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Abstract 

In this work were studied the costs for machinery and all means for soil preparation of forest clearings for afforestation 
with intensive poplar plantations by applying various technological schemes. For this purpose, it is studied a technological 
scheme, relatively new for Bulgaria. By applying this technological scheme, the soil preparation is performed entirely with 
a milling aggregate PT-400, equipped with multifunctional forest cutter FAE-300/S. The processes of shredding stumps, 
mulching clearing debris, and bushes and primary tillage of the soil up to depth of 50 cm were examined. The survey was 
conducted in poplar clearings along the river Danube, over alluvial moderately moist soil. A new categorization of the poplar 
clearings is proposed depending on the operating conditions. The performance of the milling unit and the relative costs for 
labor, machinery and means for soil preparation per unit area were established. Depending on the category of poplar 
clearings, total cost for soil preparation applying the studied technology vary between 2.76 h/dka and 2.93 h/dka, which at 
current prices of 53.5 €/h for the operation of PT-400 with 300 FAE/S makes between 147.80 €/dka and 156.90 €/dka. To 
conduct comparative analysis of the new technology and the old technologies under similar operating conditions, the rela-
tively costs for soil preparation of the previously applied technologies which use rotary and tooth uprooter machines are 
defined. According to the applied technological scheme and used machines in different categories clearings costs for land 
preparation vary between 123 to €/dka and 330 €/dka. Based on comparative analysis it is designed a new technological 
scheme for afforestation with intensive poplar plantations in riverside clearings, where by ensuring high quality work the 
costs for soil preparation become lower (2.42 ÷ 2.59 h/dka) and thus cost from 99.30 €/dka to 108.40 €/dka is achieved. 
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1. Introduction 

Sustainable forest management requires con-
tinuous process of recovery forest resources. Culti-
vation of intensive poplar plantations is a forestry ac-
tivity for accelerated production of valuable timber 
material. The management of these plantations re-
quires rapid recovery of the wood-space [3, 8, 9, 10, 
15]. 

Preparation of the land for afforestation is the 
most labor-intensive activity in poplar cultivation. [2, 
4, 11, 13, 14, 18]. The application of more intensive 
agro-technical practices is of great importance for 
improving the productivity of poplar plantations [3, 8, 
10]. Such agro-technical practices are possible only 
with complete removal of stumps, wood residues 
and competitive vegetation. This requires a large 
part of capital expenditure to be invested in the first 
year of the creation of a new plantation. The intro-
duction of modern machinery and technology for soil 
preparation for afforestation is an important factor for 
reducing labor costs [5, 10, 11, 13, 15, 16, 18]. Ac-
cording to the applied technology and the operating 
conditions these costs can range from 120 to 
350 €/dka [9, 12, 15, 16, 17]. The technological 
schemes for soil preparation of forest sites for affor-
estation with intensive poplar cultures are based on 
using a particular system of machines [3, 4, 15, 17, 
19]. In many cases the implementation of a scheme 
and a system of machines depends on the available 
equipment of the executive firms. Recently in our 
North-west Regional Forestry Enterprise „Vratza” in-
vested in modern specialized equipment Prime 

Mover PT-400 with forestry cutter FAE-300/S for site 
preparation for afforestation with poplar plantations 
[21]. 

Forest cutters for site preparation for afforesta-
tion have extensive technological capabilities [4, 5, 
11, 13]. The introduction of two forest cutters a few 
years ago in some Forestry within North-east Re-
gional Forestry Enterprise „Shumen” provided the 
possibility to develop more effective technological 
schemes for afforestation and by reducing the total 
costs to increase the quality of work. The first con-
ducted studies of these machines proved their good 
technological qualities [5]. Forest milling brush-cutter 
(mulcher) model FAE-UMH/S crushes standing 
trees and bushes, ground part of the tree stumps and 
the other residues in the clearings. After the mulcher 
passes the received chips spread evenly over the 
surface of the terrain and subsequently decompose 
in the soil. This machine can loosen and level the top 
soil to a depth of 5 ÷ × 10 cm, as homogeneously 
mixes the soil with the chips (mulch). The second 
milling machine AHWI-SF1000 is designed for 
crushing stumps with a diameter up to 50 cm. At the 
same time, it can cultivate the soil up to 40 ÷ 50 cm. 
These two machines were examined working in non-
renewable clearings. As a result of these first re-
searches it was found that technology for soil prepa-
ration, in which are applied specialized forest milling 
machines have the following typical benefits: 

- Lower labor costs; 
- Rationalize the process and reduce some 

of applied operations in the past; 
- Reduce the risk of forest fires in the area of 

clearings; 
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- Make better usage of the biomass and the 
area for afforestation; 

- Increase quality of soil preparation. 
 
The forest milling unit PT-400, owned by North-

west Regional Forestry Enterprise „Vratza”, is 
equipped with multifunctional forest cutter FAE-
300/S with hydraulic drive. The machine can perform 
several operations previously performed by three dif-
ferent machines: – forestry mulchers, milling ma-
chine for crushing stumps and primary tillage of the 
soil up to 50 cm. During the primary tillage, the ob-
tained chips mix with the soil and the topsoil is 
aligned. Thus the soil is ready for planting right away 
after the treatment. The results of the first conducted 
studies with these machines showed high environ-
mental and quality indicators and significantly short-
ening the period for soil preparation of the area for 
afforestation [19, 20, 21]. 

The purpose of the study 
To identify and analyze the costs for soil prep-

aration for afforestation with poplar plantations ap-
plying various technological schemes. 

Objectives of the study 
1. To establish the performance of the ma-

chines under certain conditions; 
2. To determine the relative costs of soil prepa-

ration applying different technological schemes. 
3. To make a comparative cost analysis for soil 

preparation in the implementation of various techno-
logical schemes and offer an optimal technology. 

