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Abstract

Raev, 1. (2013). Afforestations in conditions of global climate change in Bulgaria — problems, investigations
and adaptation measures. Proceedings of the 4" Congress of Ecologists of Macedonia with International Participa-
tion, Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

Significant research activities have been carried out during the last 20 years in Bulgaria to study the influence
of global climate changes on afforestation activities success, as well as on adaptation of forests to new ecological
conditions. During these investigations it was established that main reason for the decay of coniferous plantations in
low parts of the country is their improper introduction out of their natural habitat. High interception and evapotran-
spiration of conifers do not correspond to ecological conditions in low part of the country. Another research reveals
that consequences of periodic droughts can be a good analogue for the effect of future climate changes. The anal-
ysis shows that in the area above 800-900 m a.s.l. air temperature has increased by 1,0-1,4°C in the drought period
1982-1994 and precipitations have decreased by 12.0-15.9%. In the lower part of the country temperature has in-
creased by about 2.0°C and precipitations have decreased by 24.9-28.7%. As a result, 18.5% of newly established
coniferous plantations out of their natural habitat have decayed. New stage of these investigations is the develop-
ment of climatic scenarios for the territory of the country in the 21+ century. Increasing of the air temperature with
2 to 5°C is expected, as well as decreasing of precipitations with 10 to 30%. On this basis, 5 zones of vulnerability
of forest ecosystems are determined depending also on altitude above sea level. For each zone of vulnerability, spe-
cific measures for adaptation of forests and success of forest plantations are suggested. On the basis of zones of vul-
nerability, new classification of types of forest sites is suggested, as well as instruction for determination and map-
ping of forest sites, which is of big importance for the success of afforestation activities in Bulgarian forests.

Key words:

Introduction

Afforestations or establishment of new forests
is powerful tool for sustainable development of eco-
systems and for creating of favourable environment
for human life. But the success of this creative ac-
tivity depends mainly on the environment, includ-
ing young plants — first of all from the soil-climat-
ic complex. If we accept that soils are relatively con-
stant for a certain territory, climate changes are lead-
ing factor for the survival of new forests.

During the last 20 years too much facts and ev-
idences appeared for the disturbing trend for accu-
mulation of carbon dioxide in the atmosphere and
gradual climate change. The increasing of tempera-
ture and changes in precipitations regime lead to se-

afforestations, global climate changes, climatic scenarios, zones of vulnerability, adaptation measures.

rious change in the environment. Process of thaw-
ing of forest soils and increased growth has begun in
Alaska and Siberia (Sedjo 1991; Jacoby 1993; Lloyd
et al. 2003). Forest tree species occur to the north in
the tundra (Sedelnikov et al., 1997). Tree line in the
Alps and high mountains in Europe increases (Wal-
ter & Grundman, 2001).

Besides these results, intensive investigations
were carried out in many countries for modelling
of future processes of climate change, whose aim
is preventive measures for adaptation of forest tree
vegetation (Strain & Thomas 1993; Sykes & Pren-
tice 1996; Bolliger 2002; Broadmedow et al. 2005;
Gessler et al. 2007; Koling et al. 2007).

The aim of this report is to present the results
from investigations on climate changes and prob-
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lems occurring for the success of afforestation activ-
ities in Bulgaria, as well as measures for adaptation
of forest tree vegetation to unfavourable changes in
the environment.

Stages in the process of establishment of
new afforestation strategy in climate change
conditions in Bulgaria

Large-scale programme for accelerated affores-
tation of new forests was in progress in Bulgaria in
the period after the Second World War until 1985.
About 1,200,000 ha of new forests have been es-
tablished in the country in this period (1945-1985),
which is nearly 1/3 of the forest fund. As a result of
this intensive activity, entire areas have been chang-
es, like Eastern Rhodopes for example, as well as al-
most every settlement in the country. Average annu-
al wood increment increases from 6.1 million m? in
1955 to 14,0 million m? in 2008 and the total stock —
from 245 million m® to 590 million m*.

But during this accelerated activity and espe-
cially from the beginning of the 1980s, disturb-

ing process of withering of newly established plan-
tations was determined, especially in the lower ar-
ea of the country. In 1988 and 1993 two investiga-
tions were carried out in the entire territory of the
country to reveal the reasons for withering of forests
in Bulgaria. It was established that mainly conifer-
ous monoplantations in the lower area of the country
wither. The belt for optimal development of conifers
in the country is from 900 to 1600 m a.s.l. (Raev,
1983). During the studied period, however, conifers
have covered from 95.5 to 68,3% of new plantations
and, in addition, afforested areas are predominantly
under 700-800 m a.s.l., i.e. out of their natural hab-
itat (Figure 1).

It was established that the main reason for the
incapability of conifers to survive in low parts of
Bulgaria is their improper water balance connect-
ed with high values of interception (holding of pre-
cipitations in the crowns) and high total evaporation
(Table 1). Due to this reason they survive in regions
with higher precipitations and lower evaporation,
i.e. the belt above 800-900 m a.s.l. Therefore, im-
proper introduction of coniferous tree species in the
area out of their natural habitat is the main reason
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Afforestations in conditions of global climate change in Bulgaria — problems, investigations and adaptation measures

Tab. 1. Water balance in cerris oak and Austrian black pine forests under comparable conditions in North-

eastern Bulgaria, 1976-1984

Components of the water bal- Cerris oak Austrian black pine
No. 5 5
ance mm %0 mm %
1 2 3 4 3 6
1. Precipitation above the crowns 505.0 100.0 505.0 100.0
2. Precipitation to the soil 444.5 88.0 340.5 67.4
2.1. Precipitation under the crowns 423.1 83.8 318.9 63.1
2.2. Stem flow 21.4 4.2 21.6 4.3
3. Interception (1-2) 60.5 12.0 164.5 32.6
4. Soil evaporation 118.4 23.4 127.1 25.2
5. Transpiration 326.1 64.6 213.4 42.2
6. Total evaporation (3+4+5) 505.0 100.0 505.0 100.0
7. Infiltration (1-6) 0.0 0.0 0.0 0.0

for the decay of newly established coniferous plan-
tations in Bulgaria (Raev, 1995).

In the period 1993-1996, Bulgarian research-
ers participated in the international project togeth-
er with other 55 countries for the investigation of in-
fluence of climate changes on forests. For the con-
ditions of Bulgaria it was established that this influ-
ence depends a lot on the altitude above sea level, as
well. In the lower area of the country (under 800 m
a.s.l.) this influence is strongest and critical level of
survival in forests is reached, while in upper parts of
the mountains conditions are more favourable. De-
pending on this, some measures are suggested for
adaptation of forests to climate changes (Raev et al.
1995, 1996; Raev 2001).

Besides stable trends of air temperature in-
crease and precipitations decrease, there are recur-
rent drought periods in South-Eastern Europe. In
20" century these durable droughts were in 1904-
1908, 1945-1953 and 1982-1994. According to ex-
isting models of climate change, considerable in-
crease of air temperature and unfavourable course of
precipitations could be expected, i.e. something sim-
ilar to what happens in drought periods. In this case,
consequences during the big drought in 1982-1994
can be indicative of forthcoming warming in the 21
century. The experience from the last drought could
be quite useful for the preparation of action plans
aiming to decrease negative consequences of cli-
mate changes.

This hypothesis is in the base of an investi-
gation carried out by several institutes of BAS to-
gether with researchers from the University of Sofia
and the Academy of Medicine in the period 1998-
2002. The aim of this investigation is to reveal natu-
ral, economic and social consequences from the big
drought in Bulgaria in 1982-1994 and on this base to
suggest measures for adaptation of ecosystems and
society to climate change. In the field of forest sec-
tor, air temperatures increase with about 2°C was de-
termined in the lower parts of the country in 1982-
1994 and in forests above 800 m a.s.l. this increase
was from 1,0 to 1,4°C. And, while precipitations de-

crease in the lower area was from 24,9 to 28,7%,
in higher parts it was from 12,0 to 15,9%. Due to
this reason, almost no consequences for the forest
vegetation were revealed in the higher parts and in
the lower forest vegetation area there was consid-
erable precipitations deficit with consequences for
the forest plantations. In the area below 800 m a.s.1.,
163,000 ha or 18.5 % of the newly established co-
niferous plantations in Bulgaria decayed (Raev, et
al. 2003; Knight et al. 2004). Towards 2008 these
losses reach 217989 ha or 22.4 % of the new forests
(Raev 2009).

For the forests from the lower part of the coun-
try (below 800 m a.s.l.), the strategic aim of forest-
ry is determined as “campaign for adaptation of for-
ests to climate warming, for protection of forests
from worsened ecological conditions”. For the for-
ests from higher parts of the country (above 800 m
a.s.l.), where conditions are more favourable, high-
er aims of forestry are suggested: biodiversity con-
servation, sustainable development of ecosystems,
multifunctional utilisation, and development of pro-
tected territories system.

For the stable solving of the problem of climate
changes impact on forestry sector in Bulgaria, in-
cluding directions of afforestation activities and ad-
aptation of forests to unfavourable climatic condi-
tions, a team of researchers from the Forest Research
Institute, University of Forestry and National Insti-
tute of Meteorology and Hydrology, together with
experts from the forestry administration, carried out
an investigation in 2010-2011, whose main purpose
was to suggest measures for adaptation of the for-
estry sector in the 21 century. On the base of glo-
bal circulation models for the atmosphere in the 21
century using data about Bulgaria, it was established
that an increase of average air temperature from 2 to
5°C in Bulgaria can be expected. In the same time
precipitations are expected to decrease from 10 to
30% and this decrease will be higher during grow-
ing period and less during cold part of the year. In-
crease of temperature and precipitations extremes is
expected. This should be taken into account during

Proceedings of the 4" Congress of Ecologists of Macedonia 11
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Afforestations in conditions of global climate change in Bulgaria — problems, investigations and adaptation measures

future afforestations in the country. Through climat-
ic scenarios, “vulnerability zones” of forest tree veg-
etation in Bulgaria to unfavourable climate change
were determined.

Five vulnerability zones were determined (Fig-
ure 2) (Raev et al. 2011):

Zone A (A): It is characterised by permanent
deficit of moisture supply, leading to disintegra-
tion of ecosystems. This zone is absent in the cur-
rent climate. In 2020 it occurs in North-East Bulgar-
ia. Towards 2050 it spreads along the Danube river
to Svishtov and in 2080 grows from the Back Sea to
Tutrakan and from Svishtov to Vidin;

Zone B (b): Permanent disturbances in moisture
supply are typical. In current climate this zone in-
cludes considerable territories with an altitude from
0 to 200 m a.s.l. in the northern half of the Danube
plain, South Dobrudzha, part of the Thracian plain
and Black Sea coast. In 2020 the zone covers almost
entire Danube plain, West Dobrudzha, almost entire
Thracian plain, Petrich-Sandanski region, Southern
Black Sea coast and other areas below 300 m a.s.l.
In 2050 zone B reaches up to 600 m a.s.l. and covers
the Danube plain, Dobrudzha, Fore-Balkan, Thra-
cian plain, Eastern Rhodopes, big part of Sredna Go-
ra Mt., Strandzha Mt., Struma and Mesta river val-
leys. In 2080 it covers big part of the territories from
200 t0 900 m a.s.1.;

Zone C (B): Disturbances in moisture supply
only in certain years. Covers huge territories from
200 to 800 m a.s.l. in the southern part of the Danube
plain, Fore-Balkan, Sredna Gora Mt., fields of West
Bulgaria, Struma and Mesta river valleys, Eastern
Rhodopes and Strandzha Mt. In 2020 covers the ter-
ritories from 300 to 900 m a.s.1.; in 2050 — from 600
to 1000 m a.s.l. and in 2080 — from 900 to 1500 m
a.s.l.;

Zone D (T'): This is the zone of optimal forest-
ry production in Bulgaria with best moisture supply.
Now it covers considerable part in mountains from
800 to 2000 m a.s.l. In 2020 this zone is expected
to begin from 900 m and to reach up to the high-
est parts of mountains. In 2050 it shifts above 1000
m a.s.l. and in 2080 probably will begin above 1500
ma.s.l;

Zone E ([1): This is the zone of overmoisturing,
which is unfavourable for forests. This zone exists
only in conditions of current climate. It covers areas
above 2000 m a.s.1.

On this base, detailed measures for adaptation to
climate changes of forest tree vegetation in Bulgaria
were developed. These measures are conformed to
the vulnerability zones for the country’s conditions
and institutions, necessary funds and terms for their
realisation are determined. Total 116 measures were
forecasted, 50 of them in zone A, 26 — in zone B (b),
19 in zone C (B) and 11 in zone D (I'). Most of them
are directly connected with the afforestation activi-

ties in the country. The development was accepted
by the Ministry of Agriculture for introduction in the
forestry sector of Bulgaria.

On the base of this development and especial-
ly of determined vulnerability zones, new “Classi-
fication scheme of forest site types in Republic of
Bulgaria” and new “Instructions for determination
and mapping of forest site types and determination
of dendrocoenoses composition in Bulgaria” were
developed in 2011 (Raykov et al. 2011). They will
be the base of forest management planning in Bul-
garia. Thus, all future activities in forestry sector of
the country will be conformed to climate changes
and adaptation of forests, as well as mitigation of
climate changes impact on them. These two docu-
ments were improved by the Ministry of Agriculture
and Food in Bulgaria in 2011 and are already ap-
plied in practice.

Conclusion

Investigations carried out so far in the field of
climate changes influence on activities in afforesta-
tion and forestry sector in Bulgaria, as well as meas-
ures for adaptation of forest ecosystems to these
changes in the environment, could be divided in the
following stages:

Stage I: Investigation of reasons for decay of
coniferous plantations in Bulgaria (1988-1993)

Stage II: Participation of Bulgaria in a big in-
ternational investigation on climate change and ad-
aptation of forests.

Stage I1I: Investigation on consequences of big
drought period 1982-1994 as an analogue for future
climate changes in Bulgaria and development of hy-
pothesis for adaptation of forests.

Stage IV: Development of climatic scenarios
for climate change in Bulgaria in the 21% century,
definition of vulnerability zones of forest tree vege-
tation; determination of detailed measures for adap-
tation of forests to new conditions conformed to vul-
nerability zones in forests.

Stage V: Establishment of new classification
scheme for forest sites types and new instruction for
determination and mapping of forest sites types, as
well as determination of dendrocoenoses composi-
tion in Bulgaria, developed on the base of vulnera-
bility zones in forests in the 21% century.

It should be outlined that there is a good syn-
chrony between scientific research in the field of cli-
mate changes and practical activities of forestry ad-
ministration, which is important for the future suc-
cess of afforestation activities in Bulgaria.

References

Bolidger, J. (2002). Swiss forest and climate change:
comparison of simulated quantitative

Proceedings of the 4" Congress of Ecologists of Macedonia 13



Ivan Raev

vegetationmodels. Schweizerische Zeitschrift
fiir Forstwesen, Zurich, 153(5): 167-175.

Broadmeadow, M., D. Ray, C. Samuel. (2005).
Climate change and the future for broadleaved
tree species in Britain. Forestry, Oxford, UK,
78: 145-161.

Gessler, A., Keitel, C., Kreuzwieser, J., Matyssek,
R., Seiler, W., Renenberg H. (2007). Potential
risks for European beech in a changing
climate. Trees: Structure and Function,
Berlin, 21: 1-11.

Jacoby, G. (1993). Effects of climatic warming
on tree distribution in Alaska. 15" Int. Bot.
Congr., Yokohama, Aug.28-Sept.3, 1993, 58.

Koling, C., Zimmerman, L.Walentowski, H. (2007).
Climate change: what happens with beech
and spruce? AFZ/Der Wald, Allgemeine
Forstzeitschrift  fiir Waldwirtschaft und
Umweltvorsorge, 62: 584-588.

Lloyd,A., Rupp, T. Fastie, C., Starfield, A. (2003).
Patterns and dynamics of tree line advance
on the Seward Peninsula, Alaska. Geophys.
Res. D, 108, 2: 1-15.

Knight, G., Raev, 1., Staneva, M., eds. (2004).
Drought in Bulgaria — A Contemporary
Analogue for Climate Change. Ashgate, UK,
336.

Raev, 1. (1983). Attempt for differentiation of
mountain climate in Rila Mt. and the zone
optimal forestry production. - In: Proceedings
of international symposium “Relationships
man —mountain ecosystems”, project 6-MAB
UNESCO, Vratsa, 24-29.10.1983, vol. 2:
227-236. (In Bulgarian)

Raev, I. (1995). Main reasons for the decay of
coniferous forest plantations in Bulgaria. —
Gora (Forest), 1: 25-28. (In Bulgarian)

Raev, I. (2001) Drought processes and problems
in forests of Bulgaria. - In: Proceedings of
Third Balkan scientific conference, Sofia, 2-6
October, vol. 1: 93-100. (In Bulgarian)

Raev, 1. (2009). Sustainable management of forests
in Bulgaria: problems, opportunities and
indicators. Nauka za gorata (Forest Science),
3:9-24. (In Bulgarian)

Raev, 1., Slavov, N. (1996). Assessment of potential
of forests for absorbing of greenhouse
gases. Vulnerability towards climate change
and measures for adaptation of forest and
agricultural vegetation in Bulgaria. Project
“Investigation in Bulgaria towards global

problems of climate change”, Energoproject,
22-32. (In Bulgarian)

Raev, 1., Grozev, O., Alexandrov, V. (1995). The
problem with future climate changes and
erosion control afforestations in Bulgaria. —
In: Proceedings “90 years erosion control in
Bulgaria”, Sofia, 84-93. (In Bulgarian)

Raev, I., Grozev, O., Alexandrov, V., Vasilev, Z.,
Rosnev, B., Delkov, A. (1996). Vulnerability
to climate changes and measures for
adaptation of Bulgarian forests. Final report
on project “Bulgaria country study to address
climate change”, Sofia, 1-88. (In Bulgarian).

Raev, 1., Knight, G., Staneva, M. eds. (2003).
Droughts in Bulgaria — present analogue for
climate changes, BAS, S., 284.

Raev, 1., Zhelev, P., Grozeva, M., Markov, I.,
Velichkov, V., Zhiyanski, M., Georgiev,
V., Alexandrov, V. (2011). Programme of
measures for adaptation of forests in Republic
of Bulgaria and mitigation of climate changes
impact on them. EU project FUTURforest,
Sofia, 212. (In Bulgarian).

Raykov, R. et al. (2011). Classification scheme of
forest sites types, vol. 1, 104; Instruction for
determination and mapping of forest sites
types and determination of dendrocoenoses
compositions, vol. 2: 106, Bulprofor, Sofia.
(In Bulgarian)

Sedelnikov, V. et al. (1997). Vegetation cover as an
indicator of climate change on the northern
boundary of forest and tundra in West Siberia.
Works.  Spatial-Temporal = High-Latitude
Ecosystem Change- Krasnoyarsk, Sept.1-7,
29-30.

Sedjo, R. (1991). Climate, forests and fire: a north-
American perspective. Environ. Int., 17, 2-3:
163-168.

Strain, B., Thomas, R. (1993). Response of coniferous
to CO, increase and possible global climate
change. 15" Int. Bot. Congr.,, Yokohama,
Aug. 28-Sept. 3, 61.

Sykes, M., Prentice, C. (1996). Climate change, tree
species distribution and forest dynamics.
Works. Patch Models Veg. Dyn. Glob. Change
Issues, Apeldoorn, 1994, Clim. Change, 34:
161-177.

Walter, G., Grundman, A. (2001). Trends of
vegetation change in cooline and submontane
climax forests in Switzerland. Bull. Geobot.
Inst., ETH, 67: 3-12.

14 36o0puuk Ha TpyaoBu ox IV Konrpec Ha exonosute o1 Makenonuja



Proceedings of the 4" Congress of Ecologists of
Macedonia with International Participation
Ohrid, 12-15 October 2012

Macedonian Ecological Society

PEBUTAJIN3AIINJA HA OITIOKAPEHU ITYMCKHU EKOCUCTEMHA
IHPEKY IIPUPOJAHO ObHOBYBAIBE

Hukonuo Benkoecku, Jane Anescku, Kosie Bacunescku u bojan CumoBcku

Vuusepsumem ,, Ce. Kupun u Memoouj “ 6o Ckonje, [Llymapcku paxynmem 6o Ckonje, 6yn. Anexcanoap Makedoncku 60,
1000 Crkonje, Maxedonuja
nvelkovski@sf.ukim.edu.mk; jacevski@sf.ukim.edu.mk; kvasilevski@ukim.edu.mk; bsimovski@sf.ukim.edu.mk

Ancrpaxkr

Benxoscku, H., AtieBcku J., Bacunescku K. u Cumocku b. (2013). PeBuTanusanuja Ha OMOKapeHH IIyMc-
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[IymMcknTe SKOCHCTEMH CE €/IeH OJ] Haj3HauajHUTE CTOIOOBH Ha PACTUTEIHUOT U )KUBOTHHCKUOT OMOAMBEp-
3WTET, HO HUBHATa CTAOMIIHOCT M OJIPKIIMBOCT YECTO IIaTH € 3arpO3yBaHa O Pa3IMYHN OMOTCKH, aHTPOIIOTSHH HIIH
abuotcku ¢axropu. Bo oxpeseny ciryyan HacTaHyBa M JI0 LIEIOCHO YHUIITYBAHbE Ha OJPEICH ITYMCKH €KOCHCTEM.
Bo TakBuTE Cilyyan MHOTY Y€CT M MHOTY CEPHO3€H MPUYMHUTEI Ce HIYMCKHTE IOXKapH, KO 32 KyCO BpeMe OIOKa-
pyBaar roJeMH LIyMCKH IMOBPIIMHY U 3HAYUTETHO IO HAPYIIyBaaT MM LEJ0CHO YHHINTYBaaT IIyMCKHOT €KOCHC-
teM. Cerak, criocoOHOCTa 3a TIPUPOTHO OOHOBYBamE KaKO KapaKTEPUCTHKA Ha LIyMcKara JeHapoduopa e 3Hada-
eH (haKkTop 3a MOBTOPHO BOCIIOCTABYBabe Ha IIIyMCKa BEreTaryja Ha OloKapeHNUTe IIYMCKHU IMOBPLIMHY U [IEJIOCHA
peBUTaIM3alMja Ha NIYMCKHOT ekocucTeM. L{enTa Ha 0BOj TPy € Zia ce yTBpAAT OCHOBUTE NPHUPOHU CYKLIECHBHH
MIPOLIECH Ha IIIyMCKaTa JIpBeHecTa BereTalyja KOu ce 110jaByBaaT HEKOKY TOAMHHM IO CHJICH IIYMCKH TIOXKap Of] KOj
LIEJIOCHO € YHUIITEH HIyMCKHOT ekocucTeM. Co MpoydyBambeTo Ha MojaBaTa, pa3BUTOKOT, KBAJIMTATUBHUTE U KBAaH-
TUTATUBHU KapaKTEePUCTHKU Ha €AMHKHUTE O]l IPHPOIHATa 0OHOBA ce JOOMEHH MOAATOLH 3a MOXKHOCTA M yCIIeII-
HOCTa Ha PEBHUTAJIM3ALMjaTa HAa OIIOXKAPEHHOT IIYMCKH €KOCCUTEM. 3a Taa LieJl U3BPILICHU Ce TePEHCKH UCTPaXKYy-
Bama MPEKy JUPEKTHU Meperha U NMpoydyBamka Ha MPUpoHaTa 0OHOBA CO METOAOT Ha MPOOHU MoBpIIMHU. [[00H-
CHMTE pe3ylTaTH yKaKyBaaT Ha Toa JeKa OlloXKapeHaTa IIyMCcKa ITOBPIIKHA [TOCTEIICHO C€ PEeBUTAIN3UPA, IPBEHC-
TBEHO CO MMOHEPCKH BUJIOBHU OJ1 IIyMCKaTa AeHIpodIopa, HO 3a LeJ0CHA PEBUTAIN3ANH]a Ha ITYMCKHOT €KOCHC-
TeM € HOTpeOeH JJOJIT BPEMEHCKH MePHO]T.

Koayunu 360poBH: LIyMCKH €KOCHCTEM, PEBHTAIIM3ALIH]a, IPUPOAHA OOHOBA, IIyMCKa IeHAPO(IIOpa, MHOHEPCKH BUIOBH.

Abstract

Velkovski, N., Acevski J., Vasilevski K. & Simovski B. (2013). Rehabilitation of burned forest ecosystems by
natural regeneration. Proceedings of the 4" Congress of Ecologists of Macedonia with International Participation,
Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

The forest ecosystems are one of the most important foundations of the biological diversity concerning flora
and fauna, but forest’s natural balance and sustainability are often on impact and influence by wide spectra of biotic,
anthropogenic or abiotic factors. In specific circumstances, some of the forest ecosystems can be totally destroyed.
Namely, the wildfires, in particular forest fires can cause enormous consequences and devastating impact on forest
ecosystems; for short period of time forest fires can burn large forest mass and make the forest ecosystem an eras-
ure. Even so, the forest vegetation has a very important and essential ability- the dendrofloral capacity for natural
regeneration, both vegetative and by seed, and for a period of time to re-establish and implicitly rehabilitate, i.e. to
grew up and become a forest as it once was. The main purpose of this scientific paper is to determine and note the
basic natural succession processes of the forest dynamics after forest fire, particularly the natural regeneration of the
forest woody species. Thus, determination of the appearance, development, qualitative and quantitative characteris-
tics of the individuals in a natural regeneration process were made and the data base was analyzed to see the possi-
bility and efficiency of the rehabilitation of the burned forest ecosystem. Therefore, field examinations were made
using direct measurements and research of the presence of the natural regeneration; the method of the sample plats
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was used. The results indicate that burned forest area gradually and progressively regenerates, primarily with pio-
neer species of the forest dendroflora. After all, for complete rehabilitation of the forest ecosystem there is a need
of a long period of time; eventually, the forest regenerates slowly, but assuredly.

Keywords:

BoBen

Enna on HajromeMuTe ONacHOCTH 3a IIYMCKH-
T€ EKOCHUCTEMH, KOja BO MOCIEAHUTE JACLECHUH € &
NOU3pa3eHa M 3a KPaTOK BPEMEHCKH POK YHHIITY-
Ba TOJIEMH MOBPLIMHHM IO LIIyMa CE IIYMCKHUTE MO-
xapu. Cropen MogaToLUyTe O HHCIEKTOPaToT HpH
MUHHCTEPCTBOTO 32 3€MjOAENICTBO, IIYMapcTBO H
BOZIOCTOMAaHCTBO Ha PemyGnmuka Maxkenonuja 3a me-
puozmot 2000-2011 roxuHa, Ha TepUTOpHjaTa CO Koja
ynpasyBa JII ,,Maxkenoncku mrymu““-Cxomje Omre
peructpupanu 3131 mrymMckn mokap BO KOj € OIo-
apeHa noBpmuHa o 128187,45 ha u ce nzropenn
1251687,90 m* npBHa Maca. Bo MHOTy Tonem 6poj
CIIy4ay Ha MECTOTO Ha OIOXKAPEHHTE IIYMCKU €KO-
CHCTEMH C€ BpIIAT MOUIyMYBamba, KaJEeIITo 0 Be-
LITa4YK{ [1aT C€ CO3/1aBaaT YCJIOBH Jia Ce IOAUTHE U
BOCIIOCTAaBH HOB IIyMCKH ekocucreM. Cemnak, oBaa
aKTUBHOCT € HEJOBOJIHA 3 IIEJIOCHA PEeBUTAIN3a-
IMja Ha ONOXKAPEHHTE EKOCHCTeMH. Bo mpouecor
Ha pPeBUTANN3alHja Ha IIYMCKHOT €KOCHUCTEM TO-
JeMa yinora uMa CrocoGHOCTa Ha IIYMCKUTE BHU-
JIOBHU JIpBja 32 CaMOCTOjJHO MPHUPOIHO OOHOBYBAIbE,
KO€ MOXe Ja Ouje of TreHepaTHBHO W/WIIN BEreTa-
THUBHO ToTek10. OpeIeHu BUIOBH JApBja MMaaT Io-
CHJIHU OMOEKOJIOIIKY KapaKTEePUCTUKH O aCTIEKT Ha
HHMBHATa CHOCOOHOCT 3a HacelyBame Ha OIoXape-
HH IIYMCKH ITOBPIIMHU BO ofHOC Ha napyrute (Ko-
neBckd 1 11p. 2009). Bo TOj KOHTEKCT, MHOTY BakKHa
e Tpaxdara M rojieMiHaTa Ha CEMeTO, KaKo U Hadu-
HOT Ha HETOBO pa3HecyBame. HajmoOpu mpenncmo-
3WIINH 32 pa3HECyBambe Ha ITOTOJIEMH PacTojaHuja Of
MaTHYHUTE HacaJu UMaaT BUIOBHTE JpBja KO pac-

forest ecosystem, rehabilitation, natural regeneration, forest dendroflora, pioneer species.

roJiaraatr co MOCHTHO CeMe, Kako M ceMe Koe MMa
KpHJIIIA CO IITO CE OJIECHYBA pa3sHECyBamETO Ha ce-
METO CO IIOMOIII Ha BeTap Ha MMOT0JEMHU pacTojaHuja.
[Tokpaj Toa, 011 rOJIeMO 3HaUCHE CE U MPUPOIHUTE
YCIIOBH, TPeJ| CE MeNOIOIIKUTE, PeJbePHUTE U KITH-
MAaTCKHUTE YCJIOBH, KOM UMaaT OrpaHH4yyBadKa yjiora
BP3 pacrpoCTPaHyBamkEeTO U aJanraiujara Ha CUTe
BUJIOBH Ha oJjpe/ieHo nojpadyje. McrpaxyBameTo Ha
MIPUPOJIHUTE- SKOJIOIIKUTE YCIIOBH € 0COOCHO BaxkK-
HO, OWJIejKkM OJl HUB BO rojieMa Mepa 3aBHCHU I10ja-
Bara, pa3BUTOKOT M OTIICTAHOKOT Ha MPHUPOHATA 00-
HOBA OJ] IIYMCKHTE JIPBja, a O] CYIITHHCKO 3HAYCHE
3a OTICTOjYBAhETO U TPAJHUOT OJPIKIIMB PA3BUTOK Ha
IIYMCKUTE €KOCHCTEMHU € HUBHOTO MTPUPOTHO OOHO-
ByBame (BenkoBcku u ap. 2008).

IymckuTe noKapu Kako NpUpojeH (peHOMeH
MPETCTaByBaaT MHOTY CEPHO3eH M omaceH (akTop
KOj BO KpaToK BPEMEHCKH MHTEPBAJI MOXKE J1a YHHIII-
TH TOJIEMU TOBPIIMHH Off IIYMCKUTE €KOCHUCTEMH.
Bo T10j morien moceGHO ce 3arpo3eHH IIYMCKHTE
EKOCHCTEMH KOH C€ COCTaBEHHM OJ UIVIOIMCHH BUJIO-
BU JpBja, OMejkN Mopaand HUBHUOT COCTaB, CTPYK-
Typa W rojieMa KOJMYHHA Ha JIECHO 3allajiB FOpJINB
Marepujajl BO MHOTY CJIydaH THE HajuecTo cTpajaar
O]l IYMCKH IOoXKapu. TakoB IIyMCKH HOXap, Koj 3a
KPAaTKO BpeMe O] CaMO HEKOJIKY YaCOBH YHHILITH T0-
JIeM IIYMCKHU KOMIUIEKC ce cayun Ha 24.07.2007 ro-
JuHa Ha JokanuTeToT ,,Ilapkaa“ (Ci. 1), co koj cTo-
nanucysa IIC ,,ManemeBo“ on bepoBo, Bo cocTas
Ha JIT ,,Maxkenoncku nrymu‘‘-Ckorije.

Kako nocneuiia Ha 0BOj ITyMCKH MOXap € OI10-
’KapeHa IryMcka nospuirHa o 924 ha, ox xou 458
ha mon kBamuTeTHH IIPHOOPOBH U 6EIOOPOBH IITYM-

Ca. 1.
Fig. 1.

MowmenT ox urymcknot roxap (2007)
The forest fire (2007)

Ca. 2.
Fig. 2.

Coctoj6a nocie moxaport (2008)
Situation after the forest fire (2008)
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PeBuTanu3zaija Ha OMOXKAPCHH IIIYMCKH €KOCHCTEMH MPEKY IPUPOIHO OOHOBYBAHE

CKM HacaJii co Bo3pact oz 50 rofiMHu U IpBHA Maca
on moseke o1 60000 m* (IToceGeH Tu1an 3a CTONaHM-
cyBame co mymute o LICE , bperamaumna“-bepo-
B0, 2005-2014). OnoxxapeHute mrymu Ouie HacTa-
HATH 110 MPUPOJICH TaT MPEKy HACENyBarmbe Ha MHO-
HEPCKH BHIIOBH JIPBja, TIpe ¢¢ upH 060p (Pinus nigra
Arn.) u 6ei 60p (Pinus silvestris L.), Ha HamyIIITEHU
MacHUINTa MPEKy MPUPOIHO OOHOBYBame. Bo oBue
IMYMCKH HacaJu BO MUHATOTO C€ MPE3CMaHU LIyM-
CKO-OMINICAYBaYKA MEPKH BO JIBAa HAaBPaTH- KacT-
perbe Ha TPaHKU U U3BelyBarbe Ha MPOopeH co cliad
710 yMepeH uHTeH3uTeT. Kako pesynrar Ha Toa Geme
CO3/aJICH €IeH CTaOWIIeH, KBAJUTETCH U OJPIKIIUB
LIYMCKH €KOCHCTEM BO KOj Oca CO31aicHH U YCIIOBU
3a HEroBO CAMOCTOJHO OOHOBYBambE, KaKo BO OJJHOC
Ha Quopara Taka U Ha (ayHara. Cenak, IIyMCKHOT
MOXKap IIEJOCHO TO YHHIITH OBOj ITYMCKH €KOCHC-
TEM CO ILITO € HAllpaBeHa rojiemMa LITeTa Ha LEeJIOKYTI-
HUOT paCTUTCJICH U )KUBOTUHCKH 6I/IO}II/IBep3I/ITeT Ha
noapayjero (Ci. 2 u 6).

Bo mpBuTe 1Be TOMUHHU O OMOKAPYBAKETO HA
IIYMCKHOT exocucteM of ctpana Ha IIIC ,,Mane-
meBo‘ o7 bepoBo ce u3BpIlIeHN CaHUTAPHU CEYU U
pacUHCTyBambE HA OTIOKAPECHHUTE MOBPIINHMU, KAKO
CIIPOBElyBamkbE Ha IIYMCKH pPeJl CO LITO Ce CO3/aze-
HH TIOBOJIHH TIPEYCIOBH 3a IPUPOIHO OOHOBYBAC
(Cn. 3 u 4). Ilo met roquHM 011 OTIOXKAPYBAKETO, HA
TEPEHOT € 3a0eICHKIMBO OPOJHO PUCYCTBO HA CAMH-
KM OJ] HEKOM BHIOBM JIPBja, IPMYILKH U TPEBHA Be-
reraiuja. MeryToa, 3a0€JIeKIINBO € OTCYCTBOTO Ha
HEKOM MPETCTABHHUIIN Ol TPMYIIIECTara AeHAPOIIO-
pa, KaKko IITO € CUHAaTa cMpeka (Juniperus commu-
nis L.), Koumto BoOoOMYaeHO ce MojaByBaaT Mo He-
oOpacHaTHUTe TEPeHHU.

HabspynyBajku u ciezejku ro 0BOj Ipolec Ha
MTOCTETNEHO MPUPOIHO OOHOBYBamE, KO€ BEKke 5 ro-
JWHU C€ OJIBMBAa Ha CIIOMCHATUTEC TCPEHU, PCIIUBME
Jla M3BPIIMME TEPEHCKH UCTPaXKyBamba CO 11eJ Jia ce
YTBP/H KaKO CE OJIBUBA ITPOLIECOT HA MPUPOIHO 00-
HOBYBAaC M BO KOja HACOKA Ke Ce JIBMKH IPHPOTHA-
Ta CyKIIECHja Ha IIyMCcKata AeHapodJiopa.

Marepujan u MmeToan

3a mpoydyBame Ha peBUTAIM3AIjaTa Ha OMO-
KapeHH ITyMCKH €KOCHCTEMH MPEKy MPHUPOAHO 00-
HOBYBam€ Ha JIOKAIHUTETOT ,Ilapkad“ ce mocrase-
HU 14 npoOHM MOBPIIMHKA CO IpaBoaroyiHa (opma
U pa3InyHu AUMEH3uU. Bo 3aBHCHOCT of TycTHHA-
Ta ¥ ToJIeMUHATa Ha IPUpoHaTa 0OHOBA, MPOOHUTE
MOBPIIIMHY C€ MTOCTaBYyBaHH CO AWjaMeTpH of 3x3 m,
4x4 m u 5x5 m. [IpoGHUTE TOBPITMHM CE MOCTaBY-
BaHU Ha PENPE3CHTAaTHBHU MECTa CIIOPE MapIIpyT-
HaTa MeTo/a ¥ Toa: 4 MpOOHU MOBPIITUHU Ha CEBEpHA
eKCIIO3HUIIHja, 3 Ha UCTOYHA, 2 Ha 3amajHa, 2 Ha JyXK-
Ha ¥ 3 Ha paMeH TepeH. Bo pamkuTe Ha MpoOHUTE
MOBPIIIMHHU U3BPIICHN c€ OMOMETPHUCKH Meperma Ha
0o0HOBaTa MPH IITO C€ YTBPACHN BUCOYMHUTE U /IMja-
METpPUTE KaKO OCHOBHH OMOMETPHCKH MOKAa3aTely,
0J1 KOM TIOHaTaMy COITIacHO MeTofoiorujata Ha [lla-
(ap ozperieHU ce M Pa3BOJHUTE CTAAMYyMHU HA MPH-
poxHaTta 00HOBa. Bo TeKOT Ha MEpEemETO U3BPIICHA
€ ¥ OIICHA Ha KBAJIUTETOT ¥ BUTAJTHOCTA HA SINHKHU-
Te o1 mpupoaHara ooHoBa. CUTE U3MEPEHU SAMHKU
BO MPOOHHUTE MOBPIINHYU CE TPYIHUPAHUA BO TPH TPY-
U U Toa: | rpyma ce KaTeropu3upanu CUTE SIUHKH
KOW C€ 3[IpaBH M BUTAJHH, IMaat IPaBo cTeOIeHIe
[IpaBWJIHO pa3BueHa kpoiHa. Bo Il rpyna ce karero-
PU3UpPAHU CUTE €AWHKU KOM CIOpEI CBOUTE KBaJH-
TaTUBHM KapaKTCPUCTUKU 3a0CTaHyBaaT 3aj CIHH-
KHATE Of MpBa KaTeropuja, HO ce BO 100pa 3apaBc-
TBeHa cocToj6a, a Bo III rpyma ce kareropmusnpanu
€IMHKNTE KOM MMaaT JIOIa 3APaBCTBEHA COCTOj0a,
KPHUBO W yCyKaHO CTEOJICHIIe, HeTIPaBIIIHA KPOTII-
Ha WK APYTH OIMITETyBama IMOPAIH IITO CE CO CIad
KBaJUTET U cjaba BUTAITHOCT. JJoOMEHUTE MoaaToIu
ce 3anuiiyBaHu Bo (GopMynapu, a IoToa ce Marema-
TUYKK 00paboTenu. bpojHocta Ha obHoBaTa Ha 1 ha
€ oZpeaeHa KaKo MPOU3BOJ Ol KOJIMYHUKOT MOMETry
Op0joT Ha EAUHKHUTE BO PpOOHATa MMOBPIIMHA U TOJIe-
MHHAaTa Ha KOHKpETHaTa MPOOHA MOBPIINHA TTOMHO-
KCH T10 TOJIeMHHATa M3pa3eHa BO KBaJPATHU METPH
coapxanu Bo 1 ha. Ox qoOueHnTE OAaTOIH 32 Ce-

Ca. 3.
Fig. 3.

U3BenyBame Ha canutapau ceun (2008)
Forest sanitary cuts (2008)

Ca. 4.

CrpoBenyBambe Ha mrymcku pen (2008)
Fig. 4. Forest clean implementation (2008)
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Koja mpoOHa MOBpIIMHA IpecMeTana € OpojHOCTa Ha
eIMHKHUTE Ha eJUHUIIA noBpinuHa oy 1 ha, a moxa-
TOLIUTE Ce N3HECEeHU BO Tabenu. [lonaramy, n3Bpiie-
Ha e KoMIIapaliyja co oJIaToLUTe JOOUeHHU Of] IPYTH
UCTpaKyBarha Ha JAPYTHU JOKAJIUTETH KOHCTaTHPaHU
BO CIIMYHHM HCTpa)KyBama. YmorpedeHarta HOMEHK-
Jlatypara Ha NIyMCKUTE 3aeTHHIM € criopen Prodro-
mus phytocoenosum Jugoslaviae (1986), a HayuHu-
T€ M HapOJHHUTE HA3MBH Ha IIyMCKaTa JAeHApodIopa
criopen [Iexos (1988) u Em (1967).

HcrpaxkyBano noapadje

3a moxpauje Ha UCTpaKyBabe € N30paH JioKa-
JMTETOT ,,[lapkau® koj ce Haora BO MCTOYHHOT Jiell
Ha PenyOmuka Makenonuja (Cin. 5). Mcrpaxysa-
HOTO moxpadje ordaka mospuuaa ox 924 ha u ce
Haora Ha HagMopcka BucodnHa on 950 xo 1070 m.
Cnopen ®@ununoscku u ap. (1996), na oa mompa-
4je MpeoBlialyBa JaHaTa KOHTHHEHTAIHA KIMMa CO
OJIpelieHO BiIMjaHHe Ha IUIaHMHCKara kiauMma. Cpe-
Hara TOJAMIIHA TEMIIepaTypa IpecMeTaHa Crope[
KPHBHUTE Ha BEPTHKAIHUTE IPAJUEHTH 33 OBa MOJ-
pauje usHecyBa of 8,6 10 9,6°C, Wiu CPEAHO OKOIY
9°C. [IpoceyHOTO KOJIMYECTBO HA BPHEKH U3HECYBA
on 800 mo 850 mm, a cpeHara roIUIITHA pelaTUBHA
BIQYKHOCT Ha BO3yXOT 75%. ['eonomkara mossora e
CUJIMKATHA M Ha Hea € paclpocTpaHeTa CpeiHo Jja-
Ooka mouBa, CBe¥ka, CO TEHOK CJI0j Ha XyMyC U JIH-

CTHHEIl OJl THIIOT eyTpudeH kamoOucos. [louBeHnor
THII HA UCTPAKYBAHOTO MO/Ipayje ce KapakTepu3nupa
€O BUCOK IIPOLIEHT Ha YY€CTBO Ha IVIMHA U IIECOK.

Bo rpanunmnTe Ha MCTpaKyBaHOTO Mojpayje e
3acTareHa IyMcKara acolujanuja Ha i1ab uep u aab
wiockau Quercetum frainetto-cerris macedonicum
Em H. at Oberd. 1948.

Pe3yararu

HcrpakyBaHOTO TIOzIpadje Cropes KIMMaTCcKo-
BETeTalMCKO-TIOUBEHOTO peoHupame Ha PenyOnnka
MakeoHnja npunara BO J1aJHO KOHTHHEHTATHOTO
nozpadje (Ounmnoscku u ap. 1996). U nokpaj toa
IITO OBa € MOjpadje KaJelmTo BOOOWYACHO TOMH-
HHUpa KIMMaszoHanHara acouujauuja Orno-Querce-
tum petraeae Em 1968 (mymcka 3aeqHuIia Ha 1a00T
TOpYH ¥ IPHHUOT jaceH), BO OBOj Jiesl Ha PeryGnu-
ka Make/loOHHja WK MOTOYHO Ha OBHE OTPAHOIM Ha
Manemesckute [nannHu Toa € mozgpadje Kajae Kiu-
Ma30HaIIHO € 3acTarieHa acouujauujara Quercetum
frainetto-cerris macedonicum Em H. at Oberd. 1948
(urymcka 3aemHuIa Ha a0 mep u 1ad miockad). Kon
TOA MPHUJIOHENE CEBKYITHUTE TIPUPOIHH YCIOBH, UC-
TOPHUCKU OKOJIHOCTH, KaKO M OMOEKOJIOMIKUTE 0CO-
OuHM Ha BHIOBUTE. BO TakBUM NPUPOJHU YCIOBU
Ha MECTOTO Ha OINOKaPEHHOT NIYMCKU EKOCHCTEM,
MPETEeKHO COCTaBEeH Of LpH U Oest Oop co enuHed-
HU WIN TPUMECH BO MaJIi TPYIH O IUIOCKA4 U Liep,

N4144'6™
E 2215367

N41°43'30"

(IN41°4254%

Fad

1

$ Daptof S‘ale‘l';‘as‘og'rapho
Q‘v‘:ar Google]
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Ca. 5.
Fig. 5. Location of the study/investigated area

MecTononox6a U rpaHUIM Ha HCTPAXKYBaHOTO TIOpadje
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PeBuTanu3zaija Ha OMOXKAPCHH IIIYMCKH €KOCHCTEMH MPEKY ITPUPOIHO OOHOBYBAHHE

Beke Iocie 5 TOAMHU O]l OMOXKAPYBAHETO Ce pas-
BHBa OpojHA MPHUPOIHA OOHOBA O] CICAHUTE IIyM-
CKHU BHJIOBH JpBja: O 60p, Tiockad, 1ep, ko3ja Bp-
0a, upH Oop u jacuka. Ha mompayjero ce 3acrare-
HU U TI0T0JIeM OpOj Ha IPMYIIECTH M TPEBECTH pac-
TCHH]ja, a MOCIMHECYHO ¥ HEKOM BHOBH O]l JHBaTa
oBoIiHa (iropa, kako wto ce: Epilobium angustifoli-
um, Rosa canina, Rosa arvensis, Rubus tomentosus,
Rubus fruticosus, Ononis spinosa, Crategus monog-
ina, Cytisus leucantus, Hypericum sp., Sorbus torm-

inalis, Pyrus pyraster, Pyrus amigdaliformis, Pru-
nus spinosa u ap. Co oBa UCTpaKyBambe ce ondare-
HU CAMHKUTE Off IPUpPOIHATa OOHOBA O IIYMCKUTE
BUJIOBH JPBja, a JOOMEHUTE MMOJATOIN CE U3HECCHHU
BO 1rect nperienuu Tadenu (Tao. 1, 2, 3,4, 5, 6), ka-
KO ILITO CJIEAyBa NOMIOIY.

Opn w3HecenuTe noparonu Bo Tabena 1 ce 3a-
OenexyBa Jeka Ha MCTOYHA CKCIO3MIIMja ce cpeKa-
Baar mo 25000 exuuku Ha xektap. Ox HUB, Haj3a-
cTareHa e nmpupoaHara obHoBa ox 6ex 6op co 50%

Ta6. 1. BpojHOCT M KBaJIMTET HA EAMHKKUTE O] MPUpOIHaTa 0OHOBa Ha | ha Ha MCTOYHA EKCIIO3UIIH]a

Tab. 1. Frequency and quality of the offspring of the natural regeneration on 1 ha on East light meter

(exposition)
Bux / KBanurer nodap o cpenen o Jiom o BKYITHO o
Species / Quality good % medium % bad % total %
Quercus frainetto (1110cKa4) 4 667 65 1622 23 822 12 7111 28
Quercus cerris (uep) 667 72 134 14 133 14 934 4
Salix caprea (xo03ja Bp6a) 2 600 66 1222 31 133 3 3955 16
Pinus silvestris (0en 6op) 4 867 39 3667 29 4 066 32 12 600 50
Pinus nigra (upu 6op) 267 67 133 33 - - 400 2
Bxkymnno / Total 13 068 52 6778 27 5154 21 25000 100
Tab. 2. BpojHOCT M KBaJIMTET HAa €AMHKKUTE O] MpHpoHaTa oOHoBa Ha | ha Ha 3amajHa ekcro3uiuja
Tab. 2. Frequency and quality of the offspring of the natural regeneration on 1 ha on West exposition
Bupn / KBananrer a00ap o cpenen o Jiom o BKYIIHO o
Species / Quality good % medium % bad % total %
Quercus frainetto (M10cKay) 1200 67 400 22 200 11 1 800
Quercus cerris (uep) 600 60 200 20 200 20 1 000
Salix caprea (xo3ja Bpoa) 6 400 49 4800 36 2 000 15 13200 60
Pinus silvestris (0es1 6op) 1 600 47 1230 36 600 17 3430 16
Pinus nigra (upH 6op) 400 50 200 25 200 25 800 4
Populus tremula (jacuka) 1200 67 400 22 200 11 1 800 8
BkynHo / Total 11 400 52 7230 33 3400 15 22030 100
Tab. 3. BpojHOCT M KBaIUTET HAa SAMHKHUTE Of MpHUpoxHaTa 00HOBa Ha | ha Ha ceBepHa eKCIO3HUITHja
Tab. 3. Frequency and quality of the offspring of the natural regeneration on 1 ha on North exposition
Bupn / KBananter aodap o Cpenen o JIom o BKYIIHO o
Species / Quality good % Medium % bad % Total %
Quercus frainetto (N10ckay) 1100 69 200 12 300 19 1 600
Quercus cerris (uep) 900 53 500 29 300 18 1700
Salix caprea (xo3ja Bp6a) 3 800 59 2 000 31 600 10 6 400 21
Pinus silvestris (6es1 60p) 6 800 33 5800 28 7 900 39 20 500 67
Pinus nigra (upH 6op) 100 50 100 50 - - 200 1
Bkynno / Total 12 700 42 8600 28 9100 30 30 400 100
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1 1a0oT mockad co 28% o BKYITHHOT OpOj eauH-
KH. 3HAYUTEITHO YYSCTBO UMa M Ko3jara BpoOa (Salix
caprea L.) co 16%. Hajrosem 0poj o eIHHKUTE Ha
MpUpoIHATa OOHOBA Ha HCTOYHA EKCIIO3HIIHja Ce CO
nobap kBaynuteT (52%), MoTOA CO CPe/IcH KBAJTUTET
(27%), a najmau co Jyiomr kBanuteT (21%).

On u3HeceHuTe mogaronu Bo Tabema 2 ce 3a-
Oesie)KyBa Jieka Ha 3arajHa eKCIIO3HUIlHja ce cpeKa-
Baar 110 22030 equHku Ha xekrap. O HUB Haj3acTa-
TIeHa e MpUpoIHaTa 0OHOBA O] Ko3jaTa BpOa co 60%,
a moroa Genrot 60p co 16%. bpojHocTa Ha apyruTte
Bua0BH ¢ nomaina oz 10%. Hajromem 0poj ox enus-
KUTE Ha MPUpOaHATa 0OHOBA Ce CO M00ap KBAIUTET
(52%), moroa co cpenen kBamutet (33%), a HajMa
co nom kBanutet (15%).

Opn n3HecenuTe noaaroiy Bo Tabena 3 ce 3a0e-
JIeXKYBa JIeKa Ha CEBEpHA EKCIO3HIIHja Ce CpeKkaBaat
o 30400 exuuky Ha xekrap. O HUB Haj3acTaneHa
¢ pUpoHaTa 00HOBa o1 6eIroT 60p co 67%, a rmo-
Toa o7 Ko3jara Bpba co 21%. bpojHocTa Ha npyrure
BuaoBu ¢ nox 10%. Hajronem 6poj ox eIMHKHATE Ha
MpUpoaHaTa 0OHOBA ce co mobap KBajuTeT (42%).
Hcknydok ce 3a0enexyBa Kaj MpUpoOAHaTa 00OHOBA
of1 6en Oop, Kaje HajrojeM JIeN Of SIUHKUTE Ce CO
sorr kBanuTeT (39%).

On n3HEeCeHuTe TOoJaTOIH BO Tabena 4 ce riena
JIeKa Ha jy)KHa eKCIlo3uIrja ce cpekasaar mo 19600

enuHKH Ha xekTap. Of1 HUB Haj3acTaneHa ¢ IPHPOI-
HaTa 00HOBa 0] Ko3jata Bpoa co 32%, a moroa 1aboT
wiockad 18%. Co o 14% ce 3acranenu q1abot mep
u jacukara (Populus tremula L.), a ©pojHocTa Ha Oe-
JIUOT U IPHUOT Oop m3HecyBa 12%, omHocHO 10%.
Hajronem 6poj on eJMHKUTE Ha PUPOIHATa 0OHOBA
ce co nobap kBamutet (60%), IOTOA CO CpeieH KBa-
qutet (23%), a Hajman co Jomr kBanuTet (17%).

On n3HeceHnTe MoJaToIH BO Taberna S ce riena
JleKa Ha paMeH TepeH ce cpekasaar mo 23377 enuH-
k1 Ha xektap. OJ1 HUB Haj3acTaneHa ¢ MPUPOTHATA
00HOBa o1 6entnoT 60p co 54%, a moToa AabOT IIoC-
kau 16%, mabot uep 11%, ko3jara BpOa co 14% wu
1pHUOT 60p co 5%. Hajroaem Opoj ox equHKKUTE Ha
npupoaHaTa oO0HOBa ce co nobap kBaiuteT (59%),
moroa co cpeacH kpanutet (31%), a HajMas co JIoIT
kBasuteT (10%).

[Tokpaj HaBeICHOTO, M3BPIICHH CE W UCTpPa-
KyBama Ha pa3BOjHHUTE CTaJMyMH BO KOM CE Haora
npuponHata 00HoBa. VcTpaxyBamara ce W3BEeIACHH
cnopen kinacudukanujara va [lladap, cormacHo koja
eIMHKKUTE O] MPUPOJHaTa OOHOBA Ce€ J[BOjaT BO I10-
ceOHM pa3BOjHU CTaAWyMH. MMajku mpensuj jaeka
ce paboTH 3a peaTHBHO Ml ia IPUPOIHA 0OHOBA O]
5 TOOWHHU, MPOyUyBamaTa Ce HACOYCHH KOH Pa3Boj-
HUTE CTaIUyMU MMOAMJIAIOK U MJIa/TUK, a TUE, TIaK, CC
JIBOjaT BO JIBa MOTCTAAMyMH: TOAMIAIOK (Heompac-

Tab. 4. bpojHOCT U KBaIUTET Ha SAMHKHUTE O MpHUpoxHaTa oOHoBa Ha | ha Ha jy)kHa eKkcro3uimja

Tab. 4. Frequency and quality of the offspring of the natural regeneration on 1 ha on South exposition

Specics/ Quality Yoot % metm P bad % o %
Quercus frainetto (M10cKay) 2 000 59 1 000 29 400 12 3400 18
Quercus cerris (uep) 1 600 57 800 29 400 14 2 800 14
Salix caprea (vo3ja Bp6a) 4200 68 1200 19 800 13 6200 32
Pinus silvestris (6eJ1 60p) 1 000 42 600 25 800 33 2 400 12
Pinus nigra (upu dop) 1200 60 400 20 400 20 2 000 10
Populus tremula (jacuka) 1 800 64 600 21 400 15 2 800 14
Bxynno / Total 11 800 60 4 600 23 3200 17 19 600 100

Tab. 5. BpojHOCT M KBaIMTET HA AMHKHUTE OF MpHponHaTta oOHoBa Ha | ha Ha pameH TepeH

Tab. 5. Frequency and quality of the offspring of the natural regeneration on 1 ha on plateau / flat terrain

Bupa / KBaaurter nodap o cpeneH % Jom % BKYITHO %
Species / Quality good medium bad Total

Quercus frainetto (M10cKay) 2148 58 904 25 637 17 3 689 16
Quercus cerris (uep) 1274 50 770 30 504 20 2 548 11
Salix caprea (xo3ja Bp6a) 2281 69 637 19 400 12 3318 14
Pinus silvestris (des1 6op) 7096 56 4978 39 637 5 12711 54
Pinus nigra (upH 6op) 1111 100 - - - - 1111 5
Brynno / Total 13910 59 7 289 31 2178 10 23377 100
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Hat = HII u ogpacnar = OIl) u Mmianuk (HeogpacHat
= HM u ogpacuar = OM).

Ot U3BpIIEHUTE TEPEHCKU MEPEha JOOMEHUTE
MOJaTOLM Ce n3HeceHu Bo Tabena 6.

Opn u3HeceHuTe noaaToIy Bo Taberna 6 ce riiena
JIcKa HajrojieM MPOILEHT Ol SAMHKHUTE Of 1a0 IIoc-

kau (Quercus frainetto L.) ce BO pa3BOJHUOT CTaIu-
yM HeoapacHaT Miaauk. Toj IpOIEHT ce IBHXKHU Off
47% Ha ceBepHa ekcriosuidja 10 83% Ha MCTOYHA
ekcriosuiija. Hajmaro e yuecTBOTO Ha SAUHKUTE BO
Pa3BOJHHOT CTAJUyM OJIpACHAT MUK, KOE CE JIBH-
xu o7 1% Ha jy)kHa eKCIO3MIMja U HA paMeH Te-

Tab. 6. bpojHOCT M 3acTaneHoCT Ha MPUPOJHATa OOHOBA CIIOPE]l PA3BOjJHU CTAIUYMHU

Tab. 6. Frequency and representation of the natural representation regarding growth stadium of the species

Q. frainetto Q. cerris S. caprea P. silvestris P. nigra P. tremula
PasB. cran./Bun (mmockay) (uep) (ko3ja Bp6a) (6e1 6op) (upH Gop) (jacuka)
Growth stad./Sp.
n % N % n % n % n % n %
HUctouna excno3unuja / East exposure (light meter)
HIT
a=1-5, h<30 cm 356 5 28 3 237 6 1134 9 40 | 10 0 0
oIt 640 9 75 8 3441 87 11466 | 91 360 | 90 0 0
a=5-10, h<130 cm
HM
a=10-15, d<3 cm 5902 83 784 | 84 277 7 0 0 0 0 0 0
OM
a=15-20, d<10 cm 2343 arl s 0] © 0] 0 0] 0 0] o
3anagna excrio3uuuja / West exposure (light meter)
HIT
a=1-5, h<30 cm 1 3] 20| 2 58| 4 377 | 11 64| 8| 18| 1
)11
a=5-10, h<130 cm 360 20 160 16 11616 88 3053 89 734 | 92 1764 | 98
HM
a=10-15, d<3 cm 1350 75 780 | 78 1056 8 0 0 0 0 18 1
OM
a=15-20, d<10 cm 36 2] 40 4 N 0| 0 0| o o] o
CesepHa excno3unuja / North exposure (light meter)
HIT
a=1-5, h<30 cm 2| 7 102] 6 30| 5 410 | 2 4l 2 ol o
(0)11
a=5-10, h<130 cm 656 41 544 | 32 5248 82 20090 | 98 196 | 98 0 0
HM
a=10-15, d<3 cm 752 47 901 53 832 13 0 0 0 0 0 0
OM
a=15-20, d<10 cm 801 5| 133 9 0ol o ol o 0ol o ol o
JyxHa ekcniosunmja / South exposure (light meter)
HIT
a=1-5, h<30 cm 170 5 112 4 124 2 24 1 60 3 28 1
(0)11
2=5-10, h<130 cm 1088 32 812 | 29 5580 90 2376 | 99 1940 | 97 2492 | &9
HM 2108 62 | 1820 | 65 496 8 0 0 0 0 280 10
a=10-15, d<3 cm
OM
a=15-20, d<10 cm sl 61 2 of o 0| o of o 0
Pamen Tepen / Plateau, flat terrain (up to 5%)
HIIT
a=1-5, h<30 cm ol st 2 9| 3 127 1 33| 3 ol o
(0)11
2=5-10, h<130 cm 1033 28 611 24 2754 83 12584 | 99 1078 | 97 0 0
HM 2545 69 | 1835 72 465 14 0 0 0 0 0 0
a=10-15, d<3 cm
OM
a=15-20, d<10 cm S of o o o of o ol o
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peH 10 5% Ha ceBepHa ekcrosuidja. Bo pa3sBojHuoT
CTaJNyM OfIpacHAT MOAMIIAIOK CE 3aCTaleHH MOT0-
nieM 6poj enunku (ox 9% Ha uctouna 10 41% Ha ce-
BEpHA CKCIIO3HIINja), 3a Pa3JInKa OJf HEOIPACHATHOT
MOAMIIAI0K KaJe MPOICHTyalHATa 3aCTaleHOCT Ha
eINHKHUTE € Mery 2% Ha pameH TepeH 10 7% Ha ce-
BEpHA EKCITO3HIIH]a.

Kaj mpuponnara o6HoBa ox n1ab uep (Quercus
cerris L.) BO pa3BOjHHOT CTaJHyM OJpacHAT Miia-
IUK, SAMHKUTE TOCTUTHAIC Mely 2% Ha jy)KHa eK-
CIIO3UIIMja ¥ paMeH TepeH 10 9% Ha ceBepHa eKc-
no3unuja. Hajromem Opoj ox mpupojHaTta 0OHOBa
OJ1 OBOj BHUJI C€ Haora BO Pa3BOJHUOT CTaJUYM He-
oJlpacHaT MJIAJMK M Toa of 53% Ha ceBepHa eKcCIo-
3unmja 10 84% Ha uctouHa excriozuipja. Camo man
JIeT1 O]l TPUpPOHaTa OOHOBA € 3a0CTaHaTa BO Pa3Boj-
HHUOT CTaJWyM HEOJPACHAT MOAMJIAIOK YH] IITO OpPOj
ce IBWXH of 2% Ha paMeH TepeH U 3amajiHa eKCIlo-
sunja 10 6% Ha ceBepHa €KCIO3HIIH]a.

IIpuponnara oOHOBa o1 Ko3jara BpOa (Salix
caprea L.) ceymTe He TO JOCTUTHAIA Pa3BOJHUOT
CTaanuyM OfipacHaT Mianuk. Hajromem men om mpu-
poznHara 0OHOBa 01 OBOj BHJ] c€ Haora BO pa3BOjHH-
OT CTaJInyM OffpacHaT MOAMIIAJIOK U Toa of 82% Ha
ceBepHa 10 90% Ha jy)KHa eKcIo3uirja. Pa3BojHHOT
CTaINYM HEOJpacHAT MIIAJNK TO JOCTHTHAIE Mery
7% oI eAMHKHUTE HA MCTOYHA eKcro3uiuja a0 14%
Ha paMeH TepeH. bpojoT Ha eIMHKM KOW 3a0CTaHa-
Jie BO Pa3BOjHHUOT CTaTHyM HEOJPACHAT TOAMIIAI0K
ce IBWKHU Mery 2% Ha jy:kHa U 6% Ha HCTOYHA €K-
CIIO3HUIIHja.

[Ipuponnara o6HOBa ox Oen 6op (Pinus silves-
tris L.) n upH 60p (Pinus nigra Arn.) e 3actarneHa
caMo BO Pa3BOjHUTE CTAIMyMH HEOPACHAT MMOAMIIA-
JIOK M OfIpacHAT TMOJAMIIAJ0K U TOA BO JOMUHAHTEH
0poj BO OfipacHAT MOAMJIANIOK, KOj Kaj OeroT 00p ce
nBKU o7 89% Ha ceBepHa excrosuiija 10 99% Ha
paMeH TepeH U jykHa ekcriosuiuja. Kaj upuuor 6op
OpojoT Ha eIMHKH KOU CE 3aCTaleHH BO Pa3BOjHH-
OT CTaJMyM HEOJpacHaT MOIAMIAIOK Ce IBHXU Mery
2% na ceBepHa 10 10% Ha jyxHa excriozuija. Cu-
TE JPYTH €ANHKU CE BO Pa3BOJHHOT CTAAUYM OJpac-
HaT MJIaJUK.

[Ipuponna odHOBa of jacuka (Populus tremula
L.) e 3actamena caMo Ha jy:KHa H 3alajiHa eKCIIO3HU-
LIMja ¥ Taa TeHepaJHO Ce Haora BO Pa3BOJHUOT CTa-
JIMYyM OZIpacHaT MOAMIIAN0K, OTHOCHO 89% Ha jyx-
Ha 110 98% na 3anmagna. Camo 10% on mpuponHa-
Ta 00HOBAa O] jaCHKa M TOA Ha jyXKHa EKCIIO3HIIHja
JIOCTUTHAJ Pa3BOCH CTAIMYM HEOAPACHAT MIIAJIHK,
a 1% ox emUHKHUTE Ce BO Pa3BOJHUOT CTaUYM HEOI-
pacHaT moaMIa oK.

duckycuja
bpojHocTa Ha eMHKKUTE O IPUPOJHATa OOHO-

Ba 0e3 pasirKa 3a Koj JIeN OJl TePCHOT ce paboTH e 3a-
noBojuTenHa. Taa ¢ HajMasia Ha jy)KHA CKCIIO3HIIMja

u n3Hecysa 19600 equnku/ha, a HajrojeMa Ha ceBep-
Ha ekcrio3uija 1 nznecysa 30400 equnku/ha. OBaa
OpOjHOCT ce mpUOIMKYBa 10 OPOjHOCTA HA MIPUPOI-
Hara OOHOBA 3a KOHKpeTHara Bo3pacT (ox 5 romu-
HH), KOja € KapaKTepUCTHYHA 32 CTONAHCKHUTE IIy-
MU KOHW C€ MpenMeT Ha OOHOBUTETHH mpouecu. Ta-
Ka 1pyu 0OHOByBam€e Ha OyKOBUTE IIyMHU BO LIEHTpaJI-
Hute nenoBu Ha Ctapa rianuHa ytBpaeHu ce 31000
110 63000 equnku/ha o Oyka Ha 6-roJUIIHA BO3PACT
(Hexenun 1991). Ha IlIunueHcka miaHuHa BO OyKo-
BU LIYMH IIPH BO3pacT Ha IOJMJIAJOKOT Of 3-5 ro-
JIMHU YTBPIICHO € JieKa Herosara OpOjHOCT ce JIBH-
xu o1 15000 mo 78000 emunku/ha (Eppemor 1987).
Bo npoyuyBamara Ha mpupomHaTta oOHOBa o 6en
0op Ha rIaHMHCKKOT MacuB Huue yTBpaeH e Hajro-
Jiem Opoj Ha equHKH npu ckitoneHoct ox 20%. Ipu-
toa ce yrBpaenu 28070 enunku/ha (barkocku 1977).
Tonemara OpojHOCT Ha pUpPOHATa 0OHOBA ¢ 100ap
MOKa3ares1 3a HeJOCHO OOHOBYBAaHbE Ha OMOXKAPECHH-
Te noBpurHU. Cenak, pacropeoT Ha 3aCTareHOCT
Ha [IYMCKHUTE BUIOBH JIpBja Bapupa BO MPUINYHO I0-
JieMa Mepa BO 3aBUCHOCT O] TOa Ha KOja CKCIIO3HUIIH]ja
ce pacnipoctpanerd. Ha pamen tepeH, Ha ceBepHa U
MCTOYHA EKCIIO3MIIM]ja TIPEOBIIalyBa IPUPOIHATa 00-
HOBa oj1 Oe 6op u Taa counnysa 50 10 67% ox npu-
ponHara ooHoBa. Ha oBue excrio3uiun 3abeseniin-
BO yuecTBO 10 28% umMaar 1adoT IIocKad U Kozjara
BpOa. Ha noTormuTe ekcro3uiyy, 3amnajiHa u jyxHa,
MPEeoBIIa/lyBa IPUPOIHATA OOHOBA O] JINC]apPCKU BH-
JoBH npBja. Taka, Ha 3anagHa excriosunuja, 60% ox
eIMHKUTE OJI NIpUpoaHaTa 0OHOBA ce oJ] Ko3ja BpOa,
8% ox1 1ab miockay, 4% nab uep u 8% jacuka. Yuec-
TBOTO Ha UIJIOJIMCHUTEC BUAOBU HA OBaa eKCHO3I/IHI/Ija
€ 3HAYMTEITHO MOMaJio M 3a OenuoT 6op Toa U3HeCy-
Ba 16%, a 3a npuuot 60p 4%. Axo Ha oBa ce Joja-
ne neka camo 47% oxn enuHkUTe on 6en 6op u 50%
OJl €IMHKUTE OJ] IIPH OOp ce co Jo0ap KBAUIUTET, TOA
YKa)KyBa ieka Ha OBaa eKCIO3HUIIMja Pa3BUTOKOT Ha
HIYMCKHOT EKOCHCTEM Ke Ce OJ[BHBa BO HACOKA Ha JI0-
MUHallMja Ha JIMCjapCKUTEe BUIOBH: Ko3jara BpOa, na-
6oBuTe U jacukara. CiimyHa € cocTojoara U Ha jy)KHa
EKCITO3MIIH]ja CO Taa PasjMKa LITO BO OBOj JIEJ Y4eCT-
BOTO Ha BpOaTa He € TOJIKY JIOMHHAHTHO U U3HECYyBa
32%, a uMa 3roJieMeHO y4eCcTBO Ha Jab0OBUTE U TOa
Ha 1utockador 18% u Ha 1epot u jacukara o 14%.
TaMy y4ecTBOTO Ha UIJIOIMCHUTE BUAOBH Oen 6op 1
1pH O0p e HenoBoNHO 1 u3HecyBa 12 u 10%. Ksanu-
TeTHaTa CTPYyKTypa Ha OenuoT O60p e MPUINYHO cia-
6a Ounejku camo 42% ox1 €MHKHUTE ce CO J00ap KBa-
JIUTET, LITO YKa)KyBa M Ha rocjiadara BUTAIHOCT Ha
oBue enuHku. Kaj npHuor 6op Taa e HemTo moa00-
pa u uzHecyBa 60% enuHKHU co 100ap KBanuTeT. Bak-
Bara cocToj0a co IMpUpoHaTa 0OHOBA HA OBaa EKC-
MO3UIIMja CO3/aBa YCIIOBU 32 CO3/IaBarbe Ha MellaH
HIYMCKH HacaJl COCTAaBEH OJ1 JIMCjapCKH U UIVIOJIMCHU
BUJIOBHU BO KOjILITO NIOT0JIEMO YY4ECTBO BO CMecaTa BO
CJICIHMOT BPEMEHCKH IEepPHOJl K€ MMaaT JIMCjapCKH-
TE BUIOBH JIPBja.
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Ca. 6.
Fig. 6. Burned pines and oak (2007)

Omnosxapenn 6oposu u 1ad (2007)

Bo mornen Ha KBanWTETOT W BUTAIHOCTA Ha
TIpUpoHaTa OOHOBA, 3a0EJEKIINB € BUCOKHOT IPO-
LICHT Ha eJMHKU CO J00ap KBAINTET KOj Kaj 1a00BH-
Te ce nBwxku Mery 50 u 72%. Ha oBa nmpunonecy-
Baar BKYIHHTE IPUPOHU YCIIOBH OU/IEjKU OBOj THIT
Ha MECTOpPAcTEHhe € MHOTY MOBOJICH 32 Pa3BUTOK HA
IUIOCKAYOT U 1IepoT. BUCOK MpoIeHT Ha y4ecTBO Ha
€IMHKH cOo 100ap KBAIUTET NMa U Kaj jacukara 64 110
67%, kaKo u Kaj Ko3jara Bp6a ox 49 1o 69%. Mery-
TOA, TTIOpaiu ocnabuTe OHOEKOIOIIKH KapaKTepuc-
THKH Ha OBHE J[Ba BUJIAa BO OHOC Ha JAPYTUTE IIIyMC-
KM BHJIOBH JIPBja, MOXKE 12 C€ OYEKyBa JIeKa BO CIIe/I-
HUTE pa3BOjHU CTaUYMH Ha IIIyMaTa HUBHOTO y4ec-
TBO MOCTEIIEHO Ke e HaMaJIyBa.

Bo oxHOC Ha pa3BojHHTE CTaAMyMH Ha IIyMa-
Ta, 3a0eJIeKIINBO € JIeKa MPUPOTHATa 0OHOBA 01 Oel
60p u pH 60p (o 89% 10 99%) e 3acrancHa camo

Ca.7. Tpuponna o6HOBa ox 1ab (2010)

Fig. 7. Natural regeneration of the oak (2010)

BO MMPBUTE Pa3BOjHU CTAIHMyMH HEOAPACHAT MOIMIIA-
JIOK M OfIpacHAT MOJMIIAJIOK U 3HAYUTEIHO 3a0CTa-
HyBa BO OJIHOC Ha JPYTHTE JIMCjapCKH BUIOBH. Bo
MOHAMPEICH CTaUyM C€ jacHMKara M Ko3jara BpOa
YW €AWMHKU JOCTUTHAJIC U BO paSBOjHI/IOT cTaguym
HeoJ[pacHaT MJIJIMK CO MPOLIEHTYyaHa 3aCTalleHOCT
on 1 mo 14%.

HajOp3 pa3BUTOK BO NETTE TOAUHH TIOCIIE LIYM-
CKHOT TOXKap uMaaTr n1aboBHTE IIocKad U uep. Tue
BO HajT0JIEM MPOLIEHT Ce HaoraaT BO pPa3BOjHHUOT CTa-
JIUYM HEOApacHaT MIIAJHK CO 3acTaneHocT Mery 47
u 84%. OapeneH aen o NpUPOAHaTa OOHOBA CO 3a-
crareHocT Mery 1 u 9% Beke e mpeMHHAT BO Pa3Boj-
HHOT CTaJIMyM OJIpaCHAaT MiTaanK. Bo cOOMHOCOT 10-
Mery JiBara Bua o1 a0, MaJKy MOHAMPEICH BO pas-
BUTOKOT € 1a00T 11ep.

Ca.8. Ilpuponno obHoByBame (2012)

Fig. 8. Natural regeneration (2012)
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Huxomuo Benkoscku et al.

Hajop3o mociie moxapot BO MPBUTE ABE TOIM-
HU ce T0jaBHjIa MpUpoJHaTa oOHOBa of ad Iuioc-
Kad U 1ab 1ep, Koja e oa uzgaHkoBo norekio (Ci.
7). BakBarta npupomHa 00HOBa, IIOPaTU PE3CPBUTE
Ol XpaHJIMBU MaT€pu BO KOPEHOBUTE CUCTEMU BO
MIPBUTE TOJJMHU, MHOTY Op30 ce pa3BUBa U 3aToa ca-
MO 3a 5 TOAWMHN HECKOW €AWHKU JOCTHUI'HAJIEC BO pas-
BOJHUOT CTaJyM OApacHar MJIaJiK.

3a oxbenexyBame € OTCYCTBOTO Ha Mojpara
cmpeka (Juniperus communis L.), THOHEPCKU BUJL
IITO OOMYHO MPBEHCTBEHO T'M HACETyBa OTBOPEHU-
Te/IpuMapHUTe MecTopacTema (AneBcku u CUMOB-
cku, 2012), kako ¥ MaJOTO YYECTBO Ha I[PHUOT OOp.

Tpeba nma ce uma mnpenBUI JeKa HM3HECEHara
(dakTHyKa cocToj0a CO MPUPOIHOTO OOHOBYBAE IO
OTCJIMKYBa IMNECTrOAMUIHUOT PAa3BUTOK Ha HIyMCKara
Bereralyja moclie 1eJI0CHO OIOKAPEH LIYMCKH €KO-
cucteM. OBaa coctojOa BO HIAHUHA K Ce MEHYBA I10-
panu KOHKypeHTCKara 6opba Mely eTUHKHTE U BH-
nosute. Bo Toj mporiec Ha mpupoIHa CeeKirja Tpe-
0a 1a ce o4yeKyBa NPEOBIIA/lyBabe Ha EANHKHUTE Off
TeHEepaTHBHO ITOTEKJIO HaJl OHUE O M3JaHKOBO, OH-
JIejKK THE BO CJICAHUOT MEpUoj modp30 Ke mpupac-
HyBaaT BO BHCOYMHA. BpojHOCTA Ha €AMHKKUTE HA CH-
TEe EKCIIO3MIMK Ke ce HamasyBa, a PBEHCTBEHO CO
celsieKIja ke oumar 3aareHu OHHME CO JIOII KBaJlU-
TeT U cnaba BUTAIHOCT. bujiejku 3a 11eJIoCHO peBuTa-
JU3Upamke Ha MIYMCKUOT €KOCHCTEM ke Ouze morpe-
OeH NoJOJIT BPEMEHCKH TIEPHOJI, JACHO CE HAMETHY-
Ba norpebara o7l IOHATAMOLIHU NCTPAXKyBamba U MO-
HUTOPUHT HaJ MPUPOAHUTE CYKLHCCUBHH IPOLICCH.
[lepMaHEHTHOTO ClIeACH-E Ha OBHE MPOLIECH Ke Omie
3Ha4YaeH MPHUIOHEC KOH MPOYyUYyBambeTO Ha MPUPOJ-
HaTa CyKIIECHja Koja IITO Ce CIydyBa Ha OBa IOIpa-
qje 1 Ha CJIMYHU OIIOXKAapPCHU HIYMCKHU €KOCUCTEMHU.

3akay4ok

['maBHaTa ymora BO MPOIECOT Ha MIPHUPOIHO 00-
HOBYBalC Ha OMOKAPEHHOT IIYMCKH EKOCHCTEM
ja MMaar CJIeAHWTE BHIOBH JpBja: MabOT ILUIOCKAY
(Quercus frainetto L.), nabor uep (Quercus cerris
L.), xo3jara BpOa (Salix caprea L.), 6enuot 6op (Pi-
nus silvestris L.), nupanot 6op (Pinus nigra Am.) u
jacukara (Populus tremula L.).

BpojHOCTA M KBaJMTETHATA CTPYKTYpa Ha MPHU-
pomHaTa 0OHOBa yKakyBaaT Ha TOa JIeKa OToXape-
HHUOT UTYMCKH €KOCHCTEM YCIEIIHO ke ce 0OHOBH 1O
MIPUPOJICH TIaT.

Pasnmiunara 3acTanmeHOT Ha OAPEACHU BHIOBH
BO Pa3NIMYHMU JICIIOBH O] JOKATUTETOT BO 3aBHCHOCT
OJT CKCTIO3MITHjaTa Ha TEPCHOT yKaXyBaaT aeka 00-
HOBYBamCTO HeMa J1a Ouzie pAMHOMEPHO BO CHTE Jie-
noBu. Ha moTorumire eKCHo3unuu BO CICTHHOT TIe-
PHOJI CO 3HAYUTEIHO yYeCTBO Ke OMJIaT JHCjapCKu-
T€ BUJOBH, a Ha APYTHUTE JIEIOBU Ke JOMHHHpa Oe-
Mot 60p.

JlaboBuTe ce BO IOBHUCOKU Pa3BOjHHU CTaaNy-
MU [TOpaJ HUBHOTO W3aHKOBO MTOTEKJIO0, KOE CE O/~
JIMKyBa CO CHJIHA CIIOCOOHOCT 3a MoOp3 pacTex BO
npeute roguau. [lopamu Toa, THE CE BO MOBHCOKH
Pa3BOjHM CTAJMyMH Ha IIyMara BO OJJHOC Ha JIPYyTH-
TE BUJIOBH, & 0COOCHO BO OHOC Ha I[PHUOT U OCIIHOT
60p (Cu. 8). Cemnax, BO CllelHUTE Pa3BOjHU CTAANY-
MH MOYKE J1a Ce 0YCKYBa MIPUOIIIKYBAE MTOPAIH Toa
IITO BUJIOBUTE O]l FCHEPATUBHO MTOTEKJIO, Ce Pa3ou-
pa IOKOJIKY CE pa3BMBaar BO IMOBOJHU yCJIOBH, IOC-
Jie ofpelieH Mepuoj ke TH JOCTUTHAT M HaJAMHHAT
CAUHKNUTC U BUAOBUTC KOU CC O M3IaHKOBO ITIOTCK-
JI10.

OnoXapeHUOT IIYMCKH €KOCHCTEM Ha JIOKAJIH-
TeToT ,,[[apkau’ menocHo ke ce 0OHOBH, HO CO 3Ha-
YUTETHO YYECTBO Ha JIMCjapCKH BUIOBHU JIpBja U 3a
MOJIOJIT BPEMCHCKH TICPUO/I.
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Summary

The forest ecosystems are one of the most important biodiversity foundations, but they are often on im-
pact and influence by various factors. The wildfires, in particular forest fires are one of the most common fac-
tors and can cause enormous consequences and devastating impact on forest ecosystems. In addition, forest
fires can burn large forest mass and make the forest ecosystem an erasure. But, the forest vegetation has a very
important ability- the dendrofloral capacity for natural regeneration and for a period of time to re-establish and
implicitly rehabilitate.

Certain species that have an ability for quickly inhabit and thrive on a burnt area are very significant for
the natural regeneration of the forest ecosystem. Therefore, in the investigated area at the locality of Parkach
the main role of the rehabilitation process has been determined by the following species: Hungarian oak (Quer-
cus frainetto L.), Turkey oak (Quercus cerris L.), goat willow (Salix caprea L.), Scots pine (Pinus silvestris L.),
black pine (Pinus nigra Am.), and aspen (Populus tremula L.). The frequency and the quality structure of these
woody species indicate the natural regeneration and rehabilitation of the forest ecosystem. However, the de-
velopment of the rehabilitation would not be simultaneous and equal on the total area, i.e. broadleaf will cover
warmer sites- southern and western light meters, and the other sites- Scots pine. The oaks due to their vegeta-
tive origin are in higher development stadiums. Therefore, Quercus frainetto L. and Quercus cerris L. have in-
creased growth in the first years compared to the Pinus silvestris L. and Pinus nigra Arn. (because of the seed/
generative origin). These pines will up-growth the oaks subsequently, and gain greater heights afterwards.

It is important to note that the forest regenerates slowly, but assuredly. Eventually, the complete rehabili-
tation of the forest ecosystem by natural regeneration needs a long period of time.
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EKOJIOT'UJA U IUCTPUBYLIUJA HA TABUTE O/l TUIIOT
ASCOMYCOTA HA INTAHUHCKHUOT MACHUB IOBPA BOJA

Empu Myparu' u Mutko Kapaznenes?

! Maxedoncko muxonowko opyumeo, Muxonowxa rabopamopuja, IIM®, Apxumedosa 5, 1000 Cronje, Makeoonuja
2Hnemumym 3a Buonoeuja, Hpupoono-mamemamuuku gaxyimem, Iazu Baba, I1.¢hax. 162, 1000 Cronje, Makeoonuja

N3Bon

Myparu, E. u Kapanenes, M. (2013). Exosnoruja u auctpulyinja Ha rabuTe o TUIOT Ascomycota Ha Tia-
HuHCKHOT MacuB J[o6pa Bona. 306opHuk Ha TpymoBu on IV Konrpec Ha ekos1o3uTe Ha MakeqoHuja co MErYHapOIHO
yuectBo, Oxpuz, 12-15 okromspu 2012 roguna. MakeJOHCKO €KOJIOLIKO APYILITBO, MoceOHo u3nanue 28, Crormje.

Bo TpynotT ce ondareHu pe3ynTaTy oI eKO-TaKCOHOMCKUTE HCTpaKyBama Ha rabuTe oI THUIOT Ascomyco-
ta. Micture ce Bpuienu Bo nepuox ox 2002 no 2009 roauna, a HajuatenzuBHo ox 2002 1o 2003 u ox 2006 mo 2008
TOJIMHA, HA Pa3IMYHM JIOKATUTETH Ha TUNIAHMHCKUOT MacuB JloOpa Boma. 3a oBoj nen Ha Pemybnuka MakenoHuja
HE TI0CTOjaT MHOTY TIOJJaTOLU 3a JMBEP3UTETOT Ha acKoMHMIleTHTe. Bo cTynunjara Oea HCTpaskyBaHU TEPUKOIHUTE
1 JIMTHUKOJHUTE aCKOMHIETH KOHM CE pa3BMBAaT Ha Pa3iIMYHMU IIYMCKH M JIMBAJCKH 3aCIHULU U Pa3INYHH CYyIIC-
Tpatu.YTBpaeHHU Oea BKymHO 33 Buza, o kou 19 ce Tepukonnu u 14 Buga cenurnukonnu.Hajzacranenu penosu
ce Pezizales co 17 Buna, Xylariales (5) u Helotiales (4), a Haj3actanenu damumun ce: Pyronemataceae co 5 Buna,
Morchellaceae co 4 Buna, Pezizaceaeco 3 Buza, Xylariaceae co 3 Buna utH. Kako HajuecTn BUZOBH aCKOMHUIICTH Ha
mwianuHata J{obpa Boma Moxkeme na v uctakHeMme cienuute: Bisporella citrina, Diatrype disciformis, D.stigma,
Hypoxylon fuscum, Morchella conica, Nectria cinnabarina, Rhytisma acerinum wXylaria hypoxylon. O1 BKyIHUOT
Opoj Ha BUIOBH, 22 BUA ce canpooOw, goaeka 11 Buma ce MUKOPH3HH WITH MApa3suTCKH BUIOBH.

Kiyunu 360poBH: acKOMHUIIETH, Tabu, AUCTPUOyIH]ja, ekojoruja, loopa Bona, Makenonuja.

Abstract

Murati, E. and Karadelev, M. (2013). Ecology and distribution of ascomycota fungi in Dobravoda mountain
massive. Proceedings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15
October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

This paper includes results from eco-taxonomic studies of fungi such as Ascomycota. The study was conduct-
ed during the period from 2002 t02009, most intensively from 2002 to 2003 and from 2006 to 2008, on various lo-
calities of the mountain massive Dobra Voda. There has not been much data on the diversity of Ascomycetes for this
part of Macedonia. Terricolous and lignicolous ascomycetes that develop in different forest and meadow associa-
tions on different substrates were studied. A total of 33species were established, 19 of which tericolous and 14 ligni-
colous. The most common orders were: Pezizales with 17 species, Xylariales (5) and Helotiales (4).The most rep-
resented families were as follows: Pyronemataceae with 5 species, Morchellaceae with 4 species, Pezizaceae and
Xylariaceae with 3 species each respectively etc. The most common Ascomycetes species in Dobra Voda Mountain
are the following: Bisporella citrina, Diatrype disciformis, D.stigma, Hypoxylon fuscum, Morchella conica, Nec-
tria cinnabarina, Rhytisma acerinum, Xylaria hypoxylon etc.Of the total number of species, 22 species are sapro-
bionts, while 11 species are mycorrhyzal or parasitic species.

Keywords: Ascomycetes, fungi, distribution, ecology, Dobra Voda, Macedonia
Bogen BO OZIPEIICHN PETHOHM O] 3eMjaTa U Toa HajuecTo BO
Buctpa, Ilemucrep, Jakymmna, [ammanma, Koxyd,
PenyOnka MakenoHHja € MUKOJIONIKK pefa- [Tap [Inanuna, JyxxHo IloBapmapue wutH. IlpBuTe
THUBHO 00Opo mcTpaxkeHa. Bo mocnemHo Bpeme ce UCTpaXKyBama BO Tepuropujata Ha P. Makenonnja
BpIIAT KOHTHHYHPAHU CHCTEMAaTCKH HCTPaKyBama ru Harpasua PanojeBuk ( 1909), motoa criemyBaar
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Exonoruja u muctpulyiyja Ha rabuTe o1l TUTMOT Ascomycota Ha TUIaHMHCKUOT MacuB Jlo6pa Boma

Sydow (1921), Lindtner (1950, 1957), Litschauer
(1939). 3nayaeH mpujoHEC 3a MaKpOMHUIIETUTE HA
P.Makenonwuja nasa Topruk (1975, 1977, 1979) xoja
BPLIM CHCTEMATCKU UCTPAXKyBamba Ha raburTe BO Ofi-
nenHu peruonu Bo 3emjara (Ilemucrep, Jakymu-
ua). Bo moHOBO BpemMe MHKOJIOIIKH HCTPa)KyBamba
BO Pa3IUYHU [esoBH Ha PernyOnmka MakegoHuja
uHTeH3uBHO Bpmu Kapanenes (2005, 2006, 2007,
2008, 2009, 2010, 2011, 2012). Bp3 6a3a Ha noce-
raliHuTe UCTpaKyBama Bo Penybnka Makenonuja
¢ yTBpAeHo mpucycTBo Ha Hajx 2000 Buaa Ha Makpo-
mutietd. O HUB Ha THITOT Ascomycota My npurnara-
ar okoury 300 Bu0BH Jloieka Ha Basidiomycota Haj
1700 BuzmoBu. [logaronn 3a goceramnrHu MUKOJIOII-
KM MCTpaxkyBama Ha rianuHara Jloopa Boxa nasa-
ar Kapanenes, Cynejmanu u Myparu (2008) u Ka-
panenes u Myparu (2008). OBue ce npBu mopeTal-
HU UCTpaKyBarba M MOJATOLM 32 ACKOMHIIETHTE Ha
nnanuHckuoT macuB Jlobpa Boma. McrpaxyBama-
Ta ce BpuIeHH BO mabosarta 3aenHuma Quercetum
frainetto-cerris macedonicum, OykoBara 3acIHU-
na Calamintho grandiflorae-fagetum, Bo azonan-
Ha Bereraluja, okpaj pekure u norouute. Bo oBoj
TPY/ Ce JaJCHH IMOJCTAIHH MOAATOLN U PE3yNTaTu
3a AUCTPUOYIIMjaTa U €KOJIOTHjaTa Ha aCKOMHUIICTUTE
Ha TIaHUHCKUOT MacuB JloOpa Boma. OBue mogaro-
LU Ce pe3y/iTaT Ha MCTPaKyBamara BPIICHHU BO Tie-
puoznot ox 2002 1o 2009 rox.

Marepujaau u meToau Ha padora

MHUKOJIOIIKAOT MaTepHjall € coOupaH Ha pas-
JIUYHU JIOKAJHUTETH BO HMCTPAXKYBAHOTO MOIpadje.
3a cekoj B Ce KOIICKTHPAHH T10 HEKOJIKY 110 HEKOJI-
Ky TIPEMEPOIIH, HEOMXOMHH 3a MOACTATHA aHaIn3a.
Wnentudukamnujata Ha COOPaHUOT MaTEPH]jal Ce BP-
urerre B0 Mukostonkara jgaboparopuja npu HHCTH-
TyToT 3a buoinoruja, na I[IM®-Cromje. 3a nerep-
MHUHAIMja U CHUCTEeMaTH3alja Ha BUIIOBUTE CE KO-
PHUCTEHM HAJHOBUTE KIIy4eBU U MOHOrpaduu Ha I0-
3HATH EBPOIICKM M CBETCKH aBTOPH 3a aCKOMHIIC-
tuTe Kako mro ce: Ahti et al. (2000), Boertmann
et al. (1992), Breitenbach & Kranzlin (1981),
Corfixen et al. (1997), Eriksson et al. (1975-1985),
Alessio (1985), Mosser (1983), Horak (2005,1986),
Eriksson, (Hjortstam)& Ryvarden (1975-1985) u
npyru. Kaj Hekoum BUIOBM ce HallpaBeHH W3MEHHU
cropen HomeHkarypa Ha Index Fungorum 2012 u
Mycobank. Ox cexoj Bua, elieH Aej € UCYIIeH, Ipe-
3epBHUpaH, MOTOA € CTHKETHPAH CO TIIABHUTE MOfIa-
TOIM (JIOKAIUTET, HAAMOPCKA BUCOYHMHA, TaTyM Ha
coOuparme, UTH) 1 3a4dyBaH BO 0a3ara Ha TOAATOIH
(MACFUNGTI). 3a cekoj peructpupaH Buj (TAKCOH)
BO paMKHTE Ha IOIVIaBjeTo ,, Pe3ynratu M AMCKY-
cHja,, Ce HaBEJCHH CIICAHUTE MOMATOIH:

- Nme na BUAOT Ha JIATUHCKU CO IIOBUCOKHUTEC
cucreMarcku kareropuu (pox, dhamuidja, pei,

THIT)

- Cybcrpar kage ¢ HajacH (I04Ba, KUBO PBO,
MeHYIIKa, TPAHKH, JIHCja)

- Hlymckara 3aeaauna (OykoBa, 1aboBa, a3oHalI-
Ha Bererauuja)

- XwuBotHa dopma (mapasuTt, canpod MM MHKO-
pU3eH BUT )

- Ilomaromu 3a HaoramumTeTO Ha BUIOT (HAMI-
MOpCKa BUCOYHHA)

- Jlatym Ha Haorame

- OpekBeHIIMja U 4ECTOTA HA [10jaBYBabe

- Mudopmanuu 3a nuiero mro ro codpai u/mim
JACTEpMUHHPAT BUAOT

- Jlanu ¢ HOB BHJ 3a P. Makenounwuja.

Onuc Ha MCTPAKYBAHOTO MOApaYje

[TnmanunckuoT macus Jloopa Bona, co Hajrome-
Mmuot BpB Jlo6pa Boma (2062m) ce mpotera Bo ce-
BepHHOT nen Ha Kugesckara Kornuna (Co. 1) u 3a-
€/IHO CO IUIaHMHATa ByKOBHK IpeTcraByBa IrpaHny-
Ha pamka koH [lomnomkara Korinuna. Toj mpercaBy-
Ba jaceH XuAporpadCKu jases momery CIMBOT Ha pe-
kata JlakaBuiia Ha ceBep u Tpecka Ha jyr U HCTOK, a
KOH jyro3saraji CTPMHO Ce CITyllTa KOH AHOTO Ha Ku-
yeBckata Kommmna (Annonoscku, 1984). Mcrouno
on Jlo6pa Bona ce nagoBpaysaar Ckana (1826), be-
ne3u [Inanuna (1754) u Tyuncka Ilnanuna (Tyun-
cko Kane, 1808m), kou mpercTaByBaar €eH KOHTHU-
HYUpaH IJIJAHUHCKU BEHEI[ CO T'eHepalieH Mpasell Ha
MPOTErame CeBEP-CeBEPO3araj 1 jyr-jyrouctox. Bo
ojipavjeTo Ha mIaHuHcknoT Macus Jloopa Bona no-
MHUHHUpaar 1a00BK 1 OYKOBH LIYMCKH 3a€/IHULIN, HU3
KOM Ce MpOoTeraar v JIpyry 3aeAHUIIM, [IABHO O] a30-
HaJleH THUIl Ha auctpulyuuja. Perucrpupanure Bu-
JIOBU C€ MCTPaKyBaHU MCKJIYYHMBO HA TEPUTOpHjaTa
Ha JloOpa Bona, nperexHO BO MPOJIETHUTE MECEln
BO roauHara. McrpaxyBamara ce BpIIECHH BO 3aei-
HUIIM Ha a30HaJIHA BereTalyja, Ha OMoKapeH!u Mec-
Ta, BO Ja00BM 3aeAHUIM U OOpoBH Hacaau.MHory
WHTEH3UBHU U J0CTA Y€CTH UCTPaXKyBarba Ce BpIIe-
HU BO oBue jokanmuteTH: lllymjak, koj ce Haora mo-
Mmery cenara Jloneniu, [Tonosjanu u Tyun Ha 750-
850Mm; Pammnuia, koe ce Haora momery aTapure Ha
cenara Jaron u Ilanpagumra; Pamuumre (850-950
M) Koe ce Haora nmomery cenata Jlonenuu u [lampa-
nuinta; [opuiia, Bo Onu3uHa Ha cenoto [lomosjanu.
HckiryunrelHo 3HauaeH JIOKAJIUTET € MECTOTO Hape-
yeno [lomosjancku Jlar Bo arapure Ha c.IlomoBjaHu
(a3onanna Bereramuja co Populus, Salix, Alnus utH).
Bo OykoBara 3aeauuua Calamintho grandiflorae-
Fagetum no3HauajHN JOKAJIUTETH CE OKOJIIMHUTE Ha
cenara Katba u [Tanpagumta. CuTe BUJOBH C€ peru-
cTpupaHu Ha Teputopujara Ha Jlodpa Bona co uck-
JIy4OK caMo Ha efieH Bun (Anthracobia subatra) xoj
e coOpan Bo Onm3uHa Ha cenoto [Ipemka, koe ce Ha-
ora BO MaJUHMUTE HA IUTaHUHAaTa Yenonra.
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Ca.1. Teorpadcka monoxda Ha mIaHUHCKUOT MacuB JloOpa Boma

Pe3yaTaTu Ha ucTpakyBameTo H AUCKYCHja

Omnuc Ha KapaKTEePUCTHKUA Ha BHUIOBH MaKpoO-
MHUIICTH Ol TUTIOT Ascomycota 3a QpyHrujara Ha Pe-
ny6nuka Maxkenonuja, peructpupanu ox 2002-2009
roJMHa, Ha TEPUTOpHjaTa Ha IUIAHWHCKHOT MAacCHB
Jobpa Boga.

Tun : ASCOMYCOTA
Pen:Erysiphales Gwynne-Vaughan
damunuja : Erysiphaceae Tul. & C. Tul.

1. Microsphaera alphitoides Griffon & Maubl.
e c.Jaron [onenuu, 900-950 m, Querce-
tum frainetto-cerris, Ha Quercus sp.,23.10.

2007.

Pen: Helotiales Nannf. ex Korf & Lizon

Oamunuja:Bulgariaceae Fr.
2. Bulgaria inquinans (Pers.) Fr.
o C [lomogjanu, llymjak 800-850 ac. Quer-
cetum frainetto-cerris, Ha Quercus Sp.,
24.10.2008.

OGamvmunuja: Helotiaceae Rehm
3. Ascocoryne sarcoides (Jacq.) J.W. Groves &
D.E. Wilson
e C. Ilomosjanu, I'opuna, 800m, Ha Quer-

cetum frainetto-cerris, Ha Quercus sp.,
23.10.2007,MAK 07/8149.

4. Bisporella citrina (Batsch) Korf & S.E. Carp.

e c. [lonogjann Ilymjak, 800-850 M., ac.
Quercetum frainetto-cerris, Ha Quercus
sp., 2007.

5. Sclerotinia pseudotuberosa (Rehm) Rehm

e [Jopumna, Bo Grmm3uHa Ha cenoto Ilomnosja-
uHu, 800 m, ac.Quercetum frainetto-cerris,
23.10.2007.

e Pammmmmna, "Hazg cenoro Jarom, 900 m, ma-
O6oBa myma, Quercetum frainetto-cerris,

23.10.2007.

Pen:Pezizales J Schrot.
damunmja: Discinaceae Benedix
6. *Discina parma J. Breitenb. & Maas Geest.
e c. [lonoBjanu , a3oHanHa Bererauuja co
Populus spp., 750-800 m, na Populus tre-
mulae, 23.04.2008.

Odamunnja: Helvellaceae Fr.
7. *Helvella acetabulum (L.) Quél.
e C. Ilonosjann, I'opuna, 800m, Quercetum
frainetto-cerris, Ha mousa 23.04.2008 ro.
8. Helvella lacunosa Fr.
e C.Ilonosjanu, lymjax, 800-850 m., Quer-
cetum frainetto-cerris, Ha mousa, 2002.
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ser

Oamvumja: Morchellaceae Rchb.

9. Mitrophora semilibera (DC.) Lév.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

[omosjancku Jlar, c¢. IlomoBjann u
Kyb6puro, 750 m, a30HaTHA BEereTaryja co
Populus sp., kpaj pexka, 23.04.2008.
Morchella conica Pers.

[TomoBjarckm Jlar, c. [lomoBjamm u
Kyb6puro, 750 m, a30HaIHA BEreTaIyja co
Populus sp., kpaj pexa, 20.04.2008.
Morchella esculenta (L.) Pers.

C. Jarom, 850-900 M., BO a3oHaigHa
Bereramja co Populus sp., Quercetum
frainneto-cerris, 20.04.2002.
C.Ilonosjanu, [Tomosjancku Jlar, a3oHamHa
Bereraja co Populus spp , 750-800 M.,
10.04.2008.

C. Ilonogjann, [opuna 800-850 M., Quer-
cetum frainetto-cerris, mon Quercus sp.,
23.04.2008.

Verpa bohemica (Krombh.) J. Schrét.

C. Jaron Honenum, 800M., a3oHaIHA
Bereraryja mox Salix sp., 20.04.2008.
C.Ilomosjann, Ilomosjanckm Jlar, 750-
800m., monm Populus sp. u Salixsp.
30.04.2008.

OQamvummja: Pezizaceae
*Peziza celtica (Boud.) M.M. Moser
C. Homojanm, Ilymjak, 800-850 w.,
ac. Quercetum frainetto-cerris,Ha TI0YBa
23.04.2008.
*Peziza domiciliana Cooke
C. Jaros, Ha BnakHa IOYBA CO 3HAIM Ha
omnokapenoct, 750-800 M., (Quercetum
frainetto-cerris), 20.10.2007.
Peziza vesiculosa Bull.
C. Homosjaru 750-800 M., Ha BIaKHA
mouBa, ac. Quercetum frainetto-cerris,
20.10.2008.

Oamunmja: Pyronemataceae Corda

* Anthracobia macrocystis (Cooke) Boud.
lymjak, wHam cenoto Ilomosjanm, ac.
Quercetum frainetto-cerris, 850-900Mm.,
23.10.2007.

*Anthracobia maurilabra (Cooke) Boud.
lopuna, 3amagao ox ceno I[lomosjanu,
ac. Quercetum frainetto-cerris, 850M.,Ha
onoxapeHo mMecrto, 08.11.2008 roguna.
*Anthracobia subatra (Rehm) M.M. Mo-

c. Ilpemka maHuHcku MacuB Yenouna
750 M, onokapeHa mouBa, 00OpOB Hacal.
Humaria hemisphaerica (Hoffm.) Fuckel
c. Tyun, 800 M., Ha mousa, llymjak, ac.
Quercetum frainetto-cerris, 01.11.2007
Otidea concinna (Pers.) Sacc.

21.

C.Jaron Jlonentu, 750-800 M., ac. Quer-
cetum frainetto-cerris, Ha BIIa)KHa TI0YBa,
20.10.2007.

