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A basic requirement in today's forest resources management is an ongoing
production of all forest utilities with preserving the forest ecosystems stability.
Considering the even-aged forest management, this requirement will be assu-
red by achieving compositions of normal and stable forests based on normal
age class order. .

Faced with natural systems governed by intricate relationships in-time and
space, we have chosen a system-dynamic modelling as our work method, and
projected a simulation model of even-aged forest management process by
applying the method of age class distribution.

After simulating suitable scenarios, we focused our research on the future
development of age class distribution per area and growing stock on the mana-
gement unit "Lacic Glozdje", within the pedunculate cak management class,

The simulation research proved that even-aged forest management, defi-
ned by the intensity of regeneration felling {i.e. by the method of calculating
the felling area of the major harvest cut) and the length of rotation, is a power-
ful factor affecting the future behavior (i.c. the change of age class distribution,
felling areas growing stock and values) of a closed even-aged forest system.,

Key words: sustainable management, even-aged forest, system dynamics, age
class distribution

INTRODUCTION
UvoD

When men realized that timber was not an inexhaustible resource, he started
to manage forests on the principle of sustainable forestry. Sustainability is possible
to achieve by applying different methods, going through various development pha-
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ses (Morecroft 1992), Sustainable revenue has been a traditional feature of forest
theory and practice (Klepac 1965). The work principle in forest management is
such that it enables continuing annual yields, preserving and protecting the pro-
ductive capabilities of the forest (Kuik & Salomon 1994).

Sustainable management of forest resources today has a much wider concept
than continuous yields of timber. The preservation of the forest resources for pro-
duction of generally useful forest functions and genetic potentials is far more im-
portant. )

Continuing yields of similar revenues do not necessarily mean sustainable fo-
rest management (Gane 1992a,b, Geus 1992). The right way is the search for eco-
nomic progress that will not damage the welfare of future generations (Vennix
1992).

The basic principle of sustainable revenues present in the traditional theory
and practice, and all legislation on forest management, should acquire a dynamic
and progressive character (MeStrovi¢ 1978, 1980). A composition of stable forest
of even-aged stands based on a normal age class distribution is a prerequisite.

A basic requirement faced by forest resource managers is continuing produc-
tion of forest utilities with preservation of the forest ecosystem stability. Forestis a
dynamic natural system governed by complex cause-consequence relations in time
and space. A system of dynamic modelling may be a powerful support in deciding
and planning forest management (Cavlovi¢ 1996).

Based on the created dynamic simulation model of the even-aged management
process, applying the method of age class distribution and the done simulation of
the suitable scenarios, the research focused on the future development of the age
class distributions per area and growing stock within the pedunculate oak manage-
ment class in the Management unit "Josip Kozarac". Having achieved a considera-
ble success today, the simulation model may process all assumed future changes,
that will affect the given forest assets. It is an intelligent support in forest manage-
ment, appropriate for both short-term and long-term planning of physical, econo-
mic and financial elements.

MODEL PRESENTATION
PRIKAZ MODELA

The system dynamic simulation model of the even-aged forest management
process presents a real forest as a closed system for achieving balance. It tries to en-
compass and describe all effective factors within and out of the system (biological
disturbances, management practices), that may affect the time of achieving the
normal age class distributions.

A forest of even-aged stands can be presented as a system consisting of two ba-
sic parts, The first, smaller in area, consisting of mature stands in which regenera-
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tion felling is carried out, and yield of the main revenue is realized. The second

part of the forest are stands where tending is done through intermediate cuts, and

the yield of the previous revenue is realized. Between the two parts, continuous

flows of the stands are going on. The regeneration cuts reduce the mature stand

area, increasing the areas with intermediate cut stands. Over time, the stands nea-

rest the mature ones, pass into the mature stand forest parts, enhancing their area.
This dynamic system can be presented with the following verbal model:

r =
FOREST OF EVEN-AGE STANDS
IMMATURE MATURE
STANDS STANDS
\

Figure 1. Model of forest of even-aged stands
Slika 1. Model regularne Sume

With higher intensity of regeneration felling {ha/year) the young stand area will
grow, which means a positive (+) direction of influence. The bigger immarure stand
area, the higher transition intensity (hafyear) of the stands toward the parts of matu-
re stands, which means a positive (+) direction of influence. Likewise, the higher in-
tensity of stands transition, the smaller the immature stands area, which means the
negative (-) direction of influence. The global indication of the causal relationship is
negative (-), and the feedback loop’s (FBL} polarity is negative. A higher intensity of
stand transition from the immature stands parts will cause an increase in the mature
stands area. The bigger mature stands area, the higher intensity of regeneration fel-
ling, i.e. a positive (+) direction of influence. The area of mature stands ready for
felling will decrease with the rise in the regeneration felling intensity. This means a
negative direction of influence. The global indication of the causal relationship is
negative (-}, and the feedback loop’s polarity is negative (Fig. 2).

The normal state of forest of even-aged stands is based on a series of stands of
various ages. Therefore, forest of even-aged stands should be presented as a system
composed of a series of age classes, independent of their number or width. This
even-aged forest model can be expanded and represented with the following ver-
bal model:

The transition of stands into a first age class (ha/year) depends on the regene-
ration felling policy (major harvest cut). Over time, regeneration can be constant
or variable.
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Figure 2. a) Structural model of forest of even-aged stands
b) Elementary diagram of flows

Slika 2.  a) Strukturni model sustava regularne sume
b) Elementarni dijagram tokova

The more intensive the regeneration, the bigger area in the first age class will
be, which means a positive (+) direction of influence. The bigger area in the first
age class is, the more stands area will move from the first into the second age class
(hectare annuaily), which again denotes a positive (+) direction of influence. At
the same time, the stands area in the first age class will be smaller as more stands
area move from the first into the second age class, which is a negative (-) direction
of influence. A more intensive transition of stands area from the first into the se-
cond age class will lead to an increased stands area in the second age class (a positi-
ve (+) direction of influence), which will in turn cause a bigger stands area to pass
from the second into the third age class (again a positive (+) direction of influen-
ce). With a more intensive transition of stands area from the second into the third
age classes, the stands area in the second age class will be smaller {a negative (-) di-
rection of influence).

The series of influences continue in the same manner and its length depends
on the number of age classes, that is, on the rotation.

The stands area in the last age class will be bigger if the transition of stands
from the penultimate age class is faster (positive (+) direction of influence); it will
be smaller if felling intensity in the last age class is higher (negative (-) direction of
influence).

This verbal model of an even-aged forest dynamic system can be presented
with the extended influence diagram and an elementary diagram with flows
(Cavlovié 1996).

The functioning model of the even-aged forest management process consists
of the state variables connected by processes into a dynamic system where there
are causal relationships and the feedback loop's. The state elements are the areas of
the individual age classes in each time section, i.e. in each interaction period the
changes in the individual flows are summed.

4



J. Cavlovié: SD mode! of even-aged forest.
Glas. $um. pokuse 36: 1-11, Zagreb, 1999,

TRANSITION INTENSITY
+
AREA OF SECOND

OF STANDS (ha/year)
4 AGE CLASS (ha)

() FBL1 )
/7
4 (-) FBL2
AREA OF FIRST  /

AGE CLASS (ha) ,’ +
+ % K TRANSITION INTENSITY
. OF STANDS (ha/year
WIDTH OF AGE /S/
CLASS (YV_\ ,j
y +
INTENSITY OF () FBL AREA OF LAST
REGENERATION FELLING . AGE CLASS {ha)

felyean ¥ v

Figure 3. Extended structural model of forest of even-aged stands
Slika 3. ProSireni strukturni model sustava regularne Sume

The state variables are calcu[ated using the following formula:

New state = old state + f (input changes + output changes) dt (1

The equation of the state in the DYNAMO simulation language:
LLK = LJ+ (DT) x (RA.JK - RS.JK) @)

The presented model of the even-aged forest management process is a closed
system with a self-regulating character. Its behavior will depend on external im-
pacts that can be defined by control equations. In the mentioned model, the re-
generation felling policy, which decides on the regeneration felling practice, has
been taken as a powerful control mechanism on which the behavior of the given
even-aged forest will depend over a long time period. With defining the felling
policies and rotation length, the system dynamic simulation may investigate the
most suitable management of the real forest under particular conditions.

The methodology consists of the DYNAMO (DYNAmic MOdeling) simula-
tion language, programming and computer simulation in BASIC-version, use of
the SYSDYNS (system dynamic software package), and the DYNAMO language in
BASIC enabling computer simulation (Forrester 1992, Muniti¢ 1990).
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THE OBJECT AND AIM OF SIMULATION RESEARCH
PREDMET I CIL] SIMULACIJSKOG ISTRAZIVANJA

The simulation research was targeted at the management class of pedunculate
oak in the management unit "Lacic GloZde". The management class consists of pe-
dunculate oak stands in the first quality site class. The total area of the manage-
ment class is 3,223.88 ha, the total growing stock is 989,057 m® and the measured
annual increment is 29,409 m’ (10.20 m*/ha). Compared to the normal age class
distribution, there are a surplus of midle aged understocked stands and deficite of
mature and young stands. {Table 1, Figure 4, 5)

Table 1.  Data of real forest of even-aged stands (Management class of pedunculate
oak-Management unit "Lacié GloZde").

Tablica 1. Podaci stvarne regularne Sume (Uredajni razred hrasta luinjaka-Gospodarska je-
dinica Laci¢ Glozde)

AGE CLASS
0-20 | 21-40 | 41-60 | 6180 | 81-100 [101-120[121-140 Toral
years
Actval area (ha) | 353.24 | 59.64 | 591.24 | 783.46 | 1325.82 | 110.48 3223.88
Normal area (ha) | 460.55 | 460.55 | 460.55 | 460.55 | 460.55 | 460.55 | 460.55 | 3223.88
Actual growing ()| - | 12,167 157,861 |241,306| 532,980 | 44,744 989,057
stock (m’/ha) - | 204 | 267 | 308 | 402 | 405 307
Norm. growing (m*) | - | 65,859 | 129,875 | 184,681 220,603 | 244,552 259,290 (1,104,859
stock (m’/ha) - 143 282 401 479 531 563 343

Figure 4. Real and normal age class distributions per area
Slika 4. Stvarna i normalna dobna struktura po povrsini
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Figure 5. Real and normal age class distributions per growing stock
Slika 5. Stvarna i normalna dobna struktura po drvnoj zalibi
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The surveyed and classified data present the initial states in the course of simu-

lation research on the behaviour of the given even-aged forest system.

The aim of the research was to estimate:
— [uture development of age class distribution per area and growing stock;
- time needed to equilize age class areas;

— trends in the total growing stock and annual felling and intermediate cut
within the defined management requirements;

THE RESULTS OF SIMULATION RESEARCH
REZULTATI SIMULACIJSKOG ISTRAZIVAN]JA

THE DEVELOPMENT OF AGE CLASS DISTRIBUTION
KRETAN]JE RAZMJERA DOBNIH RAZREDA

The simulation was conducted on the sample of actual age-class data {area, ac-

tual growing stock per hectare and achievement of a normal growing stock per
hectare).

The management policy scenario was based on a 140-year rotation period, ac-

cording to which regeneration felling is carried out in mature stands in an area re-
presenting the rth part of the total forest area. In the course of the simulation pe-
riod, no changes in the total forest area have occurred, neither by increasing it
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through afforestation, nor by reducing it, so that the felling intensity has remained
constant for the whole simulation period (Eq. 3).

IRF = A = constant {(3)
r

where IRF - intensity of regeneration felling (ha/year)
A - total (unchangeable) forest area (ha)
I - rotation in years

With regard to the rotation length, a model was studied within the defined
scenario according to the dynamics of the age class distribution behaviour along a
particular time axis. In connection with trends in the age class distribution (Fig 6),
there was a specific flow of the total growing stock and annual cuts (Fig 7).

Figure 6. Trends area of age classes
Slika 6. Kretanje povriine dobnib razreda

1400 +
1200 +

1000 +

soc +1V

Area of age classes (ha)

L, I, & VII age class

12345 6 7 8 91011121314151617181920
10 - year periods

Figure 6 shows the development of age class distribution over a period of 200
years. As can be seen, the age class distribution did not achieve a normal age class
structure within the mentioned period.

The greatest changes occurred in area trends of the three last age classes. The-
re is considerable between the last age class distribution and other age classes. The
amounts and intensities of these changes over time, particularly of the first and last
age class are significant for long-term even-aged forest management.

Trends in the total growing stock are the consequence of trends in age class di-
stributions and of the achievement of normal stand stocking. Changes in the trends

8



J. Cavlovié: $D model of even-aged forest.,
Glas. 3um. pokuse 36: 1-11, Zagreb, 1999,

Figure 7. Trends of a) total growing stock
b) annual cuts
Slika 7.  Kretanje a) ukupne drune zalibe
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of growing stock and annual cuts were more intensive in the first part of the simu-
lation period which was characterized by equilization.

CONCLUSION
ZAKLJUCAK

Model-building and simulation supported by system dynamics may illustrate
complex forestry systems such as those of the even-aged forests managed by the
method of age’class distribution. Computer simulation models may simulate the
behavior of actual even-aged forest systems within a particular period for determi-
ning their future development. The method is an integral support to the process of
management and planning in forestry, both at local and higher management levels.

According to the assumed management, the initial state of the age class distribu-
tion, and the state of the increment and growing stock in any real forest of even-aged
stands, the suggested ongoing simulation model can determine the future develop-
ment of the age class distribution and the flow of the cut and growing stock.

System dynamic modelling makes it possible to build into the simulation mo-
del future assumptions of the changes that may affect forest resource management
of a particular region. According to the obtained behavior dynamics in the studied
system, as response to the simulated scenario, a long-term planning of physical,
economic and financial elements is possible:
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SUSTAV DINAMICKI MODEL REGULARNE SUME

SAZETAK

Temeljni je zahtjev koji se danas postavlja pri gospodarenju $umskim resursi-
ma trajna proizvodnja svih koristi od Sume uz ofuvanje stabilnosti Sumskih ekosu-
stava. Razmatrajuéi gospodarenje regularnim $umama, taj ée zahtjev biti osiguran
postizanjem strukture normalnih i stabilnih Suma koja se zasniva na normalnom
razmjeru dobnih razreda. Kako je rije¢ o prirodnim sustavima u kojima vladaju
vrlo sloZeni odnosi u vremenu i prostoru, za metodu je rada upotrijebljen sustav di-
namicko modeliranje, pri éemu je projektiran simulacijski model procesa gospoda-
renja regularnom $umom uz primjenu metode razmjera dobnih razreda.

Nakon simuliranja odgovarajuéih scenarija istraZivanje je usmjereno na buduéi
razvoj razmjera dobnih razreda po povrdini i drvnoj zalihi u gospoedarskoj jedinici
Lacié¢ GloZde unutar uredajnoga razreda hrasta [uZnjaka.
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Simulacijskim je istrazivanjem utvrdeno da su pri uredivanju regularnih $uma
odredivanje intenziteta oplodne sjede (nain odredivanja povriinskoga etata glav-
noga prihoda) te duljina ophodnje vrlo znaZajni &imbenici koji utjeu na buduce
ponadanje zatvorenoga sustava regularne $ume (promjene u kretanju razmjera
dobnih razreda, povrdinskoga etata glavnoga prihoda, drvne zalihe, vrijednosti
gume).

Kljuéne rijei: potrajno gospodarenje, regularna $uma, sustavna dinamika, raz-
mjer dobnih razreda
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TEAMWORK IN THINNING STANDS OF THE
POZEGA MOUNTAINS WITH SPECIAL REFERENCE
TO TRACTOR SKIDDING
SKUPNI RAD PRI PROREDAMA U SASTOJINAMA
POZESKOGA GORJA S POSEBNIM OSVRTOM NA
PRIVLACENJE DRVA TRAKTORIMA

ZELJKO ZECIC

Faculty of Forestry, Department of forest exploitation
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This study presents the findings of an investigation on teamwork, which
was defined as a group of people working on the same production task at the
same time and in the same place. Work and time study served to establish the
productivity of a group and to determine standard time and efficiency. The
study also includes an investigation of the costs for every individual worker
and for the entire group of workers in three different models applied on two
work sites. These investigations were carried out in the mountainous region of
the Forestry Management of PoZega, in the forestry offices of Kutjevo and Ple-
ternica.

The standard time of the Torpedo tractor ranges from 23.94 min/m* to
41.81 min/m® and that of the Ecotrac from 25.35 min/m® to 59.07 min/m>.
The daily performance of the Torpedo tractor ranges from 20.05 m>/day to
11.48 m’/day at distances of 50 m to 600 m and from 11.48 m*/day to 8.43
mfday at distances of 50 m to 450 m. The performance of the Ecotrac ranges
from 18.93 m*day to 11.71 m*/day and from 14.60 to 8.13 m’/day at distan-
ces of 50 m to 550 m. .

At the Kutjevo work site, the total cost of the first pair (model 3 - cutters
and tractors) amounted to 97.75 kn/m® and that of the second pair 103.28
kn/m®. Compared to model 1, these costs were lower by 39.7% and 42.19% re-
spectively and compared to model 2 by 23.4%6 and 29.7% respectively. The to-
tal costs incurred in model 1 at the Pleternica work site amounted to 163.35
kn/m’ for the Torpedo tractor and to 226.43 kn/m®, or 27.9% more, for the
Ecotrac. The costs related to the Ecotrac were 28.1% higher in model 2 and
30.29 higher in model 3 compared to the costs related to the Torpedo.
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Teamwork has been partially accepted as a practice in Croatian forestry and
has helped to improve productivity. However, the results of the study point to
an imperfect organisation of teams and to a need for them to be optimised.

Key words: teamwork, cutting and processing, skidding, timber inspection,
standard time, daily output, costs.

INTRODUCTION
UvOD

According to Ugrenovié and Benié (1957), the utilisation of forests is a pro-
duction process encompassing the entire work invested for the purpose of produ-
cing and using the material goods of forests.

Human labour has been used extensively in forest exploitation, cutting, pro-
cessing and transporting. In the past, transporting operations were first carried out
by manpower and then by animal power. With the emergence of machines, man-
power was replaced by mechanical power. This process of replacing power is al-
most complete in developed countries. Nevertheless, the developing and particu-
larly the underdeveloped countries still use man and animal power and gravitation
in addition to machines.

Most forestry workers work in the exploitation of forests and the resulting
operational costs are very high. However, the entire costs of production, machines
and roads must be regarded as a whole, as a single system. The exploitation of thin-
ning stands accounts for a significant part of the entire activities of forestry exploi-
tation in Croatia.

The choice of work technology for the exploitation of forests constitutes a si-
gnificant problem and so does the choice of machines which partially determines
the work technology. On the basis of an analysis of sustainability and of the ratio
between the dominant and intermediate yields, an assessment is made of the ma-
chines to be applied and of the conditions in which they can be used.

Significant progress has been made in the exploitation of forests with the use of
power saws for cutting and processing and tractors for skidding. In log skidding, the
assortment method was abandoned and the shortwood, longwood and tree-length
log methads of processing were introduced. Every method is adapted to the size, po-
wer and capacity of individual machines and to the conditions in the stands.

Apart from appraising the technical, productive and ergonomic characteristics
of tractors, account must be taken of their environmental performance. Particular
attention must be given to the possible damage to trees, to soil erosion, to an ade-
quate level of training of the machine operators in issues relating to forestry, inclu-
ding technical and environmental issues.

Forest exploitation must be based on ecology, on an increased humanisation of
labour and on minimising the costs of carefully selected optimal methods of work.
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The use of tractors in forest exploitation reduces the role of human [abour, al-
lows for more accurate planning, aims at optimising production, leads to better
performance, and reduces the cost of work.

‘THE PROBLEM AND THE AIM OF THE STUDY
PROBLEMATIKA I CILJ ISTRAZIVANJA

Since the very beginning of his days, man has exploited forests in different
ways and with different intensity. At first he used his own power and then began to
rely on animal power. For timber logging, man also used the natural configuration
of the terrain, gravitation and water flows.

In the 18" century, man started to apply different machinery for the exploita-
tion of wood.The first mechanical skidding of wood was carried out by cableways
of hemp cable in 1825 in Sorrento, Germany (Krpan 1995). The cutting and pro-
cessing was done with axes and handsaws. Logs were predominantly hauled by ani-
mal power, using water flows (rivers) and narrow-gauge railway tracks.

According to Beni¢ {1963), forest exploitation consists of two stages: the stage of
cutting and processing and the stage of carrying the wood out of the forest after some
initial processing. The latter stage consists of two sub-stages: skidding and hauling.

According to Bojanin (1983), forest exploitation encompasses stage 1 (cutting
and processing) and stage 2 (transport of wood). The transport of wood is further
divided into skidding and hauling,.

Krpan (1992) divides forest exploitation into the cutting and processing stage
and the transport stage. The transport stage consists of yarding, skidding and hau-
ling. Yarding nfeans moving parts of trees or logs by human, animal or mechanical
power from stumps to the site where the load is best prepared for skidding, and this
is predominantly done in openings. According to Krpan, skidding means moving
parts of trees or logs from stumps or collection sites to an auxiliary landing. Hauling
means moving parts of trees or logs from an auxiliary landing to the customers.

With the emergence of machines and their application in forest exploitation,
the notion of technology appears, defined by Pampel as the "science of the natural
and technical patterns of the material and technical aspects of the production pro-
cess and its conscious application by people" (Kepan 1984).

According to Bojanin {1971), the introduction of mechanisation constitutes an
attempt to increase efficiency, to reduce the labour force, to reduce workers' fatigue
ta the minimum and to reduce to the highest degree the costs per unit of product.

Bojanin (1983) studied the mechanisation of forest exploitation from two
aspects: the working and technological aspect and the economic aspect. In his opi-
nion, the best technical solution does not necessarily have to be the best economic
solution. In making these choices, it is important to ensure the best technology and
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machinery for the given circumstances, but with the most favourable economic
aspect. However, it is the selling price and the technical characteristics of a rich va-
riety of different forestry machines that ultimately determine the best choice of
technology.

Skidder tractors, which first appeared in Croatia as early as 1951, were crawlers
of the Caterpillar and Ansaldo type. The machines began to be introduced on a much
larger scale in 1960, when the tractor factories called IMT, BNT and 14" October
opened in what was then Yugoslavia. At the time, mass-produced agricultural tractors
were used with some additional equipment which enabled them to work in forests.

The development of the third generation of machines (Sever 1980), which
were specially designed to function in forests, originated from these agricultural
tractors and their additional equipment was adapted for skidding operations.

Special forest tractors (skidders) were employed in Croatia for the first time in
1968, while in Norway they had been introduced as early as 1962. From 1979, an
increasing number of articulated wheeler tractors and crawler tractors were intro-
duced (Krpan 1984).

In Croatia in 1991 (Ze&i¢ 1996), logs were skidded by 353 adapted agricultu-
ral tractors, which accounted for 44.6% of the total skidding vehicles. Out of the-
se, 212 tractors were equipped with winches. There were 13 articulated tractors of
up to 35 kW, accounting for only 1.6% of the total number of skidding vehicles,
32 articulated tractors with more than 35 kW accounting for 27.8%, 32 forwar-
ders or 4%, and 173 tractors with semi-trailers or 21.8%. In 1993, the situation
changed drastically in favour of articulated wheeler tractors. Therefore, there were
only 188 or 35.9% adapted agricultural tractors, 59 or 11.3% articulated tractors
of up to 35 kW, 211 or 40.3% articulated tractors of more than 35 kW, 23 or
4.4% forwarders and 43 or 8.2% tractors with semi-trailers.

These machines cause some damage to the stand. The profundity of the com-
pression or the break-up of the soil depends on the extent of the vehicle's pressure
on the soil, on the condition of the soil, on the number of tracks and on the volume
of the load. When moving over a felling site, an adapted agricultural tractor treads
with its wheels on almost 2.5% of the soil, an articulated tractor on almost 5%,
while their wheels sink 13.8 to 24.5 c¢m into the soil (Krpan 1993).

When moving from the trunks toward an auxiliary landing, a tractor damages
the standing trees with its load, wheels and body. A tractor can cause more damage
by moving in an uncontrolled way on the entire surface than by moving on previo-
usly planned tracks or built skid trails. With longwood or tree-length methods
(Martini¢ 1990), there are 9.9% damaged trees in thinned stands. The damaged
standing trees have a reduced diameter growth of up to 4.7% (Krpan 1993), they
are vulnerable to fungi and their level of exploitation is lower.

. The exploitation of thinning stands is affected by the law of production and
the law of the diameter of a log, which were termed by Grammel in 1988 as the
faws of mechanisation (Krpan 1996).
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TEAMWORK IN FOREST EXPLOITATION
SKUPNI RAD U EKSPLOATACIJI SUMA

The traditional method of work in the exploitation of forests was too time
consuming, since the stages of activity used to be done separately. Several months
would pass from cutting and processing to the transportation of the product. In or-
der to increase productivity, a solution had to be found in the improved organisa-
tion of work and in the better management of working time.

Depending on the number of workers involved in production, there is indivi-
dual work and teamwork. Teamwork is defined as a group of people working at
the same time and in the same place on the same production task. Such a form of
work is carried out through simple or complex cooperation and is characteristic of
all the developed forms of production (Krpan 1296).

Workers in a classical exploitation process - cutters, tractor drivers, foremen
and district forestry officers - had been accustomed to work separately, With the
introduction of the teamwork form of work organisation, they all began to be si-
tuated at one work site. A foreman spends the entire day with cutters and tractor
drivers and directly manages the entire work, which has an effect on the quality of
the work performance. Teamwork enables workers, foremen and district forestry
officers to supervise each other. All members in the chain of the organisation have
to do their part of the work responsibly.

The working process in teamwork can be adapted very quickly to changes in
the cutting plan or to a re-adjusted plan, which ensures that the necessary task will
be carried out.

The costs of cutting, processing, skidding and hauling were a decisive factor in
favour of the introduction of this new and more rational form of work organisation.

The need for an improved work organisation was based on the high cost of ex-
ploitation brought about by the length of the production cycle. Therefore, the aim
was to shorten the duration of production as far as possible. In fact, it is indeed
possible to cut, cross-cut, buck and skid timber to the auxiliary landing and haul it
to the main landing or to the customer in one working day. Such a model of work
organisation has actually come very close to the industrial form of production.
According to Beni¢ (1971), working operations that take place simultaneously
shorten the duration of a working stage or a working process.

Tractors were introduced in forest exploitation in the 1960s, both for skid-
ding and hauling timber. As long as it was economically possible to exploit forests
in separate working stages, tractors skidded forest products to the auxiliary lan-
ding only after the cutting and processing operations had been finished.

According to Winkler (1990), teamwork in forest production is carried out by
crews of workers who separately perform cutting, skidding, hauling, construction
work and so on, but they are only formally connected. The second type of crew in
teamwork is the one that performs several stages of work, for instance, cutting and-

17




7. Zedié: Teamwork in thinning stands of the PoZega mountains with special reference...
Glas. sum. pokuse 36: 13-101, Zagreb, 1999.

skidding. These crews are permanent and the number of their members can vary.
The third type is constituted by complex working groups doing all the major fo-
restry management operations. They are permanent and closely connected. With
the introduction of machinery in forest production, large groups have tended to
become smaller and in this way individual work and all of its negative aspects are
avoided.

Teamwork was introduced in Croatia for the first time in 1979 on the terri-
tory of the forestry management unit of Bjelovar. In the subsequent 2-3 years, te-
amwork came to be applied by all forestry offices in the Bjelovar region. In 1984,
teamwork also started to be applied in the thinned stands, which gave rise to the
need for an increased quantity of tractors.

In the territory of the forestry management of PoZega, teamwork was applied
for the first time in 1982 during the final cut of durmast oak, in compartment 69
of the Sjeverni Dilj I management unit. In the following years, teamwork was mo-
nitored and organised in order to achieve the best structure of the group. In 1995,
almost the entire yield cut was felled and skidded by a working group of the then
forestry management of PoZega, on the basis of teamwork organisation. The rema-
ining small part of the yield was cut by citizens themselves.

CHARACTERISTICS OF TEAMWORK
ZNACAJKE SKUPNOGA RADA

A working group is a coordinated group of workers organised in such a way as to
function as an autonomous unit equipped with necessary working tools and able to
carry out a task. The essence of teamwork is to be well concerted in all operations,
from the preparation of worlk to the transportation of forest products to the customer.

The main characteristics of teamwork include: a shared working assignment
given to the entire group, collective work at the same work site, shared working
tools and resources, the participation of several workers in the performance of a
task, adapted work technology, a balanced distribution of the efficiency and of
personal income according to the number of working days, collective responsibi-
lity for the fulfilment of an assignment, a collective journey to and from the
workplace, a balanced distribution of the cost of fuel and lubricants, a balanced di-
stribution of charges and allowances, and the daily presence of a foreman.

ADVANTAGES OF TEAMWORK
PREDNOSTI SKUPNOGA RADA

Apart from the internal co-ordination of activities aimed at a common goal,
the advantages of teamwork also include: an increase in productivity without any
additional energy input, working capiral is tied up for a shorter period, the time re-
quired for timber logging is shortened, less bucking is required during processing,

13



Z. Zetié: Teamwork in thinning stands of the Pofega mountains with special reference...
Glas. Sum. pokuse 36: 13-101, Zagreb, 1999.

losses in bucking and inspection are reduced (small residues, fewer pieces), team-
work can be practised throughout the year with a varying number of members,
fresh and sound wood is delivered, improved protection from pests is ensured, the
processing of wood is of better quality (with the processing taking place at the au-
xiliary landing), the work organisation on the site is better, absenteeism is reduced,
the connection between cutters and tractor drivers is closer (they work in pairs},
the cutting of trees is targeted, the group adapts itself to weather conditions, the
cutter binds the load (no binder), the burden lying on the cutter working with a
power saw is reduced, a vehicle ensuring timely emergency aid is always present at
the work site, the work is humanised by switching workers within a group, the cre-
ativity of every group member can be expressed, an individual's personality can be
freely developed, individuals are more interested in their work, a less efficient
worker tries to catch up with the others and achieves a better output, the capacities
of loading and transportation are fully exploited, the commercial effect is increa-
sed and the impact of group psychology is very significant.

DISADVANTAGES OF TEAMWORK
NEDOSTACI SKUPNOGA RADA

Disadvantages depend on the form and method according to which a group of
workers is organised and on the choice of the technologies for the cutting and pro-
cessing of wood (the longwood method, the shortwood method or the assortment
method). If the group size is fixed and the distances of skidding are smaller, the
cutter will do most of the work and the tractor driver will bind the load. In the op-
posite case, when the skidding distance is greater, the cutter will bind the load and
will not have enough work to do. In groups whose size is not fixed, there are no
extreme situations or excessive burdens on individual members, but when the gro-
up receives a new member there is a problem of adjustment.

THE AIM OF THE RESEARCH
CIL] ISTRAZIVANJA

The aim of this study was to examine the application of teamwork in the cut-
ting, processing, skidding and inspection of wood in the thinnings of the PoZega
mountains. The investigation analyses two groups of workers and their performan-
ce with regard to three different methods of work organisation.

A time and motion study will establish the productivity of the groups concer-
ned and their time and piece quotas. In addition, the investigation will serve to
establish the costs that the three different models that were applied at the two
work sites entailed per member and per group.
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THE SITE AND METHODS OF RESEARCH
MJESTO I METODE ISTRAZIVAN]JA

The Forestry Management of Pozega occupies an area of 49,486.11 ha Wlth a
total growing stock of 9,001,835 m , a mean annual increment of 310,072 m® and
an average yield cut of 204 194 m’ It is organised in six forestry Offlces Caglin,
Kamenska, Kutjevo, Pletermca PoZega and Velika, with one Machinery and Civil
Engineering business unit situated in PoZega.

The average cut of the intermediate yield amounts to 58.62% and the best
achieverment ever was recorded in 1985 with 70.59%. The average dominant yield
amounts to 41.38% of the yield cut.

Table 1 indicates that the third and the fourth age class occupy most of the
area, namely: the third age class occupies 13,169 ha or 28.19% and the fourth age
class 11,164 ha or 23.9096. The last, seventh age class occupies the smallest area,
namely: 801 ha or 1.71%.

Table 1.  An Overview of Age Classes in the area of the Forest Administration PoZega, si-
tuation in 1990
Tablica 1. Pregled dobnib razreda na podrucju Uprave Suma Pofega, stanje 1990. godine

Age class Growing stock
Dobni razred Dryna zaliba
Number Age (years

Broj D%Jb(?god.)) ha % m* %

I 1-20 7 240 15.50 - -
i 21-40 5593 11.97 454 100 35.75
m 41-60 13 169 28.19 2 509 300 31.76
v 61-80 11 164 23.90 2746 300 34.76
v 81-100 5225 11.18 1353 600 17.13
VI 101-120 3526 7.55 708 900 8.97
VII 121< 801 1.71 128 100 1.62
Total / Ukupno 46 718 100.00 7 900 300 100.00

Obviousl;' most of the growing stock belongs to the fourth age class -
2,746,300 m” or 34.76% of the total growing stock Next follows the third age
class w1th a total growing stock of 2,509,300 m’ or 31.76% and the seventh age
class has the least growing stock - only 128 100 m® or 1.62%.

Compartments 46 b and 47 d (Pleternica) are located in the central eastern
part of the management unit (Figure 1). The lowest point stands at 170 metres
above sea level, where the auxiliary landing is situated and where the unit borders
an agricultural plot. The highest point stands at 250 metres above sea level.

The soil in the area covering the lowest point of the compartment at some 250
m above sea level is composed of pseudogleic components on the hills and of pseu-
dogleic loessial soil on clayey marl at a ratio of 0.50 : 0.50. In the upper part of the
compartment there is typical loessial and pseudogleic soil, eutric brown soil and
carbonate rendzina on clayey marls and sandy clay at a ratio of 0.70 : 0.15 : 0.15.
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Figure 1. Pleternica Work site, a 3D Model
Slika 1. Radiliste Pleternica, 3D model
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Figure 2. Kutjevo Work-site, a 3D Model
Slika 2. Radiliste Kutjevo, 3D model
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These two compartments belong to the Illyrian forest of durmast oak and
common hornbeam with beech (Epidemio - Carpinetum betuli var. Fagus sylvatica
/Ht. 1938/Borh. 1963).

The basic characteristics of the stand in compartments 55 a and 56 a (Kutjevo)
are shown in Table 3. The lowest point of the compartment is situated at 550 m abo-
ve sea level and the highest at 700 m. The compartments are situated (Figure 2) in
the central part of the management unit. A forest road was constructed along the lo-
wer boundary of compartment 56 a and across the lower third of compartment 55 a.

FACTORS RELATING TO WORK SITES
CIMBENICI RADILISTA

Factors relating to the habitat at the Kutjevo and Pleternica work sites are pre-
sented in Table 2. According to its configuration, the terrain is very even and the
average and maximum longitudinal slopes hardly differ at all.

At the Kutjevo work site the air temperatures were very low and there were 2
to 4 cm of snow in the first working week. Throughout the working operation, the
soil was predominantly humid.

The factors relating to the Pleternica work site differed considerably from the
ones at Kutjevo, because work was carried out in the summer. The morning and
daily temperatures were considerably higher than at the Kutjevo work site. The

Table 2.  Factors Relating to the Work Site Habitat
Tablica 2. Stanisni &imbenici radiliSta

Fog;;‘gégce Kutjevo Pleternica
Gﬁ:gzismen't uil:ifsa Juzna Krndija I Sjeverni Dilj II
Compartmoegf, Sub-c-ompartment 55ai56a 46bid47d
Soil condition Humid Dy
Stastje tla : Viagso Subo
Longitudinal terrain mlelmall . 30% 29 %
inclination m‘;vit::aem
Uzduini nagib ierena prmim%ni 12 % . 10 %
forning 0-11°C 15-20°C
jutro
Air temperature day o o
Temperatura zraka drevna 14-20°C 24-33°C
average 16°C 23°C.
prosjeéna
rain Occasional, light S;g;:ksfhc;\f:;;,km}: dg?zy
Precipitation kisa Povremeno, slaba P Zian 2
Oborine snow 2 -4 cm, 1% week
i : smijeg 2-4cm, 1. tiedan
"g;’:}i‘;’}jif‘;;;’ad 10. 04.-12.05.1995. [  03.-13. 07.1995.
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soil was predominantly dry. The work was interrupted due to rain only on one oc-

casion for 121 minutes.

FACTORS RELATING TO THE STAND
SASTOJINSKI CIMBENICI

The factors relating to the stand are illustrated in Table 3. The analysed stand
in Pleternica is 15 years older than the one in Kutjevo. The rotation amounts to

Table 3.

Factors Relating to the Stands at the Work Sites
Tablica 3. Sastojinski Simbenici radilista

Fclss_‘rest offlce Pleternica Kutjevo
ntariia . :
Management Unit| Sjeverni Dilj II Juzna Kendija I
Compartment, Sub-compartment
Odiel. odsick 46 b 47 d 55a 56a
Compartment area, ha 18.24 18.40 37.92 37.32
Stand age, years | 70 70 55 55
. goding
Ecological-economic type
Ekolotko- gospodarski tip n-E-11 I-E-11 | U-D-10 | I-D-10
Sessile oak | Beach from | Beach from | Beach from
Management class from seed seed sced seed
Uredajni razred Kitnjak iz Bukva iz Bukva iz Bukva iz
sjernena sjemena | sjemena |  sjemena |
Rotation, years
Othodsi ina 120 100 100 100
Cover, 0.1- 1.0 .
Obrast, 0.1 - 1,0 ! ! 9.9 0.9
Number of trees, items/ha 778 935 1017 768
Mean tree.fl:amc?tar at .breast height, cm 19 20 17 19
Mean star!fi hmgh_t,. m 19 19 18 21
3
Meanvee volome, m 0.538 0.597 0.408 0.595
: 3
Growing stock, m'/ha 284 299 200 233
: 3
Growing stock, m fcompas tment 5172 5525 7 59 8 710
. 3
Annual current increment, m /ha 10.6 9.3 10.9 11.9
Annual current increment in '
the compartement, m*/ha ; 194 172 413 445
e o i v bt
: 3
Harvesting vo_lumfi l.g-yesa;;, nrtha 38 40 37 43
Harvesting volume, 10-year,
m*/compartement 694 736 1403 1605
‘ Etat, 10-godi¥nii, nilodsicku
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100 years in all compartments except for 46 b where it is 120 years. The number of
trees per hectare is much higher at Kutjevo. The characteristics of intermediate tre-
es are slightly different.

The growing stock per hectare is 1/3 smaller at Kutjevo, but the annual incre-
ment at Kutjevo is 100% higher than at Pleternica. The yield cuts per hectare differ
only slightly.

FACTORS RELATING TO EXPLOITATION
EKSPLOATACIJSKI CIMBENICI

The applied method of cutting and the medium distance of skidding ranging
from 350 m to 600 m are very important factors defining the work sites. In the
structure of wood assortments, the technical roundwood ranges from 23.2% in
compartment 55a to 35.5% in compartment 47d.

Table 4. Factors Relating to the Exploitation of Work Sites
Tablica 4. Eksploatacijski &imbenici radilista

F%rest ot_'!’lce Pleternica Kutjevo
wmarija
Management Unit . el . .
Gaspodarska jedinica Sjeverni Dilj 1 Juzna Krndija I
Compartement, Sub-compartement
Odidl. odsiek | 46 b 47 d 55a 56a
icld/priboda Intermediate | Intermediate | Intermediate | Intermediate
Type of yiedip Prethodni Prethodsi Prethodni Prethodni
Vrsta dsiiek Thinning Thinning Thinning Thinning
cuystiera Proreda Proreda Proreda Proreda
Skidding distance (from OG), m
Udaljenost priviacenja (iz OG), m 600 350 600 500
Distance from tree to tree 15.4 103
Udalienost od stabla do stabla, m : :
m’ % m’ % m % m’ %
Total gmss 589 478 930 1629
. rito
cuttimber Total net
valume Uk 473 [100.0 | 383 {100.0| 856 |100.0| 1493 |100.0
Ukusprno Tech '—wf_m ”3;0 d
, , echnical roundwoo
po;zieim Tebmicha oblovina 154 326 | 136 355 199 23.2 389 | 26.1
obujam Long stackwood | 319 | g7 4| 247 | 645| 657 | 76.8|1104| 73.9
Visemetar. pr. drvo

ERGONOMIC FACTORS
ERGONOMSKI CIMBENICI

The processes of cutting and processing are characterised by the noise and vi-
brations produced by a power saw. During the delimbing operation, the noise next
to a worker's ear must not exceed 104 dB (A) (Lipoglaviek 1983). The average le-
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vel of the daily exposure to noise should not exceed the permitted threshold of 90
dB (A) (Martinié 1990). According to Martinié, in teamwork the range of noise for
a cutter working on a felling site is from 97.8 to 102.1 dB (A) and for cutters wor-
king at an auxiliary landing it is 101.9 dB (A).

"The vibrations on the handles must not exceed the maximum linear values of
acceleration of 50 m/s® or the weighted average values (according to ISO) of 12
m/s?, or the force of transmission to the hands of 20 N" (Lipoglaviek 1983).

Apart from the above-mentioned factors, the shape and the mass of tools are
also relevant. The length of the handle and the total mass of an axe are adapted for
cutting and driving wedges into wood. The length of the lever used for the rolling
of logs is adapted to the average diameter of a log.

Lipoglaviek (1983) observed the noise and vibrations in skidding devices. The
intensities of noise differ depending on individual working operations. The level
of noise involved in work with a power saw imposes the obligatory use of occupa-
tional safety devices. The vibrations on a tractor seat differ significantly depending
on individual working operations. An improved adaptation of machines to wor-
kers and a good positioning of handles in different types of tractors can help to re-
duce workers' daily fatigue.

ORGANISING WORK SITES FOR TEAMWORK
ORGANIZACIJA RADILISTA PRI PRIMJENI SKUPNOGA RADA

Several preparatory operations need to be carried out in order to successfully
organise the cutting of a stand. An analysis of the terrain and the collection of the
necessary data are done through teamwork. A district forestry officer, a forestry
office manager and an expert on forest exploitation determine the appropriate
method of work based on their experience. Next, an elaboration and a calculation
are made with regard to the necessary quantities (of cutters and tractors) and it is
on this basis that the final decisions with regard to the work technology are made.

When organising work sites, first the preparatory work (an analysis of the cut-
ting plan) needs to be done in the office. On the basis of the determined quantities
of tractors and cutters, the required numbers of workers and sizes of groups are de-
fined. The remaining cutters are assigned to other areas to be felled and are given
other silvicultural assignments. The next step is to categorise the terrain for trac-
tors. The work order defined for every category of terrain and for the medium di-
stance of skidding.

STRUCTURE OF A WORKING TEAM AND
ITS INTERNAL ORGANISATION
STRUKTURA SKUPINE RADNIKA [ UNUTARNJA ORGANIZIRANOST

A working team was composed of a certain number of cutters and tractor ope-
rators over whom a foreman was appointed. The selection of the team members
(cutters and tractor drivers) was made by the foreman, the district officer, the offi-
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cer for the exploitation of forests and the forestry manager. Several factors were
considered when forming the team: the general ability of the cutters, their age,
previous work results, their place of residence, knowledge of tractors, and/or certi-
ficates of occupational qualifications. The socialisation of the individuals within
the team depended on the mutual relationship of the members and on the persona-
lity of each individual. In each crew at least one cutter also had to possess qualifica-
tions as a tractor driver, so that in the case of the absence of one of the tractor dri-
vers, the cutter would be able to operate the tractor. The same condition applied
to tractor drivers: at least one had to be trained to work as a cutter, in order to be
able to substitute at felling.

When the team was at work, the workers did not alternate regularly in car-
rying out different operations, but an exchange took place only if one of the wor-
kers was absent.

Cutters changed places at regular intervals only at the auxiliary landing. Each
month a different cutter would work at the auxiliary landing. The exchange was
done to balance the burden imposed on each cutter and on the power saw, that is,
on the saw chain, chain sprocket and chainsaw blade. The cutting mechanism of the
power saw would wear out more easily when the cross-cutting was carried out at the
auxiliary landing due to the mud or dust that would collect on the skidded timber.

THE FOREMAN
POSLOVODA

In teamwork, the presence and qualifications of the foreman are of great im-
portance. The foreman of a team is proposed by the district officer, and the deci-
sion is confirmed by the forestry manager. Among the available forestry techni-
cians, those who are relatively young, technically well trained, possess a driving li-
cence, have more than five years of work experience, are appropriately creative,
and have good managerial and communication skills are usuvally selected.

The foreman’s tasks are: micro-organisation at the work site, the inspection of
processed wood assortments, the quality control of felling, processing, skidding,
sorting and the delivery of wood assortments, marking the tractor trails before
they are constructed as well as the skid trails during work, being responsible for sa-
fety at the work site, taking control of the small cultivation operations carried out
by the cutters during felling and processing, keeping records of work attendance,
doing the monthly wage accounts, writing monthly reports for each worker and
each working tool, ordering spare parts and operating supplies, fuel and lubri-
cants, communicating regularly with the district officer, erc.

THE KUTJEVO WORK SITE
RADILISTE KUTJEVO

At the Kutjevo work site, there was a group of five workers: three cutters and
two tractor operators. The workers assembled at the auxiliary landing. The cutters
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and the foreman arrived by mini-bus, and the tractor operators drove the tractors
every day from the parking place to the felling site, which took them about 30 mi-
nutes. At the end of their work, they would drive back to where the mini-bus was
parked. The cutters would arrive earlier, attend to their tools and working equip-
ment and wait for the tractors to arrive.

The cutters would ride on the tractors from the assembly point to the felling
site; at lunchtime they would ride to the lunch site, and after lunch they would re-
turn to the felling site by tractor. With the last ride they would return from the fel-
ling site to the assembly point.

This team, according to the working order and the calculated workforce of 5.66
and 5.68 workers, was planned to consist of 5 members. The assumed efficiency was
as much as 120%. Due to the expected frequent tractor failures, the transfer of wor-
kers from one team to another was arranged according to cutting priority.

With such an organisation of teams, two cutters were cutting in the forest,
while a third cutter worked at the auxiliary landing. This was done as pair work,
since each cutter worked with one tractor, prepared a sufficient quantity of wood
for each load and almost for every cycle helped the tractor operaror bind the load.

THE PLETERNICA WORK SITE
RADILISTE PLETERNICA

At this work site, a team made up of two cutters and two tractor operators, led
by the foremen, arrived by mini-bus at the same time. The number of workers in
this team was determined by the number of working tractors and by the number of
cutters available. According to the working order and the efficiency per tractor
without a choker, 3.71, or 3.83 workers were needed in the team.

In the morning, the tractor operators checked the tractors (fuel, oil, equip-
ment), while the cutters prepared the power saws and other equipment. After this
preparation, the tractors would drive to the felling site, taking the cutters and their
working equipment.

At the felling site, one of the cutters selected and cut the trees. Meanwhile, the
other selected a place to put the fuel, lubricants and other equipment, and then car-
ried out the cross-cutting and inspection of wood assortments in the presence of the
foreman. Both cutters from time to time bound the load with the tractor operator.

At the end of the working day, the trees were cut and processed for the first
cycle on the following day. In this way, the tractor operators could start forming
and skidding the load for the first cycle as soon as they arrived at the felling site,
without having to wait for the load. At the felling site, the tractor drivers positio-
ned themselves next to one another, consulted each other about the binding of the
processed wood assortments, and agreed with one another not to leave any proces-
sed pieces. The loaded tractor would then head for the auxiliary landing. At the
auxiliary landing the tractor operators separated and sorted the assortments by
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species of wood and type of assortment, and when the last piece was unloaded,
they would do the piling.

BUCKING AND INSPECTION OF WOOD ASSORTMENTS
PRIKRAJAN]JE I PREUZIMANJE DRVNIH SORTIMENATA

Depending on the method of cutting and processing, the wood assortments
are generally bucked at the felling site or at the auxiliary landing,. If the assortment
method is used, the bucking and processing of wood assortments is done at the
stump, and the measuring and inspection, depending on the number of workers in
the team, are done at the log landing area or at the auxiliary landing.

In the shortwood and longwood harvesting methaod, the bucking and inspec-
tion of wood assortments are carried out by the foreman with one cutter at the au-
xiliary landing.

A team of 5 workers operated at the Kutjevo work site. Two cutters cut the
trees and processed the wood assortments at the felling site, while a third cutter
worked with the foreman at the auxiliary landing, bucking, cross-cutting, measu-
ring and setting plastic boards on the technical roundwood. - -

Both the shortwood and the assortment method of processing were used. The
foreman at the auxiliary landing would sometimes buck, but mostly only measure
the volume and carry out inspection. The longwood method was applied only
along the tractor skid trails or in the vicinity of the auxiliary landing.

At the auxiliary landing, the foreman generally approaches the loaded tractor
that has just arrived and separates the long stackwood from the technical roundwo-
od. A cutter uses the power saw to cross-cut, and the tractor continues skidding the
technical roundwood through the auxiliary landing to the unloading area where the
foreman bucks the assortments. In the unloading area, the tractor operator normally
more down from the tractor and unfastens the load. The previous load is piled by
the next tractor to arrive after the wood assortments have been inspected.

At the Pleternica work site, four workers formed the crew: two cutters and two
tractor operators, with one foreman. The bucking, processing and inspection of
wood assortments were carried out at the stump. The cutter, after cutting and delim-
bing the tree, separated the commercial timber from the stackwood by cross-cutting.
After that, he measured and processed the long stackwood of 4 to 6 metres in length.
After the cutter had cut, delimbed and cross-cut several trees, thus producing stac-
kwood, the foreman would come with the timber-inspection book and the equip-
ment for the measuring,bucking and numbering of commercial timber (calipers, me-
asuring device and the complete equipment for plastic boards). The foreman measu-
red and bucked the commercial timber, and the cutter immediately carried out the
cross-cutting. After cross-curting, the cutter would put down the power saw and
take the callipers and the measuring device and measure each assortment, while the
foreman would register the obtained data in the timber-inspection book. Based on
the measurement data and also on the quality of the logs, the foreman then establi-
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shes the assortment and quality class, and selects the colour of the marking board.
After the inspection of all the pieces of commercial timber from one tree, the time
comes for the stackwood to be inspected. Long stackwood lengths are predetermi-
ned, so only the diameters need to be measured. The foreman registers into the tim-
ber-inspection book the diameter of each piece. When one tree is completed, the se-
cond, and the third are processed, and as many trees are bucked as are needed so
that the tractor does not have to wait for processing. At the end of the working day,
the foreman prepares the necessary number of wood assortments, so that the next
morning the tractors can start skidding without delay.

A MEASURING AND DATA PROCESSING METHOD
METODA SNIMANJA I OBRADA PODATAKA

During work and time study in the exploitation of forests, time consumption
data are measured with a mechanical or digital chronometer. Common measuring
methods are the continuous and repetitive timing methods. Both these methods
have their advantages and disadvantages, but in practice, the repetitive chronome-
ter method is used more frequently.

