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Abstract

Forest regeneration by means of seedlings grown in container nurseries is usually performed
manually with the use of the standard dibble bar or the tube dibble. Manual placement of a
large number of seedlings in the soil requires a lot of work. Manual remouval of the soil cover
and digging the soil in spots with a diameter of 0.4 m requires, under average conditions, about
38 man-hours/ha, while planting with a dibble bar requires about 34 man-hours/ha. Addi-
tional work time is needed to carry seedlings over an area that is being afforested. At present,
forestry does not have automatic planters that would enable the establishment of forest cul-
tures. The aim of the paper is to present the concept of an autonomous robot and an innovative
technology of performing forest regeneration and afforestation of former agricultural and re-
claimed areas. The paper also presents the design solutions of the key working unit, which is
a universal, openable dibble, cooperating with a three-toothed shaft to prepare a planting spot.
The solution proposed enables continuous operation of the machine, i.e. without the need to
stop the base vehicle.
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1. Introduction

The technological evolution that began in the new
millennium has integrated mechanical development
with the applications of electronics. The cooperation
of mechatronic systems with information technologies
is widely described as Industry 4.0. The participation
of modern systems in the field of sustainable forest
management is becoming increasingly noticeable, and
includes economic, environmental and social aspects.
It ensures the safety of forest workers, supports envi-
ronmental sustainability and guarantees a high level
of productivity. Current challenges are related to the
need to increase the level of automation of forestry
machines, the implementation of remote-control or
unmanned vehicles, and the pursuit to implement the
assumptions of precision forestry (Lindroos et al. 2015,
Picchio et al. 2019). It should be noted that this calls for
interdisciplinarity in the approach to project imple-
mentation and cooperation in many areas, such as
agricultural and forest engineering, computer science,

mechatronics, dynamic control, machine learning, etc.
(Shamshiri et al. 2018, Talbot and Astrup 2021).

Manual work in forest management, including
planting, is characterised by a very high level of en-
ergy expenditure (Grzywinski 2005), which is dispro-
portionately high in relation to the other components
of the physical load, i.e. static effort and monotypic
nature of the work. The amount of energy expended
during a shift places manual planting in the group of
hard and very hard labour (Grzywinski 2007). The fac-
tor which lowers the fatigue level is the distribution
and length of breaks during work (Gallis 2013). For
this reason, the utilisation rate of the shift working
time is low, approx. 70% (Sabo and Porsinsky 2005,
Horvat et al. 2007). On the other hand, machine tech-
nologies, including automated and robotic ones, are
characterised by high productivity, which is a deriva-
tive not only of high efficiency but also of a lower share
of break time (Ghaffarian 2009). However, it should be
remembered that forest work is carried out in terrain
with unfavourable traction conditions, large inclinations,
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a high share of obstacles with varied density of occur-
rence and geometric parameters. Such conditions ex-
pose machine operators to additional stress and re-
duce productivity (Szewczyk 2020). For example
reclaimed areas, e.g. former mining ones, are charac-
terised by a large diversity and variable relief (Bell and
Donnelly 2006). These factors contribute to the varying
degree of difficulty of land reclamation and to the fre-
quently hindered access to the terrain for the techno-
logical means of afforestation.

In the last decade, a number of forestry jobs, espe-
cially those related to seeds, nurseries and timber har-
vesting, have been automated. In jobs related to seeds
and nurseries, a breakthrough came as a result of the
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development and popularisation of image recognition
and analysis systems, which made it possible to imple-
ment new technologies and automatic devices for seed
processing (Novikov et al. 2019, Tadeusiewicz et al.
2017, Tylek et al. 2020a, 2021b). Progress in developing
new nursery technologies is also important (Dornyak
and Novikov 2019, Sokolov and Novikov 2019). In
timber harvesting, the development of technology is
aimed at introducing remotely controlled machines or
fully robotic systems, initially intended for timber har-
vesting and extraction on plantations (Visser and Obi
2021). They are to minimise the negative impact of
harvesting on the environment without reducing la-
bour productivity (Cambi 2016).

