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Review of lhe Ph.D. tlis§eńation writte by M.sc. Piotr Koczorski entitled

I{oot microbiomcś a§ contro|§ ofP u§c cflicicBcy iE woody croF§

Accolding to Europęan Union Dilective 2009/28E,C,, 20% ofall energy in Europe shouid be

ploducęd lrom renewable sources, The subsequenl E,U. Dircctivę 201812001 statęs that the share of

energy from renervable sources in thę Union's gross final energy consumption li 2030 is at lęast 32 9,'0.

'1hcse sourccs iOcludę short lotatlon coppices (SRC). ńc subjcct ofrcscarch pedbrmcd as pań oithls

doctoral disseńation, Sł/lł fields ,tł€r€ locatęd in t\r,o differ€nt goographical regions in Europe:

Uppsaia (Sweden) and Rosto§k (Gęmany), ln genęIal, &|i//-1 species are e{ficięnt in P mobiljzation,

suggesting that D,]icroorganisms associatęd with willows promote P availability in soil and maintain

it at a stablę ięvęl.

Thę first §ludy evaiuated th ę nutrient availabiliły and P mobiJization unde. t§,o Willow specles,

Stllix dasyclądos yaf.'Loden' (L) and S, ,lchweliflii l vir?jralls clo§s val. 'Tola' (T) grown as pure

and nrixed oultuies (L.T,)- Tlrcse planls \ł,erc cultivated al nonł'e.tllizęd lbrmer arab]ę sites in

Germany ancl Srveden, and 1.hęse tł,o fięld sites diffęred in climatic and soil condidons, The

hypothęsis that mixluręs of S.]/lI species can induce a higher nutrient mobilization ąnd soi1 nutrient

avajlability than pure stands by their highei microbial diver§ity and activity in the rhizosphele was

vęrifięd. For this purpose, the impact of thę $owth of sdlfi Spęcięs/varietięs in pure and mixed

cultules on the nutrient availability in the soil at t\ło test sites with different soil and climate

co[ditions and the ęlTects of nixęd vs, monocultures on soil enzymatic p mobilization by

phosphatasęs were evaiuatęd,
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The laboratory as§ays made as part of pu'O}ication no, i [P1) inciudęti biochemioal

charąctęnstics o]]soils sucb as:

. the activity ofacid and alkaline phosphatases,

. thę 1otal carbon (T,c,'i a.ld tolal nitrogen (T,N,) concentrations;

. pFI and soil organic cańon (SOC);

. and plant arailable lracllon- ol P. V; and K,

The methłltklltlgical description, llowever, shows lhal tlk dNersitv of .loil }nicfohiL\l

cullmunjlies was not determined at this stdge of the rcsenlch, so t}rc hyp()lhesis could ot be fully
wrłied in ll1e prcreńt |órn_

The avenge parametels ofprecipilation and 1ęmpęratuje in bolh piacęs of ,Jjliow cultivation

in 20]4-2016 wele compaBblę_ bu1 no information was plovidęd on the air temperatule and Soil

moistuie on the day§ of soi] §ampling, Similarly. information about such paramęters in the yearc

2017-2018 \łas not provided, and thęs€ are cssentjal data becausę samplęs \łętę also tąken in 20] 8

(afi9r the first ctltting cycle), Thęrefore_ l am asking $,hethe. the doctolal student ręcorded such data.

and I req!ęsllaJĘ]atlęjllu ng the doctoral thęsis dęfense if availablę.

The results afe presented transpąręntlv, laciljtating their analysis; howevel, thelę are somę

inaccuracies, a-g-,1'hc aćlirii! .j/ dcid pllosphatases sĘndicanlly lncreused in llk eut,ly plcll\talion

stąges ol.łilbl| specie,9 tha i the late plalltalion stageś in RoslocŁ It suggests thę ęxjstęn§ę ofan

evęn ęal]jer measu.ing point, but the methodological description clearly states that there wele fivo

measuains poiltts.

