Ekofyziologie pfenosu 2|V|n mezi _‘
mykorhiznimi houbami aje“(;h ‘e ;
hostltell :

; Prlrodovedecka fakulta MU

e

" 5 = " . " : -
T S gl s R s P Tt (21 S
SRR = a0 v



Budu hovorit o...

arbuskularni, ekto-, orchideoidni (a erikoidni) mykorhizni
symbioze

prijmu P, N, ¢atecné i jinych makrozivin a vody a o
prenosech uhlikatych zivin

"cost-benefit" modelu

spektru symbiotickych interakci

specificité mykorhiznich symbioz, Wood Wide Web alias
CMNs, nurse-plant efektu

muze byt orchideoidni mykorhiza mutualisticka?

jak to souvisi s prijmem organickeho N z AK
mykorhizami



Co urcuje identitu mykorhizni
symbiozy?

identita mykorhizni houby?
identita.-hostitelske rastlny?. . «. . o mu we w

developing or senescent states. Entries in brackets indicate rare conditions.

Kinds sf

@rrhiza Arbusaulal

Ectomycorrhjza Ectendomycorrhiza Arbutoid Mongtr ricoid Orchid

Fungseptate

Kostitelem a tedy-zarazeni dané symbiozy

dospektra moznych. vzajemnych vztahi?

morfologické a arfatomicke znaky?

T All orchids are achlorophyllous in the carly seedling stages. Most orchid species are green as adults. The fungal taxa are abbreviated from Glomeromycota, Ascomycota and
Basidiomycota; the plant taxa from Bryophyta, Pteridophyta, Gymnaspermae and Angiospermae.

MYCORRHIZAL
SYMBIOSIS




Co urcuje identitu mykorhizni
symbiozy?

identita mykorhizni houby?
identita hostitelské rostliny?

vyzivove interakce mezi symbiontem a
hostitelem a tedy zarazeni dané symbiozy
do spektra moznych vzajemnych vztahu?

morfologické a anatomické znaky
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lence of the mycelium in the soil, which reaches its max-
imum in truffle sites. Accordingly, we can assume that the
fungi, which produce truffles in many regions, are much
more broadly distributed than are the truffles themselves.
Perhaps they are quite common fungi and, where truffles
are lacking, their fruiting body production is limited by lack
of the proper environmental conditions.

On the other hand, it is unwarranted to conclude without
further study that the similarity of the mycelia means the
fungi are everywhere the same. In keeping with the com-
mon rule for fungi that related species present no reliably
differentiating mycelial characters, various species of Tu-
beraceae probably cannot be differentiated by their myce-
lium alone. However, these questions are beyond the scope
of this paper and should be left for when results of pending
studies are available.

Biological and physiclogical
significance of the mycorrhiza

The roots of the Cupuliferae and the fungal mycelium
organically unite into a morphologically unique organ. The
intimate, reciprocal dependence that follows the growth of
both partners and the tight interrelationships of physiolog-
ical functions that must exist between the two appearto be a
new example of symbiosis in the plant kingdom. It goes
beyond the lower organisms to the most highly developed
plant form, the trees, and is incontestably both unexpected
and surprising. First of all, the fungus mycelium must be
regarded as an undoubted parasite on the living cupulifer
root, as is evident from the entire manner ofits colonization
and penetration into the growing rootlet. As is the case for
all parasitic fungi, the basic nutritional needs of the fungus
are primarily the carbon compounds procured from the
photosynthesizing tree. In contrast, the fungus is evidently
independent in regard to uptake of soil minerals, in that it
alone contacts the soil by its peripheral position on the
mycorrhiza and the innumerable hyphae it extends into the
soil to grow around soil particles like root hairs.