Fig. 1 Dibbles used for seedlings with root balls
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Fig. 2 Attempt to use a single-row planter for bare-root seedlings
for forest regeneration
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manually. Devices applied include various types of
dibble bars: classic ones that cut into the soil a small
hole in the shape of the seedling root ball (Fig. 1a) or
tube dibbles that push the soil to the sides before in-
serting a seedling (Fig. 1b). In such cases, containers
with seedlings must be carried by workers. A worker
can plant about 150 seedlings per working hour.

In the last decade, attempts have been made to use
classic planters for bare-root seedlings on a larger
scale. In this case, full-area soil preparation is neces-
sary, usually with the use of energy-consuming
ploughing (Laine 2017, Wigsik and Aniszewska 2011).

The seedling is dropped on the surfao‘ef'

PR

Fig. 3 Examples of planting errors caused by planter’s operation in an area that is not cleared, in need of correction

The weakest technological progress concerns af-
forestation and forest breeding tasks. Planting a large
number of seedlings is highly labour-intensive with
ergonomic consequences for the worker. Monotony
and a significant proportion of static loads during
work make it more challenging for the workers. In
addition, due to fatigue caused by the work, it is some-
times performed carelessly. This may result in a de-
crease in the survival rate of seedlings, due to perma-
nent deformation of their root systems. This in turn
lowers their resistance to environmental stresses, pests
and diseases (Szyguta et al. 2012).

For the above reasons, it was undertaken to design
an autonomous, mobile platform equipped with a
planting unit, with the possibility of future expansion
of the system with other tools. This paper presents a
bibliography study on the current attempts to auto-
mate forest regeneration tasks, and describes the de-
sign and functional model of the new planting module.

2. Methods of Forest Regeneration
Mechanisation and Automation

Planting, especially in forest, former agricultural
land and reclaimed post-mining areas, is usually done

Moreover, this requires the cooperation of the tractor
driver with one or two helpers (Fig. 2). The above tech-
nology entails the need to make manual corrections,
because when working in terrain that has not been
cleared or is highly uneven, workers fail to properly
place some of the seedlings in the soil (Fig. 3a, b). The
advantage, as compared to manual planting, is good
compaction of the seedlings, which promotes the
growth of roots from the root ball into undisturbed soil
and reduces the risk of seedling overdrying.

R s

Fig. 4 Planting head mounted on boom of a caterpillar-tracked ve-
hicle (www.brackeforest.com)
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A functional solution used occasionally (especially
in Scandinavia) is a semi-automatic planting head
(Fig. 4), suspended on the boom of an excavator or a
harvester. However, automation is not full here be-
cause the seedlings are taken out of the containers and
placed in the planter’s storage unit manually (Ersson
2014 and Laine 2017, Wiesik and Aniszewska 2011).

Depending on the option applied, the planting ca-
pacity is 140-350 seedlings per hour, but their eco-
nomic viability is questionable as the relatively small,
compact device is mounted on high-power multi-ton
work vehicles. The head prepares the planting spot in
the form of a small mound, and the possibility of
planting is usually limited to small-sized pine seed-

Fig. 5 Micro-excavator with a mounted planting head; on cab roof
there are visible elements of pneumatic system for supporting seed-
lings transport from collector to planting mechanism
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lings. A standard storage unit can accommodate sev-
eral dozen seedlings at a time, so additional seedling
storage units are built on the base vehicle. The head
may be extended with a feeder carousel tray, which
increases the capacity of the storage unit and lowers
the loading time by 57% (Ersson et al. 2014). However,
seedlings are exposed to drying and mechanical dam-
age because the tray is moved together with the plant-
ing unit, which has a percussion mechanism.

