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Abstract: Litterfall of silver fir contributes to development of forest floor similarly like Norway spruce litterfall does. The
nutrient return to soil can be intensified by mixing these conifers with other tree species whose effects on soil are positive;
our study deals with European rowan. The study aimed at firs and rowans in alternating rows (Fi-Ro) compared to the
monospecific plantation of fir (Fi) at two former meadow sites with the stands of 20 and 17 years of age, respectively. Both
organic forest floor and its mineral subsurface were sampled. Rowan admixed to the silver fir plantation improved both
the uppermost layer and the topsoil as higher pH, more favourable soil-sorption properties and higher plant available
magnesium were found below Fi-Ro compared to Fi. Fine dry matter was higher below Fi, which was reflected in higher
organic carbon (C, ), combustible matter and nitrogen pools. Besides the effects of trees on the soil, silvicultural issues
such as renewal costs and tree species performance in monospecific and mixed stands were presented and discussed.
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Silver fir (Abies alba Mill.) is one of the most im-
portant native trees of Central Europe, especially
in the mountains (Mauri et al. 2016). However, un-
like Norway spruce, silver fir covers only a small
part of the forested area in the Czech Republic.
The long-term decrease of the fir share is reflected
in a continual reduction of the fir pollen content
found in peat profiles by Rybnickovd (1966) and
Santriickovd et al. (2010) in the Orlické hory Mts.
and in the Sumava Mts., respectively. The oldest
reasons for the decline in the fir share date back
to the medieval use of silver fir for industrial pur-
poses (Bene$ 2008). The trend went on as the fir

showed a decline since the 19 century (Volaiik,
Hédl 2013), thus reaching 2.9% in the 1950s and
the value even dropped to 0.9% at the very end
of the 1990s (Ministry of Agriculture 2002); one
of the key decline factors was pollution by SO, (El-
ling et al. 2009, Cavlovi¢ et al. 2015). Silver fir was,
therefore, either appreciated or disdained by for-
esters and timber industry (Senn, Suter 2003).
Since the turn of centuries, the fir share rose to 1.2%
in the Czech forests (Ministry of Agriculture 2022).

Silver fir demands deeper soils compared to Nor-
way spruce (Uradni¢ek et al. 2010). Although
it is listed among soil-improving and soil-stabi-
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lising tree species in the Czech Republic (Decree
No. 298/2018 Coll.), its content of nutrients in nee-
dles (Dusek et al. 2020) and also in forest floor
(Ttestik, Podrazsky 2017) can be comparable with
Norway spruce. In live fir trees, the nutrient con-
tent can differ according to the canopy condition
as for the highest total nitrogen (N, ) in the open
and the lowest under canopy reported by Cater and
Diaci (2017). Augusto et al. (2002) considered sil-
ver fir as an acidifier comparable with Douglas fir
and these two species impacted soil pH slightly bet-
ter than spruce and pine; and all the conifers were
worse compared with deciduous broadleaves. As for
the stabilisation function, on waterlogged sites the
silver fir root system architecture is affected by the
groundwater table and the rooting is shallow (Mau-
er, Houskova 2017). Owing to negligible or no differ-
ence in the soil-improving function between silver fir
and Norway spruce (Ttestik, Podrazsky 2017), there
is a potential of the more efficient nutrient return
in mixtures with deciduous broadleaves. There are
no general rules for effects of mixed stands on nu-
trient return and availability (Augusto et al. 2002),
which is the reason why it is necessary to study the
relationships of mixtures and biogeochemical cy-
cles, particularly (De Groote et al. 2018). This ap-
plies not only to mixtures of commercial trees but
also the trees such as silver fir accompanied by nurs-
ing pioneer species like European rowan.

