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DROUGHT IMPACT ON FOREST TREES IN
FOUR NATURE PROTECTED AREAS IN SERBIA

UTJECAJ SUSE NA SUMSKO DRVECE U CETIRI ZASTICENA

PRIRODNA PODRUCJA U SRBIJI

HORAK, Rita,' BORISEV, Milan," PILIPOVIC, Andrej,2 ORLOVIC, Sasa,? PAJEVIC, Slobodanka,' NIKOLIC, Nataa'

Summary

Important predictions of climate change propose a correlated increase in frequency of extreme temperature and pre-
cipitation patterns. Period of extremely low precipitation occurred during the vegetation season of 2011 at four mo-
untain forest localities of the Balkan region. Influence of this extreme event was correlated with photosynthetic and
transpiration intensity, and content of photosynthetic pigments in forest populations of beech (Fagus sylvatica L.),
spruce (Picea abies (L.) Karsten) and fir (Abies alba Mill) on four sites, with specific locality properties. Significant
reductions in CO, assimilation along with decrease in water use efficiency, were determined by water deficit. It seems
that drought occurrence will influence forests in site specific manner, having the most negative impact on forest po-
pulations located in the altitude proximity of mountain reefs and peaks. This process leads to decrease in tree mass
and reduced forest cover on such sites. Such environmental conditions will lessen possible acclimation of trees to ele-
vated atmospheric CO, concentration and upward migration to higher altitudes determined by global temperature

increase.
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INTRODUCTION
Uvod

Main elements of global climate change are temperature
increase, rise of atmospheric CO, and redistribution of pre-
cipitation patterns which at some sites lead to more frequ-
ent drought occurrence during the vegetation season.
Change of all this elements at a global level dictate an in-
crease in their variability at a local level on specific sites
(Schar et al., 2004).

Elevated atmospheric CO, levels can have stimulative effect
on plant productivity. However, prerequisite for such model
is a sufficient water supply in the root zone (Brouder and
Volenec, 2008). Forests are noted as an important terrestrial
carbon sinks that partially compensate global increase of
atmospheric CO,. Increased CO, assimilation by forests is
predicted to be especially significant in the first half of the
21st century (Woodward and Lomas, 2004; Schulze et al.
2010). Global rise in temperature can act as a stimulator of
photosynthetic processes and determines a shift of forest
species toward higher mountain altitudes (Saxe et al., 2001;
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Lenoir et al., 2008; Ruiz-Labourdette et al., 2012). However,
it seems that all these ecological roles of forests, that act as
a stabilizers of a changing climate, depend on a stabile wa-
ter regime at specific sites. Extensive drought occurrence
during growing season could significantly reduce plant acc-
limation to higher temperatures or increased CO, levels
(Saxe et al., 2001; van Mantgem et al., 2009; Pefiuelas et al.,
2011).

Most predictions of climate change suggest that some site-
specific water and temperature stress will occur more often
in the future (Boisvenue and Running, 2006). In Balkan re-
gion, an unusual, extensive drought period occurred during
the second half of the summer in the year 2011 and 2012.
The aim of this paper was to determine the impact of this
drought occurrence in 2011 to net photosynthetic assimi-
lation, pigment content and transpiration intensity in forest
populations located at four protected mountain areas,
which are different and specific in their position and avai-
lable water supply.

MATERIAL AND METHODS
Materijali i metode

Four localities chosen for survey are situated in protected
mountain forest areas of Serbia (Figure 1). All localities were
chosen in mature forests, with following species: beech (Fa-
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gus sylvatica L.), spruce (Picea abies (L.) Karsten) and fir
(Abies alba Mill). Site 1 (Vidli¢) is Nature reserve at the slope
of the Stara mountain in Eastern Serbia (altitude 1 097 m),
with beech was observed as the dominant species. Site 2
(Kopaonik) is in the creek valley between two slopes of the
Kopaonik National Park (Southern Serbia, altitude 1447
m), where beech and spruce populations were measured
and observed. Site 3 (Tara) is on a humid plain section,
between several elevated peaks of the Tara National Park
(Western Serbia) on altitude of 1 077 m, where the fir and
spruce populations were observed as dominant species. Lo-
cality 4 is at the reef edge of Fruska Gora National Park
(Norhern Serbia, altitude 473 m) where beech trees as part
of the mixture with sessile oak were observed. Site descrip-
tion of investigated localities can be found in table 1.