2. Materials and Methods 

2.1. The objects of the study: 
The objects of the study are three technological 

schemes for soil preparation of poplar clearings, built 
on different systems of machines. The study focused 
on the cost of labor and machinery. To obtain ade-
quate results is necessary to differentiate the oper-
ating conditions in poplar clearing according to the 
available clearing residues and standing timber. For 
this purpose, clearings are divided into four catego-
ries: 

First category: Here are included clearings, 
which have been cleaned of debris and wood resi-
dues and which has relatively low standing shrub 
vegetation not higher of 2 m; 

Second category: These clearings are cleaned 
from debris and wood residues but have higher veg-
etation consisting of sprouts, amorphous and shrubs 
higher than 2,5 m; 

Third category: Here we have clearings not 
cleaned from residues, although the shrubbery is not 
higher than 2 m; 

Fourth category: Include clearings, not cleaned 
of wood debris and have high standing vegetation 
sprouts, amorphous and shrubs higher than 2,5 m. 

Characteristics of the objects – technological 
schemes and system of machines 

1st technological scheme: This is the oldest and 
still widely applied in our country for soil preparation. 
It is based on the usage of frontal eradicators for ex-
tracting stumps. It contains 7 different technological 
operations and a system of machines, which uses 
tractors for aggregation with two class of 60 kN. Ac-
cording to the category of the clearing, the soil prep-
aration includes the following operations and system 
of machines: 

- Cleaning first category clearings from veg-
etation with bulldozer unit, consisting of uni-
versal bulldozer DZ-38 and tractor T-170; 

- Cleaning second category clearings of 
`vegetation with bulldozer unit, consisting 
of universal bulldozer DZ-38 and T-170 
tractor; 

- Cleaning third category clearings of twigs, 
wood residues and vegetation with a bull-
dozer unit, consisting of universal bulldozer 
DZ-38 and T-170 tractor; 

- Cleaning fourth category clearings of twigs, 
wood residues and vegetation with a bull-
dozer unit consisting of universal bulldozer 
DZ-38 and T-170 tractor; 

- Eradicating stumps and roots in the clear-
ings of all categories with eradicating ag-
gregate, consisting of front tooth uprooter 
D-513 A and tractor T-170; 

- Shoving out eradicated stumps from clear-
ings of all categories with bulldozer unit, 
consisting of frontal bulldozer DZ-27 and T-
170 tractor; 

- Alignment after eradication in all categories 
clearings with aggregate, consisting of uni-
versal bulldozer DZ-38 and T-170 tractor; 

- Main tillage up to 50 cm in clean clearings 
from all categories with plough unit, consist-
ing of plough for deep plowing PPN-50 or 
PPU-50 and T-170 tractor; 

- Alignment after plowing the clearings of all 
categories with leveling unit consisting of 
universal bulldozer DZ-38 or leveling beam 
NG-4 and T-170 tractor. 

2nd technological scheme: This technological 
scheme is implemented in the country since the 80’s 
of XX century. It is built on the basis of specialized 
rotary eradicators for crushing stumps. The propul-
sion uses tractors with power 80 ÷ 120 kW. The sys-
tem of machines for cleaning clearings and primary 
tillage is similar to the first technological scheme. At 
different clearings, the soil preparation applying this 
scheme includes the following operations and ma-
chines: 

- Cleaning first category clearings from veg-
etation with bulldozer unit, consisting of uni-
versal bulldozer DZ-38 and tractor T-170; 

- Cleaning second category clearings of veg-
etation with bulldozer unit, consisting of uni-
versal bulldozer DZ-38 and T-170 tractor; 
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- Cleaning third category clearings of twigs, 
wood residues and vegetation with a bull-
dozer unit, consisting of universal bulldozer 
DZ-38 and T-170 tractor; 

- Cleaning fourth category clearings of twigs, 
wood residues and vegetation with a bull-
dozer unit consisting of universal bulldozer 
DZ-38 and T-170 tractor; 

- Shredding stumps and roots in the clear-
ings of all categories with rotary eradicator 
Rotor Speedy 130/160; 

- Main tillage up to 50 cm in clean clearings 
from all categories with plough unit, consist-
ing of plantage plow for deep plowing PPN-
50 or PPU-50 and T-170 tractor,  

- Alignment after deep plowing in clearings of 
all categories with leveling aggregate - uni-
versal bulldozer DZ-38 or aligning beam 
PG-4.0 and tractor T-170. 

3rd technological scheme: This is the latest 
scheme for soil preparation in Bulgaria, implemented 
since 2013 in North-west Regional Forestry Enter-
prise „Vratza”. It is based on new forest cutter FAE 
300/S, powered by a Prime Mover PT-400. This 
scheme includes three basic operations that are per-
formed only by one machine: – 1/ mulching standing 
tree and sprouts, shrubs and wood debris; – 
2/ Shredding stumps; – 3/ Main tillage. For the re-
duction of auxiliary and non-operating moves and to 
increase the productivity of the machine, the first two 
operations can be performed in one stroke as a com-
bined operation – mulching. The main requirement 
for this operation is the available lying and standing 
vegetation to be shredded into large splinters 
(chunks) with a length of 2,5÷7,5 cm. The main treat-
ment of the soil can be carried out immediately after 
that, as a second stroke or separately, after prepa-
ration of the entire area. To facilitate the study, the 
three technological operations are performed sepa-
rately. The soil preparation in the 3rd technological 
scheme comprises the following steps: 

- Crushing standing vegetation in first cate-
gory clearings with forest milling unit PT-
400 with multipurpose cutter FAE 300/S; 

- Crushing standing vegetation in second 
category clearings with forest milling unit 
PT-400 aggregated with multipurpose cut-
ter FAE 300/S; 

- Shredding of wood residues, brushes and 
standing vegetation in third category clear-
ings, with forest milling unit PT-400 with 
multipurpose cutter FAE 300/S; 

- Shredding of wood residues, brushes and 
standing vegetation in fourth category 
clearings, with forest milling unit PT-400 
with multipurpose cutter FAE 300/S; 

- Shredding stumps in clearings of all cate-
gories, with forest milling unit PT-400 with 
multipurpose cutter FAE 300/S. 

