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Abstract       This paper presents the results of our research regarding the 
usage of ground augers in the forestry sector for drilling holes in order to plant 
saplings.  
In order to carry out the research, we settled in two forest divisions in the 
plains of the West of Romania so that we could have four different types of 
soils which are representative for that specific area.  
All our trials were conducted on previously unprepared (non-processed) soils. 
We started by measuring the particle size distribution and the main physical 
properties of the soil (moisture, bulk density and total porosity) and then, we 
determined the duration of drilling holes, split times (duration of movement 
from one hole to the other) and the fuel consumption when using a Stihl BT 
121 auger equipped with a 200mm-diameter drill.  
The average values for the duration of digging and the fuel consumption for 
each type of soil was as follows: 1st type of soil – timing 11.7±3.09 sec. and 
average consumption 4.31±1.14 ml; 2nd type of soil – timing 12.0±3.76 sec. 
and average consumption 5.75±1.80 ml; 3rd type of soil – timing 12.06±1.99 
sec. and average consumption 4.76±0.79 ml; 4th type of soil – timing 
9.83±2.52 sec. and average consumption 3.49±0.89 ml (mean±SD).   
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The mechanization of the sylviculture works 

is a modern, complex and an enhancing form of what 

the human being produces in a limited time, using 

perfected manufacture means (tools, devices, prime 

movers, working movers etc.)[1] 

Machineries that realize digging holes to plant 

seedlings are part of the large group of ground working 

machines whose active components have a moving 

rotation generated by a power source. The specific of 

these machineries is the fact that the soil is prepared by 

chipping, action from which the soil mobilization and 

aeration is carried out with or without putting out the 

soil from the hole.  

The principle of this action is not exclusively 

reserved to machineries digging holes for seedlings. 

This principle exists in other machineries whose 

destination is to prepare the soil to be a germinating 

bed, to maintain crops along rows gap, a.s.o. The same 

principle has applicability on a large scale in the wood 

and metal industries.[2,3] 

The interest regarding soil preparation 

machineries started 130 years ago. The year 1875 was 

an important one; in this year a machinery for soil 

preparation having a blade borer mounted on vertical 

rotor driven by two steam engines was fabricated in 

England.  

Afterwards during the 1920’s and the 1930’s, 

researchers constructed different mill types, especially 

experimental models, in the U.S.A. and in Germany.[4] 

In our country, the first systematic research 

regarding soil mills were made by Prof.Ph.D. 

Gheorghe Dragan, who experimented different motor – 

mill types in the frame of the Agronomical Research 

Institute of Romania.[5] 

In the forest field, some preoccupation 

regarding the use of machineries with driven rotary 

tools could be mentioned after 1960. It started with 

digging holes machineries and machineries to plant 

seedlings, made in Germany and Italy. These were 

experimented in different relief conditions in our forest 

found. [6] 

Mills to prepare the soil to be a germinating 

bed in forest nurseries then attracted attention. In the 

field of mills, the first preoccupations are remarkable 

for their thoroughness in the theoretical basis of the 

soil mill process. Systematic and ample researches on 

mills for germinating bed preparation were made after 

1969, following the influences of the works regarding 

physical-chemical soil properties, and regarding 

seedlings emergence, growth, and soils quality for 

some important forest species. [3,7] 

Nowadays, as a result of the impetuous 

development of the machine industry fitted out with 
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driven rotary tools for soil preparation, the existence of 

some distinguished types easily leading 100 should be 

noted. From these, approximately 20% are made up of 

digging holes machineries having different 

destinations.[3,6,7] 

The present paper is dealing with one of these 

types: the hole digging machineries for seedling 

planting, manually carried and fitted out with active 

tools as knifes having a cutting blade form. 

Experiences proved that this type of machineries, as a 

result of their low weight, is useful especially on steep 

terrains with roots and skeletal residues on the working 

soil profile.  

Motor borers with active tools were in 

attention of the researchers starting from 1963-1969. 