A1l the obtained .esuits §ere statistically anal_Yzed and pręsented in a desc ptjve and graphica]

form, The main filrding was that ihe biomass ploduciion at thę tęst site Rostock was hicher than at

tł}e test site Uppsala] holvevet_ no significant diffęrencęs rvere observed between species and pule,Ń,

mixęd culrure piols, Additionally, bitlmass produotion wa§ not corelated with the p]ant a\,ailability

ofone ofthe tested nutrients (Mg, K, P): ho§ęvęr, a correlation betwęęn ńe phospł}atasę activities

and biornass p.oduction Was jndicatęd, Moleover. rvillorvs planted as monoculturęs caused higher

soil nutrięnt rędl]ction than ńixed cultur€s,

Please speci' the exącl pal,|icipalion oJ the }'h,L). ltudent in puhlicułnn n0. ] because onł,-

lhe y)fiting oJ'the origilldl L]rall u,d§ ]isleLl for P.K. in the ,Ąutlor cofillibuliotls pąrt.
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In thę sęcond study (P2), thę impact of envjronmenta] conditions, plant genotype, and qpe of
fungal association with plants on the abundancę and diversity ofphosphate solubilizing fune1 (PSF)

was tested, ln general, authors hypothesiżed that in thę rhizosphęrę soil, the number ofPSF lvill be

higher than in the endosphe.e of Jb/l,r planlś, and plant gelot},pe and thę experimentai site i!,i11

influence the funga] diversil)r, To verily such hypothęsęs, the following methods were applied:

soil physicochemical ana]ysis (the 1otal organic calbon, Toc, tola]

and avaiiable phosphorus. P,.);

isolation of cultivable f.action of fungi (PDA medium) and PSF

DCP media) łom rhizosphęrę soi]s and roots of dift'erent cultivars

mo]ecul:.r id€nlificaiion of22 stlains ofPSF.

. and nętagenomic analysis of l'ungi fiom rhizospheric soil and ęndosphęre ofloots of

rviilows.

All the assa,\rs lvere conductęd coręctly, and thg neces§ary oonlrols węrę applied, A1l the

obtain9d results were subjęcled to statistical anal],sis. ]mportantiy, the isoiation of phosphate_

dissolving fungi rvas carried out using tlllee diife.ent mediai NBRIP and P\rK (containing tricalcium

phosplrale) and DcP containing dicalciun1 phosphate, 'l l]is approach incieases the chancę§ ofiliole
efficient isolation off'ungal stlains ofa cultivab}ę fiaction,

Soils taken from testęd experimental sites differed significantly, The abundance offungi was

highęr in tlrę rhizosphere soil than in lhe endosphere and higher in roots at mixed sile§ (L.T,) than

under monocultures (L or T). G€nera]]y, thę highest fimgal density was recoldęd in L.T. sa0lplę§ from

Sweden and T samples flom Gęlmany, Amongthę most frequentiy isolated fungal strains at both test

sites §,as thę ]'erlćil/lłr, (Germany 309/o. Sweden 709/0), the only fungal genus occurring at both

locations, Acltiitionally, at thę Gerlnan sitę, slmllafly to ]'eiic iium,Clortostachys alsoreached a 30?;

shalę ofthę cultivable fractiol of f'ungi. Tbe site-specific geneB ,WeIe also indicated; Clona,jtachys

(isolatęd łom thę .hizosphere and endosphere) was specific to the German site, lvhercas .I1lltiphoma,

ToIaromyces,and Beałleri./ węrę §pęcif]c to thę Swędish §ite

Molecular anal.vsis revęalęd that thę alpha d]'vęIsił* of the fungal commlnity \\,aS not

influenced by genot}pę but by site o. the ievel of fungi association with the plant (rhizosphęIe y,!-

endosphęrę), Diversit] (H'), species richrress (obsen ed OTU nunrbęr), and €vęnnes§ (E) węrę hig}ter

nitrogen, T,N., pH,

(NBRIP, P\T{ and

olwiliow;
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inthę lhizo§phere than in ńe endosphere, The beta diversiry revealędthatthe ęxpelimęftal sitę drivęs
the lirngaL communił structurę, A surprising result is that lhe Penicillillż, sęquęnce§ węle nol
detecled in 1hę metagenorlic analysis, even though this genus dominated the cultivable fraction of
PSF. Thę authols statedthat this rnay be due to the p.esence ofother abułdant 1.ulgal gene.9 that may
mask its pręsence, or this is duę to univę$al primer use, 'lhus. T lrould like to ask. was this

descńbed r'n itelatule carli What acti be tiiken

śolation iś

dęmonsfate the pĘ§qnce ofthis genus?