Now, the question of great interest must be, is the tree
damaged by the fungal parasitism of its rootlets? We know
from a multitude of cases that parasitic fungi damage their
host plants. The morphological changes assumed by the
tree rootlets under influence of the parasite can be char-

This fact imposes the stamp of symbiosis on this rela-
tionship, because both of the united organisms live together
in reciprocal assistance without harm to each other. The
fungus fulfills a reciprocal service for what it receives from
the plant, a service of eminent significance, because it
represents the most important factor in the nutrition of the
tree. That soil water and nutrients needed by the tree are
supplied only through the mediation of the fungus cannot
be challenged: it envelops the entire surface of the feeder
rootlets, and its hyphae perform the role that root hairs do
for other plants in intimately contacting the soil particles.
The enlargement of the volume of the root epidermal cells
and their complete envelopment by the hyphae produce an
arrangement probably designed for nutrient uptake by the
tree. The fungus takes up soil minerals not only for its own
nutrition but also for that of the tree, so we must consider
that the root fungus is the sole organ for uptake of water and
soil nutrients by oaks, beech, etc. It functions as a wet nurse
of the tree in this respect. Thus, in contrast to autotrophic
plants and trees, the Cupuliferae show a relationship that
can be termed “heterotrophy,” i.e., nutrition from soil with
help of another organism ¢n a truly splendid scale, known
before now only with lichen gonidia and some lower algae
living within higher plants.

The symbiosis of the Cupuliferac most closely parallels
that of the lichens, specifically in its biclogical character,
even allowing for the differences, i.e., the association meets
both the requirements and cutputs for nourishment of both
partners. Indeed, the root fungus is analogous to the lichen
hyphae and the tree to the lichen alga; the comparison need
not be elaborated further. A complete analogy even appears
to prevail in reference to what degree these symbiotic re-
lationships are either necessary or dispensable for both
partners. The lichen algae are known to exist independently
of the lichen fungus and can develop as a free alga after
isolation from the lichen. Similarly, as previously men-
tioned, the Cupuliferae can be cultivated fungus-free in
water culture for years. Of course, the Cupuliferae do not
develop strongly when free of fungi in water culture. Still,
that is at least partly due to the unusual medium, for the
same thing shows up with other land plants grown in this
culture method. Whether the Cupuliferae can nourish
themselves better with their fungus nurse than without is
not known from these studies, because no adult Cupuliferae
seem to be fungus-free. On the other hand, as the lichen



Typicka mykorhizni symbioza...

» funguje tak, ze rostlina poskytuje hoube
cast svych fotosyntatu a naopak ziskava
mineralni prvky (P, N, ...) Ci vodu

* Frank 1885
* mutualisticka symbioza

— Siroka skala "normalniho " fungovani
mykorhiznich symbioz

— Jakekoli zobecneni ma temer vzdy sva
ale...



Fosfor

makrozivina, obsah v rostlinach ~ 0,2 %
P,aP,

rostllnaml a houbami prijimany ve forme H,PO,
nebo HPO,?%

v této forme v pudach ve velmi malé koncentraci
(0,5 az 10 uM)

P. — nejlepe dostupny pri pH ~ 6,5; vysoka pH:
Ca Mg fosfaty; nizka pH: Fe, Al fosfaty

pevna vazba (adsorpce) na pudni ¢astice

v pudé se pohybuje prevazné pomalou difuzi,
nikoli hromadnym tokem



Intercepce (1), hromadny tok (2) a
difuze (3)
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Roc¢ni spotieba vybranych Zivin monokulturou kukurice a podil intercepce, hromadného toku
a difiize na zasobeni rostlin témito Zivinami (Barber 1984, sec. Marschner H.: Mineral
Nutrition of Higher Plants. 2" Edition. p. 485).

7oz
55




iz keeraanc D [eab(Sags] MOaL1Ta
VO Ty ToZoK hdoa v vpre

ot D) poa @)  poath fon )
Oy 1,910° 10001 540™ 3,0
K 2,0d0° 10702 540% 0,9
FRO; 0,910° 10710  1x0B 0,13

Diftzni koeficienty a mobilita NO;", K" a H,PO,” v pid¢. Jungk (1991), sec. Marschner H.: Mineral
Nutrition of Higher Plants. 2" Edition. p. 491).
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Primérné ro¢ni koncentrace Zivin v piidnim roztoku v orné (!) pudé (Luvisol, pH 7,7,
svrchnich 20 cm pldy). Data Peters (1990), pifevzato z Marschner H.: Mineral Nutrition of
Higher Plants. 2" Edition. p. 487).




