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The status of 77 plant sp d from the Mountain Botanical Garden
of the Polish Academy of Scicnces in Zakopane (southern Poland) was surveyed. These plants
include rare, endemic and threatened species in the Tatra Mis. (the Western Carpathians) and
are maintained in the botanial garden i order (o develop effective methods of protection

I Juncaceae,
Polygonaceac, Rubiaceae and Woodsiaceae (amlllcs were nonmycorrhizal. 41 species formed
AM symbiosis. Spores of nine AMF species (Glomeromycota), including Archacospora
trappei, Glomus aggregatum, G. claroideum, G. constrictum, G. deserticola, G. geosporum, G.
microcarpum, G. mosseae and G.rubiforme were isolated for the first time from this region of
Poland. In addition, the accurrence of the fin endophyte, G. fenue was detected in roots of
18 species from the study ara, although formation of arbuscules by this fungus was observed
rarely. AM fungi were by dark septate (DSE). 70% of
nonmycorrhizal plant sepcies were devoid of DSE.

Key words: arbuscular mycorrhiza (AM), Mountain Botanical Garden, Tatra Mts,, rarc and
threatened plants, active plant protection

INTRODUCTION

A wide range of natural processes and diverse human activity have a strong im-
pact on the stability of ecosystems, leading to the destruction of plants® habitats,
plant endangerment or even extinction. The conservation of the most valuable taxa
is the main goal of numerous plant protection projects and is considered as an obli-
gation for a number of countries bound by international agreements (The Conven-
tion on the Conservation of European Wildlife and Natural Habitats 1979, World
Conservation Strategy 1980, The Convention on Biological Diversity, Rio de Janciro
1992).
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Numerous scientific programmes, aiming at increasing the knowledge about the
biology and ecology of rare and threatened species of the Tatras, have been carried
out in the Mountain Botanical Garden of the Institute of Nature Conservation of the
Polish Academy of Sciences in Zakopane. Certain especially valuable plant specics
have been investigated, both in the garden and in the Tatra Mts., in orde
rate methods of their cultivation, propagation and protection (Pi¢k
1982, 1990, 2001; Mirck and Pigkos-Mirkowa 1990; Pigko§-Mirkowa and
Eobarzewska 1990a, 1990b; Pi¢ko§-Mirkowa and Kaczmarczyk 1990a,
1990b; Pigko§-Mirkowa, Mirck and Micchdwka 1996). There is an urgent
need for multidirectional studies on these species. The importance of the under-
ground microbiota in ecosystem restoration of native vegetation becomes well rec-
ognised (Jasper 1994). Among microorganisms occurring in the rhizosphere.
buscular mycorrhizal fungi (AMF) are known for providing important benefits to
plants including enhanced nutrition, drought tolerance, biocontrol of pathogens and
tolerance of pollutants (Smith and Read 1997; Leyval, Turnau and Hascl-
wandter 1997; Kaldorf et al. 1999; Jeffries et al. 2003). In the mountains,
the occurrence of AM scems to be especially important as with increasing altitude
the rates of mineralisation of nutrients slow down and the availability of the major
nutrients like nitrogen and phosphorus s restricted. In this situation, mycorrhizal as-
sociation, if present, would be most likely to benefit both individual plants and whole
plant communities (Read and Haselwandter 1981). The biodiversity of AMF
has also been shown to influence the structure and species composition of plant
communities (van der Heijden et al. 1998a, 1998b; Hartnett and Wilson
2002; Koide and Dickie 2002). They are also important in post in vitro accli-
matisation of medical and agricultural plants (Hooker et al. 1994; Hamel 1996;
Requena etal. 1997; Vosatka etal. 2000; Requena et al. 2001). So far, the
application of AMF in active protection of rare and threatened species has not been

taken mlu huwcvu the of the practical use
of these mi in plant are numerous (St.John
1999; Zubek 2001; Turnau and Haselwandter 2002). Moreover, during the
processes of plant cultivation and propagation in botanical gardens, it is important
to provide plants with the most suitable conditions (Puchalski 1995).

