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DANCING WITH CARNIOLAN BEE

PLESEMO S KRANJSKO CEBELO

Janko BOZIC!

ABSTRACT
Dancing with carniolan bee

Slovene heritage in beekeeping is based on knowledge-
able bee management practice documented well in 18" cen-
tury. Well described mating biology of honeybees was first
detailed description of specific behavior of honeybees based
on observation in well know subspecies of Carniolan bee.
Later in 20 century special focus was on dance communi-
cation, which was described by von FriscH (1965) as a dance
language. In the work alone it was not described as a special
cognitive capability of the honeybees but rather instinctive
highly specialized behavior pattern. From original work to
nowadays many detailed studies of the dance communica-
tion were published and also used as a tool to study orienta-
tion and learning during foraging behavior. New concept
have been involved, especially in sense of new views and
methods in cognitive science. How much cognition is in-
volved in foraging behavior of honeybees depends on how
wide we accept definition of cognition.

Key words: Apis mellifera carnica, communication, wag-
gle dance, recruitment, foraging, information transfer

http://dx.doi.org/10.3986/fbg0041

1ZVLECEK
Plesemo s kranjsko cebelo

Slovenska cebelarska dedis¢ina temelji na dobrem poz-
navanju Cebelarske prakse, ki je bila dokumentirana ze v 18.
stoletju. Dobro opisana biologija parjenja medonosne ¢ebele
je bil prvi podroben opis posameznega vedenja medonosne
Cebele temeljece na opazovanjih dobro poznane podvrste
kranjske ¢ebele. Kasneje v 20. stoletju je bila posebna pozor-
nost na plesnem sporazumevanju cebel, ki jo je opisal voN
FriscH (1965) kot ¢ebelji jezik. V samem njegovem delu sicer
ni bilo opisano kot posebna razumska zmoznost cebel
ampak bolj kot mo¢no usmerjen nagonski vedenjski vzorec.
Od originalnega dela pa do danes je bilo objavljenih veliko
podrobnih raziskav plesnega sporazumevanja in tudi upora-
bljeno kot orodje za raziskavo orientacije in ucenja med
pasnim vedenjem. Razvili so se novi koncepti, $e posebej v
smislu novih pogledov in metod v kognitivni znanosti. Ko-
liko razuma je vklju¢eno v pa$no vedenje cebel je odvisno od
tega, kako na $iroko sprejmemo definicijo razuma.

Kljucne besede: Apis mellifera carnica, sporazumevanje,
zibajodi ples, novacenje, pasa, prenos informacije

! University of Ljubljana, Biotechnical Faculty, Department of Biology, Jamnikarjeva 101, 1000 Ljubljana, janko.bozic@bf.uni-lj.si
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1 INTRODUCTION

Many researchers around the world use specifically
Carniolan bee (Apis mellifera carnica Poll. 1879) for
their research. These were more typically in the past
when majority of bee research activities were in Eu-
rope, also pioneering research in dance communica-
tion in honeybees. Nowadays, scientist are using bee
dance as a tool to learn more about biology, especially
foraging behavior of honeybees (DYER 2002; CHITTKA
2004). We learned a lot about sensory capability, orien-

tation and learning of bees using observation of danc-
ing bees and their attendance. Modern science is try-
ing to dig into cognitive capability of the bees with the
help of dancing behavior (MENZEL & GIURFA 2001;
MENZEL 2012; CHITTKA 2017). These developments
put under investigation basic questions about dance
communication: What are mechanisms of information
transfer? What kind of learning is involved and how is
that combined with fixed behavior pattern? We will

Figure 1: Carniolan bee (Apis mellifera carnica) on flowers of Hacquetia epipactis, which is common spring flowering plant in
beech forest in Slovenia and some neighboring geographic areas. This plant species from the family of Apiaceae got genus name
from Balthasar Hacquet who worked together with Antonio Scopoli in Idria for few years from 1766. This picture symbolize
early scientific reports about bees from homeland of Crniolan bee (photo: J. Bozic). (https://www.slovenska-biografija.si/oseba/

sbi554298/#slovenski-biografski-leksikon)

Slika 1: Kranjska cebela (Apis mellifera carnica) na cvetju tevja (Hacquetia epipactis), ki je obicajna pomladi cvetoéa rastlina
bukovih gozdov Slovenije in nekaterih sosednjih geografskih obmocij. Ta rastlinska vrsta iz druZine kobulnic (Apiaceae) je
dobila rodovno ime po Baltasarju Hacquetu, ki je delal skupaj z Antonom Scopolijem v 1driji nekaj let od leta 1766. Slika
simbolizira zgodnja znanstvena porocila o cebelah iz rodne dezele kranjske cebele (foto: J. Bozic). (https://www.slovenska-bio-

grafija.si/oseba/sbi554298/#slovenski-biografski-leksikon)

FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018



JANKO BOZIC: DANCING WITH CARNIOLAN BEE \

start with historical involvement of Carniolan bee in
behavior research, continue with pioneering work in
dance communication, development of first contro-
versy, modern studies of information transfer and po-
tential developments of new controversies related with
dance communication in honeybees and how to over-
ride it with fruitful scientific research.

Carniolan bee was the most frequent used sub-
species in detailed behavior observations

Carniolan bee was spread around the world mainly
from county Carniola of former Austria- Hungarian
Imperium (later part of Yugoslavia and nowadays Slo-
venia) in second half of 19" and first half of 20™® cen-

tury (GNILSAK 2003; SALEHAR & GREGORI 2011). Slo-
venian beekeepers were not known only because of
interesting bees that they managed, but also for good
beekeeping practice (GREGORIT ET AL. 2003). In 18
century that was recognized by Austrian court, where
Slovenian beekeeper Anton Jansa started teaching
beekeeping in established beekeeping school. He also
wrote a book with details about honey bee colonies
reproduction with emphasizes on management of
swarming behavior (JaN$a 1771). There he described
in detail also matting of queens outside of the hive
with multiple drones during several mating flights of
young queens before they start laying eggs. That was
general knowledge (SALEHAR 2015). Even several
years earlier was written by Scopoli (Figure 1) in his
book Enthomologica Carniolica, that queen is mated

o6
. g,

Figure 2: Carniolan bee on the buckwheat flower. Buckwheat was regular and wide spread pasture of late summer for honeybees
in time of A. Scopoli and A. Jansa. It enabled well developed overwintering colonies with well established honey stores, two
important predispositions for good early spring bee colonies development (photo: J. BoZic).

Slika 2: Kranjska cebela na cvetu ajde. Ajda je bila redna in razprostranjena pasa cebel poznega poletja v casu A. Scopolija in
A. Janse. Omogocila je dober razvoj prezimovalnih druzin z dobro oblikovanimi rezervami medu, dve kljucni predpostavki za

dober zgodnji pomladni razvoj cebeljih druzin (foto: J. Bozic).

FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018
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in the air (ScoroL1 1763). That experienced well doc-
umented beekeeping in 18" century (Figure 2) built
up foundation for later development of massive breed-
ing of Carniolan bees to sheep around the world bee
swarms and queens. Carniolan bee become the sec-
ond most frequent subspecies that is used in commer-

cial bee hives (CRANE 1990). In central and western
Europe Carniolan bee replaced authentic dark bee
Apis meliffera meliffera which leed to the use of Car-
niolan bees in the most of the research performed in
Europe regarding bee biology and especially bee be-
havior.

2 DANCE COMMUNICATION

Also Karl von Frisch started with Carniolans in Graz
and continued latter also in Germany with the same
subspecies studying intriguing behavior of foraging
bees, which he latter described in detail and called it
“Tanzsprache” (Dance language) (voN FriscH 1965).
His laureated work with Nobel price (voN FriscH
1974) introduced naming of behavior in a sense of bet-
ter exception by general public and also to get more

attention also by scientific community. Basically it is
communication behavior pattern, which codes infor-
mation about direction and distance of the food source.
Coding is not made in the sense of language but rather
of linear adjustment of the few parameters of the fixed
action patter based on the experience of the foraging
bee. So it is better to name it dance communication
then dance language (RosinN 1978).

Figure 3: Two types of dances of
foraging bees were originally
described, round dance (A) and
waggle dance (B) (von Frisch 1965).
Drawing from (BoZic¢ 1988).

Slika 3: Originalno sta bila opisana
dva plesa pasnih cebel, krozni (A)
in zibajoci ples (B) (von Frisch
1965). Risba iz (Bozic¢ 1988).

FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018
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Von Frisch detailed description

It took one quarter of century to find out whole decod-
ing value of dance behavior of foraging bees inside of
the hive (voN FriscH 1923; voN FriscH 1946). Initial
observations of dancing behavior related it to special
excitement or arousal of foraging bees with no specific
information content (BUTTEL-REEPEN 1915 in VON
FriscH 1965). It was soon noticed that circle dance is
related to short distance of the source and waggle
dance to long distance (voN FriscH 1923). Later it has
been recognized as a potential way to more efficiently
spread olfactory signals related to the foraging site. Not
earlier then in 1940’s have been described potential
coding of food source in the pattern of the dance be-
havior regarding to distance and direction (von
FriscH 1946). Karl von Frisch recognized that orienta-
tion of the dancer’s waggling path (waggle run) in fig-
ure eight pattern is related to the orientation of the
food source from where she arrived (Figure 3). Coding
is related to the angle between the food source and
horizontal projection of the sun direction which is

translated into the angle between the waggle run and
vertical direction on the comb in the dark hive (Figure
3). The distance has even simpler correlation, farther is
the forage longer is waggle run. Waggle run can be also
observed as number of waggles that are performed
during the run and even whole dance cycle, waggle
run plus return run to start new waggling can be re-
lated to the distance of forage (voN FriscH 1965). It is
important to note that return runs are going inter-
changeable to the left and right side of the direction of
waggle run. This stereotype change in path could be
important in establishing potential followers that are
in the position to pic up dance information (Bozi¢ &
VALENTINCIC 1991, Figure 4). Further investigations of
details in dance performance revealed some interest-
ing differences between subspecies of Apis mellifera
and also between different species of genus Apis. From
the focus of this paper I'd like to point out some earlier
observations that showed Carniolan bee (A.mellifera
carnica) as most distant foraging tuned subspecies
(von FriscH 1965). There has been recognized also the
only existing difference between Carniolan bee and

Figure 4: Waggling dancer in the middle with the follower on her left side pushing its antennae into dancer’s abdomen (photo: J.

Bozic).

Slika 4: Zibajoca plesalka v sredini s sledilko na njeni levi strani, ki potiska tipalnice v zadek plesalke (foto: J. Bozic)

FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018
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other subspecies in the change of circle dance into
waggle dance. This uniqueness has been studied also
genetically (JoHNSON ET AL. 2002). It looks like there
exist genetic basis although exact gene involved in that
is not known jet. One recent study of Carniolan and
dwarf bee colonies arise some doubt in all studies of
racial and species differences summarized in Kwvon
Frisch book (SEN SARMA ET AL. 2004).

Emergence of controversy, olfactory hypothesis

Well documented research of waggle dance communi-
cation didn’t completely convinced the whole research
community. There had been developed alternative hy-
pothesis for recruitment of bees. Adrian Wenner was
the leader in opponent research and clearly demon-
strated that bees can be well recruited by olfactory sig-
nals alone (WENNER ET AL. 1969; MuNz 2005). With
his help and involvement of some philosophers waggle
dance communication become a key example how sci-
entific controversy develops and how hard is to resolve
it (RosiN 1978; WENNER & WELLS 1990). One of the
most important obstacle in researchers thinking is
postulating teleological hypothesis. In fact most re-
ports started with preposition that dance communica-
tion is working and enable information transfer about
reported sources. Among hundreds of scientific papers
are only few that are actually experimentally testing
recruitment success of the bees that came into position
to pick up dance information (WENNER ET AL. 1967;
MauTtz 1971; GouLp 1975a; GouLD 1975b; JupD 1994;
ABRAMSON & Bozi¢ 2004; TANNER & VISSCHER 2009).
In all of them can be justified critics done by Wenner
that olfactory hypothesis was not taken into account in
the design of the experiment (WENNER ET AL. 1969).
Most close to the proper experimental setup was Gould
with the redirection of the followers by the dancer to
different location that actually dancers danced (GouLp
1975a). That is possible if the dancers have covered
ocelli which causes increase of threshold when the bees
are oriented toward light source instead of gravitation
on vertical comb. In that way dancers oriented their
dances according to gravity but the followers recog-
nize direction according to the light source, which was
rotated for specific angle. Although ingeniously de-
signed experiment from technical point of view missed
proper control that would dismissed olfactory hypoth-
esis experimentally tested by Wenner and coworkers.
Such developments in research of dance communica-
tion results in statements that scientists write their be-
lieves even not thoughts about hypothesis (Rosin
1978).

FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018

Searching additional modalities for information
transfer

After partially resolved problem between Wenner’s ol-
factory and von Frisch’s dance language hypothesis
(VADAS 1994; KiRCHNER & GRASSER 1998; MuNz
2005), most of the research were further focused to po-
tential channels for communication signals’ transfer
and orientation capabilities of the bees. Although
many findings related to the orientation of the bees
were well summarized by the von Frisch, it was not
very clear how bees actually use sun compass during
search of the food and successful returning into the
hive. In 80’s we got very detailed behavior model for
sun compass in honeybees (RosseL & WEHNER 1986;
CHENG & FrEAS 2015). At that time were known more
in detail also physiological background in polarized
light detection by bees. One of the most significant
finding is that bees must have internal compass that is
aligned with the external polarized pattern. They can
achieve that during circling in orientation phase of
flight. This is one of the key finding that can help a lot
in explaining of the recruitment behavior of the bees,
which I will interpret latter in the manuscript. One of
the most fruitful direction was study of the sounds
produced by the waggle dancers. Although first obser-
vations of the dance sound were done by Esch (1961)
and nearly at the same time by Wenner (1962) in a time
of von Frisch preparation of the synthesis of dance lan-
guage hypothesis. In the new wave of the sound re-
search lead by Axel Michelsen made detailed descrip-
tion of the sound field around the dancer and even
showed that bees could detect those signals in close
approach (MICHELSEN ET AL. 1986; MICHELSEN ET AL.
1987; KIRCHNER ET AL. 1988). With mechanical robot
bee they tried to recruit bees by artificialy produced
signals (MICHELSEN ET AL. 1992). They did get some
recruits but in the view of Wenner’s research bees were
able to find the experimental location through olfac-
tory cues. Researchers, fascinated by their results, hy-
pothesized that sound is a main channel for dance sig-
nals transfer from the dancer to the potential recruits.
In this case they count all bees in the dancer’s vicinity
as a potential recruits.

Details of behavior patterns around the dancer -
clue to understanding of dance information trans-
fer?

Meanwhile I studied behavior of all bees in the dancers
surroundings and find out that we can clearly distin-
guish followers and attenders (Bozi¢ & VALENTINCIC
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1991). The follower has to move with the dancer at list
two waggle runs and that is possible only in close ap-
proach which actually enables direct contacts by the
vibrating and waggling dancer’s abdomen. Also re-
cruitment experiments showed that following is linked
to the recruitment success, but it shouldn’t be too long
(ABRAMSON & Bozi¢ 2004). That means it is more
likely that the recruit before final leaving of the hive,
when was successful in finding communicated food
source, followed fewer waggle runs in one attempt
than during previous sessions inside of the hive.
Around the dancers we can detect passing by bees with
no special attention to the dancer’s behavior, there
could be occasional observers that are only once
evoked to orient toward the dancer or better signals
that she emits. There are attenders which stood around
the dancer, typically at list one waggle run, oriented to
the dancer, but hardly to be able to move along the
dancer. These are potential followers that can jump
into the dancer’s vicinity and follow them for at list
two waggle runs. We could say that there are typically
two behavior patterns of the bees in the dance field,
dancing and following. Dancing is performed by for-
agers after arrival into the hive. Not all foragers are
dancing. There should be specific arousal due to qual-
ity of food source and stimulation of hive bees. During
experiments on artificial feeders we can observe that a
scout bee (first time forager) does not necessary dance

during the first arrival (ABRAMSON & Bozi¢ 2004). It
can be observed that they can be even too much
aroused. They are moving vigorously, exchanging food
with the nestmates and do short shivering dance with
no specifically oriented stereotypical pattern that is
observed in waggle dance. Sometimes they stay in the
hive for longer time but more often they leave it very
soon and then they could perform waggle dance after
next arrival. We could say that there should be specific
level of arousal regarding forage quality that waggle
dance can be initiated after touches of bees when the
forager moves with specific tempo across the hive.
After several visits arousal drops down below the
threshold that enables stimulations by the hive bees to
trigger waggle dance. They still share the food and im-
mediately leave the hive. They are still well motivated
for foraging activity. That is also indication of relative
stable arousal for foraging activity. This classical etho-
logical approach is missing more support from the
neurophysiological data. There are recent attempts to
identify neural networks that are involved in direction
and distance information processing by the foraging
bee (STONE ET AL. 2017). There have been observed
some differences between dancers and followers in
brain regions regarding biogenic amine contents and
contents of their metabolites (Bozi¢ & WOODRING
1998; BARRON ET AL. 2007). From early results we
could say that higher number and stronger correla-

Left P st
return A
run -

Imsorrom

TrrrTeTrT

DANCER

Right
return run

180 20 240 0 00 30 W0 W

Figure 5: Dependence of follower’s
body angle from the orientation of
the dancer’s body through all phases
of waggle dance. Polynomial
regression line represents 9 dances
observed with 14 followings and
2294 positions measured in the rate
of 5/s. Adapted from (BoZic¢ 1992).
Slika 5: Odvisnost kota poloZaja
sledilke od orientacije telesa ple-
salke skozi vse faze zibajocega
plesa. Polinomska regresijska linija
predstavlja 9 opazovanih plesov s 14
sledenji in 2294 polozajev izmer-
jenih s pogostostjo 5/s. Prilagojeno
po (Bozi¢ 1992).
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tions might be indicators of activation and coordina-
tion of specific neuronal networks in honeybee brain.
Identification of this networks is difficult in direct
way, because classical neurophysiological approach is
hard to apply. That was very successful to learn a lot
about learning in bees, where bees can be fixed, per-
formed behavior experiment and also using electrodes
for recording nerve signals and to label them (MENZEL
& GIURFA 2001; MENZEL 2012). To get comparable data
in free flying bees it is just time to come reality. More
about that at the end.

I've just touch motivation as one of the classical
ethological term that is used to describe ability of the
animals to perform behavior patterns. Most often can
be related hormonal regulation to the motivational
states, at list as an import precondition that is needed
that some kind of behavior orientation can be ex-
pressed. In case of honey bee foraging it has been
shown that onset of foraging activity is related to high-
er levels of juvenile hormone (FAHRBACH & ROBINSON
1996). It was mainly recognized as a maturation factor
that directs specific development of the honeybee
brain. Part of this regulation is also maturation of
subesophageal gland that starts producing enzyme
alpha glucosidase for sucrose cleavage. Both can be ob-
served using biochemical methods (radio-labeled syn-
thesis rate of JH and enzyme test for subesophagial
gland). It is interesting that there have been found in-
dications that followers, potential recruits have JH
synthesis rate in the range of foragers, but hive resting
bees in much lover range (BoZi¢ & WooDpRING 2000).
That could be one indication that followers, future for-
agers have to be mature to be able to forage.

Recruitment success and recruitment dynamic,
maturation and learning

Maturation enforced by JH might go enough fast that
bees that starts attending and following of the dancers
can be successful recruits on the next day. Also during
the same day we might be able to observe active follow-
ers, even exiting the hive, but they are not making to
the location communicated inside of the hive. In most
of recruitment and related papers, researcher try to in-
terpret unsuccessful flights as fail in message transfer
(MauTz 1971; TauTtz 1996; TANNER & VISSCHER
2009). For such experiments Wenner would use it as
another proof for olfactory hypothesis. Although un-
derstanding that during experimentation most of the
recruits are naive foragers (design of the experiments,
e.g. marking bees at hive entrance) and not redirected
existing foragers, we should take a note that they are
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actually in the process of maturation into regular for-
agers. Similar processes have been observed in field
crickets (STOUT ET AL. 1991). Also, if bees didn’t forage
for a while it might be redirected to some hive activi-
ties and has to be motivated again for foraging activity.
This process needs some time. It might be directed to
proper sensitivity of the neuronal networks which are
involved in information transfer and food search. An-
other possible reason even for former forgers could be
that bees are not just flying to communicated location,
but they are actually searching new food site after
stimulation inside of the hive. That also Wenner said
and mentioned that followers after leaving of the hive
are actually making circling flights similar to orienta-
tion flights during first flight outside of the hive (WEN-
NER 1967). We did observe that as well and see that
circling is typical behavior of the follower after leaving
the hive (PLIBERSEK 2002). What could that mean?
Following of the dancer is instinctive behavior trig-
gered after approach to the aroused forager inside of
the hive. This behavior synchronization enables shar-
ing olfactory stimuli from the dancer, which after
some food sharing in the dance field can be interpreted
as classical conditioning of the future forager, which
can be interpreted as explicit learning of foraging sig-
nals (BITTERMAN ET AL. 1983). Along that the follower
moves with the dancer which is most likely connected
with some kind of latent learning of the forage direc-
tion and distance (Figure 5). The direction is some how
stored in latent learning memory, well connected with
detection of sun compass (MENZEL ET AL. 2001; Ca-
HILL ET AL. 2001). Roots of that might be searched even
in solitary wasps, nesting inside of dark cavities, where
they have to orient themselves based on gravitational
fields to return to their nest where they store collected
insects or spiders for future young (BROCKMANN 1980;
ZEIL 1993; STURZL ET AL. 2016). They also do have well
established orientation based on latent learning of ob-
jects near nest sites and most likely for longer foraging
paths also connected with some compass. Gravitation-
al orientation and sun compass orientation had been
linked somehow during evolution of genus Apis
(GouLD & TOowNE 1987; DORNHAUS & CHITTKA 1999).
Newer view on evolution of genus Apis suggests that its
development actually started with nesting in cavities
and not outside and also regarding to that evolves wag-
gle dance in genus Apis (KOTTHOFF ET AL. 2013), but
that was not taken in account by newer reviewers (Av-
ARGUES-WEBER ET AL. 2015; BARRON & PrATH 2017).
Researchers mainly see waggle dance as food source
locator, but evolutionary it might be even more impor-
tant as a nest site locator then foraging site. If it evolved
first really as a nest site locator would be intriguing
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scientific hypothesis to solve. Distance information
didn’t seemed to be so complicated as direction infor-
mation. But, we can reed in von Frisch book many en-
vironmental and even internal factors that effects gen-
eration of signals related to the distance (voN FriscH
1965). Most of the research invoked explanation based
on some kind energetic level, longer distance more en-
ergy is spent and different way of perception of that by
bees. Already this early studies gave some hints that
visual experience of the bees might play important
part of the perception of distance. Detailed research
decades later showed that actually use of some kind of
visual odometer that is based on optic flow in visual
field of the flying, even waking bees (SRINIVASAN ET
AL. 1997; SRINIVASAN ET AL. 2000). That was success-
fully manipulated in the experiments providing differ-
ent speed of visual feed around flying bees. As I sug-
gested that direction is perceived with some kind of
latent learning, also distance seems to be communi-
cated in similar way.

Wenner was right that olfaction is a primer clue to
find food source. Bees are conditioned to the smells of
the brought food, not only due to touching the dancer,
but also due to food exchange in the region of the
comb where dances are performed. In general condi-
tioned learning is accepted as explicit learning, which
directly guide animals according to the conditioned
signal to perform related behavior. In our case, forag-
ing is a part of feeding behavior continued outside of
the hive due to high excitement by signals brought by
the foragers. If they find strong flow of specific smell
learned inside of the hive they would choose that path
as showed by Wenner (WENNER ET AL. 1969). But not
always are available paths of smell. Bees could find
valuable pasture also in the direction where winds are
blowing and taking away from the hives specific smells
of the pasture. So bees can’t find a proper smell path
and they are searching in front of the hives during cir-
cling wider and wider around the hive. Here can take
part latent learned information about the direction.
The bee is suddenly switched from circle type of flight
in more or less straight flight at list for a while. My
interpretation is that during the circling bees are scan-
ning the sky and when the direction excitation in the
field of internal e-vectors of polarized pattern aligned
with latent “imprinted” direction during following the
dancer that stops circling search and continues in
straight search. We know that this is not perfectly
straight flight. Occasionally bees do additional cir-
cling on the so called straight flight. That can be rec-
ognized through close dots from radar images of re-
cruited bees (RILEY ET AL. 2005; LANDGRAF ET AL.
2018). Also in that case they might repeat searching

and are switched again in straight line. And how far
are bees doing that? Here comes in play distance infor-
mation. Distance information keeps enough high
arousal for straight flight that it is possible to reach
communicated site. Researchers observed that bees
don’t reach typically on first exit of hive communi-
cated location (MAuUTZ 1971; WENNER ET AL. 1991). As
I already mentioned here can come in account matu-
ration in our game of recruitment, but not only that,
also a proper arousal of foraging neural pathways that
bees are able to reach communicated distance. When
bees finally reach the right distance they still search
for the food, most likely mainly on olfactory cues, be-
cause they don’t have other information about food
site that might be released during performing dance in
the hive. Perhaps existence of many different food
smell around the dance field in the hive might make
searching even tougher at the reached location. So, at
the end we can say von Frisch was right, too, but only
in a sense of communicating dance information but
not in using language. That was argued already (RosiN
1978) and seems pretty clear, although modern scien-
tists still use the term language because it is better
heard by general public? Short conclusion could bee
that recruitment is based on conditionally learned olfac-
tory signals that are searched outside of the hive. This
instinctive searching behavior is guided in latent way by
dance information obtained inside of the hive as de-
scribed above.

Subspecies specifics in dance code

Communication of the distance information is the
only major difference that can be observed between
subspecies inside of Apis mellifera. Comparisons of the
waggle run time and related signals in dance pattern
between different subspecies reveals that Carniolan
bee is on one extreme side with the best steep curve of
dependency regarding distance of communicated loca-
tion (BocH 1957). It is also interesting that two closely
related subspecies Italian (Apis mellifera ligustica) and
Carniolan (Apis mellifera carnica), have one of the larg-
est differences. It is open question if that could be par-
tial barrier for admixing of this two subpopulations of
honeybees. In last century it was observed strong effect
of Carniolan bee on population of Italian bees in
Northern Italy (RUA ET AL. 2009; MARINA D MEIXNER
ET AL. 2009), but only minor in Slovenia as the closest
neighbor with Carniolan bee, where we could expect
similar effect of Italian bees on Slovene part of Carni-
olan bee population (SUSNIK ET AL. 2004). In recent
decades that can be explained with management of
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Figure 6: Bees in the swarm, time for collective decision for new home location (Photo: ]. Bozic).
Slika 6: Cebele v roju, cas za skupinsko odlocitev za novo lokacijo doma (Foto: ]. Bozic)
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bees, special care in Slovenia for authentic population
and no similar program in Northern Italy for Italian
bee. Old reports about subspecies didn’t report major
mixed area (RUTTNER 1988; COMPARINI & BIasioLo
1991). Perhaps minor differences in dance communi-
cation could lead to lower fitness in mixed colonies if
they have some problems in communicating colony
resources. Perhaps forage is not so critically as finding
new nesting site during swarming (Figure 6). Colony
in the swarm has to establish enough high quorum re-
garding new nesting site, before they are leaving tem-
poral resting location close to mother site (Javycox &
PARISE 1980; SEELEY & TOwNE 1992; SCHMIDT 1995;
CAMAZINE ET AL. 1999; SEELEY & VISSCHER 2004;
PassiNo & SEELEY 2006). It might be possible that de-
parture of the swarm would be delayed if enough high
quorum can not be achieved. Different translation of
the distance information could result in wrong search
location by the bees that try to re-find communicated
new nest site. That means that bees could spent too
much food reserve during the resting and searching
and have worse possibilities to successfully start build-
ing new comb at new location. That bees could have
problem with the departure as it was shown during
observation of extreme situation when two swarms
were mixed together during take off and were not able
to establish straight flight to new location (personal
observation). They sit down together on lower branch
and tried to fly away again, but with no success. They

tried that several times but at the end, when was at the
lowest branch, they were captured in a new hive. Since
swarming is the unit of genetic reproduction in honey-
bees that could be one of the potential mechanism to
achieve partial separations of the two populations, but
that has to be experimentally verified. It has been
shown that observed difference in waggle run that re-
lates to the distance interpretation, change for circle
run into waggle run is coded with one locus (RINDER-
ER & BEAMAN 1995; JoHNSON ET AL. 2002). That
doesn’t necessary mean that that specific locus is di-
rectly related to the pattern of the dance but rather to
the specific arousal of the neuron network that is in-
volved in expression of waggle runs. Some research
suggests that change from circling to waggling is not
change from A to B behavior but rather continuum
form simple circling to perfect waggle runs (KIRCHNER
et al. 1988). That support idea that there might be only
tinny genetic change that is related to the specific be-
havioral arousal as described above. Dance tempo re-
lated to the distance might define also geometric pos-
sibility for change from circle runs to waggle runs.
What exactly is that genetic base we don’t know jet, but
it could be something common with observed other
behavior differences between Italian and Carniolan
bees as well typical difference in colorization of cuticle.
All recent attempts were not able to find specific func-
tional genomics difference between this two subspe-
cies of honeybee.

3 PERSPECTIVES FOR FUTURE RESEARCH

Functional genetic difference is just one opened ques-
tion that needs to be solved in future to find out what
makes essential difference between two closely related
subspecies of honeybees. Along with recognized more
calm behavior of Carniolan bee, the dance pattern is
one of more exact difference that can be checked be-
tween populations. Some recent research gave some
clues, but more molecular mining is needed and ex-
perimental testing to solve that opened question. It
might drag along some other not jet explained ob-
served differences between respected subspecies of
honeybees.

Signals’ processing in the brain of honeybee is
more clear than ever (DYER et al. 2011; MENZEL 2012;
ZELLER et al. 2015; HELD et al. 2016; STONE et al. 2017).
Although specific stereotyped patterns of signals have
not been tested and that could be big adventure in fu-
ture neurophysiology research in honeybee. Some
progress can be done with new experiments with fixed

bees in the lab, but the key experiments is needed with
free flying bees. In the past were some attempts to have
mounted electronic devices on the back to monitor
specific brain activity (PICkARD & WELBERRY 1976;
BRILL ET AL. 2014). Miniaturization of electronic de-
vices and use of radio-frequency identification tech-
nology (DE SouzA ET AL. 2018; NUNES-SILVA ET AL.
2018), even building small computers inside of the tags
on the thorax of the bee gives definitely new possibili-
ties to monitor behavior during active flight (SULEI-
MAN ET AL. 2018). Classical behavior experiments are
still welcome and it looks like researchers are not en-
couraged to repeat innovative experimental design to
collect more data and especially in better controlled
conditions. One of such experiment is Gould redirec-
tion of the recruits to different site that was actually
reported by the dancers (difference in change to orient
directly to light by followers and dancers) (GouLp
1975a). Additionally we need more quantitative docu-
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mentation of searching behavior of the followers after =~ improved with taking in account that new recruits
leaving the hive (PLIBERSEK 2002) and also some kind  need to mature for foraging as well to be properly
of manipulation of searching behavior using different  aroused to fulfill needs regarding available energy for
foraging sites according to sun direction. In this re-  flight and capability to process efficiently information
view I propose that combined model from olfactory  during searching of new forage after excited leave of
and dance language hypothesis is realistic and can be  the hive based on following the dancer.
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THREATENED BEE SPECIES OF EUROPE IN SLOVENIA

OGROZENE CEBELE EVROPE V SLOVENIJI

Andrej GOGALA'

ABSTRACT
Threatened bee species of Europe in Slovenia

Three Endangered, seven Vulnerable and 40 Near
Threatened species from the European Red List of Bees were
recorded in Slovenia. Their distribution in Slovenia is over-
viewed and the importance of local populations for their
survival in Europe is evaluated. Among the Endangered spe-
cies the Slovenian population of Colletes graeffei is impor-
tant. The species has also its locus typicus in Slovenia. Inter-
esting is the case of Epeolus cruciger which is very numerous
in Slovenia due to transition to a secondary host, Colletes
hederae. Its other host, Colletes succinctus, is endangered in
Slovenia.

Key words: European Red List, bees, Apiformes, Hyme-
noptera, fauna, Slovenia

http://dx.doi.org/10.3986/fbg0042

1ZVLECEK
Ogrozene cebele Evrope v Sloveniji

Tri ogrozene, sedem ranljivih in 40 potencialno
ogrozenih vrst z Evropskega rdecega seznama cebel je bilo
najdenih v Sloveniji. Podan je pregled razdirjenosti teh vrst v
Sloveniji in ocenjen pomen lokalnih populacij za njihovo
prezivetje v Evropi. Med ogrozenimi vrstami je pomembna
slovenska populacija vrste Colletes graeffei. Vrsta ima v
Sloveniji tudi svoj locus typicus. Zanimiv je primer vrste Epe-
olus cruciger, ki je v Sloveniji zelo $tevilna zaradi prehoda na
drugega gostitelja, vrsto Colletes hederae. Njen drugi gos-
titelj, Colletes succinctus, je v Sloveniji ogrozena vrsta.

Kljucne besede: Evropski rde¢i seznam, cebele, Api-
formes, Hymenoptera, favna, Slovenija
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1 INTRODUCTION

Bees are main pollinators in most terrestrial ecosys-
tems as they depend on flowers for food of adults and
larvae in their nests. In history, people have created
favorable conditions for bees by cultivating meadows
and pastures full of flowers where bees found their
food and provided them nesting sites in wooden build-
ings and other structures. With intensification of agri-
culture only wind pollinated grasses remained in the
meadows and concrete buildings do not offer nest op-
portunities. Pesticides often decimate the numbers of
pollinators. The decline of pollinators means not only
loss of biodiversity, but also a growing economic prob-
lem as many agricultural crops depend on pollination
by bees and other insects. Many bee species have be-
come rare and some of them are on the brink of extinc-
tion. In 2014 the International Union for Conservation
of Nature (IUCN) prepared the European Red List of
Bees, published by the European Commission (NIETO
et al. 2014). It includes 1965 species native to Europe
and 9.2% of them are considered threatened with ex-
tinction in Europe (9.1% in the 27 member states of the

European Union). More than half of the species, how-
ever, are classified as Data Deficient as there was not
enough scientific information to evaluate their risk.

In the territory of Slovenia 563 species of bees were
recorded (GoGALA 2014), 564 with the inclusion of the
alien Megachile sculpturalis (GOGALA & ZADRAVEC
2018). We observed the decline of many species after
extreme weather conditions, like frosts in spring after
warm periods early in the year, when plants flowered
too early for the bees to exploit them and heavy
droughts in the summer when there was no food for
the bees, or a very wet and cold summer in another
year. An important problem in Slovenia for the main-
tenance of numerous bee species is also reforestation of
abandoned pastures and other grasslands, especially in
the Karst and other submediterranean areas (GOGALA
2016).

The aim of this overview is to find out if any of the
threatened bee species on the regional European level,
have strong local populations in Slovenia that could be
important for their survival in Europe.

2 MATERIALS AND METHODS

Data on the presence and distribution of bee species in
Slovenia are based on literature and specimens in the
collection of the Slovenian Museum of Natural History
in Ljubljana (PMSL), largely collected by the author.
Documented sightings are also included, especially
from the recent years. Localities are classified to UTM
quadrants to avoid confusion with similarly named lo-

calities elsewhere. Altitude is given in meters above see
level.

Abbreviations:

leg. = legit / collected by

vid. = videt / seen by

PL. = Planina / Shepherd’s settlement in the mountain
Sv. = Sveti / St.

3 RESULTS AND DISCUSSION

3.1 Threatened bee species of Europe in Slovenia:
Endangered species

In Europe (as well as in EU) 46 species are classified as
Endangered. Three of them have been found in Slove-
nia. Locus typicus of one of these is situated in Slovenia.

Colletes graeffei Alfken 1900

Species described from specimens collected in Tol-
min, Slovenia, by Eduard Graeffe. It is distributed from
Italy to Azerbaijan, known also from Austria, Slovakia,
Czech republic, Hungary, Bulgaria, Croatia, Greece
and Ukraine (SCHMID-EGGER & KUHLMANN 2008). It
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collects pollen from Allium species; in Austria and Slo-
vakia exclusively Allium flavum, in Slovenia and Italy
Allium pulchellum (treated by some botanists as sub-
species of A. carinatum, but both »subspecies« can be
found in the same meadow and Colletes graeffei never
visits A. carinatum) and in Ukraine Allium waldsteinii
(OsycuNIUK 1970).

The species is quite common at the edges of high
karst plateaus of Trnovski gozd and Nanos and is oc-
casionally distributed also in the Kras and other karst
areas of South-Western Slovenia. It is also present in
Polhograjsko hribovje (Polhov Gradec hills) in central
Slovenia and was recorded in Rimske Toplice near
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Fig. I: Colletes graeffei female on Allium pulchellum.
SL. I: Samica vrste Colletes graeffei na lepem luku.

® 2000 » @ 1980 - 1999 @ » 1979

Fig. 2: The distribution of Colletes graeffei in Slovenia.
SL. 2: Razéirjenost vrste Colletes graeffei v Sloveniji.
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Lasko (Noskiewicz 1936), the easternmost record

from Slovenia. The population of Trnovski gozd

(Trnovo forest) is the most stable and remains strong

also in years when the species is not observed at other

localities. It was found at altitudes from 250 to 1150 m,

but most records are between 400 and 800 m a.s.l.

Colletes graeffei was never recorded in the Pannonian

lowlands of eastern Slovenia, so it seems there is no

connection of the Slovenian population with the Pan-
nonian population of Austria, Slovakia and Hungary,
which exploits a different foodplant. Allium flavum is
not known to occur in Slovenia (J. JoGAN, pers. comm.).

Records from Slovenia:

GRAEFFE 1902: Tolmin; Noskiewicz 1936: Tolmin
1918, Rimske Toplice 1Jd; BARBATTINT et al. 2005:
Tolmin 4214, coll. Griffe

Grgar, Ravnica, 400 m, UTM: UL99, 16. 8. 1997, 19, A.
Gogala leg.

Polhograjsko hribovje (Polhov Gradec hills): Grmada,
850 m, VM40, 6. 8. 1998, 19, A. Gogala leg., 7. 8.
2004, 19, A. Gogala vid.

Vojscica, 300 m, UL97, 8. 8. 1999, 19, A. Gogala leg.

Nanos: §embijska bajta, 800 m, VL27, 10. 8. 1996, 148,
A. Gogala leg.

Zazid, Lipnik, 700 m, VL13, 26. 7. 2000, 1, A. Gogala leg.

Famlje, Skolj, 400 m, VL25, 31. 7. 1998, 1J, A. Gogala
leg.

Gracis¢e, Smokvica, 300 m, VL13, 5. 8. 1999, 15, A.
Gogala leg.

Trstelj, 600 m, UL97, 15. 8. 1999, 15, A. Gogala leg., 7.
8. 2010, 191(?, A. Gogala vid., 2. 8. 2012, 1%, A.
Gogala vid.

Trnovo, Sedovec, 600 m, VL09, 23. 8. 1997, 191, photo
A. Gogala

Socerga, Veli Badin, 350 m, VLI3, 5. 8. 1999, 1%, A.
Gogala vid.

Kregolisce, 250 m, VLO7, 14. 8. 1999, 19, A. Gogala vid.

Materija, Brezovica, 500 m, VL25, 26. 8. 2000, 19, A.
Gogala vid.

Pivka, Petelinjsko jezero (Petelinje lake), 550 m, VL46,
24.7.2001, 19, A. Gogala vid.

Veliki Dol, 250 m, VL07, 13. 8. 2001, 19, A. Gogala vid.

Lukovec, Rabotnica, 400 m, VL07, 14. 8. 2004, 19, A.
Gogala vid.

Caven, Kucelj, 1150 m, VLO08, 28. 8. 2004, 19, A. Goga-
la vid.

Lukovec, Golec, 350 m, VL07, 6. 8. 2005, 19, A. Gogala
vid.5. 8. 2006, 19, A. Gogala vid.

Lukovec, Poljska gora, 400 m, VL07, 15. 8. 2010, 19, A.
Gogala vid.

® 2000 »

@ 1980 - 1999

@ » 1979

Fig. 3: The distribution of Halictus carinthiacus in Slovenia.
SI. 3: Razsirjenost vrste Halictus carinthiacus v Sloveniji.
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Kovk, Crne stene, 800 m, VLIS, 28. 7. 2012, 19, A.
Gogala vid.

Otlica, 800 m, VL18, 25. 7. 2015, 19, A. Gogala vid.

Otlica, Otlisko okno, 800 m, VLI18, 29. 7. 2017, 19, A.
Gogala vid.

Halictus carinthiacus Bliithgen 1936

Halictus carinthiacus is endemic to Europe and is
restricted to the Alps, predominantly to the beech forest
zone of southern Alps: Austria, Croatia (mountain Ucka
in Istria), France, Italy, Slovenia and Switzerland (EBMER
1988). Its distribution is severely fragmented, and there
is a continuing decline in the extent of occurrence, area
of occupancy, quality of the habitat and number of ma-
ture individuals due to climate change, land use change
and urbanisation (MICHEZ, NIETO & PAULY 2013).

The species was recorded at two widely separated
areas in Slovenia: high karst plateaus of Trnovski gozd
and Nanos in South-Western Slovenia (sub-Mediterra-
nean region) and the mountain Kum in central Slove-
nia (pre-Alpine region). Only three males were col-
lected and all records are from the 20th century.
Records from Slovenia:

EBMER 1988: Trnovski gozd, Ajdovsc¢ina, 800 m, 31. 7.

1972, 13, Ebmer leg.

Nanos: Plesa, 1200 m, V127, 25. 7. 1992, 15, A. Gogala
leg.
Kum, 1200 m, WMO00, 26. 7. 1996, 15, A. Gogala leg.

Lasioglossum laeve (Kirby 1802)

Widely distributed from England and Spain to
Ural, Israel and Iran, but rare, with scattered finds of
single specimens only (EBMER 1988). Only one speci-
men was found in Slovenia, namely in the mountain
Nanos in the nineties:

Nanos: Sv. Hieronim, 1000 m, VL27, 17. 7. 1993, 19,
A. Gogala leg.

3.2 Vulnerable species

In Europe and EU 24 species are classified as Vulner-
able and seven of them have been found in Slovenia.

Biastes truncatus (Nylander 1848)

In Slovenia Biastes truncatus, a cuckoo bee, was
found together with its host, Dufourea dentiventris, in
the mountains Nanos (sub-Mediterranean region) and
Begunjscica in the Karavanke Mts. (Alpine region). An
older specimen originates from Podcetrtek, where the
other host, Dufourea inermis, was also collected by E.
Jaeger. There are no recent records of D. inermis in Slo-
venia.

Records from Slovenia:

GoGALA 1994: Podcetrtek, WM41, 5. 8. 1945, 1&, E.
Jaeger leg.

Nanos: Sv. Hieronim, VL27, 17. 7. 1993, 1%, A. Gogala
leg.

Begunjicica, VM44, 3. 8. 1994, 1J, A. Gogala leg.

Bombus confusus Schenck 1861
Only isolated single finds are known for Slovenia,
but they belong to both subspecies.
Records from Slovenia:
GOGALA 1994: Podcletrtek, WM41, 27. 8. 1932, 13, E.
Jaeger leg (ssp. confusus Schenck).
Metlika, WL25, 8. 5. 2002, 19, ssp. paradoxus (Dalla
Torre 1882), A. Jenic leg. & coll.

Bombus gerstaeckeri Morawitz 1881
This oligolectic, on Aconitum specialised Alpine
species is distributed in the Julian Alps, Karavanke
and Kamnik-Savinja Alps in Slovenia.
Records from Slovenia:
BARBATTINI et al. 2007: Mangart, 4. 8. 1896
Bohinj, P. Vogar, VM12, 15.9. 1935, 18, M. Hafner leg.
Olseva, VM74, 12. 8. 1993, 19, A. Gogala leg.
Bohinj: Ukanc, VMO02, 21. 8. 1996, 19 on Aconitum, A.
Gogala vid.
Jezersko, Ceska koc¢a, Mrzla dolina, 1500 m, VM63, 25.
8.2009, 14, photo A. Gogala

Bombus muscorum (Fabricius 1793)

Only a record from the Secovlje salt-pans is known
for Slovenia. The species was found there only once.
Record from Slovenia:

Secovlje, Fontanigge, UL93, 24. 8. 1991, 19, A. Gogala
leg.

Bombus pomorum (Panzer 1805)

The only record of this species for Slovenia is a
specimen from Postojna in the Trieste museum.
Record from Slovenia:

BARBATTINI et al.2007: Postojna, 4. 1927, 19, E. Stolfa
leg.

Colletes floralis Eversmann 1852

Only VoGRrIN (1955) reported this species for Slo-
venia.
Record from Slovenia:
VOGRIN 1955: Kamnik, 5. 8.

Colletes fodiens (Geoffroy in Fourcroy 1785)

Colletes fodiens was once common on the gravel
banks of the river Sava near Ljubljana, where it col-
lected pollen primarily from Tanacetum vulgare. The
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Fig. 4: Bombus gerstaeckeri male on Aconitum.
Sl. 4: Samec vrste Bombus gerstaeckeri na preobjedi.

® 2000 » @ 1980 - 1999 & » 1979

Fig. 5: The distribution of Bombus gerstaeckeri in Slovenia.
SI. 5: Razsirjenost vrste Bombus gerstaeckeri v Sloveniji
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present situation is not known since the land was

largely overgrown by introduced invasive plants or

used as a landfill. The only other record is a sole speci-

men from Bevke in the Ljubljana moors.

Records from Slovenia:

Ljubljana, Crnuce, Jarski prod, VM60, 11. 8. 1993,
2924, A. Gogalaleg., 6. 8.2004, 19, A. Gogala vid.,
10. 8. 2004, 13, A. Gogala leg.

Bevke, VL49, 5. 8. 1996, 19, A. Gogala leg.

3.3 Near threatened species

Bees in this category are officially not threatened with
extinction yet, but they can become threatened soon if
their living conditions worsen. In Europe and EU 101
species are classified as Near Threatened and 40 of
them have been recorded in Slovenia.

Andrena fulvida Schenck 1853
Andrena fulvida was found in Podcetrtek in the

Fig. 6: Andrena hattorfiana female on Knautia illyrica.
SI. 6: Samica vrste Andrena hattorfiana na ilirskem grabljiséu.

thirties, on banks of the Sava river near Ljubljana in

the nineties and in the Iski Vintgar gorge in 2010.

GOGALA 1994: Podcetrtek, WM41, 15. 5. 1932, 17, 14.
6.1932, 19, E. Jaeger leg.

Ljubljana, Crnuce, VM60, 15. 6. 1993, 39, A. Gogala
leg., 6. 5. 1994, 19, A. Gogala leg.

Iski Vintgar: Vrbica, VL68, 8. 6. 2010 on Hemerocallis
lilioasphodelus, 12, A. Gogala leg.

Andrena hattorfiana (Fabricius 1775)

This is a common, widely distributed species in
Slovenia, recorded from all parts of the country. Its
foodplants, Knautia spp., are still numerous.

Andrena ovatula (Kirby 1802)

Andrena ovatula was very numerous and distrib-
uted in all parts of Slovenia in the nineties, but then
suddenly disappeared from most of its range. There is
only one record after the year 2000, from the Brdo Es-
tate near Kranj:

Kranj, Brdo, VM52, 8. 5. 2007, 15, A. Gogala leg.
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S
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Fig. 7: The distribution of Andrena hattorfiana in Slovenia.
SI. 7: Razsirjenost vrste Andrena hattorfiana v Sloveniji.

® 2000 » ® 1980 - 1999 ® » 1979

Fig. 8: The distribution of Andrena ovatula in Slovenia.
SI. 8: Razsirjenost vrste Andrena ovatula v Sloveniji.
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Melitturga clavicornis (Latreille 1806)
Only one old record of this species in Slovenia ex-
ists:
GOGALA 1994: Maribor, WM55, 12. 7. 1921, 1, E. Jae-
ger leg.

Bombus mendax Gerstaecker 1869

Besides specimens in the Graeffe collection, which
are without the locality data, the only record of the
species is from the vicinity of Mt. Triglav in the Julian
Alps.
BARBATTINI et al. 2007: Carniola, 291, coll. Griffe
Triglav, Konjski preval, 2000 m, VM13, 7. 8. 1991, 19,

A. Gogala leg.

Bombus mucidus Gerstaecker 1869
The species is distributed in the Karavanke Mts.
and the Julian Alps.

Kosuta: PL Sija, 1530 - 1800 m, VM44, 20. 8. 1991, 19,
A. Gogala leg.

Golica, 1500 m, VM24, 12. 8. 1995, 19, A. Gogala leg.,
21. 7. 2010, 19, A. Gogala vid., 23. 8. 2010, 19 on
Cirsium eriophorum, A. Gogala vid.

Ratitovec, Razor, 1460 m, 28. 7. 2010, 19 on Anthyllis
vulneraria, photo A. Gogala

Kosuta: Pl. Dolga njiva, 1500 m, VM54, 4. 8. 2018, 1%,
A. Gogala leg.

Epeolus cruciger (Panzer 1799)

Epeolus cruciger is a very common cuckoo bee in
the sub-Mediterranean region of Slovenia, where its
host is Colletes hederae Schmidt & Westrich 1993. It is
regularly seen on the nest aggregations of this autumn
species. Colletes succinctus (Linnaeus 1758) is not dis-
tributed in this part of Slovenia, the only place where
Epeolus cruciger was found together with this host spe-
cies is in Spodnji Brnik near Kranj. BoguscH & HaD-
RAVA (2018) treat the informations about Colletes
hederae as a host of E. cruciger by AMIET et al. (2007)
as not trustworthy. However, there is no doubt about
this association in Slovenia. In western Mediterranean,
Colletes hederae is parasitized by Epeolus fallax Mora-
witz, which is not known in Slovenia (BoGuscH &
HADRAVA 2018).

Records from Slovenia:
GoGALA 1994: Podcetrtek, WM41, 10. 9. 1925, 19, E.

Jaeger leg.

Brje pri Komnu, VLO07, 29. 9. 1990, 19, A. Gogala leg.,

31. 8. 1991, 18, A. Gogala leg.

Gorjansko, UL97, 1. 9. 1991, 19, A. Gogala leg., 7. 9.

1991, 19, A. Gogala leg.

Ko$tabona, Skrline, VLO03, 29. 6. 1993, 19, A. Gogala
leg.

Sp. Brnik, VM62, 29. 8. 1993, 1914, A. Gogala leg.

Brestovica, UL97, 6. 9. 1992, 15, A. Gogala leg.

Hrastovlje, VL14, 5. 9. 1993, 15, A. Gogala leg.

Gorjansko, Vale, UL97, 27. 9. 1997, 12, A. Gogala vid.

Gradi$ée, Smokvica, VLI3, 5. 8. 1999, 1J, A. Gogala
leg.

Borst, dolina Dragonje (Dragonja valley), VL03, 24. 9.
1999, 19, A. Gogala leg.

Ravnje, Rasa, dolina Rase (Rasa valley), VL17, 30. 8.
2008, 191, A. Gogala leg.

Stomaz, Sela, dolina Rase, VL16, 13. 9. 2009, 19, A.
Gogala leg., 3. 9. 2016, 2 ex., A. Gogala vid.

Nomada argentata Herrich-Schéffer 1839
This species is regularly seen in Brje near Komen
in the Kras (Karst) on Scabiosa, together with ist host,

Andrena marginata Fabricius 1776.

Brje pri Komnu, VL07, 14. 10. 1990, 12, A. Gogala leg.,
13. 10. 1996, 19, A. Gogala leg., 31. 8. 2008, 24, A.
Gogala leg., 19, photo A. Gogala, 6. 9. 2009, 14,
photo A. Gogala, 19, A. Gogala vid., 2. 9. 2018, lex.
on Scabiosa, A. Gogala vid.

Nomada armata Herrich-Schaffer 1839
Like its host, Andrena hattorfiana (Fabricius), it is
distributed in all parts of Slovenia.
Records from Slovenia:
GRAFFE 1892: Gorica; GRAEFFE 1902: Gorica
ErRLANDSsON 1991: Celje, Vojnik, WM22, 23. 6. 1961,
29
GoGAaLA 1994: Podletrtek, WM41, 20. 6. 1932, 19, E.
Jaeger leg.
Log, Lukovica, VL59, 10. 6. 1992, 19, A. Gogala leg., 28.
5.1993, 19, A. Gogala leg.
Statenberg, WMS53, 15. 5. 1994, 19, A. Gogala leg.
Cezsoca, UMS83, 2. 6. 1994, 19, A. Gogala leg.
PL. Vogar, VM12, 7. 7. 1995, 19, A. Gogala leg.
Dragonja, UL93, 10. 6. 1997, 19, A. Gogala leg.
Vremscica, VL26, 5. 7. 1999, 19, A. Gogala leg., 4. 7.
1992, 19, A. Gogala leg.
M. Zablje, VL18, 23. 5. 1993, 24, A. Gogala leg.
Ljubljana, Crnuce, Jarski prod, VM60, 1. 6. 2005, 17,
photo A. Gogala
Nanos, VL27, 1. 8. 2004, A. Gogala vid.

Nomada braunsiana Schmiedeknecht 1882
Found only once in the Kras (Karst):
Brje pri Komnu, VL07, 6. 6. 1993, 1%, A. Gogala leg.

Nomada errans Lepeletier 1841

It was not rare in central Slovenia in the nineties,
but present situation is not known.
Records from Slovenia:

FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018

29



ANDRE] GOGALA: THREATENED BEE SPECIES OF EUROPE IN SLOVENIA

Fig. 9: Epeolus cruciger female on the nest aggregation of Colletes hederae.
SI. 9: Samica vrste Epeolus cruciger na gnezdiscu vrste Colletes hederae.
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Fig. 10: The distribution of Epeolus cruciger in Slovenia.
Sl. 10: Razsirjenost vrste Epeolus cruciger v Sloveniji.
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GoGALA 1994: Podcetrtek, WMA41, 16. 9. 1933, 19, E.
Jaeger leg.

Sorgko polje, VM51, 14. 8. 1932, 1J, M. Hafner leg.

Log, Lukovica, VL59, 16. 7. 1991, 19, A. Gogala leg., 20. 7.
1991, 19, A. Gogala leg., 30. 7. 1991, 1, A. Gogala leg.

Topol, Grmada, VM40, 1. 8. 1993, 19, A. Gogala leg.

Rakitna, VL58, 27. 7. 1999, 19, A. Gogala leg.

Brezovica pri Lj., VL59, 29. 7. 1991, 13, A. Gogala leg.

Nomada mutica Morawitz 1872
Was not rare in the nineties, but not recorded after
the year 2000.
Records from Slovenia:
GOGALA 1994: Podéetrtek, WM41, 26. 4. 1934, 15, E.
Jaeger leg.
Brje pri Komnu, VL07, 1. 5. 1991, 19, A. Gogala leg.
Gorjansko, UL97, 27. 4. 1992, 19, A. Gogala leg.
Log, Lukovica, VL59, 6. 5. 1992, 19, A. Gogala leg., 4.
5. 1989, 19, photo A. Gogala
Ozeljan, VL08, 22. 5. 1994, 15, A. Gogala leg.
Cerknica, Dolenje Jezero, VL56, 9. 5. 1995, 13, A.
Gogala leg.
Gaberje, Koboli, VL17, 1. 5. 1995, 19, A. Gogala vid.

Nomada obtusifrons Nylander 1848
Found on Mt. Begunjscica in the Karavanke:
Begunjscica, VM44, 3. 8. 1994, 49, A. Gogala leg.

Nomada opaca Alfken 1913
The more recent find is from the banks of the Sava
river near Ljubljana.
Records from Slovenia:
GOGALA 1994: Podcetrtek, WM41, 15. 5. 1932, 13, E.
Jaeger leg.
Ljubljana, Crnuce, Jarski prod, VM60, 6. 5. 1994, 47,
A. Gogala leg.

Nomada rhenana Morawitz 1872
Only an old record from Podcetrtek exists for Slo-
venia:
GoGALA 1994: Podcetrtek, WM41, 14. 6. 1932, 19, E.
Jaeger leg.

Nomada symphyti Stoeckhert 1930

Although its host, Andrena symphyti Schmiedekne-
cht 1883, is widely distributed, only one male was
found near Dobova:
Dobova, Mihalovec, WL58, 13. 5. 1994, 17, A. Gogala

leg.

Nomada villosa Thomson 1870
Only an old record from Podcetrtek exists for Slo-
venia:

GoGALA 1994: Podcetrtek, WM41, 20. 6. 1932, 19, E.
Jaeger leg.

Triepeolus tristis (Smith 1854)

It was recorded in the sub-Pannonian region of
Slovenia together with its host, Tetralonia malvae
(Rossi, 1790). It was found also at the coast in Secovlje
salt-pans where Tetraloniella nana (Morawitz 1873)
was its host.

Records from Slovenia:
GoGALA 1994: Podcetrtek, WM41, 21. 8. 1930, 19, E.

Jaeger leg.

Secovlje, Fontanigge, UL93, 30. 7. 1995, 193@, A.

Gogala leg.

Petidovci, XM15, 4. 8. 1995, 39, A. Gogala leg.
Vonarje, WM41, 6. 8. 1996, 13, A. Gogala leg.

Colletes albomaculatus (Lucas 1849)

Only one specimen was found on an isolated lime-
stone ground in the Dragonja valley in Istria.
Dragonja, Sv. Stefan, UL93, 31. 5. 1997, 19, A. Gogala leg.

Colletes succinctus (Linnaeus 1758)

Known from a few localities in central and east
Slovenia. Recently the species has disappeared at least
from part of its range. In 2018 I searched for it at the
place near Spodnji Brnik, where a strong population
existed in the nineties. It was not found, even Calluna,
its foodplant, almost disappeared from the under-
growth, being replaced by other vegetation.

Records from Slovenia:
GoGALA 1994: Podcetrtek, WM41, 8. 9. 1932, 19, E.

Jaeger leg.

Sp. Brnik, VM62, 29. 8. 1993, 2%, A. Gogala leg., 10. 8.

1993, 3d, A. Gogala leg.

Log, Lukovica, VL59, 31. 8. 1993, 15, A. Gogala leg.
Vel. Ra¢na, Radensko polje, VL78, 27. 8. 2011, 1913,
photo A. Gogala

Dufourea dentiventris (Nylander 1848)
Widely distributed in the Alps and the mountains

Nanos and Kum.

Records from Slovenia:

GOGALA 1994: Bohinj, VM12, 29. 7. 1932, 143, Jaeger
leg.

Nanos: Plesa, VL27, 25. 7. 1992, 29, A. Gogala leg.

Nanos: Sv. Hieronim, VL27, 25. 7. 1992, 33, A. Gogala
leg., 30. 7. 2004, 19, photo A. Gogala, 9. 8. 1997,
1914, A. Gogala vid.

Nanos: Sv. Hieronim - Ple$a, V127, 4. 7. 1998, 19, A.
Gogala leg.

Korensko sedlo, VMO05, 23. 7. 1993, 2914, A. Gogala
leg.
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Fig. 11: Colletes succinctus female on its foodplant Calluna vulgaris.
SlI. 11: Samica vrste Colletes succinctus na njeni hranilni rastlini, jesenski vresi.
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Fig. 12: The distribution of Colletes succinctus in Slovenia.
SI. 12: Razsirjenost vrste Colletes succinctus v Sloveniji.
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Fig. 13: The distribution of Dufourea dentiventris in Slovenia.
SI. 13: Razsirjenost vrste Dufourea dentiventris v Sloveniji.

Olseva, VM74, 12. 8. 1993, 19143, A. Gogala leg.

Sorigka planina, VM22, 23. 7. 1994, 1%, A. Gogala leg.

Begunjscica, VM44, 3. 8. 1994, 19, A. Gogala leg.

Pl. Vogar, VM12, 7. 7. 1995, 1%, A. Gogala leg., 15. 6.
1996, 13, A. Gogala leg.

Soca, UM93, 2. 6. 1994, 1J, A. Gogala leg.

Mali Kum, WMO0O0, 26. 7. 1996, 17, A. Gogala leg.

Dufourea inermis (Nylander 1848)
Only old records exist for this species. Probably
extinct in Slovenia.
GRAFFE 1895: Hrpelje
GoGALA 1994: Podletrtek, WMA41, 6. 8. 1932, 19, 1. 8.
1939, 18, Jaeger leg.

Dufourea minuta Lepeletier 1841
All more recent records are from the year 1996,
when the species was in expansion. Not found since
then.
Records from Slovenia:
GOGALA 1994: OlSeva, 1700 m, 27. 7. 1932, 1916, Jaeger
leg.; Podcetrtek, WM41, 31. 8. 1933, 19, Jaeger leg.
Vonarje, WM41, 6. 8. 1996, 3955, A. Gogala leg.
Log, Lukovica, VL59, 9. 8. 1996, 19148, A. Gogala leg.

Gradi$ce pri Lukovici, VM71, 23. 8. 1996, 19, A. Goga-
la leg.

Halictus quadricinctus (Fabricius 1776)
Distributed in the sub-Mediterranean region and
the Dinaric mountains:
Brje pri Komnu, VLO07, 5. 10. 1991, 18, A. Gogala leg.
Debeli rti¢, UL94, 16. 5. 1995, 19, A. Gogala leg.
Dragonja, Stena, UL93, 30. 7. 1995, 14, A. Gogala leg.
Gorjansko, Vale, UL97, 8. 8. 1999, 19, A. Gogala vid.
Sneznik, 1550 m, VL54, 21. 7. 2006, 19, A. Gogala leg.
Slavnik, VL14, 2. 8. 2007, 19, A. Gogala vid.
Skrbina, Sibelji, VL07, 12. 7. 2009, 19, A. Gogala vid.
Cerknica, Slivnica, VL57, 23. 8. 2013 on Cirsium, 13, A.
Gogala vid.

Lasioglossum angusticeps (Perkins 1895)
Primarily in Istria and Kras, but also in east Slove-

nia. Recent records are not known.

Records from Slovenia:

GOGALA 1994: Podcetrtek, WM41, 13. 8. 1931, 1%, Jae-
ger leg.

Secovlje, Fontanigge, UL93, 24. 8. 1991, 19, A. Gogala
leg., 30. 5. 1993, 19, A. Gogala leg.
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Fig. 14: Halictus quadricinctus female on Cirsium.
SI. 14: Samica vrste Halictus quadricinctus na osatu.
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Fig. 15: The distribution of Halictus quadricinctus in Slovenia.
Sl. 15: Razsirjenost vrste Halictus quadricinctus v Sloveniji.
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Fig. 16: Lasioglossum costulatum female visits Campanula flowers for its food.
SI. 16: Samica vrste Lasioglossum costulatum zbira hrano na cvetovih zvoncic.
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Fig. 17: The distribution of Lasioglossum costulatum in Slovenia.
SI. 17: Razsirjenost vrste Lasioglossum costulatum v Sloveniji.
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Sela na Krasu, UL97, 30. 4. 1995, 19, A. Gogala leg.
Padna, UL93, 16. 5. 1995, 19, A. Gogala leg.

Obrez, Grabe, WM94, 29. 6. 1995, 19, A. Gogala leg.
Strunjan, UL94, 27. 6. 1995, 1, A. Gogala leg.

Lasioglossum costulatum (Kriechbaumer 1873)
Widely distributed on Campanula spp. in Slovenia.

Records from Slovenia:

VOGRIN 1955: Solcava, 28. 7.

GoGALA 1994: Podcetrtek, WM41, 20. 5. 1933, 19, 24.
7.1931, 1, Jaeger leg.

Stari trg ob Kolpi, WL03, 26. 5. 1993, 19, A. Gogala leg.

Strunjan, UL94, 22. 7. 1994, 19, A. Gogala leg.

Padna, UL93, 16. 5. 1995, 19, A. Gogala leg.

Nanos: Sv. Hieronim, VL27, 10. 8. 1996, 19, A. Gogala
leg., 13. 7. 2009, 1%, photo A. Gogala

Sneznik, 1600 m, VL54, 19. 7. 1999, 1%, A. Gogala leg.

Pivka, Trnje, V. vrh, VL46, 31. 8. 1999, 1%, A. Gogala
leg.

Pivka, Pal¢je, Palsko jezero (Pal¢je lake), VL46, 13. 10.
2007, 19, A. Gogala leg.

Dragonja, Stena, UL93, 13. 7. 1995, 18, A. Gogala leg.

Brje pri Komnu, VLO07, 26. 7. 1998, 18, A. Gogala leg.

Cerknisko jezero (Cerknica lake): Laze — Otok, VL56,
4.8.1991, 19, A. Gogala leg.

Secovlje, Fontanigge, UL93, 7. 6. 1994, 19, A. Gogala
leg.

Temnica, UL97, 3. 7. 2004, 19, photo A. Gogala

Lukovec, VLO07, 12. 7. 2009, 19, photo A. Gogala

Lasioglossum duckei (Alfken 1909)

Only two records for Slovenia, from the Kras
(Karst) and the Karst edge:
EBMER 1988: Divaca (Bliithgen 1923)
Hrastovlje, VL14, 9. 6. 1993, 1%, A. Gogala leg.

Lasioglossum intermedium (Schenck 1868)
Only one record for Slovenia:
Sp. Pirnice, VM51, 8. 6. 1995, 19, A. Gogala leg.

Lasioglossum laevigatum (Kirby 1802)
Widely distributed in Slovenia.
Records from Slovenia:
VOGRIN 1955: Podcetrtek, 23. 4., 16. 5., 28. 7., Jaeger leg.
GoGgAaLA 1994: Olseva, VM74, 22. 7. 1933, 19, Jaeger
leg., Podcetrtek, WM41, 2. 6. 1933, 19, Jaeger leg.
Log, Lukovica, VL59, 13. 5. 1991, 1%, A. Gogala leg., 28.
5.1991, 19, A. Gogala leg.
Lipica, VL15, 16. 5. 1992, 19, A. Gogala leg.
Stari trg ob Kolpi, WLO03, 26. 5. 1993, 19, A. Gogala leg.
Radovna, VM24, 1. 6. 1993, 19, A. Gogala leg.
Crni Vrh, Pasja ravan, VM40, 2. 6. 1993, 19, A. Gogala
leg.
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Rakitna, VL58, 11. 6. 1993, 19, A. Gogala leg.

Prtové, VM32, 1. 7. 1995, 12, A. Gogala leg.

Crni Vrh, VM40, 29. 4. 1995, 19, A. Gogala vid.

Kum, WMO00, 23. 7. 1997, 19, A. Kapla leg.

Polhov Gradec, Setnica, VM40, 15. 5. 2008, 19, A.
Gogala leg.

Jakobski Dol, Drankovec, WM56, 24. 4. 2011, 19, T.
Trilar leg.

Lasioglossum majus (Nylander 1852)
Widely distributed and not rare in Slovenia.

Records from Slovenia:

VOGRIN 1955: Podcetrtek, 11./14. 6., 28. 7., Jaeger leg.

GoGALA 1994: Podletrtek, WM41, 28. 4. 1934, 19, Jae-
ger leg.

Log, Lukovica, VL59, 10. 6. 1992, 1%, A. Gogala leg., 30.
7.1991, 13, A. Gogala leg.

Zelimlje, VL68, 22. 6. 1993, 12, A. Gogala leg.

Ljubljana, Crnuce, VM60, 27. 7. 1993, 19, A. Gogala
leg.

Kostabona, Skrline, VL03, 22. 4. 1994, 19, A. Gogala
leg.

Stara Fuzina, VM12, 25. 5. 1995, 19, A. Gogala leg.

Obrez, Grabe, WM9%4, 29. 6. 1995, 19, A. Gogala leg.

Kregolis¢e, VL07, 31. 7. 1991, 28, A. Gogala leg.

Rakov Skocjan, VL47, 6.6.1998, 1%, A. Gogala leg.

Borst, dolina Dragonje (Dragonja valley), VL03, 24. 9.
1999, 19, A. Gogala leg.

Kranj, Brdo, VM52, 12. 9. 2007, 19, A. Gogala leg.

Gorenja Brezovica, VL58, 31. 5. 2007, 19, photo A.
Gogala

Cerknisko jezero (Cerknica lake): Jamski zaliv, VL46,
9. 2010, 1J, photo A. Gogala

Lasioglossum sexnotatum (Kirby 1802)
Only old records from before 1940 for Slovenia.
Probably extinct.
GoGALA 1994: Podcetrtek, WM41, 4. 6. 1932, 19, Jae-
ger leg.
Sorsko polje, 22. 5. 1932, 19, M. Hafner leg.
Ljubljanska okolica (Ljubljana environs), 18. 6. 1935,
19, M. Hafner leg.

Lasioglossum subaenescens (Pérez 1895)

Recorded in Istria and the river Reka valley:
Movraz, VL13, 14. 6. 1991, 29, A. Gogala leg.
Dragonja, UL93, 23. 5. 1998, 19, A. Gogala leg.
Zabice, VL44, 26. 5. 2001, 19, A. Gogala leg.

Lasioglossum xanthopus (Kirby 1802)

Numerous in the Kras (Karst) on Salvia pratensis
in the nineties, but much rarer now.
Records from Slovenia:
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Fig. 18: Lasioglossum laevigatum female on Biscutella laevigata.
Sl. 18: Samica vrste Lasioglossum laevigatum na navadni Sparnici.
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Fig. 19: The distribution of Lasioglossum laevigatum in Slovenia.
SI. 19: Razsirjenost vrste Lasioglossum laevigatum v Sloveniji.
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Fig. 20: Lasioglossum majus male.
SI. 20: Samec vrste Lasioglossum majus.
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Fig. 21: The distribution of Lasioglossum majus in Slovenia.
SI. 21: Razsirjenost vrste Lasioglossum majus v Sloveniji.
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Brestovica, UL97, 2. 5. 1990, 19, A. Gogala leg., 11. 3.
1995, 19, A. Gogala vid.

Brje pri Komnu, VL07, 13. 5. 1990, 19, A. Gogala leg.,
1. 6. 1991, 19, A. Gogala leg., 13. 10. 1996, 13, A.
Gogala leg.

Kregolis¢e, VL07, 1. 6. 1991, 19, A. Gogala leg.

Lipica, VL15, 16. 5. 1992, 12, A. Gogala leg.

Zaplana, Strmica, VL49, 27. 5. 1998, 19, A. Gogala leg.

Kastelec, VL14, 17. 6. 1995, 19, A. Gogala leg.

Lukovec, VLO07, 21. 4. 2007, 19, photo A. Gogala

Krka, VL88, 22. 5. 2004, 19, A. Gogala vid.

Pivka, Parje, VL35, 20. 5. 2009, 19, A. Gogala vid.

Veliki Dol, VL07, 21. 5. 1997, 19, L. Bischoff leg.

Dane, VL16, 19. 5. 1997, 1%, L. Bischoff leg.

Rophites quinquespinosus Spinola 1808
It was not rare in Slovenia on Betonica officinalis in
the nineties. Present situation is not known.

Records from Slovenia:

ERLANDSSON 1979: Vojnik, 23. 6. 1961, 1J

GoGgaLA 1994: Prekmurje: Gancani, WM41, 10. 6.
1993, 19, S. Gomboc leg., Podcetrtek, WM41, 13. 7.
1932, 19, Jaeger leg.

Log, Lukovica, VL59, 4. 7. 1990, 1915, A. Gogala leg.,
7.7.1990, 29243, A. Gogala leg., 11. 7. 1991, 19, A.
Gogala leg., 11. 7. 1990, 15, A. Gogala leg., 29. 6.
1991, 1d, A. Gogala leg., 7. 7. 1991, 153, A. Gogala
leg., 11. 8. 2004, 1%, photo A. Gogala

Pl. Vogar, VM12, 21. 8. 1996, 1%, A. Gogala leg., 20. 7.
1996, 15, A. Gogala leg.

Cerknisko jezero (Cerknica lake): Zadnji kraj, VL56, 3.
8.1997, 19, A. Gogala leg.

Pivka, Trnje, Petelinjsko jez., VL46, 31. 8. 1999, 19, A.
Gogala leg.

Gradisée pri Lukovici, VM71, 11. 7. 1996, 13, A. Goga-
la leg.

Krsko, Anovec, WL49, 1. 8. 1996, 17, A. Gogala leg.

Bloke: Volé¢je, VL67, 3. 7. 2010 on Betonica, 13, A.
Gogala leg.

Sphecodes hyalinatus Hagens 1882
Widely distributed and not rare in Slovenia.
Records from Slovenia:
Slavnik, VL14, 22. 5. 1991, 19, A. Gogala leg.
Log, Lukovica, VL59, 29. 8. 1991, 19, A. Gogala leg.
Kamniska Bistrica, VM63, 29. 7. 1993, 19, A. Gogala leg.
Ig, Skrilje, Strazar, 720 m, VL68, 2. 5. 1999, 19, A.
Gogala leg.
Jurisce, Krsicevec, VL45, 22. 8. 2008, 1924, A. Gogala
leg.

Radovna, VM24, 10. 8. 1994, 13, A. Gogala leg.

Pivka, Klenik, Palsko jezero (Pal¢je lake), VL46, 31. 8.
1999, 1d, A. Gogala leg.

Krim, Planinca, VL59, 24. 4. 2008, 19, photo A. Goga-
la

Sphecodes majalis Pérez 1903
Widely distributed, but present situation is not

known.

Records from Slovenia:

Log, Lukovica, VL59, 6. 5. 1992, 29, A. Gogala leg., 27.
4.1995, 1J, A. Gogala leg.

Kostabona, Skrline, VL03, 22. 4. 1994, 19, A. Gogala
leg.

Vinica, WL23, 3. 6. 1995, 29, M. Gogala leg.

Tublje pri Komnu, VLO07, 26. 4. 1998, 19, A. Gogala leg.

Sphecodes spinulosus Hagens 1875
Found in the Kras (Karst), but only once.
Kregolis¢e, VL07, 16. 5. 1992, 12, A. Gogala leg.

Anthidium montanum Morawitz 1864
Found in the Soca valley in the Julian Alps.
Soca, UM93, 2. 6. 1994, 1J, A. Gogala leg.

Melitta dimidiata Morawitz 1876
Found on the gravel banks of the Sava river near
Ljubljana in the nineties. Probably extinct.
Ljubljana, Crnuce, VM60, 14. 6. 1994, 19, A. Gogala
leg., 15. 6. 1995, 1J, A. Gogala leg.

Melitta tricincta Kirby 1802

Widely distributed in Slovenia, but rare. Probably
extinct on the banks of the Sava river near Ljubljana,
where Odontites, its foodplant, was overgrown by other
vegetation.

Ljubljana, Crnuce, VM60, 11. 8. 1993, 2924, A. Gogala
leg., Tomacevski prod, 31. 8. 2005, 1J, photo A.
Gogala

Cerknica, Dolenje Jezero, VL56, 26. 8. 1995, 19, A.
Gogala leg.

Kamnik, VM62, 20. 8. 1994, 13, A. Gogala leg.

Dragonja, Stena, UL93, 11. 9. 1995, 18, A. Gogala leg.

Podcetrtek, WM41, 31. 8. 1933, 1%, E. Jaeger leg. (Goga-
la, 1994)

Gracdi$ce, Butari, VL13, 16. 9. 1998, 13, A. Gogala vid.
Pivka, Zagorje, Grad Kalec (Kalec castle), VL45, 29. 8.
2010 on Odontites luteus, 19, photo A. Gogala
Cerknisko jezero (Cerknica lake): Gorica, VL56, 29. 8.

2014 on Odontites vulgaris, 1319, A. Gogala vid.
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Fig. 22: Lasioglossum xanthopus female on Salvia pratensis.
SI. 22: Samica vrste Lasioglossum xanthopus na travniski kadulji.
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Fig. 23: The distribution of Lasioglossum xanthopus in Slovenia.
SI. 23: Razsirjenost vrste Lasioglossum xanthopus v Sloveniji.
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Fig. 24: Rophites quinquespinosus female on Betonica officinalis.
Sl. 24: Samica vrste Rophites quinquespinosus na navadnem Cistecu.

@ 1980 - 1999 & » 1979

Fig. 25: The distribution of Rophites quinquespinosus in Slovenia.
SI. 25: Razsirjenost vrste Rophites quinquespinosus v Sloveniji.
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4 CONCLUSIONS

The population of Colletes graeffei in Slovenia is im-
portant for the survival of the species in Europe. The
region of Trnovski gozd and Nanos is its core area
from which it disperses during more favorable condi-
tions. In the same area also the other two Endangered
species were found.

Among the Vulnerable species, Biastes truncatus
can be supported by the population of Dufourea den-
tiventris in the Alps and the Mt. Nanos again. Bombus
gerstaeckeri, distributed in the Alps, could survive on
the Aconitum, a common plant there. The fate of
Colletes fodiens, on the other hand, is uncertain. Also
its relative, Colletes similis, once very numerous and
widely distributed, disappeared in recent years. Re-
cords of the other four Vulnerable species are scarce.

Andrena hattorfiana stands out of the other Near
Threatened species with many records from all parts
of Slovenia and also recent sightings. Although the
trend of intensification or reforestation of grasslands is
not favorable, the Knautia plants are still numerous in
Slovenia.

Epeolus cruciger has also very strong population in
Slovenia due to transition to a secondary host, Colletes
hederae. This host species is very numerous in the sub-
Mediterranean region when Hedera helix blooms. The
other host, Colletes succinctus, is very rare and endan-
gered in Slovenia.