A slightly similar concept has been proposed by
the Japanese (Tylek et al. 2020b), but the base vehicle
is a micro-tractor with a caterpillar-traction system
(Fig. 5). The head of the semi-automatic device is
mounted on the boom. In the first operating phase, the
head prepares a planting spot with the use of two
blade cutters with vertical rotation axes moving in op-
posite directions. Next, a seedling is placed in the soil
using a tube dibble. The third phase consists in com-
pacting the soil around the seedling with a pneumati-
cally pressed stamp. The disadvantage of this solution
is the need to manually feed the seedlings. This is done
by the operator by placing the seedlings in a collector
mounted inside the cabin. The transport of seedlings
to the planting mechanism is pneumatically assisted.

At the University of Victoria in Canada, a model of
a remotely controlled mini planting machine called
TreeRover (https://www.uvic.ca/news/topics/2016+
building-a-tree-planting-robot+ring) has been devel-
oped. This device has an electric drive of the undercar-
riage, while the working tools are pneumatic.This
automatic device can only move on flat terrain. Plant-
ing takes place without preparation of the ground,
using a tubular type of dibble with a square cross-
section. Moreover, the planting head has a stamp to
press down the seedling root ball. In the prototype
(Fig. 6), the device storage unit can accommodate only
10 seedlings, which fall down from the unit by gravity,
and the time of a single planting cycle is approximate-
ly 15 sec.

Fig. 6 Model of a remote-controlled forest planting automatic de-
vice
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Fig. 7 Visualisation of a forest planting robot with a legged traction
system (Johnston et al. 2016)

Another innovative proposal is a forest planting
robot with legged traction system (Fig. 7). However,
this project has not gone beyond the concept phase,
and the proposed traction system in the form of four
supports, previously used as a platform for mounting
multi-operational timber harvesting machines, has not
met the foresters’ expectations yet. It is characterised
by exceptional complication of the trajectory of sup-
ports, an extensive control system and greater (com-
pared to wheel systems) motion resistance (Visser and
Obi 2021). The storage unit holds 320 seedlings and
requires manual loading. The seedlings are placed in
the soil together with their biodegradable pots.

3. Construction Assumptions for
Autonomous Planter

The above-mentioned advantages do not apply to
an automatic device for forest regeneration and affor-
estation in lands previously used for agricultural pur-
poses and reclaimed areas, with the working name
RoboFoR. The project is the outcome of research and
development carried out by the scientific-industrial
consortium led by the University of Agriculture in
Krakow, and the following subcontractors: the AGH
University of Science and Technology in Krakow, the
Lukasiewicz Research Network-Industrial Institute of
Agricultural Engineering in Poznan and the Forest
Technology Centre in Jarocin, which are extremely
interested in commercialising the solution.

P. Tylek et al.

According to the assumptions, the machine will be
based on a self-levelling, 4-wheel traction system, con-
trolled with the assistance of the satellite navigation
system, which will enable autonomous navigation in
the terrain not previously cleared and the selection of
a planting spot. It will be equipped with a mechanism
to prepare a planting spot and an integrated planting
unit. Seedlings will be picked directly from their con-
tainers and moved to the planting unit using the
boom, operating according to an algorithmic proce-
dure. The machine will have a unit to store seedling
containers with an automatic exchange of the emptied
containers. Its drive will be a compact internal com-
bustion-hydraulic assembly with an electrohydraulic
control system. The device will be equipped with an
industrial measuring and control module and a wire-
less remote control system (Adamczyk et.al. 2019).

Seedlings grown in container nurseries will be
planted automatically without the need to remove
them first, which would cause harmful overdrying
and shedding of some of the soil. The autonomous
robot will be equipped with its own drive system en-
abling it to work under difficult field conditions as
well as a mechanism that will eliminate competitive
vegetation around the planting site (planting spot) and
loosen the soil at the spot where the planting element
is working. It will also have a set to compact the soil
around the seedling to stabilise it and eliminate air
pockets that prevent the growth of the root system into
the surrounding soil. As opposed to other systems, the
planting spot will be prepared without having to stop
the machine’s forward movement (Ersson et al. 2014).
The seedlings for the dibble (the planting device) will
be fed by an intelligent robot arm which will take the
seedlings out of the containers according to a specific
algorithm. Then the dibble will be pulled out and the
seedling will be pressed down with the force regu-
lated by the mechanism pressing the soil around it.