The main aim of the present work was to estimate the mycorrhizal status of se-
lected plants from the Mountain Botanical Garden in Zakopane. Such information
is considered a pre-requisite for making further active plant conservation projects
successful (van der Heijden etal. 1998a; Turnau and Haselwandter 2002).
Although the garden in Zakopane is the smallest botanical garden in Poland, it holds
arich collection of over 600 species (belonging to 72 familics), including 90 rarc.
demic and threatened plant species, which places the garden at the very top of all
Polish botanical gardens as the regional genes bank of the Tatras’ flora (Pigkos-
Mirkowa 1991). The investigations were carried out only on plant species that
were developed in sufficiently big populations to avoid the risk of destruction due
to sampling. As so far no work had been carried out on the diversity of AMF in the
region, the additional aim was to isolate, multiply and identify AMF from the soil of
the Mountain Botanical Garden in Zakopane.
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MATERIALS AND METHODS

Site description. The material was collected from the Mountain Botanical Gar-
den of the Polish Academy of Sciences located in Zakopane (834 m above sca level,
49°1744”N, 19°57°04”E). The garden, founded in 1983, covers, in total, the area of
3000 m?. Most of the plants in the garden have been cultivated from seeds collected
in the ficld, and further propagated. The arrangement of the plants in the garden
reflects the natural zones of vegetation in the Tatras. The substratum of the garden
is either limestone or granite, which allows for the occurrence of both calcarcous
and granitic species.

Chemical analysis of soil samples. Soil samples were collected from five ran-
domly chosen points on both main parts of the garden (calcereous and granitic)
from the 0- to 15-cm-deep layer. The soil from the garden was classified as silty light
loam in calcereous part and silty medium loam in granitic part (Tabs 1-2; Lityfiski,
Jurkowska and Gorlach 1968; Kowalkowski etal. 1973).

Roots sampling and preparation. Plant material (1-3 specimens of cach species)
was collected during the flowering and carly seed formation period (June and July
in the 2002 and 2003). In total, roots of 77 plant species were collected and analysed.
The shoots were deposited in the herbarium of the Institute of Botany of the Jagicl-
lonian University (KRA).

Only roots attached to the main root of the plants were used for mycorrhizal
assessment (to avoid the possibility of collecting roots from another species). The
roots were prepared according to the modified Phillips and Hayman (1970)
method. After careful washing in tap water, the roots were cleared in 10% KOH for
24 hours and subsequently rinsed in water. Dark, pigmented roots were bleached
in a 10:1 mixture of 30% H,0, and 25% NH, for 1-3 minutes and again rinsed in
water. The material was acidified in 5% lactic acid in water for 24 h and stained
with 0.01% aniline blue in 80% lactic acid for 24 h. The roots were stored in 80%
lactic acid. The whole procedure was carried out at room temperature. Mycorrhizal
frequency (F%), relative mycorrhizal root length (M%), intensity of colonisation
within individual mycorrhizal roots (m%), relative arbuscular richness (A%) and
arbuscule richness in root fragments where the arbuscules were present (a%) were
assessed (Trouvelot, Kough and Gianinazzi-Pearson 1986; www.dijon.
inrafr. html). it attention
was paid to the morphological characterisation of AM fungi, their percentage of
roots colonisation and the occurrence of other root endophytes.

AMF spores isolation and identification. Soil samples collected from the rhi-
zosphere of 25 selected plants were transported from the garden in plastic bags,
placed in pots (200 ml) containing sterile substratum (sand : expanded clay 2:1, v/v).
The cultures were kept in Sigma sunbags (B7026) in greenhouse conditions using
Plantago lanceolata L. as a host plant (approximately 20 seedlings per pot). After
six months spores were isolated using the wet filtering !echmque (mesh size 50 pum).