Some Halictid species are numerous or widely dis-
tributed in Slovenia. Halictus quadricinctus is distributed
in the sub-Mediterranean and Dinaric regions. Lasioglos-
sum costulatum, L. laevigatum and L. majus are widely
distributed. Lasioglossum xanthopus was numerous in
the nineties, but is rare now. Rophites quinquespinosus
was also widely distributed and is now in regression.

We can conclude that some bee species, threatened
with extinction in Europe, have still strong or impor-
tant populations in Slovenia. But the disappearance of
favorable habitats continues and only active conserva-
tion efforts and better agricultural policy can make sur-
vival possible for the majority of bees and other pollina-
tors. We cannot do much, however, against extreme
wheather conditions, stimulated by global climate change.

5 POVZETEK

Leta 2014 je Mednarodno zdruzenje za varstvo narave
(IUCN) pripravilo Evropski rdeci seznam cebel, ki ga
je izdala Evropska komisija (NIETO et al. 2014). Vsebu-
je 1965 v Evropi domorodnih vrst in 9,2% jih je ozna-
cenih za ogrozene pred izumrtjem v Evropi (9,1% v 27
¢lanicah Evropske unije). Vendar je ve¢ kot polovica
vrst uvrs¢enih med vrste s premalo podatki, da bi
lahko opredelili njihovo stopnjo ogrozenosti. Na oze-
mlju Slovenije je bilo najdenih 563 vrst cebel (GogaLa
2014), 564 skupaj s tujerodno vrsto Megachile sculptu-
ralis (GOGALA & ZADRAVEC 2018). Opazili smo upad
mnogih vrst po izjemnih vremenskih razmerah. Po-
membna tezava v Sloveniji je tudi zaras¢anje opusce-
nih pasnikov in drugih travis¢ (Gogara 2016).
Namen tega pregleda je ugotoviti, ali ima katera od
vrst, ogrozenih na evropski ravni, v Sloveniji mo¢ne
populacije, ki bi bile lahko pomembne za prezivetje
vrste v Evropi.

Vrsta Colletes graeffei je bila opisana po primerkih
iz Slovenije in ima tu pomembno populacijo za prezi-
vetje vrste. Njeno osrednje obmodje sta Trnovski gozd
in Nanos, od koder se razsiri, kadar so ugodne razme-
re. V tem obmodju sta bili najdeni tudi drugi dve v
Evropi ogrozeni vrsti, ki zivita v Sloveniji. Med ranlji-
vimi vrstami kukavicjo cebelo Biastes truncatus vzdr-
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zuje populacija gostiteljske vrste Dufourea dentiventris
v Alpah in, ponovno, na Nanosu. V Alpah je razsirjen
¢mrlj Bombus gerstaeckeri, ki se hrani na preobjedah.
Usoda vrste Colletes fodiens pa je negotova, saj so njeno
glavno najdisc¢e v Sloveniji, prodis¢a ob reki Savi pri
Ljubljani, prerasle tujerodne rastlinske vrste.

Med potencialno ogrozenimi vrstami izstopa pe-
$¢inska cebela Andrena hattorfiana z najdbami po celi
Sloveniji, vklju¢no z nedavnimi opazanji. Njene hra-
nilne rastline, grabljisca, so v Sloveniji e vedno pogo-
ste. Kukavicja cebela Epeolus cruciger ima v Sloveniji
mocno populacijo zaradi prehoda na drugega gostite-
lja, vrsto Colletes hederae. Ta je zelo Stevilna v subme-
diteranskem obmocju, ko cveti brsljan. Druga gostite-
ljica, vrsta Colletes succinctus, je redka in ogrozena v
Sloveniji. Nekatere brazdarke (Halictidae) so v Sloveni-
ji Stevilne in zelo razsirjene. Vrsta Halictus quadricinc-
tus je razsirjena v submediteranskem in dinarskem
obmodju. Zelo razsirjene so vrste Lasioglossum costu-
latum, L. laevigatum in L. majus. Vrsta Lasioglossum
xanthopus je bila pogosta v devetdesetih letih, a je sedaj
redka. Tudi vrsta Rophites quinquespinosus je bila zelo
razsirjena in je sedaj v upadu.

Zaklju¢imo lahko, da imajo nekatere v Evropi
ogrozene vrste ¢ebel v Sloveniji §e vedno mocne in po-
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membne populacije. A izginjanje ustreznih habitatov  cebel in drugih oprasevalcev. Ne moremo pa storiti ve-
se nadaljuje in le z dejavnim naravovarstvom in boljso  liko proti izjemnim vremenskim razmeram, ki jih
kmetijsko politiko lahko zagotovimo prezivetje ve¢ine  spodbujajo globalne klimatske spremembe.
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BIOMASS ALLOCATION SHIFTS OF FAGUS SYLVATICA L. AND
PINUS SYLVESTRIS L. SEEDLINGS IN RESPONSE TO
TEMPERATURE

PRERAZPOREDITEV BIOMASE PRI SADIKAH FAGUS SYLVATICA
L. IN PINUS SYLVESTRIS L. KOT ODZIV NA TEMPERATURO

Jozica GRICAR!

ABSTRACT
Biomass allocation shifts of Fagus sylvatica L. and Pinus
sylvestris L. seedlings in response to temperature

Since the impact of temperature on seedling growth
and biomass allocation of different tree species remains rela-
tively unknown, the influence of different temperature con-
ditions on stem diameter (xylem and bark), stem and root
extensions, as well as below- and aboveground woody bio-
mass, in three-year old European beech (Fagus sylvatica L.)
and Scots pine (Pinus sylvestris L.) seedlings in 2010-2011
were studied. One-year-old seedlings were grown outdoors
(mean temperature during the growing season = 17-19°C),
in the greenhouse (mean temperature during the growing
season = 22-24°C) and climatized room (mean temperature
during the growing season = 15-17°C) for two years. In
terms of radial increment, xylem increments were narrowest
in the case of increased temperature for beech and decreased
temperature for pine. There was no difference in the thick-
ness of the bark in beech seedlings exposed to different tem-
perature conditions whereas in pine, the bark proportion
was highest in control seedlings with the widest diameters.
The periderm thickness was comparable in seedlings ex-
posed to different temperatures and represented 10-14 %
and 15 % of the bark tissue in pine and beech, respectively.
Comparison of the total radial increments of seedlings of the
two species under different TEMPERATURE conditions
showed that they were wider in pine in all three regimes.
Increment of the main root was considerably higher in both
species and represented about 90 % of the total length incre-
ment in beech and 74-87 % in pine. In addition, woody bio-
mass was substantially higher aboveground in both tree spe-
cies (by about 70-80 %). With beech, above- and below-
ground biomass was reduced in the case of elevated temper-
ature, with the smallest share of roots. In pine, lower tem-
perature diminished amount of biomass and caused its
greatest allocation to belowground, which represented al-
most half of the total biomass accumulation. The short-term

http://dx.doi.org/10.3986/fbg0043

IZVLECEK
Prerazporeditev biomase pri sadikah Fagus sylvatica L. in
Pinus sylvestris L. kot odziv na temperaturo

Malo je znanega o vplivu temperature na rast sadik in
alokacijo biomase pri razli¢nih drevesnih vrstah, zato smo
raziskali vpliv razli¢nih temperaturnih razmer na debelin-
sko rast debla (tj. les in skorja), vr$no rast debla in korenin
ter na podzemno in nadzemno lesno biomaso pri triletnih
sadikah navadne bukve (Fagus sylvatica L.) in rdecega bora
(Pinus sylvestris L.) v obdobju 2010-2011. V ta namen so bile
enoletne sadike dve leti izpostavljene trem razlicnim tem-
peraturnim rezimom: na prostem (povprecna temperatura v
Casu rastne sezone = 17-19°C), v rastlinjaku (povpre¢na
temperatura v Casu rastne sezone = 22-24°C) in v hladilni
komori (povprecna temperatura v ¢asu rastne sezone = 15-
17°C). Lesni prirastki so bili najmanjsi v primeru povisane
temperature pri bukvi, pri boru pa pri zmanj$ani tempera-
turi. Pri sadikah bukve izpostavljenih razli¢nim tempera-
turnim razmeram ni bilo razlik v $irini skorje, medtem ko je
bil delez skorje pri boru najvedji pri kontrolnih sadikah, ki
so imele tudi najsirSe premere. Debelina periderma je bila
primerljiva pri sadikah izpostavljenih razli¢nim temperatu-
ram in je predstavljala 10-14 % tkiva skorje pri bukvi in 15
% tkiva pri boru. Debelinski prirastki so bili v vseh rezimih
$irsi pri boru kot pri bukvi. Prirastek glavne korenine je bil
znatno vedji kot prirastek debla pri obeh vrstah in je pred-
stavljal priblizno 90 % celotne vrsne rasti pri bukvi in 74-87
% pri boru. Nadzemna lesna biomasa je bila pri obeh
drevesnih vrstah bistveno veéja (za priblizno 70-80 %) v
primerjavi s podzemno biomaso. Pri bukvi je bila celotna
biomasa zmanj$ana pri povi$ani temperaturi z najmanjsim
delezem korenin. Pri boru je bila najmanjsa koli¢ina bio-
mase pri znizani temperaturi, ko smo zabeleZili najvecjo pr-
erazporeditev biomase v podzemne dele, ki so predstavljali
skoraj polovico celotne lesne biomase. Kratkoro¢ni poskusi
kazejo, da okoljske razmere za optimalno rast proucevanih
drevesnih vrst niso primerljive, kar se odraza v razli¢nih pr-

! Gozdarski intitut Slovenije, Ve¢na pot 2, 1000 Ljubljana, jozica.gricar@gozdis.si
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treatments clearly show that biomass allocation shifts of
pine and beech in response to temperature seem to be a spe-
cies-specific. The observed differences could be viewed as a
plastic adjustment to environmental heterogeneity.

Key words: European beech, Scots pine, radial incre-
ment, stem, root, bark, xylem

erazporeditvah biomase pri boru in bukvi pri razli¢nih tem-
peraturnih rezimih.

Kljucne besede: navadna bukev, rdeci bor, debelinski
prirastek, deblo, korenina, skorja, les

1 INTRODUCTION

Anticipated climate change associated with more fre-
quent/severe extreme events are expected to alter the
composition, structure and distribution of forests in
many regions (SCHAR et al. 2004, IPCC 2014). This
could result in increased tree mortality due to climate-
induced physiological stress and other climate-mediat-
ed processes, such as insect outbreaks (ALLEN et al.
2010). Trees’ ability to withstand such environmental
changes also depends on their phenotypic plasticity, ge-
netic diversity within and between populations, and
gene flow (KRAMER et al. 2010). Phenotypic plasticity of
ecologically important traits in response to different
environments is thus a fundamental property of organ-
isms, enabling them to cope with adverse environmen-
tal conditions (SULTAN 2000, MARTINEZ-MEIER et al.
2008). How trees may respond to these changes is par-
ticularly relevant for ecologically and economically im-
portant European tree species, such as European beech
(Fagus sylvatica L.) and Scots pine (Pinus sylvestris L.),
since future climate conditions will clearly influence
their growth and competitive performance and conse-
quently silvicultural practices (PRETZsCH et al. 2015).

European beech is a widespread species of Euro-
pean temperate forests with high competitive ability:
as a juvenile, it is shade-tolerant and grows fast, while
as a mature tree it forms a dense canopy outshading
most other trees (voN WUEHLISCH 2008). In the past,
the areal extension of beech forests decreased consid-
erably due to human activity (DIEKMANN et al. 1999).
However, as nature-based forestry has become widely
accepted, an expansion of beech has been reported for
most Central European countries, including Slovenia,
which will have an impact on forest management and
on wood processing technology (PoLjANEC et al. 2010).
Beech is known to be a drought-susceptible species
(e.g. LEUSCHNER et al. 2001, FiIscHER & NEUWIRTH
2013), which responds plastically to environmental
conditions (e.g. RosE et al. 2009, Cocozza et al. 2016,
PRISLAN et al. 2018), indicating that climatic condi-
tions are important for its growth, in addition to ge-
netic predisposition (EILMANN et al. 2014).

Scots pine is one of the most widely distributed
tree species, spanning a vast climatic gradient from
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eastern Siberia to southern Spain (MATYAs et al. 2004).
Owing to the long adaptation time, the phenology of
secondary growth of native origins is generally well
synchronized with local weather conditions (REPo et
al. 2000). Scots pine has therefore been the object of
several studies on geographical variation of different
functional traits, including radial growth and struc-
tural plasticity in response to drought (e.g. MARTINEZ-
VILALTA et al. 2008, RICHTER et al. 2012).

Plants regulate their growth in response to envi-
ronmental cues such as photoperiod, temperature and
the availability of water and nutrients (KozLowsky &
PALLARDY 1997). The capacity of photosynthetic pro-
cesses and competition for resources are constraining
factors for tree growth (WARING 1987). Tree growth is
directed hierarchically to the different tree parts ac-
cording to their priority and demands. Foliage and
buds are assumed to have the highest priority, followed
by roots and mobiles reserves, whereas protective
chemicals and stems have the lowest priority (VAN-
NINEN & MAKELA 2000). Carbon can only be convert-
ed into biomass to the extent chemical elements other
than carbon, temperature or cell turgor permit (KORN-
ER 2015). Of all processes related to plant growth, cell
division and formation (expansion and wall develop-
ment) are particularly sensitive to decline in turgor
pressure (KORNER 2015, STEPPE et al. 2015).

Under stress, carbon allocation is altered (BLESS-
ING et al. 2015). Biomass partitioning, i.e., the root-to-
shoot ratio or the allometric function relating to
above- and belowground biomass, can be a critical in-
dicator of plant physiological processes (e.g. WILSON
1988). It reflects the different investment of photosyn-
thates in above- and belowground organs and its vari-
ation is a response to differential selection for adapta-
tions to different environmental conditions (e.g. YANG
& Luo 2011). For example, tree species adapted to dry
climatic regimes generally have higher root-to-shoot
ratios and deeper root systems than species that are
more suited to mesic climatic conditions (KozLowsKkYy
& PALLARDY 1997, HARTMANN 2011), in order to in-
crease access to the limiting resources for growth, such
as water and nutrients (OVERDIECK et al. 2007).
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Although the short-term effects of adverse envi-
ronmental factors on plant physiology or growth are
well documented (e.g. OVERDIECK et al. 2007, GRICAR
2014, BLESSING et al. 2015), the impact of temperature
on seedling growth and biomass allocation of different
tree species after one or two growing seasons remains
largely unexamined. Belowground carbon allocation is
considered to be one of the least understood processes
in tree physiology and its quantification is necessary
for accurate modelling of forest net primary produc-
tivity and net ecosystem productivity (JOHNSEN et al.

2007). The influence of different temperature condi-
tions on lateral (xylem and bark) and apical incre-
ments, as well as below- and aboveground woody bio-
mass in three-year old pine (Pinus sylvestris) and beech
(Fagus sylvatica) seedlings in 2010-2011 were studied.
The main novelty of this work is that it provides fun-
damental information on the comparison of variation
in radial increment separately for bark and xylem
parts. In addition, combined analyses, which include
aboveground biomass (height and radial increment)
and underground biomass, are presented.

2 MATERIAL AND METHODS

2.1 Tree material and growth conditions

The tree material consisted of Scots pine (Pinus sylves-
tris L.) and European beech (Fagus sylvatica L.) seed-
lings. For the experiment, 120 one-year-old pine and
90 one-year-old beech seedlings were bought from
Omorika tree nursery (Muta, Slovenia) in November
2009. At that time, the stem diameter 2 cm above the
root collar with a vernier calliper providing a precision
to 0.010 mm and the height of each seedling using a
measuring tape were measured. In addition, the vol-
umes and lengths of the stem and root system of each
seedling using a scanner and WinRHIZO software
(Regent Instruments Inc. Quebec, Canada) at the be-
ginning and at the end of the experiment in order to
quantify and compare relative increase in above- and
belowground biomass were separately measured. The
seedlings were then planted in PVC pots (3 L). The bot-
tom quarter of the pots was filled with silica sand to
allow water drainage and the upper three quarters was
filled with dystric cambisol originating from sand-
stone and slate ground rock collected from the upper
soil horizon (0-30 cm) in a mixed forest, Roznik. The
forest is near the Slovenian Forestry Institute in Lju-
bljana (46°03’N, 14°28’E, 323 m a.s.l.) and belongs to
the Blechno fagetum forest association. After excava-
tion, the soil was sieved through a 5x5 cm sieve, auto-
claved and mixed with one third of vermiculite. No
fertilizer was used during the experiment. Substrate
consisted of 2/3 soil from the garden of the institute
and 1/3 vermiculite to provide better ventilation in the
root regions and better retention of moisture in the
soil.

For the experiments, 30 beech and 40 pine seed-
lings were randomly selected and placed in each of the
three different temperature conditions (GRICAR 2014).
Control seedlings (K) were grown outdoors, sheltered

from direct wind, while experimental conditions con-
sisted of growth in either a greenhouse or in a clima-
tized room (IMP Klima, Godovic, Slovenia). They were
exposed to natural temperature variations in Ljubljana
in 2010 and 2011. A weather station, which recorded
average, maximum and minimum daily air tempera-
ture, was installed in the immediate vicinity of the
plants. Seedlings in the greenhouse (G) were generally
exposed to higher temperatures and in the climatized
room (C) to lower temperatures than K during the
growing season. Mean air temperature during the
growing season was 17-19°C, 22-24°C and 15-17°C in
K, G and C, respectively (GRICAR 2014).

Air temperature and humidity were logged by USB
dataloggers Voltcraft® DL-120 TH (Conrad Electronic
UK Ltd, Barking, UK) at hourly intervals. CO, concen-
trations were monitored daily between 11:00-14:00
during the growing seasons using an infrared gas ana-
lyser Li-840 (Li-Cor Inc., Lincoln, USA). The relative
air humidity was constantly monitored and kept be-
tween 70 % and 90 %. Water supply was not a limiting
factor under any regime. Seedlings were watered with
filtered tap water without additional nutrients, either
by hand or via an automatic watering system that kept
the soil moisture at 10-15 % during the growing sea-
son.

2.2 Monitoring radial increment of seedlings
and histometric analysis

At the end of the experiment, i.e., in winter 2011, three-
year-old beech and pine seedlings were taken from the
pots and prepared for further analysis. For histometric
analysis of wood increments at the stem base, about 2
cm long pieces of stem were extracted from each seed-
ling and immediately placed in FAA fixative solution
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(a mixture of formalin, 50 % ethanol and acetic acid).
After one week, the samples were dehydrated in an al-
cohol series (30 %, 50 % and 70 %) and permanently
stored in 70 % ethanol. Usinga G.S.L. 1 (© Gértner and
Schweingruber, design and production: Lucchinetti,
Schenkung Dapples, Zurich, Switzerland) sliding mi-
crotome and replaceable blades for universal knives,
20-25 mm thick cross-sections of stems were prepared,
stained in an aqueous mixture of safranin (Merck,
Darmstadt, Germany) (0.04 %) and astra blue (Sigma-
Aldrich, Steinheim, Germany) (0.15 %) dyes (WERE
VAN DER et al. 2007) and finally mounted in Euparal
(Waldeck, Minster, Germany) to produce permanent
sections. All necessary observations and measure-
ments of tissues were performed with an image analy-
sis system consisting of an Olympus BX51 (Tokyo,
Japan) light microscope, a PIXElink, PL-A66Z digital

camera and NIS-Elements Basic Research V.2.3 image
analysis program (Tokyo, Japan). The widths of: (a)
xylem increments in 2010 and 2011; (b) bark, also sepa-
rately for periderm were measured. Measurements
were taken at four locations on the cross-sections and
then averaged.

Data processing, graph preparation and statistical
analysis were done in Microsoft Excel and Statgraphics
programs. The one-way ANOVA test was used to com-
pare increment characteristics of pine and beech seed-
lings among regimes. In addition, Fisher’s least signifi-
cant difference (LSD) procedure was used for pairwise
comparisons of treatment groups to discriminate
among the means. Leven’s test was used to assess the
equality of variance in the samples. Student’s t-test was
used to compare the widths of xylem increments for
2010 and 2011 under an individual regime.

3 RESULTS

3.1 Stem and root increments

At the end of the experiment, seedling survival was
90-95 % and 85-90 % for beech and pine, respectively.
Seedling increment in length was separated into stem
and root extensions. Root extension was considerably
higher in both species and represented about 90 % of
the total length increment in beech and 74-87 % in
pine (Figure 1). With beech, stem and root increments
were largest in C (9.4 £ 0.76 cm and 98.9 + 13.95 cm,

respectively). Stem increments were comparable in G
and K (6.1 + 0.57 cm and 6.9 + 0.36 cm, respectively),
whereas root increment was significantly lower in G
(G: 49.5 + 6.59 cm; K: 88.2 + 12.91 cm) (Fig. 1a). The
lowest stem and root increments of pine seedlings were
detected in C (5.9 + 0.59 cm and 39.8 + 3.49 cm, respec-
tively) (Figure 1b). The largest stem increment was de-
tected in K pines (15.8 + 0.85 cm) and of root in G
pines (56.3 + 4.15 cm). Comparison of the total seed-
ling increment in the length of both species showed
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Figure I: Stem and root increments in the length in seedlings of (a) Fagus sylvatica and (b) Pinus sylvestris.
Slika 1: Vrsni prirastki debla in korenin pri sadikah (a) Fagus sylvatica in (b) Pinus sylvestris.
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that only in G was it smaller in beech (for about 20 %),
whereas in C and K it was about 132 % and 58 % great-
er, respectively.

3.2 Radial increment

Radial increment was divided into the widths of bark
and xylem increments of 2010 and 2011 (Figure 2).
With beech, all three measured parameters were wid-
estin C (xylem in 2010: 380.9 + 45.0 um; xylem in 2011:
755.0 + 57.9 um; bark: 375.7 + 22.3 um) and narrowest
in G (xylem in 2010: 282.0 + 94.5 um; xylem in 2011:
371.4 + 80.8 um; bark: 340.5 + 9.4 um) (Figure 2a). In
the case of pine, radial increments, with the exception
of xylem increments in 2010, were widest in K (xylem
in 2010: 708.9 + 68.9 um; xylem in 2011: 1242.6 + 104.3
pm; bark: 906.8 + 57.4 um) and narrowest in C (xylem
in 2010: 636.1 + 43.1 um; xylem in 2011: 572.7 + 47.1

pum; bark: 614.7 + 25.1 um) (Figure 2b). Comparison of
the total radial increments of seedlings of the two spe-
cies under different temperature conditions showed
that they were wider in pine in all three regimes; by
about 54 % in G, 19 % in C and 50 % in K (GRICAR
2014). Considering only the xylem part, total two-year
xylem increment was wider in pine in all three cases;
by about 57 % in G, 9 % in C and 45 % in K (GRICAR
2014). However, distinguishing xylem increments
formed in 2010 and 2011, only increments in 2011 of C
beech were wider than those of pine.

Bark occupied only about 10 % of the total radial
increment in beech in all cases and 23-30 % in pine.
Only C pines with the widest stem diameters had sta-
tistically the widest bark (906.8 + 181.6 um). Periderm
thickness was comparable in pine seedlings under all
conditions (78-88 pm) and represented 10-14 % of
bark tissue, whereas in beech it was widest in C (55.1 +
13.1 um) and occupied 15 % of bark tissue.

Woody biomass [cm?]
%)

c
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a
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Figure 2: Radial increment, divided into widths of bark and xylem increments in 2010 and 2011, in seedlings of (a) Fagus syl-

vatica and (b) Pinus sylvestris.

Slika 2: Debelinski prirastek razdeljen v Sirino skorje in lesa v letih 2010 in 2011 pri sadikah (a) Fagus sylvatica in (b) Pinus

sylvestris.

3.3 Woody biomass

Woody biomass was observed above- and below-
ground. It was in general substantially higher above-
ground in both tree species (for about 70-80 %); only
in C pine was it similar (Figure 3). With beech, the
highest amount of total woody biomass (as well as
above- and belowground) was detected in C (above-
ground: 22.8 + 2.3 cm?; belowground: 6.4 + 0.9 cm?)

and lowest in G (aboveground: 14.7 + 1.1 cm?; below-
ground: 3.5 + 0.4 cm?) (Figure 3a). In the case of pine,
the amount of woody biomass was highest in K (above-
ground: 28.9 + 4.0 cm’; belowground: 5.9 + 0.5 cm®)
and lowest in C (aboveground: 5.8 + 0.9 cm?; below-
ground: 4.6 + 0.4 cm®) (Figure 3b). Comparison of the
total amount of woody biomass of seedlings of both
species under different temperature conditions showed
that it was highest in beech in C and in pine in K. It
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was the same situation in the case of belowground bio-
mass, whereas in G above- and belowground biomass

was higher in pine by about 10 % and 34 %, respec-
tively.
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Figure 3: Above- and belowground woody biomass in seedlings of (a) Fagus sylvatica and (b) Pinus sylvestris.
Slika 3: Nadzemna in podzemna lesna biomasa pri sadikah (a) Fagus sylvatica in (b) Pinus sylvestris.

4 DISCUSSION

Phenotypic plasticity is the ability of an organism to
change its phenotype in response to changes in the en-
vironment. In addition to allocational and morpho-
logical traits, anatomical traits may vary with the envi-
ronment (SULTAN 2000). Although phenotypic plastic-
ity may vary among different provenances, European
beech and Scots pine are known as plastic tree species
that generally adapt well to local environmental condi-
tions (e.g. MEIER & LEUSCHNER 2008, RICHTER et al.
2012, EILMANN et al. 2014). The observations revealed
a different response of beech and pine seedlings to
temperature in terms of radial increment, stem and
root extensions and biomass allocation.

4.1 Alteration in radial increment in response
to temperature

In terms of radial increment, xylem increments were
narrowest in the case of increased temperature for
beech and decreased temperature for pines. With the
exception of C in the first year of the experiment, ra-
dial increments were wider in all cases in pine than in
beech (GRICAR 2014). This could be ascribed to trans-
plant shock and demonstrates a different temporal ef-
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fect of abruptly changed conditions on the radial in-
crement of pine and beech seedlings. In addition to
the xylem part, radial increment also includes bark
part. There was no difference in the thickness of bark
in beech seedlings exposed to different conditions,
whereas in control pines, which had the widest xylem
increments, the bark was also widest. It can be ex-
pected that width of the bark would increase with the
stem diameter. However, variations in bark width are
difficult to compare among tree species due to their
specific and diverse structure and contemporary sec-
ondary changes occurring in old secondary and pri-
mary bark tissues (HOLDHEIDE 1951, ROSELL et al.
2014). In the study, young pine seedlings with no dead
bark were included, so the exposure of the inner, liv-
ing phloem and cambial regions to environmental
conditions was comparable between the two species.
Narrow bark accompanied by no or a thin layer of
dead bark can also partly explain the greater sensitiv-
ity of young trees to exacerbated climatic conditions
compared with adult trees (GRICAR 2013). Neverthe-
less, bark was generally thicker in pine, which is in
line with “spacing save strategy” of beech bark-that
permanently retain only one periderm (HOLDHEIDE
1951).
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4.2 Alteration in stem and root extensions in re-
sponse to temperature

It was found in the study that variations in stem and
root extensions to temperature were comparable; ei-
ther greater or smaller than in controlled seedlings.
Similarly as with radial increment, low temperature
negatively affected stem and root extensions of pine
but positively of beech. According to EKBERG et al.
(1979), alternating temperature with a 10°C difference
between night and day is optimal for shoot growth in
P. sylvestris and Pinus contorta. In contrast, JUNTTILA
(1986) found no significant effect of alternating tem-
perature on shoot extension in P. sylvestris. In addi-
tion, he observed that temperature during bud forma-
tion had a significant effect on stem length in the fol-
lowing year and that final shoot length was signifi-
cantly affected by temperature during shoot elonga-
tion, with the optimum reached at 18-21°C of constant
temperature (JUNTTILA 1986).

Root extension was generally greater than that of
stems in both species (on average 8-14 times in beech
and 3-7 times in pines). In the case of pine, the ratio
root:stem extension varied similarly as increments in
length and radial diameter under different tempera-
ture treatments. It was lowest in K and highest in C,
indicating that unfavourable temperature diminished
stem and root extensions, although to a different de-
gree, since it diminished stem length increment more.
With beech, variations in the ratio root:stem extension
in response to temperature did not follow the same
pattern as radial diameter or stem and root extensions.
It was precisely the reverse, lowest in G and highest in
K. These differences could be attributed to leaf phenol-
ogy, since pine is an evergreen tree and beech a decidu-
ous one, which further influences the rate of photo-
synthesis and area of photosynthetic tissue. In addi-
tion to temperature control of photosynthetic capacity,
temperature probably directly affects meristematic
activity and the partitioning of photosynthetic prod-
ucts among plant parts.

4.3 Biomass allocation shifts in response to
temperature

Quantitative assessments of biomass partitioning are
essential for evaluating the responses of vegetation
growth to ambient environmental conditions and for
understanding root biomass distributions in terres-
trial ecosystems (YANG & Luo 2011). Biomass alloca-
tion shifts of pine and beech in response to favourable
or adverse temperature for increment in length and

diameter thus differ and are assumed to be a species-
specific strategy for adaptation and survival in given
environmental conditions. With beech, above- and
belowground biomass was reduced in the case of ele-
vated temperature, with the smallest share being in
roots. Furthermore, it was found that a cool environ-
ment limited the growth of pines, which is in line with
its pioneer character (MATYASs et al. 2004). It resulted
in the lowest amount of biomass and its highest allo-
cation to belowground, which represented almost half
of the total biomass accumulation. In particular, fine
root biomass has been reported to increase in response
to low temperature at the treeline (HERTEL &
ScHOLING 2011). DomiscH et al. (2001) found that,
after nine weeks of experiment, a low soil temperature
of 5°C had a negative effect on shoot and root exten-
sion, resulting in the lowest biomass of Scots pine
seedlings. In response to increasing soil temperature,
belowground biomass increased markedly, resulting
in a slightly higher allocation of biomass to below-
ground parts. The authors also observed that soil tem-
perature of 13°C and 17°C affected shoot and root
growth of Scots pine differently; the root elongation
rate increased with soil temperature, whereas the
shoot elongation rate was unaffected by an increase in
soil temperature (DomiscH et al. 2001). Roots are
known to be essential for carbohydrate storage and
the amount changes seasonally, with the lowest re-
serves in spring and highest late in the season or dur-
ing dormancy (REGIER et al. 2010). These carbohy-
drates are the major substrates for respiring during
winter and for respiration, growth and development
early in the subsequent year (BRUNNER et al. 2015).
The metabolic activity of the root system and its sink
strength decrease at low soil temperatures, resulting
in reduced belowground translocation of photosyn-
thates (HUREWITZ & JANES 1983) and a corresponding
aboveground accumulation of biomass, whereas at
higher soil temperatures, the root system becomes a
strong sink for photosynthates (Lippu 1998). It is ex-
pected that soil warming will generally result in great-
er root production and mortality, and greater root
carbon flux to the soil (PREGITZER et al. 2000). The
age of a plant can also influence responses of roots to
changing soil temperature. Young perennial plants in-
vest relatively more carbon in tissue construction,
while older plants allocate a higher proportion of their
annual carbon budget to maintenance of the root sys-
tem and the replacement of short-lived feeder roots
(PREGITZER et al. 2000).

In addition to temperature variations, it is known
that biomass allocation can also be greatly modified by
water availability (BLEsSING et al. 2015). In order to
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adapt to dry climatic regimes, tree species generally
have higher root-to-shoot ratios and deeper root sys-
tems than species that are more suited to mesic cli-
matic conditions (KozLowsky & PALLARDY 1997,
HARTMANN 2011), in order to increase access to limit-
ing resources for growth, such as water and nutrients
(OVERDIECK et al. 2007, RICHTER et al. 2012). Further-
more, RICHTER et al. (2012) stressed that southern
provenances and species were found to be less plastic
than continental ones because limited phenotypic
plasticity is beneficial in stressful environments (Tog-
NETTI et al. 1995, ROSE et al. 2009).

With the exception of pine in C, the stem incre-
ment in diameter in all cases exceeded the increment
in length, whereas in the case of roots, it was just the
opposite; increment in length was 13-16 and 7-11
times greater for beech and pine, respectively. Since a
large supply of assimilates is required for both stem
and radial increments, they internally compete for car-

bohydrates, although shoot apices and leaves have a
higher-ranking priority than cambium as a sink for
carbon (MINCHIN & LACOINTE 2005). Only after
shoots have completed growth are resources allocated
to the process of secondary wall formation of thick-
walled latewood cells (Rosst et al. 2009).

Plasticity in cambial and leaf phenologies is an im-
portant adaptation of trees to changed climatic condi-
tions since species can avoid stress conditions by tim-
ing their growth (e.g. PRISLAN et al. 2013). It has been
shown that the early emergence of Scots pine seedlings
at its southern distribution limit increased the time pe-
riod available for seedling development before the
onset of summer drought, which increased seedling
survival irrespective of the severity of the drought
(CasTroO et al. 2006). Extended growing seasons as a
result of rising temperature might thus buffer the neg-
ative impacts of summer drought on tree seedling es-
tablishment (RICHTER et al. 2012).

5 CONCLUSIONS

The short-term treatments clearly show that biomass
allocation shifts of pine and beech in response to tem-
perature seem to be a species-specific plastic adjust-
ment to environmental heterogeneity. With a rapid
global warming scenario (IPCC 2014), this individual
plastic response may play an important role in acclima-
tion to new environmental conditions (RENNENBERG et
al. 2006). In addition, information on the extent to
which provenance performance is related to environ-
mental conditions and genetic predisposition in order
to guarantee the vitality and productivity of future
beech stands should be considered (Rosk et al. 2009,
EILMANN et al. 2014). Finally, only differences at the
bulk tissue level were compared in this study, although
differences in the anatomical traits of xylem and bark
(GRICAR 2017), as well as tissues, is also crucial to bet-
ter understanding the plasticity of the studied tree spe-
cies (e.g. LACHENBRUCH & McCULLOH 2014).

Seedlings may be especially vulnerable to predict-
ed climate changes, since their ability to survive may
be restricted. In future studies, it would be desirable to
extend research to the underlying physiological pro-
cesses. The short-term experiment shows that a con-
tinuation of such observations over several growing
seasons is necessary to capture the short- and long-
term response of tree growth under changing environ-
mental conditions (GRICAR 2014). Moreover, the re-
sults from this short-term experiment conducted with
small seedlings may not be directly applicable to older
trees, since the effects may be different if the responses
are studied over longer periods of time (DoMIscH et al.
2001). Thus, in the context of future climate change,
long-term adaptive responses and highly flexible re-
source allocation patterns of trees and forests must be
taken into account.

6 POVZETEK

Podnebne spremembe in s tem povezanimi pogostejsi
in intenzivnejsi ekstremni vremenski dogodki, kot so
suse, vrocinski valovi, pozebe in poplave, bodo nedvo-
mno vplivali na drevesno sestavo in porazdelitev goz-
dnih sestojev v stevilnih regijah. Obcutnejsi stres na
drevesa in gozdne ekosisteme lahko poveca dovzetnost
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dreves za patogene organizme in s¢asoma vodi do pro-
padanja posamezne drevesne vrste in degradacije goz-
dov. V stresnih razmerah se porazdelitev ogljika veza-
nega v lesni biomasi spremeni. Porazdelitev biomase,
tj. razmerje med koreninskim in debelnim prirastkom
oziroma delez nadzemne in podzemne biomase, je
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lahko pokazatelj fizioloskih procesov v rastlini, saj od-
raza razlicno porazdelitev fotosintatov v nadzemne in
podzemne organe. Spremembe v tej porazdelitvi pa
lahko razumemo kot odziv na prilagoditev posamezne
drevesne vrste razlicnim okoljskim razmeram. Nacini
odziva dreves na spremenjene okoljske razmere so zla-
sti klju¢ni za ekolosko in gospodarsko pomembne
evropske drevesne vrste, kot sta na primer navadna
bukev in rdeci bor, saj bo to vplivalo na njihovo rast in
konkuren¢no sposobnost ter posledi¢no na gospodar-
jenje z gozdovi.

Malo je znanega o vplivu temperature na rast
sadik in alokacijo biomase pri razli¢cnih drevesnih vr-
stah, zato smo raziskali vpliv razlicnih temperaturnih
razmer na debelinsko rast debla (les in skorja), vr$no
rast debla in korenin ter na podzemno in nadzemno
lesno biomaso pri triletnih sadikah navadne bukve
(Fagus sylvatica L.) in rdecega bora (Pinus sylvestris L.)
v obdobju 2010-2011. Pozimi 2009/2010 smo 120 sadi-
kam rdecega bora in 90 sadikam navadne bukve, ki
smo jih kupili v drevesnici Omorika (Muta), s pomocjo
sistema za analizo slike WinRHIZO in 3D skenerja iz-
merili volumen korenin in stebla, in sicer na zacetku in
koncu poskusa. Na ta na¢in smo dolo¢ili relativni pri-
rastek nadzemne in podzemne lesne biomase za vsako
sadiko posebej. Sadikam smo s kljunastim merilom
izmerili $e premer stebla, priblizno 2 cm nad korenin-
skim vratom (bor = 0,2-0,3 cm; bukev = 0,3-0,4 cm)
ter visino (bor = 15-20 c¢cm; bukev = 30-40 cm) z me-
rilnim trakom, jih oznacili in posadili v plasti¢ne
lonce. Eksperiment smo zastavili v treh razli¢nih tem-
peraturnih razmerah. V vsakem rezimu je bilo tako 40
sadik bora in 30 sadik bukve, ki so bile naklju¢no raz-
vrs¢ene v posamezne skupine. Kontrolne sadike so
rasle na prostem, priblizno 10 m od rastlinjaka, in za-
$¢itene pred dezjem in neposrednim vetrom. Izposta-
vljene so bile naravnim temperaturnim razmeram v
Ljubljani v letih 2010 in 2011. Vremenska postaja, ki je
belezila povpre¢ne, maksimalne in minimalne dnevne
temperature zraka in koli¢ino padavin, je bila name-
$Cena v neposredni blizini sadik. Povpre¢na tempera-
tura zraka med rastnima sezonama je bila = 17-19°C.
Druga skupina sadik v rastlinjaku je bila podvrzena
vi§jim temperaturam (T tekom rastne sezone = 22-
24°C), tretja skupina sadik v hladilni komori pa nizjim
(T tekom rastne sezone = 15-17°C). Ob koncu posku-
sa, tj. pozimi 2011, smo sadike vzeli iz loncev in jih
pripravili za nadaljnje analize. Za lesno-anatomske
analize smo z drsnim mikrotomom pripravili 20-25
pm debele prec¢ne prereze lesa in skorje in jih obarvali
v vodni mesanici barvil safranin in astra modro. Vse
potrebne histometri¢ne analize smo opravili s svetlob-
nim mikroskopom Olympus BX51 in programom za

analizo slike Elements Basic Research v.2.3. Za stati-
sticne analize smo uporabili program Statgraphics, za
izdelavo grafov pa Microsoft Excel.

Lesni prirastki so bili najmanjsi v primeru povisa-
ne temperature pri bukvi, pri boru pa pri zmanjsani
temperaturi. Pri sadikah bukve izpostavljenih razlic-
nim temperaturnim razmeram ni bilo razlik v $irini
skorje, medtem ko je bil delez skorje pri boru najvedji
pri kontrolnih sadikah, ki so imele tudi najsirse pre-
mere. Debelina periderma je bila primerljiva pri sadi-
kah izpostavljenih razli¢cnim temperaturam in je pred-
stavljala 10-14 % tkiva skorje pri bukvi in 15 % tkiva
pri boru. Debelinski prirastki so bili v vseh rezimih
$irsi pri boru kot pri bukvi. Prirastek glavne korenine
je bil znatno vedji kot prirastek debla pri obeh vrstah in
je predstavljal priblizno 90 % celotne vrsne rasti pri
bukviin 74-87 % pri boru. Nadzemna lesna biomasa je
bila pri obeh drevesnih vrstah bistveno vecja (za pribli-
zno 70-80 %) v primerjavi s podzemno biomaso. Pri
bukvi je bila celotna biomasa zmanjsana pri povisani
temperaturi z najmanjsim delezem korenin. Pri boru je
bila najmanjsa koli¢ina biomase pri znizani tempera-
turi, ko smo zabelezili najvecjo prerazporeditev bio-
mase v podzemne dele, ki so predstavljali skoraj polo-
vico celotne lesne biomase. V $tudiji so prikazane spre-
membe v $irini dvoletnega debelinskega prirastka lo-
¢eno za les in skorjo, ki je dostikrat v tovrstnih anali-
zah prezrta, vendar lahko pri sadikah ali mladih dre-
vesnih predstavlja znaten delez lesnega tkiva. Vkljuce-
na je bila tudi podzemna lesna biomasa, ki je ravno
tako dostikrat prezrta, cetudi je njena kvantifikacija
nujna za natan¢no oceno in modeliranje neto primar-
ne produktivnosti gozdov oziroma kopenskih ekosis-
temov.

Kratkoro¢ni poskusi kazejo, da okoljske razmere
za optimalno rast proucevanih drevesnih vrst niso pri-
merljive, kar se odraza v razlicnih prerazporeditvah
biomase pri boru in bukvi pri razli¢nih temperaturnih
rezimih. Nacin in hitrost odziva posamezne vrste bo
lahko v prihodnje njena pomembna konkurenc¢na
prednost ali ovira pri prilagajanju na nove razmere. V
raziskavi smo sicer primerjali le razlike na ravni tkiv,
medtem ko denimo anatomskih znacilnostih lesa in
skorje nismo vkljucili. Vendar pa ravno znacilnosti
prevodnih elementov v lesu (traheje/ traheide) in skor-
ji (sitasti elementi) klju¢ni za razumevanje plasticnosti
preucevanih drevesnih vrst na razlicna okolja. Sadike
in mlada drevesa so Se posebej obc¢utljivi na podnebne
spremembe in zmoznost prezivetja, zato bi bilo smisel-
no v prihodnje zdruziti lesno-morfoloske analize z
eko-fizioloskimi meritvami. Dvoletni poskus kaze, da
je smiselno nadaljevanje tovrstnih opazovanj v dalj-
$em Casovnem obdobju, s ¢imer bi zajeli kratkoro¢ne
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in dolgoro¢ne odzive rasti dreves na spremenjene  kjer so odzivi lahko povsem druga¢ni. Nenazadnje pa
okoljske razmere. Rezultatov pridobljenih na sadikah  je potrebno upostevati $e dolgoroc¢ne prilagoditve dre-
ravno tako ni mogoce aplicirati na odrasla drevesa,  ves na spremenjene lokalne razmere.
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VPLIV AGRONOMSKIH PARAMETROV NA GOSTOTO IN
DOLZINO LISTNIH REZ PRI AMERISKEM SLAMNIKU
(ECHINACEA PURPUREA (L.) MOENCH)

THE INFLUENCE OF AGRONOMIC PARAMETERS ON THE
DENSITY AND LENGTH OF LEAF STOMATA IN PURPURE
CONEFLOWER (ECHINACEA PURPUREA (L.) MOENCH)

Darja KOLAR', Igor VIRANT?, Samo KREFT"

IZVLECEK

Vpliv agronomskih parametrov na gostoto in dolzino list-
nih rez pri ameri$kem slamniku (Echinacea purpurea (L.)
Moench)

Pripravki ameri$kega slamnika (Echinacea purpurea) se
zaradi svojih imunostimulativnih ucinkov zelo pogosto
uporabljajo predvsem pri prehladih in gripi. Uporaba in po-
pularnost teh pripravkov je v zadnjih letih zelo narasla, kar
dokazujejo tudi vedno ve&ja ponudba na trgu. Stevilne razi-
skave so bile narejene na podrocju gojenja, kvantifikaciji ak-
tivnih ué¢inkovin, u¢inkovitosti in varnosti.

Ugotavljali smo, kaksna je gostota listnih rez na zgornji
in spodnji strani listov ter merili dolzino listnih rez na spo-
dnji strani listov ameriskega slamnika pri 213 vzorcih.

Vzorci so se razlikovali po nacinu gojenja rastlin. Go-
stote in dolzine rez smo merili z mikroskopiranjem odtisov
epiderme, ki smo jih naredili s prozornim lakom. Preverili
smo vpliv velikosti lista in vpliv pozicije na listu, kjer smo
izvajali meritve. Ugotovili smo, da se gostote in dolzine li-
stnih rez med lokacijami po $irini lista znacilno razlikujejo.
Zato smo v nadaljevanju poskusa merili reze na dolo¢enem
mestu na sredini med osrednjo Zilo in listnim robom.

Najbolj izrazit in signifikanten vpliv na lastnosti li-
stnih rez ima sezona zetve. Pri jesenski zetvi v primerjavi s
poletno je bila gostota rez zgornje strani listov 66 % vecja
(p<0,001), dolzina rez spodnje strani pa 11 % vecja (p<0,001).
Pri proucevanju vplivov agronomskih dejavnikov (nama-
kanje, starost rastlin, lokacija njive) nismo nasli signifikan-
tnih vplivov na lastnosti listnih rez. Opazili smo tudi signi-
fikantno negativno korelacijo med gostoto in dolZino rez ter
pozitivno korelacijo med gostoto rez spodnje in zgornje
strani lista. Ve¢je rastline so imele daljse listne reze in
manj$o gostoto listnih rez v primerjavi z manj$imi rastlina-
mi. Ta vpliv je bil statisti¢no signifikanten, vendar majhen.
Rastline z ve¢jim odstotkom suhe mase v pozeti biomasi
(manjsa vsebnost vode) so imele ve¢jo gostoto rez in manjso

http://dx.doi.org/10.3986/fbg0044

ABSTRACT

The influence of agronomic parameters on the density
and length of leaf stomata in purpure coneflower (Echina-
cea purpurea (L.) Moench)

Herbal preparations from Echinacea purpurea (purple
coneflower) are often used in common cold and flu because
of their immune stimulatory effects. The popularity of these
products has grown considerably in recent years, and there
is increasing market supply. Numerous studies have been
made investigating the cultivation, quantification of active
ingredients, safety and efficacy of Echinacea purpurea.

In this study we determined the density of the leaf sto-
mata on the lower and upper sides of the leaves and the length
of the leaf stomata on the lower side of leafs in 213 samples of
E. purpurea plants, which differed in the cultivation parame-
ters. Density and length were measured with the microscopic
examination of the imprint of the epidermis, which we made
with clear nail varnish. We checked the effect of the size of
the leaf and the influence of the measuring position on the
leaf. We found that the densities and the length of the stoma-
ta were significantly different across the width of the leaf.
Therefore, we carried out measurements at a constant positi-
on in the middle between the central vein and the leaf edge.

The most pronounced parameter influencing the stoma-
ta properties was season of harvesting. In the autumn har-
vest compared to summer, the density of the stomata of the
upper side was 66% higher (p <0.001) and the stomata length
on the lower side was 11% higher (p <0.001). We did not find
significant effects of any of the studied agronomical parame-
ters (irrigation, age of plants and location of plantation) on
the properties of leaf stomata. We also observed a significant
negative correlation between the stomata density and stoma-
talength and a positive correlation between the stomata den-
sity of the lower on the upper side of the leaf. We observed
that larger plants had longer stomata and lower stomata den-
sity compared to smaller plants. This effect was statistically
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dolzino listnih rez, vendar so povezave signifikantne le pri
poletni Zetvi. Med koncentracijami cikorne in kaftarne ki-
sline in gostoto ter dolzino listnih rez ni signifikantnih ko-
relacij.

Kljucne besede: listne reze, Echinacea purpurea, ameri-
$ki slamnik

significant but small. Plants with a higher percentage of dry
mass in harvested biomass (lower water content) had a hig-
her stomata density and smaller stomata lengths, but the cor-
relation was significant only in summer harvest. There are
no significant correlations between chicoric and caftaric
acids concentrations and the stomata density or length.

Key words: leaf stomata, Echinacea purpurea, purple co-
neflower

1 UVOD

Ameriski slamnik (rod Echinacea) spada v druzino ne-
binovk (Asteraceae) in izvira iz Severne Amerike. Rod
Echinacea vsebuje devet vrst. Od teh se v medicini
uporabljajo tri vrste: Echinacea purpurea (Skrlatni
ameriski slamnik), E. pallida (bledi ameriski slamnik)
in E. angustifolia (ozkolistni ameriski slamnik)(PErcr-
VAL 2000, SCHULZ ET AL. 2001).

Pri raziskavi smo se osredotocili na $krlatni ame-
riski slamnik, ki je trajnica, visoka od 60 do 180 cm.
Steblo je pokon¢no, razvejano, blago dlakavo ali golo.
Pritli¢ni listi so ovalni do ovalnosulicasti, Silasti in
grobo ali ostro nazobcani. Listni pecelj je dolg do 25
cm, listna ploskev pa je do 20 cm dolga in 15 cm Siro-
ka. Pri osnovi je naglo zozena, pogosto sréaste oblike
in ima 2 do 5 zil. Stebelni listi so spodaj pecljati, zgo-
raj pa sedeci, od 7 do 20 cm dolgi ter od 1,5 do 8 cm
$iroki, v celoti grobo nazob¢ani in hrapavi na obeh
straneh. Ovojkovi listi so ravnosuli¢asti, zozeni, celo-
robi, dlakavi na zunanji strani in robu. Cvetni kosek
je Skrlatne barve, dolg od 1,5 do 3 cm in od 5 do 10
mm Sirok. Cevasti cvetovi so dolgi od 4,5 do 5,5 mm.
Pelodna zrna so rumena in v premeru merijo od 19 do
21 um. Vrsta ima 11 kromosomov v haploidni fazi
(BAUER 1997).

Rastlino so uporabljali Ze ameriski Indijanci ob
razli¢nih infekcijah ran, kacdjih ugrizih, krcih, zobobo-
lih, bole¢inah v ¢revesju, prehladih, rakavih obolenjih
ter za krepitev odpornosti bolnega organizma (GR1MM
& MULLER 1999, KREFT & GLAVAC KoCEVAR 2013,
ScHuLz et al. 2001). Danes pa se ameriski slamnik
uporablja predvsem kot imunomodulator za zdravlje-
nje in tudi preventivno proti prehladom, kaslju ter
vnetju zgornjega in spodnjega respiratornega sistema
(KREFT 2014, GRIMM & MULLER 1999, KREFT & GLA-
vAC KoCEVAR 2013, PERCIVAL 2000).

Iz ameriskega slamnika je bilo izoliranih veliko
snovi. Najpomembnejse lahko razdelimo v tri vecje
skupine in sicer v fenolne spojine (derivati kavne kisli-
ne), v skupino nenasicenih alifatskih spojin (alkilami-
di, ketoalkeni, ketoalkini, mascobne kisline in alkani)
in v skupino polisaharidov. Poleg omenjenih snovi vse-
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buje ameriski slamnik tudi eteri¢na olja in pirolizidin-
ske alkaloide (KREFT & RAZINGER 2014).

V literaturi najdemo veliko $tudij, ki obravnavajo
stimulativne uéinke pripravkov ameriskega slamnika
na imunske celice Zivali in ljudi. Narejene so bile stevil-
ne in vitro $tudije, kjer so spremljali fagocitno aktiv-
nost ¢loveskih granulocitov ter in vivo Studije na po-
skusnih zivalih in ljudeh. Stimulativni u¢inki na imun-
ske celice so bili dokazani za razli¢ne pripravke iz po-
sameznih delov ameriskega slamnika, kot tudi za izoli-
rane frakcije in iste substance, pridobljene iz razli¢nih
delov rastline. Znano je, da derivati kavne kisline $¢iti-
jo kolagen v kozi pred superoksidnimi in hidroksilnimi
radikali, ter imajo protivirusno in imunostimulativno
aktivnost (BINNs et al. 2002, PERCIVAL 2000).

Raziskovalci so proucevali tudi vpliv razli¢nih oci-
$¢enih frakcij vrste E. purpurea na podganje alveolarne
makrofage in pokazali signifikanten vpliv alkilamidne
frakcije na fagocitno aktivnost in fagocitni indeks
(GokL et al. 2002). Polisaharidna frakcija in cikorna
kislina nista povecali aktivnosti alveolarnih makrofa-
gov. Pri tej raziskavi so funkcijo makrofagov spremlja-
li tudi prek izlo¢anja dusikovega oksida (NO) in TNF-a
po in vitro stimulaciji z lipopolisaharidi. Signifikanten
vpliv (povecano izlo¢anje) so dokazali le za alkilami-
dno frakcijo medtem ko vplivov polisaharidne frakcije
in cikorne kisline na izlo¢anje NO in TNF-a niso
uspeli dokazati.

Mnoge $tudije na misih so pokazale stimulativne
ucinke ociscenih polisaharidov (pridobljenih iz ra-
stlinskih celicnih kultur ameriskega slamnika) na
imunske celice v kulturi ali injiciranih intraperitoneal-
no v misi. Ti ucinki vklju¢ujejo povecano fagocitozo,
kemotakso in oksidativni izbruh makrofagov in nev-
trofilcev. Peritonealni makrofagi so proizvajali vecje
koli¢ine TNF, IL-1, IL-6 in IL-10. Bili so sposobni ubi-
jati tumorske celice in celice inficirane z bakterijo Lei-
shmania enrietti ali Candida albicans (GRIMM & MUL-
LER 1999, PERcIVAL 2000). Na celjenje ran naj bi vpli-
val polisaharid, imenovan ehinacin B, z antihialuroni-
daznim delovanjem. Predpostavljen mehanizem je
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tvorba kompleksa hialuronska kislina - polisaharid, ki
preprecuje napad hialuronidaze. Vodni ekstrakt vrste
E. purpurea je mocan aktivator citotoksicnosti narav-
nih celic ubijalk (NK), ki igrajo pomembno vlogo pri
imunskem odgovoru na virusne infekcije (GAN ET AL.
2003). Pokazali so tudi, da ekstrakt vpliva na povecano
Stevilo konjugatov NK-tarcne celice. Narejenih je bilo
tudi ve¢ klini¢nih S$tudij ucinkovitosti pripravkov
ameriskega slamnika iz soka ali izvlecka rastline
(KREFT & RAZINGER 2014, ScHULZ et al. 2001). Vecino-
ma so spremljali infekcije zgornjih dihal in za to indi-
kacijo so dobili tudi najboljse rezultate. Omenjene $tu-
dije so bile podobno izpeljane (placebo-nadzorovane,
randomizirane) in v veini primerov so pokazale si-
gnifikantno izboljsanje simptomov gripe in prehladov.
V enem primeru pa so dokazali tudi skrajsan cas traja-
nja bolezni v primerjavi s placebo skupino. Ti rezultati
veljajo za primere, kjer so pacienti zaceli z zdravljenjem
ob pojavu prvih simptomov prehlada (bole¢ine v
okoncinah, letargija, glavobol, rinitis, kaselj, bolecina
in rdec¢ina v zrelu), torej kurativno. V primerih $tudij
preventivnega zdravljenja pa rezultati kazejo, da jema-
nje zdravil iz ameriskega slamnika bistveno ne zmanj-
$a Stevila in jakosti prehladnih obolenj. V literaturi ni
zaslediti posebnih opozoril glede varnosti jemanja pri-
pravkov ameriSkega slamnika. Omenja se primer
asimptomatske levkopenije v povezavi z daljsim jema-
njem ameri$kega slamnika (KEmP & FraNco 2002).
Ker je ameriski slamnik imunostimulant, ga ne pripo-
ro¢amo pri bolnikih z avtoimunskimi boleznimi, mul-
tiplo sklerozo, tuberkulozo in tistih, ki so na terapiji z
imunosupresivi. Kroni¢na uporaba pripravkov ameri-
S$kega slamnika, ki traja 8 tednov ali dlje, ni priporo-
¢ljiva zaradi moznih imunosupresivnih ucinkov
(KemP & FRANCO 2002, KREFT & RAZINGER 2014). Ke-
mijska sestava ekstraktov ameriskega slamnika je pre-
cej podobna med posameznimi vrstami z manjSimi
variacijami v koli¢ini aktivnih substanc. Nihanja v ko-
li¢ini in sestavi aktivnih snovi v ameriskem slamniku
so tudi posledica geografske lege, stopnje razvoja (sta-
rost rastline), ¢asa Zetve in razmer, v katerih je bila ra-
stlina pridelana. Sestava ekstraktov korenin in eks-
traktov nadzemnih delov rastline pa se precej razliku-
je. V koreninah je ve¢ alkilamidov, eteri¢nega olja in
pirolizidinskih alkaloidov kot v nadzemnih delih, kjer
so glavne aktivne uc¢inkovine polisaharidi in derivati
kavne in ferulne kisline (BINNs et al. 2002, WILLS &
STUART 1999).

Ugotavljali smo gostoto listnih rez spodnje in
zgornje strani lista ter dolzino listnih rez spodnje stra-
ni lista $krlatnega ameriskega slamnika (Echinacea
purpurea). Ugotavljali smo ali dejavniki rastisca (sta-
rost in nadmorska visina nasada, regija, namakanje in

sezona) vplivajo na gostoto ter dolzino listnih rez. V
nalogi smo preverili tudi morebitno povezavo med
morfoloskimi ter fitokemijskimi znacilnostmi rastlin
in gostoto ter dolzino listnih rez. Na podlagi ugoto-
vljenih povezav bi lahko z merjenjem gostote listnih
rez ocenili avtenti¢nost izvora rastline in njeno kako-
vost.

1.1 Lastnosti listnih rez

Listne reze (stome) so pore v epidermi lista, skozi kate-
re poteka izmenjava plinov med listi in atmosfero. Li-
stne reze nastajajo zgodaj v razvoju lista in so v vec¢ini
primerov popolnoma razvite, ko list doseze 10-60 %
svoje koncne velikosti. Z odpiranjem in zapiranjem li-
stnih rez se rastlina hitro odziva na drazljaje iz okolja
(RoYER 2001).

Listne reze najdemo pri skoraj vseh visjih rastlinah
in pri vecini nizjih (mahovi in praprotnice). Stevilo in
porazdelitev listnih rez po povrsini lista je precej spre-
menljiva in je odvisna od vrste rastline, pozicije lista,
ploidnosti in rastis¢a (Hopkins 1995).

Porazdelitev listnih rez po povrsini lista je vecino-
ma naklju¢na. Izjemo predstavljajo enokali¢nice s pa-
ralelnimi listnimi zilami, kjer so listne reze urejene v
linearne vrste med zilami. Listne reze so lahko na zgor-
nji (adaksialni) in/ali spodnji (abaksialni) strani lista.
Hiperstomatni listi imajo prisotne listne reze le v zgor-
njem epidermisu, kar je znacilno za plavajoce vodne
rastline (npr. lokvanj Nymphaea sp.). Hipostomatne
vrste nimajo rez na zgornji strani lista. Ta porazdelitev
je znacilna za veliko Stevilo drevesnih vrst (npr. Tilia
europea, Quercus robur, Olea europea). Amfistomatni
listi pa imajo listne reze na spodnji in zgornji strani in
so znacilni za zelis¢ne dvokali¢nice. Pri teh rastlinah je
Stevilo listnih rez navadno vedje na spodnji strani lista.
Ta terminologija pa se ne uporablja dosledno, saj neka-
teri avtorji kot »amfistomatne« vrste oznacujejo tiste,
ki imajo na zgornji in spodnji strani priblizno enako
Stevilo listnih rez. Kot »hipostomatne« imenujejo tiste,
ki imajo vec listnih rez na spodnji strani, in kot »hiper-
stomatne« tiste z ve¢jim Stevilom listnih rez na zgornji
strani (BosaBALIDIS & KoFripis 2002).

Za prikazovanje Stevila listnih rez uporabljamo
dva parametra, to sta gostota listnih rez in indeks li-
stnih rez. Gostoto listnih rez izrazamo s stevilom stom
na mm?. Obidajno je gostota listnih rez med 20 in 400
stom/mm?, Ceprav je lahko tudi vegja kot 1000/mm?.
Gostota listnih rez je funkcija stevila listnih rez in ve-
likosti epidermalnih celic. Tako na gostoto listnih rez
vpliva iniciacija listnih rez (trenutek v razvoju lista, ko
se nediferencirana celica usmeri v razvoj celice zapi-
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ralke) in rast epidermalnih celic. Indeks listnih rez pa
je parameter, ki normalizira u¢inke gostote epidermal-

gostota listnih rez

nih celic in je definiran kot stevilo listnih rez na 100
celic, izracunamo pa ga po naslednji formuli:

indeks listnih rez (%) =

kjer listna reza predstavlja poro in pripadajoci celici
zapiralki. Prevodnost listnih rez je odvisna od odprto-
sti pore, dolzine pore, gostote listnih rez. Isti dejavniki,
ki vplivajo na gostoto listnih rez, vplivajo tudi na veli-
kost reze oziroma prevodnost: to so svetloba, tempera-
tura, vlaznost zraka, vodni status rastline in CO
(WAGNER et al. 1996). Na gostoto listnih rez razli¢ni
dejavniki iz okolja vplivajo le v ¢asu nastajanja listnih
rez in rasti lista. Na gostoto listnih rez torej poleg ge-
notipa vplivajo tudi dejavniki, ki nadzirajo razvoj lista.
Kot naraven viri variiranja gostote in indeksa listnih
rez se poleg ze nastetih omenjajo $e stopnja razvitosti
lista (mladi, polno razviti), pozicija lista na rastlini,
spol (pri dvodomnih rastlinah) in nadmorska visina
(CHEN et al. 2001, Koripis et al. 2003).

Pri nekaterih rastlinah (npr. Ambrosia cordifolia)
intenziteta svetlobe vpliva na to ali bo rastlina razvila
hipostomatne ali amfistomatne liste. Pri svetlobi nizke
intenzitete se razvijejo tanjsi in hipostomatni listi, pri
mocnejsi svetlobi pa se razvijejo debelejsi in amfisto-
matni listi (MURRAY 1997).

Tako rdeca kot modra svetloba povecata odprtost
rez in s tem prevodnost, vendar so celice zapiralke bolj
obcutljive na modro svetlobo. Pomembna je tudi in-
tenziteta svetlobe.

Vodni stres je pri arasidih (Arachis hypogaea) pove-
cal gostoto listnih rez za vsaj 28 %, predvsem na racun
manjéih celic, saj je indeks listnih rez ostal nespreme-
njen. Podobno so pri oljki (Olea europea) ob pomanjka-
nju vode dokazali signifikantno vecjo gostoto listnih
rez ob hkratnem zmanjs$anju dolzine in Sirine listnih
rez, ter manjsih celicah zapiralkah (BosaBaLIDIS & Ko-
FIDIS 2002). Porocajo tudi o manjsih epidermalnih celi-
cah. Spremljanje maksimalne prevodnosti listnih rez

100

x
(gostota listnih rez + gostota epidermalnih celic) ,

tekom celega leta pri treh mediteranskih grmih: Junipe-
rus communis, Myrtus communis in Erica arborea jepri
vseh treh vrstah pokazalo dva minimuma, v februarju
in avgustu, ko je najmanj padavin (TOGNETTI et al.
2000). Ob vsaki spremembi vodnega statusa rastline
lahko pri¢akujemo ucinke na odprtost listnih rez. Celi-
ce zapiralke so v stiku z atmosfero in izgubljajo vodo z
izhlapevanjem. Kadar je izguba vode vedja, kot je dotok
iz sosednjih epidermalnih celic, celicam pade turgor,
postanejo ohlapne in zaprejo listno rezo. Govorimo o
hidropasivnem zapiranju listnih rez. Pri hidroaktiv-
nem zapiranju rez pa rastlina zazna pomanjkanje vode
zaradi sude in sprozi specifi¢en mehanizem zapiranja.
Pri tem sodelujejo stevilni hormoni, med katerimi ima
najpomembnejso vlogo abscizinska kislina (ABA), saj
se v rastlinskih tkivih v ¢asu vodnega stresa poveca
koncentracija ABA za ve¢ kot 40-krat (HopPkiNs 1995).

Za izgubo vode s transpiracijo je pomembna tem-
peratura in z njo povezan parcialni tlak vodne pare.
Vecja kot je razlika med parcialnimi tlaki znotraj listov
in atmosfero, vecja je izguba vode s transpiracijo. Ra-
stlina se na povecano izgubo vode odziva z zmanjsa-
njem prevodnosti listnih rez.

Za vpliv nadmorske visine na gosto listnih rez ni
splodnega pravila. Pri rastlini Saturea horvatii gostota
listnih rez na abaksialni (spodnji) strani lista pada z
naras¢ajo¢o nadmorsko visino, medtem ko pri origanu
(Origanum vulgare) gostota listnih rez z nadmorsko vi-
$ino narasca (Koripis et al. 2003).

V strokovni literaturi je izmed razli¢nih dejavni-
kov zagotovo najbolj proucevan vpliv CO, na gostoto
in prevodnost listnih rez. V vecini primerov velja, da
povecana koncentracija CO, negativno korelira z go-
stoto listnih rez.

2 MATERIALI IN METODE

Vzorci skrlatnega ameriskega slamnika (Echinacea pur-
purea (L.) Moench.) so bili pridobljeni iz vseh 27 nasa-
dov pri vseh 15 pridelovalcih v razli¢nih delih Slovenije,
ki so leta 2002 pridelovali to rastlino. Po 5 ali 10 poganj-
kov je bilo vzetih z20 nasadov v ¢asu poletne Zetve in z
19 nasadov v Casu jesenske zetve. Nekateri nasadi so bili
zasajeni $ele spomladi istega leta, zato se na njih poleti
$e ni opravila Zetev in tudi mi nismo pobirali vzorcev.

FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018

Nekatere starej$e nasade so pridelovalci po poletni zetvi
preorali, zato na njih nismo mogli pridobiti jesenskih
vzorcev. Nasadi so se razlikovali po regiji, nadmorski
vidini, tipu zemlje in opremljenostjo s sistemom za na-
makanje (glej Preglednico 1). Zbiranje podatkov o nasa-
dih, dolocitev morfoloskih znacilnosti rastlin obeh Zetev
in fitokemijskih znacilnosti rastlin poletne Zetve so bile
teme predhodnih raziskovalnih del (KRerT 2005).
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Preglednical: Podatki o nasadih, s katerih pridobili vzorce ameriskega slamnika
Table 1: Information on the plantations from which the samples of the purpure coneflower were obtained

NASAD | STAROST NASADA REGIJA GOSTOTA NASADA | NAMAKANJE | NADMORSKA VISINA
(leta) [sadik/ar] [m]
A 4 PTU]J 450 Da 215
B 5 PTU]J 425 Ne 215
C 1 PTU]J 500 Da 215
C 5 PTU]J 360 Ne 215
D 6 MENGES 425 Ne 310
E 4 MENGES 425 Ne 310
F 0 MENGES 400 Ne 310
G 4 PTU]J 360 Da 215
H 1 PTUJ 445 Da 215
I 0 PTUJ 400 Da 210
| 2 MENGES 400 Ne 310
K 1 MENGES 400 Da 310
L 4 KRSKO 500 Ne 150
M 0 KRSKO 650 Da 300
N 4 KRSKO 430 Ne 150
0 0 KRSKO 460 Da 150
P 2 MENGES 500 Ne 310
Q 4 CELJE / Ne /
R 4 CELJE 480 Ne 240
S 2 ZUZEMBERK 433 Ne 300
S 0 ZUZEMBERK 415 Ne 300
T 5 CELJE 450 Ne 240
U 1 CELJE 450 Da 240
\% 4 MENGES 400 Ne 310
Z 0 CELJE 440 Da 240
7 0 SECOVLJE 400 Da 0

Za vsak poganjek so bile izmerjene naslednje mor-
foloske znacilnosti: biomasa cvetov, biomasa listov, bi-
omasa stebel, dolzina poganjka, $tevilo cvetov na po-
ganjku, odstotek odprtih cvetov, masa suhih cvetov,
masa suhih listov in masa suhih stebel. Iz teh morfolo-
$kih znacilnosti smo izracunali: odstotek suhe mase
cvetov, odstotek suhe mase listov in odstotek suhe
mase stebel. V posameznih delih poganjka (cvet, steblo
in listi) poletne Zetve, so bile v predhodno objavljeni
raziskavi doloCene koncentracije kaftarne in cikorne
kisline (KREFT 2005).

Posusene liste posameznih poganjkov smo nama-
kali v vodi 3-4 ure. Liste smo nato popivnali s papirna-
to brisaco. Na sredino lista (med centralno zilo lista in
robom ter med pecljem in vrhom) (slika 1) smo nanesli
tanek sloj prozornega laka za nohte in pustilil0-15
minut, da se posusi. Z lepilnim trakom smo tanek film
lo¢ili od lista in ga prilepili na objektno steklo. Odtise

smo vzeli z obeh strani lista, vendar ve¢inoma ne z is-
tega lista.

Gostoto in dolzino listnih rez smo ugotavljali z op-
ticnim mikroskopom (Olympus BX50, Nemcija) opre-
mljenim s kamero (Sony DXC-950P) ter s pomocjo
programa AnalySIS (Soft Imaging Systems GmbH). Za
oceno gostote listnih rez na spodnji strani lista je bilo
pregledanih 5 vidnih polj velikosti 0,0746 mm? pri
400-kratni povecavi. Listno rezo smo Steli, ¢e je bila
cela na vidnem polju. Pri tem smo izmerili dolzine
vseh listnih rez na vidnem polju. Na zgornji strani lista
smo prav tako pregledali 5 vidnih polj velikosti 0,2986
mm? pri 200-kratni povedavi. Dolzin listnih rez na
zgornji strani nismo merili. Pridobljene podatke smo
statisticno obdelali s programom SPSS (SPSS Inc,
ZDA). Pri tem smo uporabljali naslednje statisti¢ne
metode: t-test, analiza variance, korelacija - linearna
regresija.
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stomata.

Slika 1: Presecisce modrih crtkanih crt prikazuje tocko, kjer smo jemali odtise
epiderme za meritve gostote in dolzine listnih rez.

Figure I: The intersection of the blue dotted lines shows the point where we took
epidermis prints for the measurements of density and the length of the leaf

3 REZULTATI IN RAZPRAVA

3.1 Optimizacija metode merjenja listnih rez

Metoda ugotavljanja gostote listnih rez ali indeksa li-
stnih rez z jemanjem odtisov epiderme s prozornim
lakom za nohte je zelo preprosta in poceni. V literaturi
poleg omenjene metode zasledimo tudi druge, ki zaje-
majo fiksacijo lista z glutaraldehidom za 24 ur. Fiksaci-
ja je pomembna pri raziskavah, kjer se spremlja odpr-
tost listnih rez, ki so posledica trenutnih razmer, pa
tudi druge morfoloske znacilnosti lista. Vzorci listov, iz
katerih smo izhajali, so bili posuseni. Poskus z odtisi
suhih listov se ni posrecil, saj so listi namre¢ prevec
krhki in se pri rokovanju zdrobijo. Za zmehcanje le-teh
smo uporabili vodo ali metanol in jih namakali 15-30
minut. Ugotovili smo, da se u¢inek zmehc¢anja z nama-
kanjem listov v metanolu po 30 minutah zmanjsa, med-
tem ko se ucinek zmehc¢anja z namakanjem listov v
vodi povecuje. Z namakanjem listov v vodi od 3 do 4
ure, so bili odtisi bolj kakovostni. Zelo pomemben vpliv
na kakovost odtisa in s tem na boljSo oceno gostote li-
stnih rez ima nanos, susenje in gostota oziroma visko-
znost laka. Ko se lak susi, se susi tudi list. Pri tem se list
kréi, kar naguba lak na povrsini in zmanjsa kakovost
odtisa. Pri pregledu takega odtisa lahko dolo¢imo vecjo
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gostoto listnih rez od dejanske, ali pa jih zaradi defor-
macije ne prepoznamo. Zato je dobro, da je nanos laka
tanek, kar skrajsa cas susenja. Slabsa kakovost odtisa je
tudi, posledica uporabe laka, katerega steklenicka je
odprta ze dlje ¢asa. Lak namrec postane bolj viskozen
in reliefa v epidermi ne zalije dobro. Redcenje laka z
acetonom sicer zmanjsa njegovo viskoznost, hkrati pa
zmanjsa elasti¢nost filma, ki ga tvori posuseni lak. Po-
susen, z acetonom razredcen lak, je namre¢ bolj krhek
in pri jemanju odtisa z lepilnim trakom poka.

V splosnem velja, da so listne reze enakomerno
razporejene po povrsini lista, vendar pa lahko v litera-
turi zasledimo, da gostota listnih rez pri nekaterih vr-
stah ni enakomerna po povrsini lista, zaradi razli¢nih
dejavnikov, ki vplivajo na iniciacijo listnih rez in rast
lista (HOPKINS 1995). Pri ameriskem slamniku smo to
preverili tako, da smo na abaksialni (spodnji) strani
izmerili gostoto in dolzino listnih rez na razli¢nih po-
zicijah na listu (Slika 2). Na posamezni lokaciji smo
pregledali 5 vidnih polj (0,0746 mm™). Analiza varian-
ce (ANOVA) ni pokazala signifikantnih razlik med
razli¢nimi lokacijami po dolzini lista. Gostote in dolzi-
ne listnih rez pa se signifikantno razlikujejo med raz-
licnimi lokacijami po $irini lista (Preglednica 2).
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Na gostoto listnih rez vpliva sama rast lista (Hop-
KINS 1995), zato smo preverili, ali obstajajo razlike v
gostoti in dolzini listnih rez med listi razli¢nih veliko-
sti. V ta namen smo vzeli odtise spodnje in zgornje epi-

listnih rez.

derme s stirih listov (2 manjsih in 2 ve¢jih) iste rastline
in izmerili gostoto in dolzino listnih rez. Gostote listnih
rez na zgornji in spodnji strani pri razli¢no velikih listih
se niso signifikantno razlikovale. Dolzina listnih rez na

Slika 2: Lokacije po dolZini in Sirini lista, kjer smo ugotavljali gostoto in dolZino

Figure 2: Locations by length and width of the leaf, where the density and length
of the leaf stomata were determined.

Preglednica 2: Prikaz povprec¢nih dolzin listnih rez in gostot listnih rez petih vidnih polj

posameznih lokacij po dolzini in $irini lista.

Table 2: The average lengths and densities of leaf stomata at individual locations over the

length and width of the leaf.

Povprec¢na dolzina + SD Gostota listnih rez
[um] + SD [mm™?]
A 26,0 £ 0,8 160,9 + 21,2
2 B 24,8 + 1,6 160,9 + 26,8
= C 25,8 + 0,8 155,5 + 12,0
g D 250+ 1,2 150,2 + 38,4
:% E 252+ 1,5 144,8 + 17,5
£ F 25,2+ 1,5 158,2 + 19,9
= G 251+ 1,9 136,8 + 22,0
H 262+ 1,4 142,1 £ 27,8
p (ANOVA) 0,421 0,665
g L 27,0 +2,4 147,5 + 13,4
£ B M 27,4 £ 0,5 190,4 + 29,1
EE N 287+ 1,2 169,0 + 22,4
S 0 26,8 £2,1 144,8 + 22,0
p (ANOVA) 0,001 0,018
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spodnji strani se med razli¢no velikimi listi ni signifi-
kantno razlikovala, je pa bila na vecjih listih signifikan-
tno vecja dolzina listnih rez zgornje strani lista (manjsi
list 20,8 um, vedji listi 24,0 pm, p=0,025). Gostota li-
stnih rez je na zgornji strani ve¢ kot 5-krat manjsa v
primerjavi s spodnjo stranjo (zgoraj 30 rez/mm?, spodaj
168 rez/mm?, P<0,001), medtem ko se dolzine listnih rez
med zgornjo in spodnjo stranjo ne razlikujejo signifi-
kantno (zgoraj 22,9 um, spodaj 22,5 um, p=0,591). Za-
radi majhnega $tevila listnih rez na vidnem polju pri
400-kratni povecavi smo v nadaljevanju na zgornji stra-
ni lista pregledovali 4-krat vecja vidna polja, in sicer pri
200-kratni povecavi. Dolzin listnih rez na zgornji strani
lista zaradi premajhne povecave zato nismo merili.

3.2 Vpliv sezone Zetve

Sliki 3 in 4 prikazujeta porazdelitev vrednosti gostot in
dolzin listnih rez za 114 poganjkov poletne in 99 po-
ganjkov jesenske zetve. Ugotovili smo, da sezona Zetve
signifikantno vpliva na gostoto listnih rez zgornje
strani (p<0,001) in dolzino rez na spodnji strani
(p<0,001), medtem ko se gostota rez spodnje strani

med poletno in jesensko Zetvijo signifikantno ne
razlikuje(p=0,277).

Gostota rez zgornje strani je jeseni 66 % vecja kot
poleti (p<0,001), podobno velja za dolzine rez spodnje
strani, ki so bile jeseni 11 % vecje kot poleti (p<0,001).
Pri poletni Zetvi lahko opazimo trimodalno porazdeli-
tev na obeh straneh lista, ki je pri jesenski zetvi na
obeh straneh lista manj izrazita.

Zgornja stran listov je poleti zaradi neposredne iz-
postavljenosti son¢nim zarkom bolj izpostavljena veli-
kemu izhlapevanje vode, zaradi ¢esar je ocitno nekate-
re, z vodo slabse preskrbljene rastline, poleti na zgornji
strani lista razvijejo Se posebno malo listnih rez.