P.

 rychly prijem vs. pomala difuze = vznik deplecni
zony kolem kofenu

» cesta k prekonani deplecCni zony:
— kofenové viasky (mm)
— mykorhizni mimokofenové mycelium!!! (cm, dm, m)

« tento mechanismus je pravdepodobnou pricinou
uzasneho evolucniho uspechu mykorhiznich

symbioz (cf. velke fylogenetické stari a rozsireni
arbuskularni mykorhizy)
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» svrchni horizonty zejména lesnich pud
mohou obsahovat vice jak > 50 % P v
organickych formach

* fytaty (inositolfosfaty), fosfolipidy, nukleove
kKyseliny

» pred sorpci hyfami Ci koreny musi byt
nejprve hydrolyzovany (mineralizovany)

» kyselé fosfatazy (bakterie, prvoci...AM,
EKM, ErM, OM)



Prijem P a mykorhizy

zvétSeni objemu pudy pro sorpci P,
= nizSi energetické naklady na vyuziti daného objemu
pudy ve srovnani s kofeny/kofenovymi viasky
- menSi prumér hyf oproti kofenum a kofenovému
viaseni
- morfologie kofenového systému
- délka mimokorenoveho mycelia
vySsSi afinita vuci P; oproti kofrenum (?)
produkce kyselych fosfataz

asociace mykorhiznich hub s P-rozpoustgjicimi
bakteriemi



Prijem P a arbuskularni mykorhiza

« odhad podilu P prijateho prostrednictvim
mykorhizni houby:
- tradi¢né byval zalozen na aditivnim modelu pfijmu
I:)celkovy:F)koFeny-'-F)mykorhiznl' houba
konzervativni, tj. podhodnocené odhady, presto
bézné az 60-80 %
= NOVE uvazovan ,pfepinaci‘ mechanismus

mykorhizni rostliny az 100 % P prostrednictvim
mykorhizni houby

-AM: P
+AM: P

celkovy= I:)koFeny
=P

celkovy mykorhizni houba



Prijem P a arbuskularni mykorhiza

» srovnani mykorhiznich a nemykorhiznich
rostlin:

» stejné obsahy P v pletivech rostlin, které se
ani nelisi rustovou odezvou, neznamenaji
nulovy prinos mykorhizy k prijmu P

« naopak, u AM rostlin muze byt pfijem témeér
veskerého P zprostredkovan AM houbou



Prijem P a EKM houby

» obvykle vysoka produkce vice izozymu
fosfommonoesteraz (fytaty) a dalsich fosfataz

- fosfodiesterazy dosud studovany pomerne
zfidka (RNA)

» schopny prijimat P z fosforitu (rock phosphate) Ci
apatitu — lokalni acidifikace prostredi, exudace
organickych kyselin (oxalaty)

« Jones et al. (1998): ve srovnani s -M rostlinami

EKM Eucalyptus coccifera 3,8% vice P, AM E.c.
2-2,7%



Orchideoidni mykorhiza
az 100x vyssi prijem P na
jednotku délky kofenu (Alexander
et al. 1984) u +OM vs. —OM rostlin

Extrémné malo vétveny korfenovy
systém vs. vysoka produkce
mimokorenového mycelia

Dosud jedina studie v ekologicky
relevantnich podminkach (nikoli
tedy in vitro)

OM houby jsou schopné vyuzivat
organicky vazane P a N
sloucCeniny




Dusik

« prijiman rostlinami a mykorhiznimi
houbami jako NH,*, NO5~ nebo jako
jednoduche, ve vode rozpustné organicke
slouceniny (AK)

» velka pozornost venovana anorganickym
formam a AM symbioze

= ,Zhovuobjeveni” prijmu organickych forem
N v poslednim desetileti



N.

pohyb v pudé hromadnym tokem a relativné
rychlou difuzi, NO;~ > NH,*
toxicita NH,": GS-GOGAT, GDH

preferovana forma N; se muze pro jednotlive
druhy hub vyrazne liSit

EKM houby

— obvykle preferuji amonné ionty pred nitratovymi; v

v v VALY 4

— rychlost prijmu NH,* modulovana pritomnosti N,
— schopnost vyuzivat nitraty maji zejména pionyrskée
druhy ECM hub osidlujici disturbovana stanoviste

(Hebeloma sp.)