of spores and their
in material mounted in a drop of polyvinyl alcohol/lactic acxd/glycerol (PVLG) and
in a mixture of PVLG/Melzer’s reagent (4:1, vAv) on a slide (Omar, Bolland and
Heather 1979). Slides with isolated spores were deposited in the slide collection of
the Department of Plant Pathology, University of Agriculture, Szczecin. Cultures of
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sclected AMF strains arc kept under greenhouse conditions in the collections of the
Jagicllonian University in Krakéw and the University of Agriculture in Szczecin

RESULTS

Mycorrhizal status of plants. Arbuscular mycorrhiza, including formation of
arbuscules, which is the structural criterion of AM symbiosis, was observed in 41
species consiituting 53% of al species collcted (Tab. 3). Strongly mycorrhizal (M
> 60%) were Asarum eurog ‘micheli, Homo-
e alpina, Solidago alpestris (Asteraceac), Veratrum lobelianum (Lillaceae), Plantago
atrata (Plantaginaceae), Potentilla aurea (Rosaceae). The most abundant arbuscule
formation was found in Asarum europacum, Homogyne alpina, Solidago alpestris and
Veratrum lobelianum (Tab. 3). In roots of thesc plants coarse fungal endophytes
(mycelium diameter above 2 um) dominated. The fine endophyte, usually assigned
as belonging to Glomus tenue (Greenhall) Hall, characterised by mycelium ca. | um
diameter, abundant small vesicles or swellings of diameter varying from 3-9 um and
finger-like branches, was found sporadically and was never obscrved to form arbus-
cules in these plants.

Low mycm’rhlml colonisation (M<10%) was found in Matieucia sithiopt-

eris (I m ), Campany
(Campanulaceae), Alllum wrsinum (Liliaceae), Aqul[egla ulgaris, Delphiniun cla-
tum subsp. elatum (s ), Saxifraga ), Valeriana

) and Viola (Vulaceae). ‘Also in the case

of these plants, the fine endophyte usually did not form arbuscules, although its
frequency was higher than in the first group. The mycelium including hyphac and
coils of apperance similar to AMF mycelium were found in roots of Polygala amara
subsp. brachyptera (Polygalaceae) and Viola biflora (Violaceae), however, no arbus-
cules were developed. In the case of Delphinium elatum subsp. elatum, no coarse
mycelium of AMF was found, slight of the fine

was present.

The most common were plant specics of medium mycorrhizal colonization
(M from 10 t0 60%). Almost in half of these plant species, coarse fungi were accom-
panied by the fine endophyte, still arbucules were scarce. The most common arbus-
cules of G. tenue were found in the case of Leucanthemum waldsteinii (Asteraceae).

In gencral, the presence of the fine endophyte, Glomus tenue, was detected in
roots of 18 plant specics. If present, the fungus occupied less than 8% of the roots
analysed. The arbuscules were present only in roots of four species (Tab. 4).

The examined plants from the Gentianaceae, Poaceae, Polypodiaceae and Primu-
laceae familics showed Paris-type of AM Species of C
and Crassulaceae showed both structural classes of AM symbiosis but the individual
specics were cither Arum- or Paris-type. The intermediate AMF colonisation of the
roots was found among representatives of the Ranunculaceae (Tab. 3). Mycorrhizal
plants of remaining familics were of the Arum-type.

No AMEF structures were found in roots of 33 plant species including all cxam-
ined species from the ¢ D Juncaceac, P

0-
Iygonaceae, Rubiaceae and Woodsiaceae families. AMF were not observed either in




S. Zubek et al.

30

- + 6w | o8 | e | m | ges | v

0 0 0 0 [ marmuniog

+ | + s | 09 | s susadip osopyos

+ ss. | sor | voo I (o) samsprom iy

+ |+ 6% | s | v R o ausGoiory

) - 9 | f0 | s SN Croad) oo vmomcioq

e e e [z IR )

= @ | rn | 89 N (o) sypous amomizy

HEEEEAEEE +T o wmsopyag
* g 0 0 0 0 0 = SN (1) wyuvud visnusuy | avaomiasy|
+ | + veL | s | L16 | 16 | ool | v |tz Croadd) umovdams umizsy | svwoompojomuy]

