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Shading treatments affect the growthcharacteristics, ornamental value,

and photosynthetic activities of variousPeperomiaspecies and cultivars

Jae Jung Ahrt, Eun A Kim12, Eun Ji Shin*?, Yeong Sunwoé?,
Jae Hwan Leé?* , Sang Yong Nam?*

izvorni znanstveni ra¢briginal scientific papey
doi: 10.327794f.7.2-3.1
Citiranje/Citatior®
Abstract

This study investigated the suitable shading level®&peromiaspecies and cultivars, a genus within

the Piperaceae family known for its ornamental value as an indoor plant. We examined the effects of

four different shading levels (45, 60, 75, and 99 %) using polyethylene (PE) shading films on four
Peperomiaspecies and cultivars, nameB:: obtusifolia(L.) A.Dietr., P. quadrangularigJ.V.Thomps.)

A.Dietr., P. caperataY u n c k . OEde P ciperataddN@,poamd Ni ght svéek Aft er
cultivation period, we assessed plant sizes, biomass (i.e. fresh andiginy) weaf color, chlorophyll

content (SPAD units), and five chlorophyll fluorescence paramet@F.(F oodJABS/RC, DI/RC, and

Plags) in Peperomiaspecies and cultivars. The results indicated Fhatbtusifoiaa nd 6 Eden RO s s
exhibited the best growth performance within the783% shading range, where@squadrangularis

and ONapoli Ni ghtsd showed opti mal perf or mance ¢
species and cultivars demonstrated reduced growth and biomass under the 99 Ishal
hypothesized to be due to restricted.@Ssimilation under lowight conditions. Leaf color, measured

by CIE76 colord i f f e rEamnanatysis(based on the Commission Internationale de I'Eclairage Lab
(CIELAB) color space, remained relatively constant across four different shading levels. Analyses of
chlorophyll content and chlorophyll fluorescence revealed that high shading levélsdeagtivate

some reaction centers, although the overall photosynthetic efficiency appeared largely andffecte
performance index (Ris) suggested that except fBr quadrangularis which peaked at the 60 %

shading levelP. obtusifoia 6 Eden Rosso6, and 6Napoli Nightso6é g
75 % shading levels. Therefoleeperomigplants are capable of tolerating broad shading conditions,

except for excessively high shading (99 % shading level). These results indicate that providing suitable

! Department of Environmental Horticulture, Sahmyook University, Seoul 01795, Republic of Korea.

* E-mail: namsy@syu.ac.kr (Corresponding author).

2 Natural Science Research InstituBahmyook University, Seoul 01795, Republic of Korea.

** E-mail: dlwoghks1236@naver.com (@orresponding author).

3 Ahn, J. J., Kim, E. A,, Shin, E. J., Sunwoo, Y., Lee, J. H., Nam, $2024). Shading treatments affect the
growth characteristics, ornamental value, and photosynthetic activities of v&epeomiaspecies and
cultivars Glasilo Future, 12-3), 011 19.
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shading levels is effective in improving the growth and photosynthetic activity of those several

Peperomiaspecies and cultivars
Key words: chlorophyll fluorescenceZIELAB, ornamental plant$eperomiashade tolerance
Introduction

The genu$eperomiaa member of the Piperaceae family, is known to comprise around 1600 species
(Samain et al., 2009). GenBsperomias recognized for its Crassulacean acid metabolism (CAM) plant

and has resistance to drought stress (Herrera et al.,, 2000; Holthe et al., 1992). Exhibiting unique
morphological characteristics across different species, Reggtromiaspecies also have aesthetically
appealing foliage, making them valuable as ornamental plants. These succulents or foliage plants are
popular for indoor cultivatin due to their ease of maintenance. The previous research has explored the
use ofPeperomian bio-wall systems (Han and Shim, 2020), indoor introduction (Jeong et al., 2016),
and in thereduceof particulate matter in the air (Paull et al., 2020), highlighting its versatility as an

indoor and ornamental plant.

According to previous studieB, obtusifoliais known to be rich in bioactive compounds (llyas et al.,
2014; Mota et al., 2011; Tanaka et al., 1998), with several physiological studies available (Henny, 1985;
Shen and Seeley, 1983; Woerner and Martin, 1999). Additionally, there have been regtenmns raft
disease inP. quadrangularis(Han et al., 2014), and studies on the effects of temperature and
photoperiod on flowering irP. caperata( Br Bndum and Frii s, 1990) as
propagation (dloga et al., 2005). However, further diverse physiological studies are necessary. The
current number of physiological studies is still limited, and a broader understanding of the physiological
characteristics of these species is essential for their igfemiltivation and utilizationln addition to

the physiological studies, various pharmacological studies have been conduPtegeoomia lt has

been found to possess aodincer (Wei et al., 2011), antioxidant (Phongtongpasuk and Poadang, 2014),
antidiabetic (Hamzah et al., 2012), antipyretic (Khan et al., 2008)jirdtdmmatory, and analgesic
properties (De Fatima ArrigoiBlank et al., 2004), and is known to produce various bioactive
compounds (Alves et al., 2019; Gutierrez et al., 2016), confirrtfutility. Moreover, it has been
reported to produce a significant amount of phenolic compounds (Ho et al., 2022; Ware et al., 2022),

raising expectations for its future use as an ingredient in Rglthoting dietary supplements.

Previous studies oReperomiahave included cultivation under white LEDs with different color
temperatures to enhance growth and external quality (Shin et al., 2023), and the effects of temperature
and photoperiod (BrRndum and Friis, 1 e Séeley I n a
(1983), two variegateBeperomiacultivars were used, but the levels of shading were not varied widely,

being limited to two or three levels in each specific experiment. The purpose of shading cultivation is

to prote¢ plants from abiotic stress during the seedling or raising stage by creating artificial shading
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environments. These environments are usually formed using shade nets or shade films (Lee and Nam,
2022). Producing healthy plants is directly related to the income of farmers, hence the appropriate
management of abiotic stress should be duly consideredafigeNam, 2023). Past research has reported

that shading environments can protect plants from mechanical damage, heat stress, soil moisture loss,
and photoinhibition (Nam et al., 2022; Semchenko et al., 2012). However, excessively high shading
levels cannegatively affect plant growth and physiological performance, necessitating research on
appropriate shading levels for each species and cultivars (Lee and Nam, 2023). Continuous research has
been conducted on shading cultivation to improve the growth aalityqof ornamental plants (Lee et

al., 2021; 2022; Park et al., 2023b). Shading cultivation can be widely applied to various plant species

and used as an effective method to control abiotic stress.

The chlorophyll fluorescence analysis technique enablesnmvasive assessment of plant stress levels

and has been widely used to examine the link between chlorophyll fluorescence changes and plant
physiological performance (Baker and Rosenqvist, 2004hduedel et al., 2010; Serodio, 2004). Its
effectiveness in evaluating plant physiological traits and stress responses, utilizing various fluorescence
parameters, has been established in numerous studies (Jang et al., 2023; Oh et al., 2022; Shin et al.,
2023). This study investigates the suitable shading levels for the cultivatfepefomizy analyzing

the growth characteristics and photosynthetic activity of four different species and -cultivars
(i.e. P. obtusifolia(L.) A.Dietr., P. quadrangularigJ.V.Thomps.) A.Diet;.P. caperataYunck.0 Ed e n
RossoB.capaxatadl Na p o | i Nightsé) used in this study.

Materials and methods
Selection of plant materials

In this study, Peperomia obtusifolia (L.) A.Dietr., P. quadrangularis (J.V.Thomps.) A.Dietr.,
P.caperatay u nc k. 6 E d emcapeatadsNoadp,0 laain dNi ght sd wer e sel ecte

Plants grown for six months were used, with an average height and width of 15 and 10 cm, respectively.
Treatments and experimental environment

The study was conducted over eight weeks, from May 4 to June 30, 2022, at the experimental
greenhouse, Department of Environmental Horticulture of Sahmyook University, Seoul, Republic of
Korea (37A38040"N 127A06025" E)heiRphutnsd ofl alsit ilc 1plo
used, and plants were planted in the center of each pot. Fertilized horticultural substrate
(Hanareumsangto, Shinsung Mineral, Republic of Korea) was used as the potting media. Using direct
sunlight (0 &mo P9YadtheTefelencd, 3hading levels were designed in four levels:

within the greenhouse using one layer of clear polyethylene (PE) firm with greenhouse glass (45 %;
1083. 21 N 2sh4onelayer of avhite PE firm with greenhouse glass (60%;1 . 4 N 19 3.
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g mo 2 sYntwo layers of white PE firm with greenhouse glass (7#%;2 . 8 N 169 4 & mol
and one layer of black PE firm with greenhouse glass (99%; 8 N 52s) The photdsyntietic

photon flux density (PPFD) at each relative shading level was measured weekly at 1 p.m. on clear days
using a portable spectroradiometer (SpectraPen mini, Photon Systems Instruments, Czech Republic),
and the results were representediTabl e 1. The average temperature

28AC (Fig. 1A), relative humidity was 64.8 N 14.

(Fig. 1C). Irrigation was conducted three times a week until gravitational water drained.
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Figure 1. Environmental conditions during the conduct of this study: A) temperature; B) relative
humidity; C) cloud cover: 0 okta: sky clear2lokta: few clouds;-3 okta: scattered; & okta: broken;
8 okta: overcast; and 9 okta: sky obscured.

Plant growth parameters and ornamental value

The types of growth parameters measured included shoot height, shoot width, root length, ground cover,
fresh weight (FW), dry weight (DW), moisture content (MC), and Commission Internationale de
I'Eclairage Lab (CIELAB) color space valuds,(a’, andb’) and CIE76 colod i f f e rEesn Ehe (
moisture content was calculated using the following formula: MC = [(FOW) / FW] * 100. The
measurement of CIELAB valuet’( @', andb’) followed the leaf color measurement method of Lee
(2023), using a spectroptooneter (CM2 6 0 0 d Konica Minolt a, Japan)
including specular component inclusion (SCI). Measurements were taken randomly from areas of the
leaves not traversed by veins, with each measurement conducted ten times per treatmehtescross
replicated. Subsequently, leaf colors were evaluated by converting the average values of CIELAB

a’, andb’ into converted colors using the Converting Colors designed by Zettl (2023). Additionally, to
compare the effects of shading levels on cdifferences irPeperomideaves, each shading level was

set as a reference for calculating HEa@E2004).or di f

WO 0 v & & W W

(In this studygEasO 1.5 were considered 6no color differe

163. 0 as O6very smabl OcabodbsthaffebPeBoadddBbBRoendet
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9112.0 as O6big color differencebd, and levels 012.

col.or 6)
Analysis of physiological activities

The chlorophyll content (SPAD units) and five fluorescence parametéfs,(FooJABS/RC, DWRC,

and Phgs) of Peperomiaspecies and cultivars as affected by shading levels were analyzed. Chlorophyll
content (SPAD units) was determined using a portable chlorophyll meter (562 0Xonica Minolta,

Japan), while chlorophyll fluorescence response was evaluated with a ptuatdeeter (FluorPen

FP 110/D, Photon Systems Instruments, Czech Republic). Measurements were taken from the central
areas of fully expanded leaves, avoiding the veins. Each measurement was conducted ten times per
repetition, randomly selecting leaves &@ch measurement, and this process was repeated three times.
Before measuring the chlorophyll fluorescence parameters, plants wegddatied for approximately

15 minutes using dardaptationleat | i ps f ol |l owing the mamyéndct ur er
measurements were taken on the last day of the study. The five chlorophyll fluorescence parameters are
as follows: F/Fnr epresents the maxi mum quantpyimdicayesthd d o f
probability of absorbed photons being dissioiatABS/RC signifies the absorption flux per reaction
center, DVRC denotes the amount of energy dissipated per reaction center,,axnthéicates the
performance index on an absorption basis. The parameters were calculated using the formulas provided
by PSI (2023) and Stirbet and Govindjee (2011).

00 0 "0 O
0 0 "0

0060°/YO O tp o0 tp

g0 YO 006 /YO Y YO

kg YO 06 "Y p t P

Statistical analysis

The experimental results were analyzed using ANOVA (analysis of variance) in SAS 9.4 (SAS Institute,
USA) . Compari sons between means were statistical
significance level op < 0.05. The study was conducted in a completely randomized design, with three

plants per replication and three replications per treatment.
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Results and discussion
Analysis of growth characteristics

Peperomiaspecies and cultivars, subjected to different shading levels, exhibited varying growth
responses (Fig. 2 and Table 1). Results indicated th&.fquadrangularigJ.V.Thomps.) A.Dietr.

shoot height was highest at the 60 % shading level, reaching 19.72 cm. The other rdPegeamngia

species and cultivars showed the same significant level at the shading levels betWeéf, 45cording

t o Duncanos mul tiple range tOeostachys( rbaMcdphyllusa A pr e
Crassulacean acid metabolig®AM) species likePeperomiaindicated the highest shoot height and

width at the 52 % shading level within the-82 % range of shading levels (Jeong et al., 2013). Similar

trends were reported fdDelosperma cooper{Lee et al., 2022). In this study, for shoot width,

P. obtusifolia(L.) A.Dietr. showed broader widths of 19-20.69 cm at the 460 % shading levels.

P. quadrangulari@ndP.caperataY u n cekd.e n6 Rosso06 (hereafter 6Eden RO
widths of 30.90 and 21.10 cm at the%Shading level, respectively, indicating optimal shading levels

vary for each species or cultivar to significantly increase shoot sizes. In previous studies,

O. iwarengefor. magnusshowed the widest shoot width at the 52 % shading level within H9& 32

range (Jeong et al., 2012), aBddum zokurienshowed the widest shoot width at the 65 % shading

level (Lee et al., 2021). Meanwhile, it was observed Hudtteveria agavoides type of ornamental

succulent species, showed an increase in both skedagititrand width as the shading level increased
(Cabahug et al., 2017). For root lengkh, obtusifoliawas longer at the 460 % shading levels,
measuring16.20 7. 32cm, whil e 6Eden Rossod showed the 1o
shading level. According to Nam et al. (2022yJotelephiumtelephiumm Laj o0s &6 showed no ¢
shading effects on root length acros890% shading levels, whereHs sieboldii6 Me di ovari egat |
exhibited significant root length reduction at the 99 % shading level, despite showing similar significant

levels up to 75 % shading level. Additionally, Qi et al. (Q0&ported a significant decrease in the root

length of Pinus koraiensist the 80 % shading level compared to direct sunlight, indicating that the

impact of shading treatment on root length varies among species.

The ability of plants to alter their morphological characteristics in response to changes in the growth
environment is known as phenotypic plasticity (Bradshaw, 1965; DeWitt et al., 1998; Sultan, 1987).
Among such instances of phenotypic plasticity, thedsiinduced phenotype enables plants to exhibit
morphological traits suited to shading conditions (Weijschede et al.,, 2006). Thisisthackd
phenotype can lead to changes such as increased plant height, increaseatclthg area like
extension shoowidth or ground cover, and larger leaf sizes (Lee and Nam, 2022), which can help
mitigate the negative impacts on growth due to reduced light intensity in shading environments (Park et
al., 2023b). Furthermore, the ground cover, showedrhabtusifoliahad a wider ground cover at the

45-60 % shading levels, measuring 39227.4 cm, whileP. quadrangularis nd 6 Eden Ross 00
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their widest at the 75 % shading level, with 987.1 and 450%8respectively. Previous research found
thatVeronica pusanensisad a significantly higher ground cover at thed3% range of shading levels

(Park et al., 2023b). Excessive shading levels beyond optimal shading levels can negatively affect plant
growth and quality (Lee and Nam, 2023), as it can hinder carbon dasgdailation in chlorophyll and
suppress plant growth, emphasizing the need to identify the appropriate shading levelsdpeeiash

and cultivar.

Each species exhibits varying levels of shade tolerance. For example, spetiesdikiea pusanensis

which are native to coastal areas, appear to have lower shade tolerance compared to tropical forest
dwellinggenusPeperomigForster, 1993; Park et al., 2023b; Shin et al., 2012). In terms of fresh weight,

bothP. obtusifoliaand O Eden Rosso06 showed heavi&x%rangeei ght s
However,P. quadrangularisreached its heaviest weight of 84.1 g at the 45 % shading level, while
P.caperatab Nap ol i Nightsé (hereafter O6édNapol.i Ni ght s 6)
Dry weight results are also similar to these trends, indicating varying preferred shading levels across
species and cultivars. Previous studies reported a signifiednttion in shoot and root biomass of

Pinus koraiensidn shading environments (Qi et al., 2019), d&adonopsis lanceolatahowed a

significant increase in both fresh and dry weights of shoot and root parts at the 45 % shading level
comparedo direct sunlight, though showing similar levels to direct sunlight at the 75 % shading (Park

et al., 2023a). HowevePhedimus takesimengisAt | anti sé6, a Crassul aceae cu
fresh and dry weights of the shoot part at the 45 % shading level (Lee and Nam, 2022). In contrast to

our findings, a study by Shen and Seeley (1983) reported that variegated cultRaohufsifolia(i.e.

0Al bo Marginatad and O6Variegatad) showed the hig
compared to 47 and 73 % shading levels. This discrepancy may be due to variegated plants requiring
more light intensity than average due to chlorophyll deficiency. Regarding moisture content,

P. obtusifoiaa nd o6 Nap ol i Ni ghtsé showed the highest val
and 95.3 % respectively, suggesting that underlight conditions, somé>eperomiaspecies may

experience cell elongation and thus higher moisture content.