Tabor$ak (1987) recommends the repetitive method, but reveals the following
disadvantages: the measurers need more training, the measurer needs more con-
centration, a specially constructed chronometer is needed, losses occur as a result
of having to return the hands to the starting position, etc. The advantages are: irre-
gularities in work as well as justified pauses are immediately spotted, there is no
subsequent calculation of individual times, measuring can easily be continued if it
is interrupted for any reason, and, finally, this method allows for the possibility of
reading very short operations.

Barnes (1964) makes a preference for the repetitive method because each ope-
ration is seen on the observer’s chart, so the measurer and the analyst can, during
the measuring process, notice differences in each working operation.

For all these reasons, the repetitive timing method has been used in these studies.

DATA PROCESSING
OBRADA PODATAKA

The data were processed on a personal computer at the Institute for the Explo-
itation of Forests of the Faculty of Forestry in Zagreb. All the data on time measu-
rement and on wood volume were transferred from the observer’s charts into the
computer. Using existing programs, Microsoft Word, Excel 5.0, Corel 7.0 and Au-
tocad 13(R), these data were thoroughly processed. The map and photographs
were printed on an HP DeskJet 560 C printer, and the text on an HP Laser]et I1Ip
printer.
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The observation charts were processed twice. Each measurer at the end of the
working day made a sum of the measured times and compared them with the time
measured on a wristwatch, and established the difference in time and the validity
of each observation chart, depending on whether it exceeded the allowed margin
of error. The second time, the observation charts were processed after entering the
data into the PC, and befare the beginning of further data processing.

TIME STRUCTURE
RASPODJELA VREMENA

The time structure used in Croatia is similar to time structure applied in other
European countries. In Germany, time and motion studies in forestry started in
1912, when the Max-Planck Institute {the former Kaiser-Wilhelm Institut fiir
Arbeitspsyhologie) was founded. The Association for Work Studies (Verband fiir
Arbeitsstudien REFA e. V.) was founded in 1924 (Krpan, 1984).

In 1956, Samset carried out a detailed time management working scheme in
the exploitation of forests. In this work, time management was adapted to the
forms of work organisation. By analysing working operations in the production
process of the felling, processing and skidding of timber by tractor and by using te-
amwork, a time management scheme was devised in which the tractor drivers and
the cutters cooperated with one another.

The total of measured times can be divided into effective time and delay time.
Effective time consists of time spent directly in carrying out the work order (in
producing a production unit}.

Effective time spent at felling and processing is divided into tree and assor-
tment time. The time that the cutter spends in binding the load was analysed as
part of the effective time of the tractor working at the felling site. The effective
time of the tractor cycle can be divided into fixed and variable times {Bojanin,
1980). All the times that are not functionally connected with the skidding distance
are called fixed times. The time taken in driving a loaded and unloaded tractor is
called variable time because it depends on the distance that has to be covered.

Delay time is all the time of rest and sporadic work which is not carried cut in
a cycle. Delay time, according to Bojanin (1977) and REFA (1976), consists of
time for the interruption of work, time for rest and preparation-completion time.
Interruption time can be both justified and unjustified. Justified interruptions are
all those that are necessary to carry out the set task. Unjustified interruptions are
all those that happen consciously or unconsciously, and which do not directly ser-
ve the purpose of completing the task. Sporadic work exists outside the regular
cycle and is not considered as an interruption in the full sense of the word.

Preparation-completion time is part of delay time. The preparation time com-
prises the arrival of the tractor drivers from the transport vehicle to the tractor and
the preparation of the tractor until its departure to the felling site. Completion
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time consists of all the time spent in putting the tractor away, and for the driver to
get ready and return to the transport vehicle.

A break is an interruption which serves to restore energy. Forestry workers
take a break spontaneously when they feel tired. However, the time and duration
of the break can be determined in advance. Interruption time for personal needs
usually coincides with the break, so it is difficult to determine clearly the specific
type of interruption. Therefore, in this work these times have been shown as one.

Respite is a short break which workers take after a very strenuous task. In this
study it has not been dealt with separately, because after effective work, the wor-
kers always took longer breaks.

A lunch break is 30 minutes long and is established in advance (Tabor3ak,
1987). The time necessary to arrive at the lunch site and go back to work is calcula-
ted within this time.

Time that concerns technical interruptions can be accepted in two ways, as ju-
stified or unjustified. If the interruption occurs due to a minor fault of the tractor
or working equipment, then we can regard it as a justified interruption. However,
if the cause is a tractor breakdown that occurs due to bad and irresponsible han-
dling, then we regard this as an unjustified interruption.

STATISTICAL ANALYSIS
STATISTICKA OBRADA

Mathematical statistics programs usually applied in the study of time manage-
ment were used for the statistical processing of the measurement data. For each
work operation of fixed time, the required statistical measurements were calculated.

For fixed times:
1. Arithmetic mean
2-"’:

n

x =

2. Standard deviation
(x.' - E)l

X

n-1

3. Standard error of the arithmetic mean

Sy

o
T Ju

4. Percent error of the arithmetic mean

p=i%100 (%)
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5. Required sample size for a 5% error of the arithmetic mean with a probabi-
lity of 95% .
19625

B 0.0p %>

where in the expressions:

X - arithmetic mean (aritmeticka sredina)

s, - standard deviation

sz - standard error of the arithmetic mean

p - percent error of the arithmetic mean, %

N - required sample size for a 5% error of the arithmetic mean with a

probability of 95%

x; - individual sample value

n - size of the measured sample

Variable times are equalised through regression equations of the line and the
parabola, and, based on the strength of correlation, a regression line was chosen
for the line: y = a + bx, and for the parabola: y = a + bx + cx2.

RESEARCH RESULTS
REZULTATI ISTRAZIVAN]JA

CUT, PROCESSED AND SKIDDED LOGS
POSJECENO, IZRADENO I PRIVUCENO DRVO

The felling of trees at the Kutjevo work site is generally carried out in two pe-
riods. The first felling is carried out before the vegetation period, for the spring pe-
riod, and the second from 1% to 15 July for the summer working period. The fel-
led trees are processed by the cutters from the respective crew. The felling of trees
is directed. A certain number of trees along the tractor trails are not felled in the
first felling period, but later when the whole team is working. At the Pleternica
work site the cutting and processing of trees is carried out simultaneously, follo-
wed by bucking and inspection at the stump, and immediately after that, tractor
skidding takes place.

TIMBER VOLUME OF CUT TREES
DRVNI OBUJAM OBORENIH STABALA

The mean breast-height diameter of the felled trees amounted to 20.7 cm, the
mean height of trees was 16.2 m, and the mean volume of trees 0.324 m3. The to-
tal volume of large wood at the felling site amounted to 987.85 m3. In the total
number of felled trees (3047), 24.329% leant on the crowns of standing trees.
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PROCESSED WOOD FROM PREVIOUSLY FELLED TREES
- KUTJEVO WORK SITE

IZRADENO DRVO IZ UNAPRIJED OBORENIH STABALA
— RADILISTE KUTJEVO

The processing of felled trees began six days after the felling had been comple-
ted. It was carried out by the cutters from the same team that had cut the trees. In

Table 5. Data on the trees processed by cutters working alongside Torpedo and Ecotrac

tractors on the Kutjevo work site
Tablica 5. Podaci o stablima koja su izradili sjekaci uz traktore Torpedo i Ecotrac na ra

dili¥tu Kutjevo

Processed timber components
Sastavnice izradenog drva

Cutter with Torpedo tractor
Siekac uz traktor Torpedo

Cutter with Ecotrac tractor
Sjekal uz traktor Ecotrac

* %

* EE

- X - -x -
Processed trees, pieces
Izradena stabala, kom 240 246
Distance from tree to tree, m
Udalienosi od stabla do stabla, m 765 8.75
Technical roundwood
Tebnicka oblovina
Number of pieces
Broj komada 250 134
Processed volume, m®
. 3 51.26 27.84
Izradeni obujam, m
Diameter, cm 17-25.5- 51 15-26.8 - 45
Promjer, cn :
Length, m 2-44-9 2-3.6-8
Duljina, m

Piece volume, m®

Obsijam komada, ni’

0.076 - 0.205 - 0.817

0.045 - 0.208 - 0.610

Long stackwood
Vifemetarsko prostorno drvo

Number of pieces

Broj kamada 281 371
Processed volume, m* 27.82 48.75
Izradeni obujam, m® ) 3

EZ?,%;}; m 2-50-127 2-5.2-12

Piece volume, m®
Obujam komada, n’

0.016 - 0.099 - 0.554

0.031-0.131-0.482

Total volume, m®
Ukupan obujam, n

3

76.59

79.08

* Minimal value
* Najmanja vrijednost

x Total or mean value
x Ukupna ili srednja vrijednost

** Maximal value
** Najveéa vrijednost
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Table 5 we can see that the cutter working alongside a Torpedo tractor {first cutter)
processed 240 pieces, while the one working alongside an Ecotrac tractor (second
cutter) processed 246 trees. The first cutter processed 250 pieces of commercial ro-
undwood of a total volume of 51.26 m3, a mean diameter of 25.5 cm, a mean length
of 4.4 m, and a mean volume of 0.205 m3. The second cutter processed 134 pieces
of commercial roundwood of a total volume of 27.84 m3, a mean diameter of 26.8
cm, a mean length of 3.6 m, and a mean volume of 0.208 m3. The first cutter proces-
sed 281 pieces of long stackwood of a total volume of 27.82 m3, a mean diameter of
15.2 cm, a mean length of § m, and a mean volume of 0.099 m3. The second cutter
processed 371 pieces of long stackwood of a total volume of 48.75 m?, a mean dia-
meter of 17.6 cm, a mean length of 5.2 m and a mean volume of 0.131 m3. The first
cutter processed a total of 79.08 m3, and the second one a total of 76.59 m3,

PROCESSED WOOD DURING THE SIMULTANEOUS CUTTING AND
PROCESSING OF TREES — KUTJEVO WORK SITE
IZRADENO DRVO PRI ISTOVREMENQ] SJECI ] IZRADBI
STABALA — RADILISTE KUTJEVO

Table 6 shows data on the processed wood on the Kutjevo work site during
the simultaneous felling and processing of trees. The first cutter, working alongsi-
de a Torpedo tractor, cut and processed 280 trees of a total volume of 81.79 m3, a
mean breast-height diameter of 20.2 cm, a mean height of 14.9 m and a mean vo-
lume of 0.292 m3. The second cutter cut and processed 289 trees, 109 trees more
than the first one, of a total volume of 116.99 m3, a mean breast-height diameter
of 21.1 cm, a mean height of 15.4 m and a mean volume of 0.301 m3. The mean
walking distance of the first cutter from tree to tree was 10.1 m, and of the second
cutter, 10.5 m.

The second cutter processed 12 pieces of commercial roundwood more than
the first. The mean values differ marginally. When processing long stackwood, the
second cutter processed 97 pieces more than the first, or 22.53 m?. The second
cutter processed 27.02 m? of the total processed wood, which was 30.5% more
than the first cutter.

PROCESSED WOOD AT THE PLETERNICA WORK SITE
TZRADENO DRVQO NA RADILISTU PLETERNICA

At the Pleternica work site (Table 7), one cutter both cut and processed the
trees. He cut a total of 437 trees, of a total volume of 187.16 m?. The mean bre-
ast-height diameter was 26.2 cm, the mean height was 23 m, and the mean volume
of a tree was 0.428 m3. The distance from tree to tree was 15.5 m. The total amo-
unt of commercial roundwood which was processed amounted to 389 pieces of a
total volume of 60.47 m3, a mean diameter of 19.6 cm, a mean length of 3.6 m,
and a mean volume of 0.155 m3,
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Table 6. Data on trees which were cut and processed by cutters working alongside Torpe-
do and Ecotrac tractors on the Kutjevo work site

Tablica 6. Podaci o stablima koja su posjekli | izradili sjekaci uz traktore Torpedo i Ecotrac
na radilistu Kutjevo

Processed timber components C;‘ttz; )vith Torpedo tractor Cufter Evil:h Ecotrac tractor
Sastavnice izradenog drva feRac t:z _trt;kt_or’zomedo Siekal ::2:. t::k_to: fcotac
bt posicenth stabals, kom 280 389
Ob::;;l: I:;s?jzg::f: rsizzarfl; n’ 81.79 116.99
Diam?fsrn?p?;fﬁf?faht’ - (10-20.2-55) (9-21.1-45)
Visha s, m (8 - 14.9 - 20) (7 - 15.4-20)
oee volume. (0.030 - 0.292 - 1.827) (0.026 - 0301 - 1.554)
H{}}fﬂfﬁfﬁ;ﬁ}:";’“ (0.5-5.8-16) (1-29-12)
Udhnens o enaple do sl (0.5 - 10.1 - 150) (0.5 - 10.5 - 100)

Technical roundwood / Tebnitka oblovina

Number of pieces

Broj komada 1 2
Processed volume, m* 20.98 25.47
Izradeni obwjam, nt’ ) i
[I)J;zn;;;if;::‘ (16 -25.1-53) (16 - 27.2 - 45)
@0-35-60 @0-35-60)
Piece volume, m®

Obusjam komada, nr’ (0.061 - 0.189 - 0.882) (0.005 - 0.210 - 0.636)

Long stackwood / Visemetarsko prostorno drvo

Number of picces

Broj komada 374 s
Processed volume, m® 40.70 63.23
Tzradeni obujam, » i )

6-159-39 0-177-3

'ﬁil;ﬁ;'; m (2.0 - 5.0 - 16.0) (2.0-5.2-12.0)

Piece volume, m?

Obisiam fotmada, o (0.013 - 0.109 - 0.554) (0.002 - 0.130 - 0.680)

Total volume, m®

Ukupan obujam, ni® 61.68 88.70

* Minimal value x Total or mean value

** Maximal value
* Najmanja vrijednost  x Ukupna ili srednja vrijednost

** Najveéa vrijednost
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Table 7.

Data on the felling and processing by one cutter at Pleternica

Tablica 7. Podaci o sjeci i izradbi jednog sjekaca u Pleternici

Processed timber components
Sastavntice izradenog drva

Values
Vrijednosti

* LE ]
- X -

Number of cur trees, pieces
Broj posjecenih stabala, kom

437

Volume of cut trees, m®
Obujam posjedenib stabala, m®

187.16

Diameter at breast height, cm
Prsui promjer, cm

10 -26.2-43

Tree height, m
Visina stabla, m

9-23.0-31

Tree volume, m*
Obujar stabla, n*

0.027 - 0.428 - 2.349

Distance from tree to tree, m

Udaljenost od stabla do stabla, m 1-15.4-120
Technical roundwood
Tebnicka oblovina
Number of pieces
Broj komada 382
Processed volume, m*
Lzradeni obujam, m’ 60.47
Diameter, ¢ 12-19.6 - 58
romjer, cm
Length, m
Duljina, m 2-3.6-8

Piece volume, m*
Obujam komada, e

0.048 - 0.155 - 1.162

Vifemetarsko

Long stackwood

rostorne drvo

Number of pieces

Broj komada 0
3
Tovadont obujam e ihdind
I;i:::::;[;:':c‘;:l 10-13.4-60
D m : i

Piece volume, m?
Obujam komada, m°

0.038 - 0.101 - 1.696

Total processed volume, m®

Ukupan izradeni obujam, m’

155.60

* Minimal value
* Najmanja vrijednost
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Long stackwood amounting to 940 pieces were also processed, of a total volume
of 95.13 m?, a mean diameter of 13.4 cm, a mean length of 4.6 m, and a mean volume
per piece of 0.101 m3. The total volume of processed wood amounted to 115.60 m3.

SKIDDED WOOD AT THE KUTJEVO WORK SITE
PRIVUCENO DRVO NA RADILISTU KUTJEVO

Data on skidded wood are shown in Tables 8 and 9. A Torpedo TD 75A trac-
tor skidded a total of 171.49 m3. The mean volume of the load of 143 cycles amo-
unted to 1.20 m3. The Torpedo tractor mostly skidded processed wood assor-
tments and in 137 cycles skidded an average of 8.3 pieces per cycle. The mean vo-
lume of a piece was 0.145 m?.

The Torpedo tractor skidded an average of 8 pieces per cycle. In the total
number of skidded pieces, 14 boles of an average volume of 1.10 m? were skidded
in 6 cycles. The mean volume of the assortment was 0.145 m?, and that of a bole
0.470 m* (Table 8).

Table 8. Overview of skidded wood by a Torpedo TD 75A tractor at Kutjevo
Tablica 8. Prikaz privuéenog drva traktorom Torpedo TD 75A u Kutjevu

) i Total Stem Timber assortnents
Components of skidded timber Ukupno Deblo Drvni sortimenti
Sastavnice privuéenog drva
o ox . %% LI L & oy o o
Total skidded timber, m®
Ukupno privuceso drvo, ne’ 17149 6.57 164.92
Total number of picces
Ukupan broj komada 1150 14, 1136
Total length of pieces, m
Ukupna duljing komada, m 6765.2 279.6 6 485.6
Tortal cycle number 143 6 137

Ukiipan broj turnusa

Mean load volume, m*

Sreduii obsjam tovara, m’® 0.53-1.20-1.8% | 0.60-1.10- 1,52 | 0.53-1.20-1.89

Average number of pieces in a load

Prosjecni broj komada u tovaru 8.0 1-23-3 S-83-14
Mean piece length, m
Srednja duljina komada, m 3.9 10.4-20.0-30 2-5.7-18
Mean piece volume, m? 0.149 0.265 - 0.470 - 0.031- 0.145
Srednji obujam komada, m® ) 1.050 0.669
Mean piece diameter, cm 18.0 12-17.3-29 10 - 18.0 - 43
Srednjt promjer komada, cm ’ : )

* Minimal value x Total or mean value ** Maximal value

* Najmanja vrijednost  x Ukupna ili srednja vrijednost ** Najveca vrijednost
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Table 9. An overview of skidded wood by the Ecotrac V 1033F tractor at Kutjevo

Tablica 9. Prikaz privucenog drva traktorom Ecotrac V 1033F u Kutjevu

Ukupan broj turnusa

. . Toral Stem Timber assortments
Componc!lts Of, Sklf{dEd timber Ukupno Deblo Drvni sortimenti
Sastavnice privuéenog drva n e . "~ N ™
- X - - X - - X -
Total skidded timber, m®
Uknpno privuceno drvo, nt’ 149.70 3.99 145,71
Total number of pieces
Ukupan broj komada N 3 986
Total length of pieces, m
Uknpna duljing komada, m 3764.5 112.3 56522
Total cycle number 134 3 131

Mean load volume, m*

Srednji obujamt tovara, m’

0.54-1.12-2.41

1.09 - 1.33 - 1.62)

0.54-1.11-2.41

Average number of pieces in a load

Prosjecni broj komada w tovaru 7.4 1-17-3 3-75-13
Mean piece length, m

Srednja duljina komada, m 38 13.4-22.5-30.9 2-3.7-18
Mean piece volume, m? 0.151 0.338-0.798 - 0.031- 0,148 -
Srednji obujam komada, . 1.283 0.739
Mean piece diameter, cm 18.2 14-21.0-30 | 10-18.1-47

Srednji promjer komada, cm

** Maximal value
** Najveéa vrijednost

x Total or mean value
x Ukupna ili srednja vrijednost

* Minimal value
* Najmanja vrijednost

The Ecotrac tractor skidded a total of 149 m3 of wood, of a mean volume per
piece of 0.151 m? in 134 cycles. The mean volume of a load of wood assortments
amounted to 1.12 m?, and at skidding, 1.33 m3. A load contained an average of 7.4
pieces (Table 9).

For similar working conditions and for the longwood processing method, Ste-
fancic¢ (1989) gives an average volume of 1.58 m3 for an IMT 560 tractor load, and
for the assortment processing method, an average volume of 1.38 m3. In lowland
conditions, for an IMT 558 tractor, Krpan (1984) gives average loads of 1.08 m?,
1.09 m? and 0.98 m? volume, and Bojanin (1975) for the same tractor, mentions a
mean volume per load of 1.35 m3.

SKIDDED WOOD AT THE PLETERNICA WORK SITE
PRIVUCENO DRVO NA RADILISTU PLETERNICA

At the Pleternica work site, a Torpedo TD 75A tractor skidded §8.59 m? of
wood in 56 cycles. The mean volume per load was 1.58 m? with an average of 11.1
pieces per load. An Ecotrac V-11-1033F tractor skidded 55.31 m3 of wood in 47

cycles, of an average volume of 1.18 m?® per load and an average of 8.6 pieces per
load (Table 10).
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Table 10. Overview of skidded wood at the Pleternica work site

Tablica 10. Prikaz priviéenog drva na radilistu Pleternica

Ukupan broj turnusa

Components of skidded timber Torpedo Ecotrac
Sastavnice privicenog drva I S

Total skidded timber volume, m?
Ukspro privudeni drv.obujam, v’ 88.59 3331
Toral number of pieces
Ukupan broj komada 623 403
Tortal length of pieces, m
Ukupna duljing komada, m 3271 2084.6
Total cycle number 56 47

Mean load volume, m®

Srednji obujam tovara, n’

0.919 - 1.58 - 2.206

0.726-1.18 - 1.775

Average number of pieces in a load
Prosjecni broj komada u tovaru

7-111-14

5-8.6-13

Mean piece length, m
Srednja duljina komada, m

2-52-72

2-52-7

Mean piece volume, m’
Srednji obujam komada, ni’

0.038 - 0.142 - 0.676

0.038-0.14-0.513

Mean piece dtameter, cm
Srednji promjer komada, cm

10 -18.6 - 47

10-18.4-335

* Minimal value

x Total or mean value

* Najmanja vrijednost  x Ukupna ili srednja vrijednost

** Maximal value
** Najveéa vrijednost

Figure 3. Overview of the volume of a load according to wood assortments
Slika 3.  Prikaz obujma tovara po drvnim sortimenting

Percentage sharc / Postotni udio (%6)

7

Torpedo Ecotrac
Kutjeve Kutjevo
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100.00+ B Stem
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O Thin roundw.
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Figure 3 shows the volume of a load according to wood assortments. It is evi-
dent from this overview that the largest part consisted of long stackwood, follo-
wed by logs and thin roundwood.

TIME ANALYSIS
ANALIZA VREMENA

TOTAL TIME CONSUMPTION OF FELLING
UKUPNO UTROSENA VREMENA PRETHODNE SJECE

The cutting of tees in the departments $5a and 56a of the agricultural unit
management Krndija I, on the Kutjevo work site, was monitored over five working

Table 11.  Effective tree-cutting time and average time consumption per tree at Kutjevo
Tablica 11. Efektivnio vrijeme sjele stabala i prosjeéan utrofak vremena po stablu u Kutjeu

. . Time per tree
. . Total time consumption Virii
Working operation Ukspro utrofeno vrijeme rijeme po
Radni zahvat stablu
min % min
1. Walking to the tree
1. Hod do stabla 1025.53 18.11 39.82 0.34
2. Determining fel!mg dlrect:mn 24.83 0.44 0.96 0.01
2. Odredivanje stjera rufenja
3. Cleaning the surroundings
3. Ciscenje okolita 19.37 0-34 0.75 0.01
4, Processing stem base
4. Obrada #ilista 0.10 0.00 0.00 0.00
Tree time -
5. Making the undercut
Sml.;.lovno 5. Irvada zusjeka 102.11 1.80 3.96 0.03
vrijente
6. Laying in
6. Potpiljivanje 118.25 2.09 4.59 0.04
7. Wedging
7. Zabijanje klinova 0.54 0.01 0.02 0.00
8. Tree failing
8. Padanje stabla s oslobadanjem 1272.21 22.49 49.40 0.42
9. Beard cutting
9. Obrada brade 12.68 0.22 0.49 0.00
Effective time 257562 | 45.49 | 100.00 0.85
Efektivno vrijeme
Delay times 3085.99 | S54.51 1.01
Opéa vremena
Total time 5661.61 | 100.00 1.86
Ukupno vrijente
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days. Four cutters worked in a team. Three members permanently carried out the
tasks of cutting and processing, while the fourth worked as a cutter or tractor dri-
ver, according to the need. In all, 3,047 trees were cut of a total volume of 987.85
m3. The measuring task took a total of 5,661.61 minutes (Table 11).

In the distribution of total time consumption, the share of effective time was
45.49%, against 54.51% of delay time. The largest part of total time consisted of
the working operation of clean felling — 22.49%, and next walking to the tree at an
average distance of 9.2 m — 18.119%. In the distribution of effective time, clean fel-
ling took up 49.40% of the time, and walking to the tree amounted to 39.82% of
the time. The total time per tree amounted to 1.86 minutes, and the effective time
amounted to 0.85 minutes. To walk from tree to tree, an average of 0.34 minutes
was spent, and 0.42 minutes was taken in felling. Tomanié et al. (1978) suggest the
following formula to calculate the time of transfer to the tree:

t = -0.05 + 0.02968 Lp + 0.01143 G, where

t = time of transfer, Lp = average length of transfer, G = inclination of the
terrain on the felling area as a percentage.

For the observed conditions, with a terrain inclination of 12% and an average
transfer length of 9.2 m, the time according to the formula of Tomani¢ et al.
(1978) was 0.36 minutes, which, in relation to the measured time of transfer from
tree to tree, makes up a difference of 0.02 minutes.

ALLOWANCE CUTTING TIME
DODATNO VRIJEME S]JECE

Allowance cutting time includes time for the [unch break, rest, justified inter-
ruptions, interruptions for sporadic jobs, technical interruptions and prepara-
tionfcompletion time.

Allowance time amounted to 1,046.47 minutes, or 40.61%.of effective time,
that is, 0.34 min/tree, or 1.05 min/m?. Allowance time was allowance to effective
time by using the allowance time coefficient (Kd) which is calculated according to
the formula:

Kd =1+ pd/ 100,
where pd = allowance time percentage.

Another way is to add the absolute amount of allowance time to effective time. In
the structure of allowance time, the largest share was taken up by the lunch break at
33.839%, then by preparation/completion time at 28.36%, and the smallest share was
taken up by sporadic operations at 1.67% and by justified interruptions at 1.91%. It
was calculated that the lunch break should take 30 minutes for 8 hours of work.

Breaks during work enable the worker to maintain the normal intensity of
work and to prevent exhaustion to a certain degree. Interruptions for breaks and
respite took place eight times a day at the most. The shortest respite was 0.30 mi-
nutes. Breaks of up to 5 minutes were allowed. It was assessed that longer breaks
were Not necessary to restore energy, due to the relatively small share that work
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with a power saw had in effective time. Most energy was consumed in walking to
the tree and on freeing the tree. Justified interruptions, sporadic work and techni-
cal interruptions were recognised in all the consumed times. The preparation/com-
pletion time was recognised, according to the evaluation of the time necessary to
prepare the tools and equipment, at up to 15 minutes at the beginning of the wor-
king day, and at 5 minutes at the end of the day.

Figure 4. Distribution of allowance time in felling tree at Kutjevo
Slika 4. Raspodjela dodatnoga vremena na sjeci stabala u Kutjevu

6. Preparation/bompletion time 1. Lunch breaks
Pripremno-zavrSio vrijeme Prekid za jelo
28.36% 33.83%

5. Technical interruptions

Tehnickii podact
14.40%
4. Sporadic operations o 2. Break
Povrement radovi 3. Justified interruptions Odmor
1.67% Opravdani prekidi 19.83%

1.91%

EFFECTIVE AND DELAY TIMES OF PROCESSING, AND OF CUTTING
AND PROCESSING TREES AT KUTJEVO
EFEKTIVNO I OPCA VREMENA IZRADBE TE SJECE 1 IZRADBE
STABALA U KUTJEVU

The work of cutters working alongside the Torpedo {first cutter) and Ecotrac
(second cutter) tractors on the processing of previously felled trees, as well as on
the cutting and processing of standing trees, was monitored over 15 working days.
Data on the felling and processing of standing trees are shown in Table 6. The
work of the first cutter was measured at 5,309.67 minutes, and of the second one
at 5,324.70 minutes. During the first § days of measuring, the cutters cut and pro-
cessed the remaining standing trees, and during the next 10 days they processed
previously felled, or felled and processed trees. In the total time consumed, the ef-
fective time of the first cutter amounted to 35.95%, while the delay time came to
64.05%. The effective time of the second cutter amounted to 42.93%, while the
delay time amounted to 57.07%. Vondra (1989) mentions that when processing
roundwood of different lengths and long commercial timber, delay time amounts
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to 77.9% of net working time. In Table 12 it can be seen that the total time of the
first cutter in processing amounted to 531.44 minutes, or 2.35 minutes per tree.
The second cutter spent 478.38 minutes, or 2.08 minutes per tree. The effective
cutting and processing time of the first cutter amounted to 632.84 minutes, or
2.26 minutes per tree, and of the second cutter, 818.22 minutes, or 2.10 minutes
per tree. The effective time of the first cutter in processing trees was 0.09 minutes,

Table 12. Time structure at processing, cutting and processing, percentage of time accor-
ding to total and effective time and time consumption per tree at Kutjevo

Tablica 12. Struktura vremena na izradbi, sjedi i izradbi, postotsi udio vremena prema ukup-
nom { efektiviom vremenu i utroiak vremena po stablu u Kutjevu

Type of operation or

Time consumption
Utrodak vremeng

procedure Cautter with Torpedo (1) Cuuter with Ecotrac (2)
Vrsta operacije ili Siekal uz Torpedo (1) Sjekac ug Ecotrac (2)
zahvata . min/tree . minftree
mn % minfstably| ™" % wministablu
1.Processing time | ¢39 441 10.01( 27.84| 235 | 478.38| 8.98] 2093 2.08
1. Vrijeme izradbe
LiTreetime = | 30506] 6.388| 19.13] 162 | 36229] 6.80| 15.85| 1.58
1.1 Stablovno vrijeme
1.2. Assortment time
1.2 Sortimentno 166.18( 3.13| 8.70 0.74 116.09 2.18| 5.08 0.50
vrijeme
2. Curting and
2 ‘P,’f’.ce“‘“!‘-‘f"‘.‘c 632.84| 11.92| 33.15| - 2.26 | 818.22| 1537 35.80| 2.10
. Vrijemne sjede §
izradbe
2.1. Tree time 500.23| 9.42| 26.20| 179 | 668.30| 12.55| 29.24| 1.72
2.1 Stablovno vrijeme
2.2. Assortment time
2.2 Sortimentno 132,61 250 6.95 0.47 149.92 2.82( 6.56 0.39
vrijeme
3. Load preparation
3. Rad na pripremi 681.89| 12.84| 35.72 1.35 986.71| 18.53] 43.17| 1.59
tovara
4, Auxiliary landing
work
4. Rad na pomoénom 62.90 1.18 3.29 0.12 2,391 0.04] 0.10 0.00
stovariStu
3. Effective rime 1909.07| 35.95(100.00( 3.77 |2285.70| 42.93|100.00| 3.69
3. Efektivno vtijeme
6. Delay time 3400.60| 64.05 672 |3039.00[ 57.07 4.91
6. Opéa vremena
7. Towal time 5309.67100.00 1049 |5324.70|100.00 8.60
. HpHO vn]eme

43




7. Zedié: Teamwork in thinning stands of the Pofega mountains with special reference...
Glas. 3um. pokuse 36: 13-101, Zagreb, 1999.

or 3.8% per tree longer than in cutting and processing. The second cutter spent
0.02 minutes less of effective time in processing, or 196 less in comparison with the
net time in cutting and processing.

To prepare the load, the first cutter spent 681.89 minutes, or 1.35 minutes per
tree, that is, 35.729% of effective time, and the second 986.71 minutes, or 1.59 mi-
nutes per tree, that is, 43.17% of effective time. Martini¢ (1990) notes that the
time the cutters spend on tractor skidding activities in one day amounts to 88
min/day in one variation, and 95 min/day in the second variation. In these time
structures, load fastening takes up 60%, and the manual bunching of the load
39%. At the end of the working day, the cutters sometimes heiped with the inspec-
tion of the last tractor loads at the auxiliary landing,.

The effective time per tree of the first cutter amounted to 3.77 minutes, and of
the second one, 3.69 minutes. The time spent by the first cutter on the cutting and
processing of 140.76 m3 of timber amounted to 13.56 min/m? of effective time, 24.16
min/m? of delay time or to a total of 37.72 min/m?. In cutting and processing 165.39
m?3 of timber, the second cutter spent 13.82 min/m? of effective time, 18.38 min/m? of
delay time, or a total of 32.21 min/m3. In similar conditions of teamwork and by using
the longwood method, Stefangi¢ (1989) gives a consumption of time of 39.70 min/m?,
of which effective time amounts to 13.33 min/m3, or only 33.58% of total time. If the
assortment method of cutting and processing is used, the same author mentions that
the time consumed amounts to 29.36 min/m3, of which the effective time is 17.96
min/m3, or 61.17%. The consumption of effective time for teamwork in cutting and
processing an average tree of a DBH of 31.3 cm (Tomi¢i¢) amounts to 6.69 minutes,
and for binding the load, 1.39 minutes. If the assortment method is used and with one
worker, the same author gives an effective time consumption of 9.94 minutes per tree
with a mean DBH of 21 cm. In a thinned stand of common oak and alder (Bojanin et
al., 1989), the effective cutting and processing time of a tree of a DBH of 20 cm amo-
unts to 6.20 minutes for an oak, and 5.23 minutes for an alder.

Delay time in comparison with net cutting and processing time in Sweden
amounts to 45%, and in Austria to 56%. In Germany, from 61% of delay time, as
much as 80% is taken for the workers’ rest, and 209 for all the other interruptions
(Martinié, 1990).

ALLOWANCE PROCESSING TIME, AND CUTTING
AND PROCESSING TIME AT KUTJEVO
DODATNO VRIJEME IZRADBE TE SJECE [ IZRADBE U KUTJEVU

Allowance processing time, and the cutting and processing time of the first cut-
ter amounted to 1,407.48 minutes, or 73.7% of effective time. The allowance time
of the second cutter amounted to 1,377.50 minutes, or 60.3% of effective time.
When calculating allowance time, half an hour lunch break was accepted for 8 hours
of work. All the breaks were accepted up to 5 minutes at the most, and justified in-
terruptions in the total amount as they occurred. The sporadic jobs of the first cutter
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made up 15.34% of allowance time, and for the second cutter, 6.64%. Technical in-
terruptions amounted to 13.01% and 12.68% respectively, and the largest part of
this time was spent in replenishing with fuel. The preparation/completion time made
up 21.26% and 27.42 % of allowance time respectively. In 15 days of work, the for-
med preparation/completion time of the first cutter amounted to 299.30 minutes,
and that of the second cutter came to 377.73 minutes, that'is, 19.95 min/day and
25.18 min/day respectively. For a hilly terrain, Bojanin et al. (1994} established allo-
wance time as 5196 of net working time. This also comprised a 30-minute lunch bre-
ak. The same authors state that without the lunch break, allowance time amounts to
41.5%. Backhaus (1990) reports that with cutting and processing quotas, allowance
time in the whole of Germany amounts to an average of 40%.

The allowance time of the first cutter amounted to 7.56 min/m? of processed
wood assortment of felled trees and of cut and processed standing trees. The allo-
wance time of the second cutter amounted to 5.56 min/m?3. The distribution of al-
lowance time is shown in Figures 5 and 6.

Figure 5. The allowance processing time, and cutting and processing time of cutters wor-
king alongside a Torpedo tractor at Kutjevo
Slika 5. Dodatno vrijeme izradbe te sjeée i izradbe sjekada uz traktor Torpedo u Kutjevn

1, Lunch breaks
Prekid za feio
23.45%

6. Preparation/bompletion time
Pripremno-zavrine vrijeme
21.26%

5. Technical interruptions
Tehnickii podaci
13.01%

- 2, Break

Odmor

4. Sporadic operations 20.94%

Povremeni radovi 3. Justilﬁed u?terrup.m.ons
15.34% Opravdani prekidi
5.99%

EFFECTIVE AND DELAY TIME OF WOOD ASSORTMENT
INSPECTION AT KUTJEVO
EFEKTIVNO I OPCA VREMENA PREUZIMANJA DRVNIH
SORTIMENATA U KUTJEVU

A total of 4,521.55 minutes was spent on the inspection of wood assortments
(Table 13). According to the data on wood volume shown in Table 15, the effecti-
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Figure 6. The allowance processing time, and cutting and processing time of cutters wor
king alongside an Ecotrac tractor at Kutjevo
Slika 6. Dodatno vrijeme izradbe te sjece i izradbe sjekaéa uz traktor Ecotrac u Kutjeun

6. Preparation/bompletion time I. Lunch breaks
Priprenmo-zavrino vrijeme Prekid za jelo

27.42% 23.96%

5. Technical interruptions
Tehnickii podaci

12.68% 2. Break
Odmor
4. Sporadic operations o . 17.97%
Povremeni radovi 3. Justified interruptions
6.64% Opravdani prekidi
11.34%

ve time for 2,038 pieces, or 273.19 m? of inspected wood assortments, amounted
to an average of 6.21 min/m3, the delay time to 13.13 min/m? and the total time to
an average of 19.33 min/m3. Stefanci¢ (1989) states that the consumption of net
time for inspection amounts to 6.27 min/m?3, and of total time to 19.26 min/m3, of
which 8.93 min/m3 is spent on unnecessary interruptions to organise residue. In
the second case, the cutter in a team at the auxiliary landing works an effective 134
minutes, or 27.99% of the total time (Martinié, 1990).

In the total time spent on inspection, effective time amounted to 20.69%, and
delay time to 79.319%. In effective time, most time was spent on measuring commer-
cial roundwood (27.35%), then to cover the distance from load to load at the auxi-
liary landing (25.18%0). A total of 22.15% of time was spent on measuring stackwo-
od, and the least net time was spent on bucking wood assortments (3.66%).

Table 13 also shows the titne consumption of inspection per piece and per m3.
Effective time per piece of wood assortment (2,038 pieces) amounted to 0.99 mi-
nutes, and total inspection time to 2.75 min.

ALLOWANCE TIME AT INSPECTION OF WOOD
ASSORTMENTS AT KUTJEVO
DODATNO VRIJEME PRI PREUZIMAN]JU DRVNIH
SORTIMENATA U KUTJEVU

Allowance time amounted to 630.18 minutes, or 67.35% of effective time. Such a
high percentage was the consequence of the small consumption of effective time, and
since interruptions are necessary during work regardless of how busy the worker is.
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Table 13. Time consumption of the inspection of wood assortments at the auxiliary lan-
ding
Tablica 13. Utrofak vremena pri preszimanju dronib sortimenata na pomocénom stvaristu

Time share
Udio vremena
Type of operation Total time per total per per
or gctivirx - Ukupno vrijeme time effective time | timber per m®
Vrsta operacije ili prema prema assortment o m’
zahvata skupnom | efektivnom | po drvnom P
vremen vrement sorlimentu
min % min
1. Walking to the load
1. Hod do tovara 235.58 5.21 25.18 0.12 0.86
2. Bucking timber assortments
2. Prikrajanje drunih, 34.24 0.76 3.66 0.02 0.13
sortimenata
3. Cross-cutting and finalisation
3. Truplienie i dorada 93.11 2.06 9.95 0.05 0.34
4, Measuring technical
roundwood 255.93 5.66 27.35 0.53 2.86
4. Mjerenije tehmicke oblovine
5. Setting plastic boards
5. Zakncavanje plodica 51.55 1.14 5.51 0.11 0.58
6. Measuring stackwood 207.29 4.58 22.15 0.13 113
6. Mjerenje prostornog drva ) " : : .
7. Marking with numbering
hammer 58.01 1.28 6.20 0.04 0.32
7. Oznadavanje kolobrojem
Effective time 93571 |- 2069 |  100.00 0.99 6.21
Efektivno vrijeme
Delay times 3 585.84 79.31 176 | 13.13
ia vremena
Total time | 4 521.55 100.00 275 19.33
Ukupno vrijeme

When establishing allowance time, the lunch break was determined according
to the working day, so that 30 minutes were allocated for 8 hours of work. Figure
7 shows the share of allowance time. The largest share, 44.8490, was taken by the
lunch break, then by preparation/completion time — 26.01%. Justified interrup-
tions amounted to 12.69%, and sporadic operations came to 11.45%.

CUTTING AND PROCESSING TIME AT PLETERNICA
VREMENA SJECE I IZRADBE U PLETERNICI

One cutter worked on both cutting and processing. Over 9 days, he spent a to-
tal of 3,810.15 minutes (Table 14). Effective time amounted to 1,582.44 minutes,
or 41.53%, and delay time to 2,227.71 minutes, or 58.47%. The share of cutting
and processing time in total time amounted to 40.05% and to 96.42% of effective
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Figure 7. Allowance time in the inspection of wood assortments at the auxiliary landing at
Kutjevo

Slika 7. Dodatno vrijeme preuzimanja drunib sortimenata na pomocnom stovariStu u
Kutjevu
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26.01% 3.97%

3. Justified interruptions

5. Technical interruptions 4, Sporadic operations Opravdani prekidi
Tehnickii podaci Povremeni radovi 12.69%
1.03% 11.45%

Table 14. Effective and delay tree cutting and processing times and time consumption
per tree at Pleternica
Tablica 14. Efektivno i opéa vremena sjele i izradbe stabala te utrosak vremena po stablu n

Pleternici
. Share per
Time Udio prema
. consumption - — Shareper tree
Type of operation or procedure Utrodak total time effective time | 14, po stabl
Virsta operacijeili zabhvata vremena wkupnom efektivnom
vremeni vremenu

min % min
1. Felling and processing time 1525.78 40.05 96.42 3.49
1. Vrijeme sjele i izradbe
1.1 Tree time .
1.1 Stablovio vrijeme 1203.50 31.59 76.05 2.75
1.2 Assortment time 322.28 8.46 2037 0.74
1.2 Sortimentno vrijeme
2. Load preparation 56.66 1.49 3.58 0.13
2, Priprema tovara |
3. Effective time
3. Efektivno vrijeme 1582.44 41.53 100.00 3.62 |
4. Delay times 2227.71 58.47 5.10 |
4. Opéa vremena
3. Total time 3 810.15 100.00 8.72
5. Ukupno vrijeme
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time. In total time, tree time amounted to 31.59%, or 7.73 min/m3, and assor-
tment time was 8.46%, or 2.07 min/m3. In effective time, tree time amounted to
76.05% of the time, and assortment time came to 20.37%. In cutting and proces-
sing beech in a2 mountainous area, Bojanin and Krpan (1994) give a consumption
of 8.3 min/m3 of assortment time for a mean DBH of 19 cm, and a consumption of
10.5 min/m? for a DBH of 22 cm.

The cutter sometimes bound the load and spent a total of 56.66 minutes in do-
ing so, which amounted to 1.49% of total time, and 3.58% of effective time. The
processed volume of wood assortments from 437 cut trees amounted to 155.60
m3, Total time per tree amounted to 8.72 minutes, and for processed wood assor-
tments to 24.49 min/m3. Effective time per tree amounted to 3.62 minutes, or
10.17 min/m?3. For similar conditions of teamwork, the total cutting and proces-
sing time of wood assortments amounts to 29.36 min/m?, and net time to 17.96
min/m?® (Stefanci¢, 1989).

ALLOWANCE TIME IN CUTTING AND PROCESSING
AT PLETERNICA
DODATNO VRIJEME PRI SJECI T IZRADBI U PLETERNICI

Allowance cutting and processing time shown in Figure 8 amounted to
1,016.41 minutes, or to 64.23% of effective time.

The largest share was taken by preparation/completion time —267.18 minutes,
or 26.29% of effective time. A considerable amount of time was spent on travel-
ling to the felling site and back, because the cutter had to walk and not ride in the

Figure 8. Distribution of allowance time of cutting and processing at Pleternica
Slika 8. Raspodjela dodatnog vremena sjece i izradbe u Pleternici

6. Preparation/ bompletion time 1. Lunch breaks
Pripremno-zavrino vrijeme Prekid za jelo
26.29% 23.43%

5. Technical interruptions
Tehnickii podaci
15.36%

2. Break

di . Qdmor
4. Sporadic operations 3. Justified interruptions 18.09%
Povremeni radovi Opravdani prekidi
2.89% 13.94%
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tractor. The lunch break took 238.13 minutes, or 23.43%. Breaks were frequent
due to the high temperatures and high humidity during the day, and lasted on ave-
rage 20.46 minutes per day. The workers had to consult on the organisation of the
work quite frequently, because all the workers worked on a relatively small area, in
a line one behind the other. Sporadic operations had a share of only 2.89%. Tec-
hnical interruptions occurred when there was a real need to replenish fuel or shar-
pen the chain, and lasted 156.14 minutes, or 15.36% of this time.

TIMES OF INSPECTION OF WOOD ASSORTMENTS AT THE
PLETERNICA FELLING SITE
VREMENA PREUZIMAN]JA SUMSKIH SORTIMENATA NA
SJECINI U PLETERNICI

The consumption of effective and delay time is shown in Table 15. Effective
time amounted to 815.45 minutes, or 21.40%, and delay time to 2,995.58 minu-
tes, or 78.61%. A rotal of 153.08 m? was inspected, of which 329 pieces of com-

Table 15, Time consumption on the inspection of wood assortments at the Pleternica fel
ling site
Tablica 15. Utrosci vremena pri preuzimanju dronih sortimenata  sjecini u Pleternici

Time share
Utrosak vremena
Total time
. per total per per
Tyg;e orfo(:p Zratlon ka.‘P"ﬁ' time effective time timber 3
Vrsta o ea}:aci'; i;:.rc hvata vrifetne prema prema assortment | P er::;
peracia ii zaa wkupnom efektivnom po drviom po
vreinent vremeni sortimenty
min % min

1. Walking to the stem
1. Hod do debla 158.45 4.16 19.43 0.14 1.00
2. Measuring 638.79 16.76 78.34 0.58 4.04
2. Mjerenje
3. Setting plastic boards
3. Zakueasarie plocice 5.68 0.15 0.70 0.01 0.04
4. Marking with

numbering hammer 12.53 0.33 1.54 0.01 0.08
4. Oznadavanje kolobrojem
Effective time
Efektivno vrijeme 815.45 21.40 10.00 0.74 516
Delay dimes 299558 | 73.60 2.73 18.95

péa vremena

Total time 381103 | 100.00 347 | 2411
Ukupno vrijeme
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mercial roundwood of a mean volume of 0.181 m? and 768 pieces of long stac-
kwood of a mean volume of 0.122 m3. The time spent on measuring wood assor-
tments in relation to effective time amounted to 78.34%, or 0.58 minutes per pie-
ce, that is, 4.04 min/m3. Effective time amounted to 5.16 min/m3, and delay time
18.95 min/m3, which made up a total of 24.11 min/m3. In similar working condi-
tions, it was noted that a total of 5.58 min/m? is spent on inspecting wood assor-
tments in the forest, including 3.13 min/m3, or 56.149%, of effective time, and 2.45
min/m? of delay time (Stefanci¢, 1989).

ALLOWANCE TIME OF THE INSPECTION OF WOOD ASSORTMENTS
AT THE PLETERNICA FELLING SITE
DODATNO VRIJEME PREUZIMAN]JA DRVNIH SORTIMENATA
U SJECINI U PLETERNICI

Allowance time amounted to 637.97 minutes, or 78.23 % of the effective
time, that is, 70.88 min/day. The lunch break was determined according to the to-
tal time consumption per day, and amounted to 37.34% of allowance time, that is,
to 6.25% of total working time consumption.

Breaks of up to § minutes at the most were acknowledged, and were taken 2 to
5 times during the working day. They amounted to a total of 125.96 minutes, or
19.74%, that is, an average of 14 minutes per day. Justified breaks were included
in the total amount of 32.49 minutes, or 5.09%. Technical interruptions amoun-
ted to a total of 64.14 minutes, or 10.05%. Preparation/completion times lasted
172.99 minutes, or 27.12%. Preparation time and time for collecting the tools up
to 15 minutes per day at the most were acknowledged, including 10 minutes on
preparation time and 5 minutes on collecting the tools. The time spent on the jour-
ney to the felling site and back was included in the total amount (Figure 9).

Figure 9. Allowance time of inspection of wood assortments at the Pleternica felling site
Slika 9. Dodatno vrijeme preuzimanja drvnih sortimenata u sjelini na radilistu Pleternica

6. Preparation/ bompletion time I. Lunch breaks
Pripremno-zavrino vrijeme Prekid za jelo
27.12% 37.34%

5. Technical interruptions
Tehnickii podact
10.05%

4, Sporadic operations

Povremeni radovi 3. Justified interruptions 2, Break
0.66% Opravdani prekidi Odmor
5.09% 19.74%
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The amount of allowance time of 78.23% is too high. The reason for this lies
in the fact that the share of effective time, that is, the organisation of work and the
engagement of the cutters, is too small.

RELATIONSHIP BETWEEN THE EFFECTIVE
AND DELAY TIME OF CUTTERS ;
ODNOS EFEKTIVNOG I OPCIH VREMENA SJEKACA

Figure 10 shows the relationship between effective and delay time in all the
operations of the cutters. The largest effective and smallest delay time was achie-
ved in cutting trees, and the smallest effective and largest delay time was taken in
inspecting wood assortments.

Figure 10. The relationship between the effective and delay time of cutters in total time
consumption
Slika 10. Qdnos efektivnog i opéih vremena sjekaéa u ukupno utroSenom vremenu
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Kutjevo Kutjevo Kutjevo

Torpedo Ecotrac Pletemica

TOTAL TIME CONSUMPTION OF TRACTORS
UKUPNO UTROSENA VREMENA TRAKTORA

TOTAL TIME CONSUMPTION OF A TORPEDO TD 75A TRACTOR
UKUPNO UTROSENA VREMENA TRAKTORA TORPEDO TD 75A

Table 16 shows the total time consumption of a Torpedo tractor at both work
sites and the relative share of individual time in total and effective time.

