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Wstep

Niezaprzeczalnym faktem jest stwierdzenie, ze na potkuli poinocnej stoki potudniowe sa
bardziej nastonecznione niz przeciwstawne do nich stoki péinocne. Powszechnie wiadomo, ze
stoki potnocne charakteryzujg si¢ nizszg temperaturg i wigksza wilgotno$cig powietrza niz
stoki potudniowe. Te rézne warunki mikroklimatyczne pociagajg za sobg odmienno$¢ w
ros$linnos$ci porastajacej te przeciwstawne stoki (Shreve 1924; Cantlon 1953, Sewerniak i
Jankowski 2017), co z kolei moze by¢ przyczyna réznic w opadzie roslinnym, a takze w jego
rozkladzie, co ostatecznie jest niewatpliwie jedng z przyczyn wyksztalcenia si¢ gleb o
odmiennych wiasciwosciach na stokach potnocnych i potudniowych. Wpltyw ekspozycji
terenu na wlasciwosci gleb byt juz dosy¢ czgsto badany (m.in. Sariyildiz i in. 2005, Liu i in.
2013), co miato miejsce takze w odniesieniu do wydm sroédladowych (Sewerniak i in. 2017).
Jednakze, jak dotad nie analizowano w odniesieniu do tych ekosysteméw wplywu ekspozycji
stoku wydm na mase i wlasciwosci opadu roslinnego i dynamike jego rozktadu. Tymczasem
opad roslinny odgrywa bardzo wazng rolg w krazeniu pierwiastkOw, poniewaz przenosi
sktadniki odzywcze migdzy roslinami a glebg i jest gtéwnym zrédlem materii organicznej w
glebie (Dziadowiec, 2005). Zatem jego szczegotowa analiza (to, ile go dociera do gleby, jaki
jest jego sktad chemiczny oraz w jaki sposob si¢ rozktada) moze pomoc lepiej zrozumieé
obieg pierwiastkéw w przyrodzie i funkcjonowanie catych ekosysteméw, a to z kolei moze

pomoc w prowadzeniu bardziej zrOwnowazonej gospodarki lesne;j.

Cel pracy i zalozenia badawcze

Celem pracy bylo zbadanie wptywu ekspozycji stoku na biomas¢ oraz wlasciwosci
opadu roslinnego, a takze na dynamike jego rozkladu (mineralizacje 1 humifikacje) w
ekosystemach wydmowych poligonu torunskiego. Zostata postawiona nastgpujaca hipoteza
badawcza: ekspozycja stoku warunkuje wystepowanie znacznych roznic w masie i

wlasciwosciach opadu roslinnego oraz w dynamice jego rozktadu.

Materialy i metody badan

Badania zostaly przeprowadzone poréwnawczo i réwnolegle w dwoch gtownych
typach ekosystemow wydmowych, ktéore wystepuja na terenie torunskiego poligonu
artyleryjskiego, znajdujacego si¢ w Kotlinie Torunskiej na jednym z najwigkszych pol
wydmowych w Europie (Zeeberg 1998):
1. ekosystemy, w ktorych ros§linnos¢ odtwarza si¢ w drodze naturalnej sukces;ji

przebiegajacej w kontek$cie ekspozycji stoku, a mianowicie potudniowe stoki



zdominowane sg przez kserotermiczne trawy: glownie szczotliche siwag (Corynephorus
canescens), a potnocne stoki przez wrzos zwyczajny (Calluna vulgaris), sukcesja ta
zaczela si¢ po wylesieniu tych obszarow w celach militarnych ok. 70 lat temu, ryc. 1,

sosnowe lasy gospodarcze (sosna zwyczajna - Pinus sylvestris, posadzona na badanym

terenie ok. 145 lat temu, ryc. 1).
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Ryc. 1. Ekosystemy, ktore podlegaly badaniom: a) ekosystemy, w ktorych roslinno$é

odtwarza si¢ w drodze naturalnej sukcesji, b) sosnowe lasy gospodarcze.

Badania polegaly na ustaleniu wielkosci masy 1 sktadu chemicznego opadu roslinnego

oraz przeanalizowaniu procesu rozkladu gtownych skladowych opadu roslinnego na

wydmach o ekspozycji stokow péinoc-potudnie reprezentujacych powyzsze ekosystemy.

W celu zbadania tych zagadnien przeprowadzono badania terenowe polegajace na:

zbieraniu w kazdym miesigcu w okresie trzech lat opadu roslinnego z warstwy drzew przy
zastosowaniu metody chwytaczy (obrecze w ksztalcie kota o powierzchni 0,25 m? z
przyczepionymi do nich ptéciennymi workami, umieszczonymi na dwoch stupkach),

badaniu rozktadu (mineralizacji i humifikacji) szczatkow roslinnych na kontrastowych
pod wzgledem ekspozycji stokach wydm (p6tnocnym i potudniowym) reprezentujacych
oba badane typy ekosystemu przy zastosowaniu metody workow $ciotkowych. Na
kazdym stoku obu wydm umieszczono w workach $cidtkowych wczesniej zebrany
Z danych stokéw material bedacy dominujacym w opadzie roslinnym. Na stoku
polocnym wydmy porastajacej roslinnoscia podlegajaca sukcesji naturalnej byly to
gatazki wrzosu zwyczajnego, a na stoku potudniowym tej] wydmy zdzbta szczotlichy
siwej, natomiast na obu stokach wydmy poro$ni¢gtej borem sosnowym byly to $wiezo
opadle igly sosny zwyczajnej. Nastepnie, co pot roku w okresie 3 lat, zbierano kolejng

partie woreczkow $cidtkowych z materialem (w kazdym terminie 5 woreczkow z kazdego

stoku), ktory podlegat rozktadowi.



Wszystkie probki zebrane w terenie suszono w temperaturze 60°C. Materiat
pochodzacy z chwytaczy po wysuszeniu segregowano na nastgpujace kategorie: igly, galezie,
kora, szyszki oraz ,inne” (czyli pozostalo§¢) i wazono. Nastepnie tgczono material
poszczegbdlnych kategorii dla obu stokdw osobno z miesiecy poszczegdlnych por roku:
wiosna (marzec, kwiecien, maj), lato (czerwiec, lipiec, sierpien), jesien (wrzesien,
pazdziernik, listopad), zima (grudzien, styczen, luty). Lacznie uzyskano w ten sposéb 120
probek, w ktorych nastepnie wykonano szczegdtowe analizy chemiczne.

Material pochodzacy z workow S$cidtkowych oczyszczano z zanieczyszczen
mineralnych i wazono. Lacznie uzyskano 100 probek do dalszych analiz chemicznych, plus 4
probki z materiatem wyjSciowym.

Tak przygotowane probki mielono i oznaczano w nich zawarto$ci nastepujgcych
pierwiastkow: azot, wegiel magnez, mangan, fosfor, wapn, potas, zelazo, glin. Oznaczenia te
wykonano z zastosowaniem standardowych metod wykorzystywanych w badaniach
ekologiczno-glebowych (Sapek 1979; Bednarek 2004).

Dodatkowo na wszystkich badanych stanowiskach pobrano probki gleby do analiz
mikrobiologicznych (oznaczenie liczebnosci bakterii i grzybow). Polegato to na pobraniu
probek gleby z kazdego podpoziomu poziomu organicznego O (surowinowy Ol, butwinowy
Of i epihumusowy Oh) oraz z poziomu prochnicznego A na stokach pdinocnych i
potudniowych wydm reprezentujacych badane ekosystemy. Do oznaczenia liczebno$ci
bakterii i grzybow zastosowano metode ptytkowa Kocha, ktora opiera si¢ na zasadzie, ze na
pozywece stalej jedna kolonia wyro$nie z jednej komorki w wyniku jej podziatow (Walczak i
in. 2013).

Ponadto dla badanych stokéw wydm reprezentujagcych analizowane ekosystemy
poligonu torunskiego prowadzono badania dynamiki wilgotnosci 1 temperatury najwyzszego
poziomu mineralnego gleby (na glebokosci 3 cm). Wykorzystano do tego metode TDR.
Rownolegle na badanych stokach prowadzono roéwniez badania temperatury i wilgotnosci
powietrza atmosferycznego na wysokosci 30 cm nad powierzchnig gruntu przy zastosowaniu
rejestratorow HOBO U23-001.

Wyniki i dyskusja

Srednia roczna masa opadu roslinnego z warstwy drzew w ekosystemach lasow
gospodarczych wynosila 322,0 + 2.6 g'm 2-rok * dla stoku potnocnego i 361,9 + 34,2 g'm 2
rok* dla stoku potudniowego (Jasinska i in. 2020, Table 1). Otrzymane warto$ci masy

opadu ro$linnego mieszczg si¢ w zakresach podawanych w literaturze dla lasow z obszarow



Polski (Dziadowiec 2005, Jonczak 2011). Dynamiki roczne masy opadu roslinnego na obu
stokach s3 bardzo podobne do siebie. Na obu stokach zaznaczyly si¢ dwa maksima.
Najwigksze maksimum wielko$ci biomasy calkowitego opadu ro$linnego przypadto na
miesigce jesienne (gtownie pazdziernik). Odpowiedzialny za nie byt wzmozony opad igiet w
tym okresie. Drugie maksimum przypadlo na miesigce letnie (glownie czerwiec). Za to
maksimum byl odpowiedzialny wzmozony opad szyszek oraz kwiatostandow meskich
(Jasinska i in. 2020, Fig. 1, Fig. 2). Podobne prawidlowo$ci obserwuja inni autorzy
prowadzacy badania na podobnych szerokosSciach geograficznych (Berg i in. 1999; Krynytska
iin.2017).

Jesli chodzi o sktad chemiczny poszczegdlnych kategorii opadu roslinnego to
wykazano, ze pierwiastki takie jak azot, fosfor, potas i magnez charakteryzowaty si¢ wyrazng
dynamika roczng ich zawarto$ci w poszczegdlnych kategoriach opadu, szczegdlnie widoczne
bylo to w iglach (Jasinska i in. 2020, Table 2, Table 3). Powyzsze pierwiastki byty
intensywnie wycofywane z igiet w okresie jesiennym przed ich zrzuceniem i przenoszone do
innych czg$ci roslin (Helmisaari 1990; Finér 1996), co powodowalo ze zawartos¢ tych
pierwiastkbw w opadzie igiet w tym okresie byla znacznie nizsza niz w pozostalych porach
roku. Zawarto$ci takich pierwiastkow jak wegiel, mangan, wapn, zelazo i glin byly wzglednie
stale w poszczegolnych kategoriach opadu roslinnego w ciggu roku (Jasinska i in. 2020,
Table 2, Table 3). Pomimo faktu, Ze pozostato$¢ (np. nasiona) stanowity znacznie mniejsza
cz¢$¢ catkowitej masy opadu roslinnego niz igly, pordéwnywalne ilosci pierwiastkow takich
jak azot, fosfor, potas, glin i Zelazo powracaty do gleby z tymi kategoriami opadu (Jasinska i
in. 2020, Fig. 3). Ukonmaanaho i in. (2008) réwniez udowodnili w swoich badaniach, ze
zelaza wraca do gleby wiecej z pozostato$cig niz z igtami. Na stoku pétnocnym $redni roczny
doptyw badanych pierwiastkow uktadat si¢ w nastepujacej kolejnosci C> N> Ca> K> Mg>
Mn> Al> P> Fe, natomiast na stoku potudniowym w nastepujacej C> Ca> N> K> Mg> Al>
P> Mn> Fe (Jasinska i in. 2020, Table 4). Jesli chodzi o wptyw ekspozycji stoku na opad
roslinny to jedynie zawarto§¢ manganu byla istotnie statystycznie wyzsza w igtach, gateziach,
korze i szyszkach na stoku poétnocnym niz poludniowym (Jasinska i in. 2020, Table 2, Table
3). Ukonmaanaho i in. (2008) udowodnili, ze zawarto§¢ manganu w opadzie roslinnym jest
wyzsza w ekosystemach na péinocy w pordwnaniu z tymi na potudniu. Jednakze te badania
dotyczyly innych czynnikow §rodowiskowych niz niniejsze, tak wigc watek ten wymaga
dalszej analizy.

Opad roslinny po opadnieciu na ziemi¢ zaczyna podlega¢ procesowi rozktadu. Masa

rozkladajacego si¢ materiatu stopniowo maleje. Po 3 latach prowadzenia badan ubyto 72,7%



masy igiet na stoku pélnocnym, 64,7% masy igiel na stoku poludniowym, 51,0% masy trawy
na stoku potudniowym wydmy porosnigtej roslinnoscia podlegajaca sukcesji naturalnej i
33,1% galazek wrzosu na stoku potnocnym tej wydmy. Po trzech latach zaobserwowano
istotne statystycznie roznice w mineralizacji materialu ro$linnego pomigdzy stokami
(Jasinska i in. 2019, Fig. 4). Stwierdzono réwniez, ze stopniowo wzrastal stopien humifikacji
badanych materiatbw w czasie procesu rozktadu. Po trzech latach wynosit on odpowiednio
20,6, 18,1, 15,2, 12,9 dla igiet sosny ze stoku potnocnego wydmy porosnictej lasem
gospodarczym, trawy ze stoku potudniowego wydmy porosnietej roslinnoscig podlegajacej
sukcesji naturalnej, igiel sosny ze stoku poludniowego wydmy porosnigtej lasem
gospodarczym i wrzosu ze stoku pdétnocnego wydmy porosnigtej roslinnoscig podlegajace]
sukcesji naturalnej (Jasinska i in. 2019, Fig. 4).

W ekosystemach sosnowych lasow gospodarczych porastajagcych wydmy $rodladowe
rozktad przebiega wiec szybciej na stokach pdtnocnych niz poludniowych. Powigzane to jest
z wpltywem temperatury i wilgotnosci na proces rozktadu. Generalnie na $wiecie proces
rozktadu przebiega szybciej w klimatach cieptych niz w zimnych (Meentemeyer 1978). W
relatywnie suchych glebach obszaru wydm $rodladowych (Sewerniak 1 in. 2017) wilgotno$¢
wydaje si¢ mie¢ jednak wigksze znaczenie niz temperatura. Wilgotno$¢ bezposrednio wplywa
na rozwo6j mikroorganizmow, ktére biorg udziat w procesie rozktadu materiatu roslinnego
(Prescott i in. 2004; Zhou i in. 2008). Liczebno$¢ mikroorganizmow na badanym obszarze
jest natomiast znacznie wigksza na stoku pétnocnym niz na stoku potudniowym (Sewerniak i
in. 2015, Tabela 1), a to jest bezposrednio zwigzane z wyzszg wilgotno$cig gleby na stoku
polnocnym (Jasinska i in. 2019, Fig. 1). ZaleznosSci opisane powyzej nie odgrywaja tak
znaczacej roli w przypadku ekosystemow w ktorych roslinno$¢ odnawia si¢ w drodze
naturalnej sukcesji (wrzos na stoku pétnocnym, trawy na stoku potudniowym). Tutaj rozktad
jest szybszy na stoku o ekspozycji potudniowej niz potnocnej, a wynika to z poczatkowych
wlasciwosci materiatow, ktore podlegaja rozktadowi. Mianowicie, zdzbta traw znacznie
tatwiej podlegaja rozkladowi niz gatazki wrzosu. Wskazuja na to poczatkowe wlasciwosci
materiatu: wyzsza zawarto$¢ azotu i fosforu oraz nizsza warto§¢ stosunku C/N w materiale ze
stoku potudniowego niz pdtnocnego, ktory zostal poddany eksperymentowi (Jasinska i in.
2019, Fig. 3). Jak pokazuja inni autorzy wyzej wymienione wlasciwosci sg niezwykle wazne
w trakcie rozktadu materialow roslinnych (azot o ktorym pisatl Li 1 in. 2007 1 fosfor o ktorym
pisal Berg 1 in. 1987 s3 istotne dla procesu rozktadu poniewaz wplywaja na rozwdj
mikroorganizméw o czym wspomniat Cobo i in. 2002, réwniez C/N wplywa na proces

rozkladu, czym warto$¢ tej proporcji jest nizsza tym materiaty ro$linne szybciej si¢



rozktadajg, co zaobserwowali w swoich badaniach Li i in. 2007 oraz Zhou in. 2008). Ponadto
galazki wrzosu sg bardziej twarde i grubsze niz zdzbla traw, co niewatpliwie utrudnia proces
ich rozktadu.

