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ABSTRACT

Climate change mitigation strategies, which include distributing ecological risk over a greater
number of tree species in forest ecosystems, increase the attractiveness of cultivating chestnut
in selected areas of Slovakia. Artificial restoration practices are important tools for preservation
and improvement of the current status of chestnut. However, ongoing technology advances have
tended to provoke their revision and actualization. The aim of this study was to examine the
effect of sowing on the early growth of saplings of selected chestnut taxa. Chestnut seeds collected
from Castanea mollissima (C. moll.), C. crenata (17) and hybrids C. crenata x C. sativa (C6, B12)
were germinated and sowed into the following treatments: vegetation cells (VC), growing sub-
strate enriched by hydrogel (H), or loam soil (C), then raised under standard cultivation condi-
tions over one growing season. During the growing season, the aboveground height was measured
every 2 weeks. Despite slightly higher values of height of the aboveground parts of saplings
C.moll., B12, and C6 grown in VC, and .7 grown in H, than saplings grown in C, analysis of vari-
ance did not reveal these differences as statistically significant. On the other hand, significant
differences were observed in the aboveground height of the chestnut taxa. Saplings of C. mo/l.
(28.9 cm) and 1.7 (25.3 cm) grew significantly taller than hybrids C6 and B12 (17.3 cm and 13.2 cm).
Our findings suggest that cultivation of chestnut saplings in VC or H under standard growing
conditions does not stimulate growth in height during early growth stages.
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Introduction

In Slovakia, the presence of chestnut trees can be dated to the 17 century. Introduction of this
non-native tree species into the new territories contributed to the extension of local sources of
raw material, mainly food supply but also wood and bark (Tokdr, 2007; Bolvansky ez /., 2008).
Nowadays, another important function is the contribution chestnut trees can make in distributing
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ecological risk over a greater number of tree species (Grossiord, 2019). Thus, in areas most affected
by climate change, predominantly in the southern parts of Slovakia (Fendekovd ez a/., 2017), cul-
tivation of chestnut trees has become attractive again.

The current status of chestnut populations in Slovakia could be improved by wider use of
artificial regeneration techniques (Fitzimons and Oram, 2006; Tokdr, 2007; Corredoira ez al., 2017).
While commercial production of planting material is focused predominantly on horticulture,
characteristics of chestnuts including a high germination rate (exceeding 85%), the large size
of seeds, and a long radical root, make direct seeding in forestry applications easier and less
labour-intensive (Bolvansky ez /., 2007; Benedetti ez al., 2012; Corredoira ez al., 2017). However,
the fate of the sapling after depletion of supplies stored in the endosperm of the seed is deter-
mined by interactions with the environment (e.g., substrate, water, temperature, and other liv-
ing organisms) (Grossnickle, 2012). Recently, increases in temperature and drought frequency
during the growing season has drawn attention to development of strategies to improve adaptabil-
ity of seedlings and saplings through an extended period after planting (Crous, 2017; Tu¢ekové
et al., 2018; Repdt et al., 2021).

Recent studies suggest that application of special substances called hydrogels, which retain
and provide plentiful water for plants, would be an efficient means for mitigation of seedling
vulnerability to water supply imbalance during early growth stages (Crous, 2017). According to
Landis and Haase (2012), improved management of water balance after hydrogel application
also can be connected with the formation of a layer with properties similar to natural polymeric
mucilage produced by healthy roots. However, Bowman ¢z /. (1990) and Mikkelsen (1994) sug-
gested that adsorption capacity as well as the lifespan of the hydrogel molecule (specified by the
manufacturer usually for laboratory conditions) can be markedly modified by selected attributes
of environment in the field. Hence, the demand for a more reliable concept for improving early
growth of tree plantings led to more advanced technology, i.e., direct sowing into the vegetation
cells, which technology was successfully verified in tough conditions of reforestation of large
salvage-felled areas (Tucekovd, 2011; Tuéekovid er al., 2018). A vegetation cell consists of sub-
strate, vegetative cover, or other optional compounds (e.g., hydrogel, fertilizer, growth regula-
tors, stimulators) that provide favourable physical and chemical conditions, as well as a suitable
hydrothermal regime for development of inserted seed (Tuéekovd, 2011). Furthermore, walls of
the vegetation cell could protect against negative environmental factors or biological pests (e.g.,
weeds) (Tucekovd, 2011; Tucekovd e al., 2018).