All measurements were conducted at three time points du-
ring the growing period of 2011. First measurement was
between 29th June and 1st July (Term 1), second between
Ist and 3rd August (Term 2) and third between 13th and
15th September (Term 3).

Rates of photosynthesis (P) and transpiration (T) were me-
asured using LC pro+ Portable Photosynthesis System, ma-
nufactured by ADC BioScientific Ltd. Measurements were
performed instantaneously on six 3-5 meters high per site,
on three leaves on each tree with three replications. Water
use efficiency (WUE) was calculated as ratio between pho-
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Table 1. Site description of investigated localities
Tablica 1. Opis staniSta na odabranim lokalitetima

Geological

Locality Assocoation Alititude (m) Exposition Inclination substrate Soil type Species
Lokalitet Sveza Nadm. Visina (m) Ekspozicija  Nagib Geoloska podioga Tip tla Vrste
Vidli¢ R S 990-1080 N-NE 15-20° limestone brown forest soil beech
montanum
Metode Piceeto— Fagetum sand(;:;?lgler)r(lg:l and s e i spruce nad
: g 1260-1660 E-NE 31-35° Bl acid brown forest P
— Kopaonik drymetosum limeston in soil beech
degradation
Mitrovac — Tara Ak — Nl 1070-1085 SE 5° organogenic pseudogley S L
typicum limestone silver fir
Quercetum montanum i v s
Fruska gora 475-505 SE 16-20°  marl and limestone  soil and lessivared beech

typicum

tosynthetic and transpiration rates (P/T). Light conditions
for photosynthesis were set using the LCpro+ light unit,
which emitted photosynthetically active radiation (PAR) at
1 000 pmol m= s7'. The air supply unit provided a flow of
ambient air to the leaf chamber at a constant rate of 100
umol s™. Temperature, humidity and CO, concentration
were at ambient levels.

Concentrations of acetone extracted leaf pigments were
assesed by spectrophotometry (Wettstein, 1957). Pigment
concentrations were calculated using 9 replicates and expre-
ssed as mg - g! of dry plant weight. All analyses were con-
ducted on leaves at lower branches, 1-1.5 meters above the
soil surface.

Precipitation and temperature data were obtained by the
Republic Hydrometeorological Service of Serbia on the Me-

Table 2. Measurement results made on beech (Fagus sylvatica), P —
net photosynthetic rate (umolCO, m2 s7'), T — net transpiration rate
(mmolH,0 m2 s7'), WUE- the rate of water use efficiency

Tablica 2. Rezultati mjerenja P-neto fotosinteze (umolCO, m"%s™"), T-neto
transpiracije (umolH,0 m= s7') i WUE- uCinkovitost kori$tenja vode kod
bukve

Species  Locali Term
Ersta Lokalitetyt Termin 7 U LiLE
beech Vidli¢ 1 5.697c  0.897 bc 6.366 b
bukva 2 4768cd  0.975b 4.897 ¢
3 1.958 e 0.622d 3.149¢
Kopaonik 1 7.036 b 0.589 d 12.151 a
2 5.459 ¢ 0.796 ¢ 6.867 b
3 8.387 a 2.309a 3.627 de
Fruska 1 9.204 a 2.351a 3.928 cde
gora 2 3.765d 0.809 ¢ 4.615 cd
3 3.787d  0.815bc 4.643 cd

Values followed by different letters in the same column were significantly
different at p<0.05

Vrijednosti sa razlic¢itim slovima u istom stupcu tablice znacajno su se
razlikovale pri p<0.05

brown forest soil

teorological stations closest to the measuring localities. Pre-
cipitation was calculated as a total sum during four weeks
before each measurement. Temperature was calculated as
a daily average, using data collected during four week pe-
riod before each measurement.

