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Abstract. To test the influence of selected fertilisers and fungicides on the germination of black alder seeds and the initial phase
of seedling growth, we conducted a laboratory experiment outlined in this paper. Six treatments were applied on petri dishes each
containing 30 seeds. The substrate for germination was sterile filter paper wetted with an aqueous solution of either one of two
fungicides, two organic fertilisers, a mineral fertiliser or distilled water (control). Fungicides and fertilisers were applied according
to the manufacturers’ recommendations. In order to keep genetic variability to a minimum, seeds originated from a single tree
in a seed stand located in the Chotytéw Forest District, eastern Poland. Germination and growth took place at a temperature of
23°C £ 2°C with a 14 /10 h day/night cycle. Seeds began to germinate as early as the second day after sowing, except for the
mineral fertiliser treatment, in which the first sprouting was observed on day 3. Seedling length was measured daily from the day
of germination of a given seed through to day 15. Germination was found to proceed most rapidly in the control, while the largest
increments in length and dry mass occurred in the control and fertiliser treatment with the so-called N1 fertiliser (solely comprising
growth stimulators in the form of humic acids, chitosan and silicon). The most limited growth was observed under the influence
of the F1 fungicide (active compound Thiram) as well as the organic fertiliser N2 (a mixture of mineral components and organic
growth stimulators). Roots were found to develop most rapidly in the control and in the treatment with N1 (no mineral components).
These are also the only two treatments in which the roots were longer than the stems after 15 days.

Fertiliser N2 was found to have the most unfavourable influence on both, germination and the first phase of seedling deve-
lopment. The fact that selected fertilizers and fungicides affected black alder seeds and seedlings under laboratory conditions
does not mean that they will have an impact under field conditions or on other forest tree species. Therefore, this type of research
will need to be conducted individually for each forest tree species.
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1. Wstep

Wigkszo$¢ gatunkow lesnych wykazuje duza wrazliwosé
na patogeny zyjace w $rodowisku glebowym, do ktérych
nalezy zaliczy¢ przede wszystkim grzyby zgorzelowe, ma-
sowo usmiercajace siewki od momentu rozpoczecia procesu
kietkowania nasion do kilku pierwszych tygodni zycia roslin.
Jest to okres, gdy siewki korzystaja tylko z substancji zapa-
sowych zgromadzonych w tkankach nasion i nie wystepuje
jeszcze symbioza z grzybami mykoryzowymi. W szkoétkach
lesnych do bezposredniego zabezpieczenia przed zgorzela

grzybowa stosuje si¢ zaprawianie nasion przed siewem oraz
opryski siewek fungicydami. Stosowanie czestych opryskow
pestycydami zabezpiecza siewki przed zgorzelami, ale nie-
korzystnie wplywa na glebe, potggujac tzw. efekt ,,zmgczenia
gleby” (Prusinkiewicz et al. 1983).

Obecnie pojawita si¢ formalna bariera ograniczajgca
stosowanie substancji chemicznych w le$nictwie, w tym
fungicydoéw w szkotkach lesnych. Do naturalnych substan-
cji organicznych, hamujacych zgorzel grzybowa w szkot-
kach lesnych, nalezy zaliczy¢ wyciagi wodne z cebuli
i czosnku, ktorych przygotowanie we wlasnym zakresie
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jest pracochtonne i ktopotliwe. Wymusza to poszukiwanie
nowych preparatow ograniczajagcych rozwoj patogenow
nasion i siewek drzew lesnych. Wzorujac si¢ na produkcji
rolniczej, coraz czgSciej testuje si¢ i produkuje rézne bio-
preparaty lub inne substancje niebedace typowymi pesty-
cydami do stymulacji wzrostu i zabezpieczania sadzonek
przed patogenami grzybowymi. Na rynku pojawil si¢ pre-
parat, zawierajacy migdzy innymi chitozan, ktoéry powstaje
z chityny skorupiakoéw morskich w wyniku jej cze$ciowej
deacetylacji (Borkowski, Dyki 2004; Placek et al. 2009).
Chitozan jest nictoksyczny, biokompatybilny, biodegrado-
walny i charakteryzuje go wysoka sorpcyjnos¢ (Raafat, Sahl
2009). Wplyw chitozanu na rozwoj roslin ogrodniczych ba-
dano wielokrotnie (Wojdyta, Orlikowski 1997; Borkowski,
Kowalczyk 1999; Placek et al. 2009, Borkowski, Ulinski
2012), natomiast rzadko — na rozwo6j drzew lesnych, gtow-
nie w szkotkach lesnych (Duda et al. 2003; Stocka 2008;
Aleksandrowicz-Trzcinska 2013). Brak jest takich badan
nad olszg czarng Alnus glutinosa (Gaertn.), prowadzonych
w warunkach laboratoryjnych. Wyniki analizy wptywu chi-
tozanu wskazujg, ze zwigksza on odpornos¢ roslin na rézne
choroby grzybowe nalistne i glebowe (Wojdyta, Orlikowski
1997; Pigta et al. 1998; Solarska et al. 1998; Borkowski,
Kowalczyk 1999; Pieta, Pastucha 2002; Ben-Shalom et
al. 2003; Placek et al. 2009) oraz hamuje rozwo6j grzybow
i bakterii (Borkowski, Dyki 2003).

Oproécz chitozanu w biopreparatach wystgpuja rowniez
kwasy humusowe. Sg one specyficznymi, bezpostaciowy-
mi substancjami, naturalnie wystepujacymi w Srodowisku
wodnym i ladowym. W glebie powstaja wskutek procesu
humifikacji, ktéremu podlega martwa materia organicz-
na (Dziadowiec 2003). Kwasy humusowe posiadaja bez-
posredni lub posredni wptyw na rosliny uprawne. Wptyw
posredni dotyczy poprawy wilasciwosci srodowiska glebo-
wego, natomiast bezposredni zwigzany jest z pobieraniem
substancji huminowych przez rosliny i indukowaniem pro-
cesoOw biochemicznych (Katkat et al. 2009). Wiasciwosci
biostymulujace biopreparatow wynikaja z obecnosci kwa-
sow huminowych i fulwowych, chitozanu oraz krzemu (Ga-
wronska, Przybysz 2011).

W niniejszej pracy oceniono wptyw wybranych prepa-
ratow chemicznych na kielkowanie nasion i rozwoj siewek
olszy czarnej w warunkach laboratoryjnych. Wybrano ten ga-
tunek drzewa, gdyz ma on znaczenie gospodarcze w Polsce
oraz ze wzgledu na znaczne zagrozenie fytoftorozg (choro-
ba powodowang przez grzyby pierwotne z rodzaju Phytop-
hthora spp.), ktdra jest niezwykle grozna dla nasion i siewek
olszy czarnej (Haque, Diez 2012), ale tez i innych gatunkéw
lasotworczych (Oszako 2005).