Podczas procesu rozkladu uwalnialy si¢ pierwiastki z badanych materiatow. Kazdy
pierwiastek jest odmiennie wbudowany w struktury tkanek roslinnych, a to powoduje
odmienng podatno$¢ tych pierwiastkow na uwalnianie podczas procesu rozktadu (Berg i Staaf
1980; Staaf i Berg 1982). Analizujagc to uwalnianie pierwiastkow z rozkltadajacych sig¢
materiatlow roslinnych zaobserwowano zjawisko wzglednego wzbogacenia w poczatkowym
okresie rozktadu (najczesciej przez pierwsze poéltora roku), a potem dopiero stopniowe
uwalnianie pierwiastkow. Najlepiej to zjawisko wida¢ na przyktadzie fosforu (Jasinska i in.
2019, Fig. 5). O tym zjawisku wspominali rowniez inni autorzy w Swoich pracach
odnoszacych si¢ do uwalniania azotu i fosforu (Li i1 in. 2007; Zhou in. 2008). Przyczyn
wzglednego wzbogacenia nalezy upatrywa¢ w dzialalno$ci mikroorganizméw, ktorych
liczebnos$¢ wzrasta w rozktadajagcym sie materiale (Gosz i in. 1973; Berg i Staaf 1987,
McTiernan i in. 1997), ponadto rozkladajacy si¢ material moga wzbogaca¢ w rozne
pierwiastki spadajace na niego pyiki, kurz, opady atmosferyczne, odchody zwierzat itp. (Gosz
i in. 1973). Nalezy rowniez zwrdci¢ uwage na bardzo duze wzglgdne wzbogacenie materiatu
ze stoku potudniowego wydmy poro$nigtej roslinnoscia odnawiajaca si¢ w drodze naturalnej
sukcesji w zelazo i glin. Podobne wyniki otrzymali Palviainen i in. (2004) i thumacza to oni
dziatalno$cig mikroorganizméw. Jednakze powodem tez moze by¢ to, ze bardzo trudno
oczysci¢ rozkladajacy si¢ material z mineralnych czastek gleby, ktore moga zawyzaé
zawartos$¢ zelaza i glinu w badanych materiatach (Joergensen i in. 2009). Jedyny wyjatek od
powyzszego stanowito uwalnianie wegla z rozktadajacych si¢ materiatow, w trakcie ktorego
nie wystepowato zjawisko wzglednego wzbogacenia, a uwalnianie tego pierwiastka
przebiegato w sposob staty i rOwnomierny. Najwolniej wegiel byt uwalniany z rozktadajacego
si¢ Wrzosu, najszybciej za$ z rozktadajacych sie¢ igiet sosny na stoku pétnocnym (Jasinska i
in. 2019, Fig. 5).

Znaczenie uzyskanych wynikow oraz wnioski

Przeprowadzone badania opadu roslinnego z warstwy drzew byty szczegétowa analizg
dynamiki rocznej masy, zawarto$ci i zwrotu poszczegdlnych pierwiastkow we wszystkich
kategoriach opadu na wydmach srodladowych w kontekscie ekspozycji stoku. Jak do tej pory
pod tym katem ekosystemy te nie byly badane w tak szerokim zakresie. Przeprowadzone

badania sa rowniez pierwszymi, w ktorych analizowano wptyw ekspozycji stoku na proces



rozktadu opadlych na powierzchni¢ gruntu szczatkdw organicznych w ekosystemach

wydmowych.

Na podstawie wynikéw uzyskanych podczas realizacji niniejszych badan mozna

sformutowac nast¢pujace wnioski:

Wielkos¢ masy opadu roslinnego jest zalezna od pory roku, jest to zwigzane gléwnie z
fizjologia poszczegdlnych gatunkéw roslin. Na stokach wydmy poros$nigtej sosnowym
lasem gospodarczym wystepuja dwa maksima opadu roslinnego: jesienne (za ktore jest
odpowiedzialny wzmozony opad igiet w listopadzie) oraz péznowiosenne (Spowodowane
przez wzmozony opad szyszek i pozostatosci w czerwcu).

Zawartosci azotu, fosforu, magnezu i potasu w poszczegolnych kategoriach opadu
ro$linnego charakteryzuja si¢ wyrazng dynamika roczng, szczego6lnie widoczne jest to W
opadzie igiet. Gléwna przyczyna tej dynamiki jest wycofywanie tych pierwiastkow z igiet
przed ich jesiennym zrzuceniem.

Zawarto$ci wegla, manganu, wapnia, zelaza i glinu sag wzglednie state w poszczegolnych
kategoriach opadu roslinnego w lasach sosnowych w ciggu roku.

Badania opadu roslinnego wykazaty, ze kategorie opadu o stosunkowo niskim udziale w
calkowitej masie tego opadu sg wazne dla catkowitego zwrotu pierwiastkow do gleby i
tym samym dla catego obiegu pierwiastkoéw, tak wigc nie nalezy ich pomija¢ w badaniach,
np. pozostatos¢ (w sktad ktorej wchodza m.in. nasiona) ma bardzo niewielki udziat w
masie catego opadu, jednakze wraca z nig do gleby porownywalna ilo$¢ pierwiastkow
pokarmowych jak z igtami sosny, czyli z kategorig stanowigcg najwigkszy udzial masy
opadu w drzewostanach sosnowych.

Wptyw ekspozycji terenu na opad roslinny z warstwy drzew w gospodarczym
drzewostanie sosnowym byt nieistotny Statystycznie. Mozna to tlumaczy¢ wplywem
zabiegébw lesnych prowadzonych przez lesnikow na badanym obszarze, ktore w
monokulturach sosnowych ukierunkowane sa na ujednolicenie drzewostanu w granicach
poszczegdlnych wydzielen lesnych. Jedynie zawarto§¢ manganu w poszczegdlnych
kategoriach opadu na kontrastowych stokach istotnie r6zni si¢ mimo zabiegéw lesnych.
Ekspozycja stoku wydmy wyraznie wptywa na dynamike rozktadu materiatu roslinnego
opadlego na powierzchni¢ gruntu. Réznice w tym rozktadzie widoczne sg takze pomiedzy
wydmami reprezentujacymi badane ekosystemy poligonu torunskiego. W gléwnej mierze
wynika to z odmiennego mikroklimatu na stokach o kontrastowej ekspozycji. Rozktad

igiet sosny jest szybszy na stoku o ekspozycji pétnocnej niz poludniowe;j, CO jest zwigzane



z wyzszg wilgotnos$cig gleby oraz wynikajacg z tego wyzsza liczebnoscig drobnoustrojow
glebowych bioragcych udziat w rozktadzie na stoku o ekspozycji cienistej. Jesli chodzi o
wydme, ktora jest porosnieta roslinnoscig odnawiajacg si¢ w drodze naturalnej sukcesji to
réznice w rozkladzie sg zdeterminowane przede wszystkim przez odmienny charakter
fitocenoz, a tym samym doptyw réznego materiatu organicznego na powierzchni¢ gleby
na stokach o réznych wystawach.

e Wegiel jest jedynym sposrod badanych pierwiastkow, ktory we wszystkich
analizowanych materialach organicznych jest uwalniany podczas ich rozktadu wzglednie
proporcjonalnie z ubytkiem masy. Pozostale badane pierwiastki charakteryzuja si¢ tym, ze
sporadycznie lub sukcesywnie sg akumulowane lub uwalniane podczas rozktadu w
zalezno$ci od badanego materialu, co wigza¢ nalezy glownie z dziatalno$cig
mikroorganizmow. Szczeg6lnie jaskrawo wida¢ to zjawisko naterenie, w ktorym
ros$linno$¢ podlega sukcesji naturalnej, gdzie badane materialy (gatazki wrzosu
zwyczajnego i zdzbta szczotlichy siwej) Wraz z ubytkiem masy podczas procesu rozktadu

odznaczaty si¢ znacznym wzglednym wzbogaceniem w magnez, mangan, wapn i potas.

Uzyskane wyniki moga by¢ przydatne do prowadzenia zrownowazonej gospodarki
lesnej. Na przyktad uzyskane informacje dotyczace dynamiki masy i sktadu chemicznego
poszczegolnych kategorii opadu ro§linnego mozna wykorzysta¢ planujac wycinki drzew.
W celu ograniczenia eliminacji (wywozu z pobrang biomasg) z ekosystemu pierwiastkow
pokarmowych nalezatoby koncentrowaé przeprowadzane cig¢cia drzew w miesigcach
zimowych lub wczesng wiosng z pozostawieniem igiet na miejscu wycinki. Pozwolitoby
to na ograniczenie strat w pierwiastkach odzywczych w ramach prowadzonej gospodarki
lesnej. Uzyskane wyniki $wiadczg rowniez o tym, ze dopuszczany w wielu
nadles$nictwach proceder pozyskiwania pozostatosci pozrebowych jest bardzo ryzykowny
w kontekscie zachowania produkcyjnosci siedlisk lesnych. Prowadzi on bowiem do
wyraznego zubozenia puli pierwiastkow krazacych w uktadzie fitocenoza-gleba, co moze

prowadzi¢ do zmniejszenia dynamiki wzrostu kolejnego pokolenia lasu.
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Effect of slope aspect on the biomass and properties of the litterfall as well as the litter
decomposition in dune ecosystems of the Torun military area

Summary
Litterfall and litter decomposition have been widely described in literature, however, so

far there has not been this kind of research with regard to inland dunes, despite the fact that
these landforms occur commonly in many regions of the world.

The main aim of this study was to analyze links between the topographically-induced
environment variables (air temperature, air humidity, soil temperature, soil moisture,
vegetation) and the litterfall and litter decomposition process (mineralization and
humification) on inland dunes (the research was conducted as a comparative study between
north- and south-facing dune slopes). The secondary aim was to compare these processes in
two different ecosystems (1. natural succession area and 2. mature Scots pine production
stands) occurring in the Torun military area in the Torun Basin.

The litterfall was examined using the litter trap method, while litter decomposition was
investigated using the litterbag method. Both of the above studies were conducted for three
years. Mass and chemical composition of litterfall in Scots pine stands was analyzed with
special attention to the differences of the litterfall categories (needles, bark, twigs, cones,
residue) occurring in different season. The chemical composition (C, N, P, K, Mg, Mn, Ca,
Fe, Al) of the litterfall categories and of materials representing subsequent stages of
decomposition was analyzed. Besides, following investigations were conducted in the middle
part of the slopes of dunes representing the studied ecosystems: 1. soil temperature and soil
moisture were measured at a depth of 3 cm using digital thermometers and the TDR method
2. air temperature and relative air humidity were automatically recorded with HOBO U23-001
loggers 3. Populations of bacteria and fungi were determined for all subhorizons of organic
soil horizon (Oi, Oe, Oa) as well as for the shallowest soil mineral horizon.

The annual mass of the litterfall during the study period ranged from 322,0+2,6
g~m72-rok7l (north-facing dune slope) to 361,9+34,2 g-mfz-rokf1 (south-facing dune slope) in
a dune overgrown with Scots pine stand. The highest mass of the litterfall was observed in
autumn and summer. Needles were the major component of the litterfall. However, particular
fractions of the litterfall differed in the chemical composition. The concentrations of C, Mn,
Ca, Fe and Al were relatively constant in different fractions of litterfall during a year, while
N, P, Mg and K were characterized by clear variability of the concentrations in particular

sSeasons.



The litter mineralization was different between the opposite dune slopes. In a Scots pine
stands the rate of litterfall decomposition was slower on a south- than north-facing slope,
while for the succession area the relationship was opposite. The main agent of the revealed
differences for the Scots pine stands was soil moisture and subsequent higher density of
microbial decomposers, while for the succession area it was the difference in the initial
chemical properties of the litterfall. The obtained results indicate that slope aspect

significantly affects the litter decomposition process on inland dunes.
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Abstract: Extensive areas of inland dunes are commonly overplanted with Scots pine (Pinus sylvestris).
However, thus far the pine litterfall has not been investigated in detail in Scots pine stands overgrowing
the landforms. Therefore, the aim of this study was to analyse the mass and chemical composition
of litterfall in a dune Scots pine forest, paying special attention to the differences in the properties of
the particular categories of litterfall (needles, twigs, bark, cones, residue) occurring in different seasons.
The secondary goal of the research was to investigate the possible effect of contrasting slope aspect on
litterfall properties. Litterfall was examined for three years on a north- and south-facing dune slope using
the litter trap method. The mass and chemical composition (C, N, P, K, Mg, Mn, Ca, Fe, Al) of each
litterfall category was analysed. Average annual mass of litterfall ranged from 322.0 + 2.6 (slope N) to
361.9 + 34.2 (slope S) g m~2 year~!. Fluctuations in the annual concentrations of N, P, K and Mg were
determined, which was the result of their gradual withdrawal from needles before they were dropped
in autumn. Immobile or poorly mobile elements (i.e., Mn, Ca, Fe and Al) were found to be steadily
accumulated during the year in fallen tissues. The studied elements can be set in the following order as
regards the annual pools which return to a topsoil with litterfall: C > N > Ca > K> Mg > Mn > Al > P > Fe
on slope N and C > Ca > N > K > Mg > Al > P > Mn > Fe on slope S. Despite the fact that the residue
(seeds etc.) constitutes a much smaller part of the total litterfall mass than the needles, comparable
amounts of N, P, K, Al and Fe return to a topsoil with both these categories. The only element for which
we determined differences in concentrations regarding slope aspect was Mn: the concentrations were
significantly higher for needles, twigs, bark and cones on the N than the S slope.

Keywords: plant litter; nutrient turnover; pine stands; Pinus sylvestris; dune areas; slope aspect

1. Introduction

Litterfall is a significant pathway for the return of nutrients from plants to the forest floor and,
subsequently, to the mineral soil [1]. It provides the soil surface with plant debris (e.g., needles,
broadleaves, twigs, branches, cones, bark, seeds, flowers, fruits) that gradually decays with the
participation of decomposer communities (bacteria, actinomycetes, fungi and invertebrates) during
the decomposition process [2,3]. During that process, nutrients gradually become available for plant
uptake, and consequently nutrient turnover in the vegetation—soil system is crucial for the productivity
of forest ecosystems [4]. The chemical composition of litterfall is one of the main factors determining
the course of nutrient release [5]. Thus, quantitative and qualitative analyses of litterfall contributes
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to a better understanding of nutrient cycling dynamics. Moreover, particular plant communities
are characterised by different chemical composition of litterfall, and thus, in the long term, litterfall
with specific chemical properties has an appreciable influence on the chemical and physicochemical
properties of soil organic matter and, subsequently, on soil type [6,7]. Some authors [8] even suggest
that litterfall can be used as an indicator of forest stand condition, especially in a coniferous ecosystem.
Therefore, any information supplementing the knowledge on the above issues may be useful in
sustainable forest management [9] or in the re-establishment of damaged environments [10].

The mass, structure and chemical composition of litterfall depend on many factors, the most
important of which include forest stand’s: species composition [9,11,12], stage of succession
development [13], age [14], tree density [15], tree vigour (health condition [8]), and form of regeneration
(naturally vs. artificially regenerated [16]). Additionally, the properties of litterfall are affected by
habitat conditions, such as climate [5], air temperature [12,13,17] and soil properties [7]. The mass,
structure and chemical composition of litterfall show annual dynamics associated with the cyclical
nature of physiological processes, usually resulting from the seasons [18,19]; however, the observed
regularities can be affected by incidental events, such as extreme weather conditions (strong winds or
heavy rainfall, [9]), fire [20] and tree pest gradation [21].

In most European forest ecosystems, the main source of litterfall is trees [5,22], and it is the foliar
fall which is the major constituent of the debris that falls to the ground surface [23]. However, other
categories of litterfall from various parts of trees, such as branches, cones, seeds, fruits, bark, etc.
are also important in the nutrient cycling dynamics, because they change the quality of annual
litterfall [9]. Most often, the research concerns the chemical composition in annual litterfall of particular
categories [9,12,23].

In general, the litterfall in a Scots pine forest has been studied extensively in different ecosystems
e.g., [11,17,22,23]; however, so far litterfall has not been investigated and described in detail with
reference to inland dunes, despite the fact that these landforms are common and usually overgrown
with forest stands (pine dominated, mainly) in many regions of the world, especially in Central and
Eastern Europe [24], northern Asia [25] and North America [26]. Thus, the aim of this research was
to analyse the mass and chemical composition of litterfall from trees in a dune Scots pine forest,
paying special attention to the differences in properties of the particular categories of litterfall (needles,
twigs, cones, bark, residue) in seasons. Furthermore, despite inland dunes not being huge landformes,
topographically induced differentiation in some environmental characteristics and processes have
lately been described with regard to those landforms [27-29]. These findings encouraged us to establish
the secondary goal of our study, namely, to investigate the possible effect that contrasting slope aspect
(north vs. south facing) can have on the properties of litterfall. Designing our research, we hypothesised
that in a dune Scots pine forest (i) mass and chemical composition of litterfall from trees is significantly
different in particular seasons, (ii) mass and chemical composition of litterfall significantly varies
in particular categories of litterfall (needles, twigs, cones, bark, residue), (iii) litterfall categories of
relatively low mass can have a more crucial importance for nutrient turnover than would result from
their mass, and that (iv) slope aspect could potentially affect characteristics of litterfall.

2. Materials and Methods

2.1. Study Site

The study was conducted on an inland dune area of the Torun Basin (N Poland). The basin is one
of the largest inland dune fields in Central Europe [24]. The area has an average annual temperature of
7.9 °C and an average annual precipitation of 522.5 mm [30]. Following the fact that inland dunes
constitute poor habitats, the potential vegetation for dune fields of the basin is subcontinental, poor in
species richness pine forest Peucedano-Pinetum [31].

The research sites were situated on contrasting slope aspects (north and south facing, hereafter
referred to as “slope N” and “slope S”) of a latitudinally situated dune (52°55’13.08” N, 18°42/05.42” E)
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with a relative height of ca. 15 m. On both investigated slopes (north and south facing) acidic Podzols
occur, but the soil of the north facing slope is more podzolized [27,32]. Both slopes were located
within the same 145-year-old planted Scots pine stand, which has been subjected to the same forest
management treatments (thinning, etc.) on both studied slopes since planting. The average diameter
at breast height of pines growing on the studied slopes was 33.2 + 5.7 cm (32.4 + 5.5 cm on the north-
and 34.0 + 6.0 cm on the south-facing slope), whereas the average height was 20.1 + 1.8 m (19.7 + 1.7 m
on the north- and 20.5 + 1.8 m on the south-facing slope) [32].