The obtained ręsults enabled the complele vęrification of the research hypońesis, They
supported the exp§ctation that tbę rliizosphere i§ a molę .uitablg nichę lor isolaticn.D solubilizing
i'ungi than thę root endosphere ofwillotł,

In conclusion. the authors §trled that the levei offungal community associatiot-l with thę p]ant

(rhizosplrere v,r, root endoph]tes) is ńe most impońant factor shaping its diversit],. Tlre site, season,

and planting design have a lower impact. The funga1 diversity at thę sane levęl of plant association

was mainly driven by soi] propetięs such as T,N,. ToC. and pH.

Sirr,iiiar rcsearch hlpothesęs weie a]§o v.lified in the lrlant]scripi no 3 (P3), Howelel, in this

ań]'cle. bactęria capablę ofincręasing thę availability ofphosphorus in thę soii §eIę invesligatęd Thę

cultivab]e fraction of bactęria was isolated on an R2A mediturr. and the microbiological media

mentionęd above (P2) lvere usęd to iso]ate the phosphatę-solt]bilizing bacteria (PSB). The lernaining

Iesęa.ch steps are consistent with those desclibęd 1br work n0 2,

In generai, the tęsts showęd a signillcant difl-eręnce in ęndoph}łic bacterial abundance

between the tested variants ofthe experiment (mono and mixęd cr tues). During the investigation,

88 (41 endoph}.tic and 47 rhizospheric) strains with thę abilitv to solubi]izę P were iso]ated. Fifty-
one strains that could solubi]izę P at thę Gęrn]an and 37 at thę Slłedish sites \vere obtained, Thęsę

bacteda were dominatędby Prateobącteria (74 strains, 859ó), Th€ lep.ęsęntatives of ,ł.' i\.Il)bacleriu

(6 strains, 69/0) a\d ],'irnicdes (8 strains, 9%) rłęre also isolatęd, The dominant ta\a among

}'roteohącterld inc7ńed species of P,\e?'ź)r],ołas wjth 12 strains ('3yo),Iińl,i ia \\1lh 17 (199/o). and

Rahnella ńtll 10 (11%), si1nilarly to fungi, the bacterial alpha dl'l,ersiiy rvas mainly determined by
thę lcvel ofassociation lvith the plant (endosptrere r.s. rlrizosphere), wlrereas in the case ofendoph}{es.

UnNeB]iy of5il€5ia in Kat.W.e
Fa.UtyóiŃalUrd]5ciences
nŚilute.f Bio]óg/,Boiechnóó9yaniEnVrónmenta]Protectión

]ógie ]oń5kd 23l 4ó o]2Katowjće, Póland
Phone +43]2 2ó o9 59:, 3ż 2..9 46l, e mai ibb ó5 WnP@Us,€dU.p

lrr

\-.

\\y
\

ll

l
9,]



!tr ]iT^,,T|.,ł?ITY 
oF SILESIA

it Was additional].v detennined by the expeńmentai §ites, The bacterial population in the ńizosphere

soil was morę diverse, and a significant di{i'erence belwęen the rhizosphęri§ and ęndoph}tic bactę.ial

diversity was found in the Shannon's H' and the nurrber ofOTUs.

l'h€ undoubtęd advantagę of thę ręsearch conduclęd by thę doctora] studęnt is the

simu]tanęous use of cla§sical ]nicrobiological methods and advanced moiecular analyses, This

approach aIlotĄs !ls to ob(ain more complcle rerLlll._ quch as the isoliiIon and identificaiion ol lr,ngi

ofthe gęnus lerl.i//lłm by cultiwtion męthods. At thę samę tim€, nolecular anal}zes did not show

the presence ofsequences belonging to this species,

Thc resu]ts descrjbed in mallusclipts 1 - 3 provide a detailed insight into the slructure of

rhizospheric and endophytic bacteńa and fungi in monocultures and mixed willorv cultivation- ln

addition" the influęnce of many factols on the bioavaiiabiliq of minę.als and enzyme activity has

bęęn invęstjgatęd, Thę crucjal ęffęct ofthę ręsęarch conductęd §o far is also the ęstablishment ofthc

col]ection of microorganisils (bactę.ia and l'ungi) capable of increasing ńe bioavailabilił* of

phosphorus in the soil, 'lhe t\ło selęcted Strains of bactęria !'aenibącillus sp. ar.d Punlaea

ągglolnelą ,l w..'e then used to perfom a pot expę.inręni With bioaugmentation ol soil planlęd ńth
wrllow growing 1n tkee t.ica}cium phosphate (TcP) concentlations, The results of such an

expęriment. mainly the plant gro\^ń paramelers and changes in gene expression, \\€re describęd in

manuscripl no. 4 1P4).