The work of the tractor was monitored at the Kutjevo work site in the course
of 15 days, and at the Pleternica work site in the course of 9 days. At Kutjevo, 143
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Table 16. Structure of total time consumption of a Torpedo TD 75A tractor
Tablica 16. Struktura ukupno utrosenib vremena traktora Torpedo TD 75A

Time consumption
Utrosak vremena

Torpedo - Kutjevo

Torpedo - Pleternica

Percentage per Percentage per
Type of o;?eratio‘n Total | Postotni udio prema | Total | Postotni ndio prema
Vista aktivnosti time T effective time l1i effective
wlro [obine| o™ |t || i
vrijeme We’f et efektivnom | vrijeme urerx:t enst efektivnom
vremens vremen
min % min %
1. Unloaded tractor travell
1. VoiZnja neopterecenog 319.85 532 9.02 123.21 3.22 6.32
traktora
2. Loaded tractor travell 38472 640 | 10.85 | 175.96| 4.60 9.03
2. Voinja opterecenog trakiora
3. Felling site work
3. Rad na sjedini 2162 35.98 60.98 1055.2 27.56 54.13
3.1 Taking up a position | ¢, 39 | 5 53 4.30 7127 186 3.66
3.1. Zauzimanje poloZaja
3.2. Pulling out of rope 149.02| 2.48 420 | 10023| 262 5.14
3.2. zulalenje uieta
3.3. Binding load (tractor
driver) SB2.54| 9.69 1643 | 455.83| 1191 23.38
3.3. Vezanje tovara
(trakiorist)
3.4. Skidding and lifting
load
3.4. Privlalenje 1.22 0.02 0.03 - ) )
i podizanje tovara
3.5, Fixing load 327.15| 544 923 | 19635| 513 | 1007
3.3. Ispravijanje tovara
3.6. Winching 1905 | 317 537 | 165.83| 4.33 8.51
3.6. Privitlavanje
3.7. Move up and down 77.36| 129 2.18 3576 | 093 1.83
3.7. Silazenje i pentjanje
3.8. Preparing and binding
load 631.89| 1135 | 1923 | 2993| o078 1.54
3.8 Priprema i vezanje
tovara sjekata
4. Auxiliary landing work
4. Rad na pomocnom 678.74| 11.30 19.14 595.01) 15.54 30.52
stovaristu
4.1. Loaded tractor travell
4.1. VoZnja opterecenog 98.62 1.64 2.78 87 2.27 4.46
traktora
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4.2 Winching

4.2, Privitlavanje 2.29 0.04 0.06 - B -

4.3. Move up and down

4.3. Silagenje i penjanje 69.16 1.15 1.95 28,49 0.74 1.46

4.4. Unfastening load

4.4. Odvezivanje tovara 197.95 3.29 5.58 264.19 6.90 13.55

4.5. Unbinding rope
4.5. Izvladenje uieta

4.6. Making a wood stack

4.6. Uredenje slo¥aja

4.7. Unloaded tractor
turning

4.7. Okretanje
neopterecenog traktora

5.55 0.09 0.16 19.51 0.51 1.00

209.72 3.49 592 137.86 3.60 7.07

20.61 0.34 0.58 1.77 0.05 0.09

4.8. Unloaded tractor
travell

4.8. VoZnja neopierecenog
traktora

74.77 1.24 21 56.19 1.47 2.88

Effective time
Efektivno vrijeme

3 545.31| 59.00 100.00 [1949.38| 5091 100,00

Delay times

Oné 2463.44| 41.00 - 187942 45.09 -
péa vremena

. Total time

. Ukupno vrijeme

. Total skidded timber
volume, m®

8. Ukupno privuceni droni

obujam, o’

6 008.75| 100.00 - 3 828.8| 100.00 -

LI I EN (RS

171.49 - - 88.59 - -

9. Effective time per unit,
min/m®

9. Efektivno vrifeme po
jedinici, minint’

20.67 - - 22,00 - -

10. Total time per unit, min/m®
10. Ukupno vrijeme po 35.04 - - 43.22 - -
jedinici, minfm®

11. Realised daily output,
m*/day

11. Ostvareni dnevni ucinak,
mldan

11.43 - - 9.84 - -

tractor cycles were measured, and at Pleternica 56 cycles were recorded, which
makes a total of 199 tractor cycles. At the Kutjevo work site, 6,008.75 minutes
were counted, and at the Pleternica work site, 3,828.80 minutes of work. The
structure of total time consumption is shown in Table 36, while the structure of
delay time is displayed in Table 37. Effective time was 8.0996 longer at Kutjevo
than at Pleternica. Delay time amounted to 41.0% and 49.09% respectively.
Krpan (1984) holds that the average delay time of 40.0% is too high. Effective
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time per unit amounted to 20.67 minutes, or 22.0 minutes, which was 6.4% more
than at Pleternica. The total time amounted to 35.04 min/m?, that is, 43.22
min/m3. At Pleternica, it was 23.3% higher than at Kutjevo. With an articulated
wheeler tractor, Bojanin (1974) believes that effective time is satisfactory if it amo-
unts to 79.7% of toral time.

ALLOWANCE TIME OF THE TORPEDO TD 75A TRACTOR
DODATNO VRIJEME TRAKTORA TORPEDO TD 75A

Table 17 shows the structure of allowance time for a Torpedo TD 75A tractor.
Allowance time is made up of parts of delay time which must be acknowledged,
since they arise as no fault of the worker,

Allowance time is determined in order to calculate the time and efficiency
quotas, and is allowance to effective time in the form of a percentage, an allowance
time coefficient or an absolute amount.

Some authors, as shown by Krpan (1984), include justified and personal inter-
ruptions in allowance time, as well as breaks and preparation/completion time. If
the half-hour lunch break is not included in allowance time (Bojanin 1971, Krivec,
1967), then the daily working time lasts 450 minutes.

According to Table 38, allowance time for a Torpedo TD 75A tractor at Kutje-
vo amounted to 837.63 minutes, or 23.6%, and at Pleternica to 510.11 minutes,

Table 17. Structure of allowance time of a Torpedo TD 75A tractor
Tablica 17, Struktura dodatnog vremena traktora Torpedo TD 75A

Torpedo TD 75A
. . . Kutjevo Pleternica
Type of time or work interruption - -
Vrsta vremena ili prekida rada Time Percentage Time Percentage
Vrijeme Postotni udio Vrijeme Postoini udio
min % min %
1. Lunch break
1. Prekid za jelo 401.00 47.87 240.00 47.05
2. Break and personal needs
2. Odmor i osobne potrebe 43.45 543 1647 3.23
3. Justified interruptions
3. Opravdani prekidi 26.97 3.22 22,10 4.33
4. Sporadic operations 34,70 414 30.84 6.05
4. Povremeni radovi
5. Technical interruptions
5. Tebuicki prekid; 4271 310 2148 4.21
6. Preparation/completion time 286.8 34,24 179.22 35.13
6. Pripremno-zaveino vrifeme
7. Allowance time $37.63 100.00 510.11 100.00
7. Dodatno vrijeme
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or 26.2% of effective time. The establishment of allowance time was based on an
analysis of each interruption. A lunch break lasting.30 minutes was acknowledged
for 8 hours of work. At Kutjevo this amounted to 47.87%, and at Pleternica to
47.05% of allowance time. Time for rest and personal needs at Kutjevo amounted
to 5.43%, and at Pleternica it came to 3.23% of allowance time. Sporadic jobs
amounted 4.14% and 6.05% of this time at the respective sites. Technical inter-
ruptions amounted to 5.1% and 4.21% of allowance time, and were acknowled-
ged based on an evaluation of the time required for repairs. Preparation/comple-
tion time at Kutjevo amounted to 34.249, and at Pleternica to 35.13% of allowan-
ce time.

For adapted agricultural tractors, Bojanin (1975) gives allowance time ranging
from 11.7% to 38.4%, and Krpan (1984), for all other tractors, gives a range of
13.4% to 25.8%.

Figure 11 shows the share of allowance time at both work sites. It is evident
that the lunch break took the largest share, followed by preparation/completion
time, whereas other times are evenly represented.

Figure 11. Allowance time in skidding timber with a Torpedo TD 75A tractor
Slika 11. Dodatno vrijeme pri privialenju drva traktorom Torpedo TD 75A

3 50.00 1 [@ I. Lunch breaks
= Prekid za jelo
o
'“a; 40.00 g N 2. Break
z Odmor
3 O 3. Justified interruptions
é 30.00 7 Opravdani prekidi
= O 4. Sporadic operations
g 20.00 g Povrement radovi
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TOTAL TIME CONSUMPTION OF THE ECOTRAC V-11-1033F TRACTOR
UKUPNO UTROSENA VREMENA TRAKTORA ECOTRAC V-11-1033F

Table 18 shows the total time consumption of Ecotrac tractors at both work
sites, and the share of individual time in the total and effective time. At the Kutjevo
work site, the work of the tractor was measured over 15 days, and at the Pleternica
work site over 8 days.

A total of 134 tractor cycles were measured at Kutjevo, and 47 at Pleternica,
which made a total of 181 tractor cycles. At the Kutjevo work site, 6,295.08 minutes

t
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of work were measured, and at Pleternica, 3,418.74 minutes. Effective time at Kut-
jevo was 9.11% longer than at Pleternica. Delay time at Kutjevo amounted to
48.54%, and to 57.65% at Pleternica. Effective time per unit amounted to 21.64
min/m3 and 26.18 min/m? respectively. At Pleternica, 4.54% more net time was
spent than at Kutjevo. The total time per unit at Kutjevo amounted to 42.05 min/m3,
while at Pleternica it was 19.77 minutes more, amounting to 61.82 min/m?.

Table 18.

Tablica 18. Struktura wkupno utrofenih vremena traktora Ecotrac V-11-1033F

Structure of total time consumption of an Ecotrac V-11-1033F tractor

Time consumption
Utrodak vremena
Ecotrac - Kutjevo Ecotrac - Pleternica
Percentage per Percentage per
Type of operarions Total | Postorni udio prema | ‘Total | Postotni udio prema
Vista aktivnosti time total effective time total effective
Ukupno time time Ukupmo time time
vrijeme | ubupnom |efektivnom | vrifeme | ukuprom |efektivnom
vrement vremerntd vrertienid vreirietiyd
min % min %
1. Unloaded tractor travell
1. Voinja neopteredenag 276.31 4.39 8.53 157.07 4,59 10.85
traktora
2. Loaded tractor travell 291.01| 4.62 898 | 17142 | 5.01 | 11.84
2. Voinja optereéenog traktora
3. Felling site work 2130.57| 33.85 6577 | 621.60 | 18.18 | 42.93
3. Rad na sjeiini
3.1. Taking up 2 position 78.47| 125 242 | 3655 | 107 2.52
3.1. Zauzimanje poloZaja
3.2, Pulling out of rope
- L 166.30 2.64 5.13 58.84 1.72 4.06
3.2. lzvlalenje uZeta
3.3. Binding load (tractor
driver) 47138| 6.69 13.01 | 348.86 | 10.20 24.09
3.3. Vezanje tovara ’ : : ’ ' :
(traktorist)
3.4. Skidding and lifting
load
3.4. Privitlavanje i 87.64 1.39 2.71 13.74 .40 0.95
podizanje tovara
3.5. Fixing load 145.02]  2.30 448 | 49.67 | 145 | 343
3.3, Ispravlianje tovara
3.6. Winching 177.03]  2.81 547 | 5908 | 173 4.08
3.6. Privitlavanje
3.7. Move up and down 68.02| 1.08 210 | 2817 | 082 1.95
3.7. Silatenje i penjanje
3.8. Preparing and binding
load , 986.71| 15.67 | 30.46 2673 | 078 1.85
3.8 Priprema i vezanje
tovara sjekada
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4. Auxiliary landing work
4. Rad na pomoacnom
stovaristu

541.32

8.60

16.71

497.85

14.56

34.38

4.1. Loaded tractor travell
4.1. Voinja opterecencg
traktora

57.31

0.91

1.77

108.90

3.19

7.52

4.2 Winching
4.2. Privitlavanje

1.42

0.02

0.04

0.29

0.0t

0.02

4.3. Move up and down
4.3. SilaZenje i penjanje

46.91

0.75

1.45

25.64

0.75

1.77

4.4, Unfastening load
4.4. Odvezivanje tovara

244,52

3.88

7.55

160.34

4.69

11.07

4.5. Unbinding rope
4.5, Izvlalenje uieta

1.28

0.02

0.04

25.69

0.75

1.77

4.6. Making a wood stack
4.6. Uredenje sloZaja

105.69

1.68

3.26

97.09

2.84

6.71

4.7. Unloaded tractor
turning

4.7. Okretanje
neopterecenog trakiora

30.65

0.49

0.95

9.57

0.28

0.66

4.8. Unloaded tractor
travell

4.8. Yoinja neopterecenog
traktora

53.54

0.85

1.65

70.33

2.06

4.86

. Effective rime
. Efektivno vrijeme

3239.21

5146

100.00

1447.94

42.35

100.00

. Delay times
Opca vresena

3 055.87

48.54

1970.80

57.65

. Toral time
. Ukupno vrijeme

6295.08

100.00

3418.74

100.00

W (NN e |t

. Total skidded timber
volume, m?

8. Uknpno privudeni droni

obujam, ni’

149.70

5531

9. Effecrive time per unir,
min/m’®

9. Efektivno vrijente po
jedinici, minfur®

21.64

26.18

10. Toral time per unit,
min/m’

10. Ukupno vrijeme po
jedinict, minni

42.05

61.82

11. Realised daily output,
m’/day

11. Ostvareni dnevni ucinak,
wdan

9.98

6.91
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THE ALLOWANCE TIME OF AN ECOTRAC V-11-1033F TRACTOR
DODATNO VRIJEME TRAKTORA ECOTRAC V -11-1033F

Table 19 shows the structure of allowance time for an Ecotrac tractor. The allo-
wance time of an Ecotrac tractor at Kutjevo amounted to 26.8%. At Pleternica the al-
lowance time of the tractor amounted to 32.8%. If the lunch break of 393.44 minutes
and 213.67 minutes is deducted, then the allowance time of the Ecotrac tractor at
Kutjevo amounts to 14.6% of effective time, while at Pleternica it comes to 18.1%.

Table 19. Structure of allowance time of an Ecotrac V-11-1033F
Tablica 19. Struktura dodainog vremena traktora Ecotrac V-11-1033F

Ecotrac V 1033F
. . . Kutjevo Pleternica
Type of time or work interruprion - -
Vrsta vremena ili prekida rada Time Percentage Time Percentage
Vrijente Postotni udio Vrijeme Postotni udio
min % min %

1. Lunch break

1. Prekid za jelo 393.44 45.31 213.67 44.94
2. Break and personal needs

2. Odmor i osobne potrebe 86.42 9.93 29.93 6.30
3. Justified interruptions

3. Opravdani prekidi 64.03 7.37 18.86 3.97
4. Sporadic opcrations 0.00 0.00 13.98 2.94
4. Povremeni radovi

5. Technical interruptions

5. Tebnicki prekidi 27.89 3.21 40.89 8.60
6. Preparation/completion time 296.48 34.15 158.07 33.25
6. Pripremno-zaurino vrijeme

7. Mlowance time 868.26 100.00 47542 100.00
7. Dodatno vrijeme

Rest and personal needs amounted to 9.95% and 6.30%, and justified inter-
ruptions to 7.37% and 3.97% at the respective sites. Sporadic jobs took place only
at the Pleternica work site and amounted to 2.94% of allowance time. Technical
interruptions amounted to 3.21% and 8.609% respectively, and were recognised in
the same way as for the Torpedo tractors.

Figure 12 shows a histogram of the structure of allowance time for both tractors.
It is evident that the largest share is taken up by the lunch break, followed by prepara-
tion/completion time. Other times are represented with marginal differences.

Figure 13 shows the relationship of effective and delay time for Torpedo and
Ecotrac tractors at both work sites. It can be seen that the Torpedo tractor at Kut-
jevo achieved 8%, the Ecotrac at Kutjevo, 2.82%, and the Torpedo at Pleternica
just 0.829 more effective time in relation to delay time. The shortest effective
time in the total working time was achieved by the Ecotrac tractor at Pleternica,
amounting to only 42.35%.
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Figure 12. Allowance skidding time of an Ecotrac V-11-1033F tractor
Slika 12.  Dodatno vrijeme priviadenja drva traktorom Ecotrac V-11-1033F

B 1. Lunch breaks
Prekid za jelo

B 2. Break
Odmor

O 3. Justified interruptions
COpravdani prekidi

O 4. Sporadic operations
Povremeni radovi

B 5. Technical interruptions
Telinicki prekidi

. B 6. Preparation/completion time

Kutjevo Plefernica Pripremno-zavesna vrifeme

Torpedo Torpedo

Percentage share / Postotnt udio (%)

Figure 13. The relationship between effective and delay time in the total time consum-
ption per work sites and tractors

Slika 13.  Odnos efektivnog i opéih vremena u ukupno utrosenom vremenu po radilistima
i traktorima

W Effective time
Efektivno
vrijeme

O Delay times
Cpda vremena

Percentage share / Postotni udio (%)

Kutjevo Pleternica Kutjevo Pleternica
Torpedo Torpedo Ecotrac Ecotrac

SOME AVERAGE MEASUREMENTS AT THE WORK SITES
NEKE PROSJECNE VELICINE NA RADILISTIMA

As can be seen in Table 20, the mean skidding distance ranged between 254 m
and 344 m. The average daily output ranged between 6.91 m3/day with the Eco-
trac tractor at Pleternica, and 11.43 m3/day with the Torpedo at Kutjevo. The ave-
rage realised working time per day was between 83.5% to 89% of an 8-hour wor-
king day.
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Table 20. Some average measurements achieved at the work sites
Tablica 20. Neke prosjeino ostvarene velicine na radilistima

Tractor Mean Total |Number| Mean Time Average time
Workin skidding | cycles |ofcycles| load | Qutput [consumprion per| consumption
site B | distance time | per day | volume | norm product unit per day
Traktor Srednja | Ukupno | Broj | Srednji | Norma |Utrodak vremena Prosjeéno
Radiliste udaljenost | vrijeme | turnusa | obujam | ucinka po jedinici utroSeno vrijeme
priviaenja | turnusa | dnevno | tovara proizvoda po dany
% of
m min 3 m’/day miz/m? min | 480 min
m m e fdan minfnt’ % od
430 min
Ert‘;:\f';’ 254 | 4144 | 97 | 120 | 1143 35.04  |40059 | 83.5
Efl‘:]‘:j; 238 | 4513 | 93 112 | 9.98 42.05 419.67| 874
popedo | 326 | 6862 | 62 | 158 | 9.84 4322 |42542| 886
Pict‘::ﬁ; 344 7243 | 59 1.18 6.91 61.82 427.34 | 89.0
CYCLE TIMES
VREMENA TURNUSA

TIME DISTRIBUTION OF TRACTOR CYCLES
RASPODJELA VREMENA TURNUSA TRAKTORA

Data on the distribution of cycle times are shown in Tables 21 and 22. All the
work elements were processed by mathematical statistical methods.

THE TIME STRUCTURE OF TRACTOR CYCLES - KUTJEVO
STRUKTURA VREMENA TURNUSA TRAKTORA - KUTJEVO

The effective time of the cycles of the TK (Torpedo Kutjevo) amounted to
26.84 minutes or to 80.9% of the total cycle times. With the allowance time of
23.6%, the total cycle time was 33.18 minutes. Table 21 also shows the values of
the average load volume and the achieved average standard times and daily out-
puts. Work at the felling site lasted 14.91 minutes, or 55.5% of net time, and the
least time, 2.99 minutes, or 11.1%, was spent on driving an unloaded tractor along
the skid trail and felling site. When the work was done at the felling site, the trac-
tor driver spent 4.02 minutes or 15.0% in binding the load, while the cutter spent
4.70 minutes or 17.5% of effective time. Binding the load lasted for a total of 8.72
minutes, or 32.5% of effective time. The operation of securing and balancing the
load amounted to 8.4% of effective time, while the other working operations at
the felling site take up a significantly smaller proportion of time.
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Table 21.

Time structure of cycles for a skidding distance of 300 m along the skid trail

and the felling site, and a distance of 100 m along the auxiliary landing, TK
{Torpedo Kutjevo) and EK (Ecotrac Kutjevo)
Tablica 21. Struktura vremena turnusa za udaljenost priviaenja po viaci i sjecini od 300 m
f po pomocinom stovariitu 100 m, TK (Torpedo Kutjevo) i EK (Ecotrac Kutjevo)

Torpedo Kutjevo (TK)

Ecotrac Kutjevo (EK)

Cycle consumption time
Utrodak vremena turnusa

Cycle consumption time
Utrolak vremena turnusa

Percentage per Percentage per
Type of time Postotni udio prema Postotni udio prema
Vrsta vremena . B
, total time eff:_ecnve . total time cffa_acnve
min ukupnon tme min wkuprom fime
efektivnom efektiviiom
vrement vrentent
vremenu vrementt
% %
1. Unloaded tractor
travell
1. Vognja neopterecenog 2.99 9.0 11.1 2.81 8.7 11.0
traktora
2. Loaded tractor travell
2. Voinja opteredenog 3.47 10.5 12.9 2.81 8.7 11.0
traktora
3. Felling site work
3. Rad na sjedini 14.91 44.9 55.5 15.16 46.8 59.4
3.1 Takingup a
position
3.1 Zauzimanije 1.05 3.2 39 0.56 1.7 2.2
polodaja
3.2 Pulling our of rope
3.2 ovlalenje ufeta 1.03 3.1 3.8 1.19 3.7 47
3.3 Binding load
(tractor driver) 402 | 121 15.0 3.03 9.4 11.9
3.3 Vezanje tovara
(traktorist)
3.4 Winching and
lifiing load
3.4 Privitlavanje 0.01 0.0 0.0
i podizanje tovara
3.5 Fixing load
3.5 Ispravlianje tovara 2.26 6.8 8.4 1.04 32 4.1
3.6 Winching
3.6 Privitlavanie 1.31 4.0 4.9 1.74 5.3 6.8
3.7 Move up and down
3.7 Silazene i perianie 0.53 1.6 2.0 0.49 1.5 1.9
3.8 Preparation and
binding curter'sload | 4 14.2 17.5 7.10 21.9 27.8
3.8 Priprema i vezanje
tovara sjekala
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4. Auxiliary landing wok

4. Rad na pomocnom 5.48 16.5 20.4 4.76 14.7 18.6
stovarilin
4.1 Loaded tractor
travell
4.1 Voinja opterecenog 1.16 3.5 4.3 1.03 3.2 4.0
traktora .
4.2 Winching
4.2 Privitlavanie 0.02 0.0 0.1 0.01 0.0 0.0
4.3 Move up and down
4.3 Silafenje i penjartie 0.48 1.4 1.8 0.34 1.0 1.3
4.4 Unbinding load 137 41 5.1 1.76 54 6.9

4.4 Odvezivanje tovara

4.5 Hauling rope
4.5 Levlatenje uieta 0.04 0.1 0.1 0.01 0.0 0.0

4.6 Making a wood
stack 1.45 4.4 54 0.76 2.3 3.0
4.6 Uredenje sloZaja
4.7 Turning of
unloaded tractor
4.7 Okretanje 0.14 0.4 0.5 0.22 0.7 0.9
neopterecenog
traktora
4.8 Unloaded tractor
travell
4.8 Voinja 0.83 2.5 3.1 0.63 1.9 2.5
neoptereenog
traktora
Effective time
Efektivno vrijeme
. Allowance time (23.6 9%
1o effective time)
Dodatro vrijeme 6.34 19.1 6.84 21.1
(23.6 % na efek. vrij.)
Total cycle time
Ukupno vrijeme turnusa
8. Average load volume,
m.'l
8. Prosjecan obujam
tovard, m
9. Time standard, min/m?
9. Norma vremena, 27.65 28.91
miinfn
10. Daily output, m3/day
10. Duevni ucinak, 17.36 16.60
wldan

26.84 80.9 100.0 25.54 78.9 100.0

o o o

&

33.18 100.0 32.38 100.0

NN

1.20 1.12

. In working at the auxiliary landing, most time was consumed on arranging the
stack 1.45 minutes, or 5.4% of effective time. This was followed by unleading at
5.19, and driving the loaded tractor, at 4.3% of effective cycle time (Table 21).
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Most time was spent on working at the felling site, 55.5% of effective cycle time
for the TK, and 51.9% for the TP (Torpedo Pleternica). At the felling site, most time
was spent on binding the load. At the auxiliary landing, the Torpedo at Kutina spent
20.4%, and the Torpedo at Pleternica, 7.6% more effective cycle time. The time for
driving the loaded and unloaded tractor differed marginally for both tractors.

Table 21 also shows the time structure of the EK (Ecotrac Kutjevo) tractor
cycles. Effective time amounted to 24.54 minutes, or 78.9%, and allowance time
to 6.84 minutes, or 21.1%6 of total cycle time. The table also gives the figures of an
average load volume, the standard time and daily output. Work at the felling site
lasted 15.16 minutes, or 59.4%, and the least time was spent on driving a loaded
and unloaded tractor along the skid trail and felling site — 2.81 minutes, or 11.0%.
Work at the auxiliary landing with an EK tractor amounted to 4.76 minutes, or
14.7% of effective, or 18.6% of total time.

When working at the felling site with an Ecotrac tractor at Kutjevo, most time
was spent on binding the cutter’s load - 7.10 minutes, or 27.8% — and in binding
the tractor driver’s load — 3.03 minutes, or 11.9% of effective time. The total time
for binding the load amounted to 10.13 minutes, or to 39.7% of the effective cycle
time. The other working operations were represented in a range from 1.8% to
3.99% of effective cycle time.

The Ecotrac tractor at Kutjevo spent 4.76 minutes, or 18.6% of effective cycle
time, at the auxiliary landing. Within working time, most time was spent on unloa-
ding — 1.76 minutes, or 6.9% — and on driving the loaded tractor — 1.03 minutes,
or 4.0% of effective time.

TIME STRUCTURE OF TRACTOR CYCLES - PLETERNICA
STRUKTURA VREMENA TURNUSA TRAKTORA - PLETERNICA

The time structure of the tractor cycles of the TP (Torpedo Pleternica) and EP
(Ecotrac Pleternica) is shown in Table 22. The effective time of a Torpedo tractor
cycle at the Pleternica work site amounted to 36.10 minutes, or to 79.2% of total
cycle time.

Allowance time amounted to 26.2%, or as an absolute amount to 9.46 minu-
tes. The total time of a cycle was 45.56 minutes. Work at the felling site lasted
18.72 minutes, or 51.9%, and work at the auxiliary [anding lasted 10.10 minutes,
which is 8.62 minutes, or 46.09%, less than loading time. The least time was consu-
med in driving an unloaded tractor along the skid trail and the felling site — 3.10
minutes or 8.6%. Apart from effective and delay times, Table 22 also shows the fi-
gures for an average load volume, the standard time and daily output.

Driving an unloaded TP tractor along the skid trail and the felling site took
2.5% less time, and driving a loaded tractor took 1.3% less effective cycle time than
the TK. The working time of the TP at the felling site was 3.6% shorter than that of
the TK. In this time, the time spent on binding the tractor operator’s load at Pleter-
nica was 7.4% longer, and the time for binding the cutter’s load was 16.0% of effec-
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Table 22. Time structure of cycles for a skidding distanceof 300 m along the skid trail
and the felling site, and distance of 100 m along theauxiliary landing, Torpe-
do Pleternica (TP) and Ecotrac Pleternica (EP)

Tablica 22. Struktura vremena turnusa za udaljenost priviaéenja po vlaci i sjecini od 300 m
i po pom. stovaristu 100 m, Torpedo Pleternica (TP) i Ecotrac (Pleternica)

Torpedo Pleternica (TP) Ecotrac Pleternica (EP)
Cycle consumption time Cycle consumption time
Utrofak vremena turnusa Utrodak vremena turnusa
Percentage per Percentage per
Type of time Postotni udio prema Postotni udio prema
Vrsta vremena . effective . effective
. total time - . total time time
T kuprom wme fmn ukupnom .
efektiviom efektivnom
vremen vremenu
vremen vrenteny
% %
1. Unloaded tractor travell
1. Voinja neopteredenog 3.10 6.8 8.6 4.02 9.5 12.6
traktora
2. Loaded rractor travell
2. Voinja opterecenog 4,18 9.2 11.6 4.64 10.9 14.5
traktora
3. Felling site work
3. Rad na sjedini 18.72 41.1 51.9 13.17 31.0 41.1
3.1 Taking up a position
3.1 Zauzimanie polozaja 1.20 2.6 33 0.78 1.8 24
3.2 Pulling out of rope
3.2 Izvlatenje nieta 1.79 39 5.0 1.25 29 3.9
3.3 Binding load
(traccor driver) g.10| 17.8 224 742 | 175 232
3.3 Vezanje tovara
(traktorist)
3.4 Fixing load
3.4 Ispravljanje tovara 331 77 7 1.06 23 33
3.5 Winching
3.5 Privitlavanje 2.96 6.5 8.2 1.49 35 4.6
3.6 Move up and down
3.6 Silagenje i penjanje 0.64 1.4 1.8 0.60 1.4 1.9
3.7 Preparation and
binding cutter’s load
3.7 Priprema i vezanje 0.53 1.2 1.5 0.57 1.3 1.8
tovara sjekaéa
4. Auxiliary landing work
4. Rad na pomoénom 10.10 22.2 28.0 10.20 24.0 31.8
stovariStu
4.1 Loaded tractor
travell
4.1 Voinja opterecenog 1.19 2.6 33 1.81 4.3 5.7
traktora
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4.2 Winching

4.2 Privitlavanje

4.3 Move up and down
4.3 Silazenje i penjanje
4.4 Unbinding load
4.4 Odvezivanje tovara

0.01 0.0 0.0

0.51 1.1 1.4 0.55 1.3 1.7

4,72 10.4 131 3.41 8.0 10.7

4.5 Hauling rope

4.5 Izvlalenje uieta

4.6 Making a wood stack
4.6 Uredenje slofaja

0.35 0.8 1.0 0.55 1.3 1.7

246 5.4 6.8 2,07 4.9 6.5

4.7 Turning of
unloaded tractor .
4.7 Okretanje 0.03 0.1 0.1 0.20 0.5 0.6
neopterecencg
traktora
4.8 Unloaded tractor
travell
4.8 Voinja neoptereéenog
traktora
5. Effective time
S. Efektivio vrijeme
6. Allowance time (26.2 %
to effective time)
6. Dodatno vrijeme
(26.2 % na efek. vrij.)
7. Total cycle time
7. Ukupno vrijeme turnusa
8. Average load volume, m3
8. Prosjecan obujam 1.58 1.18
tovara, m’
9, Time standard, min/ m3
9. Norma vremena, minim’

0.34 1.8 2.3 161 38 5.0

36.10 79.2 100.0 32.03 75.3 100.0

9.46 20.8 10.50 24.7

45.56 100.0 42.53 100.0 .

28.84 36.04

10. Daily output, m3/day

10, Drevni uéinak, wi’ldan 16.65 13.32

tive cycle time shorter than at Kutjevo. The total binding time at Kutjevo amounted
to 8.72 minutes, and at Pleternica it was only 0.09 minutes, or 1%, shorter.

‘The total working time at the Pleternica auxiliary landing was 4.62 minutes or
45.7% longer in relation to the TK. According to the structure and relationship of
effective cycle time, the working time at the auxiliary landing at Pleternica was
7.6% longer in relation to the TK.

Table 22 also shows the structure of the EP {Ecotrac Pleternica) tractor cycles. In
relation to total time, effective time amounted to 32.03 minutes, or to 75.3%, and al-
lowance time amounted to 10.5 minutes, or to 24.7%. Work at the felling site amoun-
ted to 13.17 minutes, or to 41.1%, and at the auxiliary landing to 10.20 minutes or
31.89% of effective cycle time. The difference in time consumption amounted to 2.97
minutes, or to 22.6%. The least time was consumed in driving the unloaded tractor
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along the skid trail and the felling site — 4.02 minutes, or 12.6%. The table also shows
the figures for an averape load volume, and the standard times and daily outputs.

The Ecotrac at Pleternica spent 1.99 minutes or 13.1% less time on work at
the felling site than the Ecotrac at Kutjevo. The Ecotrac at Kutjevo spent 10.3 mi-
nutes on binding the load, and the Ecotrac at Pleternica spent 2.31 minutes or
22.4% less time.

At the auxiliary landing, the Ecotrac at Pleternica spent 5.44 minutes or
53.3% more time than the Ecotrac at Kutjevo. Unloading took 1.65 minutes or
48.4% longer at Pleternica than it did at Kutjevo. To arrange the stack, the Ecotrac
at Pleternica took 2.7 times longer than the Ecotrac in Kutjevo.

THE DRIVING TIME AND SPEED OF UNLOADED TRACTORS
AT THE AUXILIARY LANDING
VRIJEME I BRZINE VOZNJE NEOPTERECENIH TRAKTORA PO
POMOCNOM STOVARISTU

The driving time of unloaded tractors at the auxiliary landing and the speed
for distances ranging between 25 and 350 m were calculated for both tractors and
work sites by using regression analysis.

Table 23. Driving time and speeds of unloaded tractors at the auxiliary landing depen-
ding on skidding distance and average speed

Tablica 23. Vrijeme voinje i brzine kretanja neoptereéenih trakiora po pomocénom stovari-
St 1 ovisnosti o udaljenosti priviadenja te prosjeéne brzine kretanja

Auxiliary landing travell - unloaded tractors
VoZnja po pomaoénom stovaritu - neoptereéeni traktori
. Kutjevo Pleternica
Skidding
distance Torpedo (TK) Ecotrac (EK) Torpedo (TD) Ecotrac {EP)
Uz?aljcvno‘?t Time Moving Time Moving Time Moving Time Moving
priviacenja | consum- 4 | consum- 4 | consum- 4 | consum- d
; spee . spee . spee . spee:
ption Brzina ption Brzina ption Brzina -ption Brzina
Utrodak . | Urrofak .| Utroak .| UtroZak .
kretanja kretatja kretanja kretanja
vremena vreniena vremena vremena
m min km/h min km/h min km/h min km/h
50 0.49 6.10 0.39 7.74 0.65 4.58 0.96 in
100 0.83 7.23 0.63 9.56 0.84 7.11 1.62 371
150 1.17 7.70 0.87 10.37 1.03 8.72 2.27 3.97
200 1.51 7.96 1.11 10.83 1.22 9.83 292 4.11
250 1.85 8.13 1.35 11.13 1.41 10.65 3.57 4.20
300 2.18 8.24 1.59 11.34 1.60 11.27 - -
350 2.52 8.32 - - - - - -
Average
PSP‘?Ed 7.50 9.86 8.79 3.70
rosjecna
brzina
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For the regression lines, Krpan (1984) states M. Kump’s opinion of 1970 that
the indices and coefficients of correlation that go above 0.75 show a strong con-
nection. The author uses Roemer-Orphal’s distribution to determine the strength
of the correlation based on the calculated correlation coéfficient:

Correlation coefficient Correlation strength
0.0 - 0.1 no correlation
0.1 - 0.25 very weak
0.25 - 0.4 weak
04 - 0.5 medium
0.5 - 0.75 strong
0.75 - 0.9 Very strong
09 - 1.0 complete correlation

Driving time of an unloaded Torpedo tractor (Kutjevo)

y = 0.15341 + 0.00677 x, r = 0.85975; fr = (0.25353
Driving time of an unloaded Ecotrac tractor {Kutjevo)

y = 0.14788 + 0.00480 x, r = 0.92787; fr = 0.13764
Driving time of an unloaded Torpedo tractor (Pleternica)
v = 0.46634 + 0.00377 x, r = 0.51085; fr = 0.56776
Driving time of an unloaded Ecotrac tractor {Pleternica)
y = 0.31336 + 0.01303 x, r = 0.91177; fr = 0.39510

The driving time and speed of unloaded tractors on the auxiliary landing for
distances of 25 m to 350 m are shown in Table 23. The table also shows the avera-
ge speeds of the tractors. .

The auxiliary landing at Kutjevo is next to the main forest road along which
the tractors are driven, while at Pleternica they move along a soft lorry track.

Speed is a function that combines time and distance. At the Kutevo work site, a
Torpedo tractor moved at an average speed of 7.50 km/h, and at the Pleternica work
site, at a speed of 8.79 kmyvh, which showed the difference in the manner and persona-
lity of the tractor drivers. The speed of EK tractors at 25 m amounted to 5.60 km/h,
and at 250 m, 11.34 km/h, which makes up an average of 9.86 kim/h. At the Pleternica
work site, the Ecotrac moved much more slowly, at an average speed of 3.70 kmy/h, or
2.7 times more slowly than the average speed of the EK, which we could attribute to
the driver’s personality. The Ecotrac driver at Kutjevo was more energetic, and the
one at Pleternica more relaxed. Bojanin (1982) states that the working conditions af-
fect speed by only 30%, while the drivers with their driving style affect it by 70%.

Krpan (1984) states that the speed of an unloaded IMT 558 tractor in lowland
conditions on a microelevation on dry days amounts to 4.93 km/h, and on a micro-
depression on dry days it amounts to 6.77 km/h, and on rainy days it comes to 5.33
km/h and 6.38 km/h on the microelevation and the microdepression respectively.
In skidding commercial roundwood with an unloaded adapted agricultural tractor,
Bojanin (1982) gives a speed of 6.33 km/h at the auxiliary landing.
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TIME AND SPEED OF LOADED TRACTORS
AT THE AUXILIARY LANDING
VRIJEME I BRZINE VOZNJE OPTERECENIH TRAKTORA
PO POMOCNOM STOVARISTU

The fimes and speed of loaded tractors at the auxiliary landing for distances
ranging from 25 to 150 m at Kutjevo and from 25 to 300 m at Pleternica were
equalised through regression analysis in the following manner:

Time of a loaded Torpedo tractor (Kutjevo)

y = 0.29576 + 0.008663 x, r = 0.70207;fr = 0.22569

Time of a loaded Ecotrac tractor {Kutjevo)

y = 0.10063 + 0.00927 x, r = 0.80629;fr = 0.12294

Time of a loaded Torpedo tractor (Pleternica)

y = 0.46634 + 0.00377 x, r = 0.51085;fr = 0.56776

Time of a loaded Ecotrac tractor (Pleternica) N

y = 0.64912 + 0.011656 %, r = 0.84804;fr = 0.51188

In the driving of loaded tractors at the auxiliary landing at a distance of 50 m,
the TP spent 0.79 minutes, that is, 0.06 minutes or 7.6% more than the TK (Table
24). At a distance of 100 m, the TP spent 1.16 minutes, and the TK 1.19 minutes,
that is 0,03 minutes or 2.05% longer.

The speeds of the tractors at distances ranging from 25 to 300 m together with
the average speed are shown in Table 24. The lowest average speed of 3.54 km/h was
that of the EP tractor, and the highest one, of 5.59 knvh, which is 36.69% higher, was
achieved by the TP tractor. The TK tractor moved at an average speed of 4.67 km/h,
and the EK moved at an average of 5.28 km/h. The TK and TP tractors moved at an
almost identical speed. There was a significant difference, though, between the EP and
the EK tractors, with the relationship between speeds amounting to 1:1.5.

Loaded wheeler tractors moving on the auxiliary landing, according to Boja-
nin’s study (1982), achieved an average speed of 4.19 km/h.

TIME AND SPEED OF UNLOADED TRACTORS ALONG
THE SKID TRAIL AND AT THE FELLING SITE
VRIJEME 1 BRZINE VOZNJE NEOPTV'ERECENIH TRAKTORA
PO VLACI I SJECINI

The times of unloaded tractors and their speed along the skid trail and at the fel-
ling site are shown for both tractors and work sites in Table 25. The skidding distan-
ces ranged from 25 to 600 m. Unloaded tractors moved uphill along tractor trails.
The mathematical form of regression is shown for each work operation as follows:

Times of an unloaded Torpedo tractor (Kutjevo) along the skid trail and the
felling site:

y = 0.56770 + 0.00807x, r = 0.89103; fr = 0.42987
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Table 24. Driving time and speeds of loaded tractors at the auxiliary landing depending
on skidding distance and average speed

Tablica 24. Vrijeme voinje i brzine kretanja opteredenih traktora po pomoénom stovaristu
u ovisnosti o udaljenosti privlalenja te prosjeéne brzine kretanja

Auxiliary landing travell - unloaded tractors
Voinja po pomtoénom stovaristu - neopterelent traktori
Skidding Kutjevo Pleternica
distance Tomeco (TK) .Ecotrac - (EK) Torpcdo (TP) Fcotrac (EP)
Udaljenost | Time Moving Time Moving Time Moving Time Moving
priviadenja | 0N | gheed | COMSUI | heed | COMSUIC | heed | CODSUMT | oheed
prion Brzina prion Brzina ption Brzina poon Brzina
Utrosak bretami Utrofak bretani Utrolak bretam Utrogak bretans
vremena | “TM8 | yremena | M9 | promena | KT | yromeng | A4
m min km/h min km/h min km/h min km/h
50 0.73 4.12 0.55 5.41 0.79 3.79 1.23 2.44
100 1.16 5.6 1.09 5.52 1.19 5.04 i.81 3.31
150 1.60 5.64 - - 1.59 5.65 2.40 3.75
200 - - - - 1.99 6.02 2.98 4.03
250 - - - - 2.39 6.27 3.36 4.21
300 - - - - 2.79 6.45 4.15 4.34
Average
P;‘;‘?:gna 4.67 5.28 559 3.54
brzing

Times of an unloaded Ecotrac tractor (Kutjevo) along the skid trail and the fel-
ling site:
y = 0.52192 + 0.00761 x, r = 0.91004; fr = 0.50213
Times of an unloaded Torpedo tractor (Pleternica) along the skid trail and the
felling site:
y = 0.72907 + 0.00787 x, r = 0.76993; fr = 0.71707
Time of an unloaded Ecotrac tractor (Pleternica) along the skid trail and the
felling site:
y = 1.04522 + 0.0991 x, r = 0.87636; fr = 0.76296

Table 25 shows the movement of unloaded tractors, their time consumption
and how their speed develops for skidding distances from 50 to 600 m, as well as
their average speeds.

In the driving of unloaded tractors along the skid trail and the felling site for
distances of 100 m, the EK took the least time — 1.28 minutes, and the EP took the
most time — 2.04 minutes, or 36.3% more than the EK. At a distance of 400 m, the
EK took the least time — 3.57 minutes — and the EP the most time — 5.01 minute —
or 25.5% more than the EK. In covering the same distance, Torpedo tractors took
3.80 minutes at Kutjevo, and at Pleternica 3.88 minutes.

The lowest average speed along the skid trail and the felling site of unloaded
tractors was achieved by the Ecotrac tractor (Pleternica) — 4.09 km/h — and the hi-
ghest — 5.97 km/h — by the Ecotrac tractor (Kutjevo).
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Table 25. Driving time and speeds of unloaded tractors along the skid trail and the fel-
ling site depending on the skidding distance and the average speed

Tablica 25. Vrijeme voinje i brzine kretanja neopterecenib traktora po viaci i sjecini u ovi-
snosti 0 udaljenosti priviaienja te prosjecne brzine kretanja

Auxiliary landing travell - unloaded tractors
VoZnja po pomodénont stovariStu - neoptereceni traktori
Skiddin Kutjevo Pleternica
dis tancg : Torpedo : Ecotrac i Torpedo i Ecotrac
Udaljenost Time Moving Time Moving Time Moving Time Moving
priviacenja | TSI | gpeed | SOTSURS speed consum- speed- consum- speed
ption Brzina ptton Brzina ption Brzina ption Brzina
Utrodak kretani Utrodak .| Utrosak . | Utrosak s
etanja kretanja kretanja kretanja
vremena vremena premena vremena
m min km/h min km/h min km/h min km/h
50 0.97 3.09 0.90 3.32 1.12 2,67 1.54 1.95
100 1.38 4.36 1.28 4.68 1.52 3.96 2.04 2.95
150 1.78 5.06 1.66 5.41 1.91 4.71 2.53 3.55
200 2.18 5.50 2.04 5.87 2.30 5.21 3.03 3.96
250 2.59 5.30 2.42 6.19 2.70 5.56 3.52 4.26
300 2.99 - 6.02 2.81 6.42 3.09 5.83 4.02 4,48
350 3.39 6.19 3.19 6.59 3.48 6.03 4.51 4.65
400 3.80 6.32 3.57 6.73 3.88 6.19 5.01 4.79
450 4.20 6.43 3.95 6.84 4,27 6.32 551 4.90
500 4.60 6.52 4.33 6.93 - - 6.00 5.00
550 5.01 6.59 4.71 7.01 - - 6.50 5.08
600 541 6.65 5.06 7.11 - - - -
Average
speed
Prosjeéna 5.60 5.97 5.09 4.09
brzina

The lowest average speed along the skid trail and the felling site was 9.5% hi-
gher than the lowest average speed achieved at the auxiliary landing. The highest
speed of unloaded tractors was achieved at the auxiliary landing, which was 39.5%
higher than that along the skid trail and the felling site. Bojanin (1982 and 1980)
gives a speed of 4.16 km/h for an unloaded adapted agricultural tractor moving on
a mountainous area and 4.12 km/h for a lowland area. On a lowland area (Krpan
1984), unloaded IMT 558 tractors were reported to move on a microelevation at
an average speed of 5.02 km/h, and on a microdepression and wet depression at
6.52 km/h and 6.70 km/h respectively.

THE TIME AND SPEED OF LOADED TRACTORS ALONG
THE SKID TRAIL AND FELLING SITE
VRIJEME [ BRZINE VOZNJE OPTERECENIH TRAKTORA
PO VLACI I SJECINI

The times of loaded tractors along the skid trail and felling site and their speeds
for distances ranging from 50 to 550 m are shown in Table 26 for both tractors.
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Loaded tractors moved downhill along the skid trail and the felling site. Over
a distance of 100 m, the Ecotrac tractor at Kutjevo took the least time — 1,61 minu-
tes — and the most time was taken by the Ecotrac at Pleternica — 2.25 minutes. At
400 m, the Ecotrac at Kutjevo took 3.40 minutes, and the Ecotrac at Pleternica
took the most time — 5.84 minutes.

For a distance of 100 m, a loaded Ecotrac tractor at Kutjevo took 0.33 minu-
tes, or 20.5% more time than an unloaded one, and for a distance of 400 m, 0.17
minutes, or 4.8% less time than an unloaded tractor.

For a distance of 100 m, a loaded Ecotrac tractor at Pleternica took 0.21 minu-
tes, or 9.3% more time than an unloaded one, and for 400 m, 0.83 minutes or
14.29% more time than an unloaded tractor. The regression equations are as follows: |

Time of a ioaded Torpedo tractor (Kutjevo) along the skid trail and the felling site:

y = 1.06325 + 0.00803 x, r = 0.76690;fr = 0.65686
Time of a loaded Ecotrac tractor (Kutjevo) along the skid trail and the felling site:
y = 1.01757 + 0.00596 x, r = 0.76841;ir = 0.71480

Time of a loaded Torpedo tractor (Pleternica) along the skid trail and the fel-
ling site:

y = 1.26979 + 0.00969 x, r = 0.73579;fr = 0.98960

Table 26. Driving time and speeds of loaded tractors along the skid trail and the felling site,
depending on skidding distance and average speed

Tablica 26. Vrifeme voinje i brzine kretanja opteredenih traktora po vlaci i sjedini u ovisnosti
o udalienosti priviaéenja te prosjecne brzine kretanja

Auxiliary landing travell - unloaded tractors
VoZnja po pomoénom stovariitu - neoptereceni traktori
Skiddin Kutjevo Pleternica
di 8 Torpedo Ecotrac Torpedo Ecotrac
stance Time Time Time . Time
Ua-faljeno.ft consum- Moving consum- Moving consum- Moving consum- Moving
priviaienja ; speed : speed . speed . speed
ption Brzina ption Brzina ption Brzina ption Brzina
UtroZak i . | Utrozak . | Utrofak . | Utrosak .
retanja kretanja kretanja kretanja
vreniend vresmend vremena vremend
m min km/h min km/h min km/h min km/h
50 1.46 2.05 1.32 2.28 1.78 1.71 1.66 1.81
100 1.87 3.22 1.61 3.72 2.24 2,68 2.25 2.66
150 2.27 3.97 1.91 4.71 2.72 3.3 2.85 3.16
200 2.67 4.50 2.21 5.43 3.21 3.74 3.45 3.48
250 3.07 4.89 2.51 5.98 3.69 4.06 4.05 3N
300 3.47 5.18 2.81 6.41 4.18 4.31 4.64 3.88
350 3.87 5.42 3.10 6.77 4.66 4.51 5.24 4.01
400 4.27 5.61 3.40 7.05 5.14 4.67 5.84 4.11
450 4.68 5.77 3.70 7.30 5.63 4.80 6.44 4.19
500 - - 4.00 7.50 - - 7.03 4.26
550 - - 4.30 7.68 - - - -
Average
speed 445 5.82 3.70 3.48
Prosjedna
brzina
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Time of a loaded Ecotrac tractor (Pleternica) along the skid trail and the fel-
ling site:
y = 1.05886 + 0.01195 x, r = 0.79889;fr = 1.13172

The speeds of loaded tractors along the skid trail and the felling site are shown
in Table 26. The lowest speed at 100 m was achieved by the Ecotrac (Pleternica) —
2.66 km/h, and the highest by the Ecotrac (Kutjevo) — 3.72 km/h.

At distances ranging from 50 to 100 m, the speeds of the tractors differed only
marginally. At a distance of 450 m, the differences were significant, because the lo-
west speed of 4.19 km/h was recorded by the Ecotrac (Pleternica), and the highest
speed of 7.30 km/h by the Ecotrac (Kutjevo), which was 42.6% higher.

The lowest average speed of 3.48 km/h was recorded by the Ecotrac (Pleterni-
ca), while the highest average speed of 5.92 km/h was achieved by the Ecotrac
(Kutjevo), which 1s 41.2% higher. This difference cannot be justified by the mean
volume of the load, which was almost identical - 1.12 m® and 1.18 m? respectively
— but by the personality of one of the drivers.

The average speeds of loaded IMT 538 tractors in lowland conditions for dry
weather (Krpan, 1984) ranged from 4.29 to 5.89 km/h. Bojanin (1982) records

Figure 14. Driving a loaded Ecotrac V - 11 — 1033F at the felling site
Slika 14.  Voznja optereéenog traktora Ecotrac V - 11 - 1033F po sjecini

~J
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that adapted agricultural tractors in mountainous conditions achieved speeds of
5.03 and 2.64 km/h.

DAILY TIMES OF THE TEAM
DNEVNA VREMENA SKUPINE

EFFECTIVE AND ALLOWANCE TIME OF THE TEAM
EFEKTIVNO I DODATNO VRIJEME SKUPINE .

Table 27 shows the effective and allowance time for parts of a team and the
time of a team in one day. At the Kutjevo work site the team worked in pairs. The
first pair consisted of a cutter and a tractor driver with a Torpedo tractor, and the
second pair consisted of a cutter and a tractor driver with an Ecotrac.

The first pair spent 318.16 min/day of effective time. The cutter spent this
time in cutting trees of a mean DBH of 20.2 cm and the tractor in skidding loads of
a mean volume of 1.20 m3 at an average distance of 254 m.

The second pair spent 302.55 min/day of effective time. The cutter spent this
time in cutting trees of a mean DBH of 21.1 ¢m, and the tractor driver in skidding
loads of a mean volume of 1.12 m? at an average distance of 238 m.

Allowance time amounted to 149.66 min/day for the first pair and 149.71
min/day for the second pair.

Inspection at the auxiliary landing was carried out by one cutter and it took
him only 62.38 min/day of effective time and 42.01 min/day of allowance time,
which made up a total of 104.39 min/day, or 10.2% of team time. Total inspection
titne took up 21.7% of a 480-minute Jong working day.

Effective team time at Kutjevo amounted to 683.09 min/day or 66.7% of total
time. Allowance time amounted to 341.38 min/day or 33.3% of total team time.
The time of felling and processing for both cutters amounted to 164.06 min/day or
to 169, and allowance time to 185.65 min/day or to 18.1% of total team time.
The consumption of time for both cutters on binding the tractor load amounted to
111.24 min/day or to 10.9% of rotal team time.

Effective time for the work of the cutter and the tractor amounted to 620.71
min/day, or to 60.6% of total time, that is, to 90.9% of effective team time.