+ 2 - 0 o | o [ o o | - SN amdind v
- + |+ | s | sz | ot | ver | 06 | v | e “ofout sy avaomndy |
- - - 0 o | o [ o 0 1 sy sy | avmmspooy;

- - |66 | s0 vs | tov | 4 N (r0ud) sudogmas omanoy

= - E 0 ) 0 0 X ol suardor
0 0 0 0 - apun wmaydsyy | avoompodio,|

- = 0 0 0 0 wnimiaqos wmdimoouo
g - - 0o | o o 0 Sy sudotiq | vsmpundofiq]

b ¥ 2 | W LI PPN 0 S TR o T 7o Kiodomts)

asa | o | o (5] s w0 Wv opads vt Sy

UAPITO) [EIIUTIOR UIBIUNOJN Y} wosy stue(d JO 51001 Y Ul (FSQT) $2IAYdopua 2161das 1P JO 2IUILINGIO Y PUE SITIS [2IYLIOAI

€2198L



Arbuscular mycorrhiza of plants

gee | zie [ vos [ ow [ e [ v SN (o) smunwianpmd smusiy v
[ 0 0 0 0o |- 1 vouvas onzny w20muny
v | cot | vee | owe | os [ v | e wngpovi vz avaomouadi|

s | eve [ o6 | soe [ oor [ 4 +T (101d) oo puvniuan
L6 | sos | g6 | cis | o [ 4 +T (101dd) oapuidoppso uvmizsy | avaomumman
vis [ o [z [ ew [ oo [ v ]| v spauzsad sypumiapy
) 1€ | st | gor | 05 [ v +1 sopopop3sup viqioydn | anaomquoydng|
Lt [ so [ oee |t | o [ v z ausady umpas.
vve |z | e | uze | ees [ a 1+ asou vjotpory awaonmssi))
sor | sve | 905 | ey | 196 | v 41 wmofiq
0 0 0 0 o | - | menr symow uapis
0 0 0 0 o |- 3 2-m, 101d) x0220:d “dsqus smaammamyd smgnioicy
0 0 0 0 0o | - N (o) 200y wmisniz | avaupiydodin
ver | et | est [vor [ ee [ a | e wmonds vy
g0 | st e | w [t [a] +rm (101d) auvmarguo mumaiiyg
6t [wo [ 61 | 90 | 0 [ v N (05-q) pydiowijod ppmuvdvuryy | - avodopundum))
[ 0 0 0 o |- 1 suassapuavs idsopy .
0 ] 0 0 o |- SN vaspas v
0 0 0 0 o |- E3 (95-d) vsopuvys vumuaq
0 [ 0 0 o |- N Sopydvanaa v
o ["o 0 0 0 > SN “NA) 204101 DUDIY0)
0 0 0 [ o |- el )
0 0 0 0 o |- -1 wadyo dsqns ouidyo siqoay avaomossuug|




S. Zubek et al.

o
&

% 86 8T 3 62 L9 | d +7 (2-p) va1wdm: vpuvplos

: 0 ] 0 0 o [ -] (103d'd) sopvpo opnuasg

- 0 0 [ 0 o |- +z oo o awasopug]
+ 0 0 0 0 o |- -1 smymas xaumy

owa

* 0 0 0 0 0 /4T 0041 wnandisgs umuos§og

+ 0 0 0 [ o [ -] +n puoq umiosiog | avamios(od|
: [} 0 o [ ge [t [V +7 miandyonuq dsqns i opo3o] waomwagod|
+ v [ sy [wm |z | o [4a SN (25-p) 2001 DLs2pSog

- 0 0 0 0 o |- +1 vsondsond visdumysaq

2 £99 vz | vov | 9t€ €6L | d SN (NA) snumonemyd vpuasy aaoog|
+ vso | ros | co | vor | oor | v SN (NN NI wroaw ogomum | avaovusonang]
+ [ 0 0 0 0 T 101d) Do) mippyor