2. Material i metody

Badania przeprowadzono w 2017 roku w laboratorium
Katedry Hodowli Lasu Instytutu Nauk Le$snych SGGW
w Warszawie. W eksperymencie wykorzystano nasiona
zebrane w listopadzie 2014 r. w 100-letnim gospodarczym

drzewostanie nasiennym (GDN) w Nadle$nictwie Choty-
16w, w Les$nictwie Woélka Dobrynska (oddzial 125i). Po
zbiorze nasiona podsuszono do wilgotnosci 8-9% i do
czasu wysiania przechowywano w szczelnie zamknigtym
pojemniku w temperaturze -3°C. W celu wyeliminowa-
nia wptywu zmiennos$ci genetycznej, nasiona pochodzity
z jednego drzewa i charakteryzowaly si¢ wysoka zdolno$-
cig kietkowania.

Doswiadczenie sktadato si¢ z sze$ciu wariantoéw. Podto-
za do kielkowania nasion stanowily sterylne bibutly, ktore
byly nawilzane podsigkowo nastepujacymi roztworami
wodnymi:

* F1 — fungicyd | (zaprawa nasienna) z substancja czyn-
ng Tiuram 75% (zwiazek z grupy ditiokarbaminian6w) stoso-
wany do ograniczania choréb powodowanych przez patoge-
ny grzybowe bytujace w glebie i na okrywach nasion;

» F2—fungicyd 2 z substancjg czynng Tiofanat metylowy
41,7% (zwiazek z grupy benzimidiazoli) stosowany do zapra-
wiania nasion i odkazania gleby;

* NI — bionawdz (stymulator wzrostu) zawierajacy
kwasy humusowe, chitozan i krzem, przeznaczony do nawo-
zenia ro$lin oraz poprawy jakosci gleby, za$ obecno$é chi-
tozanu wptywa stymulujaco na wzrost roslin (ped i korzen).
Bionawdz nie zawiera mikro- i makroelementow;

* N2 — bionawo6z zawierajacy mikroelementy takie jak:
bor-1,7%, zelazo—0,4%, miedz—0,1%, cynk-0,1%, man-
gan—0,1% i kobalt—0,022% rozpuszczone w kwasach humu-
sowych z chitozanem, poprawia wlasciwosci gleby, stymulu-
je wzrost roélin i dostarcza im sktadniki pokarmowe;

* N3 — wielosktadnikowy nawo6z mineralny, zawierajacy
mikro- i makroelementy takie jak: azot—3%, potas—2%, zela-
z0—400 mg/l, mangan—170 mg/l, cynk—150 mg/l, miedz—70
mg/l, molibden—20 mg/1 oraz siarke, wapn i magnez;

+ K — wariant kontrolny stanowita woda destylowa-
na pozbawiona jakichkolwiek zwigzkéw organicznych
i mineralnych.

Roztwory wodne preparatow zostaly przygotowane we-
dlug zalecen producentow. W poszczeg6élnych wariantach na
0,5 litra wody destylowanej zastosowano nast¢pujace dawki
preparatow: F1 — 1,5 g, F2 — 1 ml, NI — 2 ml, N2 — 2 ml,
N3 -2 ml

Przed siewem kazde nasiono zostalo zwazone przy wy-
korzystaniu precyzyjnej wagi laboratoryjnej (Sartorius), co
pozwolito na wyselekcjonowanie nasion zdrowych i w pelni
wyksztalconych. Kolejnym wyznacznikiem jakosci nasion
byta ocena wzrokowa stanu nasion z uzyciem szkta powigk-
szajacego. W trakcie kielkowania siewki zaczgly zrzucaé
okrywy nasienne. Delikatnie je oddzielano od liscieni siewek
i suszono przez 48 godzin w temperaturze 40°C. Na podsta-
wie masy suchej okrywy nasiennej obliczano mase¢ zarodka
poszczegdlnych nasion.

Peseta uzywana do uktadania nasion i wyjmowania siewek
byta dezynfekowana $srodkiem odkazajgcym na bazie spirytu-
su, za$ szalki i bibuly przed zatozeniem do$wiadczenia byty
wyparzane w wysokiej temperaturze. Woda destylowana
uzyta w doswiadczeniu pochodzita z jednego zrodta, a nasio-
na uktadane na bibutach nie byly odkazane.
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Wybrane losowo i zwazone nasiona w liczbie po 30
w kazdym wariancie umieszczano za pomocg pegsety na
bibutach, ktérymi byly owinigte szalki Petriego. Nasiona
uktadano w wyznaczonych miejscach na okraglej tarczy
w odleglosci okoto 3 cm od wyznaczonego poziomu roz-
tworu. Odlegto$¢ miedzy poszczegdlnymi nasionami utozo-
nymi na okrggu wynosita 2 cm. Nasiona uktadano tak, zeby
kietki korzeniowe kierowaty si¢ ku roztworowi (w kierunku
obwodu szalki), za$ pedy rosty w kierunku centralnej czgséci
szalki. Takie utozenie kietkujacych nasion utatwiato pomiar
dhugosci siewek. Kietkowanie nasion i wzrost siewek odby-
waly si¢ w komorze wegetacyjnej w temperaturze 23°C (x
2°C) i przy 14-godzinnym sztucznym o$wietleniu o natgze-
niu 20 000 lux i barwie §wiatta 2000 K.

Pomiar kazdej siewki prowadzono przez 15 kolejnych dni
od momentu wykielkowania nasiona na bibule. Codziennie
wykonywano pomiary catkowitej dlugosci siewek i uzupet-
niano roztwory wodne testowanych preparatow do poziomu
wyznaczonego na szalkach. Po 15 dniach wzrostu siewki
delikatnie zdjeto z bibul, oddzielono czgs¢ pedowa od ko-
rzeniowej 1 wykonano pomiar dtugosci pedow oraz korzeni.
Nastgpnie po suszeniu przez 48 godzin w temperaturze 40°C
obie czgsci kazdej siewki zwazono.

Ze wzgledu na stabilno$¢ czynnikéw warunkujacych
wzrost siewek w laboratorium, w analizach danych przyje-
to, ze w kazdym wariancie powtorzeniem beda pojedyncze
nasiona i siewki.

W programie Statgraphics Plus wykonano testy staty-
styczne ANOVA, sprawdzono istotno$¢ statystyczng po-
szczegolnych parametrow siewek i wyznaczono grupy
jednorodne za pomocg testu post hoc Duncana. Nast¢pnie
utworzono grupy pochodzen charakteryzujace si¢ wielo-
cechowym podobienstwem siewek na podstawie tempa
kietkowania nasion oraz parametrow siewek. W tym celu
zastosowano grupowanie metodg Warda, a jako miarg po-
dobienstwa wykorzystano kwadrat odleglo$ci Euklidesa
(Jedrzejczak 1998).

Tabela 1. Masa nasion i zarodkéw uzytych w doswiadczeniu
Table 1. Mass of seeds and embryos used in the experiment

109
3. Wyniki
3.1. Parametry nasion

Srednio najlzejsze nasiona (1,75 mg) i zarodki nasion
(0,75 mg) byly w wariancie kontrolnym (K), a $rednio
najciezsze nasiona (1,98 mg) i zarodki nasion (0,89 mg) —
w wariancie z bionawozem N2 z kwasami humusowymi
i sktadnikami mineralnymi, jednak nie stwierdzono rdéznic
statystycznych pomigdzy wariantami (p<0,05) (tab. 1).