Otidea onotica (Pers.) Fuckel
C.ITomosjanu, Illymjak, ac. Quercetum
frainetto-cerris, 23.10.2007.

damunuja: Hyaloscyphaceae
22. Hymenoscyphus calyculus (Sowerby)
W.Phillips

23.

Dennis
[ )

1350-1500 m, ac.
grandiflorae-Fagetum,

c. [lanpanumre,
Calamintho
01.11.2007
* Hymenoscyphus separabilis (P. Karst.)

c.Ilorosjanu 800-850m., 23.10.2007.
c.Jaron 850-900m., ac. Quercetum frain-
neto-cerris, 23.10.2007.

24. Sarcoscypha coccinea (Scop.) Lambotte

c. XKyopuno, 750 m, Bo MerraHa miyma,
nen on gabosa myma, 23.01.2009.

Pen: Rhytismatales M .E. Barr ex Minter
damunuja: Rhytismataceae Chevall.

25. Rhytisma acerinum (Pers.) Fr.

c. Jaron Jlonenuu, no yuunuirero, 750-
800 wm., Ha nucja ox Acer sp. 23.10.2007.

Pen: Sordariales Chadef. ex D. Hawksw. &

O.E. Erikss.
Oamvunuja: Nitschkiaceae (Fitzp.) Nannf.

26. Bertia moriformis (Tode) De Not.

27.

c.Kada, 1350m., ac. Calamintho grandi-
florae-Fagetum, nwa Fagus, 24.10,2007
O/,

Pen: Xylariales Nannf.

damunuja: Diatrypaceae Nitschke
Diatrype disciformis (Hoffm.) Fr.
C. Jarom, 750 wm., ac. Quercetum frai-
netto-cerris, Ha rTpaHue on Quercus
sp.,18.01.2007 rog.
c. Jaron Jonenmwm, llymjak, 800-900 M,
HarpaHkH ofl pa3Hu Jpsja, 24. 10. 2007.
C.Tyun 850-900 M., ac. Quercetum frainet-
to-cerris, Ha rpandeon na6. 18.01.2007.
c. Kada, 1350m., ac. Calamintho grandi-
florae-Fagetum, 24.10.2007,

c.Ilanpagumre,1350-1500 M., ac. Ca-

lamintho grandiflorae-Fagetum,
01.11.2007.
28. Diatrype stigma Sacc.

29.
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C. Kada, 1350m., ac. Calamintho grandi-
Sflorae-Fagetum, na Fagus, 24.10.2007.

damunmja: Xylariaceae Tul. & C. Tul.

Hypoxylon fuscum (Pers.) Fr.
c.Kada, 1350 m., ac. Calamintho grandi-
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florae-Fagetum, HaFagus, 24.10.2007.

e . Jaron Jlonentu, 800 M., ac. Quercetum
frainetto-cerris, Ha TpaHKu ox Quercus
sp., 27.09.2007 ronuHa.

30. Hypoxylon fragiforme (Pers.) J. Kickx

e . Jaron Honenmu 800M., ac. Quercetum
frainetto-cerris, Ha TpaHku ox Quercus
sp., 20.12.2006 ronuHa.

31. Xylaria hypoxylon (L) Greyv,

e c.Jaron Honennu, 850 M., ac. Quercetum
frainetto-cerris, Ha a6, 27.10. 2006

o . Ilonosjanu, 850-900 M., ac. Querce-
tum frainetto-cerris, Ha U3yMPEHO IPBO
on 1a6. 23.10.2007 roxuHa.

e c.Jlanpagumre, 1350-1450 M, ac. Cala-
mintho grandiflorae-Fagetum, na Fagus

sp.

Pen: Hypocreales Lindau
damunuja: Hypocreaceae De Not.
32. Trichoderma viride Tulasne & Tulasne
1860

damunmja: Nectriaceae Tul. & C. Tul.
33. Nectria cinnabarina (Tode) Fr.
e c¢. Jaron Jlonenu, 800 m, Ha MmajaHaTH
TpaHYMba O] Pa3HU JIMCTOIIA/IHH JIPBja.

Hosu BunoBu 3a dynrujara va P. Makegonuja
ce cienHuTe 8 BUA:

I1*Anthracobia macrocystis (Cooke) Boud.

2* Anthracobia maurilabra (Cooke) Boud.,

3*Anthracobia subatra (Rehm) M.M. Moser

4*Discina parmal. Breitenb. & Maas Geest.

5*Helvella acetabulum (L.) Quél.

6*Hymenoscyphus separabilis (P. Karst.)
Dennis

7*Peziza celtica (Boud.) M.M. Moser

8*Peziza domiciliana Cooke

3akaydoun

Ha Ttepuropujata Ha IUIAHMHCKHOT MAacUB
Ho6pa Boma Bo mepuon on 2002-2009 romuna
BPLICHU CE MCTPaKyBara Ha BUJOBHOT COCTaB Ha
rabure on tunotr Ascomycota. McrpaxkyBamara ce
BPLICHU BO CJICAHUTE LIYMCKH 3aeaHuuu: Querce-
tum frainetto-cerris, Calamintho grandiflorae-Fa-
getum, a30HaJIHa BereTaluja, 00poB Hacal UTH., IPH
LITO € YTBPJCHO CJICAHOTO:

WnentnduxyBanu ce 33 BUa aCKOMHUIIETH O]
xou 19 ce nUrHUKOMHU, Nofeka 14 ce TepUKOTHU
BugoBu. On HEB, 22 BUAa ce campoow, moneka 11
BHUJIA CE jaByBaaT Kako MHUKOPH3HU WIJIM Napa3UTCKU
BunoBu. Haj3acranenu penosu ce Pezizales co 19
Buna, Xylariales co 5 u Helotiales co 4 Buza, nonexa
Haj3acrarneHn damuwinu ce: Pyronemataceae co 6

Buna, Hyaloscyphaceaeco 5 Buma, Morchellaceae
co 4 Buna, Pezizaceae co 3 Buna u Xylariaceae co
3 Buya. HoBu BuoBu 3a ynrujara Ha Makenonuja
ce ocyM (8) Buna: Discina parma, Helvella acetabu-
lum, Peziza celtica, Peziza domiciliana, Anthraco-
bia macrocystis, Anthracobia maurilabra, Anthra-
cobia subatra, Hymenoscyphus separabilis.
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Summary

On the territory on Dobra Voda Mountain massive, 33 species of ascomycota were registered, 19 ligni-
colus and 14 tericolous. 22 species of the total number of species are saprobionts, while 11 species are as my-
corrhizal or parasitic species. The following communities were studied: Quercetum frainetto-cerris, Calamint-
ho grandiflorae-Fagetum, Azonal vegetation, Pinus plantings, etc.The majority of the registered fungi species
belong to the folloving orders: Pezizales (19), Xylariales (5) and Helotiales (4).The most common families are
as follows: Pyronemataceae with 6 species, Hyaloscyphaceae with 5 species, Morchellaceae with 4 species,
Pezizaceae with 3 species, Xylariaceae with 3 species etc. The most frequent ascomycetes species in the Do-
bra Voda mountain are the following: Bisporella citrina, Diatrype disciformis, D.stigma, Hypoxylon fuscum,
Morchella conica, Nectria cinnabarina, Rhytisma acerinum, Xylaria hypoxylon etc.

New fungi for Republic of Macedonia are the following species (8): Discina parma, Helvella acetabu-
lum, Peziza celtica, Peziza domiciliana, Anthracobia macrocystis, Anthracobia maurilabra, Anthracobia sub-
atra, Hymenoscyphus separabilis.
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Abstract

Gashi, B., Millaku, F., Abdullai, K., Krasniqi, E., Kongjika, E. (2013). Ecological and morphological char-
acteristics of rare and endangered plant Ramonda serbica from different localities of the Republic of Kosovo. Pro-
ceedings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October
2012. Macedonian Ecological Society, Special issue 28, Skopje.

The rare and endangered specie Ramonda serbica is a Balkan endemorelict plant, included in the European
list of rare plants, in danger of extinction. The aim of this study is to present the current natural condition and to
claborate the risk assessment for extinction of some R. serbica localities from Republic of Kosovo. We started the
mapping and exploration of habitats for six localities of R. serbica in Sharri Mountains (three are new) and five in
Albanian Alps. Their current distribution is restricted to the northern, north-east and north-west on rocky slopes of
gorges and canyons, mainly on foothills (530m a.s.l. — Gorge of river Prizreni), sometimes reaching the subalpine
belts (1651m a.s.l. — Guri i Dellocit). The area of the localities varies widely - from several m? to more than 4 km?.
Almost all morphological characteristics, plant density, phenological traits, as well as the presence of the anabiosis
stage was significantly different at P<0.05 between the localities. Based on our obtained results of expeditions, the
most endangered localities of R. serbica for extinction are: Canyon of Rugova, Gorge of Zhlebi, Radac and Gorge

of River Sushica, followed by Gorge of river Prizreni and Gorge of Rusenica.

Key words: Ramonda serbica, endangered, ecology, morphology, in vitro conservation.

Introduction

The Gesneriaceae are a middle-sized family of
angiosperms, comprising over 150 genera and more
than 3200 species of mainly tropical and subtropical
distribution (Kubitzki and Kadereit 2004). In Europe
this family is represented by three genera (Ramonda,
Haberlea and Jankaea) and five species (Ramonda
serbica, Ramonda nathaliae Ramonda myconi, Hab-
erlea rhodopensis and Jankaea heldreichii). Four of
these species occur in the Balkan Peninsula, and the
only representative in the Iberian Peninsula is R. my-
coni. Ramonda serbica is represented in: Albania,
Kosovo, Montenegro, Serbia, Macedonia, Bulgaria
and Greece. Their current distribution is restricted
to the northern rocky slopes of gorges and canyons,
mainly on foothills, reaching sometimes the al-
pine belts (Meyer, 1970). It inhabits mostly shaded,
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northern, chiefly limestone slopes in mountain zones
with relatively high humidity. R. serbica is endemic
and relict species of the Balkan Peninsula and listed
in the European Register of rare, endangered and en-
demic plants under the Rare Species category.
Previous investigations have shown that Ra-
monda plants during desiccation stage have changed
the: cell membrane integrity (Quartacci et al., 2002),
antioxidative capacity (Sgherri et al., 2004; Jo-
vanovic et al., 2011), photosynthetic activity (Au-
gusti et al., 2001), CO, fixation and chlorophyll a
fluorescence (Degl’Innocenti et al., 2008) and os-
motic adjustment (Zivkovic et al., 2005). Other au-
thors confirmed some cytogenetical and physiologi-
cal aspects of Ramonda plants from different local-
ity (populations): genome size variation and poly-
ploidy (Siljak-Yakovlev et al., 2008), seed germina-
tion (Gashi et al., 2012) and in vitro cultivation from
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seeds of Ramonda plants (Kongjika et al., 2002;
Dontcheva et al., 2009; Gashi et al., 2011).

Nevertheless, up to now there is only a few da-
ta from other authors for ecological, morphological
and current natural conditions of R. serbica in our
country. Right now the study belonging to R. serbica
species on different locations is still missing.

For the first time in the Republic of Kosovo our
researcher group is incited to investigations of rare,
endangered and endemic plants for Kosova’s Red
Book (Red list of Flora of Kosovo).

The aim of this study is to present the current
natural condition and comparison of some ecologi-
cal and morphological characteristics of R. serbica
from different localities in the Republic of Kosovo.

Materials and methods

These researches are conducted during the ex-
peditions by our group in two consecutive years
2011 and 2012, three times (in spring, summer and
autumn) for each year. Researches are carried out at
different localities of R. serbica from Sharri Moun-
tains (6 localities) and Albanian Alps (5 localities)
(Table 1). During the expeditions (over 50 expedi-
tions for two years), certain morphological, pheno-
logical and ecological characteristics were moni-
tored for nine localities and their seed collections.
These localities were chosen as representative be-
cause each of them is unique in some geographical
and biological aspects.

GPS mapping and exploration of R. serbica
localities in combination with monitoring of some

characteristics of morphology and phenology were
the following (Daskalova at al. 2011):

ANR — Average number of rosettes per m?; NJP
— Number of young plants per m? (Fig. 1a); NVA —
Number of vegetative adults per m?(Fig. 1b); NGA —
Number of generative adults (vegetative+sexual re-
production) per m?(Fig. 1¢); NAP — Number of age-
ing plants (with necrosis and/or irreversible dissec-
tions) per m? (Fig. 1d); TF — Time of flowering; TS —
Time of seed productions; NPP — Number of pedun-
cle per plant; NFP — Number of flowers per pedun-
cle; % T — Percentages of flowers with four petals;
% P — Percentages of flowers with five petals; % H
— Percentages of flowers with six petals; NL — Num-
ber of leaves per plant; LA — Leaf area in cm? per
plant; TLA — Total leaf area in cm? per plant.

The average of these parameters (plant density
and phenology) was calculated for five square spots
(subpopulations) 1x1 m were chosen for each local-
ity, in which the plant rosettes were counted and the
average number was recorded.

The average of morphological parameters for
each locality was recorded after measuring and aver-
aging of 20 plants R. serbica comparative in size and
age structure (vegetative and generative).

Ecology factors were also recorded for some of
the representative localities, including:

- Abiotic factors (drought, light exposure,

rock type, etc.)

- Biotic factors (associated plant species)

- Anthropogenic factors (pollution, urbani-

zation, etc.)

Selected characteristics were used for elaborat-

Fig. 1. Age (stage) categories of R. serbica: a) Yang plants (up to 6 leaves); b) Vegetative adults (without
flowers); ¢) Generative adults (vegetative+sexual reproduction); d) ageing plants (with necrosis and/

or irreversible dissections).
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Tab. 1. Geographic origin of R.serbica localities in Republic of Kosovo.

Code of Locality of populations Directions Altitude Geological sub- UTM coor-
localities Y ofbop (m) strate dinates

. . X=0440095

1 Gorge of Zhlebi N and NE 1250 Limestone V=4735341

Limestone and X=0443216

2 Radac N 545 dolomite Y=4731643

3 Gorge river of Sushica N 676 Limestone i{ig;‘g;gg?

X=0434691

4 Canyon of Rugova N 800 Limestone Y=4723960

X=0439892

5 Gorge of Koprivnik N and NE 750 Limestone Y=4719967

X=0482119

6 Gorge of river Prizreni N 530 Limestone Y=4671129

X=0489481

7 Gorge of Rusenica N 1340 Limestone Y=4679712

X=0492515

8 Gorge of Matosi N 910 Limestone Y=4680316

X=0494025

9 Shkémbi i pérgjakur N 1170 Limestone Y=4679758

X=0495690

10 Guri i Dellocit Nand NW 1651 Limestone Y=4680067

X=0494630

11 Guri i Dellocit 2 Nand NW 1524 Limestone Y=4679159

N — North; NE - North-East; NW — North-West

ing the risk assessment for extinction of each R. ser-
bica localities in the Republic of Kosovo.

Data analysis: The experiment was performed
in a randomized design with five replicates. Differ-
ences among parameters and between the locali-
ties were tested using SPSS 17 statistical program.
Statistical variance analysis of all the data was per-
formed using one-way ANOVA and compared with
Duncan’s Multiple Range Tests at the 5% level of
significance.

Results and Discussions

Based on the gained results out of expeditions
conducted in two consecutive years of exploring
habitats of Ramondas, this plant is in risk of extinc-
tion in our country, too. Having this fact, we have
instantly started applying methods for their micro-
propagation and in vitro conservation, by this we
have tried to give our contribution to their ex situ
preservation at germplasm of this specie.

Plant density and phenology: Measuring was
conducted at 9 localities which were more represen-
tative out of 11 researched ones. For these parame-
ters measuring was conducted in 5 subpopulations
(the distance between the subpopulations was 20m)
with 1x1m for each locality.

Based on results presented in Table 2, it is no-
ticed that for all parameters of plant density there
were significant differences for P 0.05 between lo-
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calities. Concerning the average number of rosettes
(ANR) per m?the highest was in Shkembi i pérgjakur
and Gorge of river Sushica (50.75 and 40.25, respec-
tively), whereas the lowest was in Radac locality
(17.85). In this respect, the lowest number of young
plants (NYP) and the lowest number of vegetative
adults (NVA), per m?, the lowest was at Canyon of
Rugova and Radaci locality (0.70 and 1.05, respec-
tively). For the number of generative adults (NGA)
per m?, the highest was in the localities of Gorge of
Matosi and Gorge of river Prizreni (14.00 for each).
Regarding the number of ageing plants (NAP) per
m?, the highest was in Shkémbi i pérgjakur (20.30)
compared with other localities. This high diversity
between localities is explained through the fact that
this plant is encountered in a very small group and
with highly fragmented habitat and it is influenced
by other factors, such as: temperature, air humidi-
ty, directions, altitude, forestry, etc. Our results for
these parameters are in accordance with the results
by Daskalova et al. (2011), which showed that the
plant of Haberlea rhodopensis Friv. (Geseneriaceae)
growths in different locality in Bulgaria have some
changes in age structure (plant density and phenolo-
gy). As it was previously shown, locality with small
number of rosettes per m? and smaller regeneration
were Radaci, Canyon of Rugova, Gorge of Zhlebi
and Gorge of river Sushica locality, therefore the
risk of extinction is very high.
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Tab. 2. Mean of spatial parameters, plant density and phenology differences per 1 m? of habitats of some

more representative R. serbica localities.

Codeof  \  a(m?) = ANR NJP NVA NGA  NAP TF TS
locality : :
: 280 21.00°  350¢  7.00°  3.85° 6.65° June 394" July 34 de-
+20 £ £0.61 +0.11 +0.20 +0.11 +0.19 decade cade
5 240 17857 105° 420" 7.00° 5.60 € June 1%:2%  July 39-4® de-
+10 +0.52 +0.03 +0.12 +0.20 +0.16 decade cade
3 4000 | 20.65F 420% 630"  10.15%  1.40F June 394"  July 39-4" de-
£200  +0.59 +0.12 +0.18 +0.29 +0.03 decade cade
A 500 1995 0.70°  3.50° 10.155  5.60°¢ June 394" July 37-4% de-
+25 +0.57 +0.02 +0.10 +0.29 +0.16 decade cade
5 2200 | 4025% 7704 1820%  8.05¢  6.30°% June 2-3¢  July 394" de-
+180  +1.16 +0.22 +0.52 +0.24 +0.18 decade cade
. 180 315 945¢  14.00°  0.70F June 39-4"  July 3%-4% de-
+10 +0.92 +0.27 +0.40 +0.02 decade cade
850 3.50C 595  7.70°  6.65° June 151208
7 +30 +0.11 +0.17 +0.22 +0.19 decade July 4" decade
160 3.50C 1015 14.00°  2.10° June 27-3
8 +10 +0.11 +0.29 +0.40 +0.06 decade July 4* decade
240 770 16.80% 595t  20.30* June 2m-3
) 022 4048 2007 0.8 decade 1Y 47 decade
. . 310. 155.95  634.52
P<0.05 | 0.000 0.000 0.000 0.000 0.000

ANR - Average number of rosettes per m?; NJP — Number of young plants per m? NVA — Number of vegetative adults per m*; NGA —
Number of generative adults (vegetative + sexual reproduction) per m*; NAP — Number of ageing plants (with necrosis and/or irreversible
dissections) per m?; TF — Time of flowering; TS — Time of seed productions. Columns with different letters differ significantly at p < 0.05

by one-way ANOVA with Duncan‘s multiple range tests.

In general, time of flowering was from the first
decade up to the fourth decade of June, depending
on vicinity of water sources, forests, air humidity,
altitude of these localities and directions (Table 1
and 2). The localities with north-eastern and north-
western directions had precocious time of flowering
compared to localities with eastern direction. Simi-
lar results, during the time of flowering observed for
the impact in forests, water sources, air humidity and
altitude were also shown by other authors at Haber-
lea rhodopensis Friv. (Daskalova et al., 2011) and
Ramonda serbica (Pteroviq et al., 1975). Southern
populations of A. lyrata were flowered earlier than
northern ones in all environmental conditions (Rii-
himaki and Savolainen, 2004).

Morphological characteristics of flowers and
leaves: Significant differences were observed at
morphological parameters for the flowers of R. ser-
bica between different localities (Table 3). For the
number of peduncle per plant (NPP) and number of
flowers per peduncle (NFP), the highest was in the
locality of Radac (6.20 and 1.77), whereas the low-
est in the locality of Gorge of river Prizreni (2.70
and 1.00). On the all researched localities of R. ser-
bica the most dominant were the pentmetric flowers
(% P) from 62.96 % (Gorge of river Prizreni) up to
90.28 % (Shkémbi 1 pérgjakur). On the other hand,
the tetrametric flowers (% T) were in lower percent-
age from 9.72 % (Shkémbi i pérgjakur) up to 25.93

% (Gorge of river Prizreni). In the increase of the
percentage of pentmetric flowers there will be a de-
crease of tetrametric flowers and vice versa. Lower
percentage was for hexametric flowers (% H) from
1.24 % up to 11.11 %. At localities of Gorge of river
Sushica, Gorge of Matosi and Shkémbi i pérgjakur,
which were the localities with less shed and high air
humidity, no hexametric lowers were found.

Concerning the morphological parameters of
leaves from Table 3, it is noticed that the highest num-
ber of leaves per plant (NL) was at the locality of
Shkembi i pergjakur, whereas the lowest was at the
locality of Gorge of Rusenica and Zhlebi (11.31 and
11.53). For this parameter there were significant dif-
ferences in P 0.05 between localities. The highest leaf
area in cm?(LA) were in the Radaci and Gorge of river
Sushica (12.52 and 12.61 cm?) localities. For this pa-
rameter there were no significant differences between
localities. Similar results were observed for total leaf
area (TLA) as well, but also slight significant differ-
ences between localities. The obtained results of mor-
phological characteristics are in accordance with pre-
vious researches. Daskalova et al. (2011) showed the
significant differences in morphological characteris-
tics of Haberlea rhodopensis Friv. from different lo-
cality. In addition, Millaku et al. (2010) confirmed dif-
ferences in some morphological parameters of leaves
and flowers of Primula veris growing in different eco-
logical conditions and localities in Kosovo.
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Tab. 3. Mean of some morphological differences per plant of some more representative R. serbica localities.

Code of | \pp NFP % T % P %H  NL LA TLA
locality :
: 300  1.10°€ 16.50 ® 80.50 ® 300 11.53¢ 8.16" 108.39 €
+0.35 +0.06 +0.46 4233 +0.09 085 +0.68 +10.88
5 6.20* 1774 27.95* 70.81° 124" 16.58° 12.52% 212.56 8
+0.72 +0.10 +0.46 +1.42 £035 013 +1.48 +9.43
3 410> 1.51° 19.58 € 7834%C 208> 1956 12.61* 250.17 *
+0.47 +0.08 +0.81 4226 £036  +0.80 +2.55 +13.36
A 2.00° 1.00¢  25.00° 750050 1261°¢ 1041 130.16°€
+0.23 +0.06 +0.72 .16 - £0.38 +1.01 +12.68
5 2.10°F 1.10¢ 17.39° 7826% 435" 13.53¢ 10.03°®  140.53 5
+0.24 +0.06 +0.50 4225 £0.13 | 070 +1.29 +1321
. 2.70°¢ 1.00¢  28.00* 68.00 ° 4.00°  1333°¢ 1006  137.74%¢
+0.31 +0.05 +0.81 +1.96 011 +0.69 +0.45 +13.61
; 3.00%  1.10°€ 16.137 80.65" 323¢ 131°¢ 9.06 105.15 ¢
+0.35 +0.06 +0.47 4233 £0.09  +0.67 +0.62 +12.73
o 2.70°¢ 1.03¢ 28574 7143/ 1277¢ 10.08°®  133.76 5
+0.72 +0.06 +0.82 +2.06 £147 +0.24 +14.16
0 470" 1535 972 90.28 * ) 2050 11.28%  231.16*
+0.54 +0.09 +0.28 +2.61 - £0.50 +0.86 +19.01
F| 10620 15822 11275 9.048 53815 11.572 1.463 4.918
P<0.05 | 0.000 0.000 0.000 0.000 0.000 . 0.000 0.238 0.002

NPP — Number of peduncle per plant; NFP — Number of flowers per peduncle; % T — Percentages of flowers with four petals; % P — Percent-
ages of flowers with five petals; % H — Percentages of flowers with six petals; NL — Number of leaves; LA — Leaf area in cm?, TLA — Total
leaf area in cm?; Columns with different letters differ significantly at p < 0.05 by one-way ANOVA with Duncan‘s multiple range tests.

Distribution, ecological conditions and as-
sociated plant species: Out of all localities, three
were found for the first time in Kosovo by us, and
those are in Sharri Mountains (Shkémbi i pérgjakur,
Guri i Dellocit dhe Guri i Dellocit 2) (Table 1). Al-
most in all the researched localities at R. serbica it is
grown in gorges (Table 1), in rocks and in the crakes
of limestone’s except for the localities of Radac and
rocks of dolomite. Mainly on foothills (530m a.s.l. —
Gorge of Prizren), sometimes reaching the subalpine
belts (1651m a.s.l. — Guri i Dellocit). Directions for
the most of localities was northern and north-east-
ern, but there were cases with north-western direc-
tions (Guri i Dellocit dhe Guri i Dellocit 2), too. Di-
rections in which the R. serbica plants were in weak-
er state and at rare spreading. The area of occupancy
at R. serbica in different localities ranges from 160-
4500 m? (Table 2). The total area of occupancy of
the species on our country is more than 100 km?.

Out of conducted researches throughout the ex-
peditions we have stated that the most dominant plant
community in the localities was Musco-Ramondae-
tum serbicae, whereas in some subpopulations Cet-
erato-Ramondaetum serbicae was also dominant
plant community. For the all researched representa-
tive localities we have explored the associated plant
species, where on Table 3 it is noticed that the spe-
cies dominating at all localities were: Musco sp. and
Asplenium ruta-muraria. In this case, the localities
which had higher quantity of Musco sp. the rigen-
eration of that population/subpopulation was high-

er. Associated plant species that occurred at more
than four localities: Ceterach officinarum, Popipo-
dium vulgare, Asplenium trichomanes, Arabis cau-
casica, Mycelis muralis, Geranium robertianum,
Geranium lucidum , Saxifraga paniculata, Saxifra-
ga rotundifolia, Hedera helix, Lilum martagon, Dor-
onicum columnae, Hieracium waldsteinii, Aspleni-
um scolopendrium, Hieracium sp., Fraxinus ornus,
Erysiumum helveticum, Cystopteris sp., Calamintha
grandiflora, Valeriana montana, Geranium macror-
rhizum, Lamium garganicum, Lamium galeobdolon,
Achillea ageratifolia, Silene vulgaris, Silene saxifra-
ga, Polygonum odoratum, Arabis constricta, Oxalis
acetosella, Fritillaria gracilis, Calamintha acinos,
Coronilla emeroides, Campanula versicolor, etc.

Associeted plants species that only occurred at
one locality:

Gorge of Zhlebi (1): Sedum acre, Leucanthe-
mum vulgare, Rubus ideus, Cryptogramma crispa,
Viola bifolia, Campanula grandiflora, Geranium
sylvatica, Veronica urticifolia, Thalictrum minus;
Gorge of river Sushica (3): Hieracium bifidum, Hi-
eracium murorum,

Canyon of Rugova (4): Hesperis dinarica,
Sedum telephium;

Gorge of Koprivniku (5): Crepis albanica, La-
mium album, Campanula crassipes, Amphoricarpus
neumayeri, Gnaphalium roeseri,

Gorge of river Prizreni (6): Leonatodon hispi-
dus, Hieracium racemosum, Arabis verna, Cycla-
men hederifolia,
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Gorge of Rusenica (7): Micromeria cristata,
Daphne oleoides; Ostrya carpinifolia, Sempervivum
hirtum, Achillea holosericea, Cerastium decalvans,
Thesium dollineri, Scabiosa crenata, Carumm gra-
eca, Minuartia verna, Alyssum saxatile, Leontodon
hirsutus, Cryptogamma crispa,

Gorge of Matosi (8): Mercurialis perennis,
Polygonatum multifida, Lonicera xylosteum, Micro-
meria cristata;

Shkémbi 1 pérgjakur (9): Galium lucidum, Sem-
pervivum tectorum, Sempervivum heuffelii, Mo-
ehringia muscosa, Cardamine glauca, Corydalis
ochroleuca, Hieracium villosum, Saxifraga semper-
vivum, Mercurialis perennis, Prenanthes purpurea.

Endemic plants that occurred in different loca-
lities: Hieracium waldsteinii, Crepis albanica, La-
mium garganicum, Achillea ageratifolia, Microme-
ria cristata, Hesperis dinarica, Amphoricarpus neu-
mayeri, Gnaphalium roeseri, Daphne oleoides, Sem-
pervivum heuffelii, Saxifraga sempervivum.

Anthropogenic factors that impact on the
growth and development of R. serbica plants were
different on almost all localities. In this case, the lo-
cality of Gorge of river Prizren and Gorge of Zhle-
bi, except that it is found at the edges of roads (ur-
banism), it is on the higher pollution but also it en-
dangered by human factor that can be used for culti-
vation. The locality of Gorge of Rusenica and Gorge
of river Sushica is endangered by anthropogenic fac-
tor resulting from digging of rocks and dust pollu-
tion. The locality of Radac and Canyon of Rugova
are a touristic zones and thay can be endangered by
anthropogenic factor resulting from high attendance
in this zone.

Conclusions

Based on the obtained results during the expe-

ditions and in vitro conservation, conclusion is that:

- The most endangered localities of
R.serbica for extinction due to the small
number of rosettes per m?> and number
of young plants per m? as well as biotic,
abiotic and anthropogenic factors are:
Canyon of Rugova, Gorge of Zhlebi,
Radac and Gorge of river Sushica,
followed by Gorge of river Prizreni and
Gorge of Rusenica.

- Thelessendangered localities of R.serbica
for extinction for all investigated
parameters and factors are: Gorge of
Koprivniku, Shkémbi i pérgjakur and
Gorge of Matosi.

- Thelocalities with high number of rosettes
per m? and associated plants with Musco
sp. are very important and have great
impact on the higher number of young
plants per m?.

- Almost at all localities where the number
of rosettes per m? is high these cases
reduced the percentage of flowers per
plant but also sun lighting environment
has high effect.

- Generally, for all localities where the
percentages of flowers with four petals is
high, the percentages of flowers with five
and six petals is reduced.
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Abstract

Karadelev, M., Jovanovska, 1., Mitic-Kopanja, D. & Koteska, L. (2013). Ecology and distribution on the ge-
nus Macrolepiota (Basidiomycota, Fungi) in Macedonia. Proceedings of the 4™ Congress of Ecologists of Mace-
donia with International Participation, Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue
218, Skopje.

Based on previous research on the distribution of the species of the genus Macrolepiota in the Republic of
Macedonia, there is data for 7 species and one variety of the genus. However, systematic research of this kind has
never been conducted before. In order to obtain more complete data on the distribution of the genus Macrolepio-
ta in Macedonia, all available data from the Macedonian national collection (MCF) and the MAC FUNGI database
were used. Additionally, notes from various researchers’ collected data of fungi from the territory of the Republic of
Macedonia were included in this study. Thus, we established 7 species and one variety, of which one species Mac-
rolepiota heimii is new for Macedonia. In this study we obtained a clearer picture of the ecology and distribution of
the genus Macrolepiota. Based on the fact that the number of registered representatives of the genus Macrolepiota
in Europe is 17, it could be expected that the number of species will increase with the further observations. During
further research this number is expected to increase.

Key words:  Macrolepiota, fungi, distribution, ecology, Macedonia

Ancrpaxkr

Kapaznenes, M., JoBanoscka, 1., Mutuk-Konama, JI. u Korecka, JI. (2013). Exonoruja u quctpubynuja Ha
ponot Macrolepiota (Basidiomycota, Fungi) Bo Makenonuja. 36opark Ha Tpynosu ox IV Konrpec Ha exonosure
Ha MakenoH#ja co MeryHapoaHo ydectBo, Oxpu, 12-15 okromBpu 2012 roauHa. MakemoHCKO €KOJIOIKO APYIIIT-
BO, oceOHO u3nanue 28, Ckomje.

Criopes JoceramnHuTe HCTpaXKyBama Ha TUCTHOYLHjaTa Ha BUIOBUTE o1 ponoT Macrolepiota Bo Pemy0nuka
MakeoHHja mocTojar 7 BUa U eJIeH BapUeTeT, HO CHCTEMATCKU HCTPaXKyBarba Ha OBOj POJ Jocera He ce HalpaBe-
Hu. Co 1en aa ce 1o0HjaT MOKOMIUICTHH TIOIAaTOIHU 3a TUCTPHOyIMjaTa Ha ponoT Macrolepiota Bo Peny6nrka Ma-
KeIOHHja KOPUCTEHH CE CUTE JIOCTAITHU TOaTonu o1 MakenoHckara HarpoHanHa 30upka (MCF), 6a3ara Ha mozia-
tou (MAC FUNGI), kako u OeNeliku 0 pa3HU UCTPaKyBauu KOM COOMpaie MOIATOH 3a TabUTe Ha TCPUTOPH]ja-
Ta Ha Penybnka Makenonuja. Ha Toj HaunH ce koHCTaTUpaHu 7 BUJA M €IeH BapHUETeT, 01 Ko Bunot Macrolepiota
heimii e HOB 3a Maxkenonuja. Co 0B0j TpyZ e Ho0KMeHa MojacHa CIIMKA 3a eKOJIOrHjaTa U AUCTPHOYLMjaTa Ha POIOT
Macrolepiota. Co ornen Ha (hakToT Jeka Op0joT Ha PErUCTPUPAHH TIPETCTABHUIIU 01 ponoT Macrolepiota 8o EBpo-
ma e 17, ce o4ekyBa co IIOHATaMOIIIHUTE UCTPAKyBarba 0BOj OpOj /1a ce 3roJIeMHu.

Kayunn 360poBu: Macrolepiota, rabu, nuctpulyiija, ekoaoruja, MakeaoH1ja
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Introduction

In Macedonia systematic research on the ge-
nus Macrolepiota Singer (1948) has not been con-
ducted up till now, there are few mycological pa-
pers concerned with individual species of the genus.
Publications making reference to individual species
of Macrolepiota genus are as follows: Macrolepio-
ta excoriata (Karadelev, Rusevska 2004); Macrole-
piota mastoidea (M.K. & K.R. 2004); Macrolepio-
ta procera (M.K. & K.R. 2004; Karadelev 1999b);
Macrolepiota procera (Karadelev 2000a); Macrole-
piota gracilenta, Macrolepiota mastoidea, Macrole-
piota procera, (Karadelev 2000d); Macrolepiota
procera (Karadelev & Rusevska 2000); Macrolepi-
ota procera, Macrolepiota mastoidea, Macrolepio-
ta rhacodes (Karadelev 2001a); Macrolpeiota pro-
cera (Karadelev and coworkers 2002b); Macrole-
piota konradii, Macrolepiota procera, Macroleip-
ta rhacodes (Karadelev et al. 2003a); Macrolepiota
mastoidea, Macrolepiota procera, Macroleipta rha-
codes (Karadelev & Rusevska 2004); Macrolpeio-
ta rhacodes (Karadelev et al. 2004a; Karadelev et.
al 2008d).

Material and methods

The observed material was collected during the
period of 1987 till now, in different regions in Mace-
donia. Species were collected on marginal areas of
the deciduous forest, mixed forests, coniferous for-
est, meadows, pastures, cultivated fields. Determina-
tion of the species was made at the Mycological Lab-
oratory, Institute of Biology, Faculty of Natural Sci-
ence in Skopje, Republic of Macedonia. The species
identification was made macroscopically and micro-
scopically by using reagents (5% KOH, H,O, Melz-
er’s reagent). Some of the species were determinate
while in fresh condition, and the others were to un-
dergo further laboratory analyses. Part form the sam-
ples have been preserved in the Macedonian Collec-
tion of Fungi (MCF), while all the indispensable da-
ta about the species are entered in the MACFUN-
GI database. The following keys and monographs
were used as resources for determination of the col-
lected fungi: Moser (1983), Breitenbach & Krinzlin
(2000), Hansen & Knudsen (1992), Dincke (2001),
Horak (2005). For each fungal species data of ge-
ographical distribution, altitude, forest association,
substrate, data source and previous publications and
maps for some species are provided.

Marks and abbreviations:

exs. - Collections in which the dried material
(exsiccatum) is deposited

Ref. - References (sources of records and in-
formation)

vill. - Village

Mt. - Mountain
* - New species for the Republic of Macedonia

Results

Of the total of 30 species in the world of Mac-
rolepiota genus, the following eight species have
been recorded in Republic of Macedonia:

1. Macrolepiota excoriata (Schaeff.: Fr.) Was-
ter

Ref.: Karadelev, Rusevska 2004;

Collections: MCF.

Fig. 1.

Distribution of Macrolepiota excoriata in
Macedonia

Ca. 1. Hucrpubymmja na Macrolepiota excoriata
B0 MakenoHuja

Dobra Voda Mt.: Jagol Jagol Dolenci vill.,
Naim Frasheri primary school, 800 m, azonal veg-
etation, 23.10.2007, exs. MCF 07/8168; Kit-
ka Mt.: Kitka mountain house, 1100 m, meadow,
21.09.2003, exs. MCF 03/3328; Osogovski Mt.:
Krupishte vill. 320 m, meadow, plantings of Popu-
lus nigra, 21.10.2007, exs. MCF 07/8197; Skopska
Crna Gora Mt.: vill. Ljubanci, Zgurovci, 800 m,
meadow, 02.10.2005, exs. MCF 05/5445.

2. Macrolepiota gracilenta (Krombh.) Wasser
Ref.: Karadelev 2000d,
Collections: MCF.

Kozhuf Mt.: vill. Konjari, 1000 m, Festuco
heterophyllae-Fagetum, 13.10.2000, exs. MCF
00/4620; Bistra Mt.: Mavrovo, Bunec, Experiman-
tal plot, 1350 - 1400 m, medow, 25.09.1998, exs. 21;
MCEF 98/1841.
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Fig. 2. Distribution of Macrolepiota gracilenta in
Macedonia

Ca.2. Jucrtpubyumja vHa Macrolepiota gracilenta
BO Maxkenonuja

3. *Macrolepiota heimii (Locq.) Bon
Ref.:
Collections: MCF.
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Fig. 3. Distribution of Macrolepiota heimiin
Macedonia

Cn.3. Jucrtpubyuuja ua Macrolepiota heimi B0
Makeznonuja

Suva Gora Mt.: Trebovle vill. (Porech-
je), medow, Quercus forest with Pinus plantings,
11.10.2011, exs. MCF 11/13257.

4. Macrolepiota konradii (Huijsman ex P.D.
Orton) M.M. Moser

Ref.: Karadelev et al. 2003a,

Collections: MCF.

Galichica Mt.: Konjskovill., grass, 17.10.2008,
exs. MCF 08/10461; Leskoec vill, 1300 m, Quer-
cetum frainetto-cerris, 13.10.2002, exc. MCF
11/13258; Skopje: Katlanovo, 150 m, Querco-Car-
pinetum orientalis, 16.10.2002, exs. MCF 02/2783;
Pelister Mt.: Caparska Preseka, 1300 m, medow,

T T T 30.09.2002, exs. MCF 02/3573; Jakupica Mt.: vill.
T A A PR Bogomila, Quercus forest (with Fagus and Pinus),
B TS N L e - 26.09.2010, exc. MCF 10/12090.
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Fig. 4. Distribution of Macrolepiota konradii in
Macedonia

Ca.4. [Mucrpubynuja vHa Macrolepiota konradii
BO Makenonuja

5. Macrolepiota mastoidea (Fr.: Fr.) Singer
Ref.: Karadelev 2000d , Karadelev 2001a, Ka-

radelev, Rusevska 2004, Karadelev et al. 2008d
Collections: MCF.

Bistra Mt.: Ehloec vill. (above), 700 m, oak
forest, oak forest Quercus cerris, 14.10.2006; Elen
skok, 600 m, deciduous forest, deciduous forest
(Quercus, Carpinus), 15.10.2006; Bunec, 1300 m,
beech forest, 24.10.2000; Bunec, 1280-1300 m,
on experimental plot, Calamintho grandiflorae-Fa-
getum, 26.09. 1998, exs. 21; M.K. & K.R. 2004;
Sretkovo vill., 1000 m, Fagus forest with Corylus
trees, 17.6.2007; Bogdanci: Stojakovo vill., me-
adow, april.1994; Dobra Voda Mt.: between Tu-
in vill. and Popovjane vill., 800-900 m, oak forest,
6.11.2002, exs. MCF 02/2858; between Jagol Do-
lenci and Dobra Voda Mt., oak forest, 22.10.2006;
Galichica Mt.: Stenje vill., Quercettum frainetto-
cerris, 22.10.2005; Jakupica Mt.: Gorno Vranov-
ce vill., Festuco heterophyllae-Fagetum, exs. MCF
98/1807; Jasen reserve: Nova Bresnica vill. (be-
low), Querco-Carpinetum orientalis, 14.10.2010,
exs. MCF10/12561; Kitka Mt.: forest house Kitka
1300 m, meadow, 19.10.1998, exs. MCF 98/2222;
Krushevo (vicinity): 1300 m, meadow, 15.10.2006;
Kumanovo (vicinity): Staro Nagorichane vill.,
mixed forest, (Populus, Betula, Alnus, Salix), exs.
MCF 05/8957; Kozhuf Mt.: Konsko vill. (above),
Zajchev Rid, Quercetum with Pinus sp., 15.11.2009,
exs. MCF 09/11294; Mavrovo NP: Zhirovnica vill.
(above) Brezna, Festuco heterophyllae-Fagetum
(with Betula) 03.10.2010, exs. MCF 10/12765; Zhi-
rovnica vill. (above) Brezna, Festuco heterophyl-
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lac-Fagetum (with Betula) 03.10.2010 exs. MCF
10/12216; Zhirovica vill. (above), Brezna, Festuco
heterophyllae-Fagetum (with Betula) 03.10.2010;
Rosoki vill., (above) Mlache, Quercus cerris forest,
10.10.2010, exs. MCF 10/12262; Kisevica vill. 974
m, mixed deciduous forest (Alnus, Corylus, Acer
pseudoplatanus), 18.09.2010, exs. MCF 10/12023;
Rostushe vill. (above), 1072 m, Pinus nigra plan-
tings, 19.09.2010; Near Skopje: Matka, Osoj, 300
m, medow, 25.10.2006; Vodno Mt.: Krushopek
vill. 800 m, meadow, 11.10.2005, MCF 05/5278;
vill. Krushopek 800 m, meadow with Juniperus,
16.10.2005, exs. MCF 05/5299; Osogovski Plani-
ni Mt.: Ponikva, Calmintho grandiflorae-Fagetum,
1500-1600 m, 20.9.2001, exs. MCF 01/813; wvill.
Pripor (between Kocani and Gratce vill.), 723 m,
Quercus and Carpinus forest, 14.11.2008; Pelister
Mt.: around vill. Kopanki, 1500-1700 m, Digitali
viridiflorae-Pinetum peuces with Fagus, 19.10.2005;
vill. Rotino, 1000 m, oak forest, 26.10.2004, exs.
MCF 04/4952; The confluence of Pchinja riv-
er and Vardar river: Pchinja river, azonal vegeta-
tion, 16.12.2009, exs. MCF 09/11499; Shar Plani-
na Mt.: between Selce vill. and Banjiche, 800-600
m margins of deciduous forest, 11.10.2006; Kobili-
ca, Kuchibeg (Vejce vill.), 2100-2500 m, 1.10.2006,
high mountain pastures, exs. MCF 06/10912; Kobil-
ica, Kobilichka Shuma (Brodec vill.),1200-1400 m,
1.10.2006, Fagus forest, exs. MCF 06/10913; Sko-
pska Crna Gora Mt.: Brodec vill. (above), Fagus
forest, 1.11.1999; Ljubanci vill., above St. Niko-
la monastery, 800-900 m, oak forest (Quercus frai-
netto, Q. petraea, Castanea, Carpinus), 11.10.2008,
exs. MCF 08/10396; Ljubanci vill., around St. Niko-
la monastery, 800 m, Querco-Carpinetum orientalis,
9.10.2005, exs. MCF 05/2465; Tetovo: below Kale
450-500 m, edge of deciduous forest, 11.10.2006;
Valandovo: around St. Gjorgija monastery, Coccif-
ero-Carpinetum orientalis, 16.12.2006; Veles: I1zvor
vill., Umin Dol, 300 m, Querco-Carpinetum orienta-
lis, 5.11.2007, exs. MCF 07/8352.

6. Macrolepiota procera (Scop.: Fr.) Singer

Ref.: Karadelev 1999b, Karadelev, Rusevska
2000, Karadelev 2000a, Karadelev 2000d, Peri¢ et
al. 2001, Karadelev et al. 2002b, Karadelev et al.
2003a, Karadelev, Rusevska 2004, Karadelev et al.
2008d

Collections: MCF.

Bogdanci: Bolovan, 200 m, Querco - Carpine-
tum orientalis, 1.6.2003; Bolovan, Paljurci 150 m,
Juglando- Platanetum orientalis, 11.1992; Kozarnik,
200 m, Pinus plantations, (Pinus nigra, P. pinea, P.
halepensis), 24.10.2006, very frequent; North hill,
150 m, meadow, 17.10.2010; Pobregovo, Robinia
pseudoacacia plantings, 20.10.1989; Belasica Mt.:

Bansko, the water coverage, 4.11.2010; Bigla Mt.:
Cer (15 km north-west from Krushevo); Bistra Mt.:
Mavrovo, Fago-Abietetum meridionale, 29.10.2009;
Mavrovo, Bunec, beech forest; Demir Hisar: Cagor,
near the river, 645m, 1.10.2009, exs. MCF 09/11310
Dobra Voda Mt.: Jagol Dolenci vill. oak forest,
14.10.2006; 12.10.2008, Quercetum frainetto-cerris,
exs. MAK 08/10915; Strajane vill. (near Srbinovo),
950 m, 25.10.2008, Quercetum frainetto-cerris, exs.
MAK 08/10914; Popovjane vill., Gorica, meadow
in Quercetum frainetto-cerris, 23.10.2007; Dojran:
Crnichini vill., 200 m, 30.10.1987; Galichica Mt.:
Mala Galichica, high mountain pasture, 15.07.2010
exs. MCF10/13409 Stenje vill,, Quercettum frai-
netto-cerris, 22.10.2005, MMS; Trpejca vill., 800
m, oak forest; Jakupica Mt.: Cheples, 12.8.1995;
Chestak, near vill. Oreshche, 800-900 m, Quercetum
frainetto-cerris, 15.7.1999, exs. MCF 99/2022; Gor-
no Vranovce vill., 8.11.1998; Karabalija: Bolovan,
150 m, Juglando - Platanetum orientalis, 27.9.2003,
exs. MCF 03/3444; Kavadarci: Vitachevo, near
the lake, Pinus and Quercus forest, 17.10.1998; Vi-
tachevo, Pinus plantings, 28.9.1998; Kichevo: Sta-
orec vill., meadow, 8.10.2006; Kozhuf Mt.: Konj-
sko vill.,, meadow, 5.10.1996; Visoka Chuka, 1000
m, Festruco heterophyllae-Fagetum, July1998; Koz-
jak: Nagorichani vill., by the r. Pchinja, azonal ve-
getation, September 2005; Kumanovo: Zhegljane
vill., Pinus plantings, 31.10.2007; Mariovo: road
to Vitolishte vill., meadow, 11.10.2005, exs. MCF
05/5433; Shtavica vill. 500m, 7.10.2009; Mavrovo
NP: Bitushe vill.(above), fountain, Fagetum forest,
19.09.2010; Bitushe vill, (watch tower) Fagetum fo-
rest, 19.09.2010; Crveni krasti, 1359 m, mixed fo-
rest Fagus, Quercus 2.10.2010; Vrben vill., Abies
forest, 22.09.2010, exs. MCF 10/12405; Zhirovi-
ca vill. (above), Brezna, 1143 m, Festuco heterop-
hyllae-Fagetum (with Betula), 3.10.2010; Ograz-
den Mt.: Chanaklija, 425 m, forest with Pinus; Ez-
hov Rid, 1100-1200 m, 10.09.1995 forest from Fa-
gus and Pinus; Osogovski Planini Mt.: Konopni-
ca vill. 1100 m, meadow, 14.7.2003; Probishtip (vi-
cinity): 2007; Serta Mt.: Lipa vill. 500 m, oak fo-
rest, 11.10.2002, exs. MCF 02/6588; Shar Planina
Mt.: between Popova Shapka and Jelak, meadow
with Juniperus, 16.10.2000; Kobilica, Gornovica
(Vejce vill.), 1600-2000 m, high-mountaine pastu-
re, 1.10.2006; Mala Smreka, 1800 m, high montain
pastures, 8.9.2006; Vratnica vill. oak forest under
Castanea, autumn period; Skopje: Vodno, above St.
Pantelejmon monastery, mixed plantings (Castanea,
Quercus) 27.09.2009; Vodno 2.11.1992; Skopje vi-
cinity: Vodno, between St. Pantelejmon and Sredno
Vodno, Quercus, Pinus, Acer, Castanea, Juniperus,
12.10.1998; Vodno, top 1000 m, mixed anthropo-
genic forest, 4.09.2009; Skopska Crna Gora Mt:
Brodec vill. (above), pasture; Chucher-Sandevo vill.
(above), 600 m, degradated oak forest (Querco-Car-
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pinetum orientalis), 6.10.1998; Ljubanci vill., abo-
ve St. Nikola monastery, 800-900 m, meadow in oak
forest with Castanea plantings, 15.10.2006; Ljuban-
ci vill., above St. Nikola monastery, 800-900 m, oak
forest with Castanea plantings, 15.10.2006; Ljuban-
ci vill., above St. Nikola monastery, 773 m, oak fo-
rest (Quercus frainetto, Q. petraea, Castanea, Car-
pinus), 11.10.2008; Ramno, arable land with potato-
es, 19.09.2009; Ramno, meadow, 19.09.2009; Rash-
tak vill., oak, 1.10.1998; Rashtak vill., 700 m, oak
forest, 22.10.2006; Suva Gora Mt.: Trebovle vill.
(Porechje), 11.10.2011; Trebovle vill. (Porechje),
Quercus forest with Pinus plantings, 11.10.2011,
exs. MCF 11/13396; Tetovo: Kale (below), 450-500
m, vine yard in deciduous forest, 11.10.2006; Veles:
between Pomenovo vill. and Omorani vill., 400-500
m, meadow, 24.10.1992; between Pomenovo vill.
and Omorani vill., 400-500 m, meadow; Izvor vill.,
Umin Dol, 300 m, 7.11.1992; Jakupica Mt.: Bogo-
mila vill., Quercus forest (with Fagus), 3.10.2010,
exs. MCF 10/12099; Ograzhden Mt.: Ezhov Rid,
1100-1200 m, Fagus and Pinus fores, 10.09.2005.

7. Macrolepiota rhacodes (Vitt.) Singer
Ref.: Karadelev 2001a, Karadelev, Rusevska

2004, Karadelev et al. 2004a
Collections: MCF.

Fig. S.

Distribution of Macrolepiota rhacodes in
Macedonia

Ca.5. Juctpubynwmja Ha Macrolepiota rhacodes
B0 Makesionuja

Belasica Mt.: Smolarski waterfall, 490 m,
3.11.2010; Bistra Mt.: Mavrovo, Bunec, beech fo-
rest, 2011; Galichica Mt.: stall, 5.11.2008, exs.
MCF 08/10820; Osogovski Planini Mt.: Durach-
ka Reka vill., edge of Fagus forest, 16.10.2007, exs.
MCF 07/8130.

8. Macrolepiota rhacodes var. hortensis (Pi-
lat) Wasser

Ref.:
Collections: MCF.

Fig. 6. Distribution of Macrolepiota rhacodes
var. hortensis in Macedonia

Ca. 6. ucrpubyuuja na Macrolepiota rhacodes
var. hortensis B0 MaxkemoHHja

Skopje: Gazi Baba, Faculty of Natural Sci-
ence and Mathematics, 250 m, park, 10.10.2006,
exs. MCF 06/6025.

Disscusion

Macrolepiota excoriata (Schaeff.: Fr.) Waster,
grows alone or in groups, on soil, in mixed forest
with fruiting in spring till autumn. Macrolepiota ex-
coriata is characterized by pale scales that appear
star - shaped and basidia provided of fibulae base-
line (Vellinga 2001: 70). In the Republic of Mace-
donia it is known to grow at the following locali-
ties: Bistra Mt. (meadow with Juniperus; Karadelev
& Rusevska 2004), Dobra Voda Mt. and Kitka Mt.
in meadows, Osogovo Mt. (meadow in Populus ni-
gra plantings). According to this data, it is frequent
species. All the above mentioned localities are new
for this species except for Bistra Mt. This species is
edible (Figurel).

Macrolepiota gracilenta (Krombh.) Wasser,
grows on edge of woods, meadows and clearings
and fruiting from summer till autumn. In the Repub-
lic of Macedonia two localities have been record-
ed: Bistra Mt. (Karadelev 2000d) and Kozhuf Mt. It
is found in the associations of Festuco heterophyl-
lae-Fagetum. According to this data, it is rare spe-
cies. Kozhuf Mt. is a new locality for the mycobio-
ta of the Republic of Macedonia. This species is ed-
ible. (Figure 2).

*Macrolepiota heimii (Locq.) Bon., Solitary to
grouped, in meadows, in herbaceous places in gar-
dens and parks (Breitenbach & Krénzlin 1995). In
Macedonia it has been observed at one locality, Su-
va Gora Mt. It is found in Quercus forest with Pi-
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nus plantings and meadows. According to these da-
ta, it is rare species, which is published in this paper
for the first time. Macrolepiota heimii fruiting from
summer to autumn and is poisonous. (Figure 3).

Macrolepiota konradii (Huijsman ex P.D. Or-
ton) M.M. Moser, grows alone or in groups from
summer till autumn, on marginal areas of decidu-
ous forests, mixed forests, meadows and pastures. In
Macedonia it is known from the following localities:
Galichica Mt. (Quercetum frainetto-cerris), near
Skopje (Querco-Carpinetum orientalis), Pelister Mt.
(Karadelev et al. 2003a), Jakupica Mt. (Quercus for-
est with Fagus and Pinus) between 320 and 1300 m
altitude. It is very frequent in Europe and Macedo-
nia. This species is edible. (Figure 4).

Macrolepiota mastoidea (Fr.: Fr.) Singer., This
species bears fruit in grassy areas, grasslands, some-
times in clear woods. Grows in small groups or iso-
lated. Fruiting in late summer. According to Kara-
delev 2000d , Karadelev 2001a, Karadelev & Ru-
sevska 2004, Karadelev et al. 2008d, this species
have been observed on 39 localities, 13 of which are
new: Galichica Mt., Jasen reserve, Kozhuf Mt., Ma-
vrovo NP (villages: Kisevica, Rosoki, Rostushe, Zhi-
rovica, Brezna), Osogovski Planini Mt., Shar Plani-
na Mt., vicinity of Skopje, the confluence of the riv-
ers Pchinja and Vardar. It grows in the following as-
sociation: Calamintho grandiflorae-Fagetum, Quer-
cettum frainetto-cerris, Festuco heterophyllac-Fag-
etum, Querco-Carpinetum orientalis, Pinus nigra
plantings, Digitali viridiflorae-Pinetum peuces with
Fagus, Coccifero-Carpinetum orientalis, between
200 and 2500 m altitude. According to the current
data it is very common and widespread species in
Macedonia. It is very common in Europe as well.
This species is edible.

Macrolepiota procera (Scop.: Fr.) Singer.,
Grows in areas like other species from the same ge-
nus in deciduous and coniferous forest, sometimes can
be found in degrade forest too, in open areas, mead-
ow, high pastures. Fruiting in spring till late autumn.
According to Karadelev 1999b, Karadelev & Rusevs-
ka 2000, Karadelev 2000a, Karadelev 2000d, Peri¢
et al. 2001, Karadelev et al. 2002b, Karadelev et al.
2003a, Karadelev & Rusevska 2004, Karadelev et al.
2008d, is found between 150 m and 2100 m altitude.
This species has been registered in more than 70 local-
ities in following associations: Fago-Abietetum me-
ridionale, Calamintho grandiflorae-Fagetum, Quer-
co- Carpinetum orientalis, Juglando- Platanetum ori-
entalis, Pinus plantings (Pinus nigra, P. pinea, P. ha-
lepensis), Quercetum frainetto-cerris, Festuco hetero-
phyllae-Fagetum (with Betula) and Digitali viridiflo-
rae-Pinetum peuces. According to the current data it is
very common and widespread species in Macedonia.
It is very common in Europe as well but in our country
is on the red list, because of overexploitation.

Macrolepiota rhacodes (Vitt.) Singer and Mac-

rolepiota rhacodes var. hortensis are growing alone
or in groups, in gardens, cultivated areas, pastures
and forests of deciduous and coniferous forest. It is
fruiting from summer to autumn. In Macedonia it is
found in five localities such as Bistra Mt., Galichica
Mt., Osogovo Mt., Belasica Mt. and Skopje (M. rha-
codes. var hortensis). Three of them were published:
Galichica Mt., Osogovski Mt. and Skopje (Kara-
delev 2001a, Karadelev and Rusevska 2004, Kara-
delev et al. 2004a). The mountains Belasica and Bis-
tra are new localities for this species. It is found in
beech forest, between 200-900 m altitude. Macrole-
piota rhacodes var. hortensis is poisonous species
and very rare in Macedonia. (Figures 5 and 6).

Conclusion

Of about 30 species of the genus Macrolepi-
ota known in the world, in Macedonia the follow-
ing seven species and one variety are known: Mac-
rolepiota excoriata, Macrolepiota gracilenta, Mac-
rolepiota heimii, Macrolepiota konradii, Macrolepi-
ota mastoidea, Macrolepiota procera, Macrolepiota
rhacodes, Macrolepiota rhacodes var. hortensis. All
these species have European distribution according
to Breitenbach, J. & Kréinzlin, F. (1995). Macrolepi-
ota heimii is new species for the Republic of Mace-
donia. It is known that all Macrolepiota species are
saprobes. There are two poisonous species in Mace-
donia: M. heimii and M. rachodes var. hortensis
(Breitenbach, J. & Krénzlin, F. 1995). Macrolepio-
ta Procera is red listed because of overexploitation.
Some localities where these fungi were found are
presented on Figures 1, 2, 3, 4, 5 and 6. The species

which are known from one or two localities need
further investigations to provide a more comprehen-
sive review on the ecology and distribution of this

systematic category in the Republic of Macedonia.
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Abstract

Akgtil, H. E., Halici, M. G., Kocakaya, M., Kiris, Z. (2013). Lichens and lichenicolous fungi around lake
Gokpinar (Giiriin-Sivas-Turkey). Proceedings of the 4™ Congress of Ecologists of Macedonia with International
Participation, Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

A contribution to the lichen and lichenicolous fungi biodiversity of Turkey is presented. In this study, fifty
four lichens and lichenicolous fungi are reported from 6 localities around the Lake Gokpinar (Giirtin) within the
boundaries of the Sivas Province. There is no published data on lichenized and lichenicolous fungi of Giirtin. For
this reason, all of the reported taxa in this study are new records for the area; 37 of these taxa are new records for
the Sivas Province. All species grow on gypseous rocks. Acarospora cervina, Caloplaca variabilis, Diplotomma
epipolium, Placocarpus schaereri, Protoparmeliopsis muralis are common on calcareous rocks. Giiriin district is
very important in terms of (plant) endemism. In addition, the type locality of the lichenicolous fungus Lichenostig-
ma anatolicum Halici & Kocakaya on Acarospora sp. and the lichenized fungus Sarcogyne magnispora K. Knud-

sen & Halici are from this area.

Keywords: biodiversity, endemism, Giiriin, lichens, lichenicolous fungi.

Introduction

Although studies on Turkey lichens were
initiated about thirty years ago, they have been
intensified in the last 5-6 years: Halict (2009);
Kocakaya (2009); Candan (2008). Studies on
lichenicolous fungi have only commenced recently
(Halic1 2008), therefore, there is a rather large gap in
the above mentioned studies.

Recent studies concerned a wide range of bio-
diversity in Turkey but there have only been a few li-
chen records from Sivas Province (John 2000, 2006).

The aim of the current study is providing con-
tribution to lichen biodiversity of Sivas Province
and Turkey.

Materials and methods

Lichen samples were collected from 6 local-
ities around Lake Gokpinar, on 09.08.2008 and
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10.08.2008. The samples were identified according
to the following identification books: Purvis (1992);
Wirth (1995); Timdal (1991). Field equipment was
taken for collecting samples with their substrates
(hammers, chisels, knives etc). Onion-skin papers
were taken for wrapping of samples. Notebook and
pencils were taken for writing information related
to the field and the collected samples. OLYMPUS
SZ60 stereo microscope, OLYMPUS CHK light mi-
croscope, ocular micrometer, and chemical reagents
such as potassium hydroxide, calcium hypochlorite,
phenylenediamine, Lugol‘s solution were used for
determination in the laboratory.

List of Localities:

1. Turkey, Sivas (58), Giiriin, Gokpinar, 38° 39.328°
N 37°18.255’E, 1,486 m, 09.08.2008.

2. Turkey, Sivas (58), Giiriin, Gokpinar, 38° 39.251°
N 37°18.108’E, 1,550 m, 09.08.2008.

3. Turkey, Sivas (58), Giiriin, Gokpinar, 38° 39.304°
N 37°18.149’E, 1,506 m, 09.08.2008.
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Fig. 1. Map of the study area

4. Turkey, Sivas (58), Giiriin, Gokpinar, 38° 39.337°
N 37°18.070’E, 1,500 m, 09.08.2008.
5. Turkey, Sivas (58), Giirtin, G6kpinar, 38° 39.111°
N 37°18.070’E, 1,562 m, 10.08.2008.
6. Turkey, Sivas (58), Giiriin, Gokpinar, 38° 39.071’
N 37°18.309’E, 1,620 m, 10.08.2008.

Investigated area
Climate

Giiriin, which was our studied area, does not
have a weather station, unfortunately. So, Pimarbasi
(town of Kayseri) climatic data have been used, a
town which is located west of the studied area and
has almost the same climatic conditions. According
to this data, the average annual precipitation is 405
mm, the average annual temperature is 7.7°C, the
average minimum temperature of the coldest month
is -9°C, and the average maximum temperature of
the warmest month reaches 27.5°C. Steppe vegeta-
tion is dominant in the region.

Geomorphological Conditions

The studied area is located within the Eastern
Taurus Zone. The geological development of this re-
gion has been in process from the early Devonian to
present day. Pinarbasi ophiolites settled on carbonate
units (East Limestone) before Maastrichtian. As a re-
sult of the jamming effect of the contraction in the re-
gion starting from the early Paleocene NS and NW-
SE compression and EW, NE-SW direction as a result
of stress folds, reverse faults, strike and dip-slip faults
have been developed. There are foldings especially in
the Giirtin formation. Munzur limestones have devel-
oped as autochthonous units (Kagaroglu, 2006).

Results

The identified species are given in alphabetical
order. The number of each of the localities has been
written next to the species name. The species that are
new to the province of Sivas are marked with “*”.

Acarospora cervina A. Massal. 1,2, 3,5

*Acarospora scabra (Pers.) Th. Fr. 1

*Arthonia molendoi (Heufl. ex Frauenf.) R.
Sant. 1

*Aspicilia calcarea (L.) Mudd. 1

Aspicilia contorta subsp. hoffmanniana S. Ek-
man & Froberg 1,2, 3, 4,5

Aspicilia desertorum (Kremp.) Mereschk. 1, 3

*Aspicilia farinosa (Florke) Motyka 3

*Caloplaca agardhiana (A. Massal.) Clauzade
& Cl. Roux 1,4

*Caloplaca alociza (A. Massal.) Mig. 3

*Caloplaca chalybaea (Fr.) Mill. Arg 1

*Caloplaca dolomiticola (Hue) Zahlbr. 1

*Caloplaca flavovirescens (Wulfen) Dalla
Torre & Sarnth. 2, 5

Caloplaca holocarpa (Hoffm.) A.E. Wade 3

Caloplaca lactea (A. Massal.) Zahlbr. 4

*Caloplaca tiroliensis Zahlbr. 6

Caloplaca variabilis (Pers.) Miill. Arg. 1, 2, 3,
4,5

*Caloplaca xantholyta (Nyl.) Jatta 4

Candelariella vitellina (Hoffm.) Miill. Arg. 2,
3,5

*Cercidospora epicarphinea (Nyl.) Grube &
Hafellner, lichenicolous fungi on Caloplaca agar-
dhiana, 1

*Collema flaccidum (Ach.) Ach. 6

*Dermatocarpon miniatum (L.) W. Mann 4

*Diplotomma epipolium (Ach.) Amold 1, 2, 6

Diplotomma pulverulentum (Anzi) D. Hawksw.
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lichenicolous lichen on Physconia grisea, 3

Fulgensia fulgens (Sw.) Elenkin 6

*Fulgensia schistidii (Anzi) Poelt 3

*Lecania nylanderiana A. Massal. 1

*Lecanora agardhiana Ach. 3

*Lecanora dispersa (Pers.) Rohl. 2, 3, 5

*Lecanora flotowiana Spreng. 1

Lecanora usbekica Poelt 5

Lecidella carpathica Ko6rb. 3

*Lecidella patavina (A. Massal.) Knoph &
Leuckert 3

Lecidella stigmatea (Ach.) Hertel & Leuckert
1,2,5,6

*Lichenostigma anatolicum Halici & Kocaka-
ya, lichenicolous fungi on Acarospora sp., 6

*Lobothallia alphoplaca (Wahlenb.) Hafellner
4

*Lobothallia radiosa (Hoffm.) Hafellner 1, 3

*Muellerella lichenicola (Sommerf.) D. Hawk-
sw., lichenicolous fungi on C. holocarpa, 3

*Muellerella pygmaea (Korb.) D. Hawksw., li-
chenicolous fungi on Aspicilia contorta subsp. hoff-
manniana, 1

*Physcia dubia (Hoffm.) Lettau 3

*Physconia grisea (Lam.) Poelt 3

*Physconia muscigena (Ach.) Poelt 5

*Placocarpus schaereri (Fr.) Breuss 2, 3,4, 5

Protoparmeliopsis muralis (Schreb.) M. Choisy
1,2,3,4,5,6

Rinodina bischoffii (Hepp) A. Massal. 1

Rinodina calcarea (Arnold) Arnold 2, 3, 5

Rinodina immersa (Korb.) Arnold 1, 2, 3

*Rinodina lecanorina (A. Massal.) A. Massal.
2,4

*Sarcogyne magnispora K. Knudsen & Hali-
ci2

*Staurothele areolata (Ach.) Lettau 6

*Toninia candida (Weber) Th. Fr. 1

*Toninia rosulata (Anzi) H. Olivier 4

*Verrucaria nigrescens Pers. 2, 3, 4

Xanthoria elegans (Link) Th. Fr. 3

*Zwackhiomyces  sphinctrinoides (Zwackh)
Grube & Hafellner, lichenicolous fungi on C. vari-
abilis, 4

Discussion

In this study, 54 taxa belonging to 27 genera
were identified around the Lake Gokpinar (Giiriin-
Sivas). All of the taxa are new records for the area.
In addition, 37 taxa are new records for Sivas Prov-
ince. Limestone-preferred species like Acarospora
cervina, Caloplaca variabilis, Diplotomma epipo-
lium, Placocarpus schaereri and Protoparmeliopsis
muralis were found as quite abundant on calcarcous
rocks. Diplotomma pulverulentum was found as li-

chenicolous lichen on Physconia grisea. Placocar-
pus schaereri was identified, especially in the young
stages, as a parasite on Protoparmeliopsis muralis.
This information is identical with the available lit-
erature data.

Following lichenicolous fungi have also been
found in the studied area: Cercidospora epicarphin-
ea on Caloplaca agardhiana, Muellerella lichenico-
la on Caloplaca holocarpa, Muellerella pygmaea on
Aspicilia contorta subsp. hoffmanniana and Zwackh-
iomyces sphinctrinoides on C. agardhiana. Almost
all taxa were found on calcareous rocks. The number
of recorded species was insignificant due to a lack of
habitats diversity around the study area.
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Abstract

Melovski, D., Ivanov, Gj., Stojanov, A., Avukatov, V., Traj¢e, A., Hoxha, B., von Arx, M., Breitenmoser-
Wiirsten, Ch., Hristovski, S., Shumka, S., Breitenmoser, U. (2013). Distribution and conservation status of the Bal-
kan lynx (Lynx lynx balcanicus Bures, 1941). Proceedings of the 4" Congress of Ecologists of Macedonia with In-
ternational Participation, Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

Population size and distribution of a target species are among the most important features in conservation bi-
ology. By knowing these parameters, an effective management for conservation can be applied in the range coun-
tries of its distribution. This is particularly relevant for the smallest and long-term isolated autochthonous popula-
tions of the Eurasian lynx in Europe. In 1941, zoologist Ivan Bures was the first to acknowledge the subspecies sta-
tus of the Balkan lynx - Lynx lynx balcanicus Bure§ (1941). However, this subspecies has never been recognized by
a wider scientific public, even though morphometric and genetic analysis support the subspecies status. The topic
of the critical status of the Balkan lynx has become even more alarming with a recent dramatic decline in popula-
tion size and the probability of extinction in the near future.

The main objectives of this paper are to present the distribution range, population size and conservation sta-
tus of the Balkan lynx. We have used three data sets in order to achieve the above mentioned goals: literature da-
ta, questionnaires from a baseline survey performed in the study area (western Macedonia and eastern Albania) and
camera-trapping results. The conservation status of the Balkan lynx was assessed using the Species Information
Service of the IUCN. The distribution range was calculated taking into account the [IUCN standards, thus focus-
ing on the Area of Occupancy (AOO) and Extent of Occurrence (EOO). The population size was calculated using
the Area of Occupancy and the mean density of the Balkan lynx inside the Mavrovo NP extrapolated from the da-
ta acquired during the systematic camera-trapping session in 2010. The results show a decline in population size in
comparison with the results of the baseline survey. The pessimistic scenario for the population size of the Balkan
lynx is pointing to only 20 to 44 mature individuals, while the most optimistic one, to 220 individuals. These in-
dividuals are distributed mainly in the western part of Macedonia and eastern Albania. No firm evidence could be
obtained for the presence of the Balkan lynx in the North of the study area (Kosovo and Montenegro). The Area of
Occupancy for the Balkan lynx is probably between 4,000-20,000 km?. According to the TUCN Red List criteria,
the conservation status of this taxon is Critically Endangered (CR (C2a(i.ii)D). We suggest taking urgent measures
in order to save the Balkan lynx from extinction.

Key words: Balkan lynx, Lynx lynx balcanicus, distribution range, population size, status, historical review, [UCN
Red List assessment.
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Introduction

A small and long-term isolated population of
the Eurasian lynx has survived in the south-west-
ern Balkans till present. The Balkan lynx was for the
first time described as a separate subspecies in 1941
by the Bulgarian zoologist Ivan Bure$ (Lynx lynx
balcanicus Bures, 1941). Almost 40 years later, the
Serbian mammologist Gjoge Miri¢ did much more
fundamental description of this subspecies but al-
so gave a different scientific name (Lynx lynx marti-
noi Miri¢, 1978). Even though this taxonomic status
was never officially recognised by the wider scien-
tific public, today’s taxonomists and ecologists be-
lieve that Bures’s balcanicus should be considered
as a legal name of the Balkan lynx (Krystufek, in
press; Melovski 2012).

The issue of the Balkan lynx attracted many
other scientists and conservationists in Europe be-
cause of its critical status in the 20" century. Being
in the verge of extinction before and during the Sec-
ond World War, the authorities in that time’s Yugo-
slavia decided to grant this animal a legal status of
protection. Very soon, the population started to re-
cover and by 1974, the lynx population in the south-
western Balkan Peninsula counted around 280 indi-
viduals (Miri¢ 1981). However, these estimates were
done taking into consideration very basic knowledge
on lynx’ ecological knowledge in general. Miri¢ es-
timated that these individuals in average shared 30
km? of a home range size, which in nowadays ra-
dio-telemetry studies is considerable underestima-
tion (Sunde et al. 2000; Linnell et al. 2001; Breiten-
moser-Wiirsten et al. 2007; Okrama et al. 2007).

The period in the 1990°s and early 2000 was a
nuisance for the wildlife of the Balkans. The split of
Yugoslavia, the civil unrest in Albania and the eth-
nic conflicts in Serbia, Kosovo and Macedonia were
part of the factors that brought back the Balkan lynx
on its verge. Poor law enforcement and the appalling
development politics of these countries in transition
placed the nature conservation in the last priorities.

Having the above mentioned in mind, a group
of external experts from Switzerland and Germa-
ny with local NGO’s from Macedonia and Albania
started the implementation of the ever first project
for the conservation of the Balkan lynx. The Bal-
kan Lynx Recovery Programme is an applied con-
servation project that began in 2006 and aiming in
building capacities on a local level for a long-lasting
monitoring and conservation of the Balkan lynx, as-
sessing the conservation status of the Balkan lynx,
rising the awareness in nature protection in the re-
gion while involving with rural communities and
working towards the establishment of the new pro-
tected areas.

In this paper we are focusing on: 1. assessing
the distribution and conservation status of the Bal-

kan lynx population through surveying the present
status of the population (distribution and population
size) based on the local ecological knowledge and 2.
listing the conservation status of the Balkan lynx ac-
cording to the IUCN Red List criteria. The main da-
ta sets used in this paper are the questionnaire per-
formed in Macedonia and Albania in order to deter-
mine the presence of the Balkan lynx, as well as the
camera-trapping results to find out the potential pop-
ulation size. Finally, the gathered data were used so
that we can evaluate the official status of the Balkan
lynx according to the standards of the IUCN Red
List of threatened species.

Methods

Study area

The study area within Albania and Macedonia
was selected taking into account the already known
biology and ecology of the Eurasian lynx. Unsuit-
able areas for lynx such as plains, big-river val-
leys, ravines, non-forested and low-elevation hill-
sides were excluded from the survey. In Macedo-
nia, mountains west of river Vardar were taken as
most relevant (Fig. 1). In Albania, all the mountains
in the northern and eastern part of the country, bor-
dering with Montenegro, Kosovo, Macedonia and
Greece belong into the survey area. The study ar-
ea was designated using a 10x10 km grid map (100
km?) of the countries (Fig. 1). For better interpre-
tation of the results (analyses and comparison), the
study area (eastern Albania and western Macedonia)
was divided into several topographical and/or polit-
ical regions (separated by mountains, big rivers and
state borders). In order to include the whole poten-
tial range of the Balkan lynx, we have consulted the
relatively recent papers on its distribution for Mon-
tenegro and Kosovo.

Present status and distribution of the
Balkan lynx based on the LEK

LEK stands for Local Ecological Knowledge.
Local peoples’ knowledge on abundance and distri-
bution of species is gained through individuals’ ob-
servation in their lifetime. It is a commonly used
method for qualitative estimates of presence and
abundance of species, as well as quantitative as-
sessment on population trend (Anadon et al. 2009).
Across the entire potential distribution area in both
countries we used a questionnaire (Baseline Survey)
to compile local peoples’ knowledge. The question-
naire included 13 wildlife species and 50 questions
divided into six categories. The first group of ques-
tions was related to the presence, abundance and
trend of the targeted species over a period of the past
5 years from when the questionnaire was made. The
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Fig. 1. The study area divided in regions.

second group is related to the conflicts between peo-
ple and large carnivores and the human attitudes to-
wards them. Socio-economic aspects of the villag-
es are addressed in the third group of questions,
while some detail information on livestock breed-
ing and damage compensation system are asked in
the fourth group of questions. The fifth and the sixth
group of questions deal with general information on
the person interviewed and the village in which he/
she lives. For the purpose of this paper, we’ve con-
sidered only the first group of questions. Particular-
ly, distribution pattern and trends are outlined on-
ly for the lynx, as well as its main prey species (roe
deer, chamois and brown hare). The sample design
focussed on people relevant for the study: hunters,
game wardens, foresters, livestock breeders, bee-
keepers, farmers, veterinarians, naturalists but also
owners of cafeteria or markets as well as a random
sample of informants which did not fall in one of the
mentioned profiles. The interviewing technique was
face-to-face and the questionnaire was completed at
the time of interviewing in order to avoid misinter-
pretation of data. During the survey, verified lynx
findings such as: stuffed animals, lynx pelts, muse-
um specimens, photographs of lynx were considered
as a Category 1 data or “Hard facts”. Records of
livestock killed, wild prey remains, tracks and scats
reported and confirmed by trained people, we con-

sidered as Category 2 data, whereas the positive in-
terviews during the questionnaire for lynx sightings,
as well as accidental and unverified lynx-observa-
tion reports fall into the Category 3 (Molinari-Jobin
et al. 2003). Furthermore, camera-trapping photos of
a lynx are considered Category 1 data.

We assessed the presence of predator and prey
species according to the number of positive answers
per grid cell. Each grid cell within the Baseline Sur-
vey questionnaire with more than 50 % positive an-
swers indicates good evidence for presence. Less
than 50 % indicates scarce presence. Evidence for
scarce presence was added to the previous results as
a potential area of the lynx, outside the most prob-
able area of distribution. No positive answers indi-
cate that the species is not present. We estimated the
Minimum Grid Range (MGR ) of the Balkan Iynx
by counting the number of grid cells with more than
50% positive answers per 100 km?. The Maximum
Grid Range (MGR ) is the number of grid cells
with at least one positive answer per 100 km?. The
polygon for Balkan lynx distribution according to
the findings from the Baseline Survey is shaped con-
sidering the natural and anthropogenic boundaries in
the landscape (plains, big rivers, towns, high moun-
tain pastures etc.). We used the Corine Landcover
(www.eea.europa.eu/publications/CORO-landcover)
system and followed the forest areas or patches in-
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side or closely outside the cells. In cases with some
grid cells when the natural or anthropogenic border
was not clearly defined, or could not be established,
the forested areas according to the Corine Land-
cover was most important feature to follow. In or-
der to represent the whole potential range of the Bal-
kan lynx, its distribution range was extended into the
three neighbouring countries in the north (Kosovo,
Montenegro and Serbia (south-western part)), refer-
ring to the most recent research (Grubac¢ 2000, 2002)
and expert opinion (Paunovi¢ et al. 2001). Grubac’s
research is based on interviews with local people and
these data are considered Category 3. In this way, we
have outlined the present Balkan lynx distribution
with an area calculation for both: Area of Occupan-
cy (AOO) and Extent of Occurrence (EOO). While
the AOO is a very detailed range of likely and possi-
ble distribution pattern of the Balkan lynx, the EOO
is the area contained within the shortest continuous
imaginary boundary which can be drawn to encom-
pass all the known, inferred or projected sites of the
Balkan lynx, excluding cases of vagrancy. The EOO
can be measured using the Minimum Convex Poly-
gon (MCP) — the smallest polygon in which no inter-
nal angels exceeds 180° and which contains all the
sites of occurrence (IUCN, 2008). The EOO are also
sites which haven’t been searched for (or at least not
in a near past), but contain known appropriate habi-
tat for lynx presence. We have come up with two dif-
ferent values for AOO and EOO depending on the
data taken for their calculation. The Minimum Area
of Occupancy (AOO, ) was obtained taking only
the Category 1 and 2 data for Macedonia and Alba-
nia later than year 2000 as an adjusted polygon. The
Maximum Area of Occupancy (AOO_ ) was cal-
culated taken the Category 1, 2 and 3 data for Mace-
donia and Albania later than the year 2000; C3 data
for Montenegro and Kosovo were taken from the re-
cent literature and the MGR _ as an adjusted poly-
gon. Considering the two different values obtained
for the AOO, the MCP for EOO was also calculat-
ed with two different values. The Minimum Ex-
tent of Occurrence (EOO_, ) is the MCP includ-
ing all AOO_, polygons, while the Maximum Ex-
tent of Occurrence (EOO_ ) is the MCP including
all AOO__ polygons. The area calculations for both,
AOO and EOO are computed in the GIS ArcMap
software.

Estimation of the population density and size

We took two different data-sets in order to cal-
culate the size and density of the Balkan lynx popu-
lation: camera-trapping in a reference area and Base-
line Survey data on Balkan lynx distribution. The
population density was directly calculated taking the
results from the two systematic camera-trapping ses-
sions in one reference area (Mavrovo NP, Macedo-

nia) in 2008 and 2010. Mean value of the two ses-
sion is presented and then used with the intention of
calculating the population size. This was done by ex-
trapolating the population density (number of lynx
individuals per 100km? in the reference area, over
the whole distribution range of the Balkan lynx. We
used the simple equation:

X*Y
100 °

where X is the minimum or maximum value of the
Area of Occupancy (AOO_, or AOO,_, respective-
ly; see above) and Y is the population density tak-
en from the camera-trapping findings. According to
TUCN (2008), AOO is a useful proxy for the popula-
tion size, because there is generally a positive corre-
lation between AOO and population size.

The camera-trapping results were also used for
calibration of the distribution pattern of the Baseline
Survey data, by confirming the presence of the Bal-
kan lynx in, until recently, doubtful areas and for a
better calculation of the Area of Occupancy and Ex-
tent of Occurrence during the [IUCN Red List assess-
ment. Camera-trapping data are ‘hard-facts’ data of
their own.

The results obtained from the above-mentioned
methods were used to give explanation to the two
possible scenarios:

- Pessimistic scenario: Taking the standard
deviation of the population density into
account; the lowest, highest and the
mean value of the population density
gained from the camera-trapping in the
reference, core area will be extrapolated
into the minimum value of the Area of
Occupancy (AOO_ ) of the Balkan lynx.
These results reveal the frame of the
population number for its minimum range
of distribution.

- Optimistic scenario: Taking the standard
deviation of the population density into
account; the lowest, highest and the
mean value of the population density
gained from the camera-trapping in the
reference, core area will be extrapolated
into the maximum value of the Area
of Occupancy (AOO, ) of the Balkan
lynx. These results reveal the frame of
the population number for its maximum
range of distribution.

Assessment of the conservation status

The IUCN Red List assessment was carried out
using the Species Information Service toolkit (on-
line available at: https://sis.iucnsis.org). The toolkit
helps the assessor as accurately as possible to assess
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the red list category of a species. The results for the
assessment of the conservation status are discussed
in three main directions: population status (area and
size of the population), population development
(size and trend) and threats to the population.

We assessed the population trend of the Balkan
lynx by asking each interviewee during the Baseline
Survey questionnaire for the population dynamics
during the last 5 years per grid cell. When more than
75 % of interviewees answered that the population is
increasing, decreasing or stable in any one grid cell,
then this was interpreted as a strong evidence for the
population trend. When 50 — 75 % of interviewees
had same judgment for the trend in any one grid cell,
this was interpreted as a weak evidence for popula-
tion trend. If less than 50 % of interviewees gave the
same response regarding trend for any one grid cell,
the trend was considered non-assessable.

Threats obtained from the Baseline Survey are al-
so part of the [IUCN assessment. Baseline Survey ques-
tions are taking into consideration the persecution of
the lynx — as a direct threat and the presence/absence
and negative trend of its main prey, as an indirect one.
The following species were considered as main prey
of the Balkan lynx: roe deer (Capreolus capreolus),
chamois (Rupicapra rupicapra) and the brown hare
(Lepus europaeus), due to literature reviews (Jobin et
al. 2000; Molinari-Jobin et al. 2007) and a radio-te-
lemetry study in Macedonia. Cases of poached lynx in-
dividuals were classified in three periods: before 1990,
between 1990 and 2000 and after 2000 (see subchap-
ter “Present status and distribution of the Balkan lynx
based on the LEK” in this chapter).

Results

Present status and distribution of the
Balkan lynx based on the LEK

Tab. 1. Number of completed questionnaires per
profile of the interviewees and per country
during the Baseline Survey.

Profile Macedonia | Albania
1 hunter 195 48
2 livestock breeder 86 22
3 farmer 43 53
4 naturalist 24 /
5 forester 22 26
6 shop owner 16 24
7 game warden 13 /
8 veterinarian 8 9
9 beekeeper 5 /
10 | other 141 138

TOTAL 553 320

During the intensive questionnaire survey
throughout western Macedonia and eastern Albania
we visited 258 villages where we interviewed a total
of 873 people (Tab. 1).

In Macedonia only, most of the interviewees
were hunters (195) and random informants (145),
while the veterinarians (8) and the beekeepers (5)
were the categories containing the fewest people in
sample size. Balkan lynx presence (Fig. 2) was re-
ported for the following regions: Shar Planina (re-
gion 2 in Fig. 1), Mavrovo-Bistra (5) and Stogovo-
Karaorman Mts. (9). In addition, certain indications
for lynx presence appear in the areas of Jablani-
ca Mt. (its northern part) (1), Suva Gora-Cheloica
(7) and Jakupica Mt. (6). These data are confirmed
by new findings from the camera-trapping for lynx
presence in those areas (see the paragraph below in
this chapter). In a total of 25 out of 73 grid cells, lo-
cals have indicated that lynx is present with more
than 50% (good presence); in 36 grid cells the per-
centage is less than 50% (scarce presence); and in
12 grid cells, no interviewees answered positively
for the presence of lynx (Fig. 2). In Albania, ran-
dom informants (138) were mostly present at the in-
terviews and are followed by farmers (53) and hunt-
ers (48), while veterinarians (9) were the category
with the fewest people in the sample size. The ar-
eas with the most reported lynx presence were East-
ern Albanian Alps (Prokletije Mountains) as well as
Shebenik-Jablanica and Martanesh region. Region-
wise, Balkan lynx is present in the Central (region
IV in Fig. 1), Central-North (IT) and North-Alps (I)
regions (Fig. 2). Several grid cells with more than 50
% positive answers appeared in the Southern (VI),
Central-South (V) and East (III) regions. There are
12 out of 63 grid cells with a good lynx presence. In
total, in 26 grid cells there is a scarce lynx presence
and in the remaining 25 grid cells, there was no pos-
itive answer for lynx presence (Fig. 2).

Moreover, the distribution of the Balkan lynx was
calibrated using the Category 1 and 2 findings and the
Chance observation (Category 3). During the Baseline
Survey the proof for lynx existence in the study are-
as was gathered in the form of chance photos of liv-
ing or dead individuals and verified stuffed lynx or
lynx pelts. The Balkan lynx team managed to collect
a total of 22 ‘hard facts’ (Category 1 data) from Mac-
edonia and Albania of this kind and 19 findings which
are considered Category 2 data (lynx tracks, scats or
prey animals). Camera-trapping photos are also cate-
gory 1 data. During our studies, we manage to photo-
graph 88 photos of lynx at 26 camera-trapping sites.
These sites represent 26 locations where a ‘hard-fact’
is encountered and are part of the AOO__ calculation.
Beside the C 1 and 2 data, and the systematic ques-
tionnaire performed in the countries, 252 spontane-
ous lynx sightings (C3 data) reported by people were
gathered and are used to shape the AOO___polygons.
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3 Strong decrease
2 Weak increase
Weak stable
3 Weak decrease
Mot assessable

Fig. 3. Balkan lynx presence in its current distribution area. The AOO__ (orange polygons) taken from
the C1 + C2 data from Macedonia and Albania and AOO___taken from C 1,2 and 3 data for
Macedonia and Albania later than year 2000; C3 data for Montenegro and Kosovo taken from the
recent literature and the MGR _ as an adjusted polygon. EOO__ is presented with orange polygon
line, while EOO,__has brown polygon line.
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In total, the Minimum Grid Range (MGR__ ) of
the Balkan lynx inside the investigated area is 3700
km?, or 37 grid cells (see chapter above). However,
several (8) of the cells with good presence were iso-
lated, hence did not have any neighbouring cell in
the same category. Taking the Maximum Grid Range
(MGR_ ), we counted 99 grid cells which equal
9900 km?. But also for the scarce presence, several
cells were isolated, so their status was not confirmed
by observations in neighbouring cells (Fig. 2).

Taking into account the Baseline Survey data,
the Hard-facts findings and ‘Chance observations’
for Macedonia and Albania, as well as the most re-
cent records on Balkan lynx presence in Kosovo
and Montenegro (Gruba¢, 2000 and 2002; Paunovié
et al. 2001), the calculated Minimum Area of Oc-
cupancy (AOO__ ) where the Balkan lynx is likely
to be present is 4007 km?, while the Maximum Ar-
ea of Occupancy (AOO__ ) is 19886 km?. These re-
sults represent the actual Area of Occupancy used
during the Red List Assessment. The possible area
of its distribution is calculated within the Minimum
Extent of Occurrence (EOO_ ) - 10124 km? and the
Maximum Extent of Occurrence (EOO_ ) - 58435
km? (Fig. 3)

Estimation of the population density and
size

Estimation of the population size of the Balkan
lynx was completed with the help from the results
of the systematic camera-trapping session compiled
in Mavrovo National Park in 2010. As the investi-
gated area of the session was extended towards the
south (Stogovo-Karaorman and Jablanica region), I
only used the results for the Mavrovo NP territory,
and compared them with the previous findings. Pop-
ulation density was calculated at 0.80 + 0.31 indi-
viduals per 100 km? (Stojanov et al. 2010). Taking
into account the standard deviation from the 2010
session (£ 0.31 individuals per 100 km?), the mini-
mum population density is 0.49, while the maximum
is 1.11 individuals per 100 km?.

Pessimistic scenario: I have taken the AOO,_
., and:

The lowest value of the population size:

*k
4007 *0.49 _ 20 individuals.
100

The mean value of the population size:
%
w= 32 individuals.
100

The highest value of the population size:

4007 *1.11= 44 individuals.
100
Optimistic scenario: I have taken the AOO,
and:

X

The lowest value of the population size:
19886 *0.49
100

The mean value of the population size:

*
19886 *0.80_ 159 individuals.
100

The highest value of the population size:

19886 *1.11
100

Assessment of the conservation status

= 97 individuals.

= 220 individuals.

The results from the Baseline Survey, camera-
trapping findings, threats, as well as the expert opin-
ion on presence, distribution, population number
and trend (von Arx et al. 2004) were used to per-
form a regional Red List assessment according to the
TUCN guidelines.

According to the Baseline Survey, the popula-
tion trend of the Balkan lynx is strongly decreasing.
In Macedonia, no evidence from the Baseline Survey
is pointing out an increase of the population trend in
any regard (strong or weak). Only 2 grid cells are
representing strong evidence for stable trend and 3
are with weak evidence for stable trend respective-
ly. In 42 grid cells, people reported a general decline
of the Balkan lynx. Strong evidence for a decline is
reported in 32 grid cells while weak evidence in 10.
In the rest of the 26 grid cells, the population trend
could not be assessed (Fig. 2). 11 of those cells rep-
resent cells with a good lynx presence (where more
than 50% of the people answered positively on lynx
presence) which indicates inconsistency in peoples’
opinion. In Albania the population trend could be as-
sessed in only 9 grid cells, all of which indicate good
lynx presence (see the distribution part above). In
one cell there is a strong evidence for population de-
crease, six grid cells are with a stable assessment,
among which two agree strongly and four weakly. In
two grid cells there is a weak evidence for increase
in the population trend. Both of these grid cells come
from the North-Alps region (Fig. 2).

Threats relevant for the survival of the Balkan
lynx are shown in table 2.

The order of these threats follows the impor-
tance of certain threats according to the literature.
The first four threats in the table 2 are mentioned in
every article in the target country reports in von Arx
et al. (2004). Poaching of the Balkan lynx as a direct
and unsustainable hunting of its prey as an indirect
threat is certainly posing a great risk for the popula-
tion. In addition, trapping and poisoning are factors
for the direct persecution of the lynx (Grubac, 2000;
2002). Habitat degradation is an obvious problem in
Albania. The large areas of forest that were destroyed
in the 1990s have not yet had time to regenerate.

56 300pHuK Ha TpyaoBu ox IV Konrpec Ha ekono3urte ox Makenonuja



Distribution and conservation status of the Balkan lynx (Lynx lynx balcanicus Bure§, 1941)

Tab. 2. Threats to the Balkan lynx population.

Threats Macedonia Albania South Serbia & Kosovo Montenegro
1. Poaching — o — o — o — o
2. Prey/food base reduction > > — >
3. Habitat degradation > o — > VAN
4. Fragmentation o — “— — “— — — —
5. Trapping/snaring — — VRN
6. Restricted range o — o — o — o —
7. Limited dispersal o — o — — —
8. Low densities — — —
9. Population fluctuation — o — — o —
10. | Agriculture —
11. | Tourism/recreation o — o — “ — — —
12. | Vehicle and train collision o — > — - — o —
13. | Competition ? ? ? ?
14. | War/civil unrest — — —

« arrow indicates threats relevant for the past; <> stands for a present threats; — shows threats that might inflict the Balkan population in
the future. The combination of arrows represents combination of periods for a certain threat: future, past or present. Bold arrows are the
most important threat factors for the survival of the Balkan population in a given country. The question marks states a lack of knowledge
for a given threat in a given country. Whether the competition from other carnivores living in the area — wolf and fox for instance are a re-
al threat to the Balkan lynx, is yet to be discovered. Without any ground knowledge, we can only assume that the particular threat affects

the Balkan lynx population. Derived from von Arx et al. (2004).

Most of the beech and fir forests consist of young
trees, while the treeless hills and ravines are affect-
ed by heavy erosion. The population of the Balkan
lynx is also strongly fragmented, which, according
to von Arx et al. (2004), is distributed over an area of
ca. 5000 km? and split into eight patches. The River
Drim forms a border between the Dinarides (North-
Alps region and the mountains in Montenegro) and
Scardo-Pindic mountain range (the rest of the inves-
tigated regions), separating the lynx subpopulations.
Considering the findings of this research, it will be
challenging to connect the possible individuals from
the north (Montenegro, north Albania) with the core
population in Mavrovo area. Nidze-Kozhuf region is
also considered a fragmented part of the main core
area, divided by populated plains with farmland. In-
trinsic factors such as restricted range, limited dis-
persal and low density are an obvious threat to the
survival of the Balkan lynx given the small distribu-
tion range and the reduced population size.
According to the analysis mentioned above, the
status of the Balkan lynx is Critically Endangered -
CR (C2a(i.ii)D). The acronyms in the brackets stand
for more detailed explanation of the cause that the
taxon is being listed in one of the threatened cate-
gories, i.e. the criteria used to determine its threat-
ened category affiliation. In our case, the main cause
that the Balkan lynx is considered critically endan-
gered is the C — ‘small population size and decline’,
or more specifically C2 — ‘a continuing decline’ in
a(i) — ‘number of mature individuals in each subpop-
ulation’ is less than 50 and/or a(ii) — ‘90 to 100% of

the individuals are in one subpopulation’. Finally, D
represents a ‘very small and restricted population’.

Discussion and conclusions

For the first time a systematic field-based col-
lection of information on the Balkan lynx and its
potential prey species has been carried out, cover-
ing an area from central, northern and eastern Alba-
nia to western and central Macedonia (Ivanov et al.
2008). The Baseline Survey has revealed many im-
portant data on the distribution, trend and abundance
of the Balkan lynx, with considerable data coming
directly from the local people living in its distribu-
tion range. The abundance, trend and presence of its
main prey, and the conflicts between the people and
the large carnivores, helped us to see what the main
obstacles, strengths and opportunities to the survival
of the Balkan lynx population are. So far, the Base-
line Survey study has been completed in Macedo-
nia and Albania. Further studies are now needed in
Montenegro and Kosovo to fill the gaps in baseline
data and to utilise the existing knowledge. Expert
opinion and sporadic interviews accomplished so far
in these countries are neither up-to-date nor are suf-
ficient to confirm the presence of the Balkan lynx to-
day and there is a need to start more scientific-based
methods like the camera-trapping and radio-teleme-
try. Furthermore, the basic information on the lynx
and its prey are a considerable contribution for the
development of the Regional Conservation Strategy
(Breitenmoser et al. 2008).
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The results from the Baseline Survey on the
presence of the Balkan lynx in Macedonia con-
firmed conclusions/assumptions from earlier ex-
pert assessments. Indeed, the situation of the Bal-
kan lynx is even worse than the last expert estimate
of 80 to 105 individuals distributed on approximate-
ly 6700 km? (von Arx et al. 2004). The results in
this paper are suggesting a realistic estimate of 20
to 44 individuals taking the minimal extent of the
Area of Occupancy and a population density of 0.8
adult individuals per 100 km?. As much as one may
think of the pessimistic scenario being too pessimis-
tic, the population density taken directly from the
Mavrovo NP as core area for the Balkan lynx dis-
tribution puts forward even more pessimism in the
calculations. Mavrovo NP within the Mavrovo-Bis-
tra region (region 5 in Fig. 1) can be considered as
core area of the Balkan lynx population with high-
est reported presence. Favourable conditions that
this protected area is offering in terms of relatively
large areas of suitable habitats, abundant prey base
and ground protection, allowed the lynx to survive
during the past three centuries of harsh persecution.
The other national parks in Macedonia and Alba-
nia (Pelister, Galichica, Albanian Alps) did not indi-
cate a constant presence of the Balkan lynx. Even if
there might be a certain number of individuals there,
a good connection must be established to the Mav-
rovo area in order to ensure exchange of individuals
and spread of the population. The Ilinska-Plakenska
Mts. (region 9 in Fig. 1) are serving as a very impor-
tant bio-corridor connecting the three existing na-
tional parks in Macedonia (Schwaderer et al. 2008).
Shar Planina region (2) is another possible direction
of north — north-east dispersal of the Balkan lynx to-
wards Kosovo. Eastwards, the mountains connected
to the Suva Gora-Cheloica (7) and Jakupica (6) re-
gions are also possible area for the Balkan lynx ex-
istence in Macedonia. In Albania on the other hand,
the results revealed a very fragmented distribution
of lynx. More research is needed (e.g. camera-trap-
ping studies) to find out whether there are still repro-
ducing individuals present, rather than simply dis-
persing individuals.

An alarming negative trend of the Balkan lynx
population was encountered with the Baseline Sur-
vey in Macedonia. In most of the grid cells in Alba-
nia the trend could not be assessed. In some cells,
people’s opinion differed greatly, and in others, they
did not have any opinion, which may indicate the
extinction of the species in these parts. These results
may reflect the real situation considering the rap-
id increase of lynx poaching reported in the past 15
years (Ivanov et al. 2008). Illegal hunting of the un-
gulates in both countries is another factor limiting
the lynx dispersal outside the core area. Neverthe-
less, prey presence according to the Baseline Sur-
vey is still very optimistic, which was not confirmed

by the field signs of prey species compiled during
the subsequent field work in the frame of the BLRP.
Therefore, further field investigation is needed to
confirm the real situation of potential lynx prey.

The collected hard facts are a proof that the
Balkan lynx still exists in the survey area and that
it is successfully reproducing. However, there was
widespread evidence of illegal killing of lynx in both
countries; though while conducting the interviews
few people (53 out of 873 (6%)) reported direct or
indirect knowledge of killed lynx. This can be inter-
preted either as a true statement, or as fear of pros-
ecution because of the legal protection given to the
Balkan lynx. Additionally, some of the statements
for killed lynx could refer to a single/the same case
more than one time. Poaching together with habitat
degradation, depletion of prey base and fragmenta-
tion of the habitat are the most prominent threats to
the survival of the Balkan lynx. Mitigating the main
threats is a must in the coming years. Poaching is
perhaps still a valid reason for the disappearance
of the lynx from the other territories in the Balkans
(Miri¢ 1981). A lot has to be done in education and
law-enforcement in order to deal with this threat.

The Baseline Survey was a milestone activity
from where other monitoring methods like the cam-
era-trapping and radio-telemetry, took off. It indicat-
ed that Mavrovo NP may host the only source pop-
ulation with evidence of breeding. All other con-
firmed lynx presence sites were within dispersal dis-
tance of sub-adult lynx. The camera-trapping results
provided direct evidence to support estimates of the
population size and density in Mavrovo NP, and the
radio-telemetry study is revealing the land-tenure
system, the social organization, prey spectrum and
other important aspects for a long-term conservation
project. Estimating the population size of the Bal-
kan lynx is one of the more important parameters for
its further conservation work. By knowing these pa-
rameters, detailed and solid actions concentrated on
the specific problems can be outlined. The research
project called “Status, ecology and land-tenure sys-
tem of the critically endangered Balkan lynx in Mac-
edonia and Albania” has already resulted in the first
three radio-tagged Balkan lynx individuals. More in-
dividuals are needed for assessing other important
ecological features. Without this ecological knowl-
edge, no conservation programme can safeguard the
survival of any endangered taxon.

In terms of taxonomy, the question whether
the Balkan lynx is a separate subspecies is finally
not decisive. Evolutionary Significant Unit (ESU)
is perhaps one way to describe this population - a
population that is considered distinct for purposes
of conservation (http://en.wikipedia.org). In order
for a taxon to be operationally useful unit for evo-
lutionary and ecological studies, it needs to be rec-
ognizable and identifiable as distinct entity (Riddle
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& Hafner 1999). Riddle & Hafner (1999) also argue
that ecologists should use the term of ESU as a basic
unit for analysis when evidence cannot support the
geographical and evolutionary information by for-
mally recognized species.