+ €16 | 89 | 669 | 669 v +T (roud) wnuvaqo wnanizy

- 0 0 0 0 0 T umppponian wniouosSod

- car | se | zog | vwe | o | v T+ wanmiopo wmpuoSGod

5 0 0 0 0 o |- e oofuponb sung

z 0 0 0 0 o |- 41 (101d) uosom

= osy | v [ v | 96 | v | v +1 wnasin naompry|

W02 € e




Arbuscular mycorrhiza of plants

-0 somonais Wy (9861 1212 1019410.1) wasaid asom soysngre
Jo fsud

oy
w 13091 y1oos [eziI09ku o

uasqe mmn: ) quasaid 5 (+
1] 1001 U1 ssoutpaL s
- W “Aouanbary [eziyae

iopto woyiyeds

1S, - A

s

@ jrutwod (rg61)
e - 351, 9D

e oo 1Y
N
S arasopuioans

i0ads JMAPUD UeHTRAIE)-UE] ~ 9-d Gmm: 354

412y tid paavord e - 10 ‘sapads e paoiond - 101d (5007) X2 11N D EMOAITN SO
o1 PO ut oK) f Jo Smieis v39] U sorsads ueid pauaivas e N A A et 1w0| — T {1000, 11
“3Kz1v7Z put €MOYEZOII1WZEY JAN AL [EQO[S © UO PUE PUTIO U U0} S Y e R S IP
ow [ v [ o [ 86 [ o [ v 41 g oA
+ 0 0 s1 | 90 | e [V ] It ‘naoyfiq voig avoom0
i SPE ST 6€1 vL g | v SN mofnduns vuvuspn 2022DUDLIDA
+ + | oov | sm | ewr | wee [ ew | v SN 101dd)
+ o ST | 8T st L9 | v |V +T (101d) owomonund vinys
* & 0 0 0 0 0 SN (101dd) umymiopo wmjory 2w20019mY
. - s [ess [os [em [ 16 [ v +T vanp o0
00947
= 0 [ 0 0 0 o9/ +1 oppiadordo sol w250y
% e e [ s [ v [ew Jav] 4 (01d) snavdomd snijoir
+ = 0 [ 0 [ snunudsqns s oy
+ | o | e | wwr | sy wnofuSapmby umipnL
- 68 | vev | 625 | tev ofiuoroyd snpmounany
B eu | es | cze | soe suasadyo snpnoununy
+ 0 0 € 0 wnsoga dsqns wnyega wnnanydiac
+ 0 0 0 0 It T —
o | so | o [ et [oor [v] 4z (101d) suvipia oisopnby
+ sst | ws | ese | e | o8 [av] 4 osauouau uouyy | ovaopununy|




S. Zubek et al.

€6 | 2ie | vos | oy B - Sagapd sty vamigu]]
oy | eot | 81 | owe 0 0 1 w0 | ¢ i

S8 | sw | cee | see 3 ] 2 2 : )
cu6 | sos | g6 | Lis - - 7
vis | 9 | ziv | Ty - - Saniaiad sy
€% | o6t | 6uv | eey 0 0 [ eet | ez | o SoproppSGun mgioidn| anaomgquoydng
1 | so L@ 3 - - - Susadyo umpas|
vve | eu Lz 0| 100 1 0 | L9 vasos ojoipowy| avarmmssui)
s6v | Twe 687 4 - - - - wofiq i 2
T | €1 vS 0 0 o v [ wamands unaryd|

[ [ T8 0 o | eor | 6L | tor awpoigio vamaiyd|

€€ | wo <0 Te | w0 | £ | zo | or oydiowi§od ppmuvdiaws) vaompmuvdum))|
979 | L% e 0 ) s €0 | o wansaoqny wnydas| vaomasiiog|
s86 | 09 09 S B - - = suisadjo osopyos|
61 | oo 1S €0 | o s €0 | 9 muispom umusypuvona7|
6e6 | so. | vsL | st 0 0 [ su | w0 | vy iy oo
9 | €0 s <0 2 = - - s wnsioq|
60 | ze | v | wst 0 0 [ T0 | 09 g o))