3.3 Vpliv namakanja, starosti rastlin in nad-
morske visine nasada

Nasi rezultati so pokazali, da namakanje signifikantno
ne vpliva na lastnosti listnih rez, kar je na videz v na-
sprotju z ugotovitvami nekaterih raziskovalcev, ki pra-
vijo, da vodni stres poveca gostoto listnih rez (Hop-
KINS 1995). Pri istih raziskavah pomanjkanje vode ni
vplivalo na indeks listnih rez. Povecana gostota listnih

25

m poletna Zetev

20 m jesenska Zetev

absolutna frekvenca

07 27 47
gostota rez [mm 2] zgornje strani lista

87

Slika 3: Porazdelitve gostot listnih rez zgornje strani lista pri poletni in jesenski Zetvi. Absolutna frekvenca predstavlja stevilo
vzorcenih vidnih polj, ki zaradi gostote rez pripadajo dolocenemu razredu.

Figure 3: Distribution of densities of leaf stomata on the upper and lower side of the leaf during summer and autumn harvest.
The absolute frequency represents the number of sampled visual fields that, due to the density of the slits, belong to a certain

class
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Slika 4: Porazdelitev dolzin listnih rez spodnje strani lista pri poletni in jesenski Zetvi. Absolutna frekvenca predstavlja stevilo

listnih rez, ki zaradi dolzine pripadajo dolocenemu razredu.

Figure 4: Distribution of the length of leaf stomata on the lower side of the leaf during summer and autumn harvest. The abso-
lute frequency represents the number of stomata that, due to their length, belong to a certain class.

rez pri rastlinah, izpostavljenih vodnemu stresu, je bila
posledica manjsih epidermalnih celic in celic zapiralk.
Pri vec¢ini nasadov brez namakanja verjetno ni bilo su-
$nih razmer, saj se za postavitev namakalnih sistemov
pridelovalci odlo¢ajo predvsem na susnih njivah. To je
verjetno razlog, da namakanje ni vplivalo na listne
reze.

Tudi regija ni vplivala signifikantno na lastnosti li-
stnih rez. Ne signifikanten vpliv na gostoto listnih rez in
dolzino rez na spodnyji strani lista pa smo opazili tudi pri
razlicnih nadmorskih visinah. Razpon nadmorskih
visin (0-314 m) je verjetno premajhen, da bi se razlike
izrazile. V literaturi, kjer so proucevali vpliv nadmorske
visine na gostoto listnih rez, je bil razpon visin 200-1760
m (Koripi1s et al. 2003) ali 280-1540m (HopkiNs 1995).

S starostjo nasada se povecuje gostota listnih rez
spodnje in zgornje strani lista pri poletni Zetvi. Nara-
$¢anje gostote je Se posebej izrazito na zgornji strani (2x
vecja gostota pri 5 let starih nasadih v primerjavi z 1
leto starimi ter linearen trend vmes). Pri jesenski zetvi
gostote listnih rez nekoliko padajo s starostjo nasadov,
vendar ta povezava ni signifikantna. Starejsi nasadi
imajo verjetno razvite globlje korenine in so zato rastli-
ne bolje preskrbljene z vodo in posledi¢no ni potrebe
po zmanjsanju gostote listnih rez v poletnem obdobju.

3.4 Korelacije med lastnostmi rez

Gostota in dolzina listnih rez sta v zelo mo¢ni signifi-
kantni negativni korelaciji tako pri poletni (R=-0,582;
p<0,01) kot pri jesenski zetvi (R=-0,683; p<0,01) (Slika
5). Z ekoloskega stalisca je to nekoliko presenetljivo, saj
bi v razmerah susnega stresa, ko rastlina tvori manj
rez, pricakovali da bodo reze tudi manjse.Je pa to nase
opazanje v skladu z drugimi raziskavami, ki so poka-
zale, da manjsi susni stres povzroci povecanje gostote
rez in zmanjsanje velikosti rez, medtem ko Sele vedji
susni stres povzroci zmanjsanje gostote rez, velikost
rez pa se Se naprej zmanjsuje (Xu & ZHou 2008). Ra-
stline v nasi raziskavi torej verjetno niso bile v ve¢jem
suSnem stresu.

Korelacije med gostotami in dolzino listnih rez in
morfoloskimi znacilnostmi rastline so predstavljene s
Pearsonovimi korelacijskimi koeficienti v Preglednici
3. Vegje rastline so imele daljSe listne reze in manjso
gostoto listnih rez v primerjavi z manjsimi rastlinami.
Dolzina listnih rez poleti in jeseni je v pozitivni kore-
laciji z vsemi parametri velikosti rastline (dolzina ste-
bla, Stevilo cvetov, biomasa cvetov, listov in stebel ter
suha masa cvetov, listov in stebel). Pri poletni Zetvi je
korelacija z vsemi temi parametri razen z $tevilom cve-
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Slika 5: Povezava med gostotami listnih rez in njihovo dolZino pri poletni (a) in jesenski zetvi (b).

Figure 5: Correlation between densities and length of leaf stomatain summer (a) and autumn harvest (b).

Signifikantno in pozitivno korelacijo opazimo med gostotami listnih rez zgornje in spodnje strani (Slika 6). Razmerje gostot
listnih rez zgornje in spodnje strani je pri jesenski Zetvi skoraj dvakrat veclje, kar je posledica Ze ugotovljene manjse gostote
listnih rez zgornje strani pri poletni Zetvi in priblizno enakih gostot listnih reZ spodnje strani med poletno in jesensko zetvijo.
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Slika 6: Povezava med gostotami listnih rez zgornje in spodnje strani pri poletni (a) in jesenski (b) zZetvi.
Figure 6: Correlation between the leaf stomata density on the upper and lower sides in autumn (a) and summer harvest (b).
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tov tudi statisti¢no signifikantna. Gostota rez pri pole-
tni zetvi pa je obratno v negativni korelaciji z vsemi
velikostnimi parametri (na spodnji strani je ta korela-
cija z vsemi parametri signifikantna, na zgornji strani
pa samo z nekaterimi).

Rastline z ve¢jim odstotkom suhe mase v pozeti
biomasi (manjsa vsebnost vode) so imele vecjo gostoto

rez in manjso dolzino listnih rez, vendar so povezave
signifikantne le pri poletni Zetvi. Ta rezultat je lahko
posledica fizioloskega dogajanja v rastlini, lahko pa je
tudi posledica eksperimentalne napake. Svezo bioma-
so smo namrec tehtali nekaj ur po nabiranju rastlin na
njivi in pri rastlinah z ve¢jo gosto rez bi lahko prislo do
vecje izgube vode.

Preglednica 3: Prikaz korelacijskih koeficientov med gostotami in dolzino listnih rez in morfoloskimi znacilnostmi
rastlin pri poletni in jesenski zetvi. * Korelacija je signifikantna pri a=0,05 (2-stranski Pearsonov test signifikantnosti

korelacije)

Table 3: Correlation coefficients between densities and length of leaf stomata and morphological characteristics of
plants for summer and autumn harvest. * Correlation is significant for a = 0.05 (2-sided Pearson correlation test)

Dolzina rez spodaj Gostota rez spodaj Gostota rez zgoraj
Zetev poletje jesen poletje jesen poletje jesen
Dolzina stebla 0,289* 0,094 - 0,252* -0,09 -0,213* -0,18
Stevilo cvetov 0,051 0,08 -0,14 0,065 -0,01 0,081
% odprtih cvetov 0,228* 0,317* -0,09 - 0,299* - 0,241* -0,02
Biomasa cvetov 0,322* 0,269* - 0,259* -0,04 - 0,186* 0,108
Biomasa listov 0,215* 0,107 - 0,286* 0,039 -0,04 0,097
Biomasa stebel 0,260* 0,061 - 0,270* 0,035 -0,1 0,003
Suha masa cvetov 0,307* 0,227* - 0,237 -0,04 -0,16 0,096
Suha masa listov 0,205% 0,102 - 0,252* 0,072 -0,02 0,107
Suha masa stebel 0,220* 0,098 - 0,202* 0,018 -0,11 0,006
% suhe mase cvetov - 0,202* -0,04 0,227* -0,08 0,228 -0,03
% suhe mase listov - 0,218% -0,08 0,342* 0,175 0,149 0,104
% suhe mase stebel - 0,202* 0,125 0,246* -0,03 0,021 0,08

Morfolosko fiziolosko je razumljiva negativna ko-
relacija med biomaso listov in gostoto listnih rez. Kot
je znano iz literature, na gostoto listnih rez mocno
vpliva tudi rast epidermalnih celic in lista v celoti, to
pa je v razumljivi korelaciji z biomaso (HOPKINS 1995).
Ostale signifikantne korelacije verjetno niso neposre-
dne ampak so posledica povezave med parametri. Dol-
zina listnih reZ je torej z vsemi izmerjenimi morfolo-
$kimi parametri v pozitivni, obe gostoti pa vec¢inoma v
negativni korelaciji. Skoraj pri vseh povezavah je na-
klon regresijske premice vedji pri poletni zetvi.

Izracunali smo tudi korelacijo med lastnostmi li-
stnih rez in fitokemijskimi znacilnosti rastline (Tabela
4). Ugotovili smo, da je velja pozitivna korelacija med
dolzino rez in koncentracijami cikorne in kaftarne ki-
sline v vseh delih rastline. Povezava je signifikantna le
med kaftarno kislino v steblu in dolZino rez. Povezave
med gostotami rez tako spodnje kot zgornje strani lista
s koncentracijami cikorne in kaftarne kisline so sibke
in ve¢inoma nesignifikantne. Po listnih rezah torej ne
moremo ugotavljati kakovosti rastline.

Preglednica 4: Korelacijski koeficienti med gostotami in dolzino listnih rez in fitokemijski zna¢ilnostmi rastlin pri
poletni Zetvi. * Korelacija je signifikantna pri a=0,05 (2-stranski Pearsonov test signifikantnosti korelacije)

Table 4: Correlation coefficients between the leaf stomata density and length and phytochemical characteristics of
plants at summer harvest. * Correlation is significant for a = 0.05 (2-sided Pearson correlation test)

CVET LIST STEBLO
Cikorna kislina |Kaftarna kislina| Cikorna kislina |Kaftarna kislina | Cikorna kislina |[Kaftarna kislina
Dolzina rez spodaj 0,051 0,141 0,166 0,108 0,068 0,229*
Gostota rez spodaj - 0,078 - 0,115 - 0,056 - 0,038 0,017 - 0,078
Gostota rez 2goraj - 0,037 - 0,160 0,015 - 0,058 0,009 - 0,042
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Slika 7: Mikroskopski sliki odtisov epiderme: zgornja A (200-kratna
povecava), spodnja B (400-kratna povecava).

Figure 7: Microscopic image of epidermis: upper side A (200x enlarge-
ment), lower side B (400x enlargement).

4 POVZETEK

V raziskavi smo ugotavljali gostote listnih rez zgornje in
spodnje strani lista ter merili dolzine rez na spodnji
strani lista Skrlatnega ameriskega slamnika (Slika 7).
Proucevali smo vpliv dejavnikov rasti$c¢a na lastnosti li-
stnih rez in iskali povezavo med le-temi in morfoloski-
mi ter fitokemijskimi znacilnostmi rastline. Ugotovili
smo, da na dolocitev gostote listnih rez (z odvzemom
odtisa epiderme) vpliva tudi lokacija na listu, kjer je bil
odtis odvzet. Ker nam na poskodovanih listih ni vedno
uspelo zagotoviti enakega mesta odvzema odtisa, so
lahko nekateri vplivi in povezave parametrov z lastnost-
mi listnih rez manj izraziti ali zakriti. Na spodnji strani
lista je bila dolzina rez v signifikantni negativni korela-
ciji z gostoto rez, torej vecja kot je gostota listnih rez,
manjsa je njihova dolzina. V pozitivni signifikantni ko-
relaciji pa sta bili gostoti rez spodnje in zgornje strani
lista. Izkazalo se je, da so te povezave neodvisne od se-
zone. Gostota listnih rez zgornje strani je bila najbolj
izrazito povezana s sezono. Pri poletni Zetvi je bila go-
stota rez priblizno dvakrat manjsa v primerjavi z jesen-
sko. Pri poletni Zetvi so bile dolZine rez spodnje strani

signifikantno manjse kot pri jesenski zetvi. Na gostoto
rez spodnje strani lista sezona ni imela signifikantnega
vpliva. S starostjo nasada se je povecevala gostota listnih
rez spodnje in zgornje strani lista pri poletni Zetvi. Ugo-
tovili smo, da namakanje, regija in nadmorska visina
nasada, ne vplivajo signifikantno na gostoto in dolzino
listnih rez. Povezave med morfoloskimi parametri in
lastnostmi listnih rez so bile poleti izrazitej$e kot jeseni.
Pri poletni Zetvi smo ugotovili veliko ve¢ signifikantnih
povezav. Vse povezave so bile pozitivne: vecje kot so bile
dolzine listnih rez, vecja je bila biomasa, suha masa ali
dolzina poganjka. Gostota listnih rez zgornje in spodnje
strani je bila ve¢inoma v negativni povezavi s parametri
velikosti rastline ter v pozitivni korelaciji z odstotki
suhe mase cvetov, listov in stebel. Pri dolzini listnih rez
pa so bile povezave z nastetimi morfoloskimi parametri
nasprotnega predznaka, kar izhaja iz Ze omenjene nega-
tivne povezave gostote rez z njihovo dolzino. Med fito-
kemijskimi parametri rastline in gostoto ter dolzino li-
stnih rez ni bilo signifikantnih povezav. Iz lastnosti li-
stnih rez se torej ne da sklepati o kakovosti rastline.
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5 SUMMARY

The density of the leaf stomata on the upper and lower
sides of the leaf was determined, and the length of the
stomata on the lower side of the leaf of the purple
American staple was measured. We examined the in-
fluence of the factors of the growing site on the proper-
ties of the leaf stomata and investigated a correlation
between them and the morphological and phytochem-
ical characteristics of the plant. We found that the lo-
cation on the leaf where the imprint was taken also
influenced on the determination of leaf stomata den-
sity. Due to damaged leafs, we did not always succeed
in providing the same spot for the measurement. For
this reason, some of the effects and correlations with
leaf stomata properties can be less pronounced or hid-
den. On the lower side of the leaf, the length of the
stomata is in a significant negative correlation with the
stomata density. The greater was the density of stoma-
ta, the smaller the length. The densities of stomata in
the lower and upper sides of the leaf are in significant
positive correlation. These connections are independ-

ent from the season. The stomata density on the upper
side was strongly influenced by the season. In the sum-
mer harvest, the stomata density is about half as low as
in autumn. In the summer harvest, the lengths of the
stomata on the lower side are significantly shorter than
in the autumn harvest. The season does not have a sig-
nificant impact on the density of stomata on the lower
side of the leaf. With the age of the plantation, the den-
sity of the stomata of the lower and upper sides of the
leaf increases (at summer harvest). We found that irri-
gation, the region and the altitude of the plantation do
not significantly affect the density and length of the
leaf stomata. The links between morphological param-
eters and leaf stomata properties are more pronounced
in the summer than autumn. In the summer harvest,
we found a lot more significant correlations. Longer
leaf stomata were found in plants with the higher bio-
mass, the dry weight or the length of the shoot. The
density of leaf stomata on the upper and lower sides is
mostly in a negative correlation with plant size param-

Slika 8: Fotografija nasada cvetocega skrlatnega ameriskega slamnika (Echinacea purpurea).
Figure 8: Photo of the plantation of the flowering purple coneflower (Echinacea purpurea).
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eters and in positive correlation with the percentage of =~ the phytochemical parameters of the plants (concen-
dry mass of flowers, leaves and stems. The correlations trations of chicoric and caftaric acids in different plant
have opposite sign, because of already mentioned neg-  parts) and the density and the length of the leaf sto-
ative connection between the density and length of the = mata. Therefore, the quality of the plant can not be de-
stomata. There are no significant correlations between  duced from the properties of the leaf stomata.
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SITES OF RARE FORM OF AURICULA (PRIMULA AURICULA
VAR. TOLMINENSIS NOM. PROV.) IN THE SOUTHERN JULIAN
ALPS

RASTISCA REDKE OBLIKE LEPEGA JEGLICA (PRIMULA
AURICULA VAR. TOLMINENSIS NOM. PROV.) V JUZNIH
JULIJSKIH ALPAH

Anka RUDOLF!, Branko VRES?, & Igor DAKSKOBLER”

ABSTRACT
Sites of rare form of auricula (Primula auricula var. tolmi-
nensis nom. prov.) in the southern Julian Alps

In the southern Julian Alps under the northwestern
ridge of Kobilja Glava above the pasture of Lom and on the
slopes of Krikov Vrh between pastures of Lom and Kuk
(Podkuk), on stony shady pasturelands and in limestone and
dolomite rocks at elevations ranging between 1,100 and
1,200 m, two forms of auricula (Primula auricula) occur side
by side. The more common specimens with bright (deep)
yellow flowers are accompanied and outnumbered by plants
with slightly smaller stems and distinctly pale, lemon-co-
loured flowers. Although Primula auricula as a species
boasts impressive variability in the size and shape of leaves
and their meal covering, as well as in the size and colour of
flowers, we have not observed populations with such dis-
tinctly pale yellow flowers anywhere else in Slovenia. The
taxa described elsewhere in the distribution area of Primula
auricula s. lat. (including those that supposedly belong to
Primula lutea) are distinctly different from the studied au-
riculas, at least in terms of flower colour. We infer that they
are a new variety, Primula auricula var. tolminensis (the Tol-
min auricula), but will have to conduct further research to
corroborate this conclusion. In this paper we describe its
sites and current distribution.

Key words: flora, taxonomy, infraspecies variability,
phytosociology, Primula auricula, Kobilja Glava, Julian
Alps, Slovenia

http://dx.doi.org/10.3986/fbg0045

IZVLECEK
Rastis¢a redke oblike lepega jegli¢a (Primula auricula
var. tolminensis nom. prov.) v juznih Julijskih Alpah

V juznih Julijskih Alpah, pod severozahodnim gre-
benom Kobilje glave nad planino Lom in na pobo¢jih Kriko-
vega vrha med to planino in planino Kuk (Podkuk) na kam-
nitih osojnih pasnikih in v apnencastem in dolomitnem
skalovju na nadmorski vi$ini med 1100 m in 1200 m skupaj
rasteta dve obliki lepega jeglica (Primula auricula). Poleg
obicajno zivo (temno) rumeno cveto¢ih primerkov, ki so v
manjsini, prevladujejo rastline z nekoliko manj$imi stebli in
cvetovi, ki imajo izrazito svetlorumeno, limonasto barvo.
Ceprav je za vrsto Primula auricula zna&ilna velika variabil-
nost glede velikosti in oblike listov in njihovega poprha, kot
tudi glede velikosti in barve cvetov, takih izrazito svetloru-
meno cveto¢ih populacij drugje v Sloveniji do zdaj nismo
opazili. Tudi taksoni, ki so opisani drugod v obmo¢ju areala
vrste Primula auricula s. lat. (tudi tisti, ki naj bi pripadali
vrsti Primula lutea) se vsaj v barvnem odtenku cvetov od
preucenih avrikljev ocitno razlikujejo. Sklepamo, da gre za
novo varieteto Primula auricula var. tolminensis, slovensko
jo imenujemo tolminski jegli¢, kar pa bomo morali v na-
daljnjih raziskavah $e potrditi. V prispevku opisujemo njena
rasti$¢a in do zdaj znano razsirjenost.

Kljucne besede: flora, taksonomija, znotrajvrstna varia-
bilnost, fiteconeologija, Primula auricula, Kobilja glava, Juli-
jske Alpe, Slovenija

! Beblerjeva 10, 5280 Idrija, ankavonl@gmail.com

2 Institute of Biology, Scientific Research Centre of the Slovenian Academy of Sciences and Arts, Research Station Ig, Zagorica

20, SI-1292 Ig, BraneVr@zrc-sazu.si

3 Institute of Biology, Scientific Research Centre of the Slovenian Academy of Sciences and Arts, Regional Unit Tolmin, Brunov

drevored 13, SI-5220 Tolmin, igor.dakskobler@zrc-sazu.si
* Corresponding author

FOLIA BIOLOGICA ET GEOLOGICA 59/2, 75-91, LJUBLJANA 2018



76

RUDOLF, VRES & DAKSKOBLER: SITES OF RARE FORM OF AURICULA (PRIMULA AURICULA VAR. TOLMINENSIS NOM. PROV.)

1 INTRODUCTION

Primula auricula L. is a south-European montane spe-
cies, a character species of rock crevices occurring
from the colline to the alpine belt in most regions of
the Alps, the Jura Mountains, the Black Forest (Schwar-
zwald), the Apennines, the northern part of the Di-
naric Alps, the Tatra Mountains and the Carpathians.
It is a very diverse species and several of its subspecies,
e.g. subsp. bauhini, subsp. balbisii (syn. subsp. ciliata),
subsp. hungarica, subsp. serratifolia (MARHOLD 2011),
as well as several lower syntaxonomic units, varieties
and forms have already been described. They differ
mainly in the shape of basal leaves and in how serrated
and glandular they are, partly also in the size and col-
our of flowers. Populations of bright (deep) yellow au-
riculas growing in Slovenia supposedly belong to the
subspecies P. auricula subsp. balbisii (ZHANG & Ka-
DEREIT 2004), but more recently ZHANG & KADEREIT
(2005) all above mentioned subspecies subordinated to
the taxon P. auricula as a typical form, and a separate
species was rediscovered, namely P. lutea Vill., which
comprises auricula populations from the northern
Alps, the Tatra Moutains, western Austria, France,
Germany, Poland, Slovakia and Switzerland. Three
subspecies have been described within this species,
subsp. lutea, widmerae and tatriaca (ZHANG & Ka-
DEREIT 2005).

On 17 May 2009 the first author of this paper
(Anka Rudolf) came across a non-typical form of
Primula auricula on the pasturelands of the mountain

pasture Lom under the summit of Vrh Klonic (a peak
in the northwestern ridge of Mt. Kobilja Glava) in the
Tolmin part of the foothills of the Julian Alps. She
identified it by very pale flowers that are rather small
and not fully opened. It is abundant in the pasture and
only 10% of the plants have the characteristic, bright
yellow flowers. After having examined her locality we
were able to corroborate her findings. The colour of
the flowers is distinctly pale, lemon-coloured and the
flowers usually smaller. The more common, bright
(deep) yellow flowers are rare in this population. Even
though other auriculas occur individually in the wider
vicinity (Primula vulgaris, P. veris subsp. columnae, P.
elatior), there is little likelihood that the pale colour is
a result of cross-pollination. With photographs, flower
and leaf measurements and an inventory of sites we
wanted to taxonomically evaluate this unusual auricu-
la population. We therefore conducted comparative
measurements also on other localities, including Mt.
Porezen, on the southern margin of the Trnovo Forest
Plateau, in the valley of the Reka River at the Skocjan
Caves, on Donacka Gora and other. Data processing
and comparisons with other known forms or varieties
of Primula auricula s. lat. are ongoing (VRES et al.
2018). This article offers the first findings, and above
all the characteristics of sites in which this unusual
form of auricula occurs. For the time being, we have
assigned it a provisional name P. auricula var. tolmin-
ensis (the Tolmin auricula).

2 METHODS

On the localities of the Tolmin auricula we made phy-
tosociological relevés applying the Central-European
method (BRAUN-BLANQUET 1964) and entered them
into the FloVegSi database (T. SELISKAR, VRES, A.
SELISKAR 2003). The relevés were arranged into a table
based on hierarchical classification. We used the
“(Unweighted) average linkage” - UPGMA method
based on Wishart’s similarity ratio. Combined cover-
abundance values were transformed into numerical
values 1- 9 (van der MAAREL 1979). The numerical
analysis of relevés was performed using the program
package SYN-TAX (Popant 2001). Plants were as-
signed to groups of diagnostic species based on the
Flora alpina (AESCHIMANN et al. 2004), which also
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served as the source for the chorological characterisa-
tion of Primula auricula s. lat. The nomenclatural
source for the names of vascular plants is the Mala
flora Slovenije (MARTINCIC et al. 2007), but the name
Sesleria caerulea (L.) Ard. is used for the taxon Sesle-
ria caerulea subsp. calcaria. MARTINCIC (2003, 2011)
is the nomenclatural source for the names of mosses
and SuPPAN et al. (2000) for the names of lichens. The
nomenclatural sources for the names of syntaxa are
THEURILLAT (2004) and Sic & CaArNI (2012). Geo-
graphic coordinates of relevés are determined accord-
ing to the Slovenian geographic coordinate system D
48 (zone 5) on the Bessel ellipsoid and with Gauss-
Kriiger projection.
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3 RESULTS AND DISCUSSION

3.1 Primula auricula var. tolminensis—descrip-
tion

Primula auricula var. tolminensis is distinguished from
the more common populations of the taxon Primula
auricula s. lat. in that it is smaller in size, has shorter
and narrower flowers and, most distinctly, by its pale,
lemon-coloured corolla. In our previous research into
auricula populations on other localities in Slovenia we
observed other specimens with low habit and flowers
that were shorter and narrower from the usual, but no-
where have we seen specimens with a distinctly pale,
lemon-coloured corolla. The colour is therefore the

morphological trait that allows us to provisionally
treat the plants from the northwestern slopes of Kob-
ilja Glava and the vicinity of mountain pasture Lom in
the southern foothills of the Julian Alps as a special
variety. However, given the considerable infraspecies
variability of the taxon Primula auricula s. lat. and the
complexity of its evaluation, it is impossible to provide
a valid description of the new variety based on our
current knowledge of populations in Slovenia and
other Alpine regions before we have conducted and
completed all measurements and other analyses. The
new variety is therefore presented only with selected
photographs and site descriptions.

Figure 1: Primula auricula var. tolminensis. Author of all photos: 1. Daksksobler
Slika 1: Tolminski jeglic (Primula auricula var. tolminensis). Avtor vseh fotografij: I. Dakskobler

3.2 Ecological and phytosociological characte-
ristics of sites with taxon Primula auricula var.
tolminensis

The populations of Primula auricula with pale yellow
(lemon-coloured) flowers have so far been found only

on the northwestern slopes of Kobilja Glava or its pre-
ceding summit of Vrh Klonic above the mountain pas-
ture Lom and above the road leading from Lom to the
mountain pasture Podkuk below the summit of Krik-
ov Vrh, in two quadrants of the Central-European
flora mapping (Figures 5 and 6).
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Figure 2: A group of Primula auricula var. tolminensis
Slika 2: Tolminski jegli¢ (Primula auricula var. tolminensis), skupina

Figure 3: Primula auricula s. str. and its variety with lemon-coloured flowers (P. auricula var. tolminensis) growing together
above the mountain pasture Lom

Slika 3: Skupno uspevanje tolminskega jeglica (Primula auricula var. tolminensis) in lepega jeglica (Primula auricula s. str.)
nad pl. Lom
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Figure 4: Primula auricula s. str. on Kobilja Glava
Slika 4: Lepi jegli¢ (Primula auricula s. str.) na Kobilji glavi

Figure 5: Localities of Primula
auricula var. tolminensis
Slika 5: Nahajalis¢a taksona P.
auricula var. tolminensis
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Figure 6: Distribution of Primula auricula var. tolminensis in Slovenia
Slika 6: Razsirjenost tolminskega jeglica v Sloveniji
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Figure 7: Dendrogram of stands with Primula auricula var. tolminensis, UPGMA, 1- similarity ratio
Slika 7: Dendrogram popisov sestojev s taksonom Primula auricula var. tolminensis UPGMA, 1- similarity ratio
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The localities are situated between 1,130 and 1,200
m a.s.l, on distinctly shady, predominantly northern
aspects. The parent material is Cretaceous Volce lime-
stone with cherts, in places intercalated with marl-
stone, and partly limestone breccia; below Krikov Vrh
also Triassic Ba¢a dolomite (BUSER 1986, 1987). The
climate is humid, montane, with the average annual
precipitation between 2,000 and 2,500 mm (B.
ZUPANCIC 1998) and mean annual temperature of 4 —
6°C (CEGNAR 1998). Primula auricula var. tolminensis
localities have a local climate that is colder from the
regional average for this altitude, which means that
snow here persists for longer periods than on the sunny
slopes of Kobilja Glava and that the phenological stag-
es (beginning of flowering) are slightly delayed. Land
has been cleared for pastures in the belt of altimontane
beech forests (Ranunculo platanifolii-Fagetum); the
rocky sites under Krikov Vrh are in the area of azonal
beech community classified into the subassociation
Saxifrago cuneifolii-Fagetum aruncetosum (DAKSKOB-

LER 2015). The pastures are extensively managed, with
cattle occasionally grazing there in the summer.
Primula auricula var. tolminensis occurs within
two vegetation types (Figure 7, Table 1). The first four
relevés (relevés 1 to 4 in Table 1), i.e. the group of four
relevés in the left part of the dendrogram in Figure 7,
represent montane grasslands used as pastures. Usu-
ally, but not always, they are dominated by Sesleria
caerulea. As a result of grazing these pastures com-
prise many species of managed meadows from the
class Molinio-Arrhenatheretea, whereas intercalations
of chert and marlstone enabled the establishment of
acidophilous species (such as Antennaria dioica, Saxi-
fraga cuneifolia, Luzula luzuloides). Due to the dis-
tinctly shady aspect and relatively fresh soils there are
also species of tall herbs (e.g. Hypericum maculatum,
Veratrum album, Aconitum angustifolium, saplings of
Alnus viridis and Salix appendiculata). Groups of diag-
nostic species comprise equal proportions of diag-
nostic species of classes or orders Elyno-Seslerietea
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Figure 8: Dendrogram of chasmophytic communities with dominant Primula auricula from various regions of Slovenia. Stands
with P. auricula var. tolminensis group separately (relevés 2, 4, 5, 15, 16, 3) on the right side of the dendrogram, UPGMA, 1-

similarity ratio

Slika 8: Dendogram zdruzb skalnih razpok s prevladujoco vrsto Primula auricula iz razlicnih delov Slovenije. Sestoji s tak-
sonom P. auricula var. tolminensis so v loceni skupini (popisi 2, 4, 5, 15, 16, 3) v desnem delu dendrograma, UPGMA, 1- simi-

larity ratio
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Figure 9: Stony altimontane grassland used as a pasture, with Primula auricula var. tolminensis
Slika 9: Kamnito altimontansko travisce, v rabi kot pasnik s tolminskim jeglicem (Primula auricula var. tolminensis)

Figure 10: Rocky sites of Primula auricula var. tolminensis
Slika 10: Skalovje, rastisce tolminskega jeglica (Primula auricula var. tolminensis)

82 | FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018



‘RUDOLF, VRES & DAKSKOBLER: SITES OF RARE FORM OF AURICULA (PRIMULA AURICULA VAR. TOLMINENSIS NOM. PROV.)

(the most common among them are Sesleria caerulea
as well as Gentiana verna, Phyteuma orbiculare,
Thymus praecox subsp. polytrichus, on two relevés
even a species of stony alpine grasslands Carex orni-
thopodoides), Festuco-Brometea (Plantago media,
Carex caryophyllea, Carlina acaulis, Euphorbia cypa-
rissias), Poo alpinae-Trisetetalia (Crocus albiflorus,
Trollius europaeus) and Calluno-Ulicetea (Alchemilla
flabellata, Antennaria dioica, Selaginella helvetica).
As the slopes are very stony, Primula auricula var. tol-
minensis is common on these pastures; the specimens
of the typical form occur individually, similarly to
another character chasmophytic species, Saxifraga
crustata.

The second group of relevés (relevés 5 to 10 in
Table 1, i.e. the large group of relevés on the right side
of the dendrogram in Figure 7) represents chasmo-
phytic communities on limestone breccia and lime-
stone, two relevés under Krikov Vrh also on dolomite.
These relevés comprise substantially fewer species,
with the most common (other than the Tolmin auricu-
la) being Sesleria caerulea, Cystopteris fragilis, Kernera
saxatilis, Saxifraga crustata and Campanula carnica.

These six relevés were compared with 34 relevés of
chasmophytic communities in which one of the domi-
nating species is Primula auricula (from different parts
of Slovenia: Mrzli Vrh above Tolmin, Ho¢ at Mt.
Porezen, the upper Baca Valley: Kacenpoh, Driselpoh,
Zakojska Grapa gorge), the Breginjski Kot (the foot-
hills of Mt. Mija at Robi¢), the Idrija Valley (Golo
Brdo), BanjSice (Gomila at the hamlet of Madoni,
Avscek), the Reka valley before the Skocjan Caves, Sv.
Kriz above Bele Vode and Donacka Gora. The result
was the dendrogram in Figure 8, where the relevés
with Primula auricula var. tolminensis grouped sepa-
rately (the group of six relevés - 2, 4, 5, 15, 16 and 3) on
the right side of the dendrogram. These stands are
therefore provisionally classified into the new associa-
tion Campanulo carnicae-Primuletum tolminensis
nom. prov., but additional research is required before
we can provide a valid description. Whereas the typi-
cal form P. auricula occurred alongside Primula au-
ricula var. tolminensis on all relevés of the first site
type (a stony pasture or montane grassland), the sec-
ond type (chasmophytic community) comprised the
typical form on only one of six relevés.

Figure 11: Stand of the association Campanulo carnicae-
Primuletum tolminensis

Slika 11: Sestoj asociacije Campanulo carnicae-Primu-
letum tolminensis
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4 CONCLUSIONS

Populations of Primula auricula differ considerably
across the distribution area and the taxon can therefore
be subdivided into several subspecies, varieties and
forms, according to some authors even several species.
Due to the complexity involved in a mutual compari-
son of all these different varieties we were forced to
conduct our research without comparing them. In this
article we would primarily like to draw attention to the
population of distinctly pale (lemon-coloured) flower-
ing auriculas with relatively small flowers that Anka
Rudolf found below Kobilja Glava in the Tolmin region
(at the foothills of the southern Julian Alps). They occur
together with the specimens that have the more com-
mon, deep (bright) yellow flowers and are outnum-
bered here by the pale flowering auriculas. Although
there are other species of auriculas occurring in the
vicinity there is little likelihood that the pale colour is
the result of cross-pollination. The sites, stony moun-
tain pastures, limestone and dolomite rocks, are dis-
tinctly shady, with a cold local climate and a snow cover
that lasts long into the spring. According to our knowl-
edge and experience, this auricula does not occur else-
where in Slovenia, although we came across specimens
with paler and smaller flowers in several other spots as
well. Those specimens, however, do not stand out from
other specimens of the typical form in their surround-
ings as distinctly and in such a contiguous population

as below Kobilja Glava. We are conducting other inves-
tigations that might explain the reasons for the distinc-
tiveness of the auricula from the mountain pasture
Lom and allow us to validly describe the new taxon.
The observations and measurements conducted so far
allow us to provisionally describe the new variety Pri-
mula auricula var. tolminensis (the Tolmin auricula),
which is at present treated as strictly endemic and
therefore deserves our attention also in view of its pro-
tection. Although Primula auricula is already protected
in Slovenia (ANON. 2004), its rare variety from the Tol-
min mountains with its unusual colour might attract
more attention in certain (especially gardening) circles.
At the moment, the land management practice in the
area of its occurrence does not pose a threat to this au-
ricula, but this might change if people started to pick
these flowers in order to grow them at home. Its locali-
ties are on the margins of the Triglav National Park,
some of them, below Krikov Vrh, also on its territory.
Although the population above the mountain pasture
of Lom boasts more than 500 specimens it might still be
necessary to put up information boards in the future to
explain to the visitors the uniqueness of the Lom in Ko-
bilja Glava population, instructing them not to pick or
dig up the Tolmin auricula without prior permission of
the relevant authorities. Any such unauthorised pick-
ing or poaching should be prohibited and punishable.

5 POVZETEK

5.1 Uvod

Primula auricula je juznoevropska montanska vrsta,
znacilnica zdruzb skalnih razpok, ki raste od kolinske-
ga do alpinskega pasu v vecini pokrajin v Alpah, v Juri,
Schwarzwaldu, Apeninih, severnem delu Dinarskega
gorstva, v Tatrah in v Karpatih. Vrsta je zelo raznolika
in v preteklosti je bilo opisano ve¢ podvrst, npr. subsp.
bauhini, subsp. balbisii (sin. subsp. ciliata), subsp. hun-
garica, subsp. serratifolia (MARHOLD 2011), in vec niz-
jih taksonomskih oblik, varietet in form. Razlike med
navedenimi taksoni so predvsem v obliki pritli¢nih li-
stov, njihovi nazobcanosti in zlezavosti, deloma tudi v
velikosti in barvi cvetov. Zivo (temno) rumene popula-
cije avriklja, ki uspevajo v Sloveniji, naj bi pripadale
podvrsti P. auricula subsp. balbisii (ZHANG & KADERE-
IT 2004), a sta kasneje ZHANG in KADEREIT (2005) v
takson P. auricula kot tipsko obliko podredila vse zgo-
raj navedene podvrste, pa¢ pa ponovno opredelila Ze
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opisano vrsto P. lutea Vill., kamor uvricata populacije
lepega jeglica iz severnih Alp, Tater, zahodne Avstrije,
Francije, Nemdije, Poljske, Slovaske in Svice. Znotraj te
vrste so opisane tri podvrste: subsp. lutea, widmerae in
tatriaca (ZHANG & KADEREIT 2005).

17. 5. 2009 je prva avtorica tega ¢lanka (Anka Ru-
dolf) na pasnikih planine Lom pod Vrhom Klonic (ki
je vzpetina v severozahodnem grebenu Kobilje glave) v
tolminskem prigorju juznih Julijskih Alp opazila neti-
pi¢no obliko lepega jeglica (Primula auricula). Prepo-
znala jo je po zelo svetlih cvetovih, ki so manjsi in ne
popolnoma razprti. Na pasniku ga je veliko in le okoli
10 % rastlin ima normalne bolj Zivo rumene cvetove.
Ko smo si njeno nahajalisce ogledali, smo njena opaza-
nja lahko potrdili. Barva cvetov je ocitno svetlejsa, li-
monasta, cvetovi so navadno manjsi. Obicajne, Zivo
(temno) rumeno cvetoce rastline so v tej populaciji
redke. Kljub temu, da v sirsi okolici posami¢no rastejo
tudi druge vrste jeglicov (Primula vulgaris, P. veris
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subsp. columnae, P. elatior), je moznost, da bi bila sve-
tla barva posledica krizanja, zelo majhna. S fotografi-
ranjem, meritvami cvetov in listov in s popisom rastis¢
smo zeleli taksonomsko ovrednotiti to nenavadno po-
pulacijo lepega jeglica, pri ¢emer smo primerjalne me-
ritve opravili tudi na drugih nahajalis¢ih, na Poreznu,
na juznem robu Trnovskega gozda, v dolini Reke pri
Skocjanskih jamah, na Donacki gori in $e drugod. Ob-
delava podatkov in predvsem primerjava z drugimi do
zdaj znanimi oblikami oz. razlicki vrste Primula auri-
cula s. lat. je v teku (VRES et al. 2018). V tem clanku
podajamo prva spoznanja in predvsem znacilnosti ra-
stiS¢, v katerih se nenavadna oblika lepega jeglica poja-
vlja. Za zdaj ga imenujemo P. auricula var. tolminensis
(tolminski jeglic).

5.2 Metode

Na nahajalis¢ih tolminskega jegli¢a smo naredili fito-
cenoloske popise po standardni srednjeevropski meto-
di (BRAUN-BLANQUET 1964) in jih vnesli v podatkovno
bazo FloVegSI (T. SELISKAR, VRES, A. SELISKAR 2003).
Popise smo v preglednico uredili s hierarhi¢no klasifi-
kacijo. Izbrali smo metodo kopicenja na podlagi pove-
zovanja (netehtanih) srednjih razdalj - “(Unweighted)
average linkage” - UPGMA, ob uporabi Wishartovega
koeficienta podobnosti (1-similarity ratio). Pri tem smo
kombinirane ocene zastiranja in pogostnosti pretvorili
v Stevila (1-9) - van der MAAREL (1979). Numeri¢no
primerjavo popisov smo izdelali s programskim pake-
tom SYN-TAX (Popant 2001). Rastline smo v skupine
diagnosti¢nih vrst uvrstili na podlagi dela Flora alpina
(AESCHIMANN et al. 2004). To delo nam je tudi vir za
horolosko oznako vrste Primula auricula s. lat. Nomen-
klaturni vir za imena praprotnic in semenk je Mala
flora Slovenije (MARTINCIC et al. 2007), pri ¢emer za
pisano vilovino uporabljamo ime Sesleria caerulea (L.)
Ard. MARTINCIC (2003, 2011) je nomenklaturni vir za
imena mahov, SUPPAN & al. (2000) pa za imena lisajev.
Nomenklaturna vira za imena sintaksonov sta THEU-
RILLAT (2004) in SiLc & Carnt (2012). Geografske ko-
ordinate popisov so dolocene po slovenskem geograf-
skem koordinatnem sitemu D 48 (5-ta cona) po Besse-
lovem elipsoidu in z Gauss-Kriigerjevo projekcijo.

5.3 Rezultati in razprava

5.3.1 Opis tolminskega jegli¢a

Tolminski jegli¢ (Primula auricula var. tolminensis) se
od v Sloveniji obicajno rastocih populacij taksona Pri-

mula auricula s. lat. razlikuje po nizji rasti, krajsih in
ozjih cvetovih in najbolj ocitno po izrazito svetli, limo-
nasto rumeni barvi cvetnege venca. Pri dosedanjih
raziskavah populacij avriklja na drugih nahajalis¢ih v
Sloveniji smo opazili tudi primerke z nizjo rastjo in
krajs$imi in ozjimi cvetovi od obicajnih, nikjer pa pri-
merkov z izrazito svetlo, limonasto barvo cvetnega
venca. Prav ta barva je torej tisti morfoloski znak, ki
dopusca, da rastline s severozahodnih pobocij Kobilje
glave in okolice planine Lom v juznem prigorju Julij-
skih Alp za zdaj obravnavamo kot posebno varieteto.
Ker pa je znotrajvrstna variabilnost taksona Primula
auricula s. lat. velika in njeno vrednotenje zapleteno,
veljaven opis nove varietete na podlagi nasega dozdaj-
$njega poznavanja populacij iz Slovenije in drugih ob-
mocij Alp pred dokon¢no obdelavo vseh meritev in
drugih analiz Se ni mogo¢. Novo varieteto zato pred-
stavljamo le z izbranimi fotografijami in opisom nje-
nih rastisc.

5.3.2 Ekoloske in fitocenoloske znacilnosti rastis¢, na
katerih raste novi takson

Svetlo rumeno (limonasto rumeno) cvetoce populacije
lepega jeglica smo doslej nasli le na severozahodnih
pobodjih Kobilje glave oz. njenega predvrha Vrha Klo-
nic nad planino Lom in nad cesto pl. Lom-pl. Podkuk,
pod Krikovim vrhom, v dveh kvadrantih srednjee-
vropskega kartiranja flore (sliki 5 in 6). Nadmorska
visina nahajalis¢ je od 1130 m do 1200 m, lega je izra-
zito osojna, v glavnem severna. Geoloska podlaga je
kredni vol¢anski apnenec z rozenci, ponekod tudi s
primesjo laporovca in deloma apnenceva breca, pod
Krikovim vrhom tudi triasni baski dolomit (BUSER
1986, 1987). Podnebje je humidno, gorsko, s povpre¢no
letno vi$ino padavin od 2000 mm do 2500 mm (B. Zu-
PANCIC 1998) in s povprecno z letno temperaturo 4-6
°C (CEGNAR 1998). Na nahajalis¢ih tolminskega jeglica
je hladnejse krajevno podnebje od regionalnega pov-
preéja za to nadmorsko visino, kar pomeni, da se na
teh pobodjih sneg zadrzuje dalj casa kot na prisojnih
pobodjih Kobilje glave in tudi fenoloske faze (zacetek
cvetenja) nekoliko kasnijo. Pasniki so izkréeni v pasu
altimontanskega bukovega gozda (Ranunculo platani-
folii-Fagetum), skalovje pod Krikovim vrhom je v ob-
mocju aconalnega bukovja s klinolistnim kamnokre-
¢em in kresni¢jem (Saxifrago cuneifolii-Fagetum arun-
cetosum) — DAKSKOBLER (2015). Pasniki so v ekstenziv-
ni rabi, na njih se govedo obcasno pase v poletnem
Casu.

Tolminski jegli¢ raste v dveh tipih vegetacije (slika
7, preglednica 1). Prvi Stirje popisi (popisi 1 do 4 v pre-
glednici 1), oziroma skupina stirih popisov v levem
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delu dendrograma na sliki 7, predstavlja gorska travi-
$Ca, ki so v rabi kot pasniki. Navadno, ne pa vedno, na
njih prevladuje vrsta Sesleria caerulea. Zaradi vplivov
pase je v njih precej vrst gojenih travnikov iz razreda
Molinio-Arrhenatheretea, zaradi primesi roZenca in la-
porovca so prisotne tudi kisloljubne vrste (na primer
Antennaria dioica, Saxifraga cuneifolia, Luzula luzuloi-
des), zaradi izrazito osojne lege in razmeroma svezih tal
tudi vrste visokih steblik (na primer Hypericum macu-
latum, Veratrum album, Aconitum angustifolium, mla-
dice zelene jelSe, Alnus viridis, in velikolistne vrbe,
Salix appendiculata). Med skupinami diagnosti¢nih
vrst imajo precej enakovredne deleze diagnosti¢ne
vrste razredov oz. redov Elyno-Seslerietea (med njimi
so poleg pisane vilovine najbolj pogoste Gentiana
verna, Phyteuma orbiculare, Thymus praecox subsp.
polytrichus, na dveh popisih celo vrsta kamnitih alpin-
skih trat Carex ornithopodoides), Festuco-Brometea
(Plantago media, Carex caryophyllea, Carlina acaulis,
Euphorbia cyparissias), Poo alpinae-Trisetetalia (Crocus
albiflorus, Trollius europaeus) in Calluno-Ulicetea (Al-
chemilla flabellata, Antennaria dioica, Selaginella helve-
tica). Ker so pobocja precej kamnita, je tolminski jegli¢
na teh pasnikih pogost, primerki tipske oblike so priso-
tni posami¢no, podobno kot $e ena znacilna vrsta skal-
nih razpok skorjasti kamnokre¢ (Saxifraga crustata).

Druga skupina popisov (popisi 5 do 10 v tabeli 1 oz.
vecja skupina popisov na desni strani dendrograma na
sliki 7) predstavlja zdruzbe skalnih razpok na apnenca-
sti breci, apnencu in dva popisa pod Krikovim vrhom
tudi na dolomitu. Na teh popisih je vrst bistveno manj,
najbolj pogoste poleg tolminskega jegli¢a pa so Sesleria
caerulea, Cystopteris fragilis, Kernera saxatilis, Saxifra-
ga crustata in Campanula carnica. Teh Sest popisov
smo primerjali skupaj s 34 popisi zdruzb skalnih raz-
pok, kjer je ena od prevladujocih vrst Primula auricula
(iz razli¢nih delov Slovenije: Mrzli vrh nad Tolminom,
Hoc¢ pri Poreznu, zgornja Baska dolina: Kacenpoh, Dri-
selpoh, Zakojska grapa), Breginjski kot (vznozje Mije
pri Robic¢u), dolina Idrije (Golo Brdo), Banjsice (Gomila
pri zaselku Madoni, Avscek), dolina Reke pred Sko-
cjanskimi jamami, Sv. Kriz nad Belimi Vodami in Do-
nacka gora in dobili dendrogram (slika 8), kjer so se
popisi s tolminskim jeglicom zdruzevali posebej (sku-
pina Sestih popisov 2, 4, 5, 15, 16 in 3) v desnem delu
dendrograma. Zato te sestoje zacasno uvr§¢amo v novo
asociacijo Campanulo carnicae-Primuletum tolminen-
sis nom. prov., ki pa za veljaven opis potrebuje dodatne
raziskave. Medtem ko je na prvem tipu rasti$¢, kamni-
tem pasniku oz. gorskem travi$cu, na vseh popisih
poleg tolminskega jeglica rasla tudi tipska oblika P. au-
ricula, je v drugem tipu, v zdruzbi skalnih razpok, le ta
prisotna le na enem popisu od skupno Sestih.
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5. 4 Zakljucki

Populacije vrste Primula auricula so si v razli¢nih delih
areala zelo raznolike in ta takson je zato mogoce cle-
niti v ve¢ podvrst, varietet in form, po nekaterih avtor-
jih tudi v ve¢ vrst. Medsebojna primerjava vseh teh
razli¢kov je zelo zahtevna in pri nasi raziskavi smo se ji
morali odpovedati. V ¢lanku Zelimo predvsem opozo-
riti na populacijo izrazito svetlo rumeno (limonasto)
cvetocih lepih jeglicov, z razmeroma majhnimi cveto-
vi, ki jih je Anka Rudolf opazila pod Kobiljo glavo na
Tolminskem (v prigorju juznih Julijskih Alp). Uspeva-
jo skupaj z obi¢ajno temno (zivo) rumeno cveto¢imi
primerki, a so slednji v manjsini. V okolici posami¢no
uspevajo tudi druge vrste jeglicov, a moznost, da bi
bila svetla barva posledica krizanja, je zelo majhna.
Rastis¢a, kamniti gorski pasniki, apnencasto in dolo-
mitno skalovje, so izrazito osojna, s hladnim krajev-
nim podnebjem, kjer spomladi dolgo ostaja sneg. Dru-
god v Sloveniji po nasih izkusnjah tak jegli¢ ne raste,
Ceprav smo na vec krajih opazili tudi bolj svetlo cveto-
e primerke z manjsimi cvetovi od obic¢ajnih, a vendar
ti primerki ne odstopajo tako o¢itno od okoliskih pri-
merkov tipske oblike in rastejo bolj posami¢no, nika-
kor ne v tako strnjeni populaciji kot pod Kobiljo glavo.
V teku so $e druge nase raziskave, ki bodo morda po-
jasnile vzroke za posebnost jegli¢a s planine Lom in
omogocile veljaven opis novega taksona. Do zdaj opra-
vljena opazanja in meritve pa dopuscajo provizoren
opis nove varietete Primula auricula var. tolminensis
(tolminski jegli¢), ki jo za zdaj obravnavamo kot ozko
endemicno in zato zasluzi naso pozornost tudi z vidika
njenega varstva. To je Ze zdaj zagotovljeno, saj je vrsta
Primula auricula v Sloveniji zavarovana (ANON. 2004).
A tolminski jegli¢ kot redek barvni razlicek bi lahko v
dolocenih (predvsem vrtnarskih) krogih vzbudil vecje
zanimanje. Zdajs$nji nacin rabe prostora, kjer raste, ga
ne ogroza, ogrozati bi ga lahko zaceli ljudje, zaradi
zelje, da ga vzgojijo tudi doma. Njegova nahajalisca so
na robu Triglavskega narodnega parka, tista pod Kri-
kovim vrhom, tudi znotraj njega. Ceprav je populacija
nad pl. Lom zelo bogata, skupno zagotovo ve¢ kot 500
primerkov, bodo morda v bodoce potrebne ustrezne
informacijske table, ki bodo na to posebnost pl. Lom in
Kobilje glave opozarjale in obiskovalcem dale jasno
napotilo, da je trganje in izkopavanje tolminskega je-
glica brez predhodnega dovoljenja ustreznih sluzb
strogo prepovedano in podvrzeno kaznovanju.
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Table 1: Communities with Primula auricula var. tolminensis
Preglednica 1: Zdruzbe s tolminskim jeglicem (Primula auricula var. tolminensis)

Authors of the table /Avtorja preglednice: I. Dakskobler & B. Vres$

Number of relevé (Zaporedna §tevilka popisa) 1 2 3 4 5 6 7 8 9 10
— (=] \O o~ < (=3 o~ [ (=<} D
< o (=} j=J D~ < D [N} Nel O
Database number of relevé (Delovna $tevilka popisa) s o8 8% I s 3 3 2 2
o o ¥ I | @ o ¥ ¥ u o
N N [g\] N N N o (o] N N
Elevation in m (Nadmorska vis$ina v m) 1170 1130 1200 1150| 1142 1150 1160 1170 1150 1150
Aspect (Lega) NEE N N NW|NNW NNE NW NW NE NE
Slope in degrees (Nagib v stopinjah) 30 25 25 30| 70 8 95 90 80 90
Parent material (Mati¢na podlaga) A AL ALR ALR| A A A A D D
Soil (Tla) Re CC CC CC| Li Li Li Li Li Li
Stoniness in % (Kamnitost v %) 30 30 30 20| 100 100 100 100 100 100
Cover of shrub layer in % (Zastiranje grmovne plasti v %): E2 10 10
Cover of herb layer in % (Zastiranje zelis¢ne plasti v %): El1 | 70 70 80 | 30 40 20 25 25 20
Cover of moss layer in % (Zastiranje mahovne plastiv %)  EO 30 10 30 20
Number of species (Stevilo vrst) 71 50 | 23 12 19 10
Relevé area (Velikost popisne ploskve) m? 20 20 | 10 20 5 5
ST T = = SRt
. . S o | o & & 8
N N a ~ ~ -~
Date of the relevé (Datum popisa) s | 8 = s S
noon <+ ol

Locality (Nahajalisce)

Krikov vrh
Krikov vrh

Quadrant (Kvadrant)

5117930 406675 9848/2 Lom-Kobilja glava 5/24/2009 & &
5117921 406608 9848/2 Lom-Kobilja glava 5/24/2009 5 & = &
5117912 406659 9848/2 Lom-Kobilja glava 5/24/2009 = B
5117956 406652 9848/2 Lom-Kobilja glava 4/21/2011 8 5 @

5117889 406679 9848/2 Lom-Kobilja glava
5117923 406630 9848/2 Lom-Kobilja glava
5117932 406631 9848/2 Lom-Kobilja glava
5117926 406613 9848/2 Lom-Kobilja glava

5118828 406655 9748/4
5118852 406637 9748/4

Coordinate GK Y (D-48) m
Coordinate GK X (D-48) m
ES  Elyno-Seslerietea Pr. Fr.
Sesleria caerulea El| 2 1 1 1 2 1 1 + 8 80
CA  Festuca calva E1 . + 330
Gentiana verna El 1 1 1 330
Phyteuma orbiculare El| . + o+ o+ 330
Thymus praecox subsp. polytrichus El| 1 1 + 330
Arabis ciliata El| 1 1 2 20
Galium anisophyllum El| + 1 . 220
Cfir Carex ornithopodoides El| r + . 220
Aster bellidiastrum El + . + 2 20
Erigeron glabratus El + . + 220
Acinos alpinus El1| 1 . 1 10
Polygala alpestris El 1 1 10
Betonica alopecuros El + 1 10
Hieracium pilosum El + 1 10
Leucanthemum heterophyllum E1 + 1 10
Carex mucronata E1| . . . . . . . + 1 10
PS  Physoplexido comosae-Saxifragion petraeae
Primula auricula var. tolminensis El| 2 1 2 3 1 1 2 2 2 2 10 100
Saxifraga crustata El| 1 + . + . 1 1 . 6 60
Campanula carnica E1| . . . . . 1 . . 1 + 3 30
Paederota lutea El| . . . . + . + 2 20
Campanula cespitosa El| . . . . + 1 10
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Number of relevé (Zaporedna stevilka popisa) 1 2 3 4 5 6 7 8 9 10 Pr. Fr
Cy Cystopteridion fragilis
Cystopteris fragilis El| . + o+ o+ + . + . r 1 7 70
Valeriana tripteris E1| . . + o+ 1 . . . r 4 40
Heliosperma pusillum El1| . + . . . + . . . 220
Carex brachystachys El1| . . . . . . . . r 1 10
Asplenium viride E1| . . . . . . . . . r 1 10
PC Potentilletalia caulescentis
Primula auricula s.str. El| + + + 1 . . + . . . 5 50
Festuca stenantha E1| . . . . . . 1 1 10
AT Asplenietea trichomanis
Asplenium ruta-muraria El| + + . . . . . + r + 5 50
Kernera saxatilis E1| . + . . + + . + o+ . 5 50
Asplenium trichomanes El| . . . . . + 1 + r 1 5 50
Sedum album El| + . . . . 1 10
Polypodium vulgare E1| . . . . + 1 10
Saxifraga paniculata El1| . . . . . + 1 10
TR Thlaspietea rotundifolii
Arabis alpina subsp. alpina E1| . . .+ + . + 330
Pimpinella alpina El| . . + o+ 220
Trisetum argenteum E1 | . . . . + . . + 220
Biscutella laevigata El1| + . 1 10
Adenostyles glabra El1| . + 1 10
Gymnocarpium robertianum E1 | . + . . . . . . . 1 10
Hieracium bifidum El | . . . . . . . . r 1 10
FB Festuco-Brometea
Plantago media El| + 1 1 2 4 40
Carex caryophyllea El| + 1 1 1 4 40
Carlina acaulis El| + + + + 4 40
Euphorbia cyparissias El1| 2 + o+ 330
Galium verum s.str. El| 1 + + 330
Koeleria pyramidata El| + + 1 . 330
Bromopsis transsilvanica E1 ] 2 . + 220
Genista tinctoria El| + + 2 20
Anthyllis vulneraria El| 1 1 10
Allium carinatum subsp. carinatum El1| . + 1 10
Gentiana cruciata El + 1 10
Cirsium erisithales El| . . + 1 10
PaT Poo alpinae-Trisetetalia
Crocus albiflorus El| + + 1 1 4 40
Trollius europaeus El| . + o+ o+ 330
Poa alpina El| + 1 220
Campanula scheuchzeri El1| + + . 220
Ranunculus nemorosus El 1 + 2 20
MA Molinio-Arrhenatheretea
Luzula campestris El I+ o+ 330
Taraxacum sect. Ruderalia El 1 + o+ 330
Lotus corniculatus El1| + + . 220
Galium mollugo E1 + o+ 2 20
Lathyrus pratensis El 1+ 2 20
Leontodon hispidus El 1 + 220
Veronica chamaedrys El + o+ 2 20
Dactylis glomerata s.str. El 1 1 10
Achillea millefolium El + 1 10
Carum carvi El + 1 10
Cerastium holosteoides El + 1 10
Trifolium pratense El + 1 10
Vicia cracca El + 1 10
Vicia sepium El + 1 10
CU  Calluno-Ulicetea
Alchemilla flabellata El| + + + 1 4 40
Antennaria dioica El| + + 1 . . . . . . . 330
Selaginella helvetica El| . 1 + 1 . . . . . . 330
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Number of relevé (Zaporedna stevilka popisa) 1 2 3 4 5 6 7 8 9 10 Pr. Fr
Carex pallescens El| . + 1 10
Lathyrus linifolius El| . + . 1 10
Polygala vulgaris E1| . . + 1 10
Viola canina El| . . + 1 10
CD Caricetalia davallianae
Gentiana utriculosa El1| + . . . . . . . . . 1 10
Parnassia palustris El| . + 1 10
TG Trifolio-Geranietea
Silene nutans El| 1 + . 220
Achillea distans El| . 1 + 2 20
Vicia sylvatica El| . 1 + 220
Libanotis sibirica subsp. montana El| . . + o+ 220
Hypericum perforatum s.str. El | . + . 1 10
Valeriana wallrothii (V. collina) E1 . . + 1 10
MuA Mulgedio-Aconieteta, Betulo-Alnetea
Hypericum maculatum s.str. El | + + 1 + 4 40
Veratrum album subsp. lobelianum El 1 + 2 330
Aconitum angustifolium El + 2+ 330
Alnus viridis E2a + ro+ 330
Aconitum degenii subsp. paniculatum El + . 1 r 330
Salix appendiculata El + o+ 220
Rumex arifolius El1 | . . + 1 2 20
Ranunculus platanifolius El1| . . . . r 1 10
Senecio ovatus E1 | . . . . r 1 10
EA Epilobietea angustifolii, Galio-Urticetea
Tussilago farfara El I+ 1 330
Urtica dioica s.str. E1 + o+ o+ 330
Cirsium arvense El + 1 10
Cirsium palustre El + 1 10
Fragaria vesca E1 | . . 1 1 10
SSc  Sambuco-Salicion capreae, Rhamno-Prunetea
Rosa canina E2a| . . + . . r . . . . 220
Sorbus aucuparia E2a| . . + . . . . . . . 1 10
Rubus idaeus El| . . . . . + 1 10
EP  Erico-Pinetea
Carex ornithopoda El| 1 . + o+ 330
Molinia arundinacea El| . + 1 10
Pinus mugo E2a| . . + 1 10
Rhododendron hirsutum E2a| . . + 1 10
Rubus saxatilis El| . . + 1 10
VP Vaccinio-Piceetea
Clematis alpina E2a + o+ o+ + 1 5 50
Saxifraga cuneifolia El I+ 1 + 4 40
Picea abies E2a + o+ 1 330
Luzula luzuloides E1 1 .+ 220
Oxalis acetosella El| . . + o+ 2 20
Gentiana asclepiadea El 1 1 10
Phegopteris connectilis El1| . + 1 10
Hieracium murorum El | . . 1 1 10
Homogyne alpina El| . . + 1 10
Larix decidua E2a| . . r 1 10
TA Tilio-Acerion
Thalictrum aquilegiifolium El| . . + o+ 220
Acer pseudoplatanus E1 + 1 10
Aruncus dioicus El + 1 10
Corydalis solida El + 1 10
Tephroseris pseudocrispa El + 1 10
Adoxa moschatellina El| . . . + 1 10
Chrysosplenium alternifolium El| . . . + . 1 10
Geranium robertianum E1| . . . . + 1 10
FS Fagetalia sylvaticae
Mercurialis perennis E1 | + . . . . . . . r . 220
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QP

QF

ML

Number of relevé (Zaporedna stevilka popisa)
Fagus sylvatica

Symphytum tuberosum

Daphne mezereum

Myosotis sylvatica

Lathyrus vernus subsp. flaccidus
Campanula trachelium
Prenanthes purpurea

Dryopteris filix-mas
Quercetalia pubescenti-petraeae
Primula veris subsp. columnae
Fraxinus ornus

Orchis mascula subsp. speciosa
Sorbus aria (Aria edulis)
Querco-Fagetea

Anemone nemorosa

Cruciata glabra

Gagea lutea

Dactylorhiza fuchsii

Carex montana

Primula vulgaris

Hepatica nobilis

Mosses and lichens (Mahovi in lisaji)
Ctenidium molluscum
Schistidium apocarpum

Neckera crispa

Tortella tortuosa

Hylocomium splendens
Rhytidiadelphus triquetrus
Mnium thomsonii
Homalothecium lutescens
Hypnum cupressiforme
Atrichum undulatum
Marchantia polymorpha
Distichium capillaceum
Homalothecium sericeum

Musci spp.

Legend - Legenda

A Limestone - Apnenec

D Dolomite - dolomit

L Marlstone - laporovec

C Chert - rozenec

CC Brown soil on limestone - rjava pokarbonatna tla
Li Lithosol - kamnisce

Re Rendzina - rendzina

CA Caricion austroalpinae

Cfir Caricion firmae

El
El
E2a
El
El
El
El
El

El
E1
El
El

El
El
E1
El
El
E1
El

EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO

+

+

+ 4+ o+ W

4 5 6 7 8 9 10
20
20
20
10
10
10
10
10
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20
10
10
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10
10
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10
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PHYLOGENETIC POSITION OF THE GENUS CHAETONIPHARGUS
KARAMAN ET SKET (CRUSTACEA: AMPHIPODA: NIPHARGIDAE)
FROM DINARIC KARST. AN EXTREME CASE OF HOMOPLASY.

FILOGENETSKI POLOZAJ RODU CHAETONIPHARGUS
KARAMAN ET SKET (CRUSTACEA: AMPHIPODA: NIPHARGIDAE)
IZ DINARSKEGA KRASA. SKRAJNI PRIMER HOMOPLAZIJE.

Boris SKET! & Gordan S. KARAMAN?

ABSTRACT

Phylogenetic position of the genus Chaetoniphargus Kara-
man et Sket (Crustacea: Amphipoda: Niphargidae) from
dinaric karst. An extreme case of homoplasy.

An alternative, phylogenetically grounded taxonomy of
the recently described Chaetoniphargus lubuskensis Kara-
man & Sket (Crustacea: Amphipoda: Niphargidae) is pre-
sented. The recently described new genus and species, Chae-
toniphargus lubuskensis from Dinaric Karst, has formerly
only been taxonomically evaluated by a classical approach,
based on morphology. Species of genera Niphargobatoides,
Niphargobates, Chaetoniphargus, differ from Niphargus spp.
mainly by slightly elevated number of maxilla I spines, by
gradual reduction of maxillary and mandibular palps, by a
strong reduction of urosomal structures. Molecularly, they
appear to be nested within the Niphargus tree, but separate-
ly. Their collective separation from Niphargus would make
the genus Niphargus paraphyletic, but for the low number of
these species practically without diminishing the confusing
diversity of it. A molecular phylogenetic analysis would in-
clude all here studied niphargid species as belonging to
Niphargus. The gradual change in morphology of mentioned
niphargids produces a smooth transition between Niphargi-
dae and unrelated Metacrangonyctidae. Since other facts
speak against the relatedness of both families, this is an ad-
ditional case of convergence, demonstrating the need of mo-
lecular analyses when we speculate on phylogenetic relations
within Amphipoda.

Key words: subterranean, taxonomy, phylogeny, Am-
phipoda, Niphargidae, Metacrangonyctidae, Chaetoniphar-

gus.

http://dx.doi.org/10.3986/fbg0046

IZVLECEK

Filogenetski polozaj rodu Chaetoniphargus Karaman et
Sket (Crustacea: Amphipoda: Niphargidae) iz dinarskega
krasa. Skrajni primer homoplazije.

Podajava alternativno, filogenetsko osnovano taksono-
mijo nedavno opisanega Chaetoniphargus lubuskensis Kara-
man & Sket (Crustacea: Amphipoda: Niphargidae). Pravkar
opisan nov rod in vrsta iz Dinarskega krasa je bila takso-
nomsko ovrednotena samo s klasi¢cnim pristopom in na
osnovi morfologije. Vrste rodov Niphargobatoides, Niphar-
gobates, Chaetoniphargus, se razlikujejo od Niphargus spp.
predvsem po malce zviSanem Stevilu trnov na maksili I, po
postopni redukciji maksilarnih in mandibularnih palpov, po
moc¢ni redukciji urosomalnih struktur. Po molekulski ana-
lizi se izkaze, da so vgnezdeni v rod Niphargus in to lo¢eno.
Ce jih taksonomsko lo¢imo iz rodu Niphargus, ga naredijo
parafiletskega. Ker pa jih je tako malo, s tem ni¢ ne zmanjsa-
mo motece raznolikosti rodu. Molekulska filogenetska ana-
liza bi vgnezdila vse tukaj omenjene vrste kot pripadnice
rodu Niphargus, torej rodovna imena kot sinonima
imena Niphargus. Postopno spreminjanje v morfologiji ome-
njenih nifargidov nam pokaze gladek prehod med druzino
Niphargidae in le malo sorodno druzino Metacrangonycti-
dae. To je dodaten primer konvergence, ki kaze nujnost mo-
lekulskega preverjanja, ko ugotavljamo filogenetske odnose
znotraj skupine Amphipoda

Kljucne besede: podzemeljsko, taksonomija, filogenija,
Amphipoda, Niphargidae, Metacrangonyctidae, Chaetoni-
phargus.

! Univerza v Ljubljani, Biotehniska fakulteta, Oddelek za biologijo, Ljubljana, E-mail: Boris.Sket@bf.uni-lj.si
2 Montenegrin Academy of Sciences and Arts, Podgorica, E-mail: karaman@t-com.me
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1 INTRODUCTION

Recently (KARAMAN & SKET 2018), the family Niphar-
gidae (Crustacea: Amphipoda), has been enriched for
an aberrant species within an independent genus. It
was a negligible addition to the species number, but an
important enrichment of the genera diversity. The
family includes more than 400 species (HorTON et al.,
2018), but the big majority of them belong to the di-
verse genus Niphargus. The related 12 genera are main-
ly monospecific and all together contain ca 20 species.
Most of them are characterized by peculiarities in
mouth parts, the organ very homogeneous in the oth-
erwise diverse Niphargus. The unity of the mouth ap-
paratus, contrasting to general and even diversity of
other body parts, was what probably misled taxono-
mists into conviction that mouth parts are a phyloge-
netically stable and taxonomically particularly infor-
mative group of characters. For those few niphargids
with deviation from normal (stygius type) niphargid
type, foundation of independent genera has been a
norm since ever. Illustrative is the ancient Niphargopsis
Chevreux, 1922, founded for a species with multiplied
setae and spines in mandibula and maxilla 1. Chaeto-
niphargus (KARAMAN & SKET 2018) is a member of a
small group of small species; also related genera
Niphargobates (Sket 1981), Niphargobatoides (KARA-
MAN 2016) and conditionally Niphargopsis (SCHELLEN-
BERG 1942) are monospecific. Morphologically, these

genera, accompanied even with Metacrangonyx and
Longipodacrangonyx (BOUTIN 1994; BoUTIN & MESsoO-
ULI 1988), form a morphologically homogeneous group
of taxa, characterized by a progressive reduction of
head- and urosomal appendages and telson. However,
a molecular analysis and biogeography demolish this
impression.

The recently described Chaetoniphargus lubusken-
sis differs from other known genera of the family Ni-
phargidae by strongly reduced mandibular palpus
consisting of only one small article, while all other
known niphargids are provided with well developed
3-articulated mandibular palpus.

Considering this, we created the new genus Chae-
toniphargus, with well defined morphological charac-
ter states. It resembles the previously described genera
Niphargobates, Niphargobatoides, as well as genera Me-
tacrangonyx and Longipodacrangonyx. In some charac-
ters, some other small niphargids resemble this group,
but they differ clearly in the ‘normal’ shape of the tel-
son (Microniphargus, Niphargellus, Carinurella;
SCHELLENBERG 1934, 1938, 1942; SKET 1971). Molecu-
larly, they are also alien to the group. We wanted to
include an alternative, phylogenetically based taxono-
my with the genus description, but the editor explicitly
asked to abandon such a heading. With this article we
are trying to correct the insufficiency.

2 MATERIAL AND METHODS

Morphology of Chaetoniphargus lubuskensis was taken
from the description by KaRamMAN & SKET (2018).
Some specimens were preserved in ethanol 96% and
analyzed molecularly in another study (MoS$kric,

2016). The Moskri¢’ OTU ‘Niphargobates sp. NC144’ is
taxonomically identical with Chaetoniphargus lubu-
skensis.

3 RESULTS

The morphology of the great majority of Niphargidae
species, including N. stygius (Schiddte) is a continuum
of states in many characters, including also very char-
acteristic mouthparts and uropods. However, in ma-
jority of them the shape and structure of mouthparts is
only slightly affected. Very seldom (in Haploginglymus,
MaTeUs & MATEUS 1958), the uropod III exopodite is
unarticulated, but then with a long proximal article.
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The following are the plesiomorphic character
states of all larger (longer than 10 mm) and of the great
majority of smaller (down to 2 mm) species of Niphar-
gus. In only few small species, the mouth parts are apo-
morphic, modified, as mentioned below. Among them
is the newly described niphargid C. lubuskensis.
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Table 1: Character states in morphology of oral and urosomal body parts in Niphargidae.

plesiomorphy

apomorphy

normally developed, with 3-articulated

spines in the row between the mandibular

mandibula o . : molar and incisor multiplied and differen-
palpus, with richly setiferous article 3 tiated

mandibular palpus palpus 3-articulated, with elongated arti- palpus shortened, apically reduced, to
cles rudimentary

maxilla I outer plate

bearing very regularly 7 (exceptionally till
15) stout, simple or bifid to pectinate

ca 20 spines;
spines multiplied and differentiated;

than 1/2) cleft

spines
maxilla I palpus oyerr'eachmg the top of the outer plate; shortened and uniarticulate
biarticulate
uropod 3 longer than urosomites TT+I11 shorter than urosomite I1I
its endopodite biarticulate endopodite uniarticulate
telson as long or longer than wide, deeply (more | with broadly rounded apices; less deeply

cleft

with more than 1 spine on each lobe

spines replaced by setae

The genera Niphargobates and Niphargobatoides
are morphologically well defined, so is also Chaeto-
niphargus. They apparently form a phyletic group
with some changes of oral appendages in progress. In
process is the multiplying of mandibular and maxil-
lary setae and the reduction of some appendage parts
(e.g. palpus), beside this also reduction of uropods III.
Telson is losing its niphargid character; its clipping is
getting shallower, apices less prominent and less se-
tose.

We based our recognition of different genera based
on traditionally used morphological characters, sup-
posedly important differences, which allowed to clas-
sify (divide) the family Niphargidae into 13 genera.
They have been mainly applied already by BARNARD &
BARNARD (1983).

Within the family Niphargidae, genus Chaeto-
niphargus differs from the genus Niphargus by strongly
reduced mandibular palpus and only indistinctly tri-
turative molar, by strongly reduced palpus of maxilla I,
by uniarticulate accessory flagellum of antenna I, by
short and partially reduced uropod III with uniarticu-
late exopodite.

Within other genera, Chaetoniphargus is morpho-
logically most similar (KARAMAN & SKET 2018) to
Niphargobates and Niphargobatoides. They resemble in
the general body-shape, maxilla I, maxilliped, telson,
uropod II1, but Niphargobatoides lefkodemonaki (Sket)
is still provided with a well developed 3-articulate
mandibular palpus, maxilla II inner plate is larger
than the outer one, its antenna I accessory flagellum is
2-articulated, uropod III with 2-articulated exopodite,
telson is Niphargus-like, dactylus of gnathopods with
several setae along outer margin. Niphargobates
orophobata resembles Chaetoniphargus (in telson,
maxilliped, accessory flagellum, maxilla I, uropod III),
but differs remarkably by the mandible, by maxilla II
with outer plate smaller than inner one.

Other genera of the family Niphargidae differ
much more from the genus Chaetoniphargus. It is very
interesting that within the family Niphargidae, most
taxa (over 400) have similarly shaped mouthparts, de-
spite the fact that they are living in very various habi-
tats (interstitial waters, subterranean streams and
lakes, springs) and that they are differently sized (from
2 to 30 mm).

4 DISCUSSION

Taxa, which are so convincingly grouped by morpho-
logical characters, cannot be grouped by molecular
means.

A molecular phylogenetic analysis done recently
by MoSkRIC (2016) shows that most OTUs mentioned
in the identification key of KARAMAN & SKET (2018)

are phylogenetically nested within the genus Niphar-
gus. The taxonomic emancipation (= generic indepen-
dence) of any one species renders the genus Niphargus
paraphyletic. Although the paraphyly is necessarily ac-
ceptable in gammarid systematics (Hou & SKET 2016),
it brings no practical benefits in this special case. Only
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few of so erected genera include more than one species.
Thus, they do not make the Niphargidae system sig-
nificantly simpler.

More specifically, not only Niphargobates as one of
the morphologically most aberrant niphargid genera,
butalso the recently described Chaetoniphargus, named
by MoSkRIC (2016) as ‘Niphargobates sp. (NC144)’, ap-
peared to be nested within Niphargus (MoSKkRIC 2016).
It is also important to tell that both morphologically
similar taxa are remarkably different by their phyloge-
netic origin. Niphargobates orophobata Sket is the ba-
sally split off taxon of the one group of ‘giant’ species
(sensu DELIC et al. 2017), containing Niphargus steueri
Schellenberg, N. arbiter G. Karaman, N. hebereri Schel-
lenberg. The “Niphargobates sp. (NC144)” (here de-
scribed as Chaetoniphargus lubuskensis) is the closest
(but still very distant) sister to another ‘giant’, Niphat-
gus orcinus Joseph. Thus, the molecular analysis sup-
ports neither the genus Niphargobates nor a new genus
Chaetoniphargus. The generic emancipation of any of
them makes the rest of Niphargus paraphyletic, without
a compensating benefit. While the fusion of both spe-
cies, which are morphologically very similar, into one
genus, would result even in a polyphyletic entity. The
Central European species Niphargopsis casparyi (Pratz)
is again from another molecular niphargid environ-
ment (DELIC et al. 2017; MOSKRIC 2016); this is a species
with even more spines in maxilla I, but otherwise not
similar to here mentioned niphargids.

Thus, the reduction and transformation of oral
appendages is a homoplasy, convergence. It is not in a
functional connection with their smallness, since
equally small or smaller species are not necessarily
similar. The small size of all here treated species is in
discrepancy with the fact, that the majority of small
and the very smallest Niphargus spp. exhibit normally
built mouth parts as well as normal appendages of the
urosomite III. Among the largest niphargids are the
exceedingly stout orcinus-type and the prominently
elongated krameri-type species, both reaching about
30 mm length. The smallest niphargid species are
below 5 mm long, some close to 2 mm, like N. longi-
dactylus Ruffo (5 mm), N. transitivus Sket (2 mm), N.
pupetta (Sket) (2 mm) (SKET 1971), but we know noth-
ing about their way of feeding and functioning of the
mouth parts. The functioning of this type of mouth
parts is sometimes characterized as “filtratory”, but it
has in fact never been observed working.

Besides being mutually convergent, genera Niphat-
gus, Niphargobates, Chaetoniphargus, represent anoth-
er case of an extreme homoplasy. The supposedly un-
related amphipods, Metacrangonyx spp. and Longipo-
dacrangonyx maroccanus (Boutin & Messouli, 2-3 mm)
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are similar (SKET, KRAPP-SCHICKEL 2016) to the here
treated niphargids exceedingly in some details of the
head and urosomal appendages, to some degree also in
the general habitus.