This paper demonstrates that the Balkan lynx is
an autochthonous metapopulation that must be con-
sidered as Critically Endangered according to the
IUCN Red List Criteria, and it therefore deserves
conservation attention with high priority. Consider-
ing the IUCN Red List criteria, the next step will be
to look into down-listing the Balkan lynx to a less-
er category. According to IUCN (2008), a taxon may
be moved from a higher to a lower threat-category if
none of the criteria of the higher category has been
met for five years or more. It is thus clear that in the
near future efforts for negating the main threats (see
the threats in the Results chapter) should be the fore-
most focus. Urgent measures for its protection will
become even more important as no large carnivore
population in Europe was so far extinct under the
operation of the Bern Convention (Breitenmoser-
Wiirsten & Breitenmoser, 2001).
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Abstract

Tesho, L. & Shumka S. (2013). The sustainability of hunting in Albania. Proceedings of the 4" Congress of
Ecologists of Macedonia with International Participation, Ohrid, 12-15 October 2012. Macedonian Ecological So-
ciety, Special issue 28, Skopje.

The history of hunting in Albania is earliest, but if you compare with the foreign countries it has anoth-
er chronological line. In 1912 hunting was made discipline according to western models, where the main role was
the organization of hunting associations and establishment law for the hunting. In 1944 followed the model of
eastern countries, where hunting activity was based on two pillars, Department Forest Service and Association of
Hunters. In 1947-1950 created ,,The General Association of Hunters and Fishermen Sport” localized in Tirana. To-
day The Albania Hunters Federation has 37 branches in the districts, which more than 17 thousand hunters, is a
member of FACE and CIC. In11.3.2010 approved the law “For Hunting”, which the primary objective is the ap-
proximation with European Union legislation and in Albania today they have 108 hunting zone. Aim of the study
was to identify the hunting sustainability, is collected the information from baseline survey of the sustainable hunt-
ing and management of wildlife. A questionnaire was developed to gather information for the baseline survey of the
sustainable hunting and management of wildlife, also to gather information for the baseline survey of the Balkan
Lynx Recovery Programmers. The purpose of the questionnaire is to collect information about the types of wild an-
imals hunted in the territory in Albania about the seasons, times and date shooting in some different territories, in-
formation about the procedure to take hunting and weapon license, details of the breeding of wild animals and es-
tablishment of penalties. The studies are realized from October 2010 to November 2011, with a total of 32 zones
like Tirané, Vlore, Sarandé, Elbasan, Korge, Erseké, Burrel, Pogradec, Librazhd etc. During this period 86 people
are interviewed include those who have a basic knowledge on nature and wildlife like hunters, police, biologist,
from Department of Forest Service and from Hunters Association. The purpose is to describe a review of the cur-
rent hunting, management legislation of the wild animal, a reality by making a balance between national and inter-
national hunters. This study is to determination and comparison of current systems with reality, to identify the eval-
uation of systems for the long term sustainability and maintenance, in the context to create healthy populations for
protection aphids and carnivores. The importance is that fauna has influence on ecological values of biodiversity,
protects the species from extinction, conservation and human impact on the environment.

Keywords:

Introduction

Although Albania has a small territory it has
a large number of mammalian species. During the
twentieth century in the country, there was missing
only one type of mammal, Cervus elaphus L. Alba-
nia also has important populations of large mam-
mals such as bear (Ursus arctos), wolf (Canis lu-
pus), lynx (Lynx lynx), jackal (Canis aureus), cham-
ois (Rupicapra rupicapra), capreolus (Capreolus
capreolus), wild boars (Sus scrofa) etc. It is clear to
see that in Albania, hunting is often done in an un-
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controlled and illegal way. Problem of sustainabili-
ty of hunting in Albania is one of the issues that has
reached a critical point, it is time that implementa-
tion of law must be rigorous. Very few studies have
been conducted about the sustainability of hunt-
ing. This study is based on questionnaire that was
done to gather information for the baseline survey
of the sustainable hunting and management of wild-
life, also to gather information for the baseline sur-
vey of the Balkan Lynx Recovery Programmer. The
questionnaire is divided in 5 parts: 1. The killing of
the species- to collect information about the types
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Fig. 1. Grid cell maps of the survey area

of wild animals hunted in the territory in Albania,
as well as animals kept in the reserves of different
farms; 2. Hunting seasons- collect information about
the seasons, times and date shooting in some differ-
ent territories; 3. About the procedure of obtaining
the hunting- collect information about the procedure
to take hunting and weapon license; 4. Details of the
breeding of wild animals and establishment of pen-
alties; 5. Informant details; 6. Village details and im-
pressions. As well are collected data from the De-
partment of Forest Service (for registration of wild
fauna and monitoring tactics) also have been taken
into consideration the Hunter Associations, in differ-
ent countries for membership in the association.

Materials and methods

Survey areas were selected using the existing
data on lynx and other animals location and
distribution, considering the problems of hunting
that are for the wild animals in the territory of
Albania Fig. 1.

The map of the territory of Albania was
overlaid with a 10x10 km grid (100 km?) and 51
cells were pointed out as survey units, 30 of the cells
being “priority” and considered areas with more
problematic. For every cell 32 cities (Tab 1) was
selected for the same survey questionnaires (1 cell/
100 km?). Besides the grid cell unit the study area
was also divided in 3 regions for better detailed data
analyses and comparison.These regions are:

Tab. 1. Conducting questionnaires during the
Baseline Survey and study regions

Z s ZE
1 Berat 2 17 | Leskovik 4
2 Bulqizé 2 18 | Librazhd 4
3 Burrel 3 19 | Mallakastér 1
4 Cargové 2 20 | Peqin 3
5 Devoll 3 21 | Pérmet 4
6 Dibér 2 22 | Peshtan 1
7 Elbasan 6 23 | Pogradec 4
8 Erseké 4 24 | Radat 1
9 Frashér 1 25 | Rehové 1
10 | Gjirokastér |3 26 | Sarandé 3
11 | Gramsh 2 27 | Skrapar 3
12 | Kavajé 2 28 | Steblevé 1
13 [ Klos 2 29 | Tepelené 3
14 | Korgé 5 30 | Tirané 6
15 | Kugové 2 31 | Vloré 3
16 | Kukés 3 32 | Xibér 1

1. North region- Kukés, Dibér, Mat and Bulg-
iz&; 2. Central region- Tirang, Librazhd, Pogradec,
Elbasan, Peqin, Gramsh, Berat and Kugové; 3.
South region- Korgg, Vloré, Gjirokastér, Pérmet, Sa-
randg, Tepelené, Erseké, Devoll, Skrapar, Leskovik,
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Mallakastér, Radat, Rehové, Peshtan, Car¢ové and
Frashér.

The questionnaire was addressed to specif-
ic target groups. These include people with a de-
cent knowledge about nature and wildlife like hunt-
ers, shepherds, farmers, foresters, police, wildlife
management etc. For every village one representa-
tive from the above groups should be interviewed
and at least 2 hunters, Mayor hunter Association
and Directorate of Forest Service. Interviews were
made face to face, by filling the questionnaire at the
moment, in order to get the most precise data. Spe-
cies concerned in the questionnaire include: roe deer
(Capreolus capreolus), chamois (Rupicapra rupi-
capra), wild boar (Sus scrofa), hare (Lepus euro-
paeus), fox (Vulpes vulpes), jackal (Canis aureus),
wolf (Canis lupus), wild cat (Felis silvestris), lynx
(Lynx lynx) and brown bear (Ursus arctos).

The questionnaires have been sorted, coded
and digitalized into an excel-sheet form. This file
has been checked several times for errors and a data
cleaning procedure was implemented through cross-
checks. All data is stored in an electronic archive.
Standard questionnaires are adapted for hunting and
field work is based on a methodology that is appli-
cable in practice, this questionnaire have been re-
view and agreed by our partners Switzerland in the
program of “Balkan Lynx program”. Data analy-
ses was made using the programs MS Excel 2010,
maps were produced with ArcGis Explorer and GPS
TrackMaker.

Results and Discussions
-Types of animals hunted

For all it is clear that in Albania, hunting is con-
ducted often in a way uncontrolled and illegal. The
animals that are more hunted are rabbit, partridge,
fox and wild boar Fig 2.

These animals are completely disappeared:

Grouse field Vloré, Korgé; Pheasant Vloré,
Elbasan, Kor¢é; Roe deer; Vloré, Kukés, Dibér, Li-
brazhd, Gjirokstér; Wild boar Kukés, Vloré Cham-
ois Dibér, Pérmet, Erseké; Rabbit Vloré. Are at risk
of disappearing: Mountain grouse, rabbit and areas
in risk are Kukés, Dibér, Tepelené, Gjirokastér, Mat,
Bulqizé , Korgé and Librazhd.

- The implementation for hunting seasons
and hunting timetables

Hunting is allowed to begin an hour before sun-
rise to sunset it. This implementation of the hunt-
ers is at minimum (0%). The number of hunting days
is three days a week, Friday, Saturday and Sunday.
From the questionnaire has come that this law does
not apply, but it is performed on every day of the
week irrespective of this particular law is specifical-
ly stated in rural areas, because of not having control
in these areas by the forest service

ol u Applicability
50%
0%
North Center South
|
Fig. 3. The applicability of hunting seasons in

three regions

- The payment for conduct of hunting

From questionnaires realized in different cit-
ies, results that these are in the level 0% none of the
hunters interviewed have not taken any penalty. This
is also confirmed by Department of Forest Service’s
who say that is difficult to identify the individuals
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that have killed one animal, because is difficult to
find the track of her and cannot accuse anybody be-
cause lacking proofs.

-Hunting trophies

On Fig 4 is presented the hunting trophies where
the most higher percentage occupies the leather of
different animals, exotic places, homes etc.

-Hunting weapons

The Director of Hunting Association was asked
for the number of hunting he say that in our district
are 1165 peoples that have arms from these 260 have
paid gun license and only 65 have paid hunting li-
cense. In Pérmet have 750 hunters, only 98 of them
are regular. In Pogradec are 847 hunters from these
138 having paid gun license and only 85 have paid
hunting license. In the territory of Albania counted
about 150 000 weapons. Only 50% of them are regis-
tered in enforcement authorities. Only 13 000 weap-
ons (Fig 5) or less than 10% belong to the members
of Hunting Associations. The analysis of the loca-
tion shows that the 87 people interviewed 67% of
them are native (autochthon) and 33% have moved
from surrounding villages and only one of these is a
foreigner (Bulgaria) in Stebleva.

m North mCenter m South
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| 4

o |

Leather Feather claws Others

Fig. 4. Hunting trophies

- -

Gun for Gun for Other
shooting shooting
with pellet  with bullet

Fig. 5. Number of weapons used for hunting

-Respecting for hunter manual

54 of the interviewers did not recognize hunters
manual and 9 peoples who know are the persons that
work in Hunters Associations (Fig 6).
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Fig. 6. Respecting for hunter manual

-Informant details

The following questions comprise the final part
of the questionnaire and include information related
to the interviewed person. People were asked about
occupation (Fig 7) their name, sex, age, etc.
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Fig. 7. Percentages of interviewees’ occupation

-Percentage of seasonal and permanent
residents interviewed

The analyze of the location shows that the 87
people interviewed 67% of them are permanent and
33% are seasonal.

-Presence in the commission to take hunting
license

The legislation guides the hunters, that to o get
the hunting license should do the written exam and
in the commission to get the hunter license must be
Director of Forest Service, the Forest Police, a rep-
resentative of Hunter Association and a professor of
zoology (Fig 8).

By interviewed comes out that this rule does
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not apply and the exam of hunting is not realized,
but after he received the gun license and has paid to
become member of the association he can take the
hunting license.

-Hunting zones

Hunting zones are surface that are determined
by the Forestry Service Directorate of each district.
But until today in Albania there is no free hunting
area to practice the hunting. An overview of hunting
zone that supposed to be realized in the future, she
includes: 1.Description of area (territorial restric-
tions), 2 Forms of terrain (height above sea level),
3 Hydrographs, 4 Description of automobile roads,
5 Residential areas, 6 The surface, 7 Property, 8 Cli-
mate, 9 Biodiversity, 10 Forest and pasture vegeta-
tion, 11 Wild Fauna and 12 The distance from city.

® North ®mCenter ®South

Fig. 8. Presence to take the hunting license

- Mapping of hunting zone and their
division in some different places

On Fig 9 is presented the hunting zone in Mat
that includes 15 areas for hunting.

Elbasan has declared 9 free zone in ha for
hunting (Fig 10) and Vlora are declared 22 areas
allowed for hunting (Fig 11).
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Fig. 10. 9 free zone for hunting in Elbasan and
their categorization

Fig. 11. 22 areas allowed for hunting in Vlora and
their categorization

- The monitoring of wild fauna

Inventory of wild fauna (Fig 12) is neces-
sary to identify the quantity and types that have the
territory, for the preservation stability of fauna. Be-
fore being declared an area for subject to hunting,
need to know the number of species and if hunting
represents in this area any problem of breaking the
balance of biodiversity.

Fauna at risk

During the 12th century in the country is miss-
ing only one type of mammal (Fig 13), Cervus ela-

m Agriculturalland mForestland mPastureland mInproduktiveland mLlandbank wm Water surface

Fig. 9. 15 zones (in ha) for hunting in Mat and their categorization
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® Mat ™ Librazhd ®Vloré mElbasan ™ Permet

Fig. 12. Inventory of species in 2011(the data are collected from DSHP)

phus L. Albania also has important populations of
large animals like Ursus arctos, Canis lupus, Lynx
lynx, Canis aureus, Rupicapra rupicapra, Capreo-
lus capreolus, Sus scrofa etc. Among the causes that
threaten wild fauna in the country are illegal hunt-
ing (without any criteria, without season, hunting at
night); habitat destruction (deforestation, overgraz-
ing, fires); use the means of mass destruction (by
means not allowed, without licensed gun, flashlights,
mimetic devices); functioning not correctly of For-
est Police (establishing of penalties, monitoring ex-
peditions); complete fragmentation of habitats (agri-
cultural and livestock activities, demographic devel-
opments); the impoverishment of habitats (overex-
ploitation of forest resources and pasture); applica-
bility of law at the minimum.

Disappeared
(EX); 1 At risk of

X extinction; 7
Indefinite

statuses (DD); 12

/ Deteriorated
Rare (R); (VU); 8

Fig. 13. Status of animals in Albania

Conclusions

From the conclusion of the questionnaire, re-
sults that animals more fished are rabbit, partridge,
fox and wild boar. From cell division in the study ar-
ea of hunting results that 22 of them, rabbit hunting
situation (Lepus europaeus) is in a high level of risk.
In addition animals allowed to hunt, are killed also

other animals such as bear (Ursus arctos) in Kolonjé
(Gérmenj), wild boar (Sus scrofa) in Pérmet, Kolon-
j€ and Korga,while in Vlora he results missing. The
Animals that are in serious risk of extinction consist
of, the mountain partridge, the wild rabbit. The ar-
eas in risk are: Kukés, Tepelené, Gjirokastra, Mat,
Bulqizé, Korca and Librazhd. People go against the
law, they do not apply the right number of days hunt-
ing (3 days per week) It is realized in every day of
the week regardless of the law. The law is especially
more disobeyed in rural areas, because of not having
control in these areas by the forest service.

We have a high number of hunting where
the highest percentage occupies mummified an-
imals. The number of hunting weapons is
high in Mat 1165 people have been equipped with
weapons, of these 260 have paid the card and on-
ly 65 have paid hunting permission. In Pérmet the
number of hunters is 750, of these only 98 are reg-
ular. In Pogradec are 847 hunters, 447 pairs in total,
of these only 138 are equipped with weapon permis-
sion and only 85 are equipped with a regular hunt-
ing license. In Vlora only 300 of them are equipped
with a hunting permission. Hunting is not commit-
ted inside the territory allowed for hunting, it ex-
ceeds it. Even the hunters that have hunting permits
use illegal tools like automatic weapons, snares etc.
In the three regions, as well as today in the pres-
ent, it does not apply the procedure of receipt a hunt-
ing license, no test performed for obtaining a hunt-
ing permit. Adhering to the ,,Manual of hunter* is
in low levels, 54 of the interviewers did not know
the hunter‘s manual, and the nine people that knew
that were secretaries of hunter associations. By anal-
ysis of the location shows that the 87 people inter-
viewed 67% of them are permanent and 33% are
seasonal and only one of these is a foreigner (Bul-
garia) in Stebleva. But we have specifically stated
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that the town of Gjirokastra, Kor¢a and Kolonja, in
hunting season arrive especially foreign from Italy
and less Greek (this according to the DFS of these
cities and associations hunter). We have a decrease
in the number of species revealed subject to hunt-
ing. Result of without any criteria hunting of hunt-
er’s, malfunction as should the Forestry Service Di-
rectorate-s to impose effective penalties as well as
the role of small hunting associations. Monitoring
of wild fauna is realized without any basic criterion
and as a consequence we still do not have one cor-
rect inventory of wild animals in the territory of Al-
bania. On 28000 square km there was no hunting
preserve until today. There is a high number of ar-
ecas declared object of hunting, 11 in Librazhd, 9 in
Pogradec, 9 in Elbasan and 15 in Mat. In all Bal-
kan Peninsula in the last 50 years, Albania is one of
the countries with higher rate loss of biological di-
versity. Even though there is a low rate of hunting,
although various amendments were made, the situa-
tion is getting worse. To be precise as well as exact,
the protection of wild fauna needs to be done to save
the sport of hunting. A number of factors have influ-
enced the deterioration, to the danger of extinction
of a major number of mammal populations. Accord-
ing to the two existing pieces of data, it shows that
34 out of 70 species known until today are at risk in
varying degrees. Factors influencing the extinction
of wild fauna are; Destruction of habitat, use of tools
of mass destruction, the forest police do not function
in a correct manner, complete fragmentation of hab-
itats the impoverishment of habitats and applicabili-
ty of the law on minimum levels.

Recommendations

Creation of a system for the collection of infor-
mation and monitoring of wild fauna. Hunting as-
sociations should play an important role in inform-
ing the hunter for wild animals. Hunters should be
informed on the importance of wild animals in the
sustainability of biodiversity of species. Penalty col-
lection from the forest service should be at maxi-
mum. The tariffs of hunting killing of the species
as subject to hunting are high, hunters must inform
the area manager for prey that is killed, because re-
porting of hunting counts in the inventory of spe-
cies and makes an access to management develop-
ment. Basis for planning effective management of
wild animals should be the first priority. It should be

published as soon as the hunting areas are allowed
by the Ministry of Environment, before the start
of hunting season. Every area allowed for hunting
should have an administrator. Correct monitoring of
wild fauna should be realized with the help of cam-
era traps, which indicates the reality of the diffusion
of animals. This can be indentified from the forestry
of different cities of the area, to calculate the number
of different species and their spreading and biology.
We need to see the wild fauna not as a fortune that
belongs to us, but as something we owe to our next
generation. Earth is perfect, you cannot improve it,
if you try to change it, you will break it, if you try to
keep it, you‘ll lose it.
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Abstract

Karadelev, M., Rusevska, K. (2013). Contribution to Macedonian Red List of fungi. Proceedings of the 4™
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Ecological Society, Special issue 28, Skopje.

The paper provides information about the Red List of fungi in Macedonia where the current IUCN Red List

categories are put into practice. It includes 213 species of Ascomycota and Basidiomycota. The following IUCN
criteria were implemented: Critically Endangered, (CR) — 21 species, Endangered (EN) — 30 species, Vulnerable
(VU) — 71 species, Near Threatened (NT) — 40 species, Least Concern (LC) — 9 species and Data Deficient (DD)
— 42 species. The main goals of this work are to upgrade the Preliminary red list of macromycetes in the Republic
of Macedonia (Karadelev, 2000), to improve fungal conservation status and to accelerate proposals for legal mea-
sures in order to conserve fungal diversity.

Key words: Macedonia, conservation of fungi, Red List.

H3Bon

Kapaznenes, M., Pycescka, K. (2013) IIpumoHec KoH IpBeHaTa jHcTa Ha rabu Ha PenyOnuka Makemonuja.
36o0puuk Ha TpynoBu ox IV Konrpec Ha exono3ute Ha MakenoHuja co MeryHaponHo ydectBo, Oxpua, 12-15 ok-
ToMBpH 2012 roarHa. MakeI0HCKO €KOJIOIIKO IPYIITBO, MoceOHo n3aanue 28, Ckorje.

I'maBHara 1ien Ha 0BOj TpyA € u3paboTka Ha LlpBena nucTa Ha rabu Ha MakemoHHja MTO Ke MpHUIOHECe 3a
3a0p3yBame Ha MOCTANKHUTE 3a MPe3eMarbe JIeralHi MEPKH U 3allTHTa HA MUKOMBEP3UTETOT Bo Makenounuja. Taa
IpeTcTaByBa JONONHYBake Ha [IpennMmuHapHaTa 1pBeHa jucta Ha rabu Ha Maxkenonunja (Karadelev, 2000). Bo
oBaa JiucTa ce HaBeneHu 213 Buza kou mpurnaraar Ha TunoBute Ascomycota u Basidiomycota. Bunosute ce xare-
ropusupanu cropen kputepuymure Ha [UCN, npu mTo Bo Kareropujata kputudno 3arpozern (CR) nma 21 Bug,
3arposenu (EN) — 30 Buna, panmusu (VU) — 71 Bua, 6mu3y 3acernaru (NT) — 40 Buaa, HajMajKy 3arprKyBadky
(LC) — 9 Buna u HegososHo noxarouu (DD) — 42 Buaa.

Koayunu 360poBu: Makenonuja, 3amruta Ha radu, L{psena nucra.

Introduction

Fungi are a large and an ecologically very im-
portant group of organisms. Like the majority of oth-
er organisms living on our planet, fungi may also be
threatened by human activities. They are mostly en-
dangered by the disappearance and degradation of
habitats, but there are also other important causes of
threat such as pollution, climate change and exces-
sive gathering of fruiting bodies of edible species.
The preparation of Red List of Macedonian Fungi is
essential step in their conservation.

68

The Preliminary Red List of macromycetes in
the Republic of Macedonia (Karadelev 2000) includ-
ed 67 species, all belonging to class Basidiomycetes.
In that list, three threat categories were applied — a
particularly rare or rare species in Macedonia, a spe-
cies existing only in endangered or rare habitats and
a particularly rare or rare species, endangered due to
excessive exploitation. Its main goals were to initi-
ate an important research in fungal conservation and
to accelerate proposals for legal measures in order to
conserve fungal diversity.

Thus, the Macedonian mycobiota in the last
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10 years was quite well investigated. These da-
ta enabled preparation of contemporary Red List
of Macedonian Fungi, where the current [UCN
Red List categories (IUCN 2001, 2003a, b) were
used. Data source used are as follows: exsiccates
and notes from own studies, Macedonian collec-
tion of Fungi (MCF), data base (MAK FUNGI),

Tab. 1. Macedonian Red List of Fungi

as well as specimens from other collectors.

Macedonian Red List of Fungi (Table 1) in-
cludes the total of 213 species, both ascomycetes
and basidiomycetes, as follows: 21 Critically En-
dangered (CR), 30 Endangered (EN), 71 Vulnerable
(VU), 40 Near Threatened (NT), 9 Least Concern
(LC) and 42 Data Deficient (DD).

Ta6. 1. IlpBena nucta Ha rabu Ha PenyOnmuka Makenonuja

Species IUCN category [ IUCN criteria

1 Agaricus luteomaculatus DD

2 Agaricus urinascens NT

3 Albatrellus citrinus VU D2

4 Albatrellus pes-caprae VU DI

5 Amanita boudieri VU Dl

6 Amanita caesarea EN A2acd
7 Amanita curtipes VU D1

8 Amanita dryophila DD

9 Amanita strobiliformis NT

10 | Amanita vittadinii VU B2a

11 Ampylostereum areolatum EN D

12 | Antrodia gossypium CR D

13 Antrodia juniperina CR C2a(i)
14 Antrodia malicola NT

15 Antrodia variiformis CR D

16 | Antrodiella citrinella CR D

17 Arrhenia spathulata NT

18 Artomyces pyxidatus NT

19 | Asterophora parasitica NT
20 | Aurantiporus fissilis VU B2a
21 Battarrea phalloides CR B2ab(iv)
22 Boletopsis leucomelaena VU D2
23 Boletus aereus \48) A2acd
24 | Boletus dupainii \48 D1
25 Boletus impolitus VU C1; D1
26 Boletus lupinus EN D
27 Boletus luteocupreus EN D
28 Boletus pinophilus VU Alacd
29 Boletus regius VU Cl
30 Boletus rhodopurpureus VU A2ac
31 Boletus satanas VU Alac
32 Boletus torosus \48 D1
33 Boletus pulchrotinctus EN B2a
34 Calocybe onychina DD
35 Campanella caesia DD
36 Cantharellus cibarius LC
37 Clathrus ruber NT
38 Clavaria falcata VU Alac
39 Clavariadelphus pistillaris VU A3acd
40 Clavariadelphus truncatus VU A3acd
41 Clavulinopsis laeticolor VU A2ac

Proceedings of the 4" Congress of Ecologists of Macedonia

69



Mitko Karadelev & Katerina Rusevska

Species IUCN category [ IUCN criteria
42 Cortinarius alnetorum VU B2ab(iii)
43 Cortinarius amarescens DD
44 Cortinarius balteatocumatilis DD
45 Cortinarius coerulescens DD
46 Cortinarius humicola DD
47 Cortinarius nanceiensis DD
48 Cortinarius odorifer LC
49 Cortinarius prasinus NT
50 Cortinarius rapaceus DD
51 Cortinarius rufo-olivaceus DD
52 Covylidia diaphana CR B2ab(iv)
53 Craterellus cornucopioides NT
54 Creolophus cirrhatus \48 B2ab(iii)
55 Cudonia circinans \'48 D1
56 Cystoderma superbum NT
57 Dacryobolus karstenii VU Dl
58 Dendrocollybia racemosa CR B2ab(iv)
59 Dentipellis fragilis VU DI
60 Dichomitus albidofuscus VU DI
61 Dichostereum durum \'48 D1
62 Diplomitoporus flavescens VU B2ab(iii,iv)
63 Discina parma CR D
64 Disciotis venosa VU D1
65 Disciseda bovista CR Adac; B2ab(iii,iv); D;
66 Disciseda candida CR Adac; B2ab(iii,iv); D;
67 Endoptychum agaricoides EN B2ab(iii,iv)
68 Entoloma aprile VU B2a
69 Entoloma corvinum VU A3c; D1
70 Entoloma incanum \48 D1
71 Epithele typhae DD
72 Erastia salmonicolor CR D
73 Exobasidium rhododendri \'48) D2
74 Faerberia carbonaria NT
75 Galerina jaapi CR Adac; C2a(i); D;
76 Galerina sphagnorum CR Adac; C2a(i); D;
77 Galerina tibiicystis CR Adac; C2a(i); D;
78 Ganoderma pfeifferi EN B2ab(iii,iv)
79 Geastrum berkeleyi VU D1
80 Geastrum melanocephalum VU DI
81 Geastrum minimum \48 B2a
82 Grifola frondosa EN B2ab(iii,iv)
83 Gyrodon lividus \48 B2ab(iii)
84 Helvella atra EN B2a
85 Helvella ephippium DD
86 Hericium coralloides NT
87 Hericium erinaceus \48 B2ab(iii,iv)
88 Hexagonia nitida VU Alac
89 Heyderia abietis NT
90 Hohenbuehelia atrocoerulea DD
91 Hydnellum aurantiacum \48 D2
92 Hydnellum caeruleum VU D2
93 Hydnellum spongiosipes EN B2ab(iii,iv)
94 Hydropus subalpinus DD
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Species IUCN category | IUCN criteria
95 Hygrocybe ceracea DD
96 Hygrocybe helobia EN B2ab(iii,iv)
97 Hygrocybe lepida VU D2
98 Hygrocybe lilacina EN B2ab(iii,iv)
99 Hygrocybe punicea NT
100 | Hygrocybe reae DD
101 | Hygrocybe turunda DD
102 | Hygrophorus marzuolus EN B2ab(iii,v)
103 | Hygrophorus poetarum VU Cl
104 | Hymenochaete cruenta \48 D2
105 | Hyphoderma guttuliferum VU Dl
106 | Hyphoderma macedonicum EN B2a
107 | Hyphodontia juniperi NT
108 | Inocybe dunensis EN B2ab(1,ii,iii
109 | Inocybe posterula EN B2ab(iii,iv)
110 | Inonotus obliquus \48 C2a(i)
111 | Inonotus tamaricis CR C2a(Lii)
112 | Junghuhnia separabilima DD
113 | Kavinia alboviridis EN D
114 | Kavinia himantia VU DI
115 | Lactarius acris NT
116 | Lactarius albocarneus NT
117 | Lactarius azonites NT
118 | Lactarius cyathuliformis DD
119 | Lactarius deliciosus LC
120 | Lactarius deterrimus NT
121 | Lactarius lilacinus VU DI
122 | Lactarius omphaliformis CR B2ab(iii,iv)
123 | Lactarius sanguifluus LC
124 | Lactarius semisanguifluus LC
125 | Lactarius violascens NT
126 | Lactarius volemus LC
127 | Leccinum quercinum NT
128 | Lentinus strigosus LC
129 | Lenzites warnieri NT
130 | Lenzitopsis oxycedri CR D
131 | Lepiota grangei DD
132 | Lepiota oreadiformis NT
133 | Leucocortinarius bulbiger NT
134 | Leucopaxillus compactus VU Dl
135 | Leucopaxillus giganteus VU Cl1,Dl
136 | Leucopaxillus lepistoides vuU B2b(ii,iii,iv,v)
137 | Limacella illinita NT
138 | Lindtneria trachyspora VU D1
139 | Lyophyllum transforme DD
140 | Metulodontia nivea DD
141 | Microglossum viride NT
142 | Microstoma protracta DD
143 | Mitrula paludosa DD
144 | Morchella elata NT
145 | Mutinus caninus NT
146 | Mycena juniperina CR C2a(i)
147 | Mycenastrum corium EN B2ab(iii,iv,v)
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Species IUCN category [ IUCN criteria
148 | Mycoacia nothofagi DD
149 | Myriostoma coliforme EN D
150 | Myxomphalia maura DD
151 | Omphalina baeospora VU C1,Dl
152 | Omphalina grossula EN D
153 | Pachyella violaceonigra VU DI
154 | Pachykytospora tuberculosa NT
155 | Parmastomyces mollissimus DD
156 | Peniophora erikssonii DD
157 | Peniophora tamaricicola VU B2ab(iii,iv,v)
158 | Perenniporia narymica DD
159 | Perenniporia rosmarini EN B2a
160 | Phaeomarasmius rimulincola DD
161 | Phallus hadriani EN Cl,D
162 | Phallus impudicus var. togatus DD
163 | Phellinus rimosus VU D2
164 | Phellodon connatus EN B2a
165 | Phellodon melaleucus EN B2a
166 | Phylloporus rhodoxanthus NT
167 | Phyllotopsis nidulans NT
168 | Pisolithus arrhizus NT
169 | Pithya cupressina VU D2
170 | Pleurotus cornucopiae EN Cl
171 | Pleurotus eryngii EN Cl
172 | Podofomes trogii EN B2ab(i,ii,iv)
173 | Polyporus umbellatus EN Cl
174 | Poronia punctata CR Cl; D
175 | Porphyrellus porphyrosporus NT
176 | Pseudomerulius aureus DD
177 | Pseudoomphalina compressipes DD
178 | Pseudoomphalina kalchbrenneri DD
179 | Pyrofomes demidoffii CR C2a(i)
180 | Radiigera atrogleba VU D2
181 | Ramariopsis clavuligera DD
182 | Rhodophyllus whiteae VU A3c; D1
183 | Rozites caperatus LC
184 | Russula amethystina DD
185 | Rutstroemia bulgarioides EN B2ab(iii,iv)
186 | Sarcodon leucopus VU B2a
187 | Sarcosphaera coronaria \48 B2a
188 | Scleroderma meridionale NT
189 | Scleroderma polyrhizum NT
190 | Skeletocutis alutacea DD
191 | Skeletocutis odora VU D2
192 | Skeletocutis tschulymica VU D2
193 | Spathularia flavida VU Dl
194 | Steccherinum bourdotii VU D1
195 | Steccherinum litschaueri NT
196 | Steccherinum subcrinale VU D1
197 | Suillus flavidus VU DI
198 | Suillus sibiricus EN B2a
199 | Tephrocybe atrata NT
200 | Trametes ljubarskyi DD
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macromycetes in the Republic of Macedonia.
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IUCN 2001.

IUCN Red List categories and
criteria: Version 3.1. IUCN Species Survival
Commission, IUCN, Gland, Switzerland and

Cambridge, UK.

Species IUCN category | IUCN criteria

201 | Trichoglossum hirsutum VU DI

202 | Tricholoma colossus DD

203 | Tricholoma lascivum DD

204 | Tulostoma caespitosum DD

205 | Tulostoma fimbriatum NT

206 | Tulostoma melanocyclum NT

207 | Tulostoma squamosum LC

208 | Urnula craterium VU DI

209 | Verpa conica VU A3acd

210 | Xeromphalina junipericola CR B2a

211 | Xerula melanotricha NT

212 | Xylobolus frustulatus VU Alac

213 | Xylobolus subpileatus VU A2ac
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Abstract

Alkan, S., Aktas, S., Kasik, G., Eroglu, G., Oztiirk, C. (2013). Macrofungi of Karacadren Dam (Bucak-Bur-
dur, TURKEY) and Its Surroundings. Proceedings of the 4 Congress of Ecologists of Macedonia with Internation-
al Participation, Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

Within the framework of this study, 220 macrofungi specimens were collected at different localities on Kara-
cadren (Bucak-Burdur) dam and its surroundings between 2010 and 2012, particularly during autumn and spring
seasons. As a result of the field and laboratory studies, 105 taxa were identified; 14 of the reported taxa belong to
the phylum of Ascomycota and 91 species belong to Basidiomycota. The dam is surrounded by Pinus brutia Ten.
forests. Other prevalent trees in the research area are Quercus coccifera L., Arbutus andrachne L. and Myrtus com-

munis L.. The climate is typically Mediterranean.

Keywords:

Introduction

Karacaoéren hydroelectric power plant dam is
built on the river Aksu. Karacadren Dam is 35 km
away from Bucak district and 45 km to Antalya prov-
ince. The altitude of the Karacadren Dam is 180 m.

The dam is surrounded by Pinus brutia Ten.
forests. Other prevalent tree species in the research
area are Quercus coccifera L., Liquidambar orientalis
Mill. Arbutus andrachne L. and Myrtus communis L..
Liquidambar orientalis, known as oriental sweetgum,
is an endemic taxon of the East Mediterranean. In
Turkish it is called “gtinliik” because of the fragrance
of the trees. Frankincense oil, which is obtained from
these trees, is raw material oil for perfume industry.

The research area, situated in the Mediterra-
nean Sea phytogeographical region has various mac-
rofungi specimens.

The aim of this study was to determine the
macrofungi taxa of Karacadren (Bucak-Burdur)
Dam and its surroundings.

Materials and Methods

The macrofungi specimens of this study
were collected around Karacatren (Bucak-Burdur)
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dam between the years of 2010 and 2012. In the re-
search area, firstly the macrofungi were taken photo-
graphs of in their natural habitats, and the ecological
and morphological characteristics of the macrofun-
gi were noted. Afterwards, they were put in alumi-
num foil and taken to the fungarium and dried once
spore prints were obtained. The identification of taxa
was carried out according to the literature. Fungus
names, authors, habitats, collecting dates, collec-
tor’s names and collecting numbers were respective-
ly given in a floristic list.

We identified the specimens using the liter-
ature about macrofungi by Sesli & Denchev (2009),
Moser (1983), Breitenbach & Krinzlin (1984-2005),
Bresinsky & Besl (1990), Dennis (1981), Ellis & Ellis
(1990), Pace (1998), Grunert & Grunert (1984, 1991),
Pacioni (1993), Jordan (1996), Riva (2003), Cannon &
Kirk (2007), Phillips (1981), Smith & Smith (1996),
Medardi (20006), Pegler (1987), Watling (1973, 1982),
Watling & Gregory (1977, 1989), Winkler (1996),
Dihncke (1993) and Jordan (2004).

After macrofungi samples were identified
and dried, we protected them in polyethylen bags
with their identity card. All macrofungi samples are
deposited in the fungarium of Selguk University,
Fungarium of Mushroom Application and Research
Centre, in Konya.
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Results

The names of authors of macrofungus species
were abbreviated according to http://www.index fun-
gorum.org/names/names.asp (Kirk & Ansell 1992).
The coordinates were taken by GPS (Magellan Ex-
plorist XL).

ASCOMYCOTA

DERMATEACEAE

Mollisia melaleuca (Fr.) Sacc.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81""26E, 198 m, 08.01.2011, Kasik 2,804.
Tapesia fusca (Pers.) Fuckel

Sigla  forest, on  branches, 41°37'403"N,
36°30'81""26E, 198 m, 23.10.2010, Kasik 2,749.

DIATRYPACEAE

Diatrype disciformis (Hoffm.) Fr.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81""26E, 198 m, 16.04.2011, Kasik 2,963.

HELOTIACEAE

Bisporella citrina (Batsch) Korf & S. E. Carp.
Sigla  forest, on  branches, 41°37'403"N,
36°30'81""26E, 198 m, 16.05.2011, Kasik 2,929.

HELVELLACEAE

Helvella crispa (Scop.) Fr.

Candir village, Belentasi locality, on debris,
41°44'672"N, 36°31'36""71E, 305 m, 09.01.2011,
Kagik 2,818.

Helvella lacunosa Afzel.

Candir village, Belentasi locality, on debris,
41°44'672"N, 36°31'36""71E, 305 m, 09.01.2011,
Kasik 2,819, Yazili kanyon, on debris, 41°48'772"N,
36°31'59"71E, 354 m, 09.01.2011, Kasik 2,858.
Helvella leucomelaena (Pers.) Nannf.

Candir village, Karaguz locality, on debris,
41°42'575"N, 36°31'39"46E, 380 m, 09.01.2011,
Kagik 2,828.

MORCHELLACEAE

Morchella conica Krombh.

Kargi, Tasdibi village, burned area, 41°23'984"N,
36°30'67"19E, 291m, 16.04.2011, Kasik 2,876.
Morchella elata var. elata Fr.

Kargi, Tasdibi village, burned area, 41°23'984"N,
36°30'67"19E, 16.04.2011, Kasik 2,874.

Morchella esculenta (L.) Pers.

Kargi, Tasdibi village, burned area, 41°23'984"N,
36°30'67"19E, 16.04.2011, Kasik 2,878.

PEZIZACEAE

Sarcosphaera coronaria (Jacq.) J. Schrét.

Candir village, Boynuzlu locality, on debris,
41°42'896""N, 36°31'23"33E, 290 m, 19.03.2012,
Kagik 2,945.

PYRONEMATACEAE

Scutellinia scutellata (L.) Lambotte

Sigla forest, in soil, 41°37'403"N, 36°30'81"26E,
198 m, 08.01.2011, Kasik 2,808.

SARCOSCYPHACEAE

Sarcoscypha coccinea (Gray) Boud.

Candir village, Sahana locality, on debris,
41°43'178"N, 36°31'31"55E, 283 m, 08.01.2011,
Kasik 2,786.

XYLARIACEAE

Daldinia concentrica (Bolton) Ces. & De Not.
Sigla  forest, on  branches, 41°37403"N,
36°30'81"26E, 198 m, 08.01.2011, Kasik 2,802, Sigla
forest, on branches, 41°37'403""N, 36°30'81"26E,
198 m, 16.04.2011, Kasik 2,891.

BASIDIOMYCOTA

AGARICACEAE

Agaricus bitorquis (Quel.) Sacc.

Candir village, Sahana locality, on debris,
41°43'178""N, 36°31'31""55E, 283 m, 08.01.2011,
Kasik 2,787.

Crucibulum laeve (Huds.) Kambly

Candir village, Karaguz locality, on debris,
41°42'575""N, 36°31'39"46E, 380 m, 09.01.2011,
Kasik 2,830.

Cyathus olla (Batsch) Pers.

Candir village, Karaguz locality, on debris,
41°42'575""N, 36°31'39"46E, 380 m, 09.01.2011,
Kasik 2,831.

Cystodermella granulosa (Batsch) Harmaja

Candir village, Karaguz locality, on debris,
41°42'575""N, 36°31'39"46E, 380 m, 09.01.2011,
Kasik 2,832.

Lycoperdon molle Pers.

Melikler Peninsula, on debris, 41°45273"N,
36°31'09"84E, 280m, 17.04.2011, Kagik 2,916.
Lycoperdon perlatum Pers.

Candir village, Karaguz locality, on debris,
41°42'575""N, 36°31'39"46E, 380 m, 09.01.2011,
Kasik 2,836.

Macrolepiota excoriata (Schaeff.) Wasser

Candir village, Sahana locality, on debris,
41°43'178""N, 36°31'31"55E, 283 m, 08.01.2011,
Kasik 2,793.

Macrolepiota procera var. procera (Scop.) Singer
Melikler Peninsula, on debris, 41°45273"N,
36°31'09"84E, 280 m 09.01.2011, Kagik 2,851.

AURICULARIACEAE

Auricularia auricula-judae (Bull.) Quel.

Sigla  forest, on  branches, 41°37403"N,
36°30'81"26E, 198 m, 23.10.2010, Kagik 2,752.
Auricularia mesenterica (Dicks.) Pers.

Coban c¢esmesi, on stump, 41°33'433"N,
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36°31'11"55E, 334 m 19.03.2012, Kasik 2,948.
Exidia glandulosa (Bull.) Fr.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81""26E, 198 m, 23.10.2010, Kasik 2,755.

BOLETACEAE

Boletus pulverulentus Opat.

Sigla forest, on debris, 41°37'403"'N, 36°30'81"26E,
198 m, 22.10.2010, Kasik 2,727.

DACRYMYCETACEAE

Calocera cornea (Batsch) Fr.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81""26E, 198 m, 22.10.2010, Kasik 2,729.
Dacrymyces variisporus McNabb

Sigla  forest, on  branches, 41°37'403"N,
36°30'81""26E, 198 m, 16.05.2011, Kasik 2,931.

DIPLOCYSTIDIACEAE

Astraeus hygrometricus (Pers.) Morgan

Sigla forest, on debris, 41°37'403"N, 36°30'81"26E,
198 m, 04.02.2011, Kagik 2,872.

ENTOLOMATACEAE

Entoloma incanum (Fr.) Hesler

Sigla forest, on debris, 41°37'403"N, 36°30'81"26E,
198 m, 22.10.2010, Kasik 2,733.

FOMITOPSIDACEAE

Fomitopsis pinicola (Sw.) P. Karst.

Sigla forest, on stump, 41°37'403"N, 36°30'81"26E,
198 m, 19.03.2012, Kasik 2,957.

GANODERMATACEAE

Ganoderma applanatum (Pers.) Pat.

Sigla forest, on stump, 41°37'403"N, 36°30'81"26E,
198 m, 19.03.2012, Kasik 2,959.

Ganoderma lucidum (Curtis) P. Karst.

Sigla forest, on stump, 41°37'403"N, 36°30'81"26E,
198 m, 22.10.2010, Kasik 2,738.

GEASTRACEAE

Geastrum fimbriatum Fr.

Candir village, Karaguz locality, on debris,
41°42'575"N, 36°31'39"46E, 380 m, 09.01.2011,
Kagsik 2,833.

GLOEOPHYLLACEAE

Gloeophyllum sepiarium (Wulfen) P. Karst.

Candir village, Sahana locality, on debris,
41°43'178"N, 36°31'31"55E, 283 m, 08.01.2011,
Kasik 2,789.

GOMPHIDIACEAE

Chroogomphus helveticus (Singer) M. M. Moser
Melikler Peninsula, on debris, 41°45273"N,
36°31'09""84E, 280 m 17.04.2011, Kasik 2,913.
Chroogomphus rutilus (Schaeff.) O. K. Mill.

Sigla forest, on debris, 41°37'403"'N, 36°30'81'"26E,
198 m, 22.10.2010, Kasik 2,730.

Gomphidius glutinosus (Schaeft.) Fr.

Sigla forest, on debris, 41°37'403"'N, 36°30'81'"26E,
198 m, 08.01.2011, Kasik 2,809.

HYDNACEAE

Hydnum repandum L.

Melikler Peninsula, on debris, 41°45273"N,
36°31'09"84E, 280 m 09.01.2011, Kagsik 2,848.

HYGROPHORACEAE

Hygrophorus agathosmus (Fr.) Fr.

Candir village, Belentas1 locality, on debris,
41°44'672""'N, 36°31'36"71E, 305 m, 08.01.2012,
Kasik 2,771.

Hygrophorus eburneus (Bull.) Fr.

Melikler Peninsula, on debris, 41°45273"N,
36°31'09"84E, 280 m 09.01.2011, Kagik 2,849.

HYMENOCHAETACEAE

Fuscoporia torulosa (Pers.) T. Wagner & M. Fisch
Candir village, Boynuzlu locality, on stump,
41°42'896"'N, 36°31'23""33E, 290 m, 17.04.2011,
Kasik 2,907.

Inonotus rheades (Pers.) Bondartsev & Singer
Sigla forest, on stump, 41°37'403"'N, 36°30'81'"26E,
198 m, 16.04.2011, Kasik 2,898.

INOCYBACEAE

Crepidotus mollis (Schaeff.) Staude

Melikler Peninsula, on branches, 41°45273"N,
36°31'09"84E, 280m 04.02.2011, Kasik 2865.
Inocybe rimosa (Bull.) P. Kumm.

Melikler Peninsula, on debris, 41°45273"N,
36°31'09"84E, 280 m 17.04.2011, Kasik 2,915.

LYOPHYLLACEAE

Rugosomyces onychinus (Fr.) Raithelh.

Sigla forest, on debris, 41°37'403"'N, 36°30'81'"26E,
198 m, 16.04.2011, Kasik 2,893.

MARASMIACEAE

Gymnopus dryophilus (Bull.) Murill

Kargi, Karadag locality, on debris, 41°33'419"N,
36°30"76""38E, 330 m 22.10.2010, Kasik 2,721.
Omphalotus olearius (DC.) Singer

Sigla forest, on debris, 41°37'403"'N, 36°30'81'"26E,
198 m, 16.04.2011, Kasik 2,899.

MYCENACEAE

Mycena amicta (Fr.) Quel.

Candir village, Boynuzlu locality, on debris,
41°42'896"'N, 36°31'23"33E, 290 m, 08.01.2011,
Kasik 2,780.

Mpycena epipterygia (Scop.) Gray

Sigla forest, on debris, 41°37'403"'N, 36°30'81'"26E,
198 m, 22.10.2010, Kagik 2,740.
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Mpycena pura (Pers.) P. Kumm.

Candir village, Karaguz locality, on debris,
41°42'575"N, 36°31'39"46E, 380 m, 09.01.2011,
Kagik 2,837.

Mycena renati Quel.

Sigla forest, on debris, 41°37'403"'N, 36°30'81"26E,
198 m, 23.10.2010, Kasik 2,757.

Mycena stipata Maas Geest. & Schwobel

Kargi, Karadag locality, on debris, 41°33'419"N,
36°30'76"38E, 330 m 22.10.2010, Kasik 2,718.
Panellus mitis (Pers.) Singer

Candir village, Belentas1 locality, on branches,
41°44'672"N, 36°31'36""71E, 305 m, 09.01.2011,
Kagik 2823.

Xeromphalina cauticinalis (With.) Kihner &
Maire

Candir village, Belentas1 locality, on debris,
41°44'672"N, 36°31'36"71E, 305 m, 08.01.2012,
Kagik 2,777.

PAXILLACEAE

Paxillus involutus (Batsch) Fr.

40 gecit, on debris, 41°34'115"N, 36°3121"55E,
449 m, 16.05.2011, Kasik 2,920.

PHALLACEAE

Phallus impudicus var. impudicus L.

Candir village, Boynuzlu locality, on debris,
41°42'896"N, 36°31'23"33E, 290 m, 08.01.2011,
Kagik 2,782, Candir village, Belentas: locali-
ty, on debris, 41°44'672"N, 36°31'36"71E, 305 m,
09.01.2011, Kagik 2,825.

PHANEROCHAETACEAE

Terana coerulea (Lam.) Kuntze

Candir village, Sahana locality, on branches,
41°43'178""N, 36°31'31"55E, 283 m, 08.01.2011,
Kasik 2,796.

PHYSALACRIACEAE

Armillaria mellea (Vahl) P. Kumm.

Sigla forest, on debris, 41°37'403"'N, 36°30'81"26E,
198 m, 22.10.2010, Kasik 2,725.

PLUTEACEAE

Pluteus cervinus (Schaeff.) P. Kumm.

Melikler Peninsula, near stump, 41°45273"N,
36°31'09"84E, 280 m 17.04.2011, Kasik 2,918.
Volvopluteus gloiocephalus (DC.) Justo

Melikler Peninsula, on debris, 41°45'273"N,
36°31'09"84E, 280 m 16.05.2011, Kasik 2,925.

POLYPORACEAE

Daedaleopsis confragosa (Bolton) J. Schrot.

Sigla forest, on stump, 41°37'403"'N, 36°30'81"26E,
198 m, 16.05.2011, Kasik 2,933.

Fomes fomentarius (L.) J. Kickx f.

Sigla forest, on stump, 41°37'403"'N, 36°30'81"26E,

198 m, 22.10.2010, Kasik 2,736, Sigla forest,
on stump, 41°37'403”N, 36°30'81"26E, 198 m,
16.04.2011, Kasik 2,895.

Hexagonia nitida Durieu & Mont.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81"26E, 198 m, 16.04.2011, Kasik 2,896.
Lentinus tigrinus (Bull.) Fr.

Sigla forest, on stump, 41°37'403"'N, 36°30'81'"26E,
198 m, 23.10.2010, Kasik 2,756.

Polyporus arcularius (Batsch) Fr.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81"26E, 198 m, 23.10.2010, Kasik 2,762.
Polyporus brumalis (Pers.) Fr.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81"26E, 198 m, 16.04.2011, Kasik 2,903.
Trametes hirsuta (Wulfen) Lloyd

40 gecit, on debris, 41°34'115"N, 36°31'21"55E,
449 m, 16.05.2011, Kasik 2,922.

Trametes versicolor (L.) Lloyd

Sigla  forest, on  branches, 41°37'403"N,
36°30'81"26E, 198 m, 23.10.2010, Kasik 2,767,
Candir village, Sahana locality, on branches,
41°43'178"N, 36°31'31"55E, 283 m, 08.01.2011,
Kasik 2,798, Sigla forest, on branches, 41°37'403"'N,
36°30'81"26E, 198 m, 08.01.2011, Kasik 2,816.
Trichaptum abietinum (Dicks.) Ryvarden

Candir village, Sahana locality, on branches,
41°43'178"N, 36°31'31"55E, 283 m, 08.01.2011,
Kasik 2,799, Candir village, Boynuzlu locality,
on branches, 41°42'896"N, 36°31'23”33E, 290 m,
08.01.2011, Kasik 2,784.

PSATHYRELLACEAE

Coprinellus disseminatus (Pers.) J. E. Lange

Sigla forest, on debris, 41°37'403"'N, 36°30'81'"26E,
198 m, 16.05.2011, Kasik 2,930.

Coprinellus domesticus (Bolton) Vilgalys, Hopple
& Jacq. Johnson

Candir village, Boynuzlu locality, on branches,
41°42'896"'N, 36°31'23"33E, 290 m, 16.04.2011,
Kasik 2,884.

Parasola plicatilis (Curtis) Redhead, Vilgalys &
Hopple

Candir village, Boynuzlu locality, on branches,
41°42'896"'N, 36°31'23"33E, 290 m, 17.04.2011,
Kasik 2,906.

Psathyrella candolleana (Fr.) Maire

Candir village, Boynuzlu locality, on branches,
41°42'896"'N, 36°31'23"33E, 290 m, 17.04.2011,
Kasik 2,909, Sigla forest, on debris, 41°37'403"'N,
36°30'81"26E, 198 m, 16.05.2011, Kasik 2,936.
Psathyrella tephrophylla (Romagn.) M.M. Moser
Candir village, Boynuzlu locality, on branches,
41°42'896"'N, 36°31'23"33E, 290 m, 17.04.2011,
Kasik 2,912.

RHIZOPOGONACEAE
Rhizopogon luteolus Fr.
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Melikler Peninsula, on debris, 41°45273"N,
36°31'09"84E, 280 m 19.03.2012, Kasik 2,951.
Rhizopogon roseolus (Corda) Th. Fr.

Sigla forest, on debris, 41°37'403"N, 36°30'81"26E,
198 m, 22.10.2010, Kasik 2,743.

RUSSULACEAE

Lactarius deliciosus (L.) Gray

Candir village, Belentasi locality, on debris,
41°44'672"N, 36°31'36""71E, 305 m, 08.01.2012,
Kasik 2,772.

Russula delica Fr.

Melikler Peninsula, on debris, 41°45273"N,
36°31'09"84E, 280 m 16.05.2011, Kasik 2,923.
Russula emetica (Schaeft.) Pers.

Sigla forest, on debris, 41°37'403"N, 36°30'81"26E,
198 m, 08.01.2011, Kasik 2,814.

SCHIZOPHYLLACEAE

Schizophyllum commune Fr.

Candir village, Belentasi locality, on branches,
41°44'672"N, 36°31'36"71E, 305 m, 08.01.2012,
Kagik 2775, Kargi, Karadag locality, on debris,
41°33'419"N, 36°30'76"38E, 330 m 16.04.2011,
Kagik 2,888.

SCLERODERMATACEAE

Pisolithus arhizus (Scop.) Rauschert

Sigla forest, on debris, 41°37'403"N, 36°30'81"26E,
198 m, 23.10.2010, Kasik 2,759.

Scleroderma bovista Fr.

Sigla forest, on debris, 41°37'403"N, 36°30'81"26E,
198 m, 08.01.2011, Kagik 2,815.

Scleroderma polyrhizum (J. F. Gmel.) Pers.

Candir village, Karaguz locality, on debris,
41°42'575"N, 36°31'39"46E, 380 m, 09.01.2011,
Kasik 2,840.

STEREACEAE

Stereum hirsutum (Willd.) Pers.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81""26E, 198 m, 23.10.2010, Kasik 2,765.
Stereum ochraceo-flavum (Schwein.) Sacc.
Melikler Peninsula, on branches, 41°45273"N,
36°31'09"84E, 280 m 19.03.2012, Kasik 2,955.

STROPHARIACEAE

Agrocybe dura (Bolton) Singer

Candir village, Boynuzlu locality, on debris,
41°42'896"N, 36°31'23"33E, 290 m, 17.04.2011,
Kasik 2,904.

Galerina badipes (Pers.) Kiithner

Melikler Peninsula, among debris, 41°45273"N,
36°31'09""84E, 280 m 04.02.2011, Kasik 2,866.
Galerina paludosa (Fr.) Kithner

Candir village, Sahana locality, among debris,
41°43'178"N, 36°31'31"55E, 283 m, 08.01.2011,
Kagik 2,788.

Hebeloma crustuliniforme (Bull.) Quel.

Yazili  kanyon, on debris, 41°33'419"N,
36°30"76"38E, 330m 09.01.2011, Kagik 2863.
Hypholoma fasciculare (Huds.) P. Kumm.

Candir village, Belentasi locality, among debris,
41°48"772"N, 36°31'59"71E, 354 m, 09.01.2011,
Kasik 2822.

Psilocybe coprophila (Bull.) P. Kumm.

Kargi, Tasdibi village, burned area, 41°23'984"'N,
36°30'67"19E, 16.04.2011, Kasik 2,879.

SUILLACEAE

Suillus bellini (Inzenga) Watling

Candir village, Belentas1 locality, on debris,
41°44'672"N, 36°31'36"71E, 305 m, 09.01.2011,
Kasik 2,827.

Suillus collinitus (Fr.) Kuntze

Sigla forest, on debris, 41°37'403"'N, 36°30'81"26E,
198 m, 23.10.2010, Kasik 2,746.

Suillus granulatus (L.) Roussel

Kargi, Karadag locality, on debris, 41°33'419"N,
36°30'76"38E, 330 m 22.10.2010, Kasik 2,724.
Suillus grevillei (Klotzsch) Singer

Yazili  kanyon, on debris, 41°48'772"N,
36°31'59"71E, 354 m, 09.01.2012, Kasik 2,944.
Suillus luteus (L.) Roussel

Candir village, Karaguz locality, on debris,
41°42'575"N, 36°31'39"46E, 380 m, 09.01.2011,
Kasik 2,841.

TREMELLACEAE

Tremella mesenterica Retz.

Sigla  forest, on  branches, 41°37'403"N,
36°30'81'"26E, 198 m, 22.10.2010, Kasik 2,745.

TRICHOLOMATACEAE

Clitocybe gibba (Pers.) P. Kumm.

Yazili  kanyon, on debris, 41°48'772"N,
36°31'59"71E, 354 m, 09.01.2011, Kasik 2,859.
Infundibulicybe geotropa (Bull.) Harmaja
Melikler Peninsula, among debris, 41°45273"N,
36°31'09"84E, 280 m 09.01.2011, Kasik 2,847.
Melanoleuca graminicola (Velen.) Kuhner &Maire
Melikler Peninsula, among debris, 41°45273"N,
36°31'09"84E, 280m 04.02.2011, Kasik 2,869,
Candir village, Karaguz locality, on debris,
41°42'575"N, 36°31'39"46E, 380 m, 09.01.2012,
Kasik 2,938.

Resupinatus trichotis (Pers.) Singer

Sigla  forest, on  branches, 41°37403"N,
36°30'81"26E, 198 m, 23.10.2010, Kasik 2,763.
Tricholoma caligatum (Viv.) Ricken

Melikler Peninsula, among debris, 41°45273"N,
36°31'09"84E, 280 m 09.01.2011, Kasik 2,855.
Tricholoma fracticum (Britzelm.) Kreisel

Candir village, Karaguz locality, on debris,
41°42'575"N, 36°31'39"46E, 380 m, 09.01.2011,
Kasik 2,843.
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Tricholoma terreum (Schaeff.) P. Kumm.

Candir village, Belentas1 locality, on debris,
41°44'672"'N, 36°31'36"71E, 305 m, 08.01.2012,
Kasik 2,776.

Discussion

As a result of the field and laboratory stud-
ies, 105 macrofungi taxa belonging to 43 families
were identified from Karacaéren (Bucak-Burdur)
dam and its surroundings between 2010 and 2012.
Through the current study, 14 taxa were collected
from the phylum of Ascomycota. These species con-
stituted 13.3% of all taxa recorded. From the phy-
lum of Basidiomycota, 91 species were collected,
and these species constituted 86.7% of all taxa re-
corded; 38 of them are edible, 59 are inedible, and 8
are more or less poisonous.

In the research area, the number of macrofun-
gi species by families is as follows: Polyporaceae
9, Agaricaceae 8, Mycenaceae and Tricholomatace-
ae 7, Strophariaceae 6, and the other families have
fewer than 6 taxa each.
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Abstract

Oztiirk, C., Aktas, S., Alkan, S., Kasik, G. & Eroglu, G. (2013). Macrofungi of Giindogmus District (Antalya,
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Within the framework of this study, 170 macrofungi specimens were collected from different localities in
Giindogmus (Antalya) district between 2011 and 2012, particularly during the autumn and spring seasons. As a re-
sult of the field and laboratory studies, 96 taxa were identified and categorized as edible, poisonous and non-edible.
Nine of the reported taxa belong to the phylum of Ascomycota and 87 species belong to Basidiomycota. Important
dominant trees in the research area are Juniperus sp. L., Pinus brutia Ten., Abies cilicica (Antoine & Kotschy) Car-
riere, Quercus coccifera L., Arbutus andrachne L., Platanus orientalis L. and Ficus carica L.. The climate is typ-

ically Mediterranean.

Keywords:

Introduction

In the north and east the research area borders
on Konya, in the west on Manavgat, in the south on
Alanya and in the northwest on Akseki.

Gundogmus (Antalya) district is 230 km
away from Konya province. It is located in the Toros
Mountains. The altitude of the Gilindogmus (Anta-
lya) district is 1,100 m. Alara stream passes through
the study area.

The vegetation in the research area consists
of Juniperus sp. L., Pinus brutia Ten., Abies cilici-
ca (Antoine & Kotschy) Carriere, Quercus coccifera
L., Arbutus andrachne L., Platanus orientalis L. and
Ficus carica L. The species Platanus orientalis L.,
Salix babylonica L. and Myrtus communis L. are
common near the stream.

Various macrofungi specimens were identi-
fied in the research area situated in the Mediterra-
nean Sea phytogeographical region.

The aim of this study was to determine the
macrofungi taxa of Giindogmus (Antalya) district.

Materials and Methods

Within the framework of this study macro-
fungi specimens were collected from different local-
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ities in Giindogmus (Antalya) district between 2011
and 2012, particularly during the autumn and spring
seasons.

For identification of macrofungi, we used re-
agents (Melzer’s reagent, 3% KOH, 30% KOH, ni-
tric acid, kongo red, cotton blue, anylin, etc.). Mi-
croscopic and macroscopic features of the samples
were determined in the laboratory with two types
of microscope (light microscope and binocular mi-
croscope). Furthermore, a computer program (Lei-
ca Application Suite program with Leica DM1000
microscope) was used to take photographs of fun-
gal spores, basidia, asci, etc. for their identification.
The following literature was used for identification:
Sesli & Denchev (2009), Moser (1983), Breitenbach
& Krinzlin (1984-2005), Bresinsky & Besl (1990),
Dennis (1981), Ellis & Ellis (1990), Pace (1998), Gru-
nert & Grunert (1984, 1991), Pacioni (1993), Jordan
(1996), Riva (2003), Cannon & Kirk (2007), Phillips
(1981), Smith & Smith (1996), Medardi (2006), Peg-
ler (1987), Watling (1973, 1982), Watling & Gregory
(1977, 1989), Winkler (1996), Dahncke (1993) and
Jordan (2004).

All identified and dried macrofungi sam-
ples are housed at Selguk University, Fungarium
of Mushroom Application and Research Centre, in
Konya.
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Results

The species names are according to http:/
www.index fungorum.org/names/names.asp (Kirk &
Ansell 1992). The coordinates have been taken by
GPS (Magellan Explorist XL).

ASCOMYCOTA

CALOSCYPHACEAE

Caloscypha fulgens (Pers.) Boud.

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91'"26E, 1362 m, 10.05.2012, Oztiirk 714.

HELVELLACEAE

Helvella acetabulum (L.) Quel.

Senirgali, on debris, 40°75'990"N, 36°40'72"42E,
1032 m, 14.05.2011, Oztiirk 507.

Helvella leucomelaena (Pers.) Nannf.

Karadere, on debris, 40°76'204"N, 36°40'61"00E,
950 m, 18.04.2011, Oztirk 486, Kara Isa vil-
lage, on debris, 40°73'896"N, 36°42'62""72E, 945
m, 18.04.2011, Oztiirk 476, Senirgali, on debris,
40°75'990"N, 36°40'72"42E, 1032 m, 14.05.2011,
Oztiirk 508.

MORCHELLACEAE

Morchella conica Krombh.

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 14.05.2011, Oztiirk 524.

Morchella esculenta (L.) Pers.

Kara Isa village, on debris, 40°75'990"N,
36°40'33"793E, 1032 m, 18.04.2011, Oztirk 478,
Cayirdzii, on debris, 40°73'896"N, 36°42'62"72E,
945 m, 14.05.2011, Oztiirk 492.

PEZIZACEAE
Sarcosphaera coronaria (Jacq.) J. Schrot.

Kara Isa village, on debris, 40°73'896"N,
36°42'62"72E, 945 m, 18.04.2011, Oztirk 481,
Senirgali, on debris, 40°75'990"N, 36°40'72"42E,
1032 m, 14.05.2011, Oztiirk 509, Sogukoluk, on
debris, 40°79'649""N, 36°41'17"35E, 1487 m,
14.05.2011, Oztirk 526, Toklu yatagi, on debris,
40°75'526"'N, 36°41'52'"24E, 1226 m, 14.05.2011,
Oztiirk 539.

PYRONEMATACEAE

Scutellinia scutellata (L.) Lambotte

Karalsa village, insoil, 40°73'896"'N, 36°42'62"72E,
945 m, 10.05.2012, Oztiirk 709.

Geopora arenosa (Fuckel) S. Ahmad

Sogukoluk, on debris, 40°79'649""'N, 36°41'17"35E,
1487 m, 14.05.2011, Oztiirk 538.

SCLEROTINIACEAE

Ciboria rufofusca (O. Weberb.) Sacc.

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91'"26E, 1362 m, 10.05.2012, Oztiirk 715.

BASIDIOMYCOTA

AGARICACEAE

Agaricus bitorquis (Quel.) Sacc.

Ciiriik, among debris, 40°23'722"'N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 584.

Agaricus campestris L.

Ciiriik, among debris, 40°23'722"'N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 585.

Bovista plumbea Pers.

Senirgali, on debris, 40°75'990"N, 36°40'72"42E,
1032 m, 14.05.2011, Oztirk 513, Nar Agac1 pla-
teau, Karasini locality, among grass, 40°74'380"'N,
36°41'90"94E, 1278 m, 15.05.2011, Oztiirk 554,
Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 623.

Crucibulum laeve (Huds.) Kambly

Orta Alan plateau, on branches, 40°81'622"N,
36°40'91"26E, 1362 m, 23,10.2011, Oztiirk 685.
Cystodermella granulosa (Batsch) Harmaja
Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 627.

Lycoperdon lividum Pers.

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 630.

Lycoperdon molle Pers.

Ciiriik, among debris, 40°23'722"'N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 593.

Lycoperdon perlatum Pers.

Ciiriik, among debris, 40°23'722"'N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 598.

Macrolepiota excoriata (Schaeff.) Wasser

Ciiriik, among debris, 40°23'722"'N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 599.

Macrolepiota procera var. procera (Scop.) Singer
Ciiriik, among debris, 40°23'722"'N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 600.

AMANITACEAE

Amanita caesarea (Scop.) Pers.

Ciiriik, among debris, 40°23'722"N, 36°39"79"27E,
800 m, 22.10.2011, Oztiirk 587.

Amanita ovoidea (Bull.) Link

Gliney Yaka plateau, on debris, 40°79'771"N,
36°40'51"61E, 786 m, 23,10.2011, Oztiirk 654.

AURICULARIACEAE

Auricularia auricula-judae (Bull.) Quel.

Orta Alan plateau, on stump, 40°81'622"N,
36°40'91'"26E, 1362 m, 23,10.2011, Oztiirk 683.
Exidia glandulosa (Bull.) Fr.

Ciriik, on branches, 40°23'722"N, 36°39'79""27E,
800 m, 14.05.2011, Oztiirk 498.

BANKERACEAE

Boletopsis leucomelaena (Pers.) Fayod

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 621.
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Sarcodon imbricatus (L.) P. Karst.
Ciiritk, among debris, 40°23'722"N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 609.

CANTHARELLACEAE

Cantharellus cibarius Fr.

Ciiritk, among debris, 40°23'722"N, 36°39'79"27E,
800 m, 18.04.2011, Oztiirk 475.

Cantharellus cinereus (Pers.) Fr.

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 14.05.2011, Oztiirk 527.

DACRYMYCETACEAE

Dacrymyces stillatus Nees

Senirgali, on branches, 40°75'990"'N, 36°40"72"42E,
1032 m, 14.05.2011, Oztiirk 518.

Dacrymyces variisporus McNabb

Ciiriik, on branches, 40°23'722"N, 36°39'79"27E,
800 m, 14.05.2011, Oztiirk 496, Senir¢ali, on
branches, 40°75'990"N, 36°40'72"42E, 1032 m,
14.05.2011, Oztiirk 520.

DIPLOCYSTIDIACEAE

Astracus hygrometricus (Pers.) Morgan

Cukuroluk locality, on debris, 40°73'072"N,
36°41'31"36E, 1253 m, 22.10.2011, Oztiirk 578.

ENTOLOMATACEAE

Entoloma hirtipes (Schumach.) M. M. Moser

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91""26E, 1362 m, 22.10.2011, Oztiirk 615.

FOMITOPSIDACEAE

Antrodia juniperina (Murrill) Niemela & Ryvarden
Senirgali, on branches, 40°75'990"'N, 36°40"72"42E,
1032 m, 14.05.2011, Oztiirk 510, Soguksu water-
fall, on stump, 40°68'472"'N, 36°42'44"69E, 921 m,
15.05.2011, Oztiirk 563.

GEASTRACEAE

Geastrum fimbriatum Fr.

Sogukoluk, on debris, 40°79'649""'N, 36°41'17"35E,
1487 m, 14.05.2011, Oztiirk 529, Karadere, on debris,
40°76'204"N, 36°40'61"00E, 950 m, 23,10.2011,
Oztiirk 669.

Geastrum rufescens Pers.

Ciirtik, among debris, 40°23'722""N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 588.

Geastrum schmidelii Vittad.

Karadere, on debris, 40°76204"N, 36°40'61"00E,
950 m, 23,10.2011, Oztiirk 668.

GLOEOPHYLLACEAE

Gloeophyllum sepiarium (Wulfen) P. Karst.
Sogukoluk, on stump, 40°79'649""N, 36°41'17"35E,
1487 m, 14.05.2011, Oztiirk 534.

GOMPHACEAE

Gomphus clavatus (Pers.) Gray

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 628.

Ramaria flava (Schaeff.) Quel.

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91"26E, 1362 m, 10.05.2012, Oztiirk 722.
Ramaria botrytis (Pers.) Ricken

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 632.

GOMPHIDIACEAE

Chroogomphus rutilus (Schaeff.) O. K. Mill.
Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 624.

HERICIACEAE

Hericium coralloides (Scop.) Pers.

Nar Agaci plateau, Karasini locality, among grass,
40°74'380"'N, 36°41'90""94E, 1278 m, 14.05.2011,
Oztiirk 505.

HYDNANGIACEAE

Laccaria laccata (Scop.) Cooke

Ciiriik, among debris, 40°23'722"'N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 589.

HYGROPHORACEAE

Hygrophorus agathosmus (Fr.) Fr.

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 644.

Hygrophorus eburneus (Bull.) Fr.

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91"26E, 1362 m, 23.10.2011, Oztiirk 688.
Hygrophorus ligatus Fr.

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91"26E, 1362 m, 23.10.2011, Oztiirk 689.

HYMENOCHAETACEAE

Phellinus conchatus (Pers.) Quel

Senirgali, on stump, 40°75'990"N, 36°40'72"42E,
1032 m, 14.05.2011, Oztiirk 521.

Phellinus pomaceus (Pers.) Maire

Cizre, on almond tree, 40°81'793"N, 36°40'67""27E,
979 m, 10.05.2012, Oztiirk 706.

INOCYBACEAE

Crepidotus mollis (Schaeff.) Staude

Giliney Yaka plateau, on branches, 40°79'771"N,
36°40'51"61E, 786 m, 23,10.2011, Oztiirk 662.
Inocybe rimosa (Bull.) P. Kumm.

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 14.05.2011, Oztiirk 530.

LYOPHYLLACEAE

Lyophyllum decastes (Fr.) Singer

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91"26E, 1362 m, 23.10.2011, Oztiirk 691.
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MARASMIACEAE

Baeospora myosura (Fr.) Singer

Giiney Yaka plateau, on pine cone, 40°79'771"N,
36°40'51"61E, 786 m, 23,10.2011, Oztiirk 658.
Gymnopus dryophilus (Bull.) Murill

Senirgali, on branches, 40°75'990"'N, 36°40"72"'42E,
1032m, 14.05.2011, Oztiirk 517, Cayirozii, on debris,
40°74'735"N, 36°42'62"72E, 1101m, 14.05.2011,
Oztiirk 495.

Marasmius oreades (Bolton) Fr.

Ciiritk, among debris, 40°23'722"N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 605.

MYCENACEAE

Mycena epipterygia (Scop) Gray

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91""26E, 1362 m, 23.10.2011, Oztiirk 695.
Mycena pura (Pers.) P. Kumm.

Karadere, on debris, 40°76'204"N, 36°40'61"00E,
950 m, 23,10.2011, Oztiirk 677.

Mycena renati Quel.

Orta Alan plateau, on debris, 40°81'622"N,
36°40'91""26E, 1362 m, 23.10.2011, Oztiirk 692.
Panellus mitis (Pers.) Singer

Ciirtik, on branches, 40°23'722"N, 36°39'79"27E,
800 m, 22.10.2011, Oztirk 606, Karadere, on
branches, 40°76'204"N, 36°40'61"00E, 950 m,
23,10.2011, Oztiirk 672.

Xeromphalina cauticinalis (With.) Kithner & Maire
Sogukoluk, on debris, 40°79'649""'N, 36°41'17"35E,
1487 m, 14.05.2011, Oztiirk 533.

PAXILLACEAE

Paxillus involutus (Batsch) Fr.

Soguksu  waterfall, in soil, 40°68'472"N,
36°42'44"69E, 921 m, 15.05.2011, Oztiirk 569.

PLEUROTACEAE

Hohenbucehelia petaloides (Bull.) Schulzer

Giiney Yaka plateau, on debris, 40°79'771"N,
36°40'51"61E, 786 m, 23,10.2011, Oztiirk 663,
Cukuroluk locality, on debris, 40°73'072"N,
36°41'31""36E, 1253 m, 23.10.2011, Oztiirk 645.
Pleurotus eryngii var. eryngii (DC.) Quel.

Giineycik plateau, mycorrhizal with caksir,
40°85'773""N, 36°41'32"98E, 1700 m, 15.05.2011,
Oztiirk 540.

Pleurotus ostreatus (Jacq.) P. Kumm.

Orta Alan plateau, on stump, 40°81'622"N,
36°40'91""26E, 1362 m, 23.10.2011, Oztiirk 696.

PLUTEACEAE

Pluteus romellii (Britzelm.) Sacc.

Orta Alan plateau, near stump, 40°81'622"N,
36°40'91""26E, 1362 m, 23.10.2011, Oztiirk 698.

POLYPORACEAE
Cerrena unicolor (Bull.) Murrill

Giliney Yaka plateau, on branches, 40°79'771"'N,
36°40'51"61E, 786 m, 23,10.2011, Oztiirk 659.
Fomes fomentarius (L.) J. Kickx f.

Ciiriik, on stump, 40°23'722"N, 36°39'79"27E, 800
m, 14.05.2011, Oztirk 499, Harmanak, on Pop-
ulus sp., 40°77'305"N, 36°40'85""63E, 1185 m,
15.05.2011, Oztiirk 545, Orta Alan plateau, on stump,
40°81'622"'N, 36°40'91"26E, 1362 m, 10.05.2012,
Oztiirk 717.

Lentinus tigrinus (Bull.) Fr.

Soguksu waterfall, on stump, 40°68'472"N,
36°42'44"69E, 921 m, 15.05.2011, Oztiirk 567.
Polyporus brumalis (Pers.) Fr.

Ciriik, on branches, 40°23'722"N, 36°39'79""27E,
800 m, 14.05.2011, Oztiirk 501.

Trametes hirsuta (Wulfen) Lloyd

Karadere, on branches, 40°76'204"N, 36°40'61"00E,
950 m, 23,10.2011, Oztiirk 678.

Trametes versicolor (L.) Lloyd

Orta Alan plateau, on stump, 40°81'622"N,
36°40'91'"26E, 1362 m, 23.10.2011, Oztiirk 700.
Trichaptum abietinum (Dicks.) Ryvarden
Sogukoluk, on branches, 40°79'649"'N,
36°41'17"35E, 1487 m, 14.05.2011, Oztiirk 537.

PSATHYRELLACEAE

Coprinellus micaceus (Bull.) Vilgalys, Hopple &
Jacq. Johnson

Nar Agaci plateau, Karasini locality, among debris,
40°74'380"'N, 36°41'90""94E, 1278 m, 15.05.2011,
Oztiirk 558.

Coprinopsis picacea (Bull.) Redhead, Vilgalys &
Moncalvo

Orta Alan plateau, among debris, 40°81'622"'N,
36°40'91"26E, 1362 m, 23.10.2011, Oztiirk 684.
Panaeolus papilionaceus var. papilionaceus (Bull.)
Quel.

Orta Alan plateau, among grass, 40°81'622''N,
36°40'91"26E, 1362 m, 22.10.2011, Oztiirk 617.

RHIZOPOGONACEAE

Rhizopogon luteolus Fr.

Giiney Yaka plateau, among debris, 40°79'771"'N,
36°40'51"61E, 786 m, 23,10.2011, Oztirrk 665,
Ciiriik, among debris, 40°23'722"'N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 608, Cukuroluk locali-
ty, among debris, 40°73'072"'N, 36°41'31"36E, 1253
m, 22.10.2011, Oztiirk 649.

Rhizopogon roseolus (Corda) Th. Fr.

Karadere, among debris, 40°76'204"'N,
36°40'61"00E, 950 m, 18,04.2011, Oztiirk 488.

RUSSULACEAE

Lactarius deliciosus (L.) Gray

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 629.

Russula delica Fr.

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
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1487 m, 22.10.2011, Oztiirk 636.

Russula emetica (Schaeft.) Pers.

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 638.

Russula ochroleuca Fr.

Sogukoluk, on debris, 40°79'649""'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 635.

Russula turci Bres.

Sogukoluk, on debris, 40°79'649""'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 639.

SCHIZOPHYLLACEAE
Schizophyllum commune Fr.

Kara Isa village, on debris, 40°73'896"N,
36°42'62"72E, 945 m, 18.04.2011, Oztirk 483,
Soguksu waterfall, on branches, 40°68'472"N,
36°42'44"69E, 921 m, 15.05.2011, Oztiirk 572.

STEREACEAE

Stereum hirsutum (Willd.) Pers.

Ciiriik, on branches, 40°23'722"N, 36°39'79"27E,
800 m, 14.05.2011, Oztiirk 503, Senirgali, on
branches, 40°75'990"N, 36°40'72"42E, 1032 m,
14.05.2011, Oztiirk 522, Orta Alan plateau, on stump,
40°81'622"N, 36°40'91"26E, 1362 m, 23.10.2011,
Oztiirk 699.

STROPHARIACEAE

Agrocybe dura (Bolton) Singer

Orta Alan plateau, in grass, 40°81'622"N,
36°40'91""26E, 1362 m, 23.10.2011, Oztiirk 681.
Galerina marginata (Batsch) Kithner

Orta Alan plateau, in moss, 40°81'622"N,
36°40'91""26E, 1362 m, 23.10.2011, Oztiirk 687.
Hebeloma crustuliniforme (Bull.) Quel.

Orta Alan plateau, among debris, 40°81'622"N,
36°40'91""26E, 1362 m, 23.10.2011, Oztiirk 719.

SUILLACEAE
Suillus bellini (Inzenga) Watling
Karadere, among debris, 40°76'204"'N,

36°40'61"00E, 950 m, 23,10.2011, Oztiirk 674.
Suillus collinitus (Fr.) Kuntze

Ciiritk, among debris, 40°23'722"N, 36°39'79"27E,
800 m, 22.10.2011, Oztiirk 613.

Suillus grevillei (Klotzsch) Singer

Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 641.

Suillus luteus (L.) Roussel

Cukuroluk locality, on debris, 40°73'072"N,
36°41'31"36E, 1253 m, 23.10.2011, Oztiirk 652.
Suillus placidus (Bonord.) Singer

Karadere, among debris, 40°76'204"'N,
36°40'61"00E, 950 m, 23,10.2011, Oztiirk 675.

TREMELLACEAE
Tremella mesenterica Retz.
Nar Agaci plateau, Karasini locality, on branches,

40°74'380"N, 36°41'90"94E, 1278 m, 15.05.2011,
Oztiirk 559.

TRICHOLOMATACEAE

Clitocybe gibba (Pers.) P. Kumm.

Senirgali, on debris, 40°75'990"N, 36°40'72"42E,
1032 m, 14.05.2011, Oztiirk 515.

Infundibulicybe geotropa (Bull.) Harmaja

Kopriilii, on debris, 40°64'110"”"N, 36°42'75'"24E,
929 m, 15.05.2011, Oztiirk 549.

Tricholoma anatolicum H. H. Dogan & Intini
Sogukoluk, on debris, 40°79'649"'N, 36°41'17"35E,
1487 m, 22.10.2011, Oztiirk 643.

Tricholoma stans (Fr.) Sacc.

Orta Alan plateau, among debris, 40°81'622"'N,
36°40'91'"26E, 1362 m, 22.10.2011, Oztiirk 703.
Tricholoma terreum (Schaeff.) P. Kumm.

Orta Alan plateau, among debris, 40°81'622"'N,
36°40'91'"26E, 1362 m, 22.10.2011, Oztiirk 704.

Discussion

As a result of the field and laboratory studies,
96 macrofungi taxa belonging to 40 families
were identified from Giindogmus (Antalya)
district between 2011 and 2012. During this study
nine species were collected from the phylum of
Ascomycota, and they comprise 9.4% of all recorded
species; 87 species were collected from the phylum
of Basidiomycota, and these species comprise 90.6%
of all recorded species; 47 of them are edible, 41 are
inedible, and 8 are more or less poisonous.

In the research area, the number of macrofungi
species by families is as follows: Agaricaceae 10
while Mycenaceae, Russulaceae, Suillaceae and
Tricholomataceae 5 each. The other families have
fewer than 4 taxa.
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Ancrpaxkr

[Jabupcku, B., [Topuy, K., Kouescku, /1. & fopfﬂeBCKM C. (2013). EmMucuja Ha CTaKJICHUYKU TaCOBU O JI0-
6utok Bo Peny6Oirka MakenoHuja, eHTeprYHa (epMEHTAIMja U yIIpaByBambe co IyopuBo, Bo nepronot 2006-2010.
300pHuK Ha TpyaoBu o IV Konrpec Ha ekono3ute Ha MakeqoHHja co Mel'yHapoaHO yuecTBo, Oxpum, 12-15 ok-
ToMBpH 2012 roauHa. MakeI0HCKO €KOJIONIKO IPYIITBO, MoceOHOo n3aanue 28, Ckorje.

[pouenara Ha eMHcHjaTa Ha CTAaKJICHUYKH [aCOBU OfI CTOYapCTBOTO BO PemyGinka Makenonuja, 3a nepro-
1ot oxx 2006 1o 2010 ronuHa, Oeriie KaJKyIupaHa coriacHo co npumMeHa Ha Tier 1 Metomara. Bo Tpymor ce omda-
TEHH CJICJHUTE FacOBU: MeTaH, a30TeH okcua U CO,- eKBUBAJNICHT O] CHTEpHYHA (PePMEHTAINja U MEHAIIMEHT CO
apCKOTO I'yOPHUBOTO OJ1 TIOJICEKTOPOT CTOYAPCTBO. 13BOpOT Ha mojarony Gerie 6azara 3a periucrpanuja Ha BUIOBH-
Te JIOMAIIHY >)KUBOTHH ¥ HUBHATA JMCTPHOYyLHUja 3a cekoj riancku pernoH (2007-2010) n CTaTUCTHYKHOT TOTHUII-
HUK Ha PenyOnuka Makenonuja. [TonaronuTe 3a BKyIIHaTa rofyiiHa eMUCHja HAa MeTaH OJ] eHTepuYHaTa hepMeH-
Talyja 1 MEHAIMETOT CO apcKoT IyopuBo 3a mepuonot o 2006-2010 6eme Bo rpanunute ox 27,31 Gg (2006) u
26,41 Gg (2007), co Hajuucku BpeaHocTH Bo 2009 (25,49 Gg). Bo 3aBUCHOCT 071 CHCTEMOT 3a yIIpaByBambe CO apc-
KOTO F'yOpHBO, HajBUCOKM BPETHOCTH Ha EKCKpEIHja Ha a30T (LIBPCTO CKIAIMPAE U CYBO H3IyOpyBame) Oca 3a0e-
nesxanu Bo 2010 (10,43 kt/N/roguriao). Ckopo HACHTHYHA BPEAHOCT Ha eKCKPEIMja Ha a30T O/ MACHIITA K UCITyC-
TH Gerire 3abenexana Bo 2007 u 2008 roauna (9,54 u 9,53 kt/N/roaumniHo, pecriekTuBHO). HajHrcka BpeaHOCT 3a
aHanm3upanuoT nepuox (8,82 kt/N/romunino) Gerre 3a6enexana Bo 2009, a HaBucoka BpeaHocT ox 14,58 Bo 2006.
Bo oBoj nepron, HajBricoka BpeaHocT (3,33 kt/N/roauIiiHo) 3a 0CTaHATHOT THUIT HAa YIIPaBYBamkE CO apCKOTO I'yOpH-
BO Oerire peructpupana 8o 2007.

Kuyunu 3060posu: Metan, a3oten okcua u CO,- eKBUBAJIEHT

Abstract

Dzabirski, V., Porcu, K., Kocevski, D. & Gjorgievski S. (2013). Greenhouse gasemissions from livestock in
the Republic of Macedonia, enteric fermentation and manure management, in the period 2006-2010. Proceedings
of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October 2012. Mace-
donian Ecological Society, Special issue 28, Skopje.

The estimation of greenhouse gas emission from livestock in the Republic of Macedonia for the period from
2006 to 2010 is performed according to applying the Tier 1 method for calculation of estimations. This article in-
cludes the following gasses: Methane, Nitrogen oxide and CO,-eq from sub sector domestic livestock enteric fer-
mentation and manure management. The data sources are based on the animals’ registration records for livestock
species distribution in each planning region (2007-2010) and Statistical Yearbooks of the republic of Macedonia.
Annual methane emission from enteric fermentation and manure management is in the range between 27.31 Gg
(2006) and 26.41Gg (2007), with lowest value in 2009 (25.49 Gg). Depending on the animal waste management
system the highest value of nitrogen exertion (solid storage and drylot) was observed in 2010 (10.43kt/N/yr). An al-
most similar value of nitrogen excretion from pasture and paddock was observed in 2007 and 2008 (9.54 and 9.53
kt/N/yr, respectively). Lowest value for nitrogen excretion from pasture and paddock was noted in 2009 (8.82 kt/N/
yr) and the highest value in 2006 (14.58 kt/N/yr). In this period, the highest value (3.33 kt/N/yr) for other type of
animal waste management system was recorded in 2007.

Key words: methane, nitrous oxide and CO,- equivalent,

86



Greenhouse gasemissions from livestock in the Republic of Macedonia, enteric fermentation and manure...

Introduction

At global level livestock, as a separate sector
of the overall agriculture, is developing quite faster
than other sectors. Sector provides livelihoods to ap-
proximately 1.3 billion people and contributes about
40% of global agricultural production, but also the
sector represents a renewable energy source as an
essential source of manure for farmers. According to
the Food and Agriculture Organization (FAO, 2006),
livestock exploits even 30% of the total surface of
the Earth, mostly through constant use of pastures.
A significant proportion (33%) of total arable land
is used to produce animal feed. The livestock sec-
tor is also one of the main causes of deforestation,
especially in Latin America where 70% of the for-
ests are converted to pastures. As a result of the in-
creased prosperity of the human population the con-
sumption of milk and meat has increased each year,
expectations are that meat production will be two
time higher, from 299 million tons in 1999/01 to 465
million tons in 2050, while milk production is ex-
pected to increase from 580 to 1043 million tones.
Above mentioned expectations indicate an intensifi-
cation of production which is expected to have sig-
nificantly impact on the environment trough high-
er emission of greenhouse gases (GHGs). Livestock
sector generates 18% more greenhouse gases (con-
verted into CO, equivalent) than overall transport

Tab. 1. Livestock number-entrance data

on the planet and at the same time represents a ma-
jor source of land and water degradation. Livestock
sector through emissions of: methane, ammonia and
nitrous oxide significantly affect the environment.
Sector generates 65% of nitrous oxide (which has
296 times greater global warming potential than
CO,) emissions associated with the activities of hu-
man populations. The largest percentage of nitric ox-
ide emission is due to manure management. Out of
all the activities of the human populations, as much
as 37% of the emission of methane (methane has 23
greater global warming potential of CO,) is attrib-
uted to the livestock sector, and that it is a result of
the digestive system of ruminants. In addition to the
emissions of the previous two gases, taking into ac-
count all activities of human populations, even 64%
of ammonia (significantly contributes to acid rain)
are result of the livestock sector. As a result of its
own rapid development the livestock sector signifi-
cantly affect the environment, therefore the environ-
mental impact of the sector must be cut by half in or-
der to avoid increasing the degree of damage beyond
the current level.

GHGs differ in their reemission capacity and
heat absorption. Generally it can be noted that the
emission of certain GHGs is quite low but certain
gases posses’ greater heat capacity retention, that
specific feature is named as global warming capaci-
ty. Differences in global warming capacities can be

Livestock 2006 2007 2008 2009 2010
Dairy Cattle 164,013 166,307 162,338 164,75 175,77
Non-dairy Cattle 91,417 87,459 91,135 87,771 84,117
Sheep 1248,801 817,536 816,604 755,356 778,404
Goats 63,579 126,452 133,017 94,016 75,709
Horses Mules & Asses 0 31,036 30,936 29,418 26,661
Swine 167,116 255,146 246,874 193,84 190,552
Poultry 2585,327 2263,894 2226,055 2117,89 1994,852

Tab. 2. Emission factors for methane from enteric fermentation and manure management

Livestock Emissions factor for eneteric fermentation | Emissions factor for manure managament
(kg/head/yr) (kg/head/yr)

Dairy Cattle 81 6

Non-dairy Cattle 56 4

Buffalo 55 3

Sheep 0.1

Goats 0.11

Horses 18 1.1

Swine 1 4

Poultry 0 0.012
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Tab. 3. Total annual emission of methane

Year Emissions frf)m enteric fermen- | Emissions from manure man- Total annyal .emissions from
tation (t/yr) agement (t/yr) domestic livestock (Gg)

2006 25.13 2.17 27,31

2007 23.90 2.51 26,41

2008 23.80 2.46 26,27

2009 23.23 2.24 25,49

2010 23.88 2.28 26,17

Tab. 4. Total annual nitrogen excretion

Nitrogen Excretion Nex i« (kt /N/yr)
Animal Waste Management System (AWMS)
2006 2007 2008 2009 2010

Solid storage & drylot 10.06 10.07 9.98 10.00 10.43
Pasture range and paddock 14.5 9.54 9.53 8.82 9.09
Other 2.60 332 2.38 2.70 2.61

Total | 27.28 22.94 23.06 20.72 22.14

illustrated trough difference in period of degradation Results

of methane and N,O compared with CO, (in 20 years
period of time 1 kg of CH, will have same effect as
56 kg of CO,).

This paper shows the greenhouse gas emissions
from livestock production sector in the Republic of
Macedonia in the period 2006 -2010.

Material and methods

Entrance data (Tab. 1) in this research, which
were used to calculate GHGs emission, were based
on official statistical data published in statistical an-
nuals of Republic of Macedonia(SSO, 2006, 2007,
2008, 2009 and 2010). Data is processed accord-
ing to the Tier 1 method, which is actually a simpli-
fied method of calculation of greenhouse gas emis-
sions (Greenhouse Gas Inventory Reference Man-
ual, Revised 1996 IPCC Guidelines for National
Greenhouse Gas Inventories. OECD, IEA 1997). As
a method Tier 1 is using readily available statistical
data and default emission factors, which assume a
linear relation between the intensity of the process
and the resulting emissions. The Tier 1 method in-
cludes the following data: number of each animal
species regarding breeding category, data for climate
condition in the analyzed region, which in turn de-
fine emission factors/coefficients. The application of
sophisticated method requires detailed information
about livestock sector.

CH, emission generated from enteric fermenta-
tion and manure management are calculated by using

emission factors by the type of animals (Tab. 2).

Data for total annual emission of methane (en-
teric fermentation and manure management) in the
period 2006-2010 are shown in table 3. Annual
methane emission is higher form enteric fermenta-
tion than emission from manure management. High-
est value from enteric fermentation was noted in
2006 were from manure management in 2007. Total
annual emission was highest in 2006.

Data for nitrogen excretion and emission from
animal waste management system (AWMS) are
shown in table 4 and table 5. Highest value for nitro-
gen excretion (14.5 kt/N/yr) and nitrogen emission
(0.46 Gg) was noted from pasture range and pad-
dock AWMS (table 4 and table 5). Nitrogen emis-
sions and excretion from solid storage and drylot
were almost constant in the analyzed period (table 4
and 5). Emission and excretion of nitrogen (Table 4
and 5) from other types of AWMS were quite lower
than previously mentioned types of AWMS, highest
excretion (3.32 kt/N/yr) and emission (0.26 Gg) val-
ues for this type of AWMS was noted in 2007.

Carbon dioxide equivalent (CO,-eq) repre-
sent a metric measure used to compare the emissions
from various greenhouse gases based upon their glob-
al warming potential (GWP). Highest value (573.45
kt) for CO,-eq from enteric fermentation were not-
ed in 2006 while CO,-eq emission from all types of
AWMS were highest (231.9 kt) in 2007 (Table 6).

Discussion

Ruminants have the unique ability to digest
plant material which contains high levels of cellu-
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Tab. 5. Total annual nitrogen emission

Animal Waste Management System (AWMS)

Total Annual Emissions of N,O (Gg)

2006 2007 2008 2009 2010

Solid storage & drylot

0,32 0,32 0,31 0,31 0,33

Pasture range and paddock

0,46 0,30 0,30 0,28 0,29

Other

0,20 0,26 0,19 0,21 0,21

Total 0,98 0,88 0,80 0,80 0,83

Tab. 6. CO,-eq emission

Year
Annual CO,-eq emission
2006 2007 2008 2009 2010
Enteric fermentation (kt) 573.45 554.61 551.73 535.04 549.64
Animal Waste Management System AWMS (kt) 207.13 231.9 206.89 211.34 213.27

lose. Therefore, an integral component of the whole
process of feed digestion is the formation of meth-
ane. Although during enteric fermentation CH, for-
mation is inevitable, however certain foods and a
properly balanced diet significantly affect the lev-
el of formation of CH, during enteric fermentation.
Methane emission during the enteric fermentation
mainly (87%) is result of rumen activity and low-
er amount of the small intestine (13%) (Murray et
al., 1976). Intermediate products of microbial flora
of the rumen are converted into methane from meth-
anogenic bacteria (Moss et al., 2000).The following
factors have a significant impact on methane emis-
sion: animal type, age, size, quantity of feed, fodder
and fodder intake. Furthermore, the lactation periods
and proficiency levels of animals have a meaning-
ful impact (Jungbluth et al., 2001). Using feed with
higher crude fiber (hay and straw) results in high-
er production of CH, in terms of feeds with a lower
level of crude fiber. Additional reduction in the for-
mation of CH, during the enteric fermentation can
be achieved through the use of granular foods (corn,
barley or wheat). Improperly balanced feed, like
lack of protein or minerals would also result in an in-
creased level of CH, production. Apart from the type
of feed, correctly balanced feed and farming tech-
nology directly affects the amount of produced CH,,.
Breeding technology has particular impact in cattle
breeding, where the formation and emission of CH,
is lower at fixed breeding system (using balanced di-
et and use a greater level of grains) in respect of pas-
ture breeding (Ominski and Wittenberg, 2000).

If we compare CH, emissions from enteric fer-
mentation in the analyzed period (2006-2010) gen-
erally there has been a trend of decreasing of the
emission values. Although the values are quite close,

the highest value for this parameter is noted in 2006
(25.13 t/yr) while the lowest value was recorded in
2009 (23.23 t/yr). Compared with the data Dzabir-
ski et al. (2008) it can be concluded that the emis-
sion of methane from enteric fermentation in the pe-
riod 2003-2005 and analyzed period is almost un-
changed. Small variations in the number of domes-
tic animals, unchanged breeding technology but also
composition of the diet of animals directly affect the
volume of CH, emissions from enteric fermentation.
The high value of CH, emission in 2006 is result of
high sheep number in the country, which according
to official data was 1,248,801 heads (SSO, 2006).

During the manure management CH, emission
is also present, which is still significantly lower than
emissions from enteric fermentation. Main compo-
nent of the manure is the organic matter which under
the influence of methanogenic bacteria is digested
to methane. Methane emission calculation between
different manure management systems primarily is
based on: amount of manure (depending on the type,
category and number of animals) as well as fraction
of manure which is anaerobic decomposed (connect-
ed to the climate conditions in the region) (Dzabir-
ski et al., 2008).

Highest value for emissions from manure man-
agement is notated in 2007 (2.51 t/yr) while the low-
est value was recorded in 2006 (2.17 t/yr). Emis-
sions from enteric fermentation were highest in
2006 and hence the emission of methane from ma-
nure is supposed to be the highest in the same year,
but unfortunately the lack of official data for the to-
tal number of equine and their exclusion from the
further data processing significantly affects the val-
ue of emission. Compared with the data from Dza-
birski et al. (2008) we have noticed a slight increase
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in CH, emissions from manure management in the
analyzed period, where the authors note the high-
est value in 2003 (21.70 t/yr). Total methane emis-
sion (Gg) in the analyzed period shows highest val-
ue (27.31 Gg) in 2006. While in the remaining peri-
od of the emission is approximately same (Table 3).
Higher methane emission in 2006 is due to the high-
er sheep number.

More factors (management system, composi-
tion of manure, the type of bacteria responsible for
manure decomposition, presence of oxygen and fluid
in the manure management systems) significantly af-
fect N,O production during the manure management
process. Aerobic decomposition of manure is charac-
terized with increased N,O emissions, transformation
of N,O in NO results in a reduction of ozone. Lowest
value (9.98 kt/N/yr) for nitrogen excretion from solid
storage and dry lot during the analyzed period (2006-
2010) was noted in 2008. Values obtained for the an-
alyzed period have higher values compared with data
of Dzabirski et al. (2008) as a result of slight increas-
ing of the number of bovine in the country. Reducing
the sheep number in Macedonia directly affects ni-
trogen excretion from pastures and paddock. Highest
value for nitrogen excretion from pastures and pad-
dock was observed in 2006 (14.57 kt /N/yr) which
is two times lower compared with data from RFNC-
CC, 1994 (28.80 kt/N/yr) but about the same with
the data observed from Dzabirski et al. (2008) during
the 2003-2005 period. Lowest value for this parame-
ter was observed in 2008, when sheep number in the
country had lowest number (755356 heads). Annual
variation in the number of domestic animals (poul-
try, horses and pigs) directly correlate with the ex-
cretion of nitrogen from these species. In this group
of animals, the highest emission (3.32 kt/N/yr) was
observed in 2008. The data for analyzed period had
approximately same values with the values observed
from Dzabirski et al. (2008). Annual N,O emissions
(Gg) are primarily determined by the manure man-
agement system. Highest value (0.33 Gg) for the
N,O emission during solid storage and dry lot was
noted in 2010. In this system of manure management
linear emission was observed for the analyzed peri-
od (Table 5). N,O excretion from pasture range and
paddock has decreasing trend (Table 5), primarily as
a result of reducing sheep number. The highest val-
ue (0.46 Gg) was observed in 2006, while the lowest
(0.28 Gg) in 2009. Compared with the analyzed pe-
riod, Dzabirski et al. (2008) in the period 2003-2005
had noted higher values for the N O excretion from
pasture range and paddock. Namely noted emission
were ranging from 0.45 Gg in 2003 and 2005, re-
spectively with highest value (0.53 Gg) in 2004. In
the analyzed period N O emission from the other
types of livestock (pigs, horses and poultry) animals
showed very low emission values, ranging from 0.19
Gg in 2008 to 0.26 Gg in 2007.

Different gases have different global warming
capacity, and their capacity can be defined as the
effect of a gas on climate change. Universal stan-
dard unit of measurement by which the various gas-
es can be assessed is CO,-eq that enables convert-
ing greenhouse gases into a common unit of mea-
surement. Highest value for CO,-eq in the analyzed
period (Table 6) from enteric fermentation (573.51
kt) was observed in 2006 and for manure manage-
ment (231.90 kt) was present in 2007. Lowest values
for CO,-eq emission from enteric fermentation were
observed in 2009 and 2010, 535.04 kt and 549.64
kt respectively. CO,-eq emission in analyzed period
has approximately close values ranging from 206.89
(2008) up to 231.90 kt in 2007. Comparing the data
of the analyzed period (2006-2007) with data from
previous years (2003-2005) can be seen that CO,-eq
emissions from manure management is twice higher,
as CO,-eq from enteric fermentation shows approxi-
mately equal values with the exception of 2006. The
obtained parameters for the CO,-eq emissions (kt) is
significantly lower compared to the values (600 to
700 kt) for emission of CO,-eq which were observed
in the period 1990 - 1997 (Dzabirski et al., 2008).

Conclusion

The main influence of GHGs emission lev-
el from livestock has an annual livestock number
as well as breeding categories in each species. Da-
ta for the period 2006-2010 show downward trend
in greenhouse gas emissions. Applications of mod-
ern breeding technology, balanced feed as well better
feed quality in the future are main objectives in order
to reduce GHGs emission from the subsector. Appli-
cation of further more sophisticated methods for esti-
mation of GHGs is tidily connected with application
of system for integrated administration as well with
possession and application of sophisticated equip-
ment. No major difference of GHG emission from
analyzed period compared to period 2003-2005, ex-
cept for 2006 (due to higher sheep number).
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Abstract

Kocevski, D., Georgievski, S., Dzabirski, V., Bunevski, Gj., Vukovic, V. & Porcu, K. (2013). Managing
poultry diet composition to reduce phosphorus excretion and environmental pollution. Proceedings of the 4" Con-
gress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October 2012. Macedonian Eco-
logical Society, Special issue 28, Skopje.

