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Review to the Ph.D. Thesis by Mgr. Jifi Mastny
entitled

,Effect of peatland plant dominants on quality and quantity
of organic matter in spruce swamp forest soils*

Hydrologically intact peatlands feature water levels near the surface, which maintain permanent
anoxic conditions already in few centimetres soil depth. However, the drainage and the more
frequent and more severe summer droughts in Central Europe cause marked drops in water
levels and hence increase the oxygen availability also in greater soil depths. Low availability of
O, is crucial for the development and persistence of organic soils and vegetation adapted to
these conditions. As a consequence of human-induced oxygenation, the plant community
composition changes. These changes are accompanied by alternation of soil processes leading
to differences in the quality of soil organic matter. This development follows different trajectories
and posses self-regulating but also self-enhancing nature.

In his Ph.D. Thesis, the candidate, Mgr. Jifi Mastny investigated the effects of three dominant
vegetation types on the quality and turnover of soil organic matter. He selected three functional
plant types: Sphagnum (peat moss), cotton-grass (graminoids) and blueberry (ericoids),
representing a pristine wetland and two different stages of its degradation. Along such gradient
Mr. Mastny evaluated the long-term effects on the quality of soil organic matter (SOM) and the
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related microbial community. He conducted laboratory experiments to investigate the importance
of the most mobile fraction of the SOM as a source for soil microorganisms. In the following, he
evaluated the impact of artificial root exudates on decomposition of recalcitrant organic matter
and tested the priming effect within the rhizosphere together with the analysis of the related
microbial community.

The presented Ph.D. Thesis consists of an extensive general introduction. The Results and
Discussion section is ordered according to the four publications (three already published, one as
a submitted manuscript). The author provides a concise conclusions of the presented work. This
general summarizing section of more then 30 pages gives an extensive overview of the work
and delineates the most significant findings. The four publications attached after the first part of
the Thesis offer an comprehensive detailed insight in to each of the subjects.

The first work describes the effects of drainage and water regime restoration on soil organic
matter quality in a spruce swamp forest in the Bohemian Forest, Czech Republic. The soil
organic matter was subjected to sequential chemical fractioning and infrared spectra were used
for their characterization. Drained sites had a greater proportion of recalcitrant compounds
compared to. pristine ones, which resulted in energy limitation and a decrease in microbial
activities, including CO, and CH, production. Restoration efforts resulted in changes of SOM
fractions towards pristine conditions, but such changes requires several years to decades.

This part of the thesis shows, that Mr. Mastny has developed a wide view of the ecological
processes related to wetland restoration.

Within the second paper investigating the effects of Eriophorum vaginatum and Vaccinium
myrtillus on nutrient turn-over and enzymatic activities Mr. Mastny contributed by experimental
work and sample analysis. He also transformed the most important part of the results in to the
general introduction of his thesis. Both plants exhibited contrasting effects on nutrient cycling
and carbon storage. Eriophorum vaginatum depleted phosphorus and nitrogen reserves in the
soil and the prevailing anoxia inhibited litter decomposition which in turn impaired microbial
activities. In contrast, dominance of Vaccinium myrtillus boosted phosphorus availability —
presumably through mycorrhizal associations — and increased the soil microbial biomass. As a
consequence, when Vaccinium occupies large part of former peatlands, organic matter losses
tends to increase. At former stages, a spread of cotton-grass would mostly not alter the peatland
carbon balance.

These processes are nicely summarized in the Figure 6 (page 28 of the thesis).

The third publication focussed on differences in the quality of dissolved organic matter (DOC) in
respect to each vegetation type. An incubation experiment with the litter of Sphagnum fallax,
Eriophorum vaginatum and Vaccinium myrtillus investigated the leachate for C, N and P among
different molecular weight fractions. Compared to Sphagnum moss, the leaves of vascular plants
decomposed faster and released larger amounts of nutrients and easily degradable
hydrocarbons. Especially the complexation of phosphorus within Sphagnum litter may retard its
biodegradability.
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Mr. Mastny as principal investigator of this study provided in this paper a profound explanation of
different biodegradability of the litter of each vegetation type and thus contributed to our
understanding of nutrient cycling in pristine and man-affected wetlands.