All data were analyzed using Duncan’s multiple range test
at the level of significance p<0.05. Values shown are arit-
hmetic means. Significance level used was p<0.05. The ave-
rage values shown in table columns followed by the same
letter did not differ significantly. Linear correlations (r) were
calculated between measured parameters using average va-
lues obtained at each survey locality.

RESULTS
Rezultati

The rate of photosynthesis — Intenzitet fotosinteze

At localities Vidli¢ and Fruska gora, beech had the highest
photosynthetic rate at the end of June (Table 2). CO, assi-
milation was significantly reduced further during the vege-
tation season, in August on Fruska gora, and later in Sep-
tember also on Vidli¢. Lowest photosynthetic rates were
measured in September, after a drought period, also on
spruce at Tara, and Kopaonik where the highest CO, assi-
milation was determined in August. (Table 3). However,
this dynamic was not established by results obtained on Ko-
paonik for beech, and on Tara for fir.

The rate of transpiration — Intenzitet transpiracije

Comparing the measurements made on Vidli¢ and Fruska
gora at the end of June with those made at the beginning of
September, it could be observed that the rate of the transpi-
ration decreased significantly (Tables 2 and 3). At Kopao-
nik, it was at its highest in September, while on Tara it de-
pended on analyzed species.
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Table 3. Measurement results made on spruce (Picea abies) and fir
(Abies alba), P — net photosynthetic rate (molCO,m2s"), T — net tran-
spiration rate (mmolH,0 m2 s~"), WUE- the rate of water use efficiency
Tablica 3. Rezultati mjerenja P-neto fotosinteze (umolCO,m2s™'), T-neto
transpiracije (umolH,0 m=2 s~') i WUE- ucinkovitost koriStenja vode kod
smreke (Picea abies) i jele (Abies alba)

Species Locali Term

Brsta Lokalitetyt Termin U HLE
spruce Kopaonik 1 485¢c 0.62b 7.80b
smreka 2 11.40 a 0.55 b 19.52 a
3 4.48¢c 0.61b 7.19b
Tara 1 10.29ab 0.63b 17.80 a

2 833bc 0.87a 9.60 b

3 3.35¢ 037c 9.23b
fir Tara 1 8.30a 0.30b 22.25a
jela 2 6.40bc  0.66a 9.78 ¢
3 792ab 0.68a 11.68 b

Values followed by different letters in the same column were significantly
different at p<0.05

Vrijednosti sa razli¢itim slovima u istom stupcu tablice znacajno su se
razlikovale pri p<0.05

Water use efficiency — UCinkovitost koristenja vode

WUE (P/T) on Fruska gora locality did not change signifi-
cantly during the season, because reduced photosynthetic
intensity was followed by correlated reduction of transpi-
ration. However, on all other localities, statistically lowest
value of WUE was determined later during the season,
mostly in September (Tables 2 and 3). Increase of WUE
was observed for spruce at Kopaonik in August, and for fir
at Tara in September.

Photosynthetic pigments — Fotosintetski pigmenti

The content of all analyzed photosynthetic pigments did
not change significantly between end of June and August

Table 4. Content of photosynthetic pigments Chl a, Chl b, Chl a+b and
carotene (mg g~') in beech (Fagus sylvatica)

Tablica 4. SadrZaj fotosintetskih pigmenata Chl a, Chl b, Chl a+b i karotena
(mg g™") kod bukve (Fagus sylvatica)

Vists Lotaltor o O Chlb Chiab T
beech Vidli¢ 1 12475a 4.624a 16.432a 3.311a
bukva 2 11.149ab 4.044ab 15.193ab 3.199a

3 8.145c 2.983c 11.128¢c 2.267b
Kopaonik 1 8.678bc 2.758c 11.437 bc 2.594 ab
2 9.174bc 3.135bc 12.309 bc 2.643 ab

3 8.061c 2.877c 10938c 231b
Fruskagora 1 9.639abc 3.172bc 12.81 abc 2.657 ab
2 9.149bc 2.988c 12.137 bc 2.526 ab

3 7.946c 2.711c 10.657c 2.183b

Values followed by different letters in the same column were significantly
different at p<0.05

Vrijednosti sa razlicitim slovima u istom stupcu tablice znacajno su se
razlikovale pri p<0.05
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(Tables 4 and 5). However, in September, content of Chla
was reduced in all species. This reduction was significant
for beech at Vidli¢ and for spruce at Tara. In the case of
Chlb, Chla+b and carotene statistical decrease was deter-
mined only on Vidli¢ in a beech population.