Although chestnut trees could contribute to more diverse forests, and hence reduce over-
all ecological risk under climate change, recently developed restoration practices for chestnut
have not been thoroughly investigated in Slovakia as yet. The aim of this study is to examine
the effects of sowing treatments on the early growth of saplings of selected chestnut taxa.

Material and methods

The experiment was established in field conditions of the research plot of the Slovak Academy
of Sciences in Nitra, Slovakia (48°18'28" N, 18°05'40" E). Chestnut nuts of similar size collected
from four maternal trees (10 nuts from each maternal tree) (Table 1) in October 2018 were pre-
germinated and sown on 12 March 2018 with the germ 3-8 cm long using the following sow-
ing treatments:

i) Sowing into vegetation cells (VC) (40 seeds)

ii) Sowing into the prepared sowing substrate with admixed hydrogel (H) (40 seeds)

iii) Sowing into loam soil (sand 50%, silt 40%, clay 10%) (C) (40 seeds)
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Regardless of sowing treatment, germinated saplings were irrigated only in March and April
with irrigation dose of 6 1 m applied twice a week. In May, June, and July no additional water
was used; atmospheric precipitation during these months was sufficient (Table 2). The growing
substrate used in the experiment was prepared by a commercial manufacturer and consisted of
a mixture of peat and silicic sand. VC used in the experiment consisted of plastic tubes (length
15 cm, diameter 8 c¢m) filled with growing substrate and capped by a plastic cover. The instal-
lation of vegetation cells was carried out according to a standard protocol described by Tucekovi
(2011): a manually dug hole (depth 10 cm, diameter 8 cm) was filled with a 5 cm layer of growing
substrate. The seed was placed on the layer of growing substrate, then covered by another layer
of growing substrate and encased by a plastic tube capped with a plastic cover.

"The application of hydrogel was carried out by mixing 1000 g of dry granules of STOCK-
OSORB Micro hydrogel with 40 | of growing substrate (25 g dm™?). Hydrogel enriched substrate
was put into the 40 seed holes with dimensions 10x10x10 cm prepared within the seedbed.

Seeds in the experimental sowing treatments were arranged in rows spaced 70 cm apart.
In each row, 10 nuts from individual maternal trees in the row of C.mo/l, B12, L7, and C6 were
planted in this order. The distance among the seeded nuts in a row was 20 cm. Seedling assess-
ment was focused on detailed description of height growth of saplings, during June and July,
a period characterized by completion of the most intensive growth processes. The first record
of the aboveground height of saplings was first recorded on 5 June, then subsequently on 19 June,
4 July, 17 July, and 31 July.

"Two-way analysis of variance with repeated measures followed by Tukey’s studentized
range test (HSD) (p<0.05) was used to detect significance of differences in sapling height, with

Table 1.

List of seed sources of chestnut nuts used in the experiment. The nuts of all maternal trees come from
open pollination

Maternal tree Origin Locality

C. crenata Pontevedra. Spain Pribelce, Slovakia
(L7) 9P chestnut orchard

C. mollisima Dolenje, Slovenia Nitra, Slovakia

(C.moll.) private garden
C. sativa x C. crenata C. sativa Pontevedra, Spain Pribelce, Slovakia
(C6) C. crenata Pontevedra, Spain chestnut orchard
C. sativa x C. crenata C. sativa 'Tlsty vrch, Slovakia Pribelce, Slovakia
(B12) C. crenata Pontevedra, Spain chestnut orchard
Table 2.