2.2. Sampling

Litterfall was examined for three years (2013, 2016, 2017) on the north- and south-facing slopes on
the investigated dune using the litter trap method [33]. On both studied slopes, 10 litter traps were
placed (20 in total) and arranged on every slope in two rows of 5 traps each, spaced 5 m apart. The litter
traps had a circular shape with a nominal single sampling area of 0.25 m? and were installed at 1 m
above ground level. Subsequently, litterfall material was collected monthly (in the middle of a month)
from each trap to linen bags for laboratory analyses.

2.3. Laboratory Methods

The collected samples were dried at 65 °C to constant weight. Then, the samples were manually
sorted into five categories: needles, twigs, bark, cones and residue (which included other organic debris
like seeds and unidentified materials). Subsequently, the material of each category was weighed and
homogenised with a grinder. Next, for each category and each year separately, samples were combined
into compound samples representing seasons: winter (samples collected in December—February),
spring (March-May), summer (June-August) and autumn (September-November). The three years of
the study were replicates in the analysis of the contents of elements in particular litterfall categories in
each season. Altogether, 60 samples were obtained for each slope (5 categories X 4 seasons X 3 years),
thus a total of 120 samples being collected on two dune slopes were investigated in the study.

All the samples were tested for the contents of nine elements (C, N, P, K, Ca, Mg, Mn, Fe, Al),
which were determined according to the following methods: total nitrogen by the Kjeldahl method; organic
carbon by sample oxidation in a mixture of K,Cr,O; and H»SO; [34]; phosphorus by the colorimetric
method with the use of Molybdenum Blue; iron by the colorimetric method using 1,10-phenanthroline and
aluminium by the colorimetric method with the use of Aluminon. The contents of phosphorus, iron and
aluminium were measured with a UV-1601 Spectrophotometer (Beijing Rayleigh Analytical Instrument
Corp., Chaoyang District, Beijing, China) at wavelengths of 700, 518 and 525 nm, respectively. The contents
of K, Mg, Ca and Mn were determined with a SOLAR 969 Atomic Absorption Spectrophotometer
(UNICAM, Cambridge, United Kingdom). The contents of P, K, Mg, Ca, Mn, Fe and Al were determined
after an acidic digestion of the samples (acid mixture: nitric, perchloric and sulphuric acid in a volume
ratio of 20:5:1 [35]).

2.4. Data Analysis

The Kruskal-Wallis test and post hoc Dunn’s test were used to compare the mean contents of
particular elements between studied categories of litterfall and the mean contents of the elements
in the same category of litterfall between seasons. While the Mann-Whitney U-Test was used to
compare the mean contents of elements in the same category of litterfall between investigated slopes.
In these calculations, detected differences were deemed significant if p < 0.05. The statistical analyses
were performed in Statistica 7.1 (StatSoft, Tulsa, OK, USA). In the Results section, mean values are
given together with values (+) of standard error.
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3. Results

3.1. Litterfall Mass Dynamics

Average annual mass of tree litterfall ranged from 3220 =+ 26 (slope N)
to 3619 + 34.2 (slope S) g m™2 year™! (Table 1). During the research, two peaks in the annual
dynamics of total litterfall were recorded: the primary in autumn and the secondary in summer (Figure 1).
The autumn peak was recorded in October, while the summer peak was in June (Figure 1). As can be seen
from Figure 2, the autumn peak was caused on both studied slopes by the pine needle fall, whereas the
summer peak was mostly caused by residue fall, and to a lesser extent by cone and pine needle fall.

Table 1. Mean mass (+SE) of the total annual litterfall and mass of the studied categories of litterfall
(g m~2 year™!) on slopes N and S (averaged for the three study years).

Category N S

Needles 169.7 £ 7.2 1833 +17.7
Twigs 19.0 + 3.6 20.7 +4.7
Bark 42.0+4.2 484 +7.3
Cones 31.8 +10.5 437 +72

Residue 59.5+83 65.8 +12.4
Total 322.0+26 361.9 + 34.2

T T T T T T T T T T
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
[months]

Figure 1. Averaged annual dynamics of total litterfall mass on slopes N and S (averaged for the three

study years).
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Figure 2. Averaged annual dynamics of mass of the investigated litterfall categories on slopes N and S
(averaged for the three study years).
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3.2. Litterfall Chemistry

3.2.1. Differences Between Categories

The chemical composition of each category of litterfall significantly varied. On both studied slopes,
the lowest contents of N, P, K, Mg and C was found in the bark, the lowest contents of Ca and Mn was
found in the cones, and the smallest content of Fe and Al was identified in the needles and cones. The bark
possessed the highest content of Ca, and the needles had the highest content of Mn and C, whereas the
residue was characterised by the highest content of N, P, K, Mg, Fe and Al (Tables 2 and 3).

Table 2. Mean contents (+SE) of elements in the litterfall categories by season (g kg™!) on slope N.
p-values were obtained after the Kruskal-Wallis test: values in rows refer to differences in content of an
element between litterfall categories in a season; values in the last column refer to differences in content
of an element between seasons in a litterfall category (only values of p < 0.05 were shown); lower cases
at the SE values refer to rows (different letters indicate the difference in the element content between
seasons), while capital letters at the SE values refer to columns (different letters indicate the difference
in the element content between litterfall categories).

Category Season p-Value
Winter Spring Summer Autumn
Carbon
Needles 550 + 3 2A 548 + 52A 544 + 624 553 + 524
Twigs 540 + 534 533 + 9 aA 512 + 534 519 + 8 3AB
Bark 512 + 234 509 + 2 aA 503 + 6 3A 508 + 3 aB
Cones 562 + 33 3A 510 + 12234 527 + 73A 528 + 5aAB
Residue 537 + 1224 526 + 1634 531 + 9 aA 534 + 7 aAB
p-value 0.05
Nitrogen
Needles  7.67 +0.323bAB 965 1+ 0.413AB 782 +0.343PAB 501 + 0.28 bAB 0.04
Twigs 8.78 +0.493AB 833+ 03528  665+0673AB  9.18 +0.69 2AB
Bark 3.98 + 0.62 2A 421 +0.2023A 3.91 +0.353A 3.66 + 0.09 aA
Cones 10.6 + 1.1 2AB 6.79 £ 1.002AB 641 £1.203AB 767 +1.0323AB
Residue 16.9 £ 0.7 2B 182 +1.22B 12.5 £ 0.52B 15.6 £ 1.0 2B
p-value 0.01 <0.01 <0.01 0.02
Phosphorus
Needles 045+ 0.05% 047 +£0.083AB 051 +0.0524  0.29 + 0.04 2AB
Twigs 0.46 £0.092A  0.40+0.022AB  027+0.083A  0.33+0.052AB
Bark 0.26 + 0.05 2A 0.12 + 0.03 2A 0.19 + 0.052A 0.16 + 0.03 2A
Cones 0.56 +0.102A 044 +0.052AB 030 +0.0724  0.37 +0.09 2AB
Residue 1.33 +0.18 24 1.59 + 0.08 2B 0.94 + 0.08 @A 1.26 +0.20 2B
p-value <0.01 <0.01
Potassium
Needles  1.24 +0.022AB 183 +0.0524B 250+ 0.372A 1.29 + 0.12 2AB 0.04
Twigs 1.06 £0.172AB 077 +0.092AB 1,01 £0.0924  1.09 +0.11 2AB
Bark 0.52 + 0.07 2A 0.40 + 0.02 2A 0.50 + 0.07 2A 0.54 + 0.05 2A
Cones 151 £ 059248 315+ 1.0024B 222 1+02324A 1.72 £ 0.35 2AB
Residue 3.85+1.30°2B 2.79 + 0.30 @B 1.96 + 0.13 24 350 + 0.91 2B
p-value <0.01 <0.01 - <0.01
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Category Season p-Value
Winter Spring Summer Autumn
Calcium
Needles 613 +05624B 524 1+ 0282AB 509+ 0412AB 6,15+ 0.49 2AB
Twigs 595+ 0.092AB  540+0382AB  570+0542A8 631 +0.44 248
Bark 7.73 + 0.60 @A 8.31 + 0.572A 8.54 + (.53 2A 8.38 + 0.30 24
Cones 1.42 + 0.62 2B 0.75+ 0.14 2B 0.59 + 0.05 2B 0.77 £ 0.11 2B
Residue 523+ 1.00*AB 595+ 1323AB  540+0.843AB 468 +(.812AB
p-value 0.04 <0.01 <0.01 <0.01
Magnesium
Needles 0.65 + 0.07 @A 1.02 £ 0.18 2A 1.34 £ 0.092AB 105+ 0.102AB
Twigs 070 £0.112A  0.64+0.0624  1.02+0.122AB  1.26 + 0.08 24B
Bark 0.35+0.15 34 0.24 +0.02 34 0.27 + 0.03 24 0.34 +0.03 24
Cones 0.52 + 0.03 2A 078 £0.223A 094 +0.122AB 112 +0.122AB
Residue 1.34 £ 0.47 34 1.54 £ 0.30 24 1.37 +0.18 3B 1.14 + 0.08 3B
p-value <0.01 0.01
Manganese
Needles 0.74 + 0.03 2A 0.68 + 0.03 2A 0.79 + 0.07 @A 0.70 + 0.05 24
Twigs 0.22+0.023AB  0.19+0.022AB 023 +0.032AB  0.25+0.022AB
Bark 0.17 £0.032AB  015+0.0124B  0.15+0.012AB (.19 + 0.022AB
Cones 0.08 + 0.01 2B 0.08 + 0.02 2B 0.07 + 0.01 2B 0.09 + 0.01 2B
Residue 048 +0.172AB 027 £0.022AB 032 £0.052AB 043 + (.14 2AB
p-value 0.01 <0.01 <0.01 <0.01
Iron
Needles 017 +0.0238B (.17 +£0.042AB  0.18 £ 0.053AB .12 + 0.00 2AB
Twigs 0.47 +0.073AB 054+ 0.082AB  035+0.042AB  0.54 +0.04 2B
Bark 047 £0.092AB 034 +0.0324B 020+ 0.022AB 021 +0.012AB 0.04
Cones 0.15 + 0.022A 0.36 + 0.27 2A 0.11 + 0.022A 0.10 = 0.02 2A
Residue 1.06 £ 0.22 2B 1.74 + 0.31 2B 0.60 = 0.05 2B 0.73 +0.04 B
p-value <0.01 <0.01 <0.01 <0.01
Aluminum
Needles  0.35+0.012AB  036+0.012A  036+0.042AB 032 +0.022AB
Twigs 0.77 +0.052AB 084 +0.072AB 059 +0.0224B  0.82 + 0.06 2AB
Bark 077 £0.132AB 061 +0.0124B 046 +0.022AB .48 + 0.06 2B
Cones 0.40 + 0.08 2A 0.36 + 0.07 2A 0.27 +0.04 2A 0.22 +0.042A
Residue 1.66 + 0.16 2B 1.77 £ 0.16 2B 0.76 + 0.08 2B 1.05 + 0.07 2B 0.03
p-value <0.01 <0.01 <0.01 <0.01
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Table 3. Mean contents (+SE) of elements in the litterfall categories by seasons (g kg~!) on slope S.

p-values were obtained after the Kruskal-Wallis test: values in rows refer to differences in content of an

element between litterfall categories in a season; values in the last column refer to differences in content

of an element between seasons in a litterfall category (only values of p < 0.05 were shown); lower cases

at the SE values refer to rows (different letters indicate the difference in the element content between

seasons), while capital letters at the SE values refer to columns (different letters indicate the difference

in the element content between litterfall categories).

Category Season p-Value
Winter Spring Summer Autumn
Carbon
Needles 547 + 337 547 + 337 546 + 7 a7 561 + 437
Twigs 547 + 234 545 + 10 24 524 + 1024 517 £ 9234
Bark 508 + 6 A 510 + 5234 510 + 3237 507 + 624
Cones 552 + 29 aA 526 + 4 aA 506 + 8 A 538 + 7 aA
Residue 555 + 124 527 + 1434 519 £ 534 527 + 8 3aA
p-value
Nitrogen
Needles  6.79 + 0.35°PAB 8861+ (0.313AB 787 1 (0.542PAB 460 + 0.20 PAB 0.03
Twigs  7.62+0.162AB 820+ 04534 700+ 0.142AB 784 +0.76 2AB
Bark 451 +0.342A 4.00 + 04227 325 +0.342A 3.59 +0.33 24
Cones 8.69+2573AB 473106324  446+0.853AB 750+ 0.622AB
Residue 14.9 + 1.0°B 16.7 + 0.6 2B 12.2 + 0.9 2B 15.5 + 0.9 2B
p-value <0.01 <0.01 <0.01 <0.01
Phosphorus
Needles 030 +0.0424  055+0.052AB 047 +0.062AB .25+ 0.03 2AB
Twigs 0.38+0.072A  039+0.06*A8B  032+0.0528 (.34 +0.04 248
Bark 0.19 £ 0.03 24 0.16 £ 0.02 24 0.13 £ 0.03 24 0.17 £ 0.03 24
Cones 057 £0.132A  030+0.0524B 024 +0.0624B (.28 + 0.08 2AB
Residue  0.99 +0.2324 1.57 + 0.05 2B 0.86 + 0.12 2B 1.22 +0.20 2B
p-value <0.01 0.02 <0.01
Potassium
Needles 1.11 £ 0.1024 195+ 0.082AB 239+ 0333AB 142 1+0.162AB 0.05
Twigs 0.87 +0.042A  0.88+0.022AB  1.05+0.062A8 153 +0.37234B
Bark 0.46 + 0.02 24 0.42 £ 0.04 A 0.48 + 0.03 2A 0.53 £ 0.01 24
Cones 121 +£0.042A 130010228 165+0.192AB 171 £ 0.163AB
Residue  3.37 = 0.96 24 2.99 + (.49 2B 3.03 + 0.83 2B 438 +1.59 2B
p-value - <0.01 <0.01 <0.01
Calcium
Needles 590+02324B 547101124 5541 0.172AB .20+ 0.08 2AB
Twigs  6.30+04934B 649+ 055348 622+ 026348 675+ (.57 2AB
Bark 9.76 + 0.32 3A 8.14 + 05124 9.22 +0.283A 837 +0.513A
Cones 1.17 + 0.35 2B 1.13 +0.223B 0.42 +0.04 2B 0.56 + 0.05 2B
Residue 574 +1.033AB 551 +1.183AB 462 +0.233AB 500+ (.71 3AB
p-value <0.01 <0.01 <0.01 <0.01
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Table 3. Cont.

Category Season p-Value
Winter Spring Summer Autumn
Magnesium
Needles  0.68 + 0.09 24 1.38 £ 0.312A 1.46 +0.102A 1.06 + 0.09 2AB
Twigs 0.85+0.152A  0.87 +0.2223A 124 +0.15%A 120 +0.1723AB
Bark 0.32 + 0.07 24 0.23 +0.02 24 0.28 + 0.01 24 0.36 + 0.00 @A
Cones 0.50 + 0.08 2A 0.75 + 0.24 2A 0.69 £0.052  0.96 + 0.11 2AB
Residue 1.10 £ 0.36 A 1.57 + 0.40 34 128 £0.173A 1.45 + 0.02 @B
p-value <0.01
Manganese
Needles 052 +0.0224 0.50 + 0.01 2A 0.57 £ 0.04 2A 0.62 + 0.00 @A
Twigs  0.16+0.01**8  017+00124  0.18+0.01**8 019 +0.012AB
Bark 0.13 £ 0.01 2AB 0.11+0.012  0.13+0.012AB 015+ 0.01 2AB
Cones 0.05 + 0.00 2B 0.11 + 0.06 @A 0.04 + 0.00 2B 0.06 + 0.00 2B
Residue  0.40+0.152AB 021 +0.0324  025+0.052AB 034 +0.102AB
p-value 0.02 <0.01 <0.01
Iron
Needles  0.17 £ 0.0134 0.19 + 0.04 @A 0.14 + 0.01 24 0.13 £ 0.00 @A
Twigs  051+0.072A8 048 +0.0224  041+0.022AB 048 +0.08 2AP
Bark 0.40 = 0.04 2AB 037 +0.0524 021 +0.013AB 021 +0.023AB 0.04
Cones 0.12 + 0.01 2B 027 £ 0.13 24 0.10 = 0.01 2B 0.11 = 0.02 2B
Residue  1.12+0312AB 168 +02334  0.62+0.0724B  0.84 +0.082AB 0.01
p-value <0.01 <0.01 <0.01
Aluminum
Needles 040 +0.0224B 034 +0.0324  032+0.022AB .35+ 0.022AB
Twigs  0.82+0.072A8 078 £0.023AB 062+ 0.052A8B 073 + 0.06 2AP
Bark 071 +0.052AB 063 +0.012AB 047 +0.0324B (.53 + 0.06 2B <0.01
Cones 0.38 + 0.05 24 0.62 = 0.22 2AB 0.22 £ 0.03 24 0.17 £ 0.04 2A 0.05
Residue  1.56 + 0.063PB 1.81 + 0.08 2B 0.79 + 0.11bB 1.21 + 0.10°bB 0.03
p-value <0.01 <0.01 <0.01 <0.01

3.2.2. Differences Between Seasons

The dynamics of C, Mn and Ca content in particular litterfall categories did not show significant
seasonal variation, whereas there was clear inter-seasonal variation in N, P, K and Mg content in
needles, and in N and P content in residue. In the case of pine needles, the content of N and P was the
lowest in autumn. By contrast, in the case of residue, a reduced content of N and P was observed in
summer (Tables 2 and 3). Thus, in both cases the lowest content of N and P was observed during the
highest fall of the category (autumn for needles, summer for residue, Figure 2). Furthermore, it was
also found that the content of K in needles significantly decreased in winter compared to other seasons
(Tables 2 and 3). With regard to the dynamics of N, P, K and Mg contents in the fall of the bark, cones
and branches, no regularities were noted (Tables 2 and 3).