Consequently, based on the results related to plant size, it is advisable to daltivatesifoliaat the

45-60 % shading levels, while. quadrangularims nd O Eden Rosso0o06 are better
l evel . ONapol i Ni ght s6é appears to be adaptabl e
seems beneficial to groi. obtusifolisa n d 6 Ed e n  R-85ssbadingaatid. quadeangdldis

and 6Napoli Nightsé at the 45 and 60 % shading,
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Figure 2. Plants shape of Peperomia species or cultivars as affected by shading treatments for eight
weeks: A) P. obtusifolia (L.) A.Dietr.; B) P. quadrangularis (J.V.Thomps.) A.Dietr.; C) P. caperata
Yunck. OEden Rosso0o6; and D) P. caperata ONapoli

Table 1.Plant sizes, plant weight, and moisture content of Peperomia species and cultivars as affected
by shading treatments for eight weeks

Plant sizes (cm) Ground Plant weight (g) Moisture
Shading
levels
Plants Shoot Shoot Root cover Fresh Dry content
(%)
height width length (cr?) weight weight (%)
Peperomia obtusifolia 45 19.98 & 20.69 a 17.32 a 427.4 a 1916 a 15.92 a 91.7b
60 20.04 a 19.80 a 16.20 a 392.3a 208.0 a 16.41a 92.1b
75 2271a 19.14 ab 13.64 ab 368.2 ab 1783 a 13.19a 92.7b
99 13.41b 16.88 b 8.81b 285.0b 96.2 b 5.61b 94.1a
P. quadrangularis 45 18.27 ab 27.53 ab 4.38a 759.5 ab 84.1a 7.96 a 90.1a
60 19.72 a 28.06 ab 4.40 a 791.5 ab 65.5b 6.58 b 89.6 a
75 17.20 ab 30.90 a 437 a 987.1a 68.4 b 6.02 b 91.0a
99 15.24b 20.96 b 456 a 442.4b 63.0b 5.89b 90.5a
P.caperatsd Eden Ro 45 17.82 a 17.75b 14.03 a 312.2b 68.2 a 2.78 a 958 a
60 17.90 a 18.56 ab 12.16 ab 349.2b 74.2 a 3.29a 95.5a
75 18.85a 21.10 a 12.54 ab 450.8 a 76.8 a 2.95a 96.1a
99 11.91b 19.50 ab 11.07 b 383.0 ab 38.0b 1.32b 96.4 a
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P.caperatad Nap ol i 45 16.86 a 18.79 a 16.31a 354.2a 149.1 ab 8.62 ab 94.1b
60 17.64 a 20.97 a 16.63 a 439.6 a 167.2 a 9.15a 94.5b
75 17.70 a 21.02 a 1454 a 4429 a 1239b 6.99 b 94.3 b
99 11.82b 18.22 a 13.70 a 333.7a 78.3c 3.6lc 95.3a

Significancé Plants (A) . ok ok . ok ok .
Shadlng Kk K% K% *% Kkk Kkk *%
levels (B)
(A) T NS * NS * o o NS

Meanss eparati on
indicate no significant differences.

YNS, *, ** and ***: non-significant or significant gb < 0.05, 0.01, or 0.001, respectively.

wi t hin

Evaluation ofornamental value

columns by

P<ut06; mzamé bwemase letterp | e r a

Shading treatment was evaluated to have some minor effects on the leaf Papeafmisspecies and

cultivars used in this study (Table 2). Commission Internationale de I'Eclairage Lab (CIELAB)

representing lightness, was highest Rorquadrangularisat the 60 % shading level with a value of

33.81. However, no statistically significant differences were observed in other renRapagomia

species and cultivars. For CIELA®, which indicates greered colorsP. quadrangularishowed the
| evel-326amid 6 Nap
-3.02 at the 75 and 99 % shading levels, respectively, suggesting a tendency for leaf color to become

highest value of5 . 11

at t

he 75

%

shadi

ng

redde under extremely lovlight conditions. This result contradicts previous studies which showed an

increase ima" values under higher light level conditions (Lee et al., 2021; Park et al., 2023b). For

CIELAB D', representing blugellow colors,P. quadrangularisa n d
values atthe 45 0

% shadi

levels. Previous studies reported tharonica pusanensisxhibited higherb”™ values under direct

ng range,

ONapol i Night sdé s

wher eas

6Eden Rosso006 h

sunlight compagd to shading conditions (Park et al., 2023b). Generally, plants in unsuitable growth

environments or under stress tend to show an increase in leaf lightness and a yellowing of leaf color

(Lee et al., 2022). However, considering the results @ndb’ in this study, no consistent trend was

observed across tligeperomiaspecies and cultivars used in this study, suggesting that characteristics

like thick leaf texture and leaf reflectivity 8feperomiamay have influenced these results.

In the CIE76 colod i f f e rEcgh @nelysig t evaluate the color difference by shading levels,

P. obtusifoliass h o we d

as
col

wa s

6no col or

eval

uat ed

di f f eR. quadraagdlarisa @ rd

as

6very

smal |

t hE&y = h.88dpeiveeantd5 amd 99 % shading levels, but this was assessed

tOoMNea potl heNi gdn .06 e x
or di f fEes= @.84card 2@, tedpectipely, between 60 and 75 % shading levels, which

col

or

d iEtsbE870enced.
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between 45 and 75 % shading levels, butfkguadrangularim nd &6 Nap ol i Ni ght soé, i
6very small color differenceb, suggesting that t
minimal.

Based on the results of the leaf color qualities, it is concluded that shading treatment does not
significantly impact the leaf color éfeperomisspecies and cultivars used in this study. Particularly, as

the col or Ha)f fbeertewneceens t(rggat ments were not subst
di fferenced or oO6very small color differencebo, i
purpose of modifying leaf color might not yield significantly meaningful resultike the findings b

the analysis of growth characteristics.

Table 2.Leaf color reading values of Commission Internationale de I'Eclairage Lab (CIELAB) values,
converted color, and CIE76 cokal i f f e r “e)otPeperomxEspecies and cultivars as affected by
shading treatments for eight weeks

Shading CIELAB values Converted C | E 7 Ban) bygphading levels (%)

levels color
Plants

) [y a b (color 45 60 75 99

chip)

Peperomia obtusifolia 45 34.43 4 -8.33a 12.69 a I Reference  1.02 0.32 1.38

60 34.74 a -8.79 a 13.55a I 102 Reference 0.72 0.55

75 34.55a -8.54a 12.90 a I 032 0.72 Reference 1.14

99 34.71a -8.51a 14.03 a I 138 0.55 1.14 Reference
P. quadrangularis 45 3295ab -5.86b 9.14 a I Reference 1.06 1.97 1.38

60 338l1a -6.20b 9.66 a I 1.06 Reference 2.84 2.40

75 3254ab -51la 7.36b I 197 2.84 Reference 1.50

99 31.79b  -591b 839ab [N 138 2.40 1.50 Reference
P.caperatd Eden Ro 45 33.49a -3.08a 6.55 a I Reference  1.50 2.70 1.13

60 32.60 a -3.87a 5.63 ab B 150 Reference 1.46 0.88

75 32.14a -3.66a 4.26 b I 270 1.46 Reference 2.31

99 3266a -38a 6.51a . 13 0.88 2.31 Reference
P. caperatad Na p o | i 45 39.81a -4.02 b 6.02 a I Reference  1.15 2.07 1.74

60 40.96 a -4.09b 6.00 a B 115 Reference 2.91 1.33

75 38.59 a -3.26a 452b B 207 2.91 Reference 2.50

99 40.99 a -3.02a 5.21 ab I 174 1.33 2.50 Reference

10
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Significancé Plants (A)  *** e e
Shading . o
levels (B)
(A) T NS * NS

?Colors converted using CIELAB', a", andb’ values.
YMeansseparation within columns by DMRT & 0.05; same lowercase letters indicate no significant differences.
*NS, *, and ***: nonsignificant or significant gp < 0.05 or 0.001, respectively.

Chlorophyll Content and Chlorophyll Fluorescence

Peperomiaspecies and cultivars affected by shading treatment showed varying results in chlorophyll
content and chlorophyll fluorescence responses (Table 3). In terms of chlorophyll content (SPAD units),

P. obtusifoliaexhibited the highest value of 60.32 SPAD units at the 45 % shading level, while

P. quadrangularisshowed similar significance at shading levels betweerd%% range. Meanwhile,

O0Eden Rossod and ONapol i Ni g h-75%0shadifgbeveks,dndicingi | ar
an increase in chtophyll density per unit area at optimal shading levels. A previous study reported that
Phoebe bourndiad the highest chlorophyll content at the 78 % shading level (Tang et al., 2019), partly
aligning with the findings of this study. Simila
the highest chlorophyll content at the 75 % shadind [gweesu et al., 2014). On the other handi-k;

representing the maximum quantum yield of photosystem Il (PSlI), is known to be betwe€r8ad.78

in higher plants not under stress (As&da nam et al ., 2015; Bj°rkman ar
Zapata et al., 2023). In this study,/Hm values ranged between 0-B&83, suggesting that the
photosynthetic apparatus of d&keperomiaspecies and cultivars was at a normal operational level
regardless of shading leveR. obtusifoliaand P. quadrangularisshowed the highest.f, values of

0.82 and 0.80, respectively, at the 60 % shading
atthe 75 % shadingevel . o6 Napol i Ni ght s 6 sfio%wrange ofshadingl ar s i
| e v ed, svhich & antagonistic to,F» and indicates the probability of absorbed photons being
dissipated, was highest at the 99 % shading levét.fobtusifoia 6 Eden Rosso0od6, and O
However,P. quadrangularises x hi bi t e d pdvhlee offDi2lgah tees46% shading level, which
represents the highest light intensity in the study. This suggests that the photosynthetic apparatus activity
may decrease alevated light levels in certain species. Although a value of 0.21 does not significantly
deviate from the normal range, it is statistically higher compared to other species examined. This result
suggests potential photoinhibition, likely due to a reduegel of PSII photochemistry resulting from

damage to the PSII reaction centers and/or an increased rate-refdietive dissipation of excitation

energy.

ABS/RC, representing absorption flux per reaction center, agiRO] denoting dissipated energy flux

per reaction center ,p.. s bbtusifeigd ®EmehaRosesdltantdood

11
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exhibited the highest values at the 99 % shading level, Whidgiadrangularisshowed high values at

the 45 and 75 % shading levels. This suggests thatabtusifoia 6 Eden Rosso0o6, and
some reaction centers may have been deactivated due to prolonged extrertightloanditions over

about eight weeks. ConverseB, quadrangulari@appears to have a reduced activity of reaction centers
and stress responses at higher light conditions compared-mtdwonditions. Meanwhile, Ris is a
performance index based on an absorption basis (Srivastava et al., 1989)sh@lwed similar
significance at the 485 % shading levels for all b&t quadrangulariswhich had the highest value of

8.52 at the 60 % shading level.

In summary, from the chlorophyll content and chlorophyll fluorescence responses analysis, the
maximum quantum yield dPeperomiaspecies and cultivars used in this study, regardless of shading
level, is assessed to be unstressed. However, other parameters such as ABS/RR@nddiate that

some reaction centers may have become inactive at the 99 % shading level. Nevertheless, based on the
results for maximum quantum yield, it is expected that the activity level of the photosynthetic apparatus
would rapidly recover with a &astantial increase in light intensity. The performance indexs{Plor
Peperomiaspecies and cultivarexcept forP. quadrangulariswhich was highest at the 60 % shading

level, is assessed to be similar at the78%46 shading levels, suggesting that they can exhibit a favorable
performance index within a relatively wide range of shading levels, as long as the shading level is not
too high.

Table 3. Chlorophyll content and five chlorophyll fluorescence parametei={F ool ABS/RC,
DI«/RC, and Pigg of Peperomia species and cultivars as affected by shading treatments for eight weeks

Chlorophyll Chlorophyll fluorescence parameters
Shading levels
Plants content
(%) Fu/Fm 0o ABS/RC DIs/RC Plass
(SPAD units)
Peperomia obtusifolia 45 60.32 & 0.81b 0.18 b 1.03¢ 0.18b 8.59 a
60 53.64 ab 0.82a 0.17c 1.09 bc 0.18b 9.04 a
75 54.60 ab 0.81b 0.18 b 1.16 b 0.21b 8.00 a
99 51.95b 0.79 ¢ 0.20 a 147a 0.29 a 4.86 b
P. quadrangularis 45 62.72 a 0.78 b 0.21a 1.39a 0.29a 6.41b
60 64.98 a 0.80 a 0.19b 1.23b 0.24b 8.52 a
75 65.48 a 0.79 ab 0.20 ab 1.38a 0.28 a 6.95b
99 57.43b 0.79 ab 0.20 ab 1.30 ab 0.26 ab 6.75b

12

(@)



Jae Jung Ahn, Eun A Kim, Eun Ji Shin, Yeong Sunwoo, Jae Hwan Lee, Sang Y d@&hakding
treatments affect the growth characteristics, ornamental valuélasilo Future (2024y (2-3) 01i 19

P.caperatad Eden Ro 45 44.21 ab 0.80c 0.19b 1.28b 0.24b 8.27 a
60 48.16 a 0.82b 0.17c 1.19b 0.21 bc 9.22a
75 51.12a 0.83a 0.16 d 1.21b 0.20c 10.13 a
99 36.99 b 0.79d 0.20 a 1.75a 0.35a 493b

P. capearatad Nap ol i 45 55.98 b 0.8la 0.18 b 1.10c 0.20b 11.59 a
60 62.23 a 0.82a 0.17b 1.14 bc 0.19b 1156 a
75 61.39 a 0.82a 0.17b 131b 0.23b 9.90 a
99 52.08 ¢ 0.79b 0.20 a 1.87a 0.38 a 557b

Significancé Plants (A) Fokk ok Fokk ok ok ok

Shading levels
ke

B)

( A ) T ( NS ,kk *hk *hk *kk Fkk

“Means separation within columns by DMRTpat 0.05.
YNS and ***: non-significant or significant gp < 0.001.

Conclusion

The genu$eperomiabelonging to the Piperaceae family, is commonly used as an indoor ornamental

plant. While there have been various studies on the ueméromiaas indoor ornamental plants,

research on optimal growing conditions has been limited. Therefore, this study established four different
shading levels using polyethylene (PE) shading films: 45, 60, 75, and 99 %. The experimental plants
selected werdP. obtusifolia(L.) A.Dietr., P. quadrangularis(J.V.Thomps.) A.Diett. P. caperata

Yunck.6 Eden RoRBcméatad Naanpdo | i Ni ght s 6. Based on the re
advisable to cultivat®. obtusifoliaat the 4560 % shading level®. quadrangularies nd 6 Eden RO s s
at the 75 % shading |l evel, and ONapol i Ni ght sé
biomass analysi}. obtusifoiaand 6 Eden Rosso6 -d@5% shidmg lévels, and f f at
P.quadrangularie nd &6 Napol i Ni ghtsé at the 45 Pepedmi®&0 % st
species and cultivars used st study showed significantly lower plant sizes and biomass at the 99 %
shading level, presumably due to limited carbon dioxide assimilation in extremelighiwonditions

over the 8week period. From the leaf color qualities, shading treatment wasag@ to have only

minor effects on the leaf color &feperomia Particularly, the color difference analysis using CIE76

colord i f f e rEey)pwhieh igbgsed on the Commission Internationale de I'Eclairage Lab (CIELAB)

color space, showed values ramgyirom 0.32 to 2.91 across &leperomiaspecies and cultivars, and
shading |l evel s, rated as 6éno color differencebd

differences in leaf color due to shading levels. Thus, unlike the results of the plant growth characteristics,

13
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setting specific shading levels for leaf color control may not yield significantly meaningful outcomes.
Combining the results of chlorophyll content (SPAD units) and chlorophyll fluorescence responses, the
maximum quantum yield (F-m) of Peperomiaregardless of the species and cultivars, or shading levels,

is assessed to be relatively robust. However, based on the parameters ABS/RG/R@Gd ddime
reaction centers appear to be inactive at the 99 % shading level. Still, judging from the results for
maximun quantum yield, it is expected that the activity level of the photosynthetic apparatus would
quickly recover with a significant improvement in light intensity. The performance indgse)For
Peperomiaspecies and cultivars, except for quadrangularisvhich was highest at the 60 % shading
level, is assessed to be similar up to ther88% shading levels, suggesting that they can exhibit a
favorable performance index within a relatively wide range of shading levels, as long as the shading is
not excessiely high. These results indicate that providing suitable shading levels is effective in
improving the growth and photosynthetic activity of those sev&peromisspecies and cultivars.
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Fizikalno-k e mi | ske znal aj ke ploda tregnje

|l sabel |l a i Prima Giant wuzgajani h na

Physicachemical characteristics of the sweet cherry fruit of the

Isabella and Prima Giant varieties grown on different soils
AleksandraGu p | j e g f*alasmidasAkimafh!, Jasna Hasanhbegovil Se
izvorni znanstveni ra¢briginal scientific paper)
doi: 10.32779jf.7.2-3.2
Citiranje/Citatior?
Saget ak

U razdoblju dvije godine (20129,osoRirk?loda dvgersarta | av an

tregnje (lsabell a i Prima Giant) cijepljene na
submediteranske Hercegovine na tri razlilita ti
| stragivanja su obuhvalala analizu mase ploda i
ukupnih kiselina i ukupnih gelera. Rezultati s u
najvelu prosjelnu vrijedpastamzeaarsv e | mrdaomsd, mredsuei p
petelj ke, girinu ploda). Sorta |Isabella je u 20:
peteljke, dok su plodovi sorte Prima Giant i mal.