Average daily temperature had a general increase in all lo-
calities during the season (Figure 2). Precipitation during

Table 5. Content of photosynthetic pigments Chl a, Chl b, Chl a+b and
carotene (mg g~') in spruce (Picea abies) and fir (Abies alba)

Tablica 5. Sadrzaj fotosintetskih pigmenata Chl a, Chi b, Chla+b i karotena
(mg g') kod smreke (Picea abies) i jele (Abies alba)

“ista Loklter Ton O G Gato (o CET
spruce Kopaonik 1 4048a 0.809a 4.857ab 1.311a
2 3904a 1.67a b5574a 1.084ab

3 3598ab 1.571a 5.169ab 1.079ab

Tara 1 4063a 0.883a 4.946ab 1.274ab

2 3701ab 1.278a 4.979ab 1.056 ab

3 2.409b 0.876a 3.285b 0.779b

fir Tara 1 337a 0.802a 4.172a 1.097 a

2 2935a 1.079a 4.014a 0.863a

3 2413a 1.269a 3.349a 0.754 a

Values followed by different letters in the same column were significantly
different at p<0.05

Vrijednosti sa razlicitim slovima u istom stupcu tablice znacajno su se
razlikovale pri p<0.05
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Figure 2. Average daily temperatures and total precipitation during four
week period before each measurement at each survey locality (data by
Republic Hydro meteorological Service of Serbia)

Slika 2. Srednja dnevna temperatura i ukupna koli¢ina oborina mjerena u
Cetiri tjedna prije svakog mjerenja na svim lakalitetima (podaci su dobiveni
iz Republitkog Hidrometeroloskog Zavoda Srbije)
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four weeks before each measurement had a sudden drop
during late August and first half of September. During this
severe drought period, at Vidli¢ and Kopaonik, there was
no rainfall 4 weeks prior to measurement date while on Tara
and Fruska gora it had minimal values of total 0.2 mm and
4.4 mm, during four weeks.

Joined correlation for all localities and species was positive
and significant between the rate of photosynthesis (P) and
WUE (Table 6). The WUE was in a significant positive
correlation with the four week precipitation, but it was ne-
gatively correlated with the transpiration rate. Precipitation
was in significant negative correlation with the four week
average temperature.

Table 6. Significant correlations between P, T, WUE, temperature and
precipitation
Tablica 6. ZnaCajne korelacije izmedu P, T, WUE, temperature i padaine

P 1.00 0.27 0.64* —0.22 0.35
T 0.27 1.00 -0.51* 0.1 -0.29
WUE 0.64* -0.51* 1.00 -0.27 0.49*%
Temp. -0.22 0.1 -0.27 1.00 -0.49*
Precipitation  0.35 -0.29 0.49*  -0.49* 1.00

*Correlation significant for p<0.05
*Razina zna€ajnosti p<0.05

DISCUSSION
Rasprava

The correlation between low amount of rainfall, and redu-
ced photosynthetic activity was most obvious on two loca-
lities which are positioned on the upper slope or top ridge
of the mountain (Vidli¢ and Fruska gora). Due to their ele-
vated position, water runoff and water leaching from these
localities is significant, and soil water saturation highly de-
pends on temperature and atmospheric precipitation. Beech
populations showed their maximum net photosynthetic
rate during the highest precipitation levels in the vegetation
season, at the end of June on Vidli¢ and Fruska gora. The
lowest level of photosynthesis was observed in September,
after a period of low rainfall, in spite of more optimal tem-
peratures. At Tara, a humid site, similar results were obtai-
ned for spruce, but not for fir, related to sustained soil hu-
midity, achieved by additional water drainage from
surrounding hills. At Kopaonik, where beech and spruce
population were located on the slope of the mountain, in a
small creek valley, where water supply also is not highly de-
pendent on recent rain fall, rate of photosynthesis was not
significantly reduced in September, when precipitation was
at its lowest point. These photosynthetic reductions influ-
enced by drought occurrence were certainly expected and
previously confirmed in many studies (Daly et al., 2003;
Guo, 2010; Liu et al., 2010). Correlations of environmental
conditions with CO, assimilation, seasonal dynamic also