Phosphorus (P) is one of the essential nutrient for maintaining egg production and egg shell quality in lay-
ing hens. The study was conducted to follow the environmental impacts and production results (egg laying per-
centage and egg shell quality) of modification of the layer’s feeding formulation, by lowering the level (on aver-
age 0.5%) of inorganic phosphorus sources (Mono-Calcium-Phosphate, MCP) and exogenous phytase (Ronozyme
P 5000) supplementation at a level of 0.01%. Two flocks of Hisex Brown layers were fed with isoprotein and iso-
calloric diets with (+) or without (-) added exogenous phytase enzyme, maintaining estimated total and available
phosphorus phase feeding level (Phase0, >28; Phasel, 28-50 and phase2, >50 weeks of age) according the recom-
mended requirements. Production data as well as egg quality parameters (especially eggshell strength) were fol-
lowed and P levels were analyzed in the feed and in the faeces, to follow the balance between added and digested
P. No differences in the production parameters (297.96 versus 297.99 egg number/hen housed) and shell strength
3851.05+897.19 versus 3928.67+913.13 g/cm? were found in the Phytase(-) and Phytase(+) groups, respectively.
Designed feeding formulas with added phytase contained on average 0.5% lower level of MCP or 200g/bird, which
for the farm having 100000 layers is 20t MCP/cycle. Expressed in terms of pure P, 4for this farm level .4t or in to-
tal 44 tons less P will be delivered to the environment from Macedonian egg production flock (1milion layers). Ma-
nure of the hens fed diet supplemented with phytase has 0.06% less P or 30g/bird/cycle, or expressed in terms of
farm with 100000 layers, there are additionally 3 tons less P runoffs in the environment. Phytase supplementation
of the layer’s feed is a useful tool in lowering the environmental pollution with P without significant changes in the
number and quality of eggs produced.

Key words: poultry, nutrition, phosphorus, phytase, environment, pollution

Ancrpaxkr

Kouerckw, /1., 'eopruescku, C., [labupcku, B., ByHeBcku, I, ByuxoBuk, B. u [Topuy, K. (2013). Perynupame
Ha COCTABOT Ha 0OPOKOT Ha )KUBHMHATA CO LIeJl HAaMaJTyBambe Ha eKCKpelrjaTta Ha (ochOopOT U 3araayBambeTo Ha XKHU-
BOTHara cpennHa. 360pHuK Ha Tpymosu on IV Konrpec Ha ekono3ute Ha MakeoHHja CO MEI'yHApPOIHO yUECTBO,
Oxpun, 12-15 okromepu 2012 roguHa. MakeTOHCKO SKOJIOIIKO APYIITBO, MoceOHO u3nanue 28, Ckomje.

Docdopor (P) e eneH of eceHIMjaTHUTE XPAHIMBY MaTepHH 3a OAPKYBambe Ha jajIelIPON3BOICTBOTO U KBa-
JIUTETOT Ha JIyIINara Ha jajuara kaj Hecwikute. CTyauja e Au3ajHUpaHa 3a J1a e Clear BIujaHujaTa BP3 KHUBOT-
Hara CpeAMHa U MPOM3BOIAHUTE Pe3yaTaTd (IPOLEHT Ha HECHBOCT M KBAJIMTET HA JIyIIaTa Ha jajiara) IpH MOJIH-
¢unmpame Ha GopMysalyjaTa Ha CMecKara 3a HCXpaHa Ha HECHIIKUTE, IIPeKy HaMallyBame Ha HUBOTO (TIpoced-
Ho 0,5%) Ha u3BopoT Ha Heoprancku Pocpop (Mono-Kanmuym-docdar, MIIIT) u nonaBame Ha er3oreHa gpurasza
(Ronozyme P 5000) na urBo ox 0,01%. [IBe jata Ha Hisex Brown HecHiku ce XpaHEeTH CO H30IPOTEHHCKH U U30-
KaJOPUYHU CMeCKH co (+) wiu 6e3 (-) momaaneHa er3oreHa (urasa, oap»KyBajKid ToO HUBOTO Ha BKYTICH U HCKOPHC-
TUB Gochop BO CMECKHUTE 3a HCXpaHaA BO pazan4HUTE (Ba3u oj mpou3BogHNOT nukiyc (Paszal, >28; dazal, 28-
50 u ®aza2, >50 Henenu BO3pacT) COMNIacHO MpernopadyanuTe norpedu. [Ipon3BogHUTE MOJATOIM KaKo U MapaMeT-
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puTe 32 KBAJIMTET Ha jajuara (moceGHO BPCTHHATA HA JIyIIIaTa) ce CJIeJICHH a HUBOTO Ha P BO cMeckuTe u u3me-
TOT aHAJIM3UPAHH CO LeJ Ja ce ciefu OanaHcoT moMery JoAaHuoT U qurectupanuot P. He ce 3abenexanu pasnu-
KU BO Ipon3BoaHuTe mapaMeTpu (297,96 vs 297,99 jajua/BceneHa Hecuika) ¥ IBPCTUHATA Ha JIYIINATa Ha jajuara
(3851,05+897,19 vs 3928,67+913,13 g/cm? ) kaj rpynuTe HECHUIIKH XPaHETH CO CMeCKHU 0e3 momaaeHa ¢urasa (-) u
co joxaneHa ¢urasa (+), pecrekTuBHO. JIu3ajHupanuTte GopMyIalny 3a CMECKUTE CO JI0flaJieHa GuTasa coapikea
Bo 1pocek 0,5% nomanky MCP nnu oxoiny 200g/mTria, o Ha HUBO Ha 1esata papma koja nmal00000 Hecunku
nsnecysa 20 t MCP/ukiyc. M3paseno Bo uucr P, 4.4 3a papma co oBaa ronemMuHa Hin BKynHO 44 ToHa oMainky P
Ou ce IeOHUPaIo BO OKOJIMHATA OJT LIEJIOTO jaTo Ha Hecuyku Bo P. Makenonuja (1 Munuon Hecuiiku). M3meror Ha
HECHJIKUTE XPAHETH CO CMeCKa co JofaneHa ¢urasa conpxente 0,06% nomanky P min 30g/nTuna/mukinyc, uim us-
paseHo Ha HHBO Ha papma co 100000 HecuKH OBa ce JoJaTHU 3 TOHA MOMaJIKy P ienoHnpan Bo )KUBOTHATA CPEIIH-
Ha. JlonaBameTo GuTa3a BO CMECKHUTE 32 HCXpaHa HAa HECHJIKUTE € KOPHCHA alaTKa 3a HaMaJlyBame Ha 3arayBarbe-
TO Ha KMBOTHATa cpearHa co P, 6e3 3Ha4ajHN MPOMEHH BO OPOjOT U KBAJIUTETOT Ha MPOM3BEACHHUTE jajuia.

Kuyunu 360poBu: xusuHa, ucxpata, @ocodop, ¢purasa, KUBOTHA CPEIMHA, 3arayBatbe

Introduction

Phosphorus (P) is one of the essential nutrient
for maintaining egg production and egg shell qual-
ity in laying hens. Inputs of P needed to support
egg production, are in direct relation to manure P
contents, which after its use as fertilizer contami-
nates land and consequently water resources with P
contributing to eutrophication processes. Therefore,
careful tuning of input-output nutrient ratio is need-
ed aiming at reducing the amount of phosphorus ex-
creted by layers. One of the approaches is directed
towards lowering feed P content but increasing its
utilization, without compromising production per-
formance. Exogenous phytase enzyme supplementa-
tion in the diet is one of the management techniques
that made this approach feasible.

Necessary levels of P in poultry diets come
from vegetables (grains) and animal by-product
feedstuffs, but the most valuable and bio-available
part comes from inorganic phosphorus supplements
(Mono, Di or Three Calcium-Phosphates). This inor-
ganic part is an obligatory ingredient because grain
sources (corn, barley, wheat, soya e.t.c) contain or-
ganically-bound phosphorus salts of phytic acid
(phytate phosphorus) ,which is almost unavailable
for the metabolism of birds, and very limited amount
of P in nonphytate form (Klis et al, 1996; Kornegay
1996; Angel et al., 2002; ). Since birds lack phytase
and the endogenous enzyme that is necessary for di-
gestion of phytic acid salts molecules, they are un-
able to utilize the phytate-bound phosphorus, which
is excreted in the faeces and load the soil through
poultry manure fertilization of the land.

Many research experiments were conducted
based on supplementing diets with an exogenous
phytase enzyme, thus helping phytate-bound P utili-
zation, aiming at reducing fecal P content without af-
fecting production level (Gordon and Roland, 1997,
Boling et al., 2000; Lim et al., 2003; Liebert et al.,
2005; Liu et al, 2007; Rubio et al 2009; Skiivan et al,
2010; Meyer and Parsons 2011; Singh et al, 2011).

Feeding layers with diets containing only 0.1%
available phosphorus has negative effect on pro-
duction records. Supplementation of feed with en-
zyme phytase has substantially improved egg pro-
duction, and as an additional effect minimum lev-
el of excreta phosphorus was noticed in the research
of Koelkebeck and Boling, 2009. Francesch et all,
(2005) which in their experiment has overcome the
adverse effects of a low P (1.3 or 1.1 g/kg NPP) di-
ets (reduced egg production, weight gain, feed con-
sumption) with microbial phytase supplementation,
concluding that layers fed with low NPP diets sup-
plemented with phytase performed equally as layers
fed with control diets (3.2 g/kg of NPP), reducing
excreta P content to 49%. Panda at all (2005) con-
ducted nutrition experiment feeding Leghorn layers
with different levels of non-phytate P (NPP) with the
lower than recommended level supplemented with
500 FTU per kg diet microbial phytase. They found
no significant difference in hen day egg production,
food intake, food efficiency, shell weight, shell thick-
ness, shell strength and tibia strength egg weight,
specific gravity and Haugh units, finally concluding
that addition of 500 FTU of microbial phytase/kg di-
et can allow reduction of NPP content to 1.2g/kg in
the layer diet. Such approach has lead to significant
reduction of nitrogen and phosphorus load of the soil
through manure use as fertilizer.

The basic idea for the realized experiment was
to perform industry scale experiment on a layer farm
in the Republic of Macedonia and to confirm the al-
ready published data showing that phytase supple-
mentation of laying hen diets improves production
performance and decreases the amount of phospho-
rus excreted in the manure, leading to substantially
reduced amount of phosphorus load in the soil.

Materials and methods
The study was conducted to follow the envi-

ronmental impacts and production results (egg lay-
ing percentage and egg shell quality) of modifica-
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tion of the layer’s feeding formulation, by lowering
the level (on average 0.5%) of inorganic phosphorus
sources (Mono-Calcium-Phosphate, MCP) and ex-
ogenous phytase (Ronozyme P 5000) supplementa-
tion to a level of 0.01%. Two farm houses were pop-
ulated with Hisex Brown pullets at 16 weeks of age,
fed and managed according to the recommendation
until the point of lay. One week before the start of
the production, two flocks were annotated to differ-
ent feeding regimes keeping all the other in-house
environmental and management conditions similar.
Such design enables layers to be fed with isoprotein
and isocalloric diets with (+) or with out (-) added
exogenous phytase enzyme, maintaining estimated
total and available phosphorus phase feeding level
(Phase0, >28; Phasel, 28-50 and phase2, >50 weeks
of age) according to the recommended requirements
(Table 1) just by decreasing or increasing inorganic
partition of the Phosphorus source in the feed (Mo-
no Calcium Phosphae-MCP).

Production data as well as egg quality parame-
ters (especially eggshell strength) were followed and

P levels were analyzed in the feed and in the faeces,
to follow the balance between added and excreted
level of nutrient, especially Phosphorus, and to esti-
mate the digestibility of it as a base for optimization
of the input-output level of nutrients.

Egg size (weight) and strength analyses were
performed in the laboratory for testing marketing
egg quality at the Institute for animal biotechnology
of the Faculty of agricultural science and food, using
Eggshell Gauge (Robotmation Co. Ltd., Tokyo, Ja-
pan). This equipment offers unbiased, computerized
measure of the physical characteristics of eggshell
(egg breaking strength).

Chemical analyses were performed using stand-
ard laboratory procedures (ISO5983-1 for N-crude
protein and ISO6491, 1998 for P).

Results and discussion
The results obtained after finishing the produc-

tion cycle (395 days) showed that hens performed
quite similarly under the designed feeding regimes

Tab. 1. Nutrient composition of different diets (phase feeding) used in the experiment

Diet Diet Diet Diet Diet Diet
FO - FO + F1 - F1+ F2 - F2 +

Ingredient % % % % % %
Corn 42.76 43.65 44.49 45.70 44.58 45.49
Barley 5.00 5.00 9.20 9.20 10.00 10.00
Soya been meal 30.42 30.25 24.43 23.97 23.75 23.58
Rape seed meal 4.00 4.00 4.80 4.80 5.00 5.00
Vegetable oil 5.81 5.51 5.20 4.84 4.28 3.97
Limestone 9.56 9.56 9.56 9.63 10.20 10.25
Salt 0.26 0.26 0.27 0.27 0.22 0.22
Sodium bicarbonate 0.21 0.21 0.17 0.17 0.29 0.29
MCP 1.50 1.03 1.20 0.73 1.04 0.56
DL-Methionine 98% 0.10 0.10 0.13 0.13 0.10 0.10
Enzyme — Ronensime

phytase 5000 (+ or -) 0.00 001 0.00 L0 0.00 401
Betaine — Methionine 0.05 0.05 0.02 0.02 0.03 0.02
Cholin — Chloride 0.08 0.08 0.03 0.03 0.01 0.01
Vit.-Min. premix 0.50 0.50 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00 100.00 100.00
ME KCal / kg 2740.00 2740.00 2750.00 2740.00 2700.00 2690.00
Dry matter 89.00 89.00 88.80 88.80 88.70 88.70
Humidity 11.00 11.00 11.20 11.20 11.30 11.30
Crude ash 13.87 13.44 13.51 13.07 14.00 13.58
Crude fat 7.48 7.20 6.94 6.60 6.04 5.76
Crude proteins 17.95 17.96 16.27 16.17 16.14 16.15
Crude fiber 4.20 4.22 4.18 4.19 4.21 4.23
Lysine 0.96 0.96 0.85 0.85 0.83 0.83
Methinine 0.44 0.44 0.39 0.39 0.39 0.39
Met + Cystine 0.75 0.75 0.68 0.68 0.68 0.68
Ca 3.80 3.80 3.80 3.80 4.00 4.00
P (total) 0.67 0.57 0.60 0.50 0.57 0.47
P available 0.39 0.30 0.33 0.25 0.30 0.21
P Phytase liberated 0.00 0.09 0.00 0.08 0.00 0.09
P avail + P Phyt liber 0.39 0.39 0.33 0.33 0.30 0.30
P organic 0.03 0.02 0.03 0.02 0.02 0.02

Diet F0 +, FI + and F2 + = diets supplemented with Phytase

Diet FO -, F1 - and F2 - = diets without Phytase
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that is in-line with the previously published results
(Ciftci et al, 2005; Liebert et al, 2005). Daily laying
percentage (81.02% vs 80.83%), as well as number
of egg produced per hen housed (297.96 vs 297.99),
for F— and F+ groups were close to the technologi-
cal level and without noticeable difference between
groups (Table 2).

Analyses of shell strength (parameter that di-
rectly reflects any unbalance between Ca and P lev-
el in the feed) performed during the production cy-
cle revealed no significant differences between feed-
ing regimes groups. Egg shell strength of the sam-
ples of eggs that were collected from all three feeding
phases were on average 3731.4 and 3832.08 for the
first phase of production (>28 weeks of age), 3898.26
and 4018.00 for the second phase (age 28-50 weeks),
4041.60 and 3946.80 for the third phase (>50 weeks
of age) for both groups (without added phytase — F-
and with added phytase — F+), respectively (Table 3).

Tab. 2. Production parameters of two flocks

Chemical analyses of the diets according to
formulated feeding formulas with or without added
enzyme phytase and manure of the hens feed with
these ratios are presented in Table 4. Feeding formu-
las with added phytase contained on average 0.5%
lower level of MCP or 200g/bird, which for the farm
having 100000 layers is 20t MCP/cycle (Table 1).
Expressed in terms of pure P, for this farm level 4t,
or in total 44 tons less P will be delivered to the en-
vironment from Macedonian egg production flock
(1milion layers).

Manure of the hens fed diet supplemented with
phytase has 0.06% less P or 30g/bird/cycle or, ex-
pressed in terms of farm with 100000 layers, it is
additionally 3 tons less P runoffs in the environ-
ment (Table 5). Our data show much lower effect
of phytase in the reduction of the P content of the
manure compared to published results of Francesch
et all, (2005), but the overall effect is still positive.

Control farmhouse Phytase supplemented feed
farmhouse
F - F+

Feed consumption/hen housed 41.99 41.66

Number of egg produced/hen housed 297.96 297.99

Average production % 81.02 80.83
Tab. 3. Shell strength g/cm? (at different production phase and average)

Diet Diet Diet Diet Diet Diet Average | Average
FO - FO0 + F1 - F1+ F2 - F2 + F - F+

Average 3731.40 3832.08 3898.26 4018.00 4041.60 3946.80 3890.42 3932.29

Maximum 5352.00 5305.00 5269.00 | 5632.00 | 4820.00 5517.00 5352.00 5632.00

Minimum 1748.00 1672.00 1791.00 1880.00 | 2750.00 2558.00 1748.00 1672.00

STD 1075.87 896.81 769.02 983.55 692.78 832.66 897.19 913.13
Tab. 4. Average values of chemical analyses of the different diets and manure of the layers

DIETS
Diet Diet Diet Diet Diet Diet
FO - FO + F1 - F1+ F2 - F2 +

Dry matter 90.13 89.47 90.26 89.89 89.58 90.22

Humidity 9.87 10.53 9.74 10.11 10.42 9.78

P (total) 0.62 0.98 0.66 0.75 0.50 0.76

N 2.65 3.35 2.73 3.16 2.71 2.69

MANURE

Dry matter 77.38 81.01 70.52 77.88 72.03 75.09

Humidity 22.62 18.99 29.48 22.12 27.97 2491

P (total) 0.41 0.49 0.63 0.41 0.50 0.46

N 0.69 0.52 0.94 0.49 0.82 0.62
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Tab. 5. Average values of the effect of phytase in reducing the output of P in the manure

Average content of P in the manure of layers fed with diet without phytase 0.51%
Average content of P in the manure of layers fed with diet supplemented with phytase 0.45%
DIFFERENCE - EFFECT OF PHYTASE 0.06%

Good shell strength could be attributed to the effect
of the supplemented enzymes that affect digestibili-
ty of P, but also to increasing the availability of P in
the intestines. The more P is available, the (due to
breakage of phytin salt molecules) more resorption
is improved and final result is better shell strength
even in the elderly hens (at the end of laying cycle)
when shell strength usually drops as a result of low-
er capacity for P resorption.

Based on the results obtained, it could be con-
cluded that phytase supplementation of the layer’s
feed is useful tool in lowering the environmental
pollution with P without significant changes in the
number and quality of egg produced.

Conclusion

Formulated diets where, due to exogenic
phytase enzyme supplementation, lower inorgan-
ic P levels were needed, contained on average 0.5%
lower level of MCP or 200g/bird/cycle. Calculated
for the farm having 100 000 layers, this is reduc-
tion of 20t MCP/cycle. If this value of inorganic P
source is expressed in terms of pure P, around 4t less
P will be loaded to the environment. If this is applied
to all layer farms in Macedonia, 44 tons less P will
be delivered to the environment from Macedonian
egg production flock (1milion layers) in total. Ma-
nure of the hens fed diet supplemented with phytase
has 0.06% less P or 30g/bird/cycle or expressed in
terms of farm with 100000 layers it is additional-
ly 3 tons less P runoffs in the environment. Adding
enzyme Phytase in the layer’s feed could be one of
the tools for lowering the environmental pollution
with P without significant changes in the number
and quality of egg produced.
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Ancrpaxkr

Kouesckn, [I., Nopruescku, C., Llabupcku, B., Bynescku, I, Bykosuk, B. & [opuy, K. (2013). PecTpuKTHBHO
XpaHeme KaKko yIpaByBauKH ajiaT 3a HaMaJlyBame Ha MPOAYKIHKjaTa Ha OTIIAOH U 3araJyBame Ha OKOJIMHATA Off
(dapmu. 36opHuk Ha Tpynosu o IV KoHrpec Ha exoo3ute Ha MakeoHHja co MeryHapOIHO yuecTBo, Oxpum, 12-
15 oxtomBpu 2012 ronuHa. MakeTOHCKO €KOJIOIIKO APYIITBO, MoceOHO m3nanue 28, Ckomje.

AdlibitumucxpaHara e Haj4eCTO KOPHCTCHUOT METO/] Ha NCXPaHa BO TEXHOJIOTHjaTa Ha OJIIVIC Iy Bathe Ha HE CHITKH
Co el Ja ce 00e30ean LeIoCHa eKCIpecHja Ha TeHETCKHUOT MOTEHIIMjall Ha BUCOKONIPOAYKTUBHUATE TCHOTHIIOBU
Hecwikd. KonnunHara Ha Ipou3Be/ieH N3MET Koj ce ucdpiia BO JKHMBOTHATA CperHA OOMYHO € BO TUPEKTHA BPCKa
CO KOHCyMHpaHaTa XpaHa. J[M3ajHUpaH € OIHUT CO el Ja Ce UCTPaKh e(eKTOT Ha PEeCTPUKTHBHATA TEXHUKA Ha
HCXpaHa BP3 IPOM3BOJHNTE apaMeTpu M )KUBOTHaTa cpeanHa. Hecuiku ox ISA Brown npoBrHueHIH]ja, HA HCTA
BO3PACT CE CMECTEHH BO J[Ba 00jEKTa BO CIIMYHH YCJIOBU Ha OAIVIEAyBambe. PecTpuKTHBHA cXpaHa (KOHTPOJIUpaHa
KOJIMYMHA Ha JIHEBHO KOHCYMHUpaHa XpaHa) Ha HECUJIKUTE BO €IHHOT 07l 00jeKTHTE € CIPOBE/ICH M0 HABPIIYBAkbE
Ha 40 HeaeIu BO3pacT, 0/IeKa BO APYTHOT 00jeKT BooOHUacHaTa ad [ibitum TEXHOIOTHja Ha UCXPaHa € 3a/Ip)KaHa ce
JI0 KpajoT Ha eKcIioaraioHuot nepuos (80 HemenHa Bo3pacT). HyTpUTHBHUOT cOCTaB HAa CMECKHTE € Ie(UHUPAH
BO COIVIACHOCT CO MperopavyaHuTe motpedu 1 Bozpacta Ha Hecuikute. [IponsBonnute pesynratu (0poj u roreMuHa
Ha jajia), MOpTalIUTeT, KOHCYMallija Ha XpaHa, KOHBep3HUja Ha XpaHa U IapaMeTpUTe 3a KBaJIUTETOT Ha jajiara ce
ciiesieHu Kaj obete rpynu. He ce 3abenexanu pa3inki Bo npou3BoaHuTe mapameTpH (81.59 vs 80.55% uHTCH3UTET
Ha HecHBOCT; 2.355 vs 2.299 kg xpana/kg jajucHa maca; 143.87g vs 140.44g xpana/mpoussenacHo jajie and 61.08g
vs 61.08g maca Ha jajua) kaj koHTposnHara (ad libitum) Tpyma W rpynara Ha Koja ¢ TIPUMEHETa PeCTPUKTUBHA
HCXpaHa, COOTBeTHO. Kako pesyarar Ha HamaleHHOT BHeC Ha XpaHa (1kg xpaHa/KOKOIIKa) HAMAJICHO KOJIUYECTBO
Ha m3MeT (1kg) e mpousBeneH MTo MpUIOHECYBa moMaino koiaudectBo Ha P (1kg x 0.016 x 0.44 = 0.007kg wiu
7g/Hecunka/mukinyc) aa 6ume uchpieH BO KUBOTHATa cpenuHa. V3paseHo BO TepMuHHM Ha MaKeIOHCKOTO jaTo
HecwIkH (I MUIMOH HECWJIKM)OKOJIy 7 TOHa momaiky P ke ce mcdpiu Bo jXMBOTHara cpenuHa. [IpuMenerara
TEeXHUKAa Ha PECTPUKTHBHA HCXpaHa pe3y/ITHpalle coO HaMaJleHa KOHCyMalldja Ha XpaHa, HaMaJeHH MPOU3BOIHH
TPOLIOIHM, HAMAJICHO 3ara/lyBare Ha JKMBOTHATA CpeMHa 0e3 J1a Birjae Ha IPOM3BOIHUTE MapaMeTpH.

KJIy‘lHI/l 360[)0]3]/[: JKUBHHA, UCXpaHa, pECTPUKTUBHA NUCXpaHa, )KUBOTHA CPE€INHA, 3aralyBambe

Abstract

Kocevski, D., Georgievski, S., Dzabirski, V., Bunevski, G., Vukovic, V. & Porcu, K. (2013). Restrictive feed-
ing as a management tool for reduced manure production and environmental pollution from a layer farm. Proceed-
ings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October 2012.
Macedonian Ecological Society, Special issue 28, Skopje.

Ad libitum feeding is the most usual feeding management practice in egg production technology aiming at ex-
pressing the full genetic potential of high egg producing layer genotypes. Quantity of manure produced and dis-
posed in the environment is usually in direct relation to the feed consumed. Trial was designed to explore the ef-
fect of restrictive feeding technique and the effect of such treatment on the environment and production parame-
ters. ISA Brown layers of same age were placed in two farm houses under similar environmental conditions. Re-
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strictive (controlled quantity of daily feed consumed) feeding of the layers was applied in one of the farm house,
starting from 40 weeks of age onward, while in the other farm house usual ad libitum feeding technique was main-
tained through the exploitation period (80 weeks of age). Nutrient composition of the feed was defined according
the recommended requirements and age of the layers. Production data (number and size of the eggs), mortality, feed
consumption, feed conversion and egg quality parameters were followed in both groups. No differences in the pro-
duction parameters (81.59 vs 80.55% laying percentage; 2.355 vs 2.299 kg feed/kg egg mass; 143.87g vs 140.44g
feed/egg produced and 61.08g vs 61.08g egg size) were revealed in the control (ad libitum) and restrictive feeding
group, respectively. As a result of the lower feed intake (1kg of feed/hen) lower quantity of manure (1kg) was pro-
duced leading to lower quantity of P (1kg x 0.016 x 0.44 =0.007kg or 7g/hen/cycle) disposed to the environment.
Expressed in terms of Macedonian egg production flock (1milion layers) roughly 7 tons less P runoffs in the envi-
ronment. Applied restrictive feeding technique resulted in lower feed consumption, lower production costs, less en-
vironmental pollution without affecting the productivity parameters.

Key words:

Introduction

The most usually used feeding technique in lay-
ers is ad libitum feeding that leads to overconsump-
tion, buildup of excessive body fat, less efficient pro-
duction and at the end excessive manure production
and unnecessary environmental pollution. Many at-
tempts have been made to introduce techniques of
restricted or limited feeding, technique that is com-
mon in broiler breeding flocks.

Swanson and Johnston (1975), based on the pre-
vious studies, come to conclusions that layer stock
(in their case Leghorns) expresses a tendency to over
consume on full-feeding programs. They suggested
restriction at early age before peak of production of
12 to13% in feed quantity if possible, without nega-
tive effects on egg production records and with sub-
stantial economic savings, but their technology of
restriction was based on limited time for consuming
of feed (several periods of one hour when the birds
have access to feed and the rest of the time feed-
ers are closed for the hens) and not direct control of
the quantity consumed. Later Swanson and Kuney
(1979), reported similar conclusions but in favor of
later stage (after 40 weeks of age) restriction applied
gradually to reduce the stress of restriction.

Kuney and Enos (1980), also performed a com-
parison trial with layers fed under restriction (time-
limited feeding), relative to ad libitum-fed. Restric-
tions were on the levels of 11% and 8% during the
first lay cycle and 12% and 10% during the second
cycle. They reported that restrictive feeding pro-
grams significantly improved feed efficiency caus-
ing non-significant depressions in rate of lay and an
increased shell thickness.

The effects of the four quantitatively restriction
(feeding 105 g/bird/day) feeding programs initiated
at different stages of production on performance and
economic returns of White Leghorn layers were an-
alyzed by Cunningham and Polte (1984). They con-
cluded that early feed restriction resulted in reduced
egg production and size while restriction started at
age of 38 and 45 weeks lead to egg production com-

poultry, nutrition, restrictive feeding, environment, pollution

parable to the ad libitum fed hens and lower feed
costs. Cunningham (1984), performed experiment
designated to compare production records of White
Leghorn layers under different restriction feeding
schemes (ad libitum feeding from 20 to 64 weeks
of age, feeding 105 g/bird/day starting at 36 weeks
to 64 weeks, feeding 105 g/bird/day from 36 to 53
weeks of age followed 95 g/bird/day to 64 weeks
and feeding approximately 95 g/bird/day continu-
ously from 36 weeks).

Reasonable restriction feeding program offering
105g/bird/day starting at week 36 resulted in compa-
rable results to full feeding program and all the oth-
ers negatively influence egg number and size.

Materials and methods

The trial was designed aiming at reducing the
environmental impacts of the egg producing oper-
ation through management technique of controlled
daily feed allowances for the layers after the age of
40 weeks when their genetic background for high
egg production and high egg size lead to a tendency
of producing oversized eggs under ad libitum feed-
ing technique.

ISA BROWN pullets, (16818 pullets in con-
trol farm house and 17587 in the trial farm house)
were housed under similar environmental and man-
agement conditions. Phase feeding techniques using
formulas based on the recommended nutrient levels
(table 1) was practiced. Phase0 formulated feed was
used for feeding the birds until the age of 28 weeks
followed by Phasel feed formula up until week 40,
when the trial group was subjected to restrictive
feeding technique. This design actually means that
two flocks were kept under same condition (ad /ibi-
tum feeding technique) till age of 40 weeks when the
trial farm house flock was subjected to gradual feed
restrictions. Feed restriction was applied as a con-
trol of the daily allowance of feed (Diet F1-up to 50
weeks of age and F2 — >50weeks) calculating the fi-
nal desired feed consumed, but aiming to keep the
production results on a reasonable level (as the con-
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trol birds feed ad libitum).

Production data were followed to revealed that
the control feeding technique leads to lower feed
consumption, lower manure production, but with-
out influencing the egg production (in terms of num-
bers and size) therefore is comparable with ad /ibi-
tum feeding technique.

Tab. 1. Nutrient composition of different diets
(phase feeding) used in the experiment

Diet FO | Diet F1 | Diet F2
Ingredient % % Y%
Corn 43.00 44.55 44.07
Barley 5.00 9.00 11.00
Soya been meal 34.15 29.61 28.65
Vegetable oil 5.70 5.00 4.00
Limestone 9.50 9.53 10.00
Salt 0.25 0.28 0.24
Sodium bicarbonate 0.22 0.17 0.29
MCP 1.46 1.21 1.11
DL-Methionine
98% 0.10 0.10 0.10
Betaine — Methionine 0.04 0.02 0.03
Cholin — Chloride 0.08 0.03 0.01
Vit.-Min. premix 0.50 0.50 0.50
Total 100.00 | 100.00 | 100.00
ME KCal / kg 2750.00 | 2750.00 | 2720.00
Dry matter 88.90 88.90 88.80
Humidity 11.10 11.10 11.20
Crude ash 13.55 13.50 13.89
Crude fat 7.48 7.01 6.01
Crude proteins 17.99 16.45 16.01
Crude fiber 4.10 4.10 4.20
Lysine 0.95 0.85 0.83
Methionine 0.45 0.40 0.39
Met + Cystine 0.75 0.67 0.67
Ca 3.77 3.81 3.98
P (total) 0.68 0.61 0.60
P available 0.40 0.35 0.33

Tab. 2. Production parameters of two flocks

Results and discussion

Layers from both groups performed quite well
and close to the technological levels presented in
the ISA Brown manuals. Production records from
the both flocks (table 2) were inline to support the
theory of control feeding techniques. Namely, aver-
age daily feed consumption was lower in trial flock
(113.12 vs 117.39 in control group), leading to bet-
ter feed conversion (2.299 vs 2.355) and lower feed
spent per egg produced (3.4g less feed in favour of
trial group).

Egg size, as the most important parameter,
was followed in both groups and no actual differ-
ences were found between both groups (61.08g vs
61.08g).

All data suggested that no significant differenc-
es in the production parameters (81.59 vs 80.55%
laying percentage) were revealed in the control (ad
libitum) and restrictive feeding group, respectively,
so such feeding technique is approved to be used af-
ter 40 weeks of age in layers.

As could be seen from the table 3 the hens from
the trial flock consumed 41.85kg and the control
ones 42,87kg of feed (based on the hen housed num-
ber) and as a result of the lower feed intake (1kg
of feed/hen housed) lower quantity of manure (1kg)
was produced leading to lower quantity of P (1kg x
0.016 x 0.44 =0.007kg or 7g/hen/cycle) disposed to
the environment.

If these values, of pollution reduction, are ap-
plied on the number of layers in R. Macedonia
(1milion layers), roughly 7 tons less P runoffs in the
environment.

These data suggest that restrictive feeding tech-
nique as a management tool resulted in lower feed
consumption, lower production costs, less environ-

Control flock Trial flock

Average daily feed consumption (g) 117.39 113.12

Number of eggs / hen housed 301.66 300.89

Kg eggmass / hen housed 18.20 18.20

Feed conversion - kg feed / kg egg mass 2.355 2.299

Average egg weight (g) 61.08 61.08

Average laying intensity % 81.59 80.55

Feed spent (g) / egg 143.87 140.44

Table 3. Quantity of feed consumption during the trial
Control flock Trial flock

Avrage number of layers in the trial period 15016 15986
Total Quantity of feed consumed 720950kg 735990 kg
Quantity of feed spent / average number of layers 48kg 46.01 kg
Quantity of feed spent / housed number of layers 42.87 41.85
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mental pollution without affecting the productivity
parameters and that it is appropriate to be applied
if egg producers will have to reduce environmental
pollution without any detrimental effects to the pro-
duction data, thus to the profitability of the industry.

Table 4. Average values for chemical composition
of the feces and manure of layers

Characteristics Feces (fresh) | Manure
Average body weight kg 1.850 1.850
Period of exploitation 365 365
(days)

Specific weight kg/m? 993.000| 993.000
Humidity % 85.000| 65.000
Total Nitrogen Content % 1.350 1.400
NH30-0N Amonia Nitro- 0330 0.700
P.O.% 1.050 1.600
Pure Phosphorus (P) 0.462 0.704
K,0 % 0.600 1.000
Ca% 2.050 2.050
Mg % 0.210 0.270
S % 0.210 0.350
Na % 0.180 0.140
Cl % 1.000 0.200
Mn % 0.008 0.014
B % 0.002 0.001
Zn % 0.007 0.015
Cu % 0.001 0.002

Conclusion

Applied restrictive feeding technique, or more
precisely stated, control level of feeding with desig-
nated quantity of feed after 40 weeks of age could
be successful management tool for reducing the en-
vironmental pollution, without affecting the produc-
tion parameters and at the same time cutting down
the production costs, therefore leading to better prof-
itability of the layer operations.

References

AOAC, Association of Official Analytical Chemists
(1995): 4. Animal feeds. Phosphorus. 965.17
Photometric method. In: Official Methods of
Analysis. Washinghton, DC., USA, p. 27.

Bell, D. (2000). Performance Characteristics of
High, Medium, and Low Profitability Flocks
- Part 1. Cooperative Extension - University
of California.

Benitez Hector (1974). Limited feeding of
commercial layers with diets of different
nutrient densities. Cornell University.

Best Peter (1974). Less feed for layers? Poultry
International, June p. 8-12.

Benyi, K., Akinokun, O. and Lebbie, S. H. B.

(1981). Effects of feed restriction during
the laying period on the performance of two
strains of mature caged commercial layers in
the humid tropics. The Journal of Agricultural
Science, 96, pp 195-203.

Cerniglia, GJ, Goodling AC, Hebert JA. (1984).
Production performance of white Leghorn
layers limited fed. Poult Sci.;63(6):1105-9.

Collet, S.R. (2003). Alltech Inc.Performance vs
productivity.

Cunningham D.L. and Polte S.J. (1984). Production
and income performance of white leghorn
layers feed restricted at various stages of
production. Poult Sci. 63(1):38-44.

Cunningham DL. (1984). A comparison of
controlled feeding programs for maximizing
returns of white Leghorn layers. Poult Sci.
63(12):2352-7.

Kari, R.R., Quinsberry, J.H. and Bradley, J.W. (1977).
Egg Quality and Performance as Influenced
by Restricted Feeding of Commercial Caged
Layers Poult. Sci. vol. 56 no. 6 1914-1919.

Kuney, D.R. and Enos L.H. (1980). Time-Limited
Feeding of Leghorn Layers in California
Open Housing. Poult. Sci. vol. 59 no. 8 1824-
1831.

Muir, FV. and Gerry, RW. (1978). Effect of
Restricted Feeding and Watering on Laying
House Performance of Red x Rock Sex-
Linked Females Poult. Sci. vol. 57 no. 6
1508-1513.

NRC (1994). Nutrient requirements of poultry. 9th
ed. National Academic Press, Washington,
DC, USA.

Phelps Anthony (1974). Cage layers may be drinking too
much. Poultry International, August p. 8-16.

Plumstead, P.W. (2007). Strategies to reduce fecal
phosphorus excretion in the broiler industry
without affecting performance. Ph.D. Thesis,
North Carolina State University.

Snetsinger, D.C. and Zimmerman, R.A. (1974).
Limited feeding lowers costs. Poultry
International, August p. 18-28.

Swanson, Milo H. Gary, U.C. and Johnston, W.
(1975). Restricted feeding of Leghorn layers.
California Agriculture. November 1975.

Swanson, Milo and Kuney, D.R. (1979). Late
versus early initiation of controlled feeding
of Leghorn layers. California Agriculture.
October 1979.

Thomas, C.H. Albritton, D.A. (1967). The effects
of restricted feeding on different strains
of commercial layers. Mississippi State
University, Volume 749 of Bulletin,
Agricultural Experiment Station.

Wauldroup, P.W. (1999). Nutritional approaches to
reducing phosphorus excretion by poultry.
Poult. Sci. vol. 78 no. 5 683-691.

102 36o0puuk Ha TpyaoBu o1 IV Konrpec Ha exonosute o1 Makenonuja



Proceedings of the 4" Congress of Ecologists of
Macedonia with International Participation
Ohrid, 12-15 October 2012

Macedonian Ecological Society

COAPKMHA HA TEIIKHU METAJIM BO ITIOYBH O/
HEI'OTHUHCKO

Mapjan Anapeescku, Jymko MykaetoB, Xpuctuna [Tonocka

3emjooencku uncmumym, Ynueepzumem ,, Ce. Kupun u Memoouj” Cronje,
6yn. Anexcanoap Makeooncku 66., 1000, Cronje, Maxedonuja

N3Bon

Amnnpeescku, M., Mykaetos, /1., [Tonocka, X. (2013). CoapxuHa Ha TEIIKHA METaJIH BO TOYBH Ol HETOTHH-
cko. 36opHuK Ha Tpynosu ox IV Konrpec Ha exonosure Ha MakeoHuja co MeryHapoaHo ydectso, Oxpua, 12-15
oktoMBpHu 2012 roauHa. MakeaoHCKO €KOJIOIIKO APYIITBO, TOoceOHOo n3nanue 28, Ckorje.

Llen Ha ucTpaxkyBarmara € Ja ce MCIHTa COAPKMHATA Ha BKYITHUTE U AOCTanHU Gopmu Temku Metanu (Cu,
Fe, Mn u Zn) Bo perocoi 1 peH3uHa 00pa3yBaHu Bp3 janopen. Bo arapor Ha c¢. Tumjanuk (Herotuncko) Ha j1o-
kanuteToT Ilynka, Ha moBpimHa o 11 ha e uckomaH eeH moYBeH npodut Ha perocoin (mpodut 1) u eaeH mpo-
¢un Ha penzuna (podun 2). PactBopameTo Ha MoYBeHUTE MPOOH ¢ M3BpuIeHO co konueHTpupana HCl u HNO,
BO ofHOC 3:1, a oIpeaeTyBambeTO Ha TEIIKUTE METAIH € U3BPLICHO CO aTOMCKU EMHCUOHCH CIIEKTPOMETap cO UH-
JIYKTHBHO cripertara masma Varian 715ES. JloctanHuTe opmu Ha TEIIKK MeTalu ce ekcTpaxupanu mo DTPA me-
TOJIOT @ OIIPEJIeNTyBaETO € U3BPIICHO CO eJIEKTPOTEPMUYKI aTOMCKH aricOpOIMOHEH crieKTpomeTap Varian Spec-
trAA 614Z. Bo ucnuTyBaHUTE MMOYBH, COAPKAHATA HA BKYIICH Oakap ¢ HEIITO MOBHCOKA o1 peepeHTHUTE Bpell-
HocTH, (ocBeH X0p.C Ha mpodui 2 Kajae ¢ MOHKCKa 0o peEepPEHTHUTE BPEIHOCTH) HO MHOTY TIOHHCKA OJ] HHTEP-
BeHTHHTE BpegHocTH. CompkuHaTa Ha BKyIIEH [IMHK € MOHKUCKA of] pedepenTHuTe Bpennoctu. Co nocraneH 6akap
MOYBEHUTE MPOOH Ce CPEIHO IO MHOTY BHCOKO 00e30€/IeHH, CO JOCTAITHO XKEeIe30 MHOTY HHUCKO JI0 CPEIHO 00e3-
OezieHn, CO JOCTalleH MaHraH MHOTY HHCKO JI0 BUCOKO 00€30€IeHH U CO JOCTAIeH IMHK MHOTY HHUCKO JI0 HHCKO
06e36enenn. Ox 100MEHNTE TTOJATOIM MOXKE JIa Ce KOHCTATHPa JIeKa HeMa OMacHOCT Off KOHTAMHUHAIMja Ha TI0YBa-
Ta CO OBUE TEIIKN METAaJIH.

Kutyunu 300poBH: perocoii, peHa3uHa, bakap, )Kene30, MaHraH, UHK

Abstract

Andreevski, M., Mukaetov, D., Poposka, H. (2013). Content of heavy metals in soil types from the area of Ne-
gotino. Proceedings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15
October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

The scope of the investigations was to determine the quantity of total and available forms of heavy metals (Cu,
Fe, Mn and Zn) in regosol and rendzina soils formed on marl. In the area of village Timjanik (Negotino) at the lo-
cality Cucka, on area of 11 ha, two soil profiles has been excavated, one profile of regosol (profile 1) and another
soil profile of rendzina soils (profile 2). The digestion of the soil samples was performed in concentrated. HCI and
HNO, in a ratio 3:1; the quantity of heavy metals was determined by use of atomic emission spectrometer with in-
ductive coupled plasma (AES-ICP) Varian 715ES. The available forms of heavy metals are extracted with the DT-
PA method, while the determination has been performed on electrothermal AAS Varian SpectrAA 614Z. It has been
detected that in the investigated soils the total quantities of copper are slightly higher than the referent values, (ex-
cept in hor. C of profile 2 where the quantities are lower than the referent values) but much less than the intervene
values. Total quantity of zinc is lower than the referent values. The quantities of available copper are in the rang-
es of medium to very high, of iron are between very low to medium, the quantities of easy available manganese
vary in a broad ranges of very low to high, while the quantities of available zinc are very low to low. Out of the da-
ta gained during our examinations it can be concluded that there is no possible threat of contamination of the inves-
tigated soils with heavy metals.

Key words: regosol, rendzina, copper, iron, manganese, zinc
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BoBen

Bo 0BOj Tpyx ce M3HECEHHU MOJATOLH 3a MeXa-
HUYKHOT COCTaB, HEKOM XEMHUCKH CBOjCTBA M COIpP-
JKIHATa Ha BKYITHHUTE U JOCTarmHU (hopmu Ha Gaxap,
JKeJIe30, MaHTaH M IIUHK BO PErocoN W PEHI3MHA O]
Heroruncko. Iloparouun 3a cogpskuHara Ha BKyIIHU
¢dbopmu Ha Oakap, jKele30, MaHraH U [IMHK BO TIOYBU
o1 THKBEIIKNOT PETHOH CE CPETHYBAaT BO TPYIOBH-
Te Ha Savié et al. (1968); CaBuk u ap. (1970); Jexkuk
u 1p. (1970, 1972); Mutpukecku u ap. (2000); Ax-
npeescku u ap. (2008, 2009). HajaeranHu uerpaxy-
Barba 3a COJIp)KMHATa Ha BKyNHH (Gopmu Ha Oakap,
JKeJIe30, MaHTaH M IIUHK BO MOYBH Of THKBEIIKH-
OT PErvoH ce U3BpILCHH o1 cTpaHa Ha Stafilov et al.
(2008, 2010). OBue HcTpaKyBaun W3BPIINIIE HCITH-
TyBama Ha 31 XeMHUCKH €IEMEHTH, Ha TIOBPIIHA OJT
360 km?, mpu [ITO Ce 3eMEHHM [TOYBEHH Poou o1 172
JIoKaruu Ha gmadounna ox 0-5 cm u o1 20-30cm. O
ITOTOpe M3HECEHOTO MOXKE J1a C€ KOHCTAaTHpa JIeKa 1o
OJTHOC Ha COJP)KMHATA Ha BKYNHH (POPMH HA TEIIKU
MeTasi, THKBEIIKHOT PETHOH € eCH O] HajIpoyde-
Hute Bo Pemybnmuka Makenonuja.

[TomamyOpojHE ce momaronuTe 3a AOCTAITHU
¢dbopMu Ha kene30, MaHraH, 0akap ¥ LUHK BO MOY-
Bu on Tuksemmjara. Ilomatomm 3a compkuHara Ha
nocranHu (OpMHU Ha MaHTaH, 6akap ¥ UHK BO M0Y-
BH of TuKBemnjaTa ce CPeTHYBaaT BO TPYAOBUTE Ha
Savic et al. (1968), CaBuk u np. (1970) u Jexuk u mp.
(1970, 1972). Aanpeescku u np. (2008) coommTy-
BaaT MOAATOIM 3a COAPYKMHATA Ha JOCTAIHO JKeJe-
30 BO PUTOCOJIN 00pa3yBaHH CO PUTOYBAE HA aly-
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Fig. 1.

Jlokarmja Ha mpodunTe
Location of the profiles

BI/IjaJ'IHI/I IMMOYBU OJ OKOJIMHA Ha METAJTYPIIKUCKHOT
komOuHaT ®EHU.

Criopen  HOBOIIPEJIOKEHATa KJIacHU(pHUKAIIMja
Ha mouBuTe Ha PemyOnnka Makenonuja (Ouaumos-
cku 2006) npodui 1 cnara Bo ronemara rpymna mnod-
BU €HTHUCOJIU, ITOYBCH THUII PETrOCOJI, IIOTTUIT Kap6o-
HaTCH, BApUCTET BP3 JIalIOPpUH WJIN JIAIIOPECTHU TTIMHU
WJIN JIATIOPECTH BapOBHUIIM, opMma miuHecTa. [Ipo-
¢un 2 e kacupaH Ha CIACHUOT HAUYUH: ToJeMa Ipy-
I1a MO4YBU MOJIMCOJIU, ITOYBEH THUII pCHA3WHA, ITOTTUIL
KapOOHATHA, BapUETET BP3 JIATIOPIH, JAllOPECTH U
MEKH HEYHMCTH BapOBHUIIM, (hopMa ITIMHECTA.

Len Ha OBOj TpyA € Jla ce UCIuTa COAp)KUHATA
Ha BKYITHUTE U JocTanHu Gopmu Ha Oakap, skerneso,
MaHI'aH | [IUHK BO PErocojl U peH3uHa 00pa3yBaHu
Bp3 JIaropell, o MITO Ke ce Aajie MpUuJoHec 3a J00u-
Bame MMoj00pa MmpercTaBa 3a COAp)KMHATA HA OBUE
TEIIKA METalu BO MMouBUTE Ha PemyOnuka Makemno-
Huja. EnHa o menuTte Ha OBOj TPy € Ja Ce HCIH-
Ta 1 BJ'II/IjaHI/IeTO Ha IE€JOICHETCKUTE NMPOLICCHU U aIl-
COJIyTHaTa M pellaTUBHATA CTapOCT Ha IOYBHUTE BP3
JUCTpuOylMjaTa Ha TEUIKUTE METAIH IO JU1abo4u-
Ha Ha TIPOQUIIOT.

Marepujan u MeTOIH

TepeHCKHUTE MCTPaKyBarba C€ M3BPIIECHH CIIO-
pen npemoxenute meroau o Filipovski ed. (1967)
n Mutpukecku u 1p. (2001).

MexaHHYKHOT COCTaB Ha MOYBATa € ONpe/eicH
co nmmer meromara (Resulovi¢ ed. 1971). Comp-
KMHATa Ha KapOOHATH BO TOYBATa € OMpEicicHa

| el (N

> __/—;.\-\ )
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CO)lp)KI/IHa Ha TCIIKHU MCTAJIU BO ITOYBH O] HCTOTUHCKO

BOJIYMETPUCKH CO TIOMOII Ha IajONepoB KaJlu-
merap (Mutpukecku u ap. 2001). pH na nousenuor
pacTBOp € orpeiesieHa eJIeKTPOMETPUCKH CO CTaKJIe-
Ha eJIeKTpoJa BO BOJCHA CyCIIEH3Hja M BO CyCIICH-
suja Ha 1 M KCI (Murpukecku u ap. 2001). Jlec-
Hoztocrannute popmu Ha PO, u KO ce onpenene-
uu o AL meronara (DZamic et al. 1996). Conprxu-
Hara Ha XyMyc € Oollpe/iesieHa Bp3 0a3a Ha BKYITHH-
oT jariepon no Meronara Ha TjypuH, Mogudumpa-
Ha on CumaxoB (Opros u ap. 1981). PactBopamero
Ha MIOYBEHUTE MPOOHU € U3BPIIIEHA CO ,,ITapcka Boja‘,
(xonuentpupana HCl u HNO, Bo ognoc 3:1) cniopen
Dzami¢ et al. (1996), a onpeneayBameTo € U3BpIIIe-
HO CO aTOMCKH €MHCHOHEH CIIEKTPOMETap CO UHYK-
THBHO crperHara riama Varian 715ES, Jlocraniu-
Te (OPMHU Ha TEIIKH METalIM Ce EKCTPAXMPaHH 10
DTPA-metonor (Page ed. 1982) a omnpenenyBame-
TO € U3BPUICHO CO EJIEKTPOTEPMHYKH aTOMCKHU arl-
copO1moHeH criekrpomerap Varian SpectrAA 614Z.

HcTtpaxyBaHo noapayje

Bo arapor Ha c. Tumjanuk (Heroruncko) Ha
nokanmuteror Ilynka (Cnuxa 1) Ha mOBpIIMHA Of

11 ha e wckomaH ecH MOYBCH MPOQHI HA PEroCco
(npodun 1) u enen npodun Ha peHpzuHa (Ipodu
2). Perocosior u peHa3uHara ce 00pa3yBaHH O[] UC-
Ta MaTU4YHa CTCHaA - JIAIIOPCIL. I/ICHI/ITyBaHI/ITe I104-
BU C€ KOIMAHM BO IPEJIOL, & BO MOOJIMCKOTO MUHATO
ce oAIeaAyBalie MoJe/IeNICKH KynTypu. Mcnuranure
MOYBU C€ PACIPOCTPAHETH Ha HAJMOPCKA BHCOYH-
Ha o okoiy 210 nmo 220 m. Penjedor Ha ucnuty-
BaHUTE TIOYBU € OpaHOBUIHO-OPICKH CO MHKIIWHA-
uuja ox 3-5%.

Pe3ynratu u nuckycuja

1. MexaHM4YKH COCTaB M XeMHCKH CBOjCTBa

[NomatonmTe 32 MEXaHMYKHOT COCTaB M HEKOU
XEMHCKH CBOjCTBA Ha MCITUTYBAHUTE MOYBH CE TIpe-
3eHTHpany Ha Tabemn | u 2.

2. Coapxuna Ha BKynHHu (popmu Ha Cu, Fe,
Mn u Zn

Bo Tabena 3 e mpukakaHa comp)KHHATa Ha
BkymHHTE Gopmu Ha Cu, Fe, Mn 1 Zn Bo ucnintyBa-

Ta6. 1. MexaHWUYKH cOCTaB Ha HEKOW TIOYBSHH THUTIOBHU 01 HeroTuHcko (Bo % 0J1 CHTHO3EMOT)
Tab. 1. Mechanical composition of some soils from the area of Negotino (in % of fine earth )

£ 5 <
oo~ QO ~
. = )
Bpoj na =iy = g g
[podun (Pro- A £ . £ E o — & = g
file No) = E SEE | $59& | °FE | =% £E | i%%F
¢ o & | E5S | zaq 5 S = & =35 E
=8 g g 5 o 22 =g £3 m t g
g3 23 a SE9S 283 g3 =S S=g
RE 2Pcs | eSS | w3 =S =V =N
1 (A)p 0-30 0.22 3.88 4.10 40.60 55.30 95.90
1 C 30-60 0.35 4.95 530 34.20 60.50 94.70
1 C 60-74 0.04 3.06 3.10 33.30 63.60 96.90
CR
2 Ap 0-35 1.25 11.65 12.90 42.50 44.60 87.10
2 C 35-62 3.93 89.47 93.40 5.00 1.60 6.60
C/R

Ta6. 2. Xemucku cBojcTBa Ha HEKOHU ITOYBH 07 HeroTuHcko.
Tab. 2. Chemical properties of some soil types from Negotino area.

Bpoj na | XOpH3OHT i TaGoumHa Xymyc pH JlecHomocramuu (Easy available)
Tpodun | (Horizon and depth) . |CaCO, [%] | (Humus) mg/100g soil
(Profile No) [cm] (7] H,0 | nKCl P,0, K,0
1 (A)p 0-30 36.65 1.46 7.95 7.10 12.04 28.09
1 C 30-60 39.10 1.10 8.30 7.40 9.41 18.06
1 C 60-74 39.91 1.05 8.40 7.50 10.72 17.26
C/R
2 Ap 0-35 19.54 424 7.90 7.10 3.39 23.28
2 C 35-62 39.10 0.98 8.00 7.00 6.40 10.03
C/R
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Tab. 3. CoxpkuHa Ha BKYITHH (DOPMH TEIIKK METaJIM BO HEKOH 1TOYBH 01 HeroTuHCcko
Tab. 3. Content of total forms heavy metals in some soils from Negotino area

Bpoj Ha XOU30HT U Bkymnna conpxkunna Bo mg/kg
npoun u1ab. BO cm Total content in mg/kg
Profile No. Horizon and depth in cm Cu Fe Mn Zn
1 (A)p 0-30 38.0 24564 576 49.4
1 C 30-60 38.7 25140 565 52.4
1 C 60-74 45.4 24529 504 52.7
C/R
2 Ap 0-35 62.8 46036 634 67.8
2 C 35-62 18.0 11655 344 214
C/R
Pedepentnu Bpennoctn Referent value 36 140
Wurepsentan Bpeanocty Intervent value 190 720

HUTE MOYBHU. 3a criopenda Ha JOOUCHUTE Pe3yaTaTH
Ke ' KOpUCTHUME peepeHTHUTE XOJaHICKU CTaH-
napmau (Ministerie van Volkshuisvesting, Ruimtelijke
Ordening en Milieubeheer 2010). Ox Tabena 3 moxe
Jla ce BUJM JIeKa COJp)KMHATA HAa BKyMEH Oakap BO
HCIHUTYBAaHNTE TOYBEHH MPOOU € MOBHCOKa Of pe-
¢depentnure Bpeanoctu (ocBeH. Xop.C Ha npod. 2),
HO MHOT'Y IMOHHUCKa OJ1 HHTCPBCHTHUTEC BPECIHOCTH,
IITO 3HA4YU ACKAa HE IIOCTOU OIMIACHOCT O KOHTaMH-
Hallyja Ha TIoYBara U pacTeHujaTa co oBoj merai. Bo
cmonuuny on Tuksenr, Savié et al. (1968) koncra-
TUpaJie COAp)KMHA Ha BKyTeH Oakap oxn 20,8 mo 44,2
mg kg mousa, a Auapeescku u ap. (2009) ox 17,78-
58,84 mg kg!. ComprxkuHa Ha BKyreH O0akap ox 26,4
10 30,4 mg kg!' mouBa BO IUMETHHUTE IITYMCKH T10Y-
BH OJ1 HETOTHHCKO KOHCTaTupanie Jekuk u ap. (1972),
BO perocon ox [lenenuimte (HeroTuHeko) ox 35,2 1o
38,4 mg kg' nousa (Jekuk u np. 1970) u BoO amy-
BHjajIHa TouBa o1 PocomaH (kaBamapeuko) ox 4,8 10
7,2 mg kg' mousa (Casuk u ap.1970). Conpxuna-
Ta Ha BKyreH 0akap o TukBemkuor peruon ox 172
MTOBPIIMHCKY MToYBeHH mpobdu (0-5 cm) u ucro Ton-
Ky MOIMOBPIIMHCKH TTouBeHHU mpodu (20-30 cm) ce
ek ox 8,1 mo 230 mg kg! (Stafilov et al. 2010).
CoapixkrHara Ha BKYITHO JKEJIe30 BO IT0YBaTa ce
JABMKH BO MHOTY INHUPOKHU I'paHUIU 3aBUCHO OO THU-
not Ha nousara o 0,01% mo 22% (Kastori 1990).
Bo HUCIUTYBAHUTE MOYBU COAPKMHATa Ha BKYITHO
kKene3o ce aswku ox 1,16 no 4,60 % mTo e Bo pam-
KHUTE Ha JINTepaTypHUTe mojaronu. Bo purocosm-
Te o okonuHa Ha c. Bozapuu (KaBamapeuko), AH-
npeeBcku U 1p. (2008) xoHCTaTHpane coapKUHA Ha
BKYITHO *kene30 on 2,88 mo 3,51%. CoapxkuHata Ha
BKYITHO keJe30 oJ] THKBEIIKHOT pernoH of 172 mo-
BPIIMHCKHU TouBeHH mpobu (0-5 cm) u ucto TOIN-
Ky MOAMOBPIIMHCKH TOoUBEHHU mpodu (20-30 cm) ce
ek ox 1,1 mo 4,2% (Stafilov et al. 2010).
CO}Ip)KI/IHaTa Ha BKYIICH MaHI'aH BO MCIIMTYyBa-
HUTE TI0YBH ce JABMxkHK of 344 1o 633 mg kg'. Cro-
pen Pendias-Kabata (2000) cBeTCKHOT MpoOcCek 3a
nouBuTe u3Hecysa 437 mg kg'. 1 mokpaj Toa 1mro

MaHI'aHOT MOJKe Jia OHJie KOHI[EHTPUPAH BO pa3iny-
HU XOPH30HTH, OOMYHO OBOj €JIIEMEHT C€ aKyMyIIHu-
pa BO MOBPIIMHCKUTE XOPU30HTH KaKo pe3yirar Ha
(ukcammjata ox opranckata matepuja (Pendias-
Kabata 2000). 1 o HammTe pe3yaTaTd MOXe Ja ce
BUJIM JIeKa COJP)KMHATA Ha BKYIEH MaHTaH € HajBH-
coka Bo Xop.Ap Ha mpod. 2 (HajBHCOKa COAP)KUHA Ha
XyMyc). MakcumaHo J03BOJNICHH KOHIIEHTPAIMH 32
Mn Bo 3emjozenckuTe mouBH ce cmeraar 1500 mg
kg! (Pendias-Kabata 2000). WcnurtyBanute mou-
BU COJPIKAT 3HAYMTEITHO TIOMAJIKy BKYIIEH MaHTaH U
HeMa OIIACHOCT O] TOKCHYHOCT. Bo cMonHHULIUTE 0/
TuKBelI KOHCTaTHpaHa € COIPIKMHA Ha BKYIIEH MaH-
rad on 448 mo 920 mg kg! (Savié et al. 1968); Bo
ayBHjaIHUTE MOYBH MMOKpaj LlpHa Peka ox oxonu-
Ha Ha Pocoman oz 280 mo 320 mg kg! (CaBuk u ap.
1970); B0 perocon Bp3 nanoper; ox [lenenumre of
682 no 728 mg kg (Jexuk u ap. 1970) u Bo 1umer-
Ha nrymcka mousa o Herotuacko ox 580 1o 628 mg
kg 'nousa (Jexuk u ap. 1972). ConprxuHa Ha BKYIICH
Manrad (344 mousenu mpobu) ox 220 mo 3100 mg
kg ' mousa e koncrarupana ox Stafilov et al. (2010).

CoapxkrHarta Ha BKyIEH LIMHK Bapupa BO rpa-
nunym oxn 21,37 no 67,77 mg kg'! nousa u e 3HauM-
TEJIHO TIOHKCKA oJ1 pedepenTHUTe BpenHocTH. OBa
3HAUM JIeKa He IOCTOM OMACHOCT Ol KOHTAMHUHAL[H]a
Ha 1ouBara u pacreHujara co uuHk. Criopen Lindsay
1982 Bo: Kastori (1997) BkymHara compkuHa Ha
[IMHK BO MOYBata ce ABmxu momery 10 u 300 mg kg!
, mpoceuno 50 mg kg'. Cmomuaummte o THKBEII
cozapkar ox 22 no 40 mg kg'! moysa BKyneH LUHK
(Savi¢ et al 1968), ox 43,27 mo 92,02 mg kg! (An-
npeescku u ap. 2009), amyBujamaute mousu Ha Lp-
Ha Pexa oz 24,8 o 32,0 mg kg' (CaBuk u ap.1970),
perocoun Bp3 namnoper ox 60 mo 76,0 mg kg (Jexuk
u 1ap. 1970), muMeTHa IryMcKa 1moyBa 0J] HeTOTHHCKO
on 24,8 no 48,8 mg kg! (Jekuk u np. 1972) u uepHo-
3emu oz Tuksemt oz 102,06 o 163,02 mg kg!' (Mut-
pukecku u ap. 2000). Stafilov et al. (2010) koHcTa-
THpaje COAPKUHA Ha BKyIIeH IUHK o 22 10 170 mg
kg ' mouna.

106 36o0puuk Ha TpyaoBu o1 IV Konrpec Ha exonosute o1 Makenonuja



CO)Ip)KI/IHa Ha TCIIKHU MCTAJIM BO ITOYBH O] HCTOTUHCKO

CoapixkrHara Ha BKyIeH Oakap v IUHK BO IPOQ.
1 (peroco:) e MOHKCKA BO MOBPUIMHCKUOT XOPH30HT
(A)p Bo criopenida co MATHYHHUOT CYIICTPAT, IITO 3HA-
YH JIeKa HeMa aHTPOIIOreHa KOHTaMHHAIH]a.

Opn Tab. 3 Mmoxe 1a ce BUAM JeKa COAp)KUHATA
Ha BKYIICH Oakap M IIMHK BO XOPU30HTOT Ap Ha Mpo-
¢ui 2 e noBucoka o1 Xopu3oHTOT (A)p Ha npodui 1
LITO C€ JI0JDKU Ha IIOBHCOKATA COJPIKMHA HA XyMYC U
OuoJIOIIKaTa aKyMyJlalija Ha OBUE TEUIKH METaJH.
Pennzunara (nmpodui 2) e ancoyiyTHO U pellaTUBHO
mocrapa mousa o perocosior (mpodui 1) koja Ha-
CTaHaja Co HeroBa eBOJIyIIHja, [1a 3apajy 0Ba JOILUI0
JI0 OuoloKa akymylalyja BO XyMyCHO-aKymyJa-
TUBHUOT XOpH30HT. OBa 3HauM JieKa CO IeOreHeT-
CKH IIPOLIECH JIOIIIO 0 pepacnpesesda Ha TEIKHU-
Te MeTalli BO peHj3uHara. O ceTo morope KaxaHo
MOXKE J1a Ce KOHCTaTHpa JieKa IIpU OlieHaTa 33 eBeH-
TyaJlHa aHTPOIIOreHa KOHTaMUHAIIMja CO TEIIKU Me-
TaJIM TIOpeallHO € BakBa IPOLCHKA Jia Ce MpaBH Ha
arcoJIyTHO U PEJIaTUBHO ITOMJIA/IN TIOYBH.

3. Conp:xuna Ha goctanuu ¢popmu Ha Cu,
Fe, Mn u Zn

Bo Tabena 4 e mprukaxaHa comp>KAHATa Ha TOC-
tarrHU popmu Temku meramn Cu, Fe, Mn u Zn Bo
HCIUTYBaHUTE 1MOYBH. OBHE TCIIKA METAIN CE He-
OITXOTHN MHKPOEJIEMEHTH BO HMCXpaHaTa Ha pacTe-
HHUjaTa ¥ HUBHUOT HEIOCTATOK MOXKE J1a TPEIU3BU-
Ka TTOpEeMEeTyBamka BO PACTOT M PA3BUTOKOKOT, a TIPH
ITOTOJIeM HEIOCTAaTOK ¥ M3YMHpPAmkhe Ha pacTeHHjara.
CrpoTHBHO Ha OBa, JTOKOIKY OBHE MHKPOCICMECH-
TH Ce TIPUCYTHH BO BICOKHU KOHIICHTPAIINU MOXKE J1a
nojae 10 (GUTOTOKCHIHOCT.

Op nmogaTouuTe on Tabenara MOXKe J1a c€ KOH-
CTaTupa JieKa MCIUTYBAaHHUTE TOYBU CE CPEIHO [0
MHOTY BHCOKO 00e30e/leHH cO JOoCTamleH Oaxap.
Cropen Savi¢ et al. (1968) cMomHUIATE O HEKOJI-

Ky pernonu Bo Peny0nuka MakenoHnuja, Mery Kou U
TUKBELIKHOT ce Ooraro 06e30e/1eHu co JocTareH 0a-
Kap, aJyBHjaJHUTE NIOYBU O] OKOJIMHA Ha Pocoman
(xaBamapeuko) cpenHo oOe3deneuu (CaBuk u ap.
1970), perocon Bp3 nanoper ox [lenenumre (Hero-
TUHCKO) HUCKO 00e30eneH (Jexuk u np. 1970) u uu-
METHa LIyMCKa [04YBa OJi HErOTUHCKO Ooraro 00e3-
Oenena (Jexuk u ap. 1972).

Co jocTarHo ele30 UCIUTYBaHUTE MOYBHU CE
MHOTY HHUCKO 710 cpenHo o6e3beaenu. CompkrHaTa
na CaCO, BO UCTIMTYBaHUTE TIOYBH € BUCOKA, I1a 3a-
pazu oBa CoAp)KMHATA Ha JOCTAITHO JKeJlle30 € He3a-
JIOBOJIMTEITHA, CO PU3UK OJI [I0jaBa Ha JKeJie3Ha XJIO-
po3a Kaj HEKOM 3€MjOICIICKU KyNTYpU. AHJIPEeBCKU
u ap. (2008) coommTyBaaT MOAATOIM 3a AOCTAIHO
JKEJIe30 BO PHIOCOIUTE O]l OKOJHMHA Ha MeTalyp-
ruckror komounar ®EHU xou ce asmxkar ox 7,98
1o 15,12 mg kg! mousa.

VcnutyBaHUTE MOYBEHH NMPOOH Ce MHOTY HH-
CKO JI0 JI0JIHA I'paHMIa Ha BUCOKO 00e30eleHH co
nocraried Manran. CoapKuHara Ha JIOCTaleH MaH-
raH ce HaMaJlyBa 1o JyrabodrHa Ha rnpoduior. Cro-
pen Kastori (1990) coapkuHara Ha JOCTAlCH MaH-
ra” omara mo njnabounHarta. Bo anmkamHu mouBH U
JI00pO aepupaHu Kako MCIUTYBAHHUTE MPETEIKHO Ce
o0pasyBaar TeIIKO PACTBOPJIMBU MaHTaHOBHU COC/IH-
HeHuja. HabuBameTo Ha mouBara, JOXKIOBUTE, Ha-
BOJIHYBAaIbETO, yrnorpedara Ha OpraHcku [yOpuBa,
IOr0lyBaaT Ha OJBMBAKE HA PEAYKIIMOHU IIPOLIECH
M CO TOa ja 3rojieMyBaar JOCTalHOCTa Ha MaHI'aHOT
(Kastori 1990). CMonHHIIMTE OJI HEKOJKY PErnOHU
Bo PenyOiuka Makenonuja, Mef'y KOM M THKBELI-
KHOT ce 100po 10 Oorato 06e30eaeHu Co 10CTaleH
Mmanras (Savié et al. 1968), anyBujaaHUTE IOYBU O
okonrHa Ha PocomaH (kaBajapeuko) cpeaHo no 6o-
raro o6e3zbenenu (CaBuk u np.1970), perocon Bp3
nanoper; oz Ilemenumre (HETOTMHCKO) CPENHO /0O
6oraro obe3oeneH (Jekuk u mp. 1970) u mumerHa

Tab. 4. CompkuHa Ha TOCTATHU (POPMHU TEIIKH METaJId BO HEKOH ITOYBH o1 HeroTuHCKO
Tab. 4. Content of available forms heavy metals in some soils from Negotino area

. Jocranau ¢popmu Bo mg/kg
Bpoj Ha nmpodun XopnngT u nnaGOqHH'a BO cm Available forms in mg/kg
Profile No. Horizon and depth in cm
Cu Fe Mn Zn
1 (A)p 0-30 1.42 4.44 13.22 0.34
1 C 30-60 1.22 4.36 3.86 0.30
1 C 60-74 2.24 5.64 3.58 0.52
C/R
2 Ap 0-35 3.36 12.88 13.56 0.36
2 C 35-62 0.86 2.80 4.94 0.16
C/R
MHOT'Y HUCKO / very low <0,3 0-5 0-4 <0.5
HHCKO low 0.3-0.8 5-10 4-8 0.5-1.0
CpemaHo medium 0.9-0.1.2 11-16 9-12 1.1-3.0
BHCOKO high 1.3-2.5 17-25 13-30 3.1-6.0
MHOTY BHCOKO / very high >2.5 >25 >30 >6.0
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LIyMCKa 0YBa OJ] HETOTMHCKO MHOTY Ooraro 00e3-
oenena (Jekuk u ap. 1972).

HajuenoBonHa e o00e30eneHocTa co jgocTa-
IICH IIMHK. I/ICHI/ITyBaHI/ITe IMOYBU C€ MHOTI'Y HHCKO
JI0 JTOJIHA TpaHuIla Ha HUCKO 00e30e/1eH: co JocTa-
ned uuHK (Tabena 4), u ce nomku Ha Bucokute pH
BpenHocTH U conpxunara Ha CaCO,. Pacteopnu-
BOCTa Ha IMHKOT HAPOUYUTO € HUCKa Ha ITOYBU CO BU-
coka pH BpenHocT Kako 1 Bo npucycteo Ha CaCO,
(Kastori 1990). Cupomariiso o0e30eqeHn cO I0C-
TaleH HUHK C€ CMOJHUIUTE OJf TUKBCHIKHOT PETU-
oH (Savic et al. 1968), anyBHjaIHUTE TOYBU O OKO-
nuHa Ha Pocoman (CaBuk u 1p.1970), perocon Bp3
nanopen ox Ilenmenumre (Jekuk u ap. 1970) u mu-
MEeTHa IIyMCKa MoYBa 0Jf HETOTUHCKO (JeKuK u Aap.
1972). On HamuTe ¥ 01 OJATOIMTE Ha IPYTUTE HC-
TpaxxyBadu Ha MMOYBUTE O TukBemknoT PETrruoH Mo-
e Jla ce KoHcTarupa aeka 00e30e1eHocTa co JocTa-
TIeH [IMHK € He3a/I0BOJIUTEHA.

3akay4dok

Bp3 ocHOBa Ha U3BPIICHUTE HCTPAXKYBAHA MO-
JKaT J1a Ce U3BJICYaT CJICIHUTE 3aKIyYOLH:

e ConpxuHaTa Ha BKyTIEH Oakap U IWHK BO
MOYBH Of1 aTapoT Ha ¢. Tumjanuk (Hero-
TUHCKO), nipodmit 1 (perocon) e MOHH-
CKa BO TOBPIIMHCKHOT XOPH30HT (A)p
BO crmopeada CO MaTHYHHOT CYIICTAT,
IITO 3HAYM JIeKa HEMa aHTPOIIOTeHa KOH-
TaMUHaIHja.

e ConpxuHaTa Ha BKyTIEH Oakap U IHHK BO
Xopu30HTOT Ap Ha mpodun 2 (peHas3u-
Ha) € TIOBHCOKa O] XOPU30HTOT (A)p Ha
npodun 1 (perocos) mWTO ce NOIKKU HA
MOBUCOKAaTa COIP)KMHA Ha XyMyc U OH-
OJIOIIKATa aKymyJjalija Ha OBUE TEIKU
METaJH.

e [lpu naBame Ha OICHKA 332 aHTPOIOreHa
KOHTaMHUHAIMja Ha TI0YBa, TIOPeaHu ce
BPEIHOCTUTE 32 COJIPIKMHATA Ha TEIIKU
METaJIH BO ariCOIyTHO U PEJIATHBHO ITIOM-
JIaJIv TIOYBH.

° Hcnuranure mouBu ce OIJINKYBaaT CO BHU-
COKa COAP>KMHA Ha InHa, BUcoku pH Bpen-
HOCTH M ToneMa copprkuna Ha CaCO,, mro
BJIIjae Ha HAMAJIyBakbe Ha J0CTAIHOCTa Ha
UCIIUTYBAHUTEC TCIIKHA METAJIN.
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Summary

In this article, data on mechanical composition, some chemical properties and total and available forms of
copper, iron, manganese and zinc in regosol and rendzina formed on marl in the area of Negotino, are presented.
Main goal of this investigation is to determine the total content and available forms of some heavy metals
(Cu, Fe, Mn and Zn) and the influence of pedogenetic processes and relative age of the examined soils on the
distribution of heavy metals in depth of the soil profile. The results of investigation show that the content of
total copper are slightly higher than the referent values, but much less than the intervene values. Total quantity
of zinc is lower than the referent values. Total quantity of manganese is lower than the MAC. Content of total
copper and zinc in profile 1 (regosol) is lower in surface horizon (A)p, compared with parent material, which
means that no anthropogenic contamination. The quantities of available copper are in the ranges of medium to
very high, of iron are between very low to medium, the quantities of easy available manganese vary in a broad
ranges of very low to high, while the quantities of available zinc are very low to low. High content of clay, high
pH values and high content of CaCO, influence on reduction of availability on investigated heavy metals. The
total content of copper, iron, manganese and zinc is higher in the cultivated top soil of rendzina soil (absolutely
and relatively pedogeneticly older soil than regosols) in comparison to the cultivated top soil of regosols as a
result of the biological accumulation of heavy metals.
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Abstract

Brankovi¢, S., Glisi¢, R., DPeli¢, G., Stankovi¢, M., Peki¢, V. (2013). The bioaccumualtion of some metals in
soil and species Stachys recta L. and Stachys scardica (Griseb.) Hayek on one serpentine locality (Serbia). Proceed-
ings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October 2012.
Macedonian Ecological Society, Special issue 28, Skopje.

The determination of the metals in soil and plants is very important in monitoring of environmental contami-
nation. The aim of presented research was to assess the content of eleven metals (Ca, Mg, Fe, Mn, Cu, Zn, Ni, Pb,
Cd, Co, and Cr) in species Stachys recta L. and Stachys scardica (Griseb.) Hayek, as well as in serpentine soil. In
soil, metal concentrations had the following order: Mg>Fe>Ca>Ni>Cr >Mn>Co>Zn>Pb>Cu>Cd. The results showed
that the concentrations of all examined metals were higher in soil than in plants (excepting Ca). The species had
BCA<1 (except for Ca). This study exhibited different metal concentration in investigated plant species, depending
on kinds of metal, and that metal uptake does not necessarily correlate with metal content in the soil. It is general-
ly regarded that the bioavailability of metals to plants is closely related to their chemical specialization, rather than
their total concentration in soils. This is probably due to diverse metal uptake mechanisms of plants and to some

disparities in their transport properties, resulting in differences in the metal concentrations in plants.

Key words: metals, bioaccumulation, Stachys.

Introduction

Serpentine substrates cover quite large are-
as in the Balkans, more than in other parts of Eu-
rope (Brooks 1987). They exist as large blocks or as
small outcrops separated from other geological for-
mations, in Central Bosnia and Western and Cen-
tral Serbia, and extend towards North, Central and
South-Eastern parts of Albania and further to the ser-
pentine formations in the regions of Epirus and Thes-
saly in Greece. Some fairly isolated serpentine ,,is-
lands* occur in the North-Eastern Serbia and Greece
and in the northern part of Macedonia. Small quan-
tities of serpentine bedrock are distributed in South-
Western, South and Central parts of Bulgaria, main-
ly in the Eastern and Central Rhodopean mountains
(Bani et al. 2010).

The serpentine flora of the Balkans is character-
ized by a relatively high degree of endemism. Bio-
diversity in this area is high, with a great number of
interesting local and regional endemics. More than
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300 endemic taxa occur on serpentine in the Bal-
kans. The greatest concentration of serpentine en-
demic species in the Balkans is in the mountains of
the western part of the peninsula in the territories
of Bosnia, Serbia, Albania and North Greece (Riter-
Studnicka 1968). According to Stevanovi¢ et al.
(2003), there are 335 Balkan endemic vascular plant
taxa growing on serpentine, 123 of which are obli-
gate serpentinophytes.

In spite of the fact that ultramafic soils cover
substantial areas at many locations in Serbia, there
is little information’s instead their flora and bioge-
ochemistry in small outcrops or in small serpentine
sites. The adaptive responses of plants to contami-
nated environment with metals are efficient process-
es that include many physiological, molecular, ge-
netic and ecological traits. A fuller knowledge of the
species, their morphological, physiological and ec-
ological similarities and differences provide a more
comprehensive knowledge of the systematics, distri-
bution, ecology and environmental adaptations, and
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Fig. 1. Researched area

other features or characteristics of the species of the
same genus. This research provides a small contri-
bution to the understanding of environmental adap-
tation of species from genus Stachys, on serpentine
substrates. The estimation of genetic variation be-
tween plants in the ability to accumulate metals is
of both practical and theoretical importance. In ad-
dition, hyperaccumulator plants play a potential role
in remediation and sustainable management of soils
polluted or contaminated with different metals.

The aims of this study were to determine con-
tent and accumulation of eleven metals (Ca, Mg,
Fe, Mn, Cu, Zn, Ni, Pb, Cd, Co, and Cr) in species
Stachys recta L. and Stachys scardica (Griseb.) Hay-
ek and serpentine soil where they were grown.

Material and methods

The researched area is located in the village
Kamenica (Central Serbia) (Figure 1). The investi-
gated site is at 359 m above sea level, and is cen-
tered on 74° 76° 284” N, 48° 29’ 864” E (read by
GPS Garmin-etrex, vista HCx).

The field work was conducted during
March-August 2011, when two species of genus
Stachys (S. recta and S. scardica), together with their
associated soils, were collected.

Six soil replications near roots of researched
plants were collected from 1 to 10 cm depth. This
depth corresponds to the major rooting zone of the
herbs and small shrubs (Reeves et al. 2007). Soil
samples were initially air-dried and stone piec-
es were removed, sieved to 2 mm, and stored at 4
°C until analysis. Sub-samples of 10 g were ground
to pass a 70-mesh sieve (< 215 um) and then oven-
dried at 105 °C for 24h.

Identification of plant material was performed
in the laboratory of the Institute of Biology and Ecol-
ogy, Faculty of Science in Kragujevac, in accord-
ance with standard keys for determination: Javor-
ka and Csapody (Javorka and Csapody 1979), Flora
of the Republic of Serbia (Josifovi¢ 1972) and Flo-
ra Europaea (Tutin et al. 1964). Identified plant ma-
terial was elutriated in distilled water, then dried at
room temperature and in dryer (Binder/Ed15053), at
105°C for 24 hours and prepared for chemical analy-
sis by standard procedures.

Eleven metals (Ca, Mg, Fe, Mn, Cu, Zn, Ni,
Pb, Cd, Co and Cr) were analyzed in soil and whole
plants. Chemical analysis of soil and plant samples
were done by SRPS EN 12506:2007, SRPS EN
13656:2008 methods (www.jus.org.rs). The metal
concentrations in soil and plant samples were deter-
mined by inductively coupled plasma-mass atomic
emission spectrometry (ICP-OES iCAP 6500, ICP-
20100908), directly from the solution. The detection
limits for Ca, Mg, Fe, Mn, Cu, Zn, Ni, Pb, Cd, Co
and Cr in plant material were: 0.0087, 0.007, 0.0053,
0.0051, 0.0056, 0.0055, 0.006, 0.003, 0.0027, 0.0054
and 0.0053 mgkg™!, respectively. The detection limits
for Ca, Mg, Fe, Mn, Cu, Zn, Ni, Pb, Cd, Co and Cr
in soil were: 0.009, 0.007, 0.0056, 0.0065, 0.0076,
0.0051, 0.0059, 0.0089, 0.003, 0.0079 and 0.0092
mgkg!, respectively. The six replications of one
sample were prepared for both, soil and all plants.
The mean values of metal concentrations were cal-
culated. Biological Absorption Coefficient (BAC)
was calculated for each metal by dividing the total
content of metal in plant by its total content in soil
(Kabata-Pendias 2001). The contents of metals in
soil and plant materials were expressed in mgkg! of
dry matter (mgkg' d.m.).
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Tab. 1. The mean concentrations' of Ca, Mg, Fe, Mn, Cu, Zn, Ni, Pb, Cd, Co, Cr (mgkg!d.m.) in soil and

species Stachys recta and Stachys scardica

Ca Mg Fe Mn Cu
SOIL 1109.083+6.139 59603.585+312.001 35709.918+320.899 288.863+6.378 6.108+0.295
STREC  3427.435+17.711 5261.595+29.486 113.494+1.290 14.062+0.105 3.505+0.038
STSCA  4610.417+23.099 2889.167+27.734 140.813+1.459 34.317+0.465 4.142+40.108
Zn Ni Pb Cd Co Cr
SOIL 23.124+0.147  931.492+23.773  13.205+0.085  1.407+0.006  33.648+0.085  485.236+10.770
STREC  11.812+0.112 39.542+0.297 3.692+0.277  0.021+£0.002  0.185+0.004 1.348+0.019
STSCA  17.942+0.135 11.600+0.090 0.201+£0.012  0.014+0.001 0.315+0.004 1.879+0.044

"The mean value (n=6) + standard deviation; SOIL — soil; STREC — S. recta;, STSCA — S. scardica

Differences of metal concentrations between
plant species, and in soil and plants were examined
using one-way ANOVA. The Pearson correlation co-
efficient analysis was prepared in order to check if
differences existed between different combination
of investigated plant species and soil*plants. In this
study, the statistical analysis of data was performed
using the computing package called Statistical Pack-
age for Social Science (SPSS 10 for Windows).

Abbreviations:

STREC - Stachys recta L.; STSCA- Stachys
scardica (Griseb.) Hayek; BCA - Biological Absorp-
tion Coefficient.

Results

Generally, the results of this study showed that
the mean concentrations of investigated metals (Ta-
ble 1) were far higher in the soil samples than in
plant samples (except for Ca).

The serpentine soil contained 1109.083 mg
Ca kg'd.m., and its content in plant species ranged
3427.435-4610.417 mg Ca kg' d.m. The mean con-
centrations of Mg and Fe in soil samples (59603.585
and 35709.918 mgkg' d.m., respectively) were sig-
nificantly higher than in the plant samples. The mean
concentrations of Mg in plant samples varied from
2889.167 to 5261.595 mgkg! d.m., and the concen-
tration of Fe from 113.494 to 140.813 mgkg' d.m.
The mean concentrations of Mn in plant samples
varied from 14.062 to 34.317 mgkg!'d.m. and in
soil it 288.863 mgkg' d.m. The content of Cu var-
ied from 3.505 to 4.142 mgkg' d.m. in plant sam-
ples and in soil it was 6.108 mgkg'd.m. The con-
tent of Zn ranged 11.812-17.942 mgkg' d.m. in plant
samples and it was 23.124 mg Zn kg' d.m. in soil.
The range of Ni concentration was 11.600-39.542
mgkg' d.m. in plant samples and in soil the concen-
tration of Ni was 931.492 mgkg' d.m. The Pb con-
tent in plants varied from 0.201 to 3.692 mgkg' d.m.

The mean concentration of Pb in soil samples was
13.205 mgkg' d.m. The Cd content in plant and soil
was the lowest and ranged 0.014-1.407 mgkg'd.m.
The mean concentration of Co in plant samples var-
ied from 0.185 to 0.315 mgkg' d.m. and in soil it
was 33.648 mg Co kg d.m. The chromium concen-
trations were 1.348-1.8796 mgkg'd.m. in plant sam-
ples and 485.236 mgkg' d.m. in soil.

The ratio of Ca to Mg is presented in Figure
2. The Ca:Mg ratio in soil samples was 0.019 and
in plant samples varied from 0.651 to 1.596. In soil
samples metal concentrations had the following order:
Mg>Fe> Ca>Ni>Cr>Mn>Co>Zn>Pb>Cu>Cd. Ob-
tained data showed that the content of investigated met-
als in plants depends on plant species. The trend of met-
al accumulation in plants was: Mg>Ca>Fe>Mn>Ni>Zn
>Cu>Pb>Cr>Co>Cd.

1,2
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0

SOIL STREC STSCA

Fig. 2. The Ca:Mg ratio

The Biological Absorption Coefficient (BAC),
also known as the plant uptake factor, is widely used
for comparision of different plants. In our study, the
value of BCA varied from 0.003 to 4.157 (Figure 3).
The BCA was below 1, as well as the both investi-
gated species which have showed BCA>1 for Ca.

The results obtained from the ANOVA test (Ta-
ble 2) presented that very high statistically signifi-
cant differences (p<0.001) existed in the content of
metals between soil samples and investigated spe-
cies, as well as between investigated species.
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Tab. 2. The difference in metal concentrations between soil and plant, and between plants

soil/plant pairs SOIL*STREC SOIL*STSCA STREC* STSCA SOIL *(STREC,STSCA)

metal F-value p-level F-value p-level F-value p-level F-value p-level
Ca 91779.9 ok 128768.0 ok 9910.83 *HE 128.9 Hrx
Mg 180405.3 ok 196702.0 ok 20609.39 HHE 11354.1 ok
Fe 73827.7 ok 73714.1 ok 1180.07 HHE 156693.7 ok
Mn 11135.5 ok 9506.5 ok 10832.77 HHE 3123.7 kK
Cu 458.0 ok 234.1 ok 184.61 Rk 194.3 ko
Zn 22608.2 kkx 4050.1 HHE 7335.84 HHE 38.5 kkx
Ni 8444.9 kkx 8983.6 HxE 48466.61 HxE 10162.5 ok
Pb 6457.3 ok 138364.9 ok 948.94 ok 219.4 ok
Cd 260292.7 ok 284826.5 HoHE 37.85 ok 345297.3 ok
Co 930510.4 HHE 923925.5 HHE 3166.04 R 823647.9 ok
Cr 12111.6 *HE 12084.9 HxE 734.51 HxE 25771.7 *EE

F — value; p — level: (p<0.05 (*), p<0.005 (**), p<0.001(***); SOIL — s0il; STREC — S. recta; STSCA — S. scardica

Correlation analysis has been used to establish
different relationships: (1) between soil and tested
plant in content of metals and (2) between investi-
gated plant species in uptake of metals (Table 3).
The results obtained from the Pearson correlation co-
efficient analysis were indicatingthat very high pos-
itive or negative correlation existed between plants
and soil*plant depending on calculated combination
of plant and soil. In addition, results also showed that
high negative correlation existed between investigat-
ed species in content of Cd, as well as between soil
and both researched species in content of Zn.

Discussion
Metal content of soil is dependent on natural

and anthropogenic sources in the local ecosystems.
The concentration of metals in uncontaminated soil
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is primarily related to the geology of the parent ma-
terial from which the soil was formed. The determi-
nation of metals in soils and plants isvery important
in monitoring of environmental pollution. There-
fore, the plants (with their selective absorption of
certain ions and sedentary nature) are suitable bio-
logical monitors in ecosystem quality studies.

The results of our research showed that ser-
pentine soil contained 1109.083 mg Ca kg d.m. As
means of plans, species S. scardica showed the high-
est content of Ca (4610.4173 mg Ca kg'd.m.). The
results of this study are in accordance with previous
findings of some researches (Robinson et al. 1997
Shallari et al. 1998; Reeves et al. 2007).

The findings of some researchers showed that
among the limiting, stress factors that make ultra-
mafic soils unfavourable substrates for plant growth,
the low Ca:Mg quotients (commonly about 0.1)
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Tab. 3. The Pearson correlation coefficient analysis of metal concentrations between soil and plant species,

and between plant species

Ca Mg Fe Mn

Cu Zn Ni Pb Cd Co Cr

SOIL*STREC 1.00  -1.00 -1.00 -1.00
SOIL*STSCA 1.00  -1.00 -1.00 -1.00
STREC* STSCA 1.00  -1.00 1.00  1.00
SOIL*(STREC,STSCA) 0.94 -1.00 -1.00 -1.00

-099 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
-098 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
097 1.00 -1.00 -0.99 -0.89 1.00 0.99
-096 -0.84 -1.00 -097 -1.00 -1.00 -1.00

r - correlation coefficient; (0-0.3): no correlation; 0.3-0.5: low correlation; 0.5-0.7: medium correlation; 0.7-0.9: high cor-
relation; 0.9-1.0: very high correlation); SOIL — soil; STREC — S. recta; STSCA — S. scardica

was very important (Brady et al. 2005.). Our re-
sults showed low Ca:Mg (0.019) ratio in soil. Simi-
lar results were described by many authors (Robin-
son et al. 1997; Shallari et al. 1998). However, our
results also showed high Ca:Mg ratio in species S.
scardica and high biological absorption coefficient
of Ca for both investigated species. The serpentine-
tolerant species survive on soils with depleted lev-
els of Ca because they are still able to absorb quan-
tities of Ca without taking up excessive quantities
of Mg. O’Dell et al. (2006) suggested that the abil-
ity of plants to maintain high leaf Ca:Mg by selec-
tive translocation of Ca and/or inhibited transport of
Mg from roots is a key evolutionary change needed
for survival on serpentine soils. The uptake of Mg
comes at a cost to the plant so that the uptake of oth-
er element nutrients is forfeited. The heightened lev-
el of Mg in serpentine soils and its antagonistic be-
havior toward other elements could be the most im-
portant factor in serpentine syndrome. Perhaps, it is
a key for relatively low concentration of Mg in all
investigated species.

The iron concentration in the soil from locali-
ty Kamenica was 35709.918 (mgkg' d.m.). Our re-
sults are in agreement with earlier findings that ser-
pentine soils contain high amounts of iron (Reeves
et al. 2007; Bech et al. 2008). According to Allen
(1989), 40-500 mgkg™' and to Market (1992), 5-200
mgkg! concentrations of Fe are considered as toxic
to plants. However, in this study, the Fe concentra-
tions found in plants investigated were within previ-
ous cited data. The metal phytoavailability depends
on the form of the element in soil and on the consid-
ered plant species. However, even in the case of test-
ing the same species, the metal uptake does not nec-
essarily correlate with metal content in the soil.

According to Adriano (2001), regular Mn con-
tent for most of soil types ranges from 500-1000 mg-
kg!. However, our results presented lower concen-
tration of Mn (288.863 mgkg' d.m.) in soil. The con-
centration of metals in soil may exceeds or were be-
low the normal ranges depend on the local geology,
and serpentine soils content high levels of potential-
ly phytotoxic elements Ni, Cr, Co, and sometimes
Mn and/or Cu. However, to fulfill its metabolic func-
tions, Mn is only necessary at low concentration (20
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mgkg' d.m.). The manganese has a range between
20 and 300 mgkg™' in most plants, while its level may
be as high as 1500 mgkg!, without harm to some
plant (Pais and Jones 2000). Therefore, comparing
our data with the previous cited, we could say that
investigated species contained lower concentration
of Mn. This is probably due to antagonism in uptake
between Fe and Mn, as well as in the existence of very
high negative significant correlations between soil and
plant species in content of Mn.

Kabata-Pendias (2001) reported that Cu levels
of various soils ranged 1-200 mgkg™'. In our study,
the mean concentration of Cu in soil samples was
6.108 mgkg' d.m. Kabata-Pendias (2001) also, re-
ported that Cu levels of various plants from unpol-
luted regions in different countries changed between
2.1 and 8.4 mgkg'. Therefore, comparing our data
for zinc content in the soils samples with the find-
ings of some researches (Shallari et al. 1998; Bech et
al. 2008), we could say that it was lower (23.124 mg-
kg'd.m.). However, the results obtained in our study
are in accordance with literature data that copper
availability to plants might be reduced due to high
iron content in soil solution. In well-aerated soil Fe
occurs mostly in the form of Fe** oxides or hydrox-
ides, which are known as efficient sorbents for inor-
ganic cations such as Cu (Zivkovié et al. 2011).

Kabata-Pendias (2001) has reported that regular
Zn content for most of soil types ranges from 1-800
mgkg!. Therefore, comparing our data for zinc con-
tent in the soil samples with the findings of some re-
searches (Shallari et al. 1998; Bech et al. 2008), we
could say that it was lower (23.124 mgkg'd.m.). Al-
so, some authors (Brunetti et al. 2009) have reported
that the normal Zn content in plants (15-150 mgkg™")
and the maximum value (300 mgkg™') of Zn limits in
foodstuff were not exceeded. In our study, all inves-
tigated species had lower concentration of Zn than
previous cited.

The total Ni concentrations of serpentine soils
are generally in the range 500-8000 mgkg™! (Ghaderi-
an et al. 2007). Therefore, our data are in accordance
with previous findings of some researches (Shal-
lari et al. 1998; Reeves et al. 2007). Some authors
have described that the normal plants and crop spe-
cies generally contain 1-5 mg Ni kg (Reeves, 1992;
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Chaney et al, 2008) and suffer significant phytotox-
icity below 100 mg Ni kg'. The concentrations of Ni
in the leaves of plants on serpentine soils are slightly
elevated, usually to about 10-100 mgkg™!, compared
to plants growing on normal soils (0.2-5 mgkg™')
(Reeves 1992). In our study the species S. scardi-
ca have showed lower (more than 3 times) concen-
tration of Ni than S. recta. According to Chaney et
al. (2008), Ca addition to high Mg serpentine soils
with very low Ca:Mg ratio may reduce Ni phytotox-
icity. These observations agree with those obtained
by other authors (Zayed and Terry 2003) who found
that Ca:Mg quotient is a relatively important fac-
tor in Ni uptake. As a general rule, increasing solu-
tion of Ca inhibits plant uptake of Ni and other diva-
lent cations. However, a number of serpentine plants
are able to accumulate extraordinary concentrations
of Ni in their above-ground parts, especially in the
leaves (Ghaderian et al. 2007). Nickel is mainly
stored in the leaves, and is particularly concentrated
in epidermal cell vacuoles, trichome bases, and the
lower parts of the trichome pedicle. The uptake and
accumulation of pollutants vary from plant to plant
and also from species to species within a genus.

On average, the Earth’s crust is estimated to
contain about 15 ppm of Pb, with parent rocks, con-
tributing to the natural content (Bech et al. 2008).
Kabata-Pendias (2001) reported that Pb levels of
various soils ranged 2-200 mgkg!. Our results are
in accordance with previous cited data (Robin-
son et al. 1997; Reeves et al. 2007). Kabata-Pen-
dias (2001) also reported that Pb content in plants
grown in uncontaminated areas varied in between
0.05 and 3.0 mgkg'. Some authors have reported
that Pb concentration in plants ranged from 10 to 25
mgkg! (Carranza-Alvarez et al. 2008). The results
obtained in our study showed that investigated spe-
cies had concentration of Pb within normal range for
plants. The toxicity of Pb is strongly dependent on
the Pb:Ca ratio of the cation exchange complex of
the soil. Ca effectively counteracts Pb toxity, most
probably through inhibition of the uptake and the ac-
cumulation of Pb in the root.

Kabata-Pendias (2001) reported that Cd levels
of various soils ranged 0.001-2.5 mgkg'. Our re-
sults showed concentration of 1.407 mg Cd kg'd.m
in soil. The cadmium is considered to be toxic in the
environment at low levels. The low concentration of
Cd in investigated plant species was probably due to
antagonism in uptake among metals. So, the cadmi-
um adsorption was likely more affected by the pres-
ence of Ca and Cu, so that the mobility of Cd may be
greatly increased due to such competition. Addition-
ally, the Cd mobility was negatively correlated with
the clay content, which means that the competitive
adsorption may be the predominant process in Cd
bonding in these soils (Kabata-Pendias, 2001).

The results obtained in our study were showed

33.648 mg Co kg d.m. in soil samples. Similar re-
sults were described by some authors (Robinson et
al. 1997; Reeves et al. 2007). Cobalt frequently in-
teracts antagonistically with Ni, Fe and Mn in plants,
and antagonistic interaction between Ni and Co are
observed for some species under specific experi-
mental conditions (Tappero et al. 2007). These fac-
tors could be reason for different Co accumulation
and concentration in investigated plant species, as
well as the fact that metal concentrations in plants
vary with plant species.

High Ni and Cr concentrations were observed
only at the serpentine sites where soils were derived
from gabbros and ultrabasic rocks generally rich in
Fe, Ni and Cr (Shallari et al. 1998). The results ob-
tained in our study showed 485.236 mg Cr kg' d.m.
in soil. According to Brunetti et al. (2009), in the
investigated soil samples Cr concentrations ranged
from 36.18 to 115.15 mgkg'. The chromium is the
pollutant with highest total contents in soils, but it
showed only average extractability of 0.008% (Za-
yed and Terry 2003), because nearly all the soil Cr
was in a more resistant fraction (less soluble forms).
In the serpentine soils with high Cr concentrations,
it is often in form of chromite, an unalterable min-
eral, and so Cr remains not bioavailable. This is just
one factor that affects the uptake of Cr. Chromium is
a toxic, nonessential element for plants; hence, there
is no specific mechanism for its uptake. Possible
pathway could involve the carriers used for the up-
take of essential metals for plants metabolism. Ac-
cording to Reeves and Baker (2000), the normal val-
ues of Cr in plants is 2-5 mgkg™'. However, our find-
ings showed that Cr concentrations in plants ranged
from 1.346 to 1.879 mgkg!, which are in accord-
ance with some published data (Zivkovié et al. 2011
showed regular Cr content in plants usually ranges
from 0.006 to 18 mgkg™'). However, metal bioavaila-
bility of plants is influenced by various factors, such
as pH, temperature, redox potential, chemical speci-
ation, seasonal changes, sediment type, salinity, and
organic matter.

Soils are preferred monitoring tools, because
of the fact that they show less variation in time and
space, allowing more consistent assessment of spa-
tial and temporal contamination (Keshav etal. 2011).
The content of metals in the soil depends on numer-
ous factors, such as: specific ability of some plants
to over-accumulate various toxic metals, chemical
and physical characteristics of soil and metal inter-
actions.

An organism is expected to reflect environmen-
tal pollution if it has the ability to take up elements
proportionally to their concentration in the environ-
ment (Ravera et al. 2003). This study exhibited dif-
ferent metal concentration in investigated plant spe-
cies, depending on kind of metals and plant spe-
cies. In spite of the fact that very high correlation
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in metal uptake between plants exist; and plan and
soil, it seems that species S. recta (serpentine-obli-
gate plants) and S. scardica (serpentine-facultative
plants) have had different metal mechanisms of up-
take, accumulation and concentration. Metal uptake
by plants depends on the bioavailability of the metal
in soils, which in turn depends on the retention time
of the metal, as well as the interaction with other el-
ements and substances.

Metal accumulation by plants is affected by
many factors. In general, variations in plant species,
the growth stage of the plants and element character-
istics control absorption, accumulation and translo-
cation of metals (Ahmad et al. 2011). However, plant
communities on serpentine soils are adapted to toxic
concentrations of metals. The adaptive responses of
plants to contaminated environmentwith metals are
efficient processes that include many physiological,
molecular, genetic and ecological traits. These fea-
tures give to certain species the ability to survive or
hyperaccumulate the toxic metals.

The results of presented study revealed differ-
ent metal accumulation between species from genus
Stachys. The species S. scardica showed better ac-
cumulation of almost all investigated metals (except
Mg, Ni, Pb and Cd) than S. recta. However, plants
reveal a variable and sometimes specific ability to
absorb element from soil. The response of plants to
the chemistry of the environment is controlled by
several external and biochemical factors. Three gen-
eral uptake characteristics can be distinguished in
plants: accumulation, indication, and exclusion. In
spite of the fact that a huge difference in metal up-
take between plant species exist, the chemical anal-
ysis of plants is a promising tool to study chemical
properties and changes in the biosphere.

Conclusions

The aims of this study were to determine the
contentof eleven metals in species S. recta and S.
scardica and in serpentine soil. The mean concen-
trations of investigated metals were higher in the soil
than in plant (except for Ca). The metal uptake does
not necessarily correlate with metal content in the
soil. This study exhibited different metal accumula-
tion between species from genus Stachys, depending
on kind of metals and plant species. The species S.
scardica howed better accumulation of almost all in-
vestigated metals (except Mg, Ni, Pb and Cd) than
S. recta. In spite of existence of very high correla-
tion in metal uptake between plants, and plants and
soil, it seems that species S. recta serpentine-obli-
gate plants and S. scardica serpentine-facultative
plants have had different metal mechanisms of up-
take, accumulation and concentration of metals de-
pending on type of metals and plant species. Itis gen-
erally regarded that the bioavailability of metals is close-

ly related to their chemical speciation, rather than total
concentration in soils.

Acknowledgements

This investigation was supported by the Min-
istry of Science and Technological Development of
the Republic of Serbia (BTR 31054). The authors
are thankful to colleagues from the Institute of Pub-
lic Health Division of Hygiene and Medical Ecology
in Kragujevac for help in chemical analysis of soil
and plant samples, as well as and to colleagues from
Geological Institute of Serbia.

