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Osszefoglalas: Abstract: Invasive species such as black locust (Robinia pseudoacacia) cause several
problems in conserving semi-natural forests in Europe. The selective browsing of ungulates can be a
prominent regulating factor in the spread of black locusts. We set out a 4 year-long experiment in a
fenced area of a Turkey oak (Quercus cerris) — ses-sile oak (Quercus petraea) forest in Hungary to 1)
evaluate short-term responses of black locust saplings to simulated browsing; 2) identify the effects of
browsing and soil conditions on the competition between black locust and oak saplings. We hy-pothesi-
zed that clipping treatments would reduce the growth and vitality of black locusts and indirectly en-
hance oak sapling development. Vegetation patches were designated to separate oak saplings with tre-
ated and intact black locust saplings, and without black locust. After the first round of treatments in
September 2014, clipped black locusts compensated for height and shoot loss. The summer drought in
2015 reduced the survival of black locusts independently of the clipping and many saplings disappeared
from previously occupied plots. In addition, the effects of the second clipping treatment in September
2015 have significantly slowed down, even hindering further growth of the clipped saplings. Soil nitro-
gen level was not higher in black locust plots, but low pH and significant soil compaction could be
limiting factors for all saplings. Our results did not confirm any significant inhibitory effect of black
locust on oak sapling development, but sessile oak had increased height growth compared to Turkey
oak in black locust plots. It seems that browsing is only a secondary factor that influences the growth
and competitiveness of black locusts since only repeated browsing after a heavy drought period could
prevent black locust saplings from compensating for their losses.

Introduction

The concept of Potential Natural Vegetation (PNV) describes the expected state of mature
vegetation in the absence of human intervention (Chiarucci et al. 2010). Different species of
animals and plants interact with each other for a long time creating ideal conditions for li-
ving (Oliver et al. 1998, Silaeva et al. 2021, Aberg et al. 2003); however, several threats can
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arise in this process. The spread of non-native species raises an increasing awareness of na-
ture conservation issues in times of global climate change (Burgiel and Muir 2010). Among
them, woody plant invasions are rapidly increasing in im-portance around the world con-
taining 357 trees and 265 shrub species (Rich-ardson and Rejmanek 2011). One of the biggest
challenges in Europe is linked to the invasive black locust (Robinia pseudoacacia), since al-
most all countries, in which the tree species was successfully established, underwent a
phase of large-scale cultivation and afforestation (Vitkova et al. 2020). It occurs in forty-two
European countries and is the most common broadleaved tree species on the continent, ac-
counting for more than 200,000 ha in Hunga-ry, Ukraine, Poland, Romania and Italy (Nico-
lescu et al. 2020); its proportion of the entire forested area is the highest in Hungary (Erdés
1999). Black lo-cust has outstanding economic importance in those countries; however, they
also pose a serious ecological threat to forest naturalness (Katona et al. 2013).

In its native range, the black locust is often a component of mature mesophyc for-ests; it
makes up a majority of the stand during early stages but is short-lived and seldom matures
to a sawtimber stand, thereby only forming a small part of the ul-timate canopy layer
(Huntley 1990). While in its exotic range, it can easily overgrow native major tree species
such as oaks (Quercus spp.) or beech (Fagus sylvatica), and degrade forest habitats by its
superior competitive abilities: fast growth, vege-tative sprouting, nitrogen fixation, allelo-
pathic effects (Benesperi 2012). Due to its ideal fiber/protein ratio, the shoots of black locust
are valuable feed for ungulate herbivores; mostly preferred from late spring to early
autumn based on the find-ings of Matrai et al. (2004). Consequentially, ungulates can play
a crucial role in regulating black locust invasion and their selective browsing can decelerate
the penetration of this species into native forest habitats (Katona et al. 2013, Matrai et al.
2004). However, our previous study revealed that their saplings tolerate ungu-late
browsing well (Fehér and Katona 2003), therefore black locusts can often es-cape from con-
tinuous herbivore pressure.

The impact of ungulate browsing on sapling development and forest regeneration indu-
ces a debate among different stakeholders, such as forest and game managers and nature
conservationists (Graham et al. 2010). Besides ungulates and the pat-tern, intensity, timing,
and recurrence of their browsing, the abiotic conditions, plant competition intensity and
specific adaptiveness also determine plant re-sponses (Kullberg and Welander 2003). The
specific traits of black locust to resist ungulate herbivory have a great significance in the
success of the species within its non-native range. All main plant anti-herbivore strategies
(Belsky et al. 1993) are combined in black locusts, such as escape mechanisms by fast
growth; physical defense by developing spines; and tolerance by compensating or over-
compensat-ing the loss caused by ungulate browsing. These diverse strategies are comple-
mented by allelopathic traits (Nasir et al. 2005) and nitrogen fixation (Moshki and La-
mersdorf 2011) making way for the considerable spread of black locusts in Eu-ropean tem-
perate forests.

Moderate selective browsing (i.e., preference towards black locust, some shrub spe-cies
and avoidance of oak) can have a profound beneficial impact on vegetation development
and species composition of native oak forest understory (Katona et al. 2013), mitigating
black locust penetration and spread in native forests. However, in other cases, a positive
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correlation between the ungulate presence and invasion of non-native browse-tolerant
woody plants was also reported (Shen et al. 2016). De-spite its increasing importance, black
locust has not been studied in this context, yet.

