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Abstract

Zima L., Kollar J., Vykoukova I.: Impact of former vineyard land use on the productivity of sec-
ondary forest herb layer in the Little Carpathians (SW Slovakia). Ekoldgia (Bratislava), Vol. 35,
No. 3, p. 253-262, 2016.

The Little Carpathians Mountains include a vineyard region with long tradition that dates
back up to the Roman Empire period (and according to some opinions, even earlier). In the
late 19" century, it was strongly impacted by the phylloxera epidemic, and the vineyard area
has significantly reduced here. Large areas of the former vineyards are covered by forests,
which mostly have formed spontaneously, but some of them were also planted. This contri-
bution is focused on the impact of the former vineyard land use on the productivity (above-
ground, belowground, and total biomass) of such forest herb layer. Research included also
the forests, which occupy rocky mounds formed by rock gathering and their placement
on the vineyard borders. There were sampled by following four stands, mostly differed by
tree composition, origin, age, and succession stage: (i) up to 100 years old spontaneously
formed thermophilous acidophilous oak forest on the former vineyard on the granite sub-
strate, (ii) up to 100 years old spontaneously formed oak-dominated forest on the rocky
(granite) mounds (borders between the former vineyards formed by rock gathering), (iii)
40-60 years old planted ash stands on the gneiss bedrock , and (iv) 40-60 years old planted
ash-dominated stands on the rocky (gneiss) mounds. According to our results, the former
land use modified original relief, where the former vineyards have modified soil profile and
new relief forms rocky mounds were created. These mounds with no or just shallow soils
are usually much less covered by vegetation, thus production of herb layer biomass is lower
here than in the adjacent former vineyards. Moreover, rocky mounds show a higher ratio
of synanthropic species and apophytes than the adjacent former vineyards, and same as for
ratio of therophytes. The younger the stands on the former vineyards, the higher is the ratio
of synanthropic species, apophytes, and therophytes. On the other hand, when estimating
the production quantity, the values of herb layer production on the former vineyards are
similar to those in natural oak-hornbeam forests found in the Little Carpathians Mts. and
the adjacent regions, except for the rocky mounds covered by old oak forests, which are less
productive. In other words, the former vineyard land use affects the herb layer production
quality rather than quantity.

Key words: forest, former vineyards, herb layer biomass, Little Carpathians.
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Introduction

Little Carpathians Mts. is a region with long viticultural tradition, which dates back to the
5% century (Slavkovsky, 2002) or even earlier — to 7* - 6' century BC (period of Celtic cul-
ture) as evidenced by some artefacts (Zaruba et al., 1985). The biggest boom of viticulture
occurred between the 13" and 19" century. Viticulture strongly impacted landscape proper-
ties of the Little Carpathians. Except for deforestation and subsequent erosions, the sites of
vineyards themselves were impacted by modification of the soil profile, which was performed
by the deep ploughing prior to vineyard establishment. This practice involves overturning
the soil horizons and moving the humus horizon to a depth of 40-60 cm where grapevines
develop their best root system. Subsurface horizons (Bv or even C) with low humus content,
coarser texture, and stones are then relocated to the surface as a result of this deep ploughing
practice (Kolény, 2001; Dlapa et al., 2011). However, viticulture influenced also relief of direct
vineyard surroundings — management practice included also rock gathering and its deposi-
tion into the special rocky mounds of various shapes and sizes. The viticulture boom was
ended in the late 19" century by the phylloxera epidemic. After this catastrophe, vineyards
have not been fully restored any more. Nowadays, these former vineyards are mostly covered
by forests, which mostly have formed spontaneously, but some of them were also planted.
There can be distinguished several types of such forests differed by succession state, substrate,
and former land use; their detailed phytocoenological and ecological characteristics are giv-
en in our previous study (Zima et al., 2015). These forests occupy sites, where Carpathian
oak-hornbeam forests (Carici pilosae-Carpinenion suballiance) along with subacidophilous
and thermophilous oak forests (Quercetum petraeae-cerris association) are considered to be
potential vegetation (Michalko et al., 1986).

The aim of this paper is to evaluate the impact of the former vineyard land use on the
primary production of the herb layer of the forest ecosystems, which are occurred here
nowadays. Particular attention is paid to the ratio of synanthropic species, including apo-
phytes and life forms, what can indicate site conditions and processes, for example, succes-
sion (Jurko 1990).