After this period, a substantial diversification of the 

active tools having a cutting blade form was noted. 

This is why a study on them was lead, in order to 

observe how much some of the constitutive and 

functional characteristics could be improved to reduce 

the energy consumption during the hole digging 

operation when planting seedlings. From a theoretical 

point of view, the problem generally imposes to clarify 

three main aspects: kinematics, dynamic and power 

consumption elements. 

In the first stage, the study will be limited at 

the knowledge regarding kinematic characteristics, 

which could be generalized to all borer categories fitted 

out with cutting blade form for forest seedling 

holes.[3,4,7] 

Constitutive characteristics of blade borers 

As it was explained above, blade borers are 

used for motor borers which, because of their 

underweight (under 20kg), are especially adapted to 

dig holes on steep terrains not accessible to tractor – 

driven digging machineries. 30 cm diameter and 20-40 

cm depth holes are usually digged. Consequently, the 

use of blade borers is limited to normal size seedling 

planting.  

These types of borers dig holes from which 

the earth is not put out. The soil remains mobile and 

aerated inside the holes. The subsequent operations to 

evacuate the soil and to plant seedlings have to be 

made manually. 

In many cases, the borer is made up of a 

vertical axle driven by a two stroke motor with small 

capacity, having approximately 3 PH power. A flange 

or a support bar on which the single side sharpened 

blades are mounted, is fastened on the driving axle. 

Taking into account the mounting position, there are 

borers with horizontal blades and with vertical cutting 

blades (Figure 1). Horizontal blades borers frequently 

have one construction form. The posterior part of the 

horizontal cutting blade slowly dips in order to pull up 

the soil chip detached by the knife’s cutting edge. 

The active parts (the blades) are also 

frequently used in combined borers, which are used to 

dig holes with cavities to plant seedlings (Figure 2). 

These groups are used in very sunny areas, frequently 

submitted to air courses. 

Horizontal blade borers are recommended to 

dig planting holes in light soils having a middle 

resistance to digging, fallowed on surface but without 

any wooden roots and gravel on the working soil profi 

le. These kinds of borers can sometimes be used only 

to cut the surface layer, in places where holes will later 

be made using vertical blade borer or other borer type, 

but with a lower performance rating in grassed soil. 

[3,5] 

 
Fig. 1. Representative blade borers [3,5] 

I-horizontal blades; II-vertical blades with floating 

apex: a-circular; b-straight inclined at 90°; c-straight 

with slanting inclination; III-vertical blades joint at 

apex: a-circular; b-with slanting inclination; IV-

polygonal blades joint at apex 

 
Fig. 2. Combined borer 1–axle; 2–apex; 3–horizontal 

blade; 4–knifes; 5–helicoidally transporter; 6–flange; 

7–hole; 8–mobilized earth [3,5] 

 

Vertical blade borers get active tools having 

the most diversified constructive forms. The 

observations made on different informative materials 

(articles, prospects and constructive models being in 

usage) lead to express that their evolution start from 

vertical blade borers with floating apex to vertical 

blade borers joining at the apex. The explanation of 

this situation could be the twisting of vertical blades 

borers with floating apex during the usage. [1,3] 

Vertical blade borers with floating apex 

(Figure 1, II, a –c) let the conviction [4] that they have 

a relative good comportment in soils with low and 

medium resistance, low fallowed, with roots and gravel 

on the digging depth. The authors named above 
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recommend the stone diameter to be under 10 cm, and 

the roots diameter not to exceed 6 cm. 

Vertical blade borers joining at apex (Figure 

1, III, a – b) have almost the same working qualities as 

vertical blade borers with floating apex. The 

superiority of the last ones is put in evidence in the 

case of soils having a high resistance. It is also 

necessary to mention that in case of planting 

holes’preparation on loamy and clayed soils whose 

humidity is around 22%, it is also possible to evacuate 

more than 30% of the bored soil. When the borer is 

extracted, the soil that was cut remains on the borer’s 

blades and it could be put near the hole. Concentrating 

the soil in a single place will make the planting work 

much easier. [3,5] 

Kinematics of the earth chipping process 

At least one chipping technological cycle 

occurs during a kinematic cycle. The geometrical form 

of the earth removed depends on the elementary 

generating line form (the knife edging) and on the 

generating line curve form. During the digging process, 

the borer makes two characteristic moves: a rotating 

one which is considered as the main move and a feed 

motion one in soil, considered as a secondary move 

(Figure 3). 