The planting robot will store containers with seed-
lings in its own storage unit, moved in a programmed
manner to replace an emptied container with another,
full one. This will allow for planting a given afforesta-
tion area without the need to manually feed seedlings,
and without supervision. The robot will move around
the operation area with the help of navigation systems
or with the operator’s support, avoiding terrain ob-
stacles. During the work, vehicle paths and the geo-
graphic coordinates of seedling distribution will be
recorded. The recorded data will allow the develop-
ment of a map of the afforested area for further control
of the development of forest cultivation during vegeta-
tion. In the future, with the use of vision control sys-
tem, it will be possible to use such maps to automate

Croat. j. for. eng. 44(2023)1

207



P. Tylek et al.

further forest breeding treatments (tree maintenance
and thinning), and even to harvest timber with the use
of automatically controlled harvesters. Planting pa-
rameters (depth, planting spot shape, spacing) and the
species composition will be programmed in accor-
dance with the requirements of the silviculture prin-
ciples, using a user-friendly interface. The energy to
power the robot’s working units and its drive system
will be provided by hydraulic systems driven by a
compact internal combustion engine. The modular
design of the robot will enable its further expansion.
The turret working head will be able to be addition-
ally equipped with sensors, e.g. for the identification
of microhabitats, registration of the robot’s travelling
path and seedling distribution, which will facilitate the
inventory of the effectiveness of regeneration tasks
and enrich the databases of forest spatial information
systems, as well as enable the automation of further
breeding operations.

The final product will include solutions for recog-
nising the robot’s surroundings (the condition of the
soil in which the seedlings will be placed) and making
decisions depending on the information obtained. The
combination of satellite navigation (GPS) methods and
the need to take into account information from other
sources, necessary for the proper operation of the ro-
bot, will allow it to overcome the difficulties caused by
a variety of possible soil conditions and terrain con-
figurations (the existence of various, difficult to define
obstacles) (Typiak et al. 2019).

4. Design of Robot’s Planting Module

At the current stage of the project, a complete ma-
chine planting module has been designed (Adamczyk
et al. 2019). It is composed of three main components
(Fig. 8). The first one is a tool for planting spot prepa-

1 — tool for planting spot preparation
2 — movable dibble
3 - pressing wheels

Fig. 8 Working unit elements for planting trees with covered root
system
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ration. The second component is a movable dibble for
placing seedlings in the soil. According to the assumed
efficiency, the work of the machine should take place
while travelling (without stopping), with the best pos-
sible vertical positioning of the seedling. The last ele-
ment is a system of two pressing wheels with continu-
ously adjustable geometry.

The planting spot preparation tool is mounted in
an oscillatory manner on the frame of the working unit
via the first rocker arm and an actuator that allows
adjusting the position and force of the tool pressing
against the soil, while the pressing element is mount-
ed on the frame by the second rocker, the position and
pressure of which are regulated by a separate actuator.
The main element of the planting unit is in the form of
a cylindrical dibble connected to the carriage, which is
mounted slidably in relation to the frame and is moved
in relation to it along the horizontal axis by means of
an independent drive.

Ultimately, the planting module is to be mounted
on a specialised, autonomous carrier, while in the case
of aggregating the module with agricultural or for-
estry tractors, the frame of the working unit should be
equipped with an appropriate levelling system. The
developed conceptual model of such a solution is pre-
sented in Fig. 9. Attached to the frame in its rear part,
there is an adjustable swing axle with support wheels
and, in its front part, a swing hitch to the tractor. Lev-
elling is performed by analysing the indications from
the acceleration sensor (gravity sensor) mounted to
the frame of the working unit.