References

Adriano, D.C. (2001). Trace element in terrestrial
environments: biogeochemistry, bioavailabil-
ity and risks of metals. Springer, New York.

Ahmad, A., Ghufran, R., Zularisam, A.W. (2011).
Phytosequestration of metals in selected
plants growing on a contaminated Okhla in-
dustrial area, Okhla, New Delhi, India. Water
Air Soil Pollut. 217: 255-266.

Allen, S.E. (1989). Analysis of Ecological Materi-
als. 2™ Ed. Blackwell Scientific Publication.
Oxford.

Bani, A., Pavlova, D., Echevarria, G., Mullaji, A.,
Reeves, R., Morel, J.L., Sulg, S. (2010).
Nickel hyperaccumulation by the species of
Alyssum and Thlaspi (Brassicaceae) from the
ultramafic soils of the Balkans. Botanica Ser-
bica 34(1): 3-14.

Bech, J., Tume, P., Longan, L., Reverter, F., Bech,
J., Tume, L., Tempio, M. (2008). Concentra-
tion of Cd, Cu, Pb, Zn, Al, and Fe in soils of
Manresa, NE Spain. Environ. Monit. Assess.
145: 257-266.

Brady, K.U., Kruckeberg, A.R., Bradshaw, H.D.
(2005). Evolutionary ecology of plant adap-
tation to serpantine soils. Annu. Rev. Ecol.
Evol. Syst. 36: 243-266.

Brooks, R.R. (1987). Serpentine and its Vegetation:
A Multidisciplinary Approach. Discorides
Press, Portland, Oregon, pp: 407-454.

Brunetti, G., Soler-Rovira, P., Farrag, K., Senesi, N.
(2009). Tolerance and accumulation of heavy
metals by wild plant species grown in con-
taminated soils in Apulia region, Southern It-
aly. Plant Soil 318: 285-298.

Carranza-Alvarez, C., Alonso-Castro, A.J., Alfaro-
De La Torre, M.C., Garcia De La Cruz, R.F.
(2008). Accumulation and Distribution of
Heavy Metals in Scirpus americanus and Ty-
pha latifolia from an Atrificial Lagoon in San
Luis Potosi, Mexico. Water Air Soil Pollution
188: 297-309.

Chaney, R.L., Chen, K.Y., Li, Y.M., Angle, J.S.,

116 36o0puuk Ha TpyaoBu ox IV Konrpec Ha exonosute o1 Makenonuja



The bioaccumualtion of some metals in soil and species Stachys recta L. and Stachys scardica (Griseb.)...

Baker, A.J.M. (2008): Effects of calcium on
nickel tolerance and accumulation in Alys-
sum species and cabbage grown in nutrient
solution. Plant Soil 311: 131-140.

Ghaderian, A.M., Mohtadi, A., Rahiminejad, R.,
Reeves, R.D., Baker, A.J.M. (2007). Hyper-
accumulation of nickel by two Alyssum spe-
cies from the serpentine soils of Iran. Plant
Soil 293: 91-97.

Javorka, S., Csapody, V. (1979). Iconographia Flo-
rae parties Austro-Orientalis Europae Centra-
lis. Academiai kido, Budampest.

Josifovi¢, M. (1972). Flora of Serbia I, SAAS, Be-
ograd. pp: 286-311.

Kabata-Pendias, A. (2001). Trace Elements in Soil
and Plants (2" ed.). Boca Raton.CRC press,
Washington, D.C.

Keshav, A.K., Mohan, K.R., Murthy, N.N. (2011).
A multivariate statistical approach for mon-
itoring of heavy metals in sediments: A case
study from Wailpalli watershed, Nalgonda
district, Andhra Pradesh, India. Research J.
Environ. Erth Sci. 3(2): 103-113.

Markert, B. (1992). Presence and significance of
naturally occurring chemical elements of the
periodic system in the plant organism and
consequences for future investigations on in-
organic environmental chemistry in ecosys-
tems. Vegetatio 103: 1-30.

O’Dell, R.E., James, J.J., Richards, J.H. (2006).
Congenetic serpentine and non-serpentine
shrubs differ more in leaf Ca:Mg than in tol-
erance of low N, low P or heavy metals. Plant
Soil 280: 49-64.

Pais, 1., Jones, J.B. (2000): The Handbook of Trace
Elements. St. Luice Press, Florida.

Ravera, O., Cenci, R., Beone, G.M., Dantas, M.,
Lodigiani, P. (2003). Trace element concen-
tration in freshwater mussels and macro-
phytes as related to those in their environ-
ment. J. Limnol. 62: 61-70.

Reeves, R.D. (1992). The hyperaccumulation of
nickel by serpentine plants. In: Baker AJM,
Proctor J, Reeves RD (Eds.) The vegetation
of ultramafic (serpentine) soils. Intercept Ltd.

Andover, Hampshire, UK. pp: 253-277.

Reeves, R.D., Baker, A.J.M. (2000). Phytoremedia-
tion of toxic metals. In Raskin I, Ensley BD
(Eds.) Using plants to clean up the environ-
ment. Wiley and Sons Inc, New York.

Reeves, R.D., Baker, A.J.M., Becquer, T., Echevar-
ria, G., Miranda, Z.J.G. (2007). The flora and
biogeochemistry of the ultramafic soils of
Goias state, Brazil. Plant Soil. 293: 107-119.

Riter-Studnicka, H. (1968). Die Serpentinomorphosen
der Flora Bosniens. Botan. Jahrbucher. 88(4):
443-465.

Robinson, B.H., Chiarucci, A., Brooks, R.R., Pet-
it, D., Kirkman, J.H., Gregg, P.E.H., De Do-
minicis, V. (1997). The nickel hyperaccumu-
lator plant Alyssum bertolonii as a potential
agent for phytoremediation and phytomining
of nickel. Jour. Geoche. Explor. 59: 75-86.

Shallari, S., Schwartz, C., Hasko, A., Morel, J.L
.(1998). Heavy metals in soils and plants of
serpentine and industrial sites of Albania.
The Sci. Tot. Enviro. 209: 133-142.

Stevanovié, V., Tan, K., Iatrou, G. (2003). Distribu-
tion of the endemic Balkan flora on serpenine
I.- obligate serpentine endemics. Plant Syst.
Evol. 242: 149-170.

Tappero, R., Peltier, E., Grife, M., Heidel, K.,
Ginder-Vogel, M., Livi, K.J.T., Rivers, M.L.,
Marcus, M.A., Chaney, R.L., Sparks, D.L.
(2007).Hyperaccumulator Alyssum murale
relies on a different metal storage mechanism
for cobalt than for nickel. New Phytologist
175: 641-654.

Tutin, T.G. (1964). Genus Alyssum L. In: Tutin, TG,
Heywood, VH, Burges, NA, Valentine, DH,
Walters, SM, Webb, DA (Eds.), Flora Eu-
ropaea, Vol. I Cambridge University Press,
Cambridge, United Kingdom. pp: 296- 304

Zayed, A., Terry, N. (2003). Chromium in the envi-
ronment: factors affecting biological remedi-
ation. Plant Soil 249: 139-156.

Zivkovié, ., Razié, S., Arsenijevié, J., Maksimovié,
Z .(2011). Heavy metal contents in Veronica
species and soil from mountain areas in Ser-
bia. J. Serb. Chem. Soc. 76(0): 1-16.

Proceedings of the 4" Congress of Ecologists of Macedonia 117



Proceedings of the 4" Congress of Ecologists of
Macedonia with International Participation
Ohrid, 12-15 October 2012

Macedonian Ecological Society

HUBOTO HA EKOJIOIIKOTO OBPA3SOBAHUE KAJ YYEHUIIUTE
OA CPEAHUTE YUUJINMLITA BO PEIYBJIMUKA MAKEJIOHHNUJA

Musie Cpbunoscku', Mypresan Hemannu® u opanm Jonysu®

Hnemumym 3a scusomna cpeouna u 30pasje, Hnunoencka 66, Kavnyc sep. 304.13
Vuusepsumem na Jyeoucmouna Eepona, 1200 Temoso, Penybnauxa Maxedonuja
2Huemumym 3a sicusomua cpeduna u sopasje, Hnunoencka 660, Kamnyc zep. 304.13. Yuusepsumem na Jyeoucmouna
Espona, 1200 Temoso, Penybnuxa Makedonuja E-mail: murtezan.ismaili@seeu.edu.mk
329 Hoemepu 6.6., 1200 Tetovo, Penybauxa Maxedonuja ibromedical@yahoo.com

Ancrpaxkr

Cpounoscku, M., Ucmannu, M. u Jorysu U. (2013). HuBOTO Ha €KOJIOMIKOTO 00pa30BaHKE Kaj YUCHUIIUTE O/
CpemHUTe yurauiTa Bo Penyonrka Makenonuja. 36opHuk Ha Tpynosu on IV Konrpec Ha exono3ute Ha Makeo-
HUja co Mel'yHapoaHo yuecTBo, Oxpun, 12-15 okromBpu 2012 roxuna. MakeToHCKO €KOJIOMIKO JAPYIITBO, OCEO-

Ho uznanue 28, Ckorje.

VYuunuiirara Kako ONMIITECTBEHO OJITOBOPHU CHCTEMH 32 Pa3B0oj Ha rparaHCTBOTO, OM TpeOaso a ce aHTaXH-
paaT oKoJIy pa3BojOT Ha KOTHUTUBHUTE, aQeKTUBHUTE U IICHXO-MOTOPHUTE BELITHHU 3a J]a CE CTEKHAT YUCHHUIUTE
CO CIIOCOOHOCTH 32 JOHECYBaHbE OJTOBOTHHU OJUTYKH BO BPKa CO )KMBOTHATA CPEIMHA.

OBoj Tpyx e 00K 1a ce JeTepMUHNPA HUBOTO Ha 3HAaCHaTa Ha yYCHHUILIUTE, CTABOBUTE, EMOLIMUTE U JINYHATA
MOZITOTBEHOCT 32 Mpe3eMarbe akIiyja 3a 3alliTHTa Ha HUBHATA )XMBOTHA cpeiHa. MCcTOTo € CTOpeHOo co oMol Ha 5
HHCTPYMEHTH CO peJIaTUBHO T0OpH METPUCKU KapaKTePUCTUKH Ha MpUMepok o 484 yuenunu o 19 cpernuu yuu-

numra Bo Perry6irka MakenoHuja.

CpeHOTO HMBO Ha €KOJIOIIKA eIyIIMPAHOCT Ha YYCHULIMTE U3HecyBa okony 44,18% o1 MakcUMaIHOTO HUBO

(100%), mrTo 3HaYM J1eKa UCTOTO € HAa HUCKO HUBO.

Koayunu 360poBu: exosoko o06pa3oBaHue, YUSHUIH, CpeHH yumuiTa, Permyonrka Makenonuja

Abstract

Srbinovski, M., Ismaili, M. & Jonuzi, 1. (2013). Students’ environmental education level in the Macedonian
secondary schools. Proceedings of the 4™ Congress of Ecologists of Macedonia with International Participation,
Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

Schools as one of the social systems responsible for the development of citizenry should be charged with de-
veloping cognitive, affective and psycho-motor skills to equip students with the ability to make environmentally

responsible decisions.

This paper is an attempt to determine the level of students’ knowledge, attitudes, emotions and personal will-
ingness for taking action to protect their environment. The same is done with 5 instruments with relatively good
metric characteristics on sample of 484 students from 19 secondary schools in the Republic of Macedonia.

The average environmental education of the examiners is about 44.18% of the maximum (100%), which

means that it is low level.

Key words: environmental education, students, secondary schools, The Republic of Macedonia.

BoBen

TprayBajku ox moTpedara 3a neduHUpame Ha
aKTyelTHaTa COCT0j0a U MEPCIEeKTHBUTE Ha SKOJIOMI-
KOTO 00pa3oBaHME M BOCIMTAaHWE BO HAIIUTE Y4H-
JIMIITA, TPHUCTAIIMBME KOH €IHO BAaKBO HCTPAXYy-
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Bame. Co Toa cakaBMe Ja JajieMe CKPOMEH IpUI0-
HEC Ha TOJIETO Ha MOoIo0pyBame Ha OBa HACTABHO
mojipadje, 3aroa IITO HEKOW MPEIXOIHU HUCTPaXKYy-
Bama IMOKaXKYBaaT [IcKa CKOJIOIIKOTO 0Opa30oBaHUE
1 BOCTIMTaHME C€ HaoraaT BO CIEHM(pUIHA TTOIOXK-
6a (Ismaili et al., 2009; Jony3u u mp., 2009; Jony3u



HuBoTo Ha eKoJI0IIKOTO 00pa30BaHKe Ka] YUCHUIIUTE O] CPSIHUTE YUMIUINTA BO PermyOnruka MakeaoHuja

, 2009; Cpounoscku, 2002, 2003a, 20036, 2004a,
20046, 2005a, 20056, 2007, 2012), Srbinovski et al.,
2009a, 20096, 2010, 2007, 2011, 2012 utH.).

Henoctoemero Ha IUIAaHUPAH W CTPATCILKH
MIPUCTaN BO OBAa HACTaBHO-BOCIIMTHO TOJpayje, He-
TaTHBHO Ce€ OJIpa3yBa Bp3 HUBOTO HAa EKOJIOIIKAara
elyLIMpaHOCT Ha y4yeHuuuTe. Bo BakBu ycioBu He
MOXKeMe Jla O4eKyBaMe JIeKa 3HaehaTa Ha YUCHUIIU-
Te Ke ImpepacHaT BO MIPaBHIICH OJHOC KOH JKHBOTHA-
Ta cpeanHa. Bo npuiior Ha oBaa KOHCTaraluja ogar
U PEe3yNTaTtuTe OJ] M3BPIICHUTE MEperma Ha MOCTH-
ramara Ha y4YeHUIMTE Ha TI0JIETO Ha EKOJorujara
BO PemyOnnka Makenonuja. 3arpmkysa GpakToT Je-
Ka HEKOU ITapaMeTpH OJ] EKOJIOIIKaTa eIyLHpaHOCT
Ha yYEHHLUTE BO U3MUHATHOT MEPHO HE CaMO ILTO
CTarHupaar, TyKy U Oeyiexar mnas.

Certo OBa ynaryBa Ha IIOCTOCH-E Ha €Ha Tapa-
JIOKcaliHa cuTyanuja. MiMeHo, mako ox eqHa crpa-
Ha MMaMe TeHJICHIMja Ha Tpe3eMarmbe Ha OPEICHU
MEpKH 3a MMoJ00pyBame Ha BOCIUTHO-00Pa30BHUOT
CHCTEM, OJ Apyra CTpaHa IlaKk, HWMame HeIOBOJI-
Ha EKOJIOIIKAa eqy[HpaHocT Ha ydeHuuure. OBa 3a
Hac Oellle 1 IIaBHATa MHCIIMpanuja aa ce 3adarume
CO YTBpJlyBame Ha HUBOTO Ha €KOJIOIIKATa eAyIHpa-
HOCT Ha YYCHHIIUTE OJ HallaTa penyosiuKa.

MeTtoau

[Tpenmer Ha OBa HCTPaKyBambE € EKOJOIIKO-
T0 00pa3oBaHHE M BOCHHTAHHE HA YUCHHIUTE OJ
cpenHuTe yumnumTa Bo PemyOnmnka Maxkenonwuja.
I'maBHaTa 1en Ha UCTPAKYBAKETO € Jia Ce YTBPIU
HUBOTO Ha EKOJIOLIKATa OCIIOCOOSHOCT Ha YYCHUIIH-
TEe NpEeKy KOTHUTHBHATA, BPEAHOCHATa, a)eKTUBHA-
Ta ¥ KOHATHBHATA KOMIIOHEHTa. TPrHyBajKku o1 (hak-
TOT A€Ka MOCJIEHNBE TOIMHH CE TIPe3eMaar HU3a aK-
TUBHOCTH 32 ITOJ00pYBame Ha KBAIUTETOT Ha BOC-
MTUTHO-00Pa30BHHUOT MPOLIEC, & CO TOA U MOAPAYjETO
Ha 3alITHTa U yHANpeyBame Ha )KUBOTHATA CPEIH-
Ha, MPEeTIIOCTaByBaMe JieKa EKOJIOIIKara eaylupa-
HOCT Ha YYEHHILIUTE € Ha TOTPEOHOTO HUBO.

[oarajku om MOCTaBEHWTE IENH W 3a/a4d Ha
HCTPaKyBambETO, CE ONPE/IeIMBME 32 KOHCTPYKIIH]a
Ha ClIefIHUTEe MHCTpyMeHTH: IlpamanHuk 3a yde-
nukot (I1Y-1), Tect Ha 3Haeme (T3-2), Cxana Ha
BPEIHOCTH Ha ekojomkara opueHranuja (CB-3),
Ckauta Ha 3a70BosicTBo (C3-4) n Ckala Ha aKTHBa-
uuja (CA-5). JloOneHnTe HHCTPYMEHTH C€ CO pela-
THUBHO JIOOPH METPUCKH KapaKTEPUCTHUKH.

Bo ncrpaxysamero 6ea ondarenu 484 ncnm-
TaHUIM o 19 ruMHazum ox 18 HaceneHu mecta BO
PenyOniuka Makenonuja. [Tonynanumjara ja counny-
Baa Y4YEHHIM TMMHA3Wjall1 OJ] 3aBPIIHUTE KJIaco-
Bu (Tabema 1).

Tao6. 1. YdYeHUIy o yuyuiIumra.
Tab. 1. Students by schools.

Yunauure Mecto YyeHuuu

School Place Students
Mirce Acev Prilep 24
“M.M.Brico” M. Kamenica 32
“Rade J. Korcagin” Skopje 31
“Kiril Pejcinovic” Tetovo 18
“Kosta Susinov” Radovis 33
“M.M.Brico” Delcevo 28
“Pance Poposki” Gostivar 30
“Ljupco Santov” Kocani 21
“Niko Nestor” Struga 20
“Jane Sandanski” Strumica 21
“Goce Delcev Kumanovo 27
“Josif Josifoski” Gevgelija 24
“Sv. Naum Ohridski” M. Brod 21
“Sv. Kliment Ohridski” Ohrid 26
“Zefljus Marku” Skopje 30
“Sv. Kiril i Metodij” Negotino 16
“Dobri Daskalov” Kavadarci 21
“Koco Racin” Veles 32
“Josip Broz” butona 29
Bxynno/Total 484

Pe3ynratu u nuckycuja

Ha tecToT Ha 3HacHwe YUYCHUIIUTE CPEIHO OC-
Bouja 34.71% o1 MaKCUMaTHHOT OpPOj MOXKHHU TIOC-
HU. BpenHoctuTe Ha cTaHmapaHaTa JeBHjalnja yKa-
KyBaaT Jieka MCIUTaHUIUTE CE U3Pa3UTO XOMOre-
HU BO IOIVIE/] HA CBOUTE €KOJIOIIKHU 3Haewa. Hajro-
JieM OpOj YYEHHIM TOYHO OJrOBOPHja HA CIICAHUBE
npamama: Koj npenusBukyBa rio0allHO 3aToILTy-
Bame Ha Onocdepara (56.46%), [Ipeky kou mpore-
CH ce TIPOM3Be/lyBaaT OPraHCKU MaTepuy BO NPUPO-
nara (54.33%). llto e monynanuja (53.40). Kako ru
JIeTIME OpPraHU3MHTE CIOpe/l HAYMHOT Ha UCXpaHa
Bo mpupojara (52.85%) utH. On apyra cTpaHa max,
YUCHHIIUTE MOIIHE c1ab0 OIroBOpHja Ha CIICTHUBE
npamama: Kou ce npoaykrute Ha (oTOCHHTE3aTa
(13.81%), ITozHaBame Ha orpaHUYyBadKuTe (HaKTo-
pu (15.06%), PasnukyBame Ha OCHOBHHUTE THUIIOBU
KHUBOTHU cpeaunu (19.62%), IlozHaBameTo Ha Ou-
ornukute akropu (21.83), [To3naBameTo Ha abuo-
tuakute paxropu (23.99%) utH.

Hajronemuor gen on MCHUTAaHULUTE CMETaaT
JIeKa CBOMTE 3HacHa Ce Ha HHUBO ‘‘Ce cekaBaM JieKa
HUB CyM TI'l y4el’ U “UMaM YyBCTBO JI€Ka HUB T'H
3HaM HO HE MO)KaM Ja T'¥ ucKaxkam™ OIHOCHO, THE
BepyBaar JeKa HajuecTo CBOUTE 3HACHA OJi EKOJIO-
rujara ' yCBOjyBaar JIO CTEIeH Ha IPero3HaBambe.
Bo npuitor Ha oBaa KoHCTaranuja oar u pe3yaTaTh-
TC OO MPEAXOJHUTE UCTPaKyBakhba Ha IPYTU aBTOPU
(na npumep CpounoBcku, 20058 UTH.).
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Mute CpOHHOBCKH H COP.

Criopen pe3yaTaTure OJ cKajiata Ha BPEIHOC-
T MOXEME Ja KOHCTaTUpaM€ JCKa HCIIMTaHUIIU-
Te Ce MO3UTHUBHO EKOJOIIKK orpeneneHu. Kapak-
TCPUCTUYIHO € IC€Ka HUTY 3a €JHO TBPACHC NCIIUTA-
HUIIMTE HEMaaT MpoceyHu 5 6oxa, a oj Ipyra crpa-
Ha TaK, 3a 6 TBpJEHa MPOCEYHUTE OOOBU ce€ O]
4. Hajronem 0poj MCIMTaHUIM IJIABHO M COCEMa Ce
CIIOKYBaaT CO TBPICHCTO “3allITHTYBajKH ja MPH-
ponara, ce 3alTUTyBaMe caMuTe cebe CH 1 HaIlluTe
rokosieHuja” (apurmeTnyka cpeanna 4,15) mro 360-
pyBa 3a BUCOKO BPEIHYBamh€ Ha EKOJIOLIKATa pam-
HOTE)Ka KaKko TPEIyCJIOB 3a ONCTAHOK Ha YOBEKOT.
Hajronem nen o y4eHHMIIMTE YOBEKOT I'O CMeTaar
3a HajoAroBopeH (akTop 3a 3allTHTA HA KUBOTHA-
Ta CpelvHa, a Toa ce 3a0eNexyBa oJf apUTMETHIKa-
Ta CpeiHa 3a MPEANOCIeIHOTO TBpeHe “HoBEKOT
€ HajoaroBopeH (akTop 3a 3alllTUTa Ha )KUBOTHATA
cpeanHa” koja usHecyra 3.91. Tyka Ou ro usaBojuie
BUCOKHOT IPOIICHT Ha UCITUTAHUIK KOM COCeMa WU
BOTJIABHO C€ CIIOKyBaar co TBpaewero “Tlpupona-
Ta € Hallle 3aeJIHNY0 OOraTcTBO M 3aToa Tpeda Ja ce
IPYDKUME 32 Hea” 4yKja apUTMETHYKa Cpe/IiHa U3He-
cyBa 3.79. PagyBa mogaTokoT Jieka IMorojem el Of
YUSHHUIUTE CMETAAT JeKa pa3BojOT Ha ONIITECTBOTO
€ IOBp3aH M 3aBHMCEH O]] TOA KAKO HHE CE OJ[HECyBa-
Me KOH YXMBOTHATa cpejrHa. Toa UMILTHIUTHO 300-
pyBa Jieka MIIauTe TO pecleKThUpaar u npudakaar
KOHIIETIOT 32 OAP>KJIMB Pa3Boj. 3aT0a THE BUCOKO I'O
olieHmIe TBpAeHeTo “He Tpeda ma ce mrenar cpen-
CTBaTa Kora € BO Ipallamke 3allTHTaTa Ha OKOJIMHA-
Ta” CO apUTMeTHYKa cpeauna 3.73.

3arpmxyBa MaJHOT MPOLEHT Ha YYEHHIH KOU
MIPaBUIIHO TO BpeAHyBaaT TBpAeHeTo “‘Hampemokor
Ha YOBELITBOTO CE€ OIVie[]a BO TOA KOJKY YOBEKOT ja
nckopuctui npupozara’”. Co oBa TBpJACHE BOITIABHO
WJTH LIETIOCHO ce cnoxyBaat okomy 40 %. Enqnoctpa-
HOTO TPETUPAhE Ha PUpPOJATa CaMO KaKko U3BOP Ha
pecypcH U He BOACHETO CMETKa 32 MPUPOJHUTE 3a-
KOHH, MOXKE JIa IMa JIAJIEKYCEeKHH HECOTIISIUBH T10-
CJICITUIIM BO MOIJIE/ HA HApyIIyBambeTO Ha EKOJIOII-
KaTa paMHOTEKa BO MPUPOJIATa, IITO MOXKE Jia TO J10-
BeJle M0]] 3HAaK MpAIlHUK OTNICTAaHOKOT Ha LENUOT
JKHMB CBET, & CO TOa U Ha YOBEKOT. MoIlIHe Mall Jen
O/l YYCHUIIUTE ACTYMHO WIH ILEIOCHO CE CIIOXKYBa-
aT co TBpAeHeo “EnnHTBeHa [1aHca J1a ce MpeKuBee
Ha Halara rjiaHeTa € eKoJOmKUOoT pasym”. Toa He-
JIBOCMHCIJIEHO TOBOPH JieKa MIIQJINTE CE CBECHU Je-
Ka OTICTAHOKOT Ha IJIaHeTaBa € YCJIOBEH OJ1 II0T0JIeM
0poj dakTopH, KOM TOBEKE HJIH MTOMAJIKY IOMUpaaT
U HaBlieryBaar BO cdepara Ha EKOJIOIIKAaTa HayKa.
Cenak NoOroJeMHuoT A€ Of UCITUTAHUIIUTE CMeTaaT
JieKa 4OBEKOT Tpeba aa Ousie mpuBUIIerUpaH BO MPH-
ponara, OJIHOCHO JIeKa HErOBOTO OJJHECYBAhE MOXKE
Ja Ouje mociao00qHO U OAPECHO O] HEeroBara BO-
mja. Cekako Jieka OBa HE € BO CKJIaJ CO OCHOBHH-
TC €KOJIOMIKH NPUHIOWIIN U HaYCIa. Hcro Taka OKOITy
200 ygenuru cMeTaar aexa “MHory paboTH BO Ku-
BOTOT Ha YOBEKOT C€ MOBAYKHU O] €KOJIOIIKHUTE .

Criopen pe3ynTarire Ofi cKajaTa Ha 3a/I0BOJI-
CTBO, YUCHUIIUTE HajMAIIKy C€ 3aJJ0BOJHHU O] OJHO-
COT Ha HAJJIS)KHUTE OPTaHU U HHCTUTYIIUH (apUT™Me-
THYKa cpeanHa 2.23), 9ucToTaTa Ha peKuTe (BOOIIII-
TO He 3a10BOJHU — 46.49%, I1aBHO HE3aJ0BOJIHU
29.96%, aputmeTnuka cpenuna 2.25). ITotoa cneny-
BaaT TprKkara Ha Jp)kaBara 3a IPHpojaTa BO Mpak-
ca (BoommTo He 3a10BoJIHH — 36.78%, T1aBHO He3a-
noBosiHU 20.66%, apuT™meTnuka cpenuHa 2.28).) u
YHUCTOTATa Ha BO3AYXOT (BOOIIITO HE 33I0BOJIHU —
29.34%, rnaBHo He3amoBoiaHH 31.20%, apuT™MeTHY-
Ka cpenuHa 2.34).

HcnuTaHunuTe HAjMHOTY Ce€ 3aJI0BOJHH O]
KBaJIMTETOT HAa XpaHara (BOOIIIITO HE3aJ0BOJIHH—
12.19%, rtnaBHO He3amoBomHH 22.52%, apuTme-
tnuka cpenuHa 2.51). Ilotoa, om ypeneHocta Ha
TYPUCTHYKHTE MecTa (BOOIIITO HE 3aJ0BOJHU —
15.91%, rmaBHO He3amoBonHU 17.98%, apuT™MeTHy-
Ka cpenuHa 2.88), yucToTaTa Ha YYMIUINTETO U yUU-
JUIIHUOT ABOP (BOOMIITO HE 3a70BoiHH — 27.07%,
IJIaBHO He3aJ0BOJHU 29.96%, aputmMeTndKa cpenu-
Ha 2.25), KBaJUTETOT Ha BojaTa 3a MHUeHe (BOOTII-
TO He 3a10BoJHUA — 28.31%, IIaBHO HE3aJ0BOJIHU
24.79%, apur™meTndkara cpenvta e 2.49) utH.

Bp3 6a3a Ha noduenute pesyararu ox Ckanara
Ha aKkTHBallMja MOXXeMe Jla KOHCTaTupame Jeka Io-
TOJIEMHUOT JIeJT Ol YUSHUIUTE CE MOATOTBEHH aKTHB-
HO Ja YY€CTBYBaaT BO 3allITUTaTa U YHaAIIpEAyBamkbEC-
TO Ha )KUBOTHATa CpeJMHa BO Koja xkuBear. [loBeke-
TO O] MOJIOBHHATA UcTHTaHUIM (56%) ce u3jacHuie
JieKa ce TOJrOTBEHU KOJIEKTUBHO Jla C& aHTa)KHpa-
aT BO aKTUBHOCTUTEC 3a YHAIIPCAyBamkb€ Ha HUBHATa
XKHMBOTHA cepauHa. OJ Apyra cTpaHa IMak, He € Majl
" MMPOLUCHTOT HAa YYCHHWIH KOW HMMaarT I/IHZ[I/I(I)epeH-
TaH oxHoc (12.85%). Toa 3HauM neka OBHE yUCHULIN
HE cakaar Jja y4eCTByBaaT BO 3allTUTaTa, OUJICjKHU ce
Oapa oznpeznena aktuBHOCT. Co npyru 3000BH, HHB-
Hara aKkIMOHA MOATOTBEHOCT € IIOHNCKA O] OHA IITO
OTIIIITECTBOTO TO Oapa.

Ha Crnuka 1 e npuka)kaHa eKoJIOIIKaTa eaylu-
PaHOCT Ha YUCHUIIUTE BO MOIJICA HA CUTE 4 HUCIINTY-
BaHU TTapaMeTpH.
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3abesnexyBaMe Jeka Kaj MCHHUTAHUIUTE Haj-
CHJIHO C€ pa3BHEHHM BpEIHOCHATa W KOHATMBHATA
KOMIIOHEHTA, a Hajc1a00 ce pPa3BUeHU KOTHUTHBHATA
u adexTrBHaTa KoMHoHeHTa. CpesHO 3eMEHO, eKOo-
JIONIKaTa €AylLMPaHOCT Ha FMMHa3ujainuute on Pe-
nyonuka Makenonuja usHecysa 44.18% ox makcu-
manHara Bpeanoct (100%).

Ha cnexnara ciuka e mpukakaHa KomIiapa-
Lyjara Ha JOOMEHHUTE BPEH/IOCTH CO OHUE JTOOUECHU
O]l TIPEJIXOJTHUTE UCTpaKyBama Ha CpObuHoBCckU, M.
(2005).
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Ca. 2. Exomomkara exymupaHoCT 110
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Fig. 2. Environmental educations by components

2005/2009 (%).

3abenexxyBame JIcKa CUTE MCIUTYBaHH BapHja-
01K MMaar MOHUCKH BPEJIHOCTH BO Cropenda co
OHHE TOOUEHH Of] PEIXOTHOTO HCTpaKyBame. Haj-
rojieM maj 3a0ese)KyBamMe Kaj BPEIHOCHATa M KOr-
HUTHBHATA KOMIIOHCHTA HA CKOJOIIKATA CHyIHpa-
HocT. Of apyra cTpaHa mak, He3HAYUTENHO MOHHU-
CKHU Bp€AHOCTU [lO6l/IBMe BO II0I71€/] HA aq)eKTI/IBHaTa
Y KOHATHBHATA KOMIIOHEHTA.

Ha cnennara cnuka e mpuKakaHa MpocevHaTa
EKOJIOIIKA OCMTOCOOCHOCT HA YICHHIIUTE BO HCITUTY-
BaHHOT nepuoy (2005/2009).

62 61,11 -
Q02005
60 | 22009
58 |
56 -
54,05
54 |
52 |
50 -
Ca. 3. Onmniurara eKosiolka eIynupaHoCT Ha
YUCHHIUTE.
Fig. 3. General students’ environmental
education.

3abenexxyBame Jieka HUBOTO Ha OMIITATa €KO-
JIOIIKA SAYIIMPAHOCT Ha THMHA3H]AJIIUTE € TOHUCKO
BO OfHOC Ha HUBOTO 011 2005 ronuHAa.

3akaydoun

Ha TectoT Ha 3HaeHe yYSHHUIIUTE CPETHO OCBO-
uja 34.71% on MakCHMaIHUOT OPOj MOYKHH MOCHHU.
Criopen cy0jeKTHBHA MPOICHKA HA UCIMTAHUIINTE,
3HaewhaTa Ha YYEHHUIIUTE O]l 00NacTa Ha eKoJIoruja-
Ta ce Ha HUBO ‘‘Ceé cekaBaM JieKa HUB CyM T'l y4en”’
A “UMaM YYBCTBO A€Ka HMB I'M 3HAM HO HE MOXaM
Jla TH UCKaXkaM”, OJHOCHO MCTUTE T'M YCBOjyBaar 0
CTEIIeH Ha MPEero3HaBabe.

CpeZHOTO HUBO Ha 3aJI0BOJICTBO Ol KBAJIUTE-
TOT Ha XMBOTHaTa CpeAMHA H3HecyBa 2.46. Yue-
HUILIUTE HAjMAJKy Ce 3a/I0BOJIHH OJf OAHOCOT Ha Ha-
JUIeKHUTE OpPTaHH M MHCTUTYIHHU (apUTMETHYKa
cpeauHa 2.23), yucroTara Ha pekuTe (BOOMILTO He
3a70BOJHU — 46.49%, r1aBHO He3am0BOIHHE 29.96%,
apuTMETHYKa cpeauHa 2.25) U of rpuxkara Ha Ap-
’KaBara 3a Ipupojara BO Ipakca (BOONIITO HE 3a-
noBojiHH — 36.78%, rmaBHO He3amoBojHH 20.66%,
aputMeTHuKa cpenuHa 2.28). Tue ce HajMHOrY 3a-
JOBOJIHM O[] KBAJIMTCTOT Ha XpaHaTa (BOOHHITO HE-
3a70B0JHN— 12.19%, rmaBHO He3aq0BOIHU 22.52%,
apuTMeTHyka cpenuHa 2.51) m o ypeneHocTa Ha
TYPUCTHYKHTE MecTa (BOOIIITO HE 3aJ0BOJHU —
15.91%, rmaBHO He3amoBonHU 17.98%, apurmeTHny-
Ka cpennHa 2.88).

[ToroneMuoT A€ 01 YYEHHIIUTE Ce TTOrOTBEH!
AKTHUBHO J1a Y4€CTBYBAaT BO 3alliITUTaTa U yHalIpeay-
BabETO Ha )KUBOTHATA CPEJMHA BO Koja xuBear. [lo-
BekeTo oj1 mosjoBuHaTa (56%) MCIUTAHUIIN Ce TIOJI-
TOTBEHH KOJIEKTHBHO J]a C€ aHTaKUpaaTr BO aKTHB-
HOCTHUTE 3a yHAIpelyBalk€ HAa HUBHATa >KUBOTHA
cepauHa. [IpolieHTOT Ha y4eHUIM KoM MMaaT UHU-
(epenran ogHoc n3Hecysa 12.85%.

Kaj HamiTe ydYeHMIM HAjCHIIHO C€ pa3BHEHU
BpEIHOCHATa M KOHATHBHATA KOMIIOHEHTA, a Hajcla-
00 ce pa3BHEHH KOTHUTHBHATA U a)eKTHBHATa KOM-
noHeHta. CpeHO 3eMEHO, eKOJIOIIKara eaylHpa-
HOCT Ha TUMHasujaiure ox Permy6nuka Makeno-
HUja nzHecyBa 44.18% o MakcuMaiiHaTa BPeIHOCT
(100%).

Cute MCnMUTYBaHM Bapujabiu MMaar IMOHHUCKU
BPEIHOCTH BO CIOpenda co OHMe NOOHMEHH Off mpe-
JIXOJHOTO MCTpakyBame. Hajromem maj 3abernexy-
BaM¢E Kaj Bp€AHOCHAaTa U KOTHUTUBHAaTa KOMIIOHCH-
Ta Ha eKoJolkara exyupanoct. O apyra cTpaHa
TMaK, HE3HAYUTECIHO MOHUCKH BPEAHOCTH HOGI/IBMC
BO IIOIJIEC Ha a(i)eKTI/IBHaTa 1 KOHaTHBHATa KOMIIO-
HeHTa. HUBOTO Ha ormiuTara eKoonka eaynupaHocT
Ha 'MMHa3HjajIluTe € MoHucko 3a 7,06% Bo oxHOC
Ha HUBOTO on1 2005 ronuHa.

Proceedings of the 4" Congress of Ecologists of Macedonia 121



Mute CpOHHOBCKH H COP.

Pedepenuu

Ismaili M., Abazi A. & Srbinovski, M. (2009). Stu-
dents’ attitudes toward the environment, XI
Anniversary scientific Conference With In-
ternational Attendance, Sofia University “St.
Kliment Ohridski”, 64.

Jonysu, U., Ucmanmmu, M., CpbunoBcku, M. &
3enku, B. (2009). KorHuTrBHaTa €KOJIOIIKA
KOMIIOHEHTa Kaj YYEHHIUTE OJi CPEIHOTO
oOpasoBanmne, Peadupmarija Ha BocriuTHaTa
¢byHKIMja Ha yuywiumTara, 300pHHK Ha
TPyIOBH OJ TeMarcka pacmnpana, Jlom Ha

npocBeTHUTEe  PaboTHMIH, Ilenaromknu
¢daxynrer CB. Kimment Oxpuiacku u
dunozopeku  dakynrer  (MucTHTYT 32

nenaroruja), Crorje, 159-162.
Jonysu, U. (2009). Exonomkara exynupaHoCcT
Ha CpemHomKomuTe BO PemyOnuka

Makenonnja, Marucrtepcka pabora,
YuuBep3uter Ha Jyroucrouna EBpona,
Teroso.

CpOunosckn, M. (2002). KorHuTHBHATa €KOJIOIIKA
KOHCTUTYEHCA Kaj YYCHHUIIUTE O OCHOBHOTO
U cpenHOTO oOOpa3oBaHMe, MeryHapOIHU
negaromkn cpeadu  “Yaurenor Ha 21-0oT
Bek”. 2002. Oxpun.

CpOWHOBCKH, M. (2003a). Exomnomkara
OCMHUCJIICHOCT Ha HACTaBHHUTE IPOrpamMu
3a HIKHATE OJJICICHUja HAa OCHOBHOTO
oOpazoBanne, Hayden coOup co MmeryHapogHo
yuecTBO “IIpenyynnMIIHOTO MU OCHOBHOTO
o0pa3oBaHHe - TEHJCHLUH W IIEPIEKTHBH,
[emaromku daxynrer- Cromje. 375-386.

Srbinovski, M. (2003b). Methodological problems
in the environmental education, Proceedings,
Pedagogical college. Dobrich Vol. III D: 227-
229.

Srbinovski, M. (2004a). Ecological atmosphe-
re in the schools of the Republic of Mace-
donia, Education and experience, Vol. II, 76-
82, 2004, University “Bishop Konstantin
Preslavski”, Shoumen.

Srbinovski, M. (2004b). The teacher as a factor of
the environmental education in the Mace-
donian schools, Education and experience.
University “Bishop Konstantin Preslavski”,
Shoumen. Tom II: 71-76, 2004.

Cpbunoscku, M. (2005a). Kako moxxeme na ja mo-
no0prMe eKOJIOIIKaTa eayKallija BO HaIlH-
Te yumiuiita, BocriutHo-o0pa3oBHUTE (yH-
KIMH Ha [PEAyYUIIUIITHOTO U Ha OCHOBHOTO
oOpa3oBaHKHe BO COBpeMeHHTE ycioBH, Ha-
ydeH coOup co MeryHapoIHO ydecTBo, [lema-
rouiku ¢paxynrer “Cs.KimumeHnt Oxpuiacku’-
Ckomje. 472-484.

CpOunosckn, M. (20056). Yiiorara Ha ejaromKkuTe
(axynTeTH BO CO3/1aBamkbeTO Ha HACTABEH Ka-

Jlap 3a eKOJIOIIKO 00pa3oBaHKe U 00pa3oBa-
HUE 3a OJIPKJIMB pa3Boj Bo Penybnnka Make-
nonuja, Haydna pacmpaga: “VYiorara Ha y4u-
TEJICKUTE IIKOJIH, MEJATOMIKUTE aKaJIeMHUU 1
MearomKuTe GakyITeTH BO CO3IaBAKETO HA
HACTaBeH Kamap Bo Pemy0Oiuka Makenonuja,
[Menaromkn ¢axynrer “Cs. Kiaument Ox-
puncku”, Crorje. 15.09.2005.

Cpbunoscku, M. (20058). Exonoriko oOpazoBanue,
[IpocsetHo neno, Ckorje.

Cpbunoscku, M. (2007). KBanuTeTor Ha eKoJyomI-
KOTO oOpazoBanue Bo PemyOnuka Maxkeno-
HUja, HayyHa pacrpasa “HacTaBHHKOT U KBa-
JUTETOT Ha oOpa3oBaHuero”, dunozodckn
daxynret, 17.10.2005. /oM Ha IpPOCBETHU-
Te pabotHuim Ha PemyOmuka MakeaoHuja,
158-165.

Srbinovski, M., Abazi, A. & Ismaili, M. (2009a).
Environmental Education for Sustainability
in Macedonian High Schools: An analysis
of new curriculum content, The 5th World
Environmental Education Congress, Abstract
book, ISBN: 978-0-9810463-0-3, Montreal.

Srbinovski, M., Erdogan, M. & Ismaili, M. (2010).
Environmental Literacy in the Science Edu-
cation Curriculum in Macedonia and Turkey,
World conference on Educational Science,
2010, Abstract Book, 152, Istanbul.

Cpounoscku, M., Hcmammu, M. & Abazm, A.
(20096). IlpobnemMuTe U nUIIEMHTE Ha BOC-
MUTaHUETO 34 )KUBOTHA cpe/rHa, Peadupma-
1[1ja Ha BOCIIMTHATA (PyHKIIMja HA YYHJIHIITa-
Ta, 300pHUK Ha TPYAOBH O TeMaTcka pac-
nipaBa, Jlom Ha ipocBeTHUTE PaboTHuny, [1e-
nmaromku (¢akynretr CB. Kimument Oxpuacku
n Ounozopeku  ¢axynrer (MucTHTYT 3a
nenaroruja), Ckorje, ctp. 64-69.

Srbinovski, M., Ismaili, M. & Abazi, A. (2010).
Environmental education for sustainability
across the new Macedonian curriculum, Pa-
per Abstracts of the 5" International Confe-
rence on Environmental Science and Techno-
logy held July 12-16, 2010 in Houston, The
American Academy of Sciences, Houston.
79-80.

Srbinovski, M., Palmer, J., Ismaili, M. & Abazi, A.
(2007). Environmental Education in High
Schools: an Analysis of New Curriculum
Content, Proceedings from the Third Interna-
tional Conference on Environmental Science
and Technology, held August 6-9 in Houston,
The American Academy of Sciences, USA:
(2): 441-446.

Srbinovski,Mile, Murtezan Ismaili & Alajdin Aba-
zi (2011). The trend of the High School Stu-
dents’ Level of the Environmental Knowled-
ge in the Republic of Macedonia, 3 World
Conference on Educational Sciences, Abst-

122 36o0puuk Ha TpyaoBu o1 IV Konrpec Ha exonosute o1 Makenonuja



HuBoTo Ha eKoJI0IIKOTO 00pa30BaHKe Ka] YUCHUIIUTE O] CPSIHUTE YUMIUINTA BO PermyOnruka MakeaoHuja

ract book, Bahcesehir University, Istanbul,
February, 03-07, 2011, pp. 174.

mental Education (HSCI-EE), 17-21 October
2012, Antalya.

Srbinovski, M. (2012). Environmental Contents in Srbinovski M., Ismaili M. & Zenki, V. (2012). Di-

the Textbooks of the Primary and Secondary
Education in the Republic of Macedonia, 9th
International Conference on Hands on Sci-
ence (HSCI’2012) Including 1st Childrens’
Summit on Hands on Science and Environ-

Proceedings of the 4" Congress of Ecologists of Macedonia

dactic preconditions for environmental edu-
cation in the Macedonian secondary schools,
4th World Conference on Educational Sci-
ences, February 2, 2012 — February 5, 2012.
University of Barcelona. Barcelona.

123



Proceedings of the 4" Congress of Ecologists of
Macedonia with International Participation
Ohrid, 12-15 October 2012

Macedonian Ecological Society

EKOJIOIKHU COAP’KUHU BO YYHEBHULUTE 3A CPEJHO
OBPA30OBAHUE BO PEITYBJIMKA MAKEOHHUJA

Mune CpObuHOBCKH

Hucemumym 3a scueomua cpeouna u 30pasje, Hnunoencka 66, Kamnyc zep. 304.13
Vuusepsumem na Jyeoucmouna Eepona, 1200 Temoso, Penybauka Maxedonuja
E-mail: m.srbinovski@seeu.edu.mk
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Cpbunoscku, M. (2013). ExonoIIKd COApKUHU BO YUCOHHUIIMTE 3a CpeqHO oOpa3oBaHue Bo PemyOnnka
Makenonuja. 36opauk Ha Tpynosu o IV KoHrpec Ha ekoo3ute Ha MakeoHHja co MEI'yHapoIHO yuecTBo, OXpu,
12-15 oxromepu 2012 roguHa. MakeTOHCKO €KOJIOIIKO APYIITBO, MoceOHo u3nanue 28, Ckomje.

OcHoBara 3a cekojaHeBHara paboTa Bo y4ywiniiTara ce ydyeOHuuute. OTramMy, KBaJIUTETOT HA SKOJIOIIKOTO
o0pa3oBaHHe BO 3HAYMTENIHA Mepa 3aBUCH OJf HUBHHUOT KBAJHTET W JAPYTUTE AWJAKTHYKU Martepujamu. Hexon
HCTpa)kyBarba MOKa)KyBaaT JieKa yJioraTa Ha y4eOHHIUTE € ITorojieMa JIypH U OJf OHaa Ha HACTaBHUILIUTE.

I'maBHara 1€ Ha UCTPaKYBAKETO € JIa Ce ONPEJeNM KBAIUTETOT U KBAHTHUTETOT Ha SKOJIOIIKUTE COIPIKUHH
BO y4eOHMIMTE 3a CpelHHMTe ydymnuiuTa Bo PermyOnuka Makenonuja. bea mocraBeHu cieaHuBe 3ajadu: aa ce
JICTepPMUHMPAAT €KOJIOLIKUTE COAPKUHU BO y4eOHMIMTE MO HACTABHHU mpeameTtH (i), kiacoBu (ii) M MO acHeKTH
OJ1 J)KMBOTHAaTa cpeiuHa Kou Tue Tperupaar (iii). CoppkuHuTe Bo yueOHMIMTE OGea 0OpabOTeHH CO MOMOLI Ha
MeTajiaTa aHajIu3a Ha coipkrHa. bea aHaIM3upaHu CKOpo cuTe yUeOHHIH 32 CUTe HACTABHU NPEAMETH U KJIACOBH
071 CPETHOTO TMMHA3MCKO oOpa3oBanue Bo PeryOnika Makenonuja.

He mocrom pamHOMepHa AnCTpHOyIMja Ha EKOJOLIKMTE TEMM IO MpeIMeTH M kiacoBu. Hajooratu co
SKOJIOILIKH COZIPYKMHH ce yueOHMImTe 1o Ouonoruja. He mocTon XOpu30HTaIHA M BEpPTHUKAJIHA ITOB3aHOCT, UCTO
Taka M JUCXapMOHH]ja BO IPE3CHTUPAHETO Ha IIUPHHATA HA HEKOU €KOJIOIIKU TeMHU.

[Mopaan HeZOCTUr O HALMOHAJIHM HACOKM M WHCTHTYLMOHAIIHA KOPAMHAIMja, HE CME BO MOKHOCT Ja
HampaBuMe KBamuteTeH yekop. Co 1en na npuaoHeceMe KoH oOpasoBanueTo “about”, “in” u “for” skuBoTHaTa
cpeauHa MoTpeOeH € XOIUCTHYKH NPHCTAIl.

Koyunu 360poBH: eKoJI0IIKO 00pa30BaHKe, SKOJIOIIKH COIPKUHM, y4eOHUIIHN, CpeHO 0Opa3oBaHue, Peryonnka Makeno-
HUja.

Abstract

Srbinovski, M. (2013). Ecological Issues in the Secondary School Textbooks in the Republic of Macedonia.
Proceedings of the 4™ Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October
2012. Macedonian Ecological Society, Special issue 28, Skopje.

The bases for everyday work in schools are textbooks. So, the quality of environmental education will be sig-
nificantly dependent on the quality of the schoolbooks and other didactic materials. Some investigations showed
that the role of the school textbook is bigger than the teachers‘ one.

The main task of the examination is to determine quality and quantity of the environmental issues in didac-
tic materials for secondary schools in Republic of Macedonia. We placed the following sub-tasks: to determine en-
vironmental issues in the didactic materials by subjects (i), by classes (ii), and by aspects of the environment they
treat. The contents taking place in textbooks were subjected to content analysis. We analyzed almost all of the ex-
isting student‘s books for all subjects and grades from the secondary - gymnasium level in the Republic of Mace-
donia.

There is no equal distribution of the environmental issues by subjects and classes. The richest textbooks with
environmental issues are biology ones. There is no vertical and horizontal linkage, as well as the disharmony in pre-
senting the width of some environmental problems and issues.

Because of the lack of national guidelines and institutional coordination we are not able to make a qualitative
leap, and we also need to seek a holistic approach to contribute to education about, in and for the environment.

Key words: environmental education, environmental issues, textbooks, secondary schools, Republic of Macedonia.
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BoBen

VYueOHUKOT € HEU30CTaBHO TEKCTYaJHO, Hac-
TaBHO CPEJICTBO, OCHOBEH M3BOpP Ha 3HACH-C HaMe-
HeT 3a yuyenunure (BunortmjeBuk, 1999). Pazpojor
Ha er3akTHara mpoliemarn3aiija Ha COBPEMEHUOT
yueOHHMK OfI €/[Ha CTpaHa YKaKyBa Ha €BHJCHTHa-
Ta CJIOKEHOCT Ha MpollieMaTHKaTa Ha COBPEMEHUOT
yueOHHK, ¥ OJ] Jpyra CTpaHa Ha HEMHHOBHOCTA BO
METO/IOJIONIKATA MTPEOPHEHTAlN]ja Ol MOHOAMCIIH-
IUIMHAPHA KOH MYJITHIUCUHUILIMHAPHA OCHOBA U BO
emabopanyja u eBamyanuja Ha yaeOHUKOT (ITpoma-
HoBHK 1982 Bo: Cpounoscku 2003d).

I'maBHa 11en Ha pedopmuTe BO 00pa30BaHUETO
€ OCOBpEMEHYBame Ha HACTaBHHOT mpouec. Toa
moapazompa, Mery Ipyroto U OCOBPEMEHYBamE Ha
TPaIUIMOHAIHO [BPCTATa MO3UIMja Ha yIeOHUKOT
W JPYrHOT JAWAAKTHYKU Marepujai. [IuJakTHukoTo
oopmyBame Ha COBPEMEHHOT YUeOHHK ce
0a3upa Ha HMHTErpajiHarta COBpPEMEHa JUJaKTHYKa
Teopuja. BakBmor yuebHmk Tpeba Ia OBO3MO-
KM T.H. OIEPAaTHBHO 3HACHE M CIIOCOOHOCT 3a
caMo00pa3oBaHue.

VYueOHUKOT MOpaMe U [oHaramy Jia ro pasrie-
JlyBaMe BO COINIACHOCT CO IIPOMEHUTE KOU HACTaHY-
Baar o] €[Ha CTpaHa BO OIIIITECTBOTO... & O] Apyra
CTpaHa W BO YYEHHUKOT (Cy0jeKTOT), KOj IOJ BIIHja-
HHE Ha CEKOjIHEBHHUTE MPOMEHH U JICjCTBYyBarbara
OJl HEMOCpPEeHATa OKOJIMHA U CAaMUOT MPETCTaByBa
n3pa3uTo nmpomenauBa Bapujadna (Erceg 1982).

3a Hac Oeme 3HAYajHO J1a YTBPAUME KOJIKY Je-
HEIIHUTEe YYeOHHUIM MPUAOHEeCyBaar Ha IOJIeTO Ha
€KOJIOIIKOTO 00pa3oBaHme W Bocmnutanue. Mcro-
TO Oerie M3BPIIEHO BP3 0a3a Ha KBAIMTATUBHATA U
KBaHTHUTATUBHATA IIPOIIEHKA HA EKOJIOLIKHTE COJIp-
HKHHHU.

MeTtoau

I'maBHaTa 1€ Ha HCTPaXKyBABETO € Ja Ce Oll-
peznesu KBaJMTETOT U KBAaHTHTETOT Ha 3aCTaleHOC-
Ta Ha EKOJIOIIKUTE COAPKHMHU BO Y4eOHMIMTE OX
cpeaHnTe yuminmTa Bo Pemybnmmka MaxkenoHuja.

KoHnkpeTrHo, Oea aHamu3MpaHy y4yeOHHIU Ol Cpea-
HOTO TMMHAa3UCKO oOpa3oBanue. O Baka nocrase-
Hara I1eJI, POu3Jeroa CIeJHUBE 3aJa4i Ha UCTpa-
xyBameTo: (I) ma ce merepMHHHUpaaT EKOJIOIIKUTE
COAP>KNUHHU BO y‘leGHI/IHI/ITe 10 HaCTaBHU NIPEAMETH,
(IT) ma ce yTBpAM HUBHATA 3aCTANEHOCT MO KIACOBH
u (I1I) na ce nedmHMpa KOM acIEKTH OJf KMBOTHATA
cpenuHa ce Tpetupaat. Conp >KMHUTE BO YUeOHUITH-
Te Oca 00pabOTEHH CO TMOMOIII Ha METOJaTa aHaJH-
3a Ha COZIPIKUHA.

Bo ucrpaxysamero Oea anannzupanu 43 yueo-
HUIIM Of] CKOPO CHTE HACTaBHU MpPEAMETH U KIaco-
BU O] CPETHOTO TMMHA3MCKO 0Opa3zoBaHue Bo Perry-
omuka Makenonuja (Ta0. 1).

Tab. 1. AHanu3upaHu y4eOHUIIM 110 HACTaBHH
TOJIMHHU.
Tab. 1. Analyzed textbooks by school years.

ool year N g
I 11 25.58
1T 12 2791
I 9 20.93
1A% 11 25.58
Bkymno/Total 43 100.00

3abesexyBamMe JieKa MPOLEHTOT Ha aHAIU3Upa-
HU y4eOHHIIU 10 KITACOBU CKOPO € M3EAHAYCH U Ce
nBIokH Bo rpaHumuTe ox 20.93% mo 27.91%.

Pesynraru u nuckycuja

On BkymHO 11 aHanm3upaHu y4eOHUIM 3a MpBa
TOIMHA, CKOJIOLIKU COIP)KUHH MIPOHAjI0BME CaMo BO
yaeOHUIMTE 0 OMomnoruja u reorpaduja. Bo cnemHa-
Ta Tabesa ce MPUKAKAHH SKOJTOLIKUTE IIOUMH U COZIp-
JKIHHU KOH ce 00paboTyBaaT BO OBHE YUYCOHHMITH.

ExoJyOmIKM COXpXHMHH HE NPOHAjI0BME BO
Y4eOHUIIMTE 10 CICAHUTE HACTABHH MPEIMETH: Xe-

Tao. 2. Exonomky NOMMH U COAPKUHH BO YYEOHULINTE 3a MPBa TOIMHA.
Tab. 2. Environmental terms and contents into the textbooks for first school year.

HacraBen npeamer Monmu/Conp:xuHu
Subject Terms/Contents
- eKOJIOTHjaTa KaKo JUCHUILTIHA; SIUHCTBO Ha MPpUpoara; 3eMjara Kako OTBOPEH CHCTEM;
JKBOTHA CPENINHA; OIIITH YCIOBH 32 KUBOT; HUBOA Ha €KOJIOIIKA HHTETPAIN]ja; EKOJIOIIKa
Buonoruja HUINA; SKOJIOMIKH (haKTOPH ; EKOJIOIIKA BaJICHIIA; OTPAHUYYBauKU (paKkTOpH; KUBOTHA Cpe-
Biology JIMHA; OTHOCH BO €KOCHUCTEMOT; aHTPOIIOTeHU (PaKTOPH; HIBOA Ha UCXpaHa BO €KOCHCTEMHU-
Te; CHHIIUPH Ha UCXpaHa; OMO-TeOXEMHCKU IUKITYCH; KUCEIH JOKI0BH; e(EKT Ha CTaKIICHa
rpaJiiHa; YHUIITYBAkhE HA IIYMUTE; IPUPOTHH PECYPCH ; PEIUKINPAkhE Ha OTIHAIOIHTE.
l'eorpaduja - EKOJIOIIKH (PaKTOPH; KOPHCTCHE Ha ENIEKTpHUYHATA CHEprHja M OOHOBIMBU H3BOPH Ha
Geography eHepruja.
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MUja, GppaHIlyCKH ja3uk, nHpopmaTHka, Gpusnka, aH-
IJIMCKH ja3WK, CIOPT M CIOPTCKH aKTUBHOCTH, Ma-
KEJIOHCKH ja3WK M JINTeparypa, MaTeMarika U UCTO-
puja,

Exonomniku conpHHU MPOHAjI0BME BO yued-
HUIIUTE MO CJICOHUBEC MPECAMETH 3a BTOpPAa HaCTaBHa
ronuHa: reorpaduja, Ouonoruja, Gusnka, Xemuja,
COIIMOJIOTH]ja, AHIIUCKH ja3WK, TEPMAHCKH ja3HK
(Tab. 3).

Bo pamkuTe Ha HacTaBHHOT mpenmer Cropt
" CIIOPTCKHU AKTUBHOCTU CC MNPCABUACHU CKOJOII-
KM aKTUBHOCTH MPH MPECTOj BO IUIaHWHA 03 HUBHO
KOHKPETH3HPae U ICTCPMUHHPAE.

He mnpoHajooBMe EKOJIOMIKH CONPKUHH BO
y'—Ie6HI/II_[I/ITe o CJICAHUBE IIPEIAMCETHU: JInkoBHaA
yMeTHOCT, Maremaruka, Vicropuja, MakenoHcku
ja3WK U JIUTepaTypa.

Bo ciiennara tabena ce nmpukakaHu y4eOHUIIH-
Te 3a TpeTa HacTaBHA I'OJMHA BO KOM ITPOHAjI0BME
€KOJIOIIKH COJPIKUHH.

Exonomiku coppkuHM He TIPOHAjJOBME BO
yueOHHIUTE 10 MaKeJOHCKH ja3uK M JHTeparypa,
HUcropuja n JlaTHHCKY ja3uK 3a TpeTa HACTaBHA TO-
JWHAa.

Bo nctpaxyBameTo aHanu3upasMe BKymHO 11
y4eOHUIIM 32 YeTBPTa HaCTaBHA I'OAMHA OJ CPEAHO-
TO TMMHA3UCKO oOpa3zoBanue. OJ acleKT Ha 3acTa-
MIEHOCT Ha EKOJIOIIKUTE COAPKUHU OM TH W3/IBOM-
Jie cIeHUBE HACTaBHU IpeaMeT: Ouonoruja, Gpu-

3uka u ¢unozodpuja (Tad. 5). Kora cme kaj duoso-
rdja, cakame Jia UCTAKHEeMe JeKa COAPKHUHHUTE Off
OBOj HACTABEH MPEMET CE BO OCHOBA ITOBTOPYBAHE
HA OHHUE O] NIPEAXOAHUTE TOAUHU, CO OAPEACHU U3-
MEHH ¥ JOMONHyBama. OTTamy, eKOIOMIKUTE COMIp-
’KAHH BO TOJIeMa Mepa ce UCTH CO OHHE OJT TpBa Hac-
TaBHA rOJIMHA.

Bo y‘IeGHI/IHI/ITe 110 CJICAHHNBEC HACTaBHU I1€IMEC-
TH HE TIPOHA]jI0BME CKOJIOIIKH COAPKHHI: MaKeIOH-
CKH jasWK W JIMTEpaTypa, MaTeMaTHKa, JIOTHKA, Me-
HAUIMEHT, anrebpa, MaTeMaTHIKa aHaIIi3a, IPOrpaM-
CKH ja3uIM ¥ EKOHOMH]a.

CnuuHM pe3ynTaTd 3a 3acTalneHoCTa Ha eKo-
JIOIIKUTE COAPXKUHH, BO OPEICH Morien, A00wmie
u Abazi et al. (2008), Srbinovski & Palmer (2008),
Cp6unorcku (2002/03, 2003a, 2003b, 2003c, 2005,
2012), Srbinovski et al. (2007, 2009, 2010, 2012)

UTH.
3akayyoun

On BKymHO 43 aHanU3UpaHU y4eOHMIHM, KO-
JIOUIKA COZAPXKUHU/EJIEMEHTH IpOHajIoBMe BO 18
yuebnunu win 41.86%. He mocrom pamHoMepHa
TUCTPUOYIIHja HA CKOJOMIKUTE TEMH 10 IPEAMETH U
KJIAaCOBU, HUTY XOPU3OHTAJIHA U BEPTUKAJIHA ITOB3a-
HOCT, KaKko U JMCXapMOHH]ja BO MIPE3CHTUPABETO HA
IUpHUHaTa Ha HCKOW €KOJIOIIKU HpO6ﬂeMI/I U TEMHU.

Hajrosiem Opoj €KOJIOMIKH OCMHUCIICHH Yy4eO-
Hu1M uma Bo BTopa (16.3%) u Tpera (13,25%) Hac-

Ta6. 3. Exoyiomky MOMME 1 COAPKUHHU BO YICOHHUIIUTE 32 BTOPA TOIUHA.
Tab. 3. Environmental terms and contents into the textbooks for second year.

HacrtaBen npenmer Houmu/Coap:xuHu
Subject Terms/Contents
Buonoruja .
Biology - (hoToCHHTE3aTa U eKONOMIKUTE (haKTOPH; peakiinja Ha Apa30ouTe oJ )KUBOTHATA CPEANHA.
- 3araJlyBame Ha BO3IyXOT (KOMIIOHEHTH); COO0Opakaj; MOCIeIulH Bp3 3paBjeTo; MEpKU
Teorpaduja Ha 3alTHTA; 3arajyBareTO Ha BOJIUTE M MEPKHU 3a 3aIUTHUTA; 3arajyBame M 3alITHUTA Ha
Geography MOYBAaTa; PAMOHAIHO KOPHCTEH-E M 3alITHTA HAa PACTUTENHUOT M JKMBOTHHCKHOT CBET;
HaMaJTyBame Ha IIYMCKHOT (DOH/I; 3HAYCHHETO Ha ITOLIyMYBAbETO ; 3IUTUTA Ha IIYMHUTE.
Dusia - 3aIUTUTA OJl MHAYCTPUCKA YaJl; CHEepreTckara Kpu3a; HopacT Ha YOBEKOBaTa IOITyJaluja
Physics U HOCIEAULUTE O TOA; NPOM3BOACTBO Ha €HEepruja on (JOCHIIHM rOpHBA; HyKJIeapHara
Y eHepryja U KMBOTHATA CPEANHA; aJTepPHATHBHH U3BOPHU Ha SHEPIHja.
Xemuja -3Ha4YEHETO Ha (POTOCHHTE3aTa 3a JKUBHOT CBET; €()eKT Ha CTAKJICHA I'Pa/INHA; 030HCKH CJIO0j
Chemistry Y 030HCKH JIIIKH; MEPKH 3a 3aIlTHTA.
nemorpadcka CTPYKTypa;, pa3Boj Ha TEXHHMKAaTa M TEXHOJIOTHjaTa; CeKCIUIoaTaluja Ha
Cormonoruja HPHUPOIHH PECYpCH; MPEHACETICHOCT; YOBEUKA HETPHIKa; HAPYIIyBakbe HA CKOJIOIIKHTE
Sociology CHCTEMH; XyMaHa CKOJIOTHja; IOIUI'aEbe Ha eKOJIOIIKATa CBECT; 3arPO3CHN BUIOBH; )KUBOTHA
cpearHa (IPUPOIHA U COLIUjaliHa); YpOaH )KUBOT; ONIITCCTBEHA OPTaHU3aLija UTH.
T ynoTpeba Ha BeJIOCHUIe]; CoOo0pakajoT U KUBOTHATA CPEHHA; €(EKTUTE O 3arayBambeTo
En 1isf1 BP3 KJIMMaTa 1 3[paBjeTo; 030H; HAYMHU 3a T0A00PYBatbe Ha )KUBOTHATA CPEINHA; TPE3EMH
g aKIja; KOHTPOJIa Ha TYPUCTUYKO MOApadje.
Tepmancku jasuk A HoKa Athe che
IIyMa; OKap; YHUILITYBAE; )KHB CBET.
German yma; p;y Y >
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Exosoiiku coapXMHU BO YYCOHHUIMTE 3a CpeIHO oOpa3oBaHue Bo Peny0irka Makenonuja

Tao. 4. Exoyomky MOMMH U COAPKUHH BO YUeOHHUIIUTE 3a TpeTa TOAMHA.
Tab. 4. Environmental terms and contents into the textbooks for third school year.

Hacrasen npeamer

IMoumu/ conp:xunn

Subject Terms/contents
Buonoruja -e(heKTOT H 3arajlyBameTo Ha BO3yXOT BP3 31paBjeTo; epeKToT Ha OydaBara.
Biology
Dusuka ;
. - JICjCTBOTO Ha OyuyaBara Bp3 YOBEKOBHOT OPraHM3aM M 3alITHTA HAa YOBEKOBATA OKOJIMHA OJf
Physics OyuaBa; yATPaBHOJICTHO 3paucihe; 030H; 'UMCTa eHepruja'; HyKJIeapeH OTmai; arncopOupaHa
1032 Ha 3pavyer-e W HEj3MHO OMOJIOMIKO ACjCTBO; KPUTEPHUYMH 3a 3aIUTHTA Ol M3BOPUTE Ha
JOHM3HPAYKOTO 3payerbe; IPAaHHYHHU BPEIHOCTH Ha J03BOJICHHU JI03H; /103a Ha OIPAaB/IaH PU3HK;
(hoH; opraHuM3upame akuja 3a coOuparme Ha IIACTUYCH OTHaa; ¢eKTOT Ha MOJIUMEPUTE BP3
JKUBOTHATA CPEIMHA; CHEPreTCKU euKacHa rpanda;
Xemuja
Chemistry -NIPETHOCTHUTE HA 3MHHOT r'ac OJ] eKOJIOIIKA [IIe/IHA TOYKa.
lenarornja - TEXHHKa U TEXHOJIOTHja; IPOU3BOJACTBO; OAHOCOT KOH MPUPOAATa; COLMjalHA CPEAUHA U
Pedagogy KOH(UIMKTH; KaTakJIM3Ma; eKOJOrMja Ha COLMjaJHUTE OJHOCH; MIo0aiu3alija; eKOJIOIIKa
Tearoryuja; eKOJIOMIKO BOCIUTAHHE; JUJAKTUYKH KOHIICHTH; EKOJIOIIKA CBECT M KYNITYpa;
€KOJIOILIKO 3HACH:€; HACOKH Ha OJIHECYBakbe Ha YOBEKOT KOH IIPUPOATa; AaTHILTA Ha Peain3aliija
Ha EKOJIOIIKOTO BOCITIUTAHHE; EKOJIOTHja- OCHOBHH EKOJIOIIKH MOMMH; OHECYBahE; SKOJIOIIKO
BOCIIMTAHHUE; €KOJIOLIKA CBECT; YUHJIMIIIHA CPEAMHA; TPOSKTH; HH(POPMALIMCKO IPEONTOBAPYBAE
U 3aragacHocCrT, KaMIIOBH, HallMOHAJIHU ITapKOBH; pa6OTI/IJ'[HI/ILlI/I; BOHWHCTYHMOHAJIHO
o0pa3oBaHue; CKOJIOIIKH 3PY/KEHH]a; IPHXKa 33 CPEANHATA; 030HCKA 3aIUTUTA; pa3y0aByBambe
Ha OIIIITUHaTa, 3allTUTa Ha PEKUTE M €3€para; HUCUC3HYBamkbe Ha KUBOTUHCKUTE BUIOBH,
BEJIOCHUIIEJIOT U aBTOMOOMIIOT; XapTH]ja; 3arajyBambe; eKOIPOU3BOIN; IITECICHE BOJA 3a MTHEHE;
LITEJICHHE ICKTPUYHA SHEePrija U 3alITUTA OJf ITOXKaPH.
MaTemaTu.Ka - BEPOjaTHOCT OJ MOXKHA EKOJIOIIKA KaTacTpoda o1 HyKJIeapeH WHIUICHT (HyKJIeapHH
Mathematics KaracTpodu); MOCISTUIN BP3 JIyI'€TO ¥ YOBEIITBOTO.
I'epmancku ja3uk . .
German OTIaJ; KaHTH; jarvieH; NCLPITyBambe; MOUYPHIITE; APBja; TPEBa; JIUBaA.

Tab6. 5. Exoyomky mouMu U COAPKUHYU BO YICOHHIIUTE 32 YCTBPTA HACTABHA TOJMHA.
Tab. 5. Environmental terms and contents into the textbooks for the forth school year.

Hacrasen npeamer MMoumu/Coapxunun
Subject Terms/contents
BH(.)HOFHJa - oToCcHHTE3a (3HAUCHHC); OpraHu3alija Ha 3eMjara; OMIITH YCIOBH 3a KUBOT; HUBOA HA CKO-
Biology JIOIIKA MHTETpaNyja; eKOJOMKH (akTopu (a0MOTHYKN; OMOTHYKH U aHTPOIIOTEHN); ieMorpad-
CKM KapaKTepHCTHKHU; pa3rpajyBame Ha JUBATE €KOCHCTEMH; YHHUIITYBamkE Ha IIYMHTE; 3ara-
JyBame Ha CBETCKHOT OKEaH; 3aCOoNyBame M epo3Hja Ha M0ouYBaTa; 3arpo3yBame Ha arMochep-
Ta; KIMMATCKHU IIPOMEHH; KapaKTEePUCTHKN Ha EKOCHCTEMHTE; OMOTE€OXEMHCKH IUKITYCH; KHCe-
JIM JI0’KJOBY; IPHPOJTHH PECYPCH.
dunozoduja . . .
. CYAUp CO MPUPOJIATa- HEPALMOHAIHO KOPHCTEHE Ha PECYpPCUTE; 3aralyBambe; CHEpruja; 1eMo-
Philosophy rpad)CKH MPHUPACT; ceUeHke Ha IIYMHUTE; cooOpakaj; ryope; IIacTiKa; HyKJIeapHa eHepruja; Tre-
HEeTCKM MoaM(UIMpaHa XpaHa; OMOJMBEP3UTET; OCIEANLH O 3aralyBameTo BP3 3[paBjeTo
(TICHXWYKH PacTpOjCTBA); CBECT; ONTOBOPHOCT; (OArOBOPHO) OJHECYBAE; €THKA Ha 3/IPaBjeTo;
eTHKa Ha UCXPaHa; eTUKA Ha JIBIKCH:E 1 CIIOPTYBAbC; €THKA HA 3aBUCHOCTH; €THKA Ha 3aIlITHTa
Ha )KMBOTHHTE; €THKA Ha Ie()eKTOJIOTH]ja; eTHKA Ha CTAPOCTA; eTHKA Ha HayKaTa; Oy4aBa; reHeT-
CKU WHKCHEPHHT; KIOHUPAKke; eMITaTHja (1yBCTBYBaE); pa3Ouparme; 3arpmkKeHOCT U TPUKa;
eTHKa Ha Tprka; ekocdepa (bnochepa); XymaHa eKoOJIOTHja; eKOJOIIKa Grocoduja UM eKoco-
(huja; HOpMHU Ha EKOETHKA UTH.
g);lmKa JKUBOTHA CpeIHHA; mpuponHa cdepa (exocdepa; reocdepa); TexHochepa; ouocdepa; nemo-
ysics

rpa)CKu MPUPACT; HHYCTPHCKO M 3eMjOIEICKO IIPOM3BOJICTBO; NPEKYMEPHO KOPHCTEHE Ha pe-
cypcu; Jerpaaalyja; paMHOTeXa Bo Onocdepara; coodpakaj; 3araayBame Ha )KHBOTHATA CPEIH-
Ha; HCYC3HYBaE HA BHJOBUTE; OMOMBEP3UTET; MEIY3aBUCHOCTH Merly CpeIMHaTa U KMBHOT
CBET; OTMAJHHU MaTCPHH; yiIora Ha (PU3UKaTa BO eKosiorujara (0apame anTepHaTHBHH U3BOPH HA
CHEPTHja; PAlMOHAIHO KOPUCTCH-EC Ha IPUPOAHUTE PECYPCH U €HEPIujaTa; IITETHO 3pauche U
MOCJICINIIN; 3aIUTUTA; jalICPOACH AUOKCH]] U IPYTH MOIYTaHTH; IPUMEHa Ha QU3HYKUTE 3aKO-
HUTOCTH BO €KOJIOTHjaTa (Iudy3uja); paanoaKTHBEH OTIA[; CBECT; 3aralyBaun; 3pademe ox TB;
KOMIIjyTepuTe; MOOMITHH Tene()OHHU; IT0OATHU KIMMATCKU TPOMEHH; a€POCOIH; KHCENU JOKI0-
BU; KOCMOJIOIIKH BIIjaHH]a BP3 KIMMaTa; CTaKJICHU rACOBH; MEeI'YHApOIHA WHHUIIN]aTUBA; ePEeKT
Ha CTaKJICHA IPajiHa; 030HCKA 0OBHBKA M MOCIEINIHN O HEj3HHO YHUIITYBakhC; OyyaBa; jOHHU-
3UPAYKO 3pAUCHE; PaJMOAKTUBHOCT; (GU3MYKN MEPHU METOIM U YPEIU BO CKOJIOTH]jaTa.
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Mune CpOuHOBCKH

TaBHA TOMHA, a HajMaJI BO mpBa (4.65%) u yeTBpTa
HacTaBHa roauHa (6,98%).

EKOJOMIKHTE COAPKHHU Ce Haj3acTaleHd BO
yueOHHIIUTE M0 MpUpogHHUTe Hayku. Hajoorartu co
€KOJIOIIKH COZIPIKMHU Ce yueOHHIUTE 10 OMojIoruja
BO IIpBa 1 4Y€TBPTA rouHa, Kako " y‘le6HI/IHI/ITe 110
¢u3MKa BO 4eTBpTa, TPETa U BTOpPA HACTaBHA TOJM-
Ha. [Toroa cnemyBaar yyeOHummTe 1mo reorpaduja,
negaroruja, couuosoruja u ¢uioszoduja. Ox npu-
POIMHM HAYKH, HAjMAJIKy €KOJIOIIKH COMPKHHHU TPO-
HajI0BMe BO yueOHHUIMTE 10 XeMuja. lako Bo mana
KOJINYKHAa, CKOJIOIIKHU CIICMCHTH HpOHajZ[OBMe U BO
yueOHHUIIUTE TI0 aHTJIUCKH ¥ TEPMAHCKH ja3HK.

On acreKT Ha CerMEHTHTE Ha JKHBOTHATa Cpe-
JAWHa, TOMHUHHUpaaT COAPKHWHH 3a IMpUpoJgHaTa Xu-
BOTHA CpeIiHa, OpraHW3alhjata Ha JKUBaTa Mare-
pHja, 3aeMHaTa MOBP3aHOCT, BIMjaHUETO HA YOBE-
KOT, MEpKHTe Ha 3amrtuta uTH. CaMuoT (akT 1mTo
JKMBOTHAaTa CpEiuHa CC TpETHUpa U BO y‘le6HI/ILII/ITe
O]l TpyIara OIIITEeCTBeHH mpeametu (puozoduja,
Me1aroryja U COIMOJIOTHja), PEe3yATHPa CO KOHCTa-
TalMjara Jieka BO HUB Ce TPOy4yBa U OIIITECTBEHH-
OT aCTeKT Ha JKHBOTHATA CPEANHA.
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lonomeosa, M., 3ennencka, A., Kperes, b., ['onomeos, b. u Kpctes A. (2013). Pynnuuku aApeHaku U IOCTANKU
3a HUBHO TpeTHpame. 300pHuK Ha TpynoBu o IV Konrpec Ha exonosure Ha MakenoHuja co MeI'yHaApOAHO Y4€eCTBO,
Oxpug, 12-15 okromspu 2012 roguHa. Make10OHCKO €KOJIOIIKO APYIITBO, MoceOHO m3nanue 28, Cxomje.

Boaure 4ne npoTeKyBambe € yCI0BEHO Off PYAHHLMTE CO MOA3EMHA EKCINIOATalja U MOBPIIMHCKUTE KOIIOBU
1 COAPIKAT BUCOKH KOHLICHTPAL[MU HA PACTBOPEHU METAJIM CC HAPEUCHH PYAHMYKHU JpeHaXH. PyTHUUKHTE IpeHa-
KU CHIOpE]] HUBHATA aJIKAIHOCT M KMCEJIOCT MOXE a ce KiIacu(HULMpaaT BO HEKOJIKY OCHOBHH THIOBU. Kucenure
JPEHaXH Ce jaByBaaT OHaMy KaJe LITO UMa KapIecT Marepujai oorar co cynduaHu, a CHpOMaIleH co KapOOHaTHU
MHHEpaH, A0/eKa allKaJlHHU YCIOBH Ha BOJMTE CE CO3[aBaaT OJf KaplecTH MaTepujaau OOraTu co ajKaluu U MOK-
Paj 3HaUajHUTE KOHLEHTPALUH Ha CYI(UAN.

PynHuukuTe npeHaku ce omacHU OWIejKu MOMYyTaHTHTE KOM T'M MMa BO HUB HE C€ pacmaraar BO MEIUYMHTE
Ha KMBOTHATa cpeanHa. 1oz ofpeieHH yCIOBH METAIMTE MOXKE [Ia C€ KOHLICHTPHPAAT BO KMBOTHATA CPEIMHA, a
TI0J1 IPYTH MOXE JIa C€ JUCIICPTUPAAT.

TpeTMaHOT Ha PyAHUYKUTE APEHAKH MOXe Jia Oue 6a3upaH Ha JBE TEXHOJOTHMH T.C. TEXHOJOTUH 33 AKTH-
BEH TPETMAaH U TEXHOJIOTUH 3a NACHBEH TpeTMaH. Kaj akTHBHHOT TPETMaH ce KOPHCTHU aJIKaJIHU XeMHUKAJINK 3a He-
yTpallM3upame Ha Kucelnara 3arajeHa Boga. OBoj TpEeTMaH € cKall BO HOIVIE/ Ha XeMUKaJIMUTe, U3rpagdaTa u oxp-
JKYBabETO Ha MOCTpojKara. Kaj macuBHUOT TpeTMaH ce IPUMEHYBaaT MPUPOIHI XEMHUCKU U OMOJIOLIKY PEAKIIH 32
TPeTHpabe Ha PyIHNYKA JApEHaKa 1 0apa HU30K CTEIEH Ha OJpPKyBambe.

Bo TpynoT ce onuiaHu MOCTANKK 38 TPETUPAE Ha PYAHHYKH JPEHAXKH.

Kny4ynu 300poBH: pyIHHYKH APEHAXKHU, TEIIKH METAJIH, TACUBEH TPETMAaH, aKTUBEH TPETMaH

Abstract

Golomeova, M., Zendelska, A., Krstev, B., Golomeov, B. &, Krstev, A. (2013). Mine drainage treatment. Pro-
ceedings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October
2012. Macedonian Ecological Society, Special issue 28, Skopje.

Water flowing from underground and surface mines and containing high concentrations of dissolved metals is
called mine drainage. Mine drainage can be categorized into several basic types by their alkalinity or acidity. Sul-
fide rich and carbonate poor materials are expected to produce acidic drainage, and alkaline rich materials, even
with significant sulfide concentrations, often produce net alkaline water.

Mine drainages are dangerous because pollutants may decompose in the environment. In certain conditions
metals can be concentrated in the environment, and in other conditions they can be dispersed.

Two methods can treat mine drainage to eliminate or reduce contamination by acidity and heavy metals. The
active treatment method uses alkaline chemicals to neutralize acid-polluted water. However, the chemicals are ex-
pensive and the treatment facility is expensive to be construct and operated with. The passive treatment method
uses a treatment system that employs naturally occurring chemical and biological reactions to treat mine drainage
with little maintenance.

In this paper mine drainage treatments are presented.

Key words: mine drainage, heavy metals, passive treatment, active treatment
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BoBen

Pynanukara apeHaxa MpeTcTaByBa BOAa CO
3rojeMeHa KOHIICHTpalrja Ha MeTalIn Koja ce dop-
MHpa KaKo pe3ylnTaT Ha XEMICKa peakiyja momMery
BOJATa W KApIHUTE HOCHTENN HA MUHEPAIN KOU BO
CBOJOT COCTaB COApPXKaT CyIdyp.

Pynandkata apeHaxka, Koja HajuecTo € KHcena,
noara o 00IacTH Kaje IITO IMOCTOjaT MU IMOCTOeINe
pyZapcKy aKTHBHOCTH WIIM MAK Of KaprecTH obia-
cru Goraru co mupur (FeS)). Kaxo pesynrar Ha peak-
1@jara moMery mUpHUTOT, BOAATA M BO3AYXOT ce J00u-
Ba CcyadypHa KHCeIWHA U PAacTBOPEHO kene3o. OBa
JKeJIe30, LEIOCHO WIH ISTYMHO, MOJKE J]a C€ UCTAJIO-
KM 1 a2 GOpMHpPA IIPBEHH, TIOPTOKAJIOBH HITH HKOJITH
CEIMMEHTH Ha THOTO O APCHAKHUTE TCKOBH.

Kucenara npenaxa qOMOJHUTEIHO T'H paCTBOpPa
TEIIKUTE METAIN KaKo IITO ce: 6akap, 0JI0BO, IIUHK,
JKUBA, BO TOA3EMHHTE WJIH MMOBPIIIMHCKUTE BOIIH.

Cropen Skousen and Ziemkiewicz pyaHUYKH-
Te APEHAXH MOXKe Jia ce Kinacu(uuupaar BO HEKOJI-
Ky OCHOBHH THIIOBH CIIOpEI HWBHATa aJKaTHOCT U
KHCEJOCT:

- Twun 1 - Pyganuku npenaxu co ciaba
unm 6e3 anmkanHoct, pH < 4,5, coapxar
BHCOKH KoHIleHTpanuu Ha Fe, Al, Mn u
OPYTH METalld, KUCEIOCT M KHCIOPOZ.
Hapeuenu ce “kucenu pyIHUYKH IpeHa-
xm” (Acid Mine Drainage - AMD). Bo
0BOj THN cmaraar u Boxute co pH < 6,0
1 COIp’KMHA Ha HETO KHUCEIOCT (KHCeo-
CTa € ToToJieMa Off AlTKATHOCTA);

- Tun 2 - PynHuYKH APEHAXH CO BHCOKHU
KOHLICHTPAIIMA Ha BKYIHO PAacTBOPEHH
LBPCTH YE€CTHUYKH, CO BUCOKHU CONPKUHH
Ha (epo xene3o (Fe*") u Mn, 6e3 uim co
HHCKa COApKWHA Ha Kuciopox u pH >
6,0. ITocne oxcupanmjaTa, BpegHOCTA HA
pH moTeHIMjaIoT Ha OBHE BOAM 3HAYH-
TEJIHO orara M MPEeMHUHYBaaT BO KHCEIH
PyIHHYKHY ApeHaxwu of Tum 1;

- Twun 3 — AnkanHu PYIHUYKH APEHAXKHU
KOW MIMaaT CPEIHU O BHCOKM KOHIICH-
Tpaluy Ha BKYITHO PacTBOPEHH IBPCTH
YEeCTUYKH, COAPIKUHATA Ha (Depo Kene30
(Fe*") u Mn e Hucka 10 cpeana, 6e3 win
CO HHCKa COIpKMHA Ha Kuciopon, pH
> 6,0 ¥ ajKaJHOCTa € IOBHCOKA OJ KH-
cenocta. ITocne okcmnammjara, reHepH-
paHaTa KHCEIMHA C€ HEyTpaJu3upa O
BeKe MPUCYTHATa aJIKaJTHOCT BO BOJIATA.

- Tun 4 — HeyrpanusupaHu KUCETH pyI-
HUYKU apeHaxu co pH > 6,0 u Buco-
KM KOHIICHTPAllMHM Ha BKYIHO CYyCIICH-
TUPAHU IBPCTH YECTHUKH. Tajoxkerme-
TO Ha METAJHUTE XUIPOKCHIN BO BOJA-
Ta ceymTe He e oTmoyHaro. [locie oxpe-
JICHO BpEeMe Ha MPECTOj BO TATOKHHUKOT,

YECTUUKUTE CEe UCTAJIOKYBaar u ce (op-
Mupaar Boau o Tun 5;

- Tun 5 — HeyrpanuszupaHu Kuceiau pya-
HUYKH JpeHaxku co pH > 6,0 u Bucoku
KOHILIEHTpallMM Ha BKYIIHO pPacTBOpE-
HU UBPCTH YecTUYku. OTKako MoBeKke-
TO MCTAJIHU XHUIAPOKCHUIU Ke npeuurnm-
TUpaaT BO TaJIO)KHUKOT, IJIaBHU KaTjO-
HU KOW IITO OCTaHyBaaT BO BOJara co
BUCOKM KOHIIEHTpALlMK BOOOMYAEHO ce
pactBopenn Ca u Mg. PacTtBOpeHute
OKCH-aHjOHHM Kako IITO ce OmkapOoHa-
TUTE U CyA(aTHTe UCTO TaKa OCTaHyBa-
aT BO pacTBOPOT. JIOKOJIKY ajKaHOCTa
WJIN KHCJIOPOJIOT HEI0CTacyBaaT BO Ipo-
LIECOT Ha HeyTpalu3aluja, Bojara Hema
na ro pocturdae Tumot 5;

- VHepTHM Wiy HEyTpaJHU BOIHM Ce Ioja-
BYBaar Kaj pyJHUIMTE CO MUHOPHH COJp-
KMHU Ha CyI(QUIN U HUCKH JI0 CPEIHU
KOJMYUHM Ha KapOoHatH. BooOnuaeHo
uMaar HeyTpaiHa BpeaHocT Ha pH mo-
TEHI[MjaJIOT, HUCKAa crenu(uvHa CIpo-
BouBOCT (<100 uS/mm), a kucenocra
U aJIKaJTHOCTA CE PEYMCH BO PAMHOTEXA.

Co MelIame Ha HABEJCHUTE Pa3JIMuHKU TUIIOBU
Ha BOJIM ce 00pa3yBaar MPeoHH THIIOBU Ha BOJH, a
oJlpellyBambeTo Ha (POPMUPAHUOT THII € CO aJeKBaT-
HO 3eMarbe Ha MpUMepolH 1 aHanu3a Ha pH Bpen-
HOCTa, COCTOj0aTa CO KHUCJIOPOJOT M KOHILIEHTpa-
[MjaTa Ha METaJUTEe U MHTEH3UTETOT Ha KHCEJIOCTa.

KoMmIiekcoT Ha efleMeHTH BO pyIHHYKaTa Jipe-
Ha’ka NPeIM3BUKYBa Pa3InYHu e(DEeKTH Ha BOJCHUOT
cBeT. BKkynmHHOT eheKT 3aBHUCH O] KOHIIEHTpalujara
Ha PaCTBOPEHUTE METaJlU, BKyITHaTa Kucesioct, pH u
KOJIMYMHATA Ha JIPpeHakara, Kako ¥ oJ] IpoTokoT, pH
W aJIKQJIHOCTa WM My(QEepPCKHOT KanaluuTeT Ha MpH-
eMHHUOT 1oToK. [ToBHuCcOKara KOHIEHTpalMja Ha Ou-
KapOOHATHM M KapOOHATHHU jJOHH BO IPUEMHHOT I10-
TOK ¥ IIOBUCOKHOT Iy(pepCKU KarnauTeT OBO3ZMOKY-
Baar roroJjiemMa 3aliTuTa Ha BOJACHHOT CBET O] IITET-
HUTC BIHjaHHWja HA KHUCCIIUTC PYIHUYKH JAPCHAKH
(Kimmel, 1983).

AJIKaJHUTE PYAHUYKU APEHAXHU CO HUCKA KOH-
LEeHTpalija Ha MeTalli uMmaar ciiabo 3abenexure-
JieH e(eKT Bp3 NPUEMHHTE TEKOBH, JI0JeKa KUCEIH-
TE PYIHHYKH JPEHAXKH CO 3rOJIEMEHA KOHIIEHTpa-
[1ja Ha METaJIi KOM IITO CE UCIYILITAaaT BO MU3BOP-
HHUTE TEKOBU WM clabo mypepcKuTe TEKOBH MOXeE
Jla MaaT YHUIITYBa4KH €()eKT BP3 BOACHHOT CBET.

CekyHaapHuTe epekTH Kako IITO Ce 3rojieMeH
jarniepojieH JMOKCHU]I, HaMaJlleH KHUCJIOPOJ OJ OKCH-
Jlanyjara Ha METaJIUTe, 3rO0JeMEH OCMO3eH IpH-
THUCOK CO BHCOKAa KOHIICHTpalMja Ha MHUHEPaJHU
COJIM M CHHEPreTCKH e(eKT Ha MEeTallHH jJOHH HC-
TO Taka JONpHHECyBaar 3a TokcuyHocta. (Parsons,
1957). Iokpaj xemuckuTe epeKTH Ol pyIHHYKA-
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PyﬂHI/I‘IKI/I APCHAXKHU U TOCTAIIKU 3a HUBHO TPETUPALE

Ta JApEeHaXka, ce jaByBaarT W (PU3UUKU ePEeKTH KaKo
LITO Ce: 3roJIeMYBakhe Ha 3aMaTeHOCTa Kako pe3yli-
TaT Ha €po3Mja Ha MoYBaTa, aKyMmyJaluja Ha jarie-
HOBA TIpalllfHa ¥ 3aryllyBamke Ha IoJyiorara Ha mo-
TOKOT OJ] HaTaJIO)KyBakETO Ha METAIIHUTE COE/INHE-
nuja. (Parsons, 1968).

TexHoJi0oruu 3a TpeTMaH HA PYTHHYKH
JApeHaKn

TpeTMaHOT Ha PyAHUYKHUTE APCHAKHU MOXKE OH-
ne 6a3upaH Ha JIBE OCHOBHU TEXHOJIOTHH T.€. TEXHO-
JIOTHH 3a aKTUBEH TPETMaH M TEXHOJOTHMHU 3a MacH-
BeH TpeTMaH. OCHOBHATA pa3jinKa MoMery OBHE TeX-
HOJIOTHH € TOA IITO CUCTEMHUTE 32 aKTUBCH TPETMaH
(xaKo mITO KaXKyBa M CaMOTO UMe) OapaaT KOHCTAHT-
HO OJPXKYBame Ha CHUCTEMOT, JJ0IeKa CUCTEMHTE 3a
MIaCHBEH TPEeTMaH 0apaaT MOHM30K CTENEH Ha Ofp-
JKyBambe (MM BOOTIIIITO HE CE OIPXKYBaar).

TexHO0J0TrHH 32 AKTUBEH TpeTMaH

AKTHUBHHOT TPETMaH € HajpaclpOCTPaHCTHOT
METO/| 32 TPETUPAhEC HA KUCEIH PYJHUYKH JpeHa-
KM, KOj BKIIy4yBa J0/laBalbe HAa XEMHUKAJIHNA — HEy-
tpanusupauku arencu (Coulton et al., 2003).

TunuyHUOT aKTHUBEH TPETMaH BKIIydyBa OKCH-
Jlalivja Ha Kucesara pyJHU4Ka JpeHaxa, HeyTpaju-
3andja (IomaBame Ha aJKalUHM) U CCAMMCHTAIH]a
(momaBame Ha KoarynaHTH U Quokyaantn). Okcuga-
1yjara ¢ BakHa OM/IEjKH CO Hea Ce BHECYBa KHCJIO-
POZ BO JpeHakara, KOj € HEOINXOJCH 3a TaJIOKEHE
Ha Metajute npu Hucka pH Bpennoct. Heyrpasu-

Alkaline chemicals

_Q_

AMD

Neutralization

Ci. 1.
Fig. 1.

[ITema Ha aKTUBEH TpETMaH
Scheme of active treatment

7 Flocculant
- -

Flocculation

3anmjara ja srosiemyBa pH BpemHocTa Ha Kucena-
Ta JpeHaxka Co MITO METAJIUTEe MOXE Ja Ce UCTAIO-
KaT OJ PACTBOPOT KAKO XMAPOKCHIU MIIM KapOOoHa-
TH, @ CO JOIaBamkEeTO Ha (IOKYJAHTUTE ce HOpPMH-
pa rycra THA Koja moOp30 ce TaJoKH BO TaJIOXK-
HUKOT. ['ojlemMara rycTrHa Ha THEbATa € TIOBOJIHA OM-
JICjKU Ce HAMaJyBaaT TPOIIOIUTE MOBP3aHU CO HEj-
3WHOTO OJIAramke M CKIaINpParbe MOpaIi HaMaIeH -
ot obem (Coulton et al., 2003).

- Aepayuja / Oxcudayuja

Aepargjara e mporec Ha BOBEIyBame Ha BO3-
Iyx Bo Bogara. OKcuaaijara ce jaByBa Kora Kucio-
POIOT O BO3MYXOT pearupa Co METajuTe BO BOJa-
Ta. JIOKOJIKY BOJaTa € OKCHIMPaHa, METANTE TIaB-
HO Ke TPeIUNUTHpaar npu moHucku pH BpenHocTH.
Cenak, camo okoiry 10 mg/l O, moxe 1a ce pacTBo-
paT BO BOjIaTa, Taka IINTO Ce OTPAHUYCHH OKCHIAIIH-
OHHTE ¢(eKTH HA BOJaTa Koja IITO HE € JAUPEKTHO
M3II0KEeHa Ha Bo3myx. [lopaan oBaa mpuunHa, aepa-
[[jara Ha BOJaTa MOYKE J1a ja [moMara OKCHIalfjara
BO MHOT'Y CHCTEMH 3a TPETMaH Ha BomuTe. J[OKONKyY
aepaigjara ¥ OKCHIalMjaTa c¢ BKIYYCHH HJIH yCO-
BPUICHU BO CUCTEMHUTE 3a TPCTMAaH Ha BOAMTE, e(i)I/I-
KaCHOCTA Ha XEMHCKHOT TPETMaH OH ce 3roieMuia,
a TpoLIoLUTe O ce HaMalue.

- Heympanuszayuja

3a ;1a ce MOCTUTHE HEyTpaIn3aiuja Ha KHCelo-
CTa ¥ 3rojieMyBame Ha pH Ha Bojara, 10 HUBO Kaje

Thickner
[

| fIE2 )

Oveﬁlo J

Dewatering

Q 0
-
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Tab6. 1. Xemwukaauu 3a OKCUIAIN]a, HEYTpAJIU3alMja U Koaryiaidja/gpaokyaimja
Tab. 1. Chemicals for oxidation, neutralization and coagulation/flocculation

Hazus Xemucka popmyia 3abesemku
OxkcupanTu
Kanuuym xunoxmnoput Ca(ClO), Jak okcunaHT

Harpuym xunoxsopur NaClO Hcro e jak okcumaHT
Kanuym nepoxcun CaO, Tpan3eH, HeyTpaJln3aTop Ha KUCEJIOCTa
Bomnoponen nepoxcun H,0, Jax okcumanT
Kanuym nepmanranar KMnO, MHory edukaceH, omnmTo ynorpedyBaH
HeyTpaausatopu Ha KucesiocTa
BapoBHuK (kaniuyMm kapOoHaT) CaCoO Ce xopucTar kaj 0e3KHCIOPOJHUTE BAPOBHHYKH APESHA-
BapoBHuuku KaHaIn 3 KU M K] OTBOPEHUTE BAPOBHUYKHU KaHAJIH.
XupapartHa Bap (raceHa Ba
Ba;[p P P) Ca(OH), PentabuineH peareHc, HO MOTPEOHO € MEIIambE.
Heracena Bap (Kanunym okcwun)
CaO MHory peakTHBeH, TOTpeOHa MepHa OIpeMa.
Bamyromm o1 HeraceHa Bap
Hatpuym kapOonar
PHYM Kap Na,CO, CucreMm 3a o/i[aIeYeHH JIOKALIUU, HO € CKall.
Harpuymoga coi- 6pukern
Harpuym xuapokenn NaOH MHory pacToBpinBa, MOXe Ja Ouze Bo LBPCTa U TeUHa
Kayctnuna cona dbopwma. [ToedtrHa e Bo TeuHa hopma.
AMoHHjax NH, uniu NH,OH MHory peakTUBEH U pacTBOPIIUB.

Jlereuxa remen CaCO, Ca(OH),

Bpeznnocra Ha HeyTpaim3alpjata Bapupa co ceKoj mpo-
U3BOJI.

Koaynantu/®siokynantu

AnxymuHuyMm cyndar AL(SO,), Kucena marepuja, popmupa Al(OH),
Depo cyndar FeSO Kucena marepuja, 00MYHO TTOOABHO PEakTUBHA BO OJI-
4 HOC Ha aJJyMUHHYM Ccyndar.
Depn cynpar Fe,(SO,), g)epn NPOAYKTUTE pearupaar 1nodp3o OTKOJKY depo
POIYKTHUTE.
Harpuym anymunar NaAlO, AJnKaleH KoaryjaHT.

(m3Bop: Skousen et al., 1998)

LITO PACTBOPEHUTE METAIM BO BoJaTa ke oOpasyBa-
aT HepacCTBOPJIMBU METAJIHU XUAPOKCUIH H Ke Tpe-
LUITUTUPAAT O] BOJaTa IOTPeOHO € I0aBambe Ha 10~
BOJIHO aJIKAJTHOCT.

HajuecTo KOpPHCTEHH HEyTpalu3aTtopud 3a
TpPEeTMaH Ha KHCEIIUTe PyAHHYKH JPEHAXHU Ce IpHU-
kaxxaan Bo TaGema 1. Cekoja XxeMuKandja uMa Ofi-
peleHH KapaKTepUCTHKU KOH ja IpaBaT MOBEKe WITH
MIOMaJIKy COOJIBETHA 3a OJpeieHa CHTyalHja.

- @nokynanmu / Koazynanmu

Koarymantnre u hrioxynanTure ce Kopucrar 3a
3roJieMyBameHa e(puKacHOCTa Ha TAJIOKEHHE Ha I[BP-
crute yectnuku. OBHEe MaTepujann OOMYHO ce KO-
pHCTaT BO CUTyallMH KOTa COCJMHEHHjaTa Ha MeTa-
70T 0apaar CrelWjalnu3upaH CHCTEM 3a TpPETMaH,
WIN TIaK OHaMy KaJie IITO aepalujara ¥ BPEMETO
Ha TPECTO]j BO TAJOKHHUILUTE CE HEIOBOIHH 32 KOM-
IUIETHA MpelunuTanyja Ha Metanor. Koarymanture
T'M HAMaJTyBaaT HETO EJIEKTPUYHHUTE ONOWBHH CHIIU

132

Ha TMOBPIIMHATA Ha YECTHYKHTE, IPOMOBUPAJKH ja
KOHCOJIMAIMjaTa Ha MaJUTe YECTUYKU BO HOTroJIe-
MH YyecTH4KH. DIIoKynanujaTa r'u arperupa nii KoM-
OMHMpa YECTHYKHUTE CO MPEMOCTYBaE Ha MPOCTO-
POT HOMery YeCTHYKUTE cO XeMuKaiuu. [Ipemocty-
Ba-ETO CE jaByBa KOra CETMEHTH OJ] JJAHELOT Ha I10-
JMMEpH TU aricopOupaar CyCleHIUPAaHUTE YeCTHY-
KH, POPMHUPAjKH ITOTOIEMHU YSCTHUKH.

- Texnonoeuu 3a nacueen mpemman

MozenupameTo Ha NaCUBHUTE CHCTEMH € 3a-
CHOBaHO CIIOpeJ NPHPOJHUTE MOUYYPHUIITA H IPY-
TH TIPUPOTHU TIPOLIECH, TPUMEHYBAjKH COOJBETHA
MPOMEHa 3a Jia Ce MCIIOJIHAT CHeH(DUYHHUTE LIeJIN Ha
TPETMaHOT.

KoHuenToT Ha MacHBHUOT TPETMaH I'l KOPUCTH
NPEJHOCTUTE Ha IPHPOIHO HACTAHATHTE XEMUCKH
OMOJIOLIKH MPOLECH 3a MPEUHCTYBAKBE HA PYIHUY-
KUTE BOJIY M OBO3MOXKYBa PEAKLIHUTE 32 TPETHPAHE
Jla ce M3BPLIyBaaT Ha KOHTPOJIUPAHO MECTO BO CHC-
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PyﬂHI/I‘IKI/I JAPCHAKU U MMOCTAIIKU 3a HUBHO TPETUPALC

TEMOT 3a TPETHPame, a He Kaj IPUeMOT Ha Bozara.
OCHOBHUTE NACUBHHU TEXHOJOTMH CE IOAesIe-
HU Ha: KOHCTPYHUPAHU MOUypHUIITa (aepoOHH U aHa-
epoOHM), CHCTEMH CO BEPTHKAJIEH MPOTOK (cHCTe-
MH 33 [IPOMU3BOACTBO HA CYKIECHBHA aJKAJIHOCT U
CHCTEMH 3a PelyLIUPabe U IIPOM3BOACTBO Ha alIKaj-
HOCT), O€3KHCIOPOIHU BapOBHUYKH JAPCHAXKH, Ba-
POBHUYKH 0a3eHU M OTBOPEHH BAPOBHUYKHU KaHAIIH.

