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Sisu

e Mis on mukoriisa, mukoriisa tuubid
e Arbuskulaarne mukoriisa

— Funktsioonid

— Kasutatavus pollumajandustootmises

— Eesti teadmised
— Naide mahetootmisest

e Kuidas edasi



Mukoriisa e. seenjuur

= taimejuurte vdi maa-aluste organite ning seente
kooselu, mille kdigus toimub toitainete imamine
mullast

Mukoriisad - mitte juured - on maismaataimedele
peamised mullast toitainete imamise organid

Mukoriissus on ‘normaalne’ seisund enamuse taimede
jaoks enamuse dkoloogiliste tingimuste puhul
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Krohmseened
(arbuskulaarse mukoriisat = AM
moodustavad seened)

 Ph. Glomeromycota, c. 280 spp.

200 pum
I

Glomus diaphanum #
* Obligaatsed simbiondid enamuse -~ * e
maismaataimedega (ja mdnede veetaimedega) .. -

e Vanimad fossiilid teada ordoviitsiumist (460
MAT), toendoliselt olulise rolliga taimede
asumisel veest maismaale

e Funktsioonid:

— Taimede mineraaltoitumine (P, N,
mikroelemendid)

— Abiootilise ja biootilise stressi leevendamine
(pdud, raskemetallid, soolsus; patogeenid)

— Mulla struktuuri parandamine
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In short, these fungi are invisible to naked eye, but are present nearly everywhere


Ektomukoriisa Orhidoidne Erikoidne
mukoriisa mukoriisa




Ectomycorrhiza Arbuscular mycorrhiza

—

e Hyphopodium
Mycelium 2353 yphop _

Mantle
Arbuscules
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From Bonfante ja Genre 2010 http://www.nature.com/ncomms/journal/v1/n4/full/ncomms1046.html
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ARBUSKULAARSE MUKORIISA
FUNKTSIOONID




Moora et al. 2004, Funct. Ecol. 18:554-562 12



(2) 0.6 Mukoriisse kurgi kasv
0.5+ .
erineva N:P suhtega

0.4

i véetistega

E 0.14
53 MGR - mycorrhizal growth
0,24

response = log,(AM/NM)

=0.3-

Regular Low P 10%
Long Ashton Long Ashton Long Ashton
N:P = 6.1 N:P =615 N:P = 6.1

Mukoriisse inokulatsooni moju taimekasvule:
- negatiivne, kui toitaineid palju

- positiivne, kuid vaike, kui toitaineid moodukalt
- positiivne, suur oige stoihhiomeetria korral

Johnson 2010, New Phytol. 185: 631-647  *
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Johnson NC. 2010. Resource stoichiometry elucidates the structure and function of arbuscular mycorrhizas across scales. New Phytologist 185: 631-647.

Figure 2.  Cucumber plants were grown in Long Ashton solution that was full-strength (1.3 mM phosphorus (P)), low P (0.13 mM P + high concentrations of all other nutrients), or a 10% dilution of Long Ashton solution. (a) Mycorrhizal growth response (MGR) measured as loge(AM/NM), where AM is the total dry mass of mycorrhizal plants and NM is the total dry mass of plants grown in similar conditions except without mycorrhizas. (b) Leaf nitrogen (N):P ratio of nonmycorrhizal (NM) cucumbers. Data are from Valentineet al. (2001).
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Fig. 1 Tripartite relationship between root colonization, soil P fertility (plant
available phosphate; CaCl2 – extractable) and arbuscular mycorrhizal fungus
(AMF) taxa richness in roots at 30 sites in the Netherlands. The three
parameters are all strongly interrelated; higher soil P availability relates to
reduced root colonization (percentage root length colonized) and reduced
AMF richness (estimated number of taxa). Data to produce this figure are
described in Verbruggen et al. (2010, 2012b). Root colonization and AMF
taxon richness estimated by T-RFLP are averaged over July and September
sampling in 2007; sites include 26 maize (Zea mays) fields and four seminatural
grasslands. Correlation coefficients and P values are for richness–
colonization (r2 = 0.47; P < 0.001), available P–colonization (r2 = 0.53;
P = 0.001) and available P–richness (r2 = 0.57; P < 0.001).