At the Pleternica work site, one cutter and two tractors achieved the effective
time of 547.01 min/day, or of 58.8% of total time, that is, 85.8% of effective team
time. Allowance time amounted to 222.43 min/day or to 23.9% of total time. The
Torpedo tractor skidding at Pleternica achieved 213 min/day, while the Ecotrac
tractor achieved 157.91 min/day, that is, 371.18 min/day, or 39.9% of total time,
that is, 58.2% of effective team time for both tractors together.

The cutters’ allowance time amounted to 112.93 min/day or to 12.1%, and
that of tractor drivers amounted to 11.8% of total team time, which makes a total
of 23.9%.

The total times of cutters and tractors amounted to 769.44 min/day or to
82.7% of total team time.
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Table 27. Times of a team according to the working day and work sites
Tablica 27. Vremena skupine po radnom danu i radilistima

Team in Kutjevo Team in Pleternica
Skupina u Kutfevu Skupina u Pleternici
Percentage per Percentage per
Type of time and Curter and | Cucter and T . Postotni ndio prema . Postatni udio prema
. . otal time . Total time .
working operations Torpedo Ecotrac Uk . effective do | E Uk ti effective
Vrsta vremena i raduib | Sjckaé § Sjckac § upno | total time time Torpedo | Ecotrac upno | tota’ time time
/ ) kupnont . vrifjeme | wkupnom .
zahvala Torpedo | Ecotrac prijeme | urup efektivirom / efektiviiom
vemeoni vrementy, Yrement | yement
min/da min/da
min/dax Y% min['dazr %
Cutting
and
processing 77.62 86.44 164.06 16.0 24.0 169.53 169.33 18.2 26.6
Sjeéa i
izradba
Binding .
V[oad. 45.46 65.78 111.24 10.9 16.3 6.3 6.30 0.7 1.0
ezanfe
Effective fovara
. Auxiliary
time landin
Efektivno kg
vrijeme | o 4.19 0.16 435 0.4 0.6 - 0.00 0.0 0.0
na
pomoénom
stovaristu
Skidding
Pri- 190.89 150.20 341.06 33.3 49.9 213.27 | 157.9 371.18 39.9 58.2
vialenje®
Total time
Ukupno 318.16 302.60 | 620.71 60.6 20.9 547.01 547.01 58.8 85.8
vrifente
Allowance
time Cutter
Dodatno Sjcka 93.82 91.83 185.65 18.1 112,93 112.93 12.1
urijeme

6661 ‘QaI3eZ TOT-¢T :9¢ aswiod 'wng 'sen
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Tractor
Traktor

55.84

57.88

113.72

Total time
Ukupno

vrijeme

149.66

149.70

299.37

29.2

56.68 | 52.82

109.50

222.43

222.43

23.9

Timber
inspection
Preuzi-
manje

Total cutter and
tractor, min
Ukupno sjekac i

traktor, min

467.82

452,30

920.08

§9.8

769.44

769.44

82.7

Effective
time
Efektivno
urijeme
Allowance
time
Dodatno
vrijeme

Total time
Ukupno
yrijeme

Team time
Vrijerne
skupine

Effective
time
Efektivnc
vrijeme

Allowance
time
Dodatno
yrijenie
Total rime
Ukupno

urijeme

62.38

6.1

9.1

42.01

4.1

104.39

10.2

683.09

66.7

100.0

341.38

333

1024.47

100.0

90.61

9.7

14.2

70.89

7.6

161.50

17.3

637.62

68.5

100.0

293.32

31.5

930.94

100.0

members, min

Elangva, min

Prescribed team time of 480 min/day x no. of

Propisano vrijeme skupine od 480 min/dan x br.

2400.0

vremeny, %

Percentage of team time in total time, %
Postotni udio vremena skupine u ukupnom

42.7

1920.0

48.5

*Mean skidding distance of tractors according to table 20 - * Srednja udaljenost priviacenja traktora prema tablici 20
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A cutter at the Pleternica work site took 90.61 min/day or 9.7% of total time,

that is, 14.29 of effective team time for inspection at the felling site. The proportion
_of inspection time amounted to 161.50 min/day, or to 17.3% of total team time.

According to the daily time schedule of 480 minutes, this amounted to only 33.6%.

Effective team time at the Pleternica work site amounted to 637.62 min/day or
to 68.5%, and allowance time amounted to 293.32 min/day, or to 31.5% of total
team time.

The total time of the Kutjevo team amounted to 1,024.47 min/day or to
42.7%, and that of the Pleternica team amounted to 930.94 min/day or 48.5% of
scheduled working time.

STANDARD TIME AND EFFICIENCY
NORME VREMENA I UCINKA

STANDARD TIMES AND DAILY OUTPUT OF CUTTERS
NORME VREMENA I DNEVNI UCINAK SJEKACA

Different variants of the standard time of cutters are shown in Table 28. The
cutters worked in three different forms of organisation, that is, in three different

Table 28. Standard times and daily output of cutters at felling, processing and inspection ac-
cording to variants
Tablica 28. Norme vremena i dnevni ucinak sjekata pri sjedi, izradbi § pretzimanju po inacicama

Working site Kutjevo
Radiliste Kutjevo
Cutter with Torpedo Cutter with Ecotrac
Working operations Sjekac uz Torpedo Sickal uz Ecotrac
Radne operacije Effective | Allowan-| Total | Effective | Allowan-| Total
time ce time time time ce time time
Efektivno | Dodatno | Uknpno |Efektivno| Dodatno | Ukupno
yrijeme | vrifeme | vrijeme | vrijeme | vrijeme | vrijeme
Felling
; 4.07 1.05 5.12 4.07 1.05 512
Sieda
Processing
separated
from felling 672 | 7.56 | 1428 | 625 | 556 | 11.81
Izradba
odvole{’za od min/m
. sjece . El
Variant 1 Y minfm
Inacica 1 Inspection at
nacica e
the auxiliary
landing 6.21 4.19 10.40 6.21 4.19 10.40
Preuzimanje
na pom. stov.,
Total 17.00 | 1280 | 29.80 | 16.53 | 1080 | 27.33
Ukupno
Daily output, m*/day
Duevni ulinak, m*ldan 16.11 17.56
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Felling and
processing si-
multaneously 10.26 7.56 17.82 9.22 5.56 14.78
Sjeda i izradba

istovrem.

Inspection at | min/m
Variant 2| the auxiliary | stinfm’
Inadica 2 landing 6.21 4.19 10.4 6.21 4.19 10.4
Preuzimanije
Ha pom. stov.

Total

Uksprro
Daily output, m*%day
Duevni ucinak, ni’ldan

16.47 11.75 28.22 15.43 9.75 25.18

17.01 19.06

Working site Pleternica
Radiliste Pleternica

Felling and
processing si-
multaneously 10.17 6.53 16.70
Sjeca i izradba

istovrem. .
Inspection at m.‘“/’“‘s
the felling site e 516
Preuzimanje u '
siecini
Total
Uknpno
Daily output, m3/day
Dintevni ucinak, n’idan

Variant 3

Inacica 3 4,18 9.34

15.33 10.71 26.04

18.43

variants. In variant 1, the cutters cut the trees which they processed only 6 days la-
ter, which means that processing and felling were carried out at different times. In
variant 2, the remaining standing trees were cut, and the felling and processing
took place at the same time. The inspection of wood assortments for variant 1 and
2 was carried out at the auxiliary landing. In variant 3, cutting and processing was
carried out at the same time, and the inspection followed immediately at the felling
site after which finished wood assortments were skidded.

In variant 1, the total time of cutters with the TK amounted to 19.40 min/m3, and
in variant 2 to 17.82 min/m?. The total time of cutters with the Ecotrac in variant 1
amounted to 16.93 min/m?, and in variant 2 to 14.78 min/m?3. The inspection time for
variants 1 and 2 amounted to an average of 10.4 min/m3. In variant 3, the total time of
cutters amounted to 16.70 min/m3, of which 9.34 min/m? for inspection.

The realised standard time was the lowest with cutters working alongside the
Ecotrac in variant 2 — 25.18 min/m? - and the highest with cutters working alongsi-
de the Torpedo in variant 1 - 29.80 min/m?.

According to the data shown in the Table, the daily cutput for 52 days amoun-
ted to 16.11 m3/day with cutters working alongside the Torpedo in variant 1, that
is, 19.06 m3/day with cutters working alongside the Ecotrac in variant 2.
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Allowance time ranged from 5.56 min/m3 with cutters working alongside the-
Torpedo in variant 1, to 6.53 min/m? with cutters in variant 3 at Pleternica,

STANDARD TIME AND EFFICIENCY OF TRACTORS
NORME VREMENA I NORME UCINKA TRAKTORA

The standard time and efficiency of the Torpedo tractor at both work sites is
shown in Table 29. At the Kutjevo work site, the standard time was calculated for a
distance of 50 to 600 m, as the movement of the tractor was measured along the
skid trail and the felling site. Table 30 shows the data of the Ecotrac tractor at both
work sites for distances ranging from 50 to 550 m.

The standard time has been calculated as the average time consumed in skid-
ding one unit of product over the mentioned distances, and its components are va-
riable and fixed times, which make up effective time and allowance time. Variable
time is made up of a sum of the times it takes to drive loaded and unloaded tractors
along the skid trail, the felling site and the auxiliary landing, and fixed times are
made up of all the working operations at the felling site and at the auxiliary lan-
ding.

From the total time consumed in one cycle and the average load volume, we
can calculate the standard time per m3 of skidded timber. This ratio can be expres-
sed with the following formula:

N, =% (mi/ m*)
q

where N = standard time, t = total time of one cycle (min)

q = average load volume (m?).

The daily output is calculated on the basis of the standard time or on the daily
number of cycles and average load. When we use the standard time, the daily out-
put is obtained by dividing the daily time in minutes by the respective quota. The
number of cycles were calculated from the regulated work schedule (480 minutes)
and total cycle time. The daily quota was calculated by multiplying the average
number of daily cycles by the average load volume, as shown in the following for-
mula:

U = N q (m3/day),

where U = daily output, N = number of cycles per day, q = average load volu-
me (m?3).

When calculating the decline in efficiency, the performance at a distance of 50
m is taken as value 1. With an increase in skidding distance, the daily output dete-
riorates, and this deterioration is best shown by the factor of the decline in effi-
ciency.

Average efficiency is obtained on the basis of average data determined through
mathematical-statistical methods, without evaluating the degree of efficiency
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(Krpan, 1984). The degree of efficiency, according to the same author, is the ratio
between real and regular efficiency. Regular efficiency is the output of a capable,
skilful and thoroughly-well prepared worker, during and in the middle of the shift,
who uses previously established breaks.

When calcularing the standard time, usually the average output achieved is ta-
ken as the regular output. In teamwork, the tractor with all its features, as well as
the conditions of the terrain, affect the performance of the cutrer’s daily output.
According to the valid standard times at felling and processing, the daily output is
recorded in the cutter’s work order, so that he tries to fulfil the set task. When the
tractor skidding distances are small, the cutter must engage more effort because he
is preparing a larger quantity of wood, and when the distances are longer, he needs
less effort to prepare smaller quantities of wood, so that the tractor can carry on
with the skidding without waiting around.

The standard time and efficiency of the Torpedo and Ecotrac tractors are
shown in Tables 29 and 30. The increasing trend of the standard time as distance
grows is shown in Figure 15, and the tendency of the daily output to deteriorate
with the increase in distance is presented in Figure 16.

Although the working conditions of all four tractors were similar, when calcu-
lating daily output, a great difference was seen between the Ecotrac at Pleternica
and the other tractors. The decline in efficiency was the consequence of the lower
speeds of loaded and unloaded tractors. According to Table 20, the average load
volume of the Ecotrac tractor at Pleternica amounted to 1.18 m3, while that of the
Ecotrac at Kutjevo was 0.06m? smaller. The load of the Torpedo at Kutjevo was
0.02 m? larger, and thar of the Torpedo at Pleternica was 0.04m3 larger. The larger
load volume had a direct impact on the daily output of the Torpedo at Pleternica
when compared with the other tractors.

The unloaded Torpedo tractor at Kutjevo moving along the skid trail and fel-
ling site took 0.97 minutes at a distance of 50 m, and up to 5.41 minutes at a di-
stance of 600 m. The Torpedo at Pleternica took 1.12 minutes for 50 m, and up to
4.27 minutes at a distance of 450 m.

The time of the unloaded Ecotrac at Kutjevo along the skid trail and the felling
site ranged from 0.90 minutes for a distance of 50 m, to 4.71 minutes for a distan-
ce of 550 m. The Ecotrac at Pleternica took from 1.54 minutes for 50 m, to 6.50
minutes for a distance of 550 m (Table 30).

The time of the loaded Torpedo tractors at Kutjevo, moving along the skid
trail and the felling site, ranged from 1.46 minutes for a distance of 50 m, to 5.88
minutes for a distance of 600 m. The time of the Torpedo at Pleternica ranged
from 1.52 minutes for 50 m, to 5.63 minutes for a distance of 450 m.

The time of the loaded Ecotrac tractor on the Kutjevo work site ranged from 1.32
minutes for a distance of 50 m, to 4.30 minutes for a distance of 550 m. The Ecotrac
at Pleternica took from 1.66 minutes to 7.63 minutes to cover the same distances.

The time consumption of the unloaded Torpedo tractor at the auxiliary landing
atKutjevo ranged from 0.49 minutes to 4.21 minutes for distances of 50 m to 450 m.
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The unloaded Ecotrac tractor on the auxiliary landing at Kutjevo took from
0.39 minutes to 2.79 minutes for distances of 50 m to 550 m, and the Ecotrac at
Pleternica from (.96 minutes to 7.48 minutes to cover the same distances.

The loaded Torpedo tractor at the auxiliary landing at Kutjevo took from 0.73
minutes to 5.49 minutes for distances ranging from 50 to 600 m, and the Torpedo
at Pleternica from 0.79 minutes to 3.99 minutes for distances from 50 to 450 m.

The time consumption of the loaded Ecotrac tractor at the auxiliary landing at
Kutjevo ranged from 0.56 minutes te 5.20 minutes for distances from 50 to 5§50 m,
and to cover the same distances the Ecotrac at Pleternica took 1.23 to 7.06 minutes.

The total variable times of the Torpedo at Kutjevo ranged from 3.66 minutes
to 21.00 minutes for distances ranging from 50 m to 600 m, while those of the
Torpedo at Pleternica ranged from 4.09 minutes to 16.06 minutes for distances
from 50 to 450 m. The total variable times of the Ecotrac at Kutjevo ranged from
3.17 minutes to 16.99 minutes, and those of the Ecotrac at Pleternica from 5.39
minutes to 28.67 minutes for distances ranging from 50 to 550 m.

The fixed time of the Torpedo tractor at Kutjevo amounted to 19.59 minutes,
of which work in the stand took 14.91 minutes and work at the auxiliary landing
4,68 minutes. The total fixed time of the Torpedo at Pleternica amounted to 29.05
minutes, of which work in the stand took 18.42 minutes, and work at the auxiliary
landing 10.63 minutes. The total of the fixed time of the Ecotrac at Kutjevo amo-
unted to 19.22 minutes, of which work in the stand took 15.33 minutes and work
at the auxiliary landing 3.89 minutes. For the Ecotrac at Pleternica, the total fixed
time amounted to 23.82 minutes, including 13.23 minutes of work in the stand
and 10.59 minutes of work at the auxiliary landing.

Effective tractor working time is made up of the total of variable and fixed ti-
mes for determined distances. For the Torpedo tractor at Kutjevo, this ranged
from 23.25 minutes to 40.59 minutes for distances ranging from 50 to 600 m, and
for the Torpedo at Pleternica, from 33.13 minutes to 45.10 minutes for distances
from 50 to 450 m. The effective time of the Ecotrac at Kutjevo ranged from 22.39
minutes to 36.21 minutes, and that of the Ecotrac at Pleternica from 29.21 to
52.48 minutes for distances of 50 to 550 m.

Allowance time is determined as a percentage of effective time for each tractor
separately, and is expressed in an absolute value. For the Torpedo at Kutjevo, it
amounted to 23.6% of effective time and reached values from 5.49 minutes to
9.58 minutes. For the Torpedo at Pleternica, it amounted to 26.2% of effective
time, and ranged from 8.68 minutes to 11.82 minutes. The percentage of allowan-
ce time of the Ecotrac at Kutjevo amounted to 26.8% of effective time, and ranged
from 6 minutes to 9.71 minutes. For the Ecotrac at Pleternica, allowance time
amounted to 32.8%, which, on the measured skidding distances, ranged from 9.58
to 17.21 minutes of absolute value.

The total time per cycle of the Torpedo at Kutjevo ranged from 28.73 minutes
to 50.17 minutes, while that of the Torpedo at Pleternica was between the range of
41.81 and 56.92 minutes. The total time of the Ecotrac at Kutjevo ranged from
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Table 29. Standard time and efficiency of the Torpedo TD 75A tractors
Tablica 29. Norme vremena { ufinci traktora Torpedo TD 75A
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Table 30. Standard time and efficiency of Ecotrac tractors
Tablica 30. Norme vremena i uéinci traktora Ecotrac
e
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28.39 minutes to 45.92 minutes, and that of the Ecotrac at Pleternica from 38.79
minutes to 69.70 minutes.

The standard time is expressed by the time consumption per unit of product
for the shown distances. The standard time of the Torpedo tractor at Kutjevo ran-
ged from 23.94 min/m3 to 41.81 min/m?, that of the Torpedo at Pleternica from
26.46 min/m3 to 36.02 min/m3, that of the Ecotrac at Kutjevo from 25.35 min/m3
to 41.00 min/m3, and that of the Ecotrac at Pleternica from 32.99 min/m? to 59.07
min/m3,

The number of cycles for a 480-minute working day ranged from 16.9 for the
Ecotrac at Kutjevo, to 6.9 for the Ecotrac at Pleternica.

Figure 15. Standard times of the tractors
Slika 15. Nornie vrermena trakiora
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Figure 16. Daily output of the tractors
Slika 16. Dnevni ucinci traktora
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The daily output of the Torpedo tractor at Kutjevo ranged from 20.05 m3/day
to 11.48 m3/day for distances of 50 to 600 m, that of the Torpedo at Pleternica
from 11.48 m3/day to 8.43 m3/day for distances from 50 to 450 m, that of the Eco-
trac at Kutjevo from 18.93 m3/day to 11.71 m3/day, and that of the Ecotrac at Ple-
ternica from 14.60 m3/day to 8.13 m3¥/day for distances from 50 to 550 m.

STANDARD TIMES AND RELATIONSHIPS WITHIN THE TEAM
NORME VREMENA I ODNOSI U SKUPINI

Table 31 shows the standard times of the cutters (felling and processing) and
those of the tractors, according to the variants for different skidding distances and
their mutual relationships.

Since the standard time at inspection does not directly affect the standard time
of the tractor, this relationship is not shown.

In the relationship between the standard times for felling and processing and
the standard time of the Torpedo tractor (variant 1), it is evident that the tractor
took 0.8 of the cutter’s standard time for a distance of 50 m. For a distance of 100
to 200 m, it needed 0.7 of the cutter’s standard time, while for 250 to 400m it took
0.6, and from 4350 to 600 m it needed 0.5 of the cutter’s standard time.

In the relationship between the standard time for processing and the standard
time of a Torpedo tractor for a distance of 50 m, 0.6 of the cutter’s standard time
was taken. A distance ranging from 100 to 250 m took 0.5, and a distance from
300 to 600 m needed 0.4 of the cutter’s standard time. In other words, at tractor
skidding distances ranging from 100 to 600 m, one cutter could process the neces-
sary quantity of wood to serve two tractors.

In variant 2, for a distance of 100 m, the Torpedo tractor needed 0.7 of the
cutter’s standard time, for distances ranging from 150 to 300 m it needed 0.6, for
distances from 350 to 550 m it needed 0.5, and for 600 m it took 0.4 of the cut-
ter’s standard time. This means that, in variant 2, one cutter could serve two trac-
rors only for distances starting from 350 m.

According to the data in Table 31 for the Ecotrac (Kutjevo) this relationship of
standard times for variant 1 (felling + processing) amounted to 0.6 for distances
ranging from 50 to 200 m, and 0.5 for distances from 250 to 450 m, and 0.4 for di-
stances from 500 to 550 m. In variant 2, this relationship was disturbed only at the
smallest distance of 50 m, but at larger distances this relationship was favourable and
amounted to 0.5 up to distances of 250 m, and 0.4 for distances from 300 to 550 m.

According to the relationship between the processing standard time and the
Ecotrac tractors, distances of 50 to 350 m took 0.4 of the cutter’s standard time,
while those ranging from 350 to 550 m took 0.3 of the cutter’s standard time.

Table 32 shows the relationships between the standard time for felling and
processing in variant 3 which amounted to 16.70 min/m? and the standard time of
the Torpedo and Ecotrac tractors. The standard time of the Torpedo was signifi-
cantly lower than that of the Ecotrac, so the relationship according to the time
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Table 31. Relationship of the standard time of the cutter for variant 1 and 2 and that of
the tractors, according to skidding distances at the Kutjevo work site

Tablica 31. Odnos norme vremena sjekaca za inacicu 1 i 2 te traktora prema udaljenostima
priviaéenja na radilistu Kutjevo

Standard time Standard time ratio
Norma vremena Qdnos norme vremena
Variant 2/
Tractor . Tractor
Skidding Variant 1 Variant 2 | standard Variant 1/ . sta::ldard
. o o . Tractorstandard time time
distance Inacica 1 Inadica 2 time ) o
: Inadica 1/ N.v. traktora | Inacica 2/
Udaljenost Norna N
priviacenja vrenienda o
traktora
traktora
Felling + Cutting + Felling + Curting +
processing | Processing | processing processing | Processing | processing
RuSenje + | Jzradba Sjecai Rudenje + | Izradba Sjeca i
izradba izradba izradba izradba
m/m min/m® / minfm?
Torpedo - Kutjevo
50 19.40 14.28 17.82 25.32 0.8 0.6 0.7
100 19.40 14.28 17.82 26.64 0.7 0.5 0.7
150 19.40 14.28 17.82. 27.95 0.7 0.5 0.6
200 19.40 14.28 17.82 29.26 0.7 0.5 0.6
250 19.40 14.28 17.82 30.58 0.6 0.5 0.6
300 19.40 14.28 17.82 31.89 0.6 0.4 0.6
350 19.40 14.28 17.82 33.21 0.6 0.4 0.5
400 19.40 14.28 17.82, 34.52 0.6 0.4 0.5
450 19.40 14.28 17.82 35.83 0.5 0.4 0.5
500 19.40 14.28 17.82 37.15 0.5 0.4 0.5
550 19.40 14.28 17.82 38.46 0.5 0.4 0.5
600 19.40 14,28 17.82 39.78 0.5 0.4 0.4
Ecotrac - Kutjevo
50 16.93 11.81 14.78 26.72 0.6 0.4 0.6
100 16.93 11.81 14.78 27.96 0.6 0.4 0.5
150 16.93 11.81 14.78 29.19 0.6 0.4 0.5
200 16.93 11.81 14.78 30.43 0.6 0.4 0.5
250 16.93 11.81 14,78 31.66 0.5 0.4 0.5
300 16.93 11.81 14.78 32.89 0.5 0.4 0.4
350 16.93 11.81 14.78 34.13 0.5 0.3 0.4
400 16.93 11.81 14.78 35.36 0.5 0.3 0.4
450 16.93 11.81 14.78 36.60 0.5 03 | 04
500 16.93 11.81 14.78 37.83 0.4 0.3 0.4
550 16.93 11.81 14.78 39.06 0.4 0.3 0.4
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consumed in felling and processing was from 0.1 to 0.2 larger The Torpedo trac-
tor for distances of up to 200 m needed 0.6 of the cutter’s standard time, and for
distances from 250 to 450 m took 0.5 of the cutter’s standard time.

With the Ecotrac tractor, the relationship of standard times was similar to that
on the previous work site. For distances up to 100 m, the relationship between the
standard times was 0.5, for distances from 100 to 400 m it amounted to 0.4, and
for distances ranging between 450 to 550 m it was 0.3. We can conclude from this
that with average effort one cutter could serve two tractors for distances ranging
from 50 m to 450 m, and for distances ranging from 450 to $§50 m such a cutter co-
uld even serve three tractors.

Table 32. Relationship berween the cutters’ and the tractors’ standard times, according to
distances at the Pleternica work site
Tablica 32. Odnos norme vremnena sjekaca za inadicu 3 i traktora prema udaljenostima na

radilistu Pleternica

Standard time ratio
Skidding Stand:‘:rd time . (?dnos norme vren-fena
distance Variant 3 Tractor standard time Vanan.t 3/ Vanan} 3/
Udaljenost Norma Norma vremena traktora Tracror. time st. Tractor'tlmc st.
. . vremend Inacica 3/ Inaéica 3/
priviacenja Inacica 3 N. v. traktora | N. v. traktora
Torpedo | Ecotrac Torpedo Ecotrac
m/m min/m’ minim’
50 16.70 26.81 33.27 0.6 0.5
100 16.70 27.96 35.24 0.6 0.5
150 16.70 28.82 37.22 0.6 0.4
200 16.70 29,75 39.19 0.6 0.4
250 16.70 30.68 41.16 0.5 0.4
300 16.70 31.61 43.14 0.5 0.4
350 16.70 32.53 45.11 0.5 0.4
400 16.70 3346 47.08 0.5 0.4
450 16.70 34.39 49.05 0.5 0.3
500 16.70 - 51.02 - 0.3
550 16.70 - 53.00 - 0.3

COSTS OF TEAMWORK
TROSKOVI RADA SKUPINE

CALCULATIONS AND COSTS OF THE CUTTERS

KALKULACIJE I TROSKOVI SJEKACA

To calculate the costs for all three models of production, the planned calcula-
tions from 1995 of the public enterprise “Croatian Forests”, Zagreb, were used. The
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calculation for a cutter in the cutting and inspection of wood was established on the
basis of 200 working days a year. The calculations include the total reimbursement
of costs to the workers, gross wages, and total compensations (contributions were
22 2% of gross wages), and others. In order to calculate the kuna value, the exchan-
ge rate of DEM1 = 3.7 kuna was used. The cost of one worker per day to the amo-
unt of 359.62 kuna, was reduced according to the new factor to 340.18 kuna.

Of this amount (359.62) the worker’s share was 311.05 kuna, the share taken
by the power saw amounted to 47.50 kuna, and additional tools accounted for
1.07 kuna.

CALCULATIONS AND COSTS OF TRACTORS
KALKULACIJE I TROSKOVI TRAKTORA

As for the cutters, the calculations of the public enterprise “Croatian Forests”,
Zagreb, were also applied to the tractors, at the same exchange rate. The calcula-
tions consist of machine costs for the duration of 4 years, workers’ costs, gross sa-
laries and wage compensations in the process of production. These three points
make up direct costs. General costs are allowance to direct costs at a rate of 45%,
$0, by including 5% profit to this calculation we can obtain the total cost of pro-
duction, that is, total costs.

The daily cost of a Torpedo tractor amounted to 1,296.20 kn/day. By redu-
cing this according to the current value of the German mark, we obtained the amo-
unt of 1,226.14 kn/day. Direct costs obtained in the same way amounted to
732.37 kn/day.

The daily cost of the Ecotrac tractor was 1,371.01 kn/day, or, in relation to
the German mark, 1,296.90 kn, of which direct costs amounted to 764.84 kn.

PRODUCTION COSTS OF A WORKING TEAM
TROSKOVI PROIZVODN]JE RADNE SKUPINE

The costs of teamwork for three different models are shown in Tables 33 and
34. The standard time according to working operations and to variants was used in
the calculation, as well as the daily output and the daily costs.

For model 1 in Table 33, the obtained figures are related to the figures for
each individual worker. Cutter 1 (working alongside the Torpedo) took an average
of 353.98 minutes a day, and cutter 2 (working alongside the Ecotrac) 354.98 mi-
nutes. A cutter took 301.44 minutes a day on average for inspection. The Torpedo
tractor took an average of 400.59 min/day for an average distance of 254 m, and
the Ecotrac 419.67 min/day for 238 m.

For model 2, the average achieved standard times of the current state of model
1 were applied, but for a 480-minute working day.

Model 3 relates to a 480-minute working day, and the formed standard times
for all working operations.
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Table 33. Daily output and costs of timber production of a team of workers at the Kutje-
vo work site
Tablica 33. Dueyni ufinak i trofkovi pridobivanja drva skupine radnika na radilistu Kutjevo

Work site Kutjevo
Radilite Kutjevo
Working components Model 1 Model 2 Model 3
Radne sastavnice
Curter 1 | Cutter 2 | Cutter 1 | Cutter 2 | Cutter 1 | Cutter 2
Sjckac 1 | Sjekac 2 | Sjekal 1 | SjekaZ 2 | Sjekac 1 | Sjeka& 2
Cutting and }’a'if}“‘ 11 3662 | 3038 | 3662 | 3038 | 19.40 | 16.93
) processing | Iradica 1
Time Sjeca i Variant 2
standard, | o oibe | poac 3442 | 27.61 | 3442 | 27.61 | 17.82 | 14.78
min/m’ nacica 2
Norma | Inspection 19.33 19.33 10.40
vrememsz, Preuzimanje " ‘ :
M| cridding | Torpedo | 35.04 35.04 30.44
Priviaenje | Ecotrac 42.05 42.05 31.61
Cutting and }’a“f“t V1 967 | 1168 | 1311 | 1580 | 2474 | 2835
Dail processing nacica 1
Y Sjeca i Variant 2
output, | o > 10.28 | 12.86 | 13.95 | 17.39 | 2694 | 3248
m’/day Inalica 2
Dnevni | Inspection 15.59 24.83 46.15
uéinak, | Prenzimanje ’ i )
3
mitdan | o idding | Torpedo | 11.43 13.70 15.77
Priviaéenje | Ecotrac 9.98 1141 15.18
Cutting and Varif.nt_l 340.18
Daily processing | fnacica 1

Sjeca i Variant 2

kﬂfﬁ:y izradba | Inagica 2 340.18

Dnevni | Inspection

trofak, | Preugimanje 340.18

knfdan Skidding | Torpedo 1226.14 (723 37)*
PrivlaZenje | Ecotrac 1296.9 764.84)"

Cutting and }far:-c_mr Ul ys10 | 2941 | 2595 | 2153 | 1375 200
processing nacica 1

Sjeca i Variant 2

33.08 26.46 24,39 19.57 | 12.63 10.47

Total izradba Inadica 2
cost per Inspection
fnr}::,’i Prosrmane 21.82 13.70 7.37
Ukupri | Skidding | Torpedo | 107.27 89.50 77.75
p:,ﬁ?,lf,-_ Priviatenje | Ecotrac 129.95 113.66 85.43
i, benfrt® i Xf;;j:;} 164.29 | 180.88 | 129.15 | 148.89 | 98.87 | 104.80
Qota

Ukupno Variant 2

Fadi 162.17 | 178.23 | 127.59 | 146.93 97.75 103.28
nacica 2
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i““i:sgsﬁ:‘gd }ﬁ';;‘;‘;‘;; 35.19 | 2911 | 2595 | 2153} 1375 | 12.00
TO!
. Sjeda i Variant 2
Clgsl:e;t iradba | Iugtieg 2 | 3308 | 2646 | 2439 | 19.57 | 12.63 | 1047
er
i Inspection
unit,
e | Presgimane 21.82 13.70 7.37
Direktni Skidding Torpedo 63.29 52.80 45.87
"’Pj‘{k, Priviacenje | Ecotrac 77.33 67.03 50.38
pojedini- N
ci, knfnt? ol }:j‘;;fc“;% 120.30 | 128.27 | 92.45 | 102.26 | 66.99 | 69.75
Uk i
uptio Xf‘;j:;zz 118.19 | 125.61 | 90.89 | 100.30 | ¢5.87 | 68.23

* Direct tractor cost  * Direktni trosak traktora

The standard time represents the average achieved standard time for the ave-
rage working time of the cutter and the tractor.

The formed standard time represents a standard time that has been analyti-
cally processed. Effective time was statistically processed, and allowance time was
studied by carrying out an analysis of each work interruption.

The standard times of 36.62 and 30.38 min/m? respectively for felling and
processing in variant 1, models 1 and 2, for cutters 1 and 2, make up the total time
consumed in felling trees and the total time consumed in the subsequent proces-
sing of the same trees (effective time and delay times).

In felling and processing variant 2, the standard times for models 1 and 2 amo-
unt to 34.42 min/m? and 27.61 min/m? respectively. Cutter 1 took 2.20 min/m?,
while cutter 2 took 2.77 min/m3, that is, 6% and 9.1% less time than in variant 1.

The formed standard time of variant 1 in model 3 is lower than the average
standard time by 17.22 min/m3, or 47.0%, for cutter 1, and by 12.83 min/m3, or
46.5%, for cutter 2 in model 1.

The standard time of inspection at the auxiliary landing in models 1 and 2
amounts to 19.33 min/m3, and the formed standard time in model 3 amounts to
10.40 min/m3, that is, 46.2% lower.

The standard times of the tractors were obtained according to the average achie-
ved skidding distances for models 1 and 2 (254 m and 238 m), whereas a skidding di-
stance of 250 m was taken in model 3. In models 1 and 2 the average achieved stan-
dard times were applied, and in model 3 the formed standard times were used.

The achieved daily output in variant 2, model 2, was 26.3% higher (cutter 1)
and 26.09% higher (cutter 2) than in model 1, and 2.6 and 2.5 times higher in mo-
del 3 when compared with model 1.

The achieved daily output at inspection was 1.6 times higher in model 2, and
3.0 times higher in model 3 than in model 1.

The obtained daily output of the Torpedo tractor in model 2 amounted to
13.70 m3/day, and that of the Ecotrac tractor 11.41 m3/day, which was 16.6% and
12.5% higher than in model 1.
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The daily output of the Torpedo tractor in model 3 amounted to 15.77 m3%/day
and that of the Ecotrac tractor 15.18 m3/day, which was 27.29% and 34.2% higher
than in model 1, and 12.7% and 24.7% higher than in mode] 2.

The cost of felling and processing in model 1 was the lowest for cutter 2, va-
riant 2, amounting to 26.46 kn/m3, and was the highest for cutter 1, variant 1,
amounting to 35.19 kn/m3.

The cost of felling and processing in model 2 was the lowest for cutter 2, va-
riant 2, amounting to 19.57 kn/m?, and the highest for cutter 1, variant 1, amoun-
ting to 25.95 kn/m?3.

The cost of felling and processing in model 3 was the lowest for cutter 2, va-
riant 2, amounting to 10.47 kn/m3, and the highest for cutter 1, variant 1, amoun-
ting to 13.75 kn/m3.

The cost of cutter 2 and cutter 1 in model 2 was 26.0% and 26.3% lower re-
spectively in relation to model 1. In model 3 in relation to model 1, it was 2.5 and
2.6 times lower, while in model 2, it was 1.9 times lower in relation to model 1 for
both cutters.

The cost of inspection in model 1 amounted to 21.82 kn/m?, and in model 2 it
amounted to 13.70 kn/m3, or 37.2 % less. In model 3, it amounted to 7.37 kn/m?,
being 3 times lower than in model 1, and 1.9 times lower than in model 2.

The Torpedo tractor in model 1, for an average skidding distance of 254 m,
had a total cost of 107.27 kn/m3, while the Ecotrac, for an average skidding distan-
ce of 238 m, had a cost of 129.95 kn/m?.

In model 2, the cost of the Torpedo tractor amounted to 89.50 kn/m3 which
was 16.6% lower in relation to model 1, while the cost of the Ecotrac amounted to
113.66 kn/m?, which was 12.5% lower than in model 1.

In model 3, the cost of the Torpedo for a skidding distance of 250 m amoun-
ted to 77.75 kn/m3, which was 27.5% lower in relation to model 1, and 13.1% lo-
wer in relation to model 2. In model 3, the cost of the Ecotrac for a skidding di-
stance of 250 m amounted to 85.43 kn/m?3, and was 34.3% lower in relation to
model 1, and 24.8% lower in relation to model 2.

The total cost of one unit of production (felling and processing, inspection
and skidding) in model 1 for the first pair {cutter and Torpedo tractor) amounted
to 164.29 kn/m? in variant 1, and 162,17 kn/m3 in variant 2.

The second pair {cutter and Ecotrac tractor) in model 1 represented a total
cost of 180.88 kn/m? in variant 1, and 178.23 kn/m? in variant 2, which was 9.2%
higher than the first pair in variant 1, and 9.0% higher in variant 2.

In model 2, the total cost of the first pair in variant 1 amounted to 129.15
kn/m?, and that of the second pair 148.89 kn/m3, which was 21.4% and 17.7% lo-
wer than in model 1.

In model 2, the toral cost of the first pair in variant 2 amounted to 127.59
kn/m3, and that of the second pair 146.93 kn/m3, which was 21.3% and 17.6% lo-
wer respectively than in madel 1.
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In model 3, the total cost of the first pair in variant 1 amounted to 98.87
kn/m?3, and that of the second pair 104.80 kn/m3, which was 39.8% and 42.19% lo-
wer respectively than in model 1, and 23.4% and 29.7% lower than in model 2.

In model 3, the total cost of the first pair in variant 2 amounted to 97.75
kn/m3, and that of the second pair 103.28 kn/m?, which was 39.7% and 42.1% lo-
wer than in model 1, and 23.4%6 and 29.7% lower than in model 2.

The direct costs in model 1 were the lowest for the first pair in variant 2, amo-
unting to 118.19 kn/m3, and the highest for the second pair in variant 1, amoun-
ting to 128.27 kn/m?3. In model 2, for the same pair and the same variant, the cost
was 90.89 kn/m? and 102.26 kn/m? respectively, and in model 3 it amounted to
65.87 and 69.75 kn/m? respectively.

The direct costs of the first pair in variant 2 model 3 were 44.3% lower, and
those of the second pair, variant 1, were 45.6% lower compared with model 1,
while compared with model 2 the direct costs were 27.5% lower for the first pair
and 31.8% lower for the second pair.

Table 34 shows the standard times, the daily output and the total and direct
costs per m? for models 1, 2 and 3 at the Pleternica work site. All three models
were processed identically at both work sites.

A cutter spent a daily average of 423.35 minutes on felling and processing, and
a worker {cutter) 423.45 minutes on inspection. The Torpedeo tractor spent a daily
average of 425.42 minutes at the work site, and the Ecotrac 427.34 minutes.

The standard time for felling and processing in models 1 and 2 for variant 3
amounted to 24.49 min/m3, and the formed standard time in model 3, variant 3,
amounted to 16.70 min/m3, which was 31.8% lower than in models 1 and 2.

The standard time of variant 3 at Pleternica was 12.13 min/m? less than the hi-
ghest standard time achieved at Kutjevo in model 1 for the first cutter in variant 1.
This standard time at Pleternica therefore amounted to 33.19% of the highest stan-
dard time at Kutjevo. It was also 3.12 min/m3 or 11.3% lower than the lowest stan-
dard time of the second cutter in variant 2.

The standard time for inspection amounted to 24.11 min/m? in models 1 and
2, and 9.34 min/m3 in model 3, which was 2.6 times lower.

The standard time of the Torpedo tractor for models 1 and 2 amounted to
43,22 min/m?3 for an average achieved skidding distance of 326 m, while the stan-
dard time of the Ecotrac tractor amounted to 61,82 min/m3 for an average distance
of 344 m. In model 3, the average skidding distance of 350 m was taken for both
tractors in order to determine the formed standard time.

The daily output of variant 3 in model 1 amounted to 17.29 m3/day, and in
model 2 to 19.60 m?/day, which was 11.8% higher. In model 3, the daily output
amounted to 28.74 m3/day, or was 39.89% higher than in model 1. The daily out-
put of model 3 was 31.89% higher than that of model 2.

The daily output of inspection in model 1 amounted to 17.56 m3/day, and in
model 2 it reached 19.91 m3/day, which was 11.8% higher, while in model 3 it
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Table 34. Daily output and costs of timber logging of a team of workers at the Pleternica
work site
Tablica 34. Dnevni ucinak i troskovi pridobivanja drva skupine raduika na radilistu Pleternica

Working site Pleternica

W;;]jng cor:lpm_lems Radilifte Pleternica
e sasiavmice Model 1 Mode! 2 Mode! 3
Cutting and . '
processing Ya;;,?:;g 24.49 24.49 16.70
Time stancgard, Sjeta i izradba "
min/m Ins :
pection
Non:::.”p;::y;;ena Preszimanie 24.11 24.11 9.34
Skidding Torpedo 43.22 43,22 3211
Priviacenje Ecotrac 61.82 61.82 45.11
Curtting and .
processing Xj;é,?:;g 17.29 19.60 28.74
Dailyjoutput. Sjeca i izradba
m’/day Inspecti
ay pection
Dmiip;;dz;c’:nak Preuzimanje 17.56 19.91 51.39
Skidding Torpedo 9.84 11.11 14,95
Priviacenje Ecotrac 6.91 7.76 10.64
Cutting and .
processing }/ar;mt; 340.18
. Sjeca i izradba Hacica
Daily cost, kn/day [°L
Dnevni trosak Inspection
knldan Pretuzimante 340.18
Skidding Torpedo 1226.14 (723.37)*
Privlacenje Ecotrac 1296.9 (764.84)*
Curring and .
processing | Y arianc3 19.37 17.36 11.84
RN Inaéica 3
Sjeéa i izradba
Toral cost per Inspection
unit3 kn/m® Preuzimanje 13.37 17.09 662
U’f’g’_”’_ ‘,’Zgjk 2% | skidding Torpedo 124.61 110.40 82.02
JeGHmet BH | Priviacenje Ecotrac 187.68 167.03 121.88
Total Torpedo 163.35 144.85 100.48
Ukupno Ecotrac 226.43 201.47 140.34
Cutting and .
processing X:‘;é.?:;; 19.37 17.36 11.84
Sjeda i izradba
Direct cost per Inspection
E]nit, I(_nfmJ Pretlzfmanje 19.37 17.09 6.52
Dirckni troSak | g1 344500 Tarpedo 73.51 65.13 48.39
po fedinici knfm Priviaten:
rivlacenje Ecotrac 110.69 93.51 71.88
Total Torpedo 112.26 95.58 66.75
Ukupio Ecotrac 149.43 132.95 90.23

* Direct tractor cost

* Direktni trofak traktora
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amounted to 51.39 m3/day, and was 2.9 times higher in relation to model 1, and
2.6 times higher in relation to model 2.

The daily output of the Torpedo tractor in model 1 amounted to 9.84 m3/day,
and in model 2 it reached 11.11 m3/day, which was 11.4% higher. In model 3, it
amounted to 14.25 m3/day, and was 30.9% higher in relation to model 1, and
22.0% in relation to model 2.

In model 1, the Ecotrac tractor achieved a daily output of 6.91 m*/day. In mo-
del 2, this performance was 7.76 m3/day, or 11.0% higher. In model 3, it amoun-
ted to 9.88m3/day, and was 30.1% higher than in model 1, and 21.5% higher than
in model 2.

The costs of cutting and processing in variant 3, model 1, amounted t019.37
kn/m?. In model 3, the costs amounted to 17.36 kn/m3, and were 10.4% lower than
in model 1, while in model 3 they amounted to 11.84 kn/m3 or 38.9% of model 1.

The cost of inspection in model 1 was equal to the cost of cutting and proces-
sing, while in model 2 this cost differed slightly. In mode! 3, it amounted to 6.62
kn/m?, which was 44.196 lower than the cost of cutting and processing.

The cost of the Torpedo tractor in model 1 amounted to 124.61 kn/m3. In mo-
del 2, it amounted to 110.40 kn/m?, or was 11.4% lower. In model 3, the cost
amountéd to 86.03 kn/m?3 and was 31% lower than in model 1, and 22.1% lower
than in model 2.

The Ecotrac tractor in model 1 achieved a cost of 187.68 kn/m?3, In model 2,
the cost was 167.03 kn/m3, or 11.0% lower. In model 3, the cost was 131.28
kn/m3, or 30.19% lower than in model 1, and 21.4% lower than in model 2.

The total cost of one unit of production with the Torpedo tractor in model 1
amounted to 163.35 kn/m3, and with the Ecotrac it reaclied 226.43 kn/m3, or was
27.9% higher. In model 2, the costs with the Ecotrac tractor were 28.1% higher, and
in model 3 they were 30.2% higher than the total costs with the Torpedo tractor.

The cost with the TP in model 2 was 11.3% lower, and in model 3, 38.5% lo-
wer than in model 1. The cost with the Ecotract tractor was 11.0% lower in model
2, and 38.0% lower in model 3 than in model 1,

The total direct costs with a Torpedo tractor were 0.88 kn/m?3 higher in model
3 than at the other work site with cutter 1, in variant 2, although the average skid-
ding distance was 100 m greater. With the Ecotrac, these costs amounted to 22.0
kn/m?, which were 24.4% higher.

CONCLUSION
ZAKLJUCAK

Research was conducted on teamwork in the felling, processing, skidding and
inspection of wood. The productivity was studied of two teams, the first made up
of five, and the second of four workers. The work took place in thinning stands on
approximately equal terrain and stand conditions.
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At Kutjevo, work was carried out in two different ways, or in two variants. In
variant 1, the felling was done before the vegetation period and before the engage-
ment of the entire team. In the second case (variant 2), the trees were felled, and
immediately processed into assortments which were then skidded and delivered to
the auxiliary landing.

At the Pleternica work site, all the jobs were done simultaneously: felling and
processing, bucking and timber inspection at the stump, and immediately after
that, skidding by tractors to the auxiliary landing

The mean volume of the load of the TP tractor amounted to 1.58 m3, that of
the EP was 1.18 m3, that of the TK was 1.20 m3, while the smallest mean volume
was that of the EK, which amounted to 1.12 m?. The difference between the lar-
gest and smallest mean load volume was 29.1%. The mean volume of one piece in
the load of the EK tractor was 0.151m3, that of the TK tractor was 0.149 m3, follo-
wed by that of the TP with 0.142 m3, and that of the EP with 0.140 m3.

A time analysis was made for felling, processing, timber inspection and skid-
ding of wood at both work sites and for all three variants. The time study was car-
ried out by using the repetitive chronometer method.

The effective time of the cutter working alongside the TK (cutter 1), variant 2,
amounted to 35.95% of total time, and the effective time of the cutter alongside
the EK (cutter 2} came to 42.93% of total time. Delay time amounted to 64.05%
and 57.07% respectively. At the Pleternica work site, the effective time of a cutter
amounted to 41.53% of total time, while delay time amounted to 58.47% of total
time.

The allowance time of a cutter alongside a TK amounted to 73.7% of effective
time, the allowance time of a cutter alongside an EK came to 60.3% of effective
time, and at the Pleternica work site allowance time amounted to 64.2% of effecti-
ve time. Such high allowance time for the cutter was a consequence of the small
proportion of effective time in the working day. To obtain the optimal engage-
ment of ane cutter, two tractors would be necessary for skidding.

To inspect the wood assortments at the auxiliary landing at Kutjevo, effective
time was 20.69% of total time. At the Pleternica work site, it amounted to 21.409%
of total time. The average effective time for inspection at the auxiliary landing
amounted to 6.21 min/m3, and at the felling site it came to 5.16 min/m?3.

The allowance time of the cutter for the inspection of wood assortments at the
auxiliary landing amounted to 67.35%, and at the felling site to 78.23%, which
was 10.88% more. In order to increase the engagement of the timber inspectors, a
larger number of tractors would be necessary for skidding timber, because in this
way, waiting time would be turned into effective time.

When analysing the time of one cycle, equal distances were taken for all trac-
tors: 300 m along the skid trail and the felling site, and 100 m along the auxiliary
landing. The total time of a cycle was the lowest for the EK tractor, amounting to
32.38 minutes, and the highest total time was for the TP, amounting to 45.56 mi-
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nutes, which was 13.18 minutes or 28.9% more. The total time of a cycle for the
TK amounted to 33.18 minutes, while that of the EP came to 42.53 minutes.

In the structure of the total time of a cycle, effective time ranged from 75.3%
for the EP to 80.99% for the TK. The share of work at the felling site for the EP was
the smallest and amounted to 41.1%, while the EK had the largest share, which
was 59.4% of effective time. When working at the auxiliary landing (unloading),
the lowest effective time was that of the EK tractor (18.6%0) and the highest was
achieved by the EP tractor (1.896).

The standard time for a skidding distance of 400 m was the lowest for the TP
« tractor, amounting to 34.85 min/m3. When compared with the standard time of
the TP, the time standard of the TK was 0.46 min/m3 higher, and for the EK it was
1.46 min/m3 higher, while the greatest difference of 16.36 min/m? was achieved by
the EP. The volume of the load and the personality of the tractor driver had a si-
gnificant impact on the time consumption of a loaded and unloaded tractor.

The work of cutters 1 and 2 in binding the load at Kutjevo amounted to 27.8%
and 17.5% of the effective time of the tractor. For the same operation, the tractor
driver took 11.9% and 15.09% of effective time. At Pleternica, the time relations
were different for binding the load. The cutter and the inspector took 1.5% and
1.8% of effective time, and the tractor drivers took 22.4 and 23.3% of effective
tractor time respectively.

The speeds of the unloaded tractors were generally lower along the skid trail
and the felling site than at the auxiliary landing. Only the EP achieved a lower spe-
ed at the auxiliary landing. Its speed here was 0.39 km/h lower. The other average
speeds of the unloaded tractors at the auxiliary landing ranged from 7.50 to 9.86
km/h, and along the skid trail and the felling site the average speeds ranged from

- 4.09 to 5.97 km/h.

The lowest average speed of a loaded tractor along the skid trail and the felling
site was 3.48 km/h, and the highest average speed reached 5.82 kivh. At the auxi-
liary landing, loaded tractors achieved speeds ranging from 3.54 km/h to 5.59 km/h.

The effective time of a team of five workers at Kutjevo amounted to 683.09
min/day, or 66.7% of total time. Allowance time amounted to 341.38 min/day, or
33.3% of total team time. The effective working time of a cutter and a tractor
amounted to 620.71 min/day, or 60.6% of total time, that is, 90.9% of effective
team time.

In the 4-worker team at Pleternica, one cutter and two tractors achieved an ef-
fective time of 547.01 min/day, or 58.8% of total time, or 85.8 % of effective team
time. The total time of the cutters and tractors amounted to 769.44 min/day, or
82.7% of total team time. The effective time of the team at the Pleternica work site
amounted to 637.62 min/day, or 68.5% of total time, and allowance time came to
293.32 min/day, or 31.5% of total team time.

The total time of the Kutjevo team amounted-to 1,024.47 min/day, or 42.7%
of regulated working time, and that of the Pleternica team amounted to 930
min/day, or 48.5% of regulated working time.
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The standard time for a skidding distance of 50 m with the TK amounted to
23.94 min/m3, With the EK, it was 1.41 min/m?3 higher, with the TP it was 2.52
min/m3 higher, and with the EP it came to 8.94 min/m?3 higher. For a skidding di-
stance of 300 m, the differences were significant. Therefore, with the EP tractors,
the difference was 13.91 min/m3 compared with the time of the TK tractor for the
same distance,

The daily output of the TK ranged from 20.05 m3/day to 11.48 m3/day for di-
stances of 50 to 600 m. The daily output of the TP ranged from 18.14 m3/day to
13.32 m?/day for skidding distances between 50 and 450 m. The daily output of
the EK ranged from 18.93 m3/day to 11.71 m3/day for distances of 50 to 5§50 m,
while the daily output of the EP, for the same distances, ranged from 14.60 m3/day
to 8.13 m?/day.