Statistically significant differences between seasons were found in the Fe content in fall of bark,
and the Al content in the fall of residues on both studied slopes (Tables 2 and 3). Additionally, the
Kruskal-Wallis test detected statistically significant differences between seasons in the Fe content in
the fall of residues as well as the Al content in the fall of bark and cones on slope S (Table 3).

3.2.3. Pools of Elements Returning to the Topsoil

The studied elements can be set in the following order as regards the increasing annual pools
which return to the organic soil horizon with litterfall: C > N > Ca > K > Mg > Mn > Al > P > Fe on
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slope N and C > Ca > N > K> Mg > Al > P > Mn > Fe on slope S (Table 4). The largest proportions
of pools of C, Mg, Ca and Mn return to the topsoil with needles (Figure 3), and the most N, P, K and
Al returns to topsoil with the needles and residue (similar proportions in both categories of litterfall,
despite the fact that the mass of needle fall to the surface is much higher than mass of residue, Table 4),
while the highest proportion of Fe pools returns to the topsoil with the residue (Figure 3).

Table 4. Return of particular elements to a topsoil (g m™2 year’l) with total annual litterfall on slopes
N and S.

Slope C N P K Mg Ca Mn Fe Al

N 172 232 015 052 030 18 018 0.09 0.15
S 193 248 016 068 034 318 014 010 0.18
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Figure 3. Return of elements to soil with particular categories of litterfall on slopes N and S.

3.2.4. Differences between Slopes

No significant differences in chemistry of litterfall were found between the studied slopes, except
Mn. Content of Mn in the fall of needles, twigs, bark and cones differs significantly between slopes.
Specifically, we found that the values were statistically higher on slope N than S (e.g., Mn content in
needles in winter was 0.74 + 0.03 and 0.52 + 0.02, respectively, etc., Tables 2 and 3).

4. Discussion

4.1. Litterfall Mass Dynamics

The total annual litterfall mass and that of the particular categories obtained in our research is
consistent with values obtained in previous studies conducted in coniferous stands at similar latitudes
in the northern hemisphere [11,22,36]. The values of total annual litterfall obtained by us are lower than
those obtained by other authors to the south of the latitude tested by us, e.g., 411.6 + 93.2 g m~2 year 2
at Valsain in Segovia in Spain [37], and higher than values of litterfall mass to the north of the
latitude tested by us, e.g., 199.5 + 27.2 g m~2 year 2 in eastern Finland [38]. However, the values
we received fit into ranges obtained at other latitudes in earlier years, e.g., 270-440 g m~2 year~2 in
the eastern Pyrenees (Iberian peninsula; [39]), 132.5-340.2 g m~2 year2 at various sites in Finland

(in the north—south transect; [23]). Other species of the genus Pinus growing in tropical climates
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have a much greater total annual litterfall mass, e.g., 598.8 + 64.7 ¢ m~2 year~2 for Pinus caribaea in
Ibadan in Nigeria [40], 800 g m~2 year~2 for Pinus luchuensis in the north of Okinawa Island [41],
and 1430 g m~2 year~2 for Pinus caribaea var. hondurensis in Puerto Rico [9]. The mass of litterfall
is closely related to latitude, as other authors have already shown in their studies [5]. However,
this dependence may be changed by environmental factors such as altitude, microclimate, catastrophic
events like droughts and gradations, etc.; thus, in some cases litterfall in forest stands in northern areas
may be larger than that in southern areas, as shown in some of the examples we have provided above
regarding our results. The changing climate also affects the mass of litterfall [37].

Litterfall occurs throughout the whole year, but in temperate regions of the northern hemisphere,
its intensity varies seasonally and forms two peaks within a year. The highest, which is majorly
composed of leaf/needle fall, is recorded in autumn (October or November), followed by the summer
peak (May or June) majorly composed of other categories of litterfall [16,22], while the lowest rate is
found in winter and spring. The dynamics of litterfall are related to latitude; specifically, further north
of our research area, in northern Finland, autumn litterfall is in early August [22], while further south of
our research area, in a Mediterranean climate, the pattern of dynamics of litterfall is different, with the
highest peak of litterfall being observed in June during the drought period [22,37]. Atlatitude, which we
also studied, there is a seasonal shift in the recorded months of the autumn litterfall peak, when we
compare the reports of earlier studies to recent ones. For instance, a study from northern Poland
reported September as hosting the maximum litterfall [42], whereas in recent studies, October [43] or
November [36] showed the highest peak. The contemporary examples are consistent with our studies.
This might be an indicator of a seasonal shift in litterfall that could potentially be being induced by
climate variability and change [5,17]. However, this issue requires further research, which is not within
the scope of this study, and here it is only being mentioned. Martinez-Alonso et al. [37] also found
that more detailed studies of litterfall are needed for better forest management in the era of ongoing
climate change.

4.2. Chemistry of Litterfall

Amongst the elements returning to topsoil in litterfall, C has the highest amount, reaching
100 times that of other elements, as it is the basic ingredient of all organic compounds in plants
and constitutes about half the mass of litterfall. Liski et al. [44] report in their research that litterfall
in western European forest was the greatest source of soil carbon, providing about 70-80% of the
total. Furthermore, according to our studies, the amounts of N and Ca returned in litterfall were
the highest after that of C. A similar composition of these two elements was reported by similar
investigations [23,45,46]. Further, the amounts of K and Mg returned in litterfall were the highest after
those of Ca and N, and the least returned to the topsoil with litterfall were Mn, P, Fe and Al (Table 4).
Litterfall is a main pathway for N, P, Ca, Mg, Mn and Fe to the forest floor, but for K the main pathway
to the forest floor is leaching by the throughfall [47].

According our studies, each category of litterfall has a different chemical composition.
The proportions of particular categories of litterfall in total litterfall regulate the litter chemistry and
subsequent litter decomposition and the soil-forming process more than other factors, e.g., climate [48].
Most C is returned to the soil with the category of litterfall with the greatest mass, i.e., needles. However,
this relationship (i.e., that the highest mass of an element returns with the category of the greatest mass)
does not hold for all elements. According our studies, despite the fact that the residue is a much smaller
part of the mass of the total litterfall than the needles, it returns to the topsoil a comparable amount of
elements such as N, P, K and Al as do needles, and Fe returns much more to the soil from residue than
from needles. Ukonmaanaho et al. [23] found that Fe was the only element with a higher concentration
in the residue category than in needles. They found this regularity despite the fact that they studied
cones, bark, branches and residue jointly, and treated these categories as one laboratory sample.

However, the chemical composition in particular categories of pine litterfall is not constant,
and shows seasonal variation, which was stated not only in our findings (Tables 2 and 3), but also in other
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studies [19,38]. In a temperate climate in the northern hemisphere, mobile nutrients (i.e., N, P, Kand Mg)
are retranslocated from senescing needles (in autumn, before their falling) to remaining needles and
other tree structures for overwinter storage [19,38]. Then, they are used for physiological processes,
or to form new plant structures [12,19], so the elements are not lost. About 60-90% of N, P and K
contents are retranslocated from senescing needles before falling [19]. This is perceived by some
authors as a sign of adaptation to habitats with poor nutrient supply [49]. However, other researchers
report that retranslocation is not determined by soil nutrient availability, but the growth rate of trees is
the main factor controlling the process [50]. Retranslocation may also occur in young needles during
intensive growth [51]. About 17-42% of the annual requirements of N, P and K for the production of
above-ground tree biomass are provided by retranslocation [1]. Regarding Mg, it should be noted that
it is an element necessary for the proper functioning of chlorophyll and it has an important function
in photosynthesis [52]. The lowest content of Mg in winter needles identified in our study might
be associated with the weakest rate of photosynthesis occurring in this season. Immobile or poorly
mobile nutrients (C, Mn, Ca, Fe and Al) are steadily accumulated in the tissues [19,38]. According to
our studies, in the case of Fe and Al, significant differences between seasons occur in bark, twigs and
residue, and this may be due to which parts of the twigs and bark (more or less woody) are falling.

The uniformity of most nutrients between the investigated aspects (slope N vs. slope S) might
be due to the uniform stand on both slopes and to the same forest management activities. In our
study, the content of Mn is higher in categories of litterfall on slope N than slope S. In line with our
findings, Ukonmaanaho et al. [23] showed that Mn concentrations increased northwards. However,
some environmental factors that do not matter in our research were relevant in ecosystems investigated
by Ukonmaanaho et al. [23]. Previous research at the current study area showed that the process
of podzolization is stronger on the north- than the south-facing slope [27]. Additionally, the litter
decomposition process is faster on slope N than slope S [29], and the release of manganese from
decomposing material is faster on slope N [29], so the circulation of this element could also be faster on
slope N. The larger contents of Mn in categories of litterfall on slope N could be related to the availability
of Mn in the soil of that stand, and to trees thus consuming more Mn and litterfall returning more of this
element to the soil [45]. It may also be related to the production and activity of manganese peroxidase,
which is a lignin-degrading enzyme involved in decomposition process [53,54], whose production
could be higher on slope N. This issue, however, requires further research.

5. Conclusions and Management Implication

Our study showed the detailed characteristics of pine litterfall on inland dunes regarding litterfall
categories, seasons as well as slope aspect, which thus far have not been reported. We discovered that
even the litterfall categories of relatively low mass are important for the total return of nutrients to
topsoil (and subsequently for the whole nutrient turnover). This importance is greater than would
result from their mass. Despite the fact that the residue is a much smaller part of the mass of the
total litterfall than the needles, it returns to the topsoil a comparable number of elements. In turn,
the effect of slope aspect on characteristics of litterfall was negligible in this study, which likely could
be explained by the unification influence of forest management treatments on forest ecosystem.

Following the fact that the lowest contents of nutrients were found in litterfall in autumn, it could
be presumed that cuttings executed in the season due to forest management could be postponed for
winter months. Then, contents of nutrients in needles which are usually left on the ground after the
cuts are higher than in autumn, and consequently it can be presumed that the elimination of nutrients
from forest ecosystem with timber removal could be decreased. This idea would be especially relevant
to poor ecosystems such as inland dunes; the nutritional state of a forest site is only one of the premises
which should be considered when the term of cuttings in forest stands are planned. However, in an era
of ongoing climate change, research into the impact of climate change on the mass, seasonal dynamics
and chemical properties of litterfall is needed. This type of research would be helpful in sustainable
forest management.
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ARTICLE INFO ABSTRACT

Litter decomposition has been widely studied and described in literature; however, so far rate of the process has
not been investigated and described in detail with regard to inland dunes, despite them being common landforms
in many regions of the world. The aim of our study was to show links between the topographically-induced
variation in some main drivers of litter decomposition (microclimatic parameters, soil properties, vegetation)
and the rate of the process on inland dunes. Our 3-year experiment was conducted on contrasting slope aspects
(north- and south-facing slopes) of dunes representing the early and mature stages of pine forest development.
On each slope the rate of litterfall decomposition (mineralisation and humification) was investigated using the
litterbag method. The materials used for the experiment were the dominant category of litterfall for each plot
and these were placed in 15 X 15-cm nylon mesh bags with 2 X 2-mm mesh. Litterbags were placed on the soil
surface in the middle of each of the studied slopes. The chemical composition (C, N, P, K, Mg, Mn, Ca, Fe, Al) of
initial litterfalls and of materials representing subsequent stages of decomposition was analyzed. The results
were linked to topographically-induced variations in microclimatic parameters (air temperature and relative air
humidity automatically recorded with HOBO U23-001 loggers) soil temperature and moisture (TDR method). In
a mature pine stand, the rate of litterfall decomposition was faster on north- than south-facing slopes, while for
the early stage of forest development the relationship was the opposite. The main agent of the differences for the
mature stand was soil moisture and subsequent higher density of microbial decomposers, while for the early
stage it was the difference in the initial chemical properties of the litterfall. Our results indicate that slope aspect
significantly affects the rate of litter decomposition on the dunes by spatially differentiating the main drivers of
the process.

Keywords:
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Release of nutrient
Slope aspect
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Inland dunes

Pine forest

1. Introduction moisture (Liu et al., 2013; Chu et al., 2016; Sewerniak et al., 2017), and

wider C/N ratio values (Chu et al., 2016) than pedons of south-facing

Slope aspect plays an important role in the spatial differentiation of
many environmental processes. In the northern hemisphere, south-fa-
cing slopes receive more solar radiation than north-facing exposures.
Consequently, slope aspect strongly affects microclimatic conditions
such as temperature, humidity and evaporation. Specifically, in the
northern hemisphere, north-facing slopes are commonly reported as
cooler and wetter than south-facing slopes. Differences in microclimates
entail dissimilarities in vegetation (Shreve, 1924; Cantlon, 1953) and
soil microorganism populations (Chu et al., 2016).

The combined effect of the abiotic and biotic factors mentioned
above is reflected in the spatial pattern of soil attributes, which follows
topography. Relief is a soil-forming factor which strongly affects soil
type as well as soil properties (Jenny, 1941). It has been commonly
reported that, in the northern hemisphere, the soils of north-facing
slopes are characterised by higher contents of organic matter (Kutiel,
1992), organic carbon (Liu et al., 2013; Sewerniak et al., 2017) and

* Corresponding author.

exposures. Additionally, cation exchange capacity and base saturation
were higher in soils located on north-facing slopes than south-facing
slopes (Sariyildiz et al., 2005), whereas for soil temperature the topo-
graphically-induced relation was opposite (Liu et al., 2013; Sewerniak
et al., 2017). Some researchers also reported that soil pH was higher on
north-facing slopes than on south-facing slopes (Sariyildiz et al., 2005),
but in other studies the opposite pattern was found (Chu et al., 2016;
Sewerniak et al., 2017). The topographically-induced regular diversi-
fication of soil properties may result in a regular pattern of soil types
(Sewerniak et al., 2017).

Slope aspect also affects litter decomposition, which is an extremely
important process influencing the formation of both organic and humus
horizons in a soil (Bot and Benites, 2015). This process is crucial in the
undisturbed functioning of a natural ecosystem (Prescott et al., 2004) as
well as in maintaining high productivity in forest plantations (Yang
et al., 2004). Litter decomposition is a driver of the conversion of plant
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residues (which return to a soil mostly by litterfall) to soil organic
matter. This phenomenon includes two complementary and simulta-
neous processes, namely mineralisation and humification (Bot and
Benites, 2015). Elements within the decomposed material are released
and become available for plant uptake (Swift et al., 1979; Prescott et al.,
2004), constituting part of a nutrient cycle (Staaf and Berg, 1982). The
rate of litter decomposition is determined by biotic and abiotic factors.
The biotic factors include litter quality (e.g. content of lignin, N, P and
other elements, C/N ratio, lignin/N ratio, Cobo et al., 2002; Berg and
McClaugherty, 2008; Zhou et al., 2008) and decomposer communities
(bacteria, fungi, protista and invertebrates; Swift et al., 1979;
Joergensen et al., 2009). In turn, abiotic factors include soil properties
(texture, porosity, moisture, temperature, pH, cation exchange capa-
city, Swift et al., 1979; Berg and McClaugherty, 2008) and (micro)cli-
matic conditions (parameters related to humidity, temperature and
actual evapotranspiration, McTiernan et al, 2003; Berg and
McClaugherty, 2008; Zhou et al., 2008).

On account of its unquestionable impact on microclimates, as well
as on soil properties and vegetation, topography is an important in-
direct factor affecting litter decomposition. The influence of relief on
the process has been examined extensively for mountainous areas
(Mudrick et al., 1994; Sariyildiz et al., 2005). However, so far, links
between slope aspect and rate of litter decomposition have not been
investigated with reference to inland dunes, despite the fact that these
landforms occur commonly throughout the world, especially in Central
and Eastern Europe (Zeeberg, 1998), North America (Forman et al.,
2001) and northern Asia (Zhu et al., 2003). The dunes are built of well-
sorted, nutrient-poor, quartz aeolian sands, usually with Podzols as the
dominant soil type, which is especially relevant to inland dunes of
Central Europe (Koster, 2009; Bednarek and Jankowski, 2006;
Sewerniak et al., 2017). Inland dunes are characterised by homogenous
parent material, however, in recent studies a clearly topographically-
induced pattern of soils and microclimates (and subsequently also of
vegetation) has been found for these landforms in Central Europe
(Sewerniak et al., 2017; Sewerniak and Jankowski, 2017). These find-
ings, as well as the lack of detailed knowledge in this field, encouraged
us to examine links between the topographically-induced variation in
some main drivers of litter decomposition (microclimatic parameters,
soil properties, vegetation) and the rate of litter decomposition on in-
land dunes. Thus, the aim of this study was to determine these links
with reference to inherent properties of decomposing plant material.
Our secondary goal was to compare the above links in two different
stages of pine forest development (early stage of succession and mature
pine stand) on inland dunes. We based our study on the following hy-
potheses: (i) in the relatively dry environment of inland dunes, as a
result of north-facing slopes potentially having higher moisture, the
rate of litter decomposition could be faster for this aspect than on sunny
slopes, (ii) as a result of differences in vegetation occurring between the
two investigated stages of pine forest development, the topo-
graphically-induced variation in litter decomposition would differ be-
tween these stages.