The animal’s habitus (except that the body is later-
ally depressed) and size is the same as of those niphar-
gids; mandibular palpus is uniarticulate and vestigial,
maxilla I is normally developed, but with modestly el-
evated spines’ number (in relation to typical Niphargus
spp.), uropod III not longer than urosomite III, its
exopodite uniarticulate and remarkably shorter than
peduncle, endopodite vestigial; telson is semicircular,
not notched at all to slightly terminally concave and
without stronger spines. A difference in relation to the
above treated niphargid group is the shape of gnatho-
pod propodi and the normally 3-5 articulated acces-
sory flagellum. In these two characters, metacrango-
nyctids deviate from here treated niphargids; the rest
would support their belonging to Niphargidae. Con-
sidering the telson shape in Chaetoniphargus lubusken-
sis and Metacrangonyx ilvanus (STocH 1997) it could
be easy to imagine that the entire (non-chipped) telson
of most metacrangonyctids is only the ultimate state of
its transformation. The accessory flagellum of antenna
I is normally 3-5 articulate in metacrangonyctids and
normally biarticulate (or even uniarticulate), but never
more, in niphargids.

The third, the strongest, distinguishing group of
characters are in maxilla I. In both, the spines of the
outer lobe are more numerous than in ‘normal’ Niphar-
gus spp. The palpus was subjected to slight reduction,
never occurring in ordinary niphargids. In metacran-
gonyctids, this extremity is stable in structure, and dif-
ferent from Niphargus. The biarticulate palpus in
metacrangonyctids is bearing terminally some stout
spines and some short setae. The inner lobe is provided
with a row of pinnate marginal setae. Neither of these
characters is present in any Niphargus sp.

This case makes us easy to imagine a generation of
convergent, morphologically nearly equal, unrelated
amphipod species. To support their unrelatedness, both
families are geographically very distant and different.
Niphargus inhabits the virtually whole Europe and
Near East, from Ireland to Iran. Its area includes some
Mediterranean islands. The species of the here treated
type are limited to SE Europe (Dinarides and Greece,
Niphargopsis the Central Europe). Metacrangonyctids
occur in a wide belt along the southern shores of Medi-
terranean between the Israel and Islas Canarias. The
only area where these groups are sympatric, are some
Mediterranean islands (e.g. Elba, STocH 1997; Rurro &
StocH 2005). Niphargus spp. have never been found in
Africa while metacrangonyctids never in Europe.
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5 CONCLUSIONS

These facts demonstrate the high possibility of the ho-
moplastic past of seemingly related amphipod species
which means also possibility of mistakes in morpho-
logically based taxonomy of Amphipoda. Although
the taxonomy of Niphargidae is not yet simply solved,

considering data of MoSkRIC (2016), Niphargobatoides,
Niphargobates, Chaetoniphargus and Niphargopsis are
synonymous with Niphargus. These data also dispos-
sess legitimacy to phylogenetic (and taxonomic)
studies taken without any molecular verification.

6 POVZETEK

Nedavno opisana jamska postranica Chaetoniphargus
lubuskensis Karaman & Sket (Crustacea: Amphipoda:
Niphargidae) z Velebita je bila sistematsko uvrscena na
osnovi morfoloskih znakov in po klasi¢nem postopku.
Tukaj podajava filogenetsko studijo na osnovi mole-
kulske filogenetske analize. Rod Niphargus vkljucuje
priblizno 400 vrst, v 12 sorodnih rodov pa uvrs¢amo Se
okoli 20 vrst. Skupina rodov Niphargobatoides, Niphar-
gobates in Chaetoniphargus so podobne zivali, od
Niphargus jih locuje predvsem postopna redukcija
obustnih okon¢in in zadka.

Poprejsnja molekulska analiza kaze, da morfoloska
podobnost teh rodov ne odseva sorodstvenih, filoge-
netskih vezi. Vsi rodovi so sicer vgnezdeni v rodu
Niphargus, vendar loceno, so torej plod konvergencne
evolucije. Medtem, ko ima vseh 400 vrst nifargov sklop
obustnih okoncin oblikovan po tipu tipske vste Niphar-

gus stygius, pa imajo omenjeni trije rodovi konvergenc-
no preoblikovanega, razli¢no reduciranega. Podobno je
s telzonom in uropodi III. A homoplazija je $la $e dlje.
Ti trije nifargobatski rodovi so se morfolosko mo¢no
priblizali sistematsko-filogenetsko dokaj oddaljeni
druzini Metacrangonyctidae. Mandibula je postala pri
obeh druzinah zaradi pokrnitve palpa skoraj enaka,
uropod III se je razvil podobno konvergentno, pa je
maxila I pri vseh vrstah metakrangoniktidov skoraj
enaka, druzinsko znacilna. Telzon predstavlja navide-
zno gladko filetsko vrsto Niphargus+Niphargobatoides
- Niphargobates - Chaetoniphargus - Metacrangonyx
ilvanus - druge Metcarangonyx spp.

Tukaj imamo opravka $e z enim primerom kon-
vergence, ki kaze nujnost molekulskega preverjanja pri
sistematskih $tudijah na postranicah (Crustacea:
Amphipoda).
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Niphargus Niphargobatoides  Niphargobates Chaetoniphargus Metacrangonyctidae

B

Figure 1, Some taxonomically relevant body parts of Niphargidae and Metacrangonyctidae. In columns follow: genus (or family)
name // mandibula // maxilla I // uropod III // telson. Drawings are not in scale. Taken from C. Boutin & M. Messouli,G.
Karaman, B. Sket, F. Stoch.

Slika 1, Nekateri taksonomsko pomembni deli telesa pri druzinah Niphargidae in Metacrangonyctidae. V stolpcih si sledijo: ime

rodu (ali druzine) // mandibula // maxilla I // uropod III // telson. Risbe niso v merilu. Povzeto po C. Boutin ¢» M. Messouli, G.
Karaman, B. Sket, F. Stoch
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RAZISKAVE VSEBNOSTI FLAVONOIDOV, TANINOV IN
SKUPNIH BELJAKOVIN V FRAKCIJAH ZRN NAVADNE AJDE
(FAGOPYRUM ESCULENTUM MOENCH) IN TATARSKE AJDE

(FAGOPYRUM TATARICUM GAERTN.)

THE CONCENTRATION OF FLAVONOIDS, TANNINS AND
CRUDE PROTEINS IN GRAIN FRACTIONS OF COMMON
BUCKWHEAT (FAGOPYRUM ESCULENTUM MOENCH) AND
TARTARY BUCKWHEAT (FAGOPYRUM TATARICUM GAERTN.)

Blanka VOMBERGAR' & Zlata LUTHAR?

IZVLECEK
Raziskave vsebnosti flavonoidov, taninov in skupnih belja-
kovin v frakcijah zrn navadne ajde (Fagopyrum esculentum
Moench) in tatarske ajde (Fagopyrum tataricum Gaertn.)

Raziskovali smo vzorce zrnja oz. moke navadne ajde (F.
esculentum Moench) in tatarske ajde (F. tataricum Gaertn.).
Preucevali smo tri vzorce tatarske ajde iz Luksemburga ter
dva vzorca navadne ajde iz Slovenije (cv. "Darjo’in ‘Sivo’). Z
mletjem in presejanjem navadne ajde ‘Darja’ in tatarske ajde
smo pripravili $tiri frakcije z razli¢nimi granulacijami ter iz
njihpripravili testo oziroma lus¢ine in otrobe navlazili z
vodo. S spektrofotometri¢nimi analizami smo spremljali de-
leze posameznih frakcij, vsebnost beljakovin in pepela v
vseh mlevskih frakcijah in presejanih podfrakcijah ter kon-
centracijo flavonoidov in taninov v vzorcih moke in testa
(liofilizirani vzorci). Tatarska ajda ima bistveno visjo vseb-
nost flavonoidov kot navadna ajda (tudi vec kot 100-krat ve¢
v moki). Najvi$ja vsebnost flavonoidov je v mlevskih frakci-
jah tatarske ajde z granulacijo nad 100 um do vklju¢no 1000
pm in sicer 3,5-4,5 % flavonoidov/SS. Tako tatarska kot na-
vadna ajda v vseh mlevskih frakcijah vsebujeta tanine; naj-
visja koncentracija taninov (0,8 %/SS pri navadni ajdi in 1,3
9%/SS pri tatarski ajdi) je v mlevski frakciji z granulacijo nad
236 pm do vklju¢no 1000 pm. Flavonoidi, pa tudi tanini, se
po mlevskih frakcijah (z razlicno granulacijo) razli¢no raz-
porejeni. Razporeditev med mlevskimi frakcijami ni enaka
pri tatarski in navadni ajdi. Razli¢ni vzorci tatarske ajde se
med seboj razlikujejo po vsebnosti polifenolnih spojin, po-
sebej velike so razlike v vsebnosti flavonoidov, manjse pa so
razlike v koncentracijah taninov.

Kljucne besede: ajda, proteini, flavonoidi, tanini, razpore-
ditev

http://dx.doi.org/10.3986/fbg0047

ABSTRACT

Starting points for the study of the effects of flavonoids,
tannins and crude proteins in grain fractions of common
buckwheat (Fagopyrum esculentum Moench) and Tartary
buckwheat (Fagopyrum tataricum Gaertn.)

Samples of Tartary buckwheat (F. tataricum Gaertn., do-
mestic cv. from Luxemburg), and two samples of common
buckwheat (F. esculentum Moench, cvs. ‘Darja’ and Siva’)
were tested for their concentrations of phenolic substances,
and concentration levels of protein, ash, total flavonoids
(spectrophotometric, with AICls), tannins (with vanillin-HCI
method). Samples were milled with laboratory mills and sift-
ed using laboratory planar sieves. Flavonoids and tannins are
unevenly distributed among milling fractions. Their distribu-
tion was different in Tartary buckwheat, in comparison to
common buckwheat. From the point of view of functional
food, milling fractions with particle size over 100 pm, up to
1000 pm (the yield of latter is after milling about 30 %) is of
primary interest, as they have the highest concentration of fla-
vonoids. A positive linear correlation was established between
the content of proteins and minerals in different milling frac-
tions. Tartary buckwheat contained significantly more flavo-
noids in comparison to common buckwheat (up to 100-times
more total flavonoids). In the investigated samples, the high-
est concentration of flavonoids (3.5-4.5 % flavonoids, dmb.)
was in the Tartary buckwheat milling fractions of sample T1
(granulation above 100 um, up to including 1000 um). The
husk fraction of Tartary buckwheat had a low concentration
of flavonoids, but more interesting was the husk fraction of
common buckwheat, which evidenced a higher concentration
of flavonoids in comparison to other milling fractions of
common buckwheat.

Key words: buckwheat, proteins, flavonoids, tannins,
distribution
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1 UVOD

Med vrstami ajde pridelujemo predvsem navadno ajdo
(Fagopyrum esculentum Moench) in tatarsko ajdo (F.
tataricum Gaertn.). Navadna ajda je tujeprasnica, med-
tem ko je tatarska ajda samoprasna rastlina. Navadna
ajda je tradicionalna polj$¢ina srednje in vzhodne
Evrope ter Azije, pridelujejo in uporabljajo pa jo tudi v
drzavah srednje in zahodne Evrope, juzne Afrike, v
Kanadi, ZDA, Braziliji in tudi v mnogih drugih prede-
lih sveta. Predvsem v Aziji je poleg navadne prisotna
tudi tatarska ajda ter ve¢ divjih vrst. Tatarska ajda je
omejena predvsem na obmocja Kitajske, Butana, Kore-
je, obmoc¢ja Himalaje, severnega Pakistana in vzho-
dnega Tibeta (OHNISHI 2004) ter na nekatera druga
obmodja Azije. Najvedja regija, kjer ajdo pridelujejo, so
juzne province Kitajske na okoli 40000 ha povrsine
(okoli 25 % celotne povrsine pridelovanja tatarske ajde
na Kitajskem), tudi na 1200 do 3000 m nadmorske vi-
$ine (WANG in sod. 2001). Na Kitajskem pridelujejo na-
vadno ajdo na 1,5-2 milijonih ha njiv ter tatarsko ajdo
na 1,0-1,5 milijonih ha (ZHAo0 in sod. 2004a). Znanih
je vec¢ kot 800 sort in populacij tatarske ajde (WANG in
sod. 2001). Zelo zgodnjih sort z manj kot 70-dnevno
vegetacijsko dobo je okoli 10 %, s srednje dolgo vegeta-
cijsko dobo (70-90 dni) okoli 60 % ter z dolgo vegeta-
cijsko dobo (nad 90 dni) okoli 30 %. Obicajno se ajda
seje spomladi na visjih nadmorskih visinah, jeseni pa
kot drugi posevek v letu na istih poljih pa na nizjih
nadmorskih vi§inah. Vremenske razmere na juznem
Kitajskem so dovolj ugodne za uspevanje ajde, pridelki
pa so manjsi kot v severni Kitajski. Na splosno ugota-
vljajo, da je tatarska ajda, ki je rasla na visjih nadmor-
skih visinah, okusnejsa kot ajda, ki je rasla na nizjih
nadmorskih visinah (WANG in sod. 2001).

Zrnje tatarske ajde uzivajo predvsem v ekstenzivni
pridelavi na JV Kitajske (BR1GGs in sod. 2004) in Sichu-
anu, Kitajska. Njena popularnost v prehrani narasca
(Bran in sod. 2004), prav tako pa se v literaturi tradicio-
nalno omenja tudi njena medicinsko terapevtska vre-
dnost (MA in sod. 2001, YAsubA 2001, ZHAO in sod.
2001, 2004a). Glavne sestavine, ki imajo zdravstveno
prehransko vrednost, so flavonoidi, najbolj znan meta-
bolit je rutin. Tatarska ajda lahko vsebuje bistveno ve¢
rutina kot navadna ajda, lahko tudi do stokrat ve¢ (Br1-
GGS in sod. 2004, PARK in sod. 2004). Prav zaradi teh
lastnosti zrnje tatarske ajde uvrscajo med nutracevtike.

Pridelovanje tatarske ajde, imenovane tudi zelena,
grenka ajda ali cojzla, so v Sloveniji v zadnjih petdesetih
letih opustili. Posamezniki pa se spominjajo vsaj ome-
jenega gojenja tatarske ajde Se pred 40 leti na Dolenj-
skem v Radohovi vasi, na Gorenjskem v dolini Krme in
na Koroskem na Tolstem vrhu (KRErT 2009). Zadnja
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leta pa se veca zanimanje za pridelovanje in uporabo
tatarske ajde tudi v Sloveniji. V Sloveniji ima ajda svojo
gastronomsko in kulinari¢no tradicijo, skozi zgodovi-
no pa se je njen pomen v prehrani ljudi spreminjal.
Predvsem v zadnjem obdobju se povecuje povpraseva-
nje po njej kot alternativni poljs¢ini z moznim ekolo-
$kim pridelovanjem, nadalje kot druge polj$c¢ine v istem
letu na isti njivi ter zaradi ugodne sestave hranilnih
snovi. Tradicionalne jedi v Sloveniji so kase, predvsem
v severovzhodni Sloveniji in jedi iz moke (KREFT 1995).

Ajde dandanes v sodobnem svetu ne uzivajo veé
zgolj zaradi lakote, ampak zaradi dobrega in drugac-
nega okusa, ponudbe raznovrstnih zanimivih zivil in
jedi, zaradi tradicionalnih vrednot, in predvsem zdra-
vstvenih razlogov (KRErT 1989, 2001, 2003). Za jedi,
vklju¢no z ajdovimi jedmi, je pomembna tudi okusnost
in sprejemljivost (K. IKEDA 1997, K. IKEDA in sod. 2001,
K. IKEDA & S. IKEDA, 2003). Rezance lahko pripravljajo
iz razli¢nih mlevskih frakcij ajdovih mok, lahko iz pol-
novrednih mok, najpogosteje iz mok iz notranjih delov
zrna. Na Japonskem so priljubljeni rezanci s poudar-
kom svezine (iz ‘pravkar pozetih ajdovih zrn’, ‘pravkar
zmlete ajdove moke’, ‘sveze pripravljene testenine’,
‘sveze kuhani rezanci”). Ti postopki lahko moc¢no vpli-
vajo na okusnost. Pomembno vlogo pri mehanskih la-
stnostih rezancev pa prispevajo tudi beljakovine in
skrob, ki so v mlevskih frakcijah v razli¢nih koli¢inah
(K. IKEDA in sod. 2001).

Prehranska vrednost ajde

Zrnje ajde vsebuje visok odstotek beljakovin, $kroba,
vitaminov in mineralov. Ajda vsebuje esencialne hra-
nilne snovi, kot so beljakovine z uravnoveseno amino-
kislionsko sestavo (EccuM 1980, EGGuM in sod. 1981,
JAVORNIK in sod. 1981, POMERANZ 1983, JAVORNIK
1983, 1986, K. IKEDA in sod. 1991) in mineralne snovi
(S. IkEDA & YAMASHITA 1994, S. IKEDA in sod. 2004) v
sorazmerno visokih koli¢inah. V zadnjem casu pa
predvsem prisotnost rutina oziroma flavonoidov v ajdi
spodbuja proizvajalce in potrosnike k pripravi in uzi-
vanju raznovrstnih jedi iz ajde. Siri se ponudba izdel-
kov in ajdovih jedi. Ajda je pomembno funkcijsko Zivi-
lo, lahko se dodaja tudi razli¢cnim vrstam kruhov in
drugim vrstam zivil kot dodatek z namenom izboljsa-
nja prehranske vrednosti zivila (KREFT in sod. 1996,
SKRABANTJA in sod. 2001, KrREFT 2003, MERENDINO in
sod. 2014). O vsebnost hranil v ajdi je porocala vrsta
raziskovalcev (BONAFACCIA in sod. 1994, SKRABANJA
in sod. 2000, KiMm in sod. 2001bc, P1ao & L1 2001,
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ZHAO in sod. 2001, MiCHALOVA in sod. 2001, K. IKEDA
2002, LEE in sod. 2004, LiN 2004, ZHAO in sod. 2004a,
ZHAO in sod. 2004b, DVORACEK in sod. 2004, FESsAS
in sod. 2008, HATCHER in sod. 2008).

Ajda je lahko vir dietnih beljakovin za posamezni-
ke, obcutljive na gluten. To pomeni eno od pomemb-
nih uporabnih vrednosti ajde in ajdove moke, saj lahko
v celoti nadomesti pseni¢ne in druge moke in se lahko
uporablja za izdelke, ki so primerni za uzivanje pri bol-
nikih s celiakijo (SKERRITT 1986). V izdelkih za ljudi s
celiakijo ne sme biti niti sledov beljakovin glutena
(WIESLANDER & NORBACK 200la, SCHOBER in sod.
2003, ST@RSRUD in sod. 2003, WIJNGAARD & ARENDT
2006a, KRAHL in sod. 2008).

Zrnje ajde in ajdova moka vsebujejo prehransko
pomembne polifenolne spojine (LUTHAR 1992a, KREFT
in sod. 1994, S. IKEDA in sod. 2001, STEADMAN in sod.
2001b, MATILLA in sod. 2005, SENsOY in sod. 2006,
Asami in sod. 2007). Zrnje ajde vsebuje flavonoide,
razlicne fenole in tanine. Ajda je vir flavonoidov ruti-
na, kvercetina, vsebuje tudi kemferol-3-rutinozid, fa-
gopiritol, pa tudi flavonol-3-glikozid v sledovih (OnsA-
vA & TsuTsumI 1995, OomAaH & MazzaA 1996, WATA-
NABE 1998, DIETRYCH-SZOSTAC & OLESZEK 1999,
PARK in sod. 2000, STEADMAN in sod. 2000, HoLASOVA
in sod. 2002, Suzuk1 in sod. 2002, PAULICKOVA in sod.
2004, KrREFT in sod. 2006, BRUNORI & VEGVARI 2007,
DaNILA in sod. 2007, JIANG in sod. 2007, L1u in sod.
2008). Vec avtorjev poroca o visoki vsebnosti celoku-
pnih flavonoidov v ajdovi moki in otrobih, zlasti pri
tatarski ajdi (LUTHAR 1992a, KREFT & LUTHAR 1993,

Kim in sod. 2004, KrRefT in sod. 2006, VOGRINCIC in
sod. 2010, NEMcova in sod. 2011). Med vrstami in sor-
tami ajd so razlike v vsebnosti rutina (OHSsAva &
TsuTsuMmi 1995, OoMAH & MazzA 1996, FABJAN in
sod. 2003, KREFT in sod. 2006, JIANG in sod. 2007, L1u
in sod. 2008). Tatarska ajda ima bistveno visjo vseb-
nost rutina kot navadna ajda (Lix 2004, AsamI in sod.
2007, FaBjAN in sod. 2003, FaBjaN 2007, Kim in sod.
2008, K. IKEDA in sod. 2012, WIESLANDER in sod. 2012,
REGVAR in sod. 2012, VOGRINCIC in sod. 2013). Preuce-
vali so tudi razlike med diploidno in tetraploidno ajdo.
ZHAO in sod. (2001) so primerjali diploidno in tetra-
ploidno tatarsko ajdo in ugotovili, da je vsebnost ruti-
na v tetraploidni tatarski ajdi visja kot v diploidni ta-
tarski ajdi (vsebnost rutina v tetraploidni ajdi je 2,37
g/100 g, v diploidni tatarski ajdi pa 1,41 g/100 g). Obra-
tno pa so ugotovili MICHALOVA in sod. (2001) za nava-
dno ajdo. Vsebnost rutina je bila v diploidni navadni
ajdi visja kot v tetraploidni navadni ajdi (v diploidni
ajdi 27,9 mg/100 g SS, v tetraploidni pale 11,7 mg/100 g).

Razporeditev mineralnih snovi v mlevske frakcije
je odvisna od razporeditve mineralnih snovi po tkivih
in celicah zrna oziroma po delih rastlin (PONGRAC in
sod. 2013ab, 2016abcdef).

Podrobnejsi pregled vsebnosti hranil v vrstah ajde
in v delih ajdovih zrn so objavili VOMBERGAR in sod.
(2017). Namen te raziskave je bil ugotoviti razporeditev
flavonoidov, taninov in skupnih beljakovin v frakcijah
zrn navadne ajde (Fagopyrum esculentum Moench) in
tatarske ajde (Fagopyrum tataricum Gaertn.) dobljenih
z zaporednimi meljavami.

2 MATERIAL IN METODE

MATERIAL

Kot material za raziskavo smo uporabili vzorce
zrnja oz. moke navadne ajde (F. esculentum Moench)
in tatarske ajde (F. tataricum Gaertn.).

Uporabili smo:

a) zrnje tatarske ajde (F.
Luksemburga (vzorec T1);

b) moko tatarske ajde (F. tataricum Gaertn.) iz
Luksemburga, zmleta v Sloveniji, izmlevnost 42 %
(vzorec T2);

¢) moko tatarske ajde (F. tataricum Gaertn.) iz Nem-
¢ije (izvor Luksemburg), zmleta v Sloveniji, iz-
mlevnost 42 % (vzorec T3);

d) zrnje navadne ajde (F. esculentum Moench) - cv.
‘Darja’ iz Semenarne Ljubljana (vzorec D);

tataricum Gaertn.) iz

e) zrnje navadne ajde (F. esculentum Moench) - cv.
‘Siva’ iz Slovenije (vzorec S).

NACRT RAZISKAVE

V delu raziskave smo z mletjem in presejanjem iz
zrnja navadne ajde ‘Darja’ (vzorec D) in tatarske ajde
(zrnje in moka) iz Luksemburga (vzorca T1 in T2) pri-
pravili frakcije z razli¢cnimi granulacijami ter iz njih
pripravili testo oziroma lus¢ine in otrobe navlazili z
vodo. Spremljali smo koli¢inske deleze posameznih
frakcij, vsebnost beljakovin, pepela in vode v vseh mle-
vskih frakcijah in presejanih podfrakcijah. Koncentra-
cijo flavonoidov in taninov v vzorcih moke in testa
(liofilizirani vzorci) smo dolo¢ili s spektrofotometric-
nimi analizami.
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METODE
Priprava vzorcev

Mletje in presejanje vzorcev tatarske ajde in navadne
ajde - vzorci T1, T2 in D

Za dolocanje vsebnosti vode, beljakovin in pepela
v zrnju tatarske ajde (vzorec T1) ter navadne ajde (vzo-
rec D) smo vzorca zmleli s kavnim mlinékom in dobili
moko iz celega zrnja. Vse omenjene analize smo opra-
vili tudi za moko iz tatarske ajde (vzorec T2), ki smo jo
dobili Ze kot zmleto moko.

Za ugotavljanje razlik v vsebnosti flavonoidov in
taninov v razli¢nih frakcijah smo zrnje tatarske ajde

(vzorec T1) in navadne ajde (vzorec D) zmleli v mlinu
za mletje zit Quadromat Junior Model No. 08 801 01
(Brabender Duisburg, Nemcija), pri cemer smo dobili 2
frakciji, frakcijo Fi (moko z granulacijo do vklju¢no
236 um) in frakcijo F2 (moko, otrobe in lus¢ine z gra-
nulacijo nad 236 um).

Nato smo vsako od obeh frakcij, to je frakciji F1in
Fa, presejali s siti za presejanje mok v dve podfrakciji in
sicer frakcijo Fi v podfrakciji Fu (z granulacijo do
vkljuéno 100 pm) in Fiz2 (z granulacijo nad 100 do
vkljuéno 236 pm) ter frakcijo F2 v podfrakciji Fai1 (z gra-
nulacijo nad 236 do vklju¢no 1000 um) in F22 (z granu-
lacijo nad 1000 um) (preglednice 1, 2 in 3).

Preglednica 1: Mletje in presejanje vzorcev tatarske ajde (T1) in navadne ajde (D) ter oznacevanje frakcij in

podfrakcij

Table 1: Milling and sieving of common buckwheat (sample D) and Tartary buckwheat (sample T1) with

characterization of fractions and subfractions

Vzorec Vrsta procesa | Mlevske frakcije|  Vrsta procesa Mlevske podfrakcije
T1 Fi Presejanje ?i EH
Tatarska ajda -zrnje (T1) Mletje T1 Fn
. . 21
T1 F2 Presejanje T1 Fn
L D Fu
Navadna ajda ‘Darja’ - zrnje . DH Presejanje D Fiz
Mletje
(D) DF Presejanje D I
’ Jan) D F2

T1 - tatarska ajda, zrnje, moka iz celega zrna

T1 F1 - tatarska ajda, frakcija moke z granulacijo < 236 um

T1 F2 - tatarska ajda, frakcija moke z granulacijo > 236 um

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 pm

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 um < x < 1000 pm

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in lusc¢ine

D - navadna ajda 'Darja’, zrnje, moka iz celega zrna

D Fi - navadna ajda, frakcija moke z granulacijo < 236 um

D F: - navadna ajda, frakcija moke z granulacijo > 236 um

D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 pm

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 um < x <236 pm

D F2: - navadna ajda, podfrakcija moke z granulacijo > 236 ym < x < 1000 pm

D F2: - navadna ajda, podfrakcija moke z granulacijo >1000 um ter otrobi in lus¢ine

Preglednica 2: Presejanje vzorca moke iz tatarske ajde (T2) v dve podfrakciji
Table 2: Sieving of Tartary buckwheat flour (T2) in two subfractions

Vzorec Vrsta procesa Mlevske frakcije Vrsta procesa | Mlevske podfrakcije
Tatarska ajda -moka (T2) Mletje Ze‘FZrécrl:i)l();r; 1z:r1r)11et Presejanje ,}:g EE

T2 Fi - moka iz tatarske ajde (pridobljen vzorec)

T2 Fu - moka iz tatarske ajde z granulacijo < 100 um

T2 Fiz - moka iz tatarske ajde z granulacijo >100 pm
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Preglednica 3: Oznacevanje mlevskih frakcij in podfrakcij ter granulacije vzorcev
Table 3: Classification of milling fractions and subfractions and their particle size

Osnovni vzorec Oznacevanje | Oznacevanje mlevske frakcije / Vzorec /granulacija
vzorca podfrakcije
zrnje (moka iz celega zrna)
Tl F moka (<236 um)
Tatarska ajda iz T1 F2 moka (> 236 um)
Luksemburga (zrnje) T1 T1 Fu moka (£ 100 um)
T1 Fiz moka (100 pm < x <236 um)
T1 Fa moka (236 um <x <1000 pm)
T1 Fx moka, otrobi, lucine (> 1000 um)
zrnje (moka iz celega zrna)
DF moka (<236 um)
Navadna ajda ‘Darja’ D F: moka (> 236 um)
iz Slovenije (zrnje) D D Fu moka (< 100 pm)
D Fiz moka (100 pm < x <236 um)
D Fa moka (236 um <x <1000 pm)
D Fa moka, otrobi, lu¢ine (> 1000 um)
Tatarska ajda iz T2 Fi moka (42 % izmlevnost)
Luksemburga (moka) T2 T2 Fu moka (£ 100 um)
T2 Fuz moka (> 100 pm)

Priprava testa oz. dodajanje vode vzorcem moke iz
tatarske in navadne ajde (vzorci T1, T2 in D) in zamr-
zovanje (za spektrofotometri¢ne analize).

Podfrakcijam moke iz tatarske ajde vzorca T1 in
navadne ajde vzorca D (Fu, Fiz, Fa1) ter frakciji in pod-
frakcijama tatarske ajde vzorca T2 (Fi, Fu, Fi2) smo do-
dajali vodovodno vodo sobne temperature in ro¢no
zamesili testo brez kakrsnihkoli dodatkov. Podfrakci-
jama otrobov in lus¢in T1 F22 in D F22 smo dodali vodo
in ju navlazili.

V 250 g vzorca ajdove moke (podfrakcije T1 Fi1, T1
Fiz, D F11,D Fiz ter T2 Fi, T2 Fu, T2 Fi2) smo dodali 200

Preglednica 4: Priprava vzorcev testa in zamrzovanje

Table 4: Dough samples being prepared for freezing

mL vode, oziroma na manjso koli¢ino vzorca (¢e vzor-
ca ni bilo dovolj na razpolago) sorazmerno manjso ko-
licino vode (preglednica 4).

Pri podfrakcijah ajdovih mok granulacij nad 236
do vklju¢no 1000 pm (podfrakciji T1 Fa1 in D F21) je bil
delez vpijanja vode za pripravo kakovostnega testa visji
in se je med tatarsko in navadno ajdovo moko razliko-
val (v 250 g vzorca podfrakcije tatarske ajdove moke
T1 Fa1 smo dodali 325 mL vode ter v 250 g vzorca pod-
frakcije navadne ajdove moke D F21 235 mL vode ter
sorazmerno manj pri manjsih koli¢inah istih vzorcev).

Zap. Vzorec Masa | Dodatek vode Kontaktni cas Zamrzovanje
st. (g (mL) (moka + voda) pred
Zamrzovanjem

Tatarska ajda (T1) - zmleta 0,08 h,1h,2h, 0,5 h: =35 °C do -40 °C;
in presejana, 4h,8h,12h, nato 1 mesec:
podfrakcije iz zrnja 24h -15°C do -20°C

1 T1 Fu 250 200 DA DA

2 T1 Fu (dod. pon. drugic) 250 200 DA DA

3 T1 Fu 125 100 DA DA

4 T1 Fa 100 130 DA DA

5 |TlFa 125 200 DA DA
Navadna ajda "‘Darja’ (D) 0,08h,1h,2h, 0,5h:-35°Cdo -40 °C;

6 |- zmleta in presejana, 4h,8h,12h, nato 1 mesec:
podfrakcije iz zrnja 24h -15°C do -20°C
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7 |DFu 250 200 DA DA

8 D Fui (dod. pon. drugic) 250 200 DA DA

9 |DFn 250 200 DA DA

10 |D Fa 250 235 DA DA

11 D F2 250 400 DA DA
Moka iz tatarske ajde (T2) 0,08 h, 1 h,2h, 0,5 h: =35 °C do -40 °C;
pridobljena kot vzorec 4h,8h,12h, nato 1 mesec:
moke 24h -15°C do -20 °C

12 T2 Fu 250 200 DA DA

13 | T2 Fi(dod. pon. drugi¢) 125 100 DA DA

14 |T2Fi (dod. pon. tretjic) 125 100 DA DA

15 T2 Fi200 125 200 DA DA

16 | T2 Fi200(dod. pon. drugi¢) 80 128 DA DA

17 | T2 Fi200 (dod. pon. tretjic) 80 128 DA DA

18 T2 Fu 200 160 DA DA

19 |T2 Fu(dod. pon. drugi¢) 125 100 DA DA

20 T2 Fiz 200 160 DA DA

T1 - tatarska ajda, zrnje, moka iz celega zrna

T1 Fi - tatarska ajda, frakcija moke z granulacijo < 236 um

T1 F2 - tatarska ajda, frakcija moke z granulacijo > 236 pm

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fr2 - tatarska ajda, podfrakcija moke z granulacijo 100 um < x <236 um

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 um < x < 1000 pm

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in lus¢ine

D - navadna ajda, zrnje, moka iz celega zrna

D Fi - navadna ajda, frakcija moke z granulacijo < 236 pum

D F2 - navadna ajda, frakcija moke z granulacijo > 236 um

D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 um < x <236 um

D F2 - navadna ajda, podfrakcija moke z granulacijo > 236 um < x < 1000 um

D F2 - navadna ajda, podfrakcija moke z granulacijo >1000 pm ter otrobi in lus¢ine

T2 F1 - moka iz tatarske ajde (pridobljen vzorec)

T2 Fu - moka iz tatarske ajde z granulacijo < 100 um
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um

200 - dvojna koli¢ina vode (200 %)

Pri podfrakcijah nad 1000 pm (T1 F22in D F2), ki
je vsebovala v glavnem lus¢ine in nekaj otrobov, testa
ni bilo mogoce pripraviti, zato smo vzorce le dobro na-
vlazili, tako da smo dodali na 250 g vzorca 400 mL
vode (preglednica 4).

Pri vzorcu pridobljene moke iz tatarske ajde (T2
F1) smo kot dodatno moznost dodali tudi dvojno koli-
¢ino vode (250 g vzorca in dodatek 200 mL vode oziro-
ma dodatek 400 mL vode) ter preucevali vsebnost fla-
vonoidov in taninov ob stiku z manjso in vecjo kolici-
no vode (preglednica 4).
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Po 5 minutah (0,08 h) stika moke z vodo, po 30
minutah (0,5 h), 1 uri, 2 urah, 4 urah, 8 urah, 12 urah
in 24 urah stika moke z vodo pri sobni temperaturi
smo vse vzorce zamrznili. Zamrzovali smo najprej s
$okom na -35 °C do -40 °C za pol ure in nato shranili
na -15 °C do -20 °C za 1 mesec, nato pa smo vzorce li-
ofilizirali. Vse analize smo opravili v treh ponovitvah.

Iz vsake skupine smo nekatere vzorce dodatno po-
novili tudi v razli¢nih ¢asovnih obdobjih tudi v treh
ponovitvah (T1 Fu dvakrat, D Fiidvakrat, T2 Fi trikrat
in T2 Fi200z dvojno koli¢ino vode trikrat).
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Analize beljakovin, pepela in vode v navadni
ajdi in tatarski ajdi

Ugotavljanje vsebnosti surovih beljakovin

Analiza dusika je potekala po Kjeldahlovi metodi z
razklopom in destilacijo. Princip temelji na segrevanju
in razklopu organske substance (1 g vzorca moke) z
zveplovo kislino (konc. H2SO4) ob navzo¢nosti katali-
zatorja. Razklop poteka pri 400 °C priblizno 60-75
minut. Izloc¢eni dusdik preide v amonijak in se veze s
kislino kot amonijev sulfat. Z dodatkom natrijevega
hidroksida se ponovno sprosti dusik in destilira v po-
sodo, v kateri je dolocena koli¢ina kisline znane kon-
centracije. S kon¢no titracijo dolo¢imo koli¢ino preo-
stale kisline.

Od dobljene koli¢ine dusika izra¢unamo s faktor-
jem korekcije skupno koli¢ino surovih beljakovin.

Koli¢ino dusika (N) izrazamo v odstotkih in izra-
¢unamo po naslednji formuli:

(a—b)-1.401-mol kis!

m (1)

dusik (N%) =

Koli¢ino surovih beljakovin izrazamo v odstotkih
na suho snov in izra¢unamo po formuli:

N-F-100

beljakovine (%) na suho snov =
100 Q)

a - koli¢ina porabljenih mL NaOH za slepi preskus

b - koli¢ina porabljenih mL NaOH za analizo

m - odtehtana koli¢ina vzorcav g

V - koli¢ina vlage v analiziranem vzorcu, izrazena v %

F - faktor za preracunavanje dusika v beljakovine, ki je
odvisen od vrste vzorca

pSenica 5,7

moka ps$enicna 5,7

koruzni izdelki, koruza 6,25

Metoda je bila predpisana po Pravilniku o meto-
dah fizikalnih in kemi¢nih analiz za kontrolo kakovo-
sti zit, mlevskih in pekarskih izdelkov, testenin in
hitro zamrznjenega testa (Ur. 1. SFR] 74/1988) in jo Se
sedaj uporabljajo v raziskavah in industriji.

Vsebnost beljakovin se je dolocala s korektivnim
faktorjem za prerac¢un beljakovin iz dusika in sicer s
korektivnim faktorjem N x 6,25 (STEADMAN in sod.
2001a, FessAs in sod. 2008) ter s korektivnim faktor-
jem N x5,7 (SKkRABANJA in sod. 2004, HATCHER in sod.
2008).

Ugotavljanje vsebnosti pepela

Princip temelji na sezigu vzorca in tehtanju dobljenega
ostanka.

Za ugotavljanje vsebnosti pepela smo 2 do 3 g
vzorca zarili v zarilni peci pri temperaturi 900 + 20 °C
1 uro. Vsebnost pepela je preostanek po Zarenju in je
preracunan na delez zacetne mase pred zarenjem.

Koli¢ino pepela izrazimo v odstotkih mase glede
na suho snov in izracunamo po naslednji formuli:

100 100
pepel (Yom/m)=m -—:-
my, 100-V (3)
mo - masa vzorca za analizov g
mi - masa ostanka v g
V - koli¢ina vode v analiziranem vzorcu, izraZzena v

odstotkih

Metoda se uporablja v skladu s Pravilnikom o me-
todah in postopkih ugotavljanja skladnosti kmetijskih
pridelkov oz. zivil - Priloga 4: Metode vzorcenja ter fi-
zikalno kemijske analize zit, mlevskih in pekovskih
izdelkov, testenin in hitro zamrznjenega testa (Ur. L. RS
84/2003).

Ugotavljanje vsebnosti vode

Vsebnost vode se doloci kot izguba mase med suse-
njem zmletih vzorcev v susilniku do konstantne mase
pri temperaturi 130 °C. Zatehtali smo 2-2,5 g vzorca in
susili 1,5 ure oz. do konstantne mase. Izguba mase, iz-
razena v odstotkih, oznacuje koli¢ino vlage v vzorcu.

Koli¢ino vode izrazamo v odstotkih mase vzorca
in jo izracunamo po naslednji formuli:

kolicing vode (v %)=""T2"") . 100

My ..(4)

Mo - Masa vzorca v g
mi - masa vzorca po suSenju v g

Metoda je v skladu s Pravilnikom o metodah in
postopkih ugotavljanja skladnosti kmetijskih pridel-
kov oz. zivil Priloga 4: Metode vzorcenj ter fizikalno
kemijske analize zit, mlevskih in pekovskih izdelkov,
testenin in hitro zamrznjenega testa (Ur. L. RS 84/2003).

Spektrofotometricne analize flavonoidov in
taninov

Spektrofotometrija temelji na merjenju absorbcije sve-
tlobe, ki prehaja skozi preiskovano raztopino. Absorb-
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cijo merimo v ultravijolicnem, vidnem in infrardecem
spektralnem obmoc¢ju, navadno pri absorbcijskem ma-
ksimumu. Valovna dolzina, pri kateri neka spojina ab-
sorbira svetlobo, je odvisna od strukture molekule.
Konjugiranje med skupinami ali z alifatskimi in aro-
matskimi dvojnimi vezmi povzroci premike proti dalj-
$im valovnim dolzinam.

Po 10 mL 60 % etanola smo dodali ustrezni nateh-
ti vzorca (natehta moke 600 mg za tanine; 50 mg za
flavonoide). Vse skupaj smo stresali na stresalniku eno
uro in pustili ekstrahirati preko noci. Naslednji dan
smo vzorce centrifugirali 10 minut pri 4000 obrat./
min., bistri supernatant pa uporabili za analizo.

Analiza vsebnosti

Ustrezen volumen vzor¢ne raztopine smo odpipetirali
na mikrotitrsko plo$cico, po potrebi smo ga red¢ili in
mu dodali reagente v predpisanih volumnih. Po dolo-
¢enem ¢asu smo pri predpisani valovni dolzini izmeri-
li absorbanco. Vzporedno z vzor¢no raztopino smo
analizirali tudi raztopine standardov in slepi vzorec.

Izracun koncentracij
Koncentracijo rutina, pirogalola in epikatehina v posa-
meznih frakcijah smo izra¢unali po formuli:

Cx = Cs . A\u"{As

C“.'f) = [ (Cq . A‘-I'I{Aq) )( C\.'z] . 100(3’{0

Cs - koncentracija standardne raztopine

Ay - absorbanca preiskovanega vzorca

As - absorbanca standardne raztopine

Cx - koncentracija standarda v preiskovanem vzorcu

Cvz - koncentracija vzorca (razmerje med maso vzorca
in volumnom ekstrakcijskega topila)

Co — delez (v %) standarda v preiskovanem vzorcu

Ugotavljanje vsebnosti flavonoidov z uporabo alumi-
nijevega klorida

Z AICls obicajno dolocamo flavone in flavonole, ne pa
tudi flavanonov (te ugotavljamo z 2,4-dinitrofenilhid-
razinom). Princip spektrofotometri¢ne metode kvanti-
fikacije flavonoidov temelji na reakciji med flavonoidi
in aluminijevim kloridom, pri ¢emer se raztopina
obarva rumeno in ima absorpcijski maksimum pri va-
lovni dolzini 420 nm (DUTRA in sod. 2008). Pri ugota-
vljanju flavonoidov z AICls se tvorijo kislinsko stabilni
kompleksi s C-4 keto skupinami ter tudi s C-3 in C-5
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hidroksilnimi skupinami flavonov in flavonolov
(ZHANG in sod. 2005). Poleg tega se z AICIs tvorijo na
kisline obcutljivi kompleksi z orto-dihidroksil skupino
na A in B obrocu flavonoidov. Kompleksi, ki se tvorijo
s flavonoli s C-3 in C-5 hidroksilnimi skupinami, so
galangin, morin in kemferol; kompleksi, ki se tvorijo z
orto—dihidroksil skupinami, pa so rutin, kvercetin,
kvercitrin in miricetin in imajo maksimalno absor-
banco med 415-440 nm. Kompleksi, ki se tvorijo s C-5
hidroksil in C-4 keto skupinami, dosezejo maksimum
pri 395 oz. 385 nm. Nekateri flavoni kot na primer lu-
teolin, ki ima C-5 hidroksil skupino, kazejo najmoc-
nej$o absorpcijo pri 415 nm. Pri dolo¢anju flavonoidov
je zato potrebno izbrati kompromisno valovno dolzino
za merjenje absorbance. Tvorijo se kompleksi med fla-
vonoidi in aluminijevimi ioni v razli¢nih stehiometric-
nih razmerjih (aluminijj : flavonoidi = 2:1, 1:1 in 1:2)
(ZHANG in sod. 2005). Ce raztopini flavonoidov doda-
mo aluminijev klorid, pride do tvorbe kompleksa med
aluminijevimi ioni in 3- in/ali 5-hidroksi-4-keto fra-
gmentom, prav tako pa lahko nastane kompleks tudi s
3", 4'-dihidroksi skupinama na B obrocu. V kislem je
keto aluminijev kompleks stabilen, medtem ko je kom-
pleks, ki nastane z obro¢em B in dihidroksi skupina-
ma, labilen (Boum 1998).

Priprava reagenta
Uporabili smo 5 % AICls (500 mg AICls v 10 mL meta-
nola)

Priprava standardnih raztopin

Kot standarde smo uporabili rutin in kvercetin.

1 mg standarda smo raztopili v 10 mL 60 % etanola.
Raztopino rutina smo za analizo flavonoidov red¢ili.

Prikaz pogojev in reagentov za analizo flavonoidov:
vzoréna raztopina: volumen 180 uL,

reagent pri vzor¢ni raztopini: volumen 20 uL AlCls,
reagent pri slepi raztopini: 20 uL metanol,
standardna raztopina: rutin (0,02 mg/mL),
merjenje ekstinkcije (A): po 30 minutah,

valovna dolzina (\): 420 nm.

Ugotavljanje vsebnosti taninov z vanilin-HCI metodo

Test z vanilinom je $iroko uporabljen test za kvantita-
tivno dolocevanje kondenziranih taninov (proantocia-
nidinov, katehinskih taninov — polimerov katehina in/
ali epikatehina) v rastlinah, ki so polimeri flavonoidov.
Je obcutljiv, relativno enostaven test, specificen za fla-
van-3-ole, dihidrohalkone in proantocianidine (Muc-
HUWETI in sod. 2005).
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V kislih pogojih potece reakcija med vanilinom in
kondenziranimi tanini, pri ¢emer nastane rdece obar-
vana raztopina z absorpcijskim maksimumom med
480 in 550 nm. Za pozitivno reakcijo je potrebna enoj-
na vez med Cz2—Cs. Halkoni, flavoni in flavonoli ne da-
jejo pozitivne reakcije ravno zaradi dvojne vezi na tem
mestu. Do inaktivacije pride verjetno zaradi delokali-
zacije elektronov, kar zmanjsa elektronsko gostoto na
obrocu A. Nekateri avtorji poroc¢ajo o lazno pozitivnih
rezultatih na tanin pri uporabi vanilin-HCI metode
(WALTON in sod. 1983), spet drugi so preucevali razli-
ke ob uporabi organskih topil metanola in acetona
(MAKKAR & BECKER 1993).

Priprava reagenta
Uporabili smo 4 % vanilin (400 mg vanilina v 10 mL 96
% etanola).

Priprava standardnih raztopin

Kot standard smo uporabili epikatehin.

1 mg standarda smo raztopili v 10 mL 60 % etanola.
Zaradi nestabilnosti smo raztopino pirogalola pripra-
vljali tedensko.

Prikaz pogojev in reagentov za analizo taninov:
vzoréna raztopina: volumen 50 pL,

reagent pri vzor¢ni raztopini: volumen 100 pL vanilin,
50 uL 32 % HCI,

reagent pri slepi raztopini: 100 pL 96 % etanol, 50 uL 32
% HCl,

standardna raztopina: epikatehin (0,1 mg/mL),
merjenje ekstinkcije (A): po 60 minutah,

valovna dolzina (A): 500 nm.

STATISTICNE ANALIZE

Rezultate smo analizirali z uporabo Microsoft Excel
2003 ter programom STAT G (Statgraphics 5.0, Statisti-
cal Graphics Corporation, ZDA). Statisticne analize so
bile opravljene v programu ANOVA ob ugotovljenih
statisticnih znacilnostih pri p<0,05 (FERLIGO] 1997, KA-
STELEC 2007ab, FERLIGO] & LOZAR MANFREDA 2009).

Vse meritve in analize za testa so bile opravljene v
treh ponovitvah.

Standardni odklon

Standardni odklon smo uporabili za merjenje stati-
sti¢ne razprsenosti enot. Standardni odklon je defini-
ran kot kvadratni koren variance. Rezultati so prika-
zani v povpredjih (povprecna vrednost + standardni
odklon).

Standardni odklon vseh enot statisti¢ne populacije
je definiran s formulo:

|.\. (x, - %)
VN (7

xi - i-ta enota v statisti¢ni populaciji,
I - aritmeti¢na sredine populacije,
N - stevilo vseh enot.

Standardni odklon smo izracunali za vrednosti
flavonoidov, fenolov in taninov v testih oz. pri mle-
vskih frakcijah mok, otrobov in lus¢in ob dodatku
vode v vzorcih tatarske in navadne ajde (T1, T2 in D)
ter za vrednosti rutina in kvercetina v mokah ter testih
v vzorcih navadne ajde cv. ‘Siva’ (S) in tatarske ajde
(T3).

Merilna negotovost

Negotovost meritev je podana z razponom vrednosti,
ki verjetno spremlja pravo vrednost. Zapise se z rezul-
tatom: vrednost + merilna negotovost.

Merilno negotovost smo uporabili pri interpretaci-
ji rezultatov spektrofotometri¢nih meritev vsebnosti
flavonoidov, fenolov in taninov v izhodi$¢nih vzorcih
mok, kjer nismo razpolagali s tremi ponovitvami re-
zultatov. Za izracun merilne negotovosti pri izhodisc-
nih vzorcih mok smo uporabili vse rezultate in stan-
dardni odklon za posamezni vzorec pri pripravi test iz
izhodis¢nih mok. Izracunali smo deleze SD za posa-
mezne rezultate ter za skupino rezultatov posamezne-
ga vzorca povprecni delez (%) odstopanj. To povpredje
smo uporabili za izra¢un merilne negotovosti iz rezul-
tata za izhodis$¢ni vzorec.

Merilno negotovost smo izrac¢unali za vrednosti
flavonoidov, fenolov in taninov pri mlevskih frakcijah
mok, otrobov in lu$c¢in brez dodane vode v vzorcih ta-
tarske in navadne ajde (T1, T2 in D).

Linearna regresija

Ce ena spremenljivka vpliva na drugo, pravimo, da sta
regresijsko odvisni. Obe spremenljivki sta numeri¢ni.
Odvisnost zapisemo kot Y = f(X). Mogocih je vec vrst
odvisnosti. V nasem primeru smo preucevali linearno
odvisnost, ki jo zapiSemo z linearno funkcijo ali pre-
mico. Uporabili smo model tipa Y = a + BX + ¢, za ka-
terega smo na osnovi podatkov izracunali oceni a in b
parametrov modela o in p. Odvisnost poznamo, ¢e po-
znamo koeficienta a in b. Iz vzorca podatkov lahko iz-
racunamo koeficienta a in b tako, da se premica ¢im

FOLIA BIOLOGICA ET GEOLOGICA 59/2 - 2018

109



‘ VOMBERGAR & LUTHAR: RAZISKAVE VSEBNOSTI FLAVONOIDOV, TANINOV IN SKUPNIH BELJAKOVIN V FRAKCIJAH ...

manj odklanja od tock (metoda najmanjsih kvadra-
tov). Regresijska premica kaze, kaksen je vpliv neodvi-
sne spremenljivke X na odvisno spremenljivko Y (FER-
L1GOJ 1997, KASTELEC 2007ab).

Metodo linearne regresije smo uporabili za ugota-
vljanje korelacije med vsebnostjo pepela, vsebnostjo
beljakovin in vsebnostjo vode ter za odvisnost med ko-
licinami flavonoidov v moki in v testu po dodajanju
vode.

Uporaba linearne regresije za preucevanje zgornjih
spremenljivk se je zdela smiselna, saj predpostavimo
neodvisno spremenljivko in nato od nje odvisno spre-
menljivko. Torej ugotavljamo odvisnost spremenljivke
od neodvisne spremenljivke. Mozno bi bilo tudi ugota-
vljanje drugacne povezanosti spremenljivk, ne le line-
arne.

V analizi predpostavimo, da gre za linearno odvi-
snost odvisne spremenljivke (oznacene z Y) od neodvi-
sne spremenljivke (oznacene z X). Naredimo razsevni
grafikon (lahko tudi z vrisano premico), ki predstavlja
osnovo za nadaljnje korake in predstavlja kvalitativno
oceno utemeljenosti in pravilnosti predpostavke o li-
nearni odvisnosti. Izracunamo koeficient determina-
cije (r?), ki kaze kakovost regresijskega modela (v
nasem primeru linearnega). Izracunamo oceni koefici-
entov regresijske premice a in b (a je ocena za a, b je
ocena za {3) po metodi najmanjsih kvadratov. Izracu-
namo standardno napako regresije (s), ki tudi pove,
kako dobro se regresijski model prilega podatkom. Ob
predpostavki normalne porazdelitve Y, ki je slucajna
spremenljivka, pricakujemo, da je 95 % tock populacije
v pasu Y + 2s okoli izra¢unane ocene Y.

3 REZULTATI

MLETJE IN PRESEJANJE VZORCEV TATAR-
SKE IN NAVADNE AJDE

Za vzorce zrnja tatarske ajde (T1) in navadne ajde (D)
smo ugotovili deleze posameznih frakcij in podfrakcij
ter jih med seboj primerjali. Pri mletju oba vzorca da-
jeta bistveno visji delez frakcije F1 z granulacijo do

vkljucno 236 pum in sicer 67 % tatarska ajda (T1) in 69
% navadna ajda (D). Podfrakciji Fi1in Fi2 pri presejanju
pa se med seboj pri tatarski in navadni ajdi nekoliko
locujeta. Rezultati so prikazani v preglednici 5 in 6.

V tatarski ajdi je delez frakcije F22 (del otrobov in
luscine) skoraj 21 %, medtem ko je pri navadni ajdi iste
frakcije F2:2le okoli 17,6 %.

Preglednica 5: Delezi posameznih frakcij pri mletju in presejanju tatarske ajde (vzorec T1)
Table 5: Percentage of milling and sieving fractions of Tartary buckwheat (sample T1)

Vzorec Mletje | Delez Presejanje Delez Presejanje Osnova za | Delez
(zrnje) na 2 frakc-| (%) |(vsake frakcije na 2 (%) (vsake frakcije na| izracun (%)
iji podfrakciji) 2 podfrakciji) (%)

Ly . T1 Fu 47,75 T1 Fu 71,21
Eif;:ﬁ?f;lz TR | 6705 T1 Fu 19,20 T1 Fi 100 28,63
(T1) T1E 32.95 T1 Fa 12,02 T1 Fa 100 36,48

’ T1 Fa2 20,93 T1 Fa2 63,52
100 100

T1 - tatarska ajda zrnje (m = 1774,7 g)

T1 Fi - tatarska ajda, frakcija moke z granulacijo < 236 um

T1 F2 - tatarska ajda, frakcija moke z granulacijo > 236 pm

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fr2 - tatarska ajda, podfrakcija moke z granulacijo 100 pum < x < 236 pm

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 um < x < 1000 pm

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in luscine

Moko tatarske ajde T2, ki smo jo pridobili iz mlina,
smo presejali v dve frakciji. Delez frakcije F1 (moka z
granulacijo do vklju¢no 100 um) je skoraj 58 %, delez
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frakcije F2 (z granulacijo nad 100 pm) pa okoli 42 %.
Rezultati so prikazani v preglednici 7.
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Preglednica 6: Delezi posameznih frakcij pri mletju in presejanju navadne ajde (vzorec D)
Table 6: Percentage of milling and sieving fractions of common buckwheat (sample D)

Vzorec | Mletje | Delez Presejanje Delez Presejanje Osnova za | Delez

(zrnje) na2 (%) (vsake frakcije na 2 (%) (vsake frakcije na 2 |izracun (%) (%)

frakciji podfrakciji) podfrakciji)
DF D Fn 48,64 D Fu 70,04
gg‘;ag::ja, 69,44 D Fu 20,80 D Fu 100 29,69
(D) DF: 30.56 D Fa 12,94 D Fa 100 42,34
? D Fa 17,62 D Fa 57,66
100 100

D - navadna ajda, zrnje (m = 2400,5 g)

D Fi - navadna ajda, frakcija moke z granulacijo < 236 pm

D F: - navadna ajda, frakcija moke z granulacijo > 236 um

D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 pm

D Fiz - navadna ajda, podfrakcija moke z granulacijo 100 um < x < 236 pm

D F22 - navadna ajda, podfrakcija moke z granulacijo > 236 um < x < 1000 pm

D F22 - navadna ajda, podfrakcija moke z granulacijo >1000 pm ter otrobi in lusc¢ine

Preglednica 7: Delezi frakcij pri presejanju moke tatarske ajde (vzorec T2)
Table 7: Percentage of sieving fractions of Tartary buckwheat (sample T2)

Vzorec (moka)

Presejanje na 2 podfrakciji

Delez (%)

Tatarska ajda — moka iz

57,63

Luksemburga (T2 Fi)

42,31

T2 F1 - moka iz tatarske ajde (pridobljen vzorec), 42 % izmlevnost (m = 960 g)
T2 Fui - moka iz tatarske ajde z granulacijo < 100 um (primerljivo z Fu v vzorcih T1 in D)
T2 Fiz - moka iz tatarske ajde z granulacijo >100 pm (delno primerljivo z Fi2+F21 v T1 in D)

VSEBNOST BELJAKOVIN, PEPELA IN VODE V
VZORCIH TATARSKE IN NAVADNE AJDE

Vsebnost surovih beljakovin na suho snov v vzorcih
tatarske in navadne ajde ter njihovih mlevskih frakci-
jah smo analizirali po Kjeldahlu, kot faktor za prera-
¢un smo uporabili f = 5,7 in f = 6,25 (preglednica 18). V
nadaljevanju smo uporabljali le rezultate, preracunane
s faktorjem 5,7 (preglednica 8).

Zrnje tatarske ajde (vzorec T1) vsebuje okoli 1 %
manj beljakovin kot zrnje navadne ajde (vzorec D).

Najvisjo vsebnost beljakovin v vzorcu navadne ajde
ima frakcija D Fa (z granulacijo nad 236 pm do
vklju¢no 1000 pm) in sicer kar 26,2 % beljakovin v SS,
medtem ko je vsebnost beljakovin pri tatarski ajdi
(vzorec T1) skoraj 6 % nizja. Vsebnost beljakovin v
frakciji fine bele moke Fu iz notranjega dela zrn (z
granulacijo do vklju¢no 100 pum) je zelo nizka in sicer
pri navadni ajdi le 5,47 % v SS, pri tatarski ajdi T1 pa
6,6 % v SS.

Preglednica 8: Vsebnost surovih beljakovin, pepela in vode v mlevskih frakcijah tatarske ajde (vzorca T1

in T2) in navadne ajde (vzorec D)

Table 8: Protein, ash and water content in milling fractions of common buckwheat (sample D) and Tar-

tary buckwheat (samples T1 and T2)

Vzorec % beljakovin/SS % beljakovin/SS % pepela/SS % vode
(f=5,7) (f =6,25)
D 10,47 11,47 1,65 10,67
D Fu 547 5,97 0,62 11,08
D Fi2 18,60 20,37 2,91 11
D Fa 26,20 28,73 4,19 10,22
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D F2 2,87 3,13 1,04 10,51
T1 9,53 10,47 2,73 9,86
T1 Fu 6,63 7,30 1,44 8,99
T1 Fiz 18,8 20,60 4,23 8,95
T1 Fa 18,6 20,40 3,9 8,43
T1 Fa2 2,47 2,73 1,02 8,1

T2 Fi 6,70 7,40 1,67 12,31
T2 Fu 4,80 5,27 1,05 10,72
T2 Fiz 9,33 10,23 2,53 10,46

D - navadna ajda, zrnje, moka iz celega zrna

D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 pm

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x < 236 um

D F2: - navadna ajda, podfrakcija moke z granulacijo > 236 um < x < 1000 um

D F2: - navadna ajda, podfrakcija moke z granulacijo >1000 um ter otrobi in lusc¢ine
T1 - tatarska ajda iz Luksemburga, zrnje, moka iz celega zrna

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x < 236 pm

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 pm < x < 1000 um

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 pm ter otrobi in lusc¢ine
T2 Fi - moka iz tatarske ajde iz Luksemburga (pridobljen vzorec)

T2 Fu - moka iz tatarske ajde z granulacijo < 100 pm
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um

Ugotavljamo tudi, da sta obe bolj grobi moki ta-
tarske ajde (T1 Fi2in T1 Fa1z granulacijo nad 100 do
vkljuéno 1000 um) bogati z beljakovinami (vsebnost
beljakovin nad 18 %), bela moka iz notranjega dela zrn
tatarske ajde vsebuje le okoli 6 % beljakovin v SS,
otrobi in lus¢ine (frakcija T1 F22) pa le okoli 2,5 % be-
ljakovin v SS. Z beljakovinami bogati sta tudi isti
frakciji navadne ajde D Fizin D F21 (18,6 % beljakovin/
SS oz. 26,2 % beljakovin/SS). Frakcija otrobov in lu-
§¢in navadne ajde (D F22) ima nizko vsebnost beljako-
vin (pod 3 %), kar je podobno kot pri tatarski ajdi
(preglednica 8).

V preglednici 8 so prikazani rezultati vsebnosti
beljakovin v SS, pepela v SS in vode v vzorcih zrnja
tatarske ajde iz Luksemburga (vzorec T1) in navadne
ajde ‘Darja’ (vzorec D) ter njihovih mlevskih frakci-
jah. Rezultati kazejo nekoliko visjo vsebnost vode v
zrnju navadne ajde ‘Darja’ (vzorec D) v primerjavi z
zrnjem tatarske ajde iz Luksemburga (vzorec T1).
Vsebnost pepela je v tatarski ajdi (vzorec T1) bistveno
visja (2,73 %/SS) kot v navadni ajdi (D) (1,65 %/SS). V
vzorcu moke iz tatarske ajde iz Luksemburga (vzorec
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T2) pa je vsebnost pepela nizka (1,67 %/SS), vsebnost
vode pa precej visoka (12,31 %).

Vsebnost pepela v SS se razlikuje tudi med frakei-
jami navadne in tatarske ajde. Najvisjo vsebnost pepela
v SS ima mlevska frakcija tatarske ajde T1 Fi2 (4,2 %),
mlevska frakcija navadne ajde z najvisjo granulacijo (D
F21) pa4,2 % pepela v SS (preglednica 18). Najnizjo
vsebnost pepela ima frakcija tatarske ajde T1 F22 (1 %/
SS) ter frakcija navadne ajde D Fu (0,6 % pepela/SS)
(preglednica 18). Vsebnost pepela v frakciji T2 Fu je
nizja kot v frakciji T2 Fi2 (1,05% oziroma 2,53% pepela/
SS) (preglednica 8).

Ugotovili smo linearno povezavo med vsebnostjo
beljakovin/SS in vsebnostjo pepela/SS v mlevskih frak-
cijah vzorcev navadne in tatarske ajde (r* = 0,8469;
p<0,05). Pri viji vsebnosti beljakovin/SS v mlevskih
frakcijah lahko pricakujemo visjo vsebnost pepela/SS
in obratno (slika 1).

Povezave med pepelom in vsebnostjo vode ter be-
ljakovinami in vsebnostjo vode niso znacilne (r* =
0,0848 oz. r* = 0,0168; p<0,05) in kazejo na nepoveza-
nost teh parametrov med seboj (sliki 2 in 3).
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% pepela

R?=0,8469

Slika I: Korelacija med vsebnostjo
beljakovin/SS in vsebnostjo pepela/SS

v zrnju ter v mlevskih frakcijah

navadne ajde (vzorec D) in tatarske
ajde ( vzorec T1)

Figure 1: Correlation between protein
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Slika 2: Korelacija med vsebnostjo
beljakovin/SS in vsebnostjo vode v
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zrnju ter mlevskih frakcijah navadne

ajde (vzorec D) in tatarske ajde
(vzorec T1)

Figure 2: Correlation between protein
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Slika 3: Korelacija med vsebnostjo
pepela/SS in vsebnostjo vode v zrnju

ter mlevskih frakcijah navadne ajde

(vzorec D) in tatarske ajde (vzorec T1)
Figure 3: Correlation between ash
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5 content/dw and water content in
grains and in milling fractions of
common buckwheat (sample D) and

Tartary buckwheat (sample T1)

FOLIA BIOLOGICA ET GEOLOGICA 59/2-2018 | 113



114

‘ VOMBERGAR & LUTHAR: RAZISKAVE VSEBNOSTI FLAVONOIDOV, TANINOV IN SKUPNIH BELJAKOVIN V FRAKCIJAH ... ‘

VSEBNOST FLAVONOIDOV IN TANINOV V
TATARSKI IN NAVADNI AJDI

Mlevske frakcije navadne in tatarske ajde imajo razlic-
no vsebnost flavonoidov in taninov (preglednica 19).
Preucevali smo $tiri mlevske frakcije in sicer: fine bele
moke z granulacijo do vklju¢no 100 um (Fu1), temnejse
bolj grobe moke z granulacijami nad 100 um do vkljuc-
no 236 um (Fi2) ter nad 236 um do vklju¢no 1000 um
(F21), posebej pa smo preucevali tudi frakcijo lus¢in z
otrobi z granulacijami nad 1000 pm (F22).

V preglednici 9 so prikazani rezultati vsebnosti
flavonoidov in taninov v vzorcih mlevskih frakcij ta-
tarske ajde iz Luksemburga (vzorca T1 in T2) ter nava-
dne ajde ‘Darja’ (vzorec D).

Vsebnost flavonoidov v tatarski in navadni ajdi
(vzorci T1, T2 in D)

Vsebnost flavonoidov v suhi snovi je v navadni ajdi
(vzorec D) od 0,015 % do 0,055 %, v tatarski ajdi (vzo-
rec T1) od 0,178 % do 4,470 %, v tatarski moki (vzorec
T2) pa od 0,243 % do 1,011 % (preglednici 9 in 10).

Najvisja koncentracija flavonoidov je v frakciji tatarske
ajde T1 Fiz (4,47 %/SS) in T1 Fa (3,54 %/SS). To sta
mlevski frakciji grobe temnejse moke z granuacijo nad
100 pm do vklju¢no 1000 pm.

Vsebnost flavonoidov v navadni ajdi (vzorec D) je
nizja kot v obeh vzorcih tatarskih ajd (vzorca T1 in
T2). Koncentracija flavonoidov se razlikuje tudi med
dvema vzorcema tatarskih ajd. Primerjava med vzor-
cema tatarskih ajd T1 in T2 kaze visjo vsebnost flavo-
noidov v vzorcu T1 (preglednica 9).

V vzorcu pridobljene moke iz tatarske ajde (T2 Fi)
iz Luksemburga je vsebost flavonoidov v suhi snovi 0,9
%. Ob razdelitvi v dve podfrakciji je v frakciji T2 Fi
(nad 100 pm) vsebnost flavonoidov v suhi snovi 1 %, v
frakciji T2 Fu (do vklju¢no 100 pum) pa le 0,2 %. To
kaze, da je v belih mokah minimalna prisotnost flavo-
noidov (preglednica 9).

Ob primerjavi finih belih mok dveh vzorcev tatar-
skih ajd (T1 in T2) z isto granulacijo (do vklju¢no 100
um) ugotavljamo, da je v mlevski frakciji tatarske ajde
T1 Fu vi$ja vsebnost flavonoidov (0,71 %/SS) kot v
vzorcu T2 Fu z isto granulacijo, kjer je vsebnost flavo-
noidov le 0,24 % v SS (preglednica 9).

Preglednica 9: Koncentracije flavonoidov in taninov v mlevskih frakcijah tatarske in navadne ajde
Table 9: Flavonoid and tannin content in milling fractions of Tartary and common buckwheat

Vzorec ajde Frakcija Flavonoidi Tanini

(%/SS + MN) (%/SS + MN)
Tatarska ajda (T1) T1 Fu 0,709 + 0,040 0,089 + 0,009
Tatarska ajda (T1) T1 Fiz 4,470 + 0,226 0,141 + 0,033
Tatarska ajda (T1) T1 Fa 3,542 + 0,184 1,248 + 0,144
Tatarska ajda (T1) T1 Fa 0,178 + 0,019 0,286 + 0,014
Navadna ajda ‘Darja’ (D) D Fu 0,015 £ 0,006 0,057 + 0,007
Navadna ajda ‘Darja’ (D) D Fuz 0,043 + 0,006 0,407 + 0,120
Navadna ajda ‘Darja’ (D) D Fa 0,051 + 0,007 0,790 + 0,189
Navadna ajda ‘Darja’ (D) D Fx» 0,055 + 0,013 0,305 + 0,023
Tatarska ajda (T2) T2 F 0,916 + 0,080 0,145 + 0,016
Tatarska ajda (T2) T2 Fu 0,243 + 0,008 0,071 + 0,008
Tatarska ajda (T2) T2 Fi2 1,011 + 0,037 0,189 + 0,020

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

T1 Far - tatarska ajda, podfrakcija moke z granulacijo 236 um < x < 1000 pm

T1 Fa - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in lus¢ine
D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 pm

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 um < x <236 um

D F2: - navadna ajda, podfrakcija moke z granulacijo > 236 pm < x < 1000 pm

D F2 - navadna ajda, podfrakcija moke z granulacijo >1000 pum ter otrobi in lus¢ine

T2 Fi - moka iz tatarske ajde (pridobljen vzorec)

T2 Fu - moka iz tatarske ajde z granulacijo < 100 um
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 pym
MN - merilna negotovost

SS - suha snov
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Preglednica 10: Primerjava vsebnosti flavonoidov v mlevskih frakcijah tatarske ajde (T1) in navadne ajde (D)
Table 10: Comparison of flavonoid content in milling fractions of Tartary buckwheat (T1) and common

buckwheat (D)
Vzorec Frakcija | Flavonoidi % flavonoidov / SS
ajde (%/SS + MN)
; 5

Tatarska ajda |y 1700 + 0,040 ~
(T1) 4 =
Navadnaajda | g 170910040 || 3 ot
Darja’ (D) 2 "o}
Tatarska ajda |1y | g 470 20,226 || 1
(T1) 5 | ——
Navadnaajda | g | 0434 0,006 Fr1 F2 F1 Fzz..

Darja’ (D)
Tatarska ajda

J T1 Fa | 3,542+ 0,184 | gika 4: Primerjava vsebnosti flavonoidov v mlevskih frakcijah tatarske

(T1) . . .
Navadna aida ajde (T1) in navadne ajde (D)

‘Daria’ D] D Fa 0,051 = 0,007 | Figure 4: Comparison of flavonoid content in milling fractions of Tartary
T tarjak( ')d buckwheat (T1) and common buckwheat (D)

atarska ajda +
(T1) T1 F22 0,178 + 0,019
Navadna ajda

+
‘Darja’ (D) D Faz 0,055 + 0,013

T1 - tatarska ajda
D - navadna ajda
Fu - podfrakcija moke z granulacijo < 100 pm

Fi2 - podfrakcija moke z granulacijo 100 pm < x <236 um
Fa1 - podfrakcija moke z granulacijo 236 pm <x <1000 pm
F22 - podfrakcija moke z granulacijo > 1000 pm ter otrobi in lus¢ine

MN - merilna negotovost
SS - suha snov

Primerjave med mlevskimi frakcijami tatarske ajde
T1 in navadne ajde D (preglednica 10; slika 4) kazejo
bistveno visjo vsebnost flavonoidov v tatarski ajdi (50
do 100-krat visjo) kot v navadni ajdi v vseh mlevskih
frakcijah razen v frakciji lus¢in in otrobov, kjer je razli-
ka med njima manjsa (le 3-krat visja pri tatarski ajdi).

Primerjave med tatarsko ajdo (vzorec T1) in nava-
dno ajdo (vzorec D) kazejo tudi razli¢no razporeditev
flavonoidov med mlevskimi frakcijami (slika 4). Vseb-
nost flavonoidov v suhi snovi v mlevski frakciji tatar-
ske ajde T1 Fu (z granulacijo do vklju¢no 100 um) je
0,7 %, v frakciji T1 Fi2 (nad 100 do vklju¢no 236 pm)
4,5 %, v frakciji T1 Fi2 (nad 236 do vklju¢no 1000 pm)
3,5 % ter v frakciji T1 F22z granulacijo nad 1000 pm
(otrobi in lus¢ine) le 0,17 %. Najvisja vsebnost flavono-
idov je v frakciji Fi2, najnizja pa v frakciji otrobov in
luscin Fz2 (preglednica 10).

V navadni ajdi (vzorec D) je bistveno manj flavo-
noidov kot v tatarski ajdi T1 (slika 4). Vsebnost flavo-
noidov v suhi snovi je v frakciji bele moke D Fu (z gra-
nulacijo do vklju¢no 100 pm) 0,015 %, v frakciji moke
D Fi2(nad 100 do vklju¢no 236 um) 0,04 %, v frakciji D

Fai (nad 236 do vklju¢no 1000 pm) 0,05 %, v frakciji
otrobov in lus¢in D F22 (nad 1000 pm) pa je le 0,05 %
flavonoidov v SS. Iz rezultatov (preglednica 20) je
vidno, da je v navadni ajdi v frakciji z granulacijo do
vklju¢no 100 um 3-krat manj flavonoidov kot v frakei-
jah nad 100 pm. Najvisja vsebnost flavonoidov je v
frakciji otrobov in lus¢in F22, najnizja pa v frakciji bele
moke Fu.

Mlevske frakcije tatarske ajde z visjo granulacijo
(nad 100 um) imajo visjo vsebnost flavonoidov (to so
T1 Fiz, T1 Fa1 ter T2 Fr2). Najnizja vsebnost flavonoidov
je v belih mokah z granulacijo do vklju¢no 100 pm
(frakcije T1 Fi1 in T2 Fu) (preglednica 9). Frakcije belih
mok tatarske ajde, ki so predvidoma iz notranjega dela
zrn (z nizko granulacijo), so revnejse s flavonoidi, prav
tako pa tudi frakcije luséin in otrobov (slika 4).

Vsebnost taninov v tatarski in navadni ajdi (vzorci
T1, T2 in D)

Navadna ajda D vsebuje od 0,06 % do 0,79 % taninov v
SS, tatarska ajda T1 od 0,09 % do 1,25 %, tatarska ajda
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Preglednica 11: Primerjava vsebnosti taninov v mlevskih frakcijah tatarske ajde (T1) in navadne ajde (D)
Table 11: Comparison of tannin content in milling fractions of Tartary buckwheat (T1) and common

buckwheat (D)
Vzorec ajde Fr akCija Tanini % taninov / S8 Primerjava vsebnosti taninov v mievskih
(%/SS + MN) frakcijah navadne in tatarske ajde
1.5
Tatarska ajda (T1) | T1 Fu |0,0893 + 0,0094
Navadna ajda
+ 11 5
‘Darja’ (D) D Fu | 0,0566 + 0,0073 —
Tatarska ajda (T1) | T1 Fi | 0,1410 +0,0326 | | g5 - 20
Navadna ajda ﬂ .j
+
‘Darja’ (D) D Fi2 | 0,4066 + 0,1201 o L mm . |
Tatarska ajda (T1) | T1 Far |1,2478 +0,1444 F11 F12 F21 F22 mievske frakcije
Navadna zjda D Fa |0,7903 +0,1894
Darja’ (D) Slika 5: Primerjava vsebnosti taninov v mlevskih frakcijah navadne ajde
Tatarska ajda (T1)| T1 F2 | 0,2861 + 0,0138 | (D) in Tatarske ajde (T1)
- Figure 5: Comparison of tannin content in milling fractions of Tartary
Navadna ajda D F2 |0,3052 + 0,0231| buckwheat (T1) and common buckwheat (D)
Darja’ (D)

D - navadna ajda
Fu - podfrakcija moke z granulacijo < 100 pm

Fi2 - podfrakcija moke z granulacijo 100 um < x <236 um
Fa1 - podfrakcija moke z granulacijo 236 pm <x < 1000 um
F2 - podfrakcija moke z granulacijo > 1000 pum ter otrobi in lusc¢ine

MN - merilna negotovost
SS - suha snov

T2 pa od 0,07 % do 0,19 % (preglednica 11). Najvisja
koncentracija taninov je v frakciji tatarske ajde T1 Fa
(1,25 %/SS) (slika 5). To je mlevska frakcija grobe te-
mnejse moke z granuacijo nad 236 um do vklju¢no
1000 um. Frakciji otrobov in lusc¢in navadne ajde D in
tatarske ajde T1 imata priblizno enako vsebnost tani-
nov v suhi snovi (navadna ajda D 0,31 % in tatarska
ajda T1 0,29 % taninov v SS) (preglednica 11).

Razporeditev taninov po frakcijah se med tatarsko
ajdo (T1) in navadno ajdo (D) razlikuje. Na splosno je
najvec taninov v frakciji Fai v obeh vzorcih ajd (T1 in
D) in sicer v tatarski ajdi T1 1,25 % v SS in v navadni
ajdi D 0,79 % v SS; najmanj taninov pa je v frakciji Fu
in sicer v tatarski ajdi T1 0,09 % v SS, v navadni ajdi D
pa 0,06 % v SS (preglednica 11).

Primerjava vsebnosti taninov v navadni in tatarski
ajdi kaze, da je v tatarski ajdi T1 priblizno 60 % vec
taninov v frakcijah Fu in F21 kot v navadni ajdi D, med-
tem ko je v mlevski frakciji navadne ajde D Fi2 vseb-
nost taninov celo visja kot v tatarski ajdi T1, kar smo
razumeli kot drugacno razporeditev taninov v zrnju
med navadno in tatarsko ajdo (slika 15). Vsebnost tani-
nov v frakciji otrobov in lus¢in F22 (nad 1000 pum) pa je
pri obeh vzorcih ajde (T1 in D) priblizno enaka (okoli
0,3 % v SS) (slika 5).
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Koncentracija taninov v vzorcih navadne ajde
(vzorec D) in tatarske ajde (vzorec T1) narasca od nizke
granulacije mok (frakcija Fu) proti vi$jim granulacijam
mok (frakcija Fa1), nato pa se v frakciji otrobov in lu-
§¢in z granulacijo nad 1000 pm (F22) vsebnost taninov
zniza (preglednica 11).