AM seened kaitsevad taimi
patogeenide ja
keskkonnastressi eest

FUtohormoonidel oluline
roll

Pozo et al. 2015, New
Phytol. 205: 1431-1435 15
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Fig. 3 Phytohormones as mediators of the context dependence of
mycorrhiza establishment and function. Plants adjust their phenotype
according to nutrient availability, light, and other abiotic and biotic factors
through precise spatio-temporal signalling regulation. Phytohormone
networks integrate plant responses to the different cues and mycorrhiza
formation and function. Hormone homeostasis has an impact on, and is
impacted by, the mycorrhizal symbiosis. Thus, the phytohormone signalling
hubs may allow the plant to orchestrate the symbiosis according to its
physiological needs under particular environmental conditions, and mediate
the fine-tuning of the plant response by mycorrhizas. Holistic approaches are
required to understand the contribution of phytohormone signalling to the
context dependence of mycorrhizal interactions and the effects of the
symbiosis on plant adaptation to the ever-changing environments. ABA,
abscisic acid; Aux, auxins; BR, brassinosteroids; CKs, cytokinins; ET, ethylene;
GA, gibberellins; JA, jasmonates; SA, salicylic acid; SLs, strigolactones.


AM + viirus VIIirus
Nakkuse tugevus:

1 — kerge
4 — ulatuslik
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Fig. 3 Evaluation of symptoms caused by TYLCSV in mycorrhizal (MV) and nonmycorrhizal (V) tomato plants based on a disease severity index (DSI) ranging between 1 (mild symptoms) and 4 (severe symptoms): a graphic representation (percentage of plants scored 1 to 4 DSI in the two sets of plants) and b  example of plants with DSI=2 (left) and DSI=4 (right)

The arbuscular mycorrhizal (AM) symbiosis is considered a natural instrument to improve plant health and productivity since mycorrhizal plants often show higher tolerance to abiotic and biotic stresses. However, the impact of the AM symbiosis on infection by viral pathogens is still largely uncertain and little explored. In the present study, tomato plants were grown under controlled conditions and inoculated with the AM fungus Funneliformis mosseae. Once the mycorrhizal colonization had developed, plants were inoculated with the Tomato yellow leaf curl Sardinia virus (TYLCSV), a geminivirus causing one of the most serious viral diseases of tomatoes in Mediterranean areas. Biological conditions consisted of control plants (C), TYLCSV-infected plants (V), mycorrhizal plants (M), and TYLCSV-infected mycorrhizal plants (MV). At the time of analysis, the level of mycorrhiza development and the expression profiles of mycorrhiza-responsive selected genes were not significantly modified by virus infection, thus indicating that the AM symbiosis was unaffected by the presence and spread of the virus. Viral symptoms were milder, and both shoot and root concentrations of viral DNA were lower in MV plants than in V plants. Overall F. mosseae colonization appears to exert a beneficial effect on tomato plants in attenuating the disease caused by TYLCSV.



AM seened on olulised mulla struktuuri hoidjad

ja toitainete kao takistajad
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Figure 1. Overview of potential impacts of mycorrhizal versus non-mycorrhizal plants on soil nutrient loss pathways. The starting nutrient pool (1) may comprise inorganic and/ or organic nitrogen (N)- and phosphorus (P)-containing compounds. Immobilization of nutrients (2) and water uptake (3) are enhanced when plants are colonized by arbuscular mycorrhizal fungi (AMF). As a consequence, the pool of nutrients at risk of being leached (4) will be reduced with mycorrhizal plants. Simultaneously, AMF can improve soil structure (5). As a consequence of all of these factors, we anticipate more nutrients to be leached (6) where plants are non-mycorrhizal. Similarly, we expect gaseous N loss (7) to be enhanced when plants are non-mycorrhizal due to reduced plant N assimilation. Although not represented in this figure, the effects of forming AM on plant biomass may also be important (see text). The sizes of the arrows indicate the direction of change (i.e., increased, decreased, or similar), but they are not drawn to scale. 
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AM KASUTATAVUS
POLLUMAJANDUSTOOTMISES
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Ellouze et al., 2014. BioMed Res. Int. 2014:531824
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Figure 1: Graphical overview of the relationships between plant-associated microbial diversity, crop yield, and environmental conditions in
agroecosystems as influenced by management.