3.2. Przezywalno$¢ nasion

W trzech wariantach doswiadczenia (F2, N1 i N3) stwier-
dzono minimalny udzial nasion nieskietkowanych, a w dwoch
(F1 1K) nasiona skietkowaly w 100%. W wariancie N2 nasio-
na skietkowatly rowniez w 100%, lecz po kilku dniach pojawita
si¢ plesn, ktora spowodowata zamieranie wigkszosci siewek.
Procent skietkowanych nasion nie r6znit si¢ statystycznie po-
miedzy wariantami (ryc. 1).

3.3. Tempo kielkowania nasion

Uzyte preparaty miaty istotny wplyw na tempo kietkowania
nasion olszy czarnej, ktore rozpoczeto si¢ juz drugiego dnia
po wysiewie nasion. Kulminacja kielkowania nastapita w trze-
cim dniu, kiedy wigkszos$¢ nasion miala juz widoczny kietek.
Wyjatkiem byt wariant z nawozem mineralnym (N3), w kto-
rym nastgpilo przesunigcie czasowe tego procesu i nasiona
zaczely kietkowaé w trzecim dniu, z kulminacja w czwartym
dniu. Réznice migdzy liczba kietkujacych nasion w kolejnych
dniach byly istotne statystycznie (p<0,05) (ryc. 2).

3.4. Przebieg wzrostu siewek

Ze wzgledu na szybkos$¢ rozwoju siewek w badaniu zaob-
serwowano trzy fazy przyrostu ich dlugosci. Pierwsza faza

Srednia masa nasion

Sredni
Liczba zarodkow [szt.] recma masa

War.iant Liczba nasion [szt.] [mg] Number of embryos zarodkow .[mg]
Variant Number of seeds [pcs.] Average weight of seeds [pos.] Average weight of
[mg] embryos [mg]

F1 30 1,96 30 0,85

F2 30 1,85 29 0,77

N1 30 1,91 29 0,84

N2 30 1,98 8 0,89

N3 30 1,97 30 0,86

K 30 1,75 26 0,75
p-value 0,0008 0,0020
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Rycina 1. Procent skielkowanych nasion potraktowanych fun-
gicydami i bionawozami; liniami oznaczono grupy jednorodne
wariantow, w ktorych nasiona skietkowaly, a literami okre$lono
grupy wariantéw, w ktérych nasiona nie skietkowaly

Figure 1. Germination of seeds treated with fungicides and biofer-
tilisers the groups of homogeneous connections in which the seeds
are selected are indicated by lines, and the letters indicate the groups
of connections in which the seeds are not selected,

* pojawienie si¢ grzybéw plesniowych / the appearance of mold fungi
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Rycina 2. Udzial kietkujacych nasion w kolejnych dniach po wysie-
wie (2/3/4/5/6 i kolejne); literami okre$lono jednorodne statystycz-
nie grupy wariantéw, w kolejnych dniach kielkowania nasion
Figure 2. Share of seeds germinating after sowing on days 2, 3, 4,
5, 6 and next; letters indicate statistically homogeneous groups of
variants in the following days of seed germination

45
40
35
30
25
20 -
15

10 /

5 l&.

0 }a—p-—g=s

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Dzieri wzrostu siewki / Seedling growth day

- F1 F2 = N2 K N3
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== N1

Rycina 3. Przebieg przyrostu calkowitej dlugosci siewek olszy
czarnej

Figure 3. Course of the increase in total length of black alder
seedlings

przyrostu (kietkowanie nasion) trwata od zatozenia doswiad-
czenia do czwartego dnia. Druga, najdluzsza faza wzrostu,
trwajaca od pigtego do trzynastego dnia doswiadczenia,
charakteryzowala si¢ duzym roznicowaniem catkowitej dtu-
gosci siewek, w zaleznosci od wariantu do$wiadczalnego.
W trzeciej fazie nastgpito zahamowanie przyrostu siewek.
Wyjatkiem byt wariant N1 z biostymulatorem, ktéry zawierat
kwasy humusowe z chitozanem, bez obecnosci sktadnikow
mineralnych, w ktorym siewki dalej zwigkszaly wymiary
(ryc. 3). Siewki w wariancie kontrolnym (woda destylowana)
byty o wiele wicksze niz w wariantach N2 i N3z nawozami
zawierajacymi sktadniki mineralne, o wlasciwosciach stymu-
lujacych wzrost roslin.

3.5. Dlugo$¢ siewek

Po 15 dniach najdluzsze pedy (17 mm) mialy siewki
w wariancie N1, a najkrotsze (8§ mm) w wariancie N2. Dhu-
go$¢ pedow siewek w trzech wariantach (F2, N3 i K) byla
jednorodna, a dlugos¢ pedu wahata si¢ miedzy 14 a 15 mm.
Roznice migdzy $srednimi dtugosciami pedéw we wszystkich
wariantach do$wiadczenia byly istotne statystycznie. Naj-
krotsze korzenie (4 mm) mialy siewki rosnace w wariancie
z bionawozem (N2), a najdtuzsze (25 mm) te potraktowane
biostymulatorem (N1). Warianty F1, N2 i N3 tworzyly grupg
jednorodna, w ktorej dtugosci korzeni nie roznity si¢ staty-
stycznie migdzy soba. Natomiast réznice mi¢dzy wszystki-
mi $rednimi dlugosciami korzeni byly istotne statystycznie
(»<0,001) (ryc. 4).

3.6. Sucha masa siewek

Najcigzsze pedy (1,1 mg) mialy siewki potraktowane
nawozem (N3), a najlzejsze (0,65 mg) byly w wariancie
z bionawozem (N2). Warianty z fungicydami oraz z bio-
nawozem (N2) tworzyly grupe jednorodna, gdzie $rednie
wartosci nie roéznity si¢ statystycznie migedzy sobg (ryc. 5).

30 p<0,001
25
20

[¢ d
b
15 by b
a
10 I d
a
a
0
F1 F2 N1 N2 N3 K

= Ped / Shoot

w

Dtugosé czesci siewki [mm]
Lenght of part of seedling [mm]

Korzefi / Root

Rycina 4. Dlugo$¢ siewek po 15 dniach od wykielkowania z po-
dzialem na ped i korzen; literami okreslono jednorodne staty-
stycznie grupy wariantéw oddzielnie dla pedow i korzeni

Figure 4. Length of seedlings as divided into shoot and root 15 days
on from germination; letters indicate statistically homogeneous
groups of variants separately for shoots and roots
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Kolejna grupe jednorodng tworzyly warianty z bionawo-
zem (N1) oraz z wodg destylowana (K). Natomiast réznice
miedzy wszystkimi wariantami byly istotne statystycznie
(»<0,001). Z kolei najcigzsze korzenie (0,45 mg) mialy
siewki potraktowane bionawozem (N1), a najlzejsze (0,06
mg) w wariancie z bionawozem (N2). Grup¢ jednorodng
z najlzejszymi korzeniami tworzyly siewki z wariantéw:
F1, N2 i N3. Pomigdzy wszystkimi $rednimi roéznice byly
tak samo istotne statystycznie jak w przypadku masy pedu
(»<0,001).

