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ABSTRACT
Ljubenova, MI (1994).. Solar energy utilization and efficiency of an oak forest in the Vakarel mountains

Ekol Zast. Zivot.. Sred.., Vol.. 2, No. 2, Skopje.

Results of energy reserves in the above-ground and bellow-ground phytomass of the Quercus
frainetto+Quercus cerris - Festuca heterophylla+Poa nemoralis association were analyzed. The annual
accumulation and the efficiency coeficient of the association were evaluated
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N3BO/]

Jby6enosa, M..1. (1994). EdukacHOCT U HCKOPHCTYBamkhe HAa COHYEBATA EHEPIHja O Ja0oBa LIyMa
Bo Baxkapenckure [Inanmau. Exomn. 3amr. )Kusot Cpen.,, Tom 2, Bp. 2, Cxomje.

Bo TpyAOT ce aHAIU3UpAHU PE3yITATUTE OJI CHEPreTCKUTE PE3EPBU BO HA/I3EMHATA U MOA3EMHATA
¢uromaca Bo acormjarmja Quercus frainetto+Quercus cerris - Festuca heterophylla+Poa nemoralis.
[IporeHeTy ce ToANITHATA aKyMYyJIanrja ¥ KOS(UIIMEHTOT Ha e(hUKACHOCTA Ha acOLHjaIlHjaTa.

Kayunu 300poBHU: €HEpPreTCKH pe3epBH, IOHIIHA aKyMyJIalyja, KOeHUIUEeHT Ha e(hPUKaCHOCT

INTRODUCTION

The functional structure of ecosystems
has been continuously studied (Toomusr et al.
1973; Paynep 1978; Xunsmu 1978; bonnaes et
al. 198.3; Hunos et al. 1982,1983; Erporoscku
et al. 1985; JIrobenosa 1987, 1992; ®dmopos
1987, etc.), in order to preserve them and

procure raw material for human society, i. e.
to use nature resources effectively.

This paper presents the results of energy
flow study in association Quercus frainet-
to+Quercus cerris-Festuca heterophylla+Poa
nemoralis.

OBJECTS AND METHODS

The investigation has been carried out
in two experimental plots of the association
located in a lower and upper part of a slope,
inclined at 12-14°, facing South and South
West, at 950 m above sea level.

The association is situated in a climatic
region, including the Western Srednogorie and

pertaining to the European continental (tem-
perate) climate zone. The soils are planosols
(Ienxos et al. 1992)

The reserves and production of the tree
layer were evaluated (in 1986), using standard
methods (Chapman 1976).

The calorific value of the phytomass
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were determined with calorimeter Gallencamp
CBB 01 OL,

The efficiency coefficient (EC) is calcu-
lated according to Toomunr (1977).

The quantitative data of the total radia-
tion (TR) for the region are calculated ac-

cording to Jluarosa (1978) and corrections
were made for altitude above sea level, expo-
sure and slope. The physiologically active ra-
diation (PHAR) (21,486-10° KJ-ha"! per year
and 15,866-10° KJ-ha"! per vegetation season)
has been assumed to be about 50% of TR
(Edumona 1977).

RESULTS AND DISCUSSION

The total energy reserves of the associa-
tion under study are about 4,644 + 0715-10°
KJ-ha!, the basic part of the energy being ac-
cumulated in the living phytomass - 80,2.3% *
4% on the average (for the I and Il plot re-
spectively). The accumulated energy in the dry
phytomass is prevalently stored in reserves on
the different layers - 0,622-10° KJ-ha* +
0,22-10° KJ-ha"!. The energy reserves in the lit-
ter are about twice (3 to 1,3 for the I and Il
plot) less (table 1, fig. 1).

The energy reserves on the layers (with-
out the litter) are 4,348 + 0J17-10° KJ-ha"! the
energy included in the dry phytomass being
14,3% on the average in spite of its variation
in the association. The grater part of the total
energy reserves is concentrated in the abovegro-
und phytomass - 66% + 4% on the average
and predominantly in the tree layer - 65,77%
on the average. The portion of shrub and herb
layers is insignificant - under 1%. The energy
accumulated in the bellowground phytomass
is about half as much -1,470 + 0,22-10° KJ-ha"
| while 71,97% on the average are concentrated
in the living phytomass. The tree layer is the
main source of bellowground energy reserves.
Together with the shrub layer it forms about
99% of the association bellowground. The por-
tion of the herb layer is under 1%.