©

can have significant influence, depending on plant species
and climatic region. However, the same species (beech) had
different photosynthetic alterations during the season at
three different localities (Vidli¢, Kopaonik and Fruska
gora). On Kopaonik, where gradual increase of photosyn-
thesis during the season was measured on beech population
and more stabile photosynthetic rates were measured on
spruce population, long drought could not affect these
plants in such significant extent, since this locality had ad-
ditional water source from a running creek. However, hi-
ghest temperature during measurements determined in
September, could have important positive influence. Simi-
lar results were observed in relation to temperature in the
work of Frolking et al. (1995), on spruce population.

Content of photosynthetic pigments decreased at the end
of the vegetation season at all localities, (except in the case
of Chl b on Kopaonik and for the fir on Tara and in the case
of Chl a+b on Kopaonik for spruce) although this decrease
had statistical significance on the beech population at
Vidli¢, and on the population of spruce, in the case of Chl
a at Tata. Similar results were obtained in the experiments
of Arunyanark et al. (2008) on peanuts, where significant
effects of seasonal period were determined in relation to the
chlorophyll content. Reduced pigment content in Septem-
ber could therefore be related with the onset of the seasonal
decline of pigment contents occurring as the end of vege-
tation approaches. Reduction of photosynthetic pigment
contents is also often related with drought (Liu et all 2010,
Nikolaeva et all 2010, Guo et al. 2010). Number of resear-
chers have confirmed positive correlations between photo-
synthetic rates and photosynthetic pigment concentrations
in woody species (Berveiller et al. 2007; Reis et al., 2009;
Saxe et al., 2001; Waring and Landsberg, 2011). However,
in this paper, similar correlations were not statistically si-
gnificant, due to specific properties of each site. Kopaonik
and Tara localities were not strongly dependent with recent
rain fall for water supply, thus holding high levels of pho-
tosynthetic assimilation during the reduced precipitation
period, in spite of the small decline in pigment concentra-
tions.

WUE was in general positively correlated with the precipi-
tation and the rate of photosynthesis, but in negatively
correlated with temperature, proving that water usage is si-
gnificantly disturbed by intense drought occurrence which
was followed by increased temperatures. Insufficient water
supply causes stomata to be closed early during the day. The
intensity and duration of drought, along with temperature
levels, determines if the water loss will be lower or higher
than the reduced carbon availability and fixation (Daly et
al., 2003). It seems that plants more tolerant to drought have
the ability to increase WUE in drought to some extent
(Edwards et al., 2012). At Fruska gora, WUE remained at
the same level during the observed period, in spite of signi-
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ficant decrease of CO, assimilation, suggesting that beech
population was successful in saving water. At Vidli¢, low
precipitation in September caused significant disturbances
in water regime thus significantly reducing WUE and pho-
tosynthesis. On humid localities, at Kopaonik (beech) and
Tara (fir), WUE decrease was correlated with high transpi-
ration rates. We speculate that additional water availability
at these localities, apart from precipitation, along with ele-
vated temperatures, provided sufficient capacity for stabile
transpiration flow.