Our aim in this short-term (4-year) study was to: 1) evaluate the short-term respons-es of
black locust saplings to simulated browsing treatments; 2) identify the effects of simulated
browsing and soil conditions on competition between black locust and oak saplings.

We hypothesized that 1) clipping treatments will reduce the growth and vitality of black
locust saplings; 2) soil nitrogen levels will be higher near black locust saplings; 3) develop-
ment of sessile oak (Quercus petraea) and Turkey oak (Quercus cerris) saplings will be re-
duced in proximity to black locust saplings; 4) oak sapling development will be higher in
those plots where black locust saplings were affected by clipping treatments compared to
plots where they were left intact.

Materials and methods

Study area

Field surveys took place in a 40-year-old even-aged Turkey oak-sessile oak forest (Quer-
cetum petrae-ae-cetris) in the forest compartment 17/A of settlement Apc in Heves County,
at the SW side of Matra Mountains (North Hungarian Range Region, according to Csorba
et al. 2018), Hungary (Figure 1 - 47°49'0.2" N; 19°42'59" E). Sessile oak and Turkey oak had
the highest standing volume (43% and 33%, respectively), but black locust (13%) and nort-
hern red oak (Quercus rubra — 11%) were also important.

B R iy

- -

50 100 200

S —

Figure 1. The location of the study site in Hungary is in Heves County (bottom left), and the exclosure
is in the forest compartment 17/A (indicated with a red rectangle on the right)
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1. dbra. A vizsgalati helyszin elhelyezkedése Heves megyében (balra lent) és a 17/A erddrészletben
(jobbra, a vadkizard kerités teriilete piros téglalappal jeldlve)
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The average stand height was 15 m and the average canopy closure exceeded 80%.
Due to even-aged management, the forest structure was relatively simple. Field maple
(Acer campestre) was the most common tree species in the understory. Saplings and
young individuals of sycamore maple (Acer pseudoplatanus), Tatar maple (Acer tata-
ricum), field elm (Ulmus minor), manna ash (Fraxinus ornus), Eu-ropean hornbeam
(Carpinus betulus) and European wild pear (Pyrus pyraster) were sporadic. Shrubs
including blackthorn (Prunus spinosa), hawthorns (Crataegus monogyna and
Crataegus laevigata), bramble (Rubus caesius and Rubus fruticosus), common spindle
(Euonymus europaeus), dog rose (Rosa canina) and wild privet (Ligustrum vulgare)
formed a mixture with tree saplings. Black locusts occu-pied an increasing area in the
understory at the western side of this 3.9 ha large stand and several ni-trophilous herbs
occurred in these patches such as black horehound (Ballota nigra), greater celandine
(Chelidonium majus) or red dead-nettle (Lamium purpureum).

Lithomorphic and brown forest soils (Cambisols) are common in the area on an-
desite bedrock. Howev-er, the site-specific soil analysis (Fehér et al. 2014) found strong
acidity, shallow humus layer, and deep E and B horizons; thereby the local soil type
was rather Luvisol. The whole forest stand was sit-uated on a steep slope (5-10°) facing
E-SE. Ungulate species including red deer (Cervus elaphus), roe deer (Capreolus cap-
reolus), wild boar (Sus scrofa), and mouflon (Ovis musimon) were common large
game here; mouflon could be found often in high density due to favorable habitat con-
ditions.

Simulated browsing

The advantage of simulated browsing over directly surveying browsed saplings is that
the intensity, timing and frequency of browsing are known and fully controllable. We
selected only intact and healthy saplings as subjects for our experiments. To exclude
interfering effects of ungulate herbivory during simulated clipping experiments, a 460
m2 large exclosure was built using a 1.8 m high, hinge joint high tensile steel fence
around forest patches where both black locust and oak saplings (under 1m in height)
were prevalent under the mature stand which ensured regular seed and acorn produc-
tion. The site was partitioned into 1m2 large sampling plots/quadrats to locate tree
saplings properly during the study considering a 0.5 m wide edge effect of the fence
at the boundaries (N =413, approx. 30m x 14m effective size). Three types of vegetation
patches were designated in the exclosure: 1) Treated Locust Plots (TLP): plots with
clipped black locust saplings and unclipped oak saplings near-by; 58 black locust, 27
sessile oak and 30 Turkey oak saplings in 100 quadrats; 2) Control Locust Plots (CLP):
plots with control (unclipped) black locust saplings and oak saplings nearby; 63 black
locust, 52 sessile oak and 50 Turkey oak saplings in 126 quadrats; 3) Control Oak Plots
(COP): plots where only oak saplings were found; 22 sessile oak and 41 Turkey oak
saplings in 69 quadrats. Our main priority during the spatial arrangement of the patc-
hes was to ensure equal sample size for the clipped and non-clipped (control) black
locust saplings; provide sufficient oak saplings for statistical inference in all patches
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and harmonize these expectations with the real spatial distribution of the saplings.
Fur-thermore, the plots of each vegetation patch were arranged by slope direction to
compensate for the potential small-scale differences in soil attributes between the slope
top and slope bottom, since pre-liminary results of soil core sampling showed different
topsoil thicknesses between those locations (Fehér et al. 2014). Black locust and oak
saplings were visually marked by vinyl tapes of various colors with unique codes on
them to identify each sapling correctly.