2. Materials and methods
2.1. Study site

The research was conducted in the Torun Basin (N Poland), which is
one of the largest inland dune areas in Central Europe (Zeeberg, 1998).
The investigated area has an average annual precipitation of 522.5 mm
and a mean annual temperature of 7.9 °C (Wéjcik and Marciniak, 2006).
The dominant soils of the studied area are sandy and acidic Podzols
(Bednarek and Jankowski, 2006) and the potential vegetation for the
investigated dunes is subcontinental pine forest Peucedano-Pinetum
(Chojnacka et al., 2010).

The research plots were located on the north- and south-facing
slopes of two latitudinally situated dunes with a relative height of ca.
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15 m. The dunes were representative of two vegetation types: 1) loose
woodlands representing the early secondary succession stage of Scots
pine (Pinus sylvestris) forest (hereafter referred to as “succession”), and
2) mature pine stand (Suppl. 1, hereafter referred to as “mature”). The
two investigated ecosystems were divided into a total of four plots,
representing both north- and south-facing slopes of each of the two
stages (early and mature) of pine forest development on inland dunes,
thus succession-N, succession-S, and mature-N, mature-S (Table 1).

Secondary plant encroachment at the succession site
(52°56’09.40”N 18°39’06.74”E) was initiated by deforestation for
military purposes ca. 65 years ago, due to its location within an artillery
training area. This area has been excluded from forest management
treatments, and vegetation strictly follows topography (Suppl. 1,
Table 1). Furthermore, the density of pines and birches encroaching
into the succession site is higher on north- than south-facing exposures
(Sewerniak and Jankowski, 2017). The mature site (52°55’13.08”N
18°4205.42”E) was located in a buffer zone of the artillery training
area in which production forest stands have been subjected to standard
forest management practices. The studied dune at the mature site was
overgrown with 145-year-old, planted Scots pine stand.

On both investigated dunes acidic Podzols occur, although the soils
of the north-facing slopes are more podzolised (Sewerniak et al., 2017).
Also, on the south-facing slopes of the dunes at the succession area, soils
are mostly eroded by denudation processes and consequently do not
presently meet the criteria of Podzols and are classified as Arenosols
(Sewerniak et al., 2017).

2.2. Sampling

Litter decomposition was examined for three years on contrasting
slope aspects (north- and south-facing) at both study sites, using the
litterbag method (Bocock et al., 1960). The samples used for the ex-
periment were collected from study plots, where the material was
freshly fallen senesced plant litter (materials used for the experiment
were the dominant category of litterfall for each plot, Table 1), and then
those materials were air-dried at ca. 20 °C to obtain constant weight. 8 g
of needle litter and 5 g each of both heather stalks and grass blades were
placed separately in 15 X 15 cm nylon mesh bags with 2 X 2 mm mesh
size. Next, in December 2012, 25 litterbags with the plant material
relevant to the vegetation type of each investigated slope were placed
on the soil surface in the middle of each of the four studied slopes, with
five litterbags at each of five subplots as replicates in each plot (in total
100 litterbags were studied). Subsequently, decomposing materials
were collected at 5 time points (June and December 2013, June and
December 2014, December 2015) for laboratory analyses. For each
term, five litterbags were taken from each study plot. Some preliminary
results on the first two years of litter decomposition at the mature site
were presented in our previous paper (Sewerniak et al., 2015). This
sampling design might be considered as pseudo-replicated by some
researchers. Pseudoreplication is widely discussed in the literature (e.g.
Freeberg and Lucas, 2009; Davies and Gray, 2015). The issue described
in this paper requires more studies on other inland dunes to confirm the
findings we show in this article.

2.3. Field methods

All field measurements described below were taken in the same
place as the sampling described above. From April to November 2013
soil temperature and soil moisture were investigated every two weeks
in each study plot (measurements were taken on 17 days in total). The
measurements were taken at a depth of 3 cm. Soil temperature was
measured using an electronic thermometer, whereas soil moisture
content (in % v/v) was determined by Time Domain Reflectometry
(TDR) in ten replicates on each slope on each measurement day. Before
the measurements of soil moisture, the TDR probes were calibrated for
sandy soils.



J. Jasiriska et al.

Table 1
General description of the study plots.
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Site Slope aspect Plot code

Type of vegetation Investigated decomposing material

Early stage of succession (succession site) N Succession-N Heathland Heather (Calluna vulgaris) stalks
S Succession-S Grassland Grey hair-grass (Corynephorus canescens) blades
Mature pine stand (mature site) N Mature-N 145 years old pine stand Scots pine (Pinus sylvestris) needles
S Mature-S Scots pine (Pinus sylvestris) needles
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Fig. 1. Soil actual moisture content (a) and temperature (b) at a depth of 3 cm (mean values + SE for 17 measurement days from April to November 2013, N - north-
facing slopes, S — south-facing slopes, succession — early succession stage of pine forest, mature — mature pine stand).

Differences in the microclimatic conditions in the studied slopes
were determined with reference to air temperature and relative air
humidity. These parameters were automatically recorded with HOBO
U23-001 loggers, which were installed 30 cm above ground level. The
microclimatic parameters were investigated from the beginning of April
to the end of October during the three years of the study (2013, 2014,
2015).

2.4. Laboratory methods

From all materials collected from litterbags, any admixtures of mi-
neral soil and living moss stalks were removed, if they occurred.
Afterwards, all samples were dried at 65 °C to constant weight. Next,
the samples were weighed and homogenised with a grinder. After that,
in all studied decomposed materials, as well as in the initial materials,
contents of elements were determined according to the following
methods: organic carbon by sample oxidation in a mixture of K,Cr,0,
and H,SO,; total nitrogen by the Kjeldahl method (Bednarek, 2004);
calcium, magnesium, manganese and potassium using a SOLAR 969
Atomic Absorption Spectrophotometer; phosphorus by the colorimetric
method using Molybdenum Blue; iron by the colorimetric method using
1,10-phenanthroline; and aluminium by the colorimetric method using
Aluminon. Contents of phosphorus, iron and aluminium were measured
using a RAYLEIGH UV-1601 Spectrophotometer at wavelengths of
700 nm, 518 nm and 525 nm, respectively. Contents of Ca, Mg, Mn, K,
P, Fe and Al were determined after digestion of samples, using a mixed
acid (acid mixture: nitric, perchloric and sulphuric acid in a volume
ratio of 20:5:1, Sapek, 1979). Additionally, the humification index was
determined using a Perkin Elmer Lambda 25 Spectrophotometer at a
wavelength of 530 nm after previous digestion of samples using a
100 mL mixed solution of 0.5% NaOH and 0.5% Na,C,04 at 70 °C for
1 h and with filtration (Welte, 1955; Schlichting and Blume, 1966). The
obtained raw data for this study are shown in Suppl. 2.

2.5. Data analysis

The non-parametric Kruskal-Wallis test and the Mann-Whitney U
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Test were used to compare the means of weight loss rates and contents
of elements between investigated plots within each sampling term. In
these calculations, detected differences were deemed significant if
p < 0.05. The statistical analyses were performed in Statistica 7.1. In
the Results section mean values are given together with values ( + ) of
standard error.

3. Results
3.1. Environmental attributes

The environmental conditions in the studied plots are distinctly
linked to slope aspect and stage of pine forest development. Compared
with south-facing slopes, north-facing slopes had higher soil moisture
and lower soil temperature (Fig. 1). These topographically-induced
regularities were also stated with regard to air humidity and air tem-
perature (Fig. 2; Suppl. 3). When the two studied ecosystem types were
compared regardless of slope aspect, it was found that, in general, the
amplitudes of the environmental variables were usually higher for the
slopes of the dune at the succession site than for the slopes of the dune
at the mature site (Figs. 1, 2; Suppl. 3).

3.2. Initial qualities of the decomposing litters

The initial C content in all the studied decomposing litters was si-
milar, whereas N and P contents were higher for grass blades at the
succession-S site than for litters from the other plots (Fig. 3). In turn,
initial K, Ca, Mg and Mn contents were higher in pine needles at both
studied plots at the mature site than they were in either heather stalks
or grass blades at plots at the succession site. However, this pattern was
reversed for initial Fe and Al contents. Namely, the values recorded in
heather stalks and grass blades at the succession site were higher than
the contents recorded in pine needles at the mature site, regardless of
slope aspect (Fig. 3). Initial C/N ratio values were similar (ca. 99) for
pine needles from both slopes of the dune at the mature site, and for
heather stalks. Meanwhile, much lower values of the ratio (50 * 4)
were found for senesced grass blades on the south-facing dune slope at
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the succession site (Fig. 3).

3.3. Rate of mineralisation and humification

The weight of decomposing litters gradually decreased during the
decomposition process (Fig. 4a). After the 3years of the study, the
weight loss of litter was the highest for pine needles (72.7 and 64.7%
for mature-N and mature-S, respectively), while it was the lowest for
heather stalks at succession-N (33.1%), whereas weight loss of grass
blades at succession-S was intermediate between these results (51.0%,
Fig. 4a). Thus, the rate of mineralisation was generally faster for the
mature site than for the succession site. There were no statistical dif-
ferences between contrasting slope aspects in terms of decomposing
litter weight loss in samples taken at 0.5 years of decay for either of the
studied dunes (p = 0.08 for the succession site and p = 0.60 for the
mature site). However, the differences were significant for all sub-
sequent investigated terms of sampling.

The humification index of decomposing litters gradually increased
during the decomposition time (Fig. 4b). After the three years of the
experiment it was, in order of decreasing humification, 20.6, 18.1, 15.2,
12.9 for mature-N, succession-S, mature-S and succession-N, respec-
tively. Thus, with regard to slope aspect, the humification index in
decomposing material at the succession site was higher on the south-
facing slope than on the north-facing slope. This pattern did not occur
at the mature site (Fig. 4b).

3.4. Release of nutrients

During weight loss, C content in each of the studied litters gradually
decreased (most slowly in succession-N and the fastest in mature-N,
Fig. 5); also, the C/N ratio values gradually decreased in the studied
litters (the slowest in succession-N and the fastest in succession-S,
Fig. 5).

Other elements showed more irregular release, although some pat-
terns could be found in this process. Specifically, the release of elements
at the mature site can be separated into two stages, with the dividing
point generally being 1.5years (up to 2.0 years for some cases). For
instance, P, K, Ca, Mg and Mn contents in pine needles of both dune
slopes at the mature site decreased slightly for the first 0.5 years.
Subsequently the contents increased in the needles for the next half
year (with the exception of Mn), and then decreased sharply for the
next half year (between 1.0 and 1.5 years of decay); after that, the re-
lease of the elements was very slow (Fig. 5). N content in pine needles
increased slightly for the first 1.5 years for mature-N and for the first
2.0 years for mature-S, and then decreased (Fig. 5). Fe content de-
creased and increased alternately to reach its highest value at the 2-year
point, and then decreased (Fig. 5).

However, these patterns were not so clearly seen at the studied plots
of the succession site. Namely, P content in litter from the north-facing
dune slope at the succession site increased slightly in the first half year
of decay, and then decreased, while P content in litter from the south-
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facing slope at the succession site decreased gradually throughout the
3years of investigation. A sharp decrease in P content was observed at
1.5 years of decay in litters from both slopes of the dune at the suc-
cession site (Fig. 5). Two stages of releasing of Fe and Al at the suc-
cession site were also noted. The contents of Fe and Al in the litters from
the plots at the succession site increased during the first year of decay
and then sharply decreased in the next half year, followed by a mod-
erate decrease with slight fluctuations up to the 3-year point (Fig. 5).

Differences in the release of particular elements between con-
trasting slopes of the same sites were clearer in litters from the suc-
cession site than from the mature site. The statistical tests showed that
differences in the release of C, Fe and Al between contrasting slopes of
the dune at the succession site were statistically significant at each term
of sampling (except 0.5 years for Al), in contrast to the slopes of the
dune at the mature site, where they were not statistically significant.
These tests also showed significant differences in release of P between
opposite slopes for both study sites in most terms of sampling (except
1.5 and 3.0 years for the succession site and 0.5 for the mature site).
Moreover, there were significant differences in C/N ratio values be-
tween slopes of the dune at the succession site in each term of sampling
and between slopes of the dune at the mature site in two terms of
sampling (1.0 and 1.5 years). The differences between opposite slopes
identified for the release of other elements were not statistically sig-
nificant.

4. Discussion
4.1. Litter mass loss

Our research shows that on inland dunes which are overgrown with
mature pine stands litter decomposition can be faster on north-facing
slopes, despite their being cooler than south-facing slopes. This seems to
be inconsistent with the general effect of temperature on litter de-
composition because, globally, litter decay in forest is faster in warmer
climates than in colder ones (Meentemeyer, 1978). This apparent in-
consistency of our results with the general knowledge on litter de-
composition could be linked to the relatively high moisture of the
north-facing dune slopes. In the case of our research, it must be kept in
mind that our research plots were located in an inland dune area, where
soils usually have low water-storage capacity and, consequently, low
moisture (Sewerniak et al., 2017). Subsequently, in the local conditions
of dune fields, soil moisture seems to be a much more important factor
for litter decomposition than temperature. Moisture directly affects the
growth and activity of the soil microorganisms that decompose plant
litter (Prescott et al., 2004; Zhou et al., 2008). This is clearly reflected in
our previous study (Sewerniak et al., 2015), because at the mature site
the population density of microorganisms was much higher on the
north-facing than on the south-facing dune slopes. A similar pattern
(i.e. higher microbial abundances and activity on north exposures) has
been found in some other studies (Gomez-Brandén et al., 2017). Thus,
at the mature site the faster decomposition of pine needles on the north-
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Fig. 5. Changes in mean contents ( + SE) of elements as referred to initial contents, and C/N ratios referred to initial value, ongoing with litter decomposition on
succession and mature sites (N — north-facing slopes, S — south-facing slopes, succession — early succession stage of pine forest, mature — mature pine stand).

facing slope can be explained by the combined effect of higher moisture
and the subsequently higher density of microbial decomposers for this
aspect. Similar results to ours were found in the Appalachian mountains
by Mudrick et al. (1994), who also found that plant litter decomposes
faster on north-facing slopes than on south-facing slopes.

The relationship presented above, however, are not relevant to the
succession site, where the stated differences in environmental and mi-
crobiological attributes between slopes seem to be of minor significance
to litter decomposition. The decisive agent explaining differences in
litter decay on the slopes of the dune at the succession site is initial
litter quality, which result from the differences in vegetation which
occurred between on the slopes of the two aspects, and thus in different
decomposing material being collected for investigation. It was com-
monly reported that litter quality played the primary role in the litter
decomposition process at the local scale and weight loss depended
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much more on plant species than on location (Meentemeyer, 1978;
Aerts, 1997). Some studies indicate N (Li et al., 2007) and P (Berg et al.,
1987) as the critical nutrients controlling litter decomposition, because
high contents of these elements provide suitable conditions for micro-
bial growth (Cobo et al., 2002). Moreover, the value of C/N is also an
important substrate quality index which affects the litter decomposition
process (Li et al., 2007; Zhou et al., 2008). These chemically-related
decomposition agents can clearly explain our results, because all of
them indicate grass blades as being much more susceptible to decay
than heather stalks (Fig. 3). The apparently unexpected differences in
decomposition rates of litters between the slopes of the dune at the
succession site can additionally be explained by physical dissimilarities
in the studied organic materials. In comparison to heather stalks, grass
blades are relatively soft and thin. This obviously promotes this mate-
rial's decomposition, because thick, hard plant debris decays more
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slowly than soft, thin materials (King and Heath, 1967).

The fact that litters from the mature site generally decomposed
faster than litters from the succession site, as identified in our study, can
primarily be linked to the microbiological factor because, in general,
microorganism population sizes were clearly higher at the mature site
than at the succession site (Jasifiska, 2014). Besides this, at the mature
site, organic horizons — which in forest soils constitute the most im-
portant pools of microbes (Baldrian et al., 2012) — are much thicker and
better developed than in both studied topographical positions at the
succession site (Sewerniak et al., 2017). Hence, microbial resources and
taxa biodiversity are both likely higher at the mature site, and this thus
promotes faster decomposition of organic debris in this ecosystem.
Differences between the mature site and the succession site may also be
caused by differences in initial quality of decomposed material (Fig. 3)
and canopy density. The density is much higher at the mature site than
at the succession site (Sewerniak et al., 2017). In turn, canopy density
obviously affects the amount of solar radiation that the ground surface
receives, as well as the accessibility of the wind to the ground. Both
agents affect the moisture of decomposing materials and, thus, ulti-
mately, the litter decomposition process is generally hampered at the
succession site more than at the mature site. On the other hand, higher
canopy density involves higher interception of rainwater and subse-
quently decreases pools of rainwater that reach the soil. This could
potentially support higher soil moisture and consequently also accel-
erate the rate of litter decomposition at the succession site rather than
at the mature site. A clear relation was found between canopy density
and litter decomposition process in some other studies (Yin et al., 1989;
Prescott et al., 2004).

