.) and this saves a lot of expenses for 
the farms, such as the fuel used in pre-tillage, as well as the 
salaries for machine operators, depreciation of machinery, etc. 
According to Ivanishin et al. (2006), the reduction of labor costs 
is also significant. Chervet et al. (2007) found that about 50% of 

the unit passage is saved and the soil is significantly improved. 
That is why these machine-tractor units for direct sowing are 
essential for the successful direct sowing of seeds (Arifa and 
Oleh, 2018). A study of Çarman et al. (2013) with MTU for direct 
sowing of wheat showed that the effect of tillage systems on 
wheat yield is very significant.

The productivity of MTU for direct sowing is of great 
importance. The productivity of seeder units is proportional to 
that part of shift time, which is spent for proper work (Kolev, 
1999). The range in which the value of the total coefficient for 
shift time utilization is to be found is 0.75÷0.80 (Levi, 1975). 
Precise management of agricultural machinery is essential 
for sustainable agriculture (Kaivosoja and Linkolehto, 2016). 
Automatic control reduces fuel consumption, soil compaction 
and driver fatigue, in addition, and also increases overall 
productivity (Žitňák et al., 2014).

Non-operation moves of agricultural units include turns 
made by these units at the end of the field, moves to locations 
for servicing the machine (locations for loading fertilizers, 
chemicals, seeds or unloading the harvested produce) and the 
transitions from field to field (Trendafilov, 2017). Planning the 
mode of movement of the units is made mainly for increasing 
the efficiency of their work – reducing non-productive time and 
fuel consumption. In that way the width of the turning strip 
is reduced (Trendafilov, 2018). Precision farming systems 
automatically maintain the direction of movement based on 
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precise satellite positioning. Movement can be done along 
straight or curved lines by copying the previous move of the 
machine. Significantly higher accuracy is obtained when using 
navigation with real-time kinematic (RTK) correction, which 
allows to increase the speed in making turns (Ishpekov et al., 
2014).

It is important to underline that direct sowing by seeders 
is combined with soil fertilization. In this way the soil 
microflora is not disturbed, its erosion is avoided and soil 
moisture is preserved and soil compaction caused by the 
„numerous“ pre-tillages with heavy machinery is reduced 
(FAO, 2014). 

The objective of the present paper is to study engine 
operation modes and the operational characteristics of the 
machine-tractor unit in direct sowing of wheat.

Material and methods

The survey was carried out in 2019 on the fields of ET 
“Agroplod - Dian Tanev” company situated on the territory of 
the town of Nova Zagora during wheat sowing. The type of soil 
is 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 
and the hopper capacity is 5 m3.

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

The study of field characteristics, agronomy data and 
performance parameters in sowing wheat is done by employing 
the JD Link telematics system. During the experiment we had 
access to the telematic system of the producer Mr. Dian Tanev 
owner of the company. The data have been retrieved from the 
system and incorporated in a database.

The tested parameters were measured and indicated in the 
tractor navigation system. The seed rate of 195 kg/ha was also 
determined. After sowing the remaining seeds were weighed 
to calculate the difference between the set seed rate and the 
actually sown amount of seeds.

When sowing the operation move is selected to be on the 
longer side of the field.

We used the following two times from the JD Link telematic 
system:

Т1 – time for performing the seeding technological 
operation, turning time and seeder unit transportation time, h;

Т2 – seeder unit idle time, h.
The sum total of both times Т1 and Т2 is the total sowing 

time Т0.

Results and discussion

The study of wheat sowing was made on the Asenovets 
farm, shown on Figure 2. It was sown with winter soft wheat of 
the Silverio variety at seed rate of 195 kg/ha. 

           

Figure 2. Map of field with an area of 29.53 ha

It is seen on Figure 2 that 91% of the area is sown at 
sowing rate set at 195 kg/ha. It is evident from it that 9 % of 
the area is with deviation. It is obvious that 5% of the area 
deviation were sown at higher rate due to the fact that the 
areas had been oversown and 4% of the area deviation had 
been sown at lower sowing rate due to the exact „switching 
on and off“ of the pneumatic seeder sowing devices. This took 
place at the edge of the field where the machine-tractor unit 
was making turns.

In Table 1 are presented some agronomical data and 
parameters of field sowing. 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. In this regard Arifa et al. 
(2018) established the deviation of the practical seed sowing 
from a given norm ranging from 1.9 to 2.9%. The average value 
of the seed sowing deviation was 2.3%, which does not exceed 
the allowable values of agrotechnical requirements (3.0%).