The effect of these moves is pointed out 

through a successive chipping of the soil layers. Each 

point of the blade makes a screw movement. The axles 

of this screw correspond to the blade rotation axis 

(Figure 4). 

The position of each point on the knife which 

has a helicoidal movement could be determined with 

the following relations: 

,sin xrx
   

 (1) 

,cos xry
   

 (2) 
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in which: rx is the radius of the considered point, in cm; 

- δ is the referent angle in radians; 

- un is the advance speed, in cm/rot. 

The helicoidal paths that result during the 

chipping movement, realize a helicoidal surface 

(Figure 5). 

Each of the knife’s movement is characterized 

by his proper speed. Thus, the tangential speed 

corresponds to the rotation movement and the advance 

speed for the feed motion in soil.  

Tangential speed value is determined through 

the relation: 

100060

2






nr
v x

x



[m/s]  

 (4) 

Feed motion speed: 
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where:   un – feed motion speed, in cm/rot; 

rx – radius of a certain point, in cm; 

n – borer speed, in m/s. 

The real chipping speed is obtained in basis of 

the resultant between vx and u: 

uvv x 
[m/s] 

 
Fig. 3. Main movements of the borers [3,5] 

 
Fig. 4. Way of chipping the soil layers [3,5] 

 

 
Fig. 5. Movement of the earth inside the hole [3,5] 

 

The soil is the environment of the growth and 

development of the saplings, because in it and through 

it there are the nutritive elements and the activity of the 

micro-organisms in the context of a normal thermo-

aero-hydro regime. It can be penetrated by the roots of 

the plants, it is stirred, it contains water, air and living 

matter (flora and fauna) and it represents the necessary 

support for the growth and development of the 

saplings. [8,9,10] 

The characteristic of the soil as a growth and 

development environment for the plans is given by a 

series of properties (texture, structure, porosity, 

compaction, reaction, humus content and nutritive 

elements), expressed globally through the notion of 

fertility.[3,11,12] 
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The present research is extremely broad, but 

in the present paper, we provided only the research 

regarding the average duration of digging and the 

average fuel consumption for the four types of soil. 

 

Material And Methods 
 

The experimental research was conducted in 

two forest divisions in the plains. For this purpose, we 

chose the soils which are most frequently spread in 

those areas. In this respect, we made measurements in 

order to determine the moisture, the bulk density, the 

total porosity and the particle size analysis of the soils. 

The particle size analysis of the soils was carried out in 

a specialized laboratory.  

We determined the fuel consumption and 

digging duration for each hole, but also the split times 

(duration of movement from one hole to the other). The 

digging duration and the split times were determined 

by using a timer; for determining the fuel consumption, 

we placed inside the tank a precise quantity of fuel and 

after depleting it, we related it to the digging duration 

and we multiplied it with the digging time allotted for 

each hole, according to the relation (6):  

    (6) 

where:  is the fuel quantity needed for each hole, 

  – total quantity of fuel placed in the tank, 

 – total sum of digging duration of the 

holes  

 – duration of digging of a hole  

The technical characteristics of the ground 

auger used in our research are given in table 1, and its 

photography appears in figure 6. 

 
Fig. 6. Ground auger Stihl BT 121 [13] 

 

The technical characteristics of the ground auger Stihl 

BT 121 are given in Table 1. 