Vsebnost taninov je v frakciji otrobov in lusc¢in na-
vadne ajde (D F22) 5-krat visja kot vsebnost taninov v
fini beli moki (D Fu1). Vsebnost taninov je v frakciji
otrobov in luséin tatarske ajde (T1 F22) 3-krat veéja kot
vsebnost taninov v beli moki (T1 Fu) (preglednica 11).

VSEBNOST FLAVONOIDOV IN TANINOV V
TESTIH IZ AJDOVIH MOK V ODVISNOSTI OD
CASA

Preucevali smo koncentracije flavonoidov in taninov
v testih iz mlevskih frakcij tatarske ajde (vzorca T1 in
T2) ter navadne ajde (D) po 5 minutah (0,08 h), 30
minutah (0,5 h), eni uri (1 h), dveh urah (2), 4 urah
(4), 8 urah (8), 12 urah (12) in 24 urah (24) ob dodatku
vode in pripravi testa. Iz vzorcev mlevskih frakcij
smo zamesili testo iz moke in vodovodne vode ter v
testu opazovali spremembe v zgoraj navedenih casih,
tako da smo testa pustili pocivati dolocen cas pri
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Preglednica 12: Primerjava koncentracij flavonoidov v mlevskih frakcijah ter v testih tatarske in navadne
ajde (T1, T2, D) po 5-ih minutah stika z vodo in po 24-ih urah stika moke z vodo

Table 12: Comparison of flavonoid concentrations in milling fractions of Tartary and common buckwheat
(T1, T2, D) and in milling fractions with added water after 5 minutes and after 24 hours of flour-water

contact

Ajda - mlevska frakcija % flavonoidov/SS

Cas stika z vodo t0=moka t5min=testo t24h=testo
T1 Fu 0,7089 1,4444 1,1121
T1 Fiz 4,4704 4,7661 4,3106
T1 Fa 3,5415 4,2618 3,5511
T1 Fz 0,1781 0,1783 0,0622
D Fu 0,0149 0,0167 0,0057
D Fnz 0,0431 0,0848 0,0419
D Fa 0,0508 0,0884 0,0688
D Fa 0,0547 0,0712 0,0548
T2 F 0,9157 1,2258 0,9545
T2 Fu 0,2432 0,3630 0,1988
T2 Fiz 1,0108 2,6391 2,0631

D - navadna ajda (vzorec D)
T1 - tatarska ajda (vzorec T1)

Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

F22 - navadna ajda, podfrakcija moke z granulacijo > 236 pm < x < 1000 pm

F22 - navadna ajda, podfrakcija moke z granulacijo >1000 pum ter otrobi in lus¢ine

T2 F1 - moka iz tatarske ajde (pridobljen vzorec)
T2 Fu - moka iz tatarske ajde z granulacijo < 100 um
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um

% flavonoidov / SS R2 =0,9953
50
45
40 /
35 —
£ 30 —
S 25 s
% 120
E 1.5 / Slika 6: Linearna povezava med
;g " vsebnostjo flavonoidov v testu po 5
0:0 g i ; } minutah in po 24 urah
0,508 1.0 20 30 40 50 6.0 Figure 6: Linear correlation between
testo (0,08 h) flavonoid content in dough after 5
minutes and after 24 hours

sobni temperaturi. Nato smo vzorce zamrznili s
$okom pri -35 °C do -40 °C za 30 minut ter jih v na-
daljevanju hranili zamrznjene pri temperaturi -15 °C
do -20 °C priblizno en mesec. Vzorce smo liofilizirali,
nato pa zmleli in v taki obliki shranili za nadaljnje
analize.

Rezultati vsebnosti flavonoidov v testih iz ajdove
moke v odvisnosti od ¢asa

Preucdevali smo vsebnost flavonoidov v testih iz mle-
vskih frakcij tatarske in navadne ajde (vzorci T1, T2,
D) po 5 minutah in po 24 urah stika z vodo (pregledni-
ca 12; slika 6).
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% flavonoidov / SS R2 = 0,9257
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8 20 2 vsebnostjo flavonoidov v moki in v
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0,0 { . . ; : Figure 7: Linear correlation between
%9 1.0 40 %0 0 %0 flavonoid content in flour and in
moka (0 h) dough after 5 minutes of flour-water
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T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 um < x <236 um

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 pm < x < 1000 um

T1 F2 - tatarska ajda, podfrakcija moke z granulacijo > 1000 pum ter otrobi in lu§¢ine

0,08 - 5 minut; 0,5 - 30 minut, 1 - ena ura; 2,4,8,12,24 - dve, $tiri, osem, dvanajst in 24 ur stika moke z vodo

A - 2 ponovitvi; ponovitev A izbrana za grafi¢no predstavitev

Slika 8: Koncentracije flavonoidov v testih iz mlevskih frakcij tatarske ajde (T1) v 24 urah
Figure 8: Flavonoid concentrations in dough from different milling fractions of Tartary buckwheat (T1) over a 24-hour time

period

Ugotovili smo, da obstaja linearna odvisnost med
vsebnostjo flavonoidov v testu po 5 minutah in v testu
po 24 urah (r*= 0,9953; p<0,05; y =-0,0733 + 0,8739x).
Koncentracija flavonoidov je po 24 urah pocivanja
testa vedno nizja kot po 5 minutah stika moke z vodo
(slika 6).

Primerjali smo tudi izhodis¢ne koncentracije fla-
vonoidov v mlevskih frakcijah (mokah oz. otrobih in
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lus¢inah) s koncentracijami v testih po 5 minutah od
priprave testa (5 minut stika moke z vodo) ter ugotovi-
li linearno odvisnost (r* = 0,9257; p<0,05; y =0,2524 +
1,1007x). Vsebnost flavonoidov v testu (po 5 minutah
stika moke z vodo) je vedno visja kot je vsebnost flavo-
noidov v moki, preden dodamo vodo (slika 7).
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Vsebnost flavonoidov v testih iz mlevskih frakcij tatar-
ske ajde - vzorec T1

Vsebnost flavonoidov ob dodatku vode moki Ze po
5-ih minutah naraste v vseh mlevskih frakcijah (T1 Fui,
T1 Fi2, T1 Fa1, T1 F22), nato pa v 24-urnem stiku z vodo
vsebnost flavonoidov z manjsimi nihanji postopno
pada (slika 8).

Koncentracija flavonoidov v mlevski frakeiji T1 Fuu
(fina bela moka z granulacijo do vklju¢no 100 um) na-
raste v 5-30 minutah stika moke z vodo iz zacetnih 0,7
% na 1,4 % flavonoidov v SS (preglednica 13). Po eni
uri koncentracija flavonoidov za¢ne postopoma pada-
ti, po 24-ih urah je v testu $e 1,11 % flavonoidov na SS,
kar je visja vsebnost flavonoidov kot v izhodis¢nem
vzorcu moke pred dodatkom vode (preglednica 13;
slika 8).

Vsebnost flavonoidov v mlevski frakeiji T1 Fiz (z
granulacijo nad 100 do vklju¢no 236 pum) naraste v
5-30 minutah stika moke z vodo iz zacetnih 4,5 % na
4,8 % flavonoidov v SS (preglednica 13). Po eni uri
vsebnost flavonoidov za¢ne postopoma padati, po 24

urah je vsebnost flavonoidov v testu e 4,3 % v SS, kar
je nizja vsebnost kot v izhodis¢nem vzorcu moke pred
dodatkom vode (preglednica 13; sliki 8 in 9).

Vsebnost flavonoidov v mlevski frakciji tatarske
ajde T1 Fa1 naraste v 5 minutnem stiku z vodo iz zace-
tnih 3,5 % na 4,3 % flavonoidov v SS (preglednica 13).
Koncentracija flavonoidov se nekoliko naraste tudi po
30-ih minutah (slika 8c). Sledi postopno padanje kon-
centracije flavonoidov v testu, po 24-ih urah je kon-
centracija flavonoidov v testu 3,5 % v SS, kar je enaka
koli¢ina kot v izhodis¢nem vzorcu moke pred dodat-
kom vode (preglednica 13; slika 8).

Vsebnost flavonoidov v frakciji otrobov in lus¢in
T1 F22 (z granulacijo nad 1000 um) rahlo naraste v 5-30
minutah stika lus¢in in otrobov z vodo iz zacetnih 0,18
% na 0,19 % flavonoidov v SS (preglednica 13). Po 5-ih
minutah stika otrobov in lus¢in z vodo koncentracija
flavonoidov ostane skoraj nespremenjena in je okoli
0,18 % v SS (slika 8). Nato koncentracija flavonoidov
postopno pada, po 24-ih urah je le Se 0,06 % v SS, kar
je manj kot vizhodis¢nem vzorcu pred dodatkom vode
(preglednica 13; sliki 8 in 9).

Preglednica 13: Primerjava koncentracij flavonoidov v mlevskih frakcijah tatarske ajde (T1) in v testih po

5-ih minutah in po 24-ih urah stika moke z vodo

Table 13: Comparison of flavonoid content in milling fractions of Tartary buckwheat (T1) and in milling
fractions with added water after 5 minutes and after 24 hours of flour-water contact

Flavonoidi
Vzorec Mlevska frakcija Testo (moka in voda) Testo (moka in voda)
0,08 h (5 min) 24h
%/SS £+ MN %/SS + SD %/SS + SD
T1 Fu 0,709 + 0,040 1,444 + 0,031 1,112 +£ 0,122
T1 Fi2 4,470 + 0,226 4,766 + 0,143 4,311 + 0,070
T1 F2 3,542 + 0,184 4,262 + 0,187 3,551 + 0,181
T1 F22 0,178 + 0,019 0,178 + 0,019 0,062 + 0,003

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x <236 pm

T1 Far - tatarska ajda, podfrakcija moke z granulacijo 236 um < x <1000 pm

T1 F2 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in luséine

MN - merilna negotovost
SD - standardni odklon
SS - suha snov

Med ponovitvama T1 Fu/A in T1 Fu/B, ki sta bili
izvedeni v razli¢nih dnevih neodvisno druga od druge,
po 5 minutah in po 24-ih urah stika moke z vodo ni
bistvene razlike v koncentraciji flavonoidov (na zacet-
ku okoli 1,4 % v SS, na koncu postopka pa okoli 1,1 %
v SS).

Vsebnost flavonoidov v testih iz mlevskih frakcij nava-
dne ajde - vzorec D

Koncentracije flavonoidov v mlevskih frakcijah nava-
dne ajde so izjemno nizke, blizu meje dolocljivosti. Ob
dodatku vode moki se po 30-ih minutah kaze teznja
rahlega dviga koncentracije flavonoidov v vseh frakci-
jah mok (D Fu, D Fiz, D Fz1, D F22), nato koncentracija
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% flavoncidov/Ss  Vsebnost flavonoidov v mlevskih frakcijah
tatarske ajde (T1) ob stiku z vodo

6

5 aT1 F11
4 mT1F12
3 oT1 F21
2 oT1F22
1

0 il e — |

Mlevska frakcia  Testo 0,08h Testo 24h

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 um <x < 1000 um

T1 Fz2 - tatarska ajda, podfrakcija moke z granulacijo > 1000 pum ter otrobi in lus¢ine

Slika 9: Primerjava vsebnosti flavonoidov v mlevskih frakcijah tatarske ajde (T1) ter v testih po 5-ih minutah in po 24-ih urah
stika moke z vodo

Figure 9: Comparison of flavonoid content in milling fractions of Tartary buckwheat (T1) and in dough after 5 minutes and
after 24 hours of flour-water contact
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D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x < 236 pm

D F2 - navadna ajda, podfrakcija moke z granulacijo > 236 pm <x < 1000 pm

D F22 - navadna ajda, podfrakcija moke z granulacijo >1000 um ter otrobi in luscine

0,08 - 5 minut; 0,5 - 30 minut, 1 - ena ura; 2,4,8,12,24 - dve, $tiri, osem, dvanajst in 24 ur stika moke z vodo

Slika 10: Koncentracije flavonoidov v testih iz mlevskih frakcij navadne ajde (D) v casovnem obdobju 24 ur

Figure 10: Flavonoid concentrations in dough from different milling fractions of common buckwheat (D) over a 24-hour time
period
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flavonoidov v obdobju 24-urnega pocivanja testa po-
stopno pada (slika 10).

Vsebnost flavonoidov v beli moki navadne ajde
(frakcija D Fu1) je bistveno nizja kot v tatarski ajdi. V
mlevski frakciji D Fi1 vsebnost flavonoidov rahlo nara-
ste v 5-30 minutah stika moke z vodo iz zacetnih 0,015
% na 0,017 % flavonoidov v SS. Po eni uri zacne kon-
centracija flavonoidov postopoma padati, po 24-ih
urah je le $e 0,003 % v SS, kar je bistveno nizja vsebnost
kot je v izhodis¢nem vzorcu moke brez vode in na meji
dolocljivosti (preglednica 14; sliki 10 in 11).

Koncentracija flavonoidov v mlevskih frakcijah D
Fi2, D Fai, D F22 naraste v 5-30 minutah stika moke z
vodo, nato pa koncentracija flavonoidov v obdobju 24 ur
v testu postopno pada (preglednica 14; slika 10 in 11).

Vsebnost flavonoidov v moki mlevske frakcije D
Fi2 je bistveno nizja kot v primerljivi frakciji tatarske

ajde. Koncentracija flavonoidov naraste v 5-30 minu-
tah stika moke z vodo iz zacetnih 0,04 % na 0,09 %
flavonoidov v SS. Po eni uri koncentracija flavonoidov
zalne postopoma padati, po 24-ih urah je v testu le Se
0,04 % flavonoidov. Tudi v mlevski frakciji D Fa vseb-
nost flavonoidov naraste v 5-30 minutah stika moke z
vodo iz zacetnih 0,05 % na 0,09 % flavonoidov v SS. Po
eni uri vsebnost flavonoidov za¢ne postopoma padati,
po 24 urah je Se 0,07 % flavonoidov, kar je visja vseb-
nost kot je vsebnost v izhodis¢ni moki brez vode (pre-
glednica 14; slika 10).

V frakciji otrobov in lus¢in (D F22) vsebnost flavo-
noidov v 5-30 minutah stika z vodo naraste iz zacetnih
0,06 % na 0,07 % flavonoidov v SS. Po eni uri vsebnost
flavonoidov za¢ne postopoma padati, po 24 urah je v
testu le $e 0,027 % flavonoidov v SS (preglednica 14).

Preglednica 14: Primerjava koncentracij flavonoidov v mlevskih frakcijah navadne ajde (D) ter v testih po

5-ih minutah in po 24-ih urah stika moke z vodo

Table 14: Comparison of flavonoid concentrations in milling fractions of common buckwheat (D) and in
milling fractions with added water after 5 minutes and after 24 hours of flour-water contact

Flavonoidi
Vzorec .. Testo (moka in voda) Testo (moka in voda)
Mlevska frakcija 0,08 h (5 min) 24 h
%/SS + MN %/SS £+ SD %/SS + SD

D Fu 0,015 + 0,006 0,017 + 0,003* 0,006 + 0,002

D Fi2 0,043 £+ 0,006 0,085 + 0,002 0,042 + 0,013

D Fa 0,051 = 0,007 0,088 £+ 0,019 0,069 £ 0,008

D F22 0,055 + 0,013 0,071 + 0,016 0,055 + 0,002
*0,5h

D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x < 236 pm

D F22 - navadna ajda, podfrakcija moke z granulacijo > 236 um < x < 1000 pm

D F22 - navadna ajda, podfrakcija moke z granulacijo >1000 um ter otrobi in lusc¢ine

MN - merilna negotovost
SD - standardni odklon
SS - suha snov

Vsebnost flavonoidov v testih iz moke tatarske ajde —
vzorec T2

ODb stiku moke z vodo opazamo v moki T2 Fi ter v
obeh podfrakcijah T2 Firin T2 Fi2 porast vsebnosti fla-
vonoidov (do 50 %) v primerjavi z zacetnimi vzorci
mok brez dodane vode. Po pol ure sledi rahlo in posto-
pno padanje koncentracije flavonoidov v testu, ki traja
celotno obdobje opazovanja (24 ur). Vsebnost flavono-
idov v testu po 24-ih urah je v frakciji T2 F1 priblizno
enaka kot v vzorcu moke pred obdelavo z vodo, med-
tem ko so rezultati koncentracij flavonoidov v pod-
frakcijah T2 Fuin T2 Fi2 drugac¢ni. Koncentracija fla-

vonoidov v testu po 24-ih urah je v frakciji T2 Fu neko-
liko nizja v primerjavi z vzorcem moke pred obdelavo
z vodo, koncentracija flavonoidov v testu v frakciji T2
Fi2 pa je po 24-ih urah bistveno visja (za okoli 100 %)
kot v istem vzorcu moke pred obdelavo z vodo (slika
13).

Vzorec moke tatarske ajde T2 Fi vsebuje 0,9 % fla-
vonoidov v SS, vsebnost flavonoidov v testu po 5-ih
minutah stika z vodo pa naraste na 1,1-1,2 %. Koncen-
tracija flavonoidov ostane priblizno enaka tudi po
30-ih minutah. Nato pri¢ne koncentracija flavonoidov
postopno padati in je po 24-ih urah med 0,9 % in 1 %
(preglednica 15; sliki 12 in 13).
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D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x <236 pm
D F2 - navadna ajda, podfrakcija moke z granulacijo > 236 pm <x < 1000 pm
D F22 - navadna ajda, podfrakcija moke z granulacijo >1000 um ter otrobi in luscine

Slika 11: Primerjava vsebnosti flavonoidov v mlevskih frakcijah navadne ajde (D) ter v testih po 5-ih minutah in po 24-ih urah

stika moke z vodo

Figure 11: Comparison of flavonoid content in milling fractions of common buckwheat (D) and in dough after 5 minutes and

after 24 hours of flour-water contact

Preglednica 15: Primerjava koncentracij flavonoidov v moki tatarske ajde (T2) in njenih podfrakcijah ter v
testih po 5-ih minutah in po 24-ih urah stika moke z vodo
Table 15: Comparison of flavonoid concentrations in Tartary buckwheat flour (T2) and in dough after 5

minutes and after 24 hours of flour-water contact

Flavonoidi
Vzorec .. Testo (moka in voda) Testo (moka in voda)
Mlevska frakcija 0,08 h (5 min) 24 h
%/SS + MN %/SS + SD %/SS + SD
T2 F: 0,916 + 0,080 1,226 + 0,045 0,955 + 0,038
T2 Fu 0,243 + 0,008 0,363 + 0,019 0,199 + 0,070
T2 Fiz 1,011 + 0,037 2,639 + 0,133 2,063 + 0,153

T2 F1 - moka iz tatarske ajde (pridobljen vzorec)
T2 Fu - moka iz tatarske ajde z granulacijo < 100 pm
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um

MN - merilna negotovost; SD - standardna odklon; SS - suha snov

Vsebnost flavonoidov v testih iz tatarske ajde (vzorec
T2) ob dodajanju manjse in vecje koli¢ine vode

Moka iz tatarske ajde (T2 F1) vsebuje okoli 0,9 % flavo-
noidov v SS, testo iz te moke pa vsebuje v opazovanem
casovnem obdobju med 0,86 in 1,6 % flavonoidov. Pri
povecanju koli¢ine vode na dvojno koli¢ino je koncen-
tracija flavonoidov v testu od 0,8 do 1,2 % flavonoidov
v SS. Med vzorcema v vsebnosti flavonoidov ni bistve-
nih razlik ne glede na dodano koli¢ino vode in cas
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stika moke in vode. Kon¢na vsebnost po 24-ih urah je
v obeh poskusih priblizno enaka ter enaka tudi zacetni
vrednosti pred poskusom (okoli 0,9 %) (slika 14).

Vsebnost taninov v testih iz mlevskih frakcij tatar-
ske in navadne ajde

V Casu 24 ur smo preucevali vsebnost taninov v testih
iz mlevskih frakcij tatarske in navadne ajde (vzorci T1,
T2 in D).
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T2 Fi - moka iz tatarske ajde (pridobljen vzorec)
T2 Fu - moka iz tatarske ajde z granulacijo < 100 um
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um

Slika 12: Primerjava vsebnosti flavonoidov v moki tatarske ajde T2 in njenih podfrakcijah ter v testih po 5-ih minutah in po
24-ih urah stika moke z vodo

Figure 12: Comparison of flavonoid concentrations in Tartary buckwheat flour (T2) and in dough after 5 vinutes and after 24

hours of flour-water contact
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T2 Fi - moka iz tatarske ajde (pridobljen vzorec)

T2 Fu - moka iz tatarske ajde z granulacijo < 100 um
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um
T2 Fi/1in T2 Fi /2 - dve ponovitvi istega vzorca (T2 Fi /2 - izbrana za grafi¢no predstavitev)

T2 Fu /1in TF Fu /2 - dve ponovitvi istega vzorca (TF Fui /2 - izbrana za grafi¢no predstavitev)

0,08 - 5 minut; 0,5 - 30 minut, 1- ena ura; 2,4,8,12,24 - dve, §tiri, osem, dvanajst in 24 ur stika moke z vodo

Slika 13: Koncentracije flavonoidov v testih iz tatarske ajde (T2) v 24 urah
Figure 13: Flavonoids concentrations in dough from Tartary buckwheat flour (T2) over a 24-hour time period
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Obicajna koli¢ina dodane vode za pripravo srednje trdega
testa (3 ponovitve)

Dvojna koli¢ina dodane vode za pripravo srednje mehkega
testa (3 ponovitve)
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T2 Fi - moka iz tatarske ajde iz Luksemburga - pridobljen vzorec (obicajna koli¢ina vode za testo)
T2 F1 200 - moka iz tatarske ajde iz Luksemburga (dvojna koli¢ina vode za testo)
0,08 - 5 minut; 0,5-30 minut, 1 - ena ura; 2,4,8,12,24 - dve, §tiri, osem, dvanajst in 24 ur stika moke z vodo

T2 Fi/1,2,3 ter T2 Fi1200/1,2,3 - 3 ponovitve

Slika 14: Koncentracije flavonoidov v mokah in testih iz tatarske ajde (T2) z dodano enojno in dvojno koli¢ino vode v treh

ponovitvah

Figure 14: Flavonoids concentrations in Tartary buckwheat flour and in dough (T2) with different volume of added water (3

repetitions)

Vsebnost taninov v testih iz mlevskih frakcij tatarske
ajde - vzorec T1

Koncentracija taninov ob dodatku vode moki Ze po
5-ih minutah naraste v frakcijah mok (T1 Fi1, T1 Fi2, T1
Fa1) lahko tudi za 250 %, nato pa v vseh frakcijah po-
stopno pada v preiskovanem obdobju 24 ur. Le v frak-
ciji T1 Faz, ki vsebuje pretezno otrobe in lus¢ine, vseb-
nost taninov ob dodatku vode vseh 24 ur pocasi pada
(preglednica 16; slika 15).
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Koncentracija taninov v frakciji T1 Fu je nizka, saj
gre za fino belo moko z nizko granulacijo delcev, pri-
dobljeno iz centralnega endosperma zrn. Koncentraci-
ja taninov v beli tatarski moki z granulacijo do vkljuc-
no 100 um (frakcija T1 Fu) naraste v 5-minutnem stiku
z vodo iz zac¢etnih 0,09 % taninov na 0,16 % taninov v
SS. V casu 24 ur se koncentracija taninov v testu iz ta-
tarske moke le rahlo spreminja, kon¢na koncentracija
taninov v testu po 24 urah je 0,14 % taninov v SS. V
vsaki ponovitvi se rezultati med seboj nekoliko razli-
kujejo (preglednica 16; slika 15a).



VOMBERGAR & LUTHAR: RAZISKAVE VSEBNOSTI FLAVONOIDOV, TANINOV IN SKUPNIH BELJAKOVIN V FRAKCIJAH ...

V frakciji T1 Fiz (brez dodane vode) je vsebnost
taninov v SS okoli 0,14 %. Po 5-ih minutah stika moke
z vodo vsebnost taninov naraste na 0,5 % taninov. Po
24-ih urah je vsebnost taninov v testu okoli 0,35 % in
je nizja kot po 5-ih minutah po pripravi testa (pregle-
dnica 16; slika 15b).

Vsebnost taninov v suhi snovi v mlevski frakeiji
T1 Fai (brez dodane vode) je 1,2 %. Koncentracija tani-
nov ob dodatku vode v frakciji T1 Fa1 ostaja priblizno
enaka kot pred dodajanjem vode in sicer 1,2 do 1,5 %
taninov/SS, kar je visoka vrednost (preglednica 16;
sliki 15¢ in 16).

Vsebnost taninov v frakciji otrobov in luséin ta-
tarske ajde (vzorec T1) z granulacijo nad 1000 um
(frakcija T1 F22) se zniza v 5-minutnem stiku z vodo iz
zacetnih 0,3 % na 0,2 % taninov v SS. Vsebnost tani-
nov se po 24-ih urah stika z vodo $e dodatno znizuje
(le $e 0,1 % taninov/SS) (preglednica 16; slika 16).

Med ponovitvama, ki sta bili izvedeni v razli¢nih
casovnih obdobjih s frakcijo T1 Fi1, na zacetku posku-
sa (po 5-ih minutah) in na koncu poskusa (po 24-ih
urah), ni bistvene razlike v vsebnosti taninov (na za-

cetku 0,16 % taninov/SS, na koncu postopka pa okoli
0,13 do 0,15 % taninov/SS).

Vsebnost taninov v testih iz mlevskih frakcij navadne
ajde - vzorec D

Koli¢ina taninov v testih narejenih z navadno ajdovo
moko niha. Vsebnost taninov ob dodatku vode moki
po 5-ih minutah naraste v vseh mlevskih frakcijah (D
Fii, D Fa1,, D Fizin D F22), nato pa v obdobju 24-ih ur
vsebnost taninov pade v treh od stirih frakcij (D Fu, D
Fizin D F2) (preglednica 31; slika 35). Ugotavljamo
slabo ponovljivost paralelk, tudi standardni odkloni so
visoki (preglednica 17; slika 17), zato je preucevanje ni-
hanj tezko.

Vsebnost taninov v beli moki iz navadne ajde z gra-
nulacijo do vklju¢no 100 um (frakcija T1 Fu) naraste v
5-minutah stika z vodo iz zacetnih 0,06 % taninov/SS
na 0,09 % taninov/SS. Po 24-ih urah je vsebnost tani-
nov manjsa (0,07 %) v primerjavi z vsebnostjo taninov
v testu po 5-ih minutah (preglednica 17; slika 18a).
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T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 pm

T1 Fiz - tatarska ajda, podfrakcija moke z granulacijo 100 ym < x <236 um

T1 Far - tatarska ajda, podfrakcija moke z granulacijo 236 pm < x <1000 um

T1 F2 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in lu§¢ine

0,08 - 5 minut; 0,5 - 30 minut, 1 - ena ura; 2,4,8,12,24 - dve, $tiri, osem, dvanajst in 24 ur stika moke z vodo
A, B - ponovitev v razli¢nih dnevih (grafi¢na predstavitev - ponovitev A)

Slika 15: Koncentracije taninov v testih iz mlevskih frakcij tatarske ajde (T1) v 24 urah
Figure 15: Tannins concentrations in dough from different milling fractions of Tartary buckwheat (T1) in over a 24-hour time

period
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Preglednica 16: Primerjava koncentracij taninov v mlevskih frakcijah tatarske ajde (T1) ter v testih po 5-ih
minutah in po 24-ih urah stika moke z vodo

Table 16: Comparison of tannin concentrations in milling fractions of Tartary buckwheat (T1) and in
milling fractions with added water after 5 minutes and after 24 hours of flour-water contact

Tanini
Vzorec .. Testo (moka in voda) Testo (moka in voda)
Mlevska frakcija 0,08 h (5 min) 24 h
%/SS £+ MN %/SS + SD %/SS + SD
T1 Fu 0,089 + 0,009 0,163 + 0,011 0,153 + 0,021
T1 F2 0,141 + 0,033 0,502 + 0,019 0,352 + 0,184
T1 Fa 1,248 + 0,144 1,376 + 0,161 1,146 + 0,214
T1 F2 0,286 + 0,014 0,230 + 0,011 0,125 + 0,008

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x < 236 um

T1 Far - tatarska ajda, podfrakcija moke z granulacijo 236 um < x < 1000 pm

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in lus¢ine
MN - merilna negotovost; SD - standardni odklon; SS - suha snov

% taninov / S5 V/sebnost taninov v mlevskih frakcijah
tatarske ajde T1 ob stiku z vodo
2
15 = aT1F11
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Mlevska frakcija Testo 0,08h Testo 24h

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 ym < x <236 um

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 pm < x < 1000 um

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 pum ter otrobi in lu§¢ine

Slika 16: Primerjava vsebnosti taninov v mlevskih frakcijah tatarske ajde (T1) ter v testih po 5-ih minutah in po 24-ih urah
stika moke z vodo

Figure 16: Comparison of tannin content in milling fractions of Tartary buckwheat (T1) and in dough after 5 minutes and after
24 hours of flour-water contact

ur (od 0,8 % na 1,3 % taninov/SS) (preglednica 17; sliki
17 in 18).

Podobni procesi so tudi v frakciji Fiz, ne pa tudi v
frakeiji D Fai. V frakciji D Fi2 je koncentracija taninov

v vzorcu brez dodane vode 0,4 % taninov v SS, ob do-
datku vode po 5-ih minutah koncentracija rahlo nara-
ste. Po 24-ih urah se vsebnost taninov zmanjsa za okoli
60 % (preglednica 17; slika 18b). V frakciji D Fai vseb-
nost taninov narasca celotno preiskovano obdobje 24
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V frakciji D F22 (pretezno otrobi in lus¢ine) je kon-
centracija taninov po 24 urah nizja, kot je bila koncen-
tracija taninov na zacetku procesa (preglednica 17;

slika 18d).
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Preglednica 17: Primerjava koncentracij taninov v mlevskih frakcijah navadne ajde (D) ter v testih po 5-ih

minutah in po 24-ih urah stika moke z vodo

Table 17: Comparison of tannin concentrations in milling fractions of common buckwheat (D) and in

milling fractions with added water after 5 minutes and after 24 hours of flour-water contact

Tanini
Vzorec Mlevska frakcija Testo (moka in voda) Testo (moka in voda)
0,08 h (5 min) 24h
%/SS + MN %/SS + SD %/SS + SD
D Fn 0,057 + 0,007 0,094 + 0,004 0,072 + 0,006
D Fiz 0,407 + 0,120 0,422 + 0,005 0,158 + 0,069
D Fa 0,790 + 0,189 1,135 + 0,793 1,262 + 0,094
D F2 0,305 + 0,023 0,713 £ 0,734 0,186 + 0,006

D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

D F2: - navadna ajda, podfrakcija moke z granulacijo > 236 pm < x < 1000 pm

D F2 - navadna ajda, podfrakcija moke z granulacijo >1000 pm ter otrobi in lus¢ine
MN - merilna negotovost; SD - standardni odklon; SS - suha snov

% taninov/SS Vsebnost taninov v mlevskih frakcijah
navadne ajde D ob stiku z vodo

25
‘ T | [mDF
1.5 = mDb F12
1 M) oD F21
05 1 i Ifl ___\ ——I_ ‘ | |@DF22
04— — — [==}_.|

-0,5

Mlevska frakcija Testo 0,08h

Testo 24h

D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x <236 pm
D F2 - navadna ajda, podfrakcija moke z granulacijo > 236 pm <x < 1000 pm
D F22 - navadna ajda, podfrakcija moke z granulacijo >1000 um ter otrobi in lus¢ine

Slika 17: Primerjava vsebnosti taninov v mlevskih frakcijah navadne ajde (D) ter v testih po 5-ih minutah in po 24-ih urah stika

z vodo

Figure 17: Comparison of tannin content in milling fractions of common buckwheat (D) and in dough after 5 minutes and after

24 hours of flour-water contact

Vsebnost taninov v testih iz tatarske ajde — vzorec T2

Ob presejanju moke T2 Fi na dve podfrakciji T2 Fu in
T2 Fi2 ugotavljamo, da je vsebnost taninov v frakciji T2
Fi2 vija. Ta frakcija ima tudi visjo granulacijo delcev.
V vzorcu moke T2 Fi je okoli 0,15 % taninov v SS.
Vsebnost taninov v testu po 5-ih minutah stika z vodo
je priblizno enaka kot pred dodajanjem vode moki. V
obdobju 24 ur koncentracija taninov rahlo niha, a

ostaja skoraj nespremenjena (preglednica 18; sliki 19 in
20).

V testih podfrakcije T2 Fu je od 0,05 % do 0,06 %
taninov v SS. Ugotavljamo veliko variabilnost vzorcev
pa tudi analiti¢ne razlike v povezavi z visjim standar-
dnim odklonom (preglednica 18; slika 20).

V testih frakcije T2 Fiz je vsebnost taninov okoli 0,2
% taninov v SS, priblizno enaka pa je koncentracija tani-
nov tudi v mlevski frakeiji (brez dodane vode) (slika 20).
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D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 pm

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pym < x <236 pum

D F2: - navadna ajda, podfrakcija moke z granulacijo > 236 um < x < 1000 pm

D F2 - navadna ajda, podfrakcija moke z granulacijo >1000 um ter otrobi in lusc¢ine

0,08 - 5 minut; 0,5 - 30 minut, 1 - ena ura; 2,4,8,12,24 - dve, $tiri, osem, dvanajst in 24 ur stika moke z vodo

Slika 18: Koncentracije taninov v testih iz mlevskih frakcij navadne ajde (D) v 24 urah
Figure 18: Tannin concentrations in dough from different milling fractions of common buckwheat (D) over a 24-hour time

period
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T2 Fi - moka iz tatarske ajde (pridobljen vzorec)

T2 Fu - moka iz tatarske ajde z granulacijo < 100 um

T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um

0,08 - 5 minut; 0,5 - 30 minut, 1 - ena ura; 2,4,8,12,24 - dve, $tiri, osem, dvanajst in 24 ur stika moke z vodo

Slika 19: Koncentracije taninov v testih iz tatarske ajde (T2) v 24 urah
Figure 19: Tannin concentrations in dough from Tartary buckwheat flour (T2) over a 24-hour time period
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Preglednica 18: Primerjava koncentracij taninov v moki tatarske ajde (T2) in njenih podfrakcijah ter v
testih po 5-ih minutah in po 24-ih urah stika moke z vodo
Table 18: Comparison of tannin concentrations in Tartary buckwheat flour (T2) and in dough after 5

minutes and after 24 hours of flour-water contact

Tanini
Vzorec Mlevska frakcija Testo (moka in voda) Testo (moka in voda)
0,08 h (5 min) 24h
%/SS + MN %/SS + SD %/SS + SD
T2 F1 0,145 + 0,017 0,137 + 0,012 0,147 + 0,018
T2 Fu 0,071 + 0,008 0,050 + 0,001 0,062 + 0,001
T2 Fi2 0,189 + 0,020 0,235 + 0,015 0,225 £ 0,010

T2 Fi - moka iz tatarske ajde (pridobljen vzorec)

T2 Fu - moka iz tatarske ajde z granulacijo < 100 pm
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um
MN - merilna negotovost

SD - standardni odklon

SS - suha snov

Mlevska frakcija ~ Testo 0,08h

% taninov / SS Vsebnost taninov v mlevskih frakcijah
tatarske ajde T2 ob stiku z vodo
0.3
0,25 - ‘-
0.2 ’_P BT2F1
ET2F11
0,15 g oT2 Fi2

Testo 24h

Slika 20: Primerjava vsebnosti taninov v moki tatarske ajde T2 in njenih podfrakcijah ter v testih po 5-ih minutah in po 24-ih

urah stika moke z vodo

Figure 20: Comparison of tannin concentrations in Tartary buckwheat flour (T2) and in dough after 5 minutes and after 24

hours of flour-water contact

V osnovni frakciji moke T2 Fi ter obeh podfrakei-
jah T2 Fuin T2 Fizopazamo nihanje koncentracij tani-
nov, posebnih zakonitosti nismo opazili.

Vsebnost taninov v testih tatarske ajde (vzorec T2)
ob dodajanju manjse in vecje koli¢ine vode

Moka iz tatarske ajde (T2 Fi) vsebuje okoli 0,14 %
taninov v SS, testo iz te moke pa v 24-urnem stiku
moke z vodo od 0,14 % do 0,17 % taninov v SS.

Pri povecanju koli¢ine vode v testu za dvakrat je
koncentracija taninov v testu podobna (0,15-0,19 % ta-

ninov/SS).

Med vzorcema v vsebnosti taninov ni bistvenih

razlik ne glede na dodano koli¢ino vode in cas stika
moke in vode. Kon¢na koncentracija taninov po 24
urah je v obeh poskusih priblizno enaka ter skoraj
enaka, kot je bila zacetna vsebnost taninov v moki pred
poskusom (okoli 0,16 % taninov/SS) (slika 19).
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Dvojna koli¢ina dodane vode za pripravo srednje trdega

testa (3 ponovitve)

Obicajna koli¢ina dodane vode za pripravo mehkega testa (3
ponovitve)
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T2 F1 200 - moka iz tatarske ajde iz Luksembtlrge; (dvojna koli¢ina vode za testo)

0,08 - 5 minut; 0,5 - 30 minut, 1 - ena ura; 2,4,8,12,2 - dve, §tiri, osem, dvanajst in 24 ur stika moke z vodo

Slika 21: Koncentracije taninov v mokah in testih iz tatarske ajde (T2) z dodano enojno in dvojno kolicino vode v

treh ponovitvah

Figure 21: Tannins concentrations in Tartary buckwheat flour and dough (T2) with different volume of added water

(3 repetitions)
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4 RAZPRAVA

VSEBNOST FLAVONOIDOV V VZORCIH NA-
VADNE IN TATARSKE AJDE

Analize raziskovanih vzorcev tatarskih ajd T1 (vzorec
tatarske ajde pridobljen v zrnju) in T2 (vzorec tatarske
ajde pridobljen kot moka) so pokazale razli¢no vseb-
nost flavonoidov v mlevskih frakcijah mok in otrobov
(T1: 0,71-4,47 %; T2: 0,24-1,01 % flavonoidov), kar
pripisujemo razlicnim vzorcem, pa tudi moznim raz-
licnim lokacijam pridelave, razlicnemu letu pridelave,
itd. Tatarska ajda T1 ima okoli 3 do 4-krat vecjo vseb-
nost flavonoidov kot tatarska ajda T2 v mlevskih frak-
cijah mok in otrobov (preglednica 36). Vsebnost flavo-
noidov v frakciji otrobov in lus¢in F22 v raziskovanem
vzorcu tatarske ajde T1 je nizka (0,18 % flavonoidov),
rezultatov za vzorec T2 pa ni, saj smo pridobili vzorec
zmlete moke iz Luksemburga. Razlike med vzorci ta-
tarskih ajd ugotavljajo v svojih raziskavah tudi drugi
avtorji (YAN in sod. 2004, FABJAN 2007). Prav tako tudi
objave mnogih raziskovalcev (FABjAN in sod. 2003,
BRrIGGS in sod. 2004, CHAI in sod. 2004, B.J. PARK in
sod. 2004, SuzuKI in sod. 2005ab, JIANG in sod. 2007,
GHIMERAY in sod. 2009) navajajo razli¢ne rezultate o
vsebnosti flavonoidov, predvsem rutina, v vzorcih pre-
ucevanih tatarskih ajd.

Iz raziskav L1u in ZHU (2007) je ugotovljeno, da je
glavni flavonoid v tatarski ajdi rutin, iz raziskav Fa-
BJAN (2007) in MORISHITA in sod. (2007) pa, da se v
tatarski ajdi nahajajo flavonoidi rutin (ta prevladuje),
kvercetin in kvercitrin. Razli¢ni avtorji v neodvisnih
raziskavah (OomMAH & MAazzA 1996, MICHALOVA in
sod. 2001, ORSCHLAGER in sod. 2004, SUZUKI in sod.
2004, YAN in sod. 2004, KrREFT in sod. 2006, FABJAN
2007, Mori1sHITA in sod. 2007, Yu & L1 2007) ugota-
vljajo razlike v vsebnosti flavonoidov, predvsem ruti-
na, tudi pri razli¢nih vzorcih navadnih ajd.

Z zgoraj navedenimi rezultati in trditvami smo
potrdili hipotezo, da je vsebnost flavonoidov v razisko-
vanih vzorcih povezana z vrsto ajde (slika 22).

V raziskavi ugotavljamo, da je vsebnost flavonoi-
dov v navadni ajdi ‘Darja” od 0,02 do 0,06 % flavonoi-
dov (odvisno od mlevske frakcije) ter s tem potrjujemo
rezultate drugih raziskovalcev (DIETRYCH-SZOSTAK &
OLESZEK 1999, OLSCHLAGER in sod. 2004, JIANG in
sod. 2007). V nasi raziskavi smo ugotovili, da imata
vzorca tatarskih ajd (T1 in T2) bistveno visjo vsebnost
flavonoidov kot navadna ajda "Darja” (D: 0,015-0,055
%; T1: 0,178-4,47 % flavonoidov v mlevskih frakcijah
mok, otrobov in luscin). Podobne trditve o visji vseb-
nosti flavonoidov (predvsem rutina) v tatarski ajdi kot
v navadni ajdi so objavili tudi FABjaN in sod. (2003),

BriGgaGs in sod. (2004), Asamr in sod. (2007), FABJAN
(2007), J1aNG in sod. (2007), Yu in L1 (2007) in drugi.
Nasa raziskava kaze, da je med vzorcema tatarske in
navadne ajde (T1 in D) razlika v vsebnosti flavonoidov
v frakcijah mok tudi 50 do 100-kratna ali celo ve¢ v
korist tatarske ajde, med frakcijama otrobov in lus¢in
(D F22 in T1 F22) pa je razlika manjsa (le okoli 3-krat
vec flavonoidov v frakciji otrobov in lus¢in pri tatarski
ajdi kot navadni ajdi).

Vsi ti rezultati kazejo na bistveno visjo vsebnost
flavonoidov v tatarski ajdi v primerjavi z navadno ajdo
(slika 22).

Hipotezo, da bo vsebnost flavonoidov v vzorcih
tatarske ajde visja kot vsebnost flavonoidov v navadni
ajdi, smo potrdili (preglednici 19 in 20; slika 22). S
spektrofotometri¢nimi analizami smo primerjali vseb-
nost flavonoidov v dveh vzorcih tatarske ajde iz
Luksemburga (T1 in T2) ter vzorcu navadne ajde
‘Darja’” (D) iz Slovenije in ugotovili bistveno visjo
vsebnost flavonoidov v tatarski ajdi.

RAZPOREDITEV FLAVONOIDOV IN TANI-
NOV PO MLEVSKIH FRAKCIJAH NAVADNE
IN TATARSKE AJDE

Mletje navadne in tatarske ajde in mlevske frakcije

Drobljenje in mletje ter presejanje skozi sita so glavni
postopki pri mletju ajde. Izmlevnost pri ajdi je obicaj-
no 40-50 % od celotne mase semena, ostalo je lus¢ina
in periferni deli semen (kalica in testa). KREET (1995)
meni, da so ti deli drugace drobljivi od endosperma,
zato se lahko ustavijo na sitih. Prav periferni deli (kot
je kalica) so bogatejsi z rutinom, zato je ajdova moka
zaradi takega nacina drobljenja in mletja lahko osiro-
masena in z manj rutina (KRerT 1995). Tudi flavonoi-
di, predvsem rutin, niso enakomerno razporejeni v
zrnu. Nacini obdelave semena, luscenje, drobljenje,
mletje, sejanje in drugi postopki, vplivajo na vsebnost
flavonoidov in drugih fenolnih spojin v ajdi. Predvsem
prisotnost otrobov in del¢kov lus¢in v temnih mokah
lahko povecuje vsebnost flavonoidov pa tudi fenolnih
spojin. Vsebnost flavonoidov je dejansko odvisna od
priprave vzorcev mok ter seveda od predhodnih naci-
nov lus¢enja, drobljenja, mletja, presejanja ter drugih
tehnoloskih postopkov in obdelav ajde.

Ugotavljali smo posamezne deleze mlevskih frak-
cij pri mletju zrnja navadne in tatarske ajde v povezavi
z velikostjo delcev moke. Podatke o mlevskih frakcijah
in njihovih delezih tezko primerjamo s podatki drugih
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Vsebnost flavonoidov v mlevskih frakeijah tatarske in navadne ajde
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mievske frakcije

T1F11 T1F12 T1F21 T1F22 DF11 DF12 DF21 DF22 T2F1 T2F11 T2F12

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 pm

T1 Fuz - tatarska ajda, podfrakcija moke z granulacijo 100 um < x <236 um
T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 pm < x < 1000 pum
T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 pm ter otrobi in luécine

D Fu

- navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

D F22 - navadna ajda, podfrakcija moke z granulacijo > 236 um < x < 1000 pum

D F22 - navadna ajda, podfrakcija moke z granulacijo >1000 pum ter otrobi in lusc¢ine

T2 Fi - moka iz tatarske ajde (pridobljen vzorec)
T2 Fu - moka iz tatarske ajde z granulacijo < 100 um
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 pm

Slika 22: Primerjava vsebnosti flavonoidov med mlevskimi frakcijami navadne in tatarske ajde
Figure 22: Comparison of flavonoid content in milling fractions of common and Tartary buckwheat

avtorjev, saj so nacini mletja in presejanja razli¢ni. V
nasi raziskavi je belih mok, z granulacijo do vklju¢no
100 pm, skoraj 50 %. Med navadno ajdo ‘Darjo” (vzo-
rec D) in tatarsko ajdo (vzorec T1) pri mletju ni bistve-
nih razlik (navadna ajda - mlevska frakcija bele moke
D F1148,6 %, tatarska ajda - mlevska frakcija T1 F1147,7
%). Temnejsih mok, z velikostjo delcev nad 100 um do
vkljucno 1000 um (frakcije Fiz in Fa1), je okoli 33-34 %
tako pri navadni kot pri tatarski ajdi (vzorca D in T1).
Delez otrobov in lus¢in je v tatarski ajdi (T1) visji (sko-
raj 21%) kot pri navadni ajdi (D) (17,6 %).

Pri presejanju moke tatarske ajde (T2), ki smo jo
prejeli ze kot vzorec moke, smo pridobili 57,6 % mle-
vske frakcije z granulacijo do vklju¢no 100 pum, preo-
stali del je groba moka. Frakciji tatarske ajde T2 nista
neposredno primerljivi s frakcijami vzorcev T1 in D.
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Flavonoidi v mlevskih frakcijah navadne in tatarske
ajde

V nasi raziskavi se razporeditev flavonoidov razlikuje
v frakcijah mok tatarske in navadne ajde z razli¢no
granulacijo, prav tako pa se razlikuje tudi razporeditev
flavonoidov v otrobih in lus¢inah. Podobno ugotavlja-
jo tudi drugi avtorji (KREFT in sod. 1999, QUETTIER-
-DELEU in sod. 2000, STEADMAN in sod. 2001b, SkrA-
BANJA in sod. 2004, Asam1 in sod. 2007, HunGg & Mo-
RITA 2008).

Najvisjo vsebnost flavonoidov smo ugotovili v ta-
tarski ajdi T1 v mlevskih frakcijah z granulacijo nad
100 do 1000 pm (frakciji Fi2 in F21) in sicer 3,54-4,47 %
(preglednica 19). To je priblizno 100-krat ve¢ kot je
vsebnost flavonoidov v navadni ajdi ‘Darja’ v frakci-
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jah z isto granulacijo (0,043-0,051 %) (slika 22). S tem
potrjujemo tudi rezultate drugih avtorjev (P1ao & L1
2001, SkRABANJA in sod. 2004, HUNG & MORITA
2008).

V raziskavi smo ugotovili, da za navadno ajdo ne
velja enaka razporeditev flavonoidov po mlevskih
frakcijah kot za tatarsko ajdo (preglednica 19). Ugota-
vljamo, da je med mlevskimi frakcijami navadne ajde s
flavonoidi najbogatejsa frakcija otrobov in luscin Fzz
granulacijo nad 1000 pm (D F22: 0,055 % flavonoidov),
to pa ne velja za tatarsko ajdo. Prav zaradi tega se zelo
intenzivno preucuje vsebnost flavonoidov, predvsem
rutina, v lu$¢inah navadne ajde (OomanH & MAzza
1996, WATANABE in sod. 1997, DIETRYCH-SZOSTAK &
OLESZEK 1999, KREFT in sod. 1999, QUETTIER-DELEU
in sod. 2000, STEADMAN in sod. 2001b, DIETRYCH-
-SzosTAK 2004). V nadi raziskavi ugotavljamo nizjo
razliko v vsebnosti flavonoidov med tatarsko in nava-
dno ajdo v frakciji lus¢in (ne pa tudi v mlevskih frakei-
jah mok), kar nakazuje tudi moznosti uporabe lus¢in
navadne ajde kot vir flavonoidov, predvsem na geo-
grafskih podrodjih, kjer se tatarska ajda ne prideluje
oziroma je navadna ajda tradicionalna poljs¢ina.

Rezultati nase raziskave kazejo tudi, da je vsebnost
flavonoidov v belih mokah navadne in tatarske ajde
(granulacije do vklju¢no 100 um) nizka v primerjavi z
drugimi mlevskimi frakcijami v isti ajdi in sicer pri
tatarski ajdi pod 0,71 % ter pri navadni ajdi ‘Darja’
samo okoli 0,01 % (preglednica 19). Kljub temu je vseb-

nost flavonoidov v tatarski ajdovi beli moki 70-krat
visja kot v beli moki iz navadne ajde. S temi rezultati
potrjujemo raziskave drugih avtorjev, da se vsebnost
flavonoidov, predvsem rutina, v finih belih mokah,
grobih temnih mokah, otrobih in lus¢inah razlikuje
tako med mlevskimi frakcijami kot tudi med vzorci in
vrstami ajd (KREFT in sod. 1999, QUETTIER-DELEU in
sod. 2000, STEADMAN in sod. 2001b, SKRABANJA in
sod. 2004, HuNG & Morita 2008). Fine bele moke, ki
so pretezno zmlete iz notranjega dela zrna (centralnega
endosperma), imajo nizjo vsebnost flavonoidov kot
temne grobe moke (zmlete pretezno iz perifernih delov
zrn, zunanjega dela endosperma, alevronskega sloja in
delov pokrivala zrna). To velja za navadno in tatarsko
ajdo.

UPORABNA VREDNOST ZRNJA IN MLEVS-
KIH FRAKCIJ NAVADNE IN TATARSKE AJDE

Poznavanje delezev posameznih mlevskih frakcij in
podfracij pri mletju je pomembno pri nacrtovanju teh-
nologije mesanja mok, pa tudi pri prepoznavanju se-
stave in hranilne vrednosti teh mok. Opredelili smo,
kako mesati mlevske frakcije ajde z razli¢no granulaci-
jo za pridobivanje frakcij z visoko koli¢ino beljakovin,
pepela ter flavonoidov (rutina).

V raziskovanih vzorcih navadne in tatarske ajde je
vsebnost beljakovin v suhi snovi v zrnju tatarske ajde
za okoli 1 % nizja kot v zrnju navadne ajde ‘Darja’ (ta-

Preglednica 19: Vsebnost flavonoidov v mlevskih frakcijah navadne in tatarske ajde
Table 19: Flavonoid content in milling fractions of common and Tartary buckwheat

Flavonoidi (%)/SS

Vzorec Frakcija

Fu F2

bela moka Fuo Far otrobi in lustine B

D 0,02 0,04 0,05 0,06
T1 0,71 4,47 3,54 0,18

Fu F12
T2 0,24 1,01 ni vzorca 0,92

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fiz - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x <236 pm

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 um <x <1000 um

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in lusc¢ine
D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 pm

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 um < x <236 pm

D F2: - navadna ajda, podfrakcija moke z granulacijo > 236 um < x < 1000 pm

D F2: - navadna ajda, podfrakcija moke z granulacijo >1000 um ter otrobi in lusc¢ine

T2 Fi - moka iz tatarske ajde (pridobljen vzorec)
T2 Fu - moka iz tatarske ajde z granulacijo < 100 pm
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um
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Preglednica 20: Primerjave vsebnosti flavonoidov in taninov razli¢nih avtorjev z rezultati te raziskave
Table 20: Flavonoid and tannin content according to different research studies and the comparison of

results with this research study

Flavonoidi (%)/ Tanini Vir

Vzorec SS (%)/SS
Tatarska ajda (moka) T2 0,2-1,0 0,07-0,19
Tat.arska ajda T1 (vse fralfs%je od 0,1-4,4 0,09-1,25 VOMBERGAR (2010)
belih mok do otrobov / lus¢in)
Navadna ajda D (vse frakcije od 0,01 - 0,05 0,05 - 0,79
belih mok do otrobov in luséin)
Moka - tatarska ajda VOGRINCIC & KREFT (neobjavljeni)
Moka - navadna ajda 0,016 0,397 AVGUETIN (2009)
(iz trgovine v Sloveniji)
Seme slovenskih ajd 0,1-0,3 LuTHAR & KREFT (1999)
Zrnje - navadna ajda 0,018 DIETRYCH-SZOSTAK in sod. (1999)
Lus¢ine 0,1 DIETRYCH-SZOSTAK in sod. (2004)
Moka - navadna ajda (16 frakcij) 0,002-0,13 HunG & MorrTa (2008)
Zrnje - navadna ajda 0,04 .

_ tatarska ajda 2,04 JIANG in sod. (2007)
Zrnje - navadna ajda 1,29 LEE in sod. (2004)
Moke (10 frakcij) - navadna ajda KREFT in sod. (1994)
Bela moka - navadna ajda .
Temna moka — navadna ajda Sengov in sod. (2006)
Bela moka - navadna ajda 0,05-0,08
Polnovredna moka - navadna ajda 0,118
Kasa - navadna ajda 0,168 STEADMAN in sod. (2001ab)
Otrobi (brez lus¢in) - navadna ajda 0,2-0,5
Otrobi z lu§¢inami — navadna ajda 1,04-1,66
Moka - navadna ajda BONAFACCIA in sod. (2009)
Moka - tatarska ajda '
Moka - navadna ajda .
Moka - tatarska ajda AsaMmi in sod. (2007)
Moke (10 frakcij) - navadna ajda 0,1-1,2
Zdrobi (6 frakcij) 0,7-2,2 = .
Otrobi (6 frake) 22-6 SKRABANJA in sod. (2004)
Luséine 0,3
Moka - navadna ajda 0,0098 .
Luséine - navadna ajda 0.0456 QUETTIER-DELEU in sod. (2000)
SS - suha snov

tarska ajda T1 9,5 %; navadna ajda D 10,5 %). Razpo-
reditev beljakovin v mlevskih frakcijah navadne in
tatarske ajde ni enaka. Pri tatarski ajdi je vsebnost be-
ljakovin v frakcijah Fi2 in Fai priblizno enaka in sicer
nekoliko pod 19 %, pri navadni ajdi ‘Darja’ pa je frak-
cija Fa1 (z granulacijo nad 236 pm do vklju¢no 1000
pm) najbogatejsa z beljakovinami med vsemi preisko-
vanimi vzorci (preko 26 % beljakovin), medtem ko je
vsebnost beljakovin v frakciji navadne ajde D Fi2 enaka
kot pri tatarski ajdi T1 v frakciji z isto granulacijo.
Najnizja vsebnost beljakovin je v frakciji otrobov in
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lusé¢in F22(2,5-2,9 %) tako pri tatarski ajdi (T1) kot tudi
pri navadni ajdi (D) (preglednica 21).

Vsebnost pepela v suhi snovi je v zrnju tatarske ajde
vi$ja kot v zrnju navadne ajde (navadna ajda 1,65 %; ta-
tarska ajda T1 2,73 %). Razporeditev mineralnih snovi v
mlevskih frakcijah navadne in tatarske ajde se razlikuje.
Najvisjo vsebnost mineralnih snovi imata frakciji Fi2in
Fa1 tako pri navadni kot pri tatarski ajdi (med 2,9 in 4,2
%). Izjemno nizko vsebnost mineralnih snovi ima bela
moka iz navadne ajde (z granulacijo pod 100 um), le 0,6
%; v enaki frakciji tatarske ajde je dvakrat visja koli¢ina
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Preglednica 21: Primerjava vsebnosti beljakovin, pepela, flavonoidov in taninov v mlevskih frakcijah

navadne in tatarske ajde

Table 21: Comparison of protein, ash, flavonoid and tannin content in milling fractions of common and

Tartary buckwheat
Vzorec Mlevske Delez pri | Beljakovine Pepel Flavonoidi Tanini
(zrnje) frakcije mletju (%) (%)/SS (%)/SS (%)/SS (%)/SS
T1 Fu 47,75 6,63 1,44 0,71 0,09
Tatarska ajda iz T1 Fi2 19,20 18,80 4,23 4,47 0,14
Luksemburga (T1) T1 Fa 12,02 18,60 3,90 3,54 1,25
T1 Fa 20,93 2.47 1,02 0,18 0,29
L1 . D Fu 48,64 5,47 0,62 0,01 0,06
?1])"‘)" adna ajda "Darja’ || 20,80 18,60 2,91 0,04 0,41
D Fa 12,94 26,20 4,19 0,05 0,79
D F22 17,62 2,87 1,04 0,05 0,31

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

T1 Far - tatarska ajda, podfrakcija moke z granulacijo 236 um < x < 1000 pm

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in lus¢ine
D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

D F2 - navadna ajda, podfrakcija moke z granulacijo > 236 pm < x < 1000 pm

D F2: - navadna ajda, podfrakcija moke z granulacijo >1000 pm ter otrobi in lus¢ine

mineralnih snovi. Otrobi in lus¢ine (frakcija F22) imajo
priblizno 1 % pepela v SS neodvisno od vrste ajde.

Visja vsebnost beljakovin in visja vsebnost pepela
sta v mlevskih frakcijah mok povezani (korelacija je
visoka r’= 0,8469; p< 0,05), nekoliko odstopa le vseb-
nost mineralnih snovi v frakciji otrobov in luscin pri
navadni ajdi (vzorec D).

Ce primerjamo mlevske frakcije z razli¢no granu-
lacijo med seboj (Fi1, Fiz in Fa1), ugotavljamo, da ima
najvisjo vsebnost beljakovin in najvisjo vsebnost pepe-
la mlevska frakcija navadne ajde ‘Darja’ D Fai (z gra-
nulacijo nad 236 do 1000 um) ter mlevska frakcija ta-
tarske ajde T1 Fi2 z nizZjo granulacijo (nad 100 do 236
pm). Ista frakcija tatarske ajde T1 Fi2 ima tudi najvisjo
vsebnost flavonoidov, enako pa velja tudi za frakcijo
navadne ajde D Fai (preglednica 21).

Po sestavi je frakciji T1 Fi2 zelo podobna tudi
frakcija T1 Fa1 (z granulacijo nad 236 do 1000 um), le
da ima nekoliko nizjo vsebnost omenjenih sestavin.
To se sklada s trditvami IKEDE in YAMASHITE (1994),
da imajo razlicne mlevske frakcije razli¢no koli¢ino
mineralov in beljakovin ter da so temne moke v glav-
nem bogatejs$e z mineralnimi snovmi in beljakovina-
mi. Mlevske frakcije finih belih ajdovih mok imajo
visjo vsebnost $kroba (IKEDA & YAMASHITA, 1994).
Pri mletju ajdove moke se skrobnati centralni endo-
sperm ajdovega zrna zdrobi v fino moko nizkih gra-
nulacij, kar omogoca posebna oblika zelo majhnih

kroglastih drobnih $krobnih zrn, ki so priblizno
enake velikosti, predpostavljamo v nasi raziskavi.
Tudi STEADMAN in sod. (2001a) ugotavljajo, da bela
moka nizkih granulacij nastaja iz notranjega dela zrn
(centralnega endosperma). Pri mletju psenice pa se v
fino belo moko nizkih granulacij zdrobijo predvsem
beljakovinski delci, zato se ta fina bela moka nizkih
granulacij dodaja kot izboljsevalec pseni¢nih mok
(TASNER, osebni vir, 2010). V pSenici so skrobna zrna
razli¢nih velikosti, zato so u¢inki pri mletju psSenice
drugacni.

Odlocitev o zdruzitvi mlevskih frakcij Fiz in Fai (z
granulacijo nad 100 do 1000 pm) bi pomenila pridobi-
tev znatne koli¢ine moke z najvi§jo mozno vsebnostjo
beljakovin in mineralnih snovi tako pri navadni kakor
tudi pri tatarski ajdi, pa tudi z visoko vsebnostjo flavo-
noidov (predvsem rutina) in fenolnih spojin. Ajda je
bogata z mnogimi minerali, vsebuje Zn, Cu, Mn, Mg,
K, P, Ca, Na, Fe, Se, Co, B, I, Cr. Pri mletju zrnja pred-
stavljata ti dve mlevski frakciji 32-34 % delez moke (z
granulacijo nad 100 do 1000 pum), medtem ko je delez
finih belih mok iz pretezno $krobnatih mok okoli
50 %.

Otrobi ajde se v nasi raziskavi nahajajo predvsem v
mlevski frakciji F21 (skupaj z moko visjih granulacij do
1000 um) in v manjsi meri v mlevski frakciji F22 (sku-
paj z lus¢inami - granulacije nad 1000 um). Otrobi
vsebujejo zunanje plasti oluscenega zrnja in delcke em-
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brija. Vsebujejo visok delez beljakovin, mascob in pre-
hranskih vlaknin. Topni ogljikovi hidrati (kot so npr.
fagopiritoli) so skoncentrirani v otrobih in kalici. Mi-
neralne snovi, posebej fitati, vezani na beljakovinske
dele in lipidi, se akumulirajo v kalici, pokrivalu zrna in
v lus¢ini (STEADMAN in sod. 2000, 2001a).

Razporeditev flavonoidov v plodovih vpliva na
uporabno vrednost zrnja in mlevskih frakeij, ki jih do-
bimo iz zrnja. Poznavanje razporejanja flavonoidov po
mlevskih frakcijah v povezavi z granulacijo pomeni
moznost za enostaven, hiter in u¢inkovit nacin prido-
bivanja s flavonoidi bogatih mlevskih frakcij predvsem
v tatarski ajdi.

SPREMLJANJE FLAVONOIDOV V TESTIH 1Z
MLEVSKIH FRAKCIJ AJDOVIH MOK

Mletje ajde vpliva na koli¢ino in hitrost ekstrakcije fla-
vonoidov v ajdi. Grobost mletja je pomembna kompo-
nenta moke. Manjsi delci imajo vecjo povrsino, zato je
tudi delovanje encimov lahko drugac¢no. Tudi encimi v
finih mokah z drobnimi delci so lahko aktivnejsi. Po-
lifenoli so vklju¢eni v mnoge celicne komponente. Nji-
hova ekstrakcija v raztopino je zaradi njihove razli¢ne
dostopnosti razli¢na.

V nam dostopni literaturi nismo nasli podatkov o
koncentracijah flavonoidov in taninov pri pripravi
testa iz navadne in tatarske ajdove moke. Prav tako
nismo zasledili objav o raziskovanju stika moke in
vode ter ¢asu kot komponenti vpliva na polifenolne
spojine.

Zgradba Skroba je vrstno specificna. Obstajajo
interakcije med $krobom ter mas¢obami in beljakovi-
nami v ajdi. Povezav o medsebojnem delovanju $kro-
ba in rutina v literaturi nismo zasledili. Teoreti¢no
obstaja moznost, da bi $krob s svojo specifi¢no zgrad-
bo (ajdov $krob je bogat z amilozo) vplival na interak-
cije z rutinom, a v praksi to ni dokazano (FABjAN
2007).

Reakcije flavonoidov v stiku z vodo so v nasi razi-
skavi podobne pri tatarski in navadni ajdi. Flavonoidi
v vseh mlevskih frakcijah po 5-ih minutah stika z vodo
narastejo v primerjavi z vsebnostjo v moki (tudi za 2
do 2,5-krat). Povezava teh dveh spremenljivk kaze po-
zitivno linearno korelacijo (r* = 0,9257; p<0,05; y =
(grobih in finih), nekoliko nizji pa v frakcijah otrobov
in lus¢in. Rahel porast koncentracije flavonoidov se
zazna $e v nadaljnjih 30-ih minutah stika z vodo. Po
eni uri pocivanja testa (stika moke z vodo) zacne kon-
centracija flavonoidov v testih postopoma padati.
Vsebnost flavonoidov se po naglem porastu v prvih
nekaj minutah zniza za 10-80 %. Postopno padanje
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koncentracije flavonoidov (v obdobju 0,08-24 h) se
razlikuje med vzorci, med frakcijami in med ponovi-
tvami, a znizanje koncentracije flavonoidov se pojavi v
vseh testih po 24-ih urah. Ugotavljamo, da je koncen-
tracija flavonoidov v vseh testih po 24-urnem pociva-
nju testa nizja kot v prvih 5-ih minutah po pripravi
testa. Tudi povezava teh dveh spremenljivk kaze line-
arno korelacijo (r* = 0,9953; p<0,05; y = - 0,0733 +
0,8739x).

Ugotavljamo, da je koncentracija flavonoidov v
testu po 24-tih urah v primerjavi z zacetnimi vre-
dnostmi v vzorcih mok (frakcije Fii, Fi2 in Fa1) razli¢na.
Le v frakciji otrobov in luscin (F22) je vsebnost flavono-
idov po 24-urnem stiku z vodo padla za okoli 60 % v
primerjavi z zacetno vsebnostjo flavonoidov v mlevski
frakciji brez dodane vode.

Hipotezo, da ob stiku ajdove moke z vodo (simula-
cija tehnoloskega postopka priprave testa) potekajo bi-
okemijski procesi, ki vplivajo na nekatere sestavine v
testu (predvsem na flavonoide - rutin, kvercetin), smo
potrdili.

Nase dosedanje raziskave so pokazale, da je vseb-
nost rutina v zmesi mlevske frakcije zrn ajde in vode
rezultanta dveh procesov. Na eni strani je to izlocanje
rutina iz struktur zrna in njegovo raztapljanje v teko-
¢ini. Drugi proces je spros¢anje encimov, ki razgrajuje-
jo rutin. Predvsem aktiven encim je encim flavonol-3-
-glukozidaza, ki razgrajuje rutin in znizuje vsebnost
rutina med pripravo testa.

Preucevanja, kaj se dogaja z rutinom v moki med
procesom stika z vodo pri pripravi testa, Se niso do-
kon¢na. Prav tako se Se raziskuje pojav nastanka kver-
cetina v teh procesih kot moznega produkta razgra-
dnje rutina.

Na koncentracijo celokupnih flavonoidov, kakor
tudi na koncentracijo rutina in kvercetina v mokah in
testih vplivajo razli¢ni faktorji. Med njimi pomemb-
nejsi so zacetne koncentracije omenjenih spojin in nji-
hove lokacije v zrnju, prisotnost in aktivnost encimov,
ki razgrajujejo razli¢ne flavonoide ali vzpodbudijo
druge biokemijske reakcije, ki imajo za posledico raz-
gradnjo posameznih flavonoidov, prisotnost drugih
polifenolov in taninov, ki lahko inhibirajo dejavnost
encimov, temperatura in pH medija. Pomembna je
tudi hitrost zacetne aktivacije encimov. V navadni ajdi
je aktivacija encimov, ki razgrajujejo rutin, pocasnejsa,
predvidoma zaradi manjse koli¢ine encimov ali pa so
encimi slabse aktivni.

Hipotezo, da bo vsebnost flavonoidov v mlevskih
frakcijah raziskovanih vzorcev ob stiku z vodo narasla,
nato pa bo koncentracija flavonoidov postopoma pa-
dala, smo potrdili. S spektrofotometri¢nimi analizami
smo ugotovili, da vsebnost flavonoidov v testu naraste
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ve¢inoma v prvih 30 minutah stika moke z vodo,
enako velja tudi za frakcijo otrobov in lus¢in. V casov-
nem obdobju 24-ih ur ugotavljamo postopno padanje
koncentracije flavonoidov.

Med hidrotermi¢no obdelavo (npr. kuhanje kase)
pride do pomembnih interakcij med polifenoli in be-
ljakovinami, kar vpliva tudi na prebavljivost beljako-
vin v tankem ¢revesu (SKRABANJA in sod. 2000).

VPLIV VODE PRI PRIPRAVI TESTA IZ NAV-
ADNE IN TATARSKE AJDOVE MOKE NA FLA-
VONOIDE V TESTU

Ob dodajanju razli¢ne koli¢ine vode moki smo zeleli
ugotoviti, ali koli¢ina vode pomembno vpliva na bio-
kemijske procese v testu ter ali se procesi pospesijo ali
upocasnijo. Spremljali smo vsebnost flavonoidov ob
dodajanju enojne in dvojne koli¢ine vode. Enojna koli-
¢ina vode je pomenila koli¢ino vode, ki je potrebna za
pripravo kvalitetnega testa, dvojna koli¢ina vode pa je
testo dodatno razmehcala, da je postalo skoraj tekoce.
Raziskavo smo opravili v treh ponovitvah, za rezultate
pa smo uporabili povprecne vrednosti treh ponovitev.

Reakcije flavonoidov v testih ob stiku moke z vodo
so bile skoraj popolnoma enake ob dodajanju enojne ali
dvojne koli¢ine vode. Vsebnost flavonoidov v testih na-
raste po prvih 5-30 minutah stika z vodo ne glede na
koli¢ino dodane vode. Prav tako koncentracija flavono-
idov postopno pada v 24-ih urah. Kon¢ne koncentracije
flavonoidov v testih po 24-ih urah so, ne glede na doda-
no koli¢ino vode, skoraj enake (preglednica 22).

Dodajanje vecje kolicine vode torej nima dodatne-
ga vpliva na aktivnost encimov, ki razgrajujejo flavo-
noide ali vplivajo na biokemi¢ne aktivnosti v testu.
Sklepamo lahko, da je Ze koli¢ina vode, ki se uporabi
za klasi¢no pripravo testa, dovolj velika koli¢ina, da se
aktivirajo prisotni encimi in da dodajanje vecjih koli-
¢in vode biokemijskih dogajanj ne spreminja in tudi ne
spremeni.

TANINI V TATARSKI AJDI

V nam dostopni literaturi smo zasledili le malo podat-
kov o prisotnosti taninov v ajdi (preglednica 10 in 41).
Vecinoma se podatki nanasajo na navadno ajdo
(LuTHAR & KREFT 1996), tanini so analizirani tudi v

Preglednica 22: Vsebnost flavonoidov v moki iz tatarske ajde (T2) ob dodajanju enojne in dvojne koli¢ine

vode v povezavi s casom (n = 3)

Table 22: Flavonoid content in Tartary buckwheat flour dough (T2) with different volume of added water

(3 repetitions)

Tatarska ajda T2 Cas (h) Enojna koli¢ina vode v testu | Dvojna kolic¢ina vode v testu
Moka / testo (za pripravo testa ustrezne (mehko testo)
konsistence)

0 0, 91 0, 91
0,08 1,20 1,12
1. 0,5 1,30 1,17
Flavonoidi (%)/SS 1 1.22 L13
12 1,05 0,95
24 0,93 0,91

mlevskih frakcijah navadne ajde (STEADMAN in sod.
2001b, LEE in sod. 2004, SKRABANJA in sod. 2004). Po-
datkov o prisotnosti taninov v tatarskih ajdovih mokah
je malo. V nasi raziskavi smo dokazali prisotnost tani-
nov v mlevskih frakcijah tatarske ajde T1 in T2, v na-
vadni ajdi pa so bili tanini pricakovani. Preucili smo
tudi vsebnost taninov v testih iz ajdovih mok (navadne
in tatarske ajde); podobnih raziskav do sedaj v litera-
turnih podatkih nismo nasli. Obnasanje taninov ob
stiku z vodo v mlevskih frakcijah mok, otrobov in lu-
$¢in pri navadni in tatarski ajdi Se ni bilo raziskano.
Za ekstrakcijo taninov smo uporabili metodo z va-
nilin-HCI, ki doloc¢a kondenzirane tanine, predvsem

katehine in/ali epikatehinske tanine v ajdi, hidrolizira-
joc¢ih taninov pa ne. Kondenzirani tanini so kemicno
oligomeri hidroksi-flavan-3-olov (katehini, epikatehi-
ni) in polihidroksi-flavan-3-4-diolov (levkocianidini)
ali pa oligomeri kombinacije teh spojin (LUTHAR
1992a, TAa1z & ZEIGER 2006ab).

Primerjava dveh vzorcev tatarskih ajd T1 in T2
kaze razlicno vsebnost taninov v vzorcih. Tatarska
ajda T1 ima visjo vsebnost taninov kot tatarska ajda T2
(preglednica 23).

Tatarska ajda T1 in navadna ajda D imata razlicno
vsebnost taninov v mlevskih frakcijah, a tezko trdimo,
da je vsebnost taninov v katerem od vzorcev ajd visja
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ali nizja (slika 23). Razlikuje se tudi razporeditev tani-
nov v mlevskih frakcijah tatarske ajde in navadne ajde.
Rezultati FABJANOVE (2007) in MORISHITA in sod.
(2007) niso dokazali prisotnosti taninov v tatarski ajdi.
Rezultati SooN-MI in sod. (2006) kazejo na prisotnost
taninov v tatarski ajdi, a njihove koncentracije so bi-
stveno nizje od rezultatov v tej raziskavi. Drugih po-
datkov o vsebnosti taninov v tatarski ajdi v nam dosto-
pni literaturi nismo nasli.

Najvisjo vsebnost taninov smo ugotovili v mlevski
frakciji Far (frakcija z granulacijo nad 236 pm do
vklju¢no 1000 um) pri obeh vzorcih ajd in sicer 1,25 %
pri tatarski ajdi T1 in 0,79 % pri navadni ajdi D, kar je
polovico manj. Tej frakciji bi bilo potrebno posvetiti
posebno pozornost pri mletju ajde tudi z vidika poten-
cialne vsebnosti taninov.

Koncentracija taninov je bistveno nizja v belih
mokah (granulacije do vklju¢no 100 pm), enako opa-
zamo tudi pri flavonoidih (slika 23). Koncentracije ta-

ninov so priblizno enake v tatarski in navadni beli aj-
dovi moki (pri tatarski ajdi T1 okoli 0,09 %, pri tatarski
ajdi T2 0,07 % ter pri navadni ajdi 0,06 %). Koncentra-
cija taninov je zelo podobna med ajdama tudi v frakci-
ji otrobov in lus¢in F22(T1: 0,29 %; D: 0,30 %). Koncen-
tracija taninov v frakciji otrobov in lus¢in (F22) je visja
kot v belih mokah, a nizja kot v grobih temnih mokah
(v tatarski ajdi T2 in v navadni ajdi okoli 0,3 %). Nasi
rezultati potrjujejo rezultate SKRABANJE in sod. (2004),
ki so najnizje vsebnosti taninov dobili v mokah (nizke
granulacije mlevskih frakcij), visje v zdrobih (visje
granulacije mlevskih frakcij) ter najvisje koncentracije
v otrobih (2,2-6 % taninov). Naso trditev, da imajo lu-
$¢ine nekoliko nizjo vsebnost taninov kot grobe frakci-
je mok in otrobi, potrjujejo tudi raziskave SKRABANJE
in sod. (2004). Dobljene rezultate v nasi raziskavi smo
primerjali tudi z rezultati STEADMANOVE in sod.
(2001b), ki pri navadni ajdi ugotovijo najvisjo vsebnost
taninov v mlevski frakciji otrobov in luscin (okoli 1 %),

in navadne ajde
16 7

1.4

Vsebnost taninov v mlevskih frakcijah tatarske

1.2

0.8

0,6

T

% taninov / SS

04

0 4

Ti1F11 T1F12 T1F21 T1F22 DF11 DF12 DF21 DF22 T2F1 T2F11 T2F12

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 pm

T1 Fiz - tatarska ajda, podfrakcija moke z granulacijo 100 um < x <236 um

T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 pm < x < 1000 pm

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 pm ter otrobi in lu$¢ine

D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 pm < x <236 um

D F2 - navadna ajda, podfrakcija moke z granulacijo > 236 um < x < 1000 pm

D F22 - navadna ajda, podfrakcija moke z granulacijo >1000 pm ter otrobi in luscine

T2 Fi - moka iz tatarske ajde (pridobljen vzorec)
T2 Fu - moka iz tatarske ajde z granulacijo < 100 um
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 um

Slika 23: Primerjava vsebnosti taninov med mlevskimi frakcijami navadne in tatarske ajde
Figure 23: Comparison of tannin content in milling fractions of common and Tartary buckwheat
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v frakciji otrobov pa polovico manj (okoli 0,5 %). Vseb-
nost taninov v mokah je nizka (okoli 0,1 %). Rezultati
niso direktno primerljivi z nasimi ugotovitvami, saj
gre za razli¢ne nacine mletja, razli¢cne mlevske frakcije
in razli¢no razporeditev otrobov, a so podobnega reda
velikosti, kar nakazuje primerljivost rezultatov. Neko-
liko vi$jo vsebnost taninov ugotavljajo STEADMANOVA
in sod. (2001b) v moki iz celih ajdovih zrn (okoli 0,2
%), kar je v skladu z nasimi ugotovitvami. Vsebnost
taninov v navadni ajdi se ujema z rezultati LUTHARJE-
VE in KREFTA (1996), medtem ko so rezultati o vsebno-
sti taninov LEE-ja in sod. (2004) v semenih navadne
ajde visji.