4.2. Nutrient release dynamics

Particular elements are bonded differently in the litter structures.
They are structural components of organic compounds of plants such as
proteins, carbohydrates, lipids and nucleic acids (e.g. N) or they may
occur in plant tissues as inorganic salts (K and Ca, Berg and Staaf,
1980). Consequently, chemical elements are released in different ways
during decomposition (Staaf and Berg, 1982): by breakdown of organic
constituents with the soil decomposer community or by physical
leaching.

Some researchers have reported that the litter decomposition pro-
cess could be divided into two phases. In the first stage, litter weight
loss is regulated by initial content of nutrients (N and P, mainly),
whereas in the second stage, it is regulated by the lignin content (Berg
and Staaf, 1980; Zhou et al., 2008). Our results suggest that 1.5 years of
decay is the delimitation time between those two phases at the mature
site.

N and P show a similar pattern of release during decomposition,
which can be divided into two stages. In the first stage the element is
accumulated/immobilised, while in the second stage it is released
(Blair, 1988; Li et al., 2007; Zhou et al., 2008). In general, we found a
similar pattern for the studied litters. Some authors (Gosz et al., 1973;
Staaf and Berg, 1982) also reported a short leaching phase for N and P
preceding the accumulation phase. We found this kind of modified
pattern for N releasing from litters on the succession-S plot (Fig. 5). The
phenomenon of temporary accumulation of N and P during decom-
position can be explained by some mechanisms such as an increase in
fungal hyphae transporting N and P from the surroundings of the de-
composed materials (McTiernan et al., 1997) and microbial im-
mobilisation (Gosz et al., 1973; Berg and Staaf, 1987). Besides ab-
sorption of atmospheric ammonia, atmospheric precipitation and dust,
other factors such as pollen, insect frass, excrement of invertebrates or
vertebrates and other green litter can also affect the temporary increase
of N and P in decomposing materials (Gosz et al., 1973; Melillo et al.,
1982).

K, Mg and Mn are not structural components of plant tissues or they
are only partly built-in litter structures (e.g. Mg is a constituent of
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chlorophyll). Consequently, the elements are rather susceptible to
leaching losses and their contents usually decrease very quickly during
the first stage of the decomposition process, whereas in the latter phase
they are released in more irregular fluctuations (Gosz et al., 1973; Staaf
and Berg, 1982; Blair, 1988). In our research, this pattern is consistent
with regard to Mn on each plot and for K on both slopes of the dune at
the mature site, as well as for Mg on the mature-S plot (Fig. 5). Fluc-
tuations of K and Mg (Staaf and Berg, 1982) in the latter phase of litter
decomposition could be caused by leaf wash: rainwater percolates
through canopy and leaches K and Mg (Gosz et al., 1973; Staaf and
Berg, 1982). The accumulation of Mn in the latter stage of the litter
decomposition process as stated in our study for most plots could be
explained by the production and activity of manganese peroxidase,
which is a lignin-degrading enzyme necessary for lignin degradation
(Perez and Jeffries, 1992).

Ca is a more important structural constituent of plant tissues (such
as cell walls) than K and Mg, besides which, Ca is less susceptible to
leaching than K and Mg (Gosz et al., 1973; Blair, 1988). Some re-
searchers have reported that Ca concentration decreased during litter
decomposition (Staaf and Berg, 1982). In our study we found a similar
pattern at the mature site, whereas at the succession site we found ir-
regular accumulation of the element during the decomposition process.

Some researchers reported very high accumulation of Fe and Al in
decomposed litters (Palviainen et al., 2004) similar to the results of our
research. The contents of those elements usually increased with time in
decomposing litters (Palviainen et al., 2004). This is likely caused by
colonisation of decaying debris by microorganisms, such as bacteria
and fungi, which are capable of accumulating high amounts of Fe in
their cells. In turn, Al is known to be toxic to microorganisms
(Palviainen et al., 2004). Both, Fe and Al have a large affinity for humic
and fulvic acids (Donisa et al., 2003), which are produced during the
humification process. Thus, these acids form compounds with Fe and Al
from the environment and this phenomenon is another possible way
that these elements could be accumulated during the litter decom-
position process. Moreover, some authors have also reported that the
increase in Fe and Al can result from the incorporation of mineral soil
material (Joergensen et al., 2009). This can additionally explain the
large increase in the Fe and Al content on the succession-S site (Fig. 5),
where, especially on the south-facing slope of the dune (Suppl. 1), the
vegetation is relatively scarce and the input of mineral soil material is
subsequently high.

5. Conclusions

Our study shows that, despite the fact that inland dunes are rela-
tively small-scale landforms, slope aspect significantly affects the litter
decomposition process on the dunes. The research also shows that in
the relatively dry ecosystems of inland dunes decomposition of pine
needles is faster on north- than south-facing exposures, and this may be
linked to higher soil moisture and also to subsequent a higher popu-
lation density of soil microbes for a north-facing aspect. We also showed
that at the early stage of pine forest development the effect of slope
aspect was greater than in its mature stage, when the long-term stabi-
lising effect of forest canopy to some extent softens the effect of topo-
graphy on agents of litter decomposition. Meanwhile, at the early stage
of forest development, when canopy cover is still low, slope aspect can
affect species composition of ground flora, and thus indirectly involves
alimentation of different types of litterfall to topsoils of contrasting
exposures.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.catena.2018.09.025.
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Intensywnos$é mineralizacji igiel w borze sosnowym
w odniesieniu do warunkéw siedliskowych i mikrobio-
logicznych stokéw wydm o kontrastowej ekspozycji*

Rate of mineralization of needles in Scots pine stand in relation to site
and microbiological conditions occurring on dune slopes of contrasting
aspects

ABSTRACT

Sewerniak P, Jasifiska J., Golidska P, Sktadanowski M. 2015. Intensywnos¢ mineralizacji igiet w borze
sosnowym w odniesieniu do warunkéw siedliskowych i mikrobiologicznych stokéw wydm o kontrastowej
ekspozycji. Sylwan 159 (10): 839-847.

The aim of the study was to determine the rate of mineralization of needles in a pine stand in
relation to site and to microbiological conditions occurring on dune slopes of contrasting aspects.
The research was conducted in the old-growth pine forest overgrowing a latitudinally located
dune in the Bydgoska Forest (N Poland). On contrasting dune slopes (northern and southern)
rate of mineralization of pine needles was investigated in the 2-years experiment (2012-2014)
with the litterbag method. Besides, following investigations were conducted in the middle part
of both slopes: 1. dynamics of soil moisture and soil temperature were measured at a depth of 3 cm
for 18 days during the 2013 growing season (interval of 2 weeks was applied) and 2. populations
of bacteria and fungi were determined for all subhorizons of organic soil horizon (OI, Of, Oh)
as well as for a mineral horizon (AEs) of both soils. Weight loss of needles was found to be higher
on northern than on a southern slope what was consequently stated for all 4 terms of taking
measurements (6, 12, 18 and 24 months after placement of litterbags). The discrepancy has
increased with time and after 2 years it equaled 14.7% when the loss was 61.1% for northern and
46.4% for a southern slope. It could be surprising that such differences were found in spite a sunny
slope was characterized by stated in a study higher soil temperature. It should have a stimulating
effect on mineralization of organic material; however a soil located on a southern slope was also
found as much drier. Thus, the periodic deficiency of soil moisture was indicated as a limiting
factor for occurrence of both bacteria and fungi on a southern slope due to the numbers of both
groups of microorganisms were much lower on the slope than on a northern aspect. Conditioned
by more favourable site parameters, higher number of microbial population occurring on a shadow
slope could explain higher rate of mineralization of needles stated for the slope aspect. The moisture
factor can be of especially high significance for microbial occurrence and activity and thus for litter
decomposition just in dry inland dune ecosystems. It was concluded that in relatively monotonous
pine forests overgrowing dry and poor in nutrients soils of inland dunes the slope aspect is an
agent significantly differentiating both site and soil microbial conditions.

KEY WORDS

Scots pine, forest site, relief, nutrient cycling, soil microorganisms

*Badania sfinansowano z funduszy Ministerstwa Nauki i Szkolnictwa Wyzszego (projekt badawczy nr N N305 304840).
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Wstep

Sprawny obieg biologiczny sktadnikéw mineralnych w uktadzie gleba-drzewostan ma kluczowe
znaczenie dla produktywnosci gleb lesnych [Prusinkiewicz 1970; Kowalkowski 1983]. W warun-
kach intensywnego obiegu pierwiastkéw nawet relatywnie ubogie w sktadniki odzywcze gleby
piaszczyste mogg cechowac si¢ wysokg produktywnoscia w gospodarce lesnej [Prusinkiewicz
1970; Nilsson i in. 1995], co jest mozliwe dzieki rekompensowaniu niskiej zawartosci sktadnikéw
pokarmowych w glebie przez ich sprawny biologiczny obieg w ekosystemie [Puchalski, Prusin-
kiewicz 1990]. Obieg ten w duzym stopniu warunkowany jest intensywnoscig mineralizacji nagro-
madzonych na powierzchni gleby szczatkéw organicznych (gléwnie lisci drzew), co ma kluczowe
znaczenie dla uwalniania pierwiastkéw pokarmowych ze struktur tkankowych opadu roslinnego
i ich dalszego pobierania przez korzenie roslin [Dziadowiec 1990]. Znaczenie tego procesu dla
ksztattowania warunkéw troficznych siedliska lesnego jest szczegélnie istotne w przypadku gleb
piaszczystych, gdyz ze wzgledu na niewielkg zawartos¢ drobnych frakeji uziarnienia préchnica
glebowa jest w tych glebach gtéwnym Zrédtem pierwiastkéw odzywezych dla roslin [Pokojska
1986].

7. uwagi na kluczowe znaczenie obiegu biologicznego sktadnikéw pokarmowych zaréwno
dla funkcjonowania ekosysteméw, jak i dla prowadzenia gospodarki lesnej, zagadnienie tempa
mineralizacji szczgtkéw organicznych bylo niejednokrotnie poruszane w pracach badawczych.
Najczesciej problem ten analizowano, poréwnujac intensywnos¢ rozktadu lisci réznych gatunkéw
drzew [Golgb 1978; Dziadowiec 1987; Kaczmarek, Dziadowiec 1997; Xuluc-Tolosa i in. 2003;
Niewinna 2010; Jonczak i in. 2014]. Znacznie mniej jest natomiast prac, w ktérych analizowana
jest intensywnos¢ mineralizacji lisci tego samego gatunku drzewa, jednak w r6znych warunkach
siedliskowych, co dotyczy nawet dominujacej w polskich lasach sosny zwyczajnej. Réznice
w dynamice rozkladu igiet sosny w trzech zbiorowiskach lesnych (grad, bér §wiezy i bér chro-
botkowy) porastajgcych gleby piaszczyste analizowata Dziadowiec [1990]. Czubaszek i Iwanek
[2012], po przeprowadzeniu badari w drzewostanie sosnowym w dolinie Narwi, stwierdzili nato-
miast, ze odmienne tempo mineralizacji igiet sosny moze by¢ na wydmie srédtorfowej spowodo-
wane odmiennymi warunkami siedliskowymi panujacymi w réznych jej czgsciach, jednak cechy
siedliska nie byly szczegétowo analizowane w badaniach tych autoréw.

Celem niniejszej pracy byto okreslenie intensywnosci mineralizacji igiet sosny w dwéch
pierwszych latach po ich opadni¢ciu w borze sosnowym, w odniesieniu do warunkéw siedlisko-
wych (wilgotnos¢ i temperatura gleby) i mikrobiologicznych (liczebnos¢ bakterii i grzybéw w po-
wierzchniowych poziomach gleby) stokéw wydm o kontrastowej ekspozycji (pétnocnej i potu-
dniowej). Wilgotnos¢ i temperatura oraz aktywnos¢é mikrobiologiczna sg czynnikami powszechnie
wymienianymi jako kluczowe dla przebiegu mineralizacji glebowej materii organicznej [Dziado-
wiec 1990; Puchalski, Prusinkiewicz 1990; Nilsson i in. 1995; Cortez 1998; Butenschoen i in. 2011;
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Jonczak 2014]. Spodziewano si¢ wiee, ze ich uwzglednienie w badaniach poglebi interpretacje
r6znic w dynamice mineralizacji igiet sosny na badanych stokach.

Material i metody

Badania przeprowadzono w Puszczy Bydgoskiej, ktéra w duzej czgsci cechuje si¢ urozmaicong
rzezbg terenu, wynikajacg z licznego nagromadzenia wydm srédlgdowych. Teren badan charak-
teryzuje si¢ niewielkg iloscig opadéw atmosferycznych (srednia wieloletnia 522,5 mm [Wajcik,
Marciniak 2006]) oraz wyrazng dominacjg na wydmach relatywnie suchych i ubogich w sktadniki
pokarmowe gleb bielicowych [Bednarek, Jankowski 2006].

Obiekt badari stanowita réwnoleznikowo usytuowana wydma (N55°55'38", E18°42'13"; oddz.
215i Obr¢bu Ottoczyn Nadlesnictwa Gniewkowo), z wyraZnie zaznaczonym stokiem pétnocnym
i potudniowym, porosnigta 140-letnim starodrzewem sosnowym, reprezentujgcym zbiorowisko
kontynentalnego boru sosnowego swiezego Peucedano-Pinetum. Dolne warstwy badanego drze-
wostanu sg ubogie, na obu stokach wyst¢pujg pojedyncze egzemplarze jatowca pospolitego oraz
sosny zwyczajnej. Srednia wysokos¢ drzew z gérmego pigtra wynosi okoto 20 m, a ich piersnica okoto
33 cm [Sewerniak i in. 2011]. Badana wydma ma wysokos$¢ wzgledna okoto 20 m. Na obu jej
stokach wystepujg gleby bielicowe, stanowigce siedlisko boru $wiezego [Sewerniak i in. 2011].

Intensywnosé mineralizacji igiet sosny badano na stoku pétnocnym i potudniowym wydmy
w okresie 2 lat (12.2012-12.2014), wykorzystujac metode workéw Sciétkowych [Dziadowiec 1990].
Materiat wyjsciowy do badari stanowily igly sosny zebrane na obu stokach z opadu jesiennego
2012 roku. Igly zostaly wysuszone w temperaturze 65°C, a nast¢pnie umieszczone (po 8 g) w wor-
kach wykonanych z siatki o oczkach 2x2 mm i wytozone w grudniu 2012 roku w Srodkowej czgsci
obu stokéw (po 20 workéw na kazdym). Nastepnie z obu ekspozycji czterokrotnie (05.2013,
12.2013, 05.2014, 12.2014) pobrano po 5 workéw i po ich wysuszeniu (65°C) oraz wybraniu zywych
czgscei roslin zwazono znajdujace si¢ w nich igly.

W materiale wyjsciowym oznaczono zawarto$¢ podstawowych pierwiastkéw biofilnych za
pomocg nast¢pujgcych metod: C — metodg Altena, N — metodg Kjeldahla, Ca, Mg, K'i P — po zmi-
neralizowaniu materiatu w mieszaninie kwaséw (HNO,, HCIO,, H,SO, w proporcji 20:5:1): Ca
i K - technikg spektrofotometrii emisyjnej, Mg — technikg absorpcji atomowej, a P — technikg
kolorymetryczng.

Badania dotyczace warunkéw siedliskowych (wilgotnosé i temperatura gleby) oraz liczebnosci
hodowlanych mikroorganizméw zasiedlajacych gleby przeprowadzono w sezonie wegetacyjnym
2013 (5.04-4.12.). W srodkowej czgsci obu stokéw, w odstgpach 2-tygodniowych, badano na gle-
bokosci 3 cm dynamike wilgotnosci i temperatury najwyzszego poziomu mineralnego obu gleb
(AEs). Liacznie pomiary zostaty wykonane w 18 terminach. Pomiary wilgotnosci wykonano kazdo-
razowo w 10 powtérzeniach na kazdym stoku. Wykorzystano metod¢ TDR, kalibrujgc sond¢ do
badan prowadzonych w materialach o niskiej wilgotnosci [Skierucha i in. 2008]. Temperaturg
gleby okreslano przy uzyciu termometru elektronicznego. Liczebnos¢ mikroorganizméw (bak-
terii i grzybéw) oznaczono w prébkach pobranych ze wszystkich wyréznionych na badanych
stokach podpozioméw poziomu organicznego (Ol, Of, Oh) oraz z najwyzszego poziomu mine-
ralnego obu gleb (AEs). Prébki gleby z kazdego (pod)poziomu pobrano z 5 punktéw kazdego
stoku 14.10.2013 roku i usredniono w warunkach laboratoryjnych. Izolacj¢ mikroorganizméw
przeprowadzono z wykorzystaniem standardowej rozciericzeniowej metody plytkowej
[Goodfellow i in. 1967]. Seryjne rozciericzenia o$Smiu prébek glebowych, kazde po 100 pl, roz-
prowadzono na powierzchni podloza R2A (BD) i podtoza Martina (BTL), odpowiednio dla bakterii
i grzybéw. Podtoze do izolacji bakterii wzbogacono o cykloheksymid i nystatyng (kazdy 50 pg/ml),
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a do izolacji grzybéw w streptomycyne (50 pg/ml). Plytki (w czterech powtérzeniach dla kazdego
rozciericzenia) inkubowano w 28°C przez 21 dni. Uzyskang ogdlng liczb¢ dajacych si¢ hodowac
mikroorganizméw (jtk — jednostki tworzace kolonie) przeliczono na 1 g suchej masy gleby.