Table 1  

Technical data of the ground auger Stihl BT 121 [13] 

Cylindrical capacity  30,8 cm³  

Weight 9,4 kg 

Power 1,3/1,8 kW/CP  

Level of vibrations left/right 2,2/2,5 m/s²  

Speed of rotation 190 1/min  

Level of acoustic pressure 103,0 dB(A)  

Level of acoustic pressure 109,0 dB(A)  

 

In this paper, we presented the results 

gathered after digging the holes for planting saplings in 

the previously unprepared ground, taking into account: 

the durations implied by digging holes according to the 

physical-mechanical properties of the soil and the fuel 

consumption needed for digging a hole.   

The physical properties were determined by 

using the method of the cylinders with a constant 

volume of 100 cm
3
, carrying out five repetitions at 

different depth, from 10 to 10 cm until the depth of 30 

cm. The methods of analysis and interpretation of the 

results as well as the work procedure for the 

determination of the physical – mechanical properties 

are those indicated in the specialized literature. 

[14,15,16,17,18] 

In order to reach our objectives, we have dug 

n holes for each type of soil chosen for the experiment, 

placed on a previously unprepared horizontal ground, 

using the Stihl BT 121 auger with a 200-mm drill, until 

exhausting the whole quantity of fuel placed in the tank 

(500 ml). [19,20,21] 

 

Results And Discussions 
 

a. Physical properties 

The state of aeration of the processed soil in 

the natural setting can be expressed through specific 

issues such as: bulk density and total porosity.[15,22] 

The types of soil on which the research was 

carried out are: gley-soil the muddy subtype (soil 1), 

alluvial soil the vertical-gleyed subtype (soil 2), brown 

typically luvic soil (soil 3) and a alluvial soil-typical 

(soil 4). The physical properties determined during the 

digging of the holes and the particle size distribution of 

the soil are presented with average values in Tables 2 

and 3.
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Table 2 

The values of physical properties of the soils analyzed (mean±SD)  

Type of soil Physical properties 
Depth 

0-10 cm 10-20 cm 20-30 cm 

SOIL 1 

gleysoil –  

muddy 

Soil moisture, % 24.11 ± 1.2 22.73 ± 1.0 20.09 ± 0.8 

Bulk density, g/cm
3
 1.62 ± 0.23 1.69 ± 0.19 1.72 ± 0.06 

Total porosity, % 37.89 ± 2.51 37.43 ± 2.24 36.45 ± 1.15 

SOIL 2  

alluvial soil –  

vertical gleyed   

Soil moisture, % 20.75 ± 0.9 19.46 ± 0.7 17.38 ± 0.5 

Bulk density, g/cm
3
 1.70 ± 0.02 1.75 ± 0.01 1.73 ± 0.00 

Total porosity, % 36.97 ± 1.32 35.73 ± 1.11 35.19 ± 0.92 

SOIL 3 

  brown   

typically luvic   

Soil moisture, % 22.43 ± 0.8 21.10 ± 0.5 8.74 ± 0.3 

Bulk density, g/cm
3
 1.69 ± 0.05 1.71 ± 0.03 1.73 ± 0.01 

Total porosity, % 37.43 ± 1.05 36.31 ± 0.96 36.09 ± 0.53 

SOIL 4 

alluvial soil – 

typical 

Soil moisture, % 23.35 ± 0.5 21.68 ± 0.3 19.54 ± 0.1 

Bulk density, g/cm
3
 1.64 ± 0.01 1.58 ± 0.01 1.51 ± 0.00 

Total porosity, % 35.54 ± 2.52 33.28 ± 2.01 31.25 ± 1.85 

 

 We could notice the fact that the holes were 

dug when the values of soil moisture were ranging 

from 20.75 to 24.11 % for the 0-10 cm depth, 19.46-

22.73 % for 10-20 cm depth and 8.74-20.09 % for the 

20-30 cm depth. 

In order to show the influence of the soil type 

(particle size distribution) and of the physical 

properties of the soils included in the experiment on 

the digging duration and fuel consumption, all the 

holes were dug on a previously unprepared ground, 

which can be noticeable in the values of total porosity 

that vary as follows: for 0-10 cm between 35.54-37.89 

%; for 10-20 cm between 33.28-37.43 % and for 20-30 

cm between 31.25-36.45 %.