Koncentracija taninov je v frakciji tatarske fine
bele moke okoli 60 % visja kot v frakciji fine bele moke
navadne ajde (T1: 0,08 %; D: 0,05 %). V mlevski frakci-
ji tatarske ajde T1 Fu (granulacija do vklju¢no 100 um)
je le 1,3-krat vec fenolov in 1,6-krat ve¢ taninov kot v
enaki mlevski frakciji navadne ajde D Fi,, medtem ko je
bilo flavonoidov kar 50-krat vec.

Zanimivo je, da je koncentracija taninov v tatarski
ajdi T1 Fiz celo nizja kot pri navadni ajdi D Fi2(T1: 0,14
%; D: 0,40 %), kar kaze na razli¢no razporeditev tani-
nov v zrnju navadne in tatarske ajde. V mlevski frakci-
ji tatarske ajde T1 Fiz je okoli 2-krat ve¢ fenolov ter
skoraj 3-krat manj taninov kot v enaki mlevski frakeiji
navadne ajde D Fiz flavonoidov pa je bilo v isti mlevski
frakciji tatarske ajde kar 100-krat vec. Rezultati so po-
membni za odlocitve o izbiri mlevskih frakcij tatarske
ajdove moke ustrezne granulacije kot mozen funkcij-
ski dodatek. Posebno pozornost v nadaljnjih raziska-

vah bi bilo potrebno posvetiti frakciji tatarske ajde T1
Fi2, ki ima visoko koncentracijo flavonoidov ter soraz-
merno nizko koncentracijo taninov, saj so le-ti preraz-
porejeni v druge frakcije. Ta nacin razporeditve ni
enak pri navadni ajdi.

Tanini lahko delujejo antimikrobno, antikance-
rogeno in antimutageno (Ta1z & ZEIGER 2006ab). Ta-
nini v prehrani so nezazeleni, saj obarjajo beljakovi-
ne, zavirajo delovanje prebavnih encimov in prepre-
Cujejo absorbcijo vitaminov in mineralov. Tanini
imajo sposobnost tvoriti komplekse z makromoleku-
lami, zlasti z beljakovinami (Ta1z & ZEIGER 2006ab).
Predvsem otrobi so vir taninov in fitinske kisline.
Nizko prebavljivost ajde povezujejo s prisotnostjo ta-
ninov in fitinske kisline v ajdi (WJNGAARD & AREN-
DT 2006b). SKRABANJA in sod. (2004) ugotavljajo za-
nimivo razporeditev fitatov v Skrobu v mlevskih
frakcijah navadne ajde ter ugotavljajo moc¢no poveza-
vo med fitati in frakcijami zdrobov, otrobov in lus¢in,
medtem ko je vsebnost fitatov v mlevskih frakcijah
mok nizka.

V preglednici 23 so prikazane vsebnosti taninov v
mlevskih frakcijah tatarske ajde (vzorci T1 in T2) in
navadne ajde (vzorec D). Koncentracije taninov v stiku
z vodo nihajo tako pri tatarski kakor tudi pri navadni
ajdi (preglednica 24). Vsebnost taninov v nekaterih
mlevskih frakcijah po 5 do 30-ih minutah stika z vodo
narastejo (celo za 250 %), spet v drugih pa vsebnost
flavonoidov pade (za do 20 %). Porast oziroma padec
vsebnosti taninov ni povezan z vrsto frakcije oziroma
tocno doloceno frakcijo. V 24-ih urah stika moke z

Preglednica 23: Koncentracije taninov v mlevskih frakcijah navadne in tatarske ajde
Table 23: Tannin concentrations in milling fractions of common and Tartary buckwheat

Vzorec Tanini (%)/SS
Fu Fi2 Fa1 F2 F
D 0,05658 0,4066 0,7908 0,3052
T1 0,08930 0,1410 1,2477 0,2860
Fu Fi2
T2 0,07079 0,18896 Ni vzorca 0,14521

T1 Fu - tatarska ajda, podfrakcija moke z granulacijo < 100 um

T1 Fi2 - tatarska ajda, podfrakcija moke z granulacijo 100 pm < x <236 pm
T1 Fa1 - tatarska ajda, podfrakcija moke z granulacijo 236 um <x < 1000 pm

T1 F22 - tatarska ajda, podfrakcija moke z granulacijo > 1000 um ter otrobi in lus¢ine
D Fu - navadna ajda, podfrakcija moke z granulacijo < 100 um

D Fi2 - navadna ajda, podfrakcija moke z granulacijo 100 um < x <236 um

D F2 - navadna ajda, podfrakcija moke z granulacijo > 236 pm <x < 1000 pm

D F2 - navadna ajda, podfrakcija moke z granulacijo >1000 pm ter otrobi in lus¢ine
T2 Fi - moka iz tatarske ajde (pridobljen vzorec)
T2 Fu - moka iz tatarske ajde z granulacijo < 100 pm
T2 Fi2 - moka iz tatarske ajde z granulacijo >100 pm
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Preglednica 24: Vsebnost taninov v moki iz tatarske ajde (T2) ob dodajanju enojne in dvojne koli¢ine vode

v povezavi s casom

Table 24: Tannin content in Tartary buckwheat flour dough (T2) with different volume of added water (3

repetitions)
Tatarska ajda T2 Cas Enojna koli¢ina vode v testu Dvojna koli¢ina vode v testu
Moka / testo (h) (za pripravo testa ustrezne konsistence) (mehko testo)

0 0, 15 0, 15

0,08 0,15 0,16

Tanini 0,5 0,16 0,16
(%)/SS 1 0,15 0,16

12 0,17 0,19

24 0,16 0,16

vodo zaznavamo nihanje koncentracije taninov pri
vseh frakcijah navadne in tatarske ajde. Koli¢ina padca
ali porasta taninov v casu 24 ur stika moke z vodo se
razlikuje med frakcijami in med ponovitvami. Visok
porast koncentracije taninov ob stiku z vodo v nekate-
rih testih nakazuje nastajanje burnih biokemijskih re-
akcij, njihovi mehanizmi $e niso jasno doloceni.
Koncentracije taninov ob stiku z vodo so bile pri-
blizno enake tudi, ¢e smo dodali vecjo ali manjso koli-
¢ino vode (preglednica 24). Vsebnost taninov se skozi
24-urni stik moke z vodo bistveno ne spreminja (okoli

0,15 %). Tako kot pri koncentracijah fenolov je tudi pri
koncentracijah taninov zaznati nihanje vsebnosti tani-
nov, ki pa se pojavlja tako ob dodajanju vecje ali manj-
$e kolic¢ine vode. Kon¢na vsebnost taninov je v vzorcih
ne glede na dodano koli¢ino vode priblizno enaka, kar
kaze, da dodajanje vode ne spreminja aktivnih tanin-
skih sestavin, prav tako pa ne aktivira drugih sestavin,
ki bi lahko vplivale na razgradnjo ali spreminjanje ta-
ninov. Postavili smo hipotezo, da stik moke z vodo in
priprava testa nima posebnega vpliva na vsebnost tani-
nov, kar smo tudi dokazali.

5 SKLEPI

Pri mletju in presejanju zrnja tatarske in navadne ajde
v §tiri podfrakcije smo dobili 48 % finih belih mok (z
granulacijo do vklju¢no 100 um), 31-34 % grobih te-
mnejsih mok z otrobi (z granulacijo nad 100 um do
vklju¢no 1000 um) ter 18-21 % luscin z otrobi (z gra-
nulacijo nad 1000 um).

Z vidika funkcijskega dodatka ter hranilne in pre-
hranske vrednosti so zanimive mlevske frakcije ajde z
granulacijo nad 100 um do vklju¢no 1000 pum (teh je
pri mletju ve¢ kot 30 %); nezanimive pa so frakcije
finih belih mok z granulacijo pod 100 pm (pri mletju
nastaja priblizno 48 % belih mok), saj so revne z belja-
kovinami, minerali in flavonoidi. Izlo¢itev in mesanje
frakcij (z granulacijo nad 100 pm do vklju¢no 1000
pm) predvsem pri tatarski ajdi pomeni najboljso izbiro
glede vsebnosti beljakovin, mineralnih snovi in tudi
vsebnosti flavonoidov.

Ugotavljamo linearno povezavo (r* = 0,8469;
p<0,05) med vsebnostjo beljakovin in pepela v mle-
vskih frakcijah finih belih in temnih grobih ajdovih
mok in sicer nizka vsebnost beljakovin (okoli 5,5-6,6
% beljakovin/SS) in nizka vsebnost mineralnih snovi
(okoli 1 %) je v finih belih mokah, zmletih iz notranje-
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ga dela zrn (centralnega endosperma) ter visoka vseb-
nost beljakovin (19-26 %) in visoka vsebnost pepela
(okoli 4 %) je v temnih grobih mokah iz zunanjih plasti
zrn (alevronskega sloja, zunanjih plasti endosperma,
pokrivala zrna, embria). Ta povezava pa ne velja v celo-
ti za frakcijo otrobov in lus¢in (z granulacijo nad
1000 pum).

Tatarska ajda ima bistveno visjo vsebnost flavono-
idov kot navadna ajda (tudi ve¢ kot 100-krat ve¢ v
moki). Najvisja vsebnost flavonoidov je v mlevskih
frakcijah tatarske ajde T1 (z granulacijo nad 100 um do
vklju¢no 1000 um) in sicer 3,5-4,5 % flavonoidov/SS.

Tako tatarska kot navadna ajda v vseh mlevskih
frakcijah vsebujeta tanine; najvisja koncentracija tani-
nov (0,8 %/SS pri navadni ajdi in 1,3 %/SS pri tatarski
ajdi) je v mlevski frakciji z granulacijo nad 236 pm do
vklju¢no 1000 pm.

Flavonoidi, pa tudi tanini, se po mlevskih frakci-
jah (z razli¢no granulacijo) razli¢no razporejeni. Raz-
poreditev med mlevskimi frakcijami ni enaka pri ta-
tarski in navadni ajdi.

Razli¢ni vzorci tatarskih ajd (T1, T2) se med seboj
razlikujejo po vsebnosti polifenolnih spojin, posebej
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velike so razlike v vsebnosti flavonoidov, manjse pa so
razlike v koncentracijah taninov.

Pri neposrednem stiku mlevskih frakcij tatarske in
navadne ajde z vodo vsebnost flavonoidov v vseh mle-
vskih frakcijah naraste (tudi za 100 % in vec¢) v prvih
5-30-ih minutah delovanja. Ugotavljamo tesno pove-
zavo (r* = 0,9257; p<0,05) med vsebnostjo flavonoidov
v moki ter vsebnostjo flavonoidov po 5-minutnem
stiku z vodo. Po 5-ih minutah mesanja moke in vode
koncentracije flavonoidov vedno narastejo. Po eni uri
zacne koncentracija flavonoidov padati zaradi razpada
flavonoidov, oksidacijsko redukcijskih procesov, enci-
matskih procesov in drugih biokemijskih reakcij. Kon-
centracija flavonoidov po 24-ih urah stika moke z vodo
je vedno nizja v primerjavi z zacetno vrednostjo flavo-

noidov v testu po 5-tih minutah stika z vodo. Ugota-
vljamo tesno povezavo med tema dvema parametroma
(r? = 0,9953; p<0,05).

Pri neposrednem stiku moke z vodo koncentracija
taninov rahlo niha. Tako po 5-ih minutah, 30-ih mi-
nutah, 1 uri ali 24-ih urah zaznavamo rahle poraste in
padce vsebnosti taninov, a bistveno se koncentracije ne
spreminjajo.

Vpliva vecje ali manjse koli¢ine vode pri pripravi
testa nismo ugotovili. Pri dodajanju vecje kolicine
vode v testo (2-krat visje kot je obicajna koli¢ina vode
za pripravo testa) nismo opazili razlik v koncentracijah
flavonoidov in taninov v primerjavi z obi¢ajno (manj-
$0) koli¢ino vode za pripravo testa.

6 POVZETEK

Ajda je zanimiva alternativna polj$c¢ina, precej podob-
na zitom v nacinu pridelave in tudi uporabe. Najpogo-
stejsi vrsti v pridelavi, predelavi in uporabi sta navadna
ajda (Fagopyrum esculentum Moench) in tatarska ajda
(F. tataricum Gaertn.). Zrnje ajde vsebuje prehransko
pomembne polifenolne spojine. Vsebnost polifenolov v
ajdovi moki je visja kot v mokah iz pSenice, koruze,
riza in jemena. Zrnje ajde, kakor tudi rastlina, vsebu-
je flavonoide, razli¢ne fenole in tanine. Ajda je vir ru-
tina. Med vrstami in sortami ajd obstajajo razlike v
vsebnosti flavonoidov, tudi rutina. Ajda je naravno
funkcijsko zivilo, saj ima biolosko pozitivne vplive na
clovekov organizem zaradi sestavin, ki jih vsebuje. O
terapevtskih, medicinskih, farmacevstkih, kozmeti¢-
nih, prehranskih in drugih vplivih in u¢inkih ajde po-
rocajo razli¢ni avtorji.

Kot material za raziskavo smo uporabili vzorce
zrnja oz. moke navadne ajde (F. esculentum Moench)
in tatarske ajde (F. tataricum Gaertn.). Preucevali smo
3 vzorce tatarske ajde iz Luksemburga (T1, T2, T3) ter
2 vzorca navadne ajde iz Slovenije (cv. 'Darjo’in
"Sivo’). Z mletjem in presejanjem navadne ajde "Darja’
frakcije z razli¢nimi granulacijami ter iz njih pripravi-
li testo oziroma lus¢ine in otrobe navlazili z vodo. S
spektrofotometri¢nimi analizami smo spremljali dele-
ze posameznih frakcij, vsebnost beljakovin in pepela v
vseh mlevskih frakcijah in presejanih podfrakcijah ter
koncentracijo flavonoidov in taninov v vzorcih moke
in testa (liofilizirani vzorci).

Za analiticno dolocanje smo uporabili naslednje
metode: vsebnost beljakovin (po Kjeldahlu); vsebnost
pepela (s sezigom pri 900 °C); spektrofotometri¢no

smo analizirali vsebnost flavonoidov (z AICl3) in tani-
nov (z vanilin-HCI metodo). Mletje smo opravili z la-
boratorijskimi mlini za mletje zit, za presejanje smo
uporabili laboratorijska planska sita.

Pri mletju in presejanju zrnja tatarske in navadne
ajde v stiri podfrakcije smo dobili 48 % finih belih mok
(z granulacijo do vklju¢no 100 pum), 31-34 % grobih
temnejsih mok z otrobi (z granulacijo nad 100 um do
vklju¢no 1000 um) ter 18-21 % luscin z otrobi (z gra-
nulacijo nad 1000 um). Ugotovljena je pozitivna linear-
na povezava (r* = 0,8469) med vsebnostjo beljakovin in
pepela v mlevskih frakcijah razli¢nih granulacij. Nizka
vsebnost beljakovin (okoli 5,5-6,6 % beljakovin) in
nizka vsebnost mineralnih snovi (okoli 1 %) je v finih
belih mokah, zmletih iz notranjega dela zrn (central-
nega endosperma), ter visoka vsebnost beljakovin (19-
26 %) in visoka vsebnost pepela (okoli 4 %) je v temnih
grobih mokah iz zunanjih plasti zrn (alevronskega
sloja, zunanjih plasti endosprema, pokrivala zrna, em-
bria). Ta povezava pa ne velja v celoti za frakcijo otro-
bov in lus¢in (z granulacijo nad 1000 um).

Z vidika funkcijskega dodatka so zanimive mle-
vske frakcije z granulacijo nad 100 pum do vklju¢no
1000 um (teh je pri mletju okoli 30 %); nezanimive pa
so frakcije finih belih mok z granulacijo pod 100 um
(pri mletju nastaja skoraj 50 % belih mok), saj so revne
z beljakovinami, minerali in flavonoidi. Zbiranje in
mesanje frakcij (z granulacijo nad 100 pm do vklju¢no
1000 pum), predvsem pri tatarski ajdi, pomeni najboljso
izbiro moke glede vsebnosti beljakovin, pepela, pa tudi
vsebnosti flavonoidov.

Tatarska ajda ima bistveno vecjo vsebnost flavono-
idov kot navadna ajda (tudi ve¢ kot 100-krat vec flavo-
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noidov v moki). V preiskovanih vzorcih je najvisja
vsebnost flavonoidov (3,5-4,5 % flavonoidov/SS) v
mlevskih frakcijah tatarske ajde T1 (z granulacijo nad
100 um do vklju¢no 1000 um). Frakcija luscin tatarske
ajde ima nizko vsebnost flavonoidov, zanimivejsa pa je
frakcija lus¢in navadne ajde, saj je koncentracija flavo-
noidov v lus¢inah navadne ajde visoka v primerjavi z
drugimi mlevskimi frakcijami navadne ajde.

Navadna in tatarska ajda v vseh mlevskih frakcijah
vsebujeta tanine; najvi$ja koncentracija taninov je v
mlevski frakeiji z granulacijo nad 236 um do vklju¢no
1000 um (0,8 % taninov/SS v navadni ajdi in 1,3 % ta-
ninov/SS v tatarski ajdi).

Pri neposrednem stiku mlevskih frakcij ajde z
vodo vsebnost flavonoidov v vseh mlevskih frakcijah
naraste v prvih 5-ih minutah delovanja (v primerjavi z
izhodi$¢nim vzorcem brez vode). Po eni uri za¢ne kon-
centracija flavonoidov padati, predpostavljamo, da za-
radi encimatskih procesov, oksidacijsko redukcijskih
procesov in drugih biokemijskih reakcij. Koncentraci-
ja flavonoidov po 24-ih urah stika moke z vodo je v
primerjavi s koli¢ino flavonoidov v testu po 5-tih mi-
nutah stika z vodo vedno nizja. Ugotavljamo linearno
korelacijo tega para spremenljivk (r* = 0,9953; p<0,05).

Koncentracija taninov v testih je variabilna. Po
5-ih minutah, 1 uri in 24-ih urah od priprave testa za-
znavamo rahla nihanja v vsebnosti taninov, a bistveno
se koncentracije ne spreminjajo.

Pri pripravi testa nismo ugotovili vpliva vecje ali
manjse koli¢ine vode za zamesitev na vsebnost polife-
nolnih spojin. Pri pripravi mehkih test (2-krat vecja
koli¢ina vode za pripravo testa kot je obi¢ajna) nismo
ugotovili razlik v koncentracijah flavonoidov in tani-
nov v primerjavi z obic¢ajno (manjso) koli¢ino vode za
pripravo test standardne konsistence.

Ajda se v prehrani uporablja tehnolosko obdelana,
olu$cena, zmleta, pripravljena pri razli¢nih temperatu-
rah in v razli¢nih medijih, najpogosteje z vodo in viso-
kimi temperaturami, zato raziskave, ki posnemajo teh-
noloske procese in proizvodnjo zivil iz ajdovih mok
dajejo pomembne informacije predvsem v povezavi s
prehransko vrednostjo tudi s sestavinami, ki postajajo
pomembne zaradi svojih antioksidativnih lastnosti in
posledi¢no ugodnega vpliva za zdravije ljudi.

Poleg virov, citiranih v tekstu te razprave, so v se-
znamu literature navedeni tudi drugi pomembnejsi
viri, neposredno povezani z obravnavano tematiko.

7 SUMMARY

Buckwheat is an interesting alternative crop, similar to
cereals in regard to cultivation and utilisation. Two
species, common buckwheat (Fagopyrum esculentum
Moench) and Tartary buckwheat (F. tataricum Gaertn.)
are mainly cultivated and used in human nutrition.
Buckwheat grain contains nutritionally important
polyphenolic compounds; their concentration in buck-
wheat grain and products is higher than in wheat,
maize, rice or barley. Grain, as well as the green parts
of buckwheat plants, contain flavonoids, tannins and
other phenolic substances.

Among buckwheat species and varieties, there are dif-
ferences in the content of flavonoids. Buckwheat is a natu-
ral functional food with a beneficial influence on human
health due to its chemical composition. Several authors
have reported on the medical, pharmaceutical, cosmet-
ic, nutritional and other benefits of a buckwheat diet.

Three samples (T1, T2, T3) of Tartary buckwheat
(F. tataricum Gaertn., domestic cv. from Luxemburg),
and two samples of common buckwheat (F. esculen-
tum Moench, cvs. ‘Darja’ and 'Siva’) were tested for
their concentrations of phenolic substances, and con-
centration levels of protein (according to Kjeldahl), ash
(combustion at 900 °C), total flavonoids (spectropho-
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tometric, with AICls), tannins (with vanillin-HCI
method). Samples were milled with laboratory mills
and sifted using laboratory planar sieves.

Four milling fractions with different granulation
were analysed, namely fine white flour (48 % yield,
granulation up to 100 pum), husks with some bran (20
% yield, granulation above 1000 pum); and two frac-
tions of coarse darker flours (with some remnants of
husk). The milling fractions contained 5.5-26 % pro-
teins, 1-4 % mineral substances, 0.02-4.47 % flavo-
noids and 0.08-1.25 % tannins (dmb, dry matter basis).
A positive linear correlation was established (r* =
0.8469) between the content of proteins and minerals
in different milling fractions.

Flavonoids and tannins are unevenly distributed
among milling fractions. Their distribution was differ-
ent in Tartary buckwheat, in comparison to common
buckwheat. From the point of view of functional food,
milling fractions with particle size over 100 um, up to
1000 um (the yield of latter is after milling about 30 %)
is of primary interest, as they have the highest concen-
tration of flavonoids.

The study used prepared dough made from mix-
tures of flour milling fractions and water. Analytical
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samples were taken at different time-points up to 24
hours after the commencement of the contact of the
water with the milling fractions. They were immedi-
ately frozen, stored at -20 °C and freeze-dried for ana-
lytical sample milling and analyses. The fraction con-
taining husk and some bran had a low flavonoid con-
tent (0.18 % flavonoids, dmb), which is important in
the analysis of common buckwheat, as the concentra-
tion of flavonoids was higher in the husk fraction of
common buckwheat than in the common buckwheat
flours (0.06 % flavonoids, dmb). Tartary buckwheat
had a higher concentration of total flavonoids and
rutin (0.70-4.47 % flavonoids) in comparison to com-
mon buckwheat (0.02-0.04 % flavonoids), but this is
not the case for tannins. Concentration of tannins did
not change significantly during the dough making or
resting process, and two different concentrations of
water was determined to have no impact on the con-
tent of extractable polyphenolic substances.

From the point of view of functional food items,
there are most interesting mixtures of flours with
granulation between 100 um up to 1000 um, especially
in Tartary buckwheat, in regard to the content of pro-
teins, minerals, and most valuable flavonoids.

Tatary buckwheat contained significantly more
flavonoids (especially rutin) in comparison to com-
mon buckwheat (up to 100-times more total flavo-
noids). In the investigated samples, the highest concen-
tration of flavonoids (3.5-4.5 % flavonoids, dmb.) was
in the Tartary buckwheat milling fractions of sample
T1 (granulation above 100 um, up to including 1000

um). The husk fraction of Tartary buckwheat had a low
concentration of flavonoids, but more interesting was
the husk fraction of common buckwheat, which evi-
denced a higher concentration of flavonoids in com-
parison to other milling fractions of common buck-
wheat.

Tartary and common buckwheat contained tan-
nins in all the milling fractions studied, with the high-
est concentration (0.8 % in common buckwheat and
1.3 % in Tartary buckwheat) in the milling fraction
with granulation from 236 pm to 1000 um.

In cases of direct contact of the milling fraction
particles with water, the extractable amount of flavo-
noids rose in the first 5 minutes of dough preparation
when compared to the amount extracted directly from
flours, and a positive linear correlation between both
values (r* = 0.9257; p<0.05) was established. Concentra-
tion of flavonoids after 24 hours of dough resting was
always lower in comparison to that which occurred
after 5 minutes of dough making (r* = 0.9953; p<0.05).

In human nutrition, buckwheat is technologically
processed, husked, milled, and treated at different
temperatures and in different media, frequently with
water and high temperature. In simulating these tech-
nological process and conditions in the industrial pro-
duction of foods from buckwheat, this study yields
important information about the impact of different
factors on the nutritional value of products, the state of
constituents important for their antioxidative value,
and on other characteristics important for the health
of consumers.
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PHYTHOGEOGRAPHIC ANALYSIS OF SLOVENIA

FITOGEOGRAFSKA OZNAKA SLOVENIJE

Mitja ZUPANCIC' & Branko VRES?

ABSTRACT
Phythogeographic analysis of Slovenia

On the basis of the flora and vegetation and phytogeo-
graphical areas of Slovenia, we wanted to determine as ob-
jectively as possible the distribution of plant provinces, with
an emphasis on the Illyrian province, which is characteristic
of Slovenian territory. In the phytogeographical analysis of
Slovenia we defined a new, pre-Noricum-Slovenian floral
province. Five floral provinces in Slovenia are thus now
known: Alpine province of the Alpine-High-Nordic region
and Central European, Illyrian, Illyrian-Adriatic and Pre-
Noricum-Slovenian floral provinces of the Euro-Siberian-
North American region.

Key words: flora, vegetation, phytogeography, Slovenia
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IZVLECEK
Fitogeografska oznaka Slovenije

Na osnovi flore in vegetacije ter fitogeografskih obmocij
Slovenije smo zeleli ¢imbolj objektivno opredeliti razsirje-
nost rastlinskih provinc s poudarkom na ilirski provinci, ki
je znacilna za slovensko ozemlje. Pri fitogeografski analizi
Slovenije smo izdvojili (opredelili) novo, prenorijsko-sloven-
sko rastlinsko provinco. Tako je v Sloveniji zdaj znanih pet
rastlinskih proving, in sicer: alpska provinca alpsko-visoko-
nordijske regije ter srednjeevropska, ilirska, ilirsko-jadran-
ska in prenorijsko-slovenska rastlinska provinca evrosibir-
sko-severnoameriske regije.
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1 INTRODUCTION

In 1969, M. WRABER (1969) developed a phytogeo-
graphical division of Slovenia into six areas, on the
basis of the then knowledge of forest vegetation: Al-
pine, pre-Alpine, Dinaric, pre-Dinaric, sub-Mediterra-
nean and sub-Pannonian phytogeographical areas.
With new knowledge of the vegetation of Slovenia and
consideration of the flora, the phytogeographical re-
gions were subdivided into lower units - districts, and
the boundaries or delimitation between the areas were
supplemented or adjusted, especially between the Al-
pine and pre- Alpine areas. At the same time, the au-
thors” desire was to set these phytogeographical units
in the appropriate, standardly valid plant provinces,
which was also done (ZupaNCiC et al., 1987).

In connection with the occurrence of flora, or in-
dividual species, that are exclusively or mostly present
in a particular phytogeographical area and in a par-
ticular district, we wanted to confirm the correctness
of the delimitation or boundaries of a particular area
or district. Based on maps of species distribution in the
Materials for the Atlas of flora of Slovenia (JoGAN et
al,, 2001) and data from the FloVegSi database (T.
SELISKAR et al., 2003), in a simplified way with a lattice
of phytogeographical areas and districts using select-
ed/defined diagnostic species, we established exclusive
or mostly present flora for an individual phytogeo-
graphical area or subordinate phytogeographical unit
(district). Diagnostic species were defined as: (i) exclu-
sively or predominantly present species (such that
occur exclusively in only one area); and (ii) mainly pre-
sent species (such as those that are mainly widespread
in only one region and only a few individual sites in a
few other areas). The simple way of determining the
presence of flora is merely relative, with certain devia-
tions, such as in the frequency of a taxon quantitative-
ly undefined on the map of distribution of species,
subspecies, varieties: the sign of presence of a species
in a quadrant may mean the occurence/presence of
one or more sites of the species, or the occurrence of
multiple instances of the plant or only one individual.
Nevertheless, the information is sufficiently clear and
useful. In addition to taking into account the currently
known Slovenian distribution of a taxon, we used its
broader (terrestrial) chorological affiliation (geoele-
ment, floral element) and biological form. These ele-
ments show the biological and ecological conditions in
relation to the living conditions in which the plant
thrives.

The discussion is divided into two chapters. In the
first chapter, we determine the frequency of plant spe-
cies in phytogeographical areas or districts, which is
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the basis for the second chapter on the division of Slo-
venia into floral provinces. In addition to the flora,
vegetation and the existing phytogeographical division
of Slovenia, we also took into account the publications
of the most relevant botanists - phytogeographers from
the earlier period, whose work is directly or indirectly
related to Slovenia, such as: Abamovi¢ (1906), BEck
(1907, 1908, 1913), HAYEK (1907, 1923); HORVAT (1954,
1962), HOrRVATIC (1957, 1963), MAYER (1946, 1950, 1951,
1952, 1953, 1960), MEUSEL et al. (1965), M. WRABER
(1969), S06 (1961), POCS (1960), KARPATI (1966). We
also took into account the work of botanists and phy-
togeographers from recent decades, such as Nada
PRAPROTNIK (1987), TRINAJSTIC (1976, 1986, 1995),
SuGAR (1984, 1995 with colleagues), MARINCEK (1994),
Ko$ir (1975) and Zupanci¢ and colleagues (1987,
1995).

The first coordinating works for defining and con-
necting phytogeographical areas with standard plant
provinces were already established in the nineties of
the last century (ZUPANCIC et al., 1987, 1995). We have
devoted ourselves thoroughly to the problem in the
present discussion.

The first reconciliation of WRABER’s (1969) phyto-
geographical regions with standard plant provinces
was based primarily on forest or potential natural veg-
etation, and it had a more modest floristic basis
(ZuPANCIC et al., 1987). We encountered great difficul-
ties in this reconciliation, especially in defining and
delineating in the transalpine region of north-eastern
Slovenia (Prekmurje, Prlekija), where a special Drava-
Mura district was envisaged. In addition, at that time
we were convinced that four regions were represented
in Slovenia: in addition to the Euro-Siberian-North
American and Alpine-High-Nordic, the Mediterrane-
an and Pannonian-Pontic regions. In the last analysis
(SUGAR et al.,, 1995), it appeared that the last two re-
gions do not exist in Slovenia, because we are unable to
identify appropriate diagnostic species for them or
they do not exist at all (e.g., for the Pannonian-Pontic
region). We found out that Mediterranean evergreen
vegetation and flora is fragmentarily present on only
few square meters at Osp, Stena nad Dragonjo and on
the Strunjan cliff. This discussion gives greater stress
to the floral basis, i.e., the distribution of species and
findings of older authors - phytogeographers (Ada-
movi¢, Beck, Hayek, etc.). Our aim is to show, as rea-
listically as possible, in connection with natural geo-
graphical features, the phytogeographical division of
Slovenia into plant provinces. In particular, we were
interested in the extent of the Illyrian floral province,



MITJA ZUPANCIC & BRANKO VRES: PHYTHOGEOGRAPHIC ANALYSIS OF SLOVENIA

which is a speciality of our country: it stretches from
the southeast of the Balkan Peninsula and ends more
or less here, or even slightly towards the northeast.
Today, 32 districts are recognised in Slovenia, in
six phytogeographical areas, and five plant provinces

in two floral regions. The occurrence of the fifth prov-
ince — pre-Noricum-Slovenian - is foreseen for the ter-
ritory of northeastern Slovenia and will be distin-
guished (delimited) from the Central European pro-
vince.

2 FREQUENCY AND OCCURENCE OF PLANT SPECIES IN PHYTOGEOGRAPHIC
AREAS OF SLOVENIA

Slovenia is divided into 6 phytogeographic areas: Al-
pine, pre-Alpine, Dinaric, pre-Dinaric, sub-Mediterra-
nean and sub-Pannonian (M. WRABER 1969). An up-
grading of the phytogeographic areas of Slovenia de-
termined lower phytogeographic units, such as prov-
inces, sectors, subsectors and the lowest unit, districts
(ZUPANCIC et al. 1987, ZUPANCIC & ZAGAR 1995). We
were interested in how many plant species with sub-
species grow exclusively in a single phytogeographic
area or in individual districts of one or another phyto-
geographic area.

From 3192 (JoGAN et al. 2001) to around 3450 tax-
ons or even more (T. SELISKAR et al. 2003, MARTINCIC
et al. 2007) are recorded today in Slovenia. This takes
into account all taxons, not just autochthonous spe-
cies. For this kind of research, we used the published
list of plant species of JogaN et al. (2001), which is al-
ready somewhat obsolete, in terms of both number and
nomenclature of taxons. In relation to the actual desig-
nation of taxons, we used the most recent plant key
(MARTINCIC et al. 2007) and the computer program
FloVegSi (T. SELISKAR et al. 2003).

Each phytogeographic area has some special plant
species that only thrive in that specific phytogeograph-
ic area. The aforementioned settlement of a specific
plant in only one phytogeographic area conditions its
phytogeographic distribution, together with specific
ecological conditions, such as climate or mezzo- and
microclimate, geological base, relief, exposure, altitude,
morphology of the terrain, soil, as well as anthropolog-
ical influences and more. Research has shown that the
sub-Mediterranean and Alpine phytogeographical
areas are floristically richest. The cause is probably the
pronounced climatic and geological-morphological
conditions. In the Alpine phytogeographic area, it is
cold, fairly damp, with an alpine-continental climate
with varied orographic and relief forms. The sub-Med-
iterranean phytogeographic area is warm, less moist,
humidity is present above all in autumn and partially
spring, and there are often summer droughts with oc-
casional extreme high temperatures. It is a hilly world,
although the relief is richly broken. Carbonate and sili-

cate geological bases alternate in both phytogeographic
areas. One would expect numerous plant particularities
in the sub-Pannonian area but it is already known from
floristic research that the region is impoverished with
Pannonian-Pontic species. There is no explicit sub-
Pannonian, let alone Pannonian continental climate in
Slovenia. We are only on the edge of the sub-Pannonian
phytogeographic area, which is not settled by explicitly
Pannonian-Pontic species. The Slovene Dinaric and
pre-Dinaric areas are particularities on a European
scale. They extend from the southeast to the northwest,
from the Kolpa to the Soc¢a above the sub-Mediterrane-
an area. The Dinaric area is orographically varied, for
the most part carbonate, damp under the influence of
an Atlantic climate. The pre-Dinaric area is similarly
for the most part carbonate, hilly, with a continental
climate. The areas are floristically rich, full of Dinaric-
Balkan floristic particularities. Both areas have few
species that grow (thrive) exclusively in the Dinaric or
pre-Dinaric phytogeographic area. One cause is the in-
terweaving of Dinaric-Balkan or southeast European-
Illyrian species between the two phytogeographic areas.

There are a great many fewer plant species that
thrive exclusively in districts. There are simply no such
species in some districts, e.g., in few districts of the
pre-Dinaric phytogeographic area, where there are
none of them in three of eight districts, or in the Al-
pine area, where there are very few in three of nine
districts or in the Dinaric area where there are none in
one of four districts. Districts in other phytogeograph-
ic areas are more or less rich with their own plant spe-
cies. The floristically richest are the Koper-Savrinija
(180), Ptuj (Drava-Mura) (58), Karst-Vipava (57), Kran-
jska (48) and Stajerska-Koroska (37) districts.

What does the number of species in individual
phytogeographic areas or in their districts mean?

The richness of flora in individual phytogeographic
areas or in their districts certainly means or confirms

that these phytogeographic units are justified and well
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chosen; it indicates their floristic and ecological par-
ticularity. These species can be classified among diag-
nostically important species or even among character-
istic or distinguishing species, as a supplement to al-
ready chosen or established characteristic species of a
particular phytogeographic area. The Alpine phytoge-
ographic area is recognised by its particular cryophil-
ous species, such as the endemics Campanula x vrta-
censis, P. alpinum subsp. victoris, Nigritella kossutensis
and N. ravnikii or sub-endemics, e.g., A. tauricum
subsp. hayekianum, A. tauricum subsp. tauricum, A.
tauricum subsp. latemarense, Campanula zoysii, Ceras-
tium julicum, Festuca calva, F. laxa, Gentiana froelichii,
Heracleum austriacum subsp. siifolium, Leucanthe-
mum lithopolitanicum, Nigritella lithopolitanica, N.
widderi, N. archiducis-joannis, Papaver alpinum subsp.
ernesti-mayeri, Pedicularis elongata subsp. julica, Saxi-
fraga hohenwartii, Scorzoneroides crocea etc.

The sub-Mediterranean area is marked by thermo-
philous sub-Mediterranean and Mediterranean spe-
cies, which are not found in other phytogeographic
areas, e.g., Asparagus maritimus, Cistus salviifolius,
Colutea arborescens, Coronilla cretica, Euphrasia mar-
chesettii, Osyris alba, Rubia peregrina, Smilax aspera,
Viburnum tinus, or some quite rare woody species in
Slovenia, such as: Celtis australis, Pistacia terebinthus
and Quercus ilex. In addition to the enumerated spe-
cies, some (sub)endemics also appear in the sub-Medi-
terranean region, namely: Alyssum montanum subsp.
montanum, Campunula marchesettii, Hieracium dragi-
cola, Knautia drymeia subsp. tergestina, Moehringia
tommasinii, Ranunculus pospichalii etc.

The Dinaric phytogeographic area is floristically
rich but modest in terms of particularities or species
growing exclusively or predominantly in this area.
Four Slovene endemics thrive here: Hladnikia pasti-
nacifolia, Primula carniolica with the hybrid Primula x
venusta and Ranunculus wraberi. Dinaric-Balkan spe-
cies that occur exclusively in the Dinaric area arrived
here from the southeast, namely: Cerastium dinaricum,
Edraianthus graminifolius, Festuca bosniaca, Helian-
themum rupifragum, Polygala croatica, Thymus bal-
canus, which, with the endemics, excellently define the
Slovene Dinaric phytogeographic area.

The sub-Pannonian phytogeographic area, which
is on the extreme westerly sub-Pannonian rim, does
not have explicitly Pannonian-Pontic species. The ma-
jority of these are generally widespread species of the
Pannonian region but which do not reach our other
phytogeographic areas, namely: Daphne cneorum
subsp. arbusculoides, Epipactis nordeniorum, Gagea
spathacea, Moenchia mantica subsp. caerulea, Myosotis
laxa, Papaver dubium, Potentilla supina, Pulmonaria
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mollis, Pulsatilla grandis, Veronica triphyllos, Viscum
laxum etc. In the Slovene sub-Pannonian phytogeo-
graphic area some generally widespread species occur
more frequently and in larger numbers than in other
phytogeographic areas of Slovenia, whereby they give a
particular seal to the Slovene sub-Pannonian area,
namely: Chenopodium rubrum, Cynosorus echinatus,
Epipactis voethii, Omphalodes scorpioides, Scirpus radi-
cans, Trifolium pannonicum etc.

The River Mura and its tributaries have created
oxbows, backwaters, standing water; in places artificial
lakes have been formed by the abandonment of gravel
pits, or fishponds have been created, individual ones of
which have been abandoned. A special riverine, swamp
or wetland flora has developed on these water surfaces,
typical of the Slovene sub-Pannonian phytogeographic
area. Such plants include: Cyperus michelianus, Montia
fontana, Marsilea quadrifolia, Nymphoides peltata,
Potamogeton obtusifolius, Typha minima, Stratiotes
aloides, Wolffia arrhiza. Some species also occur else-
where in ecologically similar wetland habitats, in other
phytogeographic areas, although they are frequent and
more constant in the sub-Pannonian region: Cyperus
glomeratus, Lemna trisulca, Scirpus radicans, Typha
laxmanii etc. All the enumerated species can be con-
sidered more or less diagnostic species of the Slovene
sub-Pannonian phytogeographic area.

The pre-Alpine phytogeographic area is not as rich
as the Alpine area in plant species that thrive exclu-
sively in it. Only some interesting plants are present,
including the endemics Leontodon berinii, Moehringia
villosa, Ranunculus thora f. pseudoscutatus, R. aesoti-
nus and Saxifraga paradoxa and the protected species
Gladiolus imbricatus, Daphne cneorum subsp. cneo-
rum, Liparis loeselii, Lycopodiella inundata etc. In ad-
dition to the enumerated, the following species are in-
teresting: Cirsium waldsteinii, Diphasiastrum alpinum,
Euphorbia triflora subsp. kerneri, Poa carniolica, Prim-
ula veris subsp. canescens, Woodsia ilvensis, which are
more or less reliably ranked among diagnostically im-
portant species of the Slovene pre-Alpine phytogeo-
graphic region. The majority of the enumerated spe-
cies arrive here from the west. One could probably find
some other interesting and rare species that mark the
Slovene pre-Alpine region.

The pre-Dinaric phytogeographic area is the poor-
est in exclusive plant species, although it is floristically
rich. A smaller selection of flora nevertheless marks
this phytogeographic area, despite the fact that some of
the mentioned species individually thrive in the Di-
naric, sub-Mediterranean or even pre-Alpine phyto-
geographic areas. Constant, growing exclusively or
mainly in the pre-Dinaric phytogeographic area, are:
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Acer obtusatum, Aconitum variegatum subsp. nasutum,
A. vitosanum, Asplenium trichomanes subsp. pachyrha-
chis, Dianthus giganteus subsp. croaticus, Erysimum
carniolicum, Fumaria officinalis subsp. wirtgenii, and
Rosa blondaeana.

The majority of the districts of the phytogeo-
graphic areas have their own growing species, as is
evident from Tables 1 and 2. However, some districts
do not have them or very few of them: such as the
Southeast Alps district and Primorje-Julian Alps dis-
trict in the Alpine phytogeographic region, Krim-
Mokrica-Gotenica district in the Dinaric phytogeo-
graphic area and West Dolenjska, Notranjsko, Polhov
gradec, Ig, Bohor-Kum and Central Dolenjska districts
in the pre-Dinaric phytogeographic area. However,
species from other phytogeographic areas have arrived
in these districts, which one would not expect here.
They thus give these districts a specific floristic and
ecological seal or difference that justifies their exist-
ence. A clear example is the Ig district, in which there
are some Alpine and numerous Dinaric species. Alpine

species characterise the particularity of the district.
Because of the presence of Dinaric species, it is not
clear whether to rank it into the pre-Dinaric (ZurANCIC
& ZAGAR 1995) or Dinaric phytogeographic area, in
which AcceTTo (2010) places it.

For phytogeographical areas and districts, we ana-
lysed plant species that exclusively or mainly thrive in
a specific phytogeographical area and defined them
according to biological forms and their phytogeo-
graphical distribution (by geoelements). This is shown
in Tables 3-20. The selected plant species thus reflect a
particular floral and ecological image of a particular
district, and the group of flora of the districts in a cer-
tain phytogeographical area consequently shows its
floral and ecological appearance (Tables 21-24). For the
definition of biological forms and geoelements, we
used the following literature: PIGNATTI (2005), in part
AESCHIMANN et al. (2004) and to a lesser extent PoL-
DINT (1991).

The analysis of exclusively or mainly present spe-
cies in the Alpine phytogeographical area (Tables 3, 4

Table 1: Number of exclusively or mainly present species in phytogeographic areas
Tabela 1: Stevilo vrst izklju¢no ali ve¢inoma prisotnih na fitogeografskih obmo¢jih

PHYTOGEOGRAPHIC AREA ALPINE /

Fitogeogr. obmocje

SUB-MEDI-
ALPSKO TERRANEAN/ DINARSKO /SUBPANONSKO PREDALPSKO PREDDINARSKO

SUBMEDITER.

NUMBER OF SPECIES

in all districts/

151
v vseh distriktih 3

146

in individual districts /

11
v posameznih distriktih 6

378

Predominantly in a phytogeographic area /

. . . 61
pretezno na fitogeogr. obmocju

58

In all phytogeographic areas / na vsem

fitogeografskem obmocju 328

582

DINARIC/ SUB-PANNONIAN PRE-ALPINE PRE-DINARIC/

30 74 151 23

32 3

36 111 199 26

Table 2: Number of species bound exclusively or mainly to an individual district
Tabela 2: Stevilo vrst, ki so vezane izklju¢no ali ve¢inoma na posamezen distrikt

PHYTOGEOGRAPHIC AREA 1 2
Fitogeogr. obmocje a b cdfabcdela

b

7

5
a b cdla

T W
o

c d abcdlabcdefgh

1/2 ALPINE

ALPSKO

7 SUBMEDITERRANEAN
SUBMEDITERANSKO

5 DINARIC

DINARSKO

3 SUBPANNONIAN
SUBPANONSKO

1 8 2 2203 9 4 7

4 PREALPINE

6 PREDINARIC
PREDDINARSKO

9 57 5 180

1018 0 2

58 8 6

18 48 37 27

0038 301 42
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MITJA ZUPANCIC & BRANKO VRES: PHYTHOGEOGRAPHIC ANALYSIS OF SLOVENIA

Legend of districts — Legenda distriktov:

According to Zupanci¢ & Vres 2018, Map 1
(po Zupanci¢ & Vres 2018, Karta 1)

ALPSKO-VISOKONORDUSKA REGLA
ALPINE-HIGH NORDIC REGION
Alpska provinca - Alpine province

1o Julijski distrikt - Julian (Alps)

1b Karavanski distrikt - Karovanke

1e Kamnisko-savinjski distrikt - Kamnik-Savinjo
=1 1d Alpsko-pohorski distrikt - Alps-Pohorje

EVROSIBIRSKO-SEVERNOAMERISKA REGLA
EUROSIBERIAN-NORTH AMERICAN REGION

Srednjeevropska provinca — Central European province
| 2o Jugovzhodnoolpski distrikt - Southeast Alps
2b Subalpsko-pohorski distrikt - sub-Alpine-Pohorje
2¢ Gornjesavinjsko-karoski distrikt - Upper Savinjo-Korogka
2d Primorsko{ulijskoolpski distrikt - Primorjedulion Alps
2e Zahodnokaravaniko-kamniskoolpski distrikt - West Karovanke-Kamnik
= 4d Pohorskokobanski distrikt — Pohorje-Kozjak

Prenorijsko-slovenska provinca - pre-Noric-Slovene province
B 3a Ptujski (dravsko-murski) distrikt - Ptuj (Drava-Mura)
llirska provinca - lllyrian province
|71 3b Halodki distrikt — Haloze

3c Bizeljsko-krski distrikt - Bizeljsko-Kriko

4g Submediteransko-olpski distrikt - sub-Mediterranean-pre-Alpine

Ab Kranjski distrikt - Kranjsko

4c Stajersko-korogki distrikt - Stojerska-Koroska

5a Trnovski distrikt - Trnova

5b Sneznisko-risnjaski distrikt — Sneznik-Risnjok

5c Roski distrikt - Rog

5d Krimsko-mokrsko-goteniski distrikt — Krim-Mokrica-Gotenica

6a Zahodnodolenjski distrikt - West Dolenjska

Bb Kocevski distrikt - Kotevje

6¢ Belokronjski distrikt — Bela krajina

6d Motranjski distrikt - Notranjska

6e Polhograjski distrikt - Polhov Gradec

6f I5ki distrikt — Ig

bg Bohorska-kumski distrikt - Bohor-Kum

| 6h Osrednjedolenjski distrikt - Central Dolenjska

llirsko-jodranska provinca — lllyrion-Adriatic province

7a Briski distrikt - Brisko

7b Krasko-vipavski distrikt - Karst-Vipava

7o Brhkinski distrikt - Brkini .
L1 7d Kopersko-savrinski distrikt - Koper-Savrinija

According to phytogeographic regions in M. Wraber 1969
(urejena po fitogeografskih obmocjih v M. Wraber 1969)

Alpine Region / alpsko obmog¢je (AL)

la  Julian (Alps) / julijski

1b  Karavanke / karavanski

1c  Kamnik-Savinja / kamnisko-savinjski

1d  Alps-Pohorje / alpsko-pohorski

2a  Southeast Alps/jugovzhodnoalpski

2b  Sub-Alpine-Pohorje / subalpsko-pohorski

2c  Upper Savinja-Koroska / gornjesavinjsko-koroski

2d  Primorje-Julian Alps/primorsko-julijskoalpski

2e  West Karavanke-Kamnik / zahodnokaravansko-kamniski

pre-Pannonian Region / subpanonsko obmogje (SP)
3a  Ptuj (Drava-Mura)/ptujski (dravsko-murski)

3b  Haloze/ haloski

3c  Bizeljsko-Krsko / bizeljsko-kr3ki

pre-Alpine Region / predalpsko obmocgje (PA)

4a  Sub-Mediterranean-pre-Alpine / submediteransko-predalpski
4b  Kranjsko / kranjski

4c  Stajerska-Korogka / Stajersko-korogki

4d  Pohorje-Kozjak / pohorsko-kobanski

Dinaric Region / dinarsko obmogje (DN)

5a  Trnova/ trnovski

5b  Sneznik-Risnjak / sneznisko-risnjaski

5c  Rog/roski

5d  Krim-Mokrica-Gotenica / krimsko-mokrisko-goteniski

pre-Dinaric Region / preddinarsko obmog¢je (PD)
6a  West Dolenjska / zahodnodolenjski

6b  Kocevje / kocevski

6c  Bela krajina / belokranjski

6d  Notranjska / notranjski

6e  Polhov Gradec/ polhograjski

6f Ig/iski

6g Bohor-Kum / bohorsko-kumski

6h  Central Dolenjska / osrednjedolenjski

sub-Mediterranean Region / submediteransko obmog¢je (SM)
7a  Brisko / briski

7b  Karst-Vipava / krako-vipavski

7c  Brkini/ brkinski

7d  Koper-Savrinija / koprsko-3avrinski

Map 1 (on the left page): Phytogeographic division of Slovenia(1:920.000).
Karta 1 (na levi strani): Fitogeografska delitev Slovenije(1:920.000).
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and 5) shows the dominance of hemicryptophytes (25
or 56%), followed by chamaephytes (7 or 18%), fol-
lowed by geophytes (5 or 13%), there are negligible
therophytes (1 or 3%). Phanerophytes, s lat. helophytes
and hydrophites are not included among the exclusive-
ly or mostly present species (Table 22). In a comparison
with other phytogeographical units, the proportion of
hemicryptophytes with chamaefites is ranked third
(Table 21). Table 24 shows the relationship between
geoelements in the Alpine area, in which endemics (8
or 22%) and alpine endemics (5 or 14%) predominate.
Other geoelements from the aforementioned units in-
dicate the cold alpine conditions in the south-eastern
Alps. In comparison with other phytogeographical
areas of Slovenia (Table 23), alpine endemic species (5
or 62%) stand out in the Alpine area: Jovibarba are-
naria, Artemisia genipi, Minuartia rupestris, Primula
villosa, Taraxacum cuculatum and the Eastern Alpine-
Illyrian endemic Viola zoysii, as well as other endemics
characteristic of the south-eastern Appenine Alps: An-
drosace helvetica, A. hausmanii, Papaver alpinum
subsp. victoris, Festuca alpestris, Geranium argenteum,
Poa cenisia etc. In addition to the pre-Alpine and sub-
Mediterranean areas, the Alpine area is rich in endem-
ics. Table 23 shows the appearance of other geoele-
ments, which are less numerous in comparison with
other areas, in particular the pre-Alpine areas, but
highlight the cold alpine conditions mentioned above.

The most floristically supported with exclusive or
mainly growing species is the Southeast Alps district
(2a), and with less exclusive species the Alps-Pohorje
(1d) and the Primorje-Julian Alps districts (2d), but
which does not mean that they do not have their own
particularities in the narrower and wider circle of the
phytogeographical division of Slovenia (Tables 3, 4 and
5). In particular, they differ from other districts due to
the thermal influence of the Pannonian climate (Alps-
Pohorje district (1d) and the Mediterranean climate
(Primorje-Julian Alps (2d)), which allows the occur-
rence of some thermophilous plant species, which are
widespread in the sub-Pannonian and sub-Mediterra-
nean area and are not present exclusively or predomi-
nantly here.

Analysis of the exclusively or mainly present spe-
cies of the pre-Alpine phytogeographical area (Tables
6, 7 and 8) shows the high prevalence of hemicrypto-
phytes (65 or 49%). Terophytes (25 or 19%) and geo-
phytes (19 or 14%) are also numerous. Unlike the Al-
pine area, phanerophytes (8 or 6%) and nano-phanero-
phytes (1 or 1%) occur among exclusively or mainly
present species. There are also some chamaephytes (9
or 6%). There are also heliophytes and hydrophytes
(each of 2 or 2-3%) (Table 22). The distribution of spe-
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cies by biological form compared to other phytogeo-
graphical areas (Table 21) shows that the pre-Alpine
area is rich in hemicryptophytes, similar to the sub-
Mediterranean (65 or 33%); it also exceeds numerically
in other biological forms, except in comparison with
the sub-Mediteranean region, which is generally richer
in the diversity of biological forms. The range of spe-
cies in terms of biological form indicates more moder-
ate living conditions, which are also reflected in the
presence of terophytes and phanerophytes. Compari-
son of geoelements with the Alpine phytogeographical
area shows a certain similarity and, at the same time, a
certain diversity that is inherent due to the presence of
rare individual species. Some geoelements are even
represented in a minority in comparison with other
areas, but they provide a specific phytogeographical
character, such as Stenomediterranean and South East
European geoelements. (Table 24). A particularity of
the pre-Alpine area is the presence of endemics (7 or
6%) or Alpine endemics (2 or 2%) in valeys or in higher
locations of the pre-Alpine area. These are: Euphorbia
kerneri, Leontodon berinii, L. hispidus subsp. brumatii,
Polygala croatica, Gentianella aspera, Thesium rostra-
tum and Jovibarba hirta. Geoelements within the pre-
Alpine region are shown comparatively in Table 24,
whereby geoelements of the European-East European
region prevail, with the insertion of Mediterranean
and Eastern - (Asian) geoelements. All districts (4a to
4d) are well supported floristically.

An analysis of exclusively or mainly present spe-
cies in the Dinaric phytogeographical area (Tables 9, 10
and 11) shows that it contains most hemicryptophytes
(17 or 58%). Terophytes (5 or 14%), phanerophytes (5 or
17%) and chamaephytes (3 or 9%) are modestly repre-
sented (Table 22). Compared to other areas, there is
modest representation of exclusive species in the Di-
naric area, and so a modest representation of these
species in individual categories of biological forms
(Table 21) is also evident. Comparing biological forms
with other areas does not provide a picture of living
conditions in the Dinaric area (Diagram 1). This can
only be done by comparison within an area, in which a
predominance of hemicryptophytes provides an image
of more difficult but not extreme site conditions.

The diversity of geoelements in the Dinaric area is
modest, with only a few endemics: e.g. Hladnikia pasti-
nacifolia in Ranunculus wraberi. Southeast European,
European-Asian and Mediterranean geoelements are
represented by two species each, others are represented
by only one species (Table 24). In contrast with other
areas, Southwest or Central European and Mediterra-
nean-West Asian geoelements are represented here. A
particularity is the presence of 16 Illyrian geoelements
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(Table 23). The distribution of geoelements shows that
the Dinaric area belongs to the European-South Euro-
pean region.

Districts 5a, b and d are supported by exclusively
or mainly present species. Mokrica-Gotenica and
Krim districts have very few exclusive species and are
neither floristically nor vegetationally supported. It
would be prudent to combine them together to the
Krim-Mokrica-Gotenica district (5 d). According to
DAKSKOBLER (2015), it is questionable to classify the
Banjsice plateau into the Trnovo District (5a), since it is
the transitional area between the sub-Mediterranean
and the pre-Alpine phytogeographical area (KALIGARIC
& SKORNIK 2002).

There are even fewer exclusively or mostly present
species in the pre-Dinaric phytogeographical area than
in the Dinaric area (Tables 12, 13 in 14). Both areas are
floristically characterised by southeastern European-
Ilyrian species, which in terms of number and mass
are found similarly in both areas, and both exclusively
or mostly present species in one or other area. As in the
Dinaric area, predominantly hemicryptophytes appear
in the pre-Dinaric area (4 or 44%). Phanerophytes and
terophytes (with 2 species or 22%) are also notable.
There are no exclusive species of heliophytes or hydro-
phytes here (Table 22). In comparison with other areas,
this area is poorest in exclusive or predominant spe-
cies, resulting in a modest proportion of biological
forms (Table 21). It is difficult to evaluate living condi-
tions based on biological forms. The percentage of
geoelements in the pre-Dinaric area is uniform (Table
24). In comparison with other areas, only two geoele-
ments stand out, which are not found in other areas,
namely Southwest and Mediterranean-Asian geoele-
ments. Other geoelements that are mostly present in
the Dinaric area, give the warm imprint of South-
Southeast Europe (Table 23). In view of the modesty of
species in the categories of life forms and geoelements,
we can infer with reservations favorable vegetation liv-
ing conditions in the pre-Dinaric area.

Of the eight districts in the pre-Dinaric area, only
in five districts are present some rare exclusively or
predominantly present species. A division into 8 dis-
tricts is justified on the basis of the floristic and vege-
tational analysis of ZUPANCIC and ZAGAR (1995).

The sub-Mediterranean phytogeographical area is
the richest in exclusively or predominantly present
species (Tables 15, 16 and 17). The analysis of biologi-
cal forms is more or less balanced - with the exception
that there are no helophytes. Four categories are pre-
dominant: numerous terophytes (115 or 44%), followed
by hemicryptophytes (67 or 26%), followed by geo-
phytes (28 or 11%) and phanerophytes (28 or 11%).

Chamaephytes (13 or 5%) and hydrophytes (8 or 3%)
are less represented (Table 22). The distribution or pro-
portion of species according to biological forms com-
pared to other areas shows the following image: tero-
phytes are 66%, phanerophytes 61%, nanophanero-
phytes 56%, geophytes 45%, hydrophytes 44%,
chamaephytes 35% and hemicryptophytes 34%. Com-
parison between areas shows that the sub-Mediterra-
nean area is leading in all categories, except in the case
of heliophytes. The high representation of terophytes
and phanerophytes s. lat. highlights the warm dry sub-
Mediterranean conditions. Geophytes occur only in
spring and survive drought with underground plant
organs. The numerous hemicryptophytes indicates the
unfavourable seasonal conditions. (Tables 21 and 22).

The sub-Mediterranean phytogeographical area is
rich in exclusively or mainly present geoelements,
highlighting the warm climatic conditions and con-
sistent with the distribution of biological forms. The
phytogeographical position of the area can be synthe-
sized as European-Mediterranean, with influences
from the Atlantic in the west and the warm part of the
continent in the east (Table 24).

All districts of the sub-Mediterranean area were
floristically evaluated. Karst-Vipava (7 b) and Koper-
Savrinija districts (7 d) have most exclusively or mostly
present species. Briska (7 a) and Brkini (7 ¢) districts
have the least exclusively or mostly present species.
Koper-Savrinija district (7 d) is the warmest and dryest
Mediterranean, which is reflected in the many species
of terophytes and Stenomediterranean, Euro-Mediter-
ranean and fewer subtropical geoelements (Table 15).
On the south-eastern side, however, on the basis of the
moderate representation of Euro-Mediterranean-Tura-
nian and Southeast-South-Siberian regions we can
conclude similar but numerically fewer geoelements.
The endemic Moehringia tommasinii is present among
exclusive species (Tables 16 and 17).

It is interesting that there are 5 endemics among
exclusive species in the Karst-Vipava District (7b): Hi-
eracium dragicola, Moehringia tommasinii, Sorbus istri-
aca, S. mayeri and S. slavnicensis, which gives the dis-
trict its own character; thus Slovenian and northern-
Adriatic sub-Mediterranean (Tables 15 and 17).

An analysis of exclusively or mainly present species
in the sub-Panonnian phytogeographical area (Tables
18, 19 and 20) shows that terophytes (26 or 41%) are
most numerous, followed by hemicryptophytes (17 or
27%). In addition to terophytes, which mark the “steppe”
area, there are also hydrophytes (7 or 11%), which in-
habit wetlands, backwaters of the Mura River, or flood-
ed abandoned gravel pits etc. (Table 22). In comparison
with other areas in the sub-Panonnian area, hydro-
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phytes (7 or 39%) stand out, similar to those in the sub-
Mediterranean area (8 or 44%). The percentage partici-
pation of species of other biological forms is fairly simi-
lar to the pre-Alpine area; these are better represented
here than in the Alpine, Dinaric or pre-Dinaric areas.
(Table 21). It can be concluded on the basis of the pro-
portion of biological forms in the sub-Panonnian phy-
togeographical area that growth conditions for the veg-
etation are relatively favorable, in view of the increased
occurrence of terophytes and nanophanerophytes.
They indicate a warm climate, which can be disadvan-
tageous due to drought in excessively hot periods.

The occurrence of exclusive geoelements in the
sub-Panonnian region is modest and individual (6 spe-
cies, one recording or specimen each, Table 23). Other
geoelements are consistent with the sub-Mediterrane-
an region and are rarely classified as ,,mostly present®.
Geoelements are most often represented with only one
species. A protected species was recorded in the Haloze
District (3b), the endemic Sempervivum juvanii
(Donacka gora - quartz limestone sandstone and con-
glomerate). Analysis of geoelements gives a Southeast
European-European-East European-Carpathian-
Asian character. (Table 24). This definition can be de-
duced from Table 23, which shows the percentage of
geoelements in comparison with other phytogeo-
graphical areas.

All three districts of the sub-Pannonian phytogeo-
graphical area are floristically supported (Tables 18-
20), in particular the Drava-Mura district (3a), which
we propose as the Ptuj Dictrict (Sod 1961), is in the
pre-Noricum-Slovenian floral province (MEUSEL et al.,
1965). In terms of number of species, this district is
most Pannonian (“steppe”) with numerous terophytic
and eastern geoelements. The selected (exclusively or
mostly present) species of this district are classified
primarily as terophytes in terms of biological forms
(Table 19), of which there are 24 (46%) and hemicryp-
tophytes with 10 (19%). Six (12%) hydrophytes occur,
due to oxbowlakes, fishponds, ponds that have been
created from abandoned gravel pits and occasional in-
fluxes of water, and other wetlands. There are as many
geophytes 6 (12%). There are 3 chamaephytes (6%). Na-
nophanerophytes 2 (4%) and phanerophytes 2 (1%) are
rare. The real image of the phytogeographical area or
floristic province is given by terophytes, which are
leading for the lowland, arable sub-Pannonian area or,
more precisely, to the rim of the sub-Pannonian region
of Slovenia. In addition to terophytes, hygrophytes that
inhabit the numerous wetlands there are also typical of
the area under consideration and, consequently, also
for the Ptuj district of the pre-Pannonian-Slovenian
floral province (Table 19).
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The determination of exclusively or predominantly
present species according to phytogeographical preva-
lence (Table 20) is the following. There are most Eura-
sian (8 or 15%), Sub-cosmopolitan (6 or 11%), Euro-Si-
berian (5 or 10%), South European-South Siberian (5 or
10%), Sub-tropical (4 or 8%) and South European (3 or
6%) geoelements. This is half of all exclusively or mostly
present species, which are phytogeographically well de-
fined by the Ptuj District of the Pre-Noricum-Slovenian
province of our northeastern peripheral sub-Pannoni-
an region. Even less represented geoelements should be
added to these diagnostic species of the Ptuj district,
such as: East European (2 or 4%), Pontian, Paleosub-
tropical, Circumboreal, Stenomediterranean, Northern
Mediterranean-Montane, Euro-Mediterranean-Turani-
an, Southeast European, European-Caucasian, Eastern
Mediterranean and Paleotemperate geoelements (each
represented by 1 species or 2%). Other geoelements in
Table 20 are also found in other districts.

We also made an analysis of the appearance of
Southeast European-Illyrian elements in the Ptuj dis-
trict in order to assess the influence of the neighbour-
ing Illyrian province on the southern and south-west-
ern border, that is, with the Bizeljsko-Krsko (3¢) and
gtajerska-Koroéka districts (4c). Of Southeast Europe-
an-Illyrian geoelements, only the species Aposeris foet-
ida with a narrow distribution and the widespread spe-
cies Knautia drymeia subsp. drymea and Fraxinus an-
gustifolia subsp. oxycarpa occur. The following South-
east European-Illyrian species are rarely or very rarely
found in the western tip: Anemone trifolia, Cardamine
trifolia, C. enneaphyllos, C. waldsteinii and Aremonia
agrimonioides, and in the southern area the species:
Hacquetia epipactis, Hieracium transsilvanicum and
Festuca drymeia; and the species Lamium orvala, Poly-
stichum setiferum, Erythronium dens-canis and Tamus
communis are scattered throughout the area. Most of
these species thrive better on basal soils and on a car-
bonate geological base; exceptions are Erhythronium
dens-canis and Hieracium transsilvanicum, which grow
on acid soils, and the species Festuca drymeia and Poly-
stichum setiferum, which are adaptable and thrive on
moderate acidic to basal soils.

Individual, rare occurrences of Southeast Europe-
an-Illyrian species and the more frequent but not so
diagnostically important Southeast European-Illyrian
species, Aposeris foetida and Knautia drymeia subsp.
drymeia, together indicate a certain differentiation of
the Ptuj district within the pre-Noricum-Slovenian
province. It is particularly well characterized by the
species Fraxinus angustifolia subsp. oxycarpa, which is
present exclusively in the Slovenian sub-Pannonian
rim.
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The floristic analysis of the Ptuj area of the pre-
Pannonian-Slovenian province is followed by a vegeta-
tion analysis of forest communities that are typical of
it and are mostly or only distributed here. These are:
Vicio oroboidi-Fagetum (Ht. 1938), Pocs & Borhidi in
Borhidi 1960, Polysticho setiferi-Fagetum Zupancic et
al. 2001 (non Ubaldi 1988 nom. inv.), Festuco drymei-
ae-Abietetum Vukeli¢ & Baricevi¢ 2007, Pruno padi-
Carpinetum betuli (Marin¢ek & Zupancic 1982)
Marincek 1994, Hieracio rotundati-Fagetum 7.. Kosir
1994, Galio rotundifolii-Pinetum Zupanci¢ & Carni ex
Carni et al. 1992, Pruno padi-Fraxinetum angustifoliae
Carni et al. 2008 nom. nud., Fraxino-Ulmetum effusae
Slavni¢ 1952 var. Prunus padus Vukeli¢ et Baricevi¢
2004, Salicetum albae-fragilis So6 (1930) 1940, Querco
roboris-Carpinetum M. Wraber 1969, Stellario nemo-
rum-Alnetum glutinosae Lohmayer (1953) 1957, Lonice-

ro caprifolii-Quercetum roboris (Rau$ 1971) Marincek
1994 and Querco roboris-Ulmetum minoris Issler 1924.
Of grassland communities, characteristic species (de-
scribed for the first time here) for the area would be
Dactylis  glomerata-Festuca pratensis comm. (A.
Seliskar 1998) and later discovered dry or semidry
grasslands Hypochoerido-Festucetum rupicolae Stein-
buch 1995 and Omnobrychido viciifoliae-Brometum
Kaligari¢ et Skornik 2002 of Slovenian sub-Pannonean
region (KALIGARIC & SKORNIK 2002, SKORNIK 2003).
As has already been noted, there are a number of wet-
lands in the area under consideration, which are cov-
ered by a number (nine) of wetland associations of the
classes Lemnetea, Isoeto-Nanojuncetea, Galio-Urticetea
and Phragmiti-Magnocaricetea, which give their own
character to the province, and thus also the Ptuj dis-
trict, and the pre-Noricum-Slovenian province.

3 COMPARISON BETWEEN ANALYSES OF SELECTED AND ALL TAXONS IN THE
PHYTOGEOGRAPHIC AREAS OF SLOVENIA

For comparison, we analyzed the biological forms of
taxons among the exclusively or mostly present (select-
ed species) and all the growing species of Slovenia in
individual phytogeographical areas according to M.
WRABER (1969), in order to determine the coherence or
diversity of the results of the relationships among bio-
logical forms. We used 3240 taxons for processing by
FloVegSi (T. SELISKAR et al. 2003) (Diagrams 1 and 2).

In the Alpine phytogeographical area, the ratios
of biological forms are for the most part more or less
consistent. (Table 22, Diagram 1). There is a difference
with phanerophytes, which are missing in the analysis
of exclusive or mostly present species (Table 22). This
is explained by the fact that tree species present here
(e.g., larch, spruce, fir, beech, white maple etc.) also
occur in other phytogeographical areas. We were sur-
prised by the number of terophytes in the Alpine area
(Diagram 1), in which we did not expect such a high
proportion. This is attributed to the excessively wide
Alpine area of M. WRABER (1969) towards the lower
pre-Alpine area.

In the pre-Alpine phytogeographical area, the
two analyses of biological forms are consistent, with
negligible deviations.

Comparison of biological species in the Dinaric
phytogeographical area is consistent. The difference
is only in the occurence of the number of phanero-
phytes, which is in a ratio of as much as 15: 6 (Table 22,
Diagrams 1 and 2). The Dinaric area is known for its
diversity of tree (phanerophyte) and shrub (nanophan-

erophyte) species. The difference is interpreted as
being due to imprecise methods, which in these cases
are based on approximations and are therefore relative,
although they give a satisfactory result.

In the pre-Dinaric phytogeographical area, the
percentage of phanerophytes differs between the anal-
yses of selected and that of all species in Slovenia, by
almost double, the least deviation being found with
chamaephytes (Table 22, Diagrams 1 and 2). With
other biological forms relations are consistent. In the
relation between phanerophytes and chamaephytes, of
the two analyses the analysis covering all plants of Slo-
venia is to be believed. It should be noted that for se-
lected species, an error may have arisen due to the
small number of species. It is uncertain why chamae-
phytes drop out in the analysis of selected species.

In the sub-Mediterranean phytogeographical
area, there are percentage differences in hemicrypto-
phytes and terophytes. There are twice as many hemic-
ryptophytes in the analysis of all species in Slovenia,
and twice as many terophytes in the analysis of select-
ed species. Other percentages of biological species are
consistent. The cause is probably in the relativity of the
two analyses, whereby we cannot precisely define the
boundaries of the areas with either analysis. (Table 22,
Diagram 1).

There are most differences in the sub-Pannonian
phytogeographical area. In the analysis of all species
in Slovenia, phanerophytes and hemicryptophytes pre-
dominate; and geophytes and terophytes in the analy-
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sis of selected species (Table 22, Diagram 1). Because of
completeness, the analysis of all species is more reliable
and is also computer supported. Despite the differ-
ences between analyses, we believe that the relations
between biological forms are very similar. In both
analyses, hemicryptophytes and terophytes predomi-
nate, which is characteristic of the sub-Pannonian
area. In comparison with other phytogeographical
areas, hydrophytes have the highest percentages in the
sub-Pannonian area in both analyses (Table 22, Dia-
gram 1). In a similar comparison for phanerophytes,
the percentages in all areas are balanced (Diagram 1).

The analysis of selected species by regions shows a
below average percentage of phanerophytes in the sub-
Pannonian area, which is not realistic. The reason is
similar to other phytogeographical areas, since almost
all phanerophytes are predominantly present in all
phytogeographical areas.

We conclude that the analysis of biological forms
of all species for the most part confirms the analysis of
the selected (exclusively and mostly present) species,
which faithfully reflects their living conditions, both
for individual taxons and for mutual growth in differ-
ent vegetational forms.

4 THE DIVISION OF SLOVENIA INTO FLORAL PROVINCES

Slovenia is divided into two phytogeographic regions:
the superficially most widespread Eurosiberian-North
American region and the superficially modestly repre-
sented Alpine-Nordic region in the northwest Alps. In
the context of these two regions, there are five phyto-
geographic provinces. In the Eurosiberian-North
American region there are four: Central European on
a smaller area of northern Slovenia, the Illyrian in cen-
tral Slovenia has a larger area and the Illyrian-Adriatic
province on the smallest area of southwest Slovenia
and in the northeast a newly distinguished pre-Noric-
Slovene province with a minor extent. The Illyrian and
Illyrian-Adriatic provinces are phytogeographically
particular, distinguished from the Central European
and pre-Noric-Slovene provinces by southeast Europe-
an-Illyrian (Illyrian, Illyroidian) geoelements for the
most part coming from the Balkan Peninsular, which
are excluded here towards the east. In the Alpine-High
Nordic region we have the Alpine province, which is
settled by southeast-Alpine geoelements from the west
and here they achieve their most easterly settlement.
In the description of new districts of Slovenia
(ZUPANCIE & ZAGAR 1995) we also considered the
problem of the extent of the Illyrian floral province.
The basic considerations derived from the research of
earlier authors at the start of the twentieth century
(ZUPANCIE & ZAGAR 1995: 21). We relied on
ApAaMOVIC’s (1906) cartographic presentation of the Il-
lyrian floral province and above all on the basic stud-
ies of BEck (1907, 1908, 1913) and HAYEK (1907, 1923).
Beck (1907-1913) distinguished in his studies Medi-
terranean, Illyrian and Central European flora, which
is a solid basis for delineating today’s Illyrian-Adriatic,
Ilyrian and Central European provinces. HAYEK
(1907) focused above all on the Alpine area - Kamnik
Alps, which he divided into six zones: mountain (mon-
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tane) zone, 340-700 m (900 m), lower pre-Alpine, ((700
m) 900-1200 m), upper pre-Alpine area (1300-1628
m), area of dwarf pine (1631-1802 m), Alpine (2020-
2250m) and sub-nival area (2250-2569 m), which is a
solid basis for delineating between the Eurosiberian-
North American and Alpine-Nordic regions and the
Alpine province. In the area under discussion, HAYEK
(ibid.) additionally notes the presence of Pannonian
flora but which today would not be placed there, per-
haps only some species more widely understood as
Pannonian species, Dianthus barbatus, Helleborus
odorus, Silene viridifolia, Galium aristatum, Centaurea
variegata, C. fritschii, Ophrys holosericea, Tunica saxi-
fraga, Linum tenuifolium, L. flavum.

In his study for Stajerska, Havex (1923) restricts
the Slovene part of Stajerska to the area from Sentilj in
the north to Brezica (Obrezja) in the south and from
the northern slopes of the western Kamnik Alps
(Ojstrica) and the southwestern Karavanke (Olseva) to
Haloze in the east. He divides this area into two phyto-
geographic areas: European-Siberian forest and Alpine
areas. He divides the first area into districts, namely,
south German, sub-Alpine and Austrian districts, and
this last into four sub-districts. Of interest to us are the
northeast-Alpine and Illyrian sub-districts of the sub-
Alpine district and the Pannonian sub-district of the
Austrian district. He divides the second, alpine area
into the districts North Calcareous and Central Alps
and South Calcareous Alps with six sub-districts. Of
these six sub-districts, of interest are the Julian Alps
sub-district of the Southern Calcareous Alps district
and partially the Noric Alps sub-district of the
Northern Calcareous and Central Alps district. For
defining phytogeographic areas, districts and sub-dis-
tricts, especially Illyrian ones, the distribution of some
thermophilous, though generally widespread, south-
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east European-Illyrian species served him: Ostrya
carpinifolia and Fraxinus ornus (its northern boundary
is Dravograd-Velenje-Slov. Bistrica-Macelj-Ptuj) and
Castanea sativa (northern boundary: to Graz), as well
as the distribution of grapevine (northern boundary:
Radlje, border with Austria-Ruse-Hoce-Slov. Bistrica
and then along the boundary of distribution of the
species Ostrya carpinifolia and Fraxinus ornus — Dra-
vograd). His delineation between Illyrian and Central
European phytogeographic provinces as we under-
stand it today is surprisingly precise if we take into ac-
count the then less researched territories of Carniola
and Carinthia and the modest literature. He mainly
relied on Beck (1907-13).

Beck (1907-13) investigated the Slovene ethnic
territory botanically and above all phytogeographical-
ly at the end of the 19th and beginning of the 20th
century. He delineated Mediterranean, Illyrian and
Central European flora and showed all this on maps.
He classified today’s western Slovenia into the Medi-
terranean region all the way to Kanal, Vol¢e and
Breginj (Breginjski kot). His delineation provided a
solid basis for later phytogeographers. He was precise,
sometimes even very precise: an example is the de-
scribed habitat of Illyrian (southeast European-Illyri-
an) flora in the Zavrs$nica valley below the Karavanke,
namely: Aremonia agriminioides, Cardamine ennephyl-
los, C. trifolia, C. waldsteinii, Hacquetia epipactis, La-
mium orvala, Omphalodes verna, Vicia oroboides etc.

Since the Second World war, a number of botanists
and phytocenologists have followed, who have re-
searched the phytogeographic division of Slovenia and
resolved this kind of problem in various ways. Among
the first phytogeographers was the botanist MAYER
(1946). In his dissertation he floristically analysed the
Southeast Calcareous Alps and came to the conclusion
that the Eastern Calcareous Alps should be classified
in the Alpine Province. He confirms this classification
by the appearance of Alpine-Northern European (e.g.,
Nigritella nigra, Campanula barbata, Euphrasia mini-
ma), Alpine-Central European (e.g., Saxifraga caesia,
Primula auricula, Soldanella alpina, Homogyne alpina),
Alpine (e.g., Rumex nivalis, Androsace helvetica, Vale-
riana supina), Alpine-Arctic-Altai (e.g., Salix herbacea,
S. reticulata, Polygonum viviparum, Androsace chamae-
jasme), Alpine-Arctic (e.g., Silene acaulis, Bartsia alpi-
na, Gentiana nivalis), Alpine-Altai (e.g., Coeloglossum
virde, Salix retusa, Veronica aphylla, Leontopodim alpi-
num) flora and endemics (e.g., Cerastium julicum,
Campanula zoysii, Gentiana froelichii, Saxifraga ho-
henwartii, Leucanthemun lithopolitanicum, Nigritella
lithopolitanica). MAYER (1950, 1951, 1952, 1953, 1960),
in papers on flora later further reinforced the classifi-

cation of the Slovene Eastern Calcareous Alps in the
Alpine province, or showed the extent of the Illyrian
Province.