Table 9.1 Yields of three ectomycorrhizal fungi, Suiffus bovinus, Amanita muscaria and Hebeloma
crustufiniforme, when grown with a range of mineral or amino N sources at a concentration

of 60mg N/l and at the same C:N ratio.

Dry weight yields (mg) after 30 days

Nitrogen Wtof N Wt of S. bovinus A. muscaria H. crustuliniforme
source source glucose {mean = SE) (mean = SE)  (mean = SE)
added (g) added (g)
Mineral N.
Ca (NCy), 44,0 0.504 3.004 177 = 1.5 47 =03 126 = 1.2
(NHg4}, Q4 0.284 3.004 307 = 1.2 26 =12 253 = 1.4
Acidic amino acids
L-Aspartic acid 0.572 2.372 31.3 2.6 343 =20 23.0 =09
L-Glutamic acid 0.632 2216 320+ 1.0 363+ 1.5 249 = 1.3
Basic amino acids
L-Arginine 0.224 2.764 336+ 1.8 340+ 2.5 5.6 = 0.7
L-Lysine 0.392 2.528 17 =06 18.0 = 0.1 59 =05
L-Histidine 0.300 2.688 5000 147 = 12 42+ 04
Neutral amino acids
L-Alanine 0.380 2.528 31.6 = 0.3 21,7 £ 1.2 204 = 1.3
L-Asparagine 0.284 2.688 29 = 1.5 233 £ 1.9 9.0 = 0.7
L-Cysteine 0.520 2.528 7.7 =03 33+08 6.0 = 0.5
L-Cystine 0.516 2.528 6.0 £ 0.6 19.7 £ 0.7 56 £ 0.2
L-Glutamine 0.312 2.608 293 1.4 36.3 £ 0.3 8.1 £0.7
L-Methionine 0.640 2216 7.7 £ 0.3 2303 3.5 202
Glycine 0.324 2.688 5.7 =03 227 1.4 9.9 £ 04
L-Phenylalanine 0.708 1.588 1.3 =07 47 = 07 43 =07
L-Hydroxy-L-proline  Q.560 2.528 3703 47 £ 0.3 42 =05
L-Iscleucine 0.564 2216 223 +£123 7.3 0.9 1.7 =03
L-Leucine 0.564 2216 23.0 + 3.2 7303 B.l = 0.4
L-Proline 0.492 2216 40 * 06 63 09 44 =03
L-Serine 0.452 2.528 277 =09 18.7 £ 0.7 6.3 = 1.2
L-Threonine 0.512 2.372 47 = 0.3 6.7 =03 7.6 = 03
L-Tryptophane 0.436 2.136 2000 27 £ 07 7 0.1
L-Tyrosine 0.776 1.588 .7 =03 53+09 B2=x 1.0
L-Valine 0.300 2.220 17 =12 1.3 =09 8.9 = 3.1
Minus N - 3.004 7.3 207 43 =03 6.2 02

From Abuzinadah and Read (1988).
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K, Ca, Mg a ektomykorhiza

za beznych podminek nejsou tyto ziviny pro
EKM dreviny limitujici — prijem zprostredkovany
EKM symbiozou studovan pouze zridka

LI 4

v pudé mnohem pohyblivéjSi nez P,
antropogenni zatéz kyselymi depozicemi — muze
se projevit deficience (zejmena Mg a Ca)

EKM houby dokazi uvolfiovat K z mineralu

x houbovy plast' je vyraznou barierou apoplasti-
ckého transportu latek (hydrofobiny; u nekterych
EKM hub i hyfy ERM)



Voda a ektomykorhiza

zvyseny prijem vody??? (nebo jen efekt
lepsiho zasobeni mineralnimi zivinami???)
rhizomorfy mohou slouzit k vedeni vody

| jednotlivé hyfy; symplastem,
apoplastem???

zvySeni hydraulické vodivosti EKM korenu:

zvySena exprese nékterych akvaporinu za
sucha (pttPIP2.5; Marjanovic et al. 2005)



Voda a ektomykorhiza

 hydraulic lift (Querejeta et al. 2003)

— snadné vyschnuti svrchnich horizontu pudy —
omezeni funkcnosti mykorhizy

— ,syceni” vodou z hlubSich pudnich vrstev

— kompartmentovany kultivacni system, barviva
nepropustna pro membrany (pouze
apoplasticky transport!), Quercus agrifolia,
Cortinarius sp., od soumraku do kuropeni a
obracene



Typicka mykorhizni symbioza...