Monthly sum of precipitation totals and average monthly temperature over the experimental period
(March-July of 2018). Data were derived from the local meteorological station of the University of
Agriculture in Nitra, less than 1 km from the research plot

Month Total sum of precipitation [mm] Average temperature ['C]
normal normal
AU (1981-2010) AL (1981-2010)
March 40 44 35 5.1
April 37 43 15.4 11.0
May 92 68 19.1 16.0
June 89 69 21.3 18.8

July 81 73 22.5 21.0
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sowing treatment, chestnut taxa, and their interaction as fixed effects. Statistical analysis was
performed using STATISTICA 12 (StatSoft, Inc., Tulsa, USA).

Results and discussion

Although analysis of variance did not reveal a significant effect (p=0.089) of sowing treatment
or chestnut taxa x sowing treatment interaction (»=0.172) on the height growth of chestnut
saplings, the results of this study suggest that VC as well as H might provide more favourable
conditions for early development of selected chestnut taxa (Fig. 1). C. mollissima (C.moll.) and
hybrids C. sativa x C. crenata (B12 and C6) reacted similarly and grew best in VC. On the other
hand, C. ¢renata seedlings (LL7) grew best in the H, whereas plants in VC and the C variant
reached lower values of height of the aboveground parts (Fig. 2). The highest values of above-
ground height recorded for VC treatment of chestnut saplings (C.mo/l., and C6) (Fig. 2) are in
accordance with findings of Tuéekovd ef a/. (2018) and Tucekovd and Takdcovd (2018), that also
documented better growth of seeds sowed into VC for European beech on windthrow areas in
Kysucké Beskydy Mts. and improved survival for European oak, black walnut, and common
walnut on sites with salinized soils. Moreover, Tucekovd ez a/. (2018) also reported that European
beech saplings raised in the VC were capable of producing higher growth increments than one
year old containerized seedlings four consecutive years after plantation establishment.

In this study, despite regular irrigation of cultivated saplings, C. ¢renata saplings grown
in H tended to reach slightly higher values of the aboveground part than individuals cultivated
in C (Fig. 2). Under non-limiting water conditions, Sala§ (1996) and Puhlovd and Smelkov4
(1998) suggest that the positive effect of hydrogel on plant growth could be associated with a more
balanced moisture level of the growing medium as well as lower risk of seed drying. Further
explanation may be connected with observations that particles of hydrogel that are in close con-
tact with the plant roots form a layer with properties similar to natural polymeric mucilage pro-
duced by healthy roots (Landis and Haase, 2012). Carminati and Moradi (2010) observed that
this mucilage weakens the drop in water potential at the root-soil interface, increasing the con-
ductivity of the flow path across soil and roots and reducing the energy needed by the plant to
take up water.

The negligible effect of VC or H on the early aboveground growth in height of cultivated
chestnut taxa in this study is partially a consequence of favorable growing conditions. According
to our study findings, even loam soil was able to provide an appropriate setting for satisfactory
height growth of chestnut saplings. Taking into account our results as well as findings published
in other studies (Beniwal ¢z @/., 2011; Orikiriza et al., 2013; Tudekov4 ez al/,. 2018) the beneficial
effects of hydrogel and VC probably would have more distinctive effects on development of
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Fig. 1.

Mean values of height of aboveground part of
chestnut saplings raised from seeds in different
sowing treatments during the first growing season.
Vertical bars 95% confidence intervals.

H - growing substrate with admixed hydrogel, VC - vegetation
cells, C - loam soil.
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reproductive material of tree species in harsher environmental conditions (Beniwal ez /., 2011;
Orikiriza ez al., 2013; Crous, 2017; Tucekovi ¢z al., 2018).

The remarkable fact in this study was the difference in the growth of aboveground part of
cultivated chestnut taxa. In this study saplings of chestnut taxa reached significantly different
height of aboveground part (»<0.001) during the first growing season. The highest values were
recorded for C. mollissima (C. moll.) 28.9 cm, and C. crenata (1.7) 25.3 cm, while hybrids of C. sativa
x C. crenata (B12 and C6) were significantly smaller and their average aboveground height reached
only 17.3 cm and 13.2 ¢cm (Fig. 2). Similar growth dynamics of juvenile C. sativa x C. crenata indi-
viduals, characterized by values for aboveground height from 9.5-13.8 cm, was observed also by
Bolvansky ez al. (2007).