The relations of the standard times for felling and processing according to the
variants and the tractor standard times show that the burden was not balanced wit-
hin the team. Within the range of skidding distances of 450 to 600 m, with the TK
(variant 1), the relation between the cutter’s standard time and that of the tractor
was 0.5:1. This shows that for these skidding distances one cutter would be suffi-
cient to serve two tractors. For smaller skidding distances, the ratio was from 0.6:1
to 0.8:1.

With the same tractor and in variant 1, the ratio of the standard time for pro-
cessing and the standard time of skidding for skidding distances between 50 to 600
m ranged from 0.4:1 to 0.6:1. In variant 2, for distances of 50 to 600 m, the stan-
dard time ratio for the TK was from 0.4:1 to 0.7:1.

At the same work site, with the Ecotrac tractor, the relation of the standard
time for felling and processing (separately) in variant 1 and the standard time for
skidding, for distances ranging from 50 to 550 m, ranged from 0.4:1 to 0.6:1. For
the same tractor and variant 1, the ratio of the processing standard time and the
skidding standard time, for distances ranging from 50 to 550 m, was from 0.3:1 to
0.4:1. In variant 2, and for the same distances, the ratio was from 0.4:1 to 0.6:1.

At the Pleternica work site, the ratio of felling and processing standard times
in variant 3, and the skidding standard time of the Torpedo tractor for skidding di-
stances ranging from 50 to 450 m, was from 0.5:1 to 0.6:1, and that of the Ecotrac
tractor, for distances ranging from 50 to 550 m, was from 0.3:1 to 0.5:1.

Costs were considered according to the variants, cost models and cutters. The
direct cost of model 1 of the Kutjevo team was the [owest for cuntter 1, variant 2,
and amounted to 118.19 kn/m?, and the highest for cutter 2, variant 1, and amo-
unted to 128.27 kn/m3. In model 2, the lowest cost, 90.89 kn/m3, was achieved by
cutter 1 in variant 2, and the highest cost, 102.26 kn/m3, was that of cutter 2 in va-
riant 1. The direct costs for cutter 1 in model 3, variant 1, amounted to 66.99
kn/m?, and in variant 2 they were 65.87 kn/m3,

The direct costs of the Pleternica team with the TP in model 2 were 11.3% lo-
wer, and in model 3, 38.5% lower than in model 1. The costs with the Ecotract
were 11.0% lower in model 2 and 38.0% lower in model 3 when compared with
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model 1. The direct costs of the Pleternica team with the Torpedo tractor were
0.88 kn/m? higher in model 3 than at the Kutjevo work site for cutter 1 in variant
2, although the average skidding distance was 100 m greater. With the Ecotrac,
these costs were 22.0 kn/m3, or 24.49%, higher.

Teamwork has been accepted in Croatian forestry and has brought about an
improvement in production. However, this study on teamwork shows that imper-
fections exist in team organisation and indicates that there is a need for its optimi-
sation. The factors studied in this work are the basis for improvements to be made
in teamwork, in which working time will be better exploited and machines will be
more effective, at the same time incurring lower costs. Only with such optimally
organised teamwork will the advantages of teamwork over traditional work beco-
me fully evident.
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SKUPNI RAD PRI PROREDAMA U SASTOJINAMA
POZESKOGA GORJA § POSEBNIM OSVRTOM
NA PRIVLACENJE DRVA TRAKTORIMA

SAZETAK

Klasi¢ni nadin rada pri eksploataciji $uma traje predugo jer su faze rada vre-
menski odvojene. Od sjeée i izradbe pa do otpreme proizvoda proticalo je vise mje-
seci. Troskovi eksploaracije Suma uz stanje trZista, odnosno ponudu i potraZnju
odredene vrste drva i drvnih sortimenata zahtijevali su poboljfane metode rada u
eksploataciji suma. RjeSenje za povecenje proizvodnosti treba traZiti u boljoj orga-
nizaciji rada i boljem iskoriStavanju radnoga vremena. Jedan pokusaj boljega obli-
kovanja rada pri eksploataciji $uma bio je uvodenje skupnoga rada.

Prema broju izvodada u proizvodnom procesu razlikuje se pojedina¢ni i skupni
rad. Skupni je rad definiran kao rad skupine ljudi u istom vremenu, na istom pro-
storu i na istom proizvodnom zadatku. Takav se rad odvija u jednostavnoj ili
sloZenoj suradnji i znadajan je za sve razvijene oblike proizvodnje.

Radna je skupina uskladena skupina radnika koja se oblikuje zato da bi kao sa-
mostalna jedinica s potrebnim radnim sredstvima obavila radni nalog. Bit je skup-
noga rada u boljem povezivanju i izvodenju svih postupaka, od pripreme rada do
otpreme Sumskih sortimenata kupcu.

Cilj je ovoga istraZivanja proudavanje primjene skupnoga rada pri sjedi, izrad-
bi, privlalenju i preuzimanju drva u prorednim sastojinama poZelkoga gotja.
Proudavane su dvije skupine radnika i njihovi ostvaraji u odnosu na tri nagina orga-
nizacije rada.

Provedbom studija rada i vremena utvrdit ée se proizvodnost skupine te norme
vremena i norme ufinka. Takoder ée se istraZivati troskovi za tri razli¢ita modela na
dvama radili$tima, i to pojedinacno za svakoga ¢lana i ukupno za skupinu radnika.

Terenska su istraZivanja provedena na podrudju Uprave 3uma PoZega, koja zau-
zima 49 486,11 ha, s ukupnom drvnom zalihom od 9 001 835 m® te prosjecnim
godi¥njim prirastom od 310 072 m® i prosje¢nim etatom od 204 194 m”®.

Efektivno vrijeme skupine u Kutjevu iznosi 683,09 min/dan ili 66,7 % od
ukupnoga vremena. Dodatno vrijeme iznosi 341,38 min/dan ili 33,3 % ukupnoga
vremena skupine. Vrijeme sjede i izradbe obojice sjekaa iznosi 164,06 min/dan ili
16,0 %, a dodatno vrijeme 185,65 min/dan ili 18,1 % ukupnoga vremena skupine.
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Utrofak vremena za obojicu sjekafa na vezanju tovara traktora iznosi 111,24
min/dan ili 10,9 % ukupnoga vremena skupine.

Na radili$tu u Pleternici jedan sjeka& i dva traktora ostvarili su efektivno vrije-
me u iznosu od 547,01 min/dan ili 58,8 % od ukupnoga, odnosno 85,8 % od efek-
tivnoga vremena skupine. Dodatno vrijeme iznosi 222,43 min/dan ili 23,9 % od
ukupnoga vremena.

Norma vremena za traktor Torpedo u Kutjevu se kreée od 23,94 min/m> do
41,81 min/m’, za Torpedo u Pleternici od 26,46 min/m® do 36,02 min/m®, a Eco-
traca u Kutjevu od 25,35 min/m® do 41,00 min/m°® te Ecotraca u Pleternici od
32,88 min/m® do §9,07 min/m>.

Dnevni uéinak traktora Torpedo u Kutjevu krece se od 20,05 m’/dan do 11,48
m>/dan pri udaljenostima 50 m do 600 m, Torpeda u Pleternici od 11,48 m°/dan
do 8,43 m*/dan pri udaljenostima 50 m do 450 m, a Ecotraca u Kutjevu od 18,93
m’/dan do 11,71 m>/dan te Ecotraca u Pleternici od 14,60 m®/dan do 8,13 m>/dan
za udaljenost od 50 m do 550 m.

U modelu 3 ukupni trofak prvoga para na radili§tu u Kutjevu za inaCicu 2 izno-
si 97,75 kn/m®, a drugoga para 103,28 kn/m” te je 39,7 %, odnosno 42,1 % manji
u odnosu na model 11 23,4 %, odnosno 29,7 % u odnosu na model 2.

Ukupan tro$ak proizvodnje jedinice proizvoda na radiliStu u Pleternici uz trak-
tor Torpedo u modelu 1 iznosi 163,35 kn/m®, a uz Ecotrac 226,43 kn/m? ili 27,9
% vise. U modelu 2 trogkovi uz Ecotrac veéi su 28,1 %, a u modelu 3 za 30,2 % od
ukupnih troskova uz Torpedo.

Skupni je rad prihvacen u hrvatskom Sumarstvu i donio je napredak u proiz-
vodnosti. Ova su istraZivanja skupnoga rada upozorila na nesavrienost organizaci-
je skupine i potrebe njihove optimizacije. Cimbenici prouZavani u ovome radu
osnova su takve optimizacije pri kojoj ée se bolje iskoridtavati radno vrijeme, stro-
jevi raditi svrhovitije i uz nize trodkove. Tek takvim optimalnim postavljanjem
skupnoga rada njegove prednosti pred klasiénim radom doéi ée do punoga
izraZaja.

Kljutne rijeci: skupni rad, sjea, izrada, privladenje, kontrola, standardno vri-
jeme, dnevni udinak, troskovi
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The paper presents the results of phytocoenological research into the fo-
rests of the City of Zagreb and the Zagreb County. These forests take up ap-
proximately 143,000 ha. The forest vegetation ¢ccurs in various climatic, pe-
dological and other conditions at altitudes ranging from 120 to 1,033 m. For
this reason, there are about twenty more or less distinctive forest associations,
of which ten are accompanied with phytocoenological tables and presented in
more detail. A well-known methed of research and presentation devised by the
Zurich-Montpellier Phytocoenological School has been used. The result of the
research is the forest vegetation map of the studied area on a scale 1:100,000,
of which only two characteristic fragments giving an approximate cross-sec-
tion of the lowlands and the region of lower and higher hills is given for tec-
hnical reasons.

Key words: forest vegetation, floral composition, the City of Zagreb and the
Zagreb County

INTRODUCTION
UvoD

The City of Zagreb and the Zagreb County are located in the most densely po-
pulated region in the west of Croatia. Although this region was settled very early
and developed a relatively rapid and significant industrial, infrastructural and ot-
her features, the forests in the studied area cover over 143,000 ha or almost 40%.
They have largely retained their natural composition and structure and are very su-

103




J. Vukelié, D. Barigevi¢: Forest vegetation in the City of Zagreb and the Zagreb County.
Glas, sum. pokuse 36; 103-1435, Zagreb, 1999.

itable for phytocoenological research. This area is a very good example of vertical
zoning of the forest vegetation in the south-west of the Pannonian plain with many
pre-Alpine floral-genetic properties continuing into neighbouring Slovenia. The
altitudinal difference between the studied forest communities is slightly less than
one thousand meters, which contributes to the wealth and diversity of the floral
composition of these associations.

Forest vegetation is presented in altitudinal belts. In the lowland belt from 80
to 150 meters above sea level, the Rivers Sava, Lonja, Cesma, Kupa and a number
of smaller, largely ameliorated watercourses are responsible for the basic features
of the geological-lithological and pedological structure and for the vegetational
picture. The belt of low hills between 150 and 400 (500) meters, the belt of higher
hills from 400 to 800 meters and the mountain belt above 800 meters have very
different pedological and climatic conditions. For this reason, the phytocoenologi-
cal composition displays clear vertical zoning in which the principal species are
sessile oak, followed by common beech in the belt of higher hills and beech and fir
in the mountainous belt. Different lithological substrates condition a large number
of forest associations belonging to various syntaxonomic categories. The twenty
basic forest associations are classified into seven alliances, three orders and two
classes, which is partly shown in four phytocoenological tables.

The forest vegetation of the City of Zagreb and the Zagreb County has been
studied for the past four years. In the course of the research, phytocoenological li-
terature of other anthors has been drawn upon, first of all of Ani¢ (1940),
Bari¢evi¢ (1998), Cestar et at. (1978-1982), GlavaZ (1958 and 1959), Raus (1969
and 1996), Raus et al. (1992), Raud & Vukelié (1993), Segulja (1974), Sugar
(1972), and Vukeli¢ (1991). The survey is accompanied with a printed phytocoe-
nological map on a scale 1:100.000 with 13 most important phytocoenoses. Some
associations occur in fragments over very small areas (various riparian associa-
tions, broadleaved forests of good quality) or they mix intensively due to well-de-
veloped terrain orography and changes in synecological conditions. For this rea-
son they cannot be determined and shown accurately on the 1:100.000 scale.

A DESCRIPTION OF FOREST ASSOCIATIONS
OPIS SUMSKIH ZAJEDNICA

THE LOWLAND (PLANAR) VEGETATION BELT
NIZINSKI (PLANARNI) POJAS

The lowland or planar vegetation belt, extending between 80 and 150 meters
above sea level, accounts for half of the forest vegetation in the studied area. Tt re-
presents the initial level of the vertical occurrence of forest vegetation in this area
and is characterised primarily by forests of pedunculate oak, narrow-leaved ash,
black alder, willows and poplars. Their origin and survival is more or less linked to
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surface water and groundwater. In terms of orography, the localities where these
species and forest associations occur are the plains between rivers, with alternations
of bogs, micro-depressions, depressions, wide humid terraces, non-differentiated
micro-elevations and drained and fresh micro-elevations. The soils are hydromor-
phous and are still developing depending on the time of origin and degree of moistu-
re. However, the most common are mineral-swampy and gleyic soils and lowland
pseudogley on elevations. The macroclimate of the area is continental with a mean
annual temperature of 9°C and the precipitation quantity of 1,000 mm.

The decisive .ecological factor for the growth and development of the forest
vegetation of the planar belt is water, whether in the form of floodwater, (poplar
and willow forests), groundwater (forests of pedunculate oak), or both kinds of
water {forests dominated by black alders and narrow-leaved ashes).

The forest vegetation of the planar belt in Croatia is characterised by relatively
well preserved forest complexes, very valuable forests of pedunculate oak, the oc-
currence of narrow-leaved ash and very distinctive biological diversity. However,
these characteristics are more prominent in Central Posavina and East Croatia
than in the studied area.

The phytocoenological picture of the forests in the lowland vegetation belt is
complex, consisting of riparian forests along riverbeds, forests in bogs and mi-
cro-depressions and forests on micro-elevations.

Riparian forests along riverbeds and bogs
Ritske Sume uz rjena korita i bare

These forests belong to the alliance of riparian forests Salicion albae. They oc-
cur along the river Sava, Kupa, Cesma, Lonja and their tributaries. However, they
are arranged in very narrow and mosaic-like fragments because the riverbanks - the
potential sites of these associations - have been regulated with dams. More signifi-
cant complexes are found along the river Sava.

Proper riparian forests are those forests that extend along rivers, are regularly
flooded with periodical floods, display distinct syndynamic relations and grow on
intensively developing soils. Forest associations are paraclimatic, and the degree of
soil development, the occurrence of willow shrubs, the formation of plant commu-
nities and other structural relationships are dependent on the frequency, height
and duration of floods. The basic forest species in riparian forests participating in
almost all succession stages are: Salix triandra, Salix purpurea, Salix alba, Populus
alba, Populus nigra, Ulmus laevis, Fraxinus angustifolia and Quercus robur. Three
associations have been identified in the studied area:

The shrub of purple willow (Salicetum purpureae Wend. - Zel. 1952) is a fre-
quent, fragmentarily distributed association on the islands and banks of large ri-
vers, but also of smaller, economically insignificant streams. It has a transitional
character and forms a border forest association towards swampy phytocoenoses,
primarily reeds. The soils of the association are shallow and undeveloped, but well
supplied with nutrients due to matter sedimentation.
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Salix purpurea dominates in the first, upper layer of several meters, while the
very dense lower layer of ground vegetation consists of Rubus caesins, Ranunculus
repens, Euphorbia salicifolia, Iris pseudacorus, Solanum dulcamara, Polygonum la-
patifolium and other species.

The forest of white willow with bedstraw {(Galio-Salicetum albae Raug 1973)
is developed in micro-depressions on alluvial carbonates, undeveloped soils along
bogs and large water areas, continuing onto the purple willow association or di-
rectly onto reeds or marshy phytocoenoses. Floods are common in this association,
and this is the reason why willows form adventitious roots from the stem. When
the water retreats, the roots remain hanging, giving the forest a peculiar appearan-
ce. Such old trees can be found along the rivers Lonja and Cesma.

The most important element in the floral composition of the association is
white willow, while the ground layer consists of Galium palustre, Carex elata, Iris
pseudacorus, Agrostis alba, Rubus caesius, Lysimachia nummularia, Lysimachia
vulgaris, Ranunculus repens, Lythrum salicaria, Bidens tripartita and others.

It should be mentioned that the former large areas of this phytocoenosis have
been meliorated and either covered with cultures of hybrid poplars or turned into
agricultural areas.

The forest of white willow and black poplar (Salici albae-Populetum nigrae
Tx. 1931) is a mixed association with the principal edifying species being the whi-
te willow and black poplar. It is especially developed in Croatian Podunavlje, but
fragments can also be found along the river Sava from Podsused to Sisak. The buil-
ding of dams and ameliorative operations have caused this forest to lose its natural
appearance and structure, and classical floods and synecological conditions, such
as those occurring on the Danube islands, are absent. There, the floods are rarer
and last for shorter periods than the floods in the forest of white willow and bed-
straw, but are more copious and distinct than on the higher positions taken up by
the stands of black and white poplars.

Salix alba and Populus nigra participate equally in the tree layer, while in the
shrub and ground layer, apart from the species of the flooded sites from the alliance
Salicion albae, there are plants of less humid sites, such as Circaea lutetiana, Carex
remota, Scrophitlaria elata and Lycopus enropaeus.

A particularly interesting feature of the studied area consists of very well pre-
served remnants of the former stands of this association on Lakes Jarun and Bun-
dek in the Town of Zagreb.

Forests of bogs and micro-depressions
Sume udubina i niza

This group is composed of forest associations in which the edifying species are
the pedunculate oak, black alder, narrow-leaved ash, lowland elm and spreading
elm. They inhabit depressions ranging in size from half a hectare, which mostly be-
long to forests of black alder or ash, to a complex of several hundred ha with fo-
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rests of pedunculate cak. In the past these forests were regularly flooded. Today,
however, depending on the terrain orography and the distance from rivers, some
parts are periodically flooded, while others only have a high level of groundwater
and long-standing (stagnant) precipitation water due to specific soil composition.
There are three basic associations in the entire studied area, of which the forest of
pedunculate cak and grear green weed (Genisto elatae-Quercetnm roboris Ht.
1938) is shown in two sub-associations due to humidity.

The forest of black alder with buckthorn (Frangulo-Alnetum glutinosae Raud
1968). The forest of black alder with buckthorn is fragmentarily arranged over an
area of several ha. It grows in specific micro-relief and hydrological conditions.
Most commonly, these are old beds of waterways and sometimes swamps. The pio-
neering role of the black alder comes to light here, because the moment suitable
conditions are formed, the tree covers the old waterways and over several genera-
tions creates normal forest soil and conditions for the growth of other tree species.
It is found in all management units of the lowland region, especially in Zutica and
the Pokuplje basin.

The forest of black alder with buckthorn is developed on organogenic-swampy
soil of mildly acid reaction with about 5.7 pH at a depth of 50 cm. The phytocoeno-
sis is covered with 20 - 70 cm-deep surface water (sometimes more) for the most
part of the year. This stagnant surface water is the reason why black alder develops
special conical butts which collect mud and turn it into soil, so the alder manages to
vegetate despite surface water covering a part of its root system.

The most important species in the tree layer is black alder (Alrus glutinosa)
with frequent occurrence of narrow-leaved ash (Fraxinus angustifolia) and sprea-
ding elm (Ulmus laevis).

The shrub layer, ranging from 1 to 10%, is rather poor in cover. Apart from
the species from the tree layer, the most common elements in it are Frangula alnus,
Viburnum opulus and Salix cinerea on the butts of black alder trees.

There are two structural units (sinusions) in the ground layer, of which one (me-
sophytic) develops on the conical butts of black alder trees, that is, on the soil linked
to the alder root system. These cones may sometimes have a diameter of 1 to 2 me-
ters at the soil base and a height of 50 to 120 cm above the level of stagnant water.
They are home to Dryopteris carthusiana, Sympthytum tuberosum, Glechoma hede-
raced, Rubus caesius, Solanum dulcamara and others, as well as to some mosses.

The other (hygrophytic) sinusion of the ground vegetation occurs on the soil
itself, between the cones of black alders, and is made up of distinct hygrophytes,
such as Polygonum lapatifolium, Galium palustre, Sium latifolium, Lythrum sali-
caria, Stachys palustris, Lemna trisulca, Roripa amphibia, Hottonia palustris, Iris
pseudacorus, Glyceria fluitans, Glyceria maxima, Symphytum officinale, Caltha
palustris, Sparganium erectum, Urtica radicans, Peucedanum palustre and many ot-
hers. The entire floral composition of the association in the studied area can be
seen in Table 1, columns 1 and 2.
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The syndynamic development of the forest of black alder with buckthorn is
very interesting, above all due to the pioneering and ameliorative role played by
the black alder in the lowland region of Croatia. There are three stages in its deve-
lopment: in the initial stage beginning in old waterways, only the ground vegeta-
tion of rushes and similar is developed, to continue onto grey sallow, white sallow,
fragile willow, buckthorn, white poplar, narrow-leaved ash and black alder on mi-
cro-elevations (slight undulations, facies: Glyceria maxima).

The black alder originating from seed and stump, with or without a conical
butt and with an addition of spreading elm with narrow-leaved ash is in the opti-
mal developmental stage.

In its terminal stage, the black alder is gradually declining and giving place to
the pedunculate oak, and even a sporadic maple and common hornbeam.

We should point out that in the case of the association Frangulo-Alnetum glu-
tinosae, black alder forests did not develop from the glacial, but represent pionee-
ring and transitional stands in which the black alder has invaded the terrain, for-
med it phytocoenosis and gradually created conditions for the occurrence of other
species. All these processes in current stands of black alder have taken place over
the past few centuries, and can be accelerated with ameliorating the terrain (regu-
lating water with canals). However, this is not necessary because these sites are
highly diverse biologically owing to the annual rhythm of changes in the condi-
tions. For this reason, they form not only important phytocoenoses, but also vario-
Uus ZOOCOENOoSes.

The forest of narrow-leaved ash with autumn snowflake {Lencoio-Fraxine-
tum angustifoliae Glav. 1959). The forest of narrow-leaved ash with autumn
snowflake extends over a clayly alluvial terrain from Sisak o Spaéva. In some ear-
lier research and in the one conducted for this study, it was alse found in the
Cesma basin, in Turopoljski Lug and in a large part of Pokuplje basin.

The most important factors determining the development of the association
are the micro-relief and the relating stagnant and groundwater. The soil is di-
stinctly undulating and can be neutral to acid. Of all the lowland phytocoenoses,
this one is the most subjected to longer periods of surface water and high groun-
dwater. In the winter, surface water (with an average depth of 1 m) often freezes
and ice inflicts extensive damage on ash trees. Therefore, the micro-relief characte-
ristics of the depressive terrain, the regime of high water and the properties of the
soil are the fundamental ecological factors that determine the phytocoenosis.

In terms of orography, the phytocoenosis invades depressions (bogs and pla-
tes), open or closed holes in the soil. Water either runs from the higher plates to
the lower (open) ones, or when it cannot leave at all (closed), it evaporates. In the-
se bogs there are deeper plates in which precipitation water from the neighbouring
areas collects and stagnates and only leaves with evaporation. Such shallow depres-
sions are conducive to the growth of a typical forest of narrow-leaved ash, since
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ash has reached the extreme boundary of forest survival (swampy forest boun-
dary). Marshy ground lying in deeper depressions is not covered with forest trees.

Narrow-leaved ash forms pure stands because the competitive ability of other
tree species is weak. The tree layer covers 60 to 80 % of the area on average and is
composed of narrow-leaved ash in the dominant storey with a rare presence of
lowland elm, spreading elm and sometimes pedunculate oak.

The shrub layer is poorly developed and covers 0 to 5% of the area on avera-
ge. Apart from tree species in the form of shrubs, it is also composed of Genista
elata, Frangula alnus, Salix cinerea and others.

The layer of the ground vegetation covers 80 to 100 % of the area. It is very lush
and is made up of a large number of species, shown in Table 1, columns 3 and 4.

Narrow-leaved ash is an outstandingly important tree species in the planar belt
of Croatia from several standpoints. Apart from being important as a pioneering
tree species, it grows in unfavourable, mostly swampy conditions in which other
tree species cannot survive and where it does not meet any competition. Moreo-
ver, when stands of pedunculate oak in the association Genisto elatae-Quercetum
roboris desiccate due to bogging or other changes in the biotop, ash is an unavoida-
ble species in salvaging the stand after dieback. In the first phase, until conditions
for the recurrence of pedunculate oak are created, it takes on the main role toget-
her with the black alder. This was shown in the recovery of the forests Kalje, Turo-
poljski Lug, the forests in the Pokuplje basin and in other places. To sum it up, ash
is a highly desirable and valued economic species, which may reach the same price
as pedunculate oak under certain conditions.

The forest of pedunculate oak with great green weed (Genisto elatae-Querce-
tum roboris Ht. 1938). Natural sites of pedunculate oak in the studied area are the
micro-depressions of the Posavina, Pokuplje and Cesma basins, especially the com-
plex between the motorway and the river Sava. The forests of Zutica, Jastrebarski
Lugovi, Dragani¢ki Lugovi, Turopoljski lug and others are located here. Peduncu-
late oak forms two basic forest associations: the forest of pedunculate oak and gre-
at preen weed in micro-depressions and the forests of pedunculate oak and com-
mon hornbeam on micro-elevations.

The forest of pedunculate oak and great green weed occurs above the forests
of willow, poplar, black alder and narrow-leaved ash in complexes exceeding seve-
ral thousand ha, which is unique in Europe and in the world. The terrain on which
it grows is several meters above the normal level. It is periodically flooded, but flo-
ods last for short periods, or the terrain is out of reach of floods but still abun-
dantly fresh. It is found on mineral-swampy soil of stronger or weaker acidity and
on pseudogleyic, or podzolic, mildly acid to neutral soil,

The lush tree layer is dominated by pedunculate oak, but a considerable share
of the composition (sometimes even 4096) consists of narrow-leaved ash, black al-
der, lowland elm, spreading elm, black and white poplar and sporadic fruit-bea-

109




I. Vukelié, D. Bari¢evié: Forest vegetation in the City of Zagreb and the Zagreb County.
Glas. 3um, pokuse 36: 103-145, Zagreb, 1999.

ring trees. In the western part of the association there are pure oak forests, the re-
sult of bad management and excessive felling of other tree species, which today has
a negative effect on the stability of hundred-year-old stands. Nowhere has the ne-
cessity of supporting mixed stands in their natural composition been shown more
clearly than in this association, because it is a prerequisite for stability, biological
diversity and productivity of forest stands.

The shrub layer is also lush and diverse, which makes this association funda-
mentally different from the forest of pedunculate oak and common hornbeam.
Apart from the species in the tree layer, the cover of 10 to 50 % consists of great
green weed (Genista elata), hawthorn (Crataegus oxyacantha), common hawthorn
(Crataegus monogyna), blackthorn (Prunus spinosa), wild pear (Pyrus pyraster),
guelder rose (Viburnum opulus), buckthorn (Frangula alnus), blackberry (Rubus
caesius, Rubus fruticosus), rose (Rosa sp.) and other species.

The layer of ground vegetation has a cover of 80 to 1009 and is particularly
lush in the spring after floods. It consists of some hundred species (Table 1, co-
Iumns 5-8), of which the most important are Carex remota, Carex strigosa, Rumex
sanquineus, Cerastium sylvaticum, Valeriana dioica, Lycopus ewropaeus, Solanum
dulcamara, Glechoma bederacea, Poa trivialis and others.

The eco-indicative properties of the species in the ground layer in general po-
int to the characteristics of the site and especially to its hydrological conditions.
The majority of these and other species thriving in the forest of pedunculate oak
and great green weed indicate humid, wet and occasionally flooded sites. The spe-
cies leading to extremes, that is, to dry or complete swampy and flooded terrains,
are absent.

From a phytocoenological standpoint, the forest of pedunculate oak and great
green weed is divided into several sub-associations, but two are of special impor-
tance for the studied area: with quaking sedge (Genisto elatae-Quercetum roboris
caricetosum brizoides Ht 1938), and with remote sedge (Genisto elatae-Quercetum
roboris caricetosum remotae Ht 1938). The sub-association with remote sedge re-
presents the optimum in the development of this association in which the renow-
ned Slavonia oak thrives, while the sub-association with quaking sedge represents a
transition towards pedunculate-hornbeam forests on micro-elevations and is su-
sceptible to changes and forest decline. An example of this is Turopoljski Lug, Kal-
je near Lekenik, Zutica and other forests.

Forests of micro-elevations
Sume mikrouzvisina

Micro-elevations out of reach of floodwater, in which groundwater is much
lower than in previously described associations, have been differentiated in the co-
urse of lowland region development. They are home to pedunculate oak, common
hornbeam and even common beech in some places. This is an important vegetative
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Table 1. Forest associations of flooded areas
Tablica 1. Sumske zajednice poplavnih podrucja

Association: .. ! . me’gﬁi?:;iz:‘_um Leuz?;:;?:;‘;zmm Geyriste e!atae-Quercez.:gm robaris -
Subassociation - typicusm alnetosum glutinosee cabr:::;:‘);:‘m m:;‘;ig::;m
Area: Zutica | Cesma Zutica P‘L!;gf;ki Zutica Pi:s:“i Zutica P';I;"z]f;h
Number of recordings: 10 5 10 5 10 10 10 5
Plot size (mz): : 400 400 400 400 400 400 400 400
FLORAL COMPOSITION

Characteristic and distinguishing species of the alliance (Ao glutinesae):

Frangula alirus Mill. B v v I v v v 111 v
Salix cinerea L. v v 11 I 1 I 1 v
Solantan dulcamara L. C v i} 11} v 11 11 I 11
Myosotis palustris L. 111 I It 11 v v 1 v
Galium palustre L. v v v v v 1 A v
Peuced. palnstre (L.) Monch, v I vy 11 i) v 11 111
Iris pseudacorus L, v 1 v 1\ I I v v
Ranunciulus repens L. 1 1 i v 11 11} v v
Lysimachia vulgaris L. 1 v v 1 1L v v v
Cardamine dentata L. I - I v I 11 1 11
Leucoiim aestiviim L. 1 1 11 v - - I !
Carex elongata L. 31} v 1 1l 1] . ur I
Frangula alnus Mill. - - . 1 1 1] . I
Carex riparia Curt, v v 1T 1l - - I 11
Rotipa amphibia (L.) Bess. Il . I . R . 1

Siun latifolism L. I . . IV . .

Urtica radicans Balla. . Jil} .

Characteristic and distinguishing species of the alliance (Alno-QOuercion robaris):

Genista linctoria subs. elata B . . 1T - I tr 11 1
Viburmsem apilus L. I 1 . m 11 1 1 v
Rumex sanquineus L. C 1 . 1l 111 111 1L 111 1
Cerastium silvaticum W.K. 1 . 1 . 1 )1 11} .
Lycopus europaens L. 1 . v I v 11 Il v
Lystrmachi faria L. I - 11 A 1 v v v
Glechonta bederacea 1. )i} . 1 v v 1 v v
Caltha palustris L. 1 I [ v . 1 I v
Staclys palustris L. 1 11 v v I i} m Vv
Carex remota L. 1 . I v 11 . v v
Carex sirigosa Huds. - . . v . . m v
Valeriana dicica L. . . 1 v 1 11 1 11
Vibunirum opulus L. . . [ 11 . 1 B 11
Genista tinctoria subs. elata . . . - . 1 . 1
Characteristic and distingnishing species of arder (Alnstalia glutinosae) and class (Alnetea glutinosae):

QOuercus robur 1. A I I 1 v v v v v
Alnus ghetinosa (L) Garmn. v A\ v v v v 1 v

111




J. Vukelié, D. Bari¢evié: Forest vegetation in the City of Zagreb and the Zagreb County.
Glas, Sum. pokuse 36: 103-145, Zagreb, 1999,

Fraxinrs angustifolia Vahl. i 1L v v I I I v
Ulrtes carpinifolia Gled. . . ) [ I I
Ulmaves laevis Pall. 1 1 I . 1
Popuites alba L. . . . . . . . 1
Uhnus carpinifolia Gled. B [ 1 I It v 1 11 v
Acer tataricum L. [ - 1 . I . 1 -
Sambucus nigra L. [ I . I I 1 1 J 4]
Alnus glutinosa (L) Gartn. m vV 111 11 v 1w 1 v
Ulnius laevis Pall. 1 Ir . 11 . . It .
Quercus robur L. 1 . I I 1 Il . 1
Fraxinus angustifoliz Vahl, 1 v v Il Il 1 v IS
Ruebus eeasins L. 1 v jt] . v 1
Populus alba L. . . I 1 11
Spirea saficifolia L. . 1 - - - . .
Quereus robur L. C . . 1l . I v 11 v
Nephrodium spinulostmt Strempel. v m 11 1 I v [ [
Impatiens noli tangere L. I . 1 . 1l 1 [ 1l
Rurbuts eeasius L. 1 1 . 1 [\4 11 Vv ]
Angelica silvestris L. 1 1 1 1 I 1 ]
Carex brizoides L, I . . v Vv . 1
Fraxinus angustifolia Vahl. . . 1 . . 1 .
Ulntus carpinifolia Gled. . . . 1l 1 .
Acer tataricum L. . . . 1 B
Abnus ghainosa (L.) Garen. . . I 1 1
Characteristic specics of order (Fagetalia) and class (Querco-Fagetea):

Carpinus betulus L A - . . I I 1 1
Acer campestre L. . . I . 1 1 .
Pyrus pyraster (L.} Borkh. . . . 1 . 1 . 1
Crataggus oxyacantha L. B 1 . 1 v m v 1L b
Prienus spinosa L. 1 I - I )] 1T 1 1
Pyrus pyraster (L.) Borkh. 1 1 T 1l LU [ 1
Carpines betulus L. . 1] 14§ 1]
Corylus avellana L, I [ v . 1l
Acer campestre L. I . {1l 11 1 11
Crataggus monogyna Jacq. I . 1l 11 i1 I 1
Esoninis etiropaca L. . 1 11 I n | I
Circaea lutetiana L, C 11l . I . v 1] I 1]
Urtica dioica L. v )11 v v v 1 v 1II
Aegopodivm podagraria L. 1 I . 1 Il 1 v
Humrelus Iuputus L. 1 1 I I 1 1 1
Lamtiastrum galeobdolon (L) E. et P. . . 1 I 1
Brachypodium silvaticsm (Huds.) R.S. 1 I . .
Paris quadrifolia L. . . . 1

Galiwm odoratun (L) Scop. 1 . . I

Gerantitm robertianson L. . . . 1 n . 1
Stellaria bolostea 1. 1 v .
Veronica sontana L. 11 11} . 11
Viola reickenbachiara Jor. ex Bor. . I I 1 I
Scrophulatia nodosa L. . . I 1 i
Ajuga reptans .. . 1 I v I mn

112




J. Vukeli¢, D. Baricevié: Forest vegetation in the City of Zagreb and the Zagreb County.
Glas. 3um. pokuse 36: 103-145, Zagreb, 1999,

Geternt urhanum L.

Diryopteris filix mas {L.) Sch.

Acer camipestre L.

Polygonatum multiflornm (L.) All

Crataegus oxyacantha L.

Ranunculus lanuginosss L.

Carex silvatica Huds.

Arurn maculatum L.

Euonimus exropaca L.

Cargx maxima Huds.

Cucubalus baceifer L.

Leucoitint vernum L,

Other species of wet and flooded sites:

Polygonum kydropiper L. C

1I

v

m

I

Deshampsia caespitosa (L.) Beaur.

Syniphytson officinale L.

Carex elata All

I

Euphorbia palustris L.

Poz palustris L.

— e

Juncus effusus L.

Senecio fluviatilis Wallr.

11

Festuca gigantea {L.) Vill.

Lytrim salicaria L.

148

Succisa pratensis Mch,

Alisma plantago aquiatica 1

jul

Carex vilping L.

Carex vesicaria L.

I

I

Mentha aquatica L.

1

111

Thalictrunt flavarm L.

Stellaria aquiatica

Sparganiurn erectum L.

11}

Lemua tritusca L.

Hattonia palustris L.

Lerma minor L.

Senecio aquiatica Huds,

Cardamine flexnosaWith.

Filipendula nimaria {L.) Maxim.

]

Chrysosplenium alternifolium L,

Giyeeria fluitans (L.) R, Br.

14

Qther species:

Fraxinus americana A

Malus sitvestris (L) Mill.

RF; cathartica 1. B

m

Cornus sanguinea L.

1)

Rosa canira L.

Fraxinus arericana

Amorpha fruticosa L.

Galeopsis tetrabit L. C

m

Hedera helix L.

—
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Athryrium filix femina (L) Roth. 1 . 1 . m 11 I .
Prurelta vielgaris L, . . . . I 11 I 11
Putlmonaria officinalis L. . . - . 1 I
Aristolachia clematitis L. 1 . . . ] 1
Hypericrm acutum L. . . . . 1 1 .
Lychuis flos eneuli L, I . 1 - 1 1 1 1
Bidens tripartitus L. 11 . . . I 1 1 1
Agrostis alba L. . . . . 1 1
Steflaria media (L) Mill, . . I . . . I
Galivan aparine L. . . . . 1
Ballota nigra 1. . . . . 1
Enpatorium canabinum . 11 . . -, 1 1l
Mocehringia trinervia {1.) Clairv. 1 . . .
Trifolium repens L. - - . . . 1 . I
Rhamnus cathartica L. . - 1 1
Torilis anthriscus (L} Gmel. . - . . 1
Galinm silvaticum L. 11 . 1 . [ .
Antorpha fruticasa L. 1
Solidago sp. 1
Melandrium rubrum Garcke. 1 . 1 1

1

Tamiss communis L.

Vitis silvestris Gmel, [ . . . . - -
Ranunculus ficaria L., . . . il . 1 . 1]

Melampyrem silvaticurs L. . . . . . I
Potentilly erecta (L.) Hampe. . . . . . 111

Cynanthum vincetoxicum (L.) Pers. . . . . . 1
Verbatiem album . - . . . 11

Explanation of abbrevations: A - Tree layer, B - Shrub layer, C - Ground vegeration layer, [ - V - Degree of participation

property of this part of Croatia, because the stands in Stupnicki Lug, Kuptina,
Gornjak in Turopoljski Lug, Bukovac near Vrbovec Dubrava and in Zutica have
special significance.

It should be pointed out that in the floral and systematic sense, this association
is fundamentally different from the forest of pedunculate oak, although both are
found in the planar belt and are often intertwined. The forest of pedunculate oak
with common hornbeam belongs to the alliance Carpinion betuli and the order Fa-
getalia, and by its composition and synecological conditions it resembles the west
and central European association Stelario-Carpinetum.

The forest of pedunculate oak and common hornbeam (Carpino betuli-Quer-
cetim roboris Raus 1969). One of the best-known and best-studied forest associa-
tions is found in the lowland part of Croatia and in the valley of the river Mirna in
Istria. The largest complexes occur in the Spa¢va Basin and along the entire course
of the river Sava in Croatia,

The soil of this forest is not exposed to flooding, but is saturated with water in
winter. In its composition the forest differs considerably from the forest of pedun-
culate oak with great green weed. It occurs on drained, but abundantly fresh terra-
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ins and is developed on mildly acid to neutral pseudogleyic, that is, podzolic soils
on elevations. This type includes the most highly situated pedunculate oak forests
in the Croatian lowland region. There is considerable participation of common
hornbeam and maple, as well as a number of shrubs and herbaceous plants of drai-
ned terrain, such as those growing in hilly regions.

Common hornbeam is the best indicator of stagnant water and groundwater,
because it tolerates short, passing floods, but does not tolerate stagnant water and
high levels of groundwater. It grows only up to the medium groundwater table bet-
ween 2 and 3 m, which is found only on elevations (Dekani¢ 1962).

Pedunculate oak, which plays a decisive role in the structure of a typical forest,
is different in this respect. It has a large share in the phytocoenosis and exerts a vi-
tal influence on its structure and economic value. In spite of this, pedunculate oak
is far less important for limired communities (associations and sub-associations)
than common hornbeam because it also occurs equally frequently in the associa-
tion with great green weed, to which the association with common hornbeam is
connected in vertical sense.

The shrub layer is poor in species and often contains Corylus avellana, Cornus
sanguinea, Euonimus europaea, Rosa arvensis, Daphne mezereum, Crataegus sp.,
and other species, while the ground vegetation consists of the species from the al-
liance Carpinion betuli and the species thriving on fresh and humid terrains, The
phytocoenological composition is shown on the basis of 30 recordings in Table 2.

The mentioned characteristics refer to a typical sub-association (subas. typi-
cum) while another significant sub-association in the studied area is that with be-
ech (Carpino betuli-Quercetumn roboris fagetosum Raus 1971).

The pedunculate oak - hornbeam forest with beech is a relict association that
inhabits the [owland regions of Croatia within a typical forest of pedunculate oak
and common hornbeam. It grows on lowland pseudogley, exclusively on mi-
cro-elevations out of reach of floodwater, where beech has remained since the
Sub-Boreal period, when it spread low down into the plains and invaded the pre-
sent sites of pedunculate oak (So6 1940). The soil is drained but fresh, mildly acid
to neutral. The association grows in fragments of several hectares in about fifty
lowland localities in Croatia and is incomparably less represented than a typical
sub-association. Among the most famous localities are those in the Zagreb County
and even Stupnicki Lug and a part of Maksimir Park in the City of Zagreb.

The composition of ground vegetation makes this forest significantly different
from a typical forest of pedunculate oak and common hornbeam, primarily in
terms of differentiating species Fagus sylvatica, Mercurialis perennis, Dentaria bul-
bifera, Cardamine trifolia, Allium ursinum, Luzula pilosa, Maianthemum bifolium,
Anemone hepatica, Ruscus aculeatus, Rubus hirtus, Staphylea pinnata and others.
in phenological sense, the phytocoenosis is characterised by early flushing of hor-
nbeam and beech, while pedunculate oak starts leafing only ten days after.

Mixed forests of pedunculate oak, common hornbeam and beech came into
being during secular climate changes and in the past extended over much larger
areas in the Pannonian Plain.
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Table 2. Floral composition of mesophylic oak forest
Tablica 2. Florni sastav mezofilnib

Number of tecordings: -~

Plot size {mY):

FLORAL COMPOSITION

Characteristic and distinguishing species of the association (Carpine betuli-Quercetum roboris):

Quercus robur 1., A v A . I
Quterces robur L. B I .

Ruscus aguleatus L. II . .

Yeronica montana L. C v 13 .

Cluercus robur L. v \i .

Carex brizoides L. v 1 .

Lysimmachia nummudaria 1. I 1 .

Carex remota L. 11 1 . .
Glechoma hederacea L. 1 1L - -
Luzula pilosa (L) Willd. 1 . . .
Characeeristic and distifiguishing species of the assaciation (Epi) Carg betuliy:

Quercus petraea Lieb. A . . vV v
Fagus sylvatica L. 0t} I v v
Prusus avium 1. . 1 1
Castanea sativa Mill. . 1l !
Fraxinus ornus L. . . 1 .
Fagus sylvatica L. B 1 1 v v
Quercus petraca Lieh, v 1w
Rosa arvensis Huds. m 1
Pricnns avinm L. Il I
Lonicera caprifolium L. 1l I
Castanea sativa Mill. . v I
Fraxintis orsns L. I .
Staphylea pinnata L. 1 .
Knautia drymeia Heuff, C v I
Prunus avium L. . v 11
Queerens petraca Lieh. . . |\ v
Fagus sylvatica L. 1 | v 1
Primuda vrlgaris Huds. 11 . I IH
Lounicera caprifolium L. 11 v
Helleborus dumetonim W. K. 1 .
Liezula luzuloides (Lam.) D. W. . v 1
Erythronim dens canis L. . . 11 .
Castanea saliva Mill. . 11 [
Staphylea pinnata 1., . . [

Hacqguetia epipactis (Scop.) DS. i .
Salvia glutinosa L. . I [
Carex pilosa Scop. 1

Hepatica nobilis $chreb, . u

Fraxinus ormus L.
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Characteristic and distinguishing specics of the alliance (Carpinion betuli) and distinguishing species of suballiance
(Lonicero-Carpinenion):

Carpinus beturlus L. A ¥ v v v
Ouercus cernis L, . - 1 1
Corylus avellana L. . . 1
Acer campestre L. . . . Il
Carpinus betels L. B v v v v
Enonimus europaea L. 111 1 1 .
Acer campestre L. I 1 i 111
Corylres avellana L. 1] v v v
Quiercns cerris L. . . 1 .
Rrescus bypoglessum L. . . 1 11
Stellaria holostea L. C v 1l )1 v
Vinca sminor L. I 1 - .
Acer campestre L. 11 . I 11
Carpinus betnius L B 11 . v v
Euonimus europaea L, . 1l . .
Aposeris foetida {L.) Cass. . . v v
Criciata glabra (L.) Ehrend. . I m 111
Cyclamen prirpurascens Mill. . . I I
Vicia oroboides Wulf, . . 1l

Lamiwm orvala L. . . { .
Epimedivm alpinum L. . . I v
Quercis cerris L. . . I .
Melampyrum nemorosum L. . . 11 .
Corylus avellana L. . . - 11
Eupborbia dulcis L. . . . 1l
Cardamine savensis Schulz. - . . I
Characteristic species of order (Fagetaliz) :

Pyrus pyraster (L.) Borkh. A 1 1 . 1
Ulnzus glabra Mill. . . I .
Acer pseudoplatanys L. . . . I
Acer platanoides 1.. - - . I
Crataegus oxyacantba L. B 11 v 1 .
Crataegus morogyrd Jacq. i 11 I 11
Daphue mezereum L, . - 118 [
Pyrus pyraster (L.) Borkh. 1 I | 1l
Acer psendoplatanus L. . . Il 1
Ulpns glabra Mill . . I .
Circaca lutetiana L. C \ m 1 1
Viola reichenbachiana Jor. ex Bor. Vv 111 1l 11
Lamiastrum galeobdolon (L) E. et P. \'i . IV 1 111
Polygoratum mudtiflonen (L.) All v m L1 I
Afuga reptans L. v v 1 1
Dryopteris fitix mas {L.) Sch. v m I It
Brachypodivm silvaticum R.S. m 1 . 1
Carex silvatica Huds. I 1 I v
Asarim enwropaeum L. 11 1 Il V
Scrophnlaria nodosa L. I 11 i .
Galizur odoratum (L)) Scop. \d . w v
Carex maxima L. 111 . .
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Anremone nemorosa L. m . v -

Paris quadrifolia L. m . . .

Pelmonaria officinalis L. 1 v m
Sanicula europaca L. 1 v vV
Eupliorbia amygdaloides L. 1 . [ 1

Lathyrus verans (L.) Borh. . I v 11
Dentaria bulbifera (L.) Cr. . . Jii] 1

Acer pseudaplatanns L . m 1

Acer platanoides L. . 1

Mycelis muralis (L.) Rehb. I . 1] 11
Symplytuns tuberosum L. 1§ I v

Platanthera bifolia (L.) Rich. I 1 1

Senecio nemarensis L. I 11

Melica uniflora Retz. [ 1

Mercurialis perennis L. . 1 .

Alliaria petiolata Scop. . 1]

Ulnrus glabra Mill. 1

Heraelewm sphondylium 1. . Il .

Raruncelres lanuginosus 1. . Il I

Crataegus monogyna Jacq. . 1 I

Lilivm martagon L. . 1 .

Phytewma spicatuom L. 11 .

Dapime mezereum L, . 1

Oxalis acetosella L. - . I

Pyrus pyraster (L) Borkh. . . . 1

Characteristic species of class (Queerco-Fagetea):

Sortus torminalis (L.) Cr. A . . . I

Viburrsern opulus L. B II 1l 1 [

Sorbus torminalis (L.) Cr. I [

Cormus sanquinea L. . i 1
Ligustrum vulgare L. Il 1L 1]
Chamaecytisus kirsutus (L) Lk, 1

Tilia cordata Mill, . . [

Rubus caesius L. 1 v i}
Prinus spinosa L. . . I

Euphosbia duleis L. C . 1 v .

Hedera helix L. 1 v v 1}
Festuea drymeia L. I I

Tanius communis L. 1l

Potentilla sticrantha Ram. 11 .

Lathyrus niger (L.) Bernh. . 11 I

Melittis melissopbylum L. . . 1 I

Tanacetum corymbosum (1.) 5.-B., . . 1 .

Sorbues tonminalis (1) Cr, . . . n
Corans sanguinea 1., . 1

Campanula trachelium L. . 1

Clematis vitalba L. . 1

Vibrernum opulus L. 1

Chamaccytisus lrirsutus (1) Lk, - 1

Ligustrim vndgare L. . . 1
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Other species:

Almus glutinosa (L.) Gaertn. A . . . 1
Fraxinus angustifolia Vahl. . [ . .
Malus silvestris L. . I

Uitins earpinifolia Gled. B 1 11

Sambtecus nigra L., i 1

Frangula alans Mill. 1 13 .

Rhanmus cathartica L. m - .

Fraxinus angustifolia Vahl. s . 1l .

Rosa canina L. . 1 . .
 iniperis commnnis L . . . 11
Betula pendula Rath. . . . I
Robinia pseudacacia L. , N i
Ouxalis acetosella L. [ v 1 .
Galeopsis tetrahit L. v v . Il
Fragaria vesca L. 111 1 v 0]
Rubus hirtus W.K. IV . v 1
Geum urbaron L. 11 I .
Aepopodium podagraria L. 11 [ . 1
Athyrium filix femina (L.) Roth. 11 v . 11
Angelica silvestris L. 1] 1

Festuca gigantea (L.) Vill. 11 1

Urtica dioica 1. 1 1 .

Deschampsia cagspitasa (L.} Beauv. 1 v

Melampyrim silvaticum L. 1 If . 11
Nephrodium spinulosum Stremp. i 1 .
Lapsana communis L. I 1

Cerastium sifvaticum W.K. 1l . . 1
Impatiens noli tangere L. 11 . .

Hieracitm racemossn W. K. . . 11 T
Geraninnt robertianun L. I . .

Hieracium sylvaticunm L, . . 1

Veronica chamaedrys L. [ . 1l

Mochringia trinervia {L..) Clairv. 1 .

Galium aparine L. 1

Gualiurm palnstre L. 1 .

Galium silvatiction L. 1 v I
Preridium aquilinum (L) Kuhn . . 1 v
Hypericon hirsutiom L, 1 - I
Cardantine savensis Schulz. 1 -

Maianthesmton bifolim (L.) Schm. 1 .