Table 1. Agronomic data and parameters in sowing wheat of 
the Silverio variety

Agronomic data and parameters
Mean input rate, kg/ha 193.77
Total amount used, kg 5722.83
Planned rate, kg/ha 195
Planned final amount, kg 5759.18
Cultivated area, ha 29.53
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Table 2 presents the results about the engine rotations in its 
three operation modes. It is evident from the data that the engine 
rotations of the seeder unit with running engine, i.e. when the 
seeder is sowing, are 1594.81 min-1. When the seeder unit was 
in idle mode, its rotations were 912.08 min-1, and in transport 
mode they were 1860.36 min-1. The results reveal that the 
mean engine load factor when the seeder is sowing is 56.68% 
on average. The remaining 43.32% are distributed as follows: 
14.54% the seeder unit was in idle mode and 28.78% the unit 
was in transport mode. Direct seeding improves significantly 
soil lift and saves about 50% of the passage (Chervet et al., 
2007). 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).

Table 2. Rotations and relative share of engine use of the 
seeder unit

Operation parameters
Measurements of the seeder unit
in idle 
mode

in work 
mode

in transport 
mode

Engine rotations, min-1 912.08 1594.81 1860.36

Relative share of engine use, % 14.54 56.68 28.78

Table 3 presents the results about the actual operation 
speed of movement of the seeder unit in both engine operation 
modes. It was found that the seeder unit was sowing wheat 
with operation speed of 10.40 km/h. In addition, the seeder 
unit moved from the farm to the field with operation speed of 
20.42 km/h. It is interesting to point that the sowing operation 
speed is rather high over 10 km/h. This is due both to the 
seeder pneumatic system, which ejects seeds under pressure 
and the electronic dosage, which by means of the radar sensor 
sends impulses to the motor driving the dosing rotor and thus 
its rotations are adjusted in real time, thereby allowing speedy 
and precise sowing.

Table 3. Operation speed of movement of the seeder unit

Farm

Operation speed of the 
seeder unit, km/h

in working mode in transport mode

Asenovets 10.40 20.42

Figure 3 presents graphically the operation speed of 
movement of the seeder unit on Asenovets farm. The figure 
shows that the operation speed varies in the range between 
6 km/h and 12 km/h. The lower operation speed of 6 km/h 
was when the seeder unit was making turns at the end of the 
field, and the higher operation speed of 14 km/h was when the 
seeder was performing the technological operation sowing. 
Shamshiri et al. (2013) found the time for making turns is at 
the basis of determining the field index of machines and field 
efficiency. When working in small fields with machines that do 
not need servicing, the turning time could be reduced up to 
50% (Spekken and de Bruin, 2013). In the end, it turns out that 
the seeder unit when working in the field was moving at an 
average operation speed of 10.40 km/h.

Figura 3. Operation speed of the seeder unit

Table 4 sums up the results from some operational 
characteristics of the seeder unit in direct sowing of wheat. 
It also shows the time duration for performing the sowing 
technological operation, the turning time and the seeder unit 
transportation time (Т1), the seeder unit idle time (Т2) and the 
total sowing time (Т0). The last column in the table presents the 
actual productivity by using the total time. Arifa et al. (2018) 
established it was that with an average value of the unit operating 
stroke duration of 5 min 32 s, the work productivity value per 
hour of the main time was 4.69 hectares. It is evident from data 
that the duration of time when the seeding unit carried out the 
technological operation sowing, turns and transportation was 
6.46 h on average and the machine-tractor unit idle time was 
1.53 h on average due to the lower productivity.

Table 4. Operation parameters of the seeder unit

Farm Cultivated area, ha
Duration, h Total sowing time, h

Actual productivity with total time, ha/h
Т1 Т2 Т0

Asenovets 29.53 6.46 1.53 7.99 3.7

The real hourly productivity of the unit has been 
calculated at the average movement speed obtained from 
the telematic system and the total machine-tractor unit 
sowing time. Using the results obtained we get 29.53/7.99 

= 3.7 ha/h. Therefore, the low productivity is due to the long 
time for auxiliary operations, as well as idle time, which is 
1.53 h. This is 23 % of the total sowing time of the seeder 
unit.
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Conclusion

It was found that: (i) 91% of the field area is sown with 
sowing rate 195 kg/ha; the remaining 9% were sown at a 
lower or higher rate. The higher sowing rate is due to the 
fact that the places have been oversown, and the lower 
sowing rate is due to the precise „switching on and off“ of 
the pneumatic seed drills; (ii) engine rotations of the seed 
unit have been established at work mode, i.e. when the 
seeder is sowing these are 1594.81 min, in idle mode the 
rotations were 912.08 min-1, and in transport mode they were 
1860.36 min-1; (iii) the relative share of engine use has also 
been determined, when the seeder is sowing, it is 56.68%,  
when the seeder unit is in idle mode, it is 14.54% and  when 
the unit is in transportation mode – 28.78%, respectively; 
(iv) the actual operation speed of the seeder when sowing 
wheat was established at 10.40 km/h; (v) the actual hourly 
productivity of the seeder unit was 3.7 ha/h.
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