In spite of encouraging results concerning early growth of chestnut saplings raised from
seed in this study, direct seeding of chestnut on a larger scale should be practiced very cau-
tiously. High attractiveness of chestnut seeds to rodents observed also in our experiment as well
as by Skousen ¢ a/. (2013) may lead to significant damage. In extreme situation described by
Skousen ez al. (2013) with only six germinated seeds out of 250 sowed, almost complete destruc-
tion of seeded material can be experienced.

Conclusion

The results of this study show that sowing of chestnut seeds into vegetation cells as well as
hydrogel enriched substrate do not necessarily improve the height growth of saplings raised under
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Fig. 2.

Mean values of height of aboveground part of C. mollissima (C. moll.), C. sativa x C. crenata (B12), C. crenata
(L7) C. sativa x C. crenata (C6) saplings raised from seed in different sowing treatments during the first
growing season. Vertical bars denote 95% confidence intervals.

H - growing substrate with admixed hydrogel, VC - vegetation cells, C — loam soil
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non-limiting cultivation conditions. However, slightly better growth of C. mollisima (C. moll.)
and hybrids C. sativa x C. crenata (B12, C6) in vegetation cells as well as C. crenata (C7) in hydro-
gel-enriched substrate compared to individuals raised in loam soil may suggest potentially ben-
eficial effects of testing sowing treatments under more harmful environmental conditions. The
remarkable finding of this study concerning distinctive differences in early growth rate of selected
chestnut taxa, as well as the variability of interaction with formulated sowing treatments implies
differential adaptability of chestnut saplings that would deserve further investigation.
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STRESZCZENIE

Wezesny przyrost wysokosci sadzonek réznych taksonéw
kasztana (Castanea spp.) hodowanych w komérkach wegetacyjnych,
na substracie wzbogaconym hydrozelem i w glebie

Wprowadzenie strategii tagodzenia zmian klimatu, w tym promowanie rozproszenia ryzyka ekolo-
gicznego na wickszg liczbg gatunkéw drzew w ekosystemach lesnych, zwigksza réwniez atrakeyj-
no$¢ uprawy kasztana na wybranych obszarach Stowacji. Sztuczne zabiegi odnawiania stanowig
wazne narz¢dzie zachowania i poprawy obecnego stanu kasztanéw, jednak staty postep techno-
logiczny powoduje, ze istnieje potrzeba ich rewizji i aktualizacii.