Rannnenlus ficaria L. 1 - .
Mitliem effusian L. 1 . 11
Mypsotis scorpyoides L. 1 .
Rumex sasrquinens L. 1 - 1
Cephalanthera rubra (L) L.C. Rich. I . - 1
Torylis anthriscus (L.) Gmel. I . .
Euphorbia carniclica L. . 1

Cynanchum vincetoxicum Pers. . I . 1
Bidens tripartita L. . I
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Peucedanunt palustre (L.) Mch. . It
Lysimachia valgaris L. . 1

Solidago virgaurea L. . . I I

Prenanthes purprirea L. . . ) 11

Polygorum bydropiper L. . 1
Gentigng asclepiadra L. . i 141 I
Corvatlaria majalis L. . 1 v

Doronicim austriacum Jacq. . - 1

Lycopus europaeus L. . I
Frangula alnus Mill. . [ .
Prinella sndgaris L, . . . I
Glechoma birsuta W, K. . . . 1
Lathrea squamaria L. - . . 1

Explanztion of abbrevations: A - Tree layer, B - Shrub layer, C - Ground vegeration layer, 1 - V - Degree of participation

THE VEGETATION BELT OF LOW HILLS (COLIN)
BREZULJKASTI (KOLINSKI) VEGETACIJSKI POJAS

This vegetation belt continues onto the lowland belt and is located between
150 and 400 (500) m above sea level. It is characterised by very favourable climate
and edaphic conditions for the growth of forest vegetation. This contributes to the
relatively rich floral composition and lush physiognomy of forest associations. Ho-
wever, this is also the reason why these forests have been largely cleared, as they
grow in exceptionally favourable conditions for human life and activities. The ve-
getation belt of low hills consists of hills and lower slopes of the Pannonian chain.
It encircles higher hills and mountains, such as Medvednica, Ivani¢ica or Slavonian
hills and takes up all the bordering areas below the belt of beech forests.

The principal tree species is undoubtedly sessile oak. It occurs in acidophilic,
neutrophilic-mesophilic and thermopbhilic-basophilic associations over various ge-
ological substrates and soils. Of other tree species the more important are common
hornbeam and beech, as well-as sweet chestnut, birch, Turkey oak, pubescent oak,
maple, cherry and other species. Depending on synecological conditions there are
three groups of forest associations in the hilly belt that differ in the floral-systema-
tic sense:

— the Central European vegetation zone of acidophilic forests growing on sili-

cates dominated by the associations of the alliance Castaneo-Quercion;

- the peri-Illyrian oak-hornbeam forests of the sub-alliance Lonicero caprifo-
liae-Carpinenion betuli within the alliance Carpinion betuli on more or less
neutrophilic soils;

— phytocoenoses belonging to the alliance Quercion pubescentis-petraeae wit-
hin the order Quercetalia pubescentis occurring in the Central European ve-
getation zone of thermophilic forests.
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Forests on acidophilic soils
Sume na kiselim tlima

These are forest associations on silicate rocks and dystric cambisols of various
depths at altitudes up to 500 m. Some associations are distinctly dominated by ses-
sile oak in pure stands, while others are mixed and composed equally of chestnuts,
birches or other tree species. It is the chestnut and the acido-thermophilic species
that give this alliance its south-eastern European character differing it from the
Central Furopean alliance Quercion roboris-petraeae. The characteristic and diffe-
rentiating species of the alliance Castaneo-Quercion are Castanea sativa, Chama-
ecytisus supinus, Genista germanica f. heteracantha, Hieracium racemosum, Lem-
botropis nigricans, Festuca heterophylla, Genista ovata, while exclusively differen-
tiating species are Fraxinus ornus, Serratula tinctora, Cruciata glabra and others.
Naturally, they are combined with the species of the Central European alliance,
such as Genista tinctoria, Frangula alnus, Luzula luzuloides, Hieracium umbella-
tum, Calamagrostis arundinacea, Lathyrus montanus, Luzula forstery, Viola rivi-
niana, Viscaria vulgaris, Hieracium sabaudum, Veronica officinalis and others.

Two very interesting forest associations from this group are found in the area
of the City of Zagreb and the Zagreb County.

The forest of sessile vak and sweet chestnut (Querco-Castaneetum sativae Ht.
1938). The forest of sessile oak and sweet chestnut builds the largest complexes on
Mount Medvednica and in the surroundings of Samobor, and more rarely on other
hills of the studied area. This forest thrives at altitudes between 250 and 550 m, so-
metimes higher, on mild slopes and dystric cambisols, typical, medium deep to
deep, over clayly schists, shales and phyllites, where it achieves its full develop-
ment in sociological and taxonomic sense. As a rule, the sites include warmer loca-
lities, plateaux, saddles or mild slopes where deeper soils can accumulate so that
the chestnut can spread its roots 1m in depth.

The tree layer is composed of sweet chestnut and sessile oak, with frequent
presence of common hornbeam and beech. However, chestnut dieback has caused
the majority of the stands and even entire complexes to lose their typical floral
composition and structure. As a result, the former rich chestnut forests are under-
going changes in terms of vegetation and management methods.

The shrub layer is very luscious and made up of well-known acidophytes Cha-
maecytisus supinus, Lembotropis nigricans, Genista tinctoria, Genista germanicd,
Vaccinium myrtillus and naturally, the species from the tree layer. The acidophilic
species in the ground vegetation Melampyrum pratense, Hieracium sylvaticum,
Hieracium racemosum, Festuca heterophylla, Luzula luzuloides, Pteridium aquili-
num, Lathyrus montanus, Viscaria vulgaris and mosses Hypnum cupressiforme and
Polytrichum commune are very important for the phytocoenosis (Table 3). Apart
from these, favourable climatic and edaphic conditions enable the occurrence of
many less acidophilic and neutrophilic species, even thermophytes such as, for
example, Fraxinus ornus. The participation of beech and common hornbeam is
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very important, since they repair the empty spaces caused by chestnut dieback in
some stands on plateaux. This is made possible by favourable edaphic conditions.
Depending on the exposition, the association more or less transcends into acidop-
hilic forests of beech or sessile oak with considerable presence of hornbeam on
milder terrains and plateaux. This process can be'seen clearly in the stands above
Sestine towards Medvedgrad and above Gragani.

Disturbed and degraded stands will not be analysed here, but some steeper lo-
calities with the species Vaccinium myrtillus are worth mentioning.

The acido-thermophilic forest of sessile oak with hawkweed (Hieracio racemo-
si-Quercetum petraeae Vukelié /1990/ 1991). The association Hieracio racemo-
si-Qercetum petraeae is best developed on the mountains of north-western Croatia,
especially on Medvednica. It occurs most commonly on the substrate of schists and
sandstones, almost exclusively on southern and south-western expositions at altitu-
des between 300 and 750 m. It grows on ridges, crests and shallow saddles in cha-
racteristic clongated fragments, and more rarely on wide slopes. In the upper area it
is usually surrounded with acidophilic beech forests, and in the lower area,-where
the terrain is less sloped, it ends with the association of sessile oak and chestnut. The
soils are dystric cambisols, typical and illimerised, usually shallow and medium deep.

Sessile oak with its edifying role is particularly prominent in the tree layer. It
frequently forms mono-dominant stands with an occasional Sorbus torminalis,
Manna ash (Fraxinus ornus) and chestnut (Castanea sativa). Chestnut is much less
frequent and has poorer vitality than in the association Querco-Castaneetum, be-
cause shallow soils do not allow it to grow successfully. The shrub and ground ve-
getation is very rich, especially in more open stands. An important role is played by
characteristic species that differentiate this association from the more widely spre-
ad European association Luzulo-Quercetum:. The majority of them are acidophilic,
but in south and south-eastern Europe they have a more distinct thermophilic cha-
racter and are more widely distributed. These are Chamaecytisus supinus, Hiera-
cium racemosum, Festuca heterophylla, Serratula tinctoria, Campanula persicifo-
lia, Dactylis polygama, Achillea distans and proper thermophytes such as Tanace-
tum corymbosum, Lathyrus niger and Sedum maximum. These species are either
absent or are very rare in the related associations in Europe, which justifies the de-
finition of this association and determines its independence - above all towards the
association Luzulo-Quercetum. Of other species there is ample presence of Luzula
tuzuloides, Melampyrum pratense, Hieracium sylvaticum, Calamagrostis arundina-
cea, Convallaria majalis, Solidago virgaaurea, Veronica chamaedrys, Prenanthes
purpurea and others (Table 3).

The forest of sessile oak with hawkweed is mostly of primary origin, but many
stands in the north-west of Croatia are in regression as a result of anthropogenic
influence, improper felling and the removal of leaf litter. In the progressive direc-
tion, the coenosis is developing towards the forests of sessile oak and sweet che-
stnut, and the regression ends with bracken and heath,
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Table 3. Forest on acidophilic soils

Tablica 3. Sume na kiselim thima

T Hieracio rac'e;r_ulisi_-Q';;e(cé}‘un}
pétraeae Vukelic (1990):1991

b

Nomber of récordings:”

Floi size (m): -

FLORAL COMPOSITION

Characteristic and distinguishing species of the associntion (Querco-Castanetum sativae):

Castanea sativa Mill. A 11 v
Castanea sativa Mill, B v v
Hieracium sylvaticum (L) L. C v v
Melampyrum pratense (Pers.) Rona. v \i
Castanea sativa Mill, v v
Characteristic and distinguishing species of the association (Higracio racemosi-Quercetimn petraeac):

Fraxinus ornus L., A 1 I
Fraxinus onmus L. - B v I
Chamaecytisus supinus {..) Lk. 1 m
Chamaecytisus hirsutus (L.) Lk. II .
Fraxinus ormus L C m Il
Galiumn sylvaticum L. v v
Tanacetim coryubosum (L) C.H. Sch. v 1
Cruciata glabra (L.) Ehrend. w 1l
Campanla persicifolia L. v I
Festuca eterophylla Lam. v I
Dactylis palygama Horv. 11 u
Achyllea distans W.X. 11

Sedurm maximum (L.) Sut. 11

Characteristic and distinguishing species of the alliance (Castarteo-Quercion petraeac): .
Genista germanica L. B 11 11
Hieracitm racemuosum W.K. C v Il
Lathyrus niger (L.) Bernh, v !
Serratula tinctoria L. 1 i}
Genista germanica L. 1

Characrerjstic species of order [Quercetalia robori- ) and class {Qrerco-Fagetea):

Genista tinctoria L. B 11 1)
Lembotropis nigricarns (L.} Griseb. I 1
Gerista ovata WK, I .
Frangula alrus Mill, . I
Luzula luzseloides (Hoffm,) DC. C v v
Calluna valgaris Hull. 11 1
Pteridium aguilinuns (L.) Kuhn. 1 111
Calamagrostis arundinacea (L.) Roth. 1L 1
Hiergcitm sabatedtenm L. III i
Hieracium umbellatiom L. | 1
Lathyrus montanus Berah, 1l 1

Genista linetoria L. I
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Molinia coerulea {L.) Moench, 1 .
Avenella flexuosa (L) Parl. 11 .
Polypodiur valgare L. 1 .
Viscaria vlgaris Bernh, I
Vipla riviniana Rchb. b
Veronica officinalis L. I
Luzulz forsteri ($m.) D.C. [
Qther species:
Queercus petraca (Matt.) Liebl, A v v
Fagus sylvatica L. 11 v
Rubus hirtus W.K. 11 .
Carpinus betulus L. . n
Quercus petraed (Matt.) Liebl. B v m
" |Fagus sylvatica L. v v
Carpinus betulus L. 1 J¢11
Corylus avellana L. 11 4l
Jruniperus communis L. 1 1
Sorbus torminalis (L) Cr. I Il
Sorbus aria (L.) Cr. Il 1
Ater pseudoplatanus L. 1 .
Quercus petraca (Mart.) Liebl. , € v v
Convalaria majalis L. 11 i
Vaccinium noyrtitlus L. 1 Il
Salidago virgaurea L. m v
Carpinus betulus L. 1 [
Poa nemoralis L. 1l 11
Fagus sylvatica L. 1 11
Platanthera bifolia (1..) Rich. 1 11
Polygosnatum smultiflorsen (L.) All I 11
Acer pseadoplatanus L. I 1
Veranica ch Irys L. I u
Latlryrus vernus (L) Bernh 1 1
Prenanthes purpurea L. Il 11
Potentilla micrantha Ram. 11 11
Fragaria vesea L. 1 1
Cephalantera longifolia (L.) Fritsch. I i
Gentiana asclepiadea 1. I Il
Symphytum tuberosum L. 1) I
Euphorbia dulcis L. I} m
Melica uniflora Retz. 11 Il
Stellaria holostea L. I .
Knentia drymeiz Heuff. 1 .
Cephal, alba Simk. 1l ]
Melittis melyssophryllum L i
Campamila patula L. I .
Campamia rotundifolia L. 1 .
Dryopieris filix nas (L.) Schotr. 1
Potentilla erecta (L) Hampe. I
Carex montana L, 1 .
Vicia sepium L. 1
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Aposeris foetida (L.) Less. . v
Rubus birtus W.K. . I
Sanicula evropaea L. . 11
Asarrim ewropaetsm L. . 1
Erythroninm dens canis L. . 1
Scrophulariz nodosa L. . I
Fulmonaria officinalis L. . 1
Hedera helix 1. . I

Festuca drymreia MK,

Prirats avinm L.

Cyclamen purpurascens L.
Athyrium filix femina (L.) Roth.
Carnpanula trachelinm L.

Galium odoratum (L.} Scop.
Dentaria bulbifera L.
Mycelis muralis (L) Dum,

Lonicera caprifolium L.
Salvia glutinosa L,

Festuca gigantea (L.) Vill.

P I T FoVN [y Py (S Sy [y Uiy IRy PN

Primutla wndgaris Huds.

Dicranum scoparinm (L.) Hedw. D 1 11
Hypnum cupressiforme L. 1 I
Lencobryum glancum (L.) Schpr. 1 I

Polytrichiwm commune L. . v
Polytrichum formosion 11

Mriem undnlatum (L) Weis. N 1

Mrmitem sp. . 1

Pleurozium sp. . 1

Explanation of abbrevations: A - Tree layer, B - Shrub layer, C - Ground vegetation layer, D - Moss layer, 1 - V - Degree of
participation

Thermophilic forests on alkaline soils
Termofilne Sume na baziénim tlima

This zone is not widely represented.in Croatia. It consists of two clearly di-
stinct and spatially important associations. Sessile oak (Quercus petraea), pube-
scent oak (Quercus pubescens), hop hornbeam (Ostrya carpinifolia), Manna ash
(Fraxinus ornus), Turkey oak (Quercus cerris), Acer obtusatum and whitebeam
(Sorbus aria) dominate in the tree layer while the species of the order Quercetalia
pubscentis appear in other layers.

The forest of sessile oak with black pea (Lathyro-Quercetum petraeae Hi.
/1938/ 1958). The forest of sessile oak with black pea is an unusual association be-
longing to the alliance Quercion pubescentis-petraeae. It is best developed on car-
bonate substrates and rendzic leptosols in warmer and more exposed localities in
the hills of north-west Croatia at altitudes between 300 and 550 m. The phytocoe-
nosis is connected with the forest of pubescent oak and hop hornbeam, but conta-
ins only some of its elements. The most important species in the tree layer are Qu-
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ercus pubescens, Fraxinus ornus, Sorbus aria and Quercus cerris, and in the shrub
layer Cornus mas, Ligustrum vulgaris, Viburnum lantana and Berberis vulgaris. In
the ground vegetation the most important are neutrophilic-basophilic elements of
which the most prominent are Lathyrus niger, Dactylis polygama, Calamintha cli-
nopodium, Tanacetum corymbosum, Cynanchum vincetoxicum, Melittis melis-
sophyllum, Campanula persicifolia, Galium lucidum, Digitalis grandiflora and ot-
hers. On more shallow soils and more inclined slopes the thermophilic character of
the association disappears in order to be replaced by a more acidophilic one. Hop
hornbeam and other basophilic species are absent in the first place. As a result, the-
re are the majority of indifferent, as well as acidophilic species on Kalnik, such as
Hieracium sylvaticum, Veronica chamaedys, Festuca heterophylla and Pteridium
aquilinum (Vukeli¢ 1991). East of Kalnik, and even on Moslavacka Gora, thereisa
related, but still acidophilic phytocoenosis of sessile oak with fescue.

The forest of sessile oak and pea has a very high protective importance. The
areas are fragmentary, poorly represented, and many stands in private forests in
Croatian Zagorje are seriously degraded. Syndynamically, the phytocoenosis
usually develops towards the forest of sessile oak and common hornbeam.

The forest of pubescent oak and hop hornbeam (Ostryo-Quercetum pube-
scentis Ht. 1938). The forest of pubescent oak and hop hornbeam occurs fragmen-
tarily over areas of several hectares on Medvednica, Zumberak and Samoborsko
Gorije. It inhabits altitudes of 300 to 600 m over alkaline substrates of marl, dolo-
mite, lithotamnium Iimestones and less commonly sandstone. The most common
soils are rendzic leptosols, and the terrain consists of steep, exposed, dry and warm
slopes. The stands of pubescent oak are a relict of the thermophilic Tertiary vege-
tation which remained in extremely dry sites of the continental part of Europe in
the post-glacial period and the onslaught of Central European mesophilic species.
The floral composition is dominated by the species of the order Quercetalia pube-
scentis. The most important species in the tree layer are Quercus pubescens, Quer-
cus cerris, Ostrya carpinifolia, Acer obtusatum, Sorbus aria, Acer monspesulanum,
Fraxinus ornus and Sorbus torminalis, and in the shrub layer Cornus mas, Chama-
ecytisus hirsutus, Clematis vitalba, Prunus spinosa, Viburnum lantana, Berberis
vulgaris and Ligustrum vulgare. In the ground layer there are Tamus communis,
Asparagus tenuifolius, Mercurialis ovata, Carex humilis, Trifolium rubens, Bromus
erectus, Melittis melissophyllum, Litospermum purpureo-coeruleum, Dictamnus
albus, Carex flacca, Brachypodium sylvaticum, Tanacetum corymbosum, Dactylis
glomerata, Teucrium chamaedrys, Betonica officinalis, Cyclamen purpurascens,
Galium mollugo and others. The forest of pubescent oak and hop hornbeam is
most commonly a coppice dominated by hop hornbeam. This refers primarily to
privately owned forests that should be improved over a relatively longer period.
However, almost all of the pubescent oak stands have a protective character and
are excluded from regular management. Their true importance lies in the preserva-
tion of biological diversity and the gene fund.
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Forests on neutrophilic soils
Sume na neutralnim tlima

The most important zone is the belt of higher hills in which the basic associa-
tion is that of the forest of sessile oak and common hornbeam. In its floral-genetic
development this forest differs from the related European oak-hornbeam forests in
that it is rich with authentic Illyrian or Illyroid species. Among them special men-
tion should be made of Lonicera caprifolium, Epimedium alpinum, Erythronium
dens canis, Vicia oroboides, Knautia drymeia, Crocus vernus, Helleborus dumeto-
rum, Cruciata glabra, Aposeris foetida, Ruscus byppoglossum and others. Therefo-
re, they are placed not only into separate associations, but also a sub-alliance, whi-
le the basic species of the alliance Carpinion betuli are the same as in other Europe-
an Carprinion associations,

The Illyrian forest of sessile oak and common hornbeam (Epimedio-Carpine-
tum betuli /Ht. 1938/ Borh. 1963). This is a widely distributed climatozonal asso-
ciation that inhabits hills, lower mountains and foots of larger massifs, in humid
climatic conditions, on eutric cambisols, luvisols and pseudogley on slopes over va-
rious substrates. Very beautiful stands are found in the entire ring around Mount
Medvednica, in the hilly area between Vrbovec and Zelina, in private forests of
Croatian Zagorje, and especially in the forests in Pokupsko belonging to the Forest
Administration Sisak, in the area between Pokupsko, Kravarsko, Pisarovina and
Velika Gorica. In the past, this association was even more widely distributed than
it is today. Namely, large areas in hilly and sub-mountainous positions that poten-
tially belonged to this association were cleared in the past and are presently used as
agricultural land, vineyards, roads, industrial plants and sertlements.

In his explanation why this association represents the vegetative climax of a
[arger part of Croatia, Horvat (1938) concludes that it is because it inhabits those
habitats in which "general climatic conditions are fully present and undisturbed
soil development is enabled".

The forest of sessile cak and common hornbeam grows at altitudes of 150 to
450 m on luvisols, eutric cambisols and calcocambisols over limestones and dolo-
mites, soft limestones, conglomerates, marls and other substrates, and only the
sub-association erythronietosum also occurs on dystric cambisols over sandstones.

In the tree layer, but also in the entire phytocoenosis, the most important edif-
ying species is sessile oak. Apart from the oak, the understorey regularly features
bigger or smaller groups of common hornbeam, one of the sociologically most si-
gnificant species. Many stands, especially those in the valleys of streams and dit-
ches, have been turned into pure hornbeam forests. Except for its sociological im-
portance, hornbeam is also outstandingly important as an ameliorative species
used in stand tending. It assists the growth of good-quality oak trees during the
whole rotation, improves the soil with its leaf litter, and plays an irreplaceable role
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in stand regeneration. Common beech often accompanies sessile oak and hornbe-
am, but it does not have such big importance as in the related association Festuco
drymeiae-Carpinetum betuli. Of trees, cherry (Prunus avium) and maple {Acer
campestre) are very important, while sycamore and Norway maple (Acer psecudo-
platanus and A. platanoides), elm (Ulmus glabra) and chestnut (Castanea sativa)
are less common.

In the shrub layer, the following species are important: Rosa arvensis, Euon-
ymus europaea, Lonicera caprifolium, Corylus avellana, Crataegus monogyna,
Pyrus pyraster, Daphne mezereum and Crataegus oxyacantha, while those in the
ground layer are Knautia drymeia, Primula vulgaris, Helleborus dumetorum, Stel-
laria bolostea, Vinca minor, Melampyrum nemorosum, Cruciata glabra, Cyclamen
purpurascens, Vicia oroboides, Lamium orvala, Aposeris foetida, Epimedium alpi-
num, Galium odoratum, Anemone nemorosa, Dentaria bulbifera, Sanicula europa-
ea, Pulmonaria officinalis, Symphytum tuberosum, Lathyrus vernus, Viola reichen-
bachiana, Polygonatum multiflorum, Mycelis muralis, Carex sylvatica and others
(Table 2).

Festuca drymeia and Rubus hirtus are common and important plants in the re-
generation of stands. They sporadically form pure facies. Hedera helix, Galium
sylvaticum, Convallaria majalis and others are also regular accompanying species.

Mosses do not have any sociological importance for this association. Howe-
ver, their occurrence and wide-spread presence are the result of trampling the soil
in the stands, building roads and skidding tracks, removing the leaf litter and con-
verting these forests into pure oak forests, which will be discussed in more detail in
the phytocoenosis syndynamics.

The syndynamics of the phytocoenosis Epimedio-Carpinetum betuli is very
important because almost half of the forests of sessile oak and hornbeam are in
some of the syndynamic stages. To sum it up, the removal of leaf litter, irrational
felling operations, excessive trampling of the soil in the stands or other negative
impacts have caused the regression to take two directions, depending on the type
and depth of the soil and on the parent substrate. If the soil is acidified, hornbeam
retreats from the stand and pure sessile oak stands of ever decreasing quality take
its place, to be replaced by sessile coppice and finally a tangled growth dominated
by various more or less acidophilic or neutrophilic shrubs. If, however, the soil be-
comes alkaline (shallow, more or less carbonate soils), sessile oak retreats and hor-
nbeam remains. The forest gradually turns into a tangled growth of common hort-
nbeam with various more or less basophilic shrubs.

In concordance with earlier correct understanding, and on the basis of phyto-
coenological recordings, the association Epimedio-Carpinetum betuli is divided
into three sub-associations: erythronietosum, caricetosum pilosae and staphyleto-
sum. All three of them occur in the studied area, which makes this area very impor-
tant because the forest of sessile oak and common hornbeam with its sub-associa-
tions has been described for the first time.
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THE VEGETATION BELT OF HIGHER HILLS (MOUNTAIN)
BRDSKI (MONTANSKI) VEGETACIJSKI POJAS

The vegetation belt of higher hills is very significant in the forest vegetation of
the City of Zagreb and the Zagreb County because of its principal species - the
common beech. It extends from 500 m above sea level to its upper boundary bet-
ween 700 and 900 m, depending on the location and macroclimate. It has already
been said in this work that beech alone may occur at a much lower altitude, star-
ting from 100 m in the planar belt.

Common or European beech (Fagus sylvatica L.) represents the most impor-
tant commercial species in the forest economy of Croatia today. In the vertical di-
stribution of forest vegetation of the continental part of Croatia, beech is a very si-
gnificant species and occurs in basic associations in almost all vegetation belts. It
may occur in mixtures with other species in the planar belt at heights between 90
and 150 m, which is the belt of the forest of pedunculate oak and common hornbe-
am (Carpino betuli-Quercetum roboris fagetosum). Its share in the mixture is much
more prominent in the next, hilly belt at heights of 150 to 400 m. However, it
achieves the peak of its development and the highest commercial value at heights
to 800 m, where it distinctly dominates climatozonal associations. Humid climate
in the Illyrian hilly area is highly suitable for the beech, making it a very competiti-
ve tree species. The combination of climatic conditions in the past and present and
the floral-genetic development of the flora and vegetation are the reason why
Illyrian forests are so rich in species. Due to the wealth of the species, these forests
have been classified into a separate alliance of lllyrian beech forests Aremonio-Fa-
gion.

In the belt of higher hills there are three groups of associations differing in
synecological and floral sense:

Acidophilic beech forests of the alliance Luzulo-Fagion in which the basic as-
sociation is Luzulo-Fagetum;

Neutrophilic Ilyrian beech forests of the alliance Aremonio-Fagion, which
comprises the association Lamio orvalae-Fagetum within the sub-alliance Lonice-
ro-Fagenion;

Basophilic-thermophilic beech forests of the alliance Ostryo-Fagion with the
basic association Ostryo-Fagetum.

Apart from the basic forest associations in the vegetation belt of higher hills,
there are several other forest associations of little economic significance but high
value in phytocoenological and scientific sense. Some of them have an important
protective role in repairing and covering eroded arcas and steep terrains. All of
them are outstandingly important for the preservation of the genofund of relati-
vely rare authochthonous tree species. A relict forest of lime and yew (Tilio-Taxe-
tum) is especially important for the studied area. '
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The forest of beech with woodrush (Luzulo-Fagetum sylvaticae Mausel
1937). Analogously to acidophilic forests of sessile oak in the hilly belt, the moun-
tain belt is home to pure acidophilic forests of common beech (Luzulo-Fagetum
sylvaticae Mausel 1937). They take up relatively large areas on Medvednica and
Samoborsko Gorje and inhabit steep, most commonly northern slopes in the first
place. They occur on shallow and medium deep dystric cambisols and podzolic so-
ils over silicate substrates at altitudes up to 800 m.

Beech dominates in the tree layer. In lower areas, beech is accompanied with
sessile oak, sweet chestnut and birch, and in higher area with fir and spruce. The
shrub layer is undeveloped, with only Genista tinctoria, as well as Vaccinium
myrtillus over larger areas. The ground vegetation and mosses are dominated with
acidity-indicating species. These are woodrush Luzula Iuzuloides, Hieracium
sylvaticum and H. racemosum in the first place, as well as Pteridium aguilinum, Ve-
ronica officinalis, Melampyrum vulgatum, and mosses Polytrychum attenuatum,
Dicranum scoparium, Dicranella beteromalla. In cases of milder slopes and deeper
soils the share of neutrophilic-mesophilic species increases and this coenosis passes
into the hilly beech forest with dead nettle. These fundamentally different beech
forests have not yet been accurately differentiated in our country,

Sessile oak and common beech, with intensive participation of other species,
occur equally in certain transitional stands in the Zumberak and Samobor chains,
especially at the points where the terrain and expositions change. Phytocoenologi-
cal differentiation is difficult to carry out in such areas. Such stands were described
earlier in Slovenia under the name Querco-Luzulo-Fagetum Mar. et Zup. 1979.

Table 4 shows the floral composition of this association on the basis of 25 re-
cordings from the studied area.

The Illyrian hilly beech forest with dead nettle (Lamio orvale-Fagetum sylva-
ticae Ht. 1938). The lIllyrian hilly beech forest belongs to the alliance Aremo-
nio-Fagion and is the most important climatozonal association of the hilly belt in
Croatia. It occurs at altitudes between 400 and 800 m on Mount Medvednica, and
more rarely on other hills of the studied area. This is primarily the result of the lit-
hological substrate and soil, because silicate and dystric cambisols support the ear-
lier described forest of beech with woodrush. Beech forest with dead nettle thrives
on various expositions, flat terrain, plateaux, less conspicuous ridges and not very
steep slopes. In the Dinara region it grows most commonly on brown soils on lime-
stones and mollic leptosols, and in the Pannonian hills it inhabits a wide spectre of
different soils types, but most commonly it is found on deep dystric cambisols and
on luvisols on silicates.

Beech is the dominant edifying species in the tree layer. However, unlike aci-
dophilic'beech forests of the alliance Luzulo-Fagion, mixed stands are much more
common in this phytocoenosis. In lower areas, there are additions of sessile oak
and common hornbeam, and in the higher of sycamore, Norway maple, common
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maple and wych elm. The shrub layer is often very rich. Apart from the species
from the tree layer, there are also Daphne mezereum, D. laureola, Sambucus race-
mosa, llex aguifolium, Lonicera xylosteum, L. alpigena, Enonymus latifolia and ot-
hers. The particularly rich ground layer is characterised by some specific species of
lllyrian beech forests (Lamium orvala, Haquetia epipactis, Epimedium alpinum,
Scopolia carniolica, Euphorbia carniolica, Omphalodes verna, Calamintha grandi-
flora, Dentaria polyphylla, Geranium nodosum and others), but the species charac-
teristic for the majority of European beech forests often surpass these in terms of
coverage and richness. These include Galium odoratum, Sanicula europaea, Actaea
spicata, Carex sylvatica, Pulmonaria officinalis, Anemone nemorosa, Lilinm marta-
gon, Mercurialis perennis, Lamiastrum galeobdolon, Mycelis muralis, Dentaria bul-
bifera, Viola reichenbachiana, Euphorbia amygdaloides, Galium sylvaticum, Fraga-
ria vesca and others (Table 4).

Unlike many neighbouring and other regions in Central Europe, beech in this
region occurs in its natural distribution range. Therefore, it has not been massively
destroyed and replaced by spruce and pine cultures. Beech stands in this area have
been preserved because this hilly and mountainous region is relatively difficule to
reach, and the area has therefore not been given over to settlements, roads, vine-
yards or agricultural land.

A relict association of lime and yew (Tilio-Taxetum Glavag 1959) is fragmen-
tarily distributed in the belt of the forest of mountain beech with dead nettle. It
exists as a permanent stage on steep limestone blocks that often appear on the sur-
face. Beech, broad-leaved lime, yew and beam-tree dominate a broken tree ca-
nopy. Elements of the orders Fagetalia and Quercetalia pubscentis occur fre-
quently in the shrub and ground layers. Of special interest are the species Polypo-
dinm vulgare, Phyllitis scolopendrinm, Valeriana tripteris, Sesleria kalnikensis, en-
demic Iris croatica and others. .

Of basophilic hilly beech forests, special mention should be made of the forest
of beech forest with hop hornbeam (Ostryo-Fagetum sylvaticae Wraber /1950/
1968). This is a thermophilic, continental association of beech forests, parallel
with littoral beech forest with autumn sesleria (Trinajsti¢ 1972). It grows in sunny
positions in the sub-mountainous and mountainous belt on carbonate substrates
and basophilic soils, most frequently on mollic leptosols and rendzic leptosols on
dolomite. It reaches heights of 700 m and is best represented in the Samobor cha-
in. The tree layer is dominated by beech, but large-sized hop hornbeam, Italian ma-
ple, beam-tree and flowering ash are also common. Apart from these species, the
shrub layer consists of Rosa arvensis, Dapbne mezereum, Cornus mas and Euon-
ymuts verrucosa, while the rich layer of ground vegetation is dominated by basophi-
lic-thermophilic species, such as Erica carnea, Helleborus macranthus, Buphial-
mum salicifolium, Peucedanum oreoselinum, but also by the species of continental
beech forests.
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MOUNTAINOUS VEGETATION BELT (ALTIMOUNTAINOQUS)
GORSKI (ALTIMONTANSKI) VEGETACIJSKI POQJAS

In the area of the City of Zagreb and the Zagreb County this vegetation belt is
very distinct and simply constructed. It is characterised by beech-fir forests, which
occur as low as 500 m on the north side of Mount Medvednica and 800 m on its
south side. Apart from these, another important association is the association of
sycamore and common ash, which can sometimes be found at higher positions in
the lower hilly region.

The forest of beech and fir (Abieti-Fagettn "pannonicunt" Rau§ 1969 prov.).
Compared to beech-fir forests in the Dinara region, the beech-fir forests between the
Rivers Sava and Drava thrive in conditions of warmer climate, less precipitation,
deep dystric soils and silicare substrate in a disjunct area of Ravna Gora, Trako&¢an,
Macelj, [vani¢ica, Strahinji¢ica, Medvednica and Papuk. Since they continue onto a
prominent vegetation belt of mountain beech forests, these forests were managed as
even-aged stands due to smaller areas in the major part of the distribution belt. Se-
lection management, which favours mutual relationships and characteristics of the
principal tree species - the beech and the fir, has only recently been prescribed in
these forests. The floral composition of these forests is relatively poor.

On Medvednica, the association occurs on deep dystric cambisols and illimeri-
sed soils over a silicate substrate. The phytocoenosis thrives in all expositions and
inclinations, and descends low down in ditches.

The Pannonian beech-fir forests belong to the amphi-Pannonian vegetation
zone of the European-altimontane belt, as has already been mentioned.

The edifying species determining the appearance of the association are beech
and fir, while other important tree species include Acer psendoplatanus, Acer plata-
noides, Ulmus glabra and Fraxinus excelsior. In the shrub layer the dominant spe-
cies are Daphne laurcola and D. mezereum, while the ground layer consists of
Athyrium filix femina, Dryopteris filix mas, Dryopteris montana, Polystichum lo-
batum, Festuca drymeia, Lunaria rediviva, Cardamine enneaphylos, C. savensis,
Dentaria bulbifera, Sanicula enropaea, Galium odoratum, Actaea spicata, Pulmo-
narta officinalis, Corydalis cava and C. solida and others.

Medvedovié (1990) differentiates two sub-associations in the Pannonia be-
ech-fir forests: typicum and dentarietosum trifoliae on carbonate rocks and the so-
ils of the calcocambisol type in Croatian Zagorje. Their differentiating species are
of basophilic-thermophilic character (Viburnum lantana, Sorbus aria, Berberis vul-
garis, Sorbus torminalis, Cornus mas, Ruscus hypoglossum, Ligustrum vulgare,
Lathyrus niger, Melittis melissophyllum, Fraxinus ornus).

The forest of sycamore and common ash (Chrysanthemo macrophylli-Acere-
tum pseudoplatani [Ht. 1938/ Borh. 1963). The forest association of sycamore
and common ash, originally named Aceri-Fraxinetum excelsioris (Horvat 1938),
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occurs in the area of beech-fir forests on Medvednica, in humid and protected val-
leys in which the soil is richly saturated with large quantities of snow in winter.
One of the main ecological properties of the valleys is a long presence of snow on
the soil, which leads to increased humidity, but also to a shorter period for mi-
cro-organism activity. Such conditions are conducive to the formation of deep hu-
mus-accumulative soil horizon, because the production of organic matter exceeds
its dissolution. This is the reason why the phytocoenosis is characterised by nume-
rous nitrophilic species, of which Lunaria rediviva is particularly important.

The tree layer is dominated by precious broad-leaved species of sycamore
(Acer pseudoplatanus), common ash (Fraxinus excelsior), and frequently wych elm
(Ubmus glabra). Other species from adjacent beech-fir forests are also common,
among which the Norway maple (Acer platanoides) is particularly prominent. The
shrub layer is completely dominated by red-berried elder (Sambucus racemosa),
with the presence of mezereon and spurge laurel (Daphne mezereum and D. laure-
ola), fly honeysuckle (Lonicera xylosteum) and broad-leaved spindle tree (Eu-
onymus latifolius).

The luscious and species-rich layer of ground vegetation is dominated by ni-
trophilic species. The following species are of particular significance as indicators
of the association: Lunaria rediviva, Senecio nemorensis, Chrysanthemum ma-
crophyllum, Geranium pheum, Corydalis cava, C. solida and Telekia speciosa.
Phytocoenaological recordings from Mount Medvednica reveal frequent presence
of Galium odoratum, Dentaria bulbifera, Cardamine trifolia, C. enneaphyllos, Le-
ucoium vernum, Aruncus dioicus, Athyrium filix femina, Dryopteris filix mas, Cir-
caea lutetiana, Petasites albus, Petasites niveus, Petasites hybrida, Chaerophylium
sylvaticum, Actaea spicata, Phyllitis scolopendrium and others.

Although of a relatively modest distribution range, this association is economi-
cally very important, primarily due to the growth of relatively rare and valuable
species such as sycamore, common ash, Norway maple and wych elm.

Table 4. 'Ihe forest associations with beech
Tablica 4. Sumske zajednice s bukvom

sacision: o | LreonabeBem | s
Raud 1969 prov.

Area: Vukomericke g | Samoborsko g Medvednica | Vukomeritke g. Medvednica

Number of recordings: 1 14 10 18 _ 30

Plot size (rnz): 100-500 100-200 400 100-300 400

FLORAL COMPOSITION

Characteristic and distingnishing species of the association {Luzelo-Fagetierm) and alliance (Luzielo-Fagiva):

Preridium aquilinem (L.) Kuhn. B v . . 1l

iniperus communis L. I . . . -
Luzuia ltuzidoides (Lam.) D. W. C v v 11 1] 1
Preridium aquilintm {L.) Kohn. 1 v . 1 1
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Hieracitim simbell L v 1 . . 1
Veccinium myrtiflus L. . v 1 . .
Melaptpyriems pratense L. v v i} 11
Veronica officinalis L. v 1 I .
Heeracium racemosum WK, Vv 11 I I
Genista germanica L. v . .
Genista tinctoria L. 111 I -
Calluna vtddgaris (L) Hull. 11 1 . .
Polytrichum attenuatum Menz. D v hd 11
Lencobriwm glaucnm{L.) Schpr. v .
Characteristic and distinguishing species of the associations (Lamio orvalae-Fag and Abieti-Fagetnnt) and alliance
{Aremonio-Fagion):
Daphne laureola L. B . . . . 1
Ruscus brypoglossurm L. 1 1 . .
Dentaria trifolia W. K. C . . I 1
Dentaria enneaphyllos L. I . m
Cyclamen purpurascens L, . . . v
Hacguetia epipactis (Scop.) D.C. . [ . 1
Calamintha grandiflora (L) Mch. . . . 1
Festuca drymeia M. K. . . . m
Mercurialis perennis L. . 11 . .
Ruscus hypoglossum L. . v 1
Lamium orvala L. . . 11 . 1
Aposeris foetida (L.) Less. | . v 1
Pritmsla vulgaris Huds. - - . . 1
Knautia drynreia Heulf, - . [ 1
Vicia orobides Wulf. . I -
Cardamine trifolia L. v . 11
Stellaria holostea L. T .
Epimedium alpimum 1., - . . T .
Card: polyphylla (W.K.) Schulz. . . 1 . .
Characteristic species of order (Fagetatia sylvaticae):
Fagus sylvatica L. A v v v v v
Acer pseudoplatenus L. . . 1 I 1
Acer platasoides L. - I i
Fraxinus excelsior L. . . I 1
Fagmes sylvatica L., B v v v v 1
Acer pseudoplatanus L, . 1 1l 1
Sambuwcus racemosa L. . . . I
Daphe mezeretim L. . I 1 |
Ulwnes glabra Huds, - 1 - 1
Fraxinus excelsior L. - 1 B I
Acer platanoides L. . . I . i
Athyritem filix femina (L) Roth. C I 1 1 m v
Dryopteris filix mas (1..) Schort. I . 1\ v v
Galium odoratum (L.) Scop, I 1 v Y v
| Senecio nemorensis L. . 11 . v
Acer pseudoplasanus L. . . s} 1 v
Mycelis muralis (L) Rehb. v . I w w
| Sanicula europaea 1. 1 i n v
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Brachypoditnt sylvaticum (Huds.) L.S. m 1 1 1 1

Fagus sylvatica L. v I 1 juil .
Carex sylvatica Huds. v . v Il
Lamiastrum galeabdolon (L.) E.P. . . v v
Dentaria bulbifera L. . . 1 v 1\
Polystichran acrleatum (L.) Roth. . . . 1

Pulmonaria officinalis L. . . v . 1

Salvia glutinosa L. . I )i 1

Prenanthes purpirea L. . v I . 1
Euphorbia amygdaloides L. . I 1

Viola reichenbachiana Jord. . I v 111
Paris quadrifolia L. I 1

Scrophudaria nodosa L. . [ [}
Phyﬂ"i.ris scolopendrium (L.} Newm. . . 1

Polygonatin multifforan (L) All. . I 11

Actaca spicata L. . 11 . .

Symphytun tuberoson L, 11 I 1

Luaria rediviva L. . [ . 11
Asarurm etirgpaenr L. . i v 1

Glechoma birsuta W.K, 1 - 1
Campanula trachelinm L. 1 1 1

Ranunculus fanuginosus L. . 11 U
Geranitn robertiansim L. . . 1

Acer plataniodes L, . . 11 . 1t
Melica nutans L. - I

Sambucus racemosa L. . . . I

Fraxinus excelsior L. . 1 I

Arurt spaculation L, - 1 I

Polystichum lonchitis (L) Roth. 1
Anincus sylvestris Kostel . I

Alliaria petiolata Andrz. . . I . I

Neottia nidus avis (L.) L.C. Rich . I

Ulrmnes glabra Huds. . 1 .

Cyclamen enropaem L. m I

Eupirorbia dulcis L. 1 1

Polygonatum odoratum [Mill.) Dr. il

Characteristic species of class (Querco-Fageiea):

Carpinus betulus L. A I 1 1 m 1
Acer eanpestre L. 1

Tilia cordata Mill, . . 1

Corylus avellana L. . 1 .

Qutercus cerris L. 1 . 1 .
Carpinus betadus L. B 1 I 1l U1 1

Sorbus torminalis (L.) Cr. 1 1§ . 1 .
Corylus avellana 1. . . I 1 m
Prunus avium L. 1 . I . 1

Acer campesire L. . 1l .

Crataegus monogyra Jacq. 1) . 11

Pyrus pyraster (L.) Borkh. 1 . . 11

Crataegus oxyacantha L. . . - I

Rubus caesius L. . . . 1
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Ligustrun: vulgare L. . . . I

Cornus sangrinea L. I . I .

Lonicera caprifolivm L. 1

Tilia cordata Mill, . I

Chamaecytisus birstetus (L.) Lk. 1 . .

Carpinis betulns L. C 11 I . 11 1

Hedera belix L. 1 v I 1
Aremone nemorosa L. I . 1
Cireaea lutetiana L. . . i1} (7] I

Melittis melissopbryllum L. . . I 1

Latbyrus vernus (L.) Bernh. . . I I .
Prunella vulgaris 1., 111 . juj .
Chamaecytisus hirsutus (L) Lk. LI . 1 .
Moehringia trinervia (L.) Clairv. . . . Il
Corydalis cava (L.) Schw. K. . . . 1}
Clematis vitulba L. . 1 |

Aegopodium podagraria L. . . - 1

Platanthera bifolia (L.) L.C. Rich. . 1 11

Genrn urbantm L. . I .

Prunus avign L. 1 |1

Galitim vernim Scop, - m

Tamus communis L. . 1 I

Sarbus torminalis (L.) Cr. . I

Lonicera caprifolisim L. - . I

Acer campestre L. . 1 . 1 -
C Haria majalis L. . n . 1 1
Tilia cordata Mill. . . I .
Lathyrus venctus (L) WohlE. . - 1 -
Lycoprs europaeus L. . . 1

Cerastiurn sylvaticurm W.K. . . 1 .
Cyranchum vincetoxicum (L.} Pers. . . 1 .
Cephalantbera nibra (L.} L.C. Rich. . 1 .
Carex remota L. . I .
Cornus sanquinea L. . . [

Lonicera xylostesim 1., I

Festuca altissima All. . [

Other species:

Quercus petraea Lieh. A 1 v v v 1

Castaned sativa Mill. 11 v I I 1

Abies alba Mill, . - I v
Popueius tremuia L. 1 . .

Alunes glutinosa (L) Gaerm. . . I

Fraxinus omus L. . 1l . . .
Castanea sativa Mill. B I v [ 1 1

Rubus sp. v 11 . m v
Abies atba Mill, . . v . v
Quercus petraca Lieb. 1 m 1 .
Rubus idaeus L. . . 611
Sambucus nigra L. . - 1mn .
Frangula alutes 1. 1 1 - .
Rosa arvensis Huds. . . 1 .
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Hieracium sylvaticum L. C 11 i1 i I 3
Quercus petraea Licb. v ji . v I
Gentiana asclepiadea L. 11 i . 11 1
Doroni anstriccum Jacq. i1 I I - 1
Abies alba Mill. . . [ . v
Fragaria vesca 1. Il . . n 1
Oxalis acetosella L. . . . 11 m
Rubus sp. . - 1 1 I
Galiwmn sylvaticnr L. . 1L 1 Il I
Castanea sativa Mill. I 11 1 . [
Folypodium vilgare L. 11 . . . I
Festuca gipantea (L.) Vill, . - [
Maiantherumn bifolinm (L.) Schm, . . I
Galium rotundifolivm L. . - . 1 s
Galeopsis speciosa Mill. 11 1 I .
Dryapteris dilatata (Hoffm.) A. Gray . . - . 11
Petasites albus Gartn. . . I . 1i
Galeopsis prbescens Bess. Il 1 1 . -
Solidago virga aurea 1. . 1 B . I
Ustica divica L. . . 1 . 1
Solarum dulcamara L. . - . . 1
Glechoma hederacea L. . . . 1

Eupatorium cannabinum L. . . 1 . 1
Carex pilosa Scop. . . . . 1
Gerasium phaetimn 1. . . I . Il
Calamagrostis arundinacea {L.) Roth, . 1

Polygonatum verticillatum (L.) All, . . 11 .

Potentilla micrantha Ram. ! . 11 .

Arrencrs sylvestris Kostel. . 1 11

Carex maxima Huds. . . 11 . .
Cephalantera alba {Cr.) Simk. . I -

Primulz sp. . . I .

Staphylea pinnata L. . I [ 1

Siler trilobium (L.} Cr. . . )3 . .
Melandrium rubrum (Schk.) Roehl. . . [ .

Lycopodiur sp. . . 1 . .
| Juncus effusus L. . . 1 1 .
Carex bumilis Leyss. . . 1 -
Sambricus nigra L. . . 1 .
Veronica montana L. 1

Cephalantera longifolia (L.) Fritsch . 1

Hypericum montansim L. 11 . . .

Potentilla erecta {L.) Raeusch. 1 . . . .
Molinia litoralis Host . 1 . .

Melampyrum silvaticum L. . I . .

Servatula tincioria L. . I . .

Fraxinus ornus L. . 1 . . .
Tussilago farfara L. . 1 . . .
Explanation of abbrevations: A - Tree layer, B - Shrub layer, C - Ground vegetation layer, D - Moss layer, [ - ¥ - Degree of participarion
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THE PHYTOCOENOLOGICAL MAP OF THE STUDIED AREA
FITOCENOLOSKA KARTA ISTRAZIVANOG PODRUCJA

To draw up a phytocoenological map of the forests in the City of Zagreb and
the Zagreb County, printed and hand-written maps have been used (Bari¢evi¢ and
Vukeli¢ 1997, Pelcer et al. 1976 - 1982, Raug 1980 and 1993, Raud and Vukeli¢
1996, Trinajstic et al. 1992, Vukeli¢ 1990), as well as documentation from the Fo-
rest Management Service in the Public Enterprise "Croatian Forests". As these maps
are in much larger scales, it has not been possible to include all details and units.

The enclosed phytocoenological map is a good illustration of the diversity and
wealth of the forest vegetation. The vertical distribution of forest associations, encom-
passing the amplitude of 1,000 m and ranging from the banks of rivers to the top of
Medvednica, is particularly vivid. Forest associations in state forests have been accura-
tely and reliably defined since they have been studied in detail. The same could not be
done consistently for private forests because some of them have never been mapped.
This refers primarily to Croatian Zagorje, the northern part of the Samobor chain,
and a smaller part of Jastrebarsko and Vrbovec areas. The forest associations in these
areas have been clearly identified for the purpose of this study and the accuracy of the
phytocoenological identification is unquestionable. However, a more precise spatial
demarcation should be conducted in some future phytocoenological research.

A relatively similar problem relates to the demarcation of certain associations
dominated by one species, such as beech, for example. Three beech associations
have been included in one cartographic unit (Luzulo-Fagetum, Lamio orvalae-Fa-
getum and Ostryo-Fagetum), because they have not been spatially defined so far.
However, such deviations do not influence the validity of the survey, because the
descriptions are detailed enough to indicate specific properties and differences
among certain vegetation units. Moreover, the material needed for making this
study is complemented with original phytocoenological recordings.

We should also point out that forest cultures over larger areas are marked only
with signs, because they, as for example locust trees in private forests of the Vrbo-
vec-Zelina area, dominate the entire area, but in separate fragments of several
acres to several hectares.

The phytocoenological map contains not only the descriptions of forest asso-
ciations and research documentation, but represents a very valuable basis for the
assessment of the forest fund from the standpoint of biological and genetic diver-
sity, and provides a starting point for planning in forestry and other interventions
in this region.