€ | i | wos | iy = = - - - Syjow vamonia)
€8y | g1e | s | L9 - - - wpeyona unasvpypg| awaomansy|
vo | TRy | L16 | L16 = B v

v8 | st | ot | vet 2 - - Zolow vuvasy| iy
66 | so | om | vs 0 0 T 0 | 9 suizidonymars vimonop| vampodiod]

v 7 w W v v w [ A

Sopads JNY 3910 omua snuory saads yusig Anyeg

[2) somads g 121710 pue 2t sn

16 £ 51001 J0 uonESIUO[0d eI
v araeL



Arbuscular mycorrhiza of plants

91y

K3 94T 86 o » - e |
0 0 1 €0 [ e | 0 0 T To | 9 waoyfq o 2w2mj011
S ST 6€L VL €55 0 0 1 £00 £€ ofionduas vuvua| 20300uDUdYA
gov | w1 | o8y | sse | ee 5 2 - & g aoyfipun syuisiq| avaovumydoss]
STy 8T St L9 vy 0 0 1 w00 T owmonuwd vivifug)| 2020304fp0g|
S8 | 68 | ot | 6% | T6 - 2 - - vamy opiziog| 022050y
vel | sv | gov | v | ees [ 0 0 1| o | €€ smavdon snijos|
ot | 6Lt | 88y | 81y | 86 3 5 - - - wnijofSapmbo oy
68 | vy | 6z | e | ew = = - sjofuvmyd snpoununy|
su | es | 1€ | ver | g6 | o 0 € vo_ | e€r sutsadpp snmoununy|
= E z 0 0 < vo | eer o dsqns wmoga wnnaydiaq]|
06 [ so [ or o | oot 3 - - B - Suvsia vioby
sst | o5 | use | 1€ | o8 = g 3 B
86 | vse | oe 6 | 96 | - - ‘o oaunplos| ooy
0 0 o | €€ |t - - ianSyoviq dsqns wamap oo S0nod|
cie | sy | i | oor | w - = = Suoy vuzrsas)|
s [ e | v | e2c [ €3 | 86 | vo | cst | et | coc smunonumyd vpmioay| 2vaowoq|
vs9 | 1os | cor | ror | oot s x - - - ‘o OS] vamasoning
€6 | %9 [ 669 | 669 | oot < - wnuvgaqo wniwiz|
sst | s€ | zoe | wwe | ros | - wnpiopo umimuo3od|
osv | v | w | 96 | or - wngsin wnyy| awaomyry




36 S. Zubek et al.

roots of Dryas octopetala (Rosaceae), that, on the contrary, formed ectomycorrhizal
association.

AMEF spores isolated from the trap cultures. Spores of nine species were obtained
from 25 trap cultures that were established from the material collected from the Mountain
Botanical Garden. They were identified as Archaeospora trappei (R.N. Ames & Linder-
man) J.B. Morton & D. Redecker, Glomus aggregatum N.C. Schenck & S.M. Sm. emend.
Koske, G. claroideum N.C. Schenck & S.M. Sm., G. constrictum Trappe, G. deserticola
Trappe, Bloss & J.A. Menge, G. geosporunt (Nicol. & Gerd.) C. Walker, G. microcarpum
Tul. & C. Tul,, G. mosseae (Nicol. & Gerd.) Gerd. & Trappe and G. rubiforme (Gerd. &
Trappe) R.T. Almeida & N.C. Schenck. The same fungal species were found in the trap
cultures from the calcereous and granitic part of the garden. Isolates of G. mosseae and
G. constrictum were the most commonly obtained in pot cultures.

Presence of other root endophytes. Dark septate endophytes (DSE) were found
in the root cortex of 31 species (Tab. 3). The regularly septated mycelium was ac-
companied sporadically by sclerotia. The observed mycelium stained with anilin blue
or remained brownish. DSE were found together with AMF in the case of 21 spe-
cies, however, they were not abundantly developed. They were even less common in
nonmycorrhizal plant specics.