Analiza skupien wykonana na podstawie tempa kietko-
wania nasion oraz parametrow siewek pozwolita wyrdznic 3
grupy wariantow (ryc. 6). Pierwsza grupa, sktadajaca si¢ z 4
wariantéw: fungicydy (F1, F2), biostymulator (N2) i woda
destylowana (K), charakteryzowala si¢ szybko kietkujacy-
mi nasionami, ale siewki mialy niskie parametry pedu. Ko-
rzenie siewek w tej grupie byly przecietnej dlugosci i miaty
przecigtna masg. Biostymulator (N1) roznit si¢ od pozosta-
lych tym, ze nasiona kietkowaty stabiej niz w grupie 1, lecz
siewki miaty dluzsze i ci¢zsze pgdy. Korzenie tych siewek

~

1,2 c p<0,001

1,0 b b
88 & a
EE 08 a
24 . .
EE c
© 5
S04 d
a0 b

0 a a

a
0,0
F1 F2 N1 N2 N3 K

= Ped / Shoot Korzen / Root

Rycina 5. Sucha masa pedéw i korzeni siewek po 15 dniach od
ich wykielkowania; literami okre§lono jednorodne statystycznie
grupy wariantow oddzielnie dla pedow i korzeni

Figure 5. Dry weight of seedling shoots and roots 15 days on from
germination letters indicate statistically homogeneous groups of
variants separately for shoots and roots
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Rycina 6. Grupowanie (1-3) wariantéw na podstawie szybkosci
kielkowania nasion oraz parametréw siewek

Figure 6. Clustering (1-3) of variants based on seed germination rate
and seedling parameters

byly przecietnej dlugosci, ale miaty najwigksza suchg mase
sposrod pozostatych wariantow. Nawoz wieloskladnikowy
(N3) wptynat negatywnie na tempo kietkowania nasion,
pedy miaty przecietng dtugos¢, ale byty najciezsze w sto-
sunku do pozostatych grup. Z kolei korzenie byly najkrotsze
i najlzejsze.

4. Dyskusja

Aby ograniczy¢ wplyw zrdéznicowania genetycznego
poszczegodlnych nasion na wzrost siewek, do badan wybra-
no material siewny pochodzacy z jednego drzewa. Jest to
zgodne z badaniami Bodyta (2007), ktory wykazal istotno$¢
roéznic pod wzgledem energii i zdolno$ci kietkowania nasion
pochodzacych z réznych krain przyrodniczo-lesnych Polski.
O duzym zréznicowaniu wlasciwosci nasion pochodzacych
z roznych drzew i bedacych w réznym wieku donoszg tez
Kaliniewicz i Trojanowski (2011).

Tylkowski (2014) w swoich badaniach wykazat, ze prze-
chowywanie przez 6 zim nasion olszy czarnej podsuszo-
nych do 8-9% nie wptyneto na obnizenie ich poczatkowe;j
zdolnosci kietkowania. Nasiona uzyte w do$wiadczeniu
rowniez byly przechowywane w tych warunkach, lecz
krécej, bo tylko przez 3 lata. Takze ten czynnik nie po-
winien mie¢ negatywnego wplywu na proces kietkowania
nasion olszy czarnej. Z kolei Gosling i in. (2009) zauwa-
zyli, ze nasiona olszy czarnej chtodzone w temperaturze
+4°C przez 3 tygodnie wykazuja: wczesniejsze kietkowa-
nie, bardziej rownomierne wschody i tolerancj¢ na szer-
szy zakres temperatur (10-30°C) w trakcie kietkowania
nasion. W tej pracy roéwniez zauwazono brak negatywnego
wptywu chlodzenia nasion przechowywanych przez 3 lata
na ich wlasciwosci. W wiekszos$ci wariantow ponad poto-
wa nasion (w kontroli nawet 80% nasion) skietkowatla do
trzeciego dnia do§wiadczenia. Wyjatkiem byt wariant N3
(wielosktadnikowy naw6z mineralny), w ktoérym proces
kietkowania byt wydtuzony o 1 dzien. Kaliniewicz i in.
(2018) stwierdzili, ze na proces kietkowania nasion olszy
czarnej istotny wptyw ma ich masa. Jednak nalezy pamig-
taé, ze $rednia masa nasion uzytych w doswiadczeniu nie
roznita si¢ statystycznie mi¢dzy poszczegdlnymi warian-
tami. Dodatkowo warunki panujace w trakcie przecho-
wywania i kietlkowania nasion oraz wzrostu siewek byty
jednakowe, wiec czynniki te nie wptynety na zréznicowa-
nie procesu kietkowania.

Badania wykazaly, ze roztwory wodne zastosowanych
fungicydéw i nawozéw spowolnity proces kietkowania
nasion olszy czarnej, ale nie obnizyly zdolnosci kietko-
wania. Zamorski 1 Milczarek (1977)stwierdzili, ze $rodki
grzybobojcze majg rézny wpltyw (negatywny lub pozytyw-
ny) na kietkowanie nasion roslin ozdobnych i wykazali, ze
fungicyd ze $rodkiem czynnym tiuram w stezeniu 75%
mial korzystny wplyw na kietkowanie. Zauwazono podob-
ny wptyw na kietkowanie nasion olszy, ktore w wariancie
z fungicydem F1 zawierajacym tiuram skietkowaty w stu
procentach.
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W skladzie wykorzystanego w do§wiadczeniu bionawo-
zu (N1) znajdujg si¢ kwasy humusowe, ktoére mogty bezpo-
$rednio przyczyni¢ si¢ do silnego wzrostu korzeni siewek
olszy. Stymulujacy wpltyw zwiazkéw huminowych na
wzrost roslin wykazali Jankiewicz (1997) oraz Katkat i in.
(2009), natomiast Schnitzer i Poapst (1991) odnotowali, ze
zwiazki te pobudzaja wzrost korzeni fasoli. Znany jest takze
wpltyw kwasow huminowych i fulwowych na wzrost zielo-
nej masy roslin uprawnych, nawet o 28% wigcej w stosunku
do kontroli (Sarir et al. 2005). Pozytywne dzialanie kwa-
sow huminowych na wzrost roélin (winogron deserowych)
znajduje rowniez potwierdzenie w pracy Ferrary i in. (2007)
oraz w badaniach Xu (1986). Kwasy huminowe ograniczaja
takze niektore choroby powodowane przez Fusarium spp.
(Yigit, Dikilitas 2008).