- Konempyupanu mouypuwma

Ha4yuHOT Ha KOj IITO Ce KOHCTPYUpPAHU MOUY-
puIITaTa BiMjac Ha HAYMHOT HA TPETMAaH Ha BOJA-
ta. JloMrHMpaar /iBa BUJA Ha KOHCTpyKUuja: 1) “ae-
pobHK” MouypwuInTa kou mto coapxar Typha (0ap-
CKH TPCKH) M Ipyra MOUYYpHILIHA BereTaruja 3acaje-
Ha BO muTkuTe (<30cm), penaTuBHO HEMPOITyCTIIN-
BU CEIMMEHTH KOU HITO orakaar no4Bu, NIMHU WK
PYIHMYKA jaIOBHHA, U 2) “aHaepoOHH” MOYypHIITA
xou mto coapkar Typha (Gapcku Tpcku) U apy-
ra MOYypHIIIHA BEreTairja 3acajacHa BO JTa0OKUTE
(>30cm), MOPO3HU CEAUMEHTH KOHM IITO ordakaar
[IOYBH, TPECET, KOMIIOCT BO KOj IITO MMAJIO Me4yp-
KH, IPBEHH CTPYTOTHHH, cllama, I'yOpUBO, CEHO WU
JPYTH OPraHCKH CMECH, HaJl MOJJIOra WM U3Melia-
HU CO BapPOBHUKOT.

A. AepooHi MovypHITa

AepoOHUTE MOYYPHIITA C€ OTPAaHUYCHHU TIO Of-
HOC Ha THIIOBHUTE Ha BOJM KOM LITO MOXe edukac-
HO JIa TM TPeTHpaaT U Ce KOpPHCTAaT 3a TPETMaH Ha
CpPE/IHO KUCEJH WM HETO alIKaJIHK BOAM KO COJIp-
JKaT 3rosieMeHu KoHueHTtpauuu Ha Fe. [Ipumapha-
Ta (yHKIMja HA OBHUE CHUCTEMH € Jla CE OBO3MOXH
aepalyja Ha pyJHUYKHTE BOAM KOU TeyaT HHU3 Bere-
TalujaTa, OKCHIAlMja Ha PAacCTBOPEHOTO XKEJIe30 U
na 0be30emar Bpeme 3a 3aapiKyBambe, Kaje IITO BO-
Jara ce 3abaByBa 3a Jia MPELUIUTHPAAT HKEIC3HUTE
okeuau. bunejku npeuunuranujara Ha Fe renepu-
pa H*, Bomara koja 1mto u3jierysa ox acpoOHUTE MO-
qypHILITa MOXKE Ja MMa oHucka pH oTkosKy Bogara
IITO BJIETYBa BO MOYYPHIITATA, TyPH ¥ aKO KOHLICH-
Tpauuute Ha Fe ce nomanu.

Monudukanujara Ha JU3ajHOT Ha aepoOHUTE
MOYYpHILITa UM OBO3MOXKYBa Ha aHaepoOHHUTE MO-
YypUILTA JTOMOJIHUTEIHA AJIKAIHOCT, CO Liel eduKa-
CEH TPETMaH Ha HETO KUCEJIUTE BOJIU M 3HAUUTEIIHA
NpenuITuTalyja Ha pacTBopeHnTe Meranu. OBa BK-
JIy4yBa JI0/IaBambe Ha I10JI0Ta Ol BAPOBHUK U OpPraH-
CKa Marepuja Koja ro MoTTUKHYBa I'€eHEPHPaETO Ha
ajkaaHocTa kako Oukapoonar (HCO,). Pexyxuuja-
Ta Ha CcyI(aTuTe ¢ MUKPOOHOJIOIIKH IPOIIEC KOj ce
jaByBa BO OE3KHCIIOPOJIHU YCJIOBH, KOT'a C€ MPUCYT-
HU cyndaru u ouopasrpaanusu opranuzmu. Cynda-
TO-pelylUpadKuTe OAKTEPHUHU o KOPHCTAT KHCIOPO-

B. AHaepooHn movypuwTa

2,54-7.62 cm. BOgA
30,48-91,44 cm. opraHcka mMarepmja

C. Ccremn 3a npon3BoACTBO
Ha ankanHocTt (APS)

91,44-182,88 cm. BOga
15,24-30,48 cm. opraHcka marepija

30,38-60,96 cm. BapOBHHK
OpeHaxeH cucrem

E. BapoBHHYKK Da3eHN

91,44-182.88 cm. BOAA
30,48-91.44 cm. BapOBHHK

Ca. 2.
Fig. 2.

2,54-7.62 cm. BOAA
30,48-60,96 cm. oprarcka marepmja
15,25-30,48 cm. BapoBHHK

D. Be:lKIIC!'lOpO,ﬂ,I-III BapoOBHHYKH
apedaxu (ALD)

pooosdbee

60.96-121,92 cm. nouyBa

PVC koj ro oosusa mnn
MOKPHBA BAPOBHUKOT

PoOB HcnonHer co BapOBHUK

F. OrBopenn BapoBHnukn KaHanu (OLC)

Pyt

Mowanu nnn noroner BapoBHHULM
CHMEeCTEeHN NO CTPaAHNTE AN JHOTO Ha
O0BOAHNTE KaHanu, NpeHacovYyBatbata,
POBOBMTE WAH PEYHHUTE KaHann

[Ilemarckn 1ujarpamMu Ha CUCTEMHUTE 32 TACHBEH TPETMaH
Schematic diagrams of passive treatment system
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JIOT KOj HABJICTOJI BO OE3KUCIIOPOIHATA OKOJIMHA Ka-
KO KOMIIOHEHTa Ha cyidaror (SO,>) 3a MeTabommy-
KHTE TPOLECH Ha OHOpa3rpajjiMBUTE OTPAHU3MH,
ro Tpancopmupaar cyadypoT HWIK 10 racHa ¢asza
(H,S) nnu no cyndun o uspcra dasa.

AHaepoOHHTE MOUYpHINTA CE€ BO COCTOjOa Ja
TH OTCTpaHaT MCTAJIMTEC KOU IITO CE€ PaCTBOPJIMBHU
BO kucenuHa (nocebHno Fe u Al), xako u na rene-
pupaar ajakaaHocT. HuBHaTa eUKaCHOCT € OrpaHu-
YyeHa o] 0ABHOTO MEIIarhe Ha BOIAMTE O] aJKaJIHH-
OT CYIICTPaT CO KHUCEJUTE BOAHM OJNU3Y MOBPINUHA-
Ta. 3a OBHE CHUCTEMHM YeCTO MMaTu € MoTpedHa roe-
Ma MOBPIIMHA K I0JIr0 BpeMe Ha 3apxKyBame. Kako
U Kaj IPYTUTE CUCTEMH 3a TIACUBEH TPETMaH HUBHA-
Ta e()MKACHOCT 3a OTCTPaHyBamkeTO Ha Mn € orpa-
HUYEHA, OCBEH BO CJIy4aj KOra ce KOPHCTAT TojeMu
TIOBPILINHHU.

- beskucnopoonu eaposHuyku OpeHaxcu

be3kuciopogHUTe  BapOBHUYKU  JPEHAXKU
IIPETCTaByBaaT IOTPYIaHU POBOBHU HCIIOJIHETH CO
BAPOBHUK, KOHCTPYHUPAHHU [1a CC CIPEYN KOHTAKTOT
Ha PYJHUYKUTE IPCHAKH CO aTMOC(HEPCKHOT KUCIIO-
poa. Ha Toj HauMH € OHEBO3MO)KEHA OKCHIAIlHjaTa
Ha METaJIHTe M 00pa3yBameTO HA BAPOBHUYKH HAC-
nard. BapoBHHMKOT ce pacTBopa IOJ BiIMjaHHE Ha
PYAHHYKHTE BOJIH, CO LITO reHepupa OukapOoHaTHA
AJIKAJTHOCT.

BeskucioponsuTe BapOBHHYKH JAPEHAXH CE
MOKPHEHH cO TiMHA Wik 30uenu nousu u PVC 3a
Jla ce 3alTHTaT O] KOHTaKT co kucioponor. PVC
MeMOpaHaTa HajuecTo ce MOCTaByBa HaJ| BAPOBHH-
KOT 3a J1a TO OTPaHNYM MPHUCTANOT Ha KHCIOPOIOT
u aepupaHara Boza.. Llenra Ha DoIHHOT nen Ha Oe3-
KHCJIOPOIHUTE BAPOBHHYKH JPEHAXH € Ja 00e3-
Oe/n aJKaJUTET W Ha TOj HauMH KHceJlata BoJa Ja
ja TpanchopMupa BO alikaiHa. 3aApKyBajKu ro ja-
IJIEPOTHUOT JMOKCHUJI BO JIPEHAXUTE ce TOM00py-
Ba PAacTBOPJIMBOCTA Ha BAPOBHHUKOT M 00pa3yBarbe-
TO Ha aJKaJHOCT. 3a Ja OuJe BapOBHUKOT CEKOTaIl
3aCUTEH CO BOJA, UCTEKOT Ol OE3KUCIOPOJHUTE Ba-
POBHUYKH JpeHaxxu Tpeba Jja Ouje mocTaBeH Majiky
HaJl TOPHHOT JIeN1 O BAPOBHHKOT, CO IITO ce U30er-
HyBa MPHUCTAI Ha BO3IyX BO cHCTeMOT. [Ipen na 6u-
JIe UCTTYIIITEH BO IPUPOJHUTE BOIOTEIH, e(IIyeHTOT
ce 3aIp>KyBa BO TAIOXKHUK, 32 JIa C& OBO3MOXKH MPH-
JarofyBame Ha pH u mpenunuranyja Ha MeTaauTe.

- OmeopeHu B8APOBHUYKU KaHalu

Kaj oBOj TUI Ha CHCTEMH Ce MpaBU KaHa O]
BapOBHUYKHU KaMEH BO KOj ce coOMpa KOHTaMUHHPa-
Hara BoJa O]l PYAHHWYKUTE ApeHaxu. PacTBopoT on
BapOBHUYKHU KaMEH ja 3rojieMyBa aJIKaJIHOCTa Ha BO-
nara u 1o 3rosemyBa pH morenmujanor. Hacmarure
on BapoBHMYKH KameH co Fe (CO), n Fe (OH), 06-

pasyBaHU 0] HeyTpai3alujara ro HaMainyBaar 00-
pa3yBameTO HA AJIKATHOCT, TOPAaHU IITO € MoTpebHa
rorojieMa KOJIMYMHA Ha BApPOBHUYKU KaMmeH. [oie-
Mara Op3uHa Ha NPOTOKOT M 00pa3yBameTo Ha BPT-
JIO3U TO 3rojieMyBaar e()eKTOT HaMallyBajKu ' Hac-
JlaruTe oJi BAPOBHUYKH KaMEH.

- Cucmemu co sepmuKailen nponiok

CucremMuTe 3a TMAaCWBEH TPETMaH CO BEPTH-
KaJleH TPOTOK I'M KOMOWHHpAaT MEXaHM3MHTC 3a
TpeTMaH Ha aHACPOOHHTE MOUYPHUINTA U GE3KHUCIIO-
POOAHUTE BAPOBHUYKH APCHAXKU.

OCHOBHHTE CJIEMEHTH Ha OBHEC CHCTEMH CE
CITMYHU CO aHACPOOHHUTE MOUYYPHIITA, HO OBJIE € J0-
JlaJleH W JIPEHaKeH CUCTEM 3a Jia ce 00e30enu Ju-
PEKTEH KOHTAKT HAa KHCEIUTE PYIHHYKH IPCHAKH
CO CyMCTPATOT KOj MPOU3BEAYBa ATKaTHOCT. Tpute
[JIABHU CJIEMEHTH Ha CHCTEMOT C€ IPCHAKHUOT CHC-
TEM, BAPOBHUYKHOT CJIOj M OpraHckuor cioj. Cuc-
TEMOT ¢ KOHCTPYHpPaH BO PaMKHTE Ha BOIOIPOITY-
ceH GaceH, a BO JPCHAKHUOT CHCTEM € MOCTABCH
XHAPAHT 3a KOHTPOJIA HAa HUBOTO HA BOJATa, 3a Ja
ce 00e30eaM NOMIaBEHOCT CO BOJIA HA OPraHCKUOT
Y BAPOBHUYKHUOT CJ10j. [Ipy TEKOT HA KHUCEIHTE PY/I-
HUYKH IPEHAXH HHU3 OPraHCKUOT CII0j, CC M3BPIITY-
BaaT CICJCHUTE OCHOBHU (DYHKIIMH: PAcTBOPCHH-
OT KHCJIOPOJ] C€ OTCTpaHyBa O]l CTpaHa Ha aepOoOHH-
Te GaKTepUH KOW IITO TH KOPUCTAT OHOpA3rpaiiv-
BUTE OPraHCKH COCIAWHEHH]ja KaKO M3BOPH HA CHEp-
ruja, a cyndaro-peayupadKuTe OaKTepuu reHepu-
paar ankaiHOCT W T'M W3[IBOjyBaaT METaJIHUTe BO 00-
K Ha cynduan. OpraHckHoT €j0j KOj € CrocoOeH
Jla ri Hamamu KoHreHTpanuute Ha DO 10 < 1 mg/l e
OJ CYIITHHCKO 3HAYCHHE 32 3aITUTa Ha BAPOBHHUKOT
of1 “apMupame”, Kako U 3a peAyKiuja Ha cyiadaru-
Te. Bo BAPOBHUYKHOT CJ10j, KUCEIMHATA TO pacTBapa
CaCO, u 6e3KMCIOPOJHUTE BOIHU JIBMXKEjKU ce Ha-
JIONTy HH3 JPCHAKHUOT CHCTEM MPOHM3BEMYBaat I0-
MOJTHUTEITHA alKanHOCT. EdyeHToT ce ucmyiira Bo
TAIIOKHUK KaJIe MITO Ce BPIIM HEyTpalu3allija Ha
KHUCEJIMHAaTa 1 HpeHI/IHI/ITaHI/Ija Ha MCTAJIMTE, MPEa
KOHEYHOTO HCHYIITARkhEe BO PEIUIMUCHTOT. 3a pyi-
HUYKU APCHAXKU KOU COAPKAT 3HAYUTCIIHU KOHIICH-
Tpaiuu Ha Fe’™ u/umu ceauMenTy, mpes CUCTEMUTE
CO BEpTHKAJICH MPOTOK Tpeba a UMa JIPYTH TaaoK-
HUIM WK aepOOHN MOYYPHIIITA, 38 J1a CE OTPaHUUH
aKyMyJalyjara Ha [BPCTHTE YSCTHIKH Ha MOBPIIH-
HATa Ha OPTAHCKHOT CJI0j. 32 TPETMaH Ha IPCHAKH
CO BHCOKA KHCEIOCT, MOXE JIa C€ TIOCTABAT HEKOJIKY
MOCJICIOBATEIHN TIPETPaIil CO BEPTHKAJICH MPOTOK,
Pa3IBOCHH CO TATOKHHIIH.

3akaydox
Hajao6puor n3bop momery HaJCHUTE OIIHH

3aBHCH OJI TEXHUYKHUOT U O]l EKOHOMCKHOT (aKkTop.
TexHUUKHOT PakTOp ro BKJIydyBa CTEIIEHOT Ha KUCe-
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JIOCT, KOJIMYMHATA Ha MPOTOK, CHCHU(DUIHUTE BHIO-
BH M KOHIICHTpAIlMjaTa Ha METAH BO BOJIATa, CTall-
Kara U CTCIICHOT Ha HOTpe6HI/IOT XEMUCKH TPETMaH
Y [I0CaKyBaHHOT (PMHAJICH KBAIMTET Ha Bojara. Eko-
HOMCKHOT (haKTOp TH BKJIydyBa I[CHATa HAa pearcH-
cure, paboTHaTa paka, MexaHU3alyjara U onpema-
Ta, NOTPeOHHUOT 1eproA (roIUHM) 3a Koj Ke Oujie He-
OITIXOZICH TPETMAHOT, OTCTPaHYyBabe U OJJI0KYBAHE
HA OTMAJHUOT TAJOT, KAMaTHATa CTanKa u (aKTopu-
TC Ha PU3HK.

3a J1a U3BPILIK CEJIEKIUja Ha CUCTEM 32 aKTHBEH
TpeTMaH, OIIepaTopoT MOpa Jia rO OAPEIH IIPOTOKOT
Ha OTHaJHUTC BOJH, pH, BKYIIHO CYCHCHIUPAHUTC
usperu yectnuku (TSS), kucenoct/ ajakaaHOCT BO
mg/l kako CaCO,, KOHIIEHTpaL[MKTE HA TELIKUTE Me-
TaJIM, TPOTOKOT Ha PELUIUEHTOT, JOCTAlIHOCTA Ha
eJISKTPUYHA EHEepruja, PacT0jaHUeTO O MECTOTO Ha
JI0/IaBae Ha XEMUKAIMUTE JI0 MECTOTO KaJe ILITO
BOJIaTa BJIETYBA BO TAJOKHHUKOT, KAKO ¥ BOJIYyMEHOT
W JUMeH3MHTe Ha TauokHHUKOT. [Tocie eBamyaruja-
Ta Ha OBME MPOMEHJIMBH 32 JIAJICHO BPEMe, Olleparo-
POT MOXKE J]a T'M 3eMe BO IPEJBUJI EKOHOMCKHUTE Ma-
PaMETPU Ha pa3IMYHUTC XEMUKAJIUN U aJITCpHATHUB-
HUTC CUCTEMU 3a aKTUBCH TPETMaH.

[Tpn nu3ajHUpameTo Ha TMACUBHUOT TPETMaH
MOTPeOHO € Jla ce OKapaKTepu3upaar BOAUTE KOU
Ke ce TpeTHpaar, OAHOCHO Tpeba a ce HalpaBH Me-
peme Ha MPOTOKOT W KBAJIUTETOT Ha BOAATa BO Te-
KOT Ha ITOI0JIT TIEPHO]I, 32 Jla Ce YTBP/IH I0jaBara Ha
ce30HCKH pasiuku. [Ipumenara Ha cucTemu co ma-
CHBEH TPETMaH IO CIIMMUHHAPA KOPHCTEHHETO Ha J0-
MTOJHUTEITHUA XeMHUKAJINH, ja HaMaJlyBa MOTPOIITyBay-
KaTra Ha eHepruja u norpedara 3a opXKyBame, ITO
T TPaBH OBHE CHCTEMHM [la MMaaT MOroJieMa mpes-
HOCT BO OTHOC HAa AKTUBHUTE CHCTCMH.

[ToyeTHHTE TPOIIOLM Ka] MACHBHHOT TPETMaH
MOXe J1a OMAAT MOBUCOKH OTKOJIKY Kaj aKTUBHHOT,
HO OM/IejKM KOpHCTAT IPOLIECH KO HE Ce OIepaTHB-
HO MHTCH3MBHHU, BKYIIHHUTC TPOIIOLHWUTE 3a HUB CC
nomanu (Fripp et al., 2000). AKTUBHHOT TpEeTMaH €
MIOCKaIl IPOLEC KaKo Pe3y/ITaT Ha TPOLIOIUTE 3a OIl-
peMa, XCMHUKaJIMUTE KOU CC€ MPUMEHYBaaT U y4€CT-
BOTO Ha paborHara cuia (Skousen et al. 1998). Oc-
BEH TOA OBO] IPOLIEC € J0JTOPOUCH U MPETCTaByBa
TpajHa oOBpCKa.
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I'eopruescka, C., Benjanocka-Capadunocka, E. (2013). HyrpueHteH pesxum Bo Bofara ol aKymyJainujara
,,CTpexeBo™. 30opuuk Ha Tpynosu ox IV Konrpec Ha exosno3ure Ha MakeoHHja co Me'yHapoaHO y4yecTBo, OXpui,
12-15 oxromepu 2012 roguHa. MakeTOHCKO SKOJIOIIKO APYIITBO, MoceOHO u3nanue 28, Ckomje.

Axymynanujata ,,CTpeKeBO, CMECTCHA BO jyro3anaHHuoT Jaei Ha PemyOnnka Makenonuja, Gpopmupana Bo
nosHOXjeTo Ha [leancTepcKHoT MacuB, MMa TOBeKeHaMeHCKa (pyHKIMja ¥ Toa BpIIM 00e30e1yBame Ha TOBOIHO
KOJIMYKMHA BoJIa 3a HaBomHyBame Ha 20200 ha o6pabotina nospiirHa Bo [lenaronuja, BOJOCHOMyBakE Ha HACETIe-
HUETO U UHJyCTpHjara, IPOU3BOCTBO Ha eJICKTPUYHA €Heprija TH. 3a N3BPIIyBahe Ha OBUE (DyHKIMH, BOJATa OJf
aKyMmyJamujara Tpeda a moceyBa COOIBETeH KBaIUTeT. Kako BakeH KpUTEpUyM 3a KBAJIUTET Ha BOJlaTa MpeTcTa-
ByBa KOHIIGHTpaIMjaTa Ha HYTPUEHTHUTE (a30T U Gocdop), KOU MPETCTaByBaaT BOCAHO U ITOKA3aTENH 3 CTEIIECHOT
Ha eyTpo(HKaIHja Ha AKBATHYHUTE €KOCUCTEMHU.

Llenta Ha 0BOj TPYZ € Ja ce 1o0Me LEeIoCHa CIMKa 32 HyTPUSHTHUOT PEXUM BO BOJATa Ol aKyMyJialujaTa
,,CTpexeBo®. Bo Taa Hacoka 3a Bpeme Ha nepuooT o aBryct 2009 rox. 1o aprycrt 2011 roa. u3BpIIEHO € CE30HCKO
KOJIEKIIMOHUPAkE Ha MOBPIIMHCKA U AyaduHcka Boaa (0, 8 m 20 m), Ha cenqyM MepHu Mecta. Kopuctenu ce craH-
JapIHU JIMMHOJIOIIKY MeTozu. McTpakyBamara nokakaa Jieka KOHIIGHTpalijaTa Ha a30THUTE (OPMHU BO akyMylia-
ujata ,,CTpekeBo™ BO JBETOJMIIHIOT IUKIYC 3HAYAjHO Bapupaar Kako pe3y/TaT Ha Pa3INuyHHUTE KOHIEHTPALH
Ha BJIE30T BO aKyMyJnalujara, e()eKToT Ha (POTOCHHTETCKATa aKTUBHOCT, KaKO U O] pa3lioKyBambeTo Ha OSITKOBHH-
CKHUTE MaTepPHH OJ] PACTUTEIHO M )KHBOTHHCKO MOTEKI0. KOHCTaTHpaHo € KOHTHHYHPAHO 3roJieMyBarhe Ha CpeiHa-
Ta IIPOCeYHa KOHICHTpalja Ha BKyIeH (ocdop 3a cekoja ce30Ha, KaKko MOCHIeUla Ha aHTPOIIOTCHOTO BIIHjaHHe.
3royieMeHHUTE KOJIMYMHI Ha BKyITIeH (ocop MOXKAT J1a JOBEAT /10 BIOIIYBamke Ha KBAIUTETOT Ha BOJIaTa BO aKyMy-
JlanyjaTa g0 HUBO KOe HajYecTo ro 3arpo3yBa KOPUCTEHETO Ha BOJaTa 3a MPEABU/ICHUTE HAMEHH.

Kayunu 36opoBu: Axymynaimja ,,CTpekeBo*, HyTpUCHTH, eyTpoduKaIuja, BKyneH dpocdop.
Abstract

Georgievska, S., Veljanoska-Sarafiloska, E. (2013). Nutrient regime in the water of reservoir “Strezevo”. Pro-
ceedings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October
2012. Macedonian Ecological Society, Special issue 28, Skopje.

The “Strezevo” reservoir is located in the southwest of the Republic of Macedonia and it is formed on the bot-
tom of Pelister massif. It is a multipurpose accumulation which provides water for irrigation 20200 ha arable land
of Pelagonija, water supply of population and industry, electric power production etc. The water quality is very im-
portant for all these functions. One of the most important criteria for water quality is the nutrient concentration (ni-
trogen and phosphorus), which are important indicators for eutrophication level in aquatic ecosystems.

The aim of this paper is to provide a complete state of nutrient regime in the water of the Strezevo res-
ervoir. The samples were taken seasonally from surface and profound water (0.8 and 20 m depth) from seven mea-
suring points, during the period from August 2009 to August 2011. Analysis of the nutrient concentration has been
performed using standard limnological methods.

The results obtained during these investigations show that nitrogen compounds of the water of the Strezevo
reservoir have significant differences. These variables are the results of different concentration in the flow into ac-
cumulation, photosynthesis activity effect and decomposing processes of protein matter of animal and plant origin.
Total phosphorus concentration has significantly increased. There was a continuous increase of the average total
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phosphorus concentration in each season, as a consequence of increased anthropogenic impact. Increased amount
of total phosphorus can lead to deterioration of water quality in the reservoir to a level which most threatens the use

of water for the anticipated uses.

Key words:

BoBen

[Tpouecure Ha eyrpodukalmja Ha BoJaTa BO
aKyMyJIalluTe, IIOCEOHO Ha OHHME HAMEHETH 3a BO-
JOCHA0MyBambe, OJIr0 ce LEHTap Ha HHTEPECUPHe-
TO Ha rojeM OpoOj Ha HCTPAXKyBayd Ha IIMPOKHTE
npocropu. Cekoja akymylaiuja uMa oJpe/ieHH CIie-
UU(GHUIHOCTH 32 KOja ce MOTPEOHU OJPENIeHN UCIIH-
TyBama CO LITO OM ce Jo0uIIe moeTaiHu nHpopma-
LUK 32 COCTOjOAaTa M KBAJIUTETOT HA BOJATa, KAKO OU
ce IpeB3eMalie MEepKH 3a IpeaynpenyBarbe Ol Hera-
THUBHUTE MOCJICANLIH.

ComxuHaTa Ha HYTPHEHTHUTE, a30THUTE U (O-
copHHUTE MaTEepUH BO aKyMYJIallUUTE WU MOBPILIMH-
CKHUTE BOJIU, € Ba)KEH JUMUTHPAUKH (akTop 3a roja-
Ba Ha eyrpodukanujara. OCHOBEH YeKOp CO Liell Ha-
MallyBambe Ha eMICHjaTa Ha HyTPUCHTH € TI03HABAIbE
Ha HUBHATa KOJIMYUHA, U3BOP U JUCTPUOyLHja, IITO
€ YCJIOBEHO KaKO OJ] T€OJIOLIKUTE KapaKTePUCTUKH,
TaKa ¥ Ol aHTPOIIOTEHOTO AEjCTBYBame. 3aT0a, MO-
3HaBambETO Ha MOMEHTAIHATa COCTOj0a, Kako U ce-
30HCKHTE BapHjallid BO KOJIMYECTBOTO Ha a30THHU-
Te U GochOpHUTE MaTEPUH, CE OCHOBEH MPEAYCIIOB
3a IPABUJIHO M YCIICIIHO YIIPaBYBambe CO MOBEKEHA-
MEHCKHTE aKyMyJIalnH.

CexyHIapeH M3BOp Ha BOJa 3a BOIOCHAOIY-
Bame Ha IpanoT butona e akymynannjara Crpexe-
B0, (popmupana Ha pekara Illemuuna. M3rpanbara
Ha Opanarta co BucuHa 76 m, 3armo4naina Bo 1978 ro-
nuHA, a 3aBpmwia Bo 1983 rommna. ['pamor mouna
Jla KOPUCTH BoJa Off akymyinanujara Bo 1985 roam-
Ha. BKyITHHOT BoJTyMeH Ha akyMyJIalujata H3HeCyBa
119,23 -10° m® Boza, a HEj3UHUOT KOPUCEH BOTYMEH
108,87 -10° m®. CamBHOTO ToOIpadvje Ha aKymysia-
mjara ,,CtpeskeBo™ m3Hecysa 715 km?. Toa ongaka

Strezevo reservoir, nutrients, eutrophication, total phosphorus.

MOBEKe BOAOTEIN KOW TI0 CBOjOT TEK MUHYBaaT HH3
Mojipavja Co KOMYHAJHH OTHAJHH BOIH, PYpPaTHU
Mojipavja KO CE€ ONTEPETEHU CO COBPEMEHH CpPEjl-
CTBA 3@ 3aIlITUTA HA pacTeHujara. Jlen o THe oTnaji-
HU KOHTAMHUHEHTH JIOTEKYBaaT cO pevHara Boja BO
KpajHaTa 1eJ — aKyMyJiaIgjara.

Marepujaau U MeTOAN

KonekmonnpameTo 1 CKIIaINPAmbETO HA Ma-
TEPHjaJIoT € U3BPIICHO CO CTAHIAPAHU JMMHOJIOMI-
ku metomn (Standards methods for the examination
of water and wastewater, 1998). IIpumeporure ce
3emMaHu co Ruttner-upmner 3a JUTAaOMHCKO 3eMamhe Ha
mpobu o7 2 1 co ce30HCKa IMHAMUKA Off CEIyM Mep-
HHU MecTa of TpHu npoduiy; BiuB Ha p. [llemunia,
[IEHTpAJICH JIe] U JIe Bo OM3KHa Ha Kya 3adar.

Bxynauor ¢ocdop e ogpemyBaH Kako opTo-
¢ocdar (Strickland & Parsons, 1972), mocne kuce-
Jla IUrecTHja co nepcyindar u TpeTMaH Co aMOHUYM
MONMMOIAT W aHTUMOHWI-KAJIMYM TapTapar, MpHII-
TO C€ cO3/1aBa KOMIUIEKC aHTUMOH-(ocdarT-mMonno-
JIat, KOj ce pexynupa co aCKOpOMHCKa KHCEINHA 110
CHH MOJHMOJCHCKN KOMIUIEKC YMj MHTEH3HUTET € BO
(yHKIMja Ha KosmaecTBOoTO Ha hocdop. Ocnobdoxe-
HUTE opTodochaTh ce OTUNTYBaAAT CIIEKTpodhoTOME-
Tpucku Ha 885 nm Opanosa nomxuHa. [Ipu Toa e xo-
pucTeH cnekrpodoTomeTap Mapka Specord, Monen
S — 10, na ¢upmara Carl Zeiss Jena.

Bxynauor azot e onpenysan co Kjeldahl nu-
rectija (Solarzano, 1969) no amonwmjak, a rmo-
TOa Kako aMOHMjaK Ce OJpernyBa creKTpodorome-
Tpucku Ha 640 nm OpanoBa momkuna (Strickland
& Parsons,1972). Pesynrarute ce OTYMTyBaHM Ha
cnekrpodoromerap Mapka Perkin-Elmer, monen

Cu. 1.

Axymynanmja ,,CtpexeBo™
Fig. 1. Reservoir “Strezevo”
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Colleman. BkynmHHOT a30T BCYIIHOCT MpPETCTaBYyBa
30up ox penynupavyky GopMu (OPraHcKy + aMOHH]ja-
YeH) U OKCHIUpayku (GOpMHU (HUTPUTHH + HUTpAT-
uu). [Ipu Toa opraHcKHOT M aMOHHMJjaYHUOT A30T Ce
onpenyBaar co cnomHarara Kjeldahl merona, a Hu-
TPUTHHOT a30T €O CYJI(aHII aMH]] U HAQTUIT eTHIICH
JMaMUH AUXHUIAPOXIIOPU, TPUINTO ce jo0uBa 0060-
€H KOMIUIEKC Y1j MHTEH3UTET (BO 3aBUCHOCT OJ KOH-
LIEHTpaIjaTa) ce OTYHTYBa CIEKTPO(OTOMETpH-
CKHU Ha BeKe CIIOMHATHOT criekrpodoromerap. OBoj
HUTpATeH a30T MpBo ce peaynupa npeky Cd-komo-
Ha JI0 HUTPUTEH, a I0Toa Ce OpeyBa KaKo HUTPUT-
Ha Gopma.

Pe3ynraTu u auckycuja

Tosiem Opoj XEMHUCKH €JICMEHTH T'H TOTIIOMara-
aT WM IOTUCHYBAaT, a HCKOU MaK U T MCHYyBaatT 6I/I-
OXEMHCKUTE peakiuu OWIIO THE Jia Ce OJIBMBAAT BO
KIIETKUTC WJIM BO MCAUYMHUTE BO KOM OIICTaHyBaart.
EneH TakoB HE3aMEHIIMB XEMUCKH EJIEMEHT KOj 4ec-
TO € OrpaHN4YyBavYKH BO OJIBUBAKLECTO HA ITPpUMAapHara
MIPOJYKIMja HAa aKBaTUYHUTE eKochcTeMu e Gocdo-
POT. 3aBUCHO O CTEIICHOT Ha 3aragyBame, Gocda-
THUTEC MOXKAaT aa 6I/II[aT MMPUCYTHU BO 3HAYUTCIIHO BU-
COKH KOHIIGHTpAIIMU KOU OTEKHYBaaT oJ] yrnorpeode-
HUTE CPEACTBA 3a Mepewme, AETEPTeHTH Win I'yOpuBa
KOM Cce ITPUMEHYBaar Bo 3eMjozencTBoTo. He e Hui-
TO HEBOOOMYACHO J1a MPUTOKUTE KOU MUHYBaaT HU3
HEKOJIKY HacelOH Jia IOHeCyBaaT TOJKAaBO KOJHYe-
CTBO Ha OPraHCKHM Marepuu coOpaHO Of INTAJCKH-
Te [yOpuIlTa, CENITHYKUTE jaMH, IOJICKUTE KII03e-
TH U JIPYTH U3BOPHU Ha 3arajlyBame O]l CEJICKHUTE J10-
MaKHHCTBa KOM BO OJIPE/ICHH I'paJIe)kHH paboTH MO-
Kar ja ce Hamaunar. [locton n cexyHuapeH BHeC Ha
roJIEMHU KOJIMYMHH HA OPraHCKU MAaTepUU BO aKyMy-
JIAIUUTE O] CIIOPTCKUTE PUOOJOBIH. ,,3a MpUMap-

HUTE MPOAYIEHTH, (PochOopoT ¢ JoCTareH BO 00IHK
Ha opTodochary KO Ce pacCTBOPIIUBHU U KOj € BAXKCH
BO KOHTpOJIa Ha rpumapHara npoxykuuja” (Wetzel,
1990).

Conpxxunure Ha BKynHHOT (ocpop Bo Crpe-
JKEBCKara akyMmysalyja MOKaXyBaaT Ope/eHa ce-
30HCKa AnHaMmuka. JloOmeHuTe pesyiararu 3a coup-
’KMHarta Ha BKYNHHOT (ocdop ce NpuKakaHd Ha
Cruka 2. AHanM3Mpajku ro rpauIKHOT MPHUKa3 Ha
COZIp>)KUHATA Ha BKYITHHOT hocdop, Moxke J1a ce 3aK-
Jy4YH JieKa MOCTOjaT ToieMu (IYKTyalliy BO JWHA-
MHUKaTra Ha BKymHHOT (ocdop Bo Bomara on Crpe-
’KEBCKara akymynaiwuja. HajHuCkara KOHIICHTpa-
1uja Ha BKytieH (hocdop BO TEKOT Ha LETUOT UCTpa-
KYBauky mepuof, € n3MepeHa Bo mponet 2011 ro-
nuHa u u3HecyBa 3,43 ug/l (moBpiiMHCKaTa BOma
kaj 3adarHa kyna). HajBucokara KOHIEHTpaluja Ha
BKyIieH Gocop e perucrpupaHa BO JICTHUOT HEepH-
on 2011 romuna u u3HecyBa 26,16 pg/l Bo ucruor
JieT Ha JutabodrHa off 8 m.

CriopenyBajKu U JICTHATE KOHIICHTPAIMH Ha
BKyreH (ocdop ox 2009, 2010 u 2011 roguna, ce
KOHCTaTupa Jeka 3a pasnuka ox 2009 romuna kora
KOHIICHTpAIIMUTE Ha BKyIeH (ocdop ce peraTus-
HO HHUCKH, IMa 3HAaYajHO 3rOJIEMyBarhe Ha HCTUTE BO
2010 1 2011 roguna.

B0 €CEHCKHOT MepHo CO HapyIIyBameTo Ha
crparuduKaijara, ce 3rojieMyBaar KOHIICHTPAIlU-
ute Ha GochopoT BO rOpHUTE CIOEBH HA Tpodore-
Hara 30Ha U ce HamMaJlyBaaT BO CIIOEBHTE JI0 KOU Me-
HIAKETO C€ N3BPIIHJIO.

CriopenyBajKu T KOHIICHTPALMUTE Ha BKYICH
dhocdop ce30HCKH, MOXKE J1a € KOHCTATHpPa ICKa THE
Ce 3HAYMTEITHO TIOBUCOKHU BO 3UMCKHOT MTEPHO], IIITO
HajBEpOjaTHO PE3yJITHpa CO MPOLECOT HAa MHUKCH]a,
T.e. Melllabe Ha BOJHATA Maca, NpH IITO joara 1o
360raryBame U Ha TIOTOPHHUTE CIIOCBH CO HYTPUCHTH
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Fig. 3. Ammonia-nitrogen content in the water of “Strezevo” reservoir (2009-2011)

071 TO/TIA00KHUTE CIIOCBH HA XUITOJMMHUOHOT.

Curte oBHE BPEIHOCTH YKaXyBaarT Ha (HakToT
JIcKa OJICjKH OJ TOJIMHA BO TOJMHA, KOHIICHTpAIlHja-
Ta Ha BKyneH (ocdop ce 3rojieMyBa KOHTHHYHUPAHO
0e3 orvies1 Ha TOAMIIHOTO BPEME U CE30Ha, LITO € pe-
3yNITAT HAa 3aCHJICHO aHTPOIIOTCHO BIMjaHUE U HApY-
LIyBamhe HA KBAJUTETOT Ha Bomara Bo CTpexeBcKa-
Ta aKyMyJiaiuja.

,»A30TOT € orpaHuuyBayku (akTop 3a pac-
TUTEITHA TpPOAyKIHja mocie ¢gocdopor, a cropen
Lind (1985), Bo Bomara ONIITHOT aHAJUTHUYKU MH-
Tepec T COAPIKU PACTBOPEHHUOT U MAPTUKYIAPHUOT
a30T, KO Ce€ BO Pa3iM4yHU peaylupaHu GopMH paH-
THPaHH 0Jf OONYHH aMHHO KHUCEIUHH JI0 KOMILICKC-
HU TPOTEHHH, M BO JKMBUTE M BO MPTBUTE TKUBA U
MPOAYKTUTE HAa TKUBATa; aMOHH]aKOT KOj € HajMHO-
Ty BO peayuupana popMa u e poIyKT Ha OpPraHCKo-
TO pacrmarame, a HUTPATUTe U HUTPUTHTE KOU CE
okcunupana Qopma, pe3yarar o HUTpU(HKALH]ja-
Ta (baKTeprcKaTa OKCHIAIMja Ha aMOHHUjakoT)”. W3-
BOpHTE Ha a30T ce MHOryOpojHH. Bo cupoBara Boza
HErOBHOT COCTaB € BapHjaOMJIeH BO OOJIMK Ha BKY-
nen N, NH,, NO,, NO, u oprancku aszor. Co pas-
rpajyBamEeTO Ha OPraHCKUTE MAaTePUH BO BOAHHOT
cToJI0 Ha e3epoTo, ce 0c00oayBaaT 3Ha4ajHU KOJIH-
YMHU Ha a30THU costn. OJ] ceTo OBa, MOXKeE J]a CE KOH-
cTaTupa JieKa COIP)KMHUTE Ha CUTE a30THU (OpPMHU
HU BO €/IeH LIUKJIYC He Oniie BO IOMEHOT BO KOj OM ro
JIMMUTHpAJIe Pa3BojoT Ha ajiraiHaTa Ornomaca.

AzotHuTe QopmH Bo akymynanujara ,,Ctpesxe-
BO”’ 3HaYajHO BapUpaar BO TOAMIIHUOT LUKITYC KAKO
pe3ysiTar Ha pa3IMYHUTE KOHIICHTPAIMU HA BIC30T
BO aKyMyJjanujara (COApXKHHATa Ha peYHATa BOJA)
U eeKToT Ha POTOCHMHTETCKATa AKTUBHOCT BO aKy-
Mmynanujata. Hajrojgemu KOHIEHTpalK Ha a30THH
HYTPHEHTH BO aKBaTUYHHTE CPEIUHU MMAaT HUTpa-
TUTE U AMOHH]jAKOT, 1 HHBHOTO OJIHECYBAhE € BAYKHO

3a ,,a30THHOT MeTaboamu3am Bo Bogara” (Yasushi et
al., 1990). 1 Goldman (1993), ucraknya jneka BO
AKBATMYHUTE CHCTEMH, [IaBHUTE (OpMH Ha a30T
JIOCTAIHU 3a OakTepuute, PYHTUTE U PACTHUTCIHH-
OT CBET C€ aMOHHJaKOT ¥ HUTPATOT.

JloOueHuTe pe3ynTaTH 3a KOHIIGHTpaIdja-
Ta Ha aMOHHja4eH a3oT BO Bojara o CrpekeBcKa-
Ta akymyaandja Bo nepuonot 2009-2011 roxuna ce
nperctaBeHd Ha Ciuka 3. On ciukara Moxe Ja ce
3a0esexHn JIeka aMOHH]auHHOT a30T € KOHCTaTupaH
BO MaJ Op0j PUMEPOIIH U TOa CaMO BO JICTHHOT Iie-
puoa Bo 2009 u 2010 roguna. 3HaUUTETHO rojeMa
KOHIIEHTpallKja € H3MepeHa BO MOBPIIMHCKATa BOJA
BO OnM3KHA Ha BIUBOT Ha peka [llemHuna Bo akymy-
narmjata (yieto 2010 roguna; 25,54 pg/l). Toa e pas-
OUPIKBO CO OMNIe] Ha TOJEMHOT BHEC Ha aJOXTOHH
Marepuy BO aKyMyJanujara oj KpaBapckure ap-
MM IITO C€ HaoraaT BO HerocpeiHa OM3nuHa Ha BIIH-
BOT. Ho BakBOTO rosieMo KOJIMYECTBO HAa aMOHHja-
YeH a30T 3HAUYMTEIIHO CE€ HaMallyBa O/I€jKU KOH ClIe/1-
HHOT MPo(duII, OBPIIMHCKATA BOJA BO LICHTPAIHHU-
OT JIeJI KOTra KOJIMYECTBOTO Ha aMOHHM]aK Ce PeIyLH-
pa na 7,044 pg/l (Bo nero 2009 ronuHa), 3a 1a Ha 8
m u 20 m ce Hamaiu Ha 2,642 pg/l. Merytoa, Bo jie-
T0 2010 roguHa ce u3/1B0jyBa rojieM MUK BO KOHLEH-
TpanujaTa Ha amoHujaueH a3ot (73,09 ug/l) Bo mo-
BPIIMHCKTA BOjIa BO LieHTpaiaHuoT Jei. Ceto oBa e
pe3yarar Ha MUHepaju3alujaTta Ha OpraHCKUTe Ma-
TEpHU BO JICTHUOT TEPUOJ MPH BHCOKH TEMIIEpary-
PH KaKko Ha BOJara, Taka U Ha BO3/LyXOT.

Kako nomanky 3acrarneHu popMu Ha HEOpraH-
CKH a30THH COCJJMHCHH]a, HUTPUTHUTE, KAaKO HUTPH-
TEH a30T BO akymyJanujata ,,CTpeKeBO™ ce IpeTcTa-
BeHu Ha Cnuka 4. HUTpUTH BOOMIITO HE CE€ €BU/ICH-
THPaHU U BO rojeM Opoj MPUMEPOLH BO Pa3IuYHH
cesonn. Hajronema conpxuna NO, - N e usmepe-
Ha Bo Jieto 2010 roguna (6,222 pg/l va 20 m mpiado-
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Fig. 5. Nitrate-nitrogen content in the water of “Strezevo” reservoir (2009-2011)

YWHa, IIeHTpasieH fen). KOHTpaauKTOpHO € Toa IMTo
Ha ucrara ;rabounHa o 20 m mpu UCTHUTE 3eMarba
Ha MMPUMEPOLH BO JIEJIOT Kaj 3adaTHara Kyia, He Oe-
1€ KOHCTAaTHpaH HUTPUTHHOT a3oT. Mcro Taka ro-
jeM Uk ce jaByBa Bo 3uMa 2009/10 roauHa, kora
COZIp)KUHATA HA HUTPUTUTE JAOCTUTHA BPEIHOCT Of
6,02 pg/l (8 m mrabounna, HEHTPAJICH JIe).

Hurparure - KpajHUTE OKCHUAALMOHM IPOIY-
KTH Ha a30THUTE COCIMHEHH]a, C€ MPETCTABEeHU KaKO
npuMapHa (opMa Ha HEOpPTaHCKH a30T. [ paduuku-
OT MPHKa3 Ha COAP)KMHATA HAa HUTPATEH a30T € Ja-
ner Ha Crmka 5.

KoHIeHTpaluuTe Ha HUTPATHUOT a30T BO BO-
mara o akymyrnammjata ,,CTpekeBo™ ce BO paHT
on 0,58 pg/l (8 m, nenrpanen xein, sero 2011 ro-
quHa) 1o 301,126 pg/l (moBpuiuHcka Boxa, 3adar-
Ha Kyuna, 3uma 2010/11 roguna). KapakrepuctHuHo
€ TOa ILITO BO 30HATa HA TEPMOKJIMHATA CE U3MEPEHHU
HAJHUCKUTE KOHIIGHTPAIMU Ha HUTpareH a3oT (oc-
Bed 3uMa 2010/11 roguHa co Man 6poj UCKITYUOLH).
Oga ce o0jacHyBa co (akTOT IITO BPEAHOCTHUTE 32
HUTPATHHUOT a30T BO TPO(OreHNOT CJI0j U BO TEPMO-
KJIMHATa Ce MOMaJlM TOpPajii HEroBOTO MCKOPHUCTY-
Bambe O] CTpaHa Ha (PUTOIUIAHKTOHOT, KAKO pe3yaTar
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Ha IITO C€ ¥ BUCOKHUTE KHCIOPOJAHU KOHIICHTPALUH,
a BO TPO(OIUTHYKHOT CJI0j € MAKCUMYMOT TTOpajx
MIPOIIECUTE HAa MHTCH3MBHA MUHEpAIN3aIja BO BO-
Jlata v CeAMMEHTHTE.

Bkymuuor azor Bo Bomara ox CrpexeBckara
aKkyMmyJnanuja e mpercraBeH Ha Cimka 6. Hajancka
BPEIHOCT 32 BKYIEH a30T BO EJINOT HCTPAKYBAUKH
niepuon (19,57 pg/l) e uamepena Ha yrabounsa ox 8
m (eceH 2009 romuHa) BO IEHTPAIHUOT JAET O] aKy-
mynanujara (Cimka 6).

HajBrcokara KoHIEHTpalyja Ha BKYINEH a3oT
BO IIEJIMOT UCTPAXKYBAYKH MIEPHO]] € N3MEPEHa BO 3H-
Mma 2009/10 roguna, u nznecysa 1057,13 pg/l Bo mo-
BpIIMHCKATa BOja Kaj 3adaTHara Kyna. 3a0enexim-
BO TTOBHCOKHM BPEIHOCTH Ha BKYIEH a30T ce H3Me-
pern Bo 3uma 2009/10 romuHa, 3a pasinka O 3UMa
2010/11 romuna. [IponeTHUTE COAP)KUHM Ha BKYIICH
a30T yKaXXyBaaT Ha PaMHOMEPHO paclpe/eTyBame
Ha BKYIHHOT a30T HM3 LieJl BogeH cTonO. JlerHure
KOHLIEHTpAalUU ce MOoBUCOKHU BO Jieto 2009 ronuHa u
seto 2010 roauHa, 3a paznuka ox jero 2011 roguna.

Comnmre Ha GochopoT 1 a30TOT UMaaT HajBaX-
Ha yJIora BO MeTabO0JIM3MOT Ha OPraHU3MUTE BO BO-
JICHUTE cpeauHu. THe mpeTcTaByBaar W INIABHU JIH-
MUTHpPauKy (aKTOpPH 3a MpUMapHaTa IMPOLYKIH]a.
MeryTtoa, ronemute KonmmanHu Gochop Kou noaraar
BO CJIATKOBOJHUTE €KOCHUCTEMH KaKoO ITOCIIeIUNA Ha
aHTPOIIOTCHOTO 3arajyBame, JA0oBeayBaar 1o ,,300-
ratyBame Ha e3epara co Gpocdop, a HETOBOTO Ofipe-
JIyBarbe MOXKE J1a TIOCITYXXH BO JeprHUpame Ha CTe-
NIeHOT Ha Tpoduja u eyrpodukanuja“ (Martinovié -
Vitanovi¢, 1996).

3akiay4ok
Amnann3ara Ha napaMeTpuTe 3a OLCHKa Ha

HYTPUCHTHUOT PEXXHM BO BOJATa OJ aKyMyJaluja-
Ta ,,CTpexeBo™ BO JIBErOAULIHUOT MEPUOJ Ha HC-

—=—npoaer/11

———neve/ll

Jodparrsa Ky an T
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ConprxuHa Ha BKYIICH a30T BO BoziaTa of] akymyJanmjata ,,Ctpexeno™ (2009-2011)
Total nitrogen content in the water of “Strezevo” reservoir (2009-2011)

TPaXyBame, yKa)KyBa Ha CE30HCKA M IIPOCTOPHA -
HaMHUKa Ha HyTpueHTUTe a3oT u pocdop. EBupent-
HAa € 3Ha4YajHa peAyKIfja Ha BKYITHHOT a30T BO e3ep-
cKara BOZia, BO OJIHOC Ha Biie3HuTe koinduHu. Comp-
)KMHATa Ha HUTPUTHUTE € BO PAMKHUTE Ha JI03BOJICHH-
TE€ KOJMYMHU TPOIHIIAHH 32 BOIUTE 3a Nuerbe. Hu-
TpaTHTE CE jaByBaaT BO MOTr0JIEMH KOJIWYMHH, HO UC-

TO TaKa ce JIAJIeKy T0J[ I03BOJICHNTe rpaHuiy. [Ipu-
CYCTBOTO Ha aMOHH]jaK € KOHCTaTHPAaHO CaMO BO JIET-
HUOT IEPUOJ ¥ TOa CaMO Ha JIBe MEPHHU MecTa. [1aB-
HO KBaJIUTETOT Ha Bojara Bo CTpexeBcKaTa akymy-
nanmja Bo nepuonot aBryct 2009 — asryct 2011 ro-
JIMHA, I'M 33JI0BOJIyBa KPUTEPHUYyMHUTE 3a OapaHHUOT
KBaJIUTET Ha BOJATa 3a [MOBEKEHAMEHCKUTE aKyMy-
JIAlKK, CO aKLEHT KOH TeHICHIMja HA KOHTUHYHPa-
HO 3roJIEMyBambe€ Ha CpelHaTa MpoceyHa KOHICH-
Tpanuja Ha BKymeH ¢ocdop 3a cekoja cezona. Toa
yKa)KyBa Ha 3r0JIEMEHOTO BJIMjaHHE HA aHTPOIIOre-
HUOT (pakTOp. 3rojieMEeHUTEe KOJIMYMHU Ha BKYIEH
thocdop Moxar 1a JOBEAAT A0 BIIOIIyBamke Ha KBa-
JUTETOT Ha BOJATa BO aKyMyJalujara 0 HUBO KOE
HAjuecTo ro HapylllyBa KOPUCTEHETO Ha BoJara 3a
Mpe/IBUICHITE HAMEHH. 3aT0a HEOIXO[HO € KOHTH-
HYUPAHO CJIE/CHhe Ha KBAJIMTETOT Ha BOJATA, KAKO U
CIPOBE/lyBakbe HA COOJBETHH MEPKHU Ha 3allITHUTA Ha
OBOj aKBaTUYCH EKOCHUCTEM.
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Summary

The analysis of parameters for assesment the nutrient regime in the water of the reservoir “Strezevo” in
the a two-year period of investigation, indicating the seasonal and spatial dynamics of nutrients nitrogen and
phosphorus. Considerable reduction of total nitrogen was noticed towards the reservoir in terms of the input
quantities. Content of nitrite-nitrogen was in the admissible range of drinking water. Nitrate-nitrogen appeared
in a larger amount, but it was under admissible limits. Ammonia-nitrogen content was noticed only in summer
period on two measuring points.

Main water quality in Strezevo reservoir in the period August 2009 - August 2011, meets the required
quality criteria for multipurpose water reservoirs, with emphasis on the tendency of continuous increase of the
average concentration of total phosphorus for every season.This indicates the increasing influence of anthropo-
genic factor. Increasing amounts of total phosphorus can lead to deterioration of water quality in the reservoir
to a level which often disturbs the water use for the planned purposes.
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Abstract

Gulin, V., Matonickin Kep¢ija, R. (2013). Periphyton in different microhabitats on tufa barrier in National
Park Plitvice Lakes. Proceedings of the 4" Congress of Ecologists of Macedonia with International Participation,
Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

Tufa, freshwater carbonate deposit, develops under specific physicochemical conditions. In Plitvice Lakes tu-

fa creates barriers between succeeding lakes. On a microscale, tufa formation increases the habitat complexity, sup-
porting heterogeneous periphytic communities. With the aim to test the differences in community composition of
periphyton in different microhabitats, we performed in situ experiment using artificial substrates (glass slides) be-
tween May and November 2010. Four microhabitats on the barrier between last two lakes in the hydro-system dif-
fered with respect to current velocity and vertical position. Tufa deposition was more intense on upside microhab-
itats compared to underside. Ciliates dominated among heterotrophs with the share in abundance between 64%
and 76%. Among 133 determined species, 73 were ciliates. Endemic species of heterotrichids Lagotia dinaridi-
ca was determined. Periphyton on the underside had on the average 16 times lower abundance and 8 times lower
taxa number, compared to the upside communities on the same current velocity, probably due to deprived food re-
sources. Microhabitat conditions structured ciliate communities, for instance Peritrichia and Hypotrichia were sig-
nificantly more abundant in slow current. Our results highlight the heterogeneity of periphyton with tufa deposi-
tion possibly even increasing habitat complexity. Sampling designs for periphyton in such habitats should consid-

er possible high within-habitat variability.

Keywords:

Introduction

Periphyton can be defined as a complex com-
munity of organisms developing on a natural or ar-
tificial substrate completely or partially exposed to
water (Palmer and White 1997). The periphyton
layer development begins with bacteria that form a
coating consisting of mucopolysaccharides and con-
tinues with diatoms followed by protozoa (Battin et
al. 2003). Periphyton growth is a complex phenome-
non under the influence of many environmental fac-
tors and therefore cannot be defined only as a type
of succession. Some of the environmental factors
that influence periphyton growth are: physical and
chemical parameters (water temperature, pH, nutri-
ents, dissolved oxygen, isolation and conductivity),
mechanical processes as sloughing, current velocity,
uptake and genetic factors (Wimpenny et al. 2000).

Current velocity is considered to be one of the
key factors that determine the dynamic of periphy-
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microhabitats, ciliates, current velocity, artificial substrate

ton community and its structure (Saravia et al. 2001).
Through most of the boundary layer water current
is turbulent with exception of the part closest to the
substrate called the laminar layer. Its thickness de-
creases with higher current velocity which enhanc-
es sloughing but also diffusion of food particles and
therefore the productivity (Saravia et al. 2001). The
positive effect of higher current velocity ends reach-
ing the critical point at 50 cm/s (Horner and Welch
1981) or 60 cm/s according to Horner et al. 1990).
Studies that tried to associate biomass with current
velocity have had, so far, contradictory results. Ac-
cording to Habdija et al. (2000) biomass decreases
significantly with higher current velocity, yet Pitios
et al. (2001) indicate the opposite.

Recent studies show a connection between
periphyton development and tufa deposition in karst
streams (Pitois et all. 2001). Tufa is described as an
ambient temperature freshwater carbonate deposit in
which biological remains (like macrophyte stands)
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may comprise significant parts of deposited frame-
works (Pedley 2000). Sites of active tufa deposition
provide rough surface, that is suitable for periphyton
growth, but tufa also becomes part of the structure of
the matrix (Matonickin Kepcija et al. 2011).

The aim of this study was to test the differences
in community composition of periphyton, with a fo-
cus on ciliates, in different microhabitats depending
on current velocity and vertical position, as well as
to analyse the differences in primary production be-
tween microhabitats.

Material and Methods

We performed an in situ experiment using glass
slides 26 x 76 mm (Menzel-Gléser) as artificial sub-
strate. The exposed surface was 15.2 cm?. Before the
experiment was set, each glass slide was carefully
cleaned, washed with distilled water, dried, marked
and in the end covered with aluminium foil to addi-
tionally protect it. Eight slide holders were placed on
four microhabitats on tufa barrier. Each slide hold-
er consisted of Plexiglas frame fixed on a brick and
was carrying 7 glass slides. Microhabitats differed
with respect to current velocity (slow current: 0.13-
0.42 m/s and medium current 0.25-0.64 m/s) and
vertical position (Gs — upside in slow current; Gm

— upside in medium current, Ds — underside in slow
current, Dm — underside in medium current).

The artificial substrates were placed on the bar-
rier in January 2010 and were sampled from May to
November 2010. Design of the experiment was set
in order to collect glass slides exposed approximate-
ly 4 to 5 months. In total 58 glass slides were col-
lected and examined in laboratory using 125x, 250x
and 400x magnification (Jeneval binocular micro-
scope). For determination of protozoa and micro-
metazoa, we used determination keys (Kahl 1930—
1935, Koste 1978, Foissner et al. 1991, 1992, 1994,
1995, Page 1991). The content of chlorophyll a (as
mg cm?) was also analysed according to the ethanol
extraction procedure of Nusch (1980). Chlorophyll a
was used as a measure of primary production.

Hydrological, physical and chemical factors
were measured, some in situ, and some in the labora-
tory. Field multi-parameter probe Multi340i (WTW)
was used to measure temperature, dissolved oxy-
gen, conductivity and pH. Flow velocity was meas-
ured with the flow-velocity meter SWOFFER 3000
(Swoffer Instruments). Alkalinity, total hardness,
chemical oxygen demand and nutrient concentra-
tions were determined in the laboratory (according
to APHA 1985).

Fig.1.

Geographical position of investigated Plitvice Lakes with an arrow pointing to experimental site,
barrier between lakes Novakovica brod and Kaluderovac
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Tab. 1. Environmental parameters of water during sampling in 2010

Parameter May June October November
Temperature (°C) 16.4 24.0 16.2 10.1
Dissolved Oxygen (mgO,/L) 8.3 8.2 11.0 17.1
Oxygen saturation (%) 86 101 119 152
pH 8.10 8.20 8.33 8.35
Conductivity (uS/cm) 383 392 388 381
Alkalinity (mg CaCO,/L) 210.0 202.5 220.0 201.0
Total hardness (mg CaCO,/L) 2154 227.8 218.9 213.6
COD,,, o, (mg O, L) 1.58 1.46 0.50 0.39
Orthophosphates (mg P/L) 0.119 0.011 0.0025 0.007
Total phosphorus (mg P/L) 0.246 0.018 0.019 0.017
Nitrites (mg N/L) 0.0030 0.0000 0.0025 0.0025
Nitrates (mg N/L) 0.57 0.78 0.39 0.43

In order to analyse community composition we
used Bray Curtis similarity index, followed by clus-
ter analysis, and one-way ANOVA was used to com-
pare number of taxa and abundance between micro-
habitats.

Investigated area

The Plitvice Lakes are located in the central
part of Croatia in the region of the contact of two
bio-geographical regions: flat Pannonian and ele-
vated karsted Dinaric (Fig. 1.). The lakes lay on the
very spring of River Korana on the hillside of moun-
tains Mala Kapela and Pljesivica (480 to 636 me-
ters above sea level) (Bozi¢evi¢ 1994). The whole
area of the national park lays on Mezozoic lime-
stone and dolomite base which specific hydrologi-
cal characteristics resulted in lake creation. The 12
upper lakes have dolomite base and 4 lower lakes a
limestone base.

0.6 -
0.5 -
0.4 1

0.3

Chlorophyll a (mg."dml)

0.1 1

Gs Gm

Fig. 2.
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The experiment was set on the barrier between
the two last lakes of the system Kaluderovac and
Novakovi¢a brod, both lower lakes with strong tu-
fa deposition. The macrophyte vegetation consisted
mainly of Phragmites australis, Cladium mariscus,
Salix spp., while dominant bryophyte was Cratoneu-
rum commutatum.

Results

Physical and chemical water parameters showed
seasonal differences (Table 1). May and June were
characterised with higher values of COD and nutri-
ents, compared to October and November.

Chlorophyll a concentration was between 0 to
0.439 mg/dm?, with the lowest values being meas-
ured on Ds microhabitat and highest on Gs micro-
habitat (Fig. 2.). Differences between months were
not consistent among microhabitats, for instance
there was a strong maximum in May on Gs, while

| May

B June

0 October
O November

0 EI-

Ds Dm

Chlorophyll a concentrations on different microhabitats through months of sampling
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other microhabitats had peak values in October or
November. Tufa deposition was recorded on all mi-
crohabitats with the highest amount on Gs micro-
habitat in May and June. Generally, G microhabitats
were more intensively incrusted compared to D mi-
crohabitats.

In total we recorded and identified 113 taxa of
protozoans and micro-metazoans. Ciliates dominat-
ed in number of taxa (73 taxa) and abundance. In G
microhabitates, ciliates contributed with an average
of 65% in total abundance, rotifers with 25.3%, and
nematods with 10.9%. In D microhabitates ciliates
contributed with 62.5% in total abundance followed
by rotifers (15,8%) and nematods (8.7%). Diptera,
Gymnoamoebae and Heliozoa were also abundant
while Testacea, Turbellaria, Nematoda, Oligocha-
eta, Tardigrada, Ostracoda, Copepoda, Plecoptera,
Trichoptera and Bryozoa were represented with less
than 1% in total abundance.

Ciliate taxa belonged to these groups (ge-
nus): Colpodea (Platyophrya), Cyrtophorida (Chi-
lodonella, Chlamydonellopsis, Dysteria, Odontoch-
lamys, Pseudochilodonopsis, Trithigmostoma, Tro-
chilia), Gymnostomatida (Dileptus, Lacrymaria,
Lagynophrya), Nassulida (Leptopharynx), Protosto-
matida (Placus), Suctoria (Heliophrya, Metacineta,
Acineta), Hymenostomata (Cyclidium, Frontonia,
Glaucoma, Paramecium), Peritrichia (Carchesium,
Vaginicola, Vorticella, Platycolla), Pleurostomati-
da (Acineria, Litonotus), Prostomatida (Urotricha),
Oligotrichida (Halteria), Heterotrichida (Stentor,
Lagotia), Hypotrichia (A4spidisca, Balladyna, Di-
axonella, Euplotes, Holosticha, Oxytricha, Stylony-
chia, Uroleptus, Urostyla, Tachystoma).

In general, higher abundance and number of
taxa were observed in G microhabitats. Among 66
identified taxa, 17 were recorded only in slow cur-

rent, 12 only in medium current, whereas remaining
37 were recorded in both. Abundances on G micro-
habitats were between 43.4 ind./cm? and 410.1 ind./
cm?, while on D microhabitats values were between
6.6 ind./cm? and 258.8 ind./cm?*. D microhabitats
sustained only 38 taxa, with Ds having only 8 taxa
(mainly Heterotrichida and Peritrichia), and Dm 37
taxa. Periphyton on D microhabitats had on the av-
erage 16 times lower abundance and 8 times lower
taxa number, compared to the upside communities
on the same current velocity. Although upside micro-
habitats dominated in terms of abundance and taxa
number, downside microhabitats were more specific
according to the structure of periphyton community.
The 8 taxa that occurred only in these microhabitats
were: Stylonychia sp., Euplotes sp., Platycolla de-
cumbens, Carchesium sp., Heliophyra rotunda, Lag-
ynophyra acuminata, Urotricha sp. and Lagotia di-
naridica. The last one is a rare endemic ciliate, be-
longing to Folliculinidae that lives fixed to the sub-
strate.

There were significant differences in number
of taxa among different microhabitats (ANOVA F,
o = 25.975, p<0.001). Post hoc unequal HSD test
showed statistically significant differences among
all microhabitats (p<<0.05), with the exception of Ds
and Dm that showed no significant difference in taxa
number (p>0.05). In terms of abundance there was
statistically significant difference between micro-
habitats (ANOVA, F, = 39.915, p<0.001). Post-
hoc unequal HSD test showed that there was no sig-
nificant difference between Gs and Gm ((p>0.05)
and Ds and Dm (p>0.05), while other combinations
differed (p<0.05).

According to cluster analysis there was clear
segregation between D and G microhabitats with
the exception of D2 microhabitat. Communities on
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A dendogram showing periphyton through months of exposition (Gs — upside in slow current; Gm —

upside in medium current, Ds — underside in slow current, Dm — underside in medium current)
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G microhabitats also showed clustering according to
month of sampling, indicating stronger influence of
that factor compared to vertical position (Fig.3.).

Discussion

We registered expected seasonal temperature
trend based upon 4 experimental series of samples
and physicochemical parameter. Physicochemical
water parameters show difference depending on the
current season. Results of these parameters match
with those of Ivekovi¢ (1958), Srdo¢ et al. (1985)
and Matonickin Kepéija (20006).

Highest COD values were registered in May
which indicate high amount of organic compounds
with lower values in June, October and minimum
in November. This type of distribution shows possi-
ble isothermy and two mixing periods in spring and
autumn as in dimictic lakes. Highest chlorophyll a
concentration was measured in spring, which corre-
sponds to the previously mentioned.

We recorded intensive tufa deposition on glass
slides collected during spring and summer and thus a
positive correlation of tufa deposition and tempera-
ture in accordance with Matonickin Kepcija (2006).
Calcite precipitation increased with longer exposi-
tion time and was more intense in G microhabitats in
slower water current. These results are in concord-
ance with Matonickin Kepcija (2006) although some
other authors recorded an opposite trend (Primc-
Habdija et al.2001).

We established a negative correlation of current
velocity with abundance and number of taxa in G mi-
crohabitat, but the opposite trend in D microhabitats.
G microhabitats had higher primary production, as a
result of better insulation. Higher number and abun-
dance of taxa on G microhabitats can be explained
by higher quantities of organic matter. Tufa barriers
of Plitvice Lakes are also places of lake outlet, and
there is considerable sedimentation of detrital par-
ticles in places of slow and medium current (Hab-
dija et al. 2004, Matonickin Kepcija 2006). Ds mi-
crohabitat sustained lower number of taxa, possibly
due to low food resources, for instance chlorophyll
a values had minima on that microhabitat. There is a
possibility that slow current resulted in low diffusion
of nutrients and low detrital particle transport in Ds
microhabitat, thus impeding periphyton community.
Our results points to different effects of current on
periphytic communities, depending on the vertical
position. In different seasons different genera were
dominant, showing strong influence of the season in
accordance with Matonickin Kepcija (2006).

Clustering pointed out vertical position as the
most important factor in community structuring fol-
lowed by months of sampling and current velocity as
last. These results indicate large changes that occur
in the periphyton community during the year, which

is one of the main ecological features of protozo-
an. (Finley and Esteban 1998, Matonickin Kepcija
20006).

Conclusion

Periphyton on tufa barriers is highly heteroge-
neous with vertical position having the highest influ-
ence on its community structure. Upside microhabi-
tats sustained more diverse and abundant communi-
ty of protozoa and micrometazoa due to higher pri-
mary productivity and probably richer food resourc-
es. Current velocity plays different roles in upside
compared to underside, thus it can enhance or im-
pede periphyton development.
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Summary

During a four months period (May-November 2010.) artificial substrates have been placed on the barrier
between lakes Kaluderovac and Novakovica brod, Plitvice Lakes. The Plitvice Lakes are located in the central
part of Croatia in the region of the contact of two bio-geographical regions: flat Pannonian and elevated karsted
Dinaric. Substrates were positioned on four different microhabitats: on the upside in slow current (Gs) and in
medium current (Gm), and on the underside in slow (Ds) and in medium current (Dm). Glass slides were used
as a substrate with the time of exposition of four to five months. The aim of this study was to test the differenc-
es in community composition of periphyton, with a focus on ciliates, in different microhabitats depending on
current velocity and vertical position, as well as to analyse the differences in primary production between mi-
crohabitats.

Periphytic communities developed on glass slides and tufa deposition was observed. Primary production,
measured as chlorophyll a concentration, was the highest during spring. The highest chlorophyll a concentra-
tions were recorded on G1 microhabitat, while other microhabitats did not significantly differ. During the ex-
periment 133 species have been determined, including 73 ciliates. A taxonomic interesting species Lagotia di-
naridica was determined on the underside community in medium water current velocity. This taxon is an en-
demic species in the freshwaters of the Dinaric karst region. Ciliates dominated in communities developed in
all four investigated microhabitats. They comprised about 65% of community on the upside, and about 75%
on the underside followed by Rotatoria and Gymnoamoebae with regard to abundance and taxa number. The
highest taxa number and abundance were observed in upside community in slow current. The underside com-
munities had on the average 16 times less abundance and 8 times less taxa in comparison with the upside com-
munities of the same rheotope, probably caused by a smaller amount of food resources. Ciliate composition de-
pended on the microhabitat conditions. Higher share of Peritrichia and Hypotrichia, groups which prefer low-
velocity conditions. Current velocity plays different roles in upside compared to underside, thus it can enhance
or impede periphyton development.
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Abstract

Xhulaj, S. (2013). Composition and seasonal variation of phytoplankton community upstream of the Osumi
River (Eastern Albania). Proceedings of the 4" Congress of Ecologists of Macedonia with International Participa-
tion, Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 21, Skopje.

Phytoplankton composition and abundance at three selected stations upstream of the Osumi River, Eastern
Albania, were investigated seasonally during 2011. A total of 118 taxa were recorded, of which 35 species were
common at all stations. Diatoms (Bacillariophyceae) were the dominant group with 75%, followed by green al-
gae (Chlorophyceae) with 16%, blue-green algae (Cyanophyceae) with 6% and euglenoids (Euglenophyceae) with
3%. More than 40% of the identified species belong to the five genera Navicula, Nitzschia, Cymbella, Pediastrum
and Scenedesmus. There were a few species which showed high cell numbers and found at all stations investigated,
such as Achnanthidium minutissimum (Kiitzing) Czarnecki, Cyclotella meneghiniana Kiitzing, Fragilaria croton-
ensis Kitton, Synedra ulna (Nitzsch) Ehrenberg, Chlorella vulgaris Beyerinck and Pediastrum boryanum (Turpin)
Meneghini. Highest species numbers were found at the second station. Cell counts were dominated by diatoms with

two peaks during summer and autumn.

Keywords:

Introduction

Osumi River is one of the main rivers of Alba-
nia. It is of interest for agriculture, energy, hydro-
geology, ecology and urban planning. Osumi River
(length 161 km) has a catchment area of 2,150 km?,
average height 828 m and multi-annual average flow
rate 32.5 m¥/s (Kabo 1990, 1991). In recent times de-
tails have been published on water quality and hu-
man impact (Cullaj et al. 2003, 2005) and on envi-
ronmental state of some Albanian rivers (Miho et al.
2005), including sections of the Osumi River. These
publications were focused on the assessment of wa-
ter quality in diatom-based monitoring. The seasonal
variations of phytoplankton composition have nev-
er been published for the Osumi River. The present
work deals for the first time with the quantitative and
qualitative seasonal variation of phytoplankton spe-
cies upstream of the Osumi River.
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Material and methods

Water samples were taken seasonally from three
selected stations upstream of the Osumi River dur-
ing 2011, using Hydro-Bios plankton net of 25 um
in pore diameter. The material was fixed with form-
aldehyde with final concentration of 4%. For the
quantitative analyses, subsurface water samples (2
liters) were collected from each station. Each sample
was mixed with Lugol‘s iodine solution (as a preser-
vative), allowed to sediment for a week, after that
was concentrated to 100 ml. Phytoplankton organ-
isms were counted using inverted microscope Carl
Zeiss, Axiovert 40C at high magnification 40x and
100x (objectives) according to Utermohl (1958) and
EU Guidance Standard (EN 15204:2006). Abun-
dance is expressed as number of cells per liter. The
references used for identification and classification
of phytoplankton organisms were based on Hustedt
(1945), Huber-Pestalozzi (1955, 1961, 1968, 1982
and 1983), Bourrelly (1966, 1968, 1970), Prescott
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Tab. 1. List of phytoplankton species recorded at three stations upstream of the Osumi River (‘+’ indicates
the presence of species)

Name of Species Statlon .....
1 2 3
Cyanophyceae
Anabaena sp. tof
Chroococcus sp. ot
Merismopedia glauca (Ehrenberg) Kiitzing ot
Microcystis sp. +
Oscillatoria limosa C. Agardh +o
Oscillatoria sp. + +
Spirulina major Kiitzing + +
Bacillariophyceae: Centrales
Aulacoseira italica (Grunow) Simonsen tot
Cyclotella cyclopuncta Hikansson toot
Cyclotella commensis Hustedt + +
Cyclotella meneghiniana Kiitzing o+
Cyclotella radiosa (Grunow) Lemmermann +
+ +

Melosira varians Agardh
S E !. Z. II n] n + +
Bacillariophyceae: Pennales

Achnanthidium minutissimum (Kiitzing) Czarnecki
Achnanthes lanceolata (Brebisson) Grunow
Amphora coffeaeformis (C.Agardh) Kiitzing +
Amphora pediculus (Kiitzing) Grunow

Amphora ovalis (Kiitzing) Kiitzing

Brachysira neoexilis Lange-Bertalot

Brachysira vitrea (Grunow) Ross

Caloneis bacillum (Grunow) Cleve

Cocconeis pediculus Ehrenberg

Cocconeis placentula Ehrenberg var. placentula

Cocconeis placentula var. lineata (Ehrenberg) Van Heurck
Craticula cuspidata (Kitzing) D.G. Mann

Cymatopleura solea (Brebisson) W. Smith

Cymbella affinis Kiitzing

Cymbella caespitosa (Kiitzing) Brun

Cymbella cistula (Ehrenberg) Kirchner

Cymbella helvetica Kiitzing

Cymbella microcephala Grunow

Cymbella lanceolata (Ehrenberg) Van Heurck

Cymbella prostrata (Berk.) Cleve

Cymbella silesiaca Bleisch

Diatoma ehrenbergii Kiitzing

Diatoma vulgaris Bory

Diploneis elliptica (Kiitzing) Cleve

Diploneis marginestriata Hustedt

Fallacia lenzii (Hustedt) Lange-Bertalot

Fragilaria construens (Ehrenberg) Gunow

Fragilaria capucina var. vaucheriae (Kiitzing) Lange-Bertalot
Fragilaria crotonensis Kitton

Geissleria acceptata (Hustedt) Lange-Bertalot & Metzeltin
Geissleria decussis (Qstrup) Lange-Bertalot & Metzeltin
Gomphonema minutum (Agardh) Agardh

Gomphonema olivaceum (Hornemann) Brebisson
Gomphonema parvulum Kiitzing

Gomphonema tergestinum Fricke

Gomphonema truncatum Ehrenberg

Gyrosigma scalproides (Rabenhorst) Cleve

Hantzschia amphyoxys (Ehrenberg) Grunow

Luticula kotschyi (Grunow) Mann

Luticola mutica (Kiitzing) Mann

Mastogloia smithii Thwaites

Meridion circulaire (Grewille) Agardh

Navicula capitatoradiata Germain

Navicula cryptocephala Kiitzing

+
+ o+ + + + + +

+ +
+

+ + + +
+

+ 4+ + +
+

+ 4+ + + + + + 4+ +
+ 4+ + + + + + + +

+

+ + + +
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. Station
Name of Species e

Navicula cryptotenella Lange-Bertalot

Navicula cryptotenelloides Lange-Bertalot

Navicula digitoradiata

Navicula gregaria Donkin

Navicula halophila (Grunow) Cleve

Navicula leistikowii Lange-Bertalot

Navicula menisculus Schumann

Navicula oligotraphenta Lange-Bertalot & Hofmann
Navicula radiosa Kiitzing

Navicula reichardtiana Lange-Bertalot

Navicula rostellata Kiitzing

Navicula saprophila Lange-Bertalot

Navicula tripunctata (O. F. Miiller) Bory

Nitzschia acicularis W. Smith

Nitzschia amphibia Grunow

Nitzschia angustata (W. Smith.) Grunow

Nitzschia brunoii Lange-Bertalot

Nitzschia constricta (Kiitzing) Ralfs

Nitzschia dissipata (Kiitzing) Grunow

Nitzschia hungarica Grunow

Nitzschia fonticola Grunow

Nitzschia incospicua Grunow

Nitzschia lacuum Lange-Bertalot

Nitzschia longissima (Baun) Ralfs

Nitzschia linearis (Agarth) W. Smith var. linearis
Nitzschia palea (Kiitzing) W. Smith +
Nitzschia recta Hantzsch

Nitzschia sigmoidea (Nitzsch) W. Smith +
Nitzschia sinuata var. tabellaria (Grunow) Grunow
Nitzschia vermicularis (Kiitzing) Hantzsch

Pinnularia microstauron var. brebissonii (Kiitzing) Mayer
Rhoicosphenia abbreviata (Agardh) Lange-Bertalot
Rhopalodia gibba (Ehrenberg) O. Miiller

Sellaphora bacillum (Ehrenberg) D.G.Mann

Sellaphora pupula (Kiitzing) Mereschkovsky

L. -Bertalot
S S

+ + + +

+ + + + + + + + + +
+

+ + + +
+ + + + + +

Euglenophyceae
Euglena sp.
Peranemas sp.

Ph
Trc%%lelomonas sp. +

Chlorophyceae

Actinastrum hantzschii Lagerheim

Ankistrodesmus falcatus (Corda) Ralfs +
Chlamydomonas sp.

Chlorella vulgaris Beyerinck
Closterium sp.

Cosmarium hammeri Reinsch
Dictyosphaerium pulchellum H.C.Wood
Golenkinia paucispina W. & G.S. West +
Mougeotia sp.

Qocystis sp.

Pediastrum boryanum (Turpin) Meneghini
Pediastrum duplex Meyen

Pediastrum simplex Meyen

Pediastrum tetras (Ehrenberg) Ralfs
Scenedesmus acutus Meyen

Scenedesmus longus var. carpetana P.Gonzélez
Scenedesmus quadricauda (Turpin) Brébisson
Scenedesmus subspicatus Chodat

Scenedesmus sp

+ + + +

+ + + +
+ + + +

+ + + + + +
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Composition and seasonal variation of phytoplankton community upstream of the Osumi River (Eastern Albania)

Tab. 2. Number of identified species and genera of the different algal classes in the investigated stations

upstream of the Osumi River.

Station
Class 1 2 3 Total
Genera Species Genera Species Genera Species Species %
Cyanophyceae 3 4 5 5 4 4 7 6
Bacillariophy-
ceae
Centrales 3 4 3 5 3 5 7 6
Pennales 19 41 19 52 25 45 81 69
Euglenophyceae 2 2 2 2 2 2 4 3
Chlorophyceae 7 9 9 13 10 12 19 16
Total 34 60 38 77 44 68 118 100

(1973), Compere (1974), Patrick & Reimer (1966,
1975), Findlay & Kling (1979), Krammer & Lange-
Bertalot (1986, 1988, 1991a, 1991b) and Van den
Hoek et al. (1995).

Investigated area

The upstream of Osumi River in Vithkuqi ar-
ea had narrow riverbed, clear water and moderate
flow over boulder and gravel bottom. Much of the
reach is heavily shaded by right side riparian vege-
tation dominated by A/nus glutinosa and Salix alba.
Aquatic plants are well represented, in small open
parts, by some algae and aquatic mosses growing
on submerged or partially submerged bedrock and
boulders. Areas of bank erosion are present at the
left bank of the channel do to dynamic of the riv-
er and the scarce tree vegetation. The access of live-
stock on the left side has contributed significantly to
this event. The site at the river cross location is al-

2000000 - ® Cyanophyceae
1600000 - ™ Bacillariophyceae
. = Euglenophyceae
3 1200000 -
= ® Chlorophyceae
T 800000 -
400000 -
0 _I_I_J_I_IL
— (] o — (o} o - ol (as] — ol o
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w » | v & v |® & B|& & &
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Fig. 1.
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most natural habitat. Perroi i Qafes, is a creek sit-
uated nearby Qafa village. It is one of the tributar-
ies of Osumi River in this area, collecting waters
from surroundings and flows over a stony and clay
base. During dry season it has little running waters,
while during fall it turns into a torrent. The slopes
are covered by vegetatin consisted mainly of Euro-
pean hop hornbeam (Ostrya carpinifolia) and Tur-
key oak (Quercus cerris). Due to hydrological con-
ditions there are not aquatic macrophytes present at
this habitat.

Results

A total of 118 taxa of phytoplankton were iden-
tified in the three stations investigated (Table 1). Di-
atoms were the dominant group (75%), most of them
belonged to pennatae diatoms (69%), and 6% to the
centrics ( Table 2). The green algae (Chlorophyce-
ae) contributed with 16% to the total taxa identi-

Seasonal values of phytoplankton groups (cells/liter) for each station upstream of the Osumi River.
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fied, followed by the blu-green algae (Cyanophyce-
ac) with 6% and the euglenoids (Euglenophyceae)
with 3%. The total cell numbers at the investigat-
ed stations varied from 394.000 to 2.690.000 cells/1.
Diatoms dominated also in the cell numbers (70%)
at all stations (Figure 1) and showed a clear increase
during spring and autumn seasons. The green algae
were with 15 % the next most abundant group at all
stations, followed by the blu-green algae with 5%.
There were a few species which appeared at mark-
edly high cell numbers, such as Chlorella vulgaris
which was found at high cell densities at all stations
studied. Chlamydomonas sp. was also found in all
stations with 0.6% (station 3) to 11.3% (station 1) of
the total number of cells. It appeared at slight high-
er numbers during autumn season. Achnanthidium
minutissimum was also identified at all stations with
a range from 1.7% in station 1 to 48.6% in station
2, and showed higher densities during spring time.
Synedra ulna was recorded at all stations and ranged
from 7% in station 2 to 22.8% in station 1, with a
higher density during the summer season. There was
a clear increase in its cell numbers from spring to
summer at station 1. Cyclotella meneghiniana var-
ied from 0.7% in station 1 to 16.5% in station 2, and
was present in all stations, with a higher density dur-
ing spring and summer. Cyclotella commensis was
observed in station 1 and 3. It ranged from 0.4% in
station 3 to 21.6% in station 1, and showed a higher
density during spring.

Discussion

Apart from limited number of true planktonic
species, most of the identified species in the Osu-
mi River were at benthic origin. More than 40% of
the species identified totally in the investigated area
belong to the genera Nitzschia (17 species), Navic-
ula sensu lato (15 species), Cymbella sensu lato (8
species), Scenedesmus (5 species) and Pediastrum
(4 species) (Table 1). The importance of the genera
Nitzschia, Navicula and Cymbella in some Albanian
rivers and inland waters was given by Miho et al.
(2005). They recorded among others 45 species be-
longing to Navicula, 31 species belonging to Nitz-
schia and 29 species to Cymbella. Achnanthidium
minutissimum (Kiitzing) Czarnecki, Cyclotella com-
mensis Hustedt, Cyclotella meneghiniana Kiitzing,
Fragilaria crotonensis Kitton, Gomphonema oliva-
ceum (Hornemann) Brebisson, Rhoicosphenia ab-
breviata (Agardh) Lange-Bertalot and Synedra ulna
(Nitzsch) Ehrenberg which were found at all stud-
ied stations and in relatively high cell densities, are
known to be common in the Albanian waters.

In comparison to the other stations investigat-
ed, higher densities were recorded in station 2 dur-
ing winter, spring and summer (438.105, 1.573.650
and 2.690.100 cells/liter, respectively). During au-

tumn, the highest population density was observed
in station 1 (1.694.600 cells/liter), due to the con-
tribution of Bacillariophyceae (1.200.000 cells/liter)
and Chlorophyceae (470.000 cells/liter). These were
the highest values of the season comparing to the
other two stations. The lack of such studies, not on-
ly upstream but also in other parts of the Osumi Riv-
er makes it difficult to interpret and compare the data
obtained. However, a range of factors naturally can
be expected to affect phytoplankton development in
this area. It may include dispersal and variations in
important abiotic parameters and nutrients not mea-
sured in this investigation.

Conclusions

Evidently, further studies on phytoplankton
communities are required to give a better view and
to increase the accuracy of predictions. Without a
sufficient base of historical information from which
to draw confident comparisons, the 118 phytoplank-
ton taxa recorded here (some of them for the first
time for this region, excluding diatoms) should be
attributed to the recent increase in monitoring activ-
ity, rather than to any occasional survey. These pres-
ent findings contribute essential base-line informa-
tion that should help similar studies in the future.
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Abstract

Tavchiovska-Vasileva, 1., Rebok, K. & Jordanova, M. (2013). Electron microscopic analysis of degenerative
changes of Sertoli cells as somatic component of seminiferous lobules of Salmonide from Ohrid Lake during the
reproduction. Proceedings of the 4% Congress of Ecologists of Macedonia with International Participation, Ohrid,
12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

Elektron microscopic analysis of degenerated Sertoli cells of Salmonidae from Ohrid Lake during reproduc-
tion have been made. Sertoli cells being an integral part of the seminiferous lobules underwent considerable chang-
es, which influenced their cytomorphological features. The degenerative changes of Sertoli cells were manifested
by an extreme vacuolization, mitochondria in degeneration with widened crusts and thickened matrix, desorganised
ER, autophagosomes, “myelin like” structures and lysed cytoplasmatic regions. The above mentioned changes
were followed by karyopycnosis, complete degeneration and delamination of cells from the wall of the seminifer-
ous lobules, lysis and Sertoli cell detritus in the lumen of the lobules.

Key words: Sertoli cells, Salmonidae, Ohrid Lake, degenerative changes, electron microscopic analysis.

N3Bon

TaBunoBcka-Bacunesa, U., Pebok, K. u Jopnanosa, M. Ef1ekTpoH MUKPOCKOTICKA aHAIHM3a Ha JCTCHEPATHBHUTE
npoMeHH Ha Sertoli KJIETKUTE KaKO cOMaTHYHA KOMIIOHEHTa Ha CeMEHHUTE J00ynu kaj Salmonidae og OXpHacKoTO
E3epo Bo Tek Ha penpoxykiujara. 306opHuK Ha TpynoBu ox 1V Konrpec Ha exono3ute Ha MakenoHuja co Mel'yHapOIHO
yuectBo, Oxpuz, 12-15 okromspu 2012 roguna. MakeJOHCKO €KOJIOLIKO APYLITBO, oceOHo m3aanue 28, Crormje.

HampaBeHa e eNeKTpoH MHKpPOCKOICKA aHaiu3a Ha JereHepupanute Sertoli xietku kaj Salmonidae ox
Oxpunckoro Ezepo Bo Tek Ha penpomykinujara. Sertoli KIETKUTE Kako WHTETpalieH JeJl Ha CeMEHHTE JIoOyIn
MIPETPITyBaar 3Ha4ajHH IPOMEHH, IITO BIMjaaT Ha HUBHUTE LUTOMOP(OJIOLIKH KapaKTepUCTUKH. JlereHepaTuBHATE
poMeHH Ha Sertoli KJIETKUTE ce MaHU(ECTHpaaT co eKCTPEMHA BaKyoJIH3allHja, MUTOXOHAPHH BO JIeTeHepaliuja co
MPOIIMUPEHH KPUCTH U TYCT MaTpHKC, Ae3opranusupan EP, “myelin like” cTpyKkTypH ¥ IM3UpaHy UTOMIA3MATHIHH
peruonu. ['ope crioMeHaTUTE IPOMEHH Ce IPOCIISICHU CO KapHOITMKHO3a, KOMIUIETHA IeTeHepalirja U lelaMUHalHja
Ha KJIETKHTE OJ] SUIOT Ha CEMEHHTE JIOOYIIH, JIM3UC U JIETPUTYC o1 Sertoli KIETKUTE BO JIYMEHOT Ha JIOOYJIHTE.

Kayunn 36opoBu: Sertoli kietku, Salmonidae, Oxpumacko Esepo, nereHepaTuBHH MPOMEHHU, CICHTPOH MUKPOCKOIICKA

aHajijsa.
Introduction Petersen & Soder 2006; Prisco et al. 2003; Sharpe
et al. 2003; Van Vurey & Soley 1990). However, lit-
The structural and functional characteristics of erature data about the changes in the postspawning
Sertoli cells in different Teleostei species is noticeable period in different species of Teleostei are less (Bil-

(Billard 1970; Nicols & Graham 1972; Gresik et al. lard 1970; Billard & Takashima 1983; Tavciovska-
1973; Lahnsteiner & Patzner,1990; McClusky 2005; Vasileva 1992). The lack of literature data concern-
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ing the testes, especially the Sertoli cells as somatic
components of the seminiferous lobules of testes of
two species of Salmonidae from Ohrid Lake (Rebok
& Tavchiovska-Vasileva 2010; Tavciovska-Vasileva
1999, 2000, 2003; Tavciovska-Vasileva & Dimovs-
ka 1997; Tavciovska-Vasileva & Rebok 2003, 2004,
2005, 2010) has motivated this research. On the oth-
er hand, the two species of Salmonidae from Ohrid
Lake were chosen as an object to research because
of their big economic significance for the lake and
due to the fact that they represent a relic and endem-
ic species of this lake.

Material and methods

Testes of sexually mature Salmonidac males
caught in Ohrid Lake have been analysed. Analyses
have been done with electronic microscope. Smal
parts of testes 1-2 mm big have been used for elec-
tronic microscopy. The material has been fixed ac-
cording to following procedure: Immediately after
the tissue sections have been taken, they are fixed
in 3% glutaraldehyde and then conserved in 0.1 M
phosphate buffer. After adequate fixation the materi-
al has been subunitted to postfixation in 1% osmium
tetraoxid (OsO4). In the further treatment the mate-
rial has been washed in phosphate buffer, dehydrat-
ed in series of acetone and uranil acetate. The tis-
sue parts have been infiltrated with Durcopan ACM
mixture, mixture of acetone-Durcopan, Durcopan
No.1, Durcopan No. 2, fit in Durcopan No. 2 and po-
lymerised. For the ultrastructural analysis, ultrathin
sections of 40-60 nm tickness have been prepared,
with the help of glass knives, on Reichert-Yung “Ul-
tracut” ultramicrotome, installed on copper nets,
contrasted with uranil acetate and lead cytrate. The
sections have been observed on Tesla BS 500 and
OPTON (Zeis) EM 109 electronic microscope. The
microphotographs for electronic microscope were
obtained on Agfa Scientia EM Film 23056/6,5 x 9
cm, ORWO NP 20 panchromatic 120, Kodak 120
and made on Agfa papirtone Paper P1-3.

Results

In the postspawning period the most important
changes in testes of Salmonidae occurred on the lev-
el of Sertoli cells, being in the structure of seminifer-
ous lobules as their somatic components. In the post-
spawning period they gradually lost the squamous
form, increased their dimensions and acquired poly-
morphic nuclei. The presence of lipid vacuoles of
different sizes was evident in their cytoplasm, espe-
cially well seen on ultrathin sections (Fig. 1). Also,
at an ultrastructural level, lysosomes could be ob-
served (Fig. 2), as well as interdigitations between
the Sertoli cells were clearly noticed (Fig. 3). One of
the functions of Sertoli cells is phagocytosis of the

sperm residues. The presence of transfersal cut frag-
ments of flagellumes of sperm residues in the cy-
toplasm of Sertoli cells (Fig. 4) or phagolysosomes
with already digested material of sperm origin (Fig.
5) supported this fact. In the later phase of the life
cycle of Sertoli cells a more distinct vacuolisation
of their cytoplasm could be observed, which caused
a degeneration of these somatic cells, characterised
by karyopycnosis. The final phases of Sertoli cells’
life cycle were followed by exfoliation from the wall
of the seminiferous lobules, disintegration and com-
plete destruction of the cells, presence of detritus in
the lumen of the lobules, as well as lysis. Desintegra-
tion and destruction of some Sertoli cells which are
manifested with torn cell borders, presence of vesic-
ular nucleus or nucleolus in pycnosis with empha-
sized hyperchromatic characteristic, undifferentiat-
ed nucleolus were evident on ultrathin sections (Fig.
6). The degeneration of the Sertoli cells was followed
by detachment of the nuclear membrane, a process
which was well distinguished at an ultrastructural
level (Fig. 7). In the cytoplasm of Sertoli cells in de-
generation, excluding the presence of pycnotic nu-
cleus, digestive vacuoles, i. e. autophagosomes were
noticed, indicative for autophagia occurring on the
level of these cells (Fig. 8). On ultrathin sections the
degeneration of Sertoli cells was demonstrated by a
presence of lysosomes with “myelin like” figures in
their cytoplasm, endoplasmic reticulum in desorgan-
isation, mitochondria with initial signs of degenera-
tion, with widened crusts and thickened matrix, chy-
aloplasm with granular structure and lysed cytoplas-
mic regions (Fig. 9). All these changes occurring on
the level of Sertoli cells showed their degeneration
in the postspawning period.

Discussion

The ultrastructural analysis of testes of Sal-
monidae from Ohrid Lake during the reproduction
showed certain features which provided a character-
istic histological picture of testes in this period. In
postspawning period visible changes on the level of
seminiferous lobules, especially in the Sertoli cells
were observed. All these changes occurred succes-
sively. In the initial phase of the postspawning pe-
riod sperm residues were still present in the lumen
of seminiferous lobules. As changes progressed, de-
generation of Sertoli cells took place. The mentioned
changes, especially those which happened in the fi-
nal phase of postspawning period, at a sufficient ex-
tent, changed the histoarchitectonic of the testes, in
coprarison with the prespawning period. On the ba-
sis of consequent characteristic changes which hap-
pened on the level of the testes in the postspawn-
ing period in Salmonidae from Ohrid Lake, we can
concluded that this was a period of regeneration of
the testes. The seminiferous lobules underwent im-
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Microphotographs

L

Fig. 1  Part of Sertoli cell (SK) with well seen nucleus (N) and nucleolus (Nu), presence of big lipid
vacuoles (LV). Ultrathin section, 7.000x.

Fig.2  Part of Sertoli cell with well visible nucleus (N), prominent nucleolus (Nu), mitochondria with
lamellar crusts (MLK), vesicles of SER (black arrows) and lysosomes (Ly). Ultrathin section,
20.000x.

nucleus (N) with well seen nuclear membrane (black arrows). Ultrathin section, 12.000x.
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different size. Presence of transfersally cut fragments of flagellumes of sperm residues (black
arrow). Ultrathin section, 4.400x.

Fig.5  Part of Sertoli cell cytoplasm (SK) with phagolysosomes (Fly) with sperm residual material.
Presence of lipid vacuoles (LV) of dofferent size and a part of nucleus (N) of the Sertoli cell are also
visible. Ultrathin section, 12.000x.

; '.~ } 'y b y ' . *\
L ¥ TR gk il “'
Fig. 6  Well distinguished interstitium (I) with fibroblast (FB) and colagenous fibers (KV). A part of Sertoli

cell (SK) cytoplasm in degeneration is seen, as well as the basal lamina (black arrow) of the lobule.
Ultrathin section, 3.000x.
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Fig.7  Sertoli cell (SK) in degeneration. Presence of lipid vacuoles (LV) in the cytoplasm and separation of
cytoplasm from basal membrane (black arrow) are visible. Ultrathin section, 4.400x.

W

Fig. 8 Part of cytoplasm of Sertoli cell (SK) in degeneration with a pycnotic nucleus (PN) and a digestive
vacuole (DV). Ultrathin section, 12.000x.

Fig. 9  Part of cytoplasm of Sertoli cell (SK) in degeneration, with lysosomes with “myelin like” figures
(MLF), lysed cytoplasmic regions (LCR), mitochondria in degeneration (black arrows), lipid

droplets (L) with different size. A part of one spermatogonium in degeneration (DSp) is shown.
Ultrathin section, 8.000x.
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portant transformations in the postspawning period.
As a somatic component of the seminiferous lob-
ules Sertoli cells suffered significant degenerative
changes which caused their involution, i. e. involu-
tion of seminiferous lobules themselves. This pro-
cess in Salmonidae is repeating every year. The sem-
iniferous lobules and the Sertoli cells themselves,
in Salmonidae, are not constant elements of testes,
but temporary formations which are formed every
year after the spawning. The findings of this study
confirmed our preliminary investigations (Rebok
& Tavchiovks-Vasileva 2010; Tavciovska-Vasileva
1999, 2000, 2003; Tavciovska-Vasileva & Dimovs-
ka 1997; Tavciovska-Vasileva & Rebok 2003, 2004,
2005, 2010) on changes which happen on the level
of testes of Salmonidae from Ohrid Lake, i. e. col-
lapsing and disintegration of the lobules, degener-
ation, 1. e. involution of the Sertoli cells, ect. This
process was also noted in other Teleostei (Tavcio-
vska-Vasileva 1992). Therefore, our results support
the difference between mentioned species and mam-
mals, where seminiferous lobules or tubules are con-
stant elements of the testes. There are literature da-
ta for different Teleostei species which point out the
presence of degenetative changes of Sertoli cells
during the postspawning period. After phagocytosis
of the residual bodies by Sertoli cells, the later suf-
fer lipid degeneration. Similar statements were giv-
en about the fate of the Sertoli cells after the finished
sexual cycle with Perca fluviatilis macedonica Kar.
By Tavciovska-Vasileva (1992). After the expul-
sion of sperm cells in the lumen of tubules, in sever-
al species of Teleostei, Sertoli cells suffer lipid de-
generation, and probably, finaly are resorbed (Naga-
hama et al., 1978). The degeneration of Sertoli cells
in some species of Atheriniformes, as Poecilia re-
ticulata was also described (Billard 1970). Recently
the phenomenon of the life cycle of Sertoli cells has
been noted by other authors, not only with Teleostei
(Billard 1970; Nicols & Graham 1972; Gresik et al.
1973; Lahnsteiner & Patzner 1990; McClusky 2005;
Petersen & Soder 2006; Prisco et al. 2003; Sharpe
et al. 2003; Van Vurey & Soley 1990), but in other
low Vertebrata as well (Lofts, 1972a). However, the
fact is that a small number of authors have dealt with
this problem. Relatively few authors have treated the
changes which happen immediately after the spawn-
ing, and later (Billard, 1970; Billard & Takashima,
1983; Tavciovska-Vasileva 1992; Tavciovska-Vasi-
leva & Dimovska 1997). Our investigation in Sal-
monidae from Ohrid Lake pointed out that derect-
ly after the spawning, similarly to other examined
Teleostei, an intensive phagocytosis of sperm resi-
dues by Sertoli cells took place. The phagocytic ac-
tivity of these somatic elements of seminiferous lob-
ules was accompanied at the same time by numerous
changes which reflected upon their cytomorpholog-
ical appearance. Namely, in the prespawning period

Setoli cells are characterised with squamous appear-
ance, whereas in the postspawning period they grad-
ually lost the squamous form and increased their di-
mensions. The presence of increased number of vac-
uoles of different size was evident in their cytoplasm.
Close to or in contact with these Sertoli cells, as in
their cytoplasm numerous sperm residues were evi-
dent. In favoir of this fact was the presence of trans-
versally and longitudinally cut fragments of flage-
lumes of sperm residues in the cytoplasm of these
cells, later its lysis, which indicated the phagocytot-
ic role of these somatic elements of the seminifer-
ous lobules during this period of the year. Gresik et
al. (1973) noticed presence of philopodia and resid-
ual bodies on the level of Sertoli cells in the post-
spawning period in Oryzias latipes. The presence of
philopodia in Sertoli cells of different species of Te-
leostei in the period after the spawning was reported
in Cyclostoma nigrofasciatum (Nicholls & Graham
1972). In Salmonidae as Oncorhynchus kisutch and
Oncorhynchus gorbuscha the presence of philopo-
dia on a level of Sertoli cells was determined by
Nagahama et al. (1978). The phagocytotic activity
of Sertoli cells in Salmonidae from Ohrid Lake is
characterised by subsequent considerable cytologi-
cal changes, manifested by intensive vacuolisation
of the cytoplasm, lipid degeneration, karyopycno-
sis, total destruction and delamination, presence of
their residues in the lumen of the seminiferous lob-
ules, as well as its lysis, mitochondria with disinte-
grated crusts, autophagosomes, “myelin like” struc-
tures. All these structutal changes point out the de-
generation of these somatic cells, i. e. these changes
couse their involution and with that the involution of
the seminiferous lobules themselves.

Conclusions

The successive ultrastructural changes of Ser-
toli cells of Salmonidae from Ohrid Lake during the
reproduction can be defined like this:

1. Sertoli cels as an integral part of seminifer-
ous lobules suffered considerable changes, changing
their cytomorphological aspect. Namelly, out of cells
with squamous appearance characteristic for the pre-
spawning period, they gradually increased their di-
mensions. Lipid vacuoles of different size can be no-
ticed in their cytoplasm while the nuclei acquired a
polymorphic form.