Fig. 10 and 11 below show an openable dibble in
which the jaws and the cylinder are opened by one
drive. The appropriate kinematics is ensured by rock-
ers with pivots placed at an angle, thanks to which the
opening occurs as a result of lifting the movable parts
of the dibble. The recessed part is characterised by

Fig. 9 Robot's planting module, mounted on a frame with an adjust-
able swing drive axle, while working on a slope — rear view
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1 - fixed part

2, 3 —two flared jaws

4,5 —lower arms

6, 7 — upper arms

8, 9 — hydraulic cylinders

10 — seedling

11, 12 —seedling guide in the form of two flared half cylinders

Fig. 10 Innovative design of an openable dibble on rockers

relatively high slenderness which minimises the resis-
tance during penetration into the soil. The fixed part
of the dibble remains in contact with the ground until
the dibble is fully open, which ensures proper follow-
ing of the ground during continuous operation of the
machine.

In the first working phase, a seedling is fed to the
dibble, placed in the upper position with its jaws
closed, stationary relative to the frame. The seedling
is fed by a guide constituting part of the carriage. It
moves along the cylinder (by gravity or thanks to the
forced flow of compressed air) until it rests on the in-
ner walls of the jaws. Then the dibble is driven into the

P. Tylek et al.

Fig. 11 Innovative design of an openable dibble on rockers —motion
kinematics

soil, with the simultaneous commencement of the
movement following the ground: the dibble moves
downwards in relation to the carriage and towards the
back of the frame. After placing the dibble in the soil,
the jaws are opened and the dibble is lifted until the
entire plant comes out of the cylinder. At this point,
the carriage is moved back to its starting position rela-
tive to the robot’s frame, the jaws are clamped again,
and a new cycle begins.

Elements of the module control system are pre-
sented in Fig. 12. The valve coils of the hydraulic ac-
tuators, the sensors and additional buttons for operat-
ing the module are connected to the controller. The
device can be controlled directly from the display by
re-setting selected sections or by running the pro-
gramme in the automatic mode.

The operation of the device in the automatic mode
is divided into several stages. In the first stage, the
condition of compliance of the current position of the
device with the initial, transport position is checked:
the dibble is raised, the crane is moved to the left, the
gripper jaws are clenched. Depending on the indica-
tions of inductive sensors mounted on the crane, the
gripper and the piston position sensor, the controller
generates a voltage signal to the electric valves respon-
sible for the operation of the crane section, the dibble
and the gripper until the device is in its initial, trans-
port position. In the next stage, the controller starts
counting the time needed to place the seedling in the
dibble gripper. After 2 seconds, the controller goes on
to the third step. The third step also consists in check-
ing the pressure in the hydraulic system and the out-
put state of the inductive sensor mounted at the op-
posite end of the crane, which provides information
about reaching its extreme position. If the pressure
exceeds 200 bar or if the inductive sensor changes its
state to high, the dibble stops penetrating into the soil,
rises and returns to the transport position. Then, after
reaching the starting position, it proceeds without
waiting for the second step. In the fourth step, the
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1 controller

2 —display

3 - valve block

4 — pressure sensor

5 - inductive sensor (transport position of the crane)

Fig. 12 Planting module control system

controller sends a signal to the electric valve respon-
sible for opening the dibble jaws. This step is per-
formed until one of the inductive sensors mounted on
the gripper changes its state, i.e. one of the gripper
jaws opens. At this point, the controller moves to step
five, in which the controller sends a signal to the elec-
tric valve responsible for lifting the dibble. This step is
performed until the piston rod of the dibble actuator
reaches the position of less than 50% of the maximum
extension. In the sixth step, the controller continues
sending a signal to the electric valve responsible for
inserting the dibble actuator piston rod, lifting the
dibble in this way, and a signal is sent to the electric
valve which controls the hydraulic valve of the engine
crane. Signals to the electric valves are sent until the
crane is in the transport position — moved to the ex-
treme left, while the dibble is raised. In step seven, the
controller sends a signal to the electric valve respon-
sible for closing the gripper. After this step, the process
starts all over again: the controller returns to the first
step and the cycle of planting the next seedling is initi-
ated (Tylek et al. 2021a).