Na osnovudobivenihvrijednosti, sorta Prima Giant je pokazala bolje rezultate fizikalnih osobina ploda

u odnosu na sortu |Isabella. Sorta |Isabella je im
Kl jul ndglroi,j dlriegnj a, sorta, fizikalne i kemijske
Abstract

In a period of two years (2019, 2020), the physical and chemical properties of the fruit of two varieties
of cherry (Isabella and Prima Giant) grafted on the Saint Lucie 64 rootstock were studied in the
agroecological conditions of stMediterranean Herzegina on three different soil types in the

|l ocalities: Blagaj, Konjusi and Aladinili. The

!Agromediteranski fakultet Univerzitet Dgemal Bijedil
Hercegovina.
* E-mail: aleksandra@unmo.ba (dopisna autorica)
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Al i man, J. ., H a s (2024) Physicechemicabahardcteristics oflthe sweet cherry fruit of the

Isabella and Prima Giant varieties grown on different s@ilasilo Future,7(2-3), 20i 35.
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length of the stalk, the dimensions of the fruit, the content of total acids and total sugars. The results showed
that the Prima Giant variety in 2020 had the highest average value for all observed physical parameters
of the fruit (weight of the fruit and stone, length of the stalk, width of the fruit). In 2019, the variety
Isabella had the highest average stone meagd peduncle length, while the fruits of the Prima Giant
variety had the highest average weight, length, width and thickness of the &set Bn the obtained
values, the variety Prima Giant showed better results of the physical characteristics of the fruit compared
to the variety Isabella. The variety Isabella had the highest average value of total sugars and acids.

Key words: soil, cherry, variety, physical and chemical properties of the fruit

Uvod

TregPrynas aumL . ) jedna je od najstarijih volnih wvr
plodova u odnosu na druge volne vrste i ugodan
konzumacije u svjegem stanju ogledaZnaluajkle i khajr
obuhvalaju geiere, organske i aminokiseline ki s
okus hrane (Li et al ., 2023) . Osnovni faktor Kkoj

okus, te odrelwjetal.kO23)] i tetu hrane (S

U cilju povelanja proizvodnje tregnje u Bosni [
uzgoja tredgnje na bujnim podl ogama, te usmjerit,]
podl ogama. Ovakav nalin tuzgadmjeregoigl emugh! omp
tregnje s boljim kvalitativnim osobinama pl oda
Ver cammen et al ., 200 8; Pal et al ., 2017 . , prem
sortno svojstvotignj e dugina peteljke, te da je znal ajna :

(Sl 64) spada u srednje bujne podloge. Gupljegl a
cvatnje, dogli do zakl jul ka gahetskagpredisporiaija someate dat j e c a
je utjecaj varijeteta tla evidentiran u odnosu na vrijeme cvjetanja, ali ne i na vrijeme zrenja. Bargioniu
(1982.) istile da je povoljan omjer frakcija sad
25 % a 30 % gline i praha.

Useni k et al . (2010), sprem&l| Battgahk da alu. tipoee2
i maju izravan utjecalj na vegetativni porast, pri
Pored odabira podl oga, vagan faktor za uspjegnu
kvantitativnim i kvalitativnim osobinama ploda n
Da ©bi se u skorijem periodu poveliao obim proiz

sortiment tregnje sa sortama boljih karakteri st

prostorno odrelene klimatakezdgojzem ggamej a vl ieniel,
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tregnje (Pal et al ., 2017 ., prema Badgak et al .,
novi h sorti cijepljenih na slabo ili srednje b
intenziviratdi proi zvodnjga vtorre ¢gtnij eo. ulMepljuetginno,s tda ob
[ podl oga potrebno je jog istragivalkog rada.
Cilj ovog istragivanja bio je pralenje fizikaln
dugina peteljke i masa kogtice) i kemijskih kar
dvije introducirane Giarntte tkroggenjnd slus dlselrlaa) eineRr i:

Materijali i metode

|l stragivanje je provedeno tijekom dvije vegetaci
rada izvrgen je u Herceddvi ntii:p Qplia nér vSetnoilcaac i

antropogeni zirana tl a na KoajusiKenctui,p ztalta ms nue L@p [ ki

antropogeni zirano tl o, plitko i srednje -Bjuboko,

tip tla smelLe koluvijalno antropogenizirano ske!|
uzet.i pzosg¢ie|l ni ausa dvije dubine u obje godine
laboratoriju.

Promatrane sorte tregnje |Isabella i Prima Giant

nalazile su se punoj rodnostibz goj ni oblik bio je slobodna piram
x 3,60 m. Pokus je postavljen po slulajnom bl ok

sortu. Za svako ponavljanje uzorkovano je po pedeset zrelih plodova, te je lkaraljgiinh karakteristika

ploda izvrdgena u tri ponavljanj a. U nnaostaedhun i sl ek ep r
mjere.
| stragivanje je obuhvatilo mjerenje fizikalnih Kk

mjereno na tehni-36G0) ( Aagm KAecom, JMocheon, Sout h K
dugina (mm), girina (mmpetieldjekd j (i mm) ,pl (ordjae r(emmg , d

mjeril om), prinos po stablu (kg), te |l aboratori
uzorkovanih plodova dvije sorte tr éghivgnerezuitatigaj ane
i stradgivanja su statistilKki obraleni analizom v
|l okalitet) (ANOVA), dok je testiranje razlika a
nivo znal ajnosti p>0, 05

Rezultati i diskusija

Rezultati anal i z euzokevanihga sijd dubine (2G19, 2§20 prezéntirani su u
tablicama 13.
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Tablical. Rezul t at i kemi jske analize wuzoraka tla tip:a
lokaliteta A, sa dvije dubine (2019, 2020)

Table 1.Results of chemical analysis of soil samples of red and rebdistn soils oHimestone, site

A, from two depths (2019, 2020)

God. o pH-vrijednost Sadr Sadr ge Sadr ( Ukupni Sadr gaj
% CaCO3 | aktivnog humusa d u g i aktivnog
% (%) vapna (%) (%N) | (mg/100 g tla)
o H,O | 1M KCl-u (% Ca) P,Os K20
2019 0-30 7,07 | 5,97 0,17 0,75 1,74 0,11 9,70 48,62
3060 6,83 | 5,56 n.d. n.d. 1,30 0,09 1,05 26,27
2020 0-30 7,17 @ 6,18 0,18 n.d. 1,76 0,11 11,02 46,81
3060 7,05 | 5,95 0,26 n.d. 1,26 0,09 3,17 37,45

l z tablice 1. z a k| j uldkalijeteAmttn slaba kisg¢leedo neutialfelréakcijegeo d i n i
0,17% CaCQu pr v o dubini, gto ukazuje na slabo karhb
sl abo opskrbl j@not erumjtepahoai ompPkr bl jenoOukupnin
(26,27 do 48,62 mg/100g tla K20) pokazuje visoku opskrbljenost tla ovim elementom. U 2020. godini

tlo u obe dubine ima neutralnu reakciju, slabu humoznost, umjereno opskrbljeno ukupnim N, do 30 cm

tl o je slabo karbonat no miRPOs ma@ed jcre dubine sriednjp iej e no
karbonatno i dobro opskrbljeno K (46,81 i 37,45 mg/100g tla K20).

Tablica2.Rezul t at i kemijske analize uzor alskeletholtlm t i pa
na tvrdim vapnencima, lokaliteta B, sa dvije dubine (2019, 2020)

Table 2.Results of chemical analysis of soil samples of the type brown colluvial anthropogenic skeletal

soil on hard limestones, site B, from two depths (2019, 2020)

God. pH-vrijednost Sadr ge¢ Sadr gaj Sadr g Ukupni Sadrgaj fiz
% = CaCO3 aktivnog vapna humusa | d u gi k aktivnog
a L (%) (%Ca) (%) (%N) (mg/100 g tla)
H,O 1M KCl-u P,0s K20
2019 0-30 8,06 7,40 40,41 3,50 5,20 0,29 10,46 44,42
30-60 8,09 7,42 44,13 3,75 4,53 0,29 8,41 89,74
2020 0-30 8,04 7,35 42,32 4,25 5,12 0,34 9,49 47,76
30-60 8,16 7,39 39,73 4,25 3,78 0,31 9,21 44,90
|l z podataka tablice 2. zakljulujemo da je tlo al

u obje godine se krelie od 3,5 % do 4,25 % gto ni
su cijeplijene ove dvije sorte SI64 izdvojenapin pul aci j e sjemenjaka radgel|
aktivnog vapna i 12 % (Loga i-306n)dosta lukazno, te2jagkd 8 ) . T
humozno 366 0 ¢ m) , na obje dubine bogQ® tokjeaddddy goiem i d «
srednjeopskrbljeno ROs (10,46 %)na dubini od €80 cm, a na svim ostalim dubinama slabo opskrbljeno

izmjenjivim fosforom(<10 mg /100 g tla).
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Tablica 3. Rezultati kemijske analize uzoraka tlatippass L e kar bonat notlo,plitkot r op o g ¢
i srednje duboko, Ickiitethl saavijedulmne (2@19,802Q) unci ma,

Table 3.Results of chemical analysis of soil samples of the type brown carbonate, anthropogenic soil,
shallow and medium deep, skeletonized on gravel, locality K, from two depths (2019, 2020)

God. pH-vrijednost Sadr ge¢ Sadr gaj Sadr ¢g Ukupni Sadrgaj fiz

% = CaCO3 aktivnog vapna humusa dugi k aktivnog

a L (%) (% Ca) (%) (% N) (mg/100 g tla)

HO 1M KCl-u P05 K20

2019 0-30 8,19 7,68 29,40 2 2,49 0,19 32,47 37,54

30-60 8,22 7,75 37,94 2,50 2,63 0,16 22,23 28,51
2020 0-30 8,19 7,73 40,25 3,50 2,47 0,14 24,24 22,88

30-60 8,42 8,08 68,29 3,50 1,25 0,07 7,32 9,27
|l z podataka tablice 3. zakljulujemo da je tlo al
u obje godine se krelie od 2 % do 3,5 % i slabo j

dobru opskrbljenost na obje dubine, dok je u 2@@@lini tlo dobro opskrbljeno ukupnim N do 30 cm

dubine, a od 30 cm do 60 cm umjereno opskrbljeno.

Na obje dubine 2019. godine 43D cm dubine u 2020. godini opskrbljenost izmjenjiviaOK P.Os je
dobro, a na dubini od 30 do 60 en2020. godini opskrbljenost je slaba.

Rezultati mjerenja fizikalnih znal aj ki pl oda u 2

Prosjelna visina ploda sorte Prima Giant, u 201
22,32 mm na lokalitetu B, dok su plodovi sorte Isabela imali visinu od 22,52 mm na lokalitetu B do

24,04 mm na | okalitetu Konjusi. Dvofaktorijalno
rezultata da su sorta, lokalitet i interakcija sorta i lakadit pokazal e stRezulfatst i | ku
Tukey testa za visinu ploda ukazuju da su sve |
komparaci sorta | sabela na |lokalitetu Al adinil:i [ S

utvrlena statistilka znal ajnost.

Rezultati debljine ploda (tablica)d za 2019. godi ni pokazuju da | e
imala sorta Prima Giant na lokalitetu Konjusi (24,67 mm), a najmanju sorta Isabella na lokalitetu Blagaj
(20,89 mm). Dvofaktorijalna analiza varijanse za debljinu ploda pokazuje da salitega gimterakcija

sorta i godina pokazuju statistilku znalajnost.
statistilka znalajnost za sve komparacij@ i zZuze
lokalitetu Blagaj, te komparacija Prima Giant i Isabella na lokalitetu Blagaj, koje nisu pokazale

statistilku znal ajnost.

Rezultati mjerenja za 2019. godinu (tablica4 uk azuj u da j e najvela prosje

kod sorte Prima Giant na |l okalitetu Konjusi (29,
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mm) imala sorta Isabela na lokalitetu Blagaj. Rezultati analize varijance ukazuje da su sorta, lokalitet i

interakcija pokazale statistilku znalajnost. Re
znal ajnosti kod s vi h osinkonm@racige sortg Isabeltaana Igkalitetu Kouojusip | o d a
i lokalitetu Aladinilii

Najvelu prosjelnu masu ploda ispitivanih sorti t
Giant na | okalitetu Konjusi (11,50 g), dok je na
iste sorte na lokalitetu Blagaj (7,18 g). Dvofakio j al nom anal i zom varijanse
sorta, lokalitet i interakcija sorta i | okalitet
da je velina komparacija pokazala statdamtil| ku
l okaliteti ma Konjusi i Al adiniii

Najvela prosjelna vrijednost mase kogtice ploda
| sabella na lokalitetu Aladinili (0,49 g), dok |j
lokalitetu B. Dvofaktorijalnom analizomviarjf anse za masu kogtice dogl o
l okalitet i interakcija sorta i l okalitet pokaz
kogtice ukazuje da su sve komparacije mart.i [
komparaciji sorti Prima Giant i Isabella na lokalitetu Blagaj.

Najvelu prosjelnu dugi nu .)pnelaje sojtakPemalGiart falloalitetuy o d i n i

Bl agaj (38,64 mm), dok je najmanju prosjelnu vri
(32,60 mm). Dvofaktorijalna analiza varijanse z
znal azaosoritu, l okalitet i interakciji sorta i

zanl|l ajnost za sve komparaciije, izuzev Kkomparac

kompaaciji sa sortom Isabella na lokalitetu Blagaj.

Tablica4d.Pr osj el ne vrijednost:i fizikalnih karaktert el
(PG) u 2019. godini

Table 4.Average valuesf physical characteristics of cherry fruit varieties Isabella (1) and Prima Giant

(PG) in 2019.

sorta / | PG | PG | PG | PG | PG | PG
lokalite visina ploda debljinaploda(mm) gi ri na pl| masaploddg) masa kc¢ dugina g
t (mm) @ (mm)

A 23,20  22,87%  22,09* 21,425 | 26,54°  26,02* 9,13% | 8,57 0,47+ | 0,36* 33,90 | 32,60°
K 24,04  25,68* 22,89* 24,67 | 26,66° 29,78* 9,09° 11,50 0,41* 0,38* 35,88* 36,84*
B 22,52 | 22,32* 20,89" 21,17 | 24,32* | 25,08* 7,88% | 7,12* 0,36" | 0,38" 32,92° | 38,64*

Critical 0,27 0,36 0,32 0,26 0,01 0.80

Range

Napomena: * oznalava znalajne razlike izmelu srednjih
Note: * indicate significant differences between mean
A-Al adi nKonjusi;B-Btagaj;nsni j e statissthkistrhnhkdajmnoal ajno za ni
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Anal i zézultatgz @l vi si nu ploda u 2020. godini (tablica
visinu ploda imala sorta Prima Giant na | okalite
(26,15 mm). Sorta Isabella (22,81 mm) je imala n
a najvelu na |(@K%inm)tAnaliza vahijhnaedjé pokakala da su sorta, godina i
interakcija sorta i g o d Rezudtatipukely testazd vesinasptodatukazuju i | k u
da su sve komparacije pokazale statistil|l ku znal a

Najvelu prosjelna debl ji)malajpdomedremaBGird 24,15 qm)cha ne ( t

|l okal i tetu Blagaj, dok je najmanj a E£(a%36 mhm)egena
Najveiu prosjelna debljina ploda imala je sorte
naj manja zabiljegena kod sorte I|Isabela na | okal
varijance za debljinu ploda pokazala je statis| ku znal ajnost analiziranih
interakcijas or t a i godina). Rezultati komparacije izvr
pokazale statistilku znal ajnost osim komparacij
i stom sortom na |l okalitetu Al adinili

Rezultati mjerenja za 2020. godinu (tablica5 uk azuj u da j e najvela prosje

kod sorte Prima Giant na lokalitetu Blagaj (28,73 mm), a najmanja kod sorte Isabela (22,39 mm) na

|l okalitetu Konjusi. Rezultati anali ze \okaltatj ance
[ njihova interakcija pokazale statistilku znal
postojanje statistilke znalajnosti kod svih komp
Najvelu prosjelnu masu ploda u 2020. godini (tab
(11,09 g), dok je najmanju prosjelnu masa pl oda
Dvofaktorijalna analizavarijagnceu k azuj e na postojanje statistilke
l okalitet [ interakcija sorta i l okalitet za m
komparacija pokazala statistil ku znal aljetmast , 0s

KonjusiiAl adi ni | i

Analizirajuli prosjelnu masu kodgtice ispitivanil
(tablica5) , najvela prosjelna masa kogtice zabiljegen

g), a najmanja kod iste sorte na lokalitetu Konjusi. Analiza varijance pokazuje da su lokalitet i interakcija

sorta i l okalitet ptokaz amassthogsitcékudakabajha
znal ajnost. Rezultati Tukey test a ta&ompeaaasijamak ogt i ¢
sorte Prima Giant sa lokaliteta Aladinili i Pri
l okal i tet RdmpagaaijgP.r i Tremk cGliearmnt | okal i t et uz rBd laagjan o st |

u komparaciji sa sortom Isabella s istoga lokaliteta. Sve ostale komparacije sorti i lokaliteta pokazale

statistil ku znal ajnost.
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Najvelu prosjelnu duginu pinalaejé jokaelsahella dedl@kalitetu g o d i n

Al adinili (39,30 mm), a najmanju sorta Prima Gia
analizavari jance za dugisntuatpzestallakkueo ptokaa asar § e, I o
sorta i l okalitet. Rezultat Tukey testa za dugin
statistil ku znalajnost izuzev komparaci jtemasorte

l okalitetu Al adinilii, zatim sorta I|sabella na |

Blagaj i sorte Prima Giant i Isabella na lokalitetu Blagaj.