Extremely reduced amount of rain fall during the vegeta-
tion season, as a consequence of disturbed climate, certainly
has a direct impact reflected in reduced CO, assimilation
and therefore potentially smaller bioproduction. Our results
indicate that influence of such climate change depends on
terrain configuration and plant species. It has been repor-
ted that the impact of global warming to plants is greater at
mountain regions than at low altitudes (Beniston 2006).
Strong evidence already exist that forest species (both herbs
and woody plants) have already started to migrate upwards
in response to climate change (Ruiz-Labourdette et al,,
2012; Lenoir et al., 2008). Our results suggest that negative
impact of drought at mountains will be more evident in tree
populations located on ridges and higher areas of mountain
slopes, where water runoff and leaching is faster. Since these
localities are mostly positioned at higher relative altitudes,
drought periods will slow down shift of forest covers toward
sites at higher mountain slopes, which could be the con-
sequence of temperature increase. Suggested acclimation of
plants to elevated temperatures (Shen et al., 2009), will be
limited by insufficient supply of water. As a consequence,
during seasons with extensive drought occurrence, such as
period analyzed during 2011 in Serbia, plant water use ef-
ficiency will decrease. Since the frequency of extreme tem-
peratures and precipitation regimes is predicted to increase
(Schir et al., 2004), consequence could be a decreased amo-
unt of wood development, and tendency for reduction of
mountain forest covers in such specific sites. These results
are in agreement with some previous studies which state
that drought appears as a main limitation factor which su-
ppresses the acclimation role of temperate forests as a car-
bon sink created by elevated temperatures and increased
CO, atmospheric level (Saxe et al., 2001; van Mantgem et
al., 2009; Pefiuelas et al., 2011).

CONCLUSIONS
Zakljugci

The results have indicated that reduced precipitation during
the second part of the vegetation season singinficantly li-
mited CO, assimilation of beech (Fagus sylvatica L.), com-
mon spruce (Picea abies (L.) Karsten) and silver fir (Abies
alba Mill). These reductions of photosynthetic and transpi-

Sumarski list, 5-6, CXXXVIIl (2014), 301-308

ration activity that resulted in reduced water use efficiency,
were particularly evident at ridges and high mountain slo-
pes, where water supply mostly depends on rainfall. There-
fore, the acclimation of investigated woody species to alte-
red climatic conditions could be limited by locality specific
soil humidity conditions. Water deficiency must be consi-
dered as a determinant ecological parameter of forest po-
pulation productivity and distribution.

ACKNOWLEDGMENT
Zahvala

This paper was realized as a part of the project "Biosensing
Technologies and Global System for Long-Term Research
and Integrated Management of Ecosystems" (43002) fi-
nanced by the Ministry of Education and Science of the Re-
public of Serbia within the framework of integrated and
interdisciplinary research for the period 2011-2014.

REFERENCES
Literatura

o Arunyanark, A, S. Jogloy, C. Akkasaeng, N. Vorasoot, T. Kes-
mala, R. C. Nageswara Rao, G. C. Wright, A. Patanothai, 2008:
Chlorophyll Stability is an Indicator of Drought Tolerance in
Peanut, J. Agronomy and Crop Science: 0931-2250.

Reis A.R., J.L. Favarin, E. Malavolta, J. Lavres Junior, M.F. Mo-
raes, 2009: Photosynthesis, Chlorophylls, and SPAD Readings
in Coffee Leaves in Relation to Nitrogen Supply. Communica-
tions in Soil Science and Plant Analysis, 40: 1512-1528.

Beniston, M., 2006: Mountain weather and climate: a general
overview and a focus on climatic change in the Alps. Hydro-
biologia 562: 3-16.

Berveiller, D., D. Kierzkowski, C. Damesin, 2007: Interspecific
variability of stem photosynthesis among tree species. Tree
Physiology, 27: 53-61.

Boisvenue C., S.W. Running, 2006: Impacts of climate change
on natural forest productivity — evidence since the middle of
the 20™ century. Global Change Biology 12: 862-882.

Brouder, S.M., J.J. Volenec, 2008: Impact of climate change on
crop nutrient and water use efficiencies. Physiologia Plantarum
133: 705-724.

Daly, E., A. Porporato, I. Rodriguez-Iturbe, 2003: Coupled dy-
namics of photosynthesis, transpiration, and soil water balance.
Part I: Upscaling from hourly to daily level. Journal of Hydrom-
eteorology 5: 546-558.

Edwards, C. E., B. E. Ewers, C. R. McClung, P. Lou, C. Weinig,
2012: Quantitative variation in water-use efficiency across water
regimes and its relationship with circadian, vegetative, repro-
ductive, and leaf gas-exchange traits, Mol. Plant. 5(3): 653-668.