- Primary soil cultivation after eradication of 
clearings from all categories by deep tilling 
up to 50 cm with milling aggregator PT-400 
with forestry cutter FAE 300/S. 

The examined machines are: 
1) Mulching unit - multifunctional forest cutter 

FAE 300/S, driven by PT-400, with power of 310 kW 
(Fig. 1.1); 

2) Eradicating unit – front-tooth eradicator D-
513 with crawler tractor T-170, with a tow class 100 
kN (Fig. 1.2); 

3) Eradicating unit - rotary eradicator "Rotor 
Speedy" 130/160 and tractor New Holland TM-150, 
with power 112 kW (Fig. 1.3); 

4) Bulldozer unit – universal bulldozer DZ-38 
and T-170 tractor (Fig. 1.4); 

5) Tilling unit for deep processing – multifunc-
tional forest cutter FAE 300/S, driven by PT-400, 
with power 310 kW (Fig. 1.5). 

6) Plowing unit – plantage plough PPU-50 or 
PPN-50 and crawler tractor T-170 (Fig. 1.6); 

7) Alignment unit – bulldozer DZ-38 or leveling 
beam PG-4 and T-170 tractor. 

 
 

  

Fig. 1.1. Mulching unit - Prime Mover PT-400 with  
multifunctional forest cutter FAE 300/S 

Fig. 1.2. Uprooted unit – front-tooth eradicator 
D-513A tractor T-170 
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Fig. 1.3. Eradicating unit - wheeled tractor New Holland  
TM-155 with rotary eradicator "Rotor" 

1.4. Bulldozers unit - universal bulldozer DZ-38  
tractor T-170 

  

Fig. 1.5. Aggregate for deep milling - Prime Mover PT-400  
with forestry cutter FAE 300/S 

Fig. 1.6. Plowing unit - plough PPU-50 with crawler  
tractor T-170 

 

2.2. Place and conditions of the study 
The survey is conducted in poplar clearings 

along the Danube River, which is derived 100% log-
ging. The afforestation is carried out with one or two-
year poplar saplings. To conduct the study several 
experimental plots were bet within working area of 
52.5 dka. The density of the stumps in the clearing 
is 62 pcs per dka. The average diameter of the 
stumps is d = 40.2 cm, (ranging from 28 to 55 cm). 
The soil is alluvial, very deep and non-rocky. The ter-
rain is flat, with altitude 250 m. The habitat type is M-
I-2, D2,3. The clearing and the experimental plots 
have rectangular shaping, which favors the move-
ment and operational moves of the machines. 

The measuring equipment consists of: tape 
measure and GPS system "Speed Data TT-43" for 
measuring the volume of field work; stopwatch to de-
termine the duration of operations; spring penetrom-
eter "Dickey-John" to determine the hardness of the 
soil; altimeter "Vertex IV" to measure tilt; analytical 
balance "Sartorius ME235S" to measure the weight 
of the samples with an accuracy of 0.01 g. The soil 

moisture is determined by weight method by drying 
samples in a thermostatic cabinet at a temperature 
T = 103 ± 2 °C. 

2.3. Parameters of the study 
To establish the expenditure of time and the 

productivity of the milling unit PT-400 for the opera-
tions of mulching, shredding stumps and deep mill-
ing some experimental observations were carried 
out with pre-defined input and output parameters - 
factors. 

Input factors – they are related to working con-
ditions, and cannot be managed during the experi-
ments, but can be maintained at the same level: 

a) Slope – 2 o; 
b) Average diameter of stumps - dav = 0.4 m; 
c) Scheme of the plantation before felling – 4x4 

and density of the stumps – 62 pcs/dka; 
d) Depth of the tillage – 50cm; 
e) Length of the working range – 100 m; 
f) Mechanical structure and category of the 

soil – sandy–clay, moderate; 
g) Soil moisture – 50÷53%; 
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h) Hardness of the soil – 1.95 MPa. 
These production conditions are characteristic 

of floodplain areas and areas along the Danube 
River. Such areas are appropriate for afforestation 
with intensive poplar plantations. The speed of the 
drive engine PT-400 and the rotational speed of the 
working bodies of the cutter 300 FAE/S are input 
controllable factors which can be managed and 
maintained at the same level. From our previous 
studies [19, 20] in similar field conditions it was found 
that good production results are obtained under the 
following operating speeds: 

- Mulching – 2nd gear of PT–400 and speed of 
500min-1 for the milling drum of FAE 300/S; 

- Shredding stumps – 500min-1 speed milling 
drum FAE 300/S; 

- Deep milling - 1st or 2nd gear of the PT-400 and 
375 to 500 min-1 rate of rotation of the milling drum of 
FAE 300/S. 

Output parameters – The output parameters of 
the study, which can be measured and used to de-
termining the time consumption and the perfor-
mance of the milling aggregate are: 

1. Duration of the operations; 
2. Volume of the performed work. 
The volume of the performed work was meas-

ured immediately after each experimental observa-
tion. To measure the expenditure of time for the dif-
ferent operations were made timing observations 
and records. The expenditure of time and productiv-
ity were determined by preapproved methods for 
standardization and exploitation of mobile machine-

tractor units for afforestation activities in our country 
[4, 6]. 