Tablica5.Pr osj el ne vrijednosti fizikalnih karaktert el
(PG) u 2020. godini

Table 5.Average valuesf physical characteristics of cherry fruarieties Isabella (1) and Prima Giant

(PG) in 2020.

sorta / | PG | PG | PG | PG | PG | PG
lokalite = visina ploda (mm) debljinaploda(mm) gi ri na p masaploda(d) masa ko¢dugina pet
t
A 25,15* 24,41 22,71* 21,58 | 27,09* 26,81* 9,45* 8,44™ 0,49* 0,39  39,30"  34,30™
K 22,81* 21,49* 19,36* 21,80 22,39 25,01* 5,78* 8,19 0,26* 0,33* = 34,22% 36,16*
B 24,94* = 26,15 22,44* @ 24,15*  26,49* 28,73* 8,91* 11,09 0,33° 0,33* 38,72" 38,84

*

Critical 0,20 0,24 0,27 0,35 0,02 0,70
Range

Napomena: * oznalava znalajne razlike izmelLu srednjih
Note: * indicate significant differences between mean
A-Al adi nKonjusi;B-Btagaj;nsni j e statissthkisthhkadajmoal ajno za ni

Tablica6.Pr osj el ne vrijednost:i fizilkih karakterter:i
(PG) (20192020) godini.

Table 6.Average valuesf physical characteristics of the cherry fruit of Isabella (I) and Prima Giant

(PG) varieties (2012020).

» | PG | PG | PG | PG | PG | PG
% visina ploda debljina ploda girina | masaploda mas&kogti dugi na pe
2019/20 (mm) (mm) (mm) 9) (9) (mm)
Prosjek | A 24,18 | 23,64 22,40 2150 26,81 26,42 929 850 048 | 0,38 36,60 33,45
B 23,42 | 23,59 @ 21,13 23,23 2453 27,40 7,44 985 0,33 0,35 35,05 36,50

23,73 | 24,24 21,67 22,66 2540 26,91 840 9,11 0,35 0,34 35,82 38,74
A-Al a d i nKorjusi; B Bfagaj

Rezultati kemi jske analize ploda tregnj esortha sadr

Isabella (1) i Prima Giant (PGrikazani su u tablicama 7 i 8.

Analizirajuli p r o skisedifam R01% godinji (blica)Yy st maogepeehkonst s
je sorta |Isabella imala najvelii sadrgaj ukupni h
Prima Giant na lokalitetu Blagaj (0,49 %). Analiza varijance (2019) ukazuje da su sorta i lokalitet

znal aj no suatdjregcag | eu knuap niihs tkriasgedblviama hu egylng ey dok i r
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godina nije pokazala statistilku znal ajnost. An
godi ni , moge se konstatirati da je sorta Pri ma

prosjelan sadr gaj u k u p n sotia Ispleelia @a lekalitetd Bldgaj (1&22 %R | ma n |
Dvofaktorijalna analizom varijancom za 2019.godinu ukazuje da su sorta, lokalitet i interakcija sorta i

l okalitet znalajno utjecale na sadrgaj wukupnih g
Tablica7.Sadr gaj ukupnih kiselina i ukupnih geiera u
u 2019.godini.

Table 7.Content of total acids and total sugars in cherry fruit of Isabella (I) and Prima Giant (PG)
varieties in 2019

Lokalite/ sorta Ukupne kiseline % Ukupni geleri
[ PG I PG
A 0,63* 0,54* 11,01* 11,86*
K 0,59* 0,50* 11,53* 11,48*
B 0,56* 0,49* 10,22* 11,07*
Critical Range 0,004 0,02
Napomena: * oznalava znalajne razlike izmelLu srednjih
Note: * indicate significant differences between mean
A-Al a di nKonjusi;B-Bfagaj;nsni j e statissihkistnhkajroal ajno za ni

U 2020. godini (tablica najveliu prosjelnu vrijednost ukupni
lokalitetu Blagaj, dok je najmanju imala sorta Prima Giant na lokalitetu A. Analiza varijance ukazuje

postojanje statistil ke =znal aj n odekldkalitetnijgedkazaos or t i ,
statistilku znalajnost u sadrgaju ukupnih kisel:i
u 2019.i 2020. godini, moge se konstatirati da su
Najvel.i prosjelni sadr gaj ukupnih geiera u 2020
(11, 34 %), dok je najmanja imala sorte Prima Gi

varijance pokazuje postsogdarngaej us tgpetiiesrta | keplzodd a

interakcija sorta i l okalitet. Re z ud 2020tgodiniTu k ey
pokazuju statistilku znalajnost za sve komparaci
Tablica8.Sadr gaj ukupnih kiselina i ukupnih geiera u
u 2020. godini

Table 8.Content of total acids and total sugars in cherry fafittsabella (I) and Prima Giant (PG)
varieties in 2020

Lokalitet / sorta Ukupne kiseline % Ukupni geleri
[ PG I PG
A 0,57* 0,49* 11,00* 9,12*
K 0,61* 0,51* 11,20* 9,22*
B 0,64* 0,46* 11,34* 9,02*
CriticalRange 0,01 0,03
Napomena:®znal ava znalajne razlike izmelu srednjih vrije
Note: * indicate significant differences between mean

A-Al adi nKojusi;B Bfagaj;nsni j e statissthkisztnhkajroaliajno za ni
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Utablici9pri kazane su prosjelne vrijednosti ukupni h
() i Prima Giant (PG) za razdoblje 2012020. godina.

Tablica9.Pr osj el ne vrijednosti ukupni h kiselina i u Kk
Prima Giant (PG) za razdoblje 2002020. godina

Table 9.Content of total acids and total sugars in cherry fruit of Isabella (I) and Prima Giant (PG)
varieties in 2020

Lokalitet/ sorta Ukupne kiseline % Ukupnigel eri %
I PG I PG
A 0,60 0,52 11,00 10,49
K 0,60 0,51 11,37 10,35
B 0,60 0,48 10,78 10,05

Al adi nKomjusi;B Bfagaj;nsni j e statissthkiszhhkajmoal&ajno za ni\v

Budul i da se plodovi svjegonjepougbagwnpam koiheswvei ze
crvena pokogica kogica ploda, dugina peteljke pl

njihove kvalitete (Dangi et al., 2021).

Masa, dimenzije i velilina ploda najvagnij.i SuU [
odabira sorte (Menzies, 2004) . lako je masa pl
velilina ploda i promalkenuptodiagbutwii sedzas koMm@&h
Dobi veni rezul tati visine ploda sorte Prima Gia
rezultatima Gon-alves et al. (2021), odnosno mar
pl oda sorte Isabella Isu ¢2014y, odjposuw sagRasonasi
et al. (2008).

Debl jina ploda sort.i |l sabel |l a i Prime Giant na s

(2014), dok su vrijednosti dobivene kod plodova uzorkovanih s lokaliteta Konjusi i Blagaj podudarne

sa rezultatima prikazamd8n .u Ovadu pRadureitiar ets mat
komercijalnim svojstvom koje definira karakteri s
trgigna kvaliteta veia (Christensen, 1996) . Mn o
kemijskihs voj st ava treganja (tegina, izgled kogice i
ploda tregnje od strane potrogala (Dever et al .,
et al., 2009).

General no, potrogal. preferiraju plodove tregnj
Menzies, 2004).

Girina ploda sorte |Isabella uzgajene na | okalit
(2014) i Fajt et al. (2008). Takoler se moge kon
pl odove koji su bivliimapmilkelrieginen @i rnisne ag i plamgd o ma
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rezultati su pokazal.@ vele vrijednosti girine pl
Konj usi od rezultata do kojih su dogl:i Gon-al ves

dok su na lokalitetu Konjusi u suglasnostesultatom Balas et al. (2017).

Kada je u pitanju masa ploda proul avanih sorti n

Fajt et al. (2008). Sa druge strane, masa ploda sorte Isabella na lokalitetu Blagaj nije odstupala od mase

ploda do koje su dR®0dl4i) ,Rad wruil iaveatj ualli. i(s20u0 8&,0r t u.
imala je velu vrijednost porelenjem s rezultatin
na i str ag¢Mula atmlj (2010Di2Aksu et al. (2014) te je na lokalitetu Konjusiugadna s

rezultatom Balas et al. (2017). Masa ploda je iz
et al . (1996) referiraju da je za dobru prihvat
optimalna masa ploda od-113 ¢ . Ushagégmvanju sorta Prime Giant
razlilite godine ispoljila ove prihvatljive vri|j

Masa kogtice za sortu Prima Giant na svim | okal:@
al. (2008), odnosno odstupa od podataka koje su prikazali Aksu et al. (2014). Kada je u pitanju masa

kogtice sorte |Isabellaa zabagjimgegaog¢kolvedlai mru
rezultate Radunil et al. (2008). Blagkovs§ (1988
genotipova i da su wutvrlLene razlilitosti i zmelLu
vrijednog , kao i oni koj i u cjelokupnoj mas i pl oda i
Udi o kogtice u cjelokupnoj ma s i ploda je znal aj
udejl om mezokarpa u odnosu na masu kogtice (Milo
Dobi veni rezul tati za sadr gaj ukupne Kkisel osti |
suglasnosti s ranije objavljenim rezultatima Gon

(2017). S druge st stiplnda sorteslsaliblia@asya trupkomgirana lokiliteta aije o

bi o u suglasnosti s podacima Fajt et al. (2008)
Dobi veni rezultati za duginu peteljke ploda ispi
(2008), Radunil et al. (2008, 2014) i Aksu et al

smanjuje trogkove 2044a (Levent and Ayg¢n,

Usenik et al. (2010.) navode postojanje velike varijabilnosti u senzornim i kemijskim karakteristikama

melu kultivarima tregnje.

Dobi veni rezultati za sadrgaj ukupne Kkiselosti |
suglasnosti s ranije objavljenim rezultatima aut
navode Balas et al. (2017). S druge strang,rsa a j ukupne Kkiselosti pl oda ¢
tri promatrana | okaliteta nije bila u suglasnost
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(2008) , [ Raduni i et al . (2008, 2014) . Kada | e
Konjusi bila je u suglasnosti s rezultatima koje navode Fajt et al. (2008). S druge strane, masa ploda
sorte Isabella na lokalitetu Blagaj nije odstupalarod s e pl oda do koje su dogl
(2008, 2014), proulavajuli istu sortu.Masa ploda
s rezultatima (7,24 g) Gon-alves et al . @2021) ,
Mula et al. (2010) i Aksu et al. (2014), te je na lokalitetu K Konjusi (9,85 g) podudaran s rezultatom
(9,7 g) koji navode Balas et al. (2017).

Dugina peteljke sorti obuhvaienih istragivanji ma
Radunii et al (2008, 2014) i Aksu et al. (2014).
Dobi veni rezultati visine ploda sorte Prima Giar
Gon-alves et al. (2021) , odnosno manj.i u odnosu
| sabella su veli wu oaln.os@u2mia4)r,e ztujl.t au es wRgaldausnn d s te
Masa kogtice za sortu Prima Giant na svim |l okal:@

al. (2008), odnosno odstupa od podataka koje su prikazali Aksu et al. (2014), kada je u pitanju masa
kogtice sorte |sabellaa uwabhbabjemgaemaopkolvedkhi mriu
rezul tate Radunii et al. (2008).

Debljina ploda sorti Isabelle i Prime Giant na svim lokalitetima nije bila u suglasnosti da rezultatima do

kojih su dogli Radunil et al . (2014) , dok vrije
Konjusi i Blagaj se poklapa s rezultatima prikazam u r adu Raduni i et al . (2
Girina ploda sorte Isabella uzgajene na | okalit:
(2014), i Fajt et al. (2008). TakolLer se moge ko
pl odove koji su lboidloivipnmai bnmjiegrneenigm rui niestsr apgi vanj i
rezul tati su pokazal. vele vrijednosti girine pl
Konj usi od rezultata do kojih su dotdrd Aksu@toah - al v e ¢

(2014), ali su na lokalitetu K u suglasnosti s rezultatom Balas et al. (2017) (27,7mm).

Usenik i sur. (2010.) navode postojanje velike varijabilnosti u senzorskim i kemijskim karakteristikama

melLu kultivarima tregnje.

Zakljul ak

Dobi veni rezultati za plod tredgnje sorte | sabel
pl oda i zmelLu sort. uzgajani h na tri razlilita |c¢c
Prima Giant, a najmanju Isabella uzgajane nalloka et u Konj usi |, odnosno pr
kar bonat nom, antropogeni ziranom t1l u, plitkom i
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Dokazano je da je najvelu visinu ploda, debljinu
Giant takolLer na lokalitetu Konjusi, dok je sort
girinu ploda na isMmgre tda/rdeolkialdad ejtear Komtj assPr. i ma
karakteristike pri uzgoju na Smelem karbonatnom,
skeletoidnom na gl junci ma, u odnosu na deuga dv
karakteristike pri uzgoju na tlu crvenica i cr
(lokalitetu Aladinili) u odnosu na druge | okal
godini je utvrlen znal amjaamaudtrjjagajuksaomtié ikilsekalr
sorte dok u 2020. godinu lokalitet nije pokazao
znal ajno utjecaj sorta, lokalitet i interakci | e
sorte. Sorta |Isabella pokazala je bolje kemijske
od Prime Giant. Na osnovu provedenih istragivar
podrul ju Hercegovine, eaprseopgdruulFArtiimau zQioantnamogre
antropogeni ziranom tl u, plitko i srednje dubokol
uzgoj na tlu crvenici i crvenkastosmelLem t1l u, a
najvi gédodibtmnaégaja njihove sortne karakteristike.
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New data on the distribution of Adiantum capillusvenerisL. in Bosnia and Herzegovina
SemirMaslo* , Gemso Garil ,2 norlije Milanovi
pret hodn o prliminaycbmmarication(
doi: 10.32779/gf.2-3.3
Citiranje/Citatior®
Abstract

This paper is a survey of distributionAdiantum capillussenerisL. in Bosnia and Herzegovina based

on a revision of herbarium material from SARA and ZA collections, literature data and field
observations. In addition, a brief morphological description, distribution map and photographs of the
species are presented. Tdim of the paper is to describe the current distribution of the species in the
territory of Bosnia and Herzegovina based on new field research conducted in the last 20 years. It was
established that the species is present in nineteen UTM quadrants ia Bagdrierzegovina, three of

which are reported for the first time for the area. On the other hand, the presence of the species was
confirmed at the locality of Vranduk in central Bosnia, where it was previously stated that it had
disappeared. In the tewity of Bosnia and Herzegovina this species is relatively common in the
Mediterranean part of the country, especially in the Neretva valley, while in the continental part of the

country it is recorded only in four localities, mostly near thermal springs.
Key words: Adiantum Bosnia and Herzegovina, distributionprphology rare taxa
Introduction

The genusAdiantumL. includes 225 species distributed mostly in tropical and subtropical regions of
the world (Kessler et al., 2017) of which omigiantum capillussenerisL. is native to Europe.lt is a
cosmopolitan species that occurs on all continents except Antarctica.Native distribution areas of the
species in Europe include the Mediterranean countries as well as the British Isles, including Ireland
(Christenhusz and R&Straube, 2013)A. capillusvenerisgsa hygrophilous fern of tropical and
subtropcal areas. In Bosnia and Herzegovina it is a characteristic species of vegetation of¢hedslf

with dripping water of the clagsdiantetea capilivenerisBraunBlanquet in BrausBlanquet, Roussine

et N®gre (1952), where tufa is frequently for med

'Pri mary School, Lund-kerskolan, Gislaved, Sweden.
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The species has a limited distribution in Bosnia and Herzegovina; its habitats are mainly in the
Mediterranean part of the country, in fragmented populations along the banks of the Neretva River and
its tributaries south of Konjic. On the other hand, {ecges has been recorded in four localities in the
continental part of the country, where it usually grows around hot springs.This fern occurs on shaded,
moist rocky sites on porous, calcareous rock, including tufa, masonry, and other soft limy rocks.

Adiantum capillusrenerisis semievergreen fern, often pendulous and hanging from vertical surfaces.
Fronds are 140 cm, 2pinnate. The petioles and rachis areshiny, slender, and deeply brown to almost
black. Ultimate segments are thin, pale green, cuneate, s@itbhr@ad lobe# the upper part. Sori on

recurved marginal lobes, several on each lobe. Detailed description of the species can be found in Mayer
and Horvatil (1967). 1t is a pBroetgeatd8xa |siplie c ile9s9 2i
1995) and classified as vulnerable in the Red Li

Material and methods

The study was carried through field studies in Bosnia and Herzegovina conducted between 2003 and
2023, analysis of herbarium material deposited at SARAZ#@T hiers, 2023), as well as literature

data. The specimens were collected and stored in the Herbarium SARA and in the private collection of
the authors. Digital photographs were taken in the fi€id. 1; Fig. 2.)The nomenclature followe
EuroMed checklist (EURO+MED 2006)The distribution of the species in Bosnia and Herzegovina is
shown on thenap using standard UTM grid 10x10 km (Fig. 3). A list of all localities representing the
distribution ofA. capillusvenerisin Bosnia and Herzegovina is given in the Table 1. with WGS1984

coordinates
Results and discussion

The ol dest record for Bosnia and Herzegovina i s
(Eastern Herzegovina), which was thereafter reported by-Beclnagetta (1916) and Ritt&t udni | k a
(1959), and subsequent!|y 98D (SARAI58882). Sulisgqueriiyy thd g i | (
species was recorded in several localities, mostly in the valley of the Neretva River and its tributaries
(Struschka, 188(Fiala, 1891 Murbeck, 1891Pichler, 1898/9Sagorski, 190Ma | T , Kego;ri | , 197 7
Nedov81jGi J1i92002, 2009, Masl o, 2014; Masl o and Abad
for the continental part of the country by Hof me
near Banja Luka, whi ch was pu eitséhrfth(idotinann,m87¥ st er r e
1982). BeckMannagetta strongly doubts the credibility of this find, considering that a find of this
species is almost impossible in the continental part of the country, especially in December (Beck
Mannagetta, 1916). The preserdf this species at the mentioned site was confirmed with certainty for

the first time by the Croatian botanist Vale Vouk, who visited this site in 1937 as part of his work on the

biology of thermal springs (Vouk, 1940). This finding was later confirmedtber botanists: Ritter
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Studnilka (1957), Slavnil and Bjellil (1963), Ne
al . (2011) . After al most 100 years since the fi:1
another locality in continental Bosnia, nameyar Vi gegr adska Banja in ea:
| ocation near Gornji Geher, the spBtuesi gkaws1l e

The third finding of the species in the continental part of Bosnia refers to the locality Vrandhek in t

valley of the river Bosnayhere it grows in the moist area of a cold spfRigterrSt udni | Kilae, 197 3)
presence of this species at Vranduk is interesting as it was found for the first time inland around a cold
spring where this plant was able to successfully survive continental winters. The presence of this species

at the mentioned locality was recenifylicated as questionable, and the species is listed as vanished
from the current | o ®arihgi thefield(résearctk doductet201%, it was 2 02 1)
possible to establish that the species is still present at the mentioned locality near Vranduk, where several
hundred individuals were recorded. Upon-aisit of the site between 2016 and 2023, we observed that

the number of individual&as almost unchanged.