 Guo X-Y, X-S. Zhang, Z-Y Huang 2010: Drought tolerance in
three hybrid poplar clones submitted to different watering re-
gimes. Journal of Plant Ecology 3 (2): 79-87.

o Lenoir, J., J.C. Gégout, P.A. Marquet, P. de Ruffray, H. Brisse,
2008: A significant upward shift in plant species optimum eleva-
tion during the 20th century. Science 320: 1768-1771.



HORAK, R. et al.: DROUGHT IMPACT ON FOREST TREES IN FOUR NATURE PROTECTED AREAS IN SERBIA

Liu, C-C., Y-G. Liu, K. Guo, Y-R. Zheng, G-Q. Li, L-E Yu, R.
Yang, 2010: Influence of drought intensity on the response of
six woody karst species subjected to successive cycles of drought
and rewatering. Physiologia Plantarum 139: 39-54.

Nikolaeva, M. K., S. N. Maevskaya, A. G. Shugaev, N. G. Bukhov,
2010: Effect of Drought on Chlorophyll Content and Antioxi-
dant Enzyme Activities in Leaves of Three Wheat Cultivars Var-
ying in Productivity. Russian Journal of Plant Physiology 57 (1):
87-95.

Pefiuelas, J., ].G. Canadell, R. Ogaya, 2011: Increased water-
use efficiency during the 20th century did not translate into
enhanced tree growth. Global Ecology and Biogeography 20:
597-608.

Waring, R. H., ]. J. Landsberg, 2011: Generalizing plant-water
relations to landscapes. Journal of Plant Ecology 4(1-2): 101-
113.

Ruiz-Labourdette, D., D. Nogués-Bravo, H. Sainz Ollero, M.F
Schmitz, ED. Pineda, 2012: Forest composition in Mediterra-
nean mountains is projected to shift along the entire elevational
gradient under climate change. Journal of Biogeography 39,
162-176.

o7

« Schir, C., P.L.,Vidale, D. Liithi, C. Frei, C. Haberli, M. A Liniger,
C. Appenzeller, 2004: The role of increasing temperature vari-
ability in European summer heat waves. Nature 427: 332-336.

Schulze, E.D., P. Ciais, S. Luyssaert, M. Schrumpf, I.A. Janssens,
B. Thiruchittampalam, J. Theloke, M. Saurat, S. Bringezu, J. Le-
lieveld, A. Lohila, C. Rebmann, M. Jung, D. Bastviken, G. Abril,
G. Grassi, A. Leip, A. Freibauer, W. Kutsch, A. Don, J. Nies-
chulze, A. Borner, J.H. Gash, A.J. Dolman, 2010: The European
carbon balance. Part 4: integration of carbon and other trace-
gas fluxes. Global Change Biology 16, 1451-1469.

Shen, H., J.A. Klein, X. Zhao, Y. Tang, 2009: Leaf photosynthe-
sis and simulated carbon budget of Gentiana straminea from a
decade-long warming experiment. Journal of Plant Ecology 2
(4): 207-216.

van Mantgem, P. J., N. L. Stephenson, J. C. Byrne, L. D. Daniels,
J. E Franklin, P. Z. Fulé, M. E. Harmon, A. J. Larson, ].M. Smith,
A H. Taylor, T. T. Veblen, 2009: Widespread increase of tree
mortality rates in the Western United States. Science 323, 521-
524.

Wettstein, von D., 1957: Chlorophyll-letale und der Submikro-
skopische Formwechsel der Plastiden. Experimental Cell Re-
search 3: 427-433.

Saxe, H., M.G.R. Cannell, @. Johnsen, M.G. Ryan, G. Vourlitis,
2001: Tree and forest functioning in response to global warm-
ing. New Phytologist 149: 369-399.

Woodward, EI, M.R. Lomas, 2004: Vegetation dynamics — sim-
ulating responses to climate change. Biol. Rev. 79: 643-670.