Only black locust saplings were clipped. Their mean height was 51.1 + 36 cm rang-
ing from min. 12 cm to max. 168 cm in TLP before the treatments. Simulated browsing
treatments were conducted twice: in September 2014 and 2015. The leader and 50% of
lateral shoots (i.e., twigs) of all black locust sap-lings were clipped in the TLP plots.
We aimed to simulate an intense and strong browsing disturb-ance by these treatments
right after the most intensive seasonal growth stage of the saplings (reduc-ing the pos-
sibility for compensatory growth). Stump sprouts were excluded from the study as
inves-tigated individuals. We registered the biometric data of treated black locust sap-
lings and control sap-lings (black locust, sessile oak, and Turkey oak) in all vegetation
patches seasonally: sapling height, basal diameter at ground level, shoot density, leaf
density, spine density (for black locust) for 4 years (until August 2018). We used a tape
measure for height measurement and a caliper for measuring basal diameter. The com-
pound leaves of black locusts were counted instead of leaflets. Leaf density and spine
density were reported relative to the actual shoot density, thereby expressed as a ratio
of the number of leaves or spines divided by the total number of shoots. Seasonal mor-
tality of black lo-cust and oak saplings was also registered. We calculated the changes
in the biometric data of each sapling between consecutive observations. The magni-
tude of these changes was interpreted as growth intensity (i.e., the amount of height-,
shoot-, leaf-, spine gains or loss).

The growth intensity of black locust and oak saplings were compared by non-para-
metric tests among vegetation patches (Mann-Whitney U-test for two independent
groups and Kruskal-Wallis test with Dunn’s post hoc test for more than two indepen-
dent groups) using GraphPad Prism ver. 6.01 after testing for normality with Shapiro-
Wilk test. To reveal existing differences at the meaningful time points of the experi-
ment (before-after clippings) we performed a Wilcoxon matched pairs test.

The full-time response of black locust saplings to clipping treatments and oak sap-
lings to black locust presence was evaluated by using linear mixed models (LMM) in
the case of height data, and general-ized mixed models (GLMM) in the case of shoot,
leaf and spine density data in R (R Development Core Team 2019) with the glmmTMB
package (Brooks et al. 2017). We handled height as normally distributed data and the
other biometric parameters as Poisson distributed data, using the shoot density as an
offset term in the case of leaf and spine density. The sampling plots were integrated
in-to the models as random effects and autoregressive temporal autocorrelation (AR1)
was used due to repeated measures. Model selection was performed with ANOVA
likelihood ratio test and diagnos-tics with the packages DHARMa (Hartig 2022) and
performance (Liidecke 2021). Sapling survival in the different patches was evaluated
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by using the mixed effect Cox model (proportional hazards mod-el) from the Coxme
package (Therneau 2022) and reported in hazard ratio with its 95% confidence interval.
A hazard ratio above 1 indicates a covariate that is positively associated with the event
(mortality) probability, and thus negatively associated with the length of survival
(Kassambara 2020).

Field soil test and laboratory analysis

We used a Piirckhauer-type core sampler for soil profile description (N = 13) and took
soil samples from the upper 25 cm layer of the soil profile for laboratory analyses
(N =17) within the exclosure in autumn 2014. Laboratory analyses included measure-

ments regarding the major nutrient (N, P, K) and organic matter content (humus and
total organic carbon), soil pH, Arany-type plasticity index (KA) and hydrolytic acidity
(y1) (Katai 2013). We performed the Kruskal-Wallis test with Dunn’s post hoc test on
the measured data to find potential differences among the vegetation patches.

Results

Impact of simulated browsing on black locust saplings

The average biometrical values of black locust saplings in TLP and CLP did not differ
from each other before the experiments, with one exception: the pretreatment shoot
density was significantly higher (Mann-Whitney U-test: U = 644, n1 = 58, n2 = 63,
p <0.001) for control saplings (CLP: 5.37 + 4.4) than saplings that were marked out for
the later clip-ping in TLP (1.76 + 1.5) (Figure 2).

No significant height difference was revealed between TLP and CLP saplings after
the first treatment (after September 2014). Only the second clipping treatment in Sept-
ember 2015 reduced the height growth of clipped saplings compared to controls thro-
ugh November 2015 (TLP: -6 + 6.7 cm vs. CLP: -0.6 + 20.5 cm; U =506, n1 =39, n2 =48,
p =0.0002).