DISCUSSION

First studies concering arbuscular mycorrhizas of the Tatras’ plant communitics
had been carried out in the fifties of the 20" century by the group of Polish mycolo-
gists (Nespiak 1953; Dominik and Nespiak 1954 Dominik,Nespiak and
Pachlewski 1954a, 1954b; Dominik and Pachlewski 1956). These studies,
however, did not include rare, endemic and threatened plant species. Morcover, no
mycorrizal investigations have been carried out in the Mountain Botanical Garden.
The access to the garden enabled investigations of a number of rare species in a
relatively short time and without collecting them from their natural habitats, where
the material sampling could create an additional threat.

No AM colonisation was found in the investigated representatives of the Brassi-
caceae, C¢ Juncaceae, P , Rubiaceae and
Woodsiaceae familics. Thc Brassicacea and Caryophyllaceae are constantly con-
sidered as nonmycorrhizal (Gerdemann 1968, Trappe 1987). The absence of
AM in species belonging to these families was usually explained by the presence
of chemical barriers, low root exudation, lack of signaling compounds or cell wall
structure and physiology (DeMars and Boerner 1996). Nevertheless, accord-
ing to literature, AM structures were observed among some representatives of the
Brassicaceae family (Ross and Harper 1973; Tommerup 1984; DeMars and
Boerner 1996; Ortowska et al. 2002; Regvar et al. 2003). However, so far
there is no evidence of AM formation under laboratory conditions, what suggests
that the mycorrhiza under field conditions might be stimulated by unknown stress
factors. In the present study, not only AM structures were lacking but also no other
root endophytes were found in all species examined from the Brassicaceae.

53% of the investigated plants were colonised by AME, although the level of
mycorthizal colonisation differed among plant species. The differences in mycor-
thizal parameters can be expected not only because of the preferences of the in-
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dividual plant species to allow for abundant or sparse AM fungal colonisation, but
also can depend on factors such as scason, stage of plant development, susceptibility
to inoculation and plant nutritional status (Friese and Allen 1991; Sanders
and Fitter 1992). Nevertheless, mycorrhizal colonisation level can not serve as
an indicator of the cffectiveness of the symbiosis and the dependency of a plant
on mycorrhiza (McGonigle 1988; Lieberei and Feldmann 1990; Hetrick
and Wilson 1991). The present results concerning mycorrhizal development can
be treated only as a survey of plant mycorrhizal status under the conditions of the
Mountain Botanical Garden and can be used to select plant species that could be of
interest for further investigations concerning application of AMF in plant protec-
tion. As repeated sampling could threaten the msung populations, material collec-
tion was limited to the flowering/seed stage, as it is ised that high
percentage of AM colonisation usually correlates with the most active growth of the
plant host (Nicolson and Johnston 1979; Van Duin, Rozema and Ernst
1990; Tetswaart, Griffioen and Ernst 1992).

Two structural classes of AM symbiosis, the Arum- and the Paris-type, were ob-
served in plant roots from the Mountain Botanical Garden. The morphology of AM
depends on plant and fungal identity (Smith and Smith 1997; Cavagnaro et
al. 2001). Smith and Smith (1997), basing on the literature data, concluded that
Paris-type occurs more frcqucn[ly in the plant kingdom and predominates in ferns,

and wild while A i in cultivated herbs.
In the present study, the Arum-type was, however, the dominant AM morphology.

Both coarse and fine endophytes were observed in roots collected from the
Mountain Botanical Garden in Zakopane. The presence of the fine endophyte, G.
tenue, was detected in roots of 18 plant specics, however, the oot length occupied by
the fine p! was low and the most important mycor-
rhizal structures, occurred only sporadically. This may suggest that G. tenue does not
play an important role, compared to other AMF colonisers. Tts role might be more
important at higher altitudes. The fungus has commonly been observed in the Alps
and has been shown to become dominant above 3000 m above sea level (Read and
Hasclwandter 1981).