Strains used for pot €xpęrimęnts \\€rę chosen based on thęil abi]ifi to solubilize TCP in liquid

media, Monoculhrres ofloden and Tora va.iants tręatęd \łith tęstęd strains and non-ireated controls

were watered with feńilizel solutions containing P at t\ł,o concęntrations, Thę oblained plant matęrial

Was subięctęd to length and tvęight meastllements, total P concentration ęstitnation, and RNA

iso]ation fo. transcriptome analysis. since thę supplęmentary matęria]s to article no, 3 (Koczorski et

a1,,2022, not 202], as statęd by thę autho. in the Mat€rials and Methods §ecłon, page 76, P-

solubilizing bactęrial strain collęction) refels to two strains ofl'draaea ągElomerans tnalked wiń the

symbo] B23 andB50 (G'I] 3 EP5andGTl_3_EDl strain desc.iption in CenBank, respectively), it

is inpossible to indicatę which ofthem was selected for plant inoculation, Using the anaiysis ofthe

sequence olłhe 16S IRNA gene fragnent. it was impossib]ę to dęt€rmine the species afirliatjon of

the sęcond isolate, therefore, it was designatędas Pttellihuctllus sp. A more detailed analysis, such as

MLsA (multjlocus sęquęncę analysis), is strongly recomnrended in this casę. Unambiguous spęcięs

alfiliation ofjnocu]ants is ęssęnlia] but often litnit€d to the l6s IRNA gęnę sęquence analysis, Such

N
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pręcise identification of knolłn oI nęw species enabte§, for instance. a comparison ofthę obtained

result§ with the \vorks ofothęr authors_

Similarly, no information was provided abou1 inoculation (method olinoculum prcparation.

numbęr of CFU ol paiticular strain per one gram ofsand, surviva], and activity ofinoculants i1l soil),

Thęsę are cruciai fuctors in the context ofeflbctive bioaugmęntation. and l am askine to llqvide these

data during thę thesis dęfense if such ręsults are availablo, Smce the lesled si.ains ofigińatlLl ffoD|
jntefn ]l tissue,, of loots a{ the Tolr1 variely gfoy,]ng in (jer]nany, it y,Ould be yer:,, inlerestiĄ] to

cofifiln ł lhe_v couli coopefate wil1 th. Loden wllaw. Sż lila y, ster e sa d is ą.)t u Ą)?ica! niche

fbf intfoduced slruD.ls. Alt}xoug]1 such ai e yironnehl rcdllces competilio:1 with tndigenous

olicroorganislk\. it mąy inhźbit the lur,*l,uul dnd ,ulliplżŁution oJ'inoculants after r|.1eir inh.oducti()l1.

on lhe olhel hand, due lo ll1e :trclĘly le(l,rced co lrelżlion, il can he assaneLl lhat tJrc blal clalirily
ol l}1icfoorgut1l}^tl in llt soil a d lhe nu]nbcl of colofiies 

^oldled 
on the plates kllłeł motplloltryit:al,

bbcJleńicul, o| geneticyeriicaliaą y ill @me uifily/iam the introduced śhainś. SlŁh result.l ,N ()ul.ł

sllpport the hfpolhe§§ ą a positivc role of in1.:ulants i|7,,illda, gft)uth and thei| imPacl on P
b ])ąNąiluhility in soil.

Back to thę obtained results, alJ the erperimental f'actors (P concentration, willow species,

and baclęr]'al treahnęnt) sho\\ed statisncally significant effects on mostplanl groMh param€t€rs. High
P concenlration in the soil caused ditlerent effects against roots (higher biomasś) and leaves (lower

biomass), regardless oftbę bacte al tręahnęnt, 
'n 

high P concenllation, bacteriai inoculation did l1ol

significantl}, affect thę P content in thę leaves. Tn contrast. in the soil, an increasę in phosphorus

content Was observęd, adequate to thę appliod concentlation, uta1 is important, thę stimulating role

ofinocuiants in P suppl],tng to pla|ts was limlted, and plants tręatc dll,it} P. ag,gkltneralt sho\.ved an

even dęcleasę in P content in L,P, aDd H,P, expęrimental groups compaled to N.P. 'l'hus the autlror

stated that it was dilłjcult to determinę whęther difl'ęręnt p leve]s, bacte.ial inoculation, or a
combination ofboth caused thę changes, Howęve.. l 1ł,o!łL!!§lo_ask fol an attęmpl_to exD]ain the