The performance and the time spent for the dif-
ferent operations, when using the other technologi-
cal schemes for the same production conditions 
were determined on the basis of data received from 
our previous studies [2] and the established norms 
for Republic of Bulgaria, taken from "Departmental 
labor standards for afforestation" [1, 7]. 

3. Results and comparative analysis 

During the study was carried out soil prepara-
tion within three experimental areas, covering 
20 dka. In each of them were bet total amount of 27 
sample plots with a length of 100 m and a width of 
2.5 m. Both operators of the milling unit PT-400, with 
working body FAE 300/S were experienced. The in-
itial observations showed that at the beginning of the 
study one of the operators tried to keep more inten-
sive and highly crushing the remaining wood chips 
(up to 2 cm), which led to greater expenditure of 
time. Later, with the advancement of research, this 
aspiration was gradually overcome and began the 
producing of wood fractions with normal size from 
2.5 to 7.5 cm. The average values of the measured 
times of the observed activities and the extent of the 
use of working time are given in the Table 1. The 
utilization of working time for the milling aggregate in 
one shift is expressed by the factor of using working 
time τsh. It is defined as the ratio between the opera-
tional time of the machinery and the duration of one 
shift – τsh = tstroke/tshift. 

Table 1. Observed machine activity time 

Observed time, 
min 

1st section 
Mulching of sprouts, 
brushes and debris 

2nd section 
Crushing stumps 

3rd section 
Deep milling of the soil 

tstroke 364 356 380 
tidle 45 51 29 
toperative 409 407 409 
tprep.fin. 32 32 31 
tserv. 16 17 16 
trest 20 20 20 
tadministrative 3 4 4 
tdelay 71 73 71 
tshift 480 480 480 
τsh  0.758 0.742 0.785 

 
The results obtained show a higher degree of 

utilization of the working time at a primary tillage of 
the soil. This is due to the correct configuration of the 
terrain and less time needed to maneuver the aggre-
gate. For mulching and crushing stumps were 
needed more non-operating times for maneuver. 
This fact is more visible at shredding larger stumps, 
where, depending on their diameter the needed 
strokes (forward and backward) were between 4 and 
6. Other non-productive times and stands were rela-
tively minimal. This is due to the good organization 
of the work process, the high technical reliability of 
the machine and expert qualifications of the workers. 

The times for maintenance and preparatory-final ac-
tivities were part of the daily technical exploitation of 
the machine and were regulated accordingly be-
tween 15–20 minutes for the one operator and 30–
35 minutes. Eventually, after determining the times 
for every operation and establishing the total work by 
direct measurement of the treated area of the field, 
performance was determined, under the certain con-
ditions. Based on this were established the labor and 
machinery costs for soil preparation in hours per 
1 dka. 

1st Technological scheme: The obtained aver-
age values for productivity and machinery costs are 
presented in Table 2 for every operation: 
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Table 2. Performance and expenditure of time by operations in the 1st technological scheme 

№ Technological operation 
Performance for a shift, 

dka/cm 

Cost of machinery  
and labor, 

h/dka 

1 Cleaning first category clearings from vegetation 
with bulldozer unit 6.90 1.16 

2 Cleaning second category clearings of vegetation 
with bulldozer unit 5.84 1.37 

3 
Cleaning third category clearings of twigs, wood 
residues and low stand vegetation with a bull-
dozer unit 

3.58 2.23 

4 
Cleaning fourth category clearings of twigs, wood 
residues and high stand vegetation with a bull-
dozer unit 

3.28 2.44 

5 Eradicating stumps and roots in the clearings of 
all categories with tooth eradicator 2.10 3.81 

6 Shoving out eradicated stumps from clearings 
with bulldozer unit (all categories) 4.43 1.81 

7 Alignment after eradication in all categories clear-
ings (all categories)  6.72 1.19 

8 Main tillage up to 50 cm in clean clearings with 
plough unit (all categories) 5.88 1.36 

9 Alignment after plowing the clearings (all catego-
ries) 44.44* 0.18* 

Note: Alignment with PG-4 

 
1st category clearings: operations № 1, 5, 6, 7, 

8 and 9. The total relative costs for labor and ma-
chinery for soil preparation of 1 dka is H = 9.51 h/dka. 
At a minimum price of 30 €/h for the operation of trac-
tor T-170 with detachable equipment, the average 
cost per one acre soil preparation is equal to 
291.01 €/dka. 

2nd category clearings: operations № 2, 5, 6, 7, 
8 and 9: The total relative cost of labor and machin-
ery for soil preparation of dka 1 H = 9,72 h/dka. At a 
minimum price of 30 €/h for the operation of tractor 
T-170 with detachable equipment, the average cost 
per one acre soil preparation is 297.33 €/dka. 

3rd category clearings: operations № 3, 5, 6, 7, 
8 and 9: The total relative costs for labor and ma-
chinery for soil preparation of 1 dka is H = 

10.58 h/dka. At a minimum price of 30 €/h for the op-
eration of tractor T-170 with detachable equipment, 
the average cost per one acre soil preparation is 
323.75 €/dka. 

4th category clearings - operations № 4, 5, 6, 7, 
8 and 9: The total relative costs for labor and ma-
chinery for soil preparation of 1 dka is H = 
10.79 h/dka. At a minimum price of 30 €/h for the op-
eration of tractor T-170 with detachable equipment, 
the average cost per one acre soil preparation is 
330.17 €/dka. 

Total relative costs of labor and machinery, and 
average price (in January-June 2016) per 1 acre 
mechanized soil preparation, applying the first tech-
nological scheme are provided in the Table. 3. 