» funguje tak, ze rostlina ziskava od
asociované mykorhizni houby mineralni
prvky (P, N, ...) Ci vodu a naopak
poskytuje houbé cast svych fotosyntatu

* vyjimKy: asociace mykoheterotrofnich
rostlin (orchideoidni mykorhiza,
monotropidni mykorhiza, arbuskularni
mykorhiza) a mixotrofnich rostlin



Fotosyntaty
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Figure 9.11 Diagrammatic representation of the current understanding of the location and
function of nitrogen transporters in ectomycorrhizal tissues. Black cylinders represent struc-
tures in which at least one member of the transporter family has been fully characterized
by functional complementation in a deficicent strain of yeast. Dark grey cylinders represent
putative transporters in which candidate genes have been identified as expressed sequence
tags. Pale grey cylinders represent hypothetical transporters. The transporters putatively
involved in carbohydrate transport, carboxylation of N compounds and in transfer of phos-
phorus (P) and potassium (K*) ions are also shown. Fp, fungal plasma membrane; Rp, root
plasma membrane; aa, amino acids; pP, polyphosphate; Vac, vacuole; s, sucrose; ms, monosac-
charide; cc, carboxylation. Modified from Chalot et al. (2002), with permission.



Fotosyntaty

* ruzna zavislost mykorhiznich hub na
fotosyntatech ziskavanych symbioticky od
hostitelske rostliny

— AM houby: obligatné biotrofni, ~ 100% C

— EKM houby: pravdepodobné velmi vysoka variabilita,
odhadujeme podle schopnosti saprotrofniho rustu,
ECM status se v prubéhu evoluce objevuje u
vybranych skupin hub opakovane

— ErM, OM: velmi dobré schopnosti saprotrofniho rustu
(celulazy, pektinazy, polyfenoloxidazy...)

* muze byt orchideoidni mykorhiza mutualisticka?



Fotosyntaty

* sacharoza, v mezilehlem prostoru
(apoplast) stepena invertazou vazanou na

BS kortikalnich bunék

* 10-30 % fotosyntatu prfedavano
mykorhiznim houbam

 rust ERM (a hyfového plasté), ale i
obohacovani pudy o C latky (glomalin),
sekvestrace C

* sezonnost fungovani mykorhiz
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Fotosyntaty a ektomykorhiza

nejvétsi alokace fotosyntatu do EKM az ke konci
vegetacniho opdobi, v pozdnim Iété a na podzim
koreluje s vyskytem plodnic EKM hub, s ristem kofenu,
vyzravanim pletiv k odolnosti proti chladu

EKM stromy maji vysSi rychlost fotosyntézy: ERM jako
sink pro C, sekvestrace v pudé

kalkulace mnozstvi C alokovaného do EKM hub (kg na
ha za rok, borovy les):

— ERM 70, sporofory 30, houbové plaste 730, celkem 830

— 40 % C na struktury, 60 % na respiraci

— celkové vyprodukované fotosyntaty: 5 800 kg ha' rok-"

— t.j. 15 % fotosyntatl predano EKM houbam



Cost-benefit model

vypujéeny z ekonomie
Neco za neco
je dana aktivita pro me vyhodna?
velmi nejasné vymezeni zisku; fithess
— lepSi vegetativni rust (vs. herbivorie)
— lepsi zasobeni zivinami
podle toho, jak z analyzy cost-benefit vychazi
hostitel a jeho mykorhizni houba muzeme danou

mykorhizni asociaci zaradit do spektra
symbiotickych interakci



Spektrum symbiotickych interakci

Table 1. Overall ecological benefits in plant-fungus interactions. Classical mycorrhizal relationships (ECM, AM), range from mutualism to
parasitism on the plant depending on whether the assimilated carbon contributed from the plant is adequately compensated by the mineral
nutrient contribution by the fungus {lower line {italics)). Orchid mycorrhiza ranges from parasitism on fungi to commensalism, depending on
the impact on the fungus in question {upper left corner and middle left {bold)), and may approach neutralism depending on the extent to
which the plant acquires photosynthetic capacity and develops infection-free roots. Elaboration on diagram given by Johnson et al. (1997),
not intending to convey any information on structure or actual material transfers.