 

Table 3 

Average values of the granulometric analysis at different depths of prelevation 

Type of soil 
Depth of   

prelevation 

Values  of the granulometric analysis 

Sand 

(Coarse+Fine) 

Dust 

(I+II) 
Clay 

SOIL 1 

gleysoil –  

muddy 

0-10 36.78 33.88 29.54 

10-20 47.78 25.08 27.34 

20-30 41.18 30.38 28.64 

SOIL 2  

alluvial soil –  

vertical gleyed   

0-10 40.78 38.78 20.64 

10-20 39.38 37.18 23.84 

20-30 41.98 33.08 25.24 

SOIL 3 

  brown   

typically luvic   

0-10 38.78 36.33 25.09 

10-20 43.58 31.13 25.59 

20-30 41.58 31.73 26.94 

SOIL 4 

alluvialsoil – 

typical 

0-10 40.36 38.36 21.28 

10-20 40.63 36.08 23.29 

20-30 41.2 33.95 24.85 

 

 
Fig. 7. Granulometric curves analysis of the soils 
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When analysing the granulometric curves 

presented in figure 7, one can notice the fact that there 

was a sandy-dusty-clay-like texture in all the soils 

encompassed in the experiment at a participation quota 

that scarcely varies, with the exception of the 1st soil 

where the particle size distribution is slightly different: 

sandy-clay-like-dusty texture.   

b. Duration of hole digging 

In order to simplify the highlight of the main 

characteristics regarding the variation of the duration, 

at different depth and on different soils, we passed on 

to the stratification of the values according to these 

requirements. Then, we proceeded to the determination 

of statistical indexes that allow us to intrinsically 

evaluate the structure of the analysed data. These 

values are given in Tables 4 and 5.

     

Table 4 

Statistical indexes regarding the duration of hole digging 

Statistical indexes SOIL 1 SOIL 2 SOIL 3 SOIL 4 

Mean   11.70 12.00 12.06 9.83 

S.E.M.  0.29 0.40 0.19 0.24 

Standard deviation  3.09 3.76 1.99 2.52 

Coefficient of variation  0.26 0.31 0.17 0.26 

Minimum  7.01 8.19 7.41 6.04 

Maximum  19.5 26.8 19 16.78 

The number of feature values  116 87 105 111 

Skewness  0.37 2.20 1.41 0.96 

Curtosis  -0.56 5.02 2.36 0.03 

Mean Deviation  2.58 2.56 1.42 2.03 

Median  11.84 11.08 11.54 8.99 

Range  12.49 18.61 11.59 10.74 

Confidence Level (0,95)   0.57 0.80 0.39 0.47 

Lower Confid. Limit  11.41 11.59 11.86 9.59 

Upper Confid. Limit   11.99 12.40 12.25 10.07 
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Fig. 8. Variation duration of hole digging 

 

The average values of the digging time of 

holes vary between 9.83±2.52 and 12.06±1.99 seconds 

(mean±SD). Even though the soils chosen for this 

experiment have an almost identical particle size 

distribution, there is a noticeable difference among 

them in terms of drilling time, which can reach up to 

13.36 seconds (the mean between the difference of 

maximum and minimum values). These differences 

appear as a result of physical properties of the soil 

while digging, which are different in terms o moisture, 

bulk density and total porosity.
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Table 5 

The ANOVA analysis duration of hole digging 

Anova: SUMMARY 

Groups Count Sum Average Variance Std. Dev. Law Heigh 

Duration Soil 1, sec 116 1357.071 11.699 9.563 3.092 8.606 14.791 

Duration Soil 2, sec 87 1043.703 11.997 14.135 3.760 8.237 15.756 

Duration Soil 3, sec 105 1265.820 12.055 3.967 1.992 10.064 14.047 

Duration Soil 4, sec 111 1090.960 9.828 6.349 2.520 7.309 12.348 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 359.706 3 119.902 14.523 0.0000000052 2.626 

Within Groups 3426.289 415 8.256    

Total 3785.995 418     

 

c. Split times for digging holes 

Split times represent the duration of 

movement from one hole to the other, which can be at 

a distance of 1, 2, 3 or 4 metres. These dimensional 

values are the most frequently found in the layout used 

for planting forestry saplings. These split times can be 

considered auxiliary times or time loss reflected in the 

fuel consumption, which must be amortized if we want 

to update the quota of the ground augers in the forestry 

sector.   