Nisu inokuleerimine AM seentega
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Nisu inokuleerimine AM seentega
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AM EESTIS: MIDA ME TEAME



AM seente mitmekesisus on Eestis
suhteliselt hasti uuritud

® Ecology

©  Taxonomy

® 1 accession (min)

. 263 accessions (max)




AM seente liigirikkus Eesti tavalistes
maakasutusetllpides
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Moora et al. 2014, FEMS Microbiol. Ecol. 90: 609-621 2
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Fig. 1. Rarefaction analysis of soil AM fungal samples (VT) from
different habitats.


AM seente liigirikkus ja maakasutuse
intensiivsus: moodukus on parim?
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Fig. 1. Rarefaction analysis of soil AM fungal samples (VT) from
different habitats.
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AM SEENTEGA INOKULEERIMINE
MAHEPOLLUL: NAIDE




PhD Teele Jairus

Teadur
Teele.Jairus [at] ut.ee

taiendan ka andmebaasi ,,Ecobank”. Vajadusel aitan teisi tGogrupi lilkmeid nii
valitéadel kui ka laboris.

Valitud publikatsioone:

= Davison, J., Moora, M., Opik, M., Adholeya, A., Ainsaar, L., Ba, A.,
Burla, S., Diedhiou, A.G., Hiiesalu, 1., Jairus, T., Johnson, N.C., Kane,A.,
Koorem, K., Kochar, M., Ndiaye, C., Partel, M., Reier, U., Saks, U.,
Singh, R., Vasar, M., Zobel M. 2015. Global assessment of arbuscular
mycorrhizal fungus diversity reveals very low endemism. Science 349:
970-973.

= Opik, M., Zobel, M., Cantero. J.J., Davison, J., Facelli, J.M., Hiiesalu, I.,
Jairus, T., Kalwij, J.M., Koorem, K., Leal, M.E., Liira, J., Metsis, M.,
Neshataeva, V., Paal, J., Phosri, C., Polme, S., Reier, [., Saks,
U., Schimann, H., Thiery, O., Vasar, M., Moora, M. Global sampling of
plant roots expands the described B v B o '
mycorrhizal fungi. Mycorrhiza 23: 4

Siim-Kaarel Sepp
siimsepp [at] ut.ee

Mina keskendun doktorantuuris arbuskulaarset miikoriisat  (AM)
moodustavate seente koosluste uurimisele. Uks minu té6 eesmirkidest on
teada saada, kuidas AM seene kooslused erinevad maakasutuse
intensiivsuse loikes péllumajandusmaadest looduslike dkoslisteemideni nii
lokaalsel kui globaalsel skaalal. Teatud maakasutusetiilipide piires
plaanin voimalikult taielikult kirjeldada sealsed AM seente kooslused
peremeestaime liikide kaupa. Selleks kasutan AM seente molekulaarset
maaramist juure- ja mullaproovidest. DoktoritGd tulemusena dritan
paremini maoista AM seente rolle nii looduslikes kui inimmojulistes
okosusteemides ning saada aimu peremeestaime liigi mojust AM
seenekooslusele. Minu doktorités juhendajateks on Maarja Opik ja Martin
Zobel.
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Kas AM seentega inokuleeritud poldudel
on suurem AM kolonisatsioon?

Inokuleerimise meetodi efekt AM kolonisatsioonile
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Mida sellest jareldada?

. e Kontrollid
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 Mulla struktuur?
mm—— * Inokulaatide erinevus?
o fa = * Kultuur x muld x inokulaat
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WMes 1 5 sobivus?

. Kas me m&8dame parimat
| mukoriissuse hindamise
R T, parameetrit?

Kolonisatsioon taimeliikide kaupa
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KUIDAS EDASI?



Jargmiseks ...

Kontrollid

Mulla viljakus?

Mulla struktuur?
Inokulaatide erinevus?

Kultuur x muld x inokulaat
sobivus?

Kas me moddame parimat
mukoriissuse hindamise
parameetrit?

Lahendused

Kontrollidega
inokulatsioonikatsed (M+,
M-)

Inokulaadi sobivuskatsed eri
muldadele

Erinevate inokulaatide
vordlus

Kohaliku inokulaadi arendus



Kokkuvotteks

o arbuskulaarne mukoriisa voib olla
pOllumajanduses kasulik: suurem saak, vaiksem
= Vvaetiste jm keemia kulu
o Eesti mullatingimustes ja kultuuridel vajab
testimist
— * Inokulaadid véga erinevad
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