reason lor obtaining such results. valuablę and ilrte.esting are ńe results conceming changes in the

plant's transoriptome after appll.ing thę tęsted facrors. Transc ptomic analysis showed that the

inoculation of Tora willow With P-solubilizing bacteria significantly affęcts thę leafs tlanscllptome

and causes the upleguldiion of inosi ge cs, especial]y iilt)se.ę]iated to pholosynthesis, \Yhich are

highlv inlluenced by phosphorus, In ńe casę ofLoden \łillow, a genęral ręduction in gene explęsslon

was obsęlvęd for genes involved in ion l.ansport, transcriptional regulation, and chlomosomes,
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Accord]'ng to fold-changę : l. i would like to ask about lh€ lęason for such a value, In most

litęrafure. values of 1,5 - 2 are recommęndęd. Węre analyses with a higher value offold-changę also

p9lfo4ledl Regarding Fr'gules 4-6 and 7_9. B!9ą§ęd!adY indicate the analvses presentęd in thęm

ic,o, en ichrnent vs, KEGG elriichinenllwęI93ll{[afe.entia]l.\, cxplessed genes (DEG§) includęd

in the ąnalvsis shown in I'ig, 4 -6? Ifyęs. I recomm9nd seDaratę ana]vsis for up- and down-ręgu]ated

gęnęs, Please use "top.3! ]p@!!!!§!ead of"top ]U genęs" ln the figurę dęscriŃon,

MY last question is connected wilh flnal conclusjon no 3, Was the fir\t Dań ofthis conc]usion

proposed based on lhę re§ults ofDublication no, 4?

The §trength§ of the doctoral dissęItŃion submitted lbr review include ńe ręsęalch task'§

importance and interrrational cooperation in the p.o.jęct, The .onsistency and novelĘ ofthe research,

the high quality of tbe obtainęd ręsults, and their detailed stalistical analysis are also considęrab]ę

advantagęs. Similarly, the high apptication potential of the obtained lesults is also essential. It iś

łorth noting that three scientific ańicleś with a total lmpect Factor of l5,1 have been published

§o fa.. The Ph.D, student Was listed as the first authol in thęse articles. similal to thę fourth not

published manuscript, The weaker points are mainly connected with manuscript 4 (P4), włtich lvas

not feviewęd yę1. Thę most critical issuęs arę a too-general dęscription of thę methodology for

pleparing plant inoculation lłith thę tesied strąiĄ, lhę supe.ficial description of the nęthods of

tran§criptomic data analysis, and editorial shoftcomings inthe last manusctjpt, Sincętwo strains werc

used for inoculation, I belięvę their identification should bę unambiguous, and more microbiological

analyses should be done to dętęrminę the inoculatl'on consequencęs in the soil ęnvilonment, In the

delivered version ofthęthęsis,l also didnotfind supplementary nraterials for manuscriptno.4, which

the doctoBl studęnt rępeatędly ret'erc to,

The Ph.D, rhe§is of M.§c. Piotr Kcczcł§ki undoubtedly bri.g§ §ignificant input into the

knowledge on the diver§ity, abundance, and impact ofP-śoIubilizing microorganisms associated

with willows on their bioma§§ production. Notably significant and innovative are the results of

the effect of bioaugmentation on the plant tran§criptom€. Besideś scientific value§, such

knowledge is crucial for effectively managing §hort rotation coppice§, o},erall, I conśider the

re§earch and Ph,D. disś€rtation as valuable study, which pre§ent novelty and a high §cientific

śl,)
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level, The Ph,D. candidate has proven his scientifrc §kill§ by designing and conducting advanced

scientific re§ealch and analyżing the re§ult§.

As a result of nr;,, ręview, I declare th5t ł}e Ph D thesis .i,,ritten by M,Sc. Piotr Koczorski

meets the criteria pursuant to alt, 187 ofAct of 20 July 2018. Thę La\\ on Highęr Education and

Sclcnl<,.|oumalofLaws of20l8. ltcm |ń68.asamended,aDd reque§l that the iłe§earch Di§cipline

council of Biological §cience§ of the Nicolaus Copelnicu§ University in foruń accepts M.§c.

Piot Koczor§ki for further stageś ofdoctoral proceedings. /

/lu'" flą,,,ult
l a1n convinced tha1 most ofmy commęnts lvill be addressęd during tbę doctoral ńesis
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