Spores of nine AMF species were isolated from trap cultures established using
soil and root samples collected from the field. As most of the plants cultivated in
the garden have been propagated from sceds, the AMF of the garden soil are rather
indigenous for the place and might have little in common with the AMF diversity
in the natural stands of the plants investigated. In addition, the isolated strains are
those that are casily obtained under greenhouse conditions; the most effective root
colonizers in the garden might not be necessarily obtained. Nevertheless, the prepa-
ration of inoculum can be done only in the case of strains that sporulate well under
greenhouse conditions. From this material, the most effective fungal strains assuring
the successful plant growth could be selected.

Dark septate endophytes (DSE) occurred in the roots of several species collected
from the Mountain Botanical Garden. Interestingly, most non-AM plants were also
devoid of DSE which suggests similar defense mechanims towards the both groups
of fungi. According to literature, DSE association with plants can vary from nega-
tive to positive when measured by host performance or tissue nutrient concentra-
tions, and in some cases this type of association has been classified as mycorrhizal
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(Bartholdy, Berreck and Haselwandter 2001, Jumponen 2001). They
are frequent colonisers of roots co-appearing with other mycorrhizal fungi in a va-
riety of ecosystems, especially in arctic and alpine habitats (Haselwandter and
Read 1980, Read and Haselwandter 1981, Bartholdy ctal. 2001, Jumpo-
nen 2001). They should not be neglected as an additional tool in plant protection,
although, their isolation and identification was not included within the scope of the
present paper. Nevertheless, similarly to AM fungi that are already practically used
in cultivation systems of agricultural and medical plants, they may strongly improve
active protection of rare and threatened specics.
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Mikoryza arbuskularna roslin z Gérskicgo Ogrodu Botanicznego w Zakopanem

Streszezenie

o-

Na terenic Gorskiego Ogrodu Botanicznego Instytuty Ochrony Prayrody PAN w
panem znajduje si¢ szereg gatunkéw rolin cennyeh dla naszej flory ze wzgledu na ich rzad-
kos¢. Prowadzone sa tu prace majace na celu poznanic biologii i ekologii gatunkow rzadkich

nyeh, stuzqce dalszym badaniom nad ich uprawa ex situ, zwigkszenicm liczebnosci

i zagroi
populacji oraz reintrodukeja W sie

aleznosci interakeji z grzybami
arbuskularnymi (Glomeromycota) stanowi istotny czynnik, ktéry moze w przyszlosei przyczy-
a

nié si¢ do zwigkszenia przezywalnosei tych roslin “arémo ma etapic uprawy, namnz
teriatu, a takze po reintrodukeji.

W badani 77 gatunke i tym gatunki rzadkie, zagro-
zone, chronione oraz cndumczne), zebranych z Gérskiego Ogrodu Botanicznego. Okreslono
stopieii kolonizacji 6w grzybow oraz
identyfikowano zarodniki ,,nyhnw izolowane z kultur zaloio-

nych na glebic pobrancj z ogrodu. Stwierdzono nastepujace gatunki grzybéw z grupy Glome-
romycota: Archacospora trappei, Glomus aggregatum, G. claroideum, G. constrictum, G. deser-
ticola, G. geosporum, G. microcarpum, G. mosseae oraz G. rubiforme. Mikoryz¢ arbuskularng
obserwowano u 41 gatunkow roslin. Wysoki stopieii kolonizacji mikoryzowej stwierdzono u:
Asarum europaum (Aristolochiaceae), Bellidiastrum micheli, Homogyne alpina, Solidago alpe-
siris (Asteraceae), Veratrum lobelianum (Liliaceac), Plantago atrata (Plantaginaceae), Potentilla
aurea (Rosaceae). Mikoryz ubadanych ieli rodzin:

C Juncaceac Rubiaceae oraz Wo-
odsiaceae. U 31 gatunkéw obserwowano wystgpowanie endofitycznych grzybow o ciemnych,
septowanych strzgpkach (DSE).
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