CONCLUSIONS
ZAKLJUCCI

Forest vegetation in the studied area was studied in depth relatively early. It is
composed of about 20 basic associations distributed in four vegetation belts. A ma-
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jor part of the continental associations of Croatia with highly diverse and rich flo-
ral composition is represented here. Their systematic position is as follows:

Salicetea purpureae Moor 1958
Salicetalia purpureae Moor 1958
Salicion albae S06 1940
Salicetum purpureae Wendl.-Zel. 1952
Galio-Salicetum albae Raus 1973
Salici albae-Populetum nigrae Tx. 1931
Alnetea glutinosae Br.-Bl. Et Tx. 1943
Alnetalia glutinosae Tx. 1937
Alnion glutinosae Malcuic 1929
Frangulo-Alnetum glutinosae Raus 1968
Leucoio-Fraxinetum angustifoliae Glava¢ 1959
Alno-Quercion roboris Hr. (1937) 1938
Genisto elatae-Quercetum roboris Ht. 1938
Querco-Fagetea Br.-Bl. et Vlieger 1937
Quercetalia pubescentis Br.-Bl. (1931) 1932
Ostryo-Carpinion orientalis Ht. (1954) 1958
Ostryo-Quercetum pubescentis Ht. 1938
Quercion pubescentis-petraeae Br.-Bl. 1931
Lathyro-Quercetum petracae Hr. (1938) 1958
Quercetalia robori-petraeae Tx. 1937,
Castaneo-Quercion petraeae (506 1962) Vukeli¢ 1990
Querco-Castaneetum sativae Hr. 1938
Hieracio racemosi-Quercetum petraeae Vukelié
(1990) 1991
Fagetalia sylvaticae Pawl. 1928
Carpinion betuli Isll. 1932
Carpino betuli-Quercetum roboris (Ani¢ 1959)
Raug 1969
Epimedio-Carpinetum betuli (Ht. 1938) Borhidi
1963
Luzulo-Fagion Lohm, et. Tx. 1954
Luzulo-Fagetum sylvaticae Meusel 1937
Aremanio-Fagion (Ht. 1938) Torek et al. 1989
Lamio orvalae-Fagetum sylvaticae Ht. 1938
Abieti-Fagetwm "pannonicum" Raus 1969 prov.
Chrysantbemo macrophylli-Aceretum pseudoplatani
(Ht. 1938} Borh. 1963
Ostryo-Fagetum sylvaticae Wraber (1950) 1958
Tilio-Taxetum Glava& 1959
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The riparian vegetation, whose major part consists of forests of willows and
poplars (Salici-Populetum s.1.), is developed in the lowland or planar belt along the
banks of rivers. However, the forests in this belt were cleared in the past to make
way for agricultural land. In the depressions of the lowland belt the principal edif-
ying species are the pedunculate oak, narrow-leaved ash, black alder, lowland elm
and spreading elm. The growth of these associations is closely related to the relati-
vely high level of groundwater, whose drop, caused by ameliorative treatments,
has led to the dieback of forests, such as for example in Turopoljski Lug, Zutica
and elsewhere. On the other hand, excessive bogging of the biotop with stagnant
surface water is equally harmful. The basic associations of these humid biotops are
the forest of pedunculate oak with great green weed (Genisto elatae-Quercetum
roboris), narrow-leaved ash with autumn snowflake (Leucoio-Fraxinetum angusti-
foliae) and black alder with buckthorn (Frangulo-Alnetum glutinosae). The third
type of the association of the lowland region are forests of pedunculate oak with
common hornbeam (Carpino betuli-Quercetum roboris) on micro-elevations (low-
land pseudogley) with lower levels of groundwater and no floods.

The belt of lower hills extends from 150 to 400 (500) m above sea level, and
is represented by the edges of Medvednica, the hills of Zumberak and Samobor,
Vukomeri¢ke Gorice and elsewhere. The basic association is the forest of sessile
oak and common hornbeam (Epimedio-Carpinetum betuli), whose composition
contains some of the species from the Illyrian floral element, which places them
among the richest in Europe. Apart from them, acidophilic forests of sessile oak
and sweet chestnut (Querco-Castaneetum sativae), acido-thermophilic forests of
sessile oak and hawkweed (Hieracio racemosi-Quercetum petraeae) and thermop-
hilic forest associations of sessile oak and black pea (Lathyro-Quercetum petrae-
ae) and pubescent oak with hop hornbeam (Ostryo-Quercetum pubescentis) are
also significant.

The belt of higher hills (400 - 800 m above sea level) is characterised by the
most represented tree species in Croatia - the common beech. It occurs in the
well-known Illyrian’ association with dead nettle (Lamio orvalae-Fagetum sylvati-
_cae), in the acidophilic forest with woodrush (Luzu#lo-Fagetum sylvaticae), and in
the thermophilic-basophilic association with hop hornbeam (Ostryo-Fagetum
sylvaticae). The relict forest of lime and yew (Tilio-Taxetum) is of particular im-
portance due to its rarity and natural-scientific characteristics.

The mountain belt (above 700 - 800 m above the sea) is dominated by the fo-
rest association of beech and fir (Abieti-Fagetum s.1.), similar to that in the Dinara
region of Croatia. It is distributed only on Medvednica and has prominent econo-
mic and protective functions. The forest of sycamore and common ash (Chrysarn-
themo macrophylli-Aceretum pseudoplatani) also occurs sporadically.
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The studied forest associations have a natural composition and contain a rela-
tively large number of species, of which those of the Illyrian and south-east Euro-
pean character are particularly prominent. The western part of the studied area is
much more indented in terms of the relief and is richer in forests and forest asso-
ciations. The eastern part contains half the amount of forests, but their economic
and ecological value is outstanding. The south-east part of Zagreb (especially the
part along the course of the River Sava) is very poor in forests, and should be affo-
rested in the future given the importance of forests in regulating the water regime.
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SUMSKA VEGETACIJA GRADA ZAGREBA
I ZAGREBACKE ZUPANIJE

SAZETAK

U radu su prikazani rezultati fitocenoloskih istraZivanja Sumske vegetacije
Grada Zagreba i Zagreba&ke Zupanije. Grad Zagreb i Zagrebatka Fupanija nalaze
se u zapadnom, najgudce naseljenom podrugju Hrvatske. Unatoé vrlo ranoj naselje-
nosti, relativno brzom i zna€ajnom industrijskom, infrastrukturnom i svakom dru-
gom razvitku, Sume se prostiru na 143000 ha ili na gotovo 40 %% istraZivanoga po-
druéja. One su uvelike sa¢uvale prirodan sastav i strukturu pa su vrlo pogodne za
fitocenologka istraZivanja, pogotovo to ovo podrudje vrlo dobro predstavija verti-
kalno zoniranje §umske vegetacije jugozapadnoga dijela Panonske ravnice s mno-
gim predalpskim florno-genetskim obiljeZjima kakva se nastavljaju u susjednoj Slo-
veniji, Visinska razlika istraZivanih Sumskih zajednica iznosi nefto manje od tisuéu
metara (od 120 do 1 033 m n.v.) pa su Sumske zajednice bogate i raznolike u flor-
nom sastavis.

Prikaz $umske vegetacije dan je po visinskim pojasima. U nizinskom pojasu od
80 do 150 m nadmorske visine temeljno obiljezje geolosko-litoloskoj i pedologkoj
gradl, kao i vegetacijskoj slici daju rijecni tokovi Save, Lonje, Cesme, Kupe i brojni
manji vodotoci koji su veéinom meliorirani. BreZuljkasti pojas od 15 0 do 400 {500)
metara, brdski od 400 do 800 i gorski iznad 800 m nadmorske visine vrlo su raz-
li¢itih pedoloskih i klimatskih uvijeta pa fitocenologki sastav pokazuje jasno vertikal-
no zoniranje, u kojem su glavne vrste hrast kitnjak, iznad njega u brdskom pojasu
obitna bukva, a u gorskom bukva i jela. Razlitite litoloske podloge uvjetuju velik
broj Sumskih zajednica koje pripadaju razli¢itim sintaksonomskim kategorijama.

Sumska vegetacija na istra¥ivanom podru&ju relativno je rano i dobro
istraZena. Mi smo je istraZivali u posljednje Cetiri godine, no obilno smo se sluZili
fitocenologko, literaturom i drugih autora, u prvom redu Aniéa (1940), Cestara i
dr. (1978-1982), Glavaca (1958. i 1959), Rauda (1969. i 1996), Raufa i dr.
(1992), Rauga i Vukeliéa (1993), Segulje (1974), Sugara (1972} i Vukeliéa (1991).

Dvadeset temeljnjih sumskih zajednica svrstano je u sedam sveza, tri reda i dva
razreda, $to smo samo djelomice prikazali u &etiri fitocenolo3ke tablice.
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Uz prikaz je izradena fitocenoloska karta mjerila 1:100000 s 13 najvaZnijih fi-
tocenoza. Razlog je tomu 5to neke zajednice dolaze fragmentarno na vrlo malim
povriinama (razli¢ite ritske zajednice, Sume plemenitih lista¢a) ili se zbog razvijene
orografije terena i promjene sinekoloskih uvjeta intenzivno mijegaju, pa ih u mjeri-
lu 1:100000 nije moguce prikazati i toéno odrediti. Karta zbog formata nije mogla
biti tiskana uz rad i nalazi se u arhivu Zavoda za uzgajanje $uma, Sumarskoga fa-
kulteta SveudiliSta u Zagrebu.

Moie se ustvrditi da se na istra¥ivanome podrudju prostire velik dic kontinen-
talnih zajednica Hrvatske te da su raznolikoga i bujnoga flornoga sastava. Njihov
sistemnatski poloZaj je sljededi:

Salicetea purpureae Moor 1958
Salicetalia purpureae Moor 1958
Salicion albae S06 1940
Salicetum purpureae Wendl.-Zel. 1952
Galio-Salicetum albae Raus 1973
Salici albae-Populetum nigrae Tx. 1931
Alneiea glutinosae Br.-Bl. et Tx. 1943
Alnetalia glutinosae Tx. 1937
Alnion glutinosae Malcuit 1929
Frangulo-Alnetum glutinosae Raus 1968
Leucoio-Fraxinetum angustifoliae Glavac 1959
Alno-Quercion roboris Hr. (1937) 1938
Genisto elatae-Quercetum roboris Hr. 1938
Querco-Fagetea Br.-Bl. et Vlieger 1937
Quercetalia pubescentis Br.-Bl. (1931) 1932
Ostryo-Carpinion orientalis Ht. (1954) 1958
Ostryo-Quercetum pubescentis Ht. 1938
Quercion pubescentis-petraeae Br.-Bl. 1931
Lathyro-Quercetum petraecae Ft. (1938) 1958
Quercetalia robori-petraeae Tx. 1937
Castaneo-Quercion petraeae (Soé 1962) Vukelié 1990
Querco-Castaneetum sativae FHr. 1938
Hieracio racemosi-Quercetum petraeae Vukelié
(1990) 1991
Fagetalia sylvaticae Pawl. 1928
Carpinion betuli Isll. 1932
Carpino betuli-Quercetum roboris (Anié 1959)
Raug 1969
Epimedio-Carpinetum betuli (Ht. 1938)
Borhidi 1963
Luzulo-Fagion Lohm. et Tx. 1954
Luzulo-Fagetum sylvaticae Meusel 1937
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Aremonio-Fagion (Ht. 1938) Torek et al. 1989
Lamio orvalae-Fagetum sylvaticae Ht. 1938
Abieti-Fagetum "pannonicum" Raus 1969 prov.
Chrysanthemo macrophylli-Aceretum pseudoplatani
(Ht. 1938) Borh. 1963
Ostryo-Fagetum sylvaticae Wraber (1950) 1958
Tilio-Taxetum Glavat 1959

U nizinskom ili planarnom pojasu uz korita rijeka razvijena je ritska vegetacija
Ciji glavni dio ¢ine vrbove i topolove 3ime (Salici-Populetum s. 1.). No, u tom su po-
jasu ume u proslosti iskréene, a tlo privedeno poljoprivrednoj proizvodnji. U udu-
binama i nizama nizinskoga pojasa glavne su edifikatorske vrste hrast luznjak,
poljski jasen, crna joha, nizinski brijest i vez. Pridolazak tih zajednica u uskoj je vezi
s relativno visokom razinom podzemnih voda Cije spustanje zbog meliorativnih
zahvata izaziva sudenje Sumskih sastojina, na primjer u Turopoljskom Iugu, Zutici i
drugdje. § druge strane, jednako je opasno i prekomjerno zamoé&varenje biotopa
zastojnom povriinskom vodom. Temeljne su zajednice tih vlaZnih stani$ta $uma
hrasta luZnjaka s velikom Zutilovkom (Genisto elatae-Quercetum roboris), poljsko-
ga jasena s kasnim drijemovcem (Lencoio-Fraxinetum angustifoliae) i crne johe s
trusljikom (Frangulo-Alnetum glutinosae). Treéi tip zajednica nizinskoga podrugja
su Sume hrasta luZnjaka i obi¢noga graba (Carpino betuli-Quercetum roboris) na
gredama (nizinski pseudoglej) s niZom razinom podzemnih voda i bez poplava.

Brezuljkasti ili kolinski vegetacuslu pojas prostire se na rubovima Medvednice,
Zumberackoga i Samoborskoga gorja, u Vukomeri¢kim goricama i drugdje. Te-
meljna je zajednica $uma hrasta kitnjaka i obi¢noga graba (Epimedio-Carpinetum
betuli), u &jem se sastavu nalaze neke vrste ilirskoga flornoga elementa, 3to ih
svrstava medu najbogatije u Europi. Uz njih su znacajne acidofilne sume hrasta kit-
njaka i obi¢noga kestena (Querco-Castaneetum), acidotermofilne 3ume hrasta kit-
njaka s runjikom (Hieracio racemosi-Querceium peiraeae) te termofilne Sumske za-
jednice hrasta kitnjaka i crnoga grahora (Lathyro-Quercetum petraeae) i hrasta me-
dunca s crnim grabom (Ostryo-Quercetum pubescentis).

Brdski ili montanski pojas obiljeZava najprogirenija vrsta drveéa u Hrvatskoj —
obi¢na bukva, i to u poznatoj ilirskoj zajednici s mrtvom koprivom (Lawio orva-
lae-Fagetum sylvaticae), u acidofilnoj Sumi s bekicom (Luzulo-Fagetum sylvaticae)
iu termofilno-bazafilnoj zajednici s crnim grabom (Ostryo-Fagetum sylvaticae). Po
rijetkosti i prirodoznanstvenoj zanimljivosti na Medvednici se istide reliktna Suma
lipe i tise (Tilio-Taxetun).

U gorskom ili altimontanskom pojasu prevladava bukovo-jelova 3umska zajed-
nica (Abieti-Fagetum s.1.), sli¥na onoj u Dinaridima Hrvatske, Rasprostire se samo
na Medvednici i istaknute je gospodarske i zastitne funkeije. Uz nju sporadi¢no pri-
dolazi Suma gorskoga javora i obi¢noga jasena (Chrysanthemo macrophyili-Acere-
tum pseudoplatani).

[straZene Sumske zajednice prirodnoga su sastava, s relativno velikim brojem
vrsta u kojima se isti¢u vrste ilirskoga i jugoisto&noeuropskoga karaktera. Zapadni,
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reljefno mnogo razvedeniji dio istraZivanoga podrudja bogatiji je Sumama i Sum-
skim zajednicama. U istoZnom dijelu dvostruko je manje $uma, no one su gospo-
darski i ekolodki iznimno vrijedne. Sumama je vrlo siroma$no podruje jugoi-
sto¢no od Zagreba (poglavito uz savski tok), pa ée ga u buducnosti trebati pofumiti
zbog velikoga znadenja $uma u reguliranju vodnoga reZima.

Klju¢ne rije¢i: jumska vegetacija, florna struktura, Grad Zagreb, Zagrebacka
Zupanija
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The Zagreb County is situated in the west part of central Croatia. Together
with the city of Zagreb it covers the surface of 3.720 km?, that is approx. 6,6%
of the territory of the Republic of Croatia. The surface under forests and forest
land is 1.560 km?, that is about 43% of the County surface.

In the constelauon of pedogenetic factors, the characteristics of forest
ecosystem pedosphere in the Zagreb County are based on the physiographic
properties of the following soils:

1. rendzic leptosol

2. dystric cambisol

3. calci-mollic cambisol

4. luvisol

5. planosol

6. gleysol.

In combination with these soils, as secondary units and inclusions, there
occur also: regosol, rendzic-lithic leptosol, dystric leptosol, eutric cambisol,
fluvisol, humic fluvisol and gleyic planosol.

In the spatal division of forest pedosphere of the County, 5 mapping units
comprising the largest forest complexes are distinguished in particular. These are:

1. mapping unit with the soils on carbonate substrata of Zumberak and
Medvednica

2. mapping unit with luvisols and planosols of VukomeriZke gorice

3. mapping unit with prevailing planosols of piedmont regions and hills

4. mapping unit with gleysols of the Kupa basin, Turopoljski lug, Varoski
lug and Lonjsko polje

5. mapping unit with dystric cambisols on metamorphites of Medvednica.

These 5 mapping units cover more than 63% of the County forests and are
bearers of basic characteristics of the complete forest ecosystem pedosphere.

Key words: Zagreb county, soil, pedosphere
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INTRODUCTION
UuvoD

The Zagreb County is situated in the western part of central Croatia. Together

with the c1ty of Zagreb it covers an area of 3.720 km?, that is approximately 6,6%
of the territory of the Republic of Croatia. Forests and forest land cover 1.560
km?, or approximately 42% of the total surface of the County1. Such high percen-
tage of forest area as well as the fact that one third of the population of Croatia li-
ves in this County indicate the importance of forest ecosystems for the County.
For stable forest ecoystems a very important feature is multifunctionality of soil.
The soil is a key ecological niche of forests, which by its production, protective and
infrastructural roles is bearer of forest multifunctionality, and so is for most forests
in the region of this County, too.

The first scientific researches of features of soils in this reglon including con-
ditions of their origin and development, date from the 19% century and refer to
farmland. The first more intensive researches of forest ecosystem soils are the
works of Gradanin (1939, 1941, 1948, 1960), KovaZevié et al. (1963), Martinovié
(1975), Mayer {1976) and Vrankovié (1973). The most extensive pedological rese-
arches in Croatia refer to the preparation of the national soil map. In the period
from 1960 to 1985, the whole of the County area was analyzed and mapped in sca-
le 1:50 000. The Zagreb County is covered by 18 sheets of soil map. The results of
this inventory of soils - i.e. the sheets of soil map with explanations and mono-
graphy of soils of the upper Posavina (Kovadevié et al. 1972) - make the basis of
this paper in the analysis of physiographic properties and geographical features of
forest soils.

FEATURES OF SOIL GENESIS
ZNACAJKE GENEZE TLA

The pedogenetic factor (the factor of formation - origin and development - of
soils) is a substance, force, condition or relationship, or a combination thereof,
that acts, has acted or can act on the soil parent material and/or on the soil in the
direction of its change (Buol et al. 1980).

According to the actual understanding of soil genesis, the pedogenetic factors
are: parent material, climate, relief and organisms, and their main sources are: lit-
hosphere, atmosphere, hydrosphere and biosphere.

Sizes of areas given in this work have been determined by digitalization of the available cartograp-
hic materials, namely of the topographic map in scale 1:25 000, from which the forest countours were
taken, and of the Basic Pedological Map of the Republic of Croatia in scale 1:50 600.
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PARENT MATERIAL
MATICNI SUPSTRAT

In terms of lithology, the region of the city of Zagreb and the Zagreb County
is of a very complex and distinctly heterogenous structure. Distribution of forests
being chiefly in a mosaic-like form, the characteristics of parent material are de-
scribed here for the entire

County, and the main data source is the basic geological map of this area
(Basch 1983, Pikija 1987, Sikié et al. 1978). In this area, 5 geomorphological and
lithological complexes with a large number of lithological units can be distingui-
shed, namely :

[. Medvednica

II. Flatland and hilly area of the left Sava riverside

I11. Alluvial Sava valley

IV. Samoborsko gorje and Zumberak

V. Pleivica piedmont region and Vukomeri¢ke gorice with the central hilly

area and the Kupéina basin.

Such division, however, corresponds only partly with the geological or geotec-
ktonical characteristics of the region, but in terms of the pedogenetics, it establi-
shes the best relationship between the parent material, vegetation and relief,

Medvednica mountain
Medvednica

The basic, central ridge of Medvednica is built of metamorphosed diabases
and gabbros, and, to a larger extent, of the low level metamorphism schists known
as the representatives of green schist facies (Velié, 1994). They show a great va-
riety of structure. Thus, for instance, there were found clay schists, quartz-serici-
te-clay schists, calci-quartz schists, quartzites, marbles and phyllites. On the surfa-
ce they are quite crumbly, especially varieties with clay (tendency to swell). On
these rocks, dominant soil units are dystric cambisols and dystric leptosols.

On the north-east Medvednica, generally the metamorphosed carbonates as
well as the quartz-sericite and quartz-chlorite schists are distinguished.

The west and south-west parts of Medvednica are of extremely complex struc-
ture. On the north-west mountainsides there is a group of sediments with sandsto-
nes, siltites, as well as limestones and dolomites with sporadically marked bedding
(thin bedded micaceous sandstones and flaky marly limestones). The west and so-
uth-west Medvednica, in general, is predominantly of calcareous-dolomitic struc-
ture.

The southern slopes of Medvednica, from Podsused to Sestine, Markugevec
and Culerje is a variable width zone of various sedimentation products, such as
breccias, conglomerates, marls, clays and limestones. Southwardly, this zone is
continued by marls, clays and sands. The southernmost and south-east slopes of
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Medvednica are built of the so-called slope and terrace sediments: loams, clays,
sands and gravels, in frequent mutual alternations (Sikié¢ et al. 1978).

Flatland and Hilly Region of the Sava Left Riverside
Ravnicarsko i breZuljkasto podrudgje lijevoga savskoga zaobalja

1. The Upper Pontic sands, marls and clays of the south-east slopes of Medve-
nica extend in the form of a wide belt from Remete to the east and north-east, as
far as to the Lonja River valley. A typical enclave of such sediments is Stakorovecki
brijeg, too. The most often they include also larger or smaller amounts of silt size
particles, so there are transitions toward silty sands, sandy silts and finally silts
with the sand component of as low as 15%.

2. The terrestral carbonate-free loess is a typical sediment of the northern part
of this complex. It is mosaically criss-crossed by alluvial, moor argillaceous and ar-
gillo-silty, and deluvial-proluvial sedimentary materials.

The terrestrial loess deposits have been preserved on the lowest south-east slo-
pes of Medvednica, from the northern part of the Zagreb urban area in the west to
Zelina and Salovec in the north-east. They lie on morphological elevations near
Dugo Selo, Glavni&ica and Stakorovec. The soil types predominant on these sedi-
ments are planosol and luvisol.

3. Large areas of diluvial-proluvial sediments are distinguished in the north
part of the Zagreb urban area, as far as to Sesvete. The narrow elongated forma-
tions lie at the foot of morphological elevations near Dugo Selo and Stakorovec,
the largest area being located in the Zelina depression between Saginovec and the
Nespes stream valley. The marshy-moor sediments are a typical unit in the south
part of the complex. They extend to the east from Zagreb as far as to Vrbovec, so-
uth from the magistral road Zagreb - Bjelovar, to the south to Ivanié¢ and in the
narrow tarrace segment of the Sava alluvium between Zagreb and Oborovo. Here,
the question is about gleyed loess which, unlike the terrestrial one, nearly always is
calcarecus. In the flood planes of Crnec, Lonja and Zelina, this loess is overlaid by
sediments of recent marshlands (most of them reclaimed now), which are thin (< 1
m) and present the markedly humizated clay silts (Basch 1982).

4. Sediments of recent streams are laid perpendicularly to the sloping grounds
of Medvednica east and south-east slopes in the flood plane of Vrbovec’s Crnec,
Dulepska and the Lonja River upper stream. They are of a very heterogeneous lit-
hological structure.

The Sava Flood Valley
Naplavna savska dolina

The Sava flood valley is characterized by gravel-sand and loam-clay deposits
overlaying the old lacustrine sediments.
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1. The alluvium of recent streams is limited now to small river islands, beaches
and sand-shelfs of the Sava River and to a lesser degree of the Krapina River.

2. The alluvium of the Sava first and second terraces is, in some localities,
more than 100 m thick. Its average thickness is between 30 and 40 m; in the longi-
tudinal profile it increases in the west-east direction while in the cross-section it
decreases when approaching the Sava valley edges.

The second Sava terrace is developed with minor interruptions throughout the
Sava stream, from the border with Slovenia to Oborovo. It consists of alteration of
coarse-grained gravels and sands. The amount of sand in relation to gravel increa-
ses in the south-east direction, and petrographic structure is very varied. Most of-
ten there occur well rounded and elongated pebbles of carbonate rocks, then of
chert, quartzite, sandstone and eruptive rocks.

The first Sava terrace is developed fragmentarily along the Sava stream, from
the Slovenian border to Jakusevec. It is less wide than the previous one and on it
dominant is the coarse-grained gravel. The layers of pure sand are thinner and less
frequent, but mineral composition is the same as in the second terrace.

3. The flood sediments (the inundation area facies), as a thin cover of fine-gra-
ined material, lie over almost the entire Sava River valley. These are mainly
sand-clay silts with transition into silty clays.

Samoborsko gor]e and Zumberak
Samoborsko gorje i Zumberak

This south-west area of the City and the County is characterized chiefly by cal-
careous sediments. These are dolomites, subordinately limestones, marls, shales,
cherts and tuffs of Triassic age. The Upper Triassic dolomites are the most impor-
tant lithological elements and soil parent material in the east Zumberak pedosphe-
re. They extend from the Sava and Krka Rivers in the north to PleSivica - Slaveti¢ -
Rude stretch in the south. In the north-east Zumberak as well as in the central part
of Samoborsko gorje there are also deposits of Jurassic limestones, calcareous brec-
cias, siliphicated limestones, cherts and dolomites.

In addition to these sediments, in a somewhat larger area there are also, mosai-
cally spread, the Upper Cretaceous breccias, conglomerates, shales, marls, calcare-
ous clastites and cherts.

Plesivica piedmont region and Vukomeric¢ke gorice
with the Kup¢ina basin
Plesivicko prigorje i Vukomeri&ke gorice sa sredidnjim brezuljkastim
podrudjem i dolinom Kupdine

In its western part, in the region of Pledivica and Samoborsko gorje, this com-
plex is a continuation of marls, sands, sandstones, conglomerates and breccias.
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This is a unique zone from Sv. Nedjelja through Sv.Jana to Novakovi¢a gorice.
Thus, the region of Samobor presents a lithological enclave with proluvial gravels,
sands and clays in its piedmont part, and terrestrial carbonate-free loess in the val-
ley near the Sava River. These Aeolic deposits of terrestrial loess continue from
Sv.Nedjelja and Marija Gorica hills through the continuous zone of Turopolje to
the south-east, between Vukomericke gorice and the Sava valley. Their main cha-
racteristic is a very small percentage of calcium carbonate, and they are known also
by the name of “clayed loess”, “carbonate-free loess” and “marbled loams” (Pikija
1987).

In the east part of this zone, near Bugevec, between Vukomericke gorice and
the Sava valley, there are the deluvial-proluvial silts, sands and gravels, while mo-
saically between Rakov Potok and Hudi Bitek as well as near G. Lukovac, the moor
loess deposits occur, too (Sikié et al. 1978).

The south part of the City and the County is represented, in terms of litho-
logy, by the Plio-Pleistocene sediments - gravels, sands, clays and sporadically
sandstones and conglomerates. This is the region from Rakov Potok to the south
and south-west, as well as to the south-east through Vukomeri¢ke gorice as far as
to Pokupsko. The fine-grained sediments are determined as sands, silty sands, clay
sands, silts, clay silts and silty or sandy clays.

Table 1. Typical lithosequence in the Zagreb County forest pedosphere
Tablica 1. Karakteristicne litosekvence u pedosferi Suma Zagrebacke Zupanije

Nr. Rocks Soil
Br. Stijene Tlo
1 Quartz-sericite-schists, green schist Distric leptosol - Distric cambisol
Kuarc-sericitni Skriljac, zeleni $kriljac Ranker - districni kambisol
5 | Quartz-calcite-sericite schists, calcite phyllites Rendzic [eptosol - Eutric cambisol
Kuarc-kalcit-sericitni Skriljac, kaleitni filiti Rendzina - eutriéni kambisol
3 Clays, loams Planosol
Gline, ilovine Psendoglej
4 Sacharoide dolomite Rendzic leptosol
Sabaroidni dolomiti Rendzina

The southern part of this complex, toward the Kupéina and Crna Mlaka basin,
is built mostly of the Holocene clay deposits with interbeds and lens of sands, clay
sands and clay gravels.

From the point view of soil genesis, the most important characteristics of
rocks are chemical composition and wear properties. In this respect we can talk
about rocks with different status of nutrients, the rocks with various physical and
chemical properties of wear, and finally the lithosequence of soils (Tab. 1).
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CLIMATE
KLIMA

Climatically, the Zagreb County is a transitory region where, in addition to
the influence of general circulation characteristical for these latitudes, a strong mo-
difying influence of the Pannonian plane and the large mountain ranges of Alps
and Dinaric Alps is felt either, that compensates to a certain degree the Atlantic
and especially the Mediterranean influences.

In terms of the general climatic characterization, the Zagreb County according
to the Thorntwait’s classification has humid climate, and according to the Kop-
pen’s classification moderately warm rainy climate of Cfwbx” type. Over the year
there is no dry season, and precipitations are distributed in a regular manner. The-
se climatic features exclude the frosty and exudative type of soil water regime. The
extreme climatic characteristics in the sense of climate perhumidity are typical for
the highest parts of Medvednica and Zumberak only. With regard to the recogni-
zable influence of recent climate to the pedogenesis, it can be said that in this rela-
tively small region there are no climate-sequence soils, namely the series of soils
whose pedosystematic belonging and physiographic characteristics are attributable
to the climatic influence only.

On some soils of this region, according to their physiographic properties and
the general characteristics of pedosphere, the Paleoclimatic influences are noticea-
ble, which are attributable to the Pleistocene period. These are as dominant in one
case the typical endomorphological symptoms of the so-called tundra soils, which
are present in the largest number of silty and silty clay soils on loams and clays.

ORGANISMS
ZOOCENOZA

Organisms, as a group of pedogenetic factors, play an important role in the
soil genesis, in particular by the production of organic matter, the organic and mi-
neral substance transformation processes and the migration processes. The most
evident determinant of organisms as the factor of soil genesis is vegeration. The
question is of course, about the soils under one and only type of vegetation, the fo-
rest vegetation, so in this sense we can talk about the influence of particular forest
species or associations on the properties of the soil and its evolution. This being
outside the framework of the general description of soils, it is enough to say that
the forest vegetation structure is made of a wide spectrum of associations, from the
willows and poplars of the Sava alluvial terrace to the beech forests and the beech
and fir forests in the upper parts of Medvednica and Zumberak, and that there are
no distinctly marked phytosequences.
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RELIEF
RELJEF

By redistribution of substances and energy on the soil surface, the relief plays
an important role in the soil development and in the formation of physiographic
properties of particular soils.The most direct influence of relief on soil properties,
by means of the redistribution of substances on the soil surface and by lateral mo-
vement of water through the soil profile, is seen in the conditions of pronounced
inclinations of the ground Physical wearability of parent material and excessive
anthropogenetic impacts in such circumstances are factors which facilitate gradual
impoverishment of the upper, higher parts of the ground in organic matter, the de-
crease of profile depth and a general change of soil physical properties, in both the
deflation zones and the accumulation zones. In the conditions with carbonate pa-
rent material, such as flysch and marl, the shallow soil and high pH-value in the
upper parts of the slope, as well as the hlgher depth and power of humus-accumn-
lating horizon in the slope lower parts are particularly visible.

The influence of relief on the distribution of soil types can be shown by the to-
posequence type series on the mountains and hills as well as by the hydrotopose-
quence type complexes in flatland parts of the County.

The influence of relief on the general pedogenetic processes is manifested
most by the migration of soil solid particles and solution, The term used most often
to designate carrying of soil particles over the surface and their accumulation in
less turbulent parts of relief or water basins is erosion.

Under conditions of steeper slopes, being exposed also has an important influ-
ence on organic matter transformation processes and this by the correction of
hydrothermal regime and microbiological activity. This affects humification, mi-
neralization of organic matter etc.

In the flatland parts of the County, by regulating water table in relation to the
soil profile (and surface) and by distributing the flood and stagnant water over the
soil surface, the microrelief forms determine the intensity and dynamics of oxido-
reduction processes in the soil, namely various types of hydrogenization.

The analysis of pedogenetic factors of forest soils in the Zagreb County indica-
tes a great variability in the structure of soil cover as well as in the soil properties
and evolution trends. A specific character to this variability is provided by parent
material and relief, so a clear distinction is possible between:

* soils on silicates and metamorphites of Medvednica

* soils on limestones and dolomites of Zumberak and Medvednica

* soils on cohesive carbonate clastites

* soils on alluvial clastites

* soils on Aeolian sediments

* soils on pleistocene loams and clays,

and on the other side:

* s50ils of inundation areas
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* soils of terrace planes
* s50ils of fluvial-marshy planes (Crna Mlaka depression)
* soils of loess plateanx
* soils of hills (Vukomeritke gorice, Marija Gorica hills)
* soils of premountam steps
* soils of mountain ranges (Medvednica and Zumberak with Samoborsko gorje).

PHYSIOGRAPHICAL PROPERTIES OF SOILS
FIZIOGRAFSKA SVOJSTVA TALA

The properties of soils for such pedogenetically heterogenous region can be il-
lustrated on the most frequent soils and soil groups. The question being about fo-
rest ecosystems, the largest weight is given to the most important soil properties
for the growth and development of forest vegetation.

RENDZIC-LITHIC LEPTOSOL
VAPNENACKO-DOLOMITNA CRNICA

The rendzic-lithic leptosol is insignificantly represented soil, and this on the
highest peaks of Zumberak only. The soil is developed over pure limestones, it is
shallow, very humose and of neutral to weakly acid reaction. It is mostly in the
form of cambic rendzic-lithic leptosol. These soils are of a very low production po-
tential, occurring as inclusions with calci-mollic cambisols and luvisols.

RENDZIC LEPTOSOL
RENDZINA

The rendzic leptosol has a very large share in the forest ecosystems of the Za-
greb County. The most frequent are three subtypes:

- rendzic leptosol on dolomite

- rendzic leptosol on mar] and marly limestones

- rendzic leptosol on Miocene limestones.

Rendzic leptosol on dolomite is almost always the low production potential
soil, and stands with such soil are characterized by dry and shallow rhizosphere
ThlS rendzic leptosol subtype is represented most in the cartographic units 4 and 6,
in the region of Zumberak and Samoborsko gorje, on the south and south-east slo-
pes of Medvednica as well as in its north-east part. The dominant influence on the
pedogenesis and properties of this soil has parent material - the physically very we-
arable dolomite. The soil evolution on such material being very slow, rendzic lep-
tosols are the dominant type of soil on it. These soils are normally shallow, no mat-
ter whether calcareous, decarbonated or cambic. In the cambic varieties the depth
is somewhat higher (more than 30 cm on the average). They are characterized by
meagerness on the plant available phosphorus (Tab. 2). On these soils generally
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Table. 2, Mean parameter values of physiographic properties of the A-harizon of some frequent soils
Tablica 2. Srednje vrijednosti parametara fiziografskih svojstava A- horizonta nekib zastuplfenijib tala

Texture H
Meharn, sastav - sadriaj cestica (%) P Mab. | Mob,
Depth of i pit Total | Phosph | Potass.
: Gravel sand; Krupni pijesak (KP) . P Karbonates
. . A- herizon " Qi Humus | nitregen | Mob, | Mok s
Soil Parent marerial Plant community " Deblj, Fine 53';‘_‘{-5}5:;}:“3%-‘4& (s | Homs | Ulsomi | st | kit fé?gg";‘
Tlo Madigni supstrat Biljna zajednica A- horiz. G lirlla;, Clay (G H;O Kl dulite Akl
«n | on [ ] o PO | K0
{em) % g kg-1 mg kg-1 gkg-1
. Epimedio-Carpinetum
Limessones | ook e, 1938/ Boch. | 4 20.0 94 | 318 | 310 (278 79 | 69| 177.8 | 9.40 90.7 | 234.8 97.5
Readzic leptosol Mekani vapnenci etieli /] ;‘953 / Borch. 3 . . . . . 5 . E ., \ .
Rendzina -
%‘:},“‘J’:::: 3 17.0 39 | 233 |450 |278 | 7.5 [ 64| ge0 | 277 85 | 1400 86.3
Sicnatic i | oo | Lamoemuicfogn | 5 | 160 | ss | asa e 26| 5 [as | 07 | 520 | aso [smas| oo
Eutric ¢ambisol Marl
Eutrizno smede tho Lapor 5 7.5 38 340 343 (279 ] 61 | 5.1 88.6 4.12 39,0 | 274.8 0.0
Schist Luzulo-Fagetm | 15 | 3 158 | 341 | 310 (190 | 49 [39] 1115 | 407 | 730 | 1789 0.0
Dystric cambisal Skriljci sylvaticae Hr. 1938 . ’ ) ’ y ) - - . ’ i '
Distriéno smede tlo .
;;:;;; Querco-Castanectum | 5.0 .6 | 173 [ 299 |223| 46 | 39| 2160 | 590 | 1125 | 2088 0.0
Luvisol Loess Carpina betuli-Querce-
Lesivirano tlo Prapor ez roboris JAnic 1959/ | S 6.0 30 47.8 3.6 [ 176 | 5.2 | 3.9 53.6 2.34 66.2 | 134.2 0.0
i po cmend. Raug 1969
Epimedio-Carpinetum
Planoso! botwdi Ht. 1938/ Borh. | 9 16.0 43 | 359 | 407 [ 192 ] 48 [37| 376 [ 141 53| 982 0.0
Psevdoglef 1963
PI:[ismccrlc a . o 9 9.0 1.6 38.8 41,2 [ 18,4 | 4.8 | 3.9 59.3 2.83 18,9 | 139.8 c.0
Jams eHisto elatae-Querce-
Progaiosel || Pleistocenske | cum oboris H 1338 | 3 | 129 13 | 209 |a38 33952 40| 647 | 333 | 1210 | 1683 | 70
- ilovine
Gleysol Carpino betnli-Querce-
yser trn roboris fAni& 1959/ 3 12.0 0.9 47.7 31,7 [ 196 | 47 | 4.0 49,7 2,83 93.0 | 1347 0.0
Mocvamo glefro tlo
s emend, RauZ 1969
Ao i |Salicitopriemmgree | 3 | 130 21 | 485 | 365 [126| 7.6 |70 680 | 175 | 357 |10%0| 2191
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the beech forests of poor standing grow, most of which of a limited economic im-
portance. On the south-east slopes of Medvednica and on Zumberak, the sessile
oak and hornbeam forests are developed on such rendzic leptosols, too.

Rendzic leptosol on marl and marly limestone is found on Zumberak, in the
north-east parts of Medvednica and on Marija Gorica hills. These are mostly deeper
soils with a higher production potential than that of the rendzic leptosols on dolomi-
te. Symptomatic for these soils is that their depth corresponds relatively well with
the inclination of slopes (KovaZevi¢ et al. 1972). Thus, on steep slopes these rendzic
leptosols are calcareous to the very surface, while on slight slopes they are debasifi-
cated, cambic and in alteration with eutric cambisols and luvisols. By texture, they
are predominantly clay loams, of moderate to poor permeability and on slopes very
susceptible to erosion. On these soils, on Zumberak and Medvednica, the beech fo-
rests and the sessile oak-hornbeam forests are represented about equally, while on
Marija Gorica hills the sessile oak - hornbeam forests of medium standing grow.

Rendzic leptosol on the Miocene limestones occupies relatively small areas in
the area of calcareolus parent material. In relation to the rendzic leptosols on dolo-
mite and marl, this rendzic leptosol subtype has the most favorable physiographic
properties for forest vegetation growing.These soils are with a relatively deep
A-horizon (Tab. 2), of loamy texture. On them, on Medvednica, the sessile oak
and hornbeam forest grows, less frequently the beech forest, while on Ple$ivica and
Marija Gorica hills the sessile oak and common hornbeam forest is developed.

In addition to the said rendzic leptosol subtypes, it is interesting also a mosaic-like
occurrence of rendzic leptosols on calcitic phyllites on Medvednica (Vrankovi¢ 1973),
where they occur in combination with dystric cambisols and dystric leptosols.

DYSTRIC LEPTGSOL
RANKER DISTRICNI

The dystric leptosol occurs on phyllites and schists on Medvednica. This soil is
limited to steeper slopes, where it represents a permanent stage due to erosion and
colluvial processes. It is usually in association with the dystric cambisol which is
the main constituent in such association. This is a shallow to moderately deep and
skeletal soil, with the lowest production potential of all other soils on the rocks of
green schist facies. It is of acid reaction, loamy texture, very humose, and the limi-
ting factor of its fertility is shallowness.

CALCI-MOLLIC CAMBISOL
SMEBE TLO NA VAPNENCU

This soil occurs on pure limestones in the central and southern parts of Zum-
berak as well as in the north-east part of Medvednica. It is in association with ren-
dzic-lithic leptosols and luvisols, as well as rendzic leptosols. With rendzic lepto-
sols it usually occurs in a mosaic-like form on dolomite which physically do not
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wear so much, so in the profile there is a very thin layer of worn away carbonate
on its bottom. The moderately deep and deep varieties of these soils are of high
production potential, with loamy to clay-loamy texture, and on them the high qua-
lity beech stands are developed. The lowest quality is in the soils in association
with rendzic leptosols, and shallow varieties in general.

DYSTRIC CAMBISOL
DISTRICNO SMEBE TLO

The genesis of this soil is connected with the quartz-silicate metamorphites and
sediments of Medvednica, Zumberak (the parts of Pledivica and Samoborsko gorje)
and Marija Gorica hills. These are soils of A~{B)-C profiles, of acid to high acid reac-
tion (Tab.2), loamy to sandy loamy texture, and their depth depends on the kind of
parent material (slates, schists, phyllites, sandstones, conglomerates, cherts, sands), the
direction of schistosity in schists and phyliites and the inclination of slopes. Their pro-
duction potential depends on the depth and the trophic level. The low fertility va-
riants are sandy, shallow, possibly skeletal, very acid and with a poor cation exchange
capacity (CEC). On these soils, the beech and fir associations, the mountain beech fo-
rests, the sessile oak and sweet chesnut forests and the sessile oak forests grow.

EUTRIC CAMBISOL
EUTRICNO SMEBPE TLO

This soil is developed on marls, Miocene limestones, loess and carbonate allu-
vium. The largest areas of the eutric cambisol on marl and Miocene limestons are on
Zumberak, while other variants occur in rare inclusions with other soils, so stagnic
and gleylzed variants are found, too. The eutric cambisol on marl and limestone has a
high production potential. These soils are moderately deep to deep, of loamy clay tex-
ture, of low acidity and with the high base cationic exchange capacity. On these soils,
the mountain beech forests and the sessile oak and common hornbeam forests grow.

/
LUVISOL
LESIVIRANO TLO

This soil is very frequent in the County forest ecosystems. It occurs in different
variants and forms on both the carbonate and the silicate and silicate-carbonate pa-
rent material, except on sandstones, alluvial sediments and diluvial clays. The most
frequent varieties are those on loess and loams of Vukomeritke gorice, while so-
mewhat less frequent are varieties in the PleSivica boundary area and to the north
from Vrbovec. These soils are deep to very deep, and of very high production po-
tential. On the luvisols of Vukomeritke gorice and Pledivica the sessile oak and
common hornbeam association and the beech forests are developed, while in level-
led positions, on the pseudogleyized or gleyized varieties, the common oak and
common hornbeam forests grow. On Medvednica, the luvisols on metamorphites
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are very rare, usually in lower, levelled positions. On Zumberak, they are a bit
more frequent and occur on limestones and marls in the mountain beech forests
and the sessile oak and hornbeam forests. On such parent material, these are the
soils with the best physiographic properties and of the highest production poten-
tial. For this reason, in the past many of them were made suitable for farming by
forest clearing, especially those in level positions.

REGOSOL
KOLUVIJALNO TLO

Regosol is soil occurrmg usually in stream and torrent gullies of Medvednica,
Zumberak and Samoborsko gorje, especially on levelled parts of steep slopes. The
physigraphic properties of these soils do not depend on the properties of parent mate-
rial but on the material displaced from higher positions in relief. This fact explains the
great diversity in physiographic properties of these soils. Nevertheless, it can be said
that, in the cartographic units in which these soils are found, the most often they are
of the highest production potential. In rare cases, however, as a limiting factor a high
skeletal character or prevailing reduction conditions inside the profile occur.

PLANOSOL
PSEUDOGLE]

The planosol is the most represented type of soil in the forest ecosystem pedo-
shpere of the County. Especially spread is the slope subtype on diluvial loams and
clays. Dominant on this soil is the sessile oak and hornbeam forest, and to a lesser
extent the mountain beech forest. These are acid to very acid soils of [oamy textu-
re, with very bad drainage characteristics and unfavorable proportions of capillary
and non-capillary pores. Nevertheless, in the natural forest ecosystems of the Co-
unty, these are the soils of a high production potential. In relation to the planosol
on loams, the planosol on marl and loess is an eutric variant with favorable physio-
graphic properties (pH value in water above 5,3, the high CEC value).

The flatland planosol is characterized by a slight lateral flow inside the profile,
with the wet phase longer than that in the slope subtype. On this soil, the most fre-
quent association is that of sessile oak and hornbeam as well as the association of
common oak and large greenweed. Of all forest soils, the planosol has the smallest
humus reserve per unit of surface.

. GLEYSOL
MOCVARNO GLEJNO TLO

This soil is hydrologically conditioned either by the high ground water table
(inside the profile or even above the surface) or by an extremely bad natural drai-
nage of relief depressions. This results in the occurrence of reduction processes in
a part of profile or in the whole profile.
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Depending on the origin of excess water and the character of hydrogenization,
the various subtypes of gleysol occur. Particularly unfavorable, physiologically, are
amphygleyic gleysol vertic varieties. The correction factor of physiographic pro-
perties of these soils is their water regime. This is at the same time also the limiting
factor of production potential when the prevailing reduction conditions inside the
profile are concerned.

Gleysol is the most represented on the alluvial sediments of the Sava flood pla-
ne. This includes the north-east parts of Odransko polje (Turopoljski lug) and Lon-
sko polje (the Zurica forest). A larger forest surface with gleysols is also the forest
complex Varoski lug, between Vrbovec and Ivaniégrad, as well as the parts of the
Kupa basin. The most frequent plant associations on these soils are the common
oak forest with greenweed and the common oak and common hornbeam forest.
On the vertic amphygleyic gleysol, the common ash forest with late snowflake of-
ten occurs, while on the organogenic vertic amphygleyic gleysols the black alder
forest with berry alnus is often developed, too.

According to Mayer (1996), in the last decades in the soils of basin ecosystems
unfavorable hydrological changes took place, especially in respect to the old stands.
These changes are consequences of various infrastructural works (channels, roads,
etc.), resulting most often in the lower water table and the physiological drought in
the rhizosphere, or in a long lasting surface water stagnation. Particularly alarming is
phenomenon of tree withering in Zutica and Turopoljski and Varoski lug. Due to
such extremely strong anthropogemc impacts on the soil, the Zutica forest is the
most endangered forest complex in the County. The research of redox potential
(Vrankovié and Basi¢ 1989) showed that in some marshy parts of this forest unfavo-
rable reduction conditions last throughout the vegetation season.

Under conditions of a stable, undisturbed, water regime the hypogleyic gleysol
subtype, in particular in the loamy to loamy-clay variant, is the soil of high produc-
tion potential. On such soils our most valuable common oak and hornbeam forests
and the common oak forests with greenweed grow.

In association with the gleysol, especially the hypogleyic gleysol subtype, the
texturally heavy soils, which in the upper part of profile have characteristics of pla-
nosol and in the lower part those of gleysol, are found sporadically. These are the
planosol-gleyic soils, usually with vertic features.

All these soils generally are non- calcareous.

FLUVISOL
ALUVIJALNO TLO

Owing to hydrotechnical works and regulation of most flatland rivers, there is
no regular flooding and alluvial sediment accumulation in the flood region. The
relatively small surfaces under forests, that remained in the region regularly floo-
ded by the Sava River, are represented by the willow and poplar forests. They
grow on the soils formed by periodical sedimentation of alluvial sediment under
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the influence of carrying power of water. In the profile, these soils show the bed-
ding without any clear morphological signs of genetic horizons. In terms of the
texture, these are mainly sand to gravel-sand alluviums with carbonate particles of
silty soil. As thé question is about relatively small surfaces along the Sava River,
these soils have no economic significance. Their. production potential is relatively
low, that is due to their gravel-sand texture and, consequently, to an extremely un-
favorable proportion of capillary and non-capillary pores and insignificant sor-
ption capacity.

GEOGRAPHICAL CHARACTERISTICS OF SOILS
GEOGRAFSKE ZNACAJKE TALA

The presentation of spatial relations in the forest ecosystem pedosphere of the
Zagreb County is based on the attached cartogram (Fig. 1) and the structure of
mapping units (Tab.3). The soils of the whole of County forest area are shown by
means of 23 complex mapping units (Tab. 3), whose complexity is in compliance
with the map scale. The specificity of distribution in space of forest soils and pedo-
cartographic units in the County region has been determined by the above mentio-
ned pedogenetic factors. In this respect, very important is the anthropogenetic fac-
tor by which the spatial ditnension of forest cover is defined directly. On the atta-
ched cartogram, 5 cartographic units comprising the largest forest complexes are
clearly distinguished. These are:

1. mapping unit 2 with the soils on carbonate parent material of Zumberak

and Medvednica;

2. mapping unit 13 with luvisols and planosols of Vukomericke gorice;

3. mapping unit 16 with prevailing planosols of piedomont region and hills;

4. mapping unit 23 with gleysols of the Kupa basin, Turopoljski lug, Varoski

lug and Lonjsko polje;

5. mapping unit 7 with dystric cambisols on the metamorphites of Medvednica.