W prezentowanym do§wiadczeniu stwierdzono, ze
w porownaniu do wariantu kontrolnego preparaty zawiera-
jace kwasy humusowe oraz chitozan wptynety pozytywnie
na kietkowanie nasion, a takze na wymiary i suchg mase
korzeni. Natomiast w wariancie z bionawozem N2, o bo-
gatym skladzie, w ktorym wystepuja kwasy humusowe,
chitozan i sktadniki mineralne (mikro- i makroelemen-
ty), wymiary i sucha masa, zaro6wno korzeni, jak i pedow,
byly najnizsze. W literaturze mozna znalez¢ informacje,
ze mimo tego, ze olsza czarna jest jednym z mniej wyma-
gajacych gatunkéw rodzimych, to reaguje dobrze na na-
wozenie mineralne, szczegolnie fosforem i potasem, ale
jest wrazliwa na niedobdr wapnia (Baule, Fricker 1973).
Dlatego ewentualny niedobdr tego pierwiastka mogt by¢
jedng z przyczyn uzyskania najgorszych parametréw przez
siewki. Zasobny w sktadniki pokarmowe sktad roztworu
wodnego w wariancie N2 mogt tez stymulowacé rozwdj
mikroorganizmow plesniowych, ktore ostabity i usmierci-
ty czesc siewek.

W wariancie N2 chitozan oraz kwasy humusowe, wspot-
dziatajac z mikroelementami, nie wykazaty silnego dzia-
fania grzybobdjczego — bowiem nie ograniczyly rozwoju
grzybow plesniowych. Natomiast w wariancie N1, gdzie
rowniez zastosowano te substancje, nie doszto do pojawie-
nia si¢ grzybow plesniowych, a odsetek martwych siewek
byt zerowy. Oba warianty (N1 i N2) roznity si¢ tym, ze bio-
stymulator (N1) nie miat w sktadzie sktadnikéw mineral-
nych, a bionawo6z (N2) zawieral mikroelementy. Obecno$¢
sktadnikéw mineralnych raczej nie powinna by¢ glowna
przyczyna pojawu grzybow plesniowych, gdyz tylko w wa-
riancie z wielosktadnikowym nawozem mineralnym (N3)
siewki rozwijaty si¢ prawidtowo, bez oznak plesni. Przy
zastosowanych sposobach zachowania sterylnosci, opisa-
nych w metodyce badan, nalezy podkresli¢, ze obecnosé¢
grzybow plesniowych stwierdzono tylko w jednym warian-
cie doswiadczenia.

Zamorski i Milczarek (1977) zauwazyli, ze kazdy gatu-
nek rosliny ma r6zng biologig i trzeba do niego podchodzié¢
indywidualnie. Fakt, ze wybrane nawozy i fungicydy tak
wplynety na nasiona i siewki olszy czarnej w warunkach

laboratoryjnych nie oznacza, ze wptyw ten bedzie podobny
w warunkach terenowych, gdzie wieloczynnikowe oddzia-
lywanie §rodowiska i pogody moze w jeszcze wickszym
stopniu zmodyfikowa¢ wyniki podobnych doswiadczen.
Takze inne gatunki drzew lesnych, np. sosna zwyczajna
Pinus sylvestris L. czy buk Fagus sylvatica L., moga wy-
kaza¢ odmienng reakcj¢ na badane fungicydy i bionawozy.
Szottyk i Walendzik (2003) stwierdzili, ze ro$liny lesne
majg mniejsze wymagania pokarmowe niz ro$liny rolnicze,
ale charakteryzuja si¢ bardziej zréoznicowana indywidualna
reakcja na poszczegoélne sktadniki pokarmowe. Potwierdza
to konieczno$¢ prowadzenia osobnych badan dla poszcze-
gblnych gatunkéw drzew lesnych.

Wyniki uzyskane w badaniu laboratoryjnym jednoznacz-
nie wskazuja, ze uzycie biostymulatora (wariant N1), ktory
zawiera kwasy humusowe, pozytywnie wptywat na wzrost
pedu i korzeni olszy czarnej w poczatkowej fazie wzrostu.
Korzenie siewek wyksztatcone przy dziataniu tego biosty-
mulatora byty najdtuzsze i najciezsze, co swiadczy o tym,
ze w krotkim czasie (zaledwie 15 dni) siewki tworzyty dos¢
rozbudowane systemy korzeniowe, dzigki ktéorym beda
mogtly pobiera¢ wiecej wody i1 substancji pokarmowych
z gleby. Informacja ta jest istotna w szkotkarstwie lesnym,
ktoérego zadaniem jest produkcja materiatu sadzeniowego
o dobrej jakosci hodowlanej. Rozbudowany na starcie sy-
stem korzeniowy jest podstawowym gwarantem prawidlo-
wego wzrostu sadzonek, ale tez wysokiej udatnosci upraw
lesnych. Chemiczna stymulacja wzrostu i prawidlowego
rozwoju siewek ma szczeg6lne znaczenie w produkcji ma-
teriatu sadzeniowego z zakrytym systemem korzeniowym
w szkoltkach kontenerowych.

5. Whnioski

1. Fungicydy pozytywnie wptynety na tempo kietkowania
nasion, ale bez pozytywnego wplywu na parametry wzrosto-
we siewek.

2. Wptyw bionawozow opartych na chitozanie i kwasach
humusowych na siewki olszy czarnej byt zalezny od udzia-
hu komponentéw mineralnych. Bionawdz zawierajacy mi-
kroelementy wyraznie ostabit wzrost siewek, a szczegodlnie
ich czes$ci korzeniowej oraz stymulowal rozwo6j grzyboéw
plesniowych.

3. Nawoz mineralny bez zadnych biosktadnikow sprawit,
ze siewki miaty mocno uksztaltowane pedy i liscienie, przez
co sucha masa pedu byla najwyzsza, ale przy malej masie
czesci korzeniowej.

4. Dalsze badania nalezy skoncentrowac na poszukiwa-
niu skutecznych mieszanek wielosktadnikowych z udziatem
biostymulatoréw, nadajacych si¢ do zastosowania gtownie
w produkcji sadzonek z zakrytym systemem korzeniowym.
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Abstract. To test the influence of selected fertilisers and fungicides on the germination of black alder seeds and the initial phase
of seedling growth, we conducted a laboratory experiment outlined in this paper. Six treatments were applied on petri dishes each
containing 30 seeds. The substrate for germination was sterile filter paper wetted with an aqueous solution of either one of two
fungicides, two organic fertilisers, a mineral fertiliser or distilled water (control). Fungicides and fertilisers were applied according to
the manufacturers' recommendations. In order to keep genetic variability to a minimum, seeds originated from a single tree in a seed
stand located in the Chotylow Forest District, eastern Poland. Germination and growth took place at a temperature of 23°C + 2°C
with a 14 h/10 h day/night cycle. Seeds began to germinate as early as the second day after sowing, except for the mineral fertiliser
treatment, in which the first sprouting was observed on day 3. Seedling length was measured daily from the day of germination of a
given seed through to day 15. Germination was found to proceed most rapidly in the control, while the largest increments in length
and dry mass occurred in the control and fertiliser treatment with the so-called N1 fertiliser (solely comprising growth stimulators in
the form of humic acids, chitosan and silicon). The most limited growth was observed under the influence of the F1 fungicide (active
compound Thiram) as well as the organic fertiliser N2 (a mixture of mineral components and organic growth stimulators). Roots were
found to develop most rapidly in the control and in the treatment with N1 (no mineral components).