Table 3. Manufacturing costs for soil preparation of poplar slashes, 1st technological scheme 

Category of Pop-
lar Slashes 

Summary relative cost of 
machinery and labor 

 h/dka 

Price per 1 dka of soil 
preparation, 

€/dka** 

1-st category 9.51 291.01 
2-nd category 9.72 297.33 
3-rd category 10.58 323.75 
4-th category 10.79 330.17 

Note: The price of one hour of machine work includes all production costs, material costs (fuel and lubricants, maintenance, repair 
and spare parts, transport, etc.), salaries, insurances, maintenance, profit and others. 

2nd Technological scheme: The obtained aver-
age values for productivity and machinery costs for 

the 2nd technological scheme are presented for 
every operation in Table 4. 
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Table 4. Performance and expenditure of time by operations in the 2nd technological scheme 

№ Technological operation 
Performance for a shift, 

dka/cm 

Cost of machinery 
and labor, 

h/dka 

1 Cleaning first category clearings from low vege-
tation with bulldozer unit 6.90 1.16 

2 Cleaning second category clearings of high veg-
etation with bulldozer unit 5.84 1.37 

3 Cleaning third category clearings of twigs, wood 
residues and vegetation with a bulldozer unit 3.58 2.23 

4 
Cleaning fourth category clearings of twigs, 
wood residues and vegetation with a bulldozer 
unit 

3.28 2.44 

5 Shredding stumps and roots in the clearings 
with rotary eradicator (all categories) 6.08 1.32 

6 Deep tillage, up to 50 cm in clean clearings with 
plowing unit (all categories) 5.88 1.36 

7 Alignment after deep plowing in clearings (all 
categories) 44.44* 0.18* 

 
1st category clearings – operations №1, 5, 6 

and 7: The total relative costs for labor and machin-
ery for soil preparation of 1 dka is H = 4.02 h/dka. At 
an average price of 30 €/h for the operation of tractor 
New Holland TM-155 to stamping machine Rotor 
Speedy 130/160 and at a minimum price of 30 €/h 
for use with T-170 tractor with bulldozer and leveling 
machines, the cost of one acre land preparation is 
123.01 €/dka. 

2nd category clearings - operations №2, 5, 6 
and 7: The total relative costs for labor and machin-
ery for soil preparation of 1 dka is H = 4.23 h/dka. At 
an average price of 30 €/h for the operation of tractor 
New Holland TM-155, aggregated to eradicating ma-
chine Rotor Speedy 130/160 and at a minimum price 
of 30 €/h for use with T-170 tractor with bulldozer and 
leveling machines, the average cost per one acre 
soil preparation is 129.44 €/dka. 

3rd category clearings - operations №№ 3, 5, 6 
and 7: The total relative costs for labor and machin-
ery for soil preparation of 1 dka is H = 5.09 h/dka. At 

an average price of 30 €/h for the operation of tractor 
New Holland TM-155, aggregated to eradicating ma-
chine Rotor Speedy 130/160 and at a minimum price 
of 30 €/h for use with T-170 tractor with bulldozer and 
leveling machines, the average cost per one acre 
soil preparation is 155.75 €/dka. 

4th category clearings - operations №№ 4, 5, 6 
and 7: The total relative costs for labor and machin-
ery for soil preparation of 1 dka is H = 5.30 h/dka. At 
an average price of 30 €/h for the operation of tractor 
New Holland TM-155, aggregated to eradicating ma-
chine Rotor Speedy 130/160 and at a minimum price 
of 30 €/h for use with T-170 tractor with bulldozer and 
leveling machines, the average cost per one acre 
soil preparation is 162.18 €/dka. 

Total relative costs of labor and machinery, and 
average price (in January-June 2016) per 1 acre 
mechanized soil preparation, applying the first tech-
nological scheme are provided in the Table. 5. 

Table 5. Manufacturing costs for soil preparation of poplar slashes, 2nd technological scheme 

Category of Pop-
lar Slashes 

Summary relative cost of 
machinery and labor 

 h/dka 

Price per 1 dka of soil 
preparation, 

€/dka** 

1-st category 4.02 123.01 
2-nd category 4.23 129.44 
3-rd category 5.09 155.75 
4-th category 5.30 162.18 

Note: The price of one hour of machine work includes all production costs, material costs (fuel and lubricants, maintenance, repair 
and spare parts, transport, etc.), salaries, insurances, maintenance, profit and others. 

 

3rd Technological scheme. The values obtained 
for productivity and costs of labor and machines in 

separate operations for the 3rd technological scheme 
are presented in Table 6. 
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Table 6. Performance and expenditure of time by operations in the 3rd technological scheme 

№ Technological operation 
Performance for a shift, 

dka/cm 

Cost of machinery and la-
bor, 

h/dka 

1 
Crushing standing vegetation in 1st category 
clearings with forest milling unit PT-400 with mul-
tipurpose cutter FAE 300/S 

19.05 0.42 

2 Crushing standing vegetation in 2nd category 
clearings with forest milling unit PT-400 17.78 0.45 

3 
Shredding of wood residues, brushes and stand-
ing vegetation in 3rd category clearings, with for-
est milling unit PT-400 

14.81 0.54 

4 
Shredding of wood residues, brushes and stand-
ing vegetation in 4th category clearings, with for-
est milling unit PT-400 

13.56 0.59 

5 
Shredding stumps in clearings of all categories, 
with forest milling unit PT-400 with multipurpose 
cutter FAE 300/S 

4.82 1.66 

6 Deep milling up to 50 cm with milling aggregator 
PT-400 with forestry cutter FAE 300/S 11.76 0.68 

 
1st category clearings - operations № 1, 5 and 

6: The total relative costs for labor and machinery for 
soil preparation of 1 dka is H = 2.76 h/dka. At an av-
erage cost of about 53.5 €/h milling unit PT-400 FAE 
300/S, the average cost per one acre soil prepara-
tion is 147.80 €/dka. 