2. The close contact of Sertoli cells with the
sperm residues, as well as the presence of fragments
of their flagellumes in the cytoplasm of Sertoli cells,
showed their phagocytic activity.

3. The degenerative changes of Sertoli cells
were manifested by extreme vacuolisation, mito-
chondria in degeneration with widened crysts and
thickned matrix, desorganised ER, digestive vacu-
oles (autophagosomes), “myelin like” structures and
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lysed cytoplasmic regions. The above mentioned
changes were followed by karyopycnosis, complete
degeneration and delamination of the cells from the
wall of the seminiferous lobules, their detritus in the
lumen of the lobules and its lysis.
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Abstract

Despodovska, A., Arsovska, B., Melovski, Lj., Hristovski, S.. (2013). Land use changes on Galicica Moun-
tain. Proceedings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 Oc-
tober 2012. Macedonian Ecological Society, Special issue 28, Skopje.

This paper presents the changes of land use of Galicica Mountain (including the National Park ,,Galicica®), in
the last 60 years. Topographic maps from the 1950s and 1970s of the 20" century were used as models, as well as
Google maps from 2007. The analyses were made by using GIS (Geographic Information System) software. The
maps that were used were in scale 1:50000. The goal of this research is to determine the direction of the transfor-
mation of the land, including: the reason why the changes occurred and appeared which factors affects them etc.
The results determined the difference in the areas of the identified territories i.e. the direction of the transformation
of the land of Galicica Mountain in three comparative periods. The area under forests increased due to the reduc-
tion of the areas under pastures and shrubs.

Galicica, land use, land transformation.

Ancrpaxkr

JlecriomoBeka, A., ApcoBcka, b., Menoscku, Jb., Xpucroscku, C. (2013). [IpomeHr BO HICKOPUCTYBABETO HA
3eMjHUINTETO Ha MIaHnHata ["annunia. 36opHuk Ha Tpynosu ox [V KoHrpec Ha ekono3ute Ha MakenoHuja co Mery-
HapoJHo yuecTBo, Oxpup, 12-15 oxromspu 2012 roguna. MakeIoHCKO €KOJIOUIKO APYIITBO, TOCEOHO U3aHKe 28,
Ckorje.

Bo 0B0j Tpyx ce npHKa)kaHu MPOMEHUTE BO HCKOPHCTYBABHETO HA 3EMJUILITETO Ha IulaHnHaTa [ammunna (BK-
TydyBajku o 1 Haumonananot napk ,,['annuunna“) Bo nocnenuute 60 ronunu. 3a Taa 1el, 6ea HCKOPUCTEHHU TOIO-
rpadcku kapTtu ox 1950tute n 1970TuTe romuuan Ha XX Bek, kako u Google carenurcku cHuMke o 2007 roauHa.
Amnanusara Oeire HanpaBeHa co oMol Ha GIS codteep (reorpadeku nadopmanucku cucrem). Kaprupamero 6e-
e u3BpiIeHo Bo pasmep 1:50000. [aBHa 11es Ha HCTPaKYBAKETO OEIIe Ja Ce YTBPAM Hacokara BO TpaHchopma-
LIMjaTa Ha 3eMjHIITETO, BKIYYyBajKi U aHaIN3a HA IPUYMHUTE U (paKTOpHUTe Ha IMpoMeHHTe. PesynTaTuTe T moka-
Kaa pa3iIMKUTE BO MOBPIIMHATA HAa HICHTH(UKYBaHHUTE MOIpayja T.e. HacoKara Ha TpaHc(opManujaTa Ha 3eMjHII-
TETO Ha IUIaHMHATa [‘aau4uia Bo TpUTE Meproau. [J1aBHaTa IpoMeHa e 3roJieMyBambe Ha MOBPIIMHATA Ha IIYMCKO
3eMjHILITEe U HaMaJlyBabe Ha MOBPUIMHUTE MO/ MTACHILITA U IPMYIIecTa BereTamuja.

Kayunu 36opoBu: [amuuuniia, HICKOPUCTYBakE HA 3eMjHIITE, TpaHC(HOpPMAIlHja Ha 3EMjHIITE.

Introduction 2003). The changes and the transformation of the

land are result of complex interaction of many fac-

Growth rates of any type of land are shown
through the exploitation of the land, it's structure and
morphology, i.e. the transformation of the land that
occurs during a certain period of time. This proves
the necessity to research the evolution of the soil,
which is the most important component for sustain-
able development of the region. (Ratnadeb & Ami,

163

tors including politics, economy, culture, human be-
havior and environment (Dale et al., 1993).

The models of exploitation of the land and the
changes of the land cover are powerful tool that can
be used in the understanding and the analysis of the
important connections between the socio-econom-
ic processes that are in relation with the agricultur-
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al activities, the evolution of the land and the strate-
gy for management of the natural resources as well
as the ways these changes influence the structure and
the function of the eco-systems. (Turner and May-
er, 1991).

The transformation of the land can also influence
the local and regional economies (Burchel, 1996).

Understanding the changes in the transforma-
tion of the land and how they occur is crucial since
the anthropogenic activities have great impact on
the environment, on the change of the hydrological
cycle (Steiner F., Osterman D.A., Hicks T.L., Led-
gerwood R., 1988), on the dynamics of the biogeo-
chemical cycles (Flintrop et all., 1996), on the size
and the arrangement of the natural habitats such as
forests (Dale et al., 1993) and the species varieties
(Costanza R. and Patten B.C., 1995).

The exploitation of the land is defined as hu-
man activity over the land (Turner et all, 1995).

Natural factors such as: relief (terrain) charac-
teristics, geological composition, climate, hydrolog-
ical conditions, pedological composition of the ter-
rain etc. influenced the development of various veg-
etation where areas with forests and pastures on the

Galicica Mountain prevail.

Small portion of the land on Galicica Moun-
tain, man has adopted for cultivation of agricultural
areas. Therefore, the growth of the vegetation cover
is influenced by a number of social, economic-geo-
graphic, as well as socio-geographic factors.

Activities related to the exploitation of the land
result in destruction of the vegetation cover (Lambin
1997). Therefore, the satellite shots very often can
be used for detection of the changes in the exploita-
tion of the land through the records of the biophysi-
cal characteristics of the terrain.

The aim of this study is to determine the di-
rection of the transformation of the land on Galici-
ca Mountain through comparison of the condition of
the land in the1950s, 1970s of the 20" century as
well as in 2007.

Method of work

Galicica Mountain is located in the southwest
part of the Republic of Macedonia, between the Ohrid
and Prespa Lake and it covers an area of 317 km?.
Review of the changes of the land on Galicica Moun-
tain has been made in 1950, 1970 and 2007. For the
conditions in the 1950s and 1970s, topographic maps
were used in scale of 1:50000, prepared by the Mil-
itary Geographic Office (VGI) of the Yugoslav Na-
tional Army (YNA). For the condition in 2007, pic-
tures from Google Maps were used in scale of 1:5000.
Forests landscapes, short bole vegetation-shrubs, ar-
able land, pastures, stone fields, glade fields in for-
ests, populated areas, swamps were identified.

All maps are referenced on the basis of the top-

ographic maps in scale of 1:25000 in geographic
projection UTM/VGS 84 zone 34 North. The topo-
graphic basis for the terrain is prepared by the Mil-
itary Geographic Office of YNA on topographic
maps. ArcGIS 9.3 software is used for the process-
ing of the data, developed by ESRI which provides
recognition of colors of the identified territories on
the maps. For the calculation of the surface covered
with the identified territories, plan projection review
was used and the obtained surfaces are calculated in
hectares.

Discussion

Transformations in the nature, in general, as
well as the changes in the vegetation cover on the
Galicica Mountain are strongly correlated with the
natural and with the social factors as well.

Mainly, the natural factors are related to the
characteristics of the terrain, geological composi-
tion, climate, hydrological conditions, pedological
composition of the terrain etc. The individual char-
acteristics of the natural factors, as well as the mutu-
al influences, determine the development of the par-
ticular floristic systems in a certain area. According
to the relatively big inclinations (large slope) of the
surface and the altitude, the areas with forests and
pastures prevail. Parts of these areas are used for
growing cultivated vegetation and this illustrates the
impact of the social factors on the vegetation cover.

In the last few decades, 23 located areas on the
Galicica Mountain have been populated with 10000
habitants. Out of 38000 hectares in their function,
6000 hectares are adopted as arable arecas where
fields and orchards prevail.

The social factors are: physical planning, dec-
laration of Galicica as national park, processes of so-
cial planning, emerging urbanization, emerging in-
dustrialization, late infrastructural installation and
arrangement of settlements, inadequate agricultural
politics, motorization and use of agricultural mech-
anization, cultural and educational level of popu-
lation, historically illogical factors for localization
and development of settlements, functionally inade-
quate organization of the settlements territories, mi-
gration of the population in the cities, reorientation
of the population from the primary towards second-
ary business activities, changes in the exploitation of
the energy potentials, changes in the farming prac-
tices and traditional engagements etc.

Because of these reasons, great part of these ar-
able territories is abandoned and therefore the trans-
formation of the land from cultivated to uncultivat-
ed begins. Due to the functional transformations
of parts of the settlements dealing with agriculture
(farming, orcharding, stockbreeding) into catering,
tourism, trade and other service activities, part of the
arable land is transformed into unproductive areas
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Fig. 1. Land condition of Galichica mountain in 1950’s,1970’s and 2007
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Fig.2. Land use of Galichica mountain in 1950’s (in %)
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(houses, buildings, yards, religious objects, grave-
yards etc.). Examples for this are the settlements in
the coastal region of Lake Ohrid, such as Konjsko,
Peshtani, Trpejca and Ljubanishta which today are
oriented towards tourism, trade and other service ac-
tivities. In these settlements even though the number
of population is increasing, still the arable areas are
transforming into unproductive. The situation in the
Prespa Region is different than the Ohrid Region.
The population number in Oteshevo, Leskoec, Petri-
no, Preljublje, Stipona etc., is drastically decreasing
because of the migration of the population towards
cities and abroad. In these settlements the transfor-
mation of the cultivated areas into unproductive is
result of the migration and the abandonment of the
arable fields.

From this information it can be concluded that
the impact of human on the transformation of the
land on Galicica Mountain is expressed through the
increased pressure in the coastal area of Ohrid and
Prespa Lake, and the pressure of the population in-
side the mountains is significantly reduced and main-
ly concerns the tourist recreational visits of individ-
uals and small groups.

The obvious differences in the changes of the
land on Galicica Mountain in the compared three pe-
riods can be noticed in Figure 1. Furthermore, the
percentages of presence of the identified areas are
shown in Figure 2, 3 and 4.

It was noticed on Galicica Mountain that the ar-
eas of pastures are decreasing from 50% in 1950s, to
24% in 2007. This is a result of the abandonment of
the cattle breeding as a basic activity and reorienta-
tion towards catering and tourism, as well as the mi-
grations of people from rural settlements to the cit-
ies. The land under forests is increased from 40%
in the 1950s to 58% in 2007. This is mostly as a re-
sult of the succession of the land itself, more specif-
ic as a result of the growing of the shrubs into forest.
The area under shrubs decreased from 14% in 1970s
to 5% in 2007 due to the succession. Royatos et al.
(2003) brought similar conclusions for the Pyrenees
in Spain where the fields under forests increased due
to the ingrowth of tree species on the abandoned ar-
able areas. Specific problem arises from the orga-
nized pressure within the National Park Galicica
where under the plan for protection and management
of the park in many occasions (perhaps due to irreg-
ular cut, but certainly with alleged spacing or clean-
ing the fields) an exploitation of the forests is made
(Mapxkockwu, 2011). As a result, it is possible the per-
centage of land under forest to be variable, but the
most important thing is that this percentage increas-
es successively in the three comparative periods.

During the preparation of this research, we
faced inclarities of the topographic maps from 1950s

of the 20™ century. Throughout the marking of the
maps difficulties were faced in the recognition and
marking the areas, part of this research. While at
Google Earth maps the shadow that appears on the
photos can be noticed as a downside, depending on

the angle of the satellite shoots.
Conclusion

According to the results from the researched ar-
ea, it can be concluded that the land cover of Galici-
ca Mountain from the 1950s until 2007 has signifi-
cant changes. The areas under forests are increased
whilst the areas under short bole vegetation — shrubs
and areas under pastures are reduced. The reasons
why these changes occurs are the succession of the
land itself, the migration of the population from the
countryside to the cities, the abandonment of the cat-
tle breeding and reorientation towards catering and
tourism, but also the climate factors all around the

globe should not be forgotten.
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Abstract

Bistri¢i¢, 1., Strmi¢ Palinkas, S. (2013). Geochemical impact of the municipal solid waste (MSW) disposal
site “Duplja” Novi Vinodolski (Croatia): heavy metals case study. Proceedings of the 4" Congress of Ecologists
of Macedonia with International Participation, Ohrid, 12-15 October 2012. Macedonian Ecological Society, Spe-
cial issue 28, Skopje.

Municipal solid waste disposal site “Duplja” is situated close to the city of Novi Vinodolski (Primorsko-
goranska County, Croatia) and water source “Novljanska Zrnovnica”, which represents the major source of drink-
ing water in the Croatian coastal region. The MSW disposal site is located in karst terrain and on it mixed munic-
ipal waste has been disposed since 1968 without any coverage or isolation of the landfill. In 2007, during the first
phase of the landfill remediation a bottom liner with drainage system and leachate lagoon were constructed. This
paper in a form of preliminary research investigates the possible past and present influence of the landfill on water
source “Novljanska Zrnovnica” using selected heavy metals as indicators.

landfill, leachate, Novljanska Zrnovnica, Gacka, seawater

Ancrpaxkr

buctpnunk, U., Ctpmuk [Manuuakam, C. (2013). [eoxeMHUCKOTO BIMjaHUe Ha KOMyHaJIHaTa ACHOHH]a 3a LBPCT
ormax ,,Jlympa“ Hosu Bunononcku (XpBarcka): cTynuja Ha TEIIKUTe MeTain. 300pHUK Ha TpynoBu ox IV Konr-
pec Ha eKoJo3uTe Ha MakenoHHuja co MeryHapoaHo ydectBo, Oxpua, 12-15 okromepu 2012 roguna. MakeJoHCKO
€KOJIOILIKO JIPYIITBO, ToceOHo n3nanue 28, Crorje.

KomyHasiHara nenoHuja 3a IpBCT OTnan ,,Jlymba“ ce Haora Bo omusuHa Ha rpagoT Hosu Bunononcku (TTpu-
MOpCKO-TOpaHcKa o0act, XpBarcka) M Bo OM3MHa Ha U3BopUIITETO ,,HOBbaHCKa JKpHOBHHIA® KOj IIPETCTaBYBa
OCHOBEH M3BOp Ha BOJA 3a MHEHE BO XPBATCKOTO IpUMopje. JlernonujaTa e u3rpajieHa Bp3 KapcTeH TepeH U BO Hea
MeIlIaH KOMYHaJICH OTmaj ce oaara of 1969 ronunu 6e3 3aTpymyBarme WiId 0o KakBa usonamuja. Bo 2007 roau-
Ha, 3a BpeMe Ha IpBarta (asza oj peMeArjanujaTa Ha JernoHujara Oele NoCcTaBeHa reoMeMOpana 1 IpeHaKeH CHC-
TEM CO JIaryHa 3a COOMparme Ha UCLEOKOT. Bo 0BOj TPy ce IMpHKaKaH! MPEIMMUHAPHUTE PE3YNITATH Ol HCTPAXKY-
BaK-ETO Ha MUHATOTO M CETralllHOTO BIIMjaHHE Ha JeNoHHjaTa Bp3 n3BopoT HoBipaHcka JKpHOBHHIIA KOPUCTEKH H3-
OpaHH TELIKH METaJIH KaKO MHANKATOPH.

Kuayunu 36opoBu: 1enoHuja, ucuenok, Hoepancka XXpHosHua, ['aika, Mopcka Bozia

Introduction

Municipal solid waste disposal site ,,Duplja® is
situated in a karst terrain close to the city of Novi
Vinodolski (Primorsko-goranska County, Croatia)
and there is only 4,9 km air distance between dis-
posal site and water source “Novljanska Zrnovnica”,
which represents the major source of drinking wa-
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ter in the Croatian coastal region. To be more pre-
cise, the MSW “Duplja” is located on the border of
the third water source protection zone of “Novljan-
ska Zrnovnica” (Biondi¢ et al. 2009), which is es-
tablished according to the Croatian legislation (NN
66/11). The possible connection between these two
sites, and therefore a risk of groundwater contamina-
tion is the main objective of this research.
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Fig. 1.

(right) (photo: Nowvi list, Kristian Stipec)

The unsanitary landfill has been operational
since 1968 and there were recorded several big and
small fires over the years (Fig. 1) since the waste was
just dumped in this karst sinkhole without any com-
pression or soil covering. According to IPZ Unipro-
jekt MCF (2002) analysis, the remaining waste was
mostly composed of ashes and incombustible resi-
due. Therefore it has been suggested that those mate-
rials have in a way isolated the bottom side of the dis-
posal site by filling in the voids in the karst terrain.

Waste

Leachate collection
(50 ¢cm) 16/32 mm

Leachate collection
Pipeline

Secutex® protec-
tion geotextile

= 800 g/m?

Carbofol® HDPE
geomembrane
2 mm (80 mils)

 Bentofix® geo-
synthetic clay
liner (1 ¢m)

Geological barrier
(49 cm)

Subgrade

Fig. 2. Scheme of a bottom landfill liner (GT-

Trade 2006).

In 2007 the first phase of landfill remediation
was carried out, during which a bottom liner with
drainage system and leachate lagoon were construct-
ed (Fig. 1). The structure of the bottom liner is pre-
sented in the Figure 2. During the remediation most
of the ashes and incombustible residue were dis-
posed, but some quantity has been left on the bottom
of karst sinkhole, below the bottom liner of the land-
fill due to inaccessible terrain.

Municipal solid waste disposal site “Duplja” before (left) and after the first phase of remediation

The landfill remediation provided the capacity
for the disposal of municipal and non-hazardous in-
dustrial waste until 2013. Simultaneously with the
development and filling of the landfill, a passive de-
gassing system is built (Budisa et al. 2010). Dispos-
al of waste is planned until the opening of County
Waste Management Centre “Mari$¢ina” and then the
landfill will be fully remediated and converted to the
waste transfer station.

Investigated area

Investigated area corresponds to the drainage
basin of “Novljanska Zrnovnica”, which covers a
vast area in the North Adriatic Coast region and in the
mountain region of Gorski kotar, and as well in Lika,
more precisely from Li¢ polje in the northwest to the
mountain range Velika Kapela in the north and north-
east, including also Gacka and Lika River basins (Fig.
3). In short, the water from water source “Novljans-
ka Zrnovnica” originates from two main locations, on
one side from Li¢ polje and on the other side from riv-
ers Gacka and Lika. The water source includes three
smaller water sources and it has been suggested that
water from water sources “Nova kaptaza” and “Stara
kaptaza” derives from Li¢ polje and water source
“Cardak” from Lika and Gacka (Biondi¢ 2001).

Material and methods

The research was carried out as a preliminary
research. Therefore only one sampling was conduct-
ed on 16" of April 2011. The weather conditions
were changeable and water level was medium. In
order to cover the vast research area, 6 representa-
tive sampling sites were chosen. The locations and
short descriptions of the sampling sites are presented
in the Table 1. IB-1 location was chosen according
to known occurrences of submarine springs that are
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ijeéki mn
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zaljev

Fig. 3. Geographic position of the investigated area (adapted from Haiman 2007).

not in direct influence of water source “Novljanska
Zrnovnica” and IB-7 was chosen as another possible
input of pollution into a drainage basin of “Novljan-
ska Zrnovnica”.

Directly on the sampling sites basic indicators
were measured: temperature (t), pH, dissolved ox-
ygen (DO), redox potential (Eh) and conductivity
(CND). For these measurements Hach Lange HQ40D
portable meter was used. The meter is operational
with four exchangeable electrodes and it is suitable
for different types of fluid samples, e.g. wastewater,
seawater or fresh water (Hach Lange 20006).

In the laboratory environment concentrations of
six heavy metals (Cd, Cr, Cu, Pb, Ni, Zn) were meas-
ured. Water samples were collected in 0,5 litre PET
bottles. Before usage, bottles were rinsed with nitric
acid solution (HNO,), volume ratio 3:1. After sam-
pling, in laboratory of Department of Mineralogy
and Petrology (Faculty of Science, University of Za-
greb), to each sample was added nitric acid (HNO,)
to lower the pH of samples below 2. This method
was used to ensure mobility of heavy metals, due

Proceedings of the 4™ Congress of Ecologists of Macedonia

to the fact that they are often absorbed or precipitat-
ed at higher pH. During next few days samples were
microfiltrated on a microfilter with 0,45 pm pore
size. After the microfiltration samples were stored in
50 ml HDPE bottles and analysed with method 2C
on an ICP-MS in AcmeLabs™ in Canada.

In the landfill leachate sample (IB-2) HNO,
was added more than once, because of high con-
centration of organic matter which resulted in sub-
sequent increase in pH. The same sample had to be
prefiltrated on three different filters (pore sizes 12-
25 um, 4-12 pm and 2 um), due to high concentra-
tions of organic matter that was blocking the micro-
filter to fast.

Results

The results of field measurements of tempera-
ture (t), pH, dissolved oxygen (DO), redox potential
(Eh) and conductivity (CND) and as well measure-
ments of heavy metals, conducted in AcmeLabs™
(Canada) are presented in Table 2.
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Tab. 1. List of samples and sampling sites.

Gaus-Kriiger coordinates
Sample . v Type of sample Sampling site
IB-1 5478126 5001048 seawater gravel beach in Selce
IB-2 5484908 5000337 landfill leachate | leachate lagoon at MSW disposal site "Duplja"
I1B-4 5488366 4996867 fresh water water source "Nova kaptaza"
IB-5 5488364 4996893 fresh water water source "Stara kaptaza"
IB-6 5488387 4996775 fresh water water source "Cardak"
IB-7 5518688 4969171 fresh water river Gacka

Tab. 2. Results of field measurements of temperature (t), pH, dissolved oxygen (DO), redox potential (Eh)
and conductivity (CND) with laboratory measurements of heavy metals.

parameter t pH Eh DO CND Cd Zn Cr Cu Pb Ni
units of meas- |
arement C mV mg/l | mS/ecm | ppb ppb ppb ppb ppb ppb
SAMPLES
IB-1 13,0 | 839 | 2558 | 10,78 | 58,5 <5 79 <50 16 <10 <20
IB-2 11,2 8,64 | -144,5 0,24 15,98 3 770 561 202 45 345
IB-4 8,6 7,83 2384 11,33 0,242 0,07 8,4 0,6 6 0,6 <0,2
IB-5 9,4 7,86 2194 11,44 | 0,243 | <0,05 15,8 <0,5 1,3 0,3 <0,2
IB-6 8,6 7,95 2482 11,84 | 0,242 | <0,05 15,2 <0,5 1,3 0,2 <0,2
IB-7 10,4 7,59 157,9 10,09 | 0,465 | <0,05 16,3 <0,5 1.5 0,2 <0,2
N
300,0 4 5 -~ 14,00
250,0 -10 - — | 1200
2000 T4 /1133 1144 11,84 N1579
150,0 - g /) 11,33 11, ' & - 10,00
\ 10,09 =
‘;E 100,0 - \ I 800 Fo—Eh(mv)
50,0 E
z ) e DO (mMg/1)
S 00 - 600 Q
-50,0 + 4,00
-100,0
2,00
-150,0 7
-200,0 + 0'24 + 0,00
1B-1 1B-2 1B-4 1B-5 1B-6 1B-7
Fig. 4. Chart of the measured redox potential (Eh) and dissolved oxygen concentrations (DO) in the

samples. The waste handling vehicle represents the landfill leachate sample.

Temperature is highest for the seawater sample

IB-1, and the lowest temperature values are for sam-
ples from water sources of “Novljanska Zrnovnica”
(IB-4,5,6). All samples are mildly alkaline with the
pH range from 7,59 for the river sample (IB-7) to
8,064 for the landfill leachate sample (IB-2). Redox
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potential is positive for all samples apart from the
leachate sample (IB-2), which is characterized by
oxidative environment as opposed to reductive envi-
ronment in other samples. The concentration of dis-
solved oxygen (DO) is directly related to the redox
potential (Fig. 4) and has the lowest value in the lea-

300pHuK Ha Tpyaou ox IV Konrpec Ha ekono3ure ox Makenonuja




Geochemical impact of the municipal solid waste (MSW) disposal site “Duplja” Novi Vinodolski (Croatia)...

-

-

1000

100

10

ppb

0,1
Cu

Fig. 5.
leachate samples.

chate sample (IB-2) which is characterized by near-
ly anaerobic environment. DO values are in the re-
maining samples quite uniform, with the highest val-
ue in the sample from water source of "Novljans-
ka Zrnovnica" (IB-6). Conductivity (CND) is very
low in the samples from water sources of "Novljan-
ska Zrnovnica" (IB-4, 5.6) and Gacka River (IB-7).
As expected the maximum CND value is recorded
in the seawater sample (IB-1), due to high ion spe-
cies concentration.

Figure 5 represents a logarithmic distribu-
tion of cooper (Cu), zinc (Zn) and lead (Pb) in all
samples. Concentrations of other three heavy met-
als (Cd, Cr, Ni) are not represented graphically due
to really low values in most samples, usually below
the detection limit. Maximum concentrations of all
heavy metals were recorded in the landfill leachate
sample (IB-2).

Discussion

During this research concentrations of two sets
of indicators were measured. Basic indicators (t, pH,
DO, Eh, CND) have been used as indicators of pos-
sible connections between sites, but also as indica-
tors that provide general information of the environ-
ment and according to that expected heavy metal be-
haviour.

Temperature values of water from water sourc-
es of “Novljanska Zrnovnica” are much lower than
annual average air temperature of that location,
which corresponds with the origin of water from
mountain hinterland (Biondi¢ 2001). pH is for all
samples alkaline as expected in karst environment.
pH of landfill leachate sample (IB-2) is alkaline as a
result of anaerobic methane phase that is dominant
in this landfill and as well as a result of large quan-
tities of ashes that remained after waste combustion.

Proceedings of the 4" Congress of Ecologists of Macedonia
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Pb

Concentration of Cu, Zn and Pb in samples. The waste handling vehicles represent the landfill

Concentrations of dissolved oxygen are typical for
natural fresh water and seawater at specified tem-
peratures. DO levels in IB-2 sample are as antici-
pated very small, since the oxygen is consumed in
large quantities by bacterial decomposition of organ-
ic matter. As seen on Figure 4 redox potential (Eh) is
in direct relation to DO. It’s positive for all samples,
apart from IB-2 because of anaerobic conditions of
the landfill leachate. Reduced conditions determine
the low mobility of the large number of potential-
ly toxic heavy metals. Conductivity (CND) is a rel-
evant indicator of pollution and salination of natu-
ral aquifers. Chapman (1996) states that CND val-
ue for fresh water greater than 1 mS/cm corresponds
to pollution, while the maximum contaminant lev-
el (MCL) established by Croatian legislation is 2,5
mS/cm (NN 47/08). Even if we take into account the
more stringent criteria, all values measured in sam-
ples of fresh water (IB-4,5,6,7) are far below men-
tioned limit.

Heavy metals were chosen as indicators of pos-
sible influence and connection between MSW dis-
posal site and water source “Novljanska Zrnovnica”,
due to the fact that their concentration is much high-
er in landfill leachates then in natural waters and al-
so because they are stable in the environment for
relatively long time. Six heavy metals (Cd, Cr, Cu,
Pb, Ni, Zn) were selected as crucial for this research
according to average landfill leachate concentra-
tions (Christensen et al. 2001). Due to the alkaline
pH, which was recorded in all samples, most heavy
metals have really low mobility, therefore samples
were acidified to maximize their mobility to accu-
rately determine their content in the sample. Also,
the standard procedure is to filter the fraction below
0,45 pm, which removes the larger organic compo-
nent and all the heavy metal content connected to
it. Apart from organic complexes very important are
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inorganic complexes as well. Complexes with a car-
bonate ion often create zinc and nickel, and to a less-
er percentage cadmium, copper and lead. Complex
formation increases the solubility and mobility of
the metals, but it seems that the sorption and pre-
cipitation are very significant for most metals, and
therefore have a considerable impact on reducing the
migration of metals leaching from landfills (Chris-
tensen et al. 2001).

From all the heavy metals cadmium concen-
trations were the lowest. Low values were recorded
in the landfill leachate sample (IB-2) and even low-
er in water source “Nova kaptaza” sample, while in
the other samples values were below the threshold
of detection. Only in the sample IB-4 was recorded
concentration slightly above the detection threshold,
but this concentration is far below the MCL values
for drinking water. Nevertheless, during seven years
long monitoring of “Novljanska Zrnovnica” Biondié
et al. (2009) stated that all the cadmium concentra-
tions were below the detection threshold, i.e. less
than 0,003 mg/l. As cadmium in groundwater under
natural conditions is usually associated with ore de-
posits of zinc, lead or copper when they are in con-
tact with a soft, slightly acidic water (Biondi¢ et
al. 2009), which are not recorded in the study area
(Grimani et al. 1973), the question arises whether
the observed concentration of cadmium in the IB-4
sample is of anthropogenic origin. Anthropogenic
sources of cadmium are usually from leaching of in-
dustrial waste water and landfills or from artificial
fertilizers. Cadmium is highly toxic due to chemical
similarity to zinc, which is an essential element. As a
result cadmium is easily incorporated into enzymes
and inhibits the metabolism of zinc. Since replac-
ing zinc, these two elements significantly negatively
correlate. Zinc concentrations in the samples are op-
posite to concentrations of cadmium, and as a result
of significantly higher solubility of zinc in most nat-
ural waters (Hem 1985), its concentrations are the
highest in all samples of the observed heavy metals.

Lead and copper concentrations were measurea-
ble in most samples. The highest concentrations were
recorded for the landfill leachate sample (IB-2) and
seawater (IB-1). The concentrations from samples
of water source “Novljanska Zrnovnica” (IB-4,5,6)
and Gacka (IB-7) are small, below the MCL. The
concentrations of lead and copper in samples from
“Novljanska Zrnovnica” are far below the MCL, but
the focus is on the highest concentration from this
three samples, recorded at “Nova kaptaza” (IB-4).
In IB-4 sample concentration of Cu was 6 ppb and
Pb 0,6 ppb. The concentration in that sample is con-
sistent with the previous research data (Biondi¢ et al.
2009). Then the concentration of lead in the majority
of samples from “Novljanska Zrnovnica” was below
the limit of detection (<1 ppb), and the maximum re-
corded concentration was 1,4 mg/l. However, there

is a pattern for “Nova kaptaza” (IB-4) and as men-
tioned above for zinc and cadmium, this specific wa-
ter source stands out again from the other two. In-
crease in lead and copper in IB-4 sample is possible
of anthropogenic origin. Anthropogenic sources can
be landfills, copper and lead pipes, for copper specif-
ically pesticides and for lead gasoline, discarded bat-
teries, tin cans and paint (Hem 1985). The concen-
trations of chromium and nickel are very large in the
leachate sample and mostly below the limit of detec-
tion in all other samples.

Conclusions

According to the heavy metal analysis there is
no present connection between disposal site “Du-
plia” and water source “Novljanska Zrnovnica”
which corresponds with well-done remediation of
the landfill. In comparison of the indicators with
the legislation there is established that all of the
measured values from water samples of “Novljan-
ska Zrnovnica” and Gacka are within the MCL lim-
its (NN 47/08, NN 137/08). In samples from “Novl-
janska Zrnovnica™” and Gacka were found very low
concentrations of heavy metals, in most cases be-
low the detection limit. According to the compari-
son of heavy metal content between individual wa-
ter sources of “Novljanska Zrnovnica”, water source
“Nova kaptaza” (IB-4) stands out from the rest.. For
that sample there are reported higher concentrations
of several heavy metals (Cd, Cr, Cu, Pb), but these
concentrations are still far below the MCL. There
is a possibility that slightly increased concentrations
of heavy metals in the sample IB-4 are result of the
contamination from the landfill prior to its remedia-
tion and it may be that the residue below bottom lin-
er has been slowly rinsing, but it is necessary to car-
ry out further research in order to determine the re-
al situation.
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Summary

Solid municipal waste disposal site “Duplja” is situated close to the city of Novi Vinodolski and only 4,9
km air distance from water source ,,;Novljanska Zrnovnica®, which represents the major source of drinking wa-
ter in the Croatian coastal region. Drainage basin of “Novljanska Zrnovnica” covers a vast area from Li¢ polje
in Gorski kotar, in the northwest to the mountain range Velika Kapela in the north and northeast, including also
Gacka and Lika river basins. The solid municipal waste disposal site is located in karst terrain and on it mixed
municipal waste has been disposed since 1968. Considering its location on the border of third water protection
zone of ,,Novljanska Zrnovnica”, it was necessary to carry out landfill remediation, whose first phase was com-
pleted in 2007. This research was concentrated on several heavy metals as indicators of possible influence of
the disposal site on the water source, alongside with the set of basic indicators. Using these parameters there
hasn’t been a present day connection revealed, but also that doesn’t excludes the possibility that one was pos-
sible in the past or in the different underground water conditions.
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Abstract

Glavi¢, A., Strmi¢ Palinkas, S., Kampic, S., Obhodag, J. (2013). Determining the effectivness of removing
heavy metals from modified wastewater by coprecipitation and adsorption with CaCO,. Proceedings of the IV Con-
gress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October 2012. Macedonian Eco-

logical Society, Special issue 21, Skopje.

This paper presents the results of the research which was based on leachate from landfill of municipal waste
and on modified wastewater. Water was modified by the Method of Standard Addition of the following metals: Ba,
Cu, Cd, Fe, Hg, Mn, Ni, Pb, Sn and Zn. Metals have been removed from the modified wastewater by method of co-
precipitation with calcium carbonate and by adsorption to calcium carbonate. The goal of the study was to explain
and compare mechanisms of the most common processes for purification of wastewater by using low cost materi-
als. Effectiveness of the processes was determined after the statistical analysis of the gathered data.

Keywords: leachate, landfill, calcium carbonate

Introduction

Heavy metals are elements having relative
atomic mass between 63.5 and 200.6, and a specific
density greater than 5.0. With the rapid development
of industries such as metal plating facilities, mining
operations, fertilizer industries, tanneries, batteries,
paper industries and pesticides, etc., heavy metals
wastewaters are directly or indirectly discharged in-
to the environment increasingly, especially in devel-
oping countries. Unlike organic contaminants, heavy
metals are not biodegradable and tend to accumulate
in living organisms and many heavy metal ions are
known to be toxic or carcinogenic. Toxic heavy met-
als of particular concern in treatment of industrial
wastewaters include zinc, copper, nickel, mercury,
cadmium, lead and chromium (Fu et al., 2011).

Zinc is a trace element that is essential for hu-
man health. It is important for the physiological
functions of living tissue and regulates many bio-
chemical processes. However, too much zinc can
cause eminent health problems, such as stomach
cramps, skin irritations, vomiting, nausea and ane-
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mia (Oyaro et al., 2007). Copper does essential work
in animal metabolism. But the excessive ingestion
of copper brings about serious toxicological con-
cerns, such as vomiting, cramps, convulsions, or
even death (Paulino et al., 2006). Nickel exceed-
ing and its critical level might bring about serious
lung and kidney problems aside from gastrointesti-
nal distress, pulmonary fibrosis and skin dermatitis
(Borba et al., 2006). Furthermore it is known that
nickel is human carcinogen. Mercury is a neurotox-
in that can cause damage to the central nervous sys-
tem. High concentrations of mercury cause impair-
ment of pulmonary and kidney function, chest pain
and dyspnoea (Namasivayam and Kadirvelu, 1999).
The classic example of mercury poisoning is Mi-
namata Bay. Cadmium has been classified by U.S.
Environmental Protection Agency as a probable hu-
man carcinogen. Cadmium exposes human health
to severe risks. Chronic exposure of cadmium re-
sults in kidney dysfunction and high levels of ex-
posure will result in death. Lead can cause central
nervous system damage. Lead can also damage the
kidney, liver and reproductive system, basic cellular
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processes and brain functions. The toxic symptoms
are anemia, insomnia, headache, dizziness, irrita-
bility, weakness of muscles, hallucination and renal
damages (Naseem and Tahir, 2001). Chromium ex-
its in the aquatic environment mainly in two states:
Cr(IIT) and Cr(VI). In general, Cr(VI) is more toxic
than Cr(III). Cr(VI) affects human physiology, accu-
mulates in the food chain and causes severe health
problems ranging from simple skin irritation to lung
carcinoma (Khezami and Capart, 2005).

Faced with more and more stringent regula-
tions, nowadays heavy metals are the environmen-
tal priority pollutants and are becoming one of the
most serious environmental problems. Therefore
these toxic heavy metals should be removed from
the wastewater to protect the people and the envi-
ronment.

Materials and methods

Water samples were collected from landfill of
municipal waste. Directly on the sampling site tem-
perature, pH, dissolved oxygen, redox potential and
conductivity were measured with different types of
electrodes (Table 1).

Tab. 1. Results of field measurements of
temperatute, pH, dissolved oxygen, redox
potential and conductivity

Eh | CNDmS/ | DO
(o]

tCO | PH | vy cm) (mg/l)
234 | 826 | -228.4 15,08 0,22

There have been 7 solutions prepared in labora-
tory, mixed in different ratios with collected leachate
water (Table 2). Heavy metals have been removed
from modified wastewater by method of co-precipi-
tation with calcium carbonate and by method of ad-
sorption to calcium carbonate.

Tab. 2. Solutions used in the study

Name of the sample Composition of the
sample
AG-1 Jak.O.
AG-2 1:1
AG-3 1:9
AG-4 Ot.m.
AG-5 Otm.1:9
AG-6 1:1 Ot.m.1:9, Jak.O.
AG-7 1:9 Ot.m.1:9, Jak.O.

Previously prepared solutions (AG-1, AG-2,
AG-3, AG-4, AG-5, AG-6 and AG-7) were trans-
ferred to volumetric flasks from 100 mL. 2.7722¢g
of CaCl, and 3.4521g of K,CO, was added to each
one for co-precipitation, which is equivalent to 2.5g
of CaCO, and 2.5g of CaCO, was added to each one

for adsorption. Samples were left in the digestor for
a few days to balance concentrations. Then sam-
ples were centrifuged in a Centric 322A centrifuge
at 3500 rpm for 20 minutes to separate the sediment
from the filtrate. Precipitates were dried in plastic
cuvettes in an oven at 50 °C. After drying they were
crushed in the mortar and stored in paper bags.
Reaction of precipitation of CaCO,:

CaCl, +K,CO, ¢ CaCO, +2Cl, +2K',

Sediments obtained after co-precipitation and
adsorption have been analyzed by method of Ener-
gy Disperzive X-ray Fluorescence (EDXRF). Meas-
urements were done with a W anode and Mo sec-
ondary target in orthogonal geometry, with measure-
ment parameters of 40 kV and 35 mA. The irradia-
tion time was 1000 s. X-ray spectra were collected
with a Si(Li) detector (FWHM=170 eV at 5.9 keV)
and were analyzed using QXAS program package —
direct comparison method. IAEA “Lake Sediment”
was used as a reference material.

Results and discussion

It can be seen from the results from Table 3 that
concentrations of heavy metals in a sample of waste-
water from landfill of municipal waste (AG-1) are
low. They are low because of controlled chemical
treatment of leachate water and for maintaining con-
ditions of high pH in leachate water. In those condi-
tions heavy metals are immobilized. Because of that
made ideal has been solution in laboratory conditions
which has high concentrations of heavy metals and is
without organic matter - AG-4 (Table 4).

Tab. 3. Concentrations of metals in the
wastewater sample (AG-1)

Metals AG-1 (ppb)
K 23,36
Ca 50,92
Ti 18,28
v 6,88

Mn 3,64
Fe 2290
Co 37,12
Ni 21,48
Cu 4,44
Zn 9,96
As 3,24
Zr 56,88

Mixing those two solutions (AG-1 and AG-4)
in different ratios has obtained solution with high
heavy metals concentrations and also with high con-
centration of organic matter. The results from the co-
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precipitation and adsorption can be seen in Figure 1
and Table 5 for ideal solution and in Figure 2 and Ta-
ble 6 for realistic solution.

Tab. 4. Ideal solution prepared in laboratory

Co-precipitation with CaCO, for removing
heavy metals has shown itself as a more effective
method, except for lead. It has not been effective for
lead because pH conditions in solution were about
11 (because of hydrolysis of K,CO,) and in those
conditions lead is mobile (Figure 3). Method sholud
be effective for lead in conditions of pH 7-9 (Fig-
ure 3).

Method of adsorption to CaCO, also proved ef-
fective because pH of water in carbonates is about
8,4 and in those conditions most of the heavy metals
are immobile (Figure 4). What can also be seen from
the results is a great impact of organic matter on the
efficiency of removing heavy metals, especially for
mercury that forms organometallic complexes.

mPb

(AG-4)

Metals ¢ (mol/L) v (g/L)
Cu 1,574 x 107 0,1
Ni 1,704 x 107 0,1
Pb 4,815x 10+ 0,1
Hg 4,985 x 10+ 0,1
Mn 1,820 x 107 0,1
Fe 1,791 x 107 0,1
Zn 1,529 x 107 0,1

6000
5000
£ 4000
a8 3000

2000
1000

mZn
- | = ~ mNi

Koprecipitacijas CaCO3  Adsorpcija na CaCO3

Fig. 1.

Concentrations of heavy metals in sediments of solution AG-4.

Tab. 5. Concentrations of heavy metals in sediments of ideal solution AG-4.

AG-4 Ni(ppm) | Cu(ppm) | Zn(ppm) | Hg (ppm) | Pb (ppm)
Co-precipitation with CaCO, 1526 3516 5626 1974 0
Adsorption to CaCO, 89.7 1319 154 35251 2870
250 HPb
200 - ’ mZn
g 150 ' B Hg
100 +— . mCu
50 - . -H Ni
0  Em— — —
Koprecipitacijas CaCO3 Adsorpcija na CaCO3
Fig. 2. Concentrations of heavy metals in sediments of solution AG-6.
Tab. 6. Concentrations of heavy metals in sediments of realistic solution AG-6.
AG-6 Ni(ppm) | Cu(ppm) | Zn(ppm) | Hg (ppm) | Pb (ppm)
Co-precipitation with CaCO, 131.14 121.68 217.70 46.65 0
Adsorption to CaCO, 9.39 35.26 35.10 17.71 143.80

176

300pHuK Ha TpyaoBu ox IV Konrpec Ha ekono3urte ox Makenonuja




Determining the effectivness of removing heavy metals from modified wastewater by coprecipitation and...

1.2

pb**

g ] Cerussite —»

PbCO4

+ 0.9

PbhO,
Plattnerite 406
PhsOy4

Minium——»

+ 0.3

Pb3(CO3)2(0H).
Hydrocerussite

Eh (volts)

Pb(OH)

+-0.3

+ -0.6

Fig. 3.

100

Pb

10

-
T

Solubility (mg/L)

0.01

0.001 | cd

Ni
Cu

00009 Lite et i on it oty Lo iaadiy
6 T ] 9 10 1" 12

pH
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Conclusions

From the results we see that the co-precipita-
tion with CaCO, is a better method for removing all
heavy metals, except lead. For the co-precipitation
with CaCO, to be effective for lead the pH must be
lowered to 7-9, as we have already determined, but
the problem is that the ideal pH for one metal may
put another metal back into solution. The method of
adsorption on CaCO, has also proved itself. This is
because the typical pH of water in carbonate terrains
is 8,4 and in that pH conditions metals are immobile
so they accumulate.

If the wastewater contains compounds that cre-
ate complexes (organic matter, chloride, carbon-
ate and bicarbonate ions, nitrates, nitrites, amonium
complexes) they will mobilize metals and inhib-
it their precipitation as seen in the case of mercury
which is prone to form organomettalic complexes.
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Eh-pH diagram for Pb-CO,-H,O system at 25° C (Scheetz, 2004).

Therefore it is necessary first to remove such com-
pounds so the process of removing heavy metals can
be as effective as possible. From all our results we
can conclude that the best solution is to combine the
methods.
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Summary

Nowadays heavy metals are the environmental priority pollutants and they are becoming one of the most
serious environmental problems. Heavy metals should be removed from the wastewater to protect the people
and the environment. Many methods are being used to remove heavy metal ions. The most common ones are
chemical precipitation and adsorption._This research was based on leachate water from landfill of municipal
waste and on modified wastewater. The goal of the research was to explain and compare mechanisms of the
most common processes for purification of wastewater by using calcium carbonate. Results showed that co-
precipitation with CaCO, is more effective method for removing heavy metals than method of adsorption to
CaCO,, but the best results are achieved by combining both methods.
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Abstract
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Activated sludge is a biomass of organisms used in biological treatment of wastewater. Various industrial

plant wastewaters can be laden with salts and seawater intrusions into wastewater treatment plants is also a possi-
bility. We set up an experiment in order to study the effects of sodium chloride (NaCl) on heterotrophic microor-
ganisms in activated sludge. Different quantities of NaCl were added to samples in order to attain concentrations of
5, 7 and 10 %o. Experiment lasted for two weeks and the activated sludge used was taken from the Central Waste-
water Treatment Plant for the city of Zagreb. In all treatments, NaCl had an effect on both composition and struc-
ture of the communities. With increasing concentrations of NaCl, a decrease of the number and density of species
in activated sludge microfauna was observed. This implies possible unfavourable effects on the efficiency of acti-
vated sludge. Species that proved resistant to sodium chloride were the holo-euryhaline species of ciliates, namely
Cyclidium glaucoma and Acineria incurvata. These species were also dominant in samples containing NaCl. Most
sensitive species proved to be the oligo-stenohaline species of ciliates (Coleps hirtus, Aspidisca cicada, Drepano-

monas revoluta) as well as all the species belonging to the groups Suctoria and Rotifera.

Keywords:

Introduction

Activated sludge is a biomass of organisms
composed of bacteria, fungi, protozoa and small
metazoa used in biological treatment of wastewater.
Protozoa are an important part of activated sludge
with ciliates as dominant group. They play a role in
regulation of bacterial biomass, removal of patho-
genic and faecal bacteria and clarification of the ef-
fluent (Madoni 2003). Protozoa assemblage changes
with operational conditions of the wastewater plant,
therefore their community structure can be used as
an indicator of the biological reactor performance
(Madoni, 1994).

Various industrial plant wastewaters can be lad-
en with salts and seawater intrusions into wastewa-
ter treatment plants is also a possibility. Negative ef-
fects of salt on eukaryotic heterotrophs can limit per-
formance of activated sludge. Organisms of proto-
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zoa in activated sludge show different resistance and
tolerance to salinity (Salvadoé et al. 2001).

An experiment was carried out in order to
study the effects of sodium chloride (NaCl) on het-
erotrophs in activated sludge with the aims to de-
termine concentration that has significant effect on
composition of protozoa and micro-metazoa and to
determine the most sensitive and the most tolerant
species. One of the aims was to find out the recovery
patterns of heterotrophs after salinity stress.

Materials and methods

Laboratory cultures with different NaCl con-
centrations were prepared in Erlenmeyer flasks us-
ing activated sludge from the Central Wastewa-
ter Treatment Plant for the city of Zagreb. Activat-
ed sludge was diluted with municipal wastewater
(1:9) with subsequent addition of different quanti-
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ties of NaCl to attain concentrations of 5, 7 and 10
%o. Three replicate samples were prepared for each
concentration. Experiment lasted for two weeks and
all samples were aerated (6 L/min) in order to sim-
ulate the conditions occurring in an aeration tank.
Each flask was covered with aluminium foil to pre-
vent any autotrophic organisms from appearing.

Subsamples (100 pL) of micro-fauna were tak-
en on days 0, 2, 5,7, 9 and 12. Taxa were identified
and enumerated at various magnifications (100, 250,
400X) using literature (Kahl 1930— 1935, Koste
1978, Foissner et al. 1991, 1992, 1994, 1995, Page
1991). Ciliates were additionally analyzed with re-
spect to life form (free-swimming, attached, crawl-
ing and swimming-crawling) and salinity tolerance
according to Foissner et al. (1996).

Statistical analysis was done using analysis of
covariance (ANCOVA) and unequal N HSD post-
hoc test. Shapiro-Wilk W test was used to test for
normality of data. When needed, data were subjected
to transformations in order square root-fourth root-
logarithm to achieve normal distribution. Analysis
was done using Statistica 9.1 (StatSoft Inc 2010).

Results

Overall, 55 taxa of protozoa and micro-meta-
zoa were identified. Ciliates dominated with 41 taxa,
followed by Gymnoamoebae (5) and Rotifera (3).
Only one taxon was found for Choanoflagellata, Eu-
glenozoa, Testacea, Rhizaria, Nematoda and Tardi-
grada. We identified 45 taxa in control treatment,
while treatments with NaCl showed clear pattern
of decrease in taxa number with increase in salini-
ty (31 taxa in 5 %o, 27 taxa in 7 %o and 24 taxa in 10
%o). Time was not statistically significant covaria-
ble (p>0.05), while there was statistically significant
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difference between treatments (p<0.001). According
to post-hoc test (unequal N HSD) control treatment
had significantly higher number of taxa compared
to all three concentrations (p<0.001). There was al-
so statistically significant difference in taxa number
between 5 %o and 10 %o (p<0.001) and between 7 %o
and 10 %o (p<0.05). This pattern remained almost
constant throughout an experiment (Fig. 1).

Ciliates dominated in abundance, having share
of 47 % to 94% in total abundance of heterotrophs.
Testate amoebae followed with the share of 6 % to
53 %, while other groups contributed at most 2 %
to total abundance. NaCl also showed an effect on
abundance of taxa in activated sludge (Fig. 2). Re-
covery of community in terms of both taxa numbers
and abundance was evident for cultures at 5 %o of
NaCl (Figs. 1 and 2). Concentration of 7 %o of Na-
Cl already led to irreversible changes in communi-
ty structure, within time span covered by our exper-
iment. Time was statistically significant covariable,
and abundance statistically differed between treat-
ments (p<0.001). According to post-hoc test (une-
qual N HSD) difference was significant between 5%o
and 7%o (p<0.01), between 5 %o and 10 %o (p<0.001)
and between control and 10 %o (p<0.01).

Species with highest abundance were ciliate Cy-
clidium glaucoma, being dominant in treatment with
5 %o of NaCl. Testate amoeba Euglypha sp. followed
with high share in abundance in all treatments. Other
taxa having high abundance were: Acineria sp., Lito-
notus sp. and Coleps hirtus, with the first two being
salinity tolerant and C. hirtus was being completely

absent from all treatments with NaCl. Amphileptus
punctatus, Litonotus crystallinus, Litonotus lamella,
Opercularia coarctata, Peritricha-swarmer and Tet-
rahymena pyriformis were found in all doses, except
in the initial samples. The dynamics of total abun-

25
) </;\/V\>\A

A2

Number of taxa

—— Control
/ 50
:D/ —-—70
5 O =100

o D///\
&

\/

2 5 7

Time (days)

Fig. 1.

Dynamics of taxa number of microfauna in activated sludge
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dance (Fig. 2) was highly determined by dominant
species, especially in treatments containing NaCl.

Increased salt concentrations influenced life
forms of ciliates (Fig. 3). Attached ciliates decreased
in all experimental samples, while crawling and free-
swimming ciliates dominated in treatments with Na-
CL. This pattern was also under the influence of the
most dominant species, for instance free-swimming
ciliates dominated in 5 %o treatment due to C. glau-
coma dynamics, while crawling ciliate Acineria sp.
and swimming-crawling Litonotus sp. dominated in
7 %0 and 10 %o treatment.

Expectedly, the share of holo-euryhaline cil-
iates greatly increased at all treatment with NaCl

Dynamics of microfauna abundance in activated sludge

(Fig. 4). More tolerant species, namely holo-eury-
haline species C. glaucoma and Acineria sp. devel-
oped dense populations. Most sensitive species in
our experiment proved to be the oligo-stenohaline
species of ciliates (Coleps hirtus, Aspidisca cicada,
Drepanomonas revoluta) as well as all rotifers.

Discussion

Different concentrations of NaCl affected acti-
vated sludge microfauna by causing changes in abun-
dance and number of species. The biggest number of
taxa appeared in the control while taxa number de-
creases with higher concentration of NaCl. Abun-
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Fig. 4. Distribution of ciliate salinity tolerance groups (share in abundance) in activated sludge

dance of individual species didn’t follow this trend
as some species have either an affinity to NaCl or are
sensitive to it.

The results of this study show that the most
abundant species in NaCl treatments were those
which are considered as holo-euryhaline species:
Cyclidium glaucoma, Acineria incurvata, Amphilep-
tus pleurosigma and Litonotus sp. 5 %o concentration
of NaCl was very favourable to Cyclidium glauco-
ma, which dominated population. Bick (1964) found
that the genus Cyclidium was very tolerant to salin-
ity and, in his experiments, species of this genus of-
ten dominated the populations.

In contrast, some taxa proved to be extreme-
ly sensitive to NaCl. This includes taxa of crawling
ciliates such as Aspidisca cicada, Aspidisca lynceus
and Chilodonella uncinata. The species Coleps hir-
tus, Drepanomonas revoluta, Epystilis sp. as well
as species from Suctoria and Rotifera taxa were ab-
sent from the treated samples. The effect of sodium
chloride depends on the ecological characteristics
of each species (Salvadé 2001). The most sensitive
species were a-B-mesosaprobic, Lifonotus lamella,
Aspidisca cicada and Trochilia minuta.

Taxa we found in activated sludge are con-
sistent with typical microfauna of activated sludge
(Curds 1982). By analyzing the share of each group
it was confirmed that ciliates are the dominant group
in activated sludge microfauna (Da Motta et al.
2001, Papadimitriou et al. 2004). There was an ex-
ception in 10 %o treatment where Testacea held a 53
% share, explained by the fact that Fuglypha is a re-
sistant and adaptable taxon (Madoni 2011). In addi-
tion to Euglypha sp., taxa that acclimatised to Na-
ClI were, previously mentioned, Cyclidium glauco-
ma and Litonotus sp. as well as Ohytrichidae, Vor-
ticella convallaria, Vorticella microstoma, Tetrahy-

mena pyriformis and Opercularia coartata, the lat-
ter being found in all treatments in the beginning of
the experiment, just like Nematoda.

In terms of taxa number and abundance, there
was almost complete recovery of community in
treatment with 5 %o, so this concentration led to re-
versible changes. According to Smurov and Fokin
(1999), this concentration is probable salt limit for
freshwater ciliates, along with some metazoan spe-
cies.

By analyzing life forms of microfauna we con-
firmed the findings of Martin-Cereceda et al. (1996)
that in stable activated sludge most common forms
are attached and crawling species, while increase
of abundance of swimming and swimming-crawl-
ing forms indicates changes in the environment. If
the swimming forms are dominant then the bacteria
population will be larger and there‘ll be more organ-
ic matter (Papadimitriou et al. 2007). In our experi-
ment, this was the case in the 5 %o treatment. As we
never analyzed bacteria dynamics these arguments
are based on assumptions.

During the entire experiment, attached forms of
ciliates were the least represented in the microfauna
which can be related to two factors. First, Na*desta-
bilize the floccule structure (Hashad et al. 2006) and,
second, attached and swimming organisms are com-
peting for food (Papadimitriou et al. 2007). Since at-
tached and crawling life forms are dependent on the
floccule, it was expected that the presence of sodi-
um chloride would have more influence on these or-
ganisms. Compared to the initial sample, number of
attached life forms was reduced, even in the con-
trol. Probable cause for this is laboratory conditions,
changing the micro-environment.
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Conclusions

Sodium chloride, in concentrations of 5, 7 and
10 %o reduces biodiversity of activated sludge.

Concentration of 5 %o caused reversible chang-
es in terms of taxa number and abundance, while 7
and 10 %o led to irreversible changes in those com-
munity parameters.

Samples treated with NaCl were dominated by
holo-euryhaline species, while oligo- to steno-meso-
haline spesies were dominant in the control.

Most sensitive species proved to be: Aspidis-
ca cicada, Aspidisca lynceus, Chilodonella uncina-
ta, Coleps hirtus, Drepanomonas revoluta as well as
all the species belonging to the groups Suctoria and
Rotifera.

Presence of NaCl in tested concentrations leads
to a change in life forms present in activated sludge;
with higher concentrations more swimming-crawl-
ing and swimming forms are found.

Percentage of attached life forms is lower in all
treatments than it was in the initial sample, probably
due to laboratory conditions.
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Summary

Since the salinity significantly affects the physical and biochemical properties of the activated sludge, the
effects of sodium chloride (NaCl) on heterotrophic microorganisms in activated sludge were studied. Labora-
tory cultures with 5, 7 and 10 %o NaCl concentrations were prepared using activated sludge from the Central
Wastewater Treatment Plant for the city of Zagreb. Taxa were identified and enumerated. An increase in salt
concentration affected the microbial community by causing changes in abundance and taxa number. Species
that proved resistant to sodium chloride were the holo-euryhaline species of ciliates, namely Cyclidium glau-
coma and Acineria incurvata. These species were also dominant in samples containing NaCl. Most sensitive
species proved to be the oligo-stenohaline species of ciliates (Coleps hirtus, Aspidisca cicada, Drepanomonas
revoluta) as well as all the species belonging to the groups Suctoria and Rotifera. We found that sodium chlo-
ride, in these concentrations reduced the biodiversity of activated sludge, but while presence of NaCl in con-
centrations 7 and 10 %o proved irreversible, the 5 %o treatment showed signs of recovery in respect to biodiver-
sity. We, also, observed a change in life forms found in activated sludge, with more crawling-swimming and
swimming forms present as concentration of NaCl increases. Attached life forms were less abundant in all cas-
es than in the initial sample, but this may be due to laboratory conditions destabilizing the floccules. This study
evaluates the effects of different concentrations of NaCl on activated sludge microorganisms and their commu-
nity composition. The study also contributes to the understanding of activated sludge composition during sea-
water intrusions into wastewater treatment plants.
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Abstract

Jovanovska, D. & Melovski, Lj. (2013). Land cover succession as a result of changing land use practices in
Northeast Macedonia. Proceedings of the 4" Congress of Ecologists of Macedonia with International Participation,
Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 28, Skopje.

The paper presents the results of a comparative GIS analysis of habitats and land cover change patterns in
northeast Macedonia. The habitats were mapped in 1995 and 2011 along 500 m to one kilometer wide and 88 km
long corridor. The mapping was carried in course of the Environmental Impact Assessment studies for the railway
construction Kumanovo — Deve Bair as part of the European Transport Corridor 8. The aim of the presented study
was to document changes in land cover within 16 years period of time and to identify the reasons that led to pres-
ent landscape structure and habitat composition in the area.

The most considerable changes in the land cover along the surveyed corridor were observed at hill pastures
(dry grasslands), followed by agricultural land, settlements and forests. The results provide management guidelines
for sustaining the land use practices that have the greatest role in shaping the landscape in the area.

Keywords: land cover, land use, landscape, habitat, change, northeast Macedonia

Ancrpaxkr

JoBanoBcka, J{. u Menosckwy, Jb. (2013). Yiora Ha npomeHara Ha MPAaKTUKUTE HA HCKOPUCTYBAE Ha 3EMjHIII-
TETO BO CyKIlecHja Ha ctaHuiiTaTa Bo CeBeponcrouna Makenonuja. 36opuuk Ha Tpymnosu on IV Konrpec Ha eko-
703uTe Ha MakenoHHuja co MeryHapoaHo yuectBo, Oxpu, 12-15 okromBpu 2012 roguHa. MakeToHCKO €KOJIOIIKO
JpymITBO, MoceOHo n3naanue 28, Crorje.

Bo Tpyznot ce npesentupanu peyararute ox kommaparusHara ['MIC ananu3a Ha CTaHUIITATa U IPOMEHATa BO
MOKPOBHOCTA Ha 3EMjHUINTETO BO ceBeporcTouHa Makenonuja. KapTupameTo Ha CTaHUIITaTa ¢ HampaBeHo Bo 500
m JI0 eZieH KuIoMeTap mupok U 88 km monir kopumop neuHUpaH LENHO 3a N3paboTKa Ha OLICHKATA 3a BIIMjaHHe-
TO Bp3 )KMBOTHATA CPEAMHA 3a M3rpanda Ha jkele3Hnukara JuHuja KymanoBo-/lese baup Bo 1995 n 2011 roauna.
IenTa Ha cTyaMjara e Ja ce JOKyMEHTHpaaT IIPOMEHHUTE BO MOKPOBHOCTA Ha 3€MjHIITETO HACTAHATH BO IEPHO O
16 roquHK U 1a ce HACHTH(UKYBaaT IPUYNHUTE KOH JOBEJIE JI0 CeraliHara npeeiHa cTpyKTypa.

Haj3HayajHu IpOMEHH BO MOKPOBHOCTA Ha 3€MjHIITETO 110 JOJDKHHA Ha UCTPaXKyBaHUOT KOPUIOP ce 3abelie-
JKaHW Kaj OpJCKUTE MACHIITa, T0TOA Kaj 3eMjOJIeJICKUTE TIOBPIINHU M HACEICHUTE MecTa U HIyMuTe. Pesynratute
MOXKar J1a OMJaT NCKOPUCTEHH BO HACOKA Ha KpeHpame Ha IUIAHOBY 33 YIPaByBarbe M OAPIKYBake Ha MPAKTHKHUTE
Ha NCKOPHCTYBabhe Ha 3eMjHUIITETO KOM UMaaT HajroJIeMO 3Ha4YeHhe BO OOJIMKYBAHETO Ha MPEISNIOT BO HOIPaY]jeTo.

Kﬂy‘l“l/l 360[)0]3]/[: TIOKPOBHOCT Ha 3eMjI/H_HTe, UCKOPUCTYBAkE HA 3CMjHHITe, CTaHuIITa, MIPOMEHH, CEBEPOUCTOYHA MaKeHOHHja

Introduction scape approach questions dynamics of land use and

land cover over time, connecting land use change to

The present landscape mosaic has been gener- a specific environmental-societal matters (Turner et
ated under the influence of diverse natural and an- al. 2007). Studies subjected to determination of the
thropogenic processes that continue to shape and al- scale of change and its drivers have recognized land
ter its character (Turner et al. 2001; Liitolf 2006). change as an influencing factor on ecosystem servic-
In order to understand these changes, current land- es (Lambin et al. 2003; Haines-Young, 2009), bio-
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diversity composition and distribution (Liu & Ash-
ton 1998; Falcucci et al. 2007; Furberg & Ban 2008;
Holzhauer et al. 2008; Liitolf et al. 2009) and as a
driver of landscape change (Burel & Baudry 2003;
Turner et al. 2001). The need for assessment of land
change has imposed a growing trend of development
of various remote land use/ land cover change de-
tection and modeling techniques in the past two de-
cades (Brown et al. 2000; Chen 2003; Lu et al. 2004;
Millington et al. 2007).

In spite of the prominence credited to land
change worldwide, to date in Macedonia there are
no published results regarding landscape pattern and
land use change. Even so, the awareness of the im-
portance of land change in the country is increas-
ing. Several studies, in parallel with this one, have
raised the matter of land use/land cover changes
(Despodovska et al. 2013; Blinkov et al. 2012 un-
pub.; Redzovi¢ 2011 unpub.), still none has reflected
land use/land cover change to the associated land-
scape.

In this paper we aim to identify the pattern of
changes in land use/land cover in the northeastern
Macedonia during 16 years period of time by us-
ing the available data on a narrow corridor as to re-
late the trends in land cover succession to its driv-
ers by associating human population fluctuations da-
ta available for the same period.

Investigated area

The study area is represented by a narrow cor-
ridor along one section of the European Transport
Corridor 8 from Kumanovo to Deve Bair - the bor-
der between Macedonia and Bulgaria (Fig. 8). Geo-
morphological, the western section of the area is part
of Ruen structural block (Kumanovo area) while the
eastern section is part of Osogovo block (Rankovce,
Kratovo and Kriva Palanka area). The corridor pass-
es through the valleys of rivers Kumanovska Reka,
Pcinja and Kriva Reka. The area along the corridor
line is characterized by volcanic siliceous rocks that
dominate over the irregularly distributed limestone
(Andonovski et al. 2001; Milevski 2007).

The area is mostly characterized by a moder-
ate-continental climate, with Mediterranean climate
influence along the river valleys. Increase in altitude
from Kumanovo to Kriva Palanka results in low-
ering of average annual temperatures (Lazarevski
1993).

Administratively the corridor falls in the north-
cast Macedonia passing on the territory of four mu-
nicipalities: Kumanovo, Rankovce, Kratovo and
Kriva Palanka (State statistical office 2012; Fig. 8).

Even though the area is hardly urbanized, his-
torically, it has been populated for thousands of
years. The long lasting extensive human impact on
the environment has resulted in specific appearance

of human structures and agricultural systems, asso-
ciated with considerable portion of habitats that re-
mained semi-natural or natural. This formation of
landscape structure is transitioning from flatland and
lower open hilly urban and rural landscape through
mountain rural landscape (characterized by settle-
ments of scattered type and extensive land manage-
ment) to mountain broadleaved forest landscape.

Materials and methods

The survey area is limited to 500 m to one ki-
lometer wide and 88 km long corridor, mapped in
1995 and 2011, in course of two Environmental Im-
pact Assessment (EIA) studies for the railway con-
struction Kumanovo — Deve Bair. The available da-
ta on this narrow corridor were used to make gener-
al rapid assessment of land use/land cover (LULC)
change in larger areas in order to overcome the ab-
sence of historical LULC data.

Data for quantification of LULC for 2011 were
generated from topography maps, scale 1:25000
(Agency for Real Estate Cadaster of the Republic of
Macedonia), combined with 2007 Google Earth sat-
ellite imagery and field survey data. Computer pro-
cessing was performed with the software package
ArcGIS 9.3 using visual interpretation of multi-tem-
poral image composite and on-screen digitizing of
changed areas (Lu et al. 2004). LULC for 1994 was
quantified using EIA for corridor 8 — Biotope maps
drawn on topography maps (1:25000) that were geo-
referenced and digitized for the purpose. LULC
change transformation for both layers had corre-
sponding LULC types and were originally drawn on
identically scaled maps, therefore thematic aggrega-
tion errors were not considered. In order to attain the
areas of LULC for each period of time the two vec-
tor layers were after treated with extract and over-
lay analysis tools. This step allowed correction of all
dubious changes incurred as a result of map aggre-
gation to be corrected in accordance with obtained
field data. The resulting LULC coverage data further
served to estimate the annual rate of change, calcu-
lated according to the equation given by Mas et al.
2004.

The attributes in the original legends from the
two habitat maps were reclassified in order to obtain
25 LULC types that according to their contribution
in landscape character were additionally grouped in
10 LULC categories (Tab. 1).

Layers of regional and municipal division of
Macedonia were used to present the results separate-
ly within the municipalities along the corridor. To re-
late the LULC changes with population trends and
land use practice change over time we used avail-
able data from the State Statistical Office of the Re-
public of Macedonia (1994, 1997, 1999, 2002, 2007,
2012). The presentation of the results within the ad-
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ministrative boundaries of municipalities enables
relevant overview of the statistical data regarding
drivers of change.

Results

In the past 16 years, approximately 66% of the
LULC individual plots recorded along the surveyed
corridor have undergone through conversion or mod-
ification. The most considerable changes were gen-
erally observed in agricultural land (Fig 1; Tab. 2),
than urban/artificial areas (51.76% gain), riverine/ri-
parian areas (45.76% loss) and pastures and grass-

lands (40.49% loss) followed by rural areas (33.12%
gain) and forests (25.05% gain). (Fig. 1 and Tab.
2). The results are presented in relative figures (%)
since the analyses were carried on a small portion
of land surveyed as a linear corridor. Regardless of
the changes presented in relative numbers, the most
striking change influencing landscape pattern in ab-
solute values is determined in dry grassland habi-
tats with evaluated rate of change of 3.19 per year
(r) followed by agricultural land (generalized over-
view) with evaluated average rate of change of 2.62,
than urban (r=2.64), rural areas (#=1.80) and for-
ests (r=1.41).

9 10

C1995 2011

Fig. 1.

General overview of land cover change along the surveyed corridor. 1-Abandoned arable land;

2-Agricultural land; 3-Heterogenuous agriculture; 4-Pastures and grasslands; 5-Forests; 6-Forest
plantations; 7-Riverine/riparian; 8-Barren areas; 9-Rural areas; 10-Urban/artificial areas.

Ca. 1.

Ommr Mperiiea Ha MPpOMEHUTE BO UCKOPHUCTCHOCTA Ha 3eMjI/IIHTCTO 110 AOJIDKMHA Ha UCTPAXKYBAHUOT

kopuzaop. 1-Hamymreno o6pabotinBo 3eMjuinTe; 2-3eMjoIeJICKH TOBPIINHH; 3-XeTeporeHo
3emjozencko 3eMjuinte 4-bpacku nacumra; S-Ilymu; 6-1lymckn nacanu; 7-Bonan/kpajpeunn
cranuiTa; 8-I'onuau n xapnu; 9-Pypannu noapadja; 10-Ypbanu/nsrpanenu noapadja.

3 - 5 6 7 8 9 10

01995 m2011

Fig.2. Overview of LULC change in the area of Kumanovo (Legend as in Fig. 1).

Ca. 2.
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Since the structure of the landscape along the
corridor differs from Kumanovo to Kriva Palanka,
the results will be further presented on the basis of
the importance that LULC change have in shaping
the landscape within the municipalities along the
corridor.

The study corridor crosses the territory of Ku-
manovo municipality with 1630 ha (38.5 % of the
total corridor). Back in 1995 the area of Kumano-
vo was dominated by agricultural land followed
by urban and rural settlements. Forests were high-
ly degraded and represented by small fragments pre-
served mostly along ravines and dales. Areas clas-
sified as riverine/riparian were represented most-
ly by wet meadows, willow/poplar groves and belts
and scrublands along rivers (Fig. 2; Tab.2). In 2011
agricultural land use still dominated the area dem-
onstrating increase of 14.80% (r=0.87). Heteroge-
neous agricultural land - areas under mowed mead-

01995

ows and permanent crops decreased in surface for
40.12%. This notable decrease in surface resulted in
19.19% increase of abandoned arable land (#=1.10)
and in part contributed to the increase in areas un-
der fields, acres and settlements. Areas under rural
settlements have increased by 34.56% (r=1.87) and
urban/artificial areas have increased by 51.81%. The
increase in areas under settlements affected agricul-
tural land, areas under pastures and grasslands along
with areas under forests. The increase of both agri-
cultural land and settlements has too affected areas
under wet meadows, as a result of which riverine/ri-
parian areas have decreased (Fig. 2; Tab. 2).

Five hundred and nineteen hectares (12.3%)
of the study corridor fall into Rankovce municipal-
ity. In 1995 the area of Rankovce too was dominat-
ed by agricultural land use. In Rankovce the agricul-
tural land with permanent crops exceeded areas of
fields and acres. Pastures and grasslands were an-

®2011

Fig. 3. Overview of LULC change in the area of Rankovce. (Legend as in Fig. 1).
Ca. 3. [Ilperien Ha IpOMEHHUTE BO HCKOPHUCTCHOCTA Ha 3eMjuiTeTo Bo Pankosie. (Jlererna kako Ha Cir. 1).
B2 DK | S e e e e o o e e
800 —-mmmmmmmmmmmm e b
L et ol e
1 2 3 4 6 7 8 9 10
01995 MW2011

Fig. 4. Overview of LULC change in the area of Kratovo. (Legend as in Fig. 1).
Cn. 4.

[Tpernen Ha MpOMEHUTE BO HCKOPHUCTEHOCTA Ha 3eMjuiuTeTo Bo Kparoso. (Jlerenna kaxo Ha Ci. 1).
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other significant constituent of the landscape struc-
ture. Forests were found to be in a degraded state
and in part supplemented by forest plantations. Pop-
ulated places had a rural character (Fig. 3; Tab. 2).
Sixteen years later Rankovce was still dominated by
agricultural land use but with noticeable changes in
agricultural practices: areas under permanent crops
have declined (58.09% loss) on account of which ar-
eas under fields and acres (43.17% gain; r=2.27) and
abandoned arable land (85.18% gain; r=3.93) have
increased. Areas under pastures and grasslands dem-
onstrate 22.81% loss as a result of shrub encroach-
ment. Succession has raised the forests coverage for
75.07% (though negligible in absolute values). The
area of rural settlements has increased, while artifi-
cial areas mark decrease. In Rankovce there are still
no areas that could be classified as urban (Fig. 3;
Tab.2).

Eight hundred and fifty eight hectares (20.3%)
of the surveyed corridor fall into Kratovo munici-
pality. In 1995 the area within the studied corridor
in Kratovo municipality was mostly used as pastures
and grasslands wile areas under forests were mostly
presented by oak stands in different stages of degra-
dation. Land used for agriculture was mostly repre-
sented by extensively managed parcels of fields and
acres. Small percentage from the area was assigned
as rural (Fig.4; Tab. 2). In 2011 the area under for-
ests (56.76% gain; r=2.85) have twofold overcome
the areas under hill pastures (61.23% loss; =3.59)
which were transformed into transitional scrubland/
woodland (an increase of 42.16%). Land used as
agriculture increased for 35.90%, while heteroge-
neous agricultural land too marks increase (Fig.4;
Tab. 2). Riverine/riparian areas have shown increase
of 11.64% compared to 1995. Rural areas and arti-
ficial areas have slightly increased, as well (Fig.4;
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Overview of LULC change in the area of Kriva Palanka. ( Legend as in Fig. 1).
[Iperyien Ha MpOMEHUTE BO HCKOPUCTEHOCTA Ha 3eMjumTeTo Bo Kpusa [Tananka. (Jlerenna xaxo Ha

Tab. 2).

The study corridor in the territory of Kriva
Palanka municipality occupies 1225 ha (28.9%). In
1995 the area was mostly covered with forests. In ad-
dition to the natural forest, part of the area was cov-
ered by conifer and black locust plantations. Land
used as pastures was mostly represented by hilly dry
grasslands and by grasslands in beech forest. Rural
areas were twice exceeding the urban areas (Fig.5;
Tab. 2). In 2011 the area was still dominated by for-
ests that compared with 1995 increased by 10.97%
(r=0.65) similarly as areas under forest plantations
that increased by 21.25% (r=1.21). There was a sub-
stantial decline (60.25%) in land used as pastures
(r=5.60), especially areas under hilly dry grasslands
(80.81% decline; =9.80) on account of which tran-
sitional woodland/scrubland has increased twofold.
A decline in land use for agriculture (45.33% loss;
r=3.70) could also be observed, while abandoned
arable land has been recorded for the first time. In
2011 areas under rural settlements have slightly in-
creased (9.06% gain), while urban settlements have
doubled (Fig. 5; Tab. 2).

Discussion

Overall results indicate that in the timeframe of
only 16 years (1995-2011) land cover has changed
from pastures and grasslands through shrubby/tran-
sitional woodland to forests. Agricultural land that
was once represented by a significant portion of per-
manent crops has undergone change in two direc-
tions. It was either transformed into more intensive-
ly managed fields and acres or left to abandonment.
The evident changes, as the expansion of areas under
settlements (Kumanovo and Kriva Palanka munici-
palities), is in consistence with population growth
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[Iperyien Ha TPEeHAOT Ha MPOMEHH BO OpojHaTa cocToj0a Ha HaceneHuero Bo Kymanoso, Kparoso,

PankoBne n Kpusa [Tanmanka cortacHO MOMUCOT Ha HACEIIEHUETO, IOMAKMHCTBATa, CTAHOBUTE U
3eMjOICIICKUTE CTOMMaHCTBA BO PemyOnmka Maxkenonuja 3a 1994 u 2002.

trends in urban areas (Fig. 6) and population decline
trends in rural areas as Kratovo and Rankovce mu-
nicipalities (State statistical office of the Republic of
Macedonia 1994, 2002).

In the frame of the surveyed period of change
in Kumanovo area there was a decline in areas un-
der forests, pastures and heterogeneous agricultur-
al land. The observed decline is a result of the inten-
sification of agriculture, and extension of urban set-
tlements toward formerly rural areas (Fig. 2). The
change is gradual and a result of population growth
(Fig. 6). Thou significant in relative figures, the
changes are insignificant in absolute figures (hect-
ares). Therefore, observed changes in Kumanovo do
not seem to have a significant impact of the present
pattern of lowland urban or rural landscape.

The trend in agricultural conversion observed
in Kumanovo becomes more evident in Rankovce
area (Fig. 3). Populated places along this part of the
surveyed corridor (although with increased surface)
can all be assigned as rural according to their char-
acter. Still the increase in settlements® area is not in
accordance with the population trend observed from
1994 to 2002 (Fig. 6) unless there was a population
increase trend from 2002 to 2011 (the population
census for 2011 was not conducted). Additionally,
an increase of rural area can be explained with con-
struction of new summer houses and tourist facili-
ties. We could assume that decrease in areas used as

pastures on account of increase of forest cover could
be a result of changes in livestock practices. Even
that no statistical data could be related to this change
(there are no census data for livestock for Rankovce
municipality; Fig. 7), we observed more than 40%
decline in cattle sheds (field data).

The tendency of abandonment of land used as
pastures is even more emphasized in Kratovo munic-
ipality (at least the part that belongs to the surveyed
corridor) because of open hilly and rural mountain-
ous landscape character in the area. The significant
decline of nearly 61.23% of areas under hill pastures
on account of the 42.16% increase of transitional hill
pastures to scrubland is considered to be a result of
the abandonment of cattle breeding practices due to
the population decrease and change of age structure
(Fig. 6).

The pattern of loss of areas used as pastures
was also observed in Kriva Palanka. This pattern is
resulting from scrubland to forest transition (Fig.
5). Additional reason for the decrease in areas un-
der pastures is an increasing trend in afforestation
(State statistical office 1999; PE “Macedonian For-
est” personal communication). The trend in declin-
ing of areas under pastures on account of increase in
transitional scrubland to forest is considered to be
driven by the abandonment of cattle breeding prac-
tices (Fig. 7) which in turn can be indirectly related
to urban to rural migrations (Fig. 6; State statistical
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and Agricultural census 2007 (breeding of goats was forbidden until 1990).

Ca.7.
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3a 1994 ropuna (kaura V1) u mommcoT Ha 3eMjonencTso 3a 2007 (oxmieyBameTo Ko3u Oetie

3abpaneto o 1990 roguHa).

office 2012). Consequently, the observed population
dynamic has led to an increase in urban areas and
settlements and decrease in fields and acres.

The analysis of land use/land cover change over
time, lack and incompatibility of statistics could be
considered as impediment and even though available
statistical data allowed proper discussion of the re-
sults it could not give a specific explanatory contri-
bution to each driver of change. Moreover, this study
does not dissociate the general development policies
that according to Lambin et al. (2001) in most cases
predefine the direction of change of land use practic-
es, or at the very least influence their manifestation,
as in Kumanovo and Kriva Palanka case.

Trends of change recorded in the narrow study
corridor are consistent with findings of Redzovié
(2011 unpub.) for Osogovo region for years 1950,
1970 and 2004 that confirms the pattern of change
observed in Rankovce, Kratovo and Kriva Palanka).
The same pattern of change was observed on Gal-
ichica Mountain (southwest Macedonia) for the pe-
riod 1950 through 1970 to 2007 by Despodovska et
al. (2013). Similar patterns of land use change that
are related to population structures and dynamics
have been observed throughout the Mediterranean
(Pinto-Correia 1991; Falcucci et al. 2007; Milling-
ton et al. 2007).

Discussed LULC changes are based on obser-
vations on a narrow study corridor and in a rela-
tively close timeframe. Still, according to Burel &

Baudry (2003) addressing “mechanisms of change
on a small scale” is an important implement for ad-
dressing large-scale transformations. Any identified
land use/land cover change in a certain timeframe
can reveal general principles of the future land use
change pattern (Lambin et al. 2003). It is consid-
ered that if persistent, land use/land cover changes
can further generate change in existing landscape
pattern and habitat structure (Turner et al. 2001; Bu-
rel & Baudry 2003) and thus affect species diversity
and distribution (Liu & Ashton 1998; Falcucci et al.
2007; Furberg & Ban 2008; Holzhauer et al. 2008;
Haines-Young 2009; Liitolf et al. 2009).

It is expected that the most affected landscapes
will be hilly rural pastures, hilly xero-thermophil-
lous forest landscape and mountain rural landscape
that are considered to be a specific feature of the re-
gion. The recognition of the value of the landscapes
in the region, specifically the characteristic Moun-
tainous Rural Landscape on Osogovo, has result-
ed in an initiative for establishing a protected area-
Protected landscape on Osogovo (Macedonian Eco-
logical Society 2011). The trend of abandonment of
extensive agricultural practices, can affect the het-
erogeneity of agro-biodiversity and alter the exist-
ing landscape pattern (Turner et al. 2001). Poten-
tial changes in the landscape pattern in the region
can lead to loss of its distinctiveness. In this regard
as accentuated by Kennedy et al. (2009) timely con-
sideration of land use/land cover change gives per-
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ception into the landscape stressors and drivers of
change, thus enabling for management plans to be
directed towards treating the cause rather than its
consequence.

Conclusions

The analysis of LULC change in northeast
Macedonia for the short period of time (from 1995
to 2011) has shown significant change in land cover
pattern due to the change of land use practices. Land
use/land cover change was the most evident in hilly
dry grasslands that declined in area on account of the
increase of forest. Agricultural land and settlements
have also undergone substantial changes. The small-
est change was observed in areas that are not attrac-
tive for human use - barren land and rocks.

These changes are driven by the population in-
crease trend in urban areas associated with intensifi-
cation of land use practices - especially observed in
Kumanovo and Kriva Palanka municipalities. Due to
the differences in landscape structure and the innate
differences in socio-economic development between
the two municipalities (marginal position of Kriva
Palanka municipality enabled persistence in its ru-
ral character) the changes in both municipalities are
manifested differently. In Kumanovo population in-
crease trend resulted in intensification of agriculture
and urbanization of formally rural areas increasing
the pressure on surrounding habitats. In Kriva Palan-
ka one can observe that population growth and rural
to urban migrations not only doubled the urban ar-
eas but resulted in abandonment of land used for ag-
riculture and pastures that led to marked increase of
scrubland and forest cover.

Corridor passes through the entirely rural parts
of Kratovo and Rankovce municipalities (Rankovce
is completely rural). In these areas one can observe
a trend of abandonment, similar to the one observed
in Kriva Palanka, resulting in scrubland and forest
encroachment. This trend of is considered to be an
indirect reflection of the population migration and
driven by abandonment of livestock breeding prac-
tices.

References

Andonovski, T. & Milevski, 1. (2001).
Geomorphological characteristics of
Kumanovo Valley. Geogr. Rev. 36: 35-58. (in
Macedonian)

Blinkov, I & Irotova-Lazareva, D. (2012). Land
cover/use changes on erosion and flooding of
small torrents under extreme storm conditions.
Presented at IV Congress of ecologists of the
Republic of Macedonia with international
participation. Unpublished.

Brown, D. G., Pijanowski, B. C. & Duh, J. D. (2000).

Modeling the relationships between land use
and land cover on private lands in the Up-
per Midwest, USA. J. Environ. Manage. 59:
247-263.

Burel, F. & Baudry J. (2003). Landscape Ecology:
Concepts, Methods and Applications. Sci-
ence Publishers, Inc. Enfield (NH), USA.

Chen, J., Gong, P., He, C., Pu, R. & Shi, P. (2003).
Land-Use/Land-Cover Change Detection Us-
ing Improved Change-Vector Analysis. Pho-
togramm. Eng. Remote Sens. 69(4): 369—
379.

Despodovska, A., Arsovska, B., Melovski, Lj. &
Hristovski, S. (2013). Land use changes on
Galicica Moun-tain. Proceedings of the 4%
Congress of Ecologists of Macedonia with
International Participation, Ohrid, 11-15 Oc-
tober 2012. Macedonian Ecological Society,
Special issue 28, Skopje, 163-166.

Falcucci, A., Maiorano, L. & Boitani, L. (2007).
Changes in land-use/land-cover patterns in
Italy and their implications for biodiversity
conservation. Landscape Ecol. 22: 617-631.

Furberg, D. & Ban, Y. (2008). Satellite monitoring
of urban sprawl and assessing the impact of
land cover changes in the greater Toronto ar-
ea. Environ. Manage. 50(6): 1068-1088.

Haines-Young, R. (2009). Land use and biodiver-
sity relationships. Land Use Policy. 26: 178—
186.

Holzhauer, S. 1. J., Wolff, K. & Wolters. V. (2008).
Changes in land use and habitat availabili-
ty affect the population genetic structure of
Metrioptera roeselii (Orthoptera: Tettigonii-
dae). J. Insect Conserv. 13(5): 543-552.

Kennedy, R. E., Townsend, P.A., Gross, J. E., Co-
hen, W. B., Bolstad, P., Wang, Y.Q.& Adams,
P.(2009). Remote sensing change detection
tools for natural resource managers: Under-
standing concepts and tradeoffs in the design
of landscape monitoring projects. Remote
Sens. Environ. 113: 1382—1396.

Lambin, E. F., Turner, B. L., Geist, H. J., Agbola, S.
B., Angelsen, A., Bruce, J. W., Coomes, O. T.,
Dirzo, R., Fischer, G. U., Folke, C., George,
P. S., Homewood, K., Imbernon, J., Leeman,
R., Li, X., Moran, E. F., Mortimore, M., Ra-
makrishnan, P. S., Richards, J. F., Skanes, H.,
Steffen, W., Stone, G. D., Svedinv, U., Veld-
kamp, T. A., Vogel, C., Xuy, J. (2001). The
causes of land-use and land-cover change:
moving beyond the myths. Global Environ.
Change 11: 261-269.

Lambin, E. F., Geist, H. J. & Lepers, E. (2003). Dy-
namics of land-use and land-cover change in
tropical regions. Annu. Rev. Environ. Resour.
28:205-41.

Lazarevski, A. (1993). Climate in Macedonia. Kul-

Proceedings of the 4" Congress of Ecologists of Macedonia 195



Daniela Jovanovska & Ljupcho Melovski

tura publ., Skopje, 253 pp. (in Macedonian)

Liu, J. & Ashton, P. S. (1998). FORMOSAIC: an in-
dividual-based spatially explicit model for
simulating forest dynamics in landscape mo-
saics. Ecol. Model. 106: 177-200

Lu,D., Mausel, P., Brondizio, E. & Moran, E. (2004).
Change detection techniques. Int. J. Remote
Sens. 25(12): 2365-2407.

Litolf, M. (2006). Changing landscapes of Switzer-
land: Assessing effects of historic and future
land uses and land covers on the occurrence
of selected butterfly species. Doctoral thesis.
University of Bern, Lausanne.

Litolf, M., Kienast, F. & Guisan, A. (2009). History
matters: relating paths and rates of landscape
change to butterfly species decline. Environ.
Manage. 43(3): 436-446.

Macedonian Ecological Society (2011). Strengthen-
ing the Ecological, Institutional and Finan-
cial Sustainability of Macedonia‘s National
Protected Areas System (Project 00058373
- PIMS 3728.). Development of Represen-
tative National System of Protected Areas
(Project activity Ref. RFP 79/2009). UNDP,
Ministry of Environment and Physical Plan-
ning of the Republic of Macedonia, Macedo-
nian Ecological Society.

Mas, J., Velazqueza, A., Diaz-Gallegosa, J. R., May-
orga-Saucedo, R., Alcantara, C., Bocco, G.,
Rutilio Castro, R., Fernandeza, T. & Pérez-
Vega, A. (2004). Assessing land use/cover
changes: a nationwide multidate spatial da-
tabase for Mexico. Int. J. Appl. Earth Obs. 5:
249-261.

Milevski, 1. (2007). Quantitative geomorphological
features of longitudinal profiles of rivers on
Osogovo Massif. Bilten za fizichka geografi-
ja. Skopje. 3-4: 31-48. (in Macedonian)

Millington, J. D. A., Perry, G. L. W. & Romero-Cal-
cerrada, R. (2007). Regression techniques
for examining land use/cover change. A case
study of a Mediterranean landscape. Ecosys-
tems 10: 562-578.

Petit, C.C. & Lambin, E.F. (2002). Impact of da-
ta integration technique on historical land-
use/land-cover change: Comparing historical
maps with remote sensing data in the Belgian

Ardennes. Landscape Ecol. 17: 117-132.

Pinto-Correia, T. (1991). Land abandonment: Chang-
es in the land use patterns around the Medi-
terranean basin. Cahiers Options Méditerra-
néennes. Vol. 1. Etat de 1°Agriculture en Mé-
diterranée, Zaragoza: CIHEAM: 97-112.

Redzovié, E. (2011). Land use/ land cover changes
on Osogovo. Graduete thesis. Ss. Cyril and
Methodius University, Skopje. Unpublished.
(in Macedonian)

State statistical office of the Republic of Macedo-
nia (2002). Census of population, households
and dwellings in the Republic of Macedonia.
Book XIII.

State statistical office of the Republic of Macedonia
(2012). Migrations, 2011. Population and so-
cial statistics. Skopje.

State statistical office of the Republic of Macedonia
(2012). Regions of the Republic of Macedo-
nia. Skopje.

Statistical office of the Republic of Macedonia
(1994). Census of population, households,
dwellings and agricultural holdings in the
Republic of Macedonia - Book IX.

Statistical office of the Republic of Macedonia
(1997). Census of population, households,
dwellings and agricultural holdings in the
Republic of Macedonia. Agricultural hol-
dings according to the specific categories of
livestock, poultry and beehives, 1994. Book
VI. Skopje.

Statistical office of the Republic of Macedonia
(1999) Forestry in the Republic of Macedo-
nia. Period from 1990 to 1997. Skopje.

Statistical office of the Republic of Macedonia
(2007). Census of agriculture. Basic statistics
for agriculture, forestry and fishery in the in-
dividual sector in the Republic of Macedo-
nia, municipal level. Skopje.

Turner, B. L., Lambin, E. F. & Reenberg, A. (2007).
The emergence of land change science for
global environmental change and sustainabil-
ity. PNAS. 104 (52): 20666-20671.

Turner, M. G., Gardner, R. H., O’Neill, R. V. (2001).
Landscape ecology in theory and practice :
pattern and process. Springer-Verlag New
York, Inc. pp. 401.

196 300pHuK Ha Tpyaou ox IV Konrpec Ha ekono3ure ox Makenonuja



Land cover succession as a result of changing land use practices in Northeast Macedonia

Pe3nme

Mo3auKoT 071 IPEAEN KOj JEHEC T0 MPEMo3HaBaMe € YCIOBEH 07 KOMOMHANM]ja Ha Pa3indHH IPUPOTHH
1 QaHTPOIIOTCHHM IIPOIIECH KOW CEKOjIHEBHO o OOMMKyBaaT U MeHyBaaTr HeroBuoT kapakrep (Turner et al 2001;
Litolf 2006). 3a ma Moxe 1a T 00jacHH OBHE MIPOMEHH IpeAesTHaTa eKOIOTHja MPUCTAITyBa KOH PEUCIIUTY-
BarbC HAa IIPOMEHATA BO MIOKPOBHOCTA HA 3€MJUIITETO M POMEHATA BO HCKOPUCTYBamke Ha 3eMjumreTo. Hedu-
HUpamke Ha IMHAMHUKATa HA OBHE IIPOMEHH JJaBa OrOBOP Ha OpOjHM IpalIama PEICBAHTHN 3a KHUBOTHATA Cpe-
nuHa u ommrectBoTo (Turner et al. 2007).

Bo koHTEKCT Ha OBaa mpoOIeMaTHKa, BO TPYIOT CE JUCKYyTHPAaT MPOMEHHUTE BO IIOKPOBHOCTA Ha 3EMjH-
IITETO M CTAHWIITATa BO CeBEporCcTOUHa MakenoHmja 3a mepronot ox 1995 no 2011. [IpomenuTe ce mOKyMeH-
THUPaHH BP3 OCHOBA HA ITOAATOINTE O CTYANHTE 3a OLCHKA Ha BIMjaHHETO BP3 )KUBOTHATA CPEIMHA 33 U3TPaj-
0a Ha CeKIHja o7 eBPOIICKUOT TpaHcmopTeH kopunop 8 Kymanoso-/lese banp Komnaparusuna ['MIC o6paboTka
Ha MOJIATOINTE 33 OBOj TECEH JMHEApeH KOPUAOP OBO3MOXKH JIETallHA aHAJIN3a HA HacTaHATUTE npomenu. Jlo-
CTAITHATE CTAaTUCTUYKH TIOJIATOIH 38 HACEICHUETO U 36MjOJICIICKUTE CTONAHCTBA BO TOj MEPHOJ MOCIYXHUja 3a
Jia ce nACHTH(UKYBaaT MPUINHUTE KOW TH MHULINPAJIE THE TPOMEHH.

W3pa3eHo BO arcoiayTHH BPeTHOCTH, Haj3HAYajHU IPOMEHH 110 JOJDKHUHA Ha LIENHOT Kopuaop Oea 3abee-
JKaHM Kaj OpACKHUTE ITacHINTa, TOTOA Kaj 3eMjOJIeNICKUTE TOBPIINHY, HaceldeHnTe Mecta u mymute (Ci. 1; Tao.
2). Crnenejku ja mpeaenHara CTpyKTypa Ha MoJpadjeTo, MOHaTaMOoIITHATa aHaJIi3a Ha Pe3yNITaTUTe € HallpaBeHa
OJICJIHO BO PaMKHU Ha aJIMMHUCTpAaTHBHUTE rpaHuLM Ha omtuHuTe Kymanoso, PankoBue, Kpatoso n Kpu-
Ba [lamanka (Cnuku 2-5; Ta6. 2), nonexa 3abenexannTe IPOMEHH Ce pasrieyBaaT COTIACHO yioraTa Koja ja
nMaaT BO OOJIMKYBambe Ha IPEEIIOT.

Tpernot Ha mopacT Ha OPOjHOCTA HA HACEICHHUETO BO ypOaHUTE MMopadja M HHTCH3UBHPAhE HA TPAKTH-
KHTE Ha NCKOPUCTYBAmkE HA 3EMJUIITETO ce 0coOeHO 3abenexuTtenan Bo Kymanoso u nemymHo Bo Kpusa Ila-
nanka (Ci. 6; Cx. 7) Tpernot Ha mopacT Ha OpojHOCTA Ha HaceleHHeTo BO KyMaHOBO pe3yaTpa co MHpeme
Ha ypOaHWTE MOApadja 1 HHTCH3UBUPAHkE HA 36MjOACICKNTE IIPAKTUKH LITO PE3YIITHPA CO 3TOJIEMEH MTPUTHCOK
Bp3 oKonmHMTE *kuBeanumTa. Bo Kpusa ITananka Moxe 11a ce 3a0e1exH 1eKa pacToT Ha HACEJICHNETO U MUTPa-
LIUUTE Ha peJlalyja Celo-rpaj He camo MITO MPHUIOHENEe KOH JIBOjHO 3roeMyBame Ha ypOaHUTE moapadja Ty-
Ky pe3yaTupaje co HalyIITame Ha 36MjOIEJICTBOTO U MOBPIIMHUTE KOPUCTEHU KAKO MACHUINTA LITO JOBEJIO /10
HUBHO 00pacHyBame CO TPMYIIKH U ITOPAcT Ha MOBPIIMHATE NoA mrymu. Bo Kparoso n PankoBiwy, xajge kopu-
JIOPOT TIOMUHYBA HN3 LIEJIOCHO PypaTHU CPEMHH, HAOJbyNyBaHHOT TPEH]] HA HAIYIITambE HA MOBPIIMHUTE TT0]
MIACHINITa, CYKIIECUBHO 00pacHyBame CO IPMYIIKN U CIEICTBEHO MOPACT HA MOBPIIMHUTE TIO]] IIyMH € HHAN-
PEKTEeH 07ipa3 Ha HEraTHBHUOT MUTPALMCKUOT TPEH]] Ha HACEIEHHETO MPOCIEACHO CO 3HAYUTEIHO 3aHEMapy-
Barb€ Ha CTOYAPCKUTE MPAKTHKH.
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HOTEHIUJAJIOT HA EKOJIOHIKATA CTAIIKA KAKO
NHIANKATOP 3A CJIEJAEIBE HA AHTPOITIOI'EHOTO BJIINJAHUE
BP3 ITPUPOJHUTE PECYPCH BO CKOIICKHOT PEI'MOH

Xpuctuna Oyakarecka! u Onrura JIuMUTpoBCKa?

!Aeenyuja 3a nianupare na npocmopom, Cronje
2Unemumym 3a 2eocpauja, Ipupoono-mamemamuyuku gpaxyimem, Ynusepzumem Ce. Kupun u Memoouj, Cxonje

Ancrpaxkr

Onaxnnecka, X. u Jumutposcka, O. (2013). [ToTeHIUjamoT Ha EKOJOIIKATa CTallKa Kako HWHIMKATOp 3a
Clie[Iele Ha aHTPOIOICHOTO BIMjaHUE BP3 IPHPOJHUTE PECYpCH BO CKOIICKHOT PEerHoH. 300pHHMK Ha TPYIOBU
oxn IV Konrpec Ha exonosute Ha Makenonuja co MefryHaponHo ydectBo, Oxpun, 12-15 oxromBpu 2012 roauHa.
Make0HCKO SKOJIOIIKO IPYIITBO, moceOHo n3nanue 21, Crormje.

OINCTaHOKOT Ha YOBEIITBOTO 3aBHCH Of IPHPOTHUTE PECYpCH M MOBEKE O]l HEONXOJHO € Jla 3HaeMe BO
KOJIKaBa Mepa I'l KOPHCTHME U KoKy Tpeba na ru kopuctume. Exonomnikara cranka (Ecological Footprint - EF) ja
KBaHTU(]HUIMpPa oTpedara Ha YOBEKOT O] EKOCUCTEMCKUTE YCIYTH M CIY)KH KaKo MHTErpajeH WHIUKATOp KOj To
07Ipa3yBa HALMOHAJIHUOT ¥ TIOOATHUOT ONPXkJIMB pa3Boj. Co mpuMeHa Ha METOIOJIOTHjaTa 3a MPEeCMETyBambe Ha
exouomikara cramka (Ecology footprint Accounts - EFA) ke ce 0BO3MOXKH TPOIICHKA HA MOBPIIHHATA HA 3¢MjHIII-
Te HEOIMXO/IHO JIa ja 3a/I0BOJIM IMOCTOjHATA 0OapyBavka Ha pecypcu of mpuponara. Ox TexHuuku acrekt, EFA me-
PH KOJIKY NPUpOAa, N3pa3eHa BO BOOOMYaeHaTa eANHHIA Ha ,,0MONPOIYKTHBEH IIPOCTOP 3aE[HO CO CBETCKATAa IPO-
CeYHa MPOAYKTUBHOCT* C€ KOPUCTHU EKCKIIYy3UBHO 32 ITPOU3BOACTBO HA PECYPCHUTE KOU JaJieHa MOIy/Ialija Il KOH-
3yMHpa ¥ To abcopOupa OTIaa0T Koj UCTaTa ro co3aasa. Co HMIUIEMEHTALHja Ha COOABETHH IPEUIOT MEPKH 3a pa-
LIMOHAIHO 1 e(h)UKACHO KOPUCTEHE Ha IIYMHTE MPEAN3BUKOT 32 3alITHTA HAa )KUBOTHATA CPE/IMHA BO CEKOjJHEBHATA
npakca, ke ouje ymre moroyieM. L{en Ha MCTpakyBameTo € J1a ce YTBPH IPUTHCOKOT KOj IO BPIIN aHTPOIIOTCHUOT
(axTop Bp3 IIyMHTE, KaKO IPUPOJCH pecypc, Bo CKONCKHoT PeruoH.

Kiyunu 360poBH: €KOJIOIIKA CTAIKa, OMOJIOIKH KalalluTEeT, IPUPOIHU PECYpPCH, )KUBOTHA CpEINHA

Abstract

Odzaklieska, H. and Dimitrovska, O. (2013). The potential of ecological footprint as an indicator for moni-
toring the anthropogenicimpact on natural resources in the Skopje Region. Proceedings of the 4" Congress of Ecol-
ogists of Macedonia with International Participation, Ohrid, 12-15 October 2012. Macedonian Ecological Society,
Special issue 21, Skopje.

The survival of humanity depends on natural resources, so we must know how much we use them now and
how much we should use them in the future. Ecological Footprint - EF quantifies the human need of ecosystem ser-
vices and serves as an integral indicator that reflects the national and global sustainable development. The method-
ology for calculating the Ecological Footprint (EFA — Ecological Footprint Accounts) will allow estimation of the
surface of the land necessary to meet existing demand for resources from nature. From a technical perspective, EFA
measure how much nature, expressed in common units of “bioproductive land with world average productivity” is
used exclusively to produce the resources that population consumes and to absorb the waste that the same popula-
tion creates. By implementation of appropriate measures for rational and efficient use of forests, the challenge for
environmental protection in everyday practice will become even greater. The main purpose of the study is to deter-
mine the pressure by an anthropogenic factor on forests, as natural resource, in the Skopje region.

Key words: ecological footprint, biocapacity, natural resources, environment
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BoBen

Exonomkara cranka (asr. ecological footprint)
€ CTaTUCTHYKa ajiaTka Koja MEpH €lIeH aCleKT Off
OAPXKJIMBUOT pa3Boj: Koiky ox pereHepaTMBHUOT
KamamuTeT Ha [UIaHeTaTa € moTpedeH 3a 1a i 00e3-
Oenu pecypcuTe M eKOCHCTEMCKHTE YCIYrH HeOIll-
XOJIHU 32 33JI0BOJIyBarbe Ha MOTPEOUTE HA YOBEKOT
U KOJIKaB PEreHEpaTHBEeH KalaluTeT YOBEKOT MMa
Ha pacriojiarame 0] TOCTOJHUTE SKOJIOIIKH CPEe/ICTBA
(Galli et al. 2012).