The reduced growth of clipped saplings faded until March 2016 (TLP: -0.6 + 5.8 cm
vs. CLP: -1.7 £ 12 cm; U =581, n1 = 35, n2 = 44, p = 0.07). However, a significant height
growth reduction was found in the TLP saplings relative to the CLP ones when the
full-time trend was analyzed with mixed modeling, and the estimated height growth
loss was more than 20 cm in the treatment group (Table 1). Shoot development was
also reduced after the second clipping treatment by November 2015 (TLP: -1.2 + 1.9;
Wilcoxon matched pairs test: W = -302, p = 0.001) and March 2016 (TLP: -0.5 + 1.2;

W =-137, p = 0.003) compared to the previous time points. The cumulative loss of
these periods was nearly equal to the amount that was compensated by TLP saplings
in the first year of the experiment in August 2015 (TLP: 2.4 + 3.4), but the majority of
clipped saplings compensated for their losses aga-in in May 2016 (Figure 2B).
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Figure 2. Average changes between consecutive time points in height (A), shoot den-sity (B), leaf den-
sity (C) and spine density (D) of black locust saplings in different vegetation plots inside the exclosure.
Red dashed lines indicate the time of simu-lated browsing. CLP: control saplings (n = 63) in control
black locust plots, TLP: clip-ped saplings (n = 58) in treated black locust plots

2. abra. Az akdccsemeték magassaganak (A), hajtasszam (B), levélszam (C) és pal-hatdvis szamanak
(D) atlagos valtozasa a vizsgalat alatt, a vadkizart teriileten kijelolt novényzeti foltokban. A piros szag-
gatott vonalak a szimulalt vadragas kezelési id6-pontjait jelzik. CLP - kontroll akdccsemeték (n = 63),
TLP - kezelt akdccsemeték (n = 58) a kezelt akac parcellakon

Table 1. Linear mixed model (for height data only) and generalized linear mixed model results of the
black locust saplings. Control black locust plots (CLP) were used as a reference category when the ef-
fect of clipping was modeled. TLP: treated black locust plots

1. tablazat. Az akaccsemeték biometriai adataival végzett linearis kevert modell (csak magassagi ada-
tokra) és altalanositott linearis kevert modell eredményei. A szimulalt vadragas kezelés értékelésekor
a kontroll csoportba tartozo cseme-téket (CLP) hasznaltuk referencia kategdriaként. TLP: kezelt akac

parcellak
random ef- autocorrelation
fixed effects fects (AR1)
coefficient SE z variance (SD)  variance (SD) correlation

intercept  61.22%** 497 123  plot 534.8 (23) 3.33 (1.82) 0.83
height time 1.71%** 049 351

plot (TLP) -25.74%** 7.28 -3.54
shoot den- zrlitercept 1.67 452 0.04 plot 0.37(0.6) 2044 (45.2) 0.9

. time 0.028 0.05 0.55

sity plot (TLP) -0.95*** 017 56

intercept  3.11%** 039 805 plot 0.5(0.7) 0.27 (0.52) 0.3
leaf density time 0.037 004 0.84

plot (TLP) -1.03*** 022 -475




50 FEHER ET AL.

spine den- 11‘1tercept 0.27 0.65 042 plot 53(2.3) 0.21 (0.46) 0.77
. time -0.01 005 -0.14
sity plot (TLP) -1.43 071 -2.01
*4% < 0.001

Significant shoot density reduction was registered in CLP saplings during summer
2016 (-5.6 = 5.3), which was nearly 3 times higher than for TLP saplings (-1.9 + 2.6) in
this period (U = 149, nl1 = 19, n2 = 32, p = 0.017). Despite the compensating effect of
clipped saplings, overall shoot development was significantly lower in the TLP group
(Table 1).

During the severe drought in the summer of 2015, a marked decrease in leaf density
was registered in clipped and control saplings in August 2015 (Figure 2C). Mortality
increased in both groups (Figure 3A). The rate of defoliation was two times higher in
TLP than in CLP saplings in this period (TLP: -14.3 £ 16 vs. CLP: -7.7 £ 6.9), however,
a significant difference was not confirmed (U = 1081, nl1 =39, n2 =48, p = 0.2) due to
the heterogeneous responses of TLP saplings (Figure 2C). This situation greatly affec-
ted the overall leaf production intensity in both groups (Table 2), and resulted in a
significantly lower leaf density in clipped saplings (TLP) than in control ones during
the study (Table 1).

Table 2. Overall differences in biometric data, and total mortality of black locust, sessile oak and Tur-
key oak saplings between the last and the first time point of the study. Saplings that died during the
study were not included in the calculation.

2. tablazat. Az akac- és tolgycsemeték biometriai adatainak atlagos valtozasa és mortalitasa a vizsgalat
kezd{ és zar6 idépontja kozott. A valtozasok az elpusztult csemeték nélkiil kertiltek kiszamitasra.

height stem diame- shoot den- leaf/shoot spine/shoot mortality

(cm) ter (cm) sity (pcs) ratio ratio (%)
black TLP (N=58) 279 0.30.2 183421  -6.7+7 17.6+7 79
locust CLP (N=63) 409452  0.29+0.3 11115  -1.843 2843 67
 TLP(N=27) 17710 011201 3545 01318 - 7
sf':ll(le CLP (N=52) 16110  0.05=0.1 17418  -013+17 - 21
COP (N=22) 15212  0.1%0.1 3.3 4 03425 _ 5
TLP (N=30) 103%8  0.07%0.1 14417 113 - 10
Turkey
i CLP(N=50) 192311 012201 2.913.6 0442 - 20
COP (N=41)  9.7%7 0.07 £0.1 1442 0542 _ 32

TLP: treated black locust plots, CLP: control black locust plots, COP: control oak plots.
TLP: kezelt akacparcelldk, CLP: kontroll akdcparcellak, COP: kontroll tolgyparcellak.