Istotnos¢ réznic migdzy srednimi analizowano w pakiecie Statistica 9.0 (StatSoft, Inc.),
wykorzystujac nieparametryczny test U Manna-Whitneya.

Wyniki

INTENSYWNOSC MINERALIZAC]I IGIEL. We wszystkich analizowanych terminach stwierdzono
szybszy ubytek masy igiet na stoku pétnocnym niz potudniowym (ryc. 1). Po uptywie 6 miesigcy
ubytek materiatu dla obu stokéw wynidst okoto 14%. Nawet po tak relatywnie krétkim czasie
zaznaczyta si¢ szybsza mineralizacja materiatu na stoku pétnocnym niz potudniowym (udziat
pozostalego materiatu: 85,2 +3,6% vs. 86,3 +0,8%), jednak uzyskane réznice nie byly dla tego
terminu istotne statystycznie (p=0,69). Konsekwentnie wyzsze tempo mineralizacji igiet na stoku
pétnocnym sprawito jednak, ze uzyskane réznice w masie pozostajacego w workach materiatu
na badanych stokach byly istotne (p<0,05) dla wszystkich trzech kolejnych terminéw badari.
Po roku mineralizacji na stoku pétnocnym pozostato 66,6 +4,2%, za$ na potudniowym 73,6 £0,5%
masy igiet. W dwdch ostatnich terminach pomiaréw réznica w ubytku masy igiet na stokach syste-
matycznie ulegata zwickszeniu: na stoku pétnocnym pozostato 49,5 £5,6% materiatu po 18 mie-
sigcach i 38,9 +4,2% po 24 miesigcach, a na potudniowym odpowiednio 57,4 +4,1% i 53,6 +3,4%.
Oznacza to, ze przez 2 lata prowadzenia badari igly sosny ulegty mineralizacji §rednio w 61,1%
na stoku pétnocnym i 46,4% na potudniowym (ryc. 1).

WILGOTNOSC 1 TEMPERATURA GLEBY. Wilgotnos¢ gleby na glebokosci 3 cm byta we wszystkich
terminach pomiarowych wyzsza na stoku pétnocnym niz potudniowym (ryc. 2). Najwiekszg r6z-
nice tego parametru (9,1%) stwierdzono 4.12.2013 roku, kiedy wilgotnos¢ na stoku péinocnym
wyniosta 15,8 £1,6%, a na potudniowym 6,7 £2,3%. Duze réznice wystapity takze dla kilku po-
miaréw w okresie wiosenno-letnim, np. 20.04 i 23.08. Przeciwnie do wilgotnosci gleby ksztat-
towala si¢ jej temperatura. Prawie we wszystkich terminach prowadzenia badar byla ona wyzsza
na stoku potudniowym (ryc. 3). Nizszg temperature gleby na tej wystawie w poréwnaniu ze sto-
kiem pétnocnym stwierdzono jedynie w pierwszym terminie prowadzenia pomiaréw (5.04; od-
powiednio 1,2 i 2,0°C), natomiast w dwéch ostatnich terminach (18.11 1 4.12) temperatura na obu
stokach byla taka sama.
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LICZEBNOSC BAKTERII I GRZYBOW W GLEBIE. Badania wykazaly bardzo wyrazne réznice w liczeb-
nosci bakterii i grzybéw zasiedlajacych te same (pod)poziomy gleby na dwéch réznych stokach
(tab. 1). We wszystkich badanych poziomach liczebnos¢ obu grup mikroorganizméw byta zdecy-
dowanie wyzsza na stoku pétnocnym niz potudniowym. Uzyskane réznice byly dla wigkszosci
przypadkéw istotne statystycznie (p<0,05). Brak tej istotnosci stwierdzono jedynie dla liczebnosci
bakterii w poziomie Oh oraz grzybéw w poziomie Of (tab. 1).

Dyskusja
Czynniki wplywajace na intensywnos$¢ mineralizacji szczatkéw organicznych mozna podzielic
na wewngtrzne (morfologia materiatu i jego sktad chemiczny) oraz zewngtrzne (warunki klima-
tyczno-glebowe) [Dziadowiec 1990]. Ze wzglgdu na to, ze na obu badanych stokach materiatem
wyjsciowym byly igly sosny, ktére cechowaly si¢ niemal identyczng morfologia, a takze sktadem
chemicznym (tab. 2), mozna zatozy¢, ze stwierdzone réznice w dynamice mineralizacji opadu
roslinnego wynikajg z odmiennych warunkéw klimatyczno-glebowych wystepujacych na anali-
zowanych ekspozycjach stoku. Warunki te wptywajg na mineralizacj¢ przede wszystkim posred-
nio, poprzez modyfikacje sktadu i aktywnosci organizméw glebowych [Dziadowiec 1990; Cortez
1998].

Biorgc pod uwage znang zaleznos¢, ze wzrost temperatury zwigksza szybkos¢ reakeji che-
micznych, co niejednokrotnie odnoszono takze do proceséw glebowych, w tym do jej aktyw-
nosci biologicznej i procesu mineralizacji materiatu organicznego [Dziadowiec 1990; Casals i in.
1995; Leiros i in. 1999; Fang, Moncrieff 2001], moze zaskakiwa¢, ze na stoku potudniowym, jako
cieplejszym (ryc. 3), intensywnos¢ mineralizacji byla nizsza niz na stoku pétnocnym (ryc. 1).



844 Piotr Sewerniak, Justyna Jasiriska, Patrycja Golifiska, Marek Sktadanowski

Tabela 1.
Srednia +SD liczebnos¢ bakeerii i grzybéw [jtk/g suchej masy gleby] wyizolowanych z pozioméw gle-
bowych stoku pétnocnego (N) i potudniowego (S)
Average +SD number of bacteria (bakterie) and fungi (grzyby) [cfu/g mass of dry weight soil] isolated from
soil horizons of the investigated northern (N) and the southern (S) slope

Poziom Bakterie (x10°) Grzyby (x10°)
Horizon N S N

Ol 958 +120? 221 £31b 498 +91? 47 +11b
Oof 230 +82 79 +7° 179 +342 141 +22?
Oh 44 +117 35 +52 73 +62 49 +7b
AEs 18 +20 5.9 +0,3b 8,0 +1,18 5,1 +0,9

Rézne litery przy srednich dla tej samej grupy mikroorganizméw w odniesieniu do danego poziomu glebowego oznaczajg istotnos¢
statystyczng réznicy zmiennej na stokach (p<0,05)

Different letters at mean values for the same group of microorganisms indicate significant difference (p<0.05) of a variable for a given
soil horizon between slopes

Tabela 2.
Zawartosé [%] pierwiastkéw w igtach sosnowych z opadu jesiennego na stoku pétnocnym (N) i potudnio-
wym (S)
Contents [%] of elements in Scots pine needles from autumn shedding for northern (N) and southern (S) slope

C N Mg Ca K P C/N
N 549 0,36 0,06 0,63 0,15 0,03 98,0
S 543 0,55 0,07 0,67 0,12 0,02 98,7

Thumaczy¢ to moze fakt, Ze wptyw temperatury na procesy glebowe zalezy od innych cech sie-
dliska, w tym przede wszystkim od warunkéw wilgotnosciowych. Butenschoen i in. [2011] stwier-
dzili, ze tempo rozkltadu sci6tki wzrastalo wraz ze wzrostem temperatury, ale jedynie w warunkach
wysokiej wilgotnosci. Przy niskiej wilgotnosci, pomimo wzrostu temperatury, rozktad materiatu
organicznego ulegal natomiast wyraznemu spowolnieniu. Oznacza to, ze warunki termiczno-
-wilgotnosciowe na badanym stoku pétnocnym, pomimo nizszej temperatury gleby (ryc. 3), stwa-
rzajg kompleksowo korzystniejsze warunki wystegpowania mikroorganizméw glebowych (tab. 1),
co ma odzwierciedlenie w wigkszej intensywnosci mineralizacji igiet (ryc. 1). Stosunkowo niska
wilgotnos¢ gleby na stoku potudniowym (ryc. 2), w warunkach panujacego tam relatywnie silnego
nastonecznienia i wysokiej temperatury, nie sprzyjata natomiast jej aktywnosci biologicznej, co
wplynglo na nizsze tempo mineralizacji $cidtki. Zaleznosé t¢ potwierdzajg Fioretto i in. [1998],
wykazujac, ze niedobér wilgoci glebowej w warunkach cechujacego si¢ wysoka temperaturg kli-
matu srédziemnomorskiego byt gléwnym czynnikiem warunkujagcym powolne tempo rozkladu
igict sosny.

Uzyskane wyniki nawiazujg do rezultatéw badari dynamiki rozktadu igiet sosny w réznych
zespotach lesnych [Dziadowiec 1990]. Po 2 latach prowadzenia eksperymentu pozostatosé masy
igict w badanym zespole Cladonio-Pinetum (srédladowy bér suchy) wynosita okoto 52% materiatu
wyjsciowego, czyli bylta bardzo zblizona do wartosci uzyskanej dla badanego przez autoréw niniej-
szego opracowania stoku potudniowego (53,6%). Masa igiet stwierdzona po uptywie 2 lat w zespole
Peucedano-Pinetum (subkontynentalny bér swiezy) wyniosta natomiast okoto 43%, co z kolei na-
wigzuje do wartosci otrzymanej dla stoku péinocnego (38,9%). Swiadezy to o tym, ze w tym samym
zespole lesnym wplyw ekspozycji stoku na intensywnos¢ mineralizacji igiet moze by¢ poréwny-
walny do réznic w dynamice ich rozktadu w dwéch réznych zespotach boru sosnowego wystepujg-
cych w warunkach wzglednie plaskiego terenu. Mozna si¢ spodziewad, ze réznice w mineralizacji
igiet stwierdzone przez Dziadowiec [1990] byty spowodowane podobnymi czynnikami jak w bada-
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niach prowadzonych przez autoréw niniejszego opracowaniu. W borze chrobotkowym tempera-
tura gleby byla wyzsza, a jej wilgotnos¢ nizsza niz w borze swiezym, co wptyneto (podobnie jak
w niniejszych badaniach) na réznice w liczebnosci mikroorganizméw glebowych i w konsekwencji
na intensywnos$¢ mineralizacji materiatu organicznego.

Warto zwrdci¢ uwage na réznice w dynamice ubytku masy igiet stwierdzone na analizowa-
nej w niniejszym opracowaniu wydmie w poréwnaniu z wynikami uzyskanymi przez innych
autoréw. Czubaszek i Iwanek [2012] po roku badari prowadzonych na wydmie srédtorfowej w do-
linie Narwi stwierdzili co prawda podobng pozostatos¢ masy igiet (73%) jak w niniejszym doswiad-
czeniu (stok péinocny 66,6%, stok potudniowy 73,6%; ryc. 1), jednak w okresie zimowym ubytek
masy byl wyraznie nizszy, a w okresie wegetacyjnym znacznie wyzszy. Prawdopodobnie ttuma-
czy¢ to mozna w gléwnej mierze warunkami klimatycznymi (dtuzsza i bardziej sroga zima na
wschodzie kraju niz w Puszczy Bydgoskiej i w zwigzku z tym dluzszy okres nizszej aktywnosci
mikroorganizméw glebowych) oraz réznicami w trofizmie obu form eolicznych. Wydma badana
w dolinie Narwi potozona byta wsréd terenéw podmoktych oraz w bezposrednim sgsiedztwie
gradu [Czubaszek, Iwanek 2012], z ktérego opad mégt wzbogacaé sciétke w badanym drzewo-
stanie sosnowym. Z pewnoscig czynniki te mogly przyczynic si¢ do wyraznie wigkszej intensyw-
nosci mineralizacji igiet w okresie wegetacyjnym na wydmie $rédtorfowej niz w warunkach
suchych i ubogich siedlisk pl wydmowych Puszczy Bydgoskice;j.

W poréwnaniu z wynikami badari mineralizacji igiet sosny na glebach piaszczystych, jednak
o innym niz eoliczne pochodzeniu piasku [Dziadowiec 1987, 1990; Kaczmarek, Dziadowiec 1997],
tempo ubytku masy igiet na stokach badanych przez autoréw niniejszego opracowania bylto wyraznie
nizsze. Thumaczy¢ to mozna przede wszystkim nizszym trofizmem, zapewne tez i wilgotnoscig
analizowanych gleb, a takze brakiem w badanej monokulturze sosny cho¢by domieszki fitomelio-
racyjnych gatunkéw lisciastych, ktére wystgpowaly w drzewostanach badanych w cytowanych
wyzej pracach. Szczegdlnie wysokie réznice dotyczyly pierwszego roku mineralizacji, kiedy dla
przebiegu rozktadu kluczowe znaczenie ma zawartos¢ azotu w mineralizowanym materiale (zalez-
no$¢ dodatnia z intensywnoscig mineralizacji) oraz wartos¢ stosunku C/N (zaleznos$¢ ujemna)
[Dziadowiec 1990]. Pod wzglgdem tych parametréw badane w niniejszej pracy igly stanowity
material 0 wyraznie mniejszej podatnosci na mineralizacj¢ w poréwnywaniu z iglami badanymi
przez Dziadowiec [1987, 1990] oraz Kaczmarek i Dziadowiec [1997].

Uzyskane wyniki potwierdzajg, ze cechy zwigzane z aktywnoscig biologiczng gleby moga
si¢ taczy¢ z trofizmem siedliska [Olszowska i in. 2005]. Na badanej wydmie wyzsza liczebnos¢
mikroorganizméw na stoku pétnocnym wptyngta na wyzsze tempo mineralizacji opadu roslin-
nego, a przez to sprawniejsze uwalnianie z materiatu organicznego sktadnikéw pokarmowych i ich
udostepnianie korzeniom roslin. Znaczng liczebno$¢ bakterii, whaczajac promieniowce (9,71x10%),
oraz grzybéw (3,40x10°) w glebie porosnietej starodrzewem sosny zwyczajnej potwierdzity
w swoich badaniach Goliriska i Dahm [2011a]. Bakterie i grzyby strzgpkowe zasiedlajace gleby
lesne sg Zrédtem zewngtrzkomérkowych enzyméw, takich jak proteazy, pektynazy czy celulazy
[Redlak i in. 2001; Gierasimiuk, Strzelczyk 2003; Goliriska, Dahm 2011b]. Enzymy te, rozktadajac
biatka, pektyny i celulozg, czyli gléwne sktadniki komérek roslinnych, wptywajg na mineralizacjg
martwej substancji roslinnej. Ma to potwierdzenie w przewaznic wyraznie wyzszej zawartosci azotu
w analogicznych (pod)poziomach gleby bielicowej wystepujgcej na pétnocnym stoku badanej
wydmy w poréwnaniu z wystawg potudniowg [Sewerniak i in. 2011]. O korzystniejszych warun-
kach siedliskowych na cienistych stokach wydm swiadczy takze wigksza ich wilgotnos¢ (ryc. 2),
co w warunkach niewicelkich opadéw atmosferycznych wystepujacych na terenie badan ma dla
drzew szczegdlnie duze znaczenie. Wstepne wyniki badari cech przyrostowych drzewostanéw
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sosnowych na wydmach Puszczy Bydgoskiej [Sewerniak i in. 2011, 2012] swiadczg jednak o tym,
ze teoretycznie korzystniejsze warunki siedliskowe wystepujace na stokach cienistych niekonie-
cznie odzwierciedlajg si¢ w cechach przyrostowych drzewostanéw sosnowych. Zagadnienie relacji
mig¢dzy mozaikowatoscig cech siedliska na polach wydm $rédlagdowych uwarunkowang rzezbg
terenu a cechami wzrostowymi sosny wymaga dalszych badan.

Whnioski

#* Intensywnos¢ mineralizacji igiet sosny w warunkach wydm srédladowych Puszczy Bydgoskiej
jest relatywnie niska, czego pierwotng przyczyng sg uwarunkowania siedliskowe (niska wilgot-
no$¢ i trofizm gleb).

# W relatywnie monotonnym Krajobrazie boréw sosnowych porastajacych pola wydmowe wystawa
stoku jest czynnikiem wyraznie réznicujgcym wihasciwosci siedliska (wilgotnosé i temperaturg
gleby) oraz cechy mikrobiologiczne gleby (liczebno$¢ bakterii i grzybéw).

# Réznice w temperaturze i wilgotnosci wystepujace na stokach wydm o kontrastowej wystawie
powodujg wystgpowanic wyraznych réznic w liczebnosci bakterii i grzybéw w powierzchnio-
wych poziomach gleby. Zdecydowanie wigksza liczebnosé obu tych grup mikroorganizméw
wystgpuje na stoku pétnocnym niz potudniowym, co sprawia, Ze intensywnos$¢ mineralizacji
opadtych na powicrzchnie gleby igiel sosny jest na wystawie cienistej wyzsza niz na stonecznej.