These are also the only two treatments in which the roots were longer than the stems after 15 days.

Fertiliser N2 was found to have the most unfavourable influence on both, germination and the first phase of seedling deve-
lopment. The fact that selected fertilizers and fungicides affected black alder seeds and seedlings under laboratory conditions
does not mean that they will have an impact under field conditions or on other forest tree species. Therefore, this type of rese-
arch will need to be conducted individually for each forest tree species.

Keywords: organic fertilisers, fungicides, germination, dynamics of seedling growth, dry mass of seedlings, Alnus glutinosa

1. Introduction

The majority of forest species are highly sensitive to pa-
thogens living in the soil environment, which include main-
ly fungi that massively kill seedlings from the start of seed
germination until the first few weeks of plant life. This is
a period when seedlings use only the reserves accumulated
in seed tissues and there is no symbiosis with mycorrhizal
fungi yet. In forest nurseries, for direct protection against
damping off, seedlings are treated before sowing, and se-
edlings are sprayed with fungicides. The use of frequent
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spraying of pesticides protects the seedlings from damping
off but has a negative effect on the soil, increasing the ‘soil
fatigue’ effect. (Prusinkiewicz et al. 1983).

A formal barrier to the use of chemicals in forestry, inc-
luding fungicides in forest nurseries, has now emerged. The
natural organic substances inhibiting fungal damping off in
forest nurseries include aqueous extracts from onion and gar-
lic, which are laborious and troublesome to prepare on their
own. This has forced a search for new preparations limiting
the development of pathogens of forest seeds and seedlings.
Based on agricultural production, various organic prepara-
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tions or other substances that are not typical pesticides are
increasingly being tested and produced to stimulate growth
and protect seedlings against fungal pathogens. A preparation
containing, among other things, chitosan has appeared on the
market, which is formed from marine crustacean chitin as a
result of its partial deacetylation (Borkowski, Dyki 2004; Piek
et al. 2009). Chitosan is non-toxic, biocompatible, biodegra-
dable and has high sorption (Raafat, Sahl 2009). The influ-
ence of chitosan on the development of horticultural plants
has been studied many times (Wojdyta, Orlikowski 1997
Borkowski, Kowalczyk 1999; Placek et al. 2009, Borkow-
ski, Ulinski 2012), but rarely in relation to the development
of forest trees, mainly in forest nurseries (Duda et al. 2003;
Stocka 2008; Aleksandrowicz-Trzcinska 2013). There are no
such studies on black alder A/nus glutinosa (Gaertn.) conduc-
ted under laboratory conditions. The results of the analysis of
the effect of chitosan indicate that it increases the resistance
of plants to various foliar and soil fungal diseases (Wojdyta,
Orlikowski 1997; Pieta et al. 1998; Solarska et al. 1998; Bor-
kowski, Kowalczyk 1999; Pigta, Pastucha 2002; Ben-Shalom
et al. 2003; Piek et al. 2009) and inhibits the development of
fungi and bacteria (Borkowski, Dyki 2003).

In addition to chitosan, humic acids are also present
in organic preparations. These are specific, amorphous
substances, naturally occurring in aquatic and terrestrial
environments. They are formed in the soil by the humifi-
cation process, to which dead organic matter is subjected
(Grandfather 2003). Humic acids have a direct or indirect ef-
fect on cultivated plants. The indirect influence is related to
the improvement of the soil environment, whereas the direct
influence is related to the uptake of humic substances by
plants and the induction of biochemical processes (Katkat
et al. 2009). The biostimulating properties of organic prepa-
rations result from the presence of humic and fulvic acids,
chitosan and silicon (Gawronska, Przybysz 2011).

This paper presents an assessment of the influence of se-
lected chemical preparations on seed germination and the
development of black alder seedlings under laboratory con-
ditions. This tree species was selected because it is of eco-
nomic importance in Poland and due to the significant threat
of phytophthorosis (a disease caused by Phytophthora spp.
fungi), which is extremely dangerous tothe seeds and se-
edlings of black alder (Haque, Diez 2012), but also to other
forest-forming species (Oszako 2005).

2. Materials and methods

The research was conducted in 2017 in the laboratory of
the Department of Silviculture, Institute of Forest Sciences
at the Warsaw University of Life Sciences. The experiment
used seeds collected in November 2014 from a 100-year-old
commercial seed stand in the Chotylow Forest District, in the

Wolka Dobryniska Forest Unit (division 1251). After harvesting,
the seeds were dried to 8-9% humidity and stored in a tightly
closed container at -3°C until sowing. In order to eliminate the
influence of genetic variability, the seeds came from one tree
and were characterised by high germination capacity.

The experiment consisted of six variants. The seed germi-
nation substrate was sterile filter paper, which was moiste-
ned with the following aqueous solutions:

* F1 — fungicide 1 (seed treatment) with 75% Thiram as
the active substance (a compound from the dithiocarbamate
group) used to reduce diseases caused by fungal pathogens
in soil and seed coverings;

* F2 —fungicide 2 with 41.7% thiophanate-methyl as the
active substance (compound from the benzimidazole group)
used for seed treatment and soil decontamination;

* NI — organic fertiliser (growth stimulator) containing
humic acids, chitosan and silicon, intended for fertilising
plants and improving soil quality, while the presence of chi-
tosan stimulates plant growth (shoot and root). Thisorganic
fertiliser does not contain micro- and macro-elements;

* N2 — organic fertiliser with microelements such as:
boron — 1.7%, iron — 0.4%, copper — 0.1%, zinc — 0.1%,
manganese — 0.1% and cobalt — 0.022% dissolved in humic
acids with chitosan, improves soil properties, stimulates
plant growth and provides them with nutrients;

¢ N3 — multi component mineral fertiliser, containing
micro- and macro-elements such as: nitrogen — 3%, potas-
sium — 2%, iron — 400 mg/l., manganese — 170 mg/l., zinc
— 150 mg/1., copper — 70 mg/I., molybdenum — 20 mg/l. and
sulphur, calcium and magnesium;

» K —control, consisting of distilled water free of any or-
ganic or mineral compounds.

The aqueous solutions of the treatments were prepared
according to manufacturers’ recommendations. The follo-
wing doses of the preparations for the individual variants
were used with 0.5 litres of distilled water: F1 - 1.5 g, F2 -1
ml, N1 —2ml, N2 —2 ml, N3 -2 ml.

Before sowing, each seed was weighed using a precision
laboratory scale (Sartorius), which allowed healthy and fully
developed seeds to be selected. Another indicator of seed
quality was the visual assessment of seed condition using a
magnifying glass. During germination, the seedlings started
to shed their seed coats. These were gently separated from
the seedling cotyledons and dried for 48 h at 40°C. The em-
bryo mass of individual seeds was calculated on the basis of
the dry mass of the seed coats.