The clipped saplings did not develop more spines after the treatments (Figure 2D).
On the contrary, spi-ne density decreased both in TLP and CLP. The change in TLP
was not significant in comparison to CLP saplings (Table 1) due to the high variance
because the majority of saplings (70%) did not have any spines in either group.

Cumulative mortality rates reached a high level in both groups by August 2018: 79%
of clipped saplings (46 out of 58 individuals in TLP) and 67% of control saplings (42
out of 63 individuals in CLP) were dead (Figure 3A). Due to similar trends, the mixed



The impact of ungulate browsing on black locust competitive abilities in a temperate oak forest 51

effects Cox model has not proved any diffe-rence between treatment and control mor-
tality rates (Table 3).

A) black locust B) sessile oak c) Turkey oak
100 CLP (n=63) = TLP (n=58) 100 CLP (n=52) = COP (n=22) = TLP (n=27) 100 CLP (n=50) = COP (n=41) = TLP (n=30)
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Figure 3. The cumulative mortality rate of black locust (A), sessile oak (B) and Tur-key oak (C) sap-

lings in different vegetation plots during the study. CLP — control black locust plots, COP — control
oak plots, TLP — treated black locust plots

3. dbra. A fehér akac (A), a kocsanytalan tolgy (B) és a csertolgy (C) kumulalt mortalitasi aranya az
egyes parcellakon a vizsgalat alatt. CLP — kontroll akac parcellak, COP - kontroll tdlgyes parcellak,
TLP - kezelt akac parcellak

Table 3. Mixed effects Cox regression results of black locust, sessile oak and Turkey oak saplings.
Control black locust plots (CLP) were used as reference categories in the model

3. tablazat. A kevert Cox-regresszids modell eredményei akac, kocsanytalan tolgy és csertdlgy cseme-
ték esetében. A modellben a kontroll akac parcellakon (CLP) talalhaté csemeték adatait hasznaltuk
refe-rencia kategoriaként

HR 95% CI 2 p random effect variance

(plot)
black ¢ (rLp) 127 099-1.63 188 0.06 0.69
locust
sessile  plot (COP) 023 002264 -12 023 -
oak  plot (TLP) 033 0034 -0.89 038
Turkey plot(COP) 146 033-635 051 0.61 is

oak plot (TLP) 0.51 0.09-2.72 -0.81 042
HR: hazard ratio, CI: confidence interval, z: Wald statistic value, TLP: treated black locust plots, COP:
control oak plots.
HR: kockazati arany, CI: konfidencia intervallum, z: Wald statisztika értéke, TLP — kezelt akacparcel-
lak, COP - kontroll télgyparcellak.
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The response of oak saplings to black locust presence

The biometrical attributes of the two oak species were similar among CLP, TLP and
COP at the be-ginning of the monitoring (sessile oak: Kruskal-Wallis test: KW = 0.5
0.9, p=0.6-0.8; Turkey oak: KW =1.1-3.2, p = 0.2 - 0.6; for different variables). Overall,
oak species showed different growth intensities only in TLP (Figures 4A and 4D): ses-
sile oak saplings had significantly more intensive growth than Turkey oak saplings
(U=77,n1=27,n2=30, p=0.02).

The overall height change of Turkey oak saplings was significantly the highest in
CLP (KW =11.85, p = 0.003, Dunn test: p <0.01), while sessile oak saplings had similar
growth in every vegetation patch (KW =1.24, p=0.54, Table 2). Due to growth intensity
fluctuations, the fitted GLMM model on the full-time trends of sapling height found
no differences among vegetation plots at both oak species either (Table 4).

Sessile oak saplings had the lowest, while Turkey oaks had the highest intensity in
shoot development among oaks in CLP (Table 2), but these differences were not sig-
nificant in within-species com-parisons among vegetation patches (sessile oak:

KW =1.51, p = 0.47, Turkey oak: KW = 1.49, p = 0.47). Both oak species produced
new shoots during the study (Table 4: see the significant time coefficient as a fixed
effect). In the case of Turkey oak, the average trend of shoot density changes in COP
was significantly lower than in CLP with a weak sig-nificance (p < 0.03, see Table 4).

Leaf density change was the most intensive in the first half of the growing season
(until May) in the case of both oak species (Figure 4C and 4F). The heavy drought
period in the summer of 2015 was not as damaging for oaks in either of the vegetation
plots as it was for black locust saplings (Figure 2C). The amount of produced leaves
was similar in all vegetation plots during the study for both oak species and stayed
unaffected by neighboring black locust saplings (Table 4).

The total mortality rate of sessile oak was 14% (14 out of 101 individuals). Most
saplings died in plots where black locust saplings were located (13 individuals — 93%
of total mortality) especially in CLP (11 individuals — 78% of total mortality and 21%
of individuals in this group). However, no fatality was registered in TLP until May
2016 at the earliest (Figure 3B). Mortality ceased in the absence of black locust (COP:
only 1 oak sapling died — 7% of total mortality and 5% of the actual group). Diffe-rences
were not significant among the vegetation plots (Table 3).