Gradient of fungal responses

neg Parasitism (4, —) Amensalism (0, —) Competition (—, —)

0 Commensalism (+,0) Neutralism (0,0} Amensalism { —,0)

pos Muttalism {(+, +) Commensalism 10, +) Parasitism { —, +)
pos 0 neg

Gradient of plant responses to mycorrhizal associations

 Rasmussen and Rasmussen 2009
* pro AM neni uvedena kategorie (+,-) tj. AM mykoheterotrofni rostliny
« pro OM neni uvedena mutualisticka symbi6za

Zarazeni dane symbiozy do tohoto spekira je
velmi dynamické zejmena v case, ale | se zmenou
vnejsich ekologickych podmlnek, a vzdy se
vztahuje k aktualnimu stavu!!!



Specificita mykorhiznich symbioz

AM: 200 druht hub, ca 80 % druhu svétové flory — velmi
nizka specificita fyziologicka; ekologicka specificita!!!
EKM: 5 az 6 tisic druhtt EKM hub, ca 3 % druht vysSich
rostlin — pomérné vysoka specificita

OM: Casté debaty, terminologické nejasnosti, 25 tisic
druhu rostlin (ca 7-10 % svétové flory, ale pouze jedna
Celed!), stovky druhu OM hub; bazidiomycety a
askomycety, EKM a saprotrofové

izolované mykorhizni typy x vzajemné prolinani a
iInterakce



M. Vohnik (2008)




www.cmn.net

wood wide web
common mycelial networks
net

propojeni rostlin téhoz/jiného druhu myceliem
mykorhiznich hub

napojeni rostlin téhoz/jiného druhu na jiz existujici
mycelium mykorhiznich hub

nurse (plant) effect

cost-benefit analyza

pomeérne stabilni (achlorofylie + mykoheterotrofie) i
dynamicky se menici interakce (semenac vs. dospély
strom; kliCici vs. dospela orchidej)



www.cmn.net

Nase znalosti o mykorhizni symbioze jsou dosud
utrzkovité a schematicke. Unika nam pestra splet
vzajemnych vazeb, kterymi jsou mykorhizni
houby propojeny se svym okolim, a unika nam
také fyzikalni a chemicka podstata procesu a
Jevu, kterymi jsou tyto vazby zajistovany
(Gryndler et al. 2004).



X7 .

ONACADF 7 6% 4N

=N

nedostatek svétla zna¢né mnozstvi semenacku, jejichz kofeny jsou prostfednictvim mycelia myko-
rhiznich hub propojeny s kofeny vzrostlych stromti. Tim maji semena¢ky moZnost pro svou vyzivu |
¢astecné vyuzivat energii bohaté latky ziskané mykorhiznimi houbami od vzrostlych hostiteld, a pfeckat
tak obdobi zastinu. Tok energie je na obrazku schematicky zndzornén Sipkami. Po prosvétleni porostu
padnutim stromu jsou takto udrzované semenacky piipraveny odstartovat rychly riist a zacelit vznikly
¥ prostor. (Gryndler et al. 2004)
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R DIPTSR (1T A SA P
Scénar 1: EKM stromy a v jejich stinu semenace

stromy: vytvoreni CMN
*semenace: vyuziti CMN pro pfijem zivin bez vétSich investic C

«?7?7? zavislé Ci nezavislé prenosy C latek a mineralnich zivin

- | “pFenos C mezi stromem a semenagem???
. NN\ R AR\ T TP YA NN N



stromy: vytvoreni CMN, jeji zasobovani C latkami

orchidej: vyuziti CMN pro pfijem uhlikatych i mineralnich zivin

*epiparazitismus

- { «cf. namisto EKM AM a prenosy C latek
. NN\ R AR\ LY. TP YA\ N\



M or NM receiver
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shown as being in a row for diagrammatic purposes only.