The rowan soil-improving litterfall nutrient re-
turn was reported previously by e.g. Carnol and
Bazgir (2013), Kacalek et al. (2013) or Kopdacek
et al. (2015). Further reasons to use rowan lie in its
low demands on soil as it prefers and/or tolerates
acidic sites, in capability to nurse commercial spe-
cies and also in its natural range from lowlands
to mountains (Uradni¢ek et al. 2010; Lasota et al.
2014) and it can even dominate in the subalpine
sites (e.g. Przybylska, Bujoczek 2006). Being com-
parable with birch, rowan acidified the soil less
than willow, alder, oak and beech (Carnol, Bazgir
2013). In formerly air-polluted conditions, similar
birch and rowan (Kacélek et al. 2013) or slightly
worse rowan than birch (Podrazsky, Ulbrichova
2001; Podrazsky et al. 2006) effects on acidic soils
were reported.

The objective of the paper is to study new forest-
floor and topsoil properties following afforestation
of the two meadows where monospecific silver
fir and alternating rows of silver fir and European
rowan treatments were compared. It was hypoth-

esized that admixture of rowan improves a nutrient
return to soil compared to monospecific fir, which
is also reflected in soil chemical characteristics.

MATERIAL AND METHODS

Study sites. Forest floor and topsoil were sampled
below 20-year-old and 17-year-old stands on two
afforested meadows; research plots lie within ca-
dastral areas of the villages of Bystré (thereinafter
By) and Uhfinov (thereinafter Uh) in the Orlické
hory Mts. southwestern foothills, Czech Republic.
Mesoclimate attributes were calculated from 2019,
2020 and 2021 measurement campaigns on the
By and Uh plots; the air temperatures were simi-
lar whereas Uh showed more precipitation than
By (data from automated meteorological loggers:
for By present at the site, for Uh situated to the
northeast ca 1 km apart; Table 1).

On both research plots, a mixture established
as alternating fir and rowan planting rows (Fi-Ro)
was studied compared to the control plot represent-
ed by monospecific fir (Fi) plantation. A spacing
of plantation rows was 1.6 m. Initial planting densi-
ties were 5 000 plants-ha! and 3 000 plants-ha~! and
the areas of square-plot treatments were 220 m?
and 400 m? at By and Uh sites, respectively.

Plantation performance. Since the planting,
heights and diameters (root-collar at the begin-
ning, later DBH) were measured. Fir accompanied
by rowan was supressed and basal areas of the mixed
treatments were larger compared to monospecific
fir. In By stand, rowan competed with fir to such
an extent that firs had to be released from rowan
wolf trees using thinning (see Ro cut, Figure 1).

Soilsampling. Forest floor layers (litter — L, fermen-
ter layer — F, humus — H into one sample) were com-
pletely collected using a metal frame 25 cm x 25 cm
in size to enclose all organic dry matter per unit area.
The uppermost mineral soil (A horizon) was sampled
from within the frame using a garden trowel. Both
treatments were sampled five times at both study
sites in autumn 2021, i.e. at the plantation ages of 20
and 17 years at By and Uh, respectively.

The dry forest floor was sieved through a 2-mm
mesh to get a fine fraction of the dry matter
(DM_fine) and weighed. The DM_fine was con-
sidered an organic-matter compartment that was
likely to have important implications for the up-
permost forest soil fertility. In both organic and
mineral soil samples were analysed properties such
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Table 1. Site attributes of the research plots with Fi-Ro and Fi treatments; mezoclimate attributes are presented as both

annual (y.) and growing-period (g.) values

Mean air Total

S,t udy Coordinates Afforestation temperature precipitation Altitude Aspect Slope  Forestsite Bedrock*
sites year . (ma.s.L)
y. /g (°C) vy./g (mm)

50.33°N, . phyllite, green

By i 2002 83/143  795/495 510 NW 9 nutrient-  gepier
medium

50.23°N, . beech diorite,

Uh 16.33°F 2005 8.0/ 14.0 900/ 575 530 SE 14 amphibolite

*geology was investigated by the authors and verified using maps by Opletal and Domecka (1983) and CGS (2019);