The association under study annually ac-
cumulates approximately 0,440 + 0,02-10°
KJ-ha"!, which is about 10% of the tree layer
reserves. 77,04 layer reserves. 77,04% of the
total annual energy increase accumulate in
aboveground phytomass of that is 11, 78% *
1% (for the I and Il plot respectively) of the
association energy reserves in aboveground
phytomass. The portion of the bellowground
phytomass in the annual energy binding and
accumulation is 22,95% + 1% on the average
(over 3 times less than the aboveground por-
tion) and on the average it constitutes about
6,87% of the available energy reserves. The
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tree layer gives the greatest contribution to the
annual energy accumulation in aboveground
as well as in bellowground phytomass of the
association (on the average 77,04% and
22,95% respectively). The contribution of the
other two layers is weak: shrub layer - 0,23%
+0,1% and herb layer - 2,5% in the above-
ground and 1,59% in the bellowground phyto-
mass on the average (Tab. 1, Fig. 1).

The shrub and herb layers (and particu-
larly the latter) are of great importance for the
rotation of matter in the association. Annually
33% and 7.3% (for the shrub and herb layers
respectively) of the aboveground and 3.5% of
bellowground energy reserves of the herb layer
are accumulated. Insignificant at first glance,
the annual energy reserves and production of
the species on these layers take part in the ro-
tation of matter and energy flow and that con-
stitutes their dynamic and vital importance for
ecosystem functioning.,

Energy about 0/110-10° KJ-ha™! falls in
the litter annually: on the average 89.09% +
2% of it comes from the tree layer and it is
about 30% of the annually accumulated energy
and about .3,4% of the energy reserves in this
layer. The herb and shrub layers give respec-
tively 10% and 0,9% in the total energy, con-
tained in tjhe litter. The energy accumulated
in the annual litter-fall represents about 2,25%
of the average energy reserves, 3.3,11% of the
energy litter reserves and 22,27% of the an-
nual energy increase in the coenoses.

It is well known that the energy reserves
in ecosystems are of a great importance for
their stability. The average time for energy
transfer in the association under study is 10,6
years (9,4 years only for the aboveground
phytomass) and is about half as much as the
value given by Ricklefs (1979) for deciduous
forests in the temperate zone, We may assume
that there are possibilities for biomass and
energy reserves increase in the association.
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Tab.1 Average energetic reserves and annual accumulation of energy (KJ ha10°% %)

Ta6.1 TIpocedHr eHEpreTCKH pe3epBH M FOMIIHA akyMyJiamuja Ha eneprija (KJ- hat10%; %)

KIND OF RESERVES (PE3EPBH) ACCUMULATION
PHYTOMASS total (Beynao)  living (dasa 6aom.) dry {cypa) (AKYMYAITHIA)
(Tamoen Ha uroMaca) KJ % KJ KJ KJ %
ABOVEGROUND 2,878 66, 18 2, 668 0,210 0, 339 77,04
{namzemMma)
Tree layer 2, 860 65,77 2, 654 0, 206 0, 327 74, 31
{xaT ua zipsja)
Quercus frainetto Ten. 1, 600 36, 80 1, 453 0,147 0,178 40, 45
Quercus cerris L. 1,134 26,08 1, 080 0,054 0, 107 24,32
Quercus dalechampii Ten. 0, 126 2, 89 0, 121 0, 005 0,042 9, 54
Shrub layer 0, 003 0,07 0, 003 0, 000 0, 001 0,23
(KaT Ha I'pMYLOKH )}
Herb layer 0,015 0,34 0, 011 0, 004 0,011 2,50
(mpu3eMeH KaT)
BELLOWGROUND 1, 470 33,81 1,058 0,412 0,101 22,95
(nopzemHa) :
Tree and shiub layer 1,450 33,35 1,038 0,412 0, 094 21,36
- (XaT Ha ApBja U IPMYIUKH)
Herb layer 0, 020 0,46 0, 020 - 0, 007 1,59
(nprAzeMen KaT)
TOTAL 4,348 99, 99 3,726 0,622 0, 440 99, 99
(eKymHHO)
FOREST FLOOR/LITTER 0,296 - - 0,296 0, 110 100, 00
(mymcxa npocrapxa / onax) '
Tree layer - - - - 0, 098 89,09
(KaT Ha OpEja)
Shrub layer - - - - 0, 001 0,91
(KaT Ha TpMYIIRHA)}
Herb layer - - - - 0,110 10,00
(npm3eMen)