By August 2018, the total mortality rate of Turkey oak saplings reached 22% (26 out
of 121 individuals). The first mortality occurred only after 1 year since studies began
(Figure 3C). The same amount of saplings died in the occupied and non-occupied plots
by black locust (TLP + CLP: 13 vs. COP: 13 in-dividuals — 50% of total mortality). More
saplings died in CLP (10 individuals — 20% in this group) than in TLP plots (3 indivi-
duals — 10% in this group). Fatalities started to occur at the latest in TLP (Figure 3C),
but mortality was not significantly different among the vegetation plots (Table 3).
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Soil attributes in different vegetation patches

Topsoil was highly compacted and laboratory tests confirmed a quite strong acidity
(mean pH(H20O): 4.3 + 0.1) prevailing in all vegetation plots (N = 17); therefore soil
characteristics affected the vegeta-tion development uniformly in the fenced area. Mo-
reover, the topsoil (A-horizon) was extremely shal-low at some sampling points, espe-
cially in plots that were situated at the lowest part of the eastern-southeastern slope
exposure (7.8 + 7 cm for all samples). The eluvial (E) horizon (44 + 33 cm), and the B-
horizon (55 + 27 cm) were much thicker than the topsoil in all vegetation plots. The
core sampler reached the parent material (C-horizon) only once out of 13 occasions at
a depth of 99 cm at the top of the slope.

Table 4. Linear mixed model (for height data only) and generalized linear mi-xed model results of ses-
sile and Turkey oak saplings. Control black locust plots (CLP) were used as reference categories in the
model. TLP: treated black locust plots, COP: control oak plots

4.tablazat. A kocsanytalan és csertolgycsemeték biometriai adataival végzett linedris kevert modell
(csak magassagi adatokra) és altalanositott linearis kevert modell eredményei. A modellben a kontroll
akacparcellakon (CLP) talalhato tolgycsemeték adatait hasznaltuk referenciakategériaként. TLP: kezelt
akdcparcellak, COP: kontroll tolgyparcelldk

autocorrelation
fixed effects random effects (AR1)
coeffi- SE variance variance correla-
cient (SD) (SD) tion
1.
intercept 16.96***2.14 791 plot (Z 53) 1.31 (1.15) 0.43

time 1.08** 0.12 8.87
height plot
(TLP)
plot
(COP)
intercept 0.71%** 0.1 7.12 plot 0.2 (0.5) - -

-0.993 3.07 -0.32

273  3.26 -0.84

E time  0.48** 0.01 115
2 shoot plot
G density (TLP) 013  0.15 038
(7))
plot
22 016 0.1
copy 0.16 0.16

intercept 1.97* 0.15 135 plot 0.3 (0.54)  0.03(0.2) 0.14
time  0.05** 0.01 3.2

leaf  plot
density (TLP) 0.01 0.18 0.95
plot

(COP) 0.18 0.19 0.34
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2914
intercept 15.54  53.9 0.29 plot 16.8 (4.1) (5?3 9) 0.9
time 0.63** 0.13 4.71
height plot
(TLP) -1.69  1.27 -1.33
plot
-0.2 1.24 -0.22
cop) % ’
. . 0.23
% intercept 0.83** 0.09 8.64 plot (0.48) - -
=) .
t 04%* 0.01 7.4
E shoot 1113)1: 0.0 0.0 6
density ¥ 018 0.14 -1.23
E ensity (TLD) 0 0
plot
-0.29*  0.14 -2.1
(cop) 27 014 216
intercept 1.83*** 0.24 7.62 plot 0.3 (0.55)  0.04(0.21) 048
time 0.03  0.02 1.31
leaf  plot
-0.14 15 -0.
density (TLP) 0 015 -09
plot
-0.2 15 -1.7
cop) 20 0157

w0t < 0,001 ** p<0.01 *p<0.05

The very low pH and significant compaction (at 15-20 cm depth) represent dis-
advantageous soil condi-tions for black locust and oak saplings. The shallow humus-
rich layer made seedling development more difficult in all vegetation plots regardless
of the satisfactory levels of humus content (4.8 + 1.5 %) which were equal among ve-
getation plots (KW =1.02, p = 0.6). According to the KA plasticity in-dex, the soil tex-
ture was identified as clay or clay loam (min = 43; max = 58), which was not seriously
affected by the humus content, due to the shallow A horizon and relatively low humus

concentration.
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A) Sessile oak: CLP (n=52) - COP (n=22) TLP (n=27) D) Turkey oak: CLP (n=50) & COP (n=41) TLP (n=30)
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Figure 4. Average changes between consecutive time points in height (A, D), shoot density (B, E) and
leaf density (C, F) of sessile oak and Turkey oak saplings, in diffe-rent vegetation plots inside the exc-
losure. CLP: control black locust plots, COP: cont-rol oak plots, TLP: treated black locust plots

4. bra. A tolgycsemeték magassaganak (A-D), hajtasszamanak (B-E) és levélszamanak (C-F) atlagos
valtozasa a vizsgdlat alatt a vadkizaré keritésen beliili teriileten kijel6lt névényzeti foltokban. CLP:
kontroll akacparcellak, COP: kontroll tolgyes parcellak, TLP: kezelt akacparcellak