Fi-Ro - fir-rowan; Fi — fir; By — Bystré; Uh — Uhfinov

as organic carbon (ng), combustible matter, Kjel-
dahl nitrogen, pH in water and potassium chloride,
parameters of the soil sorption complex [base cat-
ion content BCC, cation exchange capacity CEC,
hydrogen cations (H = CEC — BCC) and % of base
saturation (BS = BCC / CEC x 100) analysed ac-
cording to Kappen (1929)] and also plant-available
nutrients using the Mehlich III soil test extractant
(Mehlich 1984).
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Figure 1. Mixture overyielding illustrated with larger basal
areas of mixed treatments (Fi-Ro) and monospecific treat-
ments (Fi) on 20-year-old By and 17-year-old Uh research
plots

Fi — fir; Ro — rowan; Ro cut — rowan removed; By — Bystré;
Uh - Uhtinov
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Data analysis. The nutrient pools of the forest
floor samples were computed using fine matter
dry weights (DM_fine). The properties of both soil
layers were tested for differences between the two
treatments. The data for each variable were test-
ed using the Shapiro-Wilk test for normality and
by Levene’s test for homogeneity of variance across
groups. One outlier in P and Mg contents in hu-
mus was excluded. Analyses were performed in the
R statistical computing environment (Version 4.2.1,
2022). Subsequently, even when only two groups
and two treatments were compared, ANOVA with
a randomized block design was used with plot
as blocking factor. A linear model was computed
using the Im function (stats package), and type II
ANOVA table outputs were evaluated. The normal-
ity of model residuals was checked. The analysed
differences were considered to be significant when
P <0.05.

RESULTS

Forest floor. The Fi-Ro treatment does differ
from the Fi treatment in terms of many qualitative
properties of the newly developed forest floor. The
admixture of rowans had significant (mostly highly
significant) positive effects on soil pH and proper-
ties of the sorption complex (Table 2, Figure 2) and
also higher concentrations of potassium and mag-
nesium (Figure 3). On the other hand, monospe-
cific firs manifested more C,, carbon, combustible
matter and nitrogen. More favourable properties
of the forest floor such as pH, sorption complex
and magnesium concentration were found at the
Uh study site (Table 2; Figures 2 and 3).

Significantly finer dry mass of forest floor was
found below the monospecific fir canopy (Table 3,
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Table 2. Test of the significance of differences (P-values) of the analysed qualitative soil properties in the forest floor
and the A horizon below the two treatments Fi-Ro and Fi (ANOVA, fixed factor — treatment; blocking factor — plot)

Forest floor

Topsoil (A horizon)

Properties
treatment plot treatment plot

PHi0 0.001 0.4 < 0.001 < 0.001
PH < 0.001 0.002 < 0.001 < 0.001
BCC 0.002 0.005 < 0.001 < 0.001
H 0.01 0.008 < 0.001 < 0.001
CEC 0.03 0.09 < 0.001 < 0.001
BS 0.004 0.003 < 0.001 < 0.001
C, 0.002 0.8 0.01 0.1
Combustible 0.003 0.04 0.007 0.1
N 0.002 0.4 0.01 0.3

p 0.1 0.7 0.8 < 0.001
K < 0.001 0.7 0.09 0.1
Ca 0.3 0.3 < 0.001 < 0.001
Mg < 0.001 < 0.001 < 0.001 < 0.001

Bold — P < 0.05; BCC — base cation content; CEC — cation exchange capacity; H — hydrogen cations (H = CEC — BCC);
BS — % of base saturation (BS = BCC / CEC x 100); Fi-Ro — fir-rowan; Fi — fir
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Figure 2. Forest floor qualitative properties according to plot and treatment: soil acidity and sorption complex

BCC - base cation content (meq-100 g™!); CEC — cation exchange capacity (meq-100 g1); H — hydrogen cations (H = CEC — BCC)

(meq-100 g1); BS — base saturation (BS = BCC / CEC x 100) (%); By — Bystré; Uh — Uhfinov; Fi — fir; Fi-Ro — fir-rowan
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Figure 3. Forest floor qualitative properties and dry mass (DM in g-m~2) according to plot and treatment: C,_(%), com-

bustible matter (%), N (%) and nutrients by Mehlich III (mg-kg™1)