Scénar 3: AM rostliny propojené CMN

*pfenos mineralnich zivin (P, N)
*A: nutrient rich, B: nutrient poor
. *vySSi obsah v prijemcich +M rostlinach

A -1l kompenzacni rust kofenu donora, ovlivnéni kompetice
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Donor——— |/ Francis et al. 1986




Donor——— |/ Francis et al. 1986

M or NM receiver

Lanolin

oube po "/ ii\ ‘!‘\
Double pot /M ,\L A

A — I

/ g‘\‘f "‘\S/ Q@ Arabis

ransfer experiments. A is the donor
hizal plants. Receiver seedlings are

Fig. 1. Design of the double pot system used in the nutrient t
and B the receiver pot. M = mycorrhizal; NM; non-mycorr
shown as being in a row for diagrammatic purposes only.
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Muze byt orchideoidni
mykorhiza mutualisticka®?

A jak souvisi prijem
organickeho N z AK
mykorhizami s
mykoheterotrofii?



but the extent to which this occurs in photosynthetic specfes is unknown. The fungi
probably also supply N and P and other nutrients to both seedlings and adult
plants, but this aspect of the physiology of the association should be investigated
with a wider range of plants and, again, under ecologically relevant conditions.

Orchid mycorrhizal fungi are capable of translocating both *C- and **P-labelled
compounds in their hyphae and delivering them to protocorms. The mechanisms
by which nutrients are transferred from fungus to plant are not well understood but
it seems likely that'controlled transport occurs across the interface between pelo-
tons and orchid cells. There is no good evidence that transfer in the opposite/
direction, from orchid to fungus, takes place at any stage. Whether or not the
fungus gains anything from the mycorrhizal relationship remains one of the
mysteries of the association. However, the unstable nature of the symbiosis means
that there may be situations in which the fungus successfully obtains nutrients by
parasitizing the orchid, mainly in the seedling stages.

Orchid mycorrhizas are different from other mycorrhizal associations in many
respects. They are certainly not mutualistic symbioses and attempts to classify them

on nutritional bases have not been very successful. It has been suggested that the -

orchid is a necrotrophic parasite of the fungus (Lewis, 1973) and this might indeed
be the case in the strictly mycorrhizal phase of the associations during which
pelotons are lysed. However, in other phases the fungus can clearly be a necro-

trophic parasite on the plant, and its hyphae can grow in an uncontrolled way’
throughout a protocorm, inducing soft rot.

In recent years mycorrhizal associations in orchids have been neglected relative
to the enormous amount of research on VA and ectomycorrhizas. We hope this
chapter has shown how a combination of conventional and molecular methods has
the potential to unravel some of the complexities of plant-fungus interactions at

both physiological and taxonomic levels and provide data relevant to ecological
situations.
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Je OM mutualisticka?
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|lzotopove slozeni rostlinnych pletiva mimokorenového

mycelia
o13C

Zea mays — listy 15,2 %o
Zea mays — koreny -14,6 %o
Serapias strictiflora — listy -31,0 %o
Serapias strictiflora — kofeny (var +C,) -28,2 %o
Serapias strictiflora — kofeny (var — C,) -28,6 %o
Serapias strictiflora — nové zasobni hlizy (var +C,) -28,2 %o
Serapias strictiflora — nové zasobni hlizy (var — C,) -28,6 %o
mimokofenové mycelium (var +C,) -21,6 %o
mimokorfenové mycelium (var — C,) 26,3 %o




Diskriminace zohlednuijici trofickou uroven

o'3C
Zea mays — listy 15,2 %o
Zea mays — koreny -14,6 %o
Serapias strictiflora — nove zasobni hlizy (var +C,) -28,2 %o
Serapias strictiflora — noveé zasobni hlizy (var — C,) -28,6 %o
mimokofenoveé mycelium (var +C,) 21,6 %o
mimokofenové mycelium (var — C,) -26,3 %o