The botanist Nada PRAPROTNIK (1987), in her dis-
sertation on Illyrian floral elements, disarticulated in
detail the phytogeographic allegiance of more or less
Ilyrian species in Slovenia. She classified them into 13
phytogeographic units (categories) and showed their
area of distribution in Slovenia. Her study well assisted
recognition of the distribution of Illyrian and Illyrian-
Adpriatic floral provinces in Slovenia. For illustration,
we state some species that are mostly referred to as Il-
lyrian species:

Hlyrian floral elements: Helleborus atrorubens,
Scabiosa hladnikiana, Scilla litardieri etc.

Sub-Mediterranean-Illyrian elements: Anthriscus
fumaroides, Satureja subsipcata, Sesleria autumnalis
etc.

Northwest Illyrian elements: Arabis scopoliana,
Hladnikia pastinacifolia, Potentilla carniolica etc.

Sub-Illyrian elements: Frangula rupestris, Genti-
ana tergestina, Potetilla tomasiniana etc.

Alpine-Illyrian elements: Homogyne sylvestris, La-
mium orvala, Vicia oroboides etc.

Apennine-Illyrian elements: Corydalis ochroleuca
(Pseudofumaria alba), Genista sylvestris, Sesleria junce-
folia etc.

Carpathian-Illyrian elements: Daphne blagayana,
Euphrasia liburnica.

Taxons with wider areas of distribution: Cardamine
kitaibelli, Epimedium alpinum, Grafia golaka etc.

Taxons with Alpine-Carpathian-Illyrian distribu-
tion: Euphorbia carniolica, Hacquetia epipectis, Hyperi-
cum alpinum etc.

Taxons with southern European, southeastern Eu-
ropean and wider distribution: Anemone trifolia, Are-
monia agriminioides, Cardamine trifolia, Geranium
nodosum, Omphalodes verna etc.

Taxons that are most frequent in sub-Mediterra-
nean associations: Fraxinus ornus, Ostrya carpinifolia,
Pinus nigra etc.

Taxons that are most frequent in associations of
the sub-Alpine and Alpine zones: Centaurea triumfet-
tii, Scorzonera rosea, Thymus balcanus etc.

Taxons with unclear taxonomic position are today
for the most part classified, e.g., the species Arabis al-
pina subsp. alpina, Asperula aristata etc. It has also
been shown that the subspecies Helleborus niger subsp.
macranthus does not thrive here. Helleborus niger
subsp. niger grows on dolomite or a dolomitised geo-
logical base in the mountain (montane) zone.

BorHIDI (1963) made a similar analysis of Illyrian
and related species, such as Alpine-Illyrian, Carpathi-
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an-Illyrian, Pannonian-Illyrian. Italian-Illyrian, Da-
cian-Illyrian, sub-Mediterranean-Illyrian, Balkan etc.
species, when he reasoned the Illyrian alliance of beech
forests Aremonio-Fagion (=Fagion illyricum). On this
floristic basis, he showed the distribution of the Illyri-
an alliance of beech forests (BorRHIDI 1963: 260, 266),
which would correspond to the area of distribution of
the Illyrian floral province. As can inferred from the
picture, which is to a very small scale, the majority of
Slovenia is covered by the alliance of Illyrian beech
forests, which could be considered as the Illyrian floral
province. Excluded are Primorje and pre-Pannonian
zones of Slovenia. At this scale it is not possible to ex-
clude the Alpine belt of Slovenia.

HoRrvaT (1954, 1962 a) provided a phytogeograph-
ic division of Southeast Europe in which he also in-
cluded Slovenia. Phytogeographic analysis, with the
presentation of a map of climatogenic vegetation of
Southeast Europe disarticulates climatogenic vegeta-
tion according to horizontal distribution and vertical
belts. On the basis of this division, he found that ac-
cording to Braun-Blanquet, there are three vegetation
regions in Southeast Europe: Mediterranean, Eurosi-
berian-North American and Irano-Turanian. The
Mediterranean-sub-Mediterranean floral region he
classifies into the Mediterranean and the Central Eu-
ropean floral region into the Eurosiberian-North
American region. In a paper (HORvAT 1962 b) con-
firms his decision from the previously mentioned
publications and outlines on a map of potential vege-
tation the boundary between Mediterranean and
Central European regions of the four phytogeogra-
phers, Adamovi¢, Markgraf, Oberdorfer and Rikli,
which are very varied. He himself sticks with the divi-
sion on the basis of potential vegetation that he pre-
sented in his works (HORVAT 1954, 1962 a, b). His map
of climatogenic vegetation only embraces a minor,
south-eastern part of Slovenia, which he places in the
sub-Mediterranean region of (climatogenic) vegeta-
tion Carpinetum orientalis croaticum and Seslerio-
Ostryetum.

HorvaTi¢ (1957, 1963) found that Mediterranean
and sub-Mediterranean zones in the area of the Cen-
tral Balkan peninsular (former Yugoslavia) are more
mutually interconnected than the sub-Mediterranean
zone with the continental area of the Eurosiberian-
North American region. He classifies Mediterranean
and sub-Mediterranean areas into the Mediterranean
region. He divides Primorje into three zones:

1. East Adriatic eumediterranean zone (Quercion
ilicis),

2. East Adriatic submediterranean zone (Carpine-
tum orientalis croaticum),
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3. East Adriatic Mediterranean-montane zone
(Seslerio autumnalis-Ostryetum).

HorvaTti¢ (1967) later divided Yugoslavian Pri-
morje into two provinces: Adriatic and Aegean, both
later in the framework of the Mediterranean region.
He divided the Eurosiberian-North American region
into three or four provinces: Illyrian, Mezzian, Illyrian
and the Mezzian into the zone of dwarf pine and the
Central European province — Pannonian sector with
lowland and montane zones. He classifies Slovenia into
two provinces, namely Adriatic-sub-Mediterranean
(Mediterranean region) and Illyrian province (Eurosi-
berian-North American region). He classifies the zone
of mountain vegetation into the Alpine-High Nordic
region. He classifies the belt of dwarf pine into the II-
lyrian province.

TRINAJSTIC (1976, 1986, 1995), after the period of
earlier Croatian phytogeographic research, dealt most
and most intensively with phytogeographic questions
of Croatia, especially its Primorje. If we simplify his
phytogeographic division of the Kvarner Bay, which is
linked towards the west to Slovene Primorje,
TRINAJSTIC (1976) classifies the narrower sub-Mediter-
ranean area into the Mediterranean region. He classi-
fies the para-Mediterranean zone, i.e., the littoral belt
with thermophilous beech forests, into the Eurosiberi-
an-North American region, together with Illyrian, Di-
naric, sub-Illyrian-sub-Alpine (interesting!), boreal-
subalpine, Illyrian-Balkan, subalpine-Illyrian-Balkan
vegetation zones. We can in principle agree with his
phytogeographic division for Slovene Istria. TRINAJSTIC
(1995) later phytogeographically disarticulated forest
vegetation of Croatia in more detail. He dealt in par-
ticular with the phytogeographic division of the Euro-
siberian-North American region. His division of this
region is interesting and acceptable (TRINAJSTIC 1995:
40-42). He does not change the Mediterranean region
as shown in 1986 (TRINAJSTIC 1986) and it is phytogeo-
graphically suitably arranged into Mediterranean-lit-
toral and Mediterranean-montane zones. The question
is raised of whether it is correct that he ranks the sub-
Mediterranean vegetation zone of the Mediterranean-
littoral zone into the Mediterranean region.

Sugar thoroughly researched the area of Croatian
Istria, which is the direct neighbour of Slovene Istria.
His thesis is that the sub-Mediterranean area (in the
wider sense) of Istria classifies into the Central Euro-
pean-North American and not into the Mediterranean
region. The question is where to classify the zone in
which is retained the occurrence of holm oak — Quercus
ilex (SUGAR, 1984). SUGAR et al. (1995) divide the Istri-
an sub-Mediterranean into submediterranean (Querco-
Carpinetum orientalis), epimediterranean (Ostryo-
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Quercetum pubescentis), histrian (Molinio-Quercetum
pubesce-ntis, Potentillo albae-Querceetum pubescentis)
and paramediterranean zones (Seslerio-Fagetum), of
the Eurosiberian-North American region, in which he
classifies the Illyrian zone (Fagetum s. lat.), and he
places the precoastal, eumediterranean zone (Orno-
Querectum ilicis) in the Mediterranean region. The
zone of evergreen vegetation (Quercetum ilicis) is only
on the Brioni islands. The mountainous part of Istria
embraces the Illyrian zone (Seslerion tenuifoliae) of the
oromediterranean (Mediterranean-montane) region.

The phytogeographic division of Slovenia of M.
WRABER (1969) is important for determining the Illyr-
ian floral province in Slovenia. This is the first carto-
graphic presentation of the phytogeographic division
of Slovenia on a floristic and vegetational basis. On the
basis of his division, we can conclude the existence of
various floristic provinces in Slovenia. M. WRABER
(ibid.) finds that the Central European province ex-
tends into the north and west of Slovenia and the Illyr-
ian province with Illyrian-Balkan plants into the
southeast. The southern part of Slovenia is Mediterra-
nean, Mediterranean-montane and sub-Mediterrane-
an. According to his phytogeographic map and judg-
ing by his thinking, the Alpine area belongs in the
Central European province but in the lowlands with
Illyrian-Balkan and Illyrian-southern European ele-
ments. He defines the pre-Alpine and pre-Dinaric area
as a mixture of Alpine-Central European and Illyrian-
Dinaric geoelements. Illyrian-Balkan flora character-
ises the Dinaric area. The sub-Pannonian area has a
Pannonian vegetational character (without explicit
Pannonian species, author’s note) where here and there
Illyrian flora appears. In the neighbouring Hungarian
Pannonian area, they are classified into the pre-Noric
province with the districts Castriferricum and Poetovi-
cum, in which our sub-Pannonian area would be in-
cluded. He classifies the sub-Mediterranean area into
the Adriatic province, which here is concluded or, as he
says, »disappears«. (ibid.)

Z. Ko3Ir (1975) divided Slovenia into five phyto-
climatic territories: sub-Mediterranean, Dinaric, Al-
pine and pre-Alpine, pre-Dinaric and sub-Pannonian
territories. It is not possible to infer the boundary be-
tween floristic provinces from the phytoclimatic ter-
ritories. We find, however, that except for the pre-Di-
naric phytoclimate, all other phytoclimates are identi-
cal to the phytogeographic areas of M. Wraber. From
the distributional area of Kosirs pre-Dinaric phytocli-
mate, we can conclude that, according to his Illyrian
floral province, it reaches deeply into the north-east-
ern and partially eastern part of Slovenia, extending
into neighbouring southern Austria, which already

belongs in the Noric floral province. Kosirs decision
for such an extensive Illyrian floral province derives
from the Potential Phytocoenological Map of the Bu-
reau of Forestry Planning to a scale of 1 : 100.000,
which shows a considerable share of basal to moder-
ately acidic beech forest Hedero-Fagetum (Querco-Fa-
getum) and sub-Pannonian moderately basal to neutral
(poorly acidic) beech forest (Festuco drymeiae-Fage-
tum). More recent research has established different
thinking in terms of the share of area of one and the
other. More recent research shows a different image of
the forest vegetation, supplemented with non-forest as-
sociations and floristic studies.

MARINCEK (1994), on the basis of the vegetation
and some Illyrian species, proposes a boundary of the
Ilyrian floral province in the central Balkan Penin-
sula or on the territory of former Yugoslavia. In view of
the loose definition and on the basis of general phyto-
geographic maps of unknown scale, we can conclude
that the Illyrian floral province extends from Slovenia
to Macedonia, without a coastal belt, and in the north-
east cuts into the Mezian floral province. Individual
islands of the Illyrian floral province also extend into
the Pannonian-Mezian area. The Illyrian floral prov-
ince divides into four areas: a pre-Alpine area in the
west, sub-Pannonian area from the northwest to
northeast, Dinaric area from the southeast to south-
west and pre-Dinaric area in an intermediate ragged
zone between the sub-Pannonian and Dinaric areas.
Marincek considerably generalised the mentioned
phytogeographic areas and to a large extent copied
MEUSEL et al. (1965). According to Marincek, all four
areas are present in Slovenia.

MEUSEL et al. (1965) showed in a comparative ho-
rology for Central European flora that Slovenia lies in
the area of the western Illyrian and pre-Noric-Slovene
floristic provinces. The map is very generalised. The
definition of the pre-Noric-Slovene floristic province
is interesting, which more or less corresponds to Hun-
garian botany or phytocenology (So6 1961, Pocs 1960,
KARPATI 1966).

ZUPANCIG et al. (1987) (ZUPANCIC & ZAGAR 1995)
supplemented the basic phytogeographic division of
Slovenia of M. Wraber (1969). In both cases it was a
supplement on the level of districts. Today we recog-
nise 32 districts that are based on the particularities of
the flora and vegetation. We classify the districts into
four provinces (or five provinces) and two regions:

Alpine-High Nordic region:
Alpine province with four districts;
Eurosiberian-North American region:
Central European province with five districts,
Ilyrian province with eighteen districts and
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Illyrian-Adriatic province with four districts

and pre-Noric-Slovene province with one district.

M. WRrABER (1969), HOrRvVAT (1954, 1962 a, b),
HoRrvATIC (1957, 1963, 1967), TRINAJSTIC (1976, 1986,
1995), ZUPANCIG et al. (1982), ZUPANCIC & ZAGAR
(1995) classified the Slovene sub-Mediterranean area
into the Mediterranean region. SUGAR (1984), in view
of the mixed deciduous and evergreen forests and
scrub, classified the Croatian and Slovene sub-Medi-
terranean area into the Eurosiberian-North American
region. With certain doubts and reservations, the co-
authors of a paper on forests of downy oak and moor-
grass growing in the area of Croatian and Slovene Is-

tria (SUGAR et al. 1995) accepted these ideas. Further
research of vegetation showed that the Slovene sub-
Mediterranean area, which extends highest towards
the northwest of Slovenia, towards the west Julian
Alps, is classified in the Eurosiberian-North American
region (ZUPANCIC 1997). In the Slovene sub-Mediter-
ranean area, there are for the most part deciduous and
a small share of evergreen trees or shrubs in forest-
shrub associations. Our sub-Mediterranean has a cold-
er climate and is damper than in the southeast area of
the Balkan peninsular. OGRIN (1995) says that the Slo-
vene sub-Mediterranean area is moderately warm with
a damp climate, where only summers are warm.

5 CONCLUSION

We wish to define and delineate the area of the Illyrian
floral province in Slovenia on the basis of the occur-
rence of southeast European-Illyrian (Illyrian, Illyri-
coid, sub-Illyrian) species in individual phytogeo-
graphic units - districts, in entirety or their parts, and
on the basis of the results of phytogeographic research
of the scientists mentioned in the chapter that discuss-
es the problems of division into floral provinces. We
have taken into account more or less all the stated re-
searchers but we have relied most on BEck (1907, 1908,
1913), HAYEK (1907, 1923), HORVAT (1954, 1962 A, B),
HorvaTi¢ (1957, 1963, 1967), KoSir (1975), MAYER
(1946, 1950, 1951, 1952, 1953, 1960), Sucar (1984),
SuGaRr et al. (1995), TRINAJSTIC (1976, 1986, 1995),
WRABER (1969), ZUPANCIC et al. (1987) and ZUPANCIC
& ZAGAR (1995).

As a basis for a graphic depiction of the Illyrian
floral province we have taken the phytogeographic
maps of WRABER (1969) and ZupaNCIC et al. (1987,
ZUPANCIC & ZAGAR 1995).

In relation to WRABER’s (1969) phytogeographic
map, the Illyrian province is limited to the northeast
with the Central European floral province in the ex-
treme area of the sub-Pannonian phytogeographic
area and to the narrow northern edge of the Alpine
phytogeographic area. From the Illyrian floral prov-
ince is extracted the sub-Mediterranean phytogeo-
graphic area, which we classify into the related Illyri-
an-Adriatic province, with many thermophilous
geoelements.

The more detailed phytogeographic map of
ZUPANCIC et al. (1987) (ZUPANCIC & ZAGAR 1995) is
divided into districts. On the basis of districts, we find
that the Illyrian floral province extends into the ma-
jority of districts, except into districts la-1d, which
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belong to the Alpine floral province, 2a-2c, 3a and the
northern part of district 4c, which we classify into the
Central European floral province, and districts 7a-7d,
which belong to the Illyrian-Adriatic floral province.

In forming the Illyrian floral province, we have
some hesitations. First, the division of district 4c. The
northern part of the district embraces the silicate area
of Pohorje, Strojna and Kozjak (Kobansko), which we
classify into the Central European floral province. We
should probably exclude this area from district 4c and
create a special new district (4d). Second, perhaps dis-
trict 3a should be classified into the pre-Noric prov-
ince in the district Poetovicum (KARPATI 1966, Pocs
1960, So6 1961) or the pre-Noric-Slovene (MEUSEL et
al. 1965) province. Third, is an independent Illyrian-
Adriatic floristic province justified or should it be in-
cluded in the Illyrian province, which extends into the
continental area of Slovenia?

It is easiest to answer the third question. The Illyr-
ian-Adriatic floristic province is determined by Illyri-
an-Mediterranean species (e.g. Carpinus orientalis,
Eryngium amethystinum, Paliurus spina-christi, Sesle-
ria autumnalis, Scorzonera villosa etc.), Illyrian-Adri-
atic species (e.g. Dianthus tergestinus, Drypis spinosa,
Genista sylvestris etc.) and Illyrian-Apennine species
(e.g. Ruta graveolens etc.), among which are endemic
species and many sub-Mediterranean and Mediterra-
nean species, such as Mediterranean-Pontic (e.g. Rus-
cus aculeatus, Chrysopogon gryllus idr.) or Mediterra-
nean-Atlantic (e.g. Euphorbia peplis, Oenanthe pimpi-
nelloides, Avena barbarta etc.) and many other species.

District 4c would indicate division into two parts:
the current Stajerska-Koroska 4c and a new Pohorje-
Kozjak district 4d. It is necessary to study in what the
districts differ, what is the floristic and vegetational,
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climatological and pedological difference between
them. They certainly differ in geological base and also
more or less in terms of soil. A brief review of plant
species shows that 16 species thrive exclusively only in
the Pohorje-Kozjak district (4 d). Of these we mention
only the rarest or most interesting, namely: Asplenium
adulterinum, A. cuneifolium, Botrychium multifidum,
Saxifraga paradoxa and Heliosperma veselskyi subsp.
widderi.

In the phytogeographic division of ZurPANCIC et al.
(1982) (ZUPANCIC & ZAGAR 1995), the Ptuj (Drava-Mu-
ra) district (3a) is classified as an exception in the
transalpine sector and a special pre-Pannonian sub-
sector, whereby both belong to the Central European
province. The name of the sector indicates that the

area is transalpine or on the other side of the Alps
(Leksikon CZ 1988). The eastern edge of the Central
Alps (Krka Alps, Svinska planina, Golica, Pohorje) cli-
matically influences the lowland-hilly world of Sloven-
ske gorice, which have the most expressed continental
climate on the territory of Slovenia. It would probably
be a better systemic solution to classify the Ptuj (Dra-
va-Mura) district (3a) into the pre-Noric-Slovene prov-
ince according to MEUSEL et al. (1965) with transalpine
sector and pre-Pannonian subsector. There would thus
be five provinces in Slovenia, so four provinces in the
Eurosiberian-North American region.

The area of the floristic provinces is evident from
the phytogeographic map of Slovenia to a scale of
1:920.000 (Map 1).
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1 UVOD

Leta 1969 je M. WRABER (1969) na podlagi tedanjega
poznavanja gozdne vegetacije zasnoval fitogeograf-
sko delitev Slovenije na Sest obmocij: alpsko, predalp-
sko, dinarsko, preddinarsko, submediteransko in su-
bpanonsko fitogeografsko obmocje. Ob novih vede-
njih o vegetaciji Slovenije in upostevanju flore so bila
fitogeografska obmocja razdeljena na nizje enote -
distrikte, dopolnjene ali popravljene pa so bile meje
oz. razmejitve med obmodji, zlasti med alpskim in
predalpskim obmocjem. Hkrati je bila Zelja avtorjev,
da te fitogeografske enote uvrstimo v ustrezne stan-
dardno veljavne rastlinske province, kar je bilo tudi
narejeno (ZUPANCIC et al. 1987).

V povezavi s pojavljanjem flore oz. posameznih
vrst, ki so izklju¢no ali ve¢inoma prisotne v doloce-
nem fitogeografskem obmocju in v posameznem dis-
triktu, smo zeleli potrditi pravilnost omejitve ali za-
mejitve posameznega obmocja oziroma distrikta. Na
podlagi kart razsirjenosti vrst v Gradivu za Atlas
flore Slovenije (JoGAN et. al. 2001) ter horoloskih po-
datkov iz podatkovne zbirke FloVegSi (T. SELISKAR et
al. 2003) smo na poenostavljen nacin z rastrom fito-
geografskih obmodij in distriktov s pomocjo izbra-
nih/opredeljenih diagnosti¢nih vrst ugotavljali iz-
kljuéno ali ve¢inoma prisotno floro za posamezno
fitogeografsko obmocje oz. podrejeno fitogeografsko
enoto (distrikt). Diagnosti¢ne vrste smo opredelili
kot: (i) izklju¢no prisotne vrste (take, ki se pojavljajo
izklju¢no samo v enem obmodju) in (ii) ve¢inoma pri-
sotne vrste (take, ki so veCinoma razsirjene le v enem
obmo¢ju in imajo v redkih drugih obmo¢jih le se
nekaj posameznih nahajalis¢). Preprost nacin za ugo-
tavljanje prisotnosti flore je relativen, z dolocenim
odstopanjem, kot je glede na pogostnost taksona v
karti razsirjenosti vrste, podvrste, varietete, koli¢in-
sko nedolocena: oznaka za prisotnost vrste v kva-
drantu lahko pomeni obstoj/prisotnost enega ali ve¢
nahajalis¢ vrste oz. pojavljanje ve¢ primerkov rastline
ali pa le enega samega. Kljub temu je informacija do-
volj povedna in uporabna. Poleg upostevanja zdaj
znane slovenske razsirjenosti taksona smo pri analizi
uporabili $e njegovo Sirso (zemeljsko) horolosko pri-
padnost (geoelement, florni element) in biolosko
obliko. Ta elementa nam kazeta bioloske in ekoloske
razmere glede zivljenjskih razmer, v katerih rastlina
uspeva.

Razprava je razdeljena na dve poglavji. V prvem
poglavju ugotavljamo pogostnost rastlinskih vrst v
fitogeografskih obmocjih oziroma distriktih, kar je
osnova za drugo poglavje o razdelitvi Slovenije na
florne province. Poleg flore, vegetacije in obstojece
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fitogeografske razdelitve Slovenije smo upostevali Se
objave najbolj relevantnih botanikov - fitogeografov
iz starejSega obdobja, katerih dela so posredno ali ne-
posredno vezana na Slovenijo, kot so: Apamovi¢
(1906), BEck (1907, 1908, 1913), HaYEk (1907, 1923);
HorvaTt (1954, 1962), HOrvATIC (1957, 1963), MAYER
(1946, 1950, 1951, 1952, 1953, 1960), MEUSEL et al.
(1965), M. WRABER (1969), S06 (1961), Pocs (1960),
KARPATI (1966). Upostevali smo tudi dela botanikov
in fitogeografov iz novejsega obdobja (zadnja desetle-
tja) kot so Nada PrRAPROTNIK (1987), TRINAJSTIC
(1976, 1986, 1995), Sucar (1984, 1995 s sodelavci),
MARINCEK (1994), Ko$1r (1975) in ZUPANCIC s sode-
lavci (1987, 1995).

Prva usklajevalna dela za opredelitev in povezavo
fitogeografskih obmocij s standardnimi rastlinskimi
provincami smo zastavili ze v devetdesetih letih prej-
$njega stoletja (ZUPANCIC et al. 1987, 1995). Temeljite-
je smo se problemu posvetili v pri¢ujoci razpravi.

Prva uskladitev WRABROVIH (1969) fitogeograf-
skih obmodij s standardnimi rastlinskimi provinca-
mi je bila utemeljena predvsem na gozdni oziroma
potencialno naravni vegetaciji in skromnejsi flori-
sti¢ni osnovi (ZUPANCIC et al. 1987). Pri tem usklaje-
vanju smo se srecevali z velikimi tezavami, zlasti pri
opredelitvi in razmejitvi v transalpinskem obmocju
severovzhodne Slovenije (Prekmurje, Prlekija), kjer
smo sicer predvideli poseben dravsko-murski dis-
trikt. Poleg tega smo bili takrat prepricani, da so v
Sloveniji zastopane §tiri regije: poleg evrosibirsko-se-
vernoameriske in alpsko-visokonordijske se medite-
ranska in panonsko-pontsko regija. Pri zadnji analizi
(SuGAR et al. 1995) se je izkazalo, da zadnjih dveh
regij v Sloveniji ni, saj za njiju ne moremo opredeliti
ustreznih diagnosti¢nih vrst ali pa jih pri nas sploh ni
(npr. za panonsko-pontsko regijo). Ugotavljamo pa,
da je mediteranska zimzelena vegetacija oziroma
flora le fragmentarno razvita na manjsih povrsinah
pri Ospu, Steni nad Dragonjo in na strunjanskem
klifu.

V tej razpravi je upos$tevan vecji poudarek na flo-
risticni podlagi, to je razsirjenosti vrst in izsledkih
starej$ih avtorjev - fitogegrafov (Adamovi¢, Beck,
Hayek idr.). Nas namen je, da ¢im realneje, v povezavi
z naravno geografskimi znacilnostnimi, prikazemo
fitogeografsko delitev Slovenije po rastlinskih pro-
vincah. Zlasti nas je zanimala razseznost (obseg in
zamejitev) ilirske florne province, ki je posebnost
nase dezele: razteza se od jugovzhoda Balkanskega
polotoka in se pri nas bolj ali manj koncuje oziroma
seze $e nekoliko proti severovzhodu.
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Zdaj poznamo v Sloveniji 32 distriktov v Sestih fi-
togeografskih obmo¢jih in pet rastlinskih provinc v
dveh flornih regijah. Pojavljanje pete province - pre-

norijsko-slovenske - predvidevamo za obmocje seve-
rovzhodne Slovenije in jo bomo izdvojili (razmejili) iz
srednjeevropske province.

2 POGOSTOST IN ZASTOPANOST RASTLINSKIH VRST V FITOGEOGRAFSKIH
OBMOC]JIH SLOVENIJE

Slovenija je razdeljena na 6 fitogeografskih obmocij, in
sicer na alpsko, predalpsko, dinarsko, preddinarsko,
submediteransko in subpanonsko fitogeografsko ob-
mocje (M. WRABER 1969). Nadgradnja fitogeografskih
obmodij Slovenije je bila opredelitev nizjih fitogeograf-
skih enot, kot so province, sektorji, podsektorji, in raz-
delitev na najnizje enote distrikte (ZUPANCIC et al.
1987, ZUPANCIC & ZAGAR 1995). Zanimalo nas, je koli-
ko rastlinskih vrst (vklju¢no s podvrstami) raste iz-
klju¢no samo v enem fitogeografskem obmocju oziro-
ma v posameznih distriktih razli¢nih fitogeografskih
obmodij.

Zdaj v Sloveniji belezimo od 3192 (JoGaN et al.
2001) do okoli 3450 taksonov ali celo ve¢ (T. SELISKAR
et al. 2003, MARTINCIC et al. 2007). Tu so upostevani
vsi taksoni (vklju¢no s tujerodnimi), ne le avtohtone
vrste. Za naso raziskavo smo uporabili objavljeni se-
znam in prikaz razsirjenosti rastlinskih vrst Jocana
in sodelavcev (2001), ki je Ze precej zastarel, tako po
$tevilu kot po poimenovanju taksonov. Glede aktual-
nega poimenovanja (in Stevila) taksonov smo uporabi-
li rastlinski klju¢ (MARTINCIC et al. 2007) in podat-
kovno bazo FloVegSi (T. SELISKAR et al. 2003, uposte-
vano je njeno stanje v letu 2018).

Vsako fitogeografsko obmocje ima nekaj posebnih
rastlinskih vrst, ki uspevajo le v dolocenem fitogeo-
grafskem obmocju. Omenjeno naselitev dolocene ra-
stline na le eno fitogeografsko obmocje pogojuje njena
fitogeografska razsirjenost skupaj s specificnimi eko-
loskimi razmerami, kot so podnebje oziroma mezo- in
mikroklima, geoloska podlaga, relief, strani neba,
nadmorska visina, morfologija terena, tla, kot tudi an-
tropozoogeni vplivi in e kaj. Raziskava je pokazala,
da sta floristi¢no najbogatejsi submediteranski in alp-
ski fitogeografski obmodji. Vzrok je verjetno v izrazi-
tih klimatskih in geolosko-morfoloskih razmerah. V
alpskem fitogeografskem obmocju je hladna, precej
namocena, alpsko-kontinentalna klima s pestrimi
orografsko-reliefnimi oblikami. Submediteransko fi-
togegrafsko obmocje je toplo, manj namoceno, pada-
vine so prisotne predvsem v jesenskem in deloma po-
mladanskem casu, pogoste so poletne suse z redkimi
ekstremno visokimi temperaturami. Svet je gricevnat,
sicer reliefno bogato razclenjen. Na obeh fitogeograf-

skih obmog¢jih se izmenjujeta karbonatna in silikatna
geoloska podlaga. Pricakovali bi Stevilne rastlinske
posebnosti v subpanonskem obmodju, vendar nam je
iz floristi¢nih raziskav ze znano, da je obmocje osiro-
maseno s panonsko-pontskimi vrstami. Pri nas ni iz-
razitega subpanonskega, kaj Sele panonskega celinske-
ga podnebja. Smo le na obrobju subpanonskega fitoge-
ografskega obmocdja, ki ga ne naseljujejo izrazite pa-
nonsko-pontske vrste. Posebnosti v evropskem merilu
sta nasi dinarski in preddinarski obmo¢ji. Potekata od
jugovzhoda do severozahoda, od Kolpe do Soce ob su-
bmediteranskem obmoc¢ju. Dinarsko obmocje je oro-
grafsko pestro, ve¢cinoma karbonatno, padavinsko po-
dobno atlantskemu podnebju. Preddinarsko obmocje
je prav tako vec¢inoma karbonatno, gricevnato, s konti-
nentalno klimo. Obmodji sta floristi¢cno bogati, polni
dinarsko-balkanskih floristi¢cnih posebnosti. Obe ob-
modji imata malo vrst, ki rastejo (uspevajo) izklju¢no v
dinarskem ali preddinarskem fitogegrafskem obmo-
¢ju. Vzrok je tudi v medsebojnem dopolnjevanju areala
dinarsko-balkanskih oziroma jugovzhodnoevropsko-
-ilirskih vrst med obema fitogeografskima obmocjima.

Veliko manj je rastlinskih vrst, ki bi uspevale iz-
klju¢no v distriktih. V nekaterih distriktih takih vrst
sploh ni, npr. v nekaj distriktih preddinarskega fitoge-
ografskega obmodja, kjer jih ni v treh od osmih distri-
kov, ali v alpskem obmocju, kjer jih je zelo malo v treh
od devetih distriktov, ali v dinarskem obmodju, kjer
jih ni v enem od §tirih distriktov. Distrikti v drugih
fitogeografskih obmocjih so bolj ali manj bogati s sebi
lastnimi rastlinskimi vrstami. Floristicno najbogatejsi
so koprsko-$avrinski (180), ptujski (dravsko-murski)
(58), krasko-vipavski (57), kranjski (48) in Stajersko-
-koroski (37) distrikt.

Kaj pomeni Stevil¢nost vrst na posameznih fito-
geografskih obmocjih oziroma v njihovih distrik-
tih?

Bogastvo flore na posameznih fitogeografskih obmo-
¢jih oziroma v njihovih distriktih zagotovo pomeni ali
potrjuje, da so te fitogeografske enote upravicene in
dobro izbrane, nakazuje njihovo floristi¢no in ekolo-
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$ko posebnost. Te vrste bi lahko uvrstili med diagno-
sticno pomembne vrste ali celo med znacilnice ali raz-
likovalnice kot dopolnilo k Ze izbranim ali uveljavlje-
nim znacilnicam dolocenega fitogeografskega obmo-
¢ja. Alpsko fitogeografsko obmocje prepoznamo po
njegovih posebnih alpskih hladnoljubnih vrstah, kot
so npr. absolutni endemiti Campanula x vrtacensis, P.
alpinum subsp. victoris, Nigritella kosutensis in N. rav-
nikii ali subendmiti oz. relativni endemiti npr. A. tau-
ricum nsubsp. hayekianum, A. tauricum subsp. tauri-
cum, A. tauricum subsp. latemarense, Campanula zo-
ysii, Cerastium julicum, Festuca calva, F. laxa, Gentia-
na froelichii, Heracleum austriacum subsp. siifolium,
Leucanthemum lithopolitanicum, Nigritella lithopolita-
nica, N. widderi, N. archiducis-joannis, Papaver alpi-
num subsp. ernesti-mayeri, Pedicularis elongata subsp.
julica, Saxifraga hohenwartii, Scorzoneroides crocea
ipd.

Nas submediteran zaznamujejo toploljubne sub-
mediteranske in mediteranske vrste, ki jih ni v drugih
fitogeografskih obmodjih, npr. Asparagus acutifolius,
Cistus salviifolius, Colutea arborescens, Coronilla creti-
ca, Euphrasia marchesettii, Osyris alba, Rubia peregri-
na, Smilax aspera, Viburnum tinus, ali pa so pri nas
razmeroma redke, kot so: Celtis australis, Pistacia tere-
binthus in Quercus ilex. Poleg nastetih vrst se v nasem
submediteranskem obmodcju pojavljajo Se nekateri
(sub)endemiti, in sicer: Alyssum montanum subsp.
montanum, Campunula marchesettii, Hieracium dragi-
cola, Knautia drymeia subsp. tergestina, Moehringia
tommasinii, Ranunculus pospichalii idr.

Dinarsko fitogeografsko obmocje je floristi¢no bo-
gato, vendar skromno glede posebnosti oziroma iz-
klju¢no ali ve¢inoma na tem obmod¢ju rasto¢imi vrsta-
mi. Tu uspevajo nekateri nasi endemiti, in sicer Hla-
dnikia pastinacifolia, Primula carniolica s krizancem
Primula x venusta in Ranunculus wraberi. Z jugovzho-
da pa k nam prihajajo dinarsko-balkanske vrste, ki se
pojavljajo izklju¢no le v dinarskem obmoc¢ju, in sicer:
Cerastium dinaricum, Edraianthus graminifolius, Fe-
stuca bosniaca, Helianthemum rupifragum, Polygala
croatica, Thymus balcanus, ki z endemiti odli¢no opre-
deljujejo nase dinarsko fitogeografsko obmodje.

Subpanonsko fitogeografsko obmocje v Sloveniji,
ki je na skrajnem zahodnem subpanonskem obrobju,
nima izrazitih panonsko-pontskih vrst. Ve¢inoma so
to splo$no razsirjene vrste panonskega obmodja, ki se
vec¢inoma ne pojavljajo v drugih fitogeografskih ob-
modjih, in sicer: Daphne cneorum subsp. arbusculoides,
Epipactis nordeniorum, Gagea spathacea, Moenchia
mantica subsp. caerulea, Myosotis laxa, Papaver dubi-
um, Potentilla supina, Pulmonaria mollis, Pulsatilla
grandis, Veronica triphyllos, Viscum laxum idr. V su-
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bpanonskem fitogeografskem obmocju se nekatere
splosno razsirjene vrste pogosteje in bolj mnozi¢no po-
javljajo kot v drugih fitogeografskih obmoc¢jih Sloveni-
je, s ¢imer dajejo dolocen pecat nasemu predpanon-
skem obmodju, in sicer: Chenopodium rubrum, Cyno-
surus echinatus, Epipactis voethii, Omphalodes scorpio-
ides, Scirpus radicans, Trifolium pannonicum idr.

Reka Mura in njeni pritoki so ustvarili mrtve ro-
kave, mrtvice, stojeco vodo, ponekod so nastala ume-
tna jezera zaradi opuscanja peskokopov ali pa so
ustvarili ribnike, od katerih so posamezni sedaj opu-
$¢eni. Na teh vodnih povrsinah se pojavlja posebna
brezinska, mocvirna ali vodna flora, tipicna za nase
subpanonsko fitogeografsko obmocje. Naj navedemo
nekaj rastlin: Carex bohemica, Cyperus michelianus,
Montia fontana, Marsilea quadrifolia, Nymphoides pel-
tata, Potamogeton obtusifolius, Typha minima, Wolffia
arrhiza. Nekatere vrste se na ekolosko podobnih vo-
dnih rastisc¢ih pojavljajo tudi drugod, v drugih fitoge-
ografskih obmoc¢jih, vendar so v subpanonskem ob-
mocju pogostejSe in stalnejSe: Cyperus glomeratus,
Lemna trisulca, Scirpus radicans, Typha laxmanii idr.
Navedene vrste lahko stejemo kot bolj ali manj diagno-
sticne vrste nasega subpanonskega fitogeografskega
obmodja.

Predalpsko fitogeografsko obmocje ni tako bogato
kot alpsko z rastlinskimi vrstami, ki bi uspevale iz-
klju¢no v njem. Prisotnih je le nekaj zanimivih rastlin,
med njimi so endemiti Leontodon berinii, Moehringia
villosa, Ranunculus thora f. pseudoscutatus, R. aesoti-
nus, Saxifraga paradoxa, ali zavarovane vrste, Gladio-
lus imbricatus, Daphne cneorum subsp. cneorum, Lipa-
ris loeselii, Lycopodiella inundata idr. Poleg nastetih so
zanimive $e vrste Cirsium waldsteinii, Diphasiastrum
alpinum, Euphorbia triflora subsp. kerneri, Poa carnio-
lica, Primula veris subsp. canescens, Woodsia ilvensis,
ki jih lahko bolj ali manj zanesljivo uvr§¢amo med di-
agnosticno pomembne vrste nasega predalpskega fito-
geografskega obmocja. Vecina nastetih vrst prihaja k
nam z zahoda.

Preddinarsko fitogeografsko obmodje je najrevnej-
$e z izklju¢nimi rastlinskimi vrstami, ¢eprav je flori-
sticno bogato. Manjsi izbor flore vendarle zaznamuje
to fitogeografsko obmocje, kljub temu, da nekatere od
navedenih vrst posami¢no uspevajo v dinarskem, sub-
mediteranskem ali celo predalpskem fitogeografskem
obmodju. Stalne, izklju¢no ali ve¢inoma na preddinar-
skem fitogeografskem obmocju rastoce vrste so: Acer
obtusatum, Aconitum variegatum subsp. nasutum, A.
vitosanum, Asplenium trichomanes subsp. pachyrha-
chis, Dianthus giganteus subsp. croaticus, Erysimum
carniolicum, Fumaria officinalis subsp. wirtgenii in
Rosa blondaeana.
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Vecina distriktov fitogeografskih obmocij ima
svoje sebi lastne rastoce vrste, kar je razvidno iz Tabel
11in 2. Vendar jih nekateri distrikti nimajo ali jih imajo
zelo malo: taksni so jugovzhodnoalpski in primorsko-
-julijskoalpski distrikt v alpskem fitogeografskem ob-
mocdju, krimsko-mokrisko-goteniski distrikt v dinar-
skem fitogeografskem obmocju ter zahodnodolenjski,
notranjski, polhograjski, iski, bohorsko-kumski in
osrednjedolenjski distrikt v preddinarskem fitogeo-
grafskem obmodju. V te distrikte pa prihajajo vrste iz
drugih fitogeografskih obmocij, ki bi jih tu ne pricako-
vali. Tako dajejo tem distriktom dolocen floristi¢ni in
ekologki pecat oziroma drugacnost, kar opravicuje nji-
hov obstoj. Oc¢iten primer je iski distrikt, v katerem so
nekatere alpske in $tevilne dinarske vrste. Alpske vrste
oznacujejo posebnost distrikta. Zaradi prisotnosti di-
narskih vrst pa ni jasno, ali ga naj uvrstimo v preddi-
narsko (ZUPANCIC & ZAGAR 1995) ali kar v dinarsko
fitogeografsko obmodje, kamor ga uvrs¢a ACCETTO
(2010).

Za fitogeografska obmodja in distrikte smo izde-
lali analizo rastlinskih vrst, ki izklju¢no ali ve¢inoma
uspevajo v doloc¢enem fitogeografskem obmocju, in
jih opredelili glede na bioloske oblike in njihove fito-
geografske razsirjenosti (po geoelementih) ter to pri-
kazali v tabelah 3-20. Tako izbrane rastlinske vrste
odrazajo doloceno floristi¢no in ekolosko podobo po-
sameznega distrikta, skupek rastlinstva distriktov v
dolocenem fitogeografskem obmocju pa posledi¢no
prikazuje njegovo floristi¢no in ekolosko podobo (Ta-
bele 21-24). Za opredelitev bioloskih oblik in geoele-
mentov smo uporabljali literaturo P1GNATTIJA (2005),
deloma AESCHIMANNA et al. (2004) in v manjsi meri
PorLpiNpA (1991).

Analiza izklju¢no ali ve¢inoma prisotnih vrst alp-
skega fitogeografskega obmocja (Tabele 3, 4 in 5) kaze
na prevlado hemikriptofitov (25 oz. 56 %), njim sledijo
hamefiti (7 oz. 18 %) in nato geofiti (5 oz. 13 %), terofi-
tov je zanemerljivo malo (1 oz. 3 %). Med izklju¢ne ali
ve¢inoma prisotne vrste se niso uvrstili fanerofiti s.
lat., helofiti in hidrofiti (Tabela 22). V primerjavi z
drugimi fitogeografskimi enotami po delezu udelezbe
hemokriptofitov s hamefiti zasedajo tretje mesto (Ta-
bela 21). Tabela 24 prikazuje razmerja med geoelemen-
ti alpskega obmocja, kjer prevladujejo endemiti (8 oz.
22 %) in alpski endemiti (5 oz. 14 %). Drugi geoelemen-
ti s prej omenjenimi enotami kazejo na hladne alpske
razmere v jugovzhodnem obmocju Alp. V primerjavi z
drugimi fitogeografskimi obmod¢ji Slovenije (Tabela
23) izstopajo v alpskem obmod¢ju alpski endemiti (5 oz.
62 %): Jovibarba arenaria, Artemisia genipi, Minuartia
rupestris, Primula villosa, Taraxacum cuculatum in
vzhodnoalpsko-ilirski endemit Viola zoysii, ter ostali

endemiti znacilni za jugovzhodne Apneniske Alpe:
Androsace helvetica, A. hausmanii, Papaver alpinum
subsp. victoris, Festuca alpestris, Geranium argenteum,
Poa cenisia idr. Alpsko obmodje je poleg predalpskega
in submediteranskega obmocja bogato z endemiti. Iz
Tabele 23 je razvidno pojavljanje drugih geoelementov,
ki so v primerjavi z drugimi obmodji, zlasti predalp-
skim obmocdjem, $teviléno manj prisotni, kazejo pa na
prej omenjene hladne alpske razmere.

Najbolj floristi¢no podprt z izklju¢no ali ve¢inoma
rasto¢imi vrstami je jugovzhodnoalpski distrikt (2 a),
slabo pa alpsko-pohorski (1d) in primorsko- julijsko-
alpski distrikt (2d), kar pa ne pomeni, da nimata svojih
posebnosti v ozjem in SirSem krogu fitogeografske de-
litve Slovenije (Tabele 3, 4 in 5). Predvsem se od drugih
distriktov razlikujeta zaradi toplotnega vpliva panon-
skega podnebja (alpsko-pohorski distrikt (1 d), oziro-
ma sredozemskega podnebja (primorsko-julijskoalpski
distrikt (2 d)), ki omogoca pojavljanje nekaterih toplo-
ljubnih rastlinskih vrst, ki so sicer splo$no razsirjene v
subpanonskem in submediteranskem obmod¢ju in tu
niso izklju¢no ali ve¢inoma prisotne.

Analiza izklju¢no ali vecinoma prisotnih vrst
predalpskega fitogeografskega obmocja (Tabele 6, 7
in 8) kaze na visoko prevlado hemikriptofitov (65 oz.
49 %). Steviléni so tudi terofiti (25 0z. 19 %) in geofiti
(19 oz. 14 %). Za razliko od alpskega obmocja se med
izklju¢no ali ve¢inoma prisotnimi vrstami pojavljajo
fanerofiti (8 0z. 6 %) in nanofanerofit (1 oz. 1 %).
Nekaj je tudi hamefitov (9 oz. 6 %). Prisotna sta $e
helofita in hidrofita (vsak po 2 0z. 2-3 %) (Tabela 22).
Razpored vrst po bioloski obliki v primerjavi z drugi-
mi fitogeografskimi obmo¢ji (Tabela 21) kaze, da je
predalpsko obmocje bogato s hemikriptofiti podobno
kot submediteransko (65 oz. 33 %); Stevil¢no ga prese-
ga tudi v drugih bioloskih oblikah, razen v primerjavi
s submediteranskem obmocjem, ki je na splo$no bo-
gatejSe po raznovrstnosti bioloskih oblik. Razpored
vrst po bioloskih oblikah kaze na zmernejse zivljenj-
ske razmere, ki se odrazajo tudi v prisotnosti terofi-
tov in fanerofitov. Primerjava geoelementov z alp-
skim fitogeografskim obmocjem kaze na doloc¢eno
podobnost in hkrati doloceno raznolikost, ki je svoj-
ska zaradi prisotnosti redkih posamic¢nih vrst. Neka-
teri geoelementi so celo manjsinsko zastopani v pri-
merjavi z drugimi obmodji, vendar dajo dolocen fito-
geografski pecat, kot sta stenomediteranski in jugov-
znodnoevropski geoelement. (Tabela 24). Posebnost
predalpskega obmocdja je prisotnost endemitov (7 oz.
6 %) oz. alpskih endemitov (2 oz. 2 %) v dolinah ali v
visjih legah predalpskega obmocja. Ti so: Euphorbia
kerneri, Leontodon berinii, L. hispidus subsp. bruma-
tii, Polygala croatica, Gentianella aspera, Thesium ro-
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stratum in Jovibarba hirta. Primerjavo geoelemtnov
znotraj predalpskega obmocja prikazuje Tabela 24,
kjer prevladujejo geoelementi evropsko-vzhodnoe-
vropskega obmocja z vdorom sredozemskih in vzho-
dnih - (azijskih) geoelementov. Vsi distrikti (4a do
4d) so dobro floristi¢no podprti.

Analiza izklju¢no ali ve¢inoma prisotnih vrst di-
narskega fitogeografskega obmocja (Tabele 9, 10 in 11)
kaze, da v njem prevladujejo hemikriptofiti (17 oz. 58
%). Skromno so zastopani terofiti (5 oz. 14 %), fanero-
fiti (5 oz. 17 %) ter hamefiti (3 0z. 9 %) (Tabela 22). V
primerjavi z drugimi obmodji vidimo skromno zasto-
panost izklju¢nih vrst v dinarskem obmodju in zato je
tudi skromna zastopanost teh vrst v posameznih kate-
gorijah bioloskih oblik (Tabela 21). Primerjava biolo-
$kih oblik z drugimi obmoc¢ji nam ne daje podobe Zi-
vljenjskih razmer v dinarskem obmocju. Opremo se
lahko le na primerjavo znotraj obmocgja, kjer prevlada
hemikriptofitov daje podobo tezjih, a ne pretezkih ra-
sti§¢nih razmer.

Pestrost geoelementov v dinarskem obmodju je
skromna, endemitov je malo,kot sta npr. Hladnikia pa-
stinacifolia in Ranunculus wraberi. Z dvema vrstama
so zastopani orof. jugovzhodnoevropski, evropsko-
-azijski in mediteranski geoelement, drugi so zastopa-
ni le z eno vrsto (Tabela 24). V primerjavi z drugimi
obmodji so tu zastopani jugozahodni, orof. centralno-
evropski in mediteransko-zahodnoazijski geoelemen-
ti. Posebnost je prisotnost 16 vrst ilirskega geoelementa
(Tabela 23). Razpored po geoelementih kaze, da dinar-
sko obmodje pripada evropsko-juznoevropskemu pro-
storu.

Z izklju¢no ali ve¢inoma prisotnomi vrstami so
podprti distrikti 5a, b in d. Zelo malo izklju¢nih vrst
imata mokrsko-goteniski in krimski distikt in nista
floristicno niti vegetacijsko podprta. Smiselno ju je
bilo zdruziti in preimenovati v krimsko-mokrisko-go-
teniski distrikt (5d).

Po mnenju DAKSKOBLERJA (2015) je uvrscanje
Banjsic v trnovski distrikt (5a) vprasljivo, saj je obmo-
¢je prehodno med submediteranskim in predalpskim
fitogeografskim obmoédjem (KALIGARIC & SKORNIK
2002).

Izklju¢no ali ve¢inoma prisotnih vrst v preddinar-
skem fitogeografskem obmocju je Se manj kot v dinar-
skem obmod¢ju (Tabele 12, 13 in 14). Obe obmodji sta
floristicno skladni z jugovzhodnoevropsko-ilirskimi
vrstami, ki se po Stevilu in mnozi¢nosti pojavljajo v
obeh obmogjih in se tako izkljucujejo kot izklju¢ne ali
vec¢inoma prisotne vrste v prvem ali drugem obmocju.
Kot v dinarskem obmo¢ju se tudi v preddinarskem ob-
mocdju pojavljajo predvsem hemikriptofiti (4 oz. 44 %).
Opazni so tudi fanerofiti in terofiti (z 2 vrstama oz. 22
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%). Tu ni izklju¢nih vrst helofitov in hidrofitov (Tabela
22). V primerjavi z drugimi obmodji je to obmocje naj-
revnejse z izklju¢no ali ve¢inoma prisotnimi vrstami,
kar ima za posledico skromen delez bioloskih oblik
(Tabela 21). Tezko bi ovrednotili zivljenjske razmere na
podlagi bioloskih oblik. Odstotni delez geoelementov
je v preddinarskem obmocju enakomeren (Tabela 24).
V primerjavi z drugimi obmodji izstopata le dva geoe-
lementa, ki jih v drugih obmo¢jih ni, in sicer jugozaho-
dnoevropski in mediteransko-azijski geoelement.
Drugi geoelementi, ki so ve¢inoma prisotni v dinar-
skem obmocdju, dajejo toplotni pecat juzne-jugovzho-
dne Evrope (Tabela 23). Glede na skromnost vrst v ka-
tegorijah Zivljenjskih oblik in geoelementov lahko z
zadrzkom sklepamo o ugodnih vegetacijskih Zivljenj-
skih razmerah preddinarskega obmocja.

Od 8 distriktov v preddinarskem obmodju so le v
petih distriktih prisotne, a malostevilne izklju¢ne ali
vec¢inoma prisotne vrste (Tabele 12, 13 in 14). Iz flori-
sti¢ne in vegetacijske analize ZUPANCICA in ZAGARJA
(1995) pa je upravicena delitev na 8 distriktov.

Submediteransko fitogeografsko obmocje je naj-
bogatejse z izklju¢no ali ve¢inoma prisotnimi vrstami
(Tabele 15, 16 in 17). Analiza bioloskih oblik je bolj ali
manj uravnotezena - z izjemo, da ni helofitov. Prevla-
dujoce so $tiri kategorije: $tevilni terofiti (115 oz. 44
%), nato hemikriptofiti (67 oz. 26 %), sledijo geofiti (28
oz. 11 %) in fanerofiti (28 oz. 11 %). Manj so zastopani
hamefiti (13 oz. 5 %) in hidrofiti (8 oz. 3 %) (Tabela 22).
Razpored oz. delez vrst po bioloskih oblikah v primer-
javi z drugimi obmodji kaze naslednjo podobo: terofi-
tov je 66 %, fanerofitov 61 %, nanofanerofitov 56 %,
geofitov 45 %, hidrofitov 44 %, hamefitov 35 % in he-
mikriptofitov 34 %. Primerjava med obmodji kaze, da
je submediteransko obmocje v vseh kategorijah, razen
pri heliofitih, vodilno. Velika zastopanost terofitov in
fanerofitov s. lat. poudarjajo tople su$ne submedite-
ranske razmere. Geofiti se pojavljajo le spomladi, suso
pa prezive s podzemnimi rastlinskimi organi. Na neu-
godne sezonske razmere nakazujejo $tevilni hemikrip-
tofiti. (Tabeli 21 in 22).

Submediteransko fitogeografsko obmodje je boga-
to z izkljuénimi ali ve¢inoma prisotnimi geoelementi,
ki izkazujejo tople klimatske razmere in so skladni z
razporedom bioloskih oblik. Fitogeografski polozaj
obmodja lahko sintezno predstavimo kot evropsko-
-mediteranski z vplivi iz Atlantika na zahodu in tople-
ga dela celine na vzhodu (Tabela 24).

Vsi distrikti submediteranskega obmocja so flori-
sticno ovrednoteni. Najve¢ izklju¢nih ali vecinoma
prisotnih vrst imata krasko-vipavski (7 b) in koprsko-
-Savrinski distrikt (7 d). Najmanj izklju¢nih ali ve¢ino-
ma prisotnih vrst je v briskem (7 a) in brkinskem (7 )
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distriktu. Najbolj topel in susen mediteranski je kopr-
sko-$avrinski distrikt (7 d), kar se odraza v $tevilnih
vrstah terofitov ter stenomediteranskih, evromedite-
ranskih in manj Stevilnih subtropskih geoelementov
(Tabela 15). Na jugovzhodni vpliv pa lahko sklepamo
po zmerni zastopanosti evromediteranskih-turanskih
in jugovzhodnih-juznosibirskih ter podobnih stevil¢-
no manj prisotnih geoelementov. Med izklju¢nimi vr-
stami je prisoten endemit Moehringia tommasinii (Ta-
beli 16 in 17).

Zanimivo je, da je v krasko-vipavskem distriktu (7
b) med izklju¢nimi vrstami 5 endemitov: Hieracium
dragicola, Moehringia tommasinii, Sorbus istriaca, S.
mayeri in S. slavnicensis, kar daje distriktu svojski
pecat, s tem pa tudi slovenskemu in severnojadranske-
mu submediteranu (Tabeli 15 in 17).

Analiza izklju¢no ali ve¢inoma prisotnih vrst v su-
bpanonskem fitogeografskem obmodju (Tabele 18, 19
in 20) kaze, da so v njem najstevil¢nejsi terofiti (26 oz.
41 %) in nato hemikriptofiti (17 oz. 27 %). Poleg terofi-
tov, ki oznacujejo »stepsko« obmodje, so za nase obro-
bje subpanonije znacilni $e hidrofiti (7 oz. 11 %), ki so
naselili mokris¢a, mrtve rokave reke Mure ali popla-
vljene opuscene peskokope ipd. (Tabela 22). V primer-
javi z drugimi obmodji v subpanonskem obmocju iz-
stopajo hidrofiti (7 oz. 39 %), podobno kot v submedi-
teranskem obmocju (8 oz. 44 %). Odstotne udelezbe
vrst drugih bioloskih oblik so nekoliko podobne pre-
dalpskemu obmodju; te so tu bolje zastopane kot v alp-
skem, dinarskem in preddinarskem obmocju. (Tabela
21). Skladno z delezem bioloskih oblik v subpanon-
skem fitogeografskem obmocju ugotavljamo, da so ra-
stne razmere vegetacije relativno ugodne glede vecjega
pojavljanja terofitov in nanofanerofitov. Ti kazejo na
toplo podnebje, kar pa je lahko ob pretirano vrocih ob-
dobjih tudi neugodno zaradi suse.

Pojavljanje izklju¢nih geoelementov v subpanon-
skem obmodju je skromno in posamic¢no (6 vrst, po en
podatek oz. primerek, Tabela 23). Drugi geoelementi so
skladni s submediteranskim obmoc¢jem in redke uvr-
$¢amo med »vec¢inoma prisotne«. Najpogosteje so geoe-
lementi zastopani le z eno vrsto. V haloskem distriktu
(3b) je zabelezena zavarovana vrsta — endemit Sempervi-
vum juvanii (Donacka gora — kremencevo-apnencev pe-
$¢enjak in konglomerat). Analiza geoelementov kaze
jugovzhodnoevropski-evropski-vzhodnoevropsko-kar-
patsko-azijski znacaj. (Tabela 24). Na to opredelitev
lahko sklepamo iz Tabele 23, ki kaze odstotni delez geo-
elementov v primerjavi z drugimi fitogeografskimi ob-
mocdji.

Vsi trije distrikti subpanonskega fitogeografskega
obmodja so floristicno podprti (Tabele 18 - 20), zlasti
e ptujski (dravsko-murski) (3a), ki ga predlagamo v

prenorijsko-slovensko floristi¢no provinco (MEUSEL et
al. 1965) kot ptujski distrikt (So6 1961). Po Stevilu vrst
je ta distrikt najbolj panonski (»stepski«) s Stevilnimi
terofiti in vzhodnimi geoelementi. Izbrane (izklju¢ne
ali ve¢inoma prisotne) vrste tega distrikta glede na bi-
oloske oblike (Tabela 19) uvrs¢amo predvsem v terofi-
te, ki jih je 24 (46 %), in hemikriptofite, ki jih je 10 (19
%). Zaradi mrtvic, bajerjev (ribnikov), ki so nastali iz
opuscenih peskokopov in jih je s¢asoma zalila voda,
ter drugih mokris¢ se pojavlja 6 (12 %) hidrofitov. Prav
toliko je geofitov 6 (12 %). Hamefiti so 3 (6 %). Redki so
nanofanerofiti 2 (4 %) in fanerofiti 2 (1 %). Pravo podo-
bo fitogeografskega obmocja oziroma floristicne pro-
vince dajo terofiti, ki so vodilni za nizinsko, poljedelj-
sko subpanonsko obmodje ali - natan¢neje - za obro-
bje subpanonskega obmocja Slovenije. Poleg terofitov
so0 za obravnavano obmocje in posledi¢no tudi za ptuj-
ski distrikt prenorijsko-slovenske floristicne province
znacilni hidrofiti, ki naseljujejo Stevilna tamkajsnja
mokrisca (Tabela 19).

Opredelitev izklju¢nih ali ve¢inoma prisotnih vrst
po fitogeografski razsirjenosti (Tabela 20) je naslednja.
Najvec je evroazijskih (8 oz. 15 %), subkozmopolitskih
(6 0z. 11 %), evrosibirskih (5 oz. 10 %), juznoevropsko-
-juznosibirskih (5 oz. 10 %), subtropskih (4 oz. 8 %) in
juznoevropskih (3 oz. 6 %) geoelementov. To je polovi-
ca vseh izklju¢nih ali ve¢inoma prisotnih vrst, ki fito-
geografsko dobro opredeljujejo ptujski distrikt preno-
rijsko-slovenske province nasega severovzhodnega ob-
robnega subpanonskega obmocdja. K tem diagnostic-
nim vrstam ptujskega distrikta bi dodali Se manj zasto-
pane geoelemente, kot so: vzhodnoevropski (2 oz. 4 %),
pontski, paleosubtropski, cirkumborealni, stenomedi-
teranski, severnomediteransko-montanski, evromedi-
teransko-turanski, jugovzhodnocentralno-evropski,
evropsko-kavkaski, vzhodnomediteranski in paleo-
temperatni geoelement (vsi zastopani z 1 vrsto oz. 2 %).
Drugi geoelementi v Tabeli 20 so prisotni $e v drugih
distriktih.

Naredili smo $e analizo pojavljanja jugovzhodnoe-
vropsko-ilirskih elementov v ptujskem distriktu, da bi
spoznali vpliv sosednje ilirske province na juzni in ju-
gozahodni meji, to je z bizeljsko-krskim (3¢) in Stajer-
sko-koroskim distriktom (4c). Od jugovzhodnoevrop-
sko-ilirskih geoelementov je z oZjo razsirjenostjo veci-
noma prisotna le vrsta Aposeris foetida in s $irso raz-
Sirjenostjo vrsti Knautia drymeia subsp. drymeia in
Fraxinus angustifolia subsp. oxycarpa. Od ozje razsirje-
nih jugovzhodnoevropsko-ilirskih vrst so na zaho-
dnem sti¢nem obmod¢ju redko ali zelo redko prisotne
naslednje vrste: Anemone trifolia, Cardamine trifolia,
C. enneaphyllos, C. waldsteinii in Aremonia agrimonio-
ides, na juznem sti¢cnem obmocdju pa vrste: Hacquetia
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epipactis, Hieracium transsilvanicum in Festuca
drymeia; po vsem obmodju pa so raztresene vrste La-
mium orvala, Polystichum setiferum, Erythronium
dens-canis in Tamus communis. VeCina nastetih vrst
bolje uspeva na bazi¢nih tleh in karbonatni geoloski
podlagi, izjemi sta vrsti Erhythronium dens-canis in
Hieracium transsilvanicum, ki uspevata na kislih tleh,
ter vrsti Festuca drymeia in Polystichum setiferum, ki
sta prilagodljivi in uspevata tudi na zmerno kislih do
bazi¢nih tleh.

Posamicno, redko pojavljanje jugovzhodnoevrop-
sko-ilirskih vrst in bolj pogosti, ne tako diagnosti¢no
pomembni jugovzhodnoevropsko-ilirski vrsti Aposeris
foetida in Knautia drymeia subsp. drymeia skupaj ka-
zeta na doloceno diferenciacijo ptujskega distrikta
znotraj prenorijsko-slovenske province. Posebej dobro
jo oznacuje vrsta Fraxinus angustifolia subsp. oxycar-
pa, ki je prisotna izklju¢no v slovenskem subpanon-
skem obrobju.

Floristicni analizi ptujskega distrikta prenorij-
sko-slovenske province sledi vegetacijska analiza goz-
dnih zdruzb, ki so znadilne zanjo in vecinoma ali
povsem razsirjene zgolj tu. Te so: Vicio oroboidi-Fage-
tum (Ht. 1938), Pocs & Borhidi in Borhidi 1960, Poly-
sticho setiferi-Fagetum Zupanci¢ et al. 2001 (non
Ubaldi 1988 nom. inv.), Festuco drymeiae-Abietetum

Vukeli¢ & Baricevi¢ 2007, Pruno padi-Carpinetum be-
tuli (Marinc¢ek & Zupandic¢ 1982), Marincek 1994, Hi-
eracio rotundati-Fagetum 7. Kosir 1994, Galio rotun-
difolii-Pinetum Zupanci¢ & Carni ex Carni et al.1992,
Pruno padi-Fraxinetum angustifoliae Carni et al. 2008
nom. nud., Fraxino-Ulmetum effusae Slavni¢ 1952
var. Prunus padus Vukeli¢ et Baricevi¢ 2004, Salice-
tum albae-fragilis So6 (1930) 1940, Querco roboris-
-Carpinetum M.Wraber 1969, Stellario nemorum-Al-
netum glutinosae Lohmayer (1953) 1957, Lonicero ca-
prifolii-Quercetum roboris (Raus 1971) Marincek 1994
in Querco roboris-Ulmetum minoris Issler 1924. Od
travis¢nih zdruzb bi bila za to obmo¢je znacilna (tu
prvikrat opisana) zdruzba Dactylis glomerata-Festuca
pratensis comm. (A. Seliskar 1998) ter pozneje spo-
znana suha ali polsuha travi§¢a subpanonskega sveta
Slovenije Hypochoerido-Festucetum rupicolae Stein-
buch 1995 in Onobrychido viciifoliae-Brometum Kali-
garic et Skornik 2002 (KALIGARIC & SKORNIK 2002,
SkoORNIK 2003). Kot smo Ze zapisali, so na obravnava-
nem obmocdju Stevilna mokrisca, ki jih porasca vec
(devet) mokri$¢nih zdruzb razredov Lemnetea, Isoe-
to-Nanojuncetea, Galio-Urticetea in Phragmiti-Ma-
gnocaricetea, ki dajejo svojski pecat pokrajini in s tem
tudi ptujskem distriktu ter prenorijsko-slovenski
provinci.

3 PRIMERJAVA MED ANALIZAMA IZBRANIH IN VSEH TAKSONOV V
FITOGEOGRAFSKIH OBMOCJIH SLOVENIJE

Za primerjavo smo naredili analizo bioloskih oblik ta-
ksonov med izklju¢no ali ve¢inoma prisotnimi (izbra-
nimi) in vsemi rasto¢imi vrstami Slovenije v posame-
znih fitogeografskih obmocjih po M. WRABRU (1969) v
zelji, da bi ugotovili skladnost ali razli¢nost rezultatov
razmerij med bioloskimi oblikami. V obdelavo po pro-
gramu FloVegSi (T. SELISKAR et al. 2003) je bilo zajetih
3240 taksonov (Diagrama 1 in 2).

V alpskem fitogeografskem obmoc¢ju so razmer-
ja bioloskih oblik ve¢inoma bolj ali manj skladna. (Ta-
bela 22, Diagram 1). Razlika je pri fanerofitih, ki pri
analizi izklju¢nih ali ve¢inoma prisotnih vrst umanj-
kajo (Tabela 22). To si razlagamo tako, da se tu priso-
tne drevesne vrste (npr. macesen, smreka, jelka, bukev,
beli javor idr.) pojavljajo tudi v drugih fitogeografskih
obmodjih. Preseneca pa nas Stevilénost terofitov za
alpsko obmocje (Diagram 1), kjer nismo pricakovali
tako visokega deleza. Razlago za tak rezultat pripisu-
jemo presiroko oblikovanemu alpskemu obmodju M.
WRABRA (1969) v smeri proti nizjemu predalpskemu
obmodju.
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V predalpskem fitogeografskem obmocju sta
obe analizi razporeda bioloskih oblik skladni z zane-
marljivimi odstopanji.

Primerjava bioloskih vrst v dinarskem fitogeo-
grafskem obmocju je skladna. Razlika je le v pojavlja-
nju Stevila fanerofitov, kjer je kar 15 : 6 (Tabela 22,
Diagrama 1 in 2). Dinarsko obmocje je poznano po
razli¢nosti drevesnih (fanerofitov) in grmovnih vrst
(nanofanerofitov). Razliko si razlagamo z nenatan¢ni-
ma metodama, ki sta v danih primerih zastavljeni na
priblizkih in zato relativni, vendar dajeta zadovoljiv
rezultat.

V preddinarskem fitogeografskem obmocju se
med analizama izbranih in vseh vrst v Sloveniji razli-
kuje odstotek fanerofitov za skoraj enkrat ve¢, mini-
malno je odstopanje pri hamefitih (Tabela 22, Diagra-
ma 1 in 2). Razmerja pri drugih bioloskih oblikah so
skladna. V razmerjih fanerofitov in hamefitov med
obema analizama gre verjeti analizi, ki zajema vse ra-
stlinstvo Slovenije. Ugotavljamo, da se pri izbranih vr-
stah lahko pojavi napaka zaradi obravnave manjsega
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Stevila vrst, ki pridejo v postev. Vprasanje je, zakaj so
pri analizi izbranih vrst izpadli hamefiti.

Pri submediteranskem fitogeografskem obmo-
¢ju so odstotna razhajanja pri hemikriptofitih in tero-
fitih. Enkrat ve¢ je hemikriptofitov v analizi vseh vrst
v Sloveniji in enkrat vec je terofitov v analizi izbirnih
vrst. Drugi odstotki bioloskih vrst so skladni. Vzrok je
verjetno v relativnosti obeh analiz, kjer ne moremo na-
tancno opredeliti meje obmodij pri eni ali drugi anali-
zi. (Tabela 22, Diagram 1).

V subpanonskem fitogeografskem obmodcju je
najvec razlik. V analizi vseh vrst v Sloveniji prevladu-
jejo fanerofiti in hemikriptofiti; geofiti in terofiti pa v
analizi izbranih vrst (Tabela 22, Diagram 1). Analiza
vseh vrst je zaradi popolnosti bolj zanesljiva in tudi
racunalnisko podprta. Kljub razlikam med analizama
ugotavljamo, da so razmerja med bioloskimi oblikami

zelo podobna. V obeh analizah prevladujejo hemikrip-
tofiti in terofiti, kar je znacilno za subpanonsko obmo-
je. V primerjavi z drugimi fitogeografskimi obmodji
so v subpanonskem obmocju v obeh analizah odstotno
najvisje zastopani hidrofiti (Tabela 22, Diagram 1). V
podobni primerjavi za fanerofite ugotavljamo, da so
odstotki na vseh obmog¢jih uravnotezeni (Diagram 1).
Analiza izbranih vrst po obmo¢jih kaze podpovprec¢no
odstotnost fanerofitov v subpanonskem obmo¢ju, kar
ni realno. Razlog je podoben kot v drugih fitogeograf-
skih obmodjih, saj so skoraj vsi fanerofiti ve¢inoma
prisotni v vseh fitogeografskih obmogjih.

Ugotavljamo, da analiza bioloskih oblik vseh vrst
vec¢inoma potrjuje analizo izbranih (izklju¢nih in vedi-
noma prisotnih) vrst, ki zvesto odseva njihove Zivljenj-
ske razmere, tako za posamezne taksone kot za vzaje-
mno rast v razli¢nih vegetacijskih oblikah.

4 DELITEV SLOVENIJE NA FLORNE PROVINCE

Slovenija je razdeljena na dve fitogeografski regiji: na
povrsinsko najbolj razsirjeno evrosibirsko-severnoa-
merisko regijo in po povrsini skromno zastopano alp-
sko-nordijsko regijo v severozahodnem alpskem
svetu. V sklopu teh dveh regij imamo pet fitogeograf-
skih provinc. V evrosibirsko-severnoameriski regiji so
$tiri: srednjeevropska na manjsem obmocju severne
Slovenije, ilirska v osrednji Sloveniji ima najvecjo po-
vrsino in ilirskojadranska provinca na manjsem ob-
mocdju jugozahodne Slovenije in na severovzhodu na
novo izlo¢ena prenorijsko-slovenska provinca z manj-
$o razsirjenostjo. Fitogeografsko posebni sta ilirska in
ilirskojadranska provinca, ki se razlikujeta od sre-
dnjeevropske in prenorijsko-slovenske province z ju-
govzhodnoevropskoilirskimi (ilirskimi, ilirikoidni-
mi) geoelementi, vec¢inoma prihajajo¢imi z Balkan-
skega polotoka, ki pri nas proti zahodu dosezejo skraj-
no mejo svojega areala. V alpsko-nordijski regiji
imamo alpsko provinco, ki jo naseljujejo jugovzho-
dnoalpski geoelementi z zahoda, pri nas pa dosegajo
najvzhodnejso poselitev.

Pri opisu novih distriktov Slovenije (ZUPANCIC &
ZAGAR 1995) smo razmisljali tudi o problemu razsirje-
nosti ilirske florne province. Osnovna razmisljanja so
izhajala iz temeljnih raziskav starejsih avtorjev v zacet-
ku dvajsetega stoletja (ZUPANCIC & ZAGAR 1995: 21).
Opirali smo se na ApaMOVICEV (1906) kartografski
prikaz ilirske florne province, predvsem pa na temelj-
ne Studije BEcka (1907, 1908, 1913) in HAYEKA (1907,
1923). BEck (1907-1913) lo¢i v svoji $tudiji mediteran-
sko, ilirsko in srednjeevropsko floro, kar je solidna

osnova za razmejitev danasnje ilirskojadranske, ilirske
in srednjeevropske province. HAYEK (1907) se je osre-
dotocil predvsem na alpsko obmocje - Kamniske pla-
nine, ki jih deli na $est pasov: gorsko (montanski) pas,
340-700 m (900 m), spodnje predalpsko, ((700 m) 900-
1200 m), zgornje predalspko obmocje (1300-1628 m),
obmodje rusevja (1631-1802 m), alpsko (2020-2250m)
in subnivalno obmocje (2250-2569 m), kar je solidna
podlaga za razmejitev med evrosibirsko-severnoame-
risko in alpsko-nordijsko regijo ter alpsko provinco. V
obravnavanem obmocju Havex (ibid.) pise $e o priso-
tnosti panonske flore, ki pa je danes ne bi tako uvrséa-
li, morda le nekatere vrste, $irSe razumljene kot panon-
ske vrste, Dianthus barbatus, Helleborus odorus, Silene
viridiflora, Galium aristatum, Centaurea variegata, C.
fritschii, Ophrys holosericea, Tunica saxifraga, Linum
tenuifolium, L. flavum.

V svoji $tudiji za Stajersko Havex (1923) slovenski
del Stajerske omejuje od Sentilja na severu do Brezic
(Obrezja) na jugu ter od severnih pobocij zahodnih
Kamniskih planin (Ojstrica) in juznih zahodnih Kara-
vank (Olseva) do Haloz na vzhodu. To obmoc¢je deli na
dve fitogeografski obmocdji: evropsko-sibirsko gozdno
in alpsko obmocje. Prvo obmocje deli na okrozja in
sicer na juznonemsko, subalpinsko in avstrijsko okroz-
je, ta pa $e na $tiri podokrozja. Za nase razmisljanje o
delitvi fitogeografskih provinc Slovenije so zanimiva
severovzhodnoalpsko in ilirsko podokrozje subalpin-
skega okrozja ter panonsko podokrozje avstrijskega
okrozja. Drugo, alpsko obmoc¢je deli na okrozji Sever-
nih apnenigkih in Centralnih Alp ter Juznih apenin-
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$kih Alp s $estimi podokrozji. Od teh Sestih podokro-
Zij je za nas zanimivo julijskoalpsko podokrozje okroz-
ja Juznih apneniskih Alp ter deloma norijskoalpsko
podokrozje okrozja Severnih apneniskih in Centralnih
Alp. Za opredelitev fitogeografskih obmocij, okrozij in
podokrozij, zlasti ilirskih, so mu sluzile razsirjenosti
nekaterih toploljubnih sicer splo$no razsirjenih jugo-
vzhodnoevropsko-ilirskih vrst: Ostrya carpinifolia in
Fraxinus ornus (njuna severna meja je Dravograd-Ve-
lenje-Slov. Bistrica-Macelj-Ptuj) ter Castanea sativa
(severna meja: do Gradca), pa tudi razdirjenost vinske
trte (severna meja: Radlje, meja z Avstrijo-Ruse-
Hoce-Slov. Bistrica in nato po njegovi meji razsirjeno-
sti vrst Ostrya carpinifolia in Fraxinus ornus — Dravo-
grad). Njegova razmejitev med ilirsko in srednjeevrop-
sko fitogeografsko provinco, kot ju razumemo danes,
je presenetljivo toc¢na, Ce upostevamo tedanja manj
raziskana ozemlja Kranjske in Koroske ter skromno
literaturo. Opiral se je predvsem na BEcka (1907-13).

BEck (1907-13) je nade etni¢no ozemlje botani¢no
in e posebej fitogeografsko raziskoval ob koncu 19. in
v zacetku 20. stoletja. Zamejil je mediteransko, ilirsko
in srednjeevropsko floro ter vse to prikazal na karti.
Danasnjo zahodno Slovenijo je uvrstil v mediteransko
regijo vse do Kanala, Vol¢ in Breginja (Breginjskega
kota). Njegova razmejitev je solidna podlaga za poznej-
$e fitogeografe. Bil je natancen, vcasih celo zelo natan-
cen: kot primer navajamo opisana nahajlisca ilirske
(jugovzhodnoevropsko-ilirske) flore v dolini Zavrsni-
ce pod Karavankami, in sicer: Aremonia agrimonioi-
des, Cardamine enneaphyllos, C. trifolia, C. waldsteinii,
Hacquetia epipactis, Lamium orvala, Omphalodes
verna, Vicia oroboides idr.

Po drugi svetovni vojni do danes se je pri nas zvr-
stilo kar nekaj botanikov in fitocenologov, ki so razi-
skovali fitogeografsko razdelitev Slovenije in na razli¢-
ne nacine resevali tovrstne probleme. Med prvimi fito-
geografi je bil botanik MAYER (1946). V svoji disertaci-
ji je floristicno analiziral Jugovzhodne apneniske Alpe
in priSel do sklepa o uvrstitvi Vzhodnih apneniskih
Alp v alpsko provinco. To uvrstitev potrjuje s pojavlja-
njem alpinsko-severnoevropske (npr. Nigritella »nigra«
(=rhelicani), Campanula barbata, Euphrasia minima),
alpinsko-srednjeevropske (npr. Saxifraga caesia, Pri-
mula auricula, Soldanella alpina, Homogyne alpina),
alpinske (npr. Rumex nivalis, Androsace helvetica, Vale-
riana supina), alpsko-arkti¢no-altajske (npr. Salix her-
bacea, S. reticulata, Polygonum viviparum, Androsace
chamaejasme), alpsko-arkti¢cne (npr. Silene acaulis,
Bartsia alpina, Gentiana nivalis), alpsko-altajske flore
(npr.: Coeloglossum viride, Salix retusa, Veronica aphyl-
la, Leontopodim alpinum) in endemitov (npr.: Cerasti-
um julicum, Campanula zoysii, Gentiana froelichii,
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Saxifraga hohenwartii, Leucanthemun lithopolitanicum,
Nigritella lithopolitanica). Pozneje je MAYER (1950,
1951, 1952, 1953, 1960) v prispevkih o flori $e utrdil
uvrstitev nasih Vzhodnih apneniskih Alp v alpsko pro-
vinco oziroma nakazal razsirjenost ilirske province.