The tweezers used for seedling placement and seedling
removal were disinfected with analcohol-based disinfec-
tant, while the scales and filterpaper were scalded at a high
temperature before setting up the experiment. The distilled
water used in the experiment came from one source, and the
seeds placed on the filter paper were not disinfected.
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Thirty randomly selected and weighed seeds in each va-
riant were placed with tweezers on the filter paper, which
were wrapped around Petri dishes. The seeds were placed in
designated locations on the round disc at a distance of about
3 cm from the level of the designated solution. The distan-
ce between individual seeds placed on the disc was 2 cm.
The seeds were arranged in such a way that the root sprouts
were directed towards the solution (towards the perimeter of
the dish) and the shoots grew towards the central part of the
dish. This arrangement of germinating seeds made it easier
to measure seedling length. Seed germination and seedling
growth took place in a vegetation chamber at a temperature
of 23°C (+ 2°C) and with 14h of artificial lighting at an in-
tensity of 20,000 lux and 2,000 K light colour.

Each seedling was measured for 15 consecutive days
after the seed germinated on the filter paper. Each day, the
total length of the seedlings was measured and the aqueous
solutions of the tested preparations were filled to keep them
at the level indicated on the dishes. After 15 days of growth,
the seedlings were gently removed from the paper, the shoot
was separated from the root and the length of the shoots and
roots was measured. After drying for 48 h at 40°C, both parts
of each seedling were weighed.

Due to the stability of the factors determining the growth
of seedlings in the laboratory, the data analyses assumed that
the repetition for each variant will be individual seeds and
seedlings.

Statgraphics Plus was used to conduct the ANOVA stati-
stical tests, the statistical significance of individual seedling
parameters was checked, and homogeneous groups were de-
termined using Duncan's post hoc test. Then, origin clusters
characterised by multi-characteristic seedling similarity were
created on the basis of seed germination rate and seedling pa-
rameters. For this purpose, the Ward method was applied to
determine the cluster sand the squared Euclidean distance was
used as a measure of similarity (Jedrzejczak 1998).

Table 1. Mass of seeds and embryos used in the experiment
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3. Results
3.1. Parameters of the seeds

The average lightest seeds (1.75 mg) and embryos (0.75
mg) were in the control variant (K), and the average heaviest
seeds (1.98 mg) and embryos (0.89 mg) were in the N2 va-
riant of the organic fertiliser with humic acids and mineral
components. However, no statistical differences were found
between the variants (p<0.05) (Table 1).

3.2. Survival rate of seeds

A minimal share of non-germinated seeds was found in three
variants of the experiment (F2, N1 and N3), while100% of the
seeds germinated in two variants (F1 and K). 100% of the seeds
also germinated in variant N2, but mould appeared after a few
days, causing most seedlings to die. The percentage of germina-
ted seeds did not differ statistically between the variants (Fig.1).

3.3. Germination rate of seeds

The treatments used had a significant impact on the ger-
mination rate of black alder seeds, which already started
germinating on the second day after sowing. Germination cul-
minated on the third day, when most of the seeds exhibited vi-
sible germination. The exception was the variant with mineral
fertiliser (N3), which had a time shift in this process. Its seeds
began germinating on the third day, culminating on day 4. The
differences between the number of seeds germinating on suc-
cessive days were statistically significant (p<0.05) (Fig. 2).

3.4. Course of seedling growth

Due to the speed of the seedlings’ development, three
phases of the increase in seedling length were observed. The

Average weight of seeds

Number of embryos Average weight of

Variant Number of seeds [pcs.] [me] [pos.] embryos [me]

F1 30 1.96 30 0.85

F2 30 1.85 29 0.77

N1 30 1.91 29 0.84

N2 30 1.98 8 0.89

N3 30 1.97 30 0.86

K 30 1.75 26 0.75
p-value 0.0008 0.0020
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first phase of increment (seed germination) lasted from the
start of the experiment to the fourth day. The second, the
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Figure 1. Germination of seeds treated with fungicides and bio-
fertilisers the groups of homogeneous connections in which the
seeds are selected are indicated by lines, and the letters indicate the
groups of connections in which the seeds are not selected,
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Figure 2. Share of seeds germinating after sowing on days 2, 3, 4,
5, 6 and next; letters indicate statistically homogeneous groups of
variants in the following days of seed germination
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Figure 3. Course of the increase in total length of black alder
seedlings

longest growth phase lasting from the fifth to the thirteenth
day of the experiment, was characterised by a large diffe-
rentiation in the total length of seedlings depending on the
experimental variant. In the third phase, the seedling growth
stopped. The exception was variant N1 with the biostimula-
tor containing humic acids with chitosan but lacking mineral
components, in which the seedlings further increased in size
(Fig. 3). Seedlings in the control variant (distilled water)
were much larger than in the N2 and N3 variants having
fertilisers containing mineral components, with properties
stimulating plant growth.

3.5. Length of seedlings

After 15 days, seedlings in the N1 variant had the longest
shoots (17 mm) and the N2 variant had the shortest ones
(8 mm). The length of seedling shoots in three variants (F2, N3
and K) was uniform, with lengths varying between 14 and
15 mm. The differences between average stem lengths in all va-
riants of the experiment were statistically significant. Seedlin-
gs growing in the N2 organic fertiliser variant had the shortest
roots (4 mm), while those treated with the N1 organic fertiliser
had the longest roots (25 mm). Variants F1, N2 and N3 formed
a homogenous group, in which the root lengths did not differ
statistically. However, the differences between all average root
lengths were statistically significant (p<0.001) (Fig. 4).

3.6. Dry mass of shoots

Seedlings treated with mineral fertiliser (N3) had the he-
aviest shoots (1.1 mg), while the lightest shoots (0.65 mg)
were found in the variant with the N2 organic fertiliser. The
variants with fungicides and the organic fertiliser with mi-
croelements (N2) formed a homogeneous group with no
statistical difference between their mean values (Fig. 5).
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Figure 4. Length of seedlings as divided into shoot and root 15
days on from germination; letters indicate statistically homoge-
neous groups of variants separately for shoots and roots
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Another homogeneous group was formed by the N1 orga-
nic fertiliser variant with humic acids, chitosan and silicon
and distilled water variant (K). The differences between
all variants were statistically significant (p<0.001). On the
other hand, the heaviest roots (0.45 mg) were found for se-
edlings treated with the N1 organic fertiliser and the lightest
(0.06 mg) in the N2 organic fertiliser variant. A homogenous
group with the lightest roots was formed by seedlings from
variants F1, N2 and N3. The differences between all avera-
ges were as statistically significant as in the case of shoot
mass (p<0.001).

The cluster analysis performed on the basis of seed ger-
mination rate and seedling parameters allowed three groups
of variants to be distinguished (Fig. 6). The first group con-
sisted of four variants: F1 and F2 fungicides, N2 organic
fertiliser and K distilled water, characterised by fast seed
germination but low shoot parameters. The seedling roots
in this group were of average length and weight. The N1
organic fertiliser variant differed from the others in its we-
aker seed germination than in Group 1, but its seedlings had
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Figure 5. Dry weight of seedling shoots and roots 15 days on from
germination letters indicate statistically homogeneous groups of
variants separately for shoots and roots
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Figure 6. Clustering (1-3) of variants based on seed germination
rate and seedling parameters

longer and heavier shoots. The roots of these seedlings were
of average length, but had the highest dry mass among the
variants. The N3 multi component fertiliser variant had a
negative effect on seed germination rate, its shoots were of
average length, but the heaviest in relation to the other gro-
ups. In turn, the roots were the shortest and the lightest.