No major differences were found in soil ammonium and nitrate N concentrations
(KW =3.13-6.82, p = 0.2-0.4) between vegetation patches with black locust (NH4+-N:
5.4 £ 2.3 mg/kg; NO3--N: 16.6 + 4.7 mg/kg) and without it (NH4+-N: 7.3 + 2 mg/kg;
NO3--N: 13.7 + 7.1 mg/kg). Potassium and phospho-rous levels were similar in the
presence (K20: 149 + 75 mg/kg, P205: 43 + 11 mg/kg) and in the absence (K20: 192 +
117 mg/kg, P205: 35 + 4 mg/kg) of black locust, as well (K20: KW =3.13, p =0.2; P205:
KW=1.2,p=0.6).
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Discussion

The full-time response of black locust saplings to simulated browsing con-firmed our
tirst hypothesis that clipping treatments will significantly reduce the vitality of sap-
lings for growth and further development. These effects were not evident in the short-
term analyses (2 years, until August 2016), but turned out as significant in the backg-
round of the longer monitoring process. The first clipping only caused slight and tem-
porary disturbances in the treat-ed saplings and we observed compensation in height
growth (Figure 2A) and shoot development (Figure 2B) after the first treatment. Com-
pensatory growth is a common phenomenon after browsing, which was observed in
many plant species (Hilton et al. 1987, Hester et al. 2004), but very few stud-ies perfor-
med experiments on black locusts. Significant overcompensation did not occur in this
study though it was observed earlier (Fehér and Katona 2013). The increasing morta-
lity from November 2015 points out the im-portance of other (abiotic) contributing
factors in the survival of black lo-custs. In July 2015 the experienced temperatures were
significantly above the seasonal norm (above 34-35 °C) and the water balance was 100
mm below the long-term average in Hungary according to the ICPDR report (Interna-
tional Commission for the Protection of the Danube River 2017). We presume that the
heavy drought period in the summer of 2015 significantly influenced sap-ling survival,
even though black locusts can effectively adapt to prolonged drought conditions by
reducing water loss through reduced transpiration and leaf size (Mantovani 2014).
Stochastic weather phenomena and abiotic features of the habitat like soil moisture
(Kullberg and Welander 2003) or shade patterns (Canham 1994) can also have a strong
effect on plant development and survival in the long run. Therefore, these effects have
to be considered as important determinants causing continuous mortality of black
locust sap-lings observed in our study (Figure 3A), which might surpass the effects of
the clipping treatments. Decreased spine production (Figure 2D and Table 2) could be
also related to the actual abiotic stress since the development of structural plant defen-
ses requires significant resource allocation and trade-off (Baraza et al. 2007).

The N fixation of black locust, rather than its allelopathy — which had only been
confirmed under laboratory conditions (Vitkova et al. 2015) — can lead to its domi-
nance over native species and alter plant communities. However, we did not find hig-
her nitrogen concentrations in TLP or CLP compared to COP, due to which we rejected
our second hypothesis. This result corresponds with the findings of Wang et al. (2012),
who examined black locust forests at different ages (up to 50 years) and found that N
fixation is more evident in 25-30 years old mature black locust stands. The prevalent
soil conditions as low pH, low nutrient content and high compaction with surface wa-
ter erosion represent unsatisfactory conditions for oak and black locust saplings (Fehér
et al. 2014, 2016). The extremely high soil resistance experi-enced during core sampling
also implies significant compaction for all horizons. Resource acquisition was also li-
mited: the pH below 4.5 represents extremely acidic soil, where nutrient uptake dec-
reases significantly.
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The typical “slow-growing” attribute of sessile oak and Turkey oak saplings was
also confirmed in their shoot development (Figure 4B and 4E, Table 2). However, black
locust did not have a significant negative effect on saplings of either oak species, which
might be due to its high mortality that could largely reduce its com-petitive effect and
thus hindered the detection of obvious clues. Thereby our re-sults could not confirm
our third hypothesis. Furthermore, in the case of Turkey oak, the overall shoot deve-
lopment was significantly the lowest in COP where no black locust saplings were aro-
und. The intensity of interference competition which is manifested in exploitation,
overgrowing, or allelopathy can be the highest in high-productivity habitats at high
soil resource supply rates (Reynolds and Ra-janiemi 2007). In the case of our study site,
the soil resources may be limiting for black locusts and occasional drought periods can
reduce competition intensity be-tween oak and black locust saplings. Black locust sap-
lings take more risk than oaks because of their intensive height growth, shoot deve-
lopment and leaf production (Table 2), and higher investment can also mean higher
potential losses in bad years. It is also worth noting that root architecture (depth and
width) is different between oaks and black locusts. While oaks tend to develop a “he-
art-sinker root system” (Kostler et al. 1968) consisting of horizontal roots and a sig-
nificant taproot reaching deep in the soil (Drexhage et al. 1999), black locust creates
only vertical roots with 1.5-3 m depth on loose, sandy and moist soils. It has no taproot
on shal-low soils or eroded slopes but a fine flat, wide-spread horizontal root close to
the surface (Nicolescu et al. 2020). The different responses of the two oak species in
growth and shoot development in plots with black locusts indicate slightly diverg-ing
needs and use of resources, which also represents the priority of other contrib-uting
factors.