Sazetak

Glavni elementi globalnih klimatskih promjena su poveéanje temperature, porast atmosferskih koncentracija
CO, i redistribucija oborina, zbog ¢ega se tijekom vegetacijskog razdoblja na nekim stanistima ce$ce javlja
susa. Kao vazni rezervoar ugljika, Sume mogu djelomice kompenzirati rast atmosferskog CO,, zbog ¢ega je
pracenje asimilacije CO, u $umama u 21. stolje¢u od izuzetne vaznosti. U radu su praceni fiziloski parametri
bukve (Fagus sylvatica L.), jele (Abies alba Mill) i smreke (Picea abies (L.) Karsten) u 4 zasti¢ena $umska planin-
ska podrucja sa razli¢itim osobinama stanista (Slika 1 i Tablica 1.). Mjerenja na svim lokalitetima su provedena
tri puta u 2011. godini: prvo mjerenje izmedu 29.06.101.07 (Termin 1)., drugo izmedu 01.08. i 03.08. (Termin
2), a tre¢e od 13.09. do 15.09. (Termin 3). Na odabranim stablima obavljena su mjerenja intenziteta fotosin-
teze i transpiracije pomoc¢u LC Pro+ Portable Photosynthesis System-a (proizvoda¢ ADC BioScientific Ltd),
dok je u¢inkovitost koristenja vode (WUE) izra¢unata iz odnosa fotosinteze i transpiracije. Koncentracija fo-
tosintetskih pigmenata bila je odredena u 100% acetonskom ekstraktu pigmenata primjenom spektrofotom-
etra metodom Wettsteina (1957). Podaci o koli¢ini oborina i temperaturi za ove lokalitete su dobiveni od
Republi¢kog Hidrometerolosog Zavoda Srbije.

Temeljem analize dobivenih podataka utvrdena je korelacija izmedu niske koli¢ine oborina i smanjenje fo-
tosintetske aktivnosti, koja je bila najizrazitija na Vidli¢u i na Fruskoj gori tj. na stani$tima smjestenim na gre-
benskom dijelu ili uzvisenom dijelu planinske padine (Tablica 2 i slika 2). Zbog male koli¢ine oborina najmanji
intenzitet fotosinteze izmjeren je u rujnu unato¢ optimalnijoj temperaturi. Sli¢na pojava je primijecena kod
smreke na Tari ali ne i kod jele (Tablica 3), §to se moze povezati sa vlazno$cu tla i smanjenom otjecanju vode.
Na Kopaoniku gdje se ispitivane populacije bukve i smreke nalaze u dolini, pored potoka (Slika 1) nedostatak
oborina nije izazvao znac¢ajno smanjenje intenziteta fotosinteze (Tablica 2 i 3). Vrijednost WUE je bila u poz-
itivnoj korelaciji sa koli¢cinom oborina i intenzitetom fotosinteze, ali u negativnoj korelaciji sa temperaturom,
$to ukazuje na poremecaj u¢inkovitosti koristenja vode zbog suse pracene povecanjem temperature (Tablica 6).
Koli¢ina fotosintetskih pigmenata u rujnu se smanjila skoro kod svih promatranih populacija, ali je ovo
smanjenje bilo statisticki signifikantno jedino kod bukve na Vidli¢u i kod smreke na Tari (Tablice 4, 5). Moguc¢i
uzroci ovakvog smanjenja su kraj vegetacijske sezone ili susa. Izuzetno male koli¢ine oborina, kao posljedica
poremecene klime, svakako djeluje na smanjenje asimilacije CO, pa samim tim i na smanjenje bioprodukcije.
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Rezultati ukazuju na negativan utjecaj sue na populacije drvecéa koje su smjestene na planinskim padinama
sa izraZenijim oticanjem i ocjedivanjem vode.

Pretpostavlja se da ¢e pojava suse imati razlicite u¢inke na Sumske ekosisteme i da ¢e najgori utjecaj imati na
one Sumske satojine koje obrastaju vr$ne dijelove planinskih masiva. Ovaj proces ¢e rezultirati smanjivanjem
bioprodukcije sumskog drveca i povr$ine podrucja pod $umama. Ovakvi osobiti prirodni uvjeti, odredeni
povecanjem temperature na globalnoj razini, smanjuju moguc¢u aklimatizaciju drve¢a na visoke koncentracije
uglji¢nog dioksida i otezavaju Sumsko obrastanje visokih planinskih stanista s ograni¢enim dostupnim zali-
hama vode.

KLJUCNE RIJECI: klimatske promjene, nedostatak vode, bukva, smreka, jela