Only recently, the species was also recorded in central Bosnia at the Sedraspring, on the left bank of
Stavnjarivern ear t he town of Breza (Traki | et al . | 202

species in continental Bosnia and Herzegovina.

In the Herbarium of the National Museum of Bosnia and Herzegovina (SARA), 21 specim&ns of
capillusvenerisare stored. Ten of these specimens were colléctddee localities in the continental

part of the c o5spetimens/( e g n i d, 8 &a\lradhaduk 3 specimens). On the

other hand, eleven specimens were collestetie Mediterranean part of the countipom Konjic in

the north to Trebinje in the south (Tab. 1). However, the largest number of specimens of this fern was
coleced by the Croatian botanist Vouk in the area

In total, there are 22 specimens that are stored in the ZA herbarium collection.

On the territory of Bosnia and HerzegoviAa capillusveneriswas thus recorded in nineteen UTM
squar es frbrdBanjLukaimthe north to Trebinje in the south (Fig 3). During floristic research
between 2003 and 2023 the presence of this fern could be confirmed in 16 UTM stjuaspecies

was recorded in new l|localities (Veljaci, Leveliju

New localities:

Localityl : Vi tina, Vel jaci, Kol uga wat eMatedal: SARA 43 . 249
53966, 15.07. 2017, 94 m, leg./det. S. MasPopulation several hundred individuals.
Locality2:Lj ubugki , Leveljuga (43. IMat8rial3SBARA 53985, 15867527 8) ,

2017, 60 m, leg./det. S. Maslo. Population several hundred individuals.
Locality 3: Jazina around springs in the restaurant of Jazina (42.705305, 18.504848), MGRS BN93.
Materiakobser vati on by n. Mi | Populatiori several huidred ddividual®.0 2 0, 3
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i Geher

Figure 1. Adiantumcapillus-venerisin some localities fromBosn@a Go r n | ( _ )
(Phot o: n b. SediakpaingoPvhiolt)o : c. @andu&(aRhidt)o: G. Garil)
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Figure 2. Adiantum capillusvenerisin some localities frorilerzegovina
d. Mostar,under the Old bridgee. L j u b u g k iwaterfélr av i c a
f.Ljubugki gVeéyalkjuyg&oPhategs®. Masdo) er f al |
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N

@ literature data
@ unpublished herbarium data

@® new records

0 50 100 150 200 km
L — —

Figure 3. The distribution oAdiantum capillussenerisin Bosnia and Herzegovina
(di stri butNiolna moawi ib)y n.

Table 1.Georeferenced data on the distribution of Adiantum capilergerisin Bosnia and Herzegovina.

Number and name of the locality, observ. WGScoordinates Altitud UT™M
(collectors) and dates for the observatic e guadrant
(Herbarium/collection number)

lLt.Banja Luka, Gornj i 44A44" 56" N 165 m XK75
of the river Vrbas, Hofmann 1879, 198 44.748837, 17.158542

Vouk1940; RittetSt udni | ka 1957

1984; Bruj iHerb&oral i ZE

? 03.09.1937 (SARA O

RitterSt udni | k a 23.08.19

Gornj i Geh®trydnlielgk.a
(SARA 00564), GorStjuidn
07.10. 1955 (SARA 00566)Gor nj i G
Bjellil 09.196mrnnjSAR

Vouk 27. 08. 1939 (ZA 56423; ZA 56422; Z
56421 ZA 56420; ZA 56419; ZA 56412; Z/
56411) Gornji Geher

56430; ZA 56429; ZA 56426; ZA 56424; Z
56417; ZA 56415; ZA 56414; ZA 56413; Z
56408; ZA 56407; ZA 56406; ZA 56405; Z
56404; ZA 56403; ZA 5
n. Milanovili, 0201004. 2
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2 Lit. Vranduk, in the Bosna river Valley, Ritte 4 4 A1 7' 33" N 305m  YK30
Studni | Hesb: 19Z8ad i zvo44.292500, 17.910000

Vranduka, leg RitteSt udni | k a

(SARA 48503), leg.Gar i | 10.07

52384)

3Lit. Breza, Sedra spr.ini44A02' 21" N 524 m BP87
44.039167, 18.280000

4 Lit. Vi gegr ad, Vi gegr-e¢43A49' 16" N 414 m CP65
Studni | ka 1969. 43.819820, 19.306946

Herb: Vi gegradska Banj a,

(SARA 00561), leg Ritte6t udni | k a

(SARA 48502), leg RitteSt udni | k a

(SARA 48504).

5 Lit. Jablanica, Doljanka river canyoapril 29, 4 3 A3 91384 M4' . 220m  YJ23
1914, leg Maly (according to a written statemel 43.658333, 17.744722

at the limestone caves, the northernmost sit

Her zegovina (Vouk1940

6 Herb: Pr en j Mt . Jabl an 43A37' 29" N 320m YJ23
reke i znadlegAbaddrirle,t i 43.624722, 17.808611
(SARA 53640).

7 Herb: Labul j a Mt . Vrel 43A32"' 54" N 430 m YJO2
11.08.1970 (SARA 00558) 43.548333, 17.553333

8 Lit. Labul j a Mt . Don 43A30"' 23" N 400 m YJ12
stream near Gol ubi i, 43506389, 17.709167

9 Lit. Donja Dregnica, Di43A31' 41" N 144 m YJ12
Nedovi l Herb:918gl Maslo 28.07. 200i 43.52827817.703194

(SARA 53964)

10Herb:Labul j a Mt., Borad43A24' 09" N 400 m YJ10
m.n.v. leg Gilil 15. 0 43.402500,17.601667

11 Lit. Skakala,in cave connections onthe Nere 4 3 A2 1"' 44" N 55 m YJ20
near Mostar, Murbeck 1891, Pichler 1898/¢ 43.362222, 17.806111

Sagor ski 1901, Kosori

2014Herb: leg. Maslo 30.07. 2012 (SARA 53957

12 Lit. Mostar,at the mouth of the Radoboljain 4 3 A20"' 14" N 50 m YJ20
the Neretva under the Old bridgd,e d o v i | 43.337222, 17.814722

Maslo 2014Herb: leg. Maslo 30.07. 2012 (SAR,

53962)

13 Lit. Mostar, the canals of Radobolja river belt 4 3 A2 0' 14" N 52m YJ20

t he Tabal iMaso 200d,Herlu deg. 43.337222, 17.813889
Maslo 30.07. 2012 (SARA 53963)

14 Lit. The source of the Buna rve 43 A15' 24" N 90 m YH39
Struschkal880, Kosor i 43.256667,17.903611

and Ab ad Berbt leg2 Masl® 25.07. 201:

(SARA 53955)

15 Lit: Bunski kanali, in dams at the mouthoft 4 3 A14"' 25" N 30 m YH39
Buna into the Neretv. 43.240278,17.833889

1977. Herb: leg. Maslo 20.07. 2023 (SAR,

53956)
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16 Lit. Pe | Mlini,,Tihalj43A2011Q19d':225m XJ80
Herb: | e g . Bjel il 13. 07 43.336111, 17.323611

Masl o 20. 07. 2023 (!

Mil anovil, 09. @802020

17 Tihaljina, Modro Oko, o b s . B 43A1811A28":120m  XH99
15.07.2008. 43.304417, 17.392917

18Vi tina, Vel jaciHerb: kg 43A14' 58" N 94 m XH99
Maslo 15.07. 2017 (SARA 53966) 43.249444, 17.452222

19Vi tina, the sourcHerb:c43A14' 15" N 94m YHO09
l eg. Fabijanil. 1973 ( 43.237500,17.486111

20Lit. Lj ubugki , Hu me:;,legF 43A11' 56" N 75m YHO08
Fiala juni 1890 (SARA 00568), leg. Brandis 18.( 43.198889, 17.524444

1889 (SARA 00782)

21Lj ubugki , HelbelegeMaplai 1587 4 3A10' 06" N 60 m YHO8
2017 (SARA 53965) 43.168333, 17.555278
22Lit. Lj ubugki, St uHebnlego 43A10' 47" N 41 m YH18
Fiala juni 1890 (SARA 00562) 43.179722, 17.607500

23 Lit. Lj ubugkiwatertéll, Riala 1891 4 3A09"' 22" N 50 m YH18
Kosori Ned®V i [Herb:Xeadice, leg 43.156111, 17.608056

May03. 05. 1908 (SARA ©0

14.08.2018 (SARA 51888), leg. Maslo 20.07. 2(

(SARA 53958)

24Lit. Strugeat t he mouth of 43A0512A4R' ( 1m YH17
Neretva, Mall 1927. 43.092569, 17.697212

25 Stolac, Provalije WaterfallHerb: leg. Maslo 4 3 A05' 24" N 71m YH47
03.05. 2019 ( SARA 53!43.089701, 17.962208

19.03.2023., DjM 10/0:D1/003.

26 Lit. Stolac, the banks of the Bregava under 4 3 A05' 03" N 59 m YH47
bridges in StolacK 0 s o r i Herbl 18g7 Magslo 43.084167, 17.958889

03.05. 2019 (SARA 53961)

27 Lit. At Koritna greda, near the small springs 4 2 A41' 03" N 400 m BN92
the sl opes bel ow Sko 42670937, 18.536053

valley, Pantocsek 1874, Ritt&t udni | |

Herb: | eg. Abadgil, Last

Vulija, (SBRAGIB52)L982

28 Jazina, aournd springs in the restaurant 4 2 A42' 19. 1" 1 310m BN93

Jazina. Ob s . n. Mi | an 42.705305, 18.504848

Conclusion

On the territory of Bosnia and Herzegovifacapillusvenerishas a limited distribution. According to

literature data and herbarium material stored in SARA and ZA collections, as our own field study, we

could conclude thaA. capillusvenerisi s a qui te common species in thi
where it has been recorded in numerous | ocaliti
Trebigat i n the Ner et vThe mostanumerbul populatimsanith sevweral o f S
thousand ndi vi dual s were recorded at the source of t
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well as in the | ocalities of Veljaci and Levelju
of the Radobolja River in Mostar as well as along the banks of the Bregava River in Stolac. The species
is also present in northern Herzegovina, Baeft Konjic, where individual specimens were recorded
along the banks of the Doljanka and Dreganka Ri"
distribution in the continental part of the country, where it was recorded in only four localibi@s, f
Banja Luka in the Northwest to Vigegrad in the S
the species is exposed to various human influences that can lead to the disappearance of habitats suitable
for the survival of the species.
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Nei skorigteni farmakol ogki potenci | al
Amanita muscaria(L.) Lam. (1783)

The unused pharmacological potential of fly agarie
Amanita muscaria(L.) Lam. (1783)

Domagoj™ Gmi d&n Giril
pregledni znanstveni raggientific reviewy
doi: 10.32779j4f.7.2-3.4
Citiranje/Citatior?
Saget ak

Amanita muscariglL.) Lam., gljiva poznatija pod narodnim imenom crvena muhara stigmatizirana je

kao otrovna gljiva u velini znanstvene | iteratu
zapisi i anegdote o pozi Aimusnariamn kao agtsd vewm i stmaird ji e
bol ova, upal a [ ubl agavanj a kronil nih neur ode
Al zhei merove bol esti te posljedica traumatskih
upotrebe odabrane vrste, a posebanasadb i t i e na aktivnim spojevi ma
razlilitim metodama pripreme, i z Almascdrig e i ulinci

K1 j ul n:@Amanitajmedcaria, etnomikologija, farmakologija, ibotenska kiselina.
Abstract

A. muscaria a mushroom more commonly known as the red fly agaric, has been stigmatized as a
poisonous mushroom in most literature and public opinion. Today there are numerous historical records
and anecdotes about the positive effectsAofmuscaria primarily in reducing anxiety, pain,

inflammation, and alleviating symptoms of chronic neurodegenerative conditions such as Parkinson's

and Alzheimer's disease, as well as the consequences of traumatic experiences. This paper will describe
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the history of its use with a special focus on the active compounds found in this mushroom, various

preparation and isolation methods, and how they impact the effe&tsrafscarigpreparations.

Key words: Amanita muscarigethnomycology, pharmacology, ibotenic acid

Uvod

Amanita muscarif. edna je od najprepoznatljivijih gljiva,
bijelim tolkama ¢gto nagovjedgtava damuhaea,latiaskint r i gi
muscariao d n 0 s i se na njezinu uporabu kao sredstvo zz¢

mnogi m j ezi ci maflyiagar (emgegkipamaniteaueneuchegdrancuski),fliegenpilz

( nj e manuckaomdr(poljski), [ &z~ ts dgBsie), moscario (talijanski), hongo mosquero/hongo

matamoscag gpanj ol ski ) ( Guz man ,Ho2we0l 1l;, MiOcOh3e;l oWa sis eMe, | |
snagnoj konotaciji imena, muhara ima sl ab insekt
A. muscariab i | i su smrvljeni rukama u radojhmgeaovakvomm v od e
mjegavinom te padaju u otupljeno stanje il:i k o
koncentraciij. mjegavine (Muto i Sugawar a, 1970) .
nakon nekog vremena vrate u prvobitno stanjegDr ugo obj agnj enj e i mena muhz:

i tijekom srednjeg vijeka ludilo asociralo s muhama (Feeney, 2020).

Mnogi su odustali od konzumacije vrsée muscariana kon gt o su i skusi |l mu |
kognitivne wulinke ove gljive, no neki korisnici
muhare u malim i umj erenim dozama. U zadnji h 30
na potkreljivanje ovih navodaA. muscariss a dr ¢ i mnogtvo biologki aktiwvn
dvije glavne komponent e, i botenska kiNsnetirD-na i I

aspartatni(NM&) r eceptor dok s eanmmunsokmansolla |vreig er ezcae pgtaonta (

sisavaca (@gto ovoj gl jiwvi daje mnodgtvo farmakol
izuzetno visoku koncentraciju er go sgalea svdjstwg SpPoj
(Maciejczyk et al ., 2012) . Koncentracija i omj e
mnogim sporednim farmakol ogki aktivnim sastavnic

Sposobnost mani pul adi jwl isn&ksat apsrao Aiznuscaria d ond | niirscd tee
zanimljivim farmakol ogki aktivnim pripravci ma s
(Michelot i MelendezHowell, 2003).

Ovaj pregledni rad je multidisciplinaran te pona
vrsteA.muscaria U konalnici, ovaj rad bi mogao poslugit
vodila za berbu gljiva i enci k|l opedA. mascatige kao b
jedna od najlegiih makro gljiva s velikim plodig
hemi sfere tako da predstavlja neiskor i fendezni pot e
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Howel I , 2003) . Svrha ovog rada je kritilKki pri keé
tvrdnje da je primjer @nnausciiasigwna mda e |yzrakuje@ negativheg t a v
dugorolne posljedice.

Povijest uporabe

Pretpostavija se da jA. muscariak or i §t ena naj manje nekoli ko tisu
Skandinaviji, |l stol noj Europi [ Rusi ji (Feeney
konzumacije ove gljive polela su biti a@isvalpaa U

vojnika i ratnih zarobljenika (Wasson, 1968). Navodi su se uglavhom svodili na vizionarska iskustva
zadobivena konzumacijom visokih doza ove gljive, dok je suptilnija terapeutska upotreba iste bila

z a n e ma rjeedopainijgotstigmatizaciji. U Sibird. muscarin aj | egi e je terapeuts
kao stimulans, protuupalni lijek, analgetik, anksiolitik te kao pomagalo za spavanje (Feeney, 2020).

|l zme L u navedeni h ulinaka zanimljiv je stimul at
okrijepljivao korisnile t e se primarno koristio kao alat za c
(l'ri moto, 2004) .A riuscarissaek up |toadnh gkt can tverksstteu mo ge usp

zarazliku od kofeinamv odno | i ni posao zanimljivijimA Sibirs
muscarilzz a snagu i energiju koja im pomage u drganju
1996) . Adol f Erman je sredinom 18. stol jAdJi a i nt
sakupljanju sijenaé mogu obaviti posao 3 mugkar
sam poj eoWagslsjoinuodl968). TakolLer, Takashi l ri moto
koja je izjavilaA Mo g e mo b rvzaot inaup rperdooc esu obrade koge sobov
usr ed (plorsil naodt o, 2004) . Post ojle muscarak ¢ i sdtai Isiu io slul
pl emena Khanti za ubl agavanje psihofizilkog umor

U Sibiru je A. muscariapoznata po svojoj primjeni kao lijek protiv nesanice (Irimoto, 2004; Kopec,

1837, Lincof f, 2005) gto je i dokazanperogdueeney,
konzumiral. suha plodigta kako bi ubl agili bol [
Evensk i Koriak transdermalno su koristili pastu pripremljenu nadamiuscarisz a | i j el enj e u

boli (Lincoff, 2005; Salzman et al., 1996). Sposobnost pripravakaArsteiscariada smaniji tieskobu

imad a je vagnu ulogu u gamanskdjGampor gleide Kamoh@gt a

za predvilanje buduinosti nakon uznemirujulih s
duhoivVkwl emzi n, 1984) . | z A muscadaaduciraehrabrosti emaajugek | j u | i
inhibicije te se u tom aspektu ul i nharkuscar@@e uspo
najlegie bila korigtena transdenmamalabmo |ijleijemmali o
i Rusi iz dbline rijeke Suhodol koriste vlastite pripravkemuscarid r ansder mal no, ponaj v
oboljenja zglobova (Moskalenko, 1987). Mafja H?2r
zapadu Rusije) | oAymusocariaj eskv okjoirni sfitkeu ipnliond ilgiteak ar n a me
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crvenu kogu s klobuka te ostatak klobuka natapaj

za |lijelenje bolova i otekllinpelbknjmabkbakobbl| jaei
U dijelovima | stolne Eur ope A muBariskiojra svtadenis ui sel k
reume, epilepsije, demencije i raznih drugih neu
Popis farmakol ogki aktivnih sastavnica u plo

Ibotenska kiselina

6-Amino-3-hidroksi-5-izoksazol octena kiselina poznata i pod nazivom ibotenska kiselina je bezbojna
kristalna tvar koja je dobro toplji vA muscatial adn o]
pronalena su upleay vengut emgmeg¢tbat spod koge na ki
Howell, 2003). Ibotenska kiselina je aminokiselina koja ne selektivno stimfwireetil-D-aspartat

(NMDA) receptore (Barceloux, 2008).