)
i

The fourth study (here as an unpublished manuscript) of the Thesis goes further beyond the
above investigated effects and elucidates the priming effect induced by root exudates. This is an
ecologically highly important phenomenon which may explain highly dynamical changes in
ecosystems after an input of easily degradable carbohydrates. Such input can spur the
metabolic activities and lead to higher overall degradation rates of organic material, as known
from general soil science but shortly also for environments of anaerobic biogas digesters.

In contrast to Sphagnum, vascular plants have significant root exudates input to the soil. The
candidate (with. co-authors) incubated peatland samples together with organic compounds
mimicking root exudate addition. Interestingly, the highest addition (5% of present DOC) at the
highest C/N ratio (50) highly stimulated microbial decomposition of complex compounds. Though
these differences between individual treatments were comparatively small (page 109 and 110 of
the Thesis), the above stated treatment with high carbon and low nitrogen input increased the
need for nutrients by the involved microbial community and thus generally stimulated the overall
SOM degradation.

In this paper Mr. Mastny elucidated an important ecological phenomenon and coupled the
decomposition data to the composition of microbial community. '

In summary, the Ph.D. Thesis of Mgr. Jifi Mastny provides a comprehensive insight into plant-
mediated processes in wetlands. The candidate showed the ability to design experiments, to
evaluate and to interpret the results and to bring this results into scientific community through
high-impact journals. On this basis, | can highly recommend to accept the presented thesis for
defence.
Ulm, April 14, 2020
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Prof. ljr. Marian Kazda
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Posudek dizertacni prace Mgr. Jifiho Mastného , Effect of peatland plant
dominan_ts on quality and quantity of organic matter in spruce swamp
forest soils” :

Disertalni prace se primarné zabyva pfeménou organické hmoty zradelinélych pid horskych lesd,
- v predkladané préci specificky na lokalitach na Sumavé. Koncept védeckého badani se zaméfuje na role
jednotlivych rostlinnych dominant — raselinik, suchopyr a bortivka na dynamiku dekompozice
organické hmoty, s rozdélenim na plynnou (CO;) a rozpustnou fazi (DOC) a imobilizaci Zivin (N a P).
Cilem je pochopit - a do znatné miry predikovat - vyvoj dotéenych ekosystémii za situace
predpokladané klimatické zmény a souvisejicich zmén vegetacniho sloZeni — v nasich podminkach
pravdépodobné expanze borlivky na ukor raselinnych (suchopyr nevyjimaje) spoleenstev. Dizertace
organicky propojuje ¢tyfi hlavni témata, specificky pokryta jednbtlivy’lmi publikacnimi vystupy, kterd
zahrnuji vliv degradace a revitalizace raselinist na SOM sloZeni a pudni mikrobidlni charakteristiky
(publikace 1); problematiku kolobéhu Zivin v kontextu vlivu rostlinného pokryvu studovanou in situ
(publikace 2); navazujici specifickou studii ex situ charakteru DOC vznikajiciho pfi dekompozici opadu
(publikace 3) a studii teoretické role kofenovych exudatti na dynamiku (priming efekt) dekompozice
DOC v raselinistich (manuskript 4). Kvalita predloZenych publikaci a manuskriptu a zjevny vyznamny
podil doktoranda na jejich vzniku, prokazuje schopnost samostatné badatelské cinnosti Jifiho
Mastného a tudiz, podle mne, splfiuje formalni i vécné predpoklady k udéleni titulu PhD.