By — Bystré; Uh — Uhtinov; Fi — fir; Fi-Ro - fir-rowan
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Figure 4. Dry matter (DM), combustible matter, and nutrient pools in the forest floor according to plot and treat-
ment in g-m~2

By — Bystré; Uh — Uhtinov; Fi — fir; Fi-Ro - fir-rowan
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Figure 5. Mineral A horizon qualitative properties according to plot and treatment: soil acidity and sorption complex

BCC - base cation content (meq-100 g=!); CEC — cation exchange capacity (meq-100 g=!); H — hydrogen cations
(H = CEC — BCC) (meq-100 g1); BS — base saturation (BS = BCC / CEC x 100) (%); By — Bystré; Uh — Uhfinov; Fi — fir;

Fi-Ro — fir-rowan
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Table 3. Test of the significance of differences (P-values)
of the analysed quantitative soil properties (g-m~2) in the
forest floor: dry matter, pool of combustible matter and
nutrient pools in fine dry matter (ANOVA, fixed factor
— treatment; blocking factor — plot)

Value Treatment Plot
DM 0.05 0.2
C,, sum < 0.001 0.2
Comb sum 0.002 0.5
N sum 0.001 0.3
P sum 0.4 0.4
K sum 1.0 0.6
Ca sum 0.07 0.5
Mg sum 0.06 0.1

Bold — P <0.05; DM — dry matter; Comb sum — pool of com-
bustible matter

Figure 4). This was reflected in a larger pool of C_,
combustible matter and nitrogen pool below fir.
More calcium and magnesium in the fir fine dry
matter were not statistically significant (P = 0.07;
P = 0.06). There was no difference in the nutrient
pools in forest floor between the two study sites.

Topsoil. The differences found in forest floor were
reflected also in the very topsoil and they were even
more significant. There were manifested higher pH
and improved soil sorption complex properties
below the mixture treatment (Table 2, Figure 5).
Contrary to the organic layer, based solely on the
shed plant tissues, more C , combustible matter
and nitrogen contents were found below mixtures.
The pattern of magnesium contents was similar
to that of the forest floor with higher values below
the mixture, on the other hand calcium showed
a similar pattern only in the mineral topsoil (Fig-
ure 6). Also here, the more favourable properties
were found at the Uh site.

DISCUSSION

Rowan effects in monospecific and mixed
stands. Effects of monospecific stands on nutrient
return via litterfall are known quite well. As for for-
est tree species mixtures, they have opened door
to further research of joint impacts of different-
quality organic inputs on the soil surface. For exam-
ple when mixed, also nutrient-rich shrub litterfall
can improve a return of the basic nutrients (De
Groote et al. 2018). Rowan foliar litterfall is high
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in nutrients, thus improving forest floor properties
even on the relatively poor sites as reported by Car-
nol and Bazgir (2013) for the Ardennes, Belgium
or by Kopacek et al. (2015) for the Bohemian Forest,
Czech Republic. Slightly favourable impacts of the
rowan on the top organic horizon were found also
in conditions of formerly SO, polluted mountains
(Morav¢ik, Podrazsky 1992; Kacalek et al. 2013).

The impact of an unmixed rowan stand, reported
by Kacalek et al. (2013), matched with our findings
only partially. Unlike more forest floor nutrients
found below rowan compared to conifers (Kacalek
et al. 2013), Fi-Ro mixtures showed only higher po-
tassium and magnesium contents. The concentra-
tions of these two nutrients and phosphorus in total
litterfall were found to be attributed to an increas-
ing proportion of rowan litter also by Kopdacek et al.
(2015). Contrary to Fi-Ro afforestation at By and Uh
sites, the increasing amounts of rowan litter enrich-
ing soil horizons in the Plesné Lake catchment fol-
lowed the spruce forest die-off due to a bark beetle
outbreak and were a result of natural succession
of the non-intervention forest (Kopacek et al. 2015).