The EC (as compared to PHAR) of the
association under study is 0,42% (for the tree
layer - 0,27%) on the average for the whole
period of its existence (1,60% per year and
2,78% per vegetation season). Taking into
consideration Toomunr (1977) and Puxiedc
(1979) data on EC of the vegetation cover, the
calculated EC of the coenoses under study is
lower. However according to the classifications
developed for objective evaluation of effective

solar energy utilization by vegetation plant
communities (Toomunr 1977; HuuumopoBuy
1971), the EC obtained for association Quercus
frainetto+Quercus cerris-Festuca heterophil-
la-Poa nempralis is good.

The PHAR of the region are under
167,44-10° KJ-ha™, in which case according to
Jpo3znos (1969) the increase of radiation and
the annual rainfall would raise the EC.

CONCLUSIONS

The total energy reserves of the asso-
ciation under study are 4,644-10° KJ-ha™ and
the greater part of that is accumulated in
aboveground phytomass (68,4%). The tree
layer is of the greatest importance for building
up of the available energy reserves. Only about
6,4% of the reserves are concentrated in the
litter.

Exou. 3amr. XKusot. Cpen., 2, 2, ctp. 31-35 (1994)

The average annual solar energy accu-
mulation is about 10% of the energy reserves
in the association (0,440-10° KJ-ha™), 77% of
it being stored in the aboveground phytomass
of the coenoses. The tree layer gives 97,7% of
the total annual accumulation energy.

About 22,3% of the energy litter reserves
renew every year.
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According to Tooming's (1977) clas-
sification, the calculated EC of the association
compared to PHAR for a vegetation season is
good

The average time of energy transfer is
about 2 times less than that given by Puxnedc

(1979) for deciduous forests in the temperate
latitudes. The improvement of radiation con-
ditions (thinning out of the forest) and increasing
soil humidity would help raising the EC of the
forest association under study.
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E®PUKACHOCT U UICKOPUCTYBAHKE
HA COHYEBATA EHEPIUJA
o4 NABOBA LLUYMA BO BAKAPEJICKUTE NMNIAHUHA

Mapujana U. JbYBEHOBA

Yuusepsutet Bo Coduja,
Onnen 3a exoJioTHja U 3alITUTa Ha )KUBOTHATA CPEINHA,
Codwuja, byrapuja

PE3UME

BkynHUTE €HEpPreTCKH pe3epBU H a aCOHI/IJaI_II/I]aTa Quercus frainetto+Quercus cerris -
Festuca heterophyla + Poa nemoialis ce 4644-10° KJ ha™ u moronem en o HEB € aKyMyJIHpaH
BO Hag3emHara (uromaca (68,4%). Karor Ha napBjata e ox HajrolieMa BaXKHOCT BO
u3rpagbarta Ha JOocTanmHuTe pesepBu eHepraja. Camo oxony 6,4% Ha pesepBuUTe ce
KOHUIEHTPUPAHH BO aKyMyJlMpaHaTa MpTBa OpraHcka MaTepI/Ija Ha IOBpIIMHATA Ha ITI0YBATA.
[Ipoceunara roaumHa aKyMynauHJa Ha Comvcsa erepruja ¢ oxoiy 10% ox eneprerckure
pesepsu Ha acoumjanmjata (0,44010° KJ ha"t), TPH LITO 77% onx HUB Ce CKJIAMpPaHH BO
Ha/3eMHarta puTomaca Ha 1ieHo3ata. Katot Ha apBjara coapxu 97,7% of BKyIHaTa TOIMIIHA
aKyMyJialija Ha eHepruja,

Oxkomy 22,3% oIl TOAMIITHOTO 3roJIEeMyBamke Ha €HEPrHja, mara co Omaj 0T Ha MOBPIIMHATA Ha
nouBaTa, omHOCHO 33,1 % on ekepreTCKUTe pe3epBK Ka IIyMcKaTa MPOCTUPKA ce OOKOBYyBaat
CeKOja TO/INHA.

Cnopen Toomunr (1977), eHepreTcknoT Koe(HIMEHT Ha acormjanujata cropeaeH co ®AP
(boTocuHTETCKHM aKTHBHA pajyjaliija) BO MEPHOIOT Ha Bereraiujara ¢ qo0ap.
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