Ov aj SpPoOj je vrlo podlogan dekarboksilaciiji, pr
gubi karboksilnu skupinu te se pretvara u muskin
pri umj erenim temperatatamanj ki popthpuokt pumnl| k
ovim biologkim materijal om. Pretpostavlja se dz¢

muskimol, prokuhavanje u vodi oko 60 % a fermentacija s acidofilnim bakterijaa@@obacillus
acidophilusHanseniMocquot 1970.) pretvara vige od 95% i bc

glutamat dekarboksilaZe GAD) ( Fil er et al ., 2005). Moge se pr
pl odAinguscari’ el i na i botenske kiseline metabolil kim |
gto dolLe do mozga (Li [ Oberlies, 2005; Okhovat
0]
M Vit Dekarboksilacija N -Q
|z - Iz
HO NH; HO NH,
Ibotenska kiselina Muskimol

v
svjetlo

O
OYwOH
Y
HN NH,

Muskazon

Slika 1. Proces dekarboksilacije ibotenske kiseline u muskimol i fotokemijsko pretvaranje iste u
muskazon pod utjecajem UV svjetla

(Izvor: https://medium.com/@jonasgruska/amaimitascariathe-scienceandpracticeof-the-fly
agariemushroorm587893d4bfep

Figure 1. Decarboxylation of ibotenic acid into muscimol and its photochemical conversion to
muscazone under UV light

(Source: https://medium.com/@jonasgruska/amamitascariathe-scienceand practiceof-thefly
agariecmushroor587893d4bfep
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|l bot enska ki selina i ma stimulativan ul i nak k o]
hi peraktivnost. Postoje anegdote da i botenska ki
vid i druga osjetila te dya200m@odipeulyss. otkrisenogddaje u mor
panterin, supstanca izolirana iz vrenanita pantheringDC.) Krombh. (1846) ustvari ibotenska

kiselina (Feeney, 2020). Navedeni spoj je glavni razlog uvjerenjaAlaneiscarid ok si | na =z at o
visokim dozama uzr okuj e mul ni nu, p -0 pamtegiisid sifdom tropanja | j e v
(Horowitz i Moss, 2023). Melutim, vagno je napom
slilnih nuspojava ali to nije razlog da se njiho
2024). Postoje vjerovanjadademuscarin e ur ot oksi |l na (Feeney, 2020) . F
|l injenice da mnogi znanstveni ci koj i se Kave neu
sredstvo zastvanaj e | ezija na mozgu (Coyl e i Schwarcz, Y
i botenske kiseline u intrakranijalni prostor dol
tvari poput | i munske ki sel i neganemaspkimkencent@adijamas i | an
(Giardino et al., 2022). Oralnom konzumacijom i bot
u krvi te nije prisutna u citotoksilnim koncent
rada (2024)a post oj i sl ul aj Kronil|l ne neur &tmudcaia | nost i
Muskimol

5-Aminometit3-i zoksazol je bezbojna kristalna tvar dobi
vrsteA. muscariss adr ge mal u kol ilinu ovog spoja. Mogul e |
i pripreme uzorkazanal i zu (Hatanaka, 1992) . Mus ki mol se v
ki seline (GABA), i ma agonistil ko djelovanje gto
receptore. Agoni stil ki ulinak muski midkoliaa, a ezul ti
smanjuje nivo norepinefrina. Pretpostavlja se d
nakon konzumacije gljiva koje sadrge ibotensku k
Dokazano je da muski mol i ma nekoli ko terapeut sKki
tjelesnu gupljinu gtakora smanjuje tjeskobu u sl

smanjenja tjeskobe potweojdiladjo&dagagoj ddnamus ki cb

reakciju smrzavanja kod gtakora (Muller et al .,
muski mola u spinalni kanal g¢gtakora znal ajno sman
Mus ki mol pobol jgava i gtiti pamienje smanjivanij
mozgu (Pilipenko et al., 2018). Acetilkolin je p
2008). Jedna studija je arjmotnistpadijradu wWmj enturs & i UMD
rakova u gtakorima (Tatsuta et al ., 1992. ). Po
farmakol ogki ulinak od i botenske kiseline (Feene
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Muskazon

6-amino-2,3-dihidro-2-okso5-oksazoloctena kiselina je bezbojan kristalni spoj koji nastaje

fotokemijskom konverzijom ibotenske kiseline. Nastaje primarno tijekom procesa ekstrakcije drugih

spojeva iz gljiva koj e s adrogteboténbke kiselinesskjailostkdoks e | i n L
je u otopini. U usporedbi sa drugim navedenim spg
al i znal ajne nepogel jne farmakologke ulinke kao
mutan vid (Barcelox , 200 8; Li [ Oberlies, 2005) . Konsenzi

nepogel jan s pAonuscaridfeeneyp2020V c i ma

Muskarin

Do nedavno se vjerovalo kako je muskarin zasluga
A.muscaria Ta teza je diskreditirana zato gtAco se ul
muscariadr asti |l no razlikuju (Feeney, 2020). ASam po

muscariaqpoj avl juj e se u i zni r3RO03 %aulusporedkiladcybdspp.nlia ma ( 0,
Clitocybespp. (0,43 % unocybe subdestrict&auffman [1924]i do 0,15 % uClitocybe dealbata
(Sowerby) Gillet [187 (Michelot i MelendezHowell, 2003).A. muscariane pokazuje simptome

muskarinskog trovanja osim u iznimnim slul ajev
varijabilnosti koncentracije spojeva ovisno o m
2010). lako muskarin uzrokuje neugodne gsimpme poput znojenja, prekomjer
postoje dokazi da u malim kolilinama i ma neuropr

(2003) su naveli da stimulacija muskarifski r ecept ora u mozgu pruga znal

DNK, oksidativnog stresa i narugavanja mitohondr
Muskaridin

[(4R,59-4,5dihidroksimetil;t r i me t i | azanij j A muszadd nekol&kadrugile pl odi
gljiva (Maciejczyk et al ., 2012; Feeney, 2020) .
uzrokuje stimulaciju sr ediAjmuscarig eg ipvrliasnuotga ns uus trmeavl a
te vjerojatno nema veliki utj ecalij na farmakol ogk

(R)-4-hidroksipirolidin -2-1

(R)-4-hidroksipirolidin2-1 j e nei menovani Spoj koji se karakt
mikroskopskih gljiva koje demonstriraju antimikrobnu aktivnost protiv bakterija i drugih gljiva. Ima

baznu strukturu slilnu mutdkgaohmage 2 dloltijeuwmlsiktoij dc&a
bi osinteze prethodno navedenih Spoj ehidioksi Bi osi

glutaminskom kiselinom (Michelot i Melendéfowell, 2003).
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Hercinin

N,N,N-trimetil-L-histidin je derivat aminokiseline betaina i prekurseergotioneinu, spoju koji je

pokazao sposobnost neutralizacije slobodnih radi
stanilnu smrt). Her ci ni ne y ipgradnjmprateindk ie sse pojavijuge uk o j a
visokim koncentracijama u nekim vrstama gl jiva,

djelovanja ove aminokiseline je nepoznat (Kohlmunzer i Grzybek, 1972; Tulp i Bohlin, 2005). Trenutno

se prapaehcgalker goti oneina u | ijelenju Parkinsonove
Sticolobilna i sticolobinilna kiselina
Sticolobilna i stpicrodmn bamiinomli skeilsiene)napr(obnalene

pl odi . tmusonaiai nekoliko srodnih vrsta (Hatanaka, 1992). Obje aminokiseline imaju
stimulati vni ulinak na izoliranu kraljegnilnu
upul uju na t o -ditidroksjfemilaldnif)Fprekur6oB zadobje aminokiseline (Michél
MelendezHowell, 2003).

1,2,3,4-tetrahidro -1-metil-b-karbolin -3-karboksilna kiselina

1,2,3,4stetrahidrel-metil-b-karbolin3-k ar boksi Il na ki selina je supstan
djelovanja (0Ott, 1993). Ovaj spoj pronalen je u
ali i u pivu, vinu i sojinom umaku. Ovaj spoj se formuraPictetSpengler kondenzaciji reakciji
acetaldehida i triptofana (Cao et al ., 2007) .
psihodelicima poput ayahuaska lijamBafisteriopsis caapiSpruce ex Griseb.) C.V. Morton), sirijskoj

rutvici (Pegaum harmalal . ) i u neki m kakt uLsphoplaorakiligmsiiLeamaddr ge m
J. M. Co-Kdrbplini)y mapbu girok spektar djelovanj a, od to
inhibicije enzimamoneamin oksidazd MA O) glavnog enzima Kkoji razg
serotonina i dopamina, manjak istih uzrolno dovo

Navedeni Sspoj je prisutan u rmamuscanaHeeneyc2020)t r aci j an
b-indoloctena kiselina

b-Indoloctena kiselina je produkt deaminacije triptofana ili dekarboksilacije triptamina i smatra se

vagnim biljnim hormonom koji pripada grupi auksi
bakterije u utrobi si suavmaaclao.j Lkeosltiol isnei ,p rao nua lvaeziio ]
koj i boluju od fenil kA mMmascatiss afegédP&U)e W mhbdmgki

(Maciejczyk et al., 2012).
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Muskarufin i muskaflavin

Muskarufin je tjekom 1930 h bi o predl ogen kao gl avA.imusparig ment .
nNo nije znanstveno potvr Len -Aodelt2808) Kuskaflavinged 2 ; Mi

pigment klobukaA. muscariaj ut e boj e, pretpostavka jenldaesmasi |
sticolobilna i sticolobinil]na kHoweH2003).)a ( Hat anaka
Amavadin

Amavadin je svjetlo plavi k o mpA. kscariaiBiaeuer étialj, a pr vi
2023) . Akumul aci ja metala i nji hovo organsko ve
ulinka povelane koliline metala u tlu.AmeitAuti m k
zna biti nekoli ko stotina puta viga u usporedhbi
Oberlies, 2005) . Prisustvo ovog spoja u visoki!

metabolizmu i/ili olbani organizma. Amavadin jel®ordinatni spoj vanadija §9)-2 , -Ridvoksiimin

di propionske kiseline u stehiometrijskom omjeru
SpPoj je potaknuo velik interes kemi|]ara te su
spektroskopska itslt 20a3¢LiiWherigsa2006; ams Stiall, 20@9). Amavadin je

bio izoliran iz drugih psihoaktivnih gljiva rodAmanitau k | j u A.udgalid (Fr.) Michaeli A.
velatipesG. F. Atk.(Berryge al . , 1999) . Tol an ulinak amavadina
(2024).

Derivati arsena

U199Gi ma po pr vi put u gljivama otkriven je neto
derivata arsena. Osim arsenobetaina u vrstama Aotinitap r ona Ll e nii su arsenoko
arsenova sol [ kakodil na kiselina (Maciejczyk e

derivata arsena povezanih za molekule gelera i

toksi | nealinop cktoerncsinje funkcije dok arsenobetain i
Kakodilna kiselinabi | a je jedan od gl av/Agenh Blué o nkpoorni egnt aetnao gd
Vijetnamskom ratu (Stell man i Stell man, 2018) . \
u i znimno malim kolilinama te nije pronalen niKk
muscaria Prisustvo ovih spojeva ukazuje na toAlamuscariai slilne gljive posj e
zagtite od gtetnog ulinka anorganskih oblika ar :
2005).

Drugi spojevi

A.muscarig e makrogljiva koja razvija plodigta samo k
znal i da i ma kompleksan metabolizam te sadrgi gi
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pl odiAjmuscarasu enzimi. Jedan od njihje DOPA4)5 oksi genaza, vagan en:
betalaina (Girod i Zyrd, 1991)A. muscariaproizvodi i enzima s par t i | k koja parigtit e a z u
aspartilnu kiselinu kao katalizator u svr si hidr

zbog svojih potencijalnih primjena u industriji i medicini (Erjavec et al., 2012).

Masne kiseline

A. muscariapr oi zvodi mal e koliline masnih kiselina: I
kiseline A.muscaris adr gi i estere masnih kiselina: triaci/l
masne Kkiseline su pronalene u vrl o malim koncer

kiselina - diacilglicerot1,3-diolein izoliran je iz istisnutog sokd po d A.gnuscariate djeluje kao
atraktant Muschdoméstcnuha( Mut o i Sugawar A,musc&i@a 0) . Za
proizvodi atraktant za insekte zajedno s insekticidamb ot enskom ki sel i nom. Tol
nije u potpunosti jasan, ali je poznato da mnoge vrste gljiva imaju sposobnost razgradnje hranjivih tvari

iz mrtvih insekata nanuvasti mussdri@dHatanaka, mo9p)ovierojatnijg e d o k
objagnj Amjsearigpei dhal i [ ubija neke tipove insekat
i insekte u svrsi boljeg rasprostranjivanja vlastitin spora.

Sfingolipidi

A.muscarigpr oi zvodi sfingolipide, uglavnom ceramide i
1972). Ceramidi sWN-acil derivati alifatskih amino alkohola, a cerebrozidisvojoj molekulskoj
struktur.i sadr ge i g A&. imescariaglukgza (Weiss i Stillers 1972). Mrjogi p | o d
stani | ni procesi ovise o sfingolipidima, ukl jul
starenje i upalne reakcije (Olsen i Faergeman, 2017). Cerebrozidi su lipidi koji se nalaze u membranama
mijelinskih ov o j ni ca koj e obavijaju aksone u sredignj e
apsorbiraju direktno putem probave vel jar® razgr

nemaj u utjecaja na terapeutskiA mlsgaieak pri pravaka
Steroli

Jedni od najvagnijih sastavni ca-spojeyi koj posjedujuz dr av s
antivirusna, antibakterijska, antiupalna i antikancerogena svojstva. Najpoznatiji spoj sa navedenim
svojstvima je ergosterol. Ovaj spoj prvi put je izolifa@ anc us ki kemi | ar August e
ragene Chvicaps pugpereéir.) Tul. [1853]) parazitske gljivice koja proizvodi ergot alkaloide.

U eksperimentu provedenom s heksanskim ekstraktom micelija @jNela frondosa(Dicks.) Gray
(1821)demonstrirana su inhibicijska svojstva prema ciklooksigenazama 1 i 2{CiABOX-2). COX-

1 i 2 smatraju se vagnim enzimima te djeluju kao

komponente ekstrahirane iz gljive: masne kiseline, ergostergbsta4,6,8(14),22etraen3-1 (Zhang
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et al ., 2002) . Druga studija uvAgandusisuleufescarRetko da e
(1893) remet.i razvaoj sarkoma u migevima (-Zai dmar
procesa stvaranja novih krvnih gila u Lewisovom
2015) . Vagno | e napo rdeitjenajein UM svjetls pretvara g witanire D o | po
(ergokalciferol). Ovaj vitamin je nugan za ispra
selundarnog hiperparatiroidizma i r az Aimascaridep ov a r
izuzetno dobar izvor ergosterola te sadrgi do 77
ergosterola u naj popul aAgaricus lmsporugleEd angeylmbgach¢ld4p]) vi , g
je otprilike gest pAtmascandFegney,200)odnosu sa Vvrstom

Polisaharidi i polioli

Poznato je da polisaharidi iz koljena gljigasidiomycetesspoljavaju mnoga medicinska svojstva

(Ruthes et al Amus2abid @p! i ranpl sdi § tDéglokara(Kioetgla | ak t an
1994, Rut hes et al ., 2013) . PotvrlLeno je da o
antinociceptivna svojstva (sib&njukmnosjzetl Abalni )i z(

muscariapokazao j e snagno protutumorno djelovanje p
1992). Drugiinte e sant ni gel erni met abol i ti su polioli, m
Sskupine s hidroksil nom. Ko | iAlmuscarissu mani@lji $orbitl, ni j i |

takolLer se pojavljuju u brojnim drugim vrstama ¢

ugl ji ka i energije, oni i maj u i zagtitnu ul ogu wu
Wingleretal.,, 1993). ™ ni t ol stvara osmot ski potenciijal tije
Uu slubuhapki h temperatura. Manitol je giroko kori¢
u zagtiti bubrega usred transplantaciije i u i

i stragivanja ukazuje na tijgam amapriitjod noisma |3 g ek
mogdanu barijeru (Bhattacharjee et al ., 2001; B

potakla je razvoj hipoteze da relativno visoke koncentracije manitola uAkimuscariagl 1, 02 N 0, 0 :

gmanitola/1I0@ r ama suhe tvari (Reis et al., 2011)) omog
do mozga te tako poveliava njihov psihoaktivan u|
konzumacijom klobuk#\. muscarigp o st i gu snagni j i psi hoaktivni ul i
koliline izolirane ibotenske kiseline i mus ki mo
hi potezom te tvrde da snagniji hal uci sastaymice i ul in

A. muscarigBarcelowx, 2008; Catalfomo i Eugster, 1970; Eugster, 1967; Feeney, 2010; Festi i Bianchi,
1991; Liu, 2005; Matsushima et al. 2009; Michelot i Melerdezvell, 2003; Schultes, 1977; Waser,
1967).
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A. muscariau borbi protiv oboljenja i ovisnosti
Jedna od naj zani mlA. musdajad dan aap oslab@i phaadi gtadst vo

i nternetu se mogu pronal i Atmussalidp® mageg diotdaigloon & u

odvikavanja i oporavka od alkohola, benzodiazepina, amfetamina, opijata i mnogih dizajnerskih droga.