2nd category clearings – operations № 2, 5, 6: 
The total relative costs for labor and machinery for 
soil preparation of 1 dka is H = 2.79 h/dka. At an av-
erage cost of about 53.5 €/h milling unit PT-400 FAE 
300/S, the average cost per one acre soil prepara-
tion is 149.41 €/dka. 

3rd category clearings – operations № 3, 5, 6: 
The total relative costs for labor and machinery for 

soil preparation of 1 dka is H = 2,88 h/dka. At an av-
erage cost of about 53.5 €/h milling unit PT-400 FAE 
300/S the average cost per one acre soil preparation 
is 154.23 €/dka. 

4th category clearings – operations № 4, 5, 6: 
The total relative costs for labor and machinery for 
soil preparation of 1 dka is H = 2,93h/dka. At an av-
erage price of 53.5 €/h milling unit PT-400 FAE 
300/S, the average cost per one acre soil prepara-
tion is 156.90 €/h. 

Total relative costs of labor and machinery, and 
average price (in January-June 2016) per 1 acre 
mechanized soil preparation, applying the first tech-
nological scheme are provided in the Table. 7. 

Table 7. Manufacturing costs for soil preparation of poplar slashes, 3rd technological scheme 

Category of Pop-
lar Slashes 

Summary relative cost of 
machinery and labor 

 h/dka 

Price per 1 dka of soil 
preparation, 

€/dka** 

1-st category 2.76 147.80 
2-nd category 2.79 149.41 
3-rd category 2.88 154.23 
4-th category 2.93 156.90 

Note: The price of one hour of machine work includes all production costs, material costs (fuel and lubricants, maintenance, repair 
and spare parts, transport, etc.), salaries, insurances, maintenance, profit and others. 

 
The results are summarized in a table (Ta-

ble 10) and expressed graphically (Figures 2 and 3). 
From the results it appears that the costs of machin-
ery for soil preparation per 1 acre are highest in the 
1srt technological scheme. Per 1 acre of soil prepa-
ration mechanized eradicating of 1st category poplar 
splash generally are required 9,51 hours, for the 2nd 
category – 9.72 hours, for the 3rd category - 10.58 
hours and the last 4th category – 10.79 hours. The 
average price per hectare for soil preparation under 
the last scheme is highest. At a price of EUR 30 for 
one hour of a tractor T-170 operation, the average 
price per 1 dka total soil preparation in 1st category 
clearings is 291.01 €/dka, for the 2nd category – 
297.33 €/dka, a 3rd category – 323.75 €/dka and 4th 
category - 330,17 €/dka. It is good to notice that the 

qualitative and ecological indicators of soil prepara-
tion are one of the worst [19, 20]. Significantly lower, 
almost at half, are the costs for soil preparation in the 
2nd technological scheme (Fig. 1). Per 1 acre total 
soil preparation in 1st category poplar slash required 
total amount of 4.02 hours, which makes the price of 
123.01 € per hectare, for the 2nd category clearings 
these costs are respectively – 4.23 hours and 129 44 
€/dka, for the 3rd category – 5.09 hours and 155.75 
€/dka, and for the 4th category – 5.30 hours and 
162.18 €/dka. It is good to emphasize that for this 
technology the quality and ecology indicators for soil 
preparation are better than for the first scheme. The 
lowest costs of labor and machinery are gained by 
implementing the 3rd technological scheme. The to-
tal relative costs per 1 acre soil preparation in first 
category poplar slash is 2.76 hours, for the second 
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category – 2.79 hours, for third category – 2.88 hours 
and 4th category – 2.93 hours. In addition, this 3rd 
technological scheme is distinguished by the highest 
quality and environmental performance [19, 20]. Due 
to the relatively higher price, which is calculated for 
each operation hour of the milling unit PT-400, ag-
gregate with 300 FAE/S (about 53.5 €/h), under this 
scheme, the costs per 1 acre soil preparation of 
clearings is first and second category are respec-
tively about 20 €/dka and 25 €/dk. This is higher than 
the second technology scheme, but is slightly lower 
(1.5÷5.2 €/dka) from the costs for soil preparation in 
clearings of 3rd and 4th category. Comparative price 
per hectare of soil preparation between the third and 
second technological schemes for the 1st category 
clearings is 147.80 €/dka against 123.01 €/dka, in 
favor of the second technology applied in clearings 
2nd category. Then the ratio is respectively 149 41 
€/dka against 129.44 €/dka. The things are different 
for the 3rd category clearings – here we have a pos-
itive sign and is 154.23 €/dka against 155.75 €/dka. 
For the 4th category the values are 156.90 €/dka 
against 162.18 €/dka (table 10, figure 3). 

To enhance the economic performance of the 
third technological scheme and to reduce the price 
per 1 acre soil preparation, while keeping its highest 
environmental and quality indicators, it is proposes a 
new project technology for soil preparation, which 
uses rotary eradicator for crushing the stumps. Thus 
the system of machinery for soil preparation will in-
clude two machines - rotary eradicator Rotor Speedy 
130/160, powered tractor power 90 ÷ 120 kW and a 
milling unit PT-400 with cutter FAE 300/S. 