In order to simplify the highlight of the main 

characteristics regarding the variation of the split times, 

at different distances from one hole to the other, we 

passed on to the stratification of the values according 

to these requirements. Then, we proceeded to the 

determination of statistical indexes that allow us to 

intrinsically evaluate the structure of the analysed data. 

These values are given in Table 6.

 

Table 6 

Statistical indexes regarding the split times for digging holes 

Statistical indexes 
Distances from one holle to another 

1 m 2 m 3 m 4 m 

Mean   2.71 5.42 8.14 10.85 

S.E.M.  0.14 0.27 0.41 0.55 

Standard deviation  1.41 2.83 4.24 5.66 

Coefficient of variation  0.52 0.52 0.52 0.52 

Minimum  0.79 1.57 2.36 3.14 

Maximum  7.7 15.39 23.09 30.78 

The number of feature values  107 107 107 107 

Skewness  1.78 1.78 1.78 1.78 

Curtosis  3.27 3.27 3.27 3.27 

Mean Deviation  0.99 1.98 2.97 3.96 

Median  2.44 4.88 7.32 9.76 

Range  6.91 13.82 20.73 27.64 

Confidence Level (0,95)   0.27 0.54 0.81 1.08 

Lower Confid. Limit  2.58 5.15 7.73 10.30 

Upper Confid. Limit   2.85 5.70 8.55 11.39 

 

From the analysis of the split times derived by 

hole digging (time lapse of the auger put on, from one 

hole to the other, according to the planting layout: 1, 2, 

3 or 4 metres), we can infer the fact that the average 

value of drive for a 1m-distance is 2.71±1.41 sec.; at 2 

m - 5.42±2.83sec.; at 3 m - 8.14±4.24 sec. and at 4 m - 

10.85±5.66 sec. (mean±SD). 

This time lapse starts from the moment the 

drill was taken out of the hole, moved to the next hole 

and placed on the spot where the following digging 

was going to be done.  

The values of these split times are directly 

influenced by the field configuration, the presence of 

grass, of Rubus species and pioneer species which 

invade the soil when it is deprived of the protection of 

a tree. Similarly, the afforestation site significantly 

hinders the movements of the person in charge of the 

auger from one hole to the other.  

d. Fuel consumption for digging holes  

The measurements regarding fuel 

consumption were made on a previously unprepared 

field, on forestry plains, where the study was carried 

out. The results are given in Table 7.  

The fuel consumption was determined by 

placing inside the tank a precise quantity of fuel 

(500ml), with which we were able to dig 
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116/87/105/111 holes, according to the type of soil. By 

relating the fuel quantity placed in the tank to the 

number of dug holes, we were able to calculate the 

average quantity of fuel needed for digging a hole up to 

30 cm: 4.31 ml for the 1st type of soil, 5.75 ml for the 

2nd type of soil, 4.76 ml for the 3rd type of soil and 

3.49 for the 4th type of soil. 

In order to simplify the highlight of the main 

characteristics regarding the variation of fuel 

consumption for digging holes on different soils, we 

proceeded to the determination of statistical indexes 

that allow us to intrinsically evaluate the structure of 

the analysed data. These values are given in Tables 7 

and 8.  