Ptesto si dovolim prezentovat nékteré nazory/spekulace/naméty vyplyvajici z predloZenych dat a jejich -
interpretace. Téma dizertace obecné studuje vliv vegetacnich dominant tfi druh( rostlin na rGznorodé
charakteristiky pevné (véetné mikrobialniho oZiveni) popf. rozpustné frakce ptdni organické hmoty.
Nicméné vzorky byly odebirany v prostfedi rozvolnéného horského lesa s dominanci smrku ztepilého
— jeho pokryvnost na jednotlivych studovanych plochach se pohybovala od 0 do 80% (viz publikace
Kastovska et al., 2018), pro¢ nebyl tento faktor zahrnut do analyzy? Popfipadé, jak pfitomnost dfevin
maze ovlivnit interpretaci ziskanych vysledk(? Dalsi otézka souvisi s obecnou definici rozpu3téné
organické hmoty (DOM), popfipadé uhliku (DOC) —tato je brana primarné jako zdroj energie (Zivin) pro
mikrobidlni komunitu, nicméné z interpretace dat neni zcela jasné, jak vlastné DOC v dotfenych
ekosystémech vzniké — vysledky ukazuji (kapitola 4.4. Mastny et al., 2018), Ze rozklad opadu (jen listovi)
prispiva 7 — 11% k celkovému pudnimu DOC a Edwards et al. (2018) odhaduje prispévek kofenovych
exudatl na 1—5%, jak tedy vznika celkova zasoba DOC? Pokud DOC primarné vznika (asi nevyhnutelné)
rozkladem rostlinnych &asti p¥i procesu dekompozice, pak charakteristika (slozeni) DOC je jiz vysledkem
pusobeni dekompozitorti a pi’ostfedi ve kterém se DOC akumuluje. Extenzivné se v disertacni praci
studuje fyzikdlné-chemickd povaha DOC a na mnoha mistech se explicitné vztahuje k rostlinné
dominantd. NemizZou v3ak byt mnohé pouZité charakteristiky DOC (spektrélni, chromatografické —
publikace 1 a 3) pouze jakymsi ,metodickym artefaktem” v popisu charakteru DOC, jez vyplyva
z pfirozené povahy DOC, ktera se jevi jako ,shluk” relativné malych molekul vazanych nekovalentni
vazbou? Tyto slabé molekulové interakce (vodikovy mustek, van der Waalsovy sily) jsou velmi ,citlivé”
na povahu vnéjsiho prostfedi, jako je iontova sila a pH, a podle charakteru tohoto prostfedi se pak
mohou jevit pfi poufZiti specifickych (¢asto vzajemné korelovanych) spektrélnich analyz (vice v Piccolo
(2001)). Zde prosim o kratky komentéF k interpretaci fyzikdlné-chemickych charakteristik v kontextu
uvah v uvedené publikaci.

Jlistou interpretacni slabost vidim v arbitrarnim stanoveni hloubky ptdniho profilu pfi srovnani

pfirozeného, degradovaného a revitalizovaného raselinisté. Srovnavani jednotlivych , horizontd” mezi
témito lokalitami (0-10 cm a 10-30 cm) nedavé moc smysl, uvéZime-li, Ze hlavnim faktorem ovliviiujicim



Zivinové (a jiné) charakteristiky je hladina podzemni vody a s tim spojené jiné oxida¢né-redukéni
podminky (viz napf. nepfekvapiva chybéjici metanogeneze u degradovaného raselinisté s hladinou
vody — 30 cm). Stanovené rozdily tedy spide odrazi rozdily dané zvolenou fixni hloubkou odbéru nez
podstatou charakteru ekosystému — nemyslim, Ze prezentovand data podporuji interpretaci, cituji:
,Our study did not prove that restoration would lead to faster recovery of SOM quality in the upper
soil layer, which directly affected the spread of plant species typical for pristine SSF.“ MoZna, kdyby se
odebral horizont nové oZiveny po revitalizaci (diagnosticky, ne fixné po hloubce), tak by rozdily mezi
pfirozenym a revitalizovanym raselinistém byly méné patrné. Nicméné, jak i z ¢lanku vyplyva, vie se
zda otdzkou Casu a trajektorie na revitalizovanych plochach je nastavena smérem k pfirozenému a
zadoucimu stavu.

Jako velmi poutavy povazuji €ldnek KaStovskd et. al. (2018), kde objasnéni role suchopyru, jako
»ostrovu” bohatého na Ziviny, pfitom striktné si udrzujiciho pGdni oligotrofii, beru jako zasadni
pfispévek k poznani ekologie mokfadu. | tak by mozna pii obhajobé stdlo rozvést téma ocekdvané
realnosti posunu ve slozeni vegetace jako dusledku klimatické zmény. Z ¢lanku pro mne mimo jiné
vyplyva, pfipadné mne opravte, pokud to neni pravda, Ze nika suchopyru je velmi Uzce spjata
s fungovénim raselinisté jako oligotrofnl’hb systému. Jinymi slovy, suchopyr bez raseliniku nemaze
dlouhodobé fungovat. Posun v zasadé muze byt pouze ve vztahu k expanzi dominant sussich stanovist
(bortivka, les). Timto se dostavam k roli hladiny podzemni vody, ktera ¢asto interpretaéné ustupuje ve
prospéch vyzdviZeni dileZitosti rostlinného pokryvu. Myslim, Ze rostlinny pokryv pouze odrézi
vlhkostni poméry (tim podminky prostiedi) a nékteré parametry, napf. mnoistvi extrahovatelného
DOC a s tim souvisejici' pH, spiSe odrazi mnoistvi vody v pidé (fedéni), neili pfimy vliv rostouci
vegetace — viz klesajici pH a stoupajici DOC v fadé raselinik-suchopyr-bortvka v Tabulce 2 a 3. Jak by se
interpretace zménila, pokud misto rostlinné dominanty se testoval vliv hladiny vody? Pro parametry
stechiometrie pld zajisté sloZeni biomasy vegetace bude mit vliv.