The actual impact of the shed rowan tissues
is substantially limited by usually less biomass ac-
cumulated in rowan trees and/or its low share
in the stand, which also limits the nutrient return
(Podrézsky, Ulbrichova 2001; Sach 2004) per unit
area. On the other hand, Carnol and Bazgir (2013)
found foliar litterfall amounts of rowan comparable
with alder, birch, willow and spruce, and also signif-
icantly higher compared to beech and oak. When
rowan fruits fallen off the stand were added to the
foliar weight, it exceeded 3 Mg-ha-!.year~!, which
was the greatest litterfall return among the seven
investigated species (Carnol, Bazgir 2013). The im-
portance of the species can increase over time as it
can be illustrated with the abovementioned exam-
ple from the Plesné Lake catchment forests where
a minor share of rowan reported by Svoboda et al.
(2006) turned into the increasing amounts of row-
an litter enriching the soil in the catchment follow-
ing the succession of the non-intervention forest
(Kopécek et al. 2015).

If the woody species with nutrient-rich tissues
grows in the understorey of maturing and mature
stands, the effect on the properties of the upper
organic layers can be various. No effect of under-
growth shrubs such as black cherry, alder buck-
thorn and rowan was found below pine and oak
canopies (Van Nevel et al. 2014) whereas peduncu-



Journal of Forest Science, 69, 2023 (2): 80-92

Original Paper

https://doi.org/10.17221/180/2022-JFS

lated oak, red oak and European beech (including
their mixtures) litterfall from canopies undergrown
with hazel, rowan, sycamore, downy birch, horn-
beam, chestnut, oak, beech and buckthorn were
positively influenced (De Groote et al. 2018).

Our results indicate that the proportion of row-
an, as it is sharing one quarter to one half of the
basal area (Figure 1) in stands of the age less than
20 years, is large enough for the soil improving ef-
fect. The ameliorative effects of rowan rows alter-
nating with fir rows of the same age were found
in both study sites though By and Uh ages slightly
differ. More organic matter was found below Fi than
below Fi-Ro, which is attributable to more intensive
decomposition under the mixed stand. The rowan
share can contribute to a faster return of base cat-
ions to the soil. There are even temporary pioneer
stands mixed of birch and rowan which improved
both the state of organic layers and the ground veg-
etation composition on formerly spruce-dominated
sites following storm events (Zerbe, Meiwes 2000)
or regeneration failure (Spulék, Kacalek 2020).

Silvicultural considerations. The unit price
of a rowan plant was 60% of the unit price of a fir
plant twenty years ago (Bartos, Kacdlek 2006).
This contributed to lower costs of the established
Fi-Ro plantation compared to those of Fi plantation
though minimum planting density for rowan was
6 000 plants-ha™! and 5 000 plants-ha™ for fir at that
time (Decree No. 82/1996 Coll.). The total established
rowan plantation costs would be 70% of the estab-
lished fir plantation costs. A further cost reduction
was possible using half densities approved for soil-im-
proving and stabilising tree species before the plant-
ing rules were changed (Decree No. 82/1996 Coll;
Appendix 8). Based on the 2022 planting stock
price list of one of the largest Czech forestry nurser-
ies, half-and-half row planting costs of rowans with
fir were 60% of the fir planting costs; it reflects the
lower unit price of rowans again and substantial-
ly lower planting densities required for both rowan
(3 000 plants-ha™!) and fir (3 500 plants-ha™!) plants
(Decree No. 456/2021 Coll.). This applied also to the
lower unit price of similar rowan planting stocks
in some forestry nurseries in Germany; the rowan
price was 72% of the silver fir unit price.

Due to their growth strategies, fir and rowan
can be either competitors or rowan can also be
a nursing species for underplanted fir (Vanék
et al. 2016); in this case, an early thinning is need-
ed to release fir under the rowan canopy (Po-

lach, Spuldk 2022). Rowan is capable of growing
in clearcuts (Zerbe, Meiwes 2000; Chladek, No-
votny 2007; Spulék, Kacalek 2020) and it is also
a shade-tolerant survivor in below-canopy condi-
tions (Chladek, Novotny 2007; Van Nevel 2014;
Hamberg et al. 2015; De Groote et al. 2018). Also,
the rowan sprouts from roots when parent trees
are cut (Rouvinen, Kouki 2011). Silver fir also
performs well in open-area and non-stressed
environments (Robakowski et al. 2022) and it is
a shade-tolerant species capable of sharing the en-
vironment with many tree species (Dobrowolska
et al. 2017). The shade-tolerant species are better
survivors when mixed with others (Zeide 1985)
and silver fir is also more resistant to drought (Vi-
tali et al. 2017). Both fir and rowan have survived
very well on the formerly open area of the study
sites showing just negligible mortality.