Diskriminace zohlednuijici trofickou uroven

o"3C
Zea mays — listy 15,2 %o
Zea mays — koreny -14,6 %o
Serapias strictiflora — listy -31,0 %o
Serapias strictiflora — kofeny (var +C,) -28,2 %o
Serapias strictiflora — koreny (var — C,) -28,6 %o
Serapias strictiflora — nove zasobni hlizy (var +C,) -28,2 %o
Serapias strictiflora — noveé zasobni hlizy (var — C,) -28,6 %o
mimokofenoveé mycelium (var +C,) 21,6 %o
mimokorenové mycelium (var — C,) -26,3 %o




Vypocet mixotrofie ERM pri péstovani ve varianté +C,
- dvouzdrojovy smesny model

koreny kukurice - saprotrofie koreny orchideje - biotrofie
013C=-14,6 %o 013C=-28,2 %o

ERM
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koreny kukurice - saprotrofie koreny orchideje - biotrofie
013C=-14,6 %o 013C=-28,2 %o

obohaceni diky dalsi trofické urovni

ERM
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- dvouzdrojovy smesny model

koreny kukurice - saprotrofie koreny orchideje - biotrofie
013C=-14,6 %o 013C=-28,2 %o

obohaceni diky dalsi trofické urovni

613C=-12,5 %o 613C=-26,3 %o

ERM



Vypocet mixotrofie ERM pri péstovani ve varianté +C,
- dvouzdrojovy smesny model

koreny kukurice - saprotrofie koreny orchideje - biotrofie
013C=-14,6 %o 013C=-28,2 %o

obohaceni diky dalsi trofické urovni

613C=-12,5 %o 613C=-26,3 %o

ERM

6"13C=-21,6 %o



Vypocet mixotrofie ERM pri péstovani ve varianté +C,
- dvouzdrojovy smesny model

korfeny kukurice - saprotrofie koreny orchideje - biotrofie
013C=-14,6 %o 013C=-28,2 %o

obohaceni diky dalsi trofické urovni

613C=-12,5 %o 613C=-26,3 %o

ERM

31 % 69 %

6"13C=-21,6 %o



Je OM mutualisticka?

* Potvrdili jsme, ze biotrofni prenos C z orchideje
do houby pretrvava i za situace, kdy ma houba
pristup k pudni organické hmoté; biotrofie i tehdy
zabezpecCovala vétsinu C pro rust ERM



|lzotopove slozeni rostlinnych pletiva ERM

o13C
Zea mays — listy 15,2 %o
Zea mays — koreny -14,6 %o
Serapias strictiflora — listy -31,0 %o
Serapias strictiflora — koreny (var +C,) -28,2 %o
Serapias strictiflora — koreny (var — C,) -28,6 %o
mimokofenové mycelium (var +C,) -21,6 %o
mimokorfenové mycelium (var — C,) 26,3 %o




Je OM mutualisticka?

» Potvrdili jsme, ze biotrofni prenos C z
orchideje do houby pretrvava i za situace,
kdy ma houba pfistup k pudni organicke
hmote; biotrofie | tehdy zabezpecCovala
vétSinu C pro rust ERM

* nepotvrdili jsme prispevek
mykoheterotrofie k celkove vyzive
orchideje (rozdily statisticky neprukazné) —
u druhu S. strictiflora je dominantnim
nutricnim modem fototrofie (autotrofie)



Orchideoidni mykorhiza muze
byt | mutualisticka!

Ale jak souvisi prijem
organickeho N z AK
mykorhizami s
mykoheterotrofii?



Prijem AK versus mykoheterotrofie

rostliny a mykorhizni houby mohou prijimat
jednoduche N, latky typu AK

Cameron et al. 2006: 99% isotopically double-
labelled [13C-1°N]glycine,

SN v nadzemich ¢astech G. repens — mykoheterotrofie!!!
Cameron et al. 2008: Giving and receiving: measuring

the carbon cost of mycorrhizas in the green orchid,
Goodyera repens

cf. Nasholm et al. (2009) Tansley review Uptake of
organic nitrogen by plants. New Phytologist (2009) 182:
31-48.



Mame opravdu povazovat
prijem AK nikoli za prijem N, ale
za prijem C?7?7

Pokud ano, zapomenme na to,
ze rostliny jsou dominantne
autotrofni organismy!!!



Orchis papilionacea