U trenutku pisanja ovog rada ne postoji znanst v
tolan mehani zemdati ankari $zi kaen pronaleni hA.na i nt
muscariasmanjujeak si oznost i podi ge svijest korisnika dec
sebi i SVOoj 0] okol ini te im daje dovoljno snage
obzir da je muskimol GABA agonist. Alkohol i benzodiazepini su pozitivnicas t er i | K i mo d u
GABA receptora gto znal:/ da pojalavaju elektri/l
receptor vezana mol ekula koja ga aktivira. I nter
biti smrtno opasna. Uporaba spojéva j i se vegu za GABA receptor u p

ideja te ih mnoge klinike koriste (Caputo i Bernardi, 2010). Neki korisnici u anegdotama opisuju svoje

doze pripravakd. muscarik ao fivel i | ine zrna rigeo ili dAkap ti
prisutan u tinkturama nije problematil|lan trijezn
A. muscariane uzrokuj e ovisnost, te nije zabiljegen
ubl agavanju il:i nestanku simptoma: depresiij e,

kronilnog umora, poremel aja s ma (IBSgmaemake §zljegdee ( ADD

mozga, demencije i mnogi h drugi h A mascajigkeemeg, k on s a
2020) . Trenutno ne postoje znanstvene studije Kkt
vrsteA. muscariananaved na obol jenja kod | judi. Pilipenko i
koje potvrLuje pozitivan wulinak malih doza musk
bolesti.

Dozacija

Ul inci koj i pr oi zI| a& ewuscadauskocun poverani ¢ dogoen. Kook podlijesfj t a
doze su se odrelival e ug r-dyvatroklobukaritd. (Duna,rl978)©Ovojej e d a n
vrl o nepouzdan nalin doziranja zato gto se konce
dodrugogp | odi gta (Tsunoda et al ., 1993) . Mnogi l jud
gto im je prethodno navedena | injenica nepoznat ¢
owgji i vu nadajuli se vizionarskom iskustvu poput i
zahtijevaju izuzetno visoke doze (iznad 15 gr ama
mul ni ne, dezorijentiranoistbal iatadkisji¢ et epppabmab
vriemena (tablica 1). Muski mol ima oko 5 puta sna
treba uzet.i u obzir kada se odluluje koji stupan
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Tablical.Gi ri na osjetne pot eArhuscars(lzvor: Feendyiettal., ROP.b uk a v r .
Table 1.Wide range of felt potency among dried A. muscaria caps (Source: Feeney et al., 2020).

Doza
Nivo psihoaktivnosti Niska Srednja Visoka
pl odigta
Nizak 10-15¢ 15-20¢g 20-25¢
Srednji 5-10g¢g 10-15¢ 15-20¢g
Visok 1-5¢g 5-10g¢g 10-15¢

Mikrodoziranje

Mikrodoziranje je pojam koji opisuje uzimanje male doze psihoaktivhog spoja kako bi se postigli

pozitivni ul i nci nekog spoja bez da se remet. SV
Mi krodoziranje je post al onnggiockgprigniciahalutinogemile supstamcio n a k
shvatili da iste supstance imaju koristan wulina
halucinogene gto primjerice iznosi 100 mg psiloc
anegdota o pabl j §anoj koncentraciij. [ raspol ogenj u, S
dobrobitima no istragivanja trenutno nisu potvr
korisnici pripravaka vrst&. muscarigpr ef er i r aj u ov aj nalin uporabe (
protokoldi koje korisnici 9vakie,t raeiniajpaompalarkoijjo

ili vodenu iscrpinu ekvivalentnu-2 ili manje grama suhih klobukt&a muscariaMikrodoziranjem se u
pravilu izbjegavaju sve nuspojave asocirane s o

potrebno smanijiti.

Nuspojave

U travnju 2023. godine objavljeno je istragivan
redovito konzumiraju pripravk&. muscarigdl. Or dak et al ., 2023). Sudionic
Facebook grupama u kojima je tematikamuscaria Od 684 osobe 236 je nav
nuspojave povezane s konzumacijmmuscaria dok su najl eglie nuspojave
trbuhu, mul ni na i smanjenje apetita. Ul est al os't
kolilinasshg@e gelgodilgta dok vodeni i al koholni ek

Predoziranje

Predoziranje je medicinski pojam koji se koristi.i
sigurne koliline farmakol ogki aktivne tvari. Dr i
korisnika. Predoziranje je ozbiljno stanje kojehzai j ev a l'ijelnilku i nter v
hospitalizacije uzrokovan@é muscaiapa mjiemakenzbmoagc ipjod

58



D. Gmi dtNeils.k oGiirgitieni far makolAmankai pot e
muscaria (L.) Lam. (1783)Glasilo Future R024) 7 (2-3) 47i 71

pogregaka s identifikacijom, doziranjem i gel jon
s psilocibinskim gljivama (Rampolli, 2021). Veli
opasna vel drastilno pr one jiernaceinoon antennot apl onnoa gsatnaj nej
do samoozljelivanja. Konsenzus i zmelu korisnika

konzumira vige od 2AOnusgaria marasiulpirtoskledmek potenci j

Predoziranje jevriggi r ok pojam kada se govor.i o halucinoge
pojavu halucinacija kao simptom predozirAnja no
muscariau  ekstremnim sl ul ajevima osim halucinaci]ja
depresiju i zastoj srca gto moge rezultiratdi sm
slil ni drugim | esto kori gteni m isbarbiturata; igdigasvi pop ut
navedeni imaju interakciju sa GABA receptoromz U o k mnogo hospitalizaci ]
interakcija pripravakad. muscarias neki m od navedeni h spojeva. Dol
kojem se pojalava ulinak oba spoja te mnbogi s mr

muscariai pretjerani h kolWillicnzay @sl kkao heotl aa I(.T,u plad 9%7%k)a.

U jednom ekstr-gommdiogmnnijsaki|l epuonzdi rao | A mpsodriga ki | oc
otprilike 5060 grama suhe mase. Gljivu je zamijenio sa srodnom vr#iomanita caesareéScop.)

Pers. te je u roku od sat vremena odvezen u bolnicu zbog promijenjenog stanja svijesti. Ubrzo nakon
ulaska u bolnicu pacijent je pao U nesvjesticu
pacijenta bio je ispumpan ubrzo nakon hospitaljgate je administriran aktivni ugljen. Zbog

proi zvodnj eeshnedadijdntge bio mtuhirdn.iNakon 4 dana provedena u bolnici pacijent je

postigao potpuni oporavak bez kronilnih posljedi
Konzervacija, ekstrakcija i metode pripreme vrsteA. muscaria

Konzerviranje

Kao i kod ost &Alnuscarigsluj ipwal,l opjlncad ikvtaa enj u zbog svVoO,j
8090 %) . Pri sobnoj temperat ur.i znakovi kK3var enj e
dana nakon ubiranja. Luvanjem svjegih plodigta
oprilike tjedan dana. Smrzavanje se ne preporul
smrzavanja drastilno ogteluju hiA rauscarlaoetvarase a . N a k
u smedw Kamja se kvari izni mno br zo.A muacprisje abi | ni
dehidracija (sugenje), a poznato je da su se kIl o
(peinice). Sugenje je vrlo fleksibilna metoda koc
+105 AC i da se ogigunrmnkavé&mwmtfil acziljaa i vliagnkol obuk
temperatura sugenja u kulnim dehidrato2isatea j e +

(ovisno o protokuzraka u dehidratoru) postaju krhki te se uz malo pritiska pretvaraju u prah. Savitljivost
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kl obuka je znak da klobuk sadrggi previge vlage
Dehidrirane klobuke najbolje je Jluvat:i na sobno
dosega sun|l evog svjetla. Dehaguiranizr Bkabu&ior vs
pl odA Quseariaz aj edno sa nekom vrstom desi kant a. Kon
klobuci A. muscariaz adr gavaj u svoju potenciju do 2 godine

Primjerci stari 5 godina hiku pozitivno testirani na prisustvo psihoaktivnih izoksazola (Ott, 1993).
Standardizacija uzorka

A. muscariaj e gl jiva koj o] sastav aktivnih komponent:i
gljive, tipu tla, kolilini vlIage, izl ogenosti su
pojava da se Avrauscapidkaadrasty edno pokraj dragoga razlikuju u potenciji
farmakol ogkog ulinka (Tsunoda et al ., 1993) . St c
nakon sugenja treba wusitnit:i na manje komade i
di jel ovA.mpstanad a gt ge a k t i-wajpetentijje klohuk,rzatim eadebljani dio
strul ka, dok ostatak strulka sadrgi naj manj u K¢

konzumenat#®. muscarime kor i sti strulak u izradi aktivnih
Vodene iscrpine

Najleglia metoda pr i prAemuscarigie ekgrakaija kodom,gldvnepaktionei ¢t a

sastavnice su dobro topljive u hladnoj i toploj vodi. Smrvljanmuscariau gl avnom se dodaj e

vodu te se ostavlja nekoliko minuta, proces | e i
suhih klobukaA. muscarisst avl j aju se u vrelicu za |aj te se |
Takav nalin pripreme rezultira | ajem blagog oKk:
komponmti ostaje ne ekstrahirano. Precizniji nal in

se prokuhavanjem klobukA. muscariau vodi najmanje 15 minuta, potrebno je kompenzirati
i sparavanje s dodavanjem vode po potrebi. Ovim

terapeut ski vagni A mksoangFeeney,?@20). i z pl odi gt a

| z1 aganj eA. rpuscarih vigpkina temperaturama rezultira gublienjem aktivnih tvari,

prokuhavanjem dugim od 2 sata wulinak je otpril
prokuhavanja ne pridodaje terapeutskom ulinku te
Volumetrif sko doziranje je najprecizniij. nalin dozir
vodene iscrpine koja traje nekoliko danaA il t]
muscariasklone brzom kvarenju, t&j s mr zavanj e najsigurniij.i nal in

Mnogi korisnici smrzavaju vodenu iscrpinu u kocke leda koje rastapaju u bilo kojem napitku, na taj

nalin osiguravaju konzistentnu dozu (Feeney, 202
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Alkoholni ekstrakti - tinkture

Tinkture su vrl o popularan nalin uporabe | jekovi
uporabe i gotovo neogranilen mikrobiol ogki rok t
40 %) . Proces i zr ade vjsteA mueschnatasdaja seal etanols miringalng | o d i ¢
tjedan dana, optimalna ekstrakcija se postige na
ostatak plodigta se uklanj a. Lesta pojava u ti

predpitira nakon filtracije iz tinkture. Kemijski sastav muskarinskog oblaka je nepoznat, ali je opisan

kao finepogeljna pojavao te ga korisnici i zbjegayv
Drugi nalin pripreme tinkture je uporAarbuacarmodene
nami jenjene za kulinarsku uporabu u kojoj se pl

voda mijenja kako bi se odstranile vodotopljive aktivhe komponente. Preostala voda se uglavnom

odbacuje no njezin volumen asnolmong & irseodec ikroatcie nit 1

je da volumen etanola u konalnoj ti nkAmusdariabude o
je da sprig | i negel jenu fermentaciju i konzervira tin
etanola.

Uljne ekstrakcije

U trenutku izrade ovog rada (2024) nije pronalen
vrste A. muscaria Muskimol i ibotenska kiselina u pravilu nisu dobro topljivi u mastima, no oralna
konzumacija takvog ekstrakta proizvodi ulinke sl
ekstrahirani u mastima iz vrstA. muscariasu nepoznati. Za ekstrakciju korisnici uglavnom
upotrebljavaju maslinovo ulje te s njime prekrivaju suhe, usitnjene klobukeivnstescarigkoji ostaju

u kontaku s uljem minimalno 2 mjeseca. Potencija ovakvih ekstrakata navodno je varijabilna, zbog toga

se koriste transdermalno, a oralna konzumacija se izbjegava (Feeney, 2020).

Transdermalni pripravci

Kroz povijestA. muscarin aj | egl e se koristila transdermal no (
je linjenica da se ovim nalinom primjene izbje
| okali zirano se zadr gavaju oko mjest adazrdo mj ene

sredignjeg ¢givlanog sustava tako da su nuspojav

pl o dA. Qwseariat ak ol er ne mora prolazitd.i kroz probavn
iritacije.
Najraniji pripraveci i zr al iAvnaukcarid sl ui  sveo doedn ep ai sstcer psin

kojoj su se natapali oblozi (Feeney, 2020). Danas su masti i kreme popularni pripravii ergsearia
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te se | esto izraluju mijeganjem tinkture s bazn

upotrebljavani za izradu bazne kreme su svinjska

Dimetil sulfoksid (DMSO) ima zanimljivu interakciju s transdermalnim pripravcima, te DMSO djeluje

kao transporter aktivnih sastavniga muscariai potile dekarboksilaciiju i
2018) . DMSO sam po sebi i ma protuupal ni ulinak t
pripravcima sa di metil sul foksidom mora biti [ i

drugih spojeva poput insekticida i sapuna (Feeney, 2020).
Fermentirani pripravci

Fermentirani pripravci su t ek nAduwscambBostajijebria u r as
da je legendarni napitak spomenut u Rig \eflio ma i zr a L i VAammuscariek o li o &siug tpa o §
kroz fermentaciju s acidofilnim mlijekom (Doniger, 2005). Postupak izrade Some je opskuran, ali

istragival Kevin Feeney pokugao ga je rekonstrui

Recept polinje zakuhavanj e-80g3uhia klomuka vwsé&.dnescaria K oj u s
Nakon 30 minuta plodigta se procjeluju, a vodena
se zatim dodaje 500 mL acidofilnog mlijeka te se podgrijava na slaboj vatri od 30 minuta do 1 sat. Nakon

hl alenja oralno se komalmiogapodpitavykédao 250 mL Kk

Navedenom metodom pripreme postige se vrlo visok

Lactobacillus acidophiluskoja proizvodi enzinglutamat dekarboksilazutAcidofilno mlijeko je bilo

prisutno u dolini I ndus za vrijeme pisanja Rig
pripravka u halucinogenim dozama su rijetka no
halucinogeno stanje koje je sigurnijelgaor i sni ka od budnog stanja. Fert
prugaju reliaskwsantoveigdirmadeni h i scrpina zato gto
i botenske kiseline gotovo ne postojele.

U trenutku pisanja ovog rada ne postoji medi ci
fermentiranog pripravk®. muscariav j er oj at no zato ¢gto samo naji skt
vremena za prou|l avanje ovakvog stila pripravka.