These 5 mapping units cover more than 63% of the County forests and are be-
arers of basic characteristics of the complete forest ecosystem pedosphere.
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Table 3.  Mapping units of the forest pedosphere of the Zagreb County
Tablica 3. Pedokartografske jedinice Sumskib ekosustava Zagrebacke Zupanife

Nr. Dominant unit of soil Orher units of soil Inclusiens Postding | Zaswplienose
Br, Domtinantna jedinica tla Qstale jedinice tla Inkluzije Area (ha) | Participation (96)
2 3 4 5 6
. . . Luvisal; Rendzic leptosol
; : Calci-mellic cambisol i T
Calci-mollic leptosol Lesivirano tlo na Sistion
! Vapnenatko dolomitna crnica f’;:gi::fu"a vapHenen vaprencima i dolomitima; 7 0.05
R aa mekim vay ina
Rendzic leptosol Calci-mollic cambisol;
. . LuvisolSmede na dolomira; Calci-mollic leptosc]
2 |Rendzina na dolomiti Lesivirano na dolomitn V. tho-dolomitna ermica | 21128 13.57
i dofomitiziranom vaprencie T vapmency
Rendzic leprosol i Gleysol; Dystri¢ cambisol;
3 | Rendzina na laporu i mekin Luvisol Regasol 9393 6.03
vicima P Lesivirano tlo na laporu Mocvarno glejno tlo; Distrigno '
vapie; swmede tlo; Kelwvijalno to
4 | Calei-mollic cambisol Rendzic leptosol Lesivirano to nz dolomitn, 6258 4.02
Smede Ho na dolomitn Rendzina na dolornitu; tipicei | akeigni i
Eatrie cambisol Euttic cambisol
5 Eutrigno smede tlo na aluvijal- | Entri¢no smede tlo na Gleysol 408 0.26
HowT manosu, tipieno, tipiéno | pretalofenom lesw, tipidno Macvarno glejno tlo *
oglejeno i vertidno oglej i tipitno oglejeno
Rendzic leptosol; Luvisol;
Eutric cambisal Calci-mollic cambisol
. Rendzinag na lapor; Lesivirano | Regosol
6 .El;rr;:‘nr: 5:’”':':"‘: na laporu tio na silikatno-karbonatnim | Koluvijalno tlo 4892 .14
§ mekom: vaprenct suepstratinie; Steede tlo na
w i dolomitu
Dystric cambisol Luvisol : .
7 | Distrizno senede tlo na Lesivirano Ho na silikatninm Dystric leprosol; Regosol 9107 5.85
i - ; Ranker; Kohwijalno tlo
metamorfitima i klastitima supstratima
. . . Regosal; Rendzic leptosol
Dystric cambisol Luvisol o P
8 |Distritno smede na silikatrint | Lesivirano tlo na silikatnim Koluvijalno tho distrituo; 1815 117
klastitima blastitima; Ranker regolitiéni f:;s;’:;:: laporn § mekim
Dystric cambisol Planosol; Luyisol
Distritno smede tlo, tipidno Pseudoglef obronatng; Regosol
? | pseudooglejeno ra i fi) Ho, tipidno, Koluvifalno tlo ne 2.06
Llastitima pseudooglejeno i dvoslojro
Luvisol Calci-mollic cambisel . .
2, . Calci-mollic leptosol
10 |Lesivirano tlo na Zistim vap- | Smede tlo na vapnercy u ’ p . 1698 1.09
nencima i dolomitima, tipiéno | dolomitu, lilimerizirano; Vapnenatko-dolomitna craica
}::w.’s?l o st Luvisol Calci-mellic cambisol
11 i‘wm’:; " qu,'!:ff 1St Lesiyi i distriénn smede tlo | Smede tlo na vapnencima 533 0.34
".‘;&,m i akritno . na $kriljcima i pjetenjacima i dolomitima
Luvisol Planosol; Rendzic leprosol Leprosol
12 | Lesivirano tlo na laporn Pszudaglef obronani; Rendzina | Koluvijalno to s dominacijom 1304 0.84
i pleistocenskim ilovinama ra laporn, karboratna sitrnice
, Regosol; Gleysal; Dystric
ﬂ;:rgclmo tlo na lesi Luvisol; Planosol cambisol
13 | fovinama i pieskovitim Lesivirano tlo na lesu, tipidno; | Koluvijalno tlo; Medvarno 25489 16.37
. Pr s Pseudoglef obronacni gleina tlo; Distrino smede tio
ilovacama, pseudooglejeno S leste:
. Regosol; Gleysol
14 }:‘:v.lsfjl o na prapo ;ii:;;olfe.obm,ma". Koluvijalno tlo; Mocvaro 302 0.51
sivirano o na prapor glef leina tlo
Fluvisol Fluvisel; Gleysol
15 | ptuviinno tlo. karbonat Alevijalno livadno tlo, karbo- 1454 0.93
Uetjaino o, karoonatto natno; Modvarna glejno tlo
Planosol; Luvisol; Dystric Gleysool; Regosol, Rendzic
Planosol cambisol leptosol
16 . : Pseudoglef i&arski Motvarno glejno tlo; 27719 17.80
Pseudaglej obronaéni Lesivirano tlo na lesu; Koluvijaluo tlo, aluvifalno-
Districng sinede tlo -koluvijalno; Rendzina
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In the constelation of the pedogenetic factors, the characteristics of forest
ecosystem pedosphere in the Zagreb County are based on the physiographic pro-

ZAKLJUCCI

perties of the following soils:

1. rendzic leptosol
2. dystric cambisol

3. calci-mollic cambisol

4. luvisol
5. planosol
6. gleysol.

Nr. Dominant unit of soil Qther units of soil Inclusions PoveSina | Zastuplienose
Br. Dominanina jedinica tla Ostale jedinice tla Inkluzije Area (ha) | Participation (35)
2 3 4 35 [
‘];Iangsoz'; _Lugi‘s,ol; Regosol
Planosol seicagie; Opronactl; Gleysool
17 PP Lesivirana tlo na lesu, ¥ . 8688 5.58
Psendoglej ravnidarski psesidoogleieno; K of:wif‘ calio Moévamo glejno tlo
tlo, aluvijalno-koluvijalno
Planosol; Luvisol; Gleysal . _—
Pseudoglei gleino Ho; Eutric cambisol; Regosol
Planasol HEOBIE] B} . Eutriéno smede tlo
18 | peendogle ravmicarski Lesivirano tlo na less, tipiéno psexdoagleieno; Koluvijalno 8836 5.67
; e;i’;‘i"l,zg"e’e"”; Mocvarno to, aIuuifahzo-kohxvfia!uo
13 | Glevie planosc! Pen ot ot Fluvisol 3671 2.36
Psendoglej-glejno tlo Mot aﬁz o’ e tlo Aluvijabno livadno tlo -
Gleyic regosol Planosol; Gleyic planosol
20 Ale[:gsaojno Teino tlo Kaluvijalwo to, aluvijalmo Psendoglej ravnitarski; 1054 0.68
&l koluvijaino, oglejeno Pseredoglej-glef
Gleyso! Humic fluvisol Fluvisol
21 | Modvarno glejno tlo Aluvijalno Iivadno tle Aluvijalno tlo a5 0.03
2 Gleysol p . Gley‘if pfi:mn’sol ’ Gleysol
2 | Mocvarno glejno Ho, Psendoglej-gleino tlo; . : 1873 1.20
bipogleino Pseudoglef wa zaravni Mocvarno glejno tho amfiglejno
Gleysol Gleysol Fluvisol; Gleysol; Gleyic
23 |Mocuarno glejro to, Moévarno glejno tlo, p]anosof 16276 10.45
amfiglejna, vedinom hipoglejno, vecinom Aluvijalno tlo; Pseudoglef-glej; -
nekarbonaino nekarbonatno Modvarno glejno to, lresetno

The soils with the highest production potential in the County forest
ecosystems are luvisols. On various subtypes of this soil, three very important asso-
ciations are found, namely the mountain beech forest, the sessile oak and hornbe-
am forest and the common oak and hornbream forest. Particularly favorable
physiographic properties are those in the loess overlaid luvisols.

The soils with a limited production potential are various shallow soils, such as
rendzic leptosols on dolomite of Zumberak, Samoborsko gorje and Medvednica,
and dystric leptosols on schists of Medvednica. These soils, and consequently the
forests as a whole, are of a reduced multifunctionality.
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In the spatial division of forest pedosphere of the County, 5 cartographic units
comprising the largest forest complexes are distinguished in particular. These are:

1. cartographic unit (2) with the soils on carbonate substrata of Zumberak and
Medvednica

2. cartographic unit (13) with luvisols and planosols of Vukomericke gorice

3. cartographic unit (16) with prevailing planosols of piedmont regions and
hills

4, cartographic unit (23) with gleysols of the Kupa basin, Turopoljski lug,
Varogki lug and Lonjsko polje

5. cartographic unit (7) with dystric cambisols on metamorphites of Medved-
nica.

These 5 cartographic units cover more than 63% of the County forests and are
bearers of basic characteristics of the complete forest ecosystem pedosphere.

REFERENCES
LITERATURA

Basch, O., 1983: Osnovna geolodka karta SFR] 1:100.000. Tumac za list Ivanié-Grad L33-81.
Geologki zavod, Zagreb (1980), Savezni geoloski zavod, Beograd (1981), Beograd.

Buol, §. W., F. D. Hole & R. ]. McCracken, 1980: Soil Genesis and Classification, Oxford
& IBH publishing Co. New Delhi, Bombay, Calcutta. 404 pp.

Grattanin, M., 1939: Prilog geografiji podzolastih rala Hrvatske. Hrvatski geografski glasnik
8-10: 59-62.

Gratanin, M. & J. Verli¢, 1941: Prilog poznavanju adsorpeijskog kompleksa hrvatskih pod-
zolastih tala (s J. Verli€). Rad Hrvatske akademije znanosti i umjetnosti 271(84):
157-194.

Gracanin, M., 1948: Tipovi umskih tala Hrvartske. I. Tla uma Querceto-Carpinetum croa-
ticum i Querceto-Castanetum croaticum. Glas. um. pokuse 3: 95-119.

Gradanin, M., 1960: Zur Schwankung der V-Wertes der podsoligen Béden unter natiirlichen
Bedmgungen God. zbornik PMF, 13. Biclogija 1: 67-72, Skopije.

Kavadevié, P., V. Primorac, V. Caleta & N. Marugié, 1963: Komparativna ispitivanja sezon-
ske dmamlkc nekih osobina tala tipa parapodzola u voénjaku i $umi Jazbine kraj Zagre-
ba tokom 1960. Zemljiste i biljka, 1-3: 233-238.

Kovaevié, P., M. Kalinié, V. Pavli¢ & M. Bogunovié, 1972: Tla gornje Posavine. Institut za
pedologuu i tehnologiju tla Zagreb, 331 p.

Martinovig, J., 1975: Sumska tla. In: Cestar, D. et al.: Ekolosko- -gospodarski tipovi na po-
drugju pokupskih nizinskih Suma. Sumarski institut ]astrebarsko

Mayer, B., 1976: Re¥im vlaZnosti pseudogleja pod raznim naginima $umskog gospodarenja.
Magistarski rad, Agronomski fakultet Sveuéili¥ta u Zagrebu.

Mayer, B., 1996: Hidroloska problematika osobito s gledista povrsinskog dijela krovine. In:
Klepac, D. (ed.), Hrast luZnjak (Quercus robur L.} u Hrvatskoj. HAZU, centar za znan-
stveni rad Vinkovei 1 "Hrvatske ume” Zagreb, pp. $5-71.

Mayer, B., 1996: Hidropedoloski odnosi na podru&ju nizinskih 3uma pokupskog bazena.
Radovi 31(1-2): 37-90.

Pikija, M., 1987: Osnovna geoloika karta SFRJ 1:100000. Tumag za list Sisak L33-93. Ge-
olozki zavod, Zagreb (1986}, Savezni geologki zavod, Beograd.

165




N. Pernar, D, Bak3i¢: Soils of forest ecosystems in the Zagreb County.
Glas. 3um. pokuse 36: 147167, Zagreb, 1999,

Siki¢, K., O. Basch & An. Simuni¢, 1978: Osnovna geoloskja karta SFR] 1:100.000. Tumag
za list Zagreb L33-80. Institut za geol. istraZivanja, Zagreb (1972), Savezni geoloski za-
vod, Beograd (1979), Beograd.

Velig, ]., 1994: Znatajke litologijskog sastava. In: Neke prirodoznanstvene osobitosti u za-
grebackom okolifu. Monografija “Zrinjevac”, “Zrinjevac” d.o.0. Zagreb, pp. 48-51.

Vrankovié, A., 1973: Tla na kalcitnim i nekim silikatnim metamorfitima metamorfnog faci-
jesa zelenog Skriljca u Zagrebaekoj gori i Papuku. Magistarski rad, Agronomski fakultet
Sveuéilitta u Zagrebu.

Vrankovi¢, A. & F. Baii¢, 1989: Neki rezultati pedoloskih istra¥ivanja u poremeéenim Sum-
skim ekosustavima hrasta luZnjaka u Hrvatskoj. Glasnik za $umske pokuse 25: 25-52.

TLA SUMSKIH EKOSUSTAVA ZAGREBACKE ZUPANIJE

SAZETAK

Zagrebacka Zupanija nalazi se u zapadnom dijelu sredi$nje Hrvatske. Zajedno
s Gradom Zagrebom prostire se na 3 720 km?, 3to je oko 6,6 % terlton]a Republi-
ke Hrvatske, Povr3ina 3uma i Sumskih zemlpsta je 1 560 km?, &to je oko 42 %
povrine Zupanije.
Pedogenetske znafajke pedosfere Sumskih ekosustava ove Zupanije najjace su
obiljeZena matiénim supstratom.
Podruc;e Grada Zagreba i Zagrebatke Zupanije u litoloskom smislu vrlo je
sloZene i izrazito heterogene grade.
Na tom je podruéju moguée izdvojiti 5 geomorfoloiko-litoloskih kompleksa s
nizom litolo3kih jedinica.
[. Medvednica
II. Ravni¢no i brezuljkasto podrugje lijevoga savskoga zaobalja
III. Naplavna savska dolina
IV. Samoborsko gorje i Zumberak
V. Pledivicko prigorje i Vukomeritke gorice sa sredidnjim brezuljkastim po-
drugjem i dolinom Kupéine.
Glavne su skupine matiénih supstrata:
1. metamorfiti Medvednice
2. vapnenci i dolomiti Zumbcrka, Samoborskoga gorja i Medvednice
3. lapori i meki vapnenci Zumberka s Plesivicom i Samoborskim gorjem,
Medvednice 1 maruogor;cklh brda
4. pleistocenske ilovine i gline te prapor Vukomerickih gorica, marijogo-
ri¢kih brda, pobrda istofnoga dijela Zupanije te medvednitkoga i Zumbe-
ratkoga prigorja
5. kvartarni talozi Posavine i Pokuplja.

Vrlo znaéajni korigirajuéi pedogenetski &imbenici u danim geoloskim i klimat-
skim prilikama u tom su prostoru reljef i &ovijek.
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U konstelaciji navedenih ¢imbenika obiljeZja pedosfere Sumskih ekosustava
Zagrebacke Zupanije temelje se na fiziografskim svojstvima ovih tala:

1. rendzina

2. distri¢no smede tlo

3. smede tlo na vapnencima i dolomitima

4. lesivirano tlo

3. pseudoglej

6. euglej.

U kombinaciji s tim tlima, kao sporedne jedinice i inkluzije, javljaju se jos: ko-
luvijalno tlo, vapnenacko-dolomitna crnica, ranker distri¢ni, eutri¢no smede tlo,
fluvisol, humofluvisol, pseudoglej-gle;.

Tla s najveéim proizvodnim potencijalom u $umskim ekosustavima Zupanije su
lesivirana tla. Na razli¢itim podtipovima toga tla susrecu se tri vrlo znadajne zajedni-
ce, a to su brdska bukova $uma, $uma hrasta kitnjaka i graba te 5uma hrasta luZnjaka
i graba. Osobito povoljnih fiziografskih svojstava su lesivirana tla na praporu.

Tla ogranienoga proizvodnoga potencijala su razli&ita plitka tla, kao Sto su
rendzine na dolomitima Zumberka, Samoborske gore i Medvednice, te rankeri na
skriljcima Medvednice. Ta su tla, pa tako i sume u cjelini, smanjene multifunkcio-
nalnosti. )

S druge strane tla narudene multifunkcionalnosti su tla poplavnih ekosustava,
primjerice u Turopolju, Pokuplju i Lonjskom polju. Ta tla nisu promijenila svoja
svojstva, ali su se hidroloike prilike uvelike pogor3ale, §to Stetno djeluje osabito na
stare Sumske sastojine. Te se promjene pripisuju razli¢itim infrastrukturnim zahva-
tima u prostoru (kanali, ceste itd.), a oituju se najéeiée spuitanjem razine pod-
zemne vode i izazivanjem fizioloSke su$e u zoni rizosfere ili dugotrajnim stagniran-
jem povrdinske vode.

U prostornoj ra$&lambi pedosfere uma u Zupaniji izdvaja se osobito 5 karto-
grafskih jedinica koje obuhvaéaju najveée Sumske komplekse. To su:

1. kartografska jedinica (2) s tlima na karbonatnim supstratima Zumberka i

Medvednice

2. kartografska jedinica (13) s lesiviranim i pseudoglejnim tlima Vukomerickih

gorica

3. kartografska jedinica (16) s preteZito pseudoglejnim tlima prigorja i pobrda

4. kartografska jedinica (23) s glejnim tlima Pokuplja, Turopoljskoga luga, Va-

roskoga luga i Lonjskoga polja

5. kartografska jedinica (7) s distri¢nim smedim tlima na metamorfitima

Medvednice.

Tih § kartografskih jedinica pokriva preko 63 % $umskih povriina Zupanije i
nositelji su temeljnih obiljeZja ukupne pedosfere $umskih ekosustava.

Kljuéne rijedi: Zagrebaka Zupanija, tlo, pedosfera
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Zagreb County with the City of Zagreb, encompassing 30,000 km?2, is a very
densely populated and developed area. With regard to such distinct population
density, the importance and functions of forests are very large. The paper gives a
survey of the current condition of forests and forestland in terms of ownership
structure, purpose of forests, structure per tree species, management classes, age
structure per area and growing stock, as well as potential productive capacities.
The forested area amounts to 139,275 ha, of which 35,027 ha (26%%) are mainly
privately owned coppice forests. Brushwood covers an area of 1,419 ha, while
productive non-covered forestland extends over only 1,757 ha. Commercial fo-
rests cover an area of 136,650 ha with 22.31 million m3 of growing stock, which
produces 750,000 m* (6.38 mdha) annually. Although forests and forestland
cover 1,400 km2, which is 46.7% of the total area of the district, management
with forest resources should be aimed at increasing potential productive capaci-
ties of all resources. With the support of the system dynamic model based on the
defined management guidelines, the article discusses the predicted future deve-
lopment of these forests, which can be used as a starting point for rough
long-term planning at a regional level. With regard to the trends in the area, gro-
wing stock and prescribed yield, simulation results have shown that consistent
management could result in significant potential productive capacities of these
forests. An increase in the area of high forests by 30,000 ha, an increase in the
growing stock by 7.8 mil. m3, an increase in the annuval prescribed yield by
215,000 m3, and an increase in silvicnltural activities are some of the fundamen-
tal postulates of future management.

Key words: forest management, age class distribution, future management gui-
delines, trends in growing stock and prescribed yield, silvicultural activities, system
dynamic modelling
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INTRODUCTION
uvoD

Zagreb County, popularly known as the "Zagreb Ring", with a population of
about 280,000, extends over about 3,000 km? between the boundary with Slove-
nia, Moslavina, and the River Kupa and the Bjelovar-Bilogora County. Together
with the City of Zagreb of about 600 km? and 1,000,000 inhabitants, it is a very
developed and densely populated area.

The total area of forests and forestland in the area is 139,275 ha with a growing
stock of 22.31 mil. m?. Although the area under forests of 40%6 corresponds to the
Croatian average, the highly complex and strained nature of the region requires that
significant attention be paid to the forest resources of the area. Most forests and fore-
stland occur in the lowland and hilly regions, and a smaller portion covers the belt of
higher hills. In the past, when these forests covered much larger area and when they
were stable, they were deliberately cleared in order to expand agricultural land and
gain space for settlements. At present, over 50% of the families in the area of Zagreb
County own agricultural land. Privately owned forests also make up 509 of all the fo-
rests and forestland. In the last hundred years, due to unfavourable impacts of harmful
insects and fungi, climatic changes and hydro-ameliorative treatments (Mayer 1993),
the stability of the lowland forest ecosystem has been disrupted and site conditions
changed (Mestrovié et al. 1996). With increased urbanisation, there is growing aware-
ness of the need to maintain general sustainability and diversity and preserve the gene-
tic potential of rare plant and animal species. Significant effort should be put not only
into preserving and improving the existing forests in their present areas, but also into
increasing the areas under forests. The task of foresters is to monitor and study the
changing relations in forest ecosystems and predict trends so that management inclu-
des all the necessary procedures that are best suited to re-establishing disturbed stabi-
lity. Extensive research has been carried out into lowland forests (Dekanié 1962,
19753 Klepac 1964, 1971, 1982, 1988; Pranji¢ 1970; Prpi¢ 1974; Pranji¢ et al. 1988;
Mestrovi¢ 1989; Raus 1992; Mati¢ and Skenderovi¢ 1993; Mayer 1993; Prpic et al.
1997), which have undergone significant changes in the past few decades.

The aim of this work is to present the characteristics of forests resources in the
area of Zagreb County and the City of Zagreb, their potential productivity, the
guidelines of future management and predicted development of the most impor-
tant economic indicators in the studied forests. This will be done with the help of
the system dynamic modelling (Cavlovi¢ 1996, 1999).

THE CONDITION OF FOREST RESOURCES
STANJE SUMA 1S5UMSKOG ZEMLJISTA

An overview of forest resources in Zagreb County has been obtained from the
data in the forest management plan of the area. The data were obtained by allot-
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ting the data from the management plan to the year in which the regional forest
management plan in Croatia came into force. The four forest administrations wit-
hin the area of Zagreb County include Zagreb with 6 forest offices and 27 manage-
ment units, Bjelovar with 2 forest offices and 6 management units, Karlovac with 2
forest offices and 9 management units, and Sisak with 2 forest offices and 2 mana-
gement units over 143,123 ha. The land under forests accounts for 139,275 ha, of
which coppice forests cover 35,027 ha (2.69), mainly within private forests. Bru-
shwood covers 1,419 ha, while productive non-covered forestland accounts for
only 1,757 ha.

There are three main forms of forest ownership in the area of Zagreb County.
These are state-owned forests managed by "Hrvatske $ume", other public forests
and private forests.

The structure of the forests in Zagreb County according to ownership is
shown in Table 1.

Table 1. The structure of forests according to ownership
Tablica 1. Struktura Suma prema viasnistou

Owner Total area Total growing stock Annual increment i
Viasnisino Povriing Zalipa Privast
ha % m’ % m? m?/ha
State - Drfaune 68,306.87| 49.04 |15,602,971 67.69 435,528 6.38
Private - Privatne 69,418,79| 49.84 7,179,030 31.14 | 307,169 4,42
Other public - Ost. 1,548.89 1.12 269,259 1.17 7,309 4.72
Total - Ukupno 139,274.55| 100.00 23,051,260 100.00 750,006 3.39

The proportion of state-owned and privately owned forests per area is equal,
however, the growing stock in state-owned forests is twice as large as in the latter.
This difference is due mainly to lower forest stocking in private forests, and partly
to underestimated growing stock.

According to use, all the forests are categorised by their primary function into
commercial, protective and forests of special assignment, Table 2 shows forests in
terms of their assignment:

Table 2, The structure of forests according to assignment
Tablica 2. Struktura $uma prema namjeni

Total area Total growing stock Annual increment
Kate}ggfrey of forest Povriina Zaliba Drirast.
gorija ha % m? % m m’/ha
Comercial - Gospod. 136,650 95.48 (22,307,643 96.77 750,006 6.38
Special assign. - Spec. 2,683 1.87 267,157 1.16 - -
Protective - Zaititne 3,790 2,65 476,460 2.07 - -
Total - Ukupno 143,123 100.0  [23,051,260] 100.0 750,006 6.38
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It is clear from the table that commercial forests are the best represented, whi-
le the forests with special assignment and protective forests are represented with
only 4.52% per area.

Due to their high economic, ecological and social importance, commercial fo-
rests will be presented in more detail and their potential productive capacity
shown.

COMMERCIAL FORESTS - THE EXISTING STATE AND
POTENTIAL PRODUCTIVE CAPACITIES

GOSPODARSKE SUME - POSTOJECE STANJE I
POTENCIJALNE PROIZVODNE MOGUCNOSTI

THE STRUCTURE OF GROWING STOCK AND INCREMENT
ACCORDING TO TREE SPECIES i
STRUKTURA DRVNE ZALIHE I PRIRASTA PO VRSTAMA DRVECA

The proportion of growing stock and increment according to tree species is
shown in the following table and figure:

Table 3. The structure of growing stock and increment according to main tree species
Tablica 3. Struktura drvne zalibe i prirasta za glavne vrste drveda

) Growing stock Ann. vol, increment
Tree species Druna zaliba God. vol. prirast
Vista drveca 3 3
m % m U
Pedunc. and sessil. oak - Hrast 8,868,388 38.5 232,252 31.0
Beech - Bukva 7,256,020 31.5 248,088 33.1
Hornbeam - Grab 3,278,141 14.2 126,874 16.9
Other deciduous - Ost. bjelogorica 3,075,277 13.3 119,450 15.9
Total deciduous - Ukupno bjelog. 22,477,826 726,664 96.9
Evergreen - Cruogorica 573,434 2.5 23,342 3.1
Total - Ukupno 23,051,260 100.0 750,006 100.0

In terms of the basic division of trees into coniferous and deciduous species,
the former are represented with only 2.5% in Zagreb County. The largest growing
stock belongs to the most valuable tree species in Croatia, the pedunculate oak and
the sessile oak, with 38.5% of the total growing stock. Beech accounts for a signifi-
cant 31.5%, and the remaining 27.5% are shared equally by hornbeam and other
deciduous species. In terms of proportional participation according to growing
stock, the increment of beech, hornbeam and other deciduous trees slightly exce-
eds that of the oak.
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Figure 1. The structure of growing stock and increment according to principal tree species
Stika 1. Struktura drvne zalihe | prirasta za glavne viste drveda
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These basic data are an indication of a very favourable structure in terms of
tree species in the forests of Zagreb County. This is particularly true for state-ow-
ned forests, while poor utilisation of site potential in private forests points to ex-
tensive possibilities not only of increasing the growing stock but also of improving
the structural relations among the tree species in these forests.

AGE STRUCTURE PER AREA AND GROWING STOCK
DOBNA STRUKTURA PO POVRSINI I DRVNO]J ZALIHI

Table 4 shows the current age class distribution per area, growing stock and an-
nual increment within 6 management classes. The normal age class distribution has
been obtained on the basis of the current state and the related growth yield tables.

Table 4. Current and normal age class structure per area and growing stock for manage-
ment classes of high forests

Tablica 4. Stvarna i normalna dobna struktura po povrsini i drunoj zalibi za uredajne razre-
de visokih $uma

Management AGE CLASSES

class of 020 | 2140 | 41-60 | 61-80 | 81-100 |101-120] 121-140| Total
Pedunculate oalk

years

Actual area (ha) | 5557| 2856 2883 4330 5150 4986 1939 27701
Normal area (ha) | 3957| 3957 3957 3957 3957 3957 3957 27701

Actual Browie 334152| 570834| 1052190| 1845245 |1635467| 754298| 6192186

stock  (m’/ha) 117 198 243 358,3 328 389
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Norm. g“(’n";’})“g 629208 1210929| 1673932| 2014258|2255653|2421859|10205840
stock  (m%/ha) 159. 306 423 509 570 612
Management AGE CLASSES
class of 020 | 21-40 | 41-60 | 61-80 | 81-100 |101-120]121-140 | Total
Sessiliflora oak years
Actual area (ha) | 1553| 2557 4066,5] 4027 1805| 1248 311] 15565
Normal area (ha) | 2224| 2224| 2224 2224 2224 2224|2224 15565
Actual g“zxi;‘g 294055| 792968| 914129] 608285| 399709) 113625| 3122770
stock  (m¥ha) 115 195 227 337 321 365
Norm. 5‘?;‘2)“3 300182| 500304| 664848 791591 891652| 969477 4118054
stock  (m%/ha) 135 225 299 356 401 436
AGE CLASSES
Management 7571751 40 | 41-60 | 61-80 | 81-100 |101-120121-140| Toral
class of Beech
years
Actual area (ha) | 3706| 8143,2| 94816] 8145 4870 3053 763| 38162
Normal area (ha) | 7632| 7632] 7632 7632 7632 38162
Acmalgr‘zx&‘)‘,g 920182 | 1848912 | 1800045 | 1563270| 952524| 277819 7362751
stock  (m*ha) 113 195 221 321 312 364
Norm. gr?nfé;‘g 923520 1808879 | 2564486| 3175078 8471964
stock  (m%ha) 121 237 336 416
AGE CLASSES
Management 74 5, T 51 40 | 4160 | 61-80 | 81-100 |101-120]121-140 | Toral
class of Ash
years
Actual area (ha) | 455,41 3576,0 531,3 370,0 369,6 2024 23,3 2530
MNormal area (ha) 633 633 633 633 2530
Actual g“g;;'g 547201 86602| 73260| 111250 64363] 8400 398594
stock  (m’/ha) 95 163 198 301 318 332
N°‘m"3r‘(’n":’3‘;‘g 65148| 132825| 184058 382030
stock  (m*ha) 103 210 291
Management AGE CLASSES
class of 0-20 | 21-40 | 4160 | 61-80 | | Total
Hornbeam years
Acrual area (ha) | 2075 4005 2526 413 91 9110
Normal area (ha) | 2278] 2278 2278 2278 9110
Actual gr‘zz?)‘g 492615| 411738| 78057 26783 1009193
stock  (m/ha) 123 163 189 294
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Norm. g“(’n";’gf)“g 275578| 471443| 589873 1336893
stock  (m%/ha) 121 207 259
Management AGE CLASSES
class of 0-10 | 11-20 | 21-30 | 3140 | 41-50 Total

Black alder years
Actual area (ha) | 1114 1300 684 432 196 118 78 3922
Normal area (ha) 784 784 784 785 785 0 0 3922
Actual 3“(’1"1‘1'?)‘3 118300 99920 79813| 50202 34945| 23846 407025
stock  (m%/ha) 91 146 185 256 297 304
Norm. B 48633| 120798 163155| 192178 0 o| 524764
stock  (m®/ha) 62 154 208 245

Table 5. Actual and normal age structure per area and growing stock for management
classes of coppice forests

Tablica 5. Stvarna i vormalna dobna struktura po povrsini i drvnoj zalibi za uredajne razre-
de niskih Suma

Management AGE CLASSES

class of 0-10 | 11-20 | 21-30 | 31-40 | | | Total
Pedunculate oak years
Actual area (ha) 23 64 148 57 53 23 11 379
Normal area (ha) 95 95 95 95 379
Acrual g“zxé’)‘g 4897| 20841 9494| 14751 6777| 3877| 60636
stock  (m’/ha) 76 141 167 278 298 341
Noram. Bro s 4846] 12038| 16259 33144
stock _ (m’/ha) 51 127 172
Management AGE CLASSES

class of 0-10 | 1120 | 21-30 | 3140 | | Total
Sessiliflora oak years
Actual area (ha) 306| 1064] 2153 987 298 111 50| 4969
Normal area (ha) 1242 1242 1242 1242 4969
Actual BT 92568| 299267| 160881| 81392] 34907| 16447| 685463
stock  (m*fha) 87 139 163 273 314 331
Norm. Browe 60653| 150654| 203481 414787
stock  (m’/ha) 49 121 164
y ; AGE CLASSES

anagemen _ _ B .
e e 010 [ 1220 [ 2130 [ 3140 | | I Total

years

Actual area (ha) s42]  3925]  4315] 2357]  786]  s42] 1084 13531
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Normal area (ha)|  3388| 3388 3388] 3388 13551
Actual g“(’“’i‘)‘g 337533 582525| 381834 211434| 163154| 366419|2042899
ITh
stock  (m%ha) 36 135 162 269 301 338
Norm. gr;"”;;lg 162256| 403024| 544344 1109624
I
stock  {m%ha) 48 119 161
AGE CLASSES
Management
vavagement | o-10 | 1120 | 2130 [ 3140 | Toal
years
Actual area (ha) 29 3 12 14 10 1 68
Normal area (ha) 17 17 17 17 68
Acuual ity 185| 1480 2026 2897| 398 o| 6986
m
stock  (m%ha) 68 128 149 284 293 329
Norm. g”‘(’w;)“g 775| 1924 2599 5298
m
stock  (m¥%ha) 46 113 153
Management AGE CLASSES
class of 010 | 1120 | 21-30 | 31-40 | Total
Hornbeam years
Actual area (ha) 2085 3675 3785 1922 782 0 780 13029
Normal area (ha) 3257 3257 3257 3257 13029
Actual gffzw';r;g 312375 | 550718 292205| 197780 0| 255138 1608216
)
stock  (mn’ha) 85 146 152 253 356 327
Noem. g“("’";;lg 154491| 383737/ 518294 1056522
1
stock  (m%ha) 47 118 159
M AGE CLASSES
anagement
class of 0-10 | 11-20 | 21-30 | 31-40 | Total
Black alder years
Actual area (ha) 193 347 308 180 116 77 64| 1284
Normal area {ha) 321 321 ErA | 321 1284
AC‘““lg“z“@;‘g 23659| 39839| 25202| 26249| 21017| 18579 154546
m
stock  (m’/ha) 68 129 140 227 273 289
Norm. 8“(’“’31;‘8 14927| 37076] 50076 102078
m
stock  {m%ha) 47 116 156
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Table 6. Actual and normal age structure per area and growing stock of high and coppice
forests in total

Tablica 6. Prikaz stvarne i normalne dobne strukture po pouriini i volumenu sveukupno za
visoke i niske Sume

Seed AGE CLASSES
forests | 11 III v v VI VII
Actual area (ha) [14460| 19437 20173 17716| 12482 9604 3117 96990
Normal area (ha) | 17508 17508 17508 17508 14598 6181 6181 96990
Actual growing

1721409 3399235 (3919437 |4178251|3087008 | 1177987 | 17483327

stock (m®)
g;’;‘:‘( r§§;’“"“g 2242269|4245177| 5840351 | 6173106 3147305 [ 3391336 | 25039544
Copice forests 1 11 111 IV v VI VII
Acmal area (ha) | 3177  9078| 10721]  ss17] 2045 754 1990 33280
Normal area (ha)| 8320 8320 8320 8320 0 0 0 33280
Actual growing 771217| 1494669| 871643 | 534503| 226253 660462| 4558746
stock (m”)
Norm. growing 397948 | 9884521335052 0 0 0| 2721452
stock (m”)

Total 1 I Tl v v VI VII

Acrual area (ha) |17637| 28515| 30893| 23233 14527| 10359 5107 130270
Normal area (ha) [25828| 25828 25828 25828| 14598 6181 6181 130270

Actual growing
stock (m*)

Norm. growing
stock (m?)

2492625\ 4893904 | 4791072 | 4712755|3313261 | 1838449 | 22042073

2640217 5233629 7175403 | 6173106 3147305 {3391336| 27760996

Comparison of the current and normal state per management classes reveals
an irregular age structure and a reduced stand stocking. This is particularly promi-
nent in the best-represented management classes of beech and pedunculate oak.
The result is thar the total normal growing stock in the management class of pe-
dunculate oak exceeds the actual one by almost 4, and in the management classes
of beech and sessile oak by 1 mil. m3. Since the old stands in coppice forests are
over-represented, the actual growing stock of coppices is almost double than that
of the normal, which means that the total growing stock of 22.04 mil. m3 in Za-
greb County is less than the normal (27.76 mil. m?) by 5.72 mil. m3.

DISCUSSING FUTURE MANAGEMENT WITH FORESTS
RAZMATRANJE BUDUCEG GOSPODARENJA SUMAMA

General guidelines of future management are based on achieving a normal age
structure and stocking in stands, on transforming coppice silvicultural forms into
high ones and on increased and sustainable production of general benefits from fo-
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Figure 2. Actual and normal age structure per area and growing stock for the most impor-
tant management classes

Slika 2.  Stvarna i normalna dobna struktura po povr§ini i drunoj zalibi za najznaéajnije
uredajne razrede
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rests and timber. The stability and diversity of the ecosystem in the complex region
of Zagreb County should be preserved.

MAIN MANAGEMENT GUIDELINES IN MANAGEMENT CLASSES
GLAVNI CILJEVI GOSPODARENJA PO UREDAJNIM RAZREDIMA

Along with high ecological functions and social benefits provided by the most
valuable forests of pedunculate oak and sessile oak, the goal of management is to
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produce high quality cak-wood, particularly veneer and saw logs of large dimen-
sions and fine structure. Management goals will be achieved with long rotations,
the shortest 140 years, with the application of intensive silvicultural treatments of
tending and cleaning in young stands: thinning in the stands aged 20 to 130 years;
the shelterwood method in two cuts.

In the management class of beech, pure and mixed stands of beech and sessile
oak should be managed with the rotation of 100 years. Regeneration should be con-
ducted with the shelterwood method in two cuts. The quality and stability of the
stands should be increased with regular tending, cleaning and thinning operations.

In the management class of ash, pure stands of ash should be managed with the
rotation of 80 years. Regeneration should be conducted with the shelterwood met-
hod in two cuts. In order to achieve technically and aesthetically valuable ash

Figure 3. System dynamic mode! of the commercial forests in Zagreb County region
Slika 3. Sustav dinamichki model gospodarskib Suma Zagrebadke Supanije
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wood, intensive silvicultural treatments of tending, cleaning, protecting from
game and thinning should be applied to the stands.

The stands of hornbeam, both pure and mixed with other deciduous trees sho-
uld be managed with the rotation of 80 years. These stands should be supported in
order to increase the stability and diversity of the forests in the entire region.

Within the management class of black alder, there are mostly even-aged, pure
stands of black alder from seed or those mixed with other soft broadleaved species.
The stands should be managed with the rotation of 50 years. Natural regeneration
in alder stands can be achieved with the shelterwood method accompanied with
preparing the site or planting seedlings.

The stands of coppice forests with rotation periods of 40 years should be ma-
naged with clear and shelterwood cuts and should gradually be conversed into seed
forests.

THE PROJECTION OF FUTURE DEVELOPMENT OF THE FOREST
SYSTEM BY THE SD MODEL
PREDVIDAN]JE BUDUCEG RAZVO]JA ISTRAZIVANOG SUSTAVA SUMA
POMOCU SD MODELA

The entire forest system of the studied area consists of 12 sub-systems made
up of management classes cited above. This system can be presented with the
system dynamic modelling (Cavlovi¢ 1999).

The subsystems, which are dynamic systems by themselves, especially those of
high and coppice forests within the same management class, are regulated by cause
and consequence links defined by the chosen management form.

By implementing the set management guidelines and goals and by using the SD
model, it is possible to obtain the future behaviour of the entire system or indivi-
dual parts of the forest system in the studied area. Figure 3 shows a simplified mo-
del of a commercial forest system in Zagreb County region.

Some basic elements in the future behaviour of a part or the entire system can
be shown on the basis of simulation results, within consistent implementation of
the given scenarios.

TRENDS IN THE AREA
KRETANJE POVRSINA $UMA

Although it is possible to show trends in the age structure per area for each
management class with simulation results, only the trends in the area of seed fo-
rests within a total forest area will be given here for lack of space. The total forest
area was assumed to be unchanged. The figure shows an increase in the area of
high forests as a result of transforming coppice forests within the same manage-
ment classes into a high silvicultural form. Thus, the area of high forests increased
from initial 97,000 to 127,000 ha by the end of the simulation period at the ex-
pense of coppice forests.
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Figure 4. Trends in the area of high forests in relation to the total forest area
Stika 4. Kretanje povriine visokil Suma u odnosu na wkupnu povriinu fuma
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TRENDS IN THE GROWING STOCK
KRETANJE DRVNE ZALIHE

The conversion of coppice forests into high silvicultural forms, trends in age
class distribution per area, the achievement of the normal age structure and normal
stand stocking as the most important elements of future management have influen-
ced the growing stock per age classes within management classes and that of the
entire forests. Trends in the total growing stock for the entire forest and for high
forests in all are shown here (Figure 5). The difference between the two shown
curves is the trend in the growing stock of coppice forests. As seen from the figure,
the total growing stock increases gradually, more rapidly at first and more slowly
later, from the initial 23 million m? to 30.8 million m3. Thus, the normal growing
stock of 27.8 million m? from the beginning of the period was exceeded by the end
of the period since the area of high forests increased by 30,000 ha at the expense of
coppice forests. This means that with consistent management, the total growing
stock would not only reach the level of the normal stock defined at the beginning
of the period, but would also increase additionally by 3 mil. m3 through the con-
version of coppices into high forests. Within the total growing stock, the growing
stock of high forests has increased from 18.8 million m? to 30 million m? as a result
of a reduced growing stock in coppice forests.
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Figure 5.

Slika 5..

Figure 6.
Slika 6.
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TRENDS IN THE TOTAL ANNUAL CUT
KRETAN]JE UKUPNOG GODISNJEG ETATA

Trends in the area structure, age structure, and growing stock have reflected
on the trends in the total annual cut. Within assumed management in the SD mo-
del, the expected trends in the total annual cut are shown in the Figure 6. The an-
nual felling cut is expected to rise gradually from 385,000 m?3 to 485,000 m?3, whi-
le the annual intermediate cut will rise from 200,000 m? to 315,000 m3. The rise
of the total annual cut in high forests in a beginning is intensive as a result of tran-
sforming coppice forests into a high forests.

TRENDS IN THE ANNUAL FELLING CUT AREA, THE AREA
OF YOUNG STANDS IN THE FIRST AGE CLASS AND THE
AREA OF MATURE STANDS IN THE LAST AGE CLASS

KRETANJE GODISNJEG POVRSINSKOG ETATA GLAVNOG
PRIHODA, POVRSINE MLADIH SASTOJINA PRVOG DOBNOG
RAZEDA TE POVRSINE ZRELIH SASTOJINA ZADNJEG
DOBNOG RAZREDA

Trends in the annual felling cut area, the area of young stands in the first and
last age class at the level of the entire area are important in planning silvicultural
treatments.

Preparation of the site for natural regeneration, repair sowing and planting
with seeds and seedlings and tending young growth depend directly on the annual
felling cut area. At the level of the entire region, the annual felling cut area will
drop gradually from 1,500 ha to 1,270 ha. Such trends in the annual felling cut
area consist of a slow rise in high forests (830 to 1,190 ha) and a stronger drop in
coppice forests (680 to 90 ha).

Trends in the area of the first age class are largely connected to silvicultural
treatments (tending of seedlings and young growth, cleaning of stands at pole and
sapling stages). According to the figure, during the first 30 years a very intensive
rise from 14,500 ha to 24,800 ha may be expected in the area of the first age class,
later to remain at the level of about 24,000 ha. This rise in the area of the first age
class is partly the result of regeneration and the conversion of coppice forests into
high forests. An equal rise in the quantity of mentioned silvicultural treatments
may be expected.

Trends in the area of mature stands (the last age class) have a direct impact on
silvicultural treatments to a small extent, but the information on the relationship
and balance between old stands and stands in the initial developmental stages is
also very important. As seen from the Figure 7, an equal and consistent rise in the
area of mature stands from 12,800 ha to 21,300 ha can be expected.
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Figure 7. Trends in the annual felling cut area, the area of young stands in the first age

Slika 7.
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CONCLUSIONS
ZAKLJUCCI

Forest.areas are very significant features of Zagreb County for a variety of rea-
sons. These are: very dense population, growing demands for forest functions of
general benefit, rich diversity and multiple uses of forests, and the need to re-esta-
blish the disturbed stability of forest ecosystems.

In this region forests of beech, pedunculate oak and sessile oak are the most si-
gnificant. Apart from their high ecological and social values, they are used for the
production of high quality cakwood.

In terms of the irregular age structure of the forests and stand stocking accor-
ding to the existing growth-yield tables, the growing stock of all the forests in the
region is lower by 5.72 million m3 compared to the normal state.

General guidelines of future management are based on achieving a normal age
structure and stocking in stands, the conversion of coppice forests into high ones,
the higher and sustainable production of both general benefits from forests and
timber and the preservation of ecosystem stability and diversity.

Future development of these forests may be predicted with the SD model on
the basis of defined guidelines. This can serve as a basis for rough long-term plan-
ning at a regional level. In terms of trends in the area, growing stock and prescri-
bed yield, the results of simulation have shown that significant potential producti-
ve capacities of these forests may be achieved with consistent management,
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GOSPODAREN]JE SUMSKIM DOBRIMA
U ZAGREBACKOQ] ZUPANI]JI

SAZETAK

Zagrebatka fupanija zauzima 3720 km?, vrlo je gusto naseljen i razvijen prostor
kada se uzme u obzir i Grad Zagreb. Zbog naglaSene opterecenosti ovoga prostora
znalenje 1 funkcija 3uma su vrlo veliki. U radu se daje prikaz postojedega stanja $uma i
$umskoga zemljiSta s obzirom na strukturu vlasni§tva, namjenu Suma, strukturu po
vrstama drveca, uredajnim razredima, dobnu strukruru po povisini i drvnoj zalihi, te
potencijalne prmzvodne moguénosti. Sumom obraslo $umsko tlo nalazi se na 139 275
ha, od ¢ega su panjate na 35 027 ha (2,6 %), i to uglavnom u okviru privatnih uma.
Sikare se nalaze na 1 419 ha, dok neobrasloga pro1zv0dnoga $umskoga zemljista i img
samo 1 757 ha. Gospodarske §ume zauzimaju povrsmu od 136 650 ha's 22,31 mil. m®
drvne zalihe, koja godisnje prlraste 750 000 m® (6,38 m fha) Iako $ume i Sumsko
zemljiste zauzima 1400 km?, o je 46,7 % ukupne povriine Zupanije, gospodaren]e
Sumskim resursima mora v0d1t1 povedanju potencijalnih proizvodnih moguénosti svih
dobara. Uz podrku SD modela na temelju definiranih smjernica gospodarenja u ¢lan-
ku je prikazan predvidivi buduéi razvoj tih $uma. To moZe poslufiti kao osnova za
gruba dugorocna planiranja na razini regije. S obzirom na prikazano kretanje povrsi-
na, drvne zalihe i sjeivoga prihoda, rezultati su simuliranja pokazali da bi se uz dos-
ljedno gospodarenje moglo oéekivati postizanje znacajnih potencijanih proizvodnih
moguénosti tih 3uma. Poveéanje povriine visokih $uma za 30 000 ha, poveéan!;e drvne
zalihe za 7,8 mil. m®, povecanje godi¥njega sjetivoga prihoda za 215 000 m’, pove-
¢anje sumskouzgojnih radova — neke su od osnovnih znacajki buduéega gospodaren]a

Klju¢ne rije¢i: gospodarenje $umama, razmjer dobnih razreda, smjernice
buduéega gospodarenja.
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Uredeni se rukopis (tekst i prilozi) dostavlja na disketi 3,5" uz dva ispisa. Potrebno je
priloZiti dopis s popisom datoteka, naslovima priloga, adresom autora s kojim ée Urednistvo
biti u vezi i eventualne upute Urednistvu. Rukopis se 3alje na adresu:
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Tekst se ureduje u programu Microsoft Word for Windows { ispisuje fontom Arial CE
(Fomt Size 11} ili Times New Roman CE (Font Size 12). Ispis mora biti formata A4, s prore-
dom 1,5 (1.5 Lines spacing) i okolnim slobodnim rubom najmanje Sirine 2,5 cm. Isticanje
rijedi ili re€enica u tekstu dopusteno je iskljuéivo kosim slovima. Latinski nazivi pifu se ko-
sim slovima.. Masno otisnuta slova slufe isklju€ivo za isticanje naslova i podnaslova. Na mar-
ginama teksta olovkom treba naznaditi mjesta gdje dolaze prilozi. U tekstu se citirani rad na-
vodi prezimenom autora i godinom objavljivanja (npr. Rau¥ 1992, ili Rau§ (1992)). Ako se
citiraju dva autora, izmedu prezimena autora stavlja se veznik "&" (npr. Vukeli¢ & Barifevié
1996, ili Vukeli¢ & Bari¢evié (1996)). Ako je ¢lanak potpisalo tri i vie autora, navodi se
prezime prvog autora i rije€l "et al." (npr. Mati€ et al. 1996, ili Matié et al. {1996)). Obujam
je nacrtka (abstract) do 300 rijedi, a saZetka (ssmmary) do 1/3 tekstualnoga dijela &lanka. U
popisu literature navode se svi autori, i to abecednim redom, a potom kronologki.
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Arrouays, D. & Pelissier, P., 1994: Modeling carbon storage profiles in temperate fo-
rest humic loamy soils of France. Soil Sci. 157(3): 185-192.

Matié, S., 1993: Unapredenje proizvodnje biomase $umskih ekosistema Hrvatske.
Glas. $um. pokuse, pos. izd., 4: 1-6.

Matié, S., 1972: Prirodno pomladivanje u zara¥enim jelovim sastojinama. Sum. list
11-12(96): 432-441.

Clanak iz zbornika
Hampson, A. M. & Peterken, G. F., 1995: A Network of woodland habitats for Sco-
tland. In: Korpilahti, E., Salonen, T. & Seppo, O. (eds.), Caring for the Forest: Research in




a Changing World, International union of forestry research organizations, Tampere, pp.
16-17.

Matié, S., Anié, 1. & Or$anié, M., 1996: Prilog poznavanju nekih §umsko-uzgojnih
svojstava plomrsklh listopadnih vrsta drvcca In: Mayer, B. (ed.), Unapredenje prcuzvodn]c
biomase ¥umskih ekosustava, Sumarski fakultet Sveugilitta u Zagrebu & Sumarski insticut,
Jastrebarsko, Zagreb, pp. 181-187.

Knjiga

Burschel, P. & Huss, J., 1997: Grundriss des Waldbaus (2nd ed). Parey Buchverlag, Be-
lin, 487 pp. .

Raus, D., 1987: Sumarska fitocenologija. Sveucili$na naklada Liber, Zagreb, 313 pp.

Poglavlje iz knjige, monografije, enciklopedije

Lammi, J. O., 1994: Professional ethics in forestry. In: Irland, L. C. (ed.), Ethics in fo-
restry, Timber press, Portland, pp. 49-58.

Mayer, B., 1996: Hidroloka problematika osobito s gledita povriinskog dijela krovi-
ne. In: Klepac, D. (ed.), Hrast lu¥njak (Quercus robur L.) u Hrvatskoj, Hrvatska akademija
znanosti i umjetnosti 8 "Hrvatske §ume", p.o. Zagreb, Zagreb, pp. 55-71.

Prilozi su tablidni, grafi€ki i slikovni. Ureduju se za crno-bijeli tisak. Predaju se odvoje-
no od teksta i ne smiju prelaziti veli¢inu papira formata A4 s okolnim slobodnim rubom §iri-
ne 2 cm. Svaki prilog mora biti ispisan na zasebnoj stranici, a naziv datoteke napisan
olovkom u gornjem desnom uglu. Treba ih urediti $to jednostavnije, bez naslova, suvignih
naglaSavanja podataka masnim otiskom, sjencanja, okvira i sl. Popis naslova priloga prilaZe
se na posebnom dopisu. Opis priloga mora biti na engleskom i hrvatskom jeziku. Prilozi mo-
raju biti snimlijeni u obliku izvorne datoteke radunalnoga programa u kojemu su izradeni
(npr. Graph1.xls, Kartal.cdr, Table3.xls). Prilozi koji su nacrtani na papiru trebaju biti $to
kvalitetniji zbog kvalitetnijega skaniranja. Ako je prilog preuzet, obvezno se navodi izvor
(npr. Source/lzror: Korpel 1991). Prilozi se ne vradaju autorima.

Rukopisi koji odstupaju od navedenih uputa bit ée vradeni autoru na doradu prije re-
cenzije. Autorima Ce se prije konadnog tiska dostaviti primjerak tiskanoga sloga na korekru-
ri. Ispravei ée bitl ogranieni samo na tiskarske greike. Promjene u tekstu neée biti
dopustene. Autoru ée biti dostavljeno 30 besplatnih otisaka (separata) €lanka, a vedi se broj
moZe naruditi od Uredni$tva uz naplatu.
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Supplements can be in the form of tables, graphs and pictures. They should be prepared
for black-and-white printing and should be submitted separately. They should not exceed
the size of A4 sheets with 2 cm margins. Each addition should be supplied on a separate
sheet, with datafile name written in pencil in the top right-hand corner. They should be pre-
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should be of the best possible quality. If a supplement has been accepted, it must contain the
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