As for the rowan capability to share tree-species
mixtures, for instance Hamberg et al. (2015) re-
ported an increasing cover of rowans whereas the
basal area of rowans with DBH smaller than 5 cm
showed a decreasing trend as the spruce basal
area got larger. The reduction of rowan abun-
dance correlated positively with the abundance
of birch and negatively with increasing abundance
of broadleaves such as maple, alders, juneberry,
bird cherry, oak, alder buckthorn and goat willow
(Hamberg et al. 2015), which evidenced the row-
an limited capability of sharing the mixed stands.
This can be manifested particularly on such soils
that support the performance of other trees; the
rowans demand fresh moist sites of mixed conif-
erous forests (Lasota et al. 2014). In the 1980s and
at the beginning of the 1990s, Tesar and Tesarova
(1996) investigated the performance of Norway
spruces mixed with rowans planted at an altitude
range of 1 080—1 100 m in the KrkonoSe Mts.;
2—4-year younger rowans outperformed the
14-year-old spruces. To keep spruces vigorous,
they were released from above when the taller
rowans were removed, but a side shelter was
needed to protect them from the air-pollution
flux and the recommendation aimed at the es-
tablishment of alternating strips of both woody
species (Tesaf, Tesafovd 1996). This design is,
of course, far from the intimate line plantations
at By and Uh; the rowan, however, showed such
a performance at By site that the thinning from
above (see Ro cut, Figure 1) was needed to pre-
vent the fir suppression.
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Another issue is to be shaping the future per-
formance of the studied mixtures — hoofed game
browsing. Silver fir belongs to the most injured
woody species by the game (Senn, Suter 2003;
Hisler, Senn 2012; Klop¢i¢ et al. 2017) due to its
palatability (Diaci et al. 2011; Vitasse et al. 2019;
Van Beeck Calkoen et al. 2022). The animals caus-
ing the most severe browsing are red deer (Klopcic
etal. 2010). Therefore, the plot is still fenced in the
surroundings of Uh. Contrary to Uh, the deer
do not pose a threat to By site; the fencing was re-
moved in 2012. European rowan is also one of the
most palatable woody species (Van Beeck Calkoen
et al. 2022; Caduff et al. 2022), which performs
better when fenced (Den Herder et al. 2009) in the
case of game overpopulation. Although it grows
well in the open-field conditions and it tolerates
poor soil (even spoil-heap substrates of brown
coal mining origin), unfenced, frequently-browsed
rowans can show the worst survival rates and
tree quality (Kupka, Dimitrovsky 2006). Similarly
to monospecific stands of these two species, high
palatability of the Fi-Ro mixture, and therefore
increased costs of the game damage control, can
be expected.

CONCLUSION

Afforestation using alternating rows of rowan
and fir impacted positively on properties of the
newly developed forest floor and its mineral sub-
surface soil as follows:

— Both forest floor and topsoil showed high-
er pH, better sorption complex properties and
were higher in magnesium compared to mono-
specific fir, mixed forest floor was also higher
in potassium;

— Mixing lowered the contents of C_, combus-
tible matter and nitrogen in forest floor whereas all
these properties were higher in topsoil;

— Amount of fine dry matter was higher below
the monospecific fir, which was reflected in higher
C,» combustible matter and nitrogen pools.

It was confirmed that the admixture of rowan
to silver fir stand by alternating row planting sig-
nificantly improved soil conditions and nutrient
return in the two young stands.

Acknowledgement: We would like to thank our
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