A pilot study of the planting module (Fig. 12) shows
that operation in the automatic mode in partially pre-
pared terrain (the soil loosened, with a low coefficient
of compactness, and a fairly level surface) satisfies the
functional requirements. In the case of planting seed-
lings of coniferous species (pine, spruce), the work ef-
ficiency of the planting module was equal to 14.3+2.7

6 — inductive sensor (extreme position of the crane)

7 — inductive sensor (closure of the dibble’s gripper jaws)

8 - inductive sensor (opening of the dibble’s gripper jaws, the right side)
9 - inductive sensor (opening of the dibble's gripper jaws, the left side)

10 - position sensor of the dibble's actuator piston

seedlings/min. For deciduous species (oak, beech) it
was lower and amounted to 9.1+3.2 seedlings/min. In
this case, the performance was characterised by sig-
nificantly higher variability. This corresponds to plant-
ing in a previously prepared reclaimed area. During
the machine’s operation under real conditions in the
forest, the dibble will work in the terrain with an ir-
regular profile; therefore, it will be necessary to pro-
vide information about the exact penetration of the
dibble into the ground. An ultrasonic sensor or a lim-
it switch can be used for this purpose. The aim of fur-
ther research will be to find out which of the sensors
is better suited for this purpose.

5. Discussion

The currently used reforestation techniques and
technologies are labour- and cost-intensive. The forest
policy of the European Union member states aims to
increase the acreage of multi-species stands and to re-
store forest areas (after felling and skidding the wood).
Other areas intended for afforestation are reclaimed
(post-industrial) and agricultural areas, which are not
intended for further agricultural use for various rea-
sons (Paschalis-Jakubowicz 2012). The habitat condi-
tions of former mining areas subject to forest recla-
mation are highly diversified due to considerable
spatial variability of soil substrates and topography
(Macdonald et al. 2015). As a result of mining activities,
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Fig. 13 Functional model of module (mounted on a frame aggre-
gated with a universal tractor) during pilot field tests

the soil cover is destroyed, and the substrates depos-
ited in dumps or exposed in excavations become the
bedrock of the emerging soil (Brevik 2013, Sourkova
et al. 2005). The soils in the post-mining areas are
formed of genetically diverse deposits, including Qua-
ternary sands and clays, Miocene sands and Neogene
silts, and in the case of objects accompanying hard coal
mining, Carboniferous rocks (Pietrzykowski and
Krzaklewski 2018). These formations are often mixed
with one another, both horizontally within a single
post-mining site and vertically in the soil profile, and
are characterised by properties unfavourable for intro-
ducing vegetation (Pietrzykowski 2014). These unfa-
vourable properties include, among others: lack of soil
organic matter (SOM), deficiency and unfavourable
quantitative ratios of nutrients, especially nitrogen
and phosphorus, both extremely low and high pH

P. Tylek et al.

values, unfavourable air-water properties, salinity and
excessive concentration of trace elements (Feng et al.
2019, Hiittl and Weber 2014, Pietrzykowski et al.
2015,). This predestines the use of seedlings with high-
quality root balls and optimal biometric parameters in
such areas (Banach et all. 2020).

Increasing the acreage of stands with the simulta-
neous application of labour-intensive, fairly inefficient
techniques and technologies is difficult to implement,
especially during the accumulation of forest regenera-
tion tasks caused by natural disasters. These difficul-
ties are eliminated by the proposed innovative solu-
tion: an automatic device for planting seedlings with
a covered root system, grown in container nurseries.
Its planting module has been submitted to the Patent
Office of the Republic of Poland under the number
P.432333 as »The working module of an automatic de-
vice for planting trees with a covered root system«
(Adamczyk et al. 2019).