Project technological scheme: The operation of 
shredding stumps and roots will be done with rotary 

eradicator Rotor Speedy 130/160, powered by trac-
tor New Holland TM-150. The operations of mulch-
ing wood residues, brushes and standing vegetation and 
primary tillage will be executed by milling aggregate 
PT-400 with working body – multifunctional forest 
cutter FAE 300/S. Depending on the category of the 
poplar slashes, the soil preparation in this project 
technology contains the following operations and 
system of machines: 

- Shredding low stand vegetation in the 1st 
category clearings with milling unit PT-400, 
aggregated with multifunctional forest cut-
ter FAE 300/S; 

- Shredding high stand vegetation and 
shrubs in slashes of the 2nd category with a 
milling unit PT-400, aggregated with multi-
functional forest cutter FAE 300/S; 

- Shredding of wood residues, brushes and low 
standing vegetation in 3rd category clearings 
with milling unit PT-400, with multifunc-
tional forest cutter FAE 300/S; 

- Shredding of wood residues, brushes and 
standing vegetation in 4th category clearings 
with milling unit PT-400, with multifunc-
tional forest cutter FAE 300/S; 

- Shredding stumps in all categories poplar 
slashes with rotor eradicator Rotor Speedy 
130/160; 

- Main soil cultivation after eradication in all 
categories clearings through deep milling 
up to 50 cm, with a milling unit PT–400, with 
multifunctional forest cutter FAE 300/S. 

Productivity and costs of labor and machines in 
separate operations for the technological scheme 
are presented in Table 8. 

Table 8. Performance and expenditure of time by operations for the project technological scheme 

№ 
Technological operation 

Performance for a shift, 

dka/cm 

Cost of machinery and la-
bor, 

h/dka 

1 Crushing low stand vegetation with forest 
milling unit in the 1st category clearings 19.05 0.42 

2 
Crushing high stand vegetation with forest 
milling machine in the 2nd category clear-
ings 

17.78 0.45 

3 

Shredding of wood residues, brushes and 
standing vegetation in third category clear-
ings, with forest milling unit PT-400 with 
multipurpose cutter FAE 300/S; 

14.81 0.54 

4 

Shredding of wood residues, brushes and 
standing vegetation in fourth category clear-
ings, with forest milling unit PT-400 with 
multipurpose cutter FAE 300/S; 

13.56 0.59 

5 Crushing stumps in all categories clearings 
with rotary eradicator 6.08 1.32 

6 Deep milling up to 50 cm in all categories 11.76 0.68 
 
1st category clearings - operations № 1, 5 and 

6: The total relative costs for labor and machinery for 
soil preparation of 1 dka is H = 2.42 h/dka. At an av-
erage cost of about 53.5 €/h for the operation of spe-
cialized milling unit PT-400 and 30 €/h on a rotary 
eradicator Rotor Speedy Tractor New Holland TM-

155, the average cost per 1 acre soil preparation is 
99.30 €/dka. 

2nd category clearings - operations № 2, 5 and 
6 The total relative costs for labor and machinery for 
soil preparation of 1 dka is H = 2.45 h/dka At an av-
erage cost of about 53.5 €/h for work specialized 
milling unit PT-400 and 30 €/h on a rotary eradicator 
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rotor Speedy tractor New Holland TM-155, the aver-
age cost per 1 acre soil preparation is 100.91 €/dka. 

3rd category clearings – operations № 3, 5 and 
6: The total relative costs for labor and machinery for 
soil preparation of 1 dka is H = 2.54 h/dka. At an av-
erage cost of about 53.5 €/h for the operation of spe-
cialized milling unit PT-400 and 30 €/h on a rotary 
eradicator Rotor Speedy Tractor New Holland TM-
155, the average cost per 1 acre soil preparation is 
105.72 €/dka. 

4th category clearings - operations № 4, 5 and 
6: The total relative costs for labor and machinery for 

soil preparation of 1 dka is H = 2.59 h/dka. At an av-
erage cost of about 53.5 €/h for the operation of spe-
cialized milling unit PT-400 and 30 €/h on a rotary 
eradicator Rotor Speedy tractor New Holland TM-
155, the average cost per 1 acre soil preparation is 
108.40 €/dka. 

Total relative costs of labor and machinery, and 
average price (in January-June 2016) per 1 acre 
mechanized soil preparation, applying the first tech-
nological scheme are provided in the Table. 9. 

Table 9. Manufacturing costs for soil preparation of poplar slashes for project technological scheme 

Category of Poplar 
Slashes 

Summary relative cost of machinery and 
labor 
 h/dka 

Price per 1 dka of soil preparation, 
€/dka** 

1-st category 2.42 99.30 
2-nd category 2.45 100.91 
3-rd category 2.54 105.72 
4-th category 2.59 108.40 

Note: The price of one hour of machine work includes all production costs, material costs (fuel and lubricants, maintenance, repair 
and spare parts, transport, etc.), salaries, insurances, maintenance, profit and others. 

 

The relative costs of machinery and labor; de-
pending on the technological scheme for certain cat-
egories of clearings along the Danube River are 
shown in Table 10. Based on the obtained results 
are built comparative charts for labor costs and ma-

chines (Fig. 2) and for prices (Fig. 3) for full soil prep-
aration of poplar slashes for afforestation with inten-
sive poplar plantations in different technological 
schemes. 

 

Table 10. Labor and machinery relative costs and prices for site preparation in poplar slashes for afforestation with intensive 
poplar plantations 

Technological 
schemes 

Category of Poplar Slashes  

1st Category 2nd Category 3rd Category 4th Category 

Machine 
and Labor 

Costs, 
h/dka 

Price, 
€/dka 

Machine 
and labor 

Costs, 
h/dka 

Price, 
€/dka 

Machine 
and labor 

Costs, 
h/dka 

Price, 
€/dka 

Machine 
and labor 

Costs, 
h/dka 

Price, 
€/dka 

1st Technology 9.51 291.01 9.72 297.33 10.58 323.75 10.79 330.17 
2nd Technology 4.02 123.01 4.23 129.44 5.09 155.75 5.30 162.18 
3rd Technology 2.76 147.80 2.79 149.41 2.88 154.23 2.93 156.90 
Project Scheme  2.42 99.30 2.45 100.91 2.54 105.72 2.59 108.40 