Najnowsze badania sugeruja, ze zastosowanie specjalnych substancji zwanych hydrozelami,
ktére zatrzymujg duze ilosci wody i dostarczajg jg roslinom, stanowitoby skuteczny sposéb tago-
dzenia wrazliwosci siewek na brak réwnowagi w zaopatrzeniu w wod¢ w ich wezesnym stadium
wzrostu. Jednak na zdolnosci adsorpeyjne i trwalos¢ czasteczek hydrozelu w terenie znaczacy
wplyw wywierajg niektére cechy srodowiska. Dlatego tez zapotrzebowanie na mniej zawodne kon-
cepcje poprawiajace wezesny wzrost materiatu sadzeniowego gatunkéw drzew doprowadzito do
opracowania bardziej zaawansowanej technologii bezposredniego siewu do komérek wegetacyj-
nych — indywidualnych plastykowych ostonek o wymiarach 10x5 cm zagl¢bionych w glebie
i wypetnionych podtozem oraz innymi opcjonalnymi sktadnikami (np. hydrozel, nawozy, regula-
tory wzrostu), zapewniajacych korzystne warunki fizyczne i chemiczne, a takze rezim hydro-
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termiczny dla rozwoju zasianych nasion. Technologia ta byta opracowana i wst¢pnie testowana
w Republice Czeskiej w poczatkach XXI wieku. Gléwnym celem pracy bylto zbadanie wplywu
réznych sposobGw siewu, w tym stosowania hydrozelu i komérek wegetacyjnych, na wezesny
wzrost sadzonek réznych taksonéw kasztana. Nasiona kasztana, zebrane z 18-letnich osobnikéw
Castanea mollissima (C. moll.), C. crenata (1L7) i mieszaiicéw C. crenata i C. sativa (C6, B12) (tab. 1),
skietkowano i wysiano na nast¢pujgcych poletkach badawczych: komdérki wegetacyjne (VC), pod-
loze wzbogacone hydrozelem (H) oraz gleba gliniasta (C). Komérki wegetacyjne majg postaé
indywidualnych ostonek w ksztalcie rurki o dtugosci 15 cm i srednicy 8 cm, w ktérych na warstwie
substratu grubosci 5 cm wysiewane sg 2-3 nasiona przykrywane kolejng warstwg substratu, piasku,
perlitu lub gleby, a nast¢pnie zamykane przykrywka z plastyku lub siatki w celu ochrony przed
gryzoniami i slimakami. Nastepnie przygotowany w ten sposéb materiat hodowano w standar-
dowych warunkach uprawy przez jeden rok. W okresie wegetacji wysokos¢ czgsci nadziemnej
mierzono co 2 tygodnie. Istotnos¢ réznic w wysokosci czgsci nadziemnej siewek w zaleznosci od
sposobu siewu, taksonu kasztana i ich interakcji jako efektéw stalych oceniano za pomocg dwu-
czynnikowej analizy wariancji z powtérzonymi pomiarami, a nast¢pnie testu Tukeya opartego na
studentyzowanym rozst¢gpie (HSD) (p<0,05). Chociaz analiza wariancji nie wykazata istotnego
wptywu (p=0,089) sposobu wysiewu, jak réwniez interakcji jednostki taksonomicznej kasztana
i sposobu wysiewu (p=0,172) na przyrost wysokosci ocenianych sadzonek kasztana, to wyniki
badan sugeruja, ze zaréwno poletko VC, jak i H stwarzajg korzystniejsze warunki dla wezesnego
rozwoju wybranych taksonéw kasztana (ryc. 1, 2). C. mollissima (C. moll.) oraz mieszanice C. sativa
i C. crenata (B12 i C6) reagowaty podobnie i najlepiej rosty w przypadku poletek VC. Z kolei
siewki C. ¢crenata (1.7) najlepiej rosty na podlozu wzbogaconym hydrozelem H (ryc. 2). Istotnym
stwierdzeniem w tych badaniach byta réznica we wzroscie czgsci nadziemnej taksonéw uprawia-
nego kasztana. Sadzonki ocenianych taksonéw kasztana w pierwszym sezonic wegetacyjnym
osiggaly istotnie r6zng wysokos¢ cze¢sci nadziemnej (p<0,001). Najwyzsze wartosci odnotowano
dla C. mollissima (C. moll.) — 28,9 cm i C. crenata (1.7) — 25,3 cm, natomiast mieszarice C. sativa
i C. crenata (B12 1 C6) byly istotnie mniejsze, a ich Srednia wysokos¢ cz¢sci nadziemnej osiggneta
zaledwie 17,3 cm i 13,2 cm (ryc. 2). Podsumowujac: uprawa sadzonek kasztana na poletkach VC
lub H w nicograniczonych warunkach uprawy nie ma istotnego wptywu stymulujacego na przy-
rost wysokosci we wezesnej fazie wzrostu. Jednak wyrazne réznice we wezesnym tempie wzrostu
badanych taksonéw kasztandéw, a takze pewna zmiennos¢ interakeji z okreslonymi metodami
siewu mogg sugerowa¢ odmienne zdolnosci adaptacyjne sadzonek badanych taksonéw kaszta-
néw, co wymagatoby dalszych badar.