# Nizsza intensywnos¢ mineralizacji igiet sosny na stoku potudniowym, pomimo wystepujacej
tam wyzszej temperatury niz na wystawie pétnocnej, wigza¢ mozna z okresowym niedoborem
wilgoci w stropie gleby, co jest prawdopodobnie najwazniejszym czynnikiem ograniczajgcym
liczebnosé mikroorganizméw glebowych na wystawie stoneczne;.
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Zyciorys Naukowy

Dane osobowe:

Imi¢ i nazwisko: Justyna Jasinska,

E-mail: justynaj1804@wp.pl

Edukacja:

1997-2003 - Szkota Podstawowa im. Jana Pawla II w Rozentalu;

2003-2006 - Gimnazjum w Zespole Szkot Grabowo - Watdyki;

2006-2009 - Liceum Ogolnoksztatcace im. Wiadystawa Broniewskiego w Lubawie;
2009-2012 - Uniwersytet Mikotaja Kopernika w Toruniu - studia licencjackie: geografia;
2012-2014 - Uniwersytet Mikotaja Kopernika w Toruniu - studia magisterskie: geografia,
praca magisterska pt. Biomasa i skiad chemiczny nadziemnego opadu roslinnego oraz
tempo mineralizacji szczqtkow roslinnych w ekosystemach wydmowych Kotliny Torunskiej
wykonana pod kierunkiem prof. dr hab. Stawomira S. Goneta;

2011-2014 - Uniwersytet Mikotaja Kopernika w Toruniu - studia licencjackie:
ochrona srodowiska, praca licencjacka pt. Bakterie i grzyby zasiedlajgce kwasne gleby
wydmowe w Kotlinie Torunskiej, badania ilosciowe wykonana pod kierunkiem prof. dr
hab. Hanny Dahm;

2015-2020 - Uniwersytet Mikotaja Kopernika w Toruniu - studia doktoranckie
w dziedzinie nauk o ziemi w zakresie geografii;

2020 - Wyzsza Szkota Spoteczno-Przyrodnicza im. Wincentego Pola w Lublinie - studia

podyplomowe: kwalifikacje nauczycielskie, przygotowanie pedagogiczne.

Udzial w szkoleniach, warsztatach, praktykach i stazach:

2011 - Engagement for development workshop, organized by Talisman Energy and
Innovation Institute in Torun, 16.06.2011 r.;

2012 - Udziat w badaniach nad rekonstrukcja zagospodarowania hydrotechnicznego rzek
Polski pod kierunkiem dr Dariusza Brykaty w Zakladzie Zasoboéw Srodowiska i
Geozagrozen Instytutu Geografii i Przestrzennego Zagospodarowania Polskiej Akademii
Nauk, 01.01.-31.01.2012 r.;

2012 - Uczestnictwo w Lingua Franca For European Soils (ERASMUS Intensive
Programme ERA/2011/1P/W/0010), 03.06.-16.06.2012 r.;



2012 - Staz w Zakladzie Zasobow Srodowiska i Geozagrozen Instytutu Geografii
i Przestrzennego Zagospodarowania Polskiej Akademii Nauk (m.in. obstuga programu
ArcGIS, rektyfikacja rastrow map topograficznych do uktadu wspotrzednych ptaskich),
04.07.-17.07.2012 r.;

2012 - Praktyki studenckie w Przedsigbiorstwie Ustug Geodezyjnych i Kartograficznych
w Lipnie, 01.08.-30.08.2012 r;

2015-2016 - Praca na stanowisku geograf w Katedrze Gleboznawstwa i Ksztaltowania
Krajobrazu UMK w Toruniu (glownie praca w laboratorium zajmujagcym si¢ analiza
probek gleby, m.in. praca z SOLAR 969 Atomic Absorbsion Spectrophotometer i
RAYLEIGH UV-1601 Spectrophotometer), 01.10.2015 r.-29.02.2016 r.;

2016 - Staz naukowy w ramach programu ERASMUS + w Institute of Agricultural
Environment and Resources, Shanxi Academy of Agricultural Science w Taiyuan w
Chinach, 22.04.-17.08 2016 r.;

2017 - Uczestnictwo w pokazach terenowych na temat “Techniki produkcji sadzonek w
polskim le$nictwie” organizowanych przez Nadle$nictwo Dobrzejewice, 09.05.2017 r.;
2019 - Praca na stanowisku geograf w Katedrze Gleboznawstwa i1 Ksztaltowania

Krajobrazu Uniwersytetu Mikotaja Kopernika w Toruniu, 1.04.2019 r.-27.09.2019 r.

Udzial w projektach naukowo-badawczych:

2016 - Grant wspomagajacy rozw¢j mlodych naukowcoOw oraz uczestnikow studiow
doktoranckich na Wydziale Nauk o Ziemi UMK 2629-G - kierownik;

2017 - Grant wspomagajacy rozw¢j mlodych naukowcow oraz uczestnikow studiow
doktoranckich na Wydziale Nauk o Ziemi UMK 2931-G - kierownik;

2018 - Grant wspomagajacy rozw¢j mlodych naukowcoOw oraz uczestnikow studiow
doktoranckich na Wydziale Nauk o Ziemi UMK 1178-G - kierownik;

2017-2018 - Grant NCN 4195-G kierowany przez dr hab. Michata Jankowskiego, prof.
UMK, - wykonawca.


https://www.geo.umk.pl/kgikk/pracownicy/?id=4388760

Dzialalnos$¢ naukowo-badawcza:

a)

b)

Publikacje (artykuty z listy ministerialnej A; IF oraz punktacja MNiSW zgodnie z rokiem
publikacji):

Jasinska Justyna, Sewerniak Piotr, Puchatka Radostaw, 2020, Litterfall in a Scots pine
forest on inland dunes in Central Europe: mass, seasonal dynamics and chemistry,
Forests, 11, 6: 1-13. (IF 2.221, pkt. MNiSW 100);

Tessema Yared Mesfin, Jasinska Justyna, Yadeta Lemma Tiki, Switoniak Marcin,
Puchatka Radostaw, Gebregeorgis Eyob Gebrehiwot, 2020, Soil loss estimation for
conservation planning in the Welmel watershed of the Genale Dawa basin, Ethiopia,
Agronomy, 10, 6: 1-19. (IF 2.603, pkt. MNiSW 100);

Jasinska Justyna, Sewerniak Piotr, Markiewicz Maciej, 2019, Links between slope
aspect and rate of litter decomposition on inland dunes, Catena, 172: 501-508. (IF 4.333,
pkt. MNiSW 140);

Sewerniak Piotr, Jasinska Justyna, Golinska Patrycja, Sktadanowski Marek, 2015,
Intensywnos¢ mineralizacji igiel w borze sosnowym w odniesieniu do warunkow
siedliskowych i mikrobiologicznych stokow wydm o kontrastowej ekspozycji, Sylwan, 159,
10: 839-847. (IF 0.410, pkt. MNiSW 15).

Publikacje (artykuty z listy ministerialnej B; punktacja MNiSW zgodnie z rokiem
publikacji):

Jasinska Justyna, Charzynski Przemystaw, Switoniak Marcin, 2017, Potential for the
development of culinary tourism in Zambia, Geography and Tourism (Bydgoszcz), 5, 1:
101-111. (pkt. MNiSW 6);

Jankowski Michat, Dabrowski Michat, Jasinska Justyna, Michalski Adam, 2017, Yampil
barrow complex: Prydnistryanske 1 and Klembivka 1: pedological- environmental aspects
of location., Balt.-Pontic Stud., 22, 41-53. (pkt. MNiSW 10).

Inne publikacje:

Dabrowski Michat, Jasinska Justyna, Michalak Joanna, Mendyk bLukasz, Michalski
Adam, Pindral Sylwia, Sykuta Marcin, Bednarek Renata, Jankowski Michat, 2019, Prace
nad aktualizacjq mapy gleb Polski w skali 1:300000, [w:] Hulisz Piotr, Michalak Joanna,
Pindral Sylwia (red.), Wspoéiczesne kierunki badan w zakresie geografii gleb,

paleopedologii i materii organicznej w $rodowisku potaczona z jubileuszem 55-lecia



gleboznawstwa na Uniwersytecie Mikotaja Kopernika w Toruniu oraz wieloleciem pracy
naukowej prof. dr hab. Renaty Bednarek i prof. dr hab. Stawomira S. Goneta: konferencja
naukowa, Torun, 3-4 marca 2019, Machina Druku, Torun.

Jasinska Justyna, Sewerniak Piotr, 2019, Effect of slope aspect on characteristics of
litterfall in dune heathlands of the Torur Basin (N Poland), [w:] Alonso lIsabel, Diaz
Anita, Liley Durwyn (red.), Heathlands in a crowded world: 16™ European Heathlands
Workshop, 18-24 August 2019, Dorset and the New Forest, UK, Dorset, Wareham.
Sykuta Marcin, Jankowski Michal, Mendyk tukasz, Dgbrowski Michal, Jasinska
Justyna, Michalak Joanna, Michalski Adam, Pindral Sylwia, Bednarek Renata, 2019,
Weczoraj i dzis Mapy gleb Polski 1:300 000: proba adaptacji do Systematyki gleb Polski
2019 (SGP6), [w:] Bartminski Piotr, Debicki Ryszard (red.), Gleba zrodtem zycia: 30
Kongres Polskiego Towarzystwa Gleboznawczego, Lublin 2-7 wrzesnia 2019,
Wydawnictwo Polihymnia, Lublin.

Sewerniak Piotr, Jankowski Michatl, Dabrowski Michat, Jasinska Justyna, 2018, Regular
topographically-induced variation of soils on inland dunes in the Torun Basin (N
Poland),[w:] Switoniak Marcin, Charzynski Przemystaw, (red.) Soil sequences atlas I,
Machina Druku, Torun. (pkt. MNiSW 5).

Dabrowski Michal, Jasinska Justyna, Michalak Joanna, Mendyk fukaszm Michalski
Adam,, Pindral Sylwia, Sykuta Marcin, Bednarek Renata, Jankowski Michat, 2017,
Aktualizacja mapy gleb Polski w skali 1:300 000, [w:] Wydra-Ry§ Marzena (red.)
Krajowe bazy danych o glebach: stan, wykorzystanie, potrzeby: konferencja naukowa,
Warszawa, 21 wrzesnia 2017 r., Wydawnictwo Instytutu Uprawy, Nawozenia 1
Gleboznawstwa — Panstwowy Instytut Badawczy, Putawy.

Jasinska Justyna, Sewerniak Piotr, 2016, Roslinnos¢ runa jako wskaznik zyznosci gleb
wydm srodlgdowych, [w:] Krajowa Platforma Glebowa, warsztaty naukowe Wskazniki
oceny jakos$ci gleb, 29 wrzesnia 2016 r., Warszawa.

Sewerniak Piotr, Jasinska Justyna, Golinska Patrycja, Sktadanowski Marek, 2015,
Mineralizacja opadu roslinnego na stokach wydm o kontrastowej wystawie w dwaoch
typach ekosystemow poligonu torunskiego, [w:] Kabata Cezary (red.) Zasoby glebowe a
zrbwnowazony rozwdj: materiaty 29 Kongresu Polskiego Towarzystwa Gleboznawczego,
Wroctaw, 31 sierpnia- 3 wrzesnia 2015 r., Polskie Towarzystwo Gleboznawcze, Wroctaw.
Jasinska Justyna, 2014, Mineralizacja 1 wuwalnianie sktadnikow pokarmowych

Z rozktadajqcego si¢ opadu roslinnego, [w:] Gorniak Grzegorz, (red.) IV Kopernikanskie



Sympozjum Studentow Nauk Przyrodniczych 28-30 marca 2014 r., Zeszyt abstraktow,

Uniwersytet Mikotaja Kopernika w Toruniu, Torun.

Lacznie jest to 14 prac naukowych, ktorych tgczna warto$¢ punktowa MNiSW wynosi 376, w

tym zawarte sg 4 artykuty w czasopismach z IF (1gczna wartos¢ IF tych prac wynosi 9.567).

Udzial w konferencjach z referatem, posterem:

IV Kopernikanskie Sympozjum Studentow Nauk Przyrodniczych, 28-30.03.2014r.,
Torun, wystapienie ustne: Jasinska J., Mineralizacja i uwalnianie sktadnikow
pokarmowych z rozkladajgcego sie opadu roslinnego.

29 Kongres Polskiego Towarzystwa Gleboznawczego ,,Zasoby glebowe a zrownowazony
rozwdj”, 31.08-03.09.2015 r., Wroctaw, poster: Sewerniak P., Jasinska J., Golinska P.,
Sktadanowski M., Mineralization of litterfall on dune slopes of contrasting aspects in two
ecosystem types of the Torun military area.

21 World Congress of soil science, 12-17.08.2018, Rio de Janeiro, wystapienie ustne:
Jasinska J., Charzynski P., Qiuxia M., Ruifen Z., Jinjing L., Characteristics of edifisols
of Shanxi Province, China.

16™ European Heathlands Workshop, 18-24 August 2019 Dorset and the New Forest, UK,
Dorset, Wareham, poster: Jasinska J., Sewerniak P., 2019, Effect of slope aspect on
characteristics of litterfall in dune heathlands of the Torun Basin (N Poland).

Konferencja wspotczesne kierunki badan w zakresie geografii gleb, paleopedologii 1
materii organicznej w §rodowisku, 3-4.03.2019 r., Torun, poster: Dabrowski M., Jasinska
J., Michalak J., Mendyk L., Michalski A., Pindral S., Sykuta M., Bednarek R., Jankowski
M. Prace nad aktualizacjg mapy gleb Polski w skali 1:300 000.

Dzialalno$¢ organizacyjna:

2011 - Udziat w przygotowaniu Kopernikanskiego Sympozjum Studentow Nauk
Przyrodniczych organizowanego przez Studenckie Kota Naukowe Wydzialu Biologii
i Nauk o Ziemi, Wydzialu Chemii oraz Wydzialu Fizyki, Astronomii i Informatyki
Stosowanej UMK, 25-27.05.2011 r.;

2012 - Udzial w przygotowaniu II Kopernikanskiego Sympozjum Studentéw Nauk

Przyrodniczych organizowanego przez Studenckie Kota Naukowe Wydziatu Biologii



i Nauk o Ziemi, Wydzialu Chemii oraz Wydziatu Fizyki, Astronomii i Informatyki
Stosowanej UMK, 9-11.03.2012 r.;

2016 - Udziat w przygotowaniu konferencji: Problemy systematyki gleb przeksztatconych
przez cztowieka: deluwialnych, zasolonych i technogenicznych, Torun, 5-8.10.2016 r.;
2018 - Udziat w przygotowaniu VIII Kopernikanskiego Sympozjum Studentow Nauk
Przyrodniczych 1 Torunskiego Sympozjum Doktorantow Nauk Przyrodniczych.
24-25.03.2018 r.

Udziat w przygotowaniu Soil Classification and Education Conference. Torun,
18-20.05.2018 r.

Udziat w przygotowaniu konferencji wspolczesne kierunki badan w zakresie geografii

gleb, paleopedologii i materii organicznej w sSrodowisku. Torun, 3-4.03.2019 r.

Dzialalno$¢ dotyczaca popularyzacji nauki:

08.04.2017 r. — cztonek komitetu organizacyjnego czwartej edycji Ogolnopolskiego
Konkursu Wielki Test Wiedzy Geograficznej, Torun;

02.06.2017 r. — organizacja warsztatow z podstaw gleboznawstwa dla ucznidw
Publicznego Gimnazjum z oddzialtami Integracyjnymi im. Noblistéw Polskich w
Przasnyszu oraz I Liceum Ogolnoksztalcacego im. Mikotaja Kopernika w Toruniu, Torun;
05.12.2017 r. - udziat w organizacji zaje¢ warsztatowych z podstaw gleboznawstwa dla
uczniow X Liceum Ogolnoksztalcacego im. Stefana Banacha w Toruniu, IX Liceum
Ogolnoksztatcagcego im. Kazimierza Jagiellonczyka w  Toruniu, III Liceum
Ogolnoksztatcacego im. S. B. Lindego w Toruniu oraz II Liceum Ogo6lnoksztalcacego im.
Marii Konopnickiej w Inowroctawiu;

08.12.2017 r. - udzial w organizacji zaje¢ warsztatowych z podstaw gleboznawstwa dla
uczniéw V Liceum Ogodlnoksztatcacego w Plocku;

12.12.2017 r. - udziat w organizacji zaje¢ warsztatowych z podstaw gleboznawstwa dla
uczniéw X Liceum Ogodlnoksztatcacego im. Stefana Banacha w Toruniu;

19.12.2017 r. — udziat w organizacji zaje¢ warsztatowych z podstaw gleboznawstwa dla
uczniow Technikum nr 3 w Toruniu;

18-20.04.2018 r. — Pomoc techniczna w organizacji i przeprowadzeniu Repetytorium z

geografii.



Inna dzialalno$¢:

e 2011-2012 - Dziatalnos¢ w Studenckim Kole Naukowym Geografow.

Dodatkowe informacje:

e Znajomosc jezyka angielskiego na poziomie sredniozaawansowanym (B2);

e prawo jazdy kategorii B;

e obstuga programéw pakietu Microsoft Office, oprogramowania graficznego Corel,
programo6w GIS (gtownie ArcGIS);

e umiej¢tnos¢ wykonania podstawowych 1 specjalistycznych analiz laboratoryjnych z zakresu

badania wlasciwosci gleb i osadow