[IpBara akamemcka myOIuKaIija 3a eKoJIOIIKa-
ta cranka ¢ oq William Ress (Ress, 1992) noneka,
TO/IOIIHA KOHIETITOT 32 €KOJIOIIKA CTAIKA I'0 Pa3BHII
Mathis Wackernagel (Wackernagel, 1994). Bo 2003
rogHa e ocHoBaHa rpynauuja Global Footprint
Network, co cemumra Bo Oxiana, Bpucen u XKe-
HEBa, KOja UMa 3a LeJI eKOJIOIIKUTE OrpaHuYyBamba
Jla TH TTOCTaBH BO ()OKYCOT Ha BHUMAHHUETO BO IPO-
LIECOT Ha JIOHECYBame Ha OMJIYKH, NPEKy MpUMEHa
Ha EKOJIOIIKATA CTaIlKa KaKo CTAaTUCTUYKA METO/a 32
[IPECMETYBakbhe Ha IPUPOJHUTE PECYPCH U IPUTHCO-
KOT Ha @HTPOIIOTeHUOT (DAKTOP BP3 UCTUTE BO OJJHOC
Ha HUBHHOT PEreHepaTHBEH KaaluTeT.

OBaa TexHUKa € aJialTUpaHa U MPUMEHETa Of
MHOTY OPTaHHM3alWU BKIy4dyBajku ro U CBETCKHOT
¢donx 3a qusu xuBotau (World Wildlife Fund) koj
ja Mepu ymoTpebaTta Ha pecypcu Ha ceKoja 3eMja BO
CBETOT M TU CIIOPE/yBa OBHE YHNOTpeOSHH pecypcu
CO pecypcuTe Kou T IMaMe Ha pacroiarame. (Live
Planet Report, 2002).

[len Ha UCTpaKyBambETO € MPOBEPKa Ha MOX-
HOCTHTE 3a IPHUMEHA Ha METO/I0JIOTHjaTa 3a pecMe-
TyBarbhe Ha HMPUTHUCOKOT HA aHTPOIOIeHHOT (haKTop
BP3 MPHUPOIHUTE PECYPCH BO OJHOC HAa HUBHHOT pe-
TeHEPaTUBEH KalalUTeT, KOHKPeTHO BO CKOICKH-
ot PeruoH, rpeky aHain3a Ha aHTPOIIOI€HUOT MPH-
THCOK BpP3 IIYMCKHUTE PECYPCH ¥ HUBHHOT OHOJIOLI-
KU KaraluTer.

Marepujan u meToan

Bo uctpaxyBameTo ce KOPUCTEHHU JIUTeparyp-
HU TO/IATOLIM 3a eKoJjolKara cranka Ha PeryGmnu-
ka MakemoHMja U HEJ3UHUOT OMOJOIIKU KararuTeT
(Galli at al., 2012).

Exonomikara cramka ra ofpenyBa OHOJOIIKA
MIPOAYKTUBHOTO 3eMjHIITE H BOJHUTE MOBPLINHHE KOU
U Ce HEONXOIHHW Ha TOIyJalujara 3a Jia TH [IPpou3-
BeJie OOHOBIIMBHUTE PECYpPCH M €KOCHCTEMCKH YCITy-
T mTo ru kopuctu. Ox apyra cTpaHa mak, Onoiom-
KHOT KalauTeT, [H CJICIU OHOIOMIKH TPOLYKTUBHO-
TO 3eMjHIITE U BOJIHUTE MOBPIIMHU KO CE JI0CTall-
HU BO 3€MjHUTE, PETHOHNUTE, WIIN Ha TI00ATHO HUBO, U
HUBHHOT KaIlallUTEeT Ja I'M IPOMU3BEIaT OOHOBIMBHTE
pecypcu U eKOCHCTEMCKH YCIYT' HEOIXOIHHU 32 3a-
JOBOJIyBam-¢ Ha MOTpeOHTE Ha ajieHaTa IOoIyJanyja
(Galli et al. 2012).

Buonomky npoyKTHBHOTO 3eMjHIITE U BOJHHU-
T MOBPLIMHHU KOM TW IeHeprpaar 0OHOBJIMBUTE pe-
CYpPCH U €KOCHUCTEMCKH YCIYTH Ol KOH YOBEIITBOTO
numa notpeba ce aeUHUPaHu KaKo EKOJOMIKH CPea-
ctBa (Galli et al. 2012). Ce uspasyBaar Bo BooOn4a-
eHara eIUHHIA To0anHu Xekrapu (gha), wiu Ouo-
JIONIKH TIPOJYKTUBHHU XEKTapPH CO MPOCEYHA MPOIYK-
THBHOCT Ha 106aIHO HUBO. THe BKIydyBaar:
- 3eMjofIeIICKO 3EeMjHUINTEe 3a CHAaOIyBame
CO XpaHa O PACTUTEITHO MMOTEKJIO H BITaK-
HECTHU IPOU3BOJIN,
- Ilacumura u 3emMjuiTe 3a CHaOyBambe CO
XpaHa OJf JKUBOTHHCKO MOTEKIIO,
- Bonenu noBpmmnau 3a 06e30emyBame Ha
XpaHa 011 aKBaTUYHU BUOOBU,
- Illymcku noBpimHH 3a 00e30emyBame
Ha MPOU3BOAU OJ] APBO U APYTH IIYMCKH
COPTUMEHTH,
- 3emjuinTe Koe ro abcopOupa Co3aaacHu-
ot ornan (emucuu Ha CO,) n
- U3rpazmeHo 3eMjuInTe Ha KOE CE JIOHpPa-
HH 00jEKTHTE 32 JIOMYBab€, UH[yCTPHCKU
KaraiuTeTd U ypoaHa uHpacTpyKTypa.

[ToGapyBaukara Ha eHa Haluja 3a pecypcu U
EKOCHCTEMCKH YCJIYTH Ce MPECMEeTyBa IpeKy Aoja-
Barb€ HA YBE3CHHUTE U OJ[3eMamhe Ha M3BE3CHHUTE ITPO-
M3BOJU Ha BKYINHOTO IPOM3BOACTBO Ha MCTUTE Ha
HAlMOHAIHOTO HUBO. OBHE MIPECMETKH ja MOKaXYy-
Baar nmobapyBavykara Ha OHOJIOIIKHAOT KamaluTeT Ha
enHa Hauyja (Kitzes at al. 2007).

JIOMAIIHO MPOU3BOACTBO + YBO3 - H3BO3 = MOTPOIIYBayKa

[TpecmeTyBameTo Ha oMaliHara nmobdapyBayka,
YBO30T M M3BO30T HA PECYPCH U EKOCHUCTEMCKH YC-
JIYTY Ha HAlIMOHAJIHO HUBO € M3BOJIMBO, OUJIEjKH BO
norojieM Opoj 3emju, Mely kou u PenyOnuka Maxke-
JIOHH]a, ce cienar oue napamerpu. Ho, Ha peruo-
HaJIHO MJIM OIIIITHHCKO HUBO HC € BOCIIOCTABCH CUC-
TEM Ha CJIEACHE Ha MOTPOIIyBaYKaTa Ha Pecypcu 1
EKOCHCTEMCKH YCJIYTM KOM PErHOHAIHOTO Hacele-
HHE TU [IPOMU3BE/yBa, yBE3yBa UM H3BE3yBa.

[Tpu npecmeTyBame Ha pernoHaHaTa eKOJIOLI-
Ka CTarka, ce KOPHCTAT IOJAaTOlM 3a MpOCcevHara
€KOJIOIIKA CTAIlKa I10 )KUTEN ¥ IPOCEYHHOT OHOJIONI-
KU KalaiureT 110 JKUTEeN Ha HallMOHAIHO HUBO. [lo-
TOA, C€ BPIIH NPOLEHKA HA PErHOHAIHATA EKOJIOIIKA
CTalKa CO KOPHCTEHE¢ Ha HEKOJKY Bapujabiu, mery
KOM JIM4YHaTa MOTpoIllyBadyka BO )IOMaI’U/IHCTBaTa,
IMIPUXOJ 10 KUTEJI, TPOCEYHA roJIEMUHA HA }IOMaI’(I/IH-
CTBOTO, HAaCEJICHHE U I'yCTHHA HA HACEJICHUE U JIpy-
ro. OBue Bapujaliin TW oJpa3yBaar JOKAIHHUTE Ba-
pI/IjaI_[I/II/I BO HAYUMHOT HA JXMBOT U HUBOATA HaA MOTPO-
IIyBayKa 3a IoJ[pa4jeTo IITo e MPeAMET Ha aHaIn3a U
romMaraar BO YTBpAYBamb€ Ha JIOKAJIHUTE IIPOMCHU BO
€KOJIOIIKATa CTallKa Ha HAIIMOHAJIHO HUBO.

[Tpucranor ,,01 BpBOT HAAOMY 3a MPECMETY-
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BAaC HAa CKOJNIOIIKATA CTANKa HA PETHOHATHO HHUBO
IpB MoyHan 1a ro npuMmenyBa Wackernagel Bo 1998
TOJHHa.

[IpeaMeT Ha HCTPAKYBAKHETO BO OBOj TPYI CE
LIYMCKHUTE TIOBPIIMHK O] KOM ce J00MBaar mpumap-
HU ¥ CEKyHIApHU MPOU3BOIH OJT IPBO, OJf €HA, U CE
cMeTaar 3a OHOTPOIYKTHBHA TOBPIINHA KOja To ab-
copbupa emutupannor CO,, Kako OTHaj, ox Jpyra
CTpaHa.

Amnanuzata Ha MOKHOCTHTE 3a TPECMETYBarbe
Ha eKOJIOIIKara CTallka € HalpaBeHa BP3 OCHOBA Ha
OpojoT Ha HacelieHNe U TIOBPIINHATA HAa aHAIM3HPA-
HOTO Tojpayje, Kako Bapujaliii, ¥ BPEAHOCTUTE HA
IpoceYHara eKOoJIOIKa CTarKa M0 JKUTEeN U OHOJIOLI-
KU TMPOAYKTHBHO 3EMJHIIITE 1O KUTE HA HAIHOHAI-
HO HHUBO Bo 2008 roauHa.

HcTpaxkyBaHo noapauje

CKOIICKHOT PErnoH ro 3adaka CeBEpHUOT JeJT Ha
PenybOiinka Makenonuja u ce npocrupa Bo Ckorcka-
ta Kotauna Ha nopumHa ox 181290 ha uim 7,3%
01 BKyIIHaTa rnoBpiunHa Ha Pen yonuka Makenonuja
(J13C, 2009). Naxko 3adaka HajMaia IOBPIIHHA, BO
criopenida co IpyruTe peruoHu, Crope MoJaToruTe
3a 2008 roguna, € HajHACENEH, cOo 596447 xutenu,
i 29,1% ox BKYITHOTO HaceJIeHHE U HCTOBPEMEHO
€ M HAjTyCTO HACCIICHHUOT PETHOH co 329 sxurenu Ha
km? (JI3C, 2012). Bo peruoHoT ce CKOHLIEHTPUPAHU
HajroJIEMHOT JIeJ1 O HH/IyCTPUCKHUTE, TPTOBCKUTE U
YCIIy?>KHUTE KallallUTETH.

Bo 0BOj peruon ce Haora u IIIaBHUOT Ipaj Ha
PenyOniuka Makenonuja, Ckorje, KOj € €eKOHOMCKH,
aJMUHUCTPAaTUBEH, YHUBEP3UTETCKA M KYJITYPEH
LIEHTap Ha JApKaBara.

Pe3ynraTu u auckycuja

[Tpoceunara exosomika cTamnka IO JKUTEN Ha
Peny6nnka Makenonuja Bo 2008 romuHa H3Hecy-
Ba 5,36 gha/xuren win 11, 01 mumonn gha (Galli
et al. 2012). Mmajku BO mpeaBu AeKa BO TCKOT Ha
2008 romuHa Bo CkomckuoT Pernon sxuBeene BKyTI-
HO 596447 xutenu (JI3C, 2009), 6Guononiku npoayk-
THUBHOTO 3€MjHIITE NOTPEOHO J1a ' 3aJI0BOJIU MOTPe-
OuTe Ha HACEJIEHUETO BO PErHOHOT 3adaka IMoBpIIH-
Ha of puoIKHO 3,2 Munnonu gha. Bo ciopenda co
nospmuHara ox 181290 ha (JI3C, 2009), wmTo ja 3a-
¢aka Crorickuor PernoH, 3a 3a0BoJIyBambe Ha MOT-
pebuTe 3a JKUBOT, HACEICHUETO UMao morpeda ox 17
TaTv morojiceMa nmoBpuIrHa.

AKO ce 3eMe BO MpeaBU Aeka OUOJOLIKH MPO-
JYKTUBHATa IMOBPIIMHA MOTpeOHa 1@ T'M 3aJ[0BOJIU
notpedure Ha rparanurte Bo PeryOinka MakenoHuja
nznecyBana 11,01 munmonu gha (Galli et al. 2012),
pUOIMKHO 5 TaTH HorojemMa of MOBpIIMHATa Ha Pe-
nyonarka Makenonuja, HaceseHHETo BO CKOICKHAOT
Pernon mMa npuGIKHO 4 TaTH MOBUCOK CTaHAAP.

WM TorojieMa rnodapyBauka Ha pecypcd M €KOCH-
CTEMCKH YCJIyTH 32 3aJI0BOJIyBamke Ha MOTPEeOUTE 32
’KHBOT OJ1 IIPOCEYHUOT TparaHuH Bo PenyOnukara.

ITpoceyHHOT pacroiIoKUB OMOIOIIKK Karary-
TeT 1o xutes Bo Penydnuka Makenonuja Bo 2008 ro-
nuHa mu3HecyBan 1,55 gha/xuren (Galli et al. 2012)
wi 3,19 munmonn gha (Galli et al. 2012). Pacmo-
JIOKMBaTa OWOJOIIKM NPOAYKTHBHA TOBPIIMHA Ha
CkorcknoT Pernon Bo aHani3upaHara roJuHa u3He-
cyBasa 0,92 muiroHd gha u ¢ 3a moBeke o7 3 matu
nomMasia oJf BpeJJHOCTa Ha OMOJIOIIKH [TPOAYKTHBHATA
MOBPIIMHA MMOTpeOHA Ja TH 33J0BOJIH NOTpeduTe 3a
HaceJIeHUeTo BO PernoHoT.

OBue moparoiy nmocouysaat aeka Bo 2008 ro-
JHa, Hako BO CKOTICKHOT PernoH mocToen exoson-
KU JIeQUINT U MPAKTUYHO HACEJICHHETO HE MOXKEIO
Jla TIOTPOIIHN MOBEKEe eKOCUCTEMCKH YCIIYTH O] OHHE
ITO I'M MMAJIO Ha PACIIOJIaramke OJHOCHO, MOYXKEIIO J1a
ru 00e30e1 BO TPaHHIIMTEe HA PETHOHOT, 100ap aem
071 mobapyBayKkaTa 3a eKOCUCTEMCKH yCIyT'H Ouia mo-
KpHEHA CO PECYPCH HAJIBOP Ol HETOBUTE TPAHHUIIH.

[Tpoceynara OMONOLIKK NPOAYKTHBHA MTOBPIIH-
Ha I10J1 LIlyMa T10 JKMTEJI, HEOIXO/IHA 32 33/I0BOJIyBambe
Ha NOTpeOKTE HA HACEIICHUETO Ha HAL[MOHAIHO HUBO
B0 2008 ronuna uznecysana 0,33 gha/sxuren (Galli et
al. 2012). buonomky NpoyKTUBHATA TOBPLIMHA He-
OIIXOJIHA 32 33JI0BOJIyBaibe Ha MOTPeOUTE Ha Hacele-
HHETO CO HIYMCKH PECYpPCH U €KOCHUCTEMCKH YCIYT!
Bo Ckoricknor Pernon Bo 2008 roaunHa n3HecyBaia
0,2 muronu gha.

ITpoceunara pacrmonoxuBa OHOJIOLIKH MPOTYK-
THBHA MMOBPLIMHA I1OJ] HIYMH I10 KUTEJ HA HATMOHAJI-
HO HuBO BOo 2008 roguua usHecysana 0,70 gha/xu-
ten (Galli et al. 2012). Ontyka, pacrnonoxuBara 61o-
JIOIIKA MPOIYKTUBHA MOBPILIMHA 1O HIyMu Bo CKorl-
cknotT Pernon ucrara roguna uznecysana 0,4 mMunu-
onu gha.

Pesynrarute mocouyBaar Jeka pacroiokKHBa-
Ta OMONPOAYKTHBHA MOBPIIMHA MO IIyMH BO PErH-
OHOT € 3a 2 (7Ba) maTu MorojemMa o OMOJOIIKHU MPo-
JAYKTUBHATa NOBPHIMHA IMOA ITYMH HCOIIXOAHA Jia I'
3aJI0BOJIM MIOTPEOUTE HA HACENICHUETO BO PernoHor,
OJIHOCHO, JIeKa MCKOPHCTYBamhETO Ha IIYMCKHUTE pe-
cypcu Bo CKOICKHOT Pernon ce IBMKH BO OPIKITH-
BH PaMKHU.

[Tpoceynara OMONOLIKK NPOAYKTHBHA TTOBPIIH-
Ha 10 XuTel, noTpebHa na ro abcopbupa eMuTHpa-
nuot CO,, Koj ce co3/aBa Kako pe3yirar Ha aHTpoIIo-
reHuTe akTuBHOCTH, BO 2008 royHa, Ha HALIMOHAIHO
HUBO, U3HecyBana 3,87 gha/xuten (Galli et al. 2012).
Onryka, OMOJOIIKK MPOTYKTUBHATA TOBPIIMHA MO-
TpebHa j1a ru abcopoupa emucuute Ha CO,, Bo Ckomn-
ckuot Pernon, Bo Texot Ha 2008 roauHa n3HecyBana
2,31 munnonu gha. OBaa MOBpIIKMHA € 33 TPHOIMK-
HO 6 (1IeCT) maTH morojeMa oJf pacrojoKuBara OHo-
JIONIKHW IMPOAYKTUBHA MMOBPUIMHA IO HIYMHU BO PETU-
OHOT, Kako abcopOenT Ha emucuute Ha CO,.

buonomknor xamamurer Ha mymure Bo Ckor-
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cknot Permon e MHOT'Y IIOroj€eM BO OJHOC Ha IIpH-
THCOKOT IITO TO BPIIU aHTPOIOICHHOT (hakTop Bp3
HUB, HO HE U IOBOJICH 32 JIa TH aricopOHpa eMHUCUHUTE
na CO, KaKo 0oTmaj, KoM C€ CO31aBaar Kako Pe3ynTar
Ha aHTPOIIOTCHUTE aKTUBHOCTH.

Bo mepuonor mTo cieny, HEONXOOHO € Ja ce
MIPOJIOJDKH CO PALMOHAIHO U €()UKACHO KOPUCTECHE

Ha [IYMUTE M CEKaKo Jia ce MpeB3eMar MEepKHU 3a Ha-
ManyBame Ha eMucuute Ha CO,, OCeOHO BO CEKTO-
POT 3rpajiu, Mery Kou Nmono0pyBame Ha eHepreTcKa-
Ta e()MKACHOCT BO MOCTOJHUTE M 3alla3yBarbe Ha MPo-
IIICHUTE 32 EHEepreTcka eUKacHOCT MPU M3rpagda Ha
HoBUTE 00jekTd. Cropen MPOEKIUHTE 332 HaMaly-
Bame Ha emucuute Ha CO, 3a rpajor Crorje J0Koi-
Ky OM ce nmpeB3emMalie COOABETHH MEPKH BO CEKTOPOT
TpaHcTopT THe 61 ce Hamanuie 3a 43,3% a Bo cekTo-
pot 3rpaju 3a 19,9% unu Bkynnara emucuja na CO,
BO rpanot Ckomje 6u ce Hamanwia 3a 23,1% (SEAP
2011).

3akay4ok

Kako pervon co Hajrojiema ryCcTHHA Ha Hacese-
HHETO BO OJHOC HA OCTAHATHUTE PETHOHHU BO Pemy-
Oirka MakenoHHja, CO PeJIaTUBHO Majia MMOBPIINHA
HAa IIYMH U CO UCKIYYHTEIHO BUCOK Y€ BO EMHUCH-
ure Ha CO, Ha HaMoHaNHO HKUBO, CkonckuoT Peru-
OH MIMa roJIeM yJeJI BO BPeIHOCTA Ha CTalKaTa Ha ja-
[JIEPOJL 0 YKUTEJI, OMHOCHO CKOJIOIIKATa CTAIlKa 110
JKUTE HA HAIIMOHAIHO HUBO.

Bo mepuomor mTo ciiean, HEOMXOMHO € Ja ce
MIPOIOJDKU CO PAIIMOHAIHO M e(PUKACHO KOPHUCTCHE

Ha [IYMHTE M CEKaKo Jia ce IpeB3eMar MEepKH 3a Ha-
ManyBam-¢ Ha emucunte Ha CO,.

[TpecmeryBame Ha ekosomikara cramnka 3a Ckor-
CKHOT Permon e moseke on moTpebHa ako ce umMa BO
NpEeaABUI AC€KA BO IMOCICIHUTE TOAUHU CC HACTaHATH
MIPOMEHHU KaKo BO OJHOC Ha IOIlyJialyjara U MoBp-
LIMHKUTE MO/ IIyMa Taka U BO OJJHOC Ha eMUCHUUTE Ha
CO, mro cexako MHMIMPAAT M MPOMEHH BO BPEIHOC-
Ta Ha EKOJIOIIKATa CTalka. BKiIydyBameTo Ha TIOBeke
BapHjadiy Mpy yTBPYyBame Ha EKOJIOIIKATa CTarka
¥ OHMOJIOIIKHOT KarmanyuTeT Ha peruOHAaJIHO HUBO OC-

TaBa IPOCTOP 3a IIOHATAMOIIHM HAy4YHU HCTPaXKy-
Bamba U MPEUN3UPAKE HA JOOMCHUTE MOAATOIIH.
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Summary

As a region with the highest population density in relation to the other regions in the Republic of Mace-
donia, with a relatively small area of forests and extremely high share of CO, emissions at a national level, the
Skopje Region has a large share in the value of the national carbon footprint per capita.

In the following period, it is necessary for the people to proceed with the rational and efficient use of the
forests and implementing measures for CO, emission reduction.

Calculation of the ecological footprint of Skopje Region is more than needed, if we take into account that
in recent years there have been changes in terms of population and forest area and in terms of CO, emissions
which will certainly initiate changes in the value of the ecological footprint of the Region.

The inclusion of more variables in the calculation methodology will give more precise values for the eco-

logical footprint and biocapacity at the regional level.
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[Jabupcku, B., Bynescku, I, [Topuy, K., MaprunoBcka Ctojuecka, A. u Munescka, J. (2013). IIpecmerka
Ha CTalK{ Ha MOJPINKA 3a OJINIelyBamke Ha aBTOXTOHM byIlia roBesa, Kako METOZ BO CIIPOBEIYBAmETO Ha arpo-
CKOJIOIIKH MepKH. 300pHHK Ha TpyaoBu ox [V Konrpec Ha ekono3ute Ha MakeaoHHja CO MEI'yYHapOIHO yUeCTBO,
Oxpun, 12-15 okromepu 2012 roguHa. MakeTOHCKO €KOJIOIIKO APYIITBO, MoceOHo u3nanue 21, Ckomje.

ATpPOEKOJIONIKUTE MEPKH Ce HAMEHETH 3a MOTTHK Ha (hapMepuTe BO 3allTHTATa U MO00pyBamke Ha KUBOTHA-
Ta CpeIrHa ¥ OMOJMBEP3UTETOT HA HUBHHUTE (papMH Kako U 3a4yByBambeTO U pa3Boj Ha (apMCKU CHCTEMH CO BH-
COKH IpUpOHH BpenHocTy. Llenta Ha 0Boj TPy[ € J1a ja oApear BUCHHATA Ha MOAPIIKA Ha aBTOXTOHATa OyIia pa-
ca roBefia, BO KOHTEKCT Ha MIOCTOCUKUTE MEPKH Ha arpoeKoJIONIKaTa MoNUTHKa. KOpUCTEHHOT METO/ 3a pecMeT-
Ka Ha arpOEKOJIOMIKUTE KaJKyJIaluu ce 0a3upa Ha maplujasHo OyleTHpame Kako paMka yrnoTpeOeHa 3a cropen-
0a Ha TPOUIONUTE U MPUXOAUTE IIPHU OAIVICAYBabe Ha TPaAUIMOHATHATa OyIia BO cropenda co BooOu4aeHara mpo-
M3BOJIHA MIPAKTHKA Kaj BUCOKO IMPOM3BOJHUTE pacu roBeaa. OBoj METOM I'M TIOTEHIMPa IPOMEHHUTE BO IPUXOIOT U
TPOILOIUTE MPOU3IIE3CHNU OJ] IPUMEHATa Ha crielnpUIHUTE aaTepHaTHBU. Ha Toj HauuMH, cUTe acrekTH Ha npodu-
TOT Ha (hapMa KoM ce HEIIPOMEHIIUBH Ce UCKIy4eHHU. [ eHepanHo, pUKCHUTE TPOIIOLH Ce 3eMEHH KaKO eTHAKBU a
IIpOMEHara MPOM3JIeryBa Ol BApHjaOMIIHUTE TPOLIOIU M COOHOCOT Ha HUBO MIPUHOCOT / IIeHaTa Ha IPOU3BOIUTE-
not. Teoperckara npecMeTka Ha MHIMKATUBHOTO HUBO Ha IOJJIPIIKA 3a OIVICyBakbe Ha aBTOXTOHATa OyIa paca
Ha ToBeJI0, IIoHaTtamy Oere OasupaHa Ha npuMenara Ha gopmynara YS=E x CE x GD, kane: YS=roaumna nos-
npuika, E=ekonomckara 3ary6a, CE=koedunneHT Ha 3arpo3enoct, GD=reorpadcka auctpudyiuja. CriopeadeHa-
Ta aHaJIM3a Ha TIPUXOAOT M TPOUIONUTE Kaj (hapMuTe Ha Oylla HacpoTH pedepeHTHaTa BOOONYacHa MPAaKTHKa Ha
ropeapckute Gapmu, mokaxka Jeka Jaje 3a KOMIICH3alllja Ha eKOHOMCKaTa 3aryba U3HOCOT ce IBWXHU of 11,142
1o 14,668 nenapu. Pesynrarure o eMIMPUCKHUTE MOAATOLM U TEOPETCKUTE NPOLICHH Ha MPEAMETHHTE peepeHT-
HU (apMu, KaTerOpU3UPaHH CIIOPE]T pacara roBe/ia U roJIeMIHaTa Ha CTa/I0To, YKa)KyBaaT Ha roJIeMH BapHjaliiy BO
BHCHHAaTa Ha nojapmkara. OBue acrekTy Tpeba 1a GuaaT 3eMEeHH BO MPEIBU IIPH OHATAMOIIHOTO BPEAHYBaHbE
Ha arpoeKOJIONIKUTE MEPKH.

Koayunu 360poBH: roseno Oyia, arpoeKoJIOIKA MEPKH, BUCHHA HA MOAPIIKA

Abstract

Dzabirski, V., Bunevski, G., Porchu, K., Martinovska Stojcheska, A. & Milevska, J. (2013). Calculation of
supporting rates for autochthonous busha cattle breed as a method in implementing agri-environmental measures.
Proceedings of the 4™ Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October
2012. Macedonian Ecological Society, Special issue 21, Skopje.

Agri-environmental measures are designed to encourage farmers to protect and enhance the environment on
their farmland in biodiversity and preservation and development of high nature value farming systems. The aim of
this paper is to determine the supporting rates for the autochthonous Busha cattle breed in context of the current
agri-environmental policy measures. The method used in the calculation of the agri-environmental budgets is based
on partial budgeting, as a planning and decision-making framework used to compare the costs and benefits betweet
different farms wich are breeding different cattle breeds. . It emphasizes the changes in income and costs that re-
sult from implementing a specific alternative. Thus, all aspects of farm profits that are unchanged are excluded. In
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general, the fixed costs are regarded as equal, and change is foreseen in the variable costs and in the yield/producer
price level. Theoretical calculation of indicative supporting rates for breeding autochthonous Busha cattle was fur-
ther based on application of the calculation formula: YS=E x CE x GD, where: YS= yearly support, E= economic
loss, CE=coefficient of endangerment, GD= geographical distribution. Comparative income and costs analysis of
the Busha cattle farms versus the reference usual practice on cattle farms should range from 11,142 MKD to 14,668
MKD for compensation of the economic loss. The results of the empirical data and the desk survey of reference
case farms categorized by cattle breed and by herd size revealed certain variations of the supporting rates. These as-
pects should be taken into consideration for further validation of the agri-environmental measure.

Key words:

Introduction

Agri - environmental measures (AEM) repre-
sent a group of measures which provide different
level of support to farmers. The main aim of those
measures can be identified through providing pro-
tection and improvement of the environment. One
of the core characteristics of the measures is their
voluntary acceptance and implementation. In fact,
AEM can be defined as direct payments which pro-
vide a higher level of environmental protection and
better management of the environment than applica-
tion of good agricultural practice. AEM can be de-
fined as national, regional or local, which need to be
adapted to the respective farming systems and envi-
ronmental conditions in the country. Although AEM
have a scope yet each measure contains two main
objectives: reducing environmental risks as a result
of the development of agriculture and nature conser-
vation and landscape environment (Commission of
the European Communities, 2005).

The main difference in the creation and applica-
tion of AEM can be identified in the level of cover-
age of farmers or users. Two types or two approach-
es can be appointed. The first type is known as the
,broad brush or light green* measure; it is a meas-
ure that includes a large number of farmers or us-
ers and greater territory, where the criteria to partic-
ipate are quite modest. The second type of programs
are known as ,,deep and narrow or dark green® pro-
grams, and they cover certain specific topics from
the environment and they have more specific partici-
pation criteria. AEM are realized for the first time in
several EU countries during the eighties, though as
accompanying measures of the Common Agricultur-
al Policy these measures were implemented for the
first time in 1992. Additional provisions have been
incorporated in 1999 in the Rural Development Reg-
ulation in order to achieve coherence with the Ru-
ral Development Plans. The impact of AEM is quite
complex and often their measurement is difficult and
they are also hard to analyze. Evaluation through the
classical approach usually includes the correlation
of each measure with its impact on the environment.
Usually the evaluation is limited due to the lack of
empirical data and the inability to isolate a single
measure and to evaluate its impact. Organic farming,

Busha cattle, agro-environmental measures, supporting rates.

genetic diversity and maintenance of existing sus-
tainable and extensive systems are part of AEM that
are actively applied in most countries. Therefore the
mentioned measures include general directions such
as: reduction of inputs, extensification of livestock
production, farming of local breeds of animals that
are highly adapted to the conditions of breeding and
biodiversity conservation (Uthes et al., 2007).

Even when the biodiversity conservation and
management of genetic resources is covered by
AEM, some specific conditions must be fulfilled in
order for AEM to be realized. Namely, AEM can be
provided for “local breeds indigenous to the area and
in danger of being lost to farming” (Council Regu-
lation (EC) No. 1257/1999) if the breeds significant-
ly contribute to maintenance of the local environ-
ment and typical breeding systems in the country.
Eligibility of local breeds (cattle, sheep, goats, pigs,
equines or poultry) for inclusion in the appropriate
payment structure are defined in Commission Regu-
lation (EC) No. 817/2004 were the threshold of each
population is determined. A number of breeding fe-
males from each species, beneath which a breed is
considered to be endangered and which are includ-
ed in recognized register, represent the main thresh-
old parameter. According to this regulation, the fol-
lowing thresholds are recognized: 7.500 heads of
breeding females for cattle per cattle breed, 10.000
heads of breeding females for sheep per sheep breed,
10.000 heads of breeding females for goats per goat
breed, 5.000 heads of breeding females for equidae
per equidae breed, 15.000 heads of breeding females
for pigs per pig breed and 25 000 for avian species.

Sometimes for decision making it is necessary
to impute costs that cannot normally be collected
within the accounting system and will not require
cash outlays. These imputed costs are called op-
portunity costs. “An opportunity cost is a cost that
measures the opportunity that is lost or sacrificed
when the choice of one course of action requires that
an alternative course of action be given up” (Drury,
20006). In this sense, partial budgets are identifying
the time value of money. That is done with a calcu-
lation of opportunity costs for the annual operating
inputs and costs which are small because of the short
period. But in long-run these costs are of great im-
portance for the capital investments and they usual-

Proceedings of the 4™ Congress of Ecologists of Macedonia 203



Vladimir Dzabirski et al.

Tab. 1. Description of the case farms included in the survey

Case farm FDF FCF FBF CBF
Type of farm Family Family Family Ag. company
Number of cows 20 6,5 20 300
System of breeding Milk Milk Cow-calf/milk-cheese Cow-calf
Feeding system In-door | In-door with grazing Indoor/ grazing Predominantly grazing

ly require a large amount of money spread in defer-
ent periods of many years (Kay ez al., 2008). When
available, the market prices are used to determine
the economic value. But when market prices are not
available to estimate those values, the opportunity
cost which is one of the more powerful concepts in
economics and it is a measure of how much of an
earning opportunity is foregone by using a resource
in its current employment is used (Drummond &
Goodwin, 2004).

In order to raise Busha breed and to be profit-
able with this technology of production, it has to be
compensated with a financial supporting rate or agri-
environmental subsidy which will cover the eco-
nomic loss of the farmer. The non-economic consid-
eration is that the farmer should became aware of
the environmental consciousness in agricultural pro-
duction and contribute at building higher nature val-
ue farming systems, which leads to stirring the envi-
ronmental friendly consciousness on a global level.
Also, to keep the autochthonous Busha cattle breed
is of great importance for the Macedonian livestock
production. That’s the opportunity cost or better said
benefit on a long run which cannot be converted into
a numbers and calculated in these calculations.

In a nutshell, the aim of this paper is to de-
termine the supporting rates for the autochthonous
Busha cattle breed in context of the current agri-en-
vironment policy measures.

Material and method

The method applied in the calculation of the
agri-environmental budgets is based on partial
budgeting used to compare the costs and benefits of
breeding the traditional Busha, as compared to usu-
al practice and production of higher-yielding cow
breed. The partial budgeting approach emphasizes
the changes in income and costs that result from im-
plementing a specific alternative. Thus, all aspects
of farm profits that are unchanged are excluded. In
general, the fixed costs are regarded as equal, and
in this case therefore omitted, so change is foreseen
only in the area of the variable specific costs and in
the yield/producer price level. The partial budget
is flexible enough, analyses the impact of the prof-
it on a certain change and can be used for analyzing
a number of important decisions as modifying pro-
duction practice is (www. Penn State).

In order to fulfil the given aim of the paper,
four reference types of farms were taken into con-
sideration: family dairy farms (FDF) breeding Hol-
stein —Frisian cattle, family crossbreed farm (FCF)
breeding crossbreeds between Busha cattle and oth-
er dairy or dual purpose breeds, family Busha farm
(FBF) breeding only Busha cattle breed, and one
commercial Busha farm (CBF) breeding Busha cat-
tle. The empirical data part was organized through
creation of specific cases, based on concrete data
obtained from operating cattle farms. For this pur-
pose, three case farms were interviewed in-depth in
order to get required production and economic data
that served for the partial budget analysis (farm with
Holstein-Fresian cows and two with Busha cows).
The usual practice case farm was constructed on the
base of the average statistical data. All data are rele-
vant for the year 2011.

Theoretical calculation of indicative supporting
rates for breeding autochthonous Busha cattle was
further based on application of the calculation for-
mula: YS=E x CE x GD, where: YS= yearly sup-
port, E=economic loss, CE=coefficient of endanger-
ment, GD= geographical distribution (Kastelic et al.,
2000).

Results and discussion

The technology that is supported by an agri-en-
vironmental measure is compared to an average usu-
al practice of mixed breeds, as well as to the per-
formance of a case farm with high-yielding Hol-
stein-Friesian breed.

The results obtained from the empirical da-
ta and the desk surveys of reference farms reveal
that the highest incomes has the case of family farm
with Holstein-Friesian cattle (143,433 MKD per
head), followed by the usual practice constructed
farm (70,722 MKD), while the Busha cattle farms
had distinctively lower income per animal (28,110
MKD in the milk/meat farm and only 3294 MKD
per head at the meat only oriented farm). The lev-
el of costs is relatively proportional to the given in-
come, hence the variable costs are the highest at the
family farm with Holstein-Friesian cattle (119,150
MKD), giving a gross margin of 24,283 MKD per
head. The usual practice is evaluated at lower var-
iable cost level (54,930 MKD), thus the gross mar-
gin per head is 15,792 MKD. The farms with Bu-
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sha have lower level of variable costs; the case farm
that produces both milk and partially processed it in-
to cheese, as well as selling meat, has annual varia-
ble cost of 18,900 MKD per head, and a gross mar-
gin of 4.760 MKD per head. The lowest costs are
present at the case farm of Busha with cow-calf sys-
tem that has meat as primary output (2,025 MKD)
and has the lowest gross margin per head of 1269
MKD per head. From this it can also be seen that
with the choice when breeding Busha there is no
need for that much of a working capital in compar-
ison to raising a Holstein-Friesian cattle, where the
variable costs are much higher thus the farmers have
to be have higher availability of liquid funds. With
regard to the variable cost structure, the more inten-
sive the system, the higher the feed costs; the feed
costs constitute for 78% of the total variable costs in
the case of the high-yielding Holstein-Friesian cat-
tle. The feed cost take around 56% of the variable
costs at usual practice farms with mixed breeds, and
only 12-13% at Busha farms, since the animals are
mostly fed at pasture.

The results presented in the following ta-
ble summarize the calculation of partial differenc-
es; the partial differences between the different case
range from 11,142 MKD to 14,668 MKD when Bu-
sha farms are compared to the usual practice. The
disparity is even more considerable when the Bu-
sha case farms are compared to the high-yielding
Holstein-Friesian farm, hence the difference rang-
es from 19,719 MKD to 23,245 MKD, depending
on the farm comparison basis. This amounts contain
the corrective coefficients of endangerment and geo-
graphical distribution, estimated at 1,01 and 1,00 re-
spectively. Corrective coefficients of endangerment
and geographical distribution used in this research
are according to Kastelic et al., 2006. The partial dif-
ference in this context refers to the economic loss
that the farmer who does the usual practice mixed
breeds or high-yielding breeds would have if he/she
raises the autochthonous Busha breed.

The subsidies are an important source of in-
come for the farmers; the subsidies are given per
head (amounting from 540 to 2,700, in a scaling sys-
tem). In addition, a milk quantity linked subsidy is
given, amounting 3,5 MKD/1 in 2011. A high-yield-
ing breed such as Holstein-Friesian at the case farm
produced an average 6,700 1/cow thus being eligi-

ble for 23,450 MKD subsidies in 2011. Since Busha
breed is low-yielding it cannot benefit from the milk-
linked subsidies; in our case farms, the farm with
mixed milk/cow-calf system gained 1,750 MKD in
subsides while the case farm producing only fed ani-
mals could not benefit from this subsidy option. Ad-
ditionally, the Busha breeders can apply for organic
production subsidies (additional 30% from the ba-
sic amount of 2700 MKD per head, also in a scaling
system), that amount to 360 denars/head in this case
(IPARD Agency, 2011). In this respect, the partial
differences with available subsidies are at respec-
tively higher level.

Conclusions

There should be compensation for the farmers
breeding autochthonous Busha cattle breed in con-
text of the current agri-environment policy mea-
sures.

The amount should range from 11,142 MKD
to 14,668 MKD when Busha farms — as calculated
when these farms were compared to the usual prac-
tice farms in the country.

Defining and implementation of specific AEM
for Busha breeders in the future will represent solid
base for preservation of this indigenous cattle breed
in the country.

Determination of calculations for supporting
rates for other indigenous breeds in the near future
should be performed.
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YCBOJYBAILE HA MATHE3UYM KAJ JIYIHEPKA BO
3ABUCHOCT O ®A3ATA HA PA3SBUTOK U CHABJAEHOCTA
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N3Bon

Jycydu, E. (2013). YcBojyBame Ha MarHe3uyM Kaj JIyllepka BO 3aBHCHOCT Of (a3ara Ha pa3BUTOK M
CHa0JICHOCTa Ha [To4BaTa co MarHe3uyM (Mg) u Hekou Apyru MakpoeaeMeHTH. 300pHuK Ha Tpynosu of IV Konrpec
Ha exojio3uTe Ha MakenoHHja co MeryHapogHo ydectBo, Oxpua, 12-15 oxtomBpu 2012 roguna. MakenoHCKO
€KOJIOILIKO JIPYIITBO, ToceOHo n3nanue 21, Crorje.

Bo TpyaoT e mprKakaH HHTEH3UTETOT U YCBOjyBameTo Ha magnesium (Mg)kaj Jyriepka BO 3aBUCHOCT OJT He-
KOM €KOJIOIIKU U (PM3HOJIOLIKH TTapaMeTpH.

Jlyuepkara copra banar 3MC II e onmieyBana Bo MOJICKH yCIIOBH BO YEeTHPH JOKaauTeTH Ha P. MakenoHuja.
Hcrara myrepka e oxriieyBaHa U BO BereTallMOHH CaJoBH HCHOIHETH co 12 kg BO3AyIIHO CyBa IOYBA OJf ONIUTHU-
Te JoKaJauTeTH npuxpanetr co 10 gr/cag NPK + MukpoeneMeHTH .

Moctpu o1 pacTHTeIeH MaTepHja (Jiucja u cTebiIeHa) ce 3eMeHH BO JiBe (ha3u Ha Pa3BUTOK (IIPe]l LIBETAbE
U [BETAE).

W3mepeHnara coap)kMHa Ha MarHe3uyM BO JIYLIEPKHHHTE CTeOIeHIIa HACIPOTH Jiicjata Bo (hasa Impejt LBETambe
¢ moHucka 3a 25,10%, onHocHO BO (ha3a Ha 1BeTame 3a 43,12%. Bucokara cHabaeHOCT Ha Jylepka co Mg Bo c.
Panymia, Bo nwcja (1,92%) u crebnenna (0,81%) e mopaau moBrcokara cHabaeHOCT Ha moyBara (195,5 mg/100 g),
JI0JIeKa MOHKCKaTa coApkiuHa Ha Mg Bo synepkara Ha c. Konmnapu, moceGHO Bo cTebieHIaTa e pe3yaTar Ha 1o-
BHCOKaTa CHaOJICHOCT Ha rmoyBata co kamuyM (68,20 mg/100 g) koj ro ycrmopyBa yCcBOjyBameTo Ha Marae3uym. [1o-
Jo0paTa 3acTaleHoCT Ha N3MEHIIMBHOT KaJIIMyM BO IoYBara Ha c. JeryHosie (622,5 mg/100 g) mokaxa HeraTus-
HO BJIMjaHUE BP3 YCBOjYBambETO Ha MarHe3nyM Kaj nynepka. Bo ¢.Capaj conpxkunara vHa Mg ox 0,62% Bo nmucjata u
0,42% Bo cTebneHnaTa e € 3HaYNTEIHO TIOHUCKA HACIIPOTH MCTaTa Bo c.Panyria, oneka Bo OTHOC Ha JPYTUTE Ba-
pHjaHTH HeMa 3HAYMUTETHU PAa3IMKU CO UCKIydOK Ha crebneHnara Ha c. Koynnapu kane conpxuHara Ha Mr e 3Ha-
YUTEITHO MOHHKCKa 3a 26.2% (0.31%). Bo ¢a3a Ha 1BeTame ¢ H3MepeHa 3HAYUTEIHO MOHKCKA coapxuHa Ha MgO
BO CyBaTa Maca Ha cTeOJIeHI[aTa, 3a pa3jinKa Off JINCjaTa KaJie IMa TeHICHIINja Ha 3roJIeMyBambe.

[IpuxpanyBameTo Ha aynepka co NPK (15:30:15) + MukpoeneMeHTH BO OIIUTOT CO BEreTallMOHU CaJ0BH I10-
Ka)ka JIenpecuBeH e()eKT Bp3 yCBOjyBameTo Ha Mg, moceOHO u3pa3eHo BO cTeblieHIaTa opaad aHTarOHUCTHYKO-
TO JIeNTyBambe Ha KaJIMYMOT.

KJIy'lHI/l 360[)031/11 JIynepka, novna, (baSI/I Ha pa3BUTOK,CyBa Maca, aHTaroH1u3aM, MaKpo€CJIEMCHTHU

Abstract

Jusufi, E. (2013). Adoption of the Magnesium in alfalfa depending of the development phase and the soil supple-
ment with Magnesium and some other macroelements. Proceedings of the IV Congress of Ecologists of Macedonia with
International Participation, Ohrid, 12-15 October 2012. Macedonian Ecological Society, Special issue 21, Skopje.

In this article intensity and adoption of Mg in alfalfa depending of some ecological and physiological param-
eters is presented.

The alfalfa, sort ‘Banat ZMS II” is cultivated in field conditions in four locations in Republic of Macedonia.
The same alfalfa is cultivated in vegetation pots filled with 12 kg of air dry soil from the experimental locations
which are fertilized with 10g/ per pot NPK + microelements
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The samples from the vegetable material (leaves and stems) are taken in two stages of development (before
bloom and bloom).

The measured content of the Mg in alfalfa stems against the leaves in the stage before bloom is lower for
25.10%, i.e. in the stage of bloom for 43.12%.

The higher content of Mg in alfalfa in v. Radusa in leaves (1.92%) and stems (0.81%) is due to higher sup-
plementation of the soil (195.5 mg/100g), while the lower content of Mg in alfalfa of v. Kodzilari, especially in the
stems is a result of the higher supplement of the soil with potassium (68.20 mg/100g), which has slows the adoption
of Mg. The better representation of changeable Ca in soil of v. Yegunovce (622.5 mg/100g), has been shown nega-
tive impact in adoption of Mg in alfalfa. In v.Saray the content of Mg from 0.62 % in leaves and 0.42 % in stems is
significantly lower versus the same in v.Radusa ,while in other variants are no significant differences with the ex-
ception of the stems in v. Kodzilari where the magnesium content is significantly lower for 26.2% (0.31% Mg).At
the bloom stage, the experimental alfalfa has shown significant decrease of the MgO content in the dry mass of the

stems, while in the leaves there is clear tendency of increase.
The executed fertilization of the alfalfa with NPK (15:30:15) + microelements in the experiment with vege-
tation pots has shown depressive effect on the Mg adoption, especially expressed in the dry mass of the stems as a

result of antagonistic influence of the potassium.

Key words:

Introduction

For its nutritive values and the vast presence in
the nutrition of domestic animals, especially the ru-
minants, alfalfa is one of the leading fodder cultures,
Sredanovic et al., 1991, Mc Dowel (1992).

Many factors influence alfalfa’s growth, of
which special role plays the agro-chemical compo-
sition of the soil (Gagachev & Jeki¢, 1989; Zlatare-
va & Nikolay, 1999; Kozarova, 1984; Correa et al.,
2001; as well as the development phase ( Balde et
al., 1993; Boshnyak., Styepanovic, M., 1983;)

Many authors connect the mechanism of ab-
sorption of minerals from the soil, or the transpor-
tation of ions, with the matabolic processes in the
plants, especially with the process of expiration,
photosynthesis and other (Kastori, 1983; Marschner,
1995; Harscharn & Williams, 2003).

According to Neubert ef al., 1970, Mg contents
of 0.30 to 1.00 mg/kg in dry matter are considered
as optimum Mg contents in alfalfa, 1.00 — 2.00 mg/
kg are considered high, and contents over 2.00 mg/
kg are considered as toxic for animals. .

Material and methods

Alfalfa sort Banat ZMS II was cultivated in
field conditions and vegetation pots as well.

The experiment with alfalfa in field conditions
was performed on 4 locations (the villages of Saray
— Skopje region, Yegunovce — Tetovo region, Radusa
— Skopje region, and Kodzilari — Veles region), with
known agro-chemical soil composition (Table 1).

For the cultivation of experimental alfalfa in
vegetation pots, a total of 80 pots were placed (20
pots for each location), filled up with soil (12 kg/pot)
from the above mentioned locations. Parallely, for
each location pots were placed where alfalfa’s fertil-
ization with artificial fertilizer F-Top NPK (15:30:15
+ mikcroelements (ME) was done.

Alfalfa, soil, development stages, dry mass, antagonism, macroelements, microelements

Tab. 1. Agro-chemical soil composition

mg/100g soil

exchangeable
Location NH,N K Ca Mg
Saray 0,49 3,33 526.0 19,0
Yegunovce 0,77 4,87 622.5 29,3
Radusa 2,01 9,89  582.51 1955
Kodzilari 2,21 68,2 815.0 63,7

Alfalfa samples (leaves and stems) were taken
in two pheno-phases, before blooming and bloom-
ing.

Magnesium contents (MgO) in dry matter was
determined by wet combustion with HNO,, HCIO,,
H,SO, (10 : 1.0 : 0.25), whereas the reading was
done by an atomic absorption spectro-photometer
(A.A.C)).

Results

From the data brought on Mg contents in the
experimental alfalfa’s leaves and stems (field condi-
tion experiment) in the before blooming phase (Ta-
ble 2.), it can be established that the same in the dry
matter ranges from 0.39% (Kodzilari).

From the presented data for the Mg content
in dry matter of experimental alfalfa (field condi-
tions) before blooming phase (table 2) can be con-
cluded that the Mg content in dry matter of alfal-
fa stems ranges from 0.39 % in variants of v. Kodz-
ilari to 1.11% in variants of v. Radusa and the same
content in terms of the measured in leaves are lower
for 35.84%:35.72% (v. Radusa; v. Kodzilari), i.e. for
13.03%; 15.81% (v. Saray and v. Yegunovce). In the
blooming phase in experimental alfalfa is observed
a significantly decreasing of the Mg content in dry
matter of stems, respectively from 26.8 % in vari-
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Tab. 2. The content of magnesium in the dry matter of leaves and stems

% MgO

Location Leaves Stems stems/

leaves

before blooming %

% %
Saray 0.59 +0.02 100.0 100.0 0.51 +0.06 100.0 100.0 86.97
Yegunovce 0.53£0.07 88.8  100.0 0.44 £0.08 86.0 100.0 84.19
Radusa 1.73+0.12 292.7 100.0 1.11+£0.12 215.9 100.0 64.16
Kodzilari 0.60£0.01 101.9 100.0 0.39+0.03 753 100.0 64.28
Blooming

Saray 0.62 +0.04 100.0 105.6 0.42+0.10 100.0 81.7 67.31
Yegunovce 0.57 £ 0.02 92.2 109.5 0.40 = 0.09 95.9 91.2 70.08
Radusa 1.92+0.11 308.2 111.2 0.81£0.04 193.3 73.2 42.22
Kodzilari 0.65+0.02 103.7 107.5 0.31+0.03 73.8 80.1 4791

ants of v.Radusa (0.81%) to 8.8% in v.Yegunovce
(0.40%),versus the content of Mg in leaves where
there is a tendention of increasing for 5.6% (v.
Saray), 7.5%(v. Kodzilari),9.5% (v. Yegunovce) and
11.2 % (v. Radusa).

For the very rich with Mg soil in Radusa (195.5
mg/100g), in alfalfa’s dry matter higher Mg con-
tents were measured, namely 1.92% in the leaves
or 0.81% in the stems (blooming phase). In the two
phenophases, the lowest average Mg contents were
measured in alfalfa’s stems in Kodzilari variant,
which in comparison to the one of Saray variant is
24.7% lower (before blooming), or 26.2% (bloom-

ing phase).

The content of Mg alfalfa cultivated in vegeta-

tion pots, has shown values within optimal amounts
(0.31-1.0 % Mg),with the exception of the v.Radusa
variant where the same are significantly higher.In
the phase before blooming,dry matter of non-fer-
tilized alfalfa from v.Radusa variants showed a sig-
nificantly higher Mg content versus in v.Saray i.e.
for 126.67% (1.70%) in leaves and 0.42% in the
stems.The content of Mg measured in dry matter of
v.Yegunovce (0.75% in leaves and 0.60% in stems
) did not show significant difference according to
the same values in v.Saray (<5%),In the blooming
phase the content of Mg in dry matter of leaves is in-
significantly higher than the ones before the bloom-
ing phase (<5%),unlike in stems where it comes to
a significant decrease of the Mg contents,where in

Tab. 3. The content of Mg in dry matter of alfalfa leaves and stems

% MgO
Location v. phase Leaves stems
Unfertilized
v.Saray 0.75+£0.03 100.0 100.0 0.67 +£0.04 100.0 100.0
v.Yegunovce I;ng’rf_ 0.71 % 0.02 94.7 100.0 0.63 +0.02 94.0 100.0
v.Radusa ing 1.70 £ 0.03 226.7 100.0 1.18 £0.10 176.1 100.0
v.Kodzilari 0.60 +0.02 80.0 100.0 0.42 £0.03 62.7 100.0
v.Saray 0.78 £0.03 100.0 104.0 0.65+0.02 100.0 97.0
v.Yegunovce blooming 0.75 £0.02 96.2 105.6 0.60£+0.03 92.3 95.2
v.Radusa 1.79+0.03 229.5 105.3 0.81 £0.03 124.6 68.6
v.Kodzilari 0.62+0.03 79.5 103.3 0.33+£0.04 50.8 78.6
Fertilized
v.Saray before 0.72+£0.02  100.0 100.0 048+0.02  100.0 100.0
v.Yegunovce bloom- 0.69 = 0.03 95.8 100.0 0.46 £0.02 95.8 100.0
v.Radusa ing 1.69 £0.03 234.7 100.0 0.74+0.03 154.2 100.0
v.Kodzilari 0.62 £0.02 86.1 100.0 0.36 £0.02 75.0 100.0
v.Saray 0.75+0.03 100.0 104.2 0.32+0.03 100.0 66.7
v.Yegunovce blooming 0.73 +£0.04 97.3 105.8 0.30+0.03 93.7 65.2
v.Radusa 1.72 £0.03 229.3 101.8 0.56 £0.04 175.0 75.7
v.Kodzilari 0.63+0.01 84.0 101.6 0.28 £0.02 87.5 77.8
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v.Kodzilari is 21.4% (0.33% Mg) and v.Radusa is
31.4% (0.81% Mg) (Table.3).In the dry matter of the
stems from v.Yegunovce and v.Saray,the decrease is
insignificant in the blooming phase (< 5%).

In the two phenophases, the average Mg val-
ues in the leaves’ dry matter in the fertilized against
non-fertlizied alfalfa plants on the experimental lo-
cations, are insignificantly lower (<1.56%), while in
the stems a significant decrease of 34.10% can be
noted. According to the values obtained for Mg in
the dry matter of the fertilized plants in the before
blooming phase, a distinguishly higher amount was
measured in the leaves for 1.69% and the stems for
0.74% from RaduSa, while the lowest were in the
leaves (for 0.62%) and the stems (for 0.36%) from
Kodzilari (Table 3).

Discussion

Mg absorption showed dependence on alfal-
fa’s growth phase, where its contents in alfalfa’s
dry matter in the before-blooming phase is higher
than the one in the blooming phase, which was es-
tablished by the research done by Brink & Marten
,1989; Boshnyak & Styepanovié,1983. The more
intense Mg absorption in alfalfa in the location of
Radusa, where the highest amounts of soil magne-
sium are present (195.5 mg/100g), indicated the pos-
itive correlation between its absorption and the soil
richness, established by Kozarova,1984; Gagacev
& Jeki¢ ,1989.. The lower Mg contents in the leaves
and the stalks from Kodzilari, besides the good soil
richness with Mg (63.75 mg/g), is a consequence
of the high soil richness with K,O (68.20 mg/100g)
and NH,N (2.21 mg/100g), which ones slow down
its absorption (Harscharn & Williams, 2002; Correa
et al., 2001). The existing antagonism between Mg
and K is confirmed by Stoyanov et al.,1979; Heen-
an & Campbell,1981. The lower Mg contents in Ye-
gunovce variant, compared to that from Saray vari-
ant, is an expression of better soil richness with cal-
cium, which also shows inhibitory action towards
Mg absorption, (Marschner,1995; Harscharn. &
Williams, 2003; Stoyanov et al., 1979.

The alfalfa’s fertilization performed during
vegetation regarding Mg contents in the leaves and
the stems showed a depression effect which was sig-
nificant in the stems, above all because of the in-
creased amounts of accumulated calcium as an ex-
pression of its more intense absorption (Heenan &
Campbell, 1981; Harscharn & Williams, 2002; Jusu-
fi & Zekiri, 2011).

Conclusion
- Alfalfa in the villages of Saray, Yegunovce

and Kodzilari is optimally enriched, while the one
from Radusa is very well enriched.

- Alfalfa’s dry matter has shown sigfnificantly
higher Mg contents in the before-blooming phase,
compared to the one in the blooming phase.

- In the blooming pahse there is significant Mg
contents’ decrease in the stems dry matter;

- Absorbed amounts of Mg in dry matter are in
positive correlation with the level of soil richness
with Mg;

- The higher soil richness with K and Ca showed
a negative influence on the degree of absorbed Mg.

- Alfalfa’s fertilization showed a depression ef-
fect on Mg contents, which is especially notable in
the stems.

- The significantly lower Mg contents in dry
matter of non-fertilized alfalfa is above all an ex-
pression of the increased amounts of added K, which
demonstrates antagonism towards Mg absorption.
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Summary

Alfalfa is one of the most important fodder cultures, first of all because of its high yields and the quali-
tative compositions that are depending on the agro-chemical properties of the soil and the external ecological

conditions.

In the experiment performed on agricultural soil on 4 locations: the villages of Saray, Yegunovce, Radu-
sa and Kodzilari (field conditions and vegetation pots), a significant correlation between the amount of Mg ab-
sorbed in the dry matter and the Mr, Ca and K contents in the soil was established. Also, during growth, dy-
namics in Mg contents in the leaves and the stems was noted, which is of special importance for the way and

the time of its exploitation.

Key words: alfalfa, soil, field conditions, vegetation pots, dry matter.
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Abstract

Andreevska, D., Andov, D., Simeonovska, E. (2013). Dressing percentage and yield of white rice in Bian-
ca and Galileo - two newly introduced rice varieties (Oryza sativa L.), grown under agro-ecological conditions of
Macedonia. Proceedings of the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-
15 October 2012. Macedonian Ecological Society, Special issue 21, Skopje.

In this paper, the results of investigation of two newly introduced rice varieties Bianca and Galileo are pre-
sented, regarding the dressing percentage of white rice, yield of white rice as well as 1000 grain weight. In order to
compare these results, the same parameters were explored also on two standard varieties Prima riska (Macedonian
variety) and R-76/6 (domesticated Italian variety), traditionally grown under agro-ecological conditions of Mace-
donia (the region of Kocani, locality “Bosevica”). The research was carried out during 2009 and 2010 by setting
up field trials (randomized block system). The soils of the locality “Bosevica”, where the field trials were set up on
are of alluvium soil type, carbonate-free at the examined depths. The soil texture was fine sandy loam. The pH of
the soil solution was acid; the content of humus was low, the content of total nitrogen was strongly correlated to the
content of humus. The soil was medium supplied with easily available potassium and phosphorus. In general, the
climatic conditions during both years of investigation were favourable for rice cultivation. The dressing percent-
age of white rice (whole grains) as well as byproducts of rice milling (brokens, bran and husks) were determined by
milling on laboratory mill (three average samples of paddy rice, each weighing 100g). The duration of milling was
1.40 minutes. According to the obtained results, the highest average percentage of the whole grains (55.14%) fol-
lowed by the highest yield of white rice (4289.00 kg ha!) was achieved in the standard variety R-76/6, in both years
of investigation. The lowest average percentage of the whole grains (35.40%) as well as the lowest yield of white
rice (3008.67 kg ha') was obtained in the newly introduced variety Galileo. The percentage of the whole grains
(white rice) in the other standard variety Prima riska was 48.82%, the yield of white rice was 4159.34 kg ha''; the
values of the same traits in the second introduced variety Bianca were 50,31% and 4068,84 kg ha'! respectively.
The investigated rice milling performances differed during the two years of investigation, caused by the influence
of the environmental conditions. Also, the varietal diversity was stated in the considered quality characteristics of
milled rice, due to genetic diversity among the four investigated varieties.

Key words: rice, varieties, agro-ecological conditions, percentage of the whole grains, yield of white rice
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Awnnpeescka, 1., Aunos, JI., Cumeonoscka, E. (2013). PanamaHOT ¥ NPUHOCOT Ha Oenl opu3 kaj buanka
u [anuneo - 1Be HOBO UHTPOIAYUpAaHU copTH opu3 (Oryza sativa L.) oArieayBaHu BO arpOCKOJIOIIKUTE YCIOBH
Ha Maxkenonuja. 36opuuk Ha Tpynosu oa IV KoHrpec Ha exono3ute Ha MakeIoHHja cO METyHAPOIHO YYECTBO,
Oxpun, 12-15 okromepu 2012 roguHa. MakeTOHCKO SKOJIOIIKO APYIITBO, MoceOHo u3nanue 21, Ckomje.

Bo TpynoT ce npe3eHTHpaHu pe3yaTaTuTe Ol UCIIUTYBAmbEeTO Ha PAHIMAHOT, IPHHOCOT Ha Oel Opu3 1 Macata
Ha 1000 3pHa Kaj 1Be HOBOMHTPOIAYHPAHHU UTAIMjAHCKH COPTH OpH3: Ouanka U eanuneo. VlcTute mapamerpu ce
WCTIMTaHK TIapajieIHO U Ha J(BC CTAHIAPHU COPTH: npuma pucka (MakemoHCKa copta) U P-76/6 (omoMakuHeTa
UTaJMjaHCKa COPTa), TPAJULIHOHAIHO OAIVIEAYyBaHH BO arpoeKOIONIKHTE yciioBH Ha Makenonuja (Bo Kouanckuor
peruoH, okanuTeT ,,boceBuna), co men aa ce cropeaar pesynrarure. VcrpaxkyBamara ce CIIPOBEICHH BO TEKOT
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Ha 2009 u 2010 roguHa BO HOJICKM EKCIEPHMEHTH 110 METOJOT Ha paHaoMu3upaH 010k cucteM. [louBure of
JIOKaJIMTETOT ,,boceBuna“ (kame mTO Ce CHPOBEICHHU IMOJCKUTE SKCIIEPHMEHTH) Ce Of alyBHjaJieH MOYBEH THII,
OeckapOOHATHY BO HCIIMTYBAaHUTE AJTa00UHHH, a CIIOPE] MAXaHUYKUOT COCTAB, TOA C€ CUTHO MECOKINBH HIIOBULIH.
Peak1ujaTa Ha MOYBEHHOT PACTBOP € KHCENa, CIIOPE COAPKUHATA Ha XyMYC ce c1abo XyMyCHH, a COAp)KUHATA Ha
BKYIICH a30T € BO TECHa Kopenanuja co Xxymycor. [TouBute ce cpenHo 00e30elHN CO JEeCHO JOCTAIeH KaIuyM H
docdop. Bo 1Bere roauHn Ha MCTPaKyBambe KIMMATCKUTE YCIOBU Oea IOBOJIHM 32 MPOM3BOACTBO-O/IVICYBaE
Ha opu30T. Criopes 10OMEHNUTE Pe3yITaTH MOXKE J1a e KOHCTATHpa JeKa HajBUCOK NPOCEUeH paHaAMaH (LielH 3pHa-
55,14%) u mpuHoc Ha 6en opus (4289,00 kg ha™'), o aBeTe roanHK Ha HCIIUTYBabe ¢ JOOMEH Kaj CTaHAapIHATa COpTa
p-76/6. Hajuusok mpocedeH panaman (35,40%) u HajHu3ok mpuHoc Ha 6en opus (3008,67 kg ha') e moctursar kaj
HOBOMHTPOAYLIMPAHATa COpTa 2auieo. PAaHIMaHOT U IPUHOCOT Ha OeJ1 OpH3 Kaj CTaHAap/iHaTa copTa npuma pucka-
mHecyBaat: 48,82%, ogrocHo 4159,34 kg ha', a kaj npyrara ncnutyBaHa copra buanka —50,31% 1 4068,84 kg ha™!
coonBeTHO. OJ1 CIPOBECHUTE HCTPAXKYBaha MOXKE J1a Ce KOHCTATHPA JeKa KBAJIUTETOT HA OPH30T IIPH JIYIICHETO
- PaHAMAHOT ¥ IPUHOCOT Ha 01 OPH3 Ce Pa3INKyBaaT BO Pa3IMYHUTE TOAMHHU HA UCIIUTYBambe, OAHOCHO 3aBUCAT
071 arpoOEKOJIOIIKUTE YCIOBH Ha OANIelyBambe. IcTo Taka, BO OHOC HA HCITUTYBaHUTE CBOjCTBA, KOHCTATHPAHA € U
COpTHA cleU(YUIHOCT, OJHOCHO PA3JIMKU BO BPEIHOCTUTE LITO CE JOJDKAT HAa TEHETCKUTE OCOOMHHU Ha COPTHTE.

Kutyunu 360poBu: opu3, COPTH, arpoeKOJIOIIKH YCIOBH, PAaHIMAaH, IPUHOC

Introduction

After the rice crop harvest, the first obtained
product is rough rice, also called paddy rice. Being
encased by hulls, the paddy rice is not ready for hu-
man consumption. Therefore, the harvest is followed
by post-harvest processing in specially equipped
milling factories.

The paddy rice processing comprehends the
following operations: cleaning, drying, hulls remov-
ing, separation of the hulled from non-hulled rice,
whitening, separation of the whole grains from bro-
kens, removing small stones, assorting the grains
according to their colour, packing and storing. De-
hulling results in few different fractions as de-hulled
grains, hulled grains, grains’ particles (or so-called
brokens), hulls and bran (flour). De-hulled grains are
brown-colored, therefore they are also called brown
rice, husked rice or cargo.

The next step in producing white rice is whit-
ening of the cargo rice by using specific equipment.
During the whitening, the bran layers and the small
part of the endosperm are being removed. Milled
rice (or white rice) represents de-hulled and whit-
ened rice grains from which the embryo and hulls
are removed.

The dressing percentage or the yield of white
rice depends directly on the genotype (variety),
but also on the applied technology as well as envi-
ronmental factors (Kunze, 1985; Siuirek and Beser,
1998; Srinivas and Bhashyam, 1985; Andov et al.,
2003; Ilieva et al., 2000a, 2007, 2008, 2009).

In order to get higher yield and better grain
quality in rice crop production, using high-yielding
and good-quality rice varieties is crucial, beside the
soil condition, climate and applied technology. Se-
lection of rice varieties that are suiTab. to specific
environmental conditions would provide full expres-
sion of their productive and quality traits.

Introduction of the new, high-yielding and

good-quality rice varieties, parallel to breeding new
varieties is the way to enrich the assortment of rice
cultivars in the Republic of Macedonia (according
to Andov et al. 2003, 2008/2009, 2010; Ilieva et al.,
2000b, 2005/2006, 2007, 2008, 2010).

The aim of this research was to determine the
dressing percentage, the yield of white rice and the
1000 grain weight in the two newly introduced rice
varieties grown under the environmental conditions
of the region of Kocani, Republic of Macedonia.

Materials and methods

Two newly introduced rice varieties Bianca and
Galileo were investigated in comparison with stan-
dards Prima riska (Macedonian rice variety, released
in 2004) and R-76/6 (domesticated Italian rice vari-
ety, widely used in rice crop production in Macedo-
nia).

Investigations were carried out during 2009 and
2010; field trials were set up at the locality Bosevi-
ca (experimental field of the Rice Department in Ko-
cani, within the Institute of Agriculture in Skopje).
The experimental design was randomized block sys-
tem with three repetitions. Standard technology for
rice production was applied.

Laboratory milling was carried out by using
laboratory mill. In order to determine the dressing
percentage - whole grains of the white rice as well
as by-products (brokens, rice brans and hulls), three
average paddy rice samples, (each weighing 100 g)
were milled in total 1.40 minutes.

The obtained data were statistically performed
by ANOVA and tested by LSD test.

The 1000 grain weight was assessed both to
paddy rice and to white rice, on two samples per va-
riety, each compounded of 500 grains.
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Tab. 1. Some chemical properties of the soil from the locality “Bosevica”

Available
Depth CaCo, Humus Total pH [mg/100 g]
[cm] [%o] [%e] [%o]
HO | nKCl P,0, K,0
0-20 - 2.16 0.09 5.79 4.92 17.85 14.02
20-40 - 1.50 0.06 5.88 5.07 11.57 12.04

Soil and climatic conditions

The field trials were set up on alluvium soil
type (the experimental field on the locality “Bosevi-
ca”). At the examined depths (0-20 cm and 20-40
cm), the soil was carbonate-free. The soil texture
was fine sandy loam. Other soil characteristics were
as well: acid pH of the soil solution, low content of
humus, total nitrogen content strongly correlated to
the humus content. The examined soil was medium
supplied with easily available potassium and phos-
phorus.

Regarding the climatic conditions during the
rice vegetation period (from April to October) in
2009/2010, the average monthly air temperature was
19.9 °C, the average monthly maximum temperature
25.5 °C while the average monthly minimum tem-
perature was 12.2 °C (Tab. 2). In 2009, the average
monthly air temperature (20 °C) was slightly higher
compared to 2010 (19.7 °C).

On average, the total sum of rainfalls during the
investigation (2009/2010) was 331.6 mm. In the first
year (2009), the maximum of rainfalls was measured

in June (96.7 mm), and the minimum in July (11.0
mm). In the second year of investigation, the biggest
sum of rainfalls was in October (119.5 mm), and the
lowest in August (6.5 mm).

In general, the climatic conditions during both
years of investigation were favorable for rice culti-
vation.

Results and discussion

1. Dressing percentage of white rice

The results of investigation of dressing percent-
age (whole grains percentage) are presented in Ta-
ble 3.

The results of investigation of dressing percent-
age (whole grains percentage) show the highest av-
erage percentage of the whole grains (55.14%) in
the standard variety R-76/6, in both years of investi-
gation. The lowest average percentage of the whole
grains (35.40%) was obtained in the newly intro-
duced variety Galileo (Table 3).

In 2009, the standard variety R-76/6 gained

Tab. 2. Data on meteorological elements during the rice vegetation period in Kocani

Year Months Average
v v VI vil | vim | IX | X
Average monthly temperature [C°] Years Veg.
2009 14.0 18.7 22.4 24.9 24.9 21.2 14.0 14.1 20.0
2010 13.7 18.5 22.1 24.9 26.9 19.3 12.2 14.3 19.7
Average 13.9 18.6 223 24.9 25.9 20.3 13.1 14.2 19.9
Average monthly max.temperature [C°]
2009 19.6 25.0 28.5 31.7 30.8 26.6 19.8 19.4 26.0
2010 19.0 23.9 26.9 29.9 32.7 25.6 16.8 19.3 25.0
Average 19.3 24.5 27.7 30.8 31.8 26.1 18.3 19.4 255
Average monthly min.temperature [C°]
2009 6.4 9.0 13.0 15.8 15.4 12.1 6.4 6.8 11.2
2010 8.3 11.8 15.2 17.0 18.7 12.4 8.2 8.9 13.1
Average 7.4 10.4 14.1 16.4 17.1 12.3 7.3 7.9 12.2
Monthly rainfalls [mm] Sum
2009 36.0 59.7 96.7 11.0 33.0 345 44.0 576.3 314.9
2010 63.3 20.5 86.0 19.5 6.5 33.0 119.5 623.3 348.3
Average 49.7 40.1 91.4 153 19.8 33.8 81.8 599.8 331.6
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the highest value for dressing percentage of white
rice (53.23%), significantly higher compared to Pri-
ma riska and Galileo (differences were not signifi-
cant while compared to Bianca). The lowest yield of
white rice in 2009 was reached by the newly intro-
duced variety Galileo (37.14%), significantly lower
than other varieties.

In 2010, like in 2009, the highest dressing per-
centage of white rice was found in the standard variety
R-76/6 (57.05%); this value was significantly higher
than Bianca s and Galileo s values (for both levels of
probability), and Prima riska’s value (for probability
level of 0,05). The lowest yield of white rice in 2010
was assessed for the variety Galileo (33.66%), signif-
icantly lower than all other examined varieties.

No significant differences (p>0.05) among in-
vestigated varieties, regarding the percentage of
hulls and bran were found (Table 3).

The variety Bianca was characterized with the
lowest percentage of hulls (19.56%), while the high-
est (21.04%) was found in Galileo. The range bran
percentage was from 11.52% (R-76/6) to 13.85%
(Prima riska).

According to Andov et al. (2003), the content
of byproducts of rice milling (whole grains, brokens,
hulls and bran) vary depending on the variety, year
of vegetation and cropping system (rice as first or
second crop).

Dressing percentage is influenced by the time
of harvesting and grain moisture content.

High dressing percentage of white rice was ob-
tained when the harvest had been conducted 36 to 39

Tab. 3. Dressing percentage [%]

days after flowering, with grain moisture content be-
tween 20% and 30% (Ali et al., 1993).

According to Ilieva et al. (2009), an optimal pe-
riod for harvesting, determined for five different rice
varieties (Monticelli, Biser-2, San Andrea, R-76/6
and Prima riska) was the period when the grain
moisture content is 18% - 20%.

In both years of investigation, the highest dress-
ing percentage of white rice was reached during the
third period of harvesting (20% average grain mois-
ture content).

2. Yield of white rice

The obtained results for the yield of white rice
are presented in Table 4.

The highest average yield of white rice after
post-harvest processing of the paddy rice was as-
sessed for the standard variety R-76/6 (4289.00 kg
ha''), while the lowest was reached by newly intro-
duced variety Galileo (3008.67 kg ha'). The yield
of white rice of other two varieties was 4159.34 kg
ha'l, (standard Prima riska) and 4068.84 kg ha'! (in-
troduced variety Bianca).

In 2009, the highest yield of white rice was ob-
tained for the variety Bianca (3922.67 kg ha), sig-
nificantly higher for both levels of probability com-
pared to all other varieties R-76/6, Prima riska and
Galileo (Table 4). The lowest yield of white rice in
2009 was determined for Galileo (2810.67 kg ha''),
significantly lower than R-76/6 (3471.67 kg ha™)
and Bianca (3922.67 kg ha).

Brokens Total .
Varieties Year g:ﬁ:: gv:;zl; ?g?::ll:s}] ll}rl :Iel Hulls
1/3 2/3 Total brokens

o 2009 44.51 1.98 | 18.02 | 20.00 64.51 1.09 14.80 | 19.60

P ””’(S"t.j”k“ 2010 53.12 204 | 1090 | 12.94 66.06 0.50 1290 | 20.54

2009/10 | 48.82 | 2.01 | 1446 | 1647 65.29 0.80 1385 | 20.07

2009 53.23 199 | 1126 | 13.25 66.48 0.90 11.58 | 21.04

R766 (5t 2010 57.05 1.65 | 1047 | 12.12 69.17 0.25 1145 | 19.13

2009/10 | 55.14 1.82 | 1087 | 12.69 67.83 0.58 11.52 | 20.09

2009 52.92 145 | 13.00 | 1445 67.37 0.31 12.85 | 19.47

Bianca 2010 4770 | 288 | 1641 | 19.29 66.99 1.40 1197 | 19.64

2009/10 | 50.31 217 | 1471 | 16.87 67.18 0.86 1241 | 19.56

2009 3714 | 470 | 2292 | 27.62 64.76 1.20 14.13 | 1991

Calileo 2010 33.66 794 | 2460 | 32.54 66.20 1.20 1044 | 22.16

2009/10 | 3540 | 632 | 23.76 | 30.08 65.48 1.20 1229 | 21.04
Year 2009 2010
LSD,,, 2.17 3.86
LSD,, 3.16 5.62
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Tab. 4. Yield of white rice [kg ha™']

Year Index from
Varieties Average
2009 2010 Prima riska R-76/6
Prima riska(st.) 3028.00 5290.67 4159.34 0 -3.02
R-76/6 (st.) 3471.67 5106.33 4289.00 +3.12 0
Bianca 3922.67 4215.00 4068.84 -2.18 -5.13
Galileo 2810.67 3206.67 3008.67 -27.66 -29.85
Average 3308.253 4454.668 3881.46
LSD , 226.95 392.46
LSD ,,. 330.56 571.63

In the vegetation year 2010, the highest yield of
white rice was assessed for the variety Prima riska
(5290.67 kg ha''), significantly higher compared to
Bianca and Galileo only (differences were not sig-
nificant for other standard R-76/6) (Tab. 4).

According to Andov et al. (2003), the aver-
age yield of white rice in few investigated varieties
(Monticelli, Osogovka, M-101, Onda, Lido and Ra-
don) was higher when the rice was first crop, than in
case where the rice was second crop.

3. Mass of 1000 grains

The mass of 1000 grains is characteristic of the
species and the cultivar. This characteristic vary in
wide range depending on grain maturity level, grain
origin, position on the panicle where the grain is
forming on the mother plant, agro-ecological grow-
ing conditions, applied technology etc.

Grain moisture has an important influence on
the mass of 1000 grains, hence it is necessary for the
mass of 1000 grains to be related to grain dry mat-
ter content.

According to the results for mass of 1000 grains
(paddy and white rice) presented in Tab. 5, the new-
ly introduced Italian varieties Bianca and Galileo, as
well as two standard varieties Prima riska and R-76/6
are characterized with large grain dimensions.

The highest average mass of 1000 grains (pad-
dy and white rice) was assessed for the variety Bian-
ca (paddy - 43.45 g; white rice - 30.06 g), while the

Tab. 5. Mass of 1000 grains [g]

lowest values were obtained for the variety R-76/6
(paddy - 39.15 g; white rice - 27.67 g).

Conclusions

From the conducted investigations and ob-
tained results of the newly introduced Italian variet-
ies Bianca and Galileo, compared to standard vari-
eties Prima riska and R-76/6 the following conclu-
sions could be done:

* The highest average dressing percentage
(whole grains -55.14%) and yield of white rice (4289
kg ha') was achieved in the standard variety R-76/6,
in both years of investigation.

* The lowest average dressing percentage
(35.40%) as well as the lowest yield of white rice
(3008.67 kg ha') was obtained in the newly intro-
duced variety Galileo. In the variety Bianca dress-
ing percentage was 50.31% and yield of white rice -
4068.84 kg ha''.

* The dressing percentage of the second stan-
dard variety Prima riska was 48.82%, and the yield
of white rice was 4159.34 kg ha™'.

* The highest average mass of 1000 grains (pad-
dy and white rice) was assessed for the variety Bian-
ca (paddy - 43.45 g; white rice - 30.06 g), while the
lowest values were obtained for the variety R-76/6
(paddy - 39.15 g; white rice - 27.67 g).

* The milling quality parameters of rice (dress-
ing percentage and yield of white rice) are genetical-
ly determined, but their values also depend on envi-

Paddy rice White rice
Varieties Year Year
2009 2010 Average 2009 2010 Average
Prima riska(st.) 40.77 39.96 40.37 28.98 28.40 28.69
R-76/6 (st.) 39.86 38.44 39.15 28.17 27.16 27.67
Bianca 43.95 42.94 43.45 30.41 29.71 30.06
Galileo 41.78 40.65 41.22 28.07 27.31 27.69
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ronmental growing conditions that differ in different
years of investigation.
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Abstract

Andov, D., Andreevska, D., Simeonovska, E. (2013). Yield of white rice and byproducts of rice milling in
some newly introduced Italian rice varieties grown under agro-ecological conditions of Macedonia. Proceedings of
the 4" Congress of Ecologists of Macedonia with International Participation, Ohrid, 12-15 October 2012. Macedo-
nian Ecological Society, Special issue 21, Skopje.

The dressing percentage of white rice, yield of white rice, byproducts of paddy rice milling as well as 1000
grain weight were investigated in three newly introduced Italian rice varieties Brio, Ellebi and Opale.

The same characteristics were explored also in two standard varieties Prima riska and R-76/6 in order to com-
pare the obtained results. The research was carried out during 2010 and 2011 by setting-up field trials (randomized
block system) under the agro-ecological conditions of the Kocani region in Macedonia. The dressing percentage of
white rice (whole grains) as well as byproducts of rice milling (brokens, bran and husks) were determined by mill-
ing on laboratory mill (three average samples of paddy rice, each weighing 100 g). The duration of milling was 1.40
minutes. The soils of the locality “Bosevica”, where the field trials were set up on are of alluvium soil type, carbon-
ate-free at the examined depths. The soil texture was fine sandy loam. The pH of the soil solution was acid; the con-
tent of humus was low, the content of total nitrogen was strongly correlated to the content of humus. The soil was
medium supplied with easily available potassium and phosphorus. During the rice vegetation period (from April
to October), the average monthly temperature in 2010/2011 was 19.9 °C, average maximum temperature was 25.4
°C, while average minimum temperature was 12.8 °C. The sum of monthly rainfalls (average value for both years
of investigation) was 277.9 mm.

According to the obtained results, the highest average percentage of the whole grains in both years of inves-
tigation was found in the newly introduced variety Ellebi (64,46%), while the lowest one was in the other intro-
duced variety Opale (40,70%). For comparison, the average percentage of the whole grains in the standard varieties
was 48.77 % (Prima riska) and 54.79% (R-76/6). The highest average yield of white rice was reached by the new-
ly introduced variety Brio (5138 kg ha'!), and the lowest by the variety Opale (3439 kg ha'). Compared to them,
the standard varieties obtained 4638 kg ha'! (Prima riska) and 4671 kg ha' (R-76/6) average yield of white rice.
The different values of the same milling characteristics (percentage of white rice, yield of white rice) were stated
among different varieties, but also, the values within the same varieties varied in different years of investigation,
due to the environmental factors.

Key words: rice, varieties, agro-ecological conditions, percentage of the whole grains, yield

N3Bon

Awngnos, J1., AuapeeBcka, /1., Cumeonoscka, E. TIpuHOCOT Ha Oes1 OpH3 M CLIOPEAHUTE MPOM3BOAN Kaj HEKOU
HOBOMHTPOIYUPAHHU UTATHjaHCKH COPTH OPH3 OAIICIYBAHH BO arpPOCKOJIOIIKUTE YCIOBH Ha MakeoHuja. 300pHHUK
Ha TpyznoBu o1 IV Konrpec Ha ekosio3nte Ha MakenoHHja co MeryHapoaHo yuectBo, Oxpun, 12-15 okromspu 2012
ronuHa. MakeIOHCKO €KOJIOIIKO JAPYINTBO, moceOHo m3nanue 21, Ckomje.

PanMaHOT, MPUHOCOT Ha Oe1 OpU3 U CLIOPEAHUTE MPOU3BOIAM TOOHCHH MPU OCTICHETO HA CYPOBHOT OpH3-ap-
ma, kako 1 Macara Ha 1000 3pHa Opu3 ce MCIUTYBaHHU Kaj TPY HOBOMHTPOILYHPAHU UTATHjAHCKU COPTU OPHU3: OpUO,
enebu v onane. VIcTuTe cBOjcTBA Ce MCTIIUTAHM U Kaj IBE CTaHAAPIHU COPTH: npuma pucka u P-76/6, co 1ien na ce
criopeat fooueHuTe pesyaratu. MictpaxyBamara ce cripoBeaeHd Bo TekoT Ha 2010 u 2011 rofuHa BO MOJICKU €KC-
MEPUMCHTH 110 METOJIOT Ha PaHIAOMU3UPAH OJOK CHCTEM, BO arpOCKOJIONIKHTE YCIOBH Ha KOYaHCKHOT pernoH Bo
Makenonuja. PanaMaHOT Ha 6EHOT OpHU3 - IS 3pHA U CIIOPEIHUTE POU3BOIN TPH OCICHETO Ha aprara (KpIieH
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OpH3, OPU30BUTE TPHLM U JIYIIIIH) Ce OAPEICHHU cO Oeneme Ha Tpu poceyHu npodu ox 100 g apma co naboparopu-
cKka JynuiHuna 3a Bpeme o 1,40 munyTu. IlouBute of okanuteTor ,,boceBuna‘ (kazie mWTO ce COPOBEICHH MO~
CKHTE SKCIICPUMEHTH) Ce OJ] aJIyBHjaJieH MOYBEH THII, OeCcKapOOHATHU BO HCIMTYBaHUTE JNIa00UUHH, a CIIOpe]] Me-
XaHUYKHOT COCTaB, TOA CE CUTHO MECOKIMBY MIOBUIH. PeakiujaTa Ha IOYBEHUOT PACTBOP € KUCeJIa, CIIOPE COMp-
JKHHATa Ha XyMYC ce cl1abo XyMyCHH, a COJIp)KMHATa Ha BKYIICH a30T € BO TECHa KopeJalnuja co XyMycoT. [louBure
ce cpeHo 00e30e/IeHH €O JISCHO AocTaneH KanuyM U gocdop. 3a Bpeme Ha BereTalujara Ha Opu30Bara KyJiTypa
(anpuI-OKTOMBPH) CPETHUTE MECEYHH TeMiepaTypu Ha Bo3ayxoT 2010/11 roguna u3necyBaar 19,9° C, makcuma-
Hure ce 25,4° C, a munumanuute ce 12,8° C. Bkynnara (mpoceuHa) cyma Ha BPHEXKH 3a JABETE TOIUHU Ha UCIIUTY-
Bame BO BpeMe Ha Bereramnujara nzHecysa 277,9 mm. Cropen JoOMEHUTE pe3y/ITaTH MOXKe Ja ce KOHCTaThupa Jeka
HajBHCOK IIPOCEYEH PaHIMaH OJf ABETE TOIMHH Ha HCTPAXKYBambe ¢ JJOOUEH Kaj HOBOMHTPOLyLIUpaHaTa copTa enebu
(64,46%), a HajJHU30K MPOCEYEH PaHAMAH € YTBPJCH Kaj coprara onane (40,70%). 3a ciopenba, MpoOCEYHUOT paH-
IIMaH Ha Oen opu3 (LieJIM 3pHa) Kaj CTaHJapAHUTE COPTH U3HECYBa: Kaj npuma pucka- 48,77%, a xaj p-76/6- 54,79
%. HajBucok npoceueH npuHOC Ha 6es opu3 pH npepaboTKara Ha CypOBHOT OPU3 € IIOCTUIHAT Kaj HOBOMHTPOLY-
upanara copra opuo (5138 kg ha'!), nogexa HajHH30K ¢ OHOj Ha coprara onaie (3439 kg ha™'). [Ipunocot Ha Gen
Opu3 Kaj cTaHaapaHuTe coptu nsHecysa: 4638 kg ha! (npuma pucka) u 4671 kg ha'! (p-76/6). PanaAMaHOT U PHHO-

COT Ha OeJ OpU3 Ce pas3IMKyBaaT Kako Mely COPTHTE, TaKa M [0 TOJUHHUTE Ha HCIUTYBabE.

Kuyunu 36opoBu:

Introduction

The yield of white rice (beside the yield of pad-
dy rice) per unit area is a very important quality
characteristic of each rice variety.

Compared to other cereals, where grain is
milled in order to produce flour or different kinds of
animal feeding products, rice grain is processed to
become suitable for human consumption. The basic
objective of a rice milling system is to remove the
husk, the bran layers, the surface of the endosperm
and the embryo, and produce whole white rice ker-
nel which is without damages.

Until now, rice growers in the Republic of
Macedonia have expressed their interest for those
varieties with high yielding performances for paddy
rice, because the rice price has been determined ac-
cording only to paddy rice price, not taking into ac-
count its dressing percentage.

The farmer’s profit was directly depending on
the sold quantity of paddy rice.

The dressing percentage represents the quanti-
ty of white rice (whole kernels) obtained among all
the byproducts during the post-harvest processing.
In last couple of years, the rice price on the market
has been determined according to the dressing per-
centage.

Not always, the varieties with high yielding
abilities for paddy rice are also high yielding for
white rice (Andov et al. 2003, 2008/2009; Ilieva et
al., 2000).

The post-production of paddy rice results in
certain categories of products: brown rice (or car-
g0), white rice, brokens, rice hulls and brans as by-
products.

The quantity of products obtained through mill-
ing paddy rice (in percents), or gained yield of white
rice (in kilograms), are such parameters that dif-
fer depending on genotype/variety but are also in-
fluenced by environmental conditions (Ilieva et al.,

OpHU3, COPTH, arPOCKOJIOIIKH YCIOBH, PaHAMAaH, TIPHHOC

2007, 2008, 2009).

The aim of this investigation was to assess the
yield of white rice, the dressing percentage and the
mass of 1000 grains of the three newly introduced
rice varieties, presently grown within the environ-
mental conditions of Macedonia.

Materials and methods

The research was carried out during 2010 and
2011 by setting-up field trials (randomized block
system, three repetitions) in the region of Kocani,
“Bosevica” locality. Standard production technol-
ogy was applied. The field research was followed
by laboratory analysis. The subject of investigation
were three newly introduced Italian rice varieties
Brio, Ellebi and Opale; their results were compared
to standard varieties Prima riska (Macedonian vari-
ety) and R-76/6 (domesticated Italian variety), tradi-
tionally grown under the agro-ecological conditions
of Macedonia.

Laboratory milling was carried out by using
laboratory mill. In order to determine the dressing
percentage - whole grains of the white rice as well
as by-products (brokens, rice brans and hulls), three
average paddy rice samples, (each weighing 100 g)
were milled in total 1.40 minutes.

Obtained results were statistically performed
by ANOVA and tested by LSD test.

The 1000 grain weight was assessed both to
paddy rice and to white rice, on two samples per va-
riety, each sample compounded of 500 grains.

Soil and climatic conditions

The soils of the locality “Bosevica”, where the
field trials were set up on are of alluvium soil type,
carbonate-free at the examined depths (Table 1). The
soil texture was fine sandy loam. The pH of the soil
solution was acid; the content of humus was low, the
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Tab. 1. Some chemical properties of the soil from the locality “Bosevica”

Depth CaCo, Humus Total pH Available [mg/100 g]
[em] [%] [%] [%] HO nKCl PO, K0
0-20 - 2,16 0,09 5,79 4,92 17,85 14,02
20-40 - 1,50 0,06 5,88 5,07 11,57 12,04
Tab. 2. Data on meteorological elements during the rice vegetation period (2010-2011) in Kocani
Year Months Average
v | Vv | VI | VII | vII | IX X
Average monthly temperature (°C) Years Veg.
2010 13.7 18.5 22.1 24.9 26.9 19.3 12.2 14.3 19.7
2011 13.1 17.2 22.1 26.2 26.3 23.1 12.6 13.9 20.1
Average 13.4 17.9 22.1 25.6 26.6 21.2 12.4 14.1 19.9
Aver. monthly max.temperature (°C)
2010 19.0 239 26.9 29.9 32.7 25.6 16.8 19.3 25.0
2011 18.4 222 27.5 31.9 322 29.7 18.6 19.2 25.8
Average 18.7 23.1 27.2 30.9 325 277 17.7 19.3 25.4
Average monthly min.temperature (°C)
2010 8.3 11.8 15.2 17.0 18.7 12.4 8.2 8.9 13.1
2011 6.7 11.2 14.4 16.9 16.8 14.8 5.8 7.3 12.4
Average 7.5 11.5 14.8 17.0 17.8 13.6 7.0 8.1 12.8
Monthly rainfalls (mm) Sum
2010 6.3 20.5 86.0 19.5 6.5 33.0 119.5 623.3 348.3
2011 1.5 42.5 44.0 23.5 16.5 30.0 35.5 296.0 207.5
Average 394 31.5 65.0 21.5 11.5 31.5 71.5 459.7 277.9

content of total nitrogen was strongly correlated to
the content of humus. The soil was medium supplied
with easily available potassium and phosphorus.

During the rice vegetation period (since April
to October), the average monthly temperature in
2010/2011 was 19.9 °C, average maximum tempera-
ture was 25.4 °C, while average minimum tempera-
ture was 12.8 °C (Table 2.).

In 2010 the average monthly air temperatures
(19.7 °C) were slightly lower than in 2011 (20.1
°C).

The sum of monthly rainfalls (average value for
both years of investigation) was 277.9 mm.

In the first year of investigation during the rice
vegetation period (since April to October), the high-
est precipitation was measured in October (119.5
mm) and the lowest in August (6.5 mm).

In the second year of investigation, the highest
amount of rainfalls was in June (44.0 mm,), while
the lowest in April (15.5 mm).

The climatic factors in different plant growth
stages play an important role for determination of
the yield of white rice. During grain filling and rip-
ening stage, air temperatures affect the paddy rice
quality and consequently the dressing percentage.
Rainfalls during the harvest could decrease the pad-

220

dy rice and white rice quality performances.
Results and discussion

1. Dressing percentage of white rice

The results of investigation of dressing percent-
age (whole grains percentage) are presented in Ta-
ble 3.

According to the obtained results, the highest
average percentage of the whole grains (64.46%),
was achieved in the newly introduced variety Elle-
bi, in both years of investigation. The lowest aver-
age percentage of the whole grains (40.70%) was
obtained in the variety Opale.

In2010, the highest dressing percentage of white
rice was obtained for the variety Ellebi (64.96%),
significantly higher compared to both standards.

The lowest dressing percentage of white rice
was determined in in the variety Opale (36.43%)
that was significantly lower than the percentage of
all the varieties (both standards and introduced) in
this research.

In 2011, the highest dressing percentage of
white rice was also obtained for the variety Ellebi
(63.95%) significantly higher compared to all the
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Tab. 3. Dressing percentage [%]

Brokens Total
Varieties | Year g::ﬁ:: 1/3 23 Total gv::iilsi (;?:::éy llfriﬁfi Hulls
brokens
. 2010 53.12 2.04 10.98 13.02 66.14 0.72 12.90 20.24
Z;ZZ?SU 2011 44.42 1.70 19.17 20.87 65.29 0.27 14.89 19.55
2010/11 48.77 1.87 15.08 16.95 65.72 0.50 13.90 19.90
2010 57.05 1.65 10.40 12.05 69.10 0.32 11.45 19.13
R-76/6 2011 52.53 1.39 13.56 14.95 67.48 - 12.48 20.04
(st.) 2010/11 54.79 1.52 11.98 13.50 68.29 0.16 11.97 19.59
2010 58.63 0.80 9.60 10.40 69.03 0.77 9.25 20.95
Brio 2011 60.82 0.93 6.04 6.97 67.79 - 10.77 21.44
2010/11 59.73 0.87 7.82 8.69 68.41 0.77 10.01 21.20
2010 64.96 1.07 2.92 3.99 68.95 0.86 13.00 17.19
Ellebi 2011 63.95 1.77 2.66 4.43 68.38 0.62 14.00 17.00
2010/11 64.46 1.42 2.79 4.21 68.67 0.74 13.50 17.10
2010 36.43 11.30 19.50 30.80 67.23 0.27 10.80 21.70
Opale 2011 44.97 1.72 20.89 22.61 67.58 0.52 12.30 19.60
2010/11 40.70 6.51 20.20 26.71 67.41 0.40 11.55 20.65
Year 2010 2011
LSD , 527 1.01
LSD ,,, 7.67 1.47

varieties (both standards and introduced).

The lowest dressing percentage of white rice
in 2011 was achieved in the standard variety Prima
riska (44.42 %), significantly lower than varieties
R-76/6, Brio and Ellebi.

According to Andov et al. (2003), the content
of byproducts of rice milling (whole grains, broken,
hulls and bran) vary depending on the variety, year
of vegetation and cropping system (rice as first or
second crop).

In the research of Ilieva et al. (2009), dressing
percentage of white rice in five rice varieties: Mon-
ticelli, Biser-2, San Adrea, R-76/6 and Prima ris-
ka (each harvested in five different terms) was ex-
plored. Values varied depending on year of investi-
gation, variety and time of harvesting.

2. Yield of white rice

Yield of white rice is mainly genetically deter-
mined (as varietal characteristic), but it is also high-
ly depending on growing conditions and applied
technology.

In each single variety, grown under certain
agro-ecological conditions, the expected yield of
white rice depends on the yield of paddy rice and the
dressing percentage during the post-production.

In 2010, the yield of white rice in different
growing regions in Italy ranged from 5390 kg ha’!
to 9120 kg ha! (variety Brio); from 6470 kg ha'' to

8980 kg ha'! (variety Ellebi) and from 7370 kg ha!
t0 9550 kg ha'! (variety Opale) (according to Relazi-
one Annuale, 2010).

The obtained results for the yield of white rice
are presented in Table 4.

The highest average yield of white rice was
reached by the newly introduced variety Brio (5138
kg ha'), and the lowest by the variety Opale (3439
kg ha'). Compared to them, the standard varieties
obtained 4638 kg ha'! (Prima riska) and 4671 kg ha’!
(R-76/6) average yield of white rice.

In 2010, the highest yield of white rice (but not
significantly higher than the two standard varieties)
was assessed for the variety Brio (5307 kg ha'). In
the same year, the lowest yield of white rice (signif-
icantly lower than two standards) was obtained by
the newly introduced variety Opale (3259 kg ha').

In 2011, the highest yield of white rice, signifi-
cantly higher than the two standard varieties for both
levels of probability was reached by the variety Brio
(4969 kg ha).

Significantly higher yield of white rice than
standards’ values was obtained by the newly intro-
duced variety Ellebi - 4603 kg ha! (for both levels
of probability compared to the standard Prima ris-
ka and for the level of p=0.05 compared to the stan-
dard R-76/6).

The lowest yield of white rice in 2011 was
found in the newly introduced variety Opale (3619
kg ha''), that was significantly lower than the value

Proceedings of the 4" Congress of Ecologists of Macedonia 221



Dobre Andov et al.

Tab. 4. Yield of white rice [kg ha™']

Varieties Year Average Index from
2010 2011 Prima riska R-76/6
Prima riska(st.) 5290 3986 4638.00 0 -0.71
R-76/6 (st.) 5106 4236 4671.00 +0.71 0
-Brio 5307 4969 5138.00 +10.78 +10.00
Ellebi 5241 4603 4922.00 +6.12 +5.37
Opale 3259 3619 3439.00 -25.85 -26.38
Average 4840.60 4282.60 4561.60
LSD , 470.57 267.04
LSD , 685.39 388.94

of the standard R-76/6 for both levels of probability,
and significantly lower than the value of the standard
Prima riska only for the level of probability p=0.05.

3. Mass of 1000 grains

The mass of 1000 grains is the characteristic of
the species and the cultivar. This characteristic var-
ies in wide range depending on grain maturity lev-
el, grain origin, position on the panicle where the
grain is formed on the mother plant, agro-ecological
growing conditions, applied technology etc.

The mass of 1000 grains is an important param-
eter which is used to estimate the seeding rate.

Grain moisture has big influence on the mass
of 1000 grains, hence it is necessary for the mass
of 1000 grains to be related to grain dry matter con-
tent.

The results for the mass of 1000 grains (paddy
and white rice) are presented in Table 5.

According to the results, the newly introduced
Brio, Ellebi and Opale are characterized as small-
size grains’ varieties, therefore reaching the lower
values of the mass of 1000 grains, compared to both
standard varieties that represent large-size grains’
varieties.

The highest average mass of 1000 grains (pad-
dy and white rice) was assessed for the standard va-
riety Prima riska (paddy - 41,17 g; white rice - 27.87
g), while the lowest values were obtained for the

Tab. 5. Mass of 1000 grains [g]

newly introduced variety Ellebi (paddy - 25.40 g;
white rice - 17.86 g).

The varieties Brio and Opale achieved the sim-
ilar results for the mass of 1000 grains under the
growing conditions of Italy and Macedonia.

Regarding the variety Ellebi, results for the
mass of 1000 showed lower values when growing in
Macedonia compared to Italy (XLIII Relazione An-
nuale, 2010).

Conclusions

From the conducted investigations and obtained
results of the three newly introduced Italian variet-
ies, compared to standard varieties used, the follow-
ing conclusions could be reached:

e The highest average dressing percentage in
both years of investigation was achieved in
the newly introduced Italian variety Elle-
bi (64.46%) and the lowest in the variety
Opale (40.70%).

e The average dressing percentage of white
rice (whole grains) in standard varieties
was 48.77% (Prima riska) and 54.79%
(R-76/6).

e The highest average yield of white rice af-
ter processing the paddy rice was achieved
by the variety Brio (5138 kg ha'), and the
lowest by the variety Opale (3439 kg ha').

e The average yield of white rice of standards

Paddy rice White rice
Varieties Year Year
2010 2011 Average 2010 2011 Average
Prima riska(st.) 39.96 42.38 41.17 28.40 27.33 27.87
R-76/6 (st.) 38.44 39.94 39.19 27.16 27.99 27.58
Brio 26.73 27.76 27.25 18.73 18.73 18.73
Ellebi 24.64 26.16 25.40 17.85 17.86 17.86
Opale 31.91 32.36 32.14 21.80 21.96 21.88
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was 4638 kg ha'! (Prima riska) and 4671 kg
ha'! (R-76/6).

e The highest average mass of 1000 grains
(paddy and white rice) was assessed for
the standard variety Prima riska (paddy
- 41.17 g; white rice - 27.87 g), while the
lowest values were obtained for the newly
introduced variety Ellebi (paddy - 25.40 g;
white rice - 17.86g).

e The different values of the same milling
characteristics (percentage of white rice,
yield of white rice) were stated among dif-
ferent varieties in this research, but also,
the values within the same varieties var-
ied in different years of investigation, due
to the environmental factors.
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