    

Table 7 

Statistical indexes regarding the fuel consumption for digging holles 

Statistical indexes SOIL 1 SOIL 2 SOIL 3 SOIL 4 

Mean   4.31 5.75 4.76 3.49 

S.E.M.  0.11 0.19 0.08 0.08 

Standard deviation  1.14 1.80 0.79 0.89 

Coefficient of variation  0.26 0.31 0.17 0.26 

Minimum  2.58 3.92 2.93 2.14 

Maximum  7.18 12.84 7.51 5.95 

The number of feature values  116 87 105 111 

Skewness  0.37 2.20 1.41 0.96 

Curtosis  -0.56 5.02 2.36 0.03 

Mean Deviation  0.95 1.23 0.56 0.72 

Median  4.36 5.31 4.56 3.19 

Range  4.60 8.92 4.58 3.81 

Confidence Level (0,95)   0.21 0.38 0.15 0.17 

Lower Confid. Limit  4.20 5.55 4.69 3.40 

Upper Confid. Limit   4.42 5.94 4.84 3.57 
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Fig. 9. Variation fuel consumption for the digging holles 
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Table 8 

The ANOVA analysis fuel consumption for the digging holles 

Anova: SUMMARY 

Groups Count Sum Average Variance Std. Dev. Law Heigh 

Fuel consumption Soil 1 116 500 4.310 1.298 1.139 3.171 5.450 

Fuel consumption Soil 2 87 500 5.747 3.244 1.801 3.946 7.548 

Fuel consumption Soil 3 105 500 4.762 0.619 0.787 3.975 5.549 

Fuel consumption Soil 4 111 387 3.486 0.799 0.894 2.593 4.380 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 260.703 3 86.901 62.123 3.40969E-33 2.626 

Within Groups 580.521 415 1.399    

Total 841.224 418         

 

The values obtained for fuel consumption are 

directly influenced by the digging duration and the four 

types of soil included in the experiment.  

Thus, the smallest average value was 

registered in the case of the 4th soil - 3.49±0.89 ml. It 

was also in this case that we had the shortest average 

time for digging: 9.83 sec. The other average values for 

fuel consumption were: 4.31±1.14 ml for the 1st soil; 

4.76±0.79 ml for the 3rd soil and 5.75±1.80 ml for the 

2nd soil (mean±SD). 

The amplitude of average variation of the fuel 

consumption for all the types of soil included in the 

experiment was 4.00 ml, which indicates that there is 

data homogeneity in terms of statistics.  

 

Conclusions 
 

From all of the above, we can infer the 

following conclusions regarding the behaviour of the 

Stihl BT 121 auger with a 200 mm drill in the forestry 

sector and on a previously unprepared horizontal 

ground: 

 The average values of duration needed to dig 

holes (starting from the moment when the drill 

penetrated the soil, bored until reaching the 30 cm 

depth and was pulled out of the hole) vary between 

9.83±2.52 and 12.06±1.99 seconds (mean±SD).  

 The amplitude of average variation (the mean 

between the difference of maximum and minimum 

values) for the duration of digging holes is 13.36 sec., 

which is a high value. However, in terms of particle 

size distribution, the soil texture is similar. These 

differences occur as a result of physical properties of 

the different soils while digging.  

 The average value of split times derived from 

hole digging (time lapse of the auger put on, from one 

hole to the other, according to the planting layout: 1, 2, 

3 or 4 metres), is at a 1m-distance, 2.71±1.41 sec.; at 2 

m, 5.42±2.83sec.; at 3 m, 8.14±4.24 sec. And at 4 m, 

10.85±5.66 sec. (mean±SD). 

 The average values of fuel consumption for 

the four types of soil are: 3.49±0.89 for the 4th type of 

soil, 4.31±1.14 ml for the 1st type of soil, 4.76±0.79 ml 

for the 3rd type of soil and 5.75±1.80 ml for the 2nd 

type of soil (mean±SD).  

 The average quantity of fuel needed for 

digging a hole up to 30 cm: 4.31 ml for the 1st type of 

soil, 5.75 ml for the 2nd type of soil, 4.76 ml for the 

3rd type of soil and 3.49 for the 4th type of soil. 
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