4. Discussion

In order to limit the influence of the genetic diversity of
individual seeds on seedling growth, seeds from a single tree
were chosen for testing. This is in line with the study by
Bodyt (2007), which demonstrated the significance of dif-
ferences in energy and germination capacity of seeds from
different natural and forest regions of Poland. The large dif-
ferences in the properties of seeds originating from different
trees and of different ages are also reported by Kaliniewicz
and Trojanowski (2011).

The research of Tylkowski (2014) showed that storing
black alder seeds, dried to 8-9%, for six winters did not re-
duce their initial germination capacity. The seeds used in this
experiment were also stored under these conditions, but shor-
ter, because only for 3 years. Thus, this factor should not ne-
gatively impact the germination process of black alder seeds.
In turn, Gosling et al. (2009) noted that black alder seeds
cooled at +4°C for 3 weeks showed earlier germination, more
even emergence and tolerance to a wider temperature range
(10-30°C) during germination. This study also noted the lack
of a negative influence on seed properties after having been
cooled and stored for 3 years. In most variants, over half of the
seeds (even 80% in the control) germinated by the third day of
the experiment. The exception was variant N3 (multi compo-
nent mineral fertiliser), in which the germination process was
extended by 1 day. Kaliniewicz et al. (2018) found that the
germination process of black alder seeds is significantly in-
fluenced by their weight. However, it should be remembered
that the average weight of the seeds used in the experiment
did not differ statistically between the individual variants. In
addition, the conditions during storage, seed germination and
seedling growth were the same, so these factors did not affect
the differentiation of the germination process.

The research showed that the fungicide and fertiliser aqu-
eous solutions used slowed down the germination process of
black alder seeds, but did not reduce germination capacity.
Zamorski and Milczarek (1977) confirmed that fungicides
had different effects (negative or positive) on the germina-
tion of ornamental plant seeds and showed that the fungi-
cide with thiram as the active agent at a concentration of
75% beneficiallyaffected germination. A similar effect was
observed on the germination of alder seeds, of which 100%
sprouted in the F1 fungicide variant containing thiram.
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The components of the N1 organic fertiliser variant used in
the experiment contained humic acids, which could directly
contribute to the strong growth of alder seedling roots. The
stimulating effect of humic compounds on plant growth was
demonstrated by Jankiewicz (1997) and Katkat et al. (2009),
while Schnitzer and Poapst (1991) noted that these compo-
unds stimulated the growth of bean roots. The influence of
humic and fulvic acids on the growth of the green mass of cul-
tivated plants is also known, at a rate of even 28% more than
the control (Sarir et al. 2005). The positive effect of humic
acids on plant growth (dessert grapes) is also confirmed in the
work of Ferrara et al. (2007) and the Xu study (1986). Humic
acids also reduce the occurrence of certain diseases caused by
Fusarium spp. (Yigit, Dikilitas 2008).

The presented experiment found that in comparison with
the control variant, treatments containing humic acids and
chitosan positively affected seed germination, as well as the
dimensions and dry mass of roots. On the other hand, the N2
organic fertiliser variant with a rich composition containing
humic acids, chitosan and mineral components (micro- and
macro-elements) showed the lowest dimensions and dry
mass of both roots and shoots. The literature has information
stating that although black alder is one of the less demanding
native species, it reacts well to mineral fertilisation, espe-
cially phosphorus and potassium, but is sensitive to calcium
deficiency (Baule, Fricker 1973). Therefore, a possible de-
ficiency of this element may have been one of the reasons
why these seedlings had the worst parameters. The nutrien-
t-rich composition of the N2 aqueous solution variant could
also stimulate the development of mould microorganisms,
which weakened and killed part of the seedlings.

The N2 variant with chitosan and humic acids interacting
with microelements did not exhibit a strong fungicidal effect
— because the development of moulds was not limited. On the
other hand, no mould fungi appeared and the percentage of
dead seedlings was zero in the N1 variant, where these sub-
stances were also used. Both variants (N1 and N2) differed in
the fact that the N1 organic fertiliser had no mineral compo-
nents in its composition, while the N2 organic fertiliser con-
tained microelements. The presence of mineral components
should not necessarily be the main cause of the appearance of
moulds, because seedlings developed properly without signs
of mould in the N3 variant that had a multicomponent mine-
ral fertiliser. It should be stressed that the presence of mould
was found in only one variant of the experiment, which was
conducted with the applied methods of maintaining sterility
described in the materials and methods section.

Zamorski and Milczarek (1977) noticed that each plant
species has a different biology and must be approached in-
dividually. The fact that selected fertilisers and fungicides
affected black alder seeds and seedlings in particular ways

under laboratory conditions does not mean that the impact
will be similar in field conditions, where multifactorial in-
fluences of the environment and weather can further modify
the results of similar experiments. Other forest tree species,
such as Pinus sylvestris L. or Fagus sylvatica L. beech, may
also react differently to the fungicides and organic fertili-
sers tested. Szoltyk and Walendzik (2003) found that forest
plants have lower nutritional requirements than agricultural
ones, but have a more varied individual response to parti-
cular nutrients. This confirms the need to conduct separate
studies on individual forest tree species.

The results obtained in the laboratory study clearly indi-
cate that the use of anorganic fertiliser (variant N1) conta-
ining humic acids positively affects the growth of shoots and
roots of black alder in the initial growth phase. The seedling
roots developed with this organic fertiliser were the longest
and the heaviest, which proves that the seedlings formed
quite complex root systems in a short time (only 15 days),
enabling them to absorb more water and nutrients from the
soil. This information is important in forest nurseries, whose
task is to produce planting material of good breeding quality.
A well-developed root system at the start is a basic guarantee
for the proper growth of seedlings, as well as high success in
forest cultivation. The chemical stimulation of growth and
the proper development of seedlings is of particular impor-
tance in the production of planting material forthe covered
root system of container nurseries.

5. Conclusions

1. Fungicides positively affected the germination rate of
seeds, but did not positively affect seedling growth parameters.

2. The influence of organic fertilisers based on chito-
san and humic acids on black alder seedlings depended
on the share of mineral components. The organic fertiliser
containing microelements clearly weakened the growth of
seedlings, especially their roots, and stimulated the develop-
ment of mould fungi.

3. Mineral fertiliser without any bio-components provi-
ded seedlings with strongly developed shoots and leaves,
resulting in the highest dry mass of the shoots, but had a low
mass of the roots.

4. Further research should focus on the search for effec-
tive multi component mixtures with bio stimulators, espe-
cially suitable for use in the production of seedlings in the
covered root system.
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