V &lanku Kadtovska et al. (2018) i dalSich je poukazovano na progresivni Zivinovou limitaci radelinnych

ekosystému a procest premény SOM, s jasnym poukazem na dominantni limitaci fosforem. Z €lanka
nevyplyva, nakolik jsou jednotlivé specifické habitaty Zivinové zavislé na ¢isté srazkovych vodach (mira

ombrotrofie). Je moZné, Ze vyssi obsahy NH, v raseliné exkluzivné tvofené raselinikem miZe pochazet

z depozice? Obracené, vysoka mira P limitace je disledkem malého vstupu P do systému — z podloZi

minimalné, z depozice velmi malo (do 0.5 kg P/ha/rok), na rozdil o sus3ich stanovist s mykorhizni

bordvkou, kde mGZeme prepoklddat mensi zavislost na Zivinach ze sraZzek. MGzZete rozvést v obhajobé

fungovani dotéenych ekosystémi v podminkach nizkého vstupu dusiku (pod 1 kg N/ha/rok)? Tak jak

to bylo pfirozené pred primyslovou revoluci. Jaké zdsadni zmény fungovani byste ocekéaval oproti

soutasnému stavu?

U ¢&lanku Mastny et al. (2018) by mé zajimalo, jak se ménil podil DOC viigi CO, pfi dekompozici
jednotlivych typi opadt (viz kapitola 4.2.)? To kvili tomu, jestli opravdu DOC produkce byla vztazena
k obsahu Zivin v opadu nebo jestli byla jen funkci miry dekompozice. Nakolik DOC charakterizace mohla
byt ovlivnéna velkym rozpétim pH mezi jednotlivymi vyluhy (od raeliniku s pH=4.5, pfes borivku >5 a
suchopyr >6)? Podcenéni vlivu mnoistvi pérové vody na koncentraci a dal$i charakteristiky je také
patrné s posledni véty v kapitole Conclusions.

K priloZzenému manuskriptu 'mam toliko dotaz na ekologickou relevantnost priming efektu na C
sekvestraci v kontextu expanze cévnatych rostlin. Nebudou spiSe’ zmény oxidaéné-redukénich
podminek v disledku poklesu hladiny podzemni vody, predpoklad pro $ifeni cévnatych rostlin, hrat
hlavni ulohu? Také by mé zajimalo, nakolik smés umélého kofenového exudatu odra?i ,pfirozené”
sloZeni? Nejde vlastné o dosti umély konstrukt? Dale mam poznéamku, jestli filtrace pfes 0.22 um filtr



nemohla ovlivnit poméry bakterii a hub vinkubované raselinné vodé (i prestoze byla poté
inokulovana).

Z formalnich nedostatk( snad zminim jen chybu v éisle.pl"iloieny'lch publikaci (neni jich 6, ale jen 4),
dale pak chybu v ndzvu €asopisu u prvniho ¢lanku. V manuskriptu jsou nékteré stylistické nedostatky
(napf. nedokoncena véta ve Etvrtém odstavci diskuze...).

Co mé viak hodné chybélo, bylo nepfipojeni Supplementary Informations k vytisténym €lankam. Velmi
to komplikovalo Cetbu dizertace a také to snizuje hodnotu prace jako zdroje informaci.

Prosim o kratky komentar k:

Piccolo A (2001) THE SUPRAMOLECULAR STRUCTURE OF HUMIC SUBSTANCES. Soil Sci 166:810-832.

V Praze 16. dubna 2020
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