Fatalities of both oak species occurred in TLP at the latest, where neighboring black
locust saplings were clipped, therefore, neither the mortality rates nor the changes in
biometric data provided satisfactory proof to confirm our fourth hy-pothesis that oak
sapling development will be the highest where black locust sap-lings were clipped.
Conclusions

Considering the potential effects of summer drought and actual soil attrib-utes on
black locust sapling development we can agree with Belsky et al. (1993), who also sta-
ted, that herbivory (i.e., ungulate browsing) itself is just one of the many biotic and
abiotic disturbance factors which can influence sapling growth. In some cases, the ef-
fects of abiotic factors on sapling sur-vival could be much higher than ungulate
browsing, even if ungulates can play a significant role in forest regeneration. This sta-
tement is in accordance with our result, that mortality rates of black locust saplings
were statistically similar between the treatment and the control group (Table 3). Furt-
hermore, changes in environmental conditions can induce completely different plant
responses to herbivory (Hjaltén et al. 1993). The negative effects of browsing on sapling
development are strongly dependent on the shade tolerance of the species and the cur-
rent intensity of competition from neighbours (Vanden-berghe 2008). On the other
hand, it seems that black locust saplings were not able to express their competitive
ability in this short period. Therefore, the negative effects of black locust presence on
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oak sapling conditions could be assumed, but a significant difference was not confir-
med at any time. Allelopathic effects and soil nitrogen enrichment by black locusts
could not be significant at the sapling life stage, due to unsatisfactory leaf develop-
ment, which plays an important role in the allelopathic potential of the species through
releasing allelopathic compounds by fallen leaves (Nasir et al 2005). The primary com-
petitive advantage of black locust saplings might arise from their fast growth instead
of their allelopathy in the early life stages, which was at least 1.5 times higher in clip-
ped and 2 times higher in control black locust saplings than in oaks (Table 2). This trait
makes them able to overgrow other plants under favorable circumstances. The diffe-
rent response of sessile oak and Turkey oak in black locust plots indicates potential
microclimatic differences (especially light and moisture levels) among the vegetation
plots as well, because the two oak species have slightly different optimum condi-tions
for these factors (Cutini and Mercurio 2007), which can modify their survival.

The invasion of black locusts is strongly dependent on the actual light conditions
on the forest floor which can drastically hinder its competitive success in moderate
shade and summer drought. Hence, it seems that ungulate browsing plays a sec-on-
dary role in steering competition between native oak species and non-native locust,
and only delays the spread of this invasive species in temperate forests. Still, this se-
lective browsing can function as a valuable ecosystem service of ungulates by mit-
igating black locust invasion; even has the potential to hinder its spread into native
forest communities when abiotic conditions are suboptimal to black locusts.
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Vadragas hatasa az akacok versenyképességére egy
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gén a talajban

Osszefoglalas: Az olyan invazids fajok, mint a fehér akac (Robinia pseudoacacia), sza-mos problémat
okoznak az europai természetkozeli erd6k megorzésében. A csiilkos vadfajok szelektiv ragasa kiemelt
szabalyozé tényezd lehet a fehér akac terjedésének megallitasdban is. Egy 4 éves kisérletet végeztiink
egy magyarorszagi csertolgy (Qu-ercus cerris) és kocsanytalan tolgy (Quercus petraea) elegyes erdd-
részlet bekeritett terii-letén, hogy 1) értékeljiik az akaccsemeték révidtavia reakcioit a szimulalt vadra-
gasra; 2) meghatarozzuk a vadragas €s a talajviszonyok hatasat az akac- és a tolgycsemeték kozotti
kompeticidra. Feltételeztiik, hogy a szimulalt vadragas kezelések csokkentik a fehér akac novekedését
és vitalitasat, valamint kdzvetve fokozzak a tolgycsemeték fejlddését. A kezelt és kontroll akaccsemeték,
illetve akaccsemeték nélkiil alld tolgy-csemeték elkiilonitésére parcellakat jeloltiink ki a vadkizaras te-
riiletén. Az els6, 2014 szeptemberben végzett kezelések utan a kezelt akacok kompenzaltak a magassag-
és a hajtasveszteségiiket. A 2015-0s nyari aszaly csokkentette a fehér akacok tulélését, fiiggetleniil a
kezeléstdl, és sok csemete elpusztult a korabban elfoglalt parcellakrdl. Emellett a 2015 szeptemberben
végzett masodik kezelés jelentdsen lelassitotta a no-vekedésiiket, par esetben megallitotta azt. A talaj
nitrogéntartalma nem volt maga-sabb az akacos parcelldkban, ugyanakkor az alacsony pH és a jelent8s
talajtomoro-dés korlatozo tényezd lehetett valamennyi csemete szamara. Eredményeink nem er0sitet-
ték meg a fehér akacnak a tolgycsemeték fejlédésére gyakorolt szignifikans gatld hatasat sem a kezelt-,
sem a kontroll akdc parcelladkon, tovabba a kocsanytalan tolgy novekedési iiteme magasabb volt az aka-
cos parcelldkon az ugyanott megtalal-hatd csertdlgyekéhez képest. FeltételezhetS, hogy ez esetben a
ragas csak egy ma-sodlagos zavard tényezd, amely befolyasolja ugyan a fehér akacok novekedését és
versenyképességét, de csak egy erds aszalyos idészakot kovetd ismételt vadragas képes megakada-
lyozni, hogy a fehér akac csemeték kompenzaljak a veszteségeiket.
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