A. muscarige vrlo relevantna te se savjetuje izniman oprez i nadzor odgovorne osobe.

Pugenj e

Postoji vrl o mal o podA maskadaPoznapwjegzjagvamemiaumgbraliet a v r
bila popularna u gamanskom kontekstu za uzrokov
di jagnosticirald:@ bol esti, prorical. budul nost [
uporabi u MeksikutGv at emal i (Di az, 1979; Knab, 1978; Rats
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da je za pugenje korigten cijeld]i kl obuk, dok dr
(R2tsch, 2005) . Ot t (1993) pPAonuscaridprisutanj meuskich@d i j e u
zabiljegio je da dim uzrokuje kratak i jedinstve
prethodni navod no mnogi drugi tvrde da pugenj e
tome vjerojatno je varijabilnost kol i | i ni aktivnAhmusaisvargabiind ca pr |
apsorpcijgor i Il i kom pugenj a i |l injenice da tradicionaln
vrsteA.muscaria vel su najlegie bile pomijegane s duhan
poznata vrstalicotiana tabacunt.. v eNicotiana rustical., predakN. tabacunk o j i s adr §i oko
velu kolilinu ni kM tusticesna ¢ B@ic hlaa ra mgsihtastiOnéohibitoeer ma n

mono amin oksidaze (Janiger i de Ri os, 1976) . Vi
| i gl eN.rwsticai sukih klobukaA. muscariu omj eru 50: 50, neki recept.i
aromati |l ne bil j keMgnbgxpipertgapr emakmat simjes@ bi se

dugi h drvenih lula koje bi hl adinugaridivanegubldreal i ka Kk

zbog visokih temperatura izgaranfa. muscarianije psihoaktivna gljiva iz rodAmanitas a naj vel om

kolilinom aktivnih sastavnica te je za sVvVA hu pug
pantherina ( Feeney, 2020) . Zbog kratkog trajanj a i s
hospitalizacijeAmwrarmakovan pugenjem

A. muscariau kulinarstvu

l ako kulinarska upotreba nije vezana za far makol
trovanjaA. muscarionpr oi z 1| azi Zzbog nesvjesne konzumacije o
bilo koja druga jestiva gljiva. PA muscajiaiCieloe d no st
pl odi gte moge se olistiti, na#l®z ptuit anareplop g ke | i
naspram mase plodi gt a. Pl odi gta se trebaju ocij
akivne sastavnice te se odbacuje ili Kori sti zZa
sigurna su za daljnju uporabu u mnogim klasil|lnim
i drugi nalini ADobpoeme,ppzhnamjerdaej e muhara | es

Europe nakon gto se ot r(@ovile, d&98).oPnimjeri &winarske epbraba n o m o
klobukaA. muscariamo gu b t i pronaleni u A ZAinjuscarigntaslabo p i i S
i zragesnigliokvuedo gto je |ini vriijednim doMat kom

muscariaopisan je kao bogat, blag i delikatan te se najbolje uklapa u umami kategoriju. Kéobuci

muscariamogu se usporedit:@i s t ekst uA ouscarige jeskiviaiom r ak
posjeduje teksturu koja je g¢gilavija, ponekad | ak
ki selina bila je patentirana kao potencijalan po

(Takemoto, 196pP Svrha metoda priprem®& muscariaza kulinarsku uporabu je uklanjanje ibotenske

kiseline i ostalih psihoaktivnih sastavnica kako
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Zakl jul ak
A.muscarisse kr oz povijest pojavljuje u velikom br o]

konotacija koju dobiva je ist#. muscariase spominje kao opasna ljepotica koja je vizualno lijepa, ali
se ne smije upotrebljavati. lako su opasnosti stvarne treba se prisjetiti Paracelsusov&va akeali

su otrov i ni gta nije bez otrokKag isasnaaldozaéar Ugm
aktivno sredstvoA. muscariai ma SVvOj e nuspoj ave. Linjenica |e

konzumaciepg v el i ke k A.Imuskarianeki kioz reznanje, a drugi kroz manjak opreza no

to nije razlog da se njezina uporaba Adkhdsati i di
pruga olakganje velikom broju oboljenja poput kr
Nadalje, mnogi korisnici tvrde da su im pripravci od vistemuscariao mo g u | i | i kvalitet
smanjenje uporabe drugih Ilijekova koji nose vel
derivata arsenAmuscapehofdiegdiomazvdat see ovu gl jivu

gotovo sve gljive i biljke sadrge malu kolilinu
podrulje na kojem rastu plodigta te izbjnajgavat:i

reklasifikacija vrsteA. muscariasa (smrtonosno) otrovne na ljekovituvjetno jestivu gljivu. Primjer
vrsteA. muscarias | u g i kao podsjetnik da se vjerovanja da

potencijalu koje kriju gljive i dalje provoditi.

Napomena

Rad je izvod iz zavrgnog rada wuniv. bacc. ing. a
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Pri marne Queamasielr.n)i ke Jredozemlju su nestale. Sje
drvo za ogrijev i brodogradnju te po-gmkiji Na degr a
sjevernodal matinskim otocima | jetna ma@apriraste | al e

makije s crnikom. Antropogeni u Pijue halaperisidMiberno g u | a v ¢

Pogumljavanje i sadnja crnike moge wublagiti Vis
bi ologku raznoli kodefi viojpajemenatobwvazaal unapri | ec
l'judi [ sprijeliti eroziju plodnog tIl a. Do or ge
karakteristil|lna i stabilizirajula vr sprivatnoinl i mat o

inicijativom uz suhozidove privatnih posjeda. Otok je dobar eksperimentalni laboratorij za provedbu
menadgmenta biologke raznolikosti [ zagtite od

i stragivanja rasta c¢crnike uz istolnu obalu Jadr a
K1 j ul nernikaiQuexcus ilexotoci, Dalmacija, Hrvatska.
Abstract

The primary forests of holm oakQ(ercus ilex..) in the Mediterranean have disappeared. Cutting of
forests for agriculture, wood for firewood and shipbuilding, and grazing as well as fires, degraded holm
oak forests into thickeismaquis. On the northern Dalmatian islands (central Adriatic coast), the summer

drought is more pronounced than elsewhere in Croatia, which slows down the growth of maquis with
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holm oak. Anthropogenic influences enable the spread of Aleppo Pines( halepensidiller).
Afforestationand planting of holm oak can alleviate the high temperature and dryness of the awil and
in summer, increase biological diversity, enrich the visual experience of the landscape, improve the quality
of life and health of people, and prevent erosion of fertile soil. Until the organization of a national initiative,
the planting of holm oak, which is a characteristic and stabilizing species of ganatevergreen
maquis, can be carried out by private initiative along the drystone walls of private properties. The island
is a good experimental laboratory for the implementation of biodiversity management and climate change
protection. Comparative studies of holm oak growth along the eastern coast of the Adriatic would.be useful

Key words: Holm oak,Quercus ilexislands, Dalmatia, Croatia

Uvod

Putujuli uz obalu istolnog dijela Jadrana od s
klimatske prilike, vegetacija i krajolici. U sjevernom dijelu prolazimo zelenom Istrom i Kvarnerom,

zatim slijede krgevite obealie spoeddwnglee Diatl stkaccg jpeo dr
ponovno zelenu jugnu Dal maciju. Bujno zelenilo s
nego gto smo je susreld:. na sjevernom dijelu obal
dalmatinskaodaa gdj e susreliemo gkrtu vegetaciju (po ko
strulnom radu pagnja usmjerena na makiju sa hr:
pogotovo na otoku Prviilu. Pr ob | epodjeljendkna nekolikb t i j e v ¢
pogl avl j a: 1) o vegetaciij. u progl osti do danas
2) o ekonomskoj vagnost.i crni ke, 3) o biologkim
njenoj vagnplodnogstivaya®) uo doprinosu biologkoj
ulinku na | ovjeka, 6) o0 utjecaju |Jovjeka na vege

tom specifilnom podrulju.
G u mgovijesni razvoj

Klima je vagan regul ator vegetacije i uz edaf s
vegetaciju. Primarna klimatogena vegetacija u EI
miljungodina-d o pol et ka hol ocend jemnijlo 2 WE® edadki a,de
razdoblja(slika 1). Posljednja oledba je bila na vrhuncu prije oko 20.000 godina (Suicmez i Avci, 2023).

Prije pleistocena zabiljegene su slilne oscilaci
sudozo | j aval e razvoj gume) , gto je omogulilo stvar
se povlialile jugnije, a u toplijim su se girile

od poletka hol ocena ( 1slkaZ).@@dozemnomore jeiCGnije u pleistoceraid a g n |
ubl agavalo klimatske prilike pa je uz oblale veg

Dal maci j i sukcesivne promjene vegetacije u hol
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sedi mentu Velikog jezera na otoku MlIjetu (Jahns
se @gire travnjaci (na slici oznaka Po oznal ava
medunca (QFuercus pubescensDaljnjim zatopljenjem u razdoblju od 60d@00. g. pr. Kr.
|l i stopadnu dgumu s hr ast o nbiljkmiz dodadunipenus(Jurg.md é40Q uj u b
godine pr. Kr . nagl o se @Quercus ileld @ko A100gddimenpa Krg u ma s a
kol oni stiariodiosltloijreil iu nDal maci j i polinju sjel:i c
prostor za @i r e-Rijus halederes)p Boknioagija blepskag bgrilPd g j e i zr age
svrgetkom anti]l kog razdoblINaa bir gpeo |neetsktcan arna zed ogbul m
se u posljednjih 500 godina, pogotovo u antropocamakon 1950 gdj e prirodne vazdese

hrastom crnikonmestajuzbog j el e za ogrjev, za g@girenj(Pedmptal j opr i
et al ., 2080vjlékaUnyepgrijmérnu vegetaci j wsredmojt akol e
Europi (Rybnz|] ek Piri Rpydm%2| hazdaz20@9r. jume s hr a
samo na velikim otocima Sredozemlja; Konazi ci ,
kvarnerskom otoku Rabu (guma Dundo) (Organil et
Lastovu (Trinajstilil, 1968) , Kor | ul i (Gpanj ol et
nalazimo wazdazelenim sredozermmi ¢§ i k amaakmiaj i (Horvatil, 1963) .
Temperature of Planet Earth
cmlofs| o[ e[ elar[ o] & [ ral [ eocene [ O | Miccens Iliacens Ieistocens Hulogens
4 T T I e | s
o 12 120
E’cﬂo ED
% +3 4 %
2 2 2
7 0 %
o2 -
-4
500 400 300 200 100 &0 50 40 30 20 10 5 4 3 2 1000 800 6&00 400 200 20 15 10 5 a
i s Millions of years before present Thousands of years before present (2015 CE)

Slika 1. Temperature na planeti Zemlji u posljednjih 500 milijuna godina (Izvor: Fergus,.2021)
Figure 1. Temperatures on planet Earth over the last 500 million years (Source: Fergus, 2021).
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Slika 3. Vegetacijska karta Europe u pleistocenu, prije 261G0000 godina (Izvor: Frenzel, 1968)
Figure 3. Vegetation map of Europe in the Pleistocene, 2610000 years ago (Source: Frenzel,

1968)
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Slika 4. Paleostratigrafija polenovitrnaca u Velikom Jezeru na otoku Mljetu prema Jahns i Bogaard
(1998).QP hrast meduna®uercus pubescendunbiljke iz rodaJuniperus Ql-hrast crnikaQuercus

ilex, Pialepski borPinus halepensjabiljke iz porodice trava, Poaceae

Figure 4. Paleostratigraphy of pollen grains in Veliko Jezera on the island of Mljet according to Jahns
and Bogaard (1998). QRoney oak, Quercus pubescens,-plants from the genus Juniperus-kim

oak, Quercus ilex, PAlepo pine, Pinus halepensis,-Roants from the grass family, Poaceae

Hrastcrnikaimor f ol ogi ja, anatomija drva i ekonoms|

Karakteristilna vrsta sredozemne Kklimaeemema, %
(Quercus ile)..), u nas je stablgisoko do 17 m, staro do 200 godina i debljine do 30 cm (Berta et al.,
2019), sa girokom, gustom i gugtapokgvere sjajninrlistayimgag om (s
cjelovitih rubova, s kseromorplnodn jseokesdastma ¢ Ba
5B). Crnika povremeno i neprimjetno odbacuije listove, ali ne sve uisto viijgmeFr anc usk oj naj
u prol j el e KitzR bigihp197% Ls®varalobilai listinac.

" : al : =

Slika 5. Hrast crnika Quercus ilex ) krognja (A)g,i rl i(sBt).i (KogeostiD.or
Figure 5.Holm oak (Quercus ilex L), crown (A), leaf and leatherymuc or n ( B) . ( Phot o by
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Pored dugotrajne sjele crnike za ogrjev, za prog
drvo crnike se rabi u brodogradnji drvenih brodova, za izradu kobilice, statve, rebara, ruda kormila i
bitava (slika 6)Dr vo crni ke j e | vr svird,o etleagsktoi vfloddvidd vk d /om3t
(daN/ m3) (Horvat, 1980). Na poprelnom presjeku p
nizovima, a grani ceGpgooldjoavrai is Uslikeeatbroi fu,0 |1 98 v)e (

Muzej drvene brodogradnje Betina
Pasara BG 221

1900-2007
Gradnja Sali

] T Uporaba crnike za izradu:
Q kobilice, statve, rebara, ruda kormila, bitava

Slika 6. Uporaba crnike za izradu drvenih brodova. Snimljeno u Muzeju drvene brodogradnje u Betini
Figure 6. Use of holm oak for making wooden ships. Recorded in the Museum of Wooden Shipbuilding
in Betina

Slika7.Anat omi ja drva crnike. Mjerilo pokazuje 1 mm
Figure77Anat omy of hol m oak wood. The.scale shows 1
Rasprostranjenost i ekofiziologka svojstva

Crnika je prirodno rasprostranjena uz obale Sredozemnog mora (slika 8, Suicmez i Avci, 2023). Uz

istolnu obalu Jadrana, crniku nalazimo wuz uski
vazdazelene makije (slikaONa sj evernodal matinskim otoci ma za:¢
srednja godignja kolilina oborine u Hrvatskoj | e
dijelovima Hrvatske (Gajil Lapka et al., 2003).
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Slika 8. Recentna rasprostranjenost hrasta crnike u Sredozemlju (Izvor: Suicmez i Avci, 2023)
Figure 8. Recent distribution of holm oak in the Mediterranean (Source: Suicmez and Avci, 2023)

Slika 9. Rasprostranjenost klimatogene vegetacije vazdazelene makije sa hrastom crnikom uz hrvatsku
obalu Jadrana, oznalena tamno crvenom bojom (A)

KI'i matska obiljegja (B)
K°ppenu oznalava toplu kI

u

hrvatskom priobal nom
mu s vrulim i suhim |

Figure 9. Distribution of theclimatogenic vegetation of evergreen maquis with holm oak along the
atic is marked in darKk

Croatian coast of the Adr
features (B) in the Croat
and dry summers (Source: Penzar et al., 2001, p. 240).

an coast almarwithbaot Cs a
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Crnikai ma dubok korijenov sustav i fiziologke pril
20109; Camarero et al ., 2016) . U sugnom razdobl j
Gralanin, 1972, Illijanil i Topil, 1981).

Drvele i grmlje trogi v i g aGkatani gtlalj, ROR23),p® jg@ kogdnena k si d a
vegetacija vagna za r e g Vikokanakigsernikomsnigrjujeekstremigul j i k a
temperaturu i vliagu u tlu i u zraku (Ugarkovil e
infiltraciju i redistribuciju vode i povefava ka
1989))Post oji wupravno proporcionalni odnosjecanfamel u p

vode po povrgini tla (Ong, 2003).

Prema poznatim ekofiziologkim svojstvima bil|jakeze
oborina (slika 10)0Mo g emo pr et post avi ti da je prirast crnik
kao gto su Prvil i &llarmipiungighe uslsqgmvariaiopre li a g w
bi bilo dobro pokrenuti komparabilna ekofiziologl
pretpostavkuPo znat o je da pomladak crnike tege podnosi

A

Nettoprimdrproduktivitdt (g/m?/a)

0 1000 2000 3000 4000
Mittlere Jahresniederschldge (mm)

Slikal1000dnos godignje brzine primarne produkcije bi
(Izvor: Strassburger et al., 1998, str. 881)

Figure 10.The relationship between the annual rate of primary production of plant cover and the mean
annual amount of precipitation (Source: Strassburger et al., 1998, p. 881)

Biogeno stvaranje tla

Vel i ka je wuloga guma i (Idhizukal ef &, 2021)sstinacaspoa stabala p | o d n
crnike razgraluju makroorgani z mi [ mi kroorgani z
givotinje, i razliliti mikroorganizmi (Bani et a
usitnjavaju biljne ost&e (slika 11A).Mi kr obnu akti vnost (spka L1B)kgjeu gl j i
uspjedgnije od b a kidolomdekurnerspajeve izrostatagarotpalih graina (lignin) i

listova (celuloza). Naknadnu razgradnju manjih amgkih molekula nastavljaju razne bakterije
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autotrofne, heterotrofne i kemosintetske te aktinobakterije (nitaste bakterije). Na slici 11C prikazane su

gtapil asbacbhktebli mekrobnoj razgradniji propal e ¢
skupljaju oko or gmisusvk $viptlodtikrst e cat naf nil i pbetzi st i (
te autotrofni i mi ksotrofni proti sti (al ge) (sl
stanilnim mikroorganizmima i r egulmir astuv agruasjtw [sul
hrani dbenee smurdejgeel uj u u i zmj eni plinova i krugenj
listincu plijesni (slika 12) i drugi mikroorganiznd s | obalaj u plinovite prod:
specifilan miris. Uz humifikaciju tlo se-konalno
dugi kom, fosforom, kalijem i drugim biogenim el
proizvodnju. Humif k aci j a i talogenje plodnog tla u gumi [

pomlatka crnike (slika 13).

Slika 11.0rganizmi koji sudjeluju u razgradniji listinca, humifikaciji i stvaranjutlabA | j ke i gi v o
B-gljive sa cjevastim stanicamiaifama, Gbakterije, Dautotrofni,miksotrofni i heterotrofni protisti koji

su na slici skupl j menikrobnke majednicaetitosteie.i Shke B, €, dDtFdtoc a i |
D. Vi | i- |ntip$:/mwwAvarrenswed.com/educationnnection/soilsustainlife (Pristuplieno
12.02.2024)

Figure 11. Organisms participating in leaf decomposition, humification and soil formatiguiaits

and animals, Hungi with tubular cells- hyphae, Gbacteria, Dautotrophic, mixotrophic and
heterotrophic protists, which in the picture are gathered around orgaauitcles and form microbial
communities 1  detritosphere. Figs. B, C, Di Phot o: D. V-i i
https://www.warrenswcd.com/educatioonnection/soilsustainlife (accessed December 12, 2024)
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Slikal2.P1l i j esni polinju razgradnju vliagnog listinca
Figure 12.Molds begin to decompose a moist leaf litter under the holm oak tree (Photo by: D. Vilicic)

Slikal3.Poml adak c¢crni ke izrasta iz plodnog tla ispod
Figure 13.A holm oak sapling sprouts from the fertile soil under the holm oak tree (Photo by: D. Vilicic)

Bi ol ogka raznolikost, krajobraz, zdravstveni
Teoretske osnove o vagnosti biologke raznoli kost
raznolika fl ora i fauna organizirana u sl ogenu
ekol ogki principi danaskosleoguziimajjuru bomdiordka uek

indirektno sti mul iSuaemend prasterno (planiranje zahtigevajod kirbanista,

arhitekata i krajobraznih arhitekata da se ne b
ur el eonsjtaorpar, vel da uzi majsprwvamzipr oij ekk dlrainki zeas
i jeftiniiji givot stanovni aikmag ut @j druguzvwehi khol
travnjake, parkove, poljoprivredu; koja naseljav

Baggethun i Barton, 2013).
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