Botanicarka Nada PRAPROTNIK (1987) je v svoji
disertaciji o ilirskih flornih elementih podrobno raz-
¢lenila fitogeografsko pripadnost bolj ali manj ilirskih
vrst v Sloveniji. Razvrstila jih je v 13 fitogeografskih
enot (kategorij) in prikazala njihovo razsirjenost (are-
ale) v Sloveniji. Njena $tudija je dobro pomagalo k po-
znavanju razsirjenosti ilirske in ilirsko jadranske flor-
ne province v Sloveniji. Za ponazoritev navajamo nekaj
vrst, na katere smo se najbolj sklicevali kot na ilirske
vrste:

Ilirski florni elementi: Helleborus atrorubens, Sca-
biosa hladnikiana, Scilla litardieri idr.

Submediteransko-ilirski elementi: Anthriscus fu-
maroides, Satureja subspicata, Sesleria autumnalis idr.

Severozahodno-ilirski elementi: Arabis scopoliana,
Hladnikia pastinacifolia, Potentilla carniolica idr.

Subilirski elementi: Frangula rupestris, Gentiana
tergestina, Potentilla tommasiniana idr.

Alpsko-ilirski elementi: Homogyne sylvestris, La-
mium orvala, Vicia oroboides idr.

Apeninsko-ilirski elementi: Corydalis ochroleuca
(=Pseudofumaria alba), Genista sylvestris, Sesleria jun-
cifolia idr.

Karpatsko-ilirski elementi: Daphne blagayana,
Euphrasia liburnica.

Taksoni s $irSim arealom: Cardamine kitaibelli,
Epimedium alpinum, Grafia golaka idr.

Taksoni z alpsko-karpatsko-ilirsko razirjenostjo:
Euphorbia carniolica, Hacquetia epipactis, Hypericum
alpinum idr.

Taksoni z juznoevropsko, jugovzhodnoevropsko
in $irSo razdirjenostjo: Amemone trifolia, Aremonia
agrimonioides, Cardamine trifolia, Geranium nodosum,
Omphalodes verna idr.

Taksoni, ki so najbolj pogosti v submediteranski
zdruzbah: Fraxinus ornus, Ostrya carpinifolia, Pinus
nigra idr.

Taksoni, ki so najbolj pogosti v zdruzbah subalp-
insekga in alpinskega pasu: Centaurea triumfettii,
Scorzonera rosea, Thymus balcanus idr.

Taksoni z nejasnim taksonomskim polozajem so
danes vecinoma uvrsceni v (1) arkti¢no-alpske oz. med
jugovzhodnoalpske in (2) med evromediteranske vrste,
npr. vrsti Arabis alpina subsp. alpina (1) in Asperula
aristata (2) idr. Dokazano je tudi, da pri nas ne uspeva
podvrsta Helleborus niger subsp. macranthus. Na dolo-
mitni ali dolomitizirani geoloski podlagi v gorskem
(montanskem) pasu raste Helleborus niger subsp. niger.
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Podobno analizo ilirskih in njim sorodnih vrst,
kot so alpsko-ilirske, karpatsko-ilirske, panonsko-ilir-
ske, italsko-ilirske, dacijsko-ilirske, submediteransko-
-ilirske, balkanske idr. vrste, je naredil BorHIDI (1963),
ko je utemeljeval ilirsko zvezo bukovih gozdov Aremo-
nio-Fagion (=Fagion illyricum). Na tej floristi¢ni osnovi
je prikazal razsirjenost ilirske zveze bukovih gozdov
(BorHIDI 1963: 260, 266), ki bi ustrezala arealu ilirske
florne province. Kot lahko razberemo iz slike, ki je v
zelo majhnem merilu, vecino Slovenije pokriva zveza
ilirskih bukovih gozdov, kar bi steli za ilirsko florno
provinco. Izvzeta sta primorski in predpanonski pas
Slovenije. V tem merilu ni mogel izlo¢iti alpskega pasu
Slovenije.

HoRrvAT (1954, 1962 a) je podal fitogeografsko de-
litev jugovzhodne Evrope, v kateri je zajeta tudi Slove-
nija. Fitogeografska analiza s predstavitvijo karte kli-
matogene vegetacije Jugovzhodne Evrope razclenjuje
klimatogeno vegetacijo po horizontalni razirjenosti
in vertikalnih pasovih. Na osnovi te delitve je ugotovil,
da so vjugovzhodni Evropi po Braun-Blanquetu zasto-
pane tri vegetacijske regije: mediteranska, evrosibir-
sko-severnoameriska in iransko-turanska. Mediteran-
sko-submediteransko florno obmocje uvrséa v medite-
ransko, srednjeevropsko florno obmocje pa v evrosi-
birsko-severnoamerisko regijo. V razpravi (HORvaT
1962 b) potrjuje svojo odloditev iz prej navedenih pu-
blikacij s tem, da v karto potencialne vegetacije izrise
meje med mediteranskim in srednjeevropskim obmo-
¢jem Stirih fitogeografov Adamovi¢a, Markgrafa,
Oberdorferja in Riklija, ki so zelo razli¢ne. Sam ostaja
pri delitvi na osnovi potencialne vegetacije, kot jo
predstavlja v svojih delih (HorvaT 1954, 1962 a, b).
Njegova karta klimatogene vegetacije zajema le manjsi,
jugovzhodni del Slovenije, ki ga uvrs¢a v submedite-
ransko obmodje (klimatogene) vegetacije Carpinetum
orientalis croaticum in Seslerio-Ostryetum.

HorvaTi¢ (1957, 1963) ugotavlja, da sta mediteran-
ska in submediteranska cona na obmocju osrednjega
Balkanskega polotoka (nekdanja Jugoslavija) medse-
bojno bolje povezani kot submediteranska cona s kon-
tinentalnim obmocjem evrosibirsko-severnoameriske
regije. Mediteransko in submediteransko obmocje
uvrsca v mediteransko regijo. Primorje deli v tri cone:

1. v vzhodnojadransko eumediteransko cono
(Quercion ilicis),

2. vzhodnojadransko submediteransko cono (Car-
pinetum orientalis croaticum),

3. vzhodnojadranski mediteransko-montanski pas
(Seslerio autumnalis-Ostryetum).

HoRrvATIC (1967) je pozneje delil jugoslovansko
Primorje na dve provinci: jadransko in egejsko, obe
pozneje v sklopu mediteranske regije. Evrosibirsko-se-

vernoamerisko regijo pa je delil na tri oziroma $tiri
province: ilirsko, mezijsko, ilirsko in mezijsko v pasu
rusevja ter srednjeevropsko provinco — panonski sek-
tor z nizinskim in gorskim pasom. Slovenijo uvrsca v
dve provinci, in sicer v jadransko — submediteransko
(mediteransko regijo) in ilirsko provinco (evrosibir-
sko-severnoamerisko regijo). Pas planinske vegetacije
uvr$ca v alpsko-visokonordijsko regijo. Pas rusevja
uvrsca v ilirsko provinco.

TRINAJSTIC (1976, 1986, 1995) se je po obdobju sta-
rejsih hrvaskih fitogeografskih raziskav najvec in naj-
intenzivneje ukvarjal s fitogeografsko problematiko
Hrvagke, zlasti njenega Primorja. Ce poenostavimo
njegovo fitogeografsko delitev Kvarnerskega zaliva, ki
se proti zahodu navezuje na Slovensko primorje, TRI-
NAJSTIC (1976) ozje submediteransko obmocje uvrsca v
mediteransko regijo. Paramediteransko cono, to je li-
toralni pas s toploljubnimi bukovimi gozdovi, pa uvr-
§¢a v evrosibirsko-severnoamerisko regijo skupaj z
ilirsko, dinarsko, subilirsko-subalpinsko (zanimivo!),
borealno-subalpinsko, ilirsko-balkansko, subalpin-
sko- ilirsko-balkansko vegetacijsko cono. Z njegovo
titogeografsko delitvijo bi se lahko naceloma strinjali
za naso Istro. Pozneje je TRINAJSTIC (1995) $e podrob-
neje fitogeografsko razclenil gozdno vegetacijo Hrva-
$ke. Podrobneje obravnava fitogeografsko delitev
evrosibirsko-severnoameriske regije. Njegova delitev
te regije je zanimiva in sprejemljiva (TRINAJSTIC 1995:
40-42). Mediteranske regije ne spreminja, kot je naka-
zal leta 1986 (TRINAJSTIC 1986), in je fitogeografsko
ustrezno urejena na cone v mediteransko-litoralni in
mediteransko-montanski pas. Pojavlja se vprasanje, ali
je pravilno, da uvrsc¢a submediteransko vegetacijsko
cono mediteransko-litoralnega pasu v mediteransko
regijo.

Sugar je temeljito raziskoval obmoéje hrvaske
Istre, ki je neposredna soseda slovenske. Njegova teza
je, da submediteransko obmodje (v najsirSem pomenu)
Istre uvrsca v srednjeevropsko-severnoamerisko in ne
v mediteransko regijo. Vprasanje je, kam uvrscati
cono, v kateri se vzdrzema pojavlja ¢rnicevje - Quercus
ilex (SUGAR, 1984). Istrski submediteran kot zaokroze-
no celoto (s. lat.) SuGar et al. (1995) delijo v submedi-
teransko s. str. (Querco-Carpinetum orientalis), epime-
diteransko (Ostryo-Quercetum pubescentis), histrijsko
(Molinio-Quercetum pubescentis, Potentillo albae-
-Querceetum pubescentis) in paramediteransko cono
(Seslerio-Fagetum) evrosibirsko-severnoameriske regi-
je, kamor je uvrs¢ena nadstojna ilirska cona (Fagetum
s. lat.). Malopovrsinsko priobalno, eumediteransko
cono (Orno-Querectum ilicis) pa uvr$¢ajo v mediteran-
sko regijo. Cona zimzelene vegetacije (Quercetum ili-
cis) je le na Brionskih otokih. Gorati del Istre zavzema
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ilirska cona (Seslerion tenuifoliae) oromediteranske
(sredozemsko-planinske) regije.

Za doloditev ilirske florne province v Sloveniji je
pomembna fitogeografska delitev Slovenije M. WRa-
BERJA (1969). To je prva kartografsko predstavljena fi-
togeografska delitev Slovenije na floristi¢ni in vegeta-
cijski osnovi, vendar $e pod precejsnim vplivom geo-
grafske delitve Slovenije. Na osnovi njegove delitve
lahko sklepamo na pojavljanje razli¢nih floristi¢nih
provinc v Sloveniji. M. WRABER (ibid.) ugotavlja, da je
na severu in zahodu Slovenije razsirjena srednjeevrop-
ska provinca, na jugovzhodu pa ilirska provinca z ilir-
sko-balkanskim rastlinstvom. Juzni del Slovenije je
sredozemski, mediteransko-montanski in submedite-
ranski. Po njegovi fitogeografski karti in razmisljanju
sode¢ pripada alpsko obmocje v srednjeevropsko pro-
vinco, toda v nizinah z ilirsko-balkanskimi in ilirsko-
-juznoevropskimi elementi. Predalpsko in preddinar-
sko obmocje opredeljuje kot mesanico alpsko-srednje-
evropskih in ilirsko-dinarskih geoelementov. Dinar-
sko obmocje oznacuje ilirsko-balkanska flora. Subpa-
nonsko obmocje ima panonski vegetacijski karakter
(brez izrazitih panonskih vrst, op. piscev), kjer se tu in
tam pojavlja ilirska flora. V sosednji Madzarski pa-
nonsko obmocje uvrscajo (S06 1961, Pocs 1960, KARr-
PATI 1966) v prenorijsko provinco z distriktoma Cast-
riferricum in Poetovicum, v katerega bi bilo vkljuc¢eno
nase subpanonsko obmocje. Submediteransko obmo-
¢je WRABER (1969) uvrséa v jadransko provinco, ki se
pri nas koncuje oziroma, kot pravi, se ,,izklinja“ ali ,,iz-
zveni®. (ibid.)

7. Ko$1r (1975) je razdelil Slovenijo na pet fitokli-
matskih teritorijev: submediteranski, dinarski, alpski
in predalpski, preddinarski ter subpanonski teritorij.
Iz fitoklimatskih teritorijev ni mogoce razbrati meje
med floristi¢cnimi provincami. Ugotavljamo pa, da so,
razen preddinarskega fitoklimata, vsi drugi fitoklimati
identi¢ni s fitogeografskimi obmocji M. Wraberja. Iz
razsirjenosti Kosirjevega preddinarsekga fitoklimata
lahko sklepamo, da po njegovem ilirska florna provin-
ca sega globoko v severovzhodni in deloma vzhodni
del Slovenije, ki sega v sosednjo juzno Avstrijo, ki ze
spada v norijsko florno provinco. Kosirjeva odlocitev
za tako razsezno ilirsko florno provinco izhaja iz Po-
tencialne fitocenoloske karte Biroja za gozdarsko nacr-
tovanje v merilu 1 : 100.000, ki prikazuje precejsen
delez bazi¢nega do zmerno zakisanega bukovega gozda
Hedero-Fagetum (Querco-Fagetum) in subpanonskega
zmerno bazi¢nega do nevtralnega (slabo kislega) buko-
vega gozda (Festuco drymeiae-Fagetum). Kaksen je po-
vrsinski delez enega in drugega, je v novejsih raziska-
vah obveljalo druga¢no misljenje. Novejse raziskave
kazejo druga¢no podobo gozdne vegetacije, dopolnje-
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ne z negozdnimi zdruzbami in floristi¢cnimi preuceva-
nji.

MARINCEK (1994) na podlagi vegetacije in nekate-
rih ilirskih vrst predlaga mejo ilirske florne province
na osrednjem Balkanskem polotoku oziroma na oze-
mlju nekdanje Jugoslavije. Glede na ohlapno pojmova-
nje (definiranje) in na podlagi splo$nih fitogeografskih
kart v neznanem merilu lahko sklepamo, da je ilirska
florna provinca razsirjena od Slovenije do Makedonije
brez obalnega pasu, na severovzhodu pa se zajeda v
mezijsko florno provinco. Posamezni otoki ilirske
florne province so razsirjeni tudi v panonsko-mezij-
skem obmodju. Ilirsko florno provinco deli na $tiri ob-
mogdja, in sicer na predalpsko-alpsko obmocje na zaho-
du, subpanonsko obmocje od severozahoda do seve-
rovzhoda, dinarsko obmodje od jugovzhoda do jugo-
zahoda in preddinarsko obmocje v vimesnem raztrga-
nem pasu med subpanonskim in dinarskim obmo-
¢jem. Marincek je precej generaliziral omenjena fito-
geografska obmodja in v precej$nji meri posnemal
MEuUsLA s sodelavci (1965). Po Marincku so v Sloveniji
prisotna vsa $tiri obmodja.

MEUSEL s sodelavci (1965) je v primerjalni horolo-
giji za srednjeevropsko floro prikazal, da Slovenija lezi
v obmodju zahodnoilirske in prenorijsko-slovenske
floristicne province. Karta je zelo generalizirana. Za-
nimiva je definicija prenorijsko-slovenske floristi¢ne
province, ki je bolj ali manj usklajena z madzarskimi
botaniki oziroma fitocenologi (So6 1961, Pocs 1960,
KARPATI 1966).

Osnovno fitogeografsko delitev Slovenije M. Wra-
berja (1969) je dopolnil ZuraNciC s sodelavci (1987)
(ZuPANCIC & ZAGAR 1995). V obeh primerih gre za
dopolnila na ravneh distriktov. Zdaj poznamo 32 dis-
triktov, ki so utemeljeni na posebnostih flore in vege-
tacije. Distrikte uvrs¢amo v stiri province (oziroma pet
provinc) in dve regiji:

alpsko-visokonordijska regija:
alpska provinca s stirimi distrikti;
evrosibirsko-severnoameriska regija:
srednjeevropska provinca s petimi distrikti,
ilirska provinca z osemnajstimi distrikti in

ilirsko jadranska provinca s $tirimi distrikti

ter prenorijsko-slovenska provinca z enim distrik-

tom.

Slovensko submediteransko obmocje so M. Wra-
BER (1969), HORVAT (1954, 1962 a, b), HOrvATIC (1957,
1963, 1967), TRINAJSTIC (1976, 1986, 1995), ZUPANCIC
et al. (1982), ZUPANGIC & ZAGAR (1995) uvrécali v
mediteransko regijo. SUGAR (1984) je glede na mesane
listopadne in zimzelene gozdove in grmisca hrvasko
in slovensko submediteransko obmocje uvrstil v
evrosibirsko-severnoamerisko regijo. To njegovo
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misel so z dolocenimi pomisleki in zadrzki sprejeli
soavtorji razprave o gozdu puhastega hrasta in stozke
rasto¢ih na obmocju hrvaske in slovenske Istre
(SuGaAR et al. 1995). Nadaljnje raziskave vegetacije so
pokazale, da slovensko submediteransko obmocje, ki
sega najvisje proti severozahodu Slovenije, proti za-
hodnim Julijskim Alpam, uvrstimo v evrosibirsko-
-severnoamerisko regijo (ZuraNcCi¢ 1997). V sloven-

skem submediteranskem obmocju je v gozdno-gr-
miscnih zdruzbah vecina listopadnega in majhen
delez zimzelenega drevija ali grmicevja. Nas submedi-
teran ima hladnejse podnebje in je bolj namocen kot
na jugovzhodnem obmocju Balkanskega polotoka.
OGRIN (1995) pravi, da je nase submediteransko ob-
mocje zmerno toplo z vlaznim podnebjem, kjer so
topla le poletja.

5. SKLEP

Obmogje ilirske florne province v Sloveniji zelimo de-
finirati in zamejiti na podlagi pogostnosti pojavljanja
jugovzhodnoevropsko-ilirskih (ilirskih, ilirikoidnih,
subilirskih) vrst v posameznih fitogeografskih enotah
- distriktih v celoti ali njihovih delih ter na podlagi
rezultatov fitogegorafskih raziskovanj preucevalcev,
navedenih v poglavju, ki govori o problemih delitve
na florne province. Upostevali smo bolj ali manj vse
navedene raziskovalce, najbolj pa smo se naslanjali na
Becka (1907, 1908, 1913), HavEka (1907, 1923), HOr-
VATA (1954, 1962 A, B), HorvATICA (1957, 1963, 1967),
KoS$irja (1975), MAYERJA (1946, 1950, 1951, 1952,
1953, 1960), SUGARJA (1984), SuGARJA et al. (1995),
TRINAJSTICA (1976, 1986, 1995), WRABERJA (1969),
ZUPANCICA et al. (1987) in ZUPANCICA & ZAGARJA
(1995).

Kot osnovo za grafi¢ni prikaz ilirske florne pro-
vince smo vzeli fitogeografsko karto WRABERJA (1969)
in ZUPANCICA s sodelavci (1987, ZUPANCICA & ZAGAR-
JA 1995).

Glede na WRABERJEVO (1969) fitogeografsko karto
jeilirska provinca omejena na severovzhodu s srednje-
evropsko florno provinco v skrajnem obmocju subpa-
nonskega fitogeografskega obmocja in na ozkem se-
vernem obrobju alpskega fitogeografskega obmocja. Iz
ilirske florne province je izvzeto submediteransko fi-
togeografsko obmocdje, ki ga uvrs¢amo v sorodno ilir-
sko-jadransko provinco z mnogimi toploljubnimi geo-
elementi.

Podrobnejsa fitogeografska karta ZUuPANCICA s so-
delavci (1987) (ZUPANCIC & ZAGAR 1995) je razdeljena
po distriktih. Na osnovi distriktov ugotavljamo, da je
ilirska florna provinca razsirjena v vecini distriktov,
razen v distriktih la-1d, ki pripadajo alpski florni pro-
vinci, 2a-2c, 3a in severni del distrikta 4c, ki jih uvr-
$¢amo v srednjeevropsko florno provinco, in distrikte
7a-7d, ki spadajo v ilirsko-jadransko florno provinco.

Pri oblikovanju ilirske florne province imamo
nekaj zadreg. Prvic, delitev distrikta 4c. Severni del di-
strikta zajema silikatna obmocja Pohorja, Strojne in

Dravskega Kozjaka (Kobansko), ki jih uvrs¢amo k sre-
dnjeevropski florni provinci. Verjetno bi morali ti ob-
modji izlo¢iti iz distrikta 4c in utemeljiti nov distrikt
(4d). Drugi¢, morda bi morali distrikt 3a uvrstiti v pre-
norijsko provinco v distrikt Poetovicum (KARPATI
1966, Pocs 1960, So6 1961) ali prenorijsko-slovensko
(MEUSEL et al. 1965) provinco. Tretjic, ali je upravic¢ena
samostojna ilirskojadranska floristicna provinca, ali
pa bi jo morali prikljuciti k ilirski provinci, ki je razsir-
jena v kontinentalnem obmodcju Slovenije?

Najlazji je odgovor na tretje vprasanje. Ilirsko-ja-
dransko floristicno provinco dolocajo ilirsko-medite-
ranske vrste (npr. Carpinus orientalis, Eryngium ame-
thystinum, Paliurus spina-christi, Sesleria autumnalis,
Scorzonera villosa idr.), ilirsko-jadranske vrste (npr.
Dianthus tergestinus, Drypis spinosa, Genista sylvestris
idr.)) in ilirsko-apeninske vrste (npr. Ruta graveolens
idr.), med njimi so endemicne vrste ter mnoge subme-
diteranske in mediteranske vrste, kot so mediteran-
sko-pontske (npr. Ruscus aculeatus, Chrysopogon gryl-
lus idr.) ali mediteransko-atlantske (npr. Euphorbia
peplis, Oenanthe pimpinelloides, Avena barbarta idr.) in
$e mnoge druge vrste.

Distrikt 4c bi kazalo razdeliti v dva dela: v sedanji
Stajersko-koroski 4c in novi pohorsko-kobanski dis-
trikt 4d. Preuciti je treba, v cem se distrikta razlikuje-
ta, kaksna je floristi¢na in vegetacijska, klimatoloska
in pedoloska razlika med njima. Vsekakor pa se razli-
kujeta v geoloski podlagi in tudi bolj ali manj glede tal.
Bezni pregled rastlinskih vrst kaze, da 16 vrst uspeva
izklju¢no le v pohorsko-kobanskem distriktu (4d). Od
teh naj navedemo le najbolj redke ali zanimive, in sicer:
Asplenium adulterinum, A. cuneifolium, Botrychium
multifidum, Saxifraga paradoxa in Heliosperma vesel-
skyi subsp. widderi.

V fitogeografski razdelitvi ZUPANCICA in sode-
lavcev (1982) (ZUPANCIC & ZAGAR 1995) je dravsko-
-murski distrikt 3a kot izjema uvr$cen v transalpinski
sektor in v poseben predpanonski podsektor, pri ¢emer
oba spadata v srednjeevropsko provinco. Sektorsko
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ime pove, da je obmocje ¢ezalpsko oziroma onkraj Alp
(Leksikon CZ 1988). Vzhodno obrobje Centralnih Alp
(Krske Alpe, Svinska planina, Golica, Pohorje) klimat-
sko vpliva na ravninsko-gricevnati svet Slovenskih
goric, ki so v obmodju pri nas najbolj izrazite kontin-
talne klime. Zato predlagamo naslednjo sistemsko re-
Sitev, da ptujski (dravsko-murski) distrikt 3a uvrstimo

v prenorijsko-slovensko provinco po MEUSLU in sode-
lavcih (1965) s transalpinskim sektorjem in predpa-
nonskim podsektorjem. Tako bomo imeli v Sloveniji
pet proving, torej $tiri province v evrosibirsko-sever-
noameriski regiji.

Obmogije floristi¢nih provinc je razvidno iz fitogeo-
grafske karte Slovenije v merilu 1:920.000 (Karta 1).
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Table 3: List of plant species that thrive exclusively or predominantly in districts of the Alpine phytogeographic area.
Tabela 3: Seznam rastlinskih vrst, ki izklju¢no ali ve¢inoma uspevajo v distriktih alpskega fitogeografskega obmocja

Androsace helvetica
Artemisia atrata

Cerastium uniflorum
Festuca alpestris

Festuca vivipara

Geum reptans
Helictotrichon versicolor
Hieracium alpinum

Papaver alpinum subsp. victoris
Rumex nivalis

Saxifraga exarata subsp. atropurpurea
Helictotrichon petzense
Nigritella kossutensis
Nigritella ravnikii

Primula minima

Senecio carniolicus

Viola zoysii

Androsace hausmannii
Cerastium julicum

Carex pauciflora
Trichophorum cespitosum
Artemisia genipi
Botrychium simplex

Festuca alpestris

Geranium argenteum
Helictotrichon pubescens subsp. laevigatum
Hieracium glabratum
Horminum pyrenaicum
Leontodon montanus
Luzula nivea

Minuartia rupestris
Pritzelago alpina subsp. austroalpina
Pulsatilla alpina subsp. apiifolia
Scorzoneroides crocea
Trifolium thalii

Trisetum spicatum
Nigritella archiducis-joannis
Nigritella widderi

Senecio fontanicola

Swertia perennis
Campanula alpina
Cardamine resedifolia
Jovibarba arenaria

Nigritella austriaca

Poa cenisia

Primula villosa

Taraxacum cucullatum
Woodsia alpina

Spiraea decumbens
Aconitum tauricum
Cardamine glauca

Silene rupestris
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Table 4: Biological forms of species of districts of the Alpine phytogeographic area.

Tabela 4: Bioloske oblike vrst distriktov alpskega fitogeografskega obmocja.

Hamefit
Geofit
Hemikriptofit
Terofit

NSRS PY

Table 5: Geoelements of districts of the Alpine phytogeographic area.
Tabela 5: Geoelementi distriktov alpskega fitogeografskega obmocdja.

Endemit / Endem.

Vzh. Alp. - Karp. / E Alp.-Carp.

Jugovzh. med. - mont. / SE Medit.-Mont.
Vzh. Alp. - Ilir. Endemit / E Alp.-Ilyr. Endem.
Alpski endemit / Alp. Endem.

Orof. Juznoevropski / Orof. S Eur.
Cirkum-arkti¢no alpski / Circum.-Arct.-Alp.
Orof. Jugovzh. evrop. / Orof. SE Eur.

Orof. Jugozahod. evrop. / Orof. SW Eur.
Cent. Evrop. - Vzh. Alp. / Cent. Eur. - E Alp.
Centralno evropski / Centr. Eur.
Arkti¢no-alpsko Evropski / Arct.-Alp.-Eur.
Subkosmopolitski / Subcosmopol.
Cirkumborealni / Circumboreal.
Jugovzhodevrop. - montan. / SE Eur.-Mont.
Vzhodnoalpski / E Alp.

Centralnoevrop. (atlantski) / Centr. Eur. (Atlant.)

Arkti¢no-alpski Evroameriski / Art.-Alp. Eur.-Am.

1

— = N

_— e = = = RN NN
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Table 6: List of plant species that thrive exclusively in districts of the pre-Alpine phytogeographic area.
Tabela 6: Seznam rastlinskih vrst, ki izklju¢no uspevajo v distriktih predalpskega fitogeografskega obmocja.

4 OPOMBE
b c d

Amaranthus blitoides

Asperula taurina

Astragalus depressus

Eragrostis frankii

Euphorbia kerneri

Geranium macrorrhizum
Gladiolus imbricatus

Hieracium thesioides

Leontodon berinii

Leontodon hispidus subsp. brumatii
Melilotus italicus

Paradisea liliastrum

Pimpinella alpina

Pimpinella major subsp. rubra
Ranunculus aesontinus
Ranunculus cassubicus

Thesium rostratum

Moehringia villosa

Adonis aestivalis subsp. aestivalis
Allium suaveolens

Artemisia annua

Asperula tinctoria

Barbarea vulgaris var. arcuata
Bromus lepidus

Calla palustris

Carex randalpina

Carex pallidula

Crepis alpestris

Dianthus superbus
Diphasiastrum issleri
Diphasiastrum tristachyum
Doronicum orientale

Erigeron alpinus

Festuca brevipila

Fritillaria meleagris

Geranium thunbergii

Glyceria declinata

Hammarbya paludosa
Hypericum elodes

Hypericum maculatum subsp. obtusiusculum
Lepidium perfoliatum
Melampyrum nemorosum subsp. moravicum
Miscanthus sinensis

Orchis palustris

Orlaya daucoides

Orobanche alsatica

Poa carniolica

Poa chaixii

Polygala vulgaris subsp. oxyptera
Rhinanthus alectorolophus subsp. buccalis
Sagittaria latifolia

Silaum silaus

Spiraea tomentosa

Thladiantha dubia

Trifolium squamosum

Urtica galeopsifolia

Utricularia bremii

Valeriana pratensis

Veronica peregrina subsp. xalapensis
Veronica serpyllifolia subsp. humifusa
Vicia serratifolia

Viola uliginosa

tudi v SM

tudi v 2d
tudi v 2d, 5a

tudi v 2a
tudi v 6g in 7a
tudi v 2d

tudi v 7b
tudi v DN

el T T I T I R I o B o - B B )
<]

tudi v 2d

tudi v 3a, 6¢

v 3a, 5b
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v 6b
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Waldsteinia trifolia
Asperugo procumbens
Asplenium septentrionale
Aster laevis

Carex disticha

Carex pallens
Chimaphila umbellata
Cynoglossum germanicum
Festuca pallens

Gentiana acaulis
Gentianella aspera
Hesperis sylvestris

Iberis pinnata

Jovibarba hirta

Lamium hybridum

Lotus borbasii

Lupinus polyphyllus
Lycopsis arvensis
Mimulus guttatus
Mimulus moschatus
Myosotis discolor
Nasturtium microphyllum
Orchis provincialis
Peltaria alliacea
Physocarpus opulifolius
Pisum arvense

Plantago arenaria
Primula veris subsp. canescens
Pyrus nivalis

Ranunculus thora f. pseudoscutatus
Rhus radicans

Romulea bulbocodium
Rubus styriacus

Rubus thyrsiflorus
Sedum villosum

Senecio alpinus

Stipa capillata

Valeriana sambucifolia
Asplenium adulterinum
Asplenium cuneifolium
Botrychium multifidum
Carex diandra

Epilobium obscurum
Rubus solvensis

Rubus venosus

Saxifraga paradoxa
Scleranthus polycarpos
Senecio subalpinus
Heliosperma veselskyi subsp. widderi
Sparganium oocarpum
Stellaria pallida

Swertia perennis
Woodsia ilvensis
Botrychium matricariifolium
Carex ericetorum
Cortusa matthioli
Epilobium nutans
Hypericum barbatum
Luzula divulgata
Lysimachia thyrsiflora
Ranunculus aconitifolius
Rhinanthus pulcher
Rubus gremlii

Sorbus latifolia s. lat.
Vicia pisiformis

(o]

OPOMBE

el T T I I - T B I I I I o T T T B T B B B B T I I I I I I T

v 3a, 3b

tudi v DN

tujerodna

tujerodna
tujerodna

tudi v SM
tudi v SM
tujerodna

v 3a, 3b

endemit
endemit
endemit

endemit

Ex - izumrla

v 4c

v 3a

tudi v AL (Peca, Urslja gora)
v2a

v 3a

v 3a

v 6¢, Ex - izumrla
tudi v 2b

vidc,b

v4c

v 4b

v 4b
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Table 7: Biological forms of species of districts of the pre-Alpine phytogeographic area.
Tabela 7: Bioloske oblike vrst distriktov predalpskega fitogeografskega obmogdja.

Hemikriptofiti 11 16 20 18
Terofiti 3 10
Geofiti 6 6
Hamefiti 2 5
1
2

LN S I el
w

Fanerofiti
Helofit
Nanofanerofit 1

Table 8: Geoelements of districts of the pre-Alpine phytogeographic area.
Tabela 8: Geoelementi distriktov predalpskega fitogeografskega obmocja.

Adv. Naturalizirani / Adv. Natural.

Orof. Jugovzh. Evrop. / Orof. SE Eur.
Jugovzhod evropski. - juz. Sibir. / SE Eur.-S Sib.
Evropski / Eur.

Juzno Ameriski/S Am.

Endemit / Endem.

Jugovzhod. Evrop. / SE Eur.

Orof. Jugozahod. Evrop. / Orof. SW Eur.
Stenomediter. Stenomedit.

Vzhod. Alpski E Alp.

Jugovzh. Evrop. - montan. / SE Eur.-Mont.
Evroazijski / Eurasiat.

Juzno evrimediter. / S Eurimedit.
Kozmopolit. / Cosmopol.

Vzhodno Azijski / E Asiat.

Subatlantski / Subatl.

Evrosibir. - Severno Amer. / Eurosib.-N Am.
Zahodno Azijski / W Asiat.

Evropsko - Severno Amer. / Eur.-N Am.
Arkti¢no Alpski / Arct.-Alp.

Orof. Evroazijski / Orof. Eurasiat.

Juzno Evropski / S Eur.

Centralno Evropski / Centr. Eur.

Juzno Evrop. - Juzno Sibir. / S Eur.-S Sib.
Evromediter. / Eur.-Medit.

Evropsko - Kavkaski / Eur-Cauc.
Evrosibirski / Eurosib.

Orof. Juzno Evropski / Orof. S Eur. 1
Paleotemperat. / Paleotemp.

Cirkumborealni / Circumbor.

Severno ameriski / N Am.

Jugovzhod. Evrop. - Jugozahod. Azijski / SE Eur.-SW Asiat.
Severnomediter. / N Medit.

Eumediter. - Subatlantski / Eumedit.-Subatl.
Mediteranski / Medit.

Alpsko - Apeninski / Alp.-Apen.

Arkti¢no - Alpski / Arct.-Alp.

Submediter. - Subatlant. / Submedit.-Subatl.
Vzhodnoalpsko - ilirski / E Alp.-Illyr.

Vzhodno Evrop. / E Eur.

S U I SR GRR -1
|38}

—_ R = DN = e = DD = = NN = = N
—
—_
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—
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Table 9: List of plant species that thrive exclusively or mostly in districts of the Dinaric phytogeographic area.
Tabela 9: Seznam rastlinskih vrst, ki izklju¢no ali ve¢inoma uspevajo v distriktih dinarskega fitogeografskega obmog¢ja.

Cerastium decalvans
Euphorbia triflora s.str.
Festuca carniolica

Genista holopetala
Helianthemum rupifragum
Hladnikia pastinacifolia
Pedicularis comosa
Ranunculus wraberi
Thlaspi sylvestre
Scrophularia laciniata
Carex kitaibeliana

Festuca bosniaca
Hypericum richeri subsp. grisebachii
Myosotis suaveolens
Polygala croatica

Scabiosa silenifolia
Schoenus ferrugineus
Seseli malyi

Myosotis refracta

Sorbus carpatica
Thalictrum minus subsp. saxatile
Thymus balcanus
Trifolium velebiticum
Veronica triloba

Vicia articulata

Viola elatior

Cerastium dinaricum
Adenophora liliifolia

5 OPOMBE
a b d
X
X
X
X
X
X
X tudiv 2d
X
X
X X
X
X
X tudi v 2e (Kamniske Alpe)
X
X
X X
X tudi v 2a, 4b, 6d
X
X
X
X
X
X
X
X
X
X
X tudi v 6g

Table 10: Biological forms of species of districts of the Dinaric phytogeographic area.

Tabela 10: Bioloske oblike vrst distriktov dinarskega fitogeografskega obmocja.

5
a b c d
Hemikriptofiti 7 13 2
Terofiti 3
Fanerofiti 1
Hamefiti 3 1
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Table 11: Geoelements of districts of the Dinaric phytogeographic area.
Tabela 11: Geoelementi distriktov dinarskega fitogeografskega obmocdja.

5

a b c d
Hirski / Ilyr. 7 9
Evropsko-montanski / Eur.-Mont. 1
Juz. Evrop. - Mont. / S Eur.-Mont. 1 1
Jugovzhod. Evrop. - Mont. / SE Eur.-Mont. 3
Severovzh. mediter.-mont. / NE Medit.-Mont. 1 1
Mediteranski / Medit. 2
Evropski / Eur. 1
Evro-Azijski / Eur.-Asiat. 1 1

Table 12: List of plant species that thrive exclusively in districts of the pre-Dinaric phytogeographic area.
Tabela 12: Seznam rastlinskih vrst, ki izklju¢no uspevajo v distriktih preddinarskega fitogeografskega obmocja.

6 OPOMBE
a b C d e f g h
Acer obtusatum X tudi v 7a, 7b
Aconitum variegatum subsp. nasutum X
Aconitum vitosanum X
Asplenium trichomanes subsp. pachyrachys X
Euphorbia acuminata X
Fumaria officinalis subsp. wirtgenii X
Rosa blondaeana X X
Carex depauperata X X
Euphorbia lucida X
Ranunculus mediocompositus X
Scilla litardierei X
Heliosperma veselskyi subsp. iskense X
Ranunculus thora f. pseudoscutatus X
Erysimum carniolicum X X
Dianthus giganteus subsp. croaticus X
Table 13: Biological forms of species of districts of the pre-Dinaric phytogeographic area.
Tabela 13: Bioloske oblike vrst distriktov preddinarskega fitogeografskega obmodja.
6
a b c d e f g h
Hamefiti 1 1
Hemikriptofiti 2 2 3 2
Fanerofiti 2 1
Geofiti 1 1
Terofiti 2
Table 14: Geoelements of districts of the pre-Dinaric phytogeographic area.
Tabela 14: Geoelementi distriktov preddinarskega fitogeografskega obmodja.
6
a b C d e f g h
Iirski / Hlyr. 2 2 1 1 2
Juzno Evrop. / S Eur. 4 1 2
Mediter. - Zahod. Azijski / Medit.-W Asiat. 1
Evrop. - Azijski / Eur.-Asiat. 1 1
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Table 15: List of plant species that thrive exclusively or mostly in districts of the sub-Mediterranean phytogeographic area.

Tabela 15: Seznam rastlinskih vrst, ki izklju¢no ali ve¢inoma uspevajo v distriktih submediteranskega fitogeografskega obmocja.

Aristida longespica

Bidens vulgata

Cuscuta cesatiana

Fimbristylis annua

Galium rubioides
Helianthemum nitidum
Quercus virgiliana
Xeranthemum annuum
Aconitum anthora

Adonis microcarpa

Agrostis castellana var. mutica
Anthriscus fumarioides
Asplenium trichomanes subsp. quadrivalens
Bromus intermedius

Bunium bulbocastanum
Bupleurum exaltatum

Bupleurum ranunculoides subsp. ranunculoides

Calystegia sylvatica
Carduus collinus
Centaurea alpina
Corylus maxima

Sorbus mayeri

Festuca apennina
Festuca spectabilis
Festuca trichophylla
Fritillaria orientalis
Genista sericea

Genista sylvestris
Hieracium dragicola
Hieracium lasiophyllum
Hieracium scorzonerifolium
Hieracium wilczekianum
Iris pallida subsp. illyrica
Juncus atratus

Jurinea mollis

Lactuca virosa
Melampyrum velebiticum subsp. meridionale
Melica picta

Onobrychis tommasinii
Onosma visianii
Oplismenus undulatifolius
Ornithogalum nutans
Orobanche crenata
Orobanche nana

Paeonia mascula

Osyris alba

Poa sylvicola
Polycnemum majus
Prunus laurocerasus
Quercus crenata

Radiola linoides
Ranunculus illyricus
Ranunculus peltatus
Ranunculus pospichalii
Rhinanthus pampaninii
Sorbus mayeri
Smyrnium perfoliatum
Sorbus istriaca

Sorbus slavnicensis
Stachys lanata

Stipa eriocaulis subsp. carniolica

b

7

d

MM MK K K K K K
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Thymus carstiensis

Tordylium officinale

Trigonella gladiata

Atriplex sagittata

Echinops exaltatus

Festuca stricta

Lilium bulbiferum subsp. croceum
Viola kitaibeliana

Adiantum capillus-veneris
Adonis annua

Adonis flammea subsp. cortiana
Aegilops neglecta

Aegilops triuncialis

Allium neapolitanum

Anemone hortensis

Anisantha diandra subsp. rigida
Anthemis altissima

Anthemis segetalis

Anthyllis vulneraria subsp. praepropera
Arbutus unedo

Artemisia caerulescens
Arthrocnemum macrostachyum
Arundo plinii

Asparagus maritimus
Asplenium lepidum

Aster squamatus

Aster tripolium

Astragalus hamosus

Astragalus illyricus

Atriplex portulacoides

Atriplex tatarica

Avena barbata

Avena sterilis

Baldellia ranunculoides

Ballota rupestris

Bellevalia romana

Beta vulgaris subsp. maritima
Bifora radians

Bifora testiculata

Briza maxima

Bromus commutatus subsp. neglectus
Bromus hordeaceus subsp. molliformis
Bromus japonicus subsp. anatolicus
Bupleurum tenuissimum

Cakile maritima

Calendula arvensis

Carlina acanthifolia

Carpinus orientalis

Catapodium marinum
Catapodium rigidum subsp. majus
Centaurium spicatum
Centaurium tenuiflorum
Cephalaria leucantha

Cercis siliquastrum
Chenopodium hircinum
Coronilla cretica

Coronilla scorpioides

Crepis zacintha

Crithmum maritimum

Crupina vulgaris

Crypsis aculeata

Crypsis schoenoides
Cymodocea nodosa

Dasypyrum villosum
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Dittrichia viscosa
Dracunculus vulgaris
Ecballium elaterium
Echium italicum
Erodium malacoides
Eryngium maritimum
Fumaria capreolata
Hainardia cylindrica
Hedypnois cretica
Hippocrepis unisiliquosa
Hordeum marinum
Hyoscyamus albus

Inula crithmoides
Juncus acutus

Juncus littoralis

Juncus longicornis
Juncus maritimus
Kickxia elatine subsp. crinita
Lathyrus annuus
Lathyrus sativus
Lavandula angustifolia
Lavatera arborea
Legousia hybrida

Lens nigricans
Limonium angustifolium
Linaria angustissima
Linum liburnicum
Linum maritimum
Linum tommasinii
Linum trigynum

Lotus ornithopodioides
Lycopsis variegata

Malva mauritiana
Medicago arabica
Medicago truncatula
Melampyrum fimbriatum
Melilotus indica

Mentha longifolia subsp. longifolia
Mentha microphylla
Mentha pubescens
Mentha x dumetorum
Mentha x gentilis
Moehringia tommasinii
Myrtus communis
Ononis procurrens
Ononis pusilla

Ononis reclinata

Ophrys fusca

Orchis fragrans
Origanum vulgare subsp. viride
Ornithogalum refractum
Orobanche mutelii
Pallenis spinosa

Papaver argemone
Parapholis incurva
Parapholis strigosa
Paspalum distichum
Phalaris brachystachys
Phalaris minor

Phalaris paradoxa
Phillyrea latifolia
Phleum subulatum
Picnomon acarna
Puccinellia fasciculata

7 OPOMBE

Ex-izumrla

v 3a

v 3a
v 4c
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7 OPOMBE

Pisum elatius

Plantago cornuti
Plantago coronopus
Polypogon monspeliensis
Posidonia oceanica
Potamogeton coloratus
Prospero elisae
Puccinellia palustris
Pyrus amygdaliformis
Ranunculus chius
Ranunculus ficaria subsp. ficariiformis
Ranunculus muricatus
Ranunculus neapolitanus
Ranunculus parviflorus
Reichardia picroides
Rhagadiolus stellatus
Rosa obtusifolia

Rubia peregrina

Rubia tinctorium
Ruppia maritima
Salicornia emerici
Salicornia patula
Salsola kali

Salsola soda

Salvia clandestina
Sarcocornia fruticosa
Scandix grandiflora
Schoenoplectus tabernaemontani
Seseli tortuosum
Sonchus maritimus
Spergularia marina
Spergularia media
Sternbergia lutea
Suaeda maritima
Tagetes minuta
Tamarix gallica
Teucrium polium
Tordylium apulum
Torilis nodosa

Tragus racemosus
Tribulus terrestris
Trifolium angustifolium
Trifolium cherleri
Trifolium dalmaticum
Trifolium lappaceum
Trifolium pratense subsp. expansum
Trifolium squarrosum
Trifolium subterraneum
Trifolium squamosum
Turgenia latifolia
Valerianella eriocarpa
Verbascum sinuatum
Viburnum tinus

Vicia hybrida

Vicia loiseleurii

Vicia onobrychioides
Vitex agnus-castus
Ziziphus jujuba

Zostera marina

Zostera noltii

v 4b

v 4c

v 3a

podivjana

v 4b
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Table 16: Biological forms of species of districts of the sub-Mediterranean phytogeographic area.
Tabela 16: Bioloske oblike vrst distriktov submediteranskega fitogeografskega obmocja.

Geofit

Terofit
Fanerofit
Hemokriptofit
Hamefit
Nanofanerofit
Hydrofit

7
a b c d
1 8 1 18
5 14 2 94
4 5 0 14
3 24 2 38
1 2 0 10
0 2 0 3
0 1 0 7
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Table 17: Geoelements of districts of the sub-Mediterranean phytogeographic area.
Tabela 17: Geoelementi distriktov submediteranskega fitogeografskega obmocja.

Eurimediteranski - Macron. / Eurimedit.-Macaron.
Adv. sinatrop. / Adv. Sinantr.

Adv. naturaliziran / Adv. Natural.

Cosmopolit - Subtrop. / Cosmopol.-Subtrop.

Vzh. Evropski / E Eur.

Juzno Evropski / S Eur.

Pontski / Pont.

Orof. Juzno Evrop. / Orof. S Eur.

Jugovzhod. Evrop. / SE Eur.

Juzno Stenomediter. / S Stenomedit.

Zahod. Mediteran. / W Medit.

Mediteransko - Mont. / Medit.-Mont.

Evroazijski - Sev. Am. - Avstral. / Eurasiat.-N Am.-Austr.
Evrimediteran. / Eurimedit.

Zahodnoevropski / W Eur.

Juznoevrop. - mont. / S Eur.-Mont.

Juznoevrop. - Juzno Sibir. / S Eur.-S Sibir.

Endemit / Endem.

Severno Evropsko montan. / N Eur.-Mont.

Evropski / Eur.

Vzhodno alpski - Kavkaski / E Alp.-Cauc.
Evrosibirski / Eurosib.

Centralno Evropski / CE Eur.

Stenomediteranski - Atlantski / Stenomedit.-Atl.
Severovzhodno Mediter. - Mont. / NE Medit.-Mont.
Juz. Evrop. - Zahod. Azijski / S Eur.-W Asiat.
Evrimediter. - Turanski / Eurimedit.-Turan.
Mediteranski / Medit.

Evropski - Kavkagki / Eur.-Cauc.

Orof. Evropski / Orof. Eur.

Evroazijski / Eurasiat.

Paleotemperatni / Paleotemp.

Kozmopolit / Cosmop.

Azijski / Asiat.

Severovzhod. Evrimediter. / NE Eurimedit.
Stenomediteranski / Stenomedit.

Vzh. Evrop. - Azijski / E Eur.-Asiat. 1
Pantropski / Pantrop.

Evropsko - Subatlant. / Eur.-Subatl.

Subtropski / Subtrop.

Azijsko - Severnomediter. / Asiat.-N Medit.
Juznoilirski / S Illyr.

Cirkumborealni / Circumbor.

Centralno Eurimediteranski /Centr. Eurimedit.
Evrimediter. - Subatlantski / Eurimedit.-Subatl.
Jugozahod. Evrop. - Montanski / SW Eur.-Mont.
Vzhodno mediter. - Turanski / E Medit.-Turan.
Vzhodno mediter. - Atlantski/ E Medit.-Atl.
Subkozmopolitski / Subcosmopol.

Zahodno Stenomediter. / W Stenomedit.
Severovzhodno mediter. - mont. / NE Medit.-Mont.
Vzhodnoevropsko - mont. / E Eur.-Mont.
Termokozmopolit / Termocosmopol.
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Table 18: List of plant species that thrive exclusively or mostly in districts of the sub-Pannonic phytogeographic area.
Tabela 18: Seznam rastlinskih vrst, ki izklju¢no ali ve¢inoma uspevajo v distriktih subpanonskega fitogeografskega obmocja.

Anemone sylvestris
Apera spica-venti
Aphanes arvensis
Arnoseris minima

Arum alpinum

Atriplex oblongifolia
Berteroa incana

Bryonia alba

Butomus umbellatus
Caldesia parnassifolia
Ceratophyllum submersum
Chenopodium botrys
Chenopodium foliosum
Chenopodium murale
Chenopodium pedunculare
Chenopodium rubrum
Cyperus michelianus
Daphne cneorum var. arborea
Elatine hexandra

Elatine triandra
Epipactis nordeniorum
Epipactis voethii
Euphorbia palustris
Euphorbia segetalis
Gagea pratensis

Gagea spathacea
Cerastium dubium
Gnaphalium luteoalbum
Hieracium leptophyton
Hydrocharis morsus-ranae
Lemna trisulca

Leonurus marrubiastrum
Lindernia dubia

Luzula divulgata
Moenchia mantica subsp. caerulea
Myosurus minimus
Nymphoides peltata
Omphalodes scorpioides
Papaver dubium
Potamogeton acutifolius
Potentilla supina
Pulmonaria mollissima
Rubus graecensis

Rubus weizensis

Rumex kerneri

Rumex longifolius
Rumex maritimus
Rumex palustris

Rumex stenophyllus
Saxifraga bulbifera
Spergularia rubra
Scirpus radicans
Stratiotes aloides

Typha laxmannii

Typha minima

Veronica triphyllos
Viscum laxum

Vulpia bromoides

3
b

L T T T T R I R O T < T T I T B T I T I T T T T T T I T T T T B I T T A T T B I T < T T T I B I I

OPOMBE
Ex-izumrla

tudi v PA, PD

tudi v PA
tudi v PA, PD

v 4b
v7a
vic, 7c

drugod izumrla

tudi v PD

v 4b
v 4b

v 4c in 7c, tujerodna
v dc

v 4b izumrla

subendemit
subendemit
tudi v 4b, 6¢

v 7b

tudi v PA

v7a
v 2a, Ex
tudi v PA

v 4b
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OPOMBE

Apium repens

Dianthus plumarius subsp. hoppei
Montia fontana
Potamogeton obtusifolius
Pulsatilla grandis
Scorzonera cana
Sempervivum juvanii
Sicyos angulatus
Artemisia abrotanum
Cyperus longus
Moehringia bavarica
Scutellaria altissima

endemit
Vv 4a, tujerodna

oI T T B B [ ]

v 7b

HoM M X

Ex-izumrla

Table 19: Biological forms of species of districts of the sub-Pannonic phytogeographic area.
Tabela 19: Bioloske oblike vrst distriktov subpanonskega fitogeografskega obmodja.

3

b
Hemikriptofit 10 5 2
Terofit 24 2

Geofit 6

Hidrofit 6

Hamefit 4 1
Nanofanerofit 2

Fanerofit 1

Table 20: Geoelements of districts of the sub-Pannonic phytogeographic area.
Tabela 20: Geoelementi distriktov subpanonskega fitogeografskega obmocja.

3
b c

Eurosibirski / Eurosib.
Subkozmopolitski / Subcosmopol.
Evropski / Eur.

Juznoevropski / S Eur.

Pontski / Pont.

Juznoevrop.-juzno Sibir. / S Eur.-S Sib.
Evroazijatski / Eurasiat.

Subtropski / Subtrop.

Paleosubtropski / Paleosubtrop.

Orof. Juznoevropski / Orof. S Eur.
Cirkumborealni / Circumbor.
Severnoameriski / N Am.
Stenomediteranski / Stenomedit.
Kozmopolitski / Cosmopol.

Adv. Naturaliziran / Adv. Natural.
Vzhodnoevropski / E Eur.
Severnomediter.-montan. / N Medit.-Mont.
Evrimediter.-Turanski / Eurimedit.-Tur.
Centralnoevropski / CE Eur.
Jugovzhod. centr. Evrop. / SE-CE Eur.
Jugovzhodnoevropski / SE Eur.
Evropsko-Kavkaski / Eur.-Cauc.
Vzhodnomediteranski / E Medit.
Paleotemperatni / Paleotemp.
Vzhodnoevrop.-Karpatski / E Eur.-Carp. 1
Arkti¢no-Alpski / Arct.-Alp. 1

Endemit / Endem. 1
Vzhodnoalpsko-dinarski / E Alp.-Din. 1

N T N IS B S SRy NS Y
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Table 21: Percentage share of biological forms in the phytogeographic areas of Slovenia.
Tabela 21: Odstotni delez bioloskih oblik v fitogeografskih obmocjih Slovenije.

ALP PALP DIN PDIN SUBM SUBP SKUPNO

% 8t. % 8t. % 8t. % 8t. % 8t. % 8t. 8t.
Fanerofiti 0 0 19 9 11 5 4 2 60 28 6 3 47
Hemikriptofiti 13 25 33 65 9 17 2 4 34 67 9 17 195
Hamefiti 20 7 26 9 9 3 0 0 35 13 14 5 37
Geofiti 8 5 30 19 5 3 2 1 45 28 10 6 62
Terofiti 1 1 14 25 3 5 1 2 66 115 15 26 174
Hidrofiti 36 5 7 1 0 0 57 8 39 7 21
SKUPNO 42 38 158 132 44 34 9 9 297 259 93 64 536
Oznake obmocij / Area abbreviations:
ALP - alpsko / Alpine
PALP - predalpsko pre-Alpine
DIN - dinarsko / Dinaric
PDIN - preddinarsko / pre-Dinaric
SUBM - submediteransko / sub-Mediterranean
SUBP - subpanonsko / sub-Pannonian
Table 22: Percentage share of biological forms in specific phytogeographic areas of Slovenia.
Tabela 22: Odstotni delez bioloskih oblik v dolo¢enem fitogeografskem obmocju Slovenije.

ALP PALP DIN PDIN SUBM SUBP

% 8t. % 8t. % 8t. % 8t. % 8t. % 8t
Fanerofiti 0 0 6 8 12 4 22 2 9 23 1
Nanofanerofiti 0 0 1 1 3 1 0 0 2 5 3 2
Hemikriptofiti 66 25 49 65 50 17 44 4 26 67 27 17
Hamefiti 18 7 6 9 9 3 0 0 5 13 8 5
Geofiti 13 5 14 19 9 3 12 1 11 28 9 6
Terofiti 3 1 19 25 14 5 22 2 44 115 41 26
Helofiti 0 0 2 2 3 1 0 0 0 0 0 0
Hidrofiti 0 0 2 3 0 0 0 0 3 8 11 7
SKUPNO 100 38 92 123 85 29 78 7 89 231 96 61

Oznake obmodij / Area abbreviations:

ALP - alpsko / Alpine

PALP - predalpsko pre-Alpine

DIN - dinarsko / Dinaric

PDIN - preddinarsko / pre-Dinaric
SUBM - submediteransko / sub-Mediterranean
SUBP - subpanonsko / sub-Pannonian
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Table 23: Percentage share of geoelements of exclusive or mainly present species in the phytogeographic areas of Slovenia.
Tabela 23: Odstotni delez geolementov izklju¢no ali ve¢inoma prisotnih vrst v fitocenoloskih obmog¢jih Slovenije.

ALP PALP DIN PDIN SUBM SUBP

% 8t | % 8t | % st | % 8t | % St | % St
Vzhodnoalp.-ilirski endemiti / E Alp.-Illyr. Endem. 100 1
Alpski endemiti / Alp. Endem. 62 5 25 2 13 1
Orof. jugozahodno evropski / Orof. SW Eur. 50 1 50 1
Vzhodnoalpsko-karpatski / E Alp.-Carp. 50 1 50 1
Vzhodnoalpski / E Alp. 40 2 40 2 20 1
Jugovzhodnoevropski - montanski / SE Europ.-Mont. 38 3 38 3 25 2
Cirkumborealni-arkti¢no-alpski / Circumboreal.-Arct.-Alp. 40 2 60 3
Endemiti / Endem. 29 8 25 7 11 3 32 9 3 1
Arkti¢no alpski / Arct.-Alp. 25 1 50 2 25 1
Jugovzhodnoevropski / SE Eur. 9 3 30 10 9 3 3 1 43 14 6 2
Orof. juznoevropski / Orof. S Eur. 23 3 46 6 31 4
Centralnoalpski / Centr. Alp. 22 3 50 7 7 1 7 1 14 2
Cirkumborealni / Circumbor. 17 2 50 6 8 1 17 2 8 1
Eurimediteranski / Eurimedit. 50 2 25 1 25 1
Evropsko-kavkagki / Eur.-Cauc. 50 3 33 2 17 1
Vzhodnoazijski / E Asiat. 67 2 33 1
Severnoameriski / N Am. 80 4 20 1
Naturalizirani / Nat. 86 6 14 1
Alpsko-apeninski / Alp.-Apen. 100 1
Jugovzhodno centralnoevropski / SE Centr. Eur. 50 1 50 1
Evrosibirsko-severnoameriski / Eurosib.-N Amer. 100 2
Jugovzhodnoevropski-jugozahod. azijski / SE Eur.-SW Asiat. 100 1
Orof. evropsko-azijski / Orof. Eurasiat. 100 1
Subatlantski / Subatl. 100 2
Juznoameriski /S Am. 100 1
Juznoevropsko-mediteranski / S Eur.-Medit. 100 1
Centralnoevropsko-severnoameriski / Centr. Eur.-N Am. 100 1
Severnoevropski / N Eur. 100 1
Vzhodno evrimediteranski / E Eurimedit. 100 1
Centralno evrosibirski / Centr. Eurosib. 100 1
Evropski montanski / Eur.-Mont. 100 1
Mediteransko-turanski / Medit.-Turan. 100 1
Tirski / Illyr. 67 2 33 1
Evropski / Eur. 54 15 3 1 25 7 18 5
Evropsko-azijski / Eurasiat. 44 11 8 2 20 5 28 7
Jugozahodno evropski / SW Eur. 100 1
Orof. Centralnoevropski / Orof. Centr. Eur. 100 1
Mediteransko-zahodnoazijski / Medit.-W Asiat. 100 1
Evrimediteranski / Eurimedit. 100 49
Severovzhod. mediter.-montanski / NE Medit.-Mont. 100 5
Stenomediteranski-montanski / Stenomedit.-Mont. 100 5
Zahodnoevropski / W Eur. 100 3
Juznoevropski-montanski / S Eur.-Mont. 100 3
Adv. sinantropski / Adv. Sinantrop. 100 2
Jugozahodnoazijski / SW Asiat. 100 2
Kozmopolit - subtropski / Cosmopol.-Subtrop. 100 2
Vzhodnomediteranski-montanski / E Medit.-Mont. 100 4
Zahodno eumediteranski / W Eumedit. 100 2
Juznoilirski / S Tllyr. 100 1
Neotropski / Neotrop. 100 1
Orof. Evropski / Orof. Eur. 100 1
Severno stenomediteranski / N Stenomedit. 100 1
Vzhodno stenomediteranski / E Stenomedit. 100 1
Zahodno stenomediteranski / W Stenomedit. 100 1
Eurimediteransko-makaronski / Eurimedit.-Macaron. 100 1
JuZno stenomediteranski / S Stenomedit. 100 1
Severovzhodnoevropski - montanski / NE Eur.-Mont. 100 1
Centralnoazijski / Centr. Asiat. 100 1
Jugozahodnoevropski-montanski / SE Eur.-Mont. 100 1
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Termokozmopolit / Termocosmopol.
Centralnoevmediteranski / Centr. Eurimedit.
Evrimediteranski-atlantski / Eurimedit.-Atl.
Evrimediteranski-turanski / Eurimedit.-Tur.
Stenomediteranski / Stenomedit.

Subtropski / Subtrop.

Adv. naturalizirani / Adv. Natur.
Mediteranski / Medit.

Evrimediteranski-subatlantski / Eurimedit.-Subatl.

Mediteransko-montanski / Medit.-Mont.
Pontski / Pont.

Kozmopoliti / Cosmopol.
Paleotemperatni / Paleotemp.
Vzhodnoevropski / E Eur.
Juznoevropski / S Eur.
Juznoevropski-juznosibirski / S Eur.-S Sib.
Evropski-sibirski / Eur.-Sib.
Subkozmopoliti / Subcosmopol.
Ameriski / Am.

Paleotropski / Paleotrop.

Pantropski / Pantrop.

Severozahodno evrimediteranski / NW Eurimedit.

Vzhodnomediteranski / E Medit.
Vzhodnoalpski-ilirski / E Alp.-Illyr.

Oznake obmocij / Area abbreviations:

ALP - alpsko / Alpine

PALP - predalpsko pre-Alpine

DIN - dinarsko / Dinaric

PDIN - preddinarsko / pre-Dinaric

SUBM - submediteransko / sub-Mediterranean
SUBP - subpanonsko / sub-Pannonian

ALP PALP DIN PDIN SUBM SUBP
% $t. % 8t. % 8t. % st. % st. % st.
100 1
100 1
100 1
92 11 8 1
90 37 3 1
88 7 12 1
83 10 17 2
20 1 80 4
25 2 75 6
75 3 25 1
67 2 33 1
17 1 66 4 17 1
25 2 63 5 12 1
20 1 60 3 20 1
9 1 9 1 55 6 27 3
19 3 6 1 44 7 31 5
28 5 6 1 22 4 44 8
10 1 30 3 60 6
100 1
100 1
100 1
100 1
100 1
100 1
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Table 24: Percentage share of geoelements of exclusive or mainly present species in specific phytogeographic areas of Slovenia.
Tabela 24: Odstotni delez geolementov izklju¢no ali ve¢inoma prisotnih vrst v dolo¢enem fitogeografskem obmocju Slovenije.

ALP PALP DIN PDIN SUBM SUBP
% % $t. % §t. % ét. % st.

°
X
w-
&
w<
&

Endemiti / Endem. 22
Alpski endemiti / Alp. Endem. 14
Orof. juznoevropski / Orof. S Europ.

Centralnoevropski / Centr. Europ.
Jugovzhodnoevropski-montanski / SE Europ.-Mont.

Orof. Jugovzhodno evropski / Orof. SE Europ.
Cirkumborealni / Circumboreal.
Cirkumborealni-arkti¢no-alpski / Circumboreal.-Arct.-Alp.
Vzhodnoalpski / E Alp.

Arkti¢no alpski / Arct.-Alp.

Arkti¢no-alpsko-evropski / Arct.-Alp.-Europ.
Vzhodnoalpsko-ilirski endemiti / E Alp-Illyr. Endem.

Orof. jugozahodno evropski / Orof. SW Europ.
Subkozmopoliti / Subcosmop.

Vzhodnoalpsko-karpatski / E Alp.-Carp.

Alpsko-apeninski / Alp. Apen.
Centralnovzhodnoalpsko-ilirski / Centr.-E Alp.-Illyr.
Jugovzhodnoevropski-jugozahod.azijski / SE Europ.-SW Asiat.
Kozmopoliti / Cosmop.

Mediteranski / Medit.

Orof. evropsko-azijski / Orof. Europ.-Asiat.

Vzhodnoevropski / E Europ.

Juznoameriski / S Amer.

Juznoevrimediteranski / S Eurimedit.
Centralnoevropski-severnoameriski / Centr. Europ.-N Amer.
Severnoevropski / N Europ.

Vzhodno evrimediteranski / E Eurimediter.

Centralnosibirski / Centr. Sib.

Severnoevrimediteranski / N Eurimedit.
Evropsko-mediteranski / Europ. Medit.
Evrimediteransko-subatlantski / Eurimedit.-Subatlant.
Evrosibirsko-severnoameriski / Eurosib.-N Amer.
Paleotemperatni / Paleotemp.

Subatlantski / Subatlant.

Vzhodnoazijski / E Asiat.

Evropsko-kavkagki / Erop.-Caucas.
Juznoevropski-juznosibirski / S Europ.-S Sibir.
Stenomediteranski /Stenomedit.

Severnoameriski / N Amer.

Jugovzhodnoevropski / SE Europ.

Evropsko-sibirski / Europ.-Sib.

Naturalizirani / Naturaliz.

Evropsko-azijski / Europ.-Asiat.

Evropski / Europ.

Iirski / Hlyr. 10
Evropski-montanski / Europ.-Mont. 5
Juznoevropski / S Europ.
Mediteransko-turanski / Medit.-Turan. 5
Jugozahodno evropski / SW Europ. 17 1
Mediteransko-zahodnoazijski / Medit.-W Asiat. 17 1
Orof. Centralnoevropski / Orof. Centr. Europ. 17 1
Evrimediteranski / Eurimedit. 19 49
Evrimediteranski-turanski / Eurimedit.-Turan.

Avv. naturalizirani / Adv. Natural.

Subtropski / Subtrop.

Stenomediteranski-atlantski / Stenomedit.-Atlant.
Severovzhod. mediter.-montanski / NE Medit.-Mont.
Juznoevropsko-montanski / SE Europ.-Mont.
Mediteransko-montanski / Medit.-Mont.
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Zahodnoevropski / W Europ.
Vzhodnomediteranski-montanski / E Medit.-Mont.
Zahodno eurimediteranski / W Eurimedit.
Jugozahodnoazijski / SW Asiat.

Pontski / Pont.

Kozmopoliti-subtropski / Cosmop.-Subtrop.

Adv. subtropski / Adv. Subtrop.

Juzno stenomediteranski / S Stenomedit.

Zahodno stenomediteranski / W Stenomedit.
Vzhodno stenomediteranski / E Stenomedit.
Severno stenomediteranski /N Stenomedit.
Eurimediteransko-makaronski / Eurimedit.-Macaron.
Evrimediteransko-atlantski / Eurimedit.-Atlant.
Centralnoevromediteranski / Centr. Euromedit.

Severovzhodnoevropski - mediteranski / NE Eur.-Medit.

Jugovzhodnoevropski - montanski / SE Europ.-Mont.
Juznoilirski/ S Hlyr.

Centralnoazijski / Centr. Asiat.

Pantropski / Pantrop.

Orof. Evropski/ Orof. Europ.

Termokozmopolit / Termocosmop.

Neotropski / Neotrop.

Vzhodnomediteranski / E Medit.

Jugovzhodno centralnoevropski / SE Cenr. Europ.
Vzhodnoalpsko-ilirski / E Alp.-Illyr.
Paleosubtropski / Paleosubtr.

Severozahodno evrimediteranski / NE Eurimedit.
Ameriski / Amer.

Oznake obmocij / Area abbreviations:

ALP - alpsko / Alpine

PALP - predalpsko pre-Alpine

DIN - dinarsko / Dinaric

PDIN - preddinarsko / pre-Dinaric

SUBM - submediteransko / sub-Mediterranean
SUBP - subpanonsko / sub-Pannonian

ALP PALP DIN PDIN SUBM SUBP
% $t. % St % St % st. % st % $t.
2 1

e T e e e T e e T = B =i S I S I SR O O S OF)
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Fa Fa
mGe uGe
mHa = Ha
u He m He
mHi EHi
uTe mTe

Fa Fa
mGe uGe
E Ha ® Ha
M He H He
= Hi u Hi
BTe mTe

PD

Fa Fa
mGe HGe
® Ha W Ha
®m He M He
® Hi u Hi
uTe uTe

AL PA

Diagram 1: Percentage share of biological forms in the phytogeographic areas of Slovenia according to M. Wraber (1969).
Diagram 1: Odstotni delez bioloskih oblik v fitogeografskih obmocjih Slovenije po M. Wrabru (1969).

Alpine Region / alpsko obmocje (AL)

pre-Pannonian Region / subpanonsko obmocje (SP)
pre-Alpine Region / predalpsko obmocje (PA)

Dinaric Region / dinarsko obmocje (DN)

pre-Dinaric Region / preddinarsko obmocje (PD)
sub-Mediterranean Region / submediteransko obmocje (SM)
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Fa Fa
uGe uGe
W Ha = Ha
mHe H He
mHi mHi
uTe mTe
WRABER (1969) DN
Fa Fa
HGe mGe
" Ha ®wHa
EHe B He
= Hi mHi
ETe uTe
ZUPANCIC & al. (1987) DN PD

Diagram 2: Comparison of the percentage shares of biological forms in the Dinaric and pre-Dinaric phytogeographic areas in
the phytogeographic division according to M. WRABER (1969) and ZUPANCIC & al. (1987).

Diagram 2: Primerjava odstotnih deleZev bioloskih oblik v dinarskem in preddinarskem fitogeografskem obmocju med fitogeo-
grafskima razdelitvama po M. WRABER (1969) in ZUPANCIC & al. (1987).
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NAVODILA AVTORJEM

Folia biologica et geologica so znanstvena revija IV.razreda SAZU za naravoslovne vede. Objavljajo naravoslovne
znanstvene razprave in pregledne ¢lanke, ki se nanasajo predvsem na raziskave v nasem etni¢cnem obmodju Slovenije,
pa tudi raziskave na obmoc¢ju Evrope in $irse, ki so pomembne, potrebne ali primerljive za nasa preucevanja.

1. ZNANSTVENA RAZPRAVA

Znanstvena razprava zajema celovit opis izvirne
raziskave, ki vkljucuje teoreti¢ni pregled tematike, po-
drobno predstavlja rezultate z razpravo in zakljucki ali
sklepi in pregled citiranih avtorjev.V izjemnih primerih
so namesto literaturnega pregleda dovoljeni viri, ¢e to
zahteva vsebina razprave.

Razprava naj ima klasi¢no razclenitev (uvod, ma-
terial in metode, rezultati, diskusija z zakljucki, zahvale,
literatura idr.).

Dolzina razprave, vklju¢no s tabelami, grafikoni,
tablami, slikamiipd., praviloma ne sme presegati 2 avtor-
skih pol oziroma 30 strani tipkopisa. Zazelene so razpra-
ve v obsegu ene avtorske pole oziroma do dvajset strani
tipkopisa.

Razpravo ocenjujeta recenzenta, od katerih je eden
praviloma ¢lan SAZU, drugi pa ustrezni tuji strokovnjak.
Recenzente na predlog uredniskega odbora revije Folia
biologica et geologica potrdi IV. razred SAZU.

Razprava gre v tisk, ko jo na predlog uredniskega
odbora na seji sprejmeta IV. razred in predsedstvo
SAZU.

2. PREGLEDNI CLANEK

Pregledni ¢lanek objavljamo po posvetu uredniske-
gaodbora zavtorjem. Na predlog uredniskega odbora ga
sprejmeta IV. razred in predsedstvo SAZU. Clanek naj
praviloma obsega najvec 3 avtorske pole (tj. do 50 tipka-
nih strani).

3.NOVOSTI
Revija objavlja krajse znanstveno zanimive in aktu-
alne prispevke do 7000 znakov.

4.1ZVIRNOST PRISPEVKA

Razprava oziroma clanek, objavljen v reviji Folia
biologica et geologica, ne sme biti predhodno objavljen v
drugih revijah ali knjigah.

5.JEZIK

Razprava ali ¢lanek sta lahko pisana v slovens¢ini
ali katerem od svetovnih jezikov. V slovenscini zlasti te-
daj, Ce je tematika lokalnega znacaja.

Prevod iz svetovnih jezikov in jezikovno lektorira-
nje oskrbi avtor prispevka, ¢e ni v uredniskem odboru
dogovorjeno drugace.

6. POVZETEK

Za razprave ali ¢lanke, pisane v slovenscini, mora
biti povzetek v anglescini, za razprave ali clanke v tujem
jeziku ustrezen slovenski povzetek. Povzetek morabitido-
volj obsiren, da je tematika jasno prikazana in razumljiva
domacemu in tujemu bralcu. Dati mora informacijo o na-
menu, metodi, rezultatu in zakljuckih. Okvirno naj pov-
zetek zajema 10 do 20 % obsega razprave oziroma clanka.

7.1ZVLECEK

Izvle¢ek mora podati jedrnato informacijo o na-
menu in zakljuckih razprave ali clanka. Napisan mora
biti v slovenskem in angleskem jeziku.

8. KLJUCNE BESEDE

Steviloklju¢nih besed najne presega 10 besed. Pred-
staviti morajo podro¢je raziskave, podane v razpravi ali
¢lanku. Napisane morajo biti v slovenskem in angleskem
jeziku.

9. NASLOV RAZPRAVE ALI CLANKA

Naslov razprave ali ¢lanka naj bo kratek in razum-
ljiv. Za naslovom sledi ime/imena avtorja/avtorjev (ime
in priimek).

10. NASLOV AVTORJA/AVTORJEV

Pod klju¢nimi besedami spodaj je naslov avtorja/
avtorjev, in sicer akademski naslov,ime, priimek, ustano-
va, mesto z oznako drzave in postno stevilko, drzava, ali
elektronski postni naslov.

11. UVOD
Uvod se mora nanasati le na vsebino razprave ali
¢lanka.

12. ZAKLJUCKI ALI SKLEPI

Zakljuckialisklepimorajovsebovatisintezo glavnih
ugotovitev glede na zastavljena vprasanja in razresujejo
ali nakazujejo problem raziskave.

13. TABELE, TABLE, GRAFIKONI, SLIKE IPD.

Tabele, table, grafikoni, slike ipd. v razpravi ali ¢lan-
ku naj bodo jasne, njihovo mesto mora biti nedvoumno
oznaceno, njihovo $tevilo naj racionalno ustreza vsebini.
Tabele, table, slike, ilustracije, grafikoni ipd. skupaj z na-
slovi naj bodo priloZeni na posebnih listih. Ce so slike v



digitalni obliki, morajo biti pripravljene u zapisu .tiff v
barvniskali CMYK in resoluciji vsaj 300 DPI/inch. Risa-
ne slike pa v zapisu .eps.

Pri fitocenoloskih tabelah se tam, kjer ni zastopana
rastlinska vrsta, natisne pika.

14. LITERATURA IN VIRI

Uporabljeno literaturo citiramo med besedilom.
Citirane avtorje piSemo v kapitelkah. Enega avtorja pise-
mo » (Priimek leto)« ali »(Priimek leto: strani)« ali »Pri-
imek leto« [npr. (Bukry 1974) ali (OBERDORFER 1979:
218) ali ... PoLpint (1991) ...]. Ce citiramo veé del istega
avtorja, objavljenih v istem letu, posamezno delo ozna-
¢imo po abecednem redu »Priimek leto mala ¢rka« [npr.
...HORVATIC (1963 a)... ali (HorvaTIC 1963 b)]. Avtor-
jem z enakim priimkom dodamo pred priimkom prvo
¢rko imena (npr. R. TUxeN ali J. TUXEN). Vec avtorjev
istega dela citiramo po naslednjih nacelih: delo do treh
avtorjev »Priimek, Priimek & Priimek leto: strani« [npr.
(SHEARER, PAPIKE & SiMON 1984) ali PEARCE & CANN
(1973: 290-300)...]. Ce so vec kot trije avtorji, citiramo
»Priimek prvega avtorja et al. leto: strani« ali »Priimek
prvega avtorja s sodelavci leto« [npr. NoLL et al. 1996:
590 ali ...MEUSEL s sodelavci (1965)].

Literaturo uredimo po abecednem redu. Imena av-
torjev piSemo v kapitelkah:

- Razprava ali ¢lanek:

DAKSKOBLER, L, 1997: Geografske variante asoci-
acije Seslerio autumnalis-Fagetum (Ht.) M. Wraber ex
Borhidi 1963. Razprave IV razreda SAZU (Ljubljana) 38
(8): 165-255.

Kajrez, L. & A. HOCEVAR, 1984: Klima. Tlatvorni
cinitelji. V D. Stepancic: Komentar k listu Murska Sobota.
Osnovnapedoloskakarta SFR]. Pedoloskakarta Slovenije
1:50.000 (Ljubljana): 7-9.

LE LoEruFrF, J., E. BUFFEAUT, M. MARTIN & H.
ToNG, 1993: Decouverte d’Hadrosauridae (Dinosauria,
Ornithischia) dans le Maastrichtien des Corbieres (Aude,
France). C. R. Acad. Sci. Paris, t. 316, Ser. II: 1023-1029.

- Knjiga:

GORTANI, L. & M. GORTANI,
Friuliana. Udine.

Ce sta razli¢na kraja zaloZbe in tiskarne, se navaja
kraj zalozbe.

- Elaborat ali porocilo:

PRUS, T, 1999: Tla severne Istre. Biotehniska
fakulteta. Univerza v Ljubljani. Center za pedologijo in
varstvo okolja. Oddelek za agronomijo.Ljubljana. (Elabo-
rat, 10 str.).

- Atlasi, karte, nacrti ipd.:

KLIMATOGRAFIJA Slovenije 1988: Prvi zvezek:
Temperaturazraka 1951-1980. Hidrometeoroloski zavod
SR Slovenije. Ljubljana.

LETNO porocilo meteoroloske sluzbe za leto 1957.
Hidrometeoroloski zavod SR Slovenije. Ljubljana.

Za vire veljajo enaka pravila kot za literaturo.

1905: Flora

15. LATINSKA IMENA TAKSONOV

Latinska imena rodov, vrst in infraspecifi¢nih tak-
sonov se pisejo kurzivno. V fitocenoloskih razpravah ali
¢lankih se vsi sintaksoni pisejo kurzivno.

16.FORMAT IN OBLIKA RAZPRAVE ALI CLAN-
KA

Clanek naj bo pisan v formatu RTF z medvrsti¢nim
razmikom 1,5 na A4 (DIN) formatu. Uredniku je treba
oddati izvirnik in kopijo ter zapis na disketi 3,5 ali na
CD-ROM-u. Tabele in slike so posebej prilozene tekstu.
Slike so lahko prilozene kot datoteke na CD-ROM-u, za
podrobnosti se vprasa uredni$tvo.
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