 

 
Fig. 2. Comparative diagram of machinery and labor costs for total site preparation at poplar slashes 
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Fig. 3. Comparative diagram of relative prices for 1 dka total site preparation at poplar slashes 

By applying the specialized rotary eradicator 
"Rotor Speedy" for crushing stumps and roots in the 
project technology, it will reduce the costs for labor 
and machines with 0.34÷0.36 h/dka, compared if it is 
used only the milling unit PT-400, with multifunc-
tional cutter FAE 300/S. This would have a signifi-
cant impact on the average costs per 1 acre soil 
preparation. For example, if we take the price of a 
one operating hour for these machines (53.5 €/h for 
PT-400 with 300 FAE/S and 30 €/h for Rotor 
Speedy), then the investment costs per 1 acre oil 
preparation for afforestation poplar plantations in the 
project technology will be reduced to an average 
value of 48.5 €/dka. In the same time the high quality 
and environmental performance of soil preparation 
on the new technology is kept. Right away, after the 
soil preparation in this technology, the soil will be 
ready for planting, without any further need of pre-
sowing treatment, such as disking, milling or cultiva-
tion. Meanwhile the entire biomass of lying and 
standing trees and bushes in the clearings will be 
crushed into chips and homogeneously mixed into 
the soil. Over the next few years the biomass will de-
compose into valuable organic material and will im-
prove the soil fertility and productivity of poplar plan-
tations. 

Conclusions 

The intensive poplar plantations are an alterna-
tive source of energy and serve to relieve pressure 
on forest resources with producing valuable timber 
for industrial contracting and building needs. A sig-
nificant portion of the capital expenses for afforesta-
tion and growing poplar plantations are concentrated 
in the first year. The majority of these costs (60% to 
80%) are invested in soil preparation. The newest 
specialized machines for soil preparation are intro-
duced more often in forestry practice. The applica-
tion of technological schemes on the basis of such 
machines is a major factor for improving the quality 
of work and productivity, and is essential for reduc-
ing the costs of soil preparation and shortening 
deadlines for afforestation. 

In this work were studied the costs of labor and 
resources in implementing various technologies for 
soil preparation for afforestation with intensive pop-
lar plantations along the Danube River in northwest-
ern Bulgaria. For differentiation of working conditions 
and adequate comparison of the costs for soil prep-
aration in riparian wetlands was introduced categori-
zation of the poplar slashes. Three types of techno-
logical schemes for soil preparation for afforestation 
of intensive poplar plantations, implemented in the 
country, were examined. The oldest technology for 
cleaning the clearings from stumps, shrubs, clearing 
residues and stand vegetation are used universal 
bulldozers and front-tooth eradicators. This technol-
ogy is still widely used in silvicultural practices, but it 
is not very suitable for afforestation with intensive 
poplar plantations. Main disadvantages of this sys-
tem of machines are lower environmental perfor-
mance, longer deadlines for work and high labor and 
machinery costs: from 9.51 h/dka to 10.79 h/dka and 
prices per hectare from 290 to 330 €/dka. Signifi-
cantly better results are obtained using technological 
schemes in which the eradication of stumps with a 
diameter bigger than 30 cm are used rotary eradica-
tors. In this technology the quality of work is high and 
the costs are half lower – from 4.02 h/dka do 
5.30 h/dka. The price per 1 acre soil preparation is 
from 123.01 €/dka to 162.18 €/dka. To establish the 
costs for soil preparation in the third and newest for 
our country technology for soil preparation, applied 
since the last two years, was conducted experi-
mental research on the work of specialized forestry 
cutter FAE 300/S, driven by Prime Mover PT-400. 
From the study it was found that this technological 
scheme has better quality and environmental perfor-
mance and lower labor costs – reduction of about 
31–32%. For the different clearings categories, the 
expenses for labor and machinery, measured in 
hours per one acre soil preparation vary from 
2.42 h/dka to 2.59 h/dka. It can be noted that the 
costs for soil preparation of clearings from first and 
second category are respectively 147.80 €/dka and 
149.41 €/dka, which is more with 20 €/dka and 
25 €/dka than the price in the second technological 
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scheme. The prices for soil preparation of clearings 
from the third and fourth category are almost com-
parable to these from the second scheme. 

The comparative analysis between the three 
technological schemes showed that the best quality 
indicators for soil preparation are produced applying 
the third technological scheme. It ensures the lowest 
costs of labor and machinery, but due to the rela-
tively high cost of maintenance of the milling unit 
"Prime Mover" and "FAE 300/S" the price per 1 ha 
soil preparation for clearings of first and second cat-
egory it is higher respectively with 20 €/dka to 
25 €/dka. In order to ensure better quality, ecological 
and economic indicators of this technology, but 
timely to decrease final price per acre, and on the 
basis of the conducted study and the comparative 
analysis, it is proposed a new project technology. In 
this project technology shredding the stumps and 
roots will be performed by rotary eradicator Rotor 
Speedy 130/160, powered by universal tractor, with 
power 90÷120 kW. Thus, according to the category 
of the poplar slash, the relative costs for labor will 
vary from 2.42 h/dka to 2.59 h/dka, and the final 
prices – from 99.30 €/dka to 108.40 €/dka. Com-
pared to the third technology, the costs from this 
technological scheme are lower with 12.3%, and the 
price – with 32.8%. It should be emphasize that in 
comparison with the second technology scheme, in 
the project one, the average value is already 
23.71 €/dka. 

The results of this study have applying-science 
and applying contribution in the field of mechaniza-
tion and planning of silvicultural activities. They can 
be used for planning and standardization the labor 
costs and resources when applying forestry 
mulchers and cutters for soil preparation of clear-
ings. 
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