The introduction of machines operating in an auto-
matic or semi-automatic system is necessary in connec-
tion with the predicted problems with employing low-
skilled workers as well as the increasing costs of such
activities (Kocel 2013). Such systems allow for improv-
ing the operational efficiency of the machines used and
for reducing the specific fuel consumption, which has
a positive effect on the natural environment
(Przygodzinski et al. 2017). In the countries of Western
Europe, Scandinavia and Canada, nurseries with a cov-
ered root system, and then container nurseries, have
appeared mainly for economic reasons. This technol-
ogy allows for greater intensification of production,
mechanisation and automation of work, which gives
measurable effects in the form of lower production
costs, as compared to seedlings produced in a tradi-
tional way (Szabla and Pabian 2003). In Poland, con-
tainer nurseries were introduced for environmental
reasons, when at the end of the 20th century Polish
forestry needed an effective tool for forest regeneration
after fires and for the reclamation of degraded
post-industrial areas (Kowalski 2007, Wesoty 2009). In
Poland, the production of this type of seedlings
amounts to about 10%, i.e. several dozen million pieces
per year, and is systematically growing thanks to the
expansion of the network of container nurseries pro-
ducing seedlings with a covered root system in plastic
or polystyrene containers. Such production is sufficient
to fill the area of nearly 20 thousand ha per year.

In Europe, the problem of forest fires has so far
primarily concerned the southern countries. In 2017
alone, fires affected over 0.8 MIn ha of forests in
Mediterranean countries (de Rigo et al. 2017), which
required regeneration with the use of seedlings with
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a covered root system. However, in the last years,
large-scale fires have also occurred in central and
northern Europe, such as in Sweden. The risk of forest
fires is likely to increase in nearly all of Europe due to
climate change and drought.

The potential global demand for autonomous
devices for planting forest tree seedlings with cov-
ered root systems is high. Only in Sweden, regenera-
tion amounts to about 200,000 ha/year and most of it is
performed with the use of this type of seedlings.
The same is also true in large forest economies such
as Finland, Germany, Spain, France or Norway
(Bernadzki 2006, Central Statistical Office 2012).

One of the key issues in silviculture is the proper
selection of the technology for the establishment of
cultures, including the soil preparation method, seed-
ling type and the implementation tool. Afforestation
of 1 hectare of area requires on average more than
40 man-hours (planting, distribution of seedlings). It
is therefore a job that requires at least 5 workers per
eight-hour day of very hard work, for which it is in-
creasingly difficult to find workers. In addition, the
use of herbicides and repellents exposes the workers
to these harmful chemicals. Thus, the initial measure-
ments of the efficiency of the planting module seem
very optimistic. Moreover, the quality of mechanical
planting is better than the quality of manual labour,
resulting in a higher survival rate of the young trees
and their faster growth in height (Szyguta et al. 2012).

6. Conclusions

In contrast to the current methods of forest breed-
ing mechanisation, the proposed innovative automat-
ed system will be characterised by the following ad-
vantages:

Elimination of manual labour — the worker only fills
the device’s storage unit with containers with seedlings
and controls the device’s operation remotely

= increase in performance — related to the exten-
sion of operational times and selection of the
optimal trajectory of vehicle travel

= decrease in the energy consumption of agrotech-
nical treatments — elimination of soil surface
preparation in favour of preparation of a plant-
ing spot

= shortening of the technological process — the es-
tablishment of cultures with the use of seedlings
grown in standard containers; elimination of
seedling transfer to dedicated storage units

= increase in cultivation success — reducing the
planting-related stress by eliminating the previ-

Design of a Planting Module for an Automatic Device for Forest Regeneration (203-215 )

ous removal of seedlings from their containers,
which would cause root ball over-drying and its
losing some of the soil; and ensuring proper ver-
ticalisation of a seedling as well as proper root
ball compaction

= adaptation to work in an area that has not been
cleared and in steeply sloping terrain — the use
of satellite navigation systems and automatic
levelling

= ahigh potential for system expansion — modular
structure, enabling the use of a platform to ag-
gregate other working elements, e.g. for crop
care.
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