Methods

Estimation of the total herb layer biomass was carried out on the selected sample plots, applying the methods of
indirect sampling (Kubic¢ek, Brechtl, 1970) modified for non-recurrent sampling (Kubicek, Jurko, 1975; Kubicek,
Simonovi¢, 1975; Kubigek, Somsék, 1982). Phytocoenological relevés were sampled according to the method of the
Zurich-Montpellier school (Braun-Blanquet, 1964). Vascular plant nomenclature follows Marhold et al. (1998).
Synanthropic species and apophytes were identified according to Jurko (1990) as well as life forms. However, life
forms were simplified: shrubs and trees merged into the simple phanerophytes, annual and biennal species into the
therophytes, herb and woody chamaephytes into simple chamaephytes; for species with more than one life form,
which is more typical, was selected. The geographical coordinates are in the WGS 84 system. To compare the gath-
ered data with those considered to represent the oak-hornbeam forests in the Little Carpathians and the adjacent
regions, the following studies were used: Kubi¢ek, Jurko (1975), Kubicek, Simonovi¢ (1975), Kubigek, Simonovi¢
(1980), Somsak, Kubi¢ek (1995), Kollar et al. (2009), and Kollar et al. (2010). The exact binomial test was used to
prove whether the aboveground biomass in forests on the former vineyards (Ao) is lower than the aboveground
biomass in the reference forests (Aref). Here, we tested whether the real probability of Ao<Aref is greater than the
hypothesised probability of success in a Bernoulli experiment.
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Characteristics of the study area

Little Carpathians Mts are the westernmost part of the Carpathian arch with length about 100 km located in the
south-western Slovakia (Luknis, 1972). The highest point is the Zaruby peak with its 768 m a. s. ., but most of study
sites are close to 300 m a. s. l. The south-western part is formed by a crystalline core bordered by Mesozoic cover,
while the north-western part is typical by Mesozoic Cho¢ and Nedzev nappes (Fusan, 1972). The lower parts are
classified as warm climatic regions, while the higher parts represent mildly warm climatic regions. The annual pre-
cipitation is mostly 600-700 mm, but it can reach up to 800 mm in the high parts (Lapin et al., 2002).

Characteristics of the sampled plots

1.

Horné Oresany, rocky mound (former vineyard border) adjacent to the next site, 40-60 years, area 6 x 30 m,
cover: E, 70%, E, 60%, height of E.: up to 20 m, gneiss substrate, 21.5.2015.

E,: Fraxinus excelsior 3, Cerasus avium 1, Quercus petraea agg. 1, Tilia cordata 1, Tilia platyphyllos 1

E : Alliaria petiolata 3, Melica uniflora 3, Fallopia convolvulus 1, Galium aparine 1, Veronica hederifolia agg. 1, Acer
campestre +, Ace platanoides +, Cerasus avium +, Euonymus verrucosus +, Fraxinus excelsior +, Geum urbanum +,
Polygonatum multiflorum +, Ligustrum vulgare r

Horné Ore$any, former vineyard, 40-60 years old forest dominated by ash, south-eastern slope 15°, N 48°27°32.3”
E 17°2521.17; area 10 x 20 m, cover: E, 65%, E, 5%, E, 95%, height of E.: 20 m, gneiss substrate, 21.5.2015.

E,: Fraxinus excelsior 4, Quercus petraea agg. 2, Acer pseudoplatanus +

E,: Corylus avellana +, Crataegus monogyna +, Malus sylvestris +, Sorbus torminalis +

E: Melica uniflora 5, Alliaria petiolata 2, Galium aparine 2, Poa nemoralis 2, Veronica hederifolia agg. 2, Fraxi-
nus excelsior 1, Lamium purpureum 1, Acer pseudoplatanus +, Anthriscus cerefolium +, Bromus sterilis +, Carex
muricata agg. +, Cerasus avium +, Geum urbanum +, Euonymus europaeus +, Euonymus verrucosus +, Fallopia
convolvulus +, Mycelis muralis +, Polygonatum multiflorum +, Quercus petraea agg. +, Rosa canina agg. +, Stellaria
media agg. +, Vicia sativa +, Viola odorata +, Acer campestre 1, Acer platanoides r, Geranium robertianum r, Malus
sylvestris r, Ulmus minor t, Xanthoxalis stricta r

Limbach, rocky mound adjacent to the next plot (former vineyard), up to 100 years oak trees with admixture of
other species about 40 years old, southern slope 5°, N 48°18’11.3” E 17°14°01.5, area 50 x 30 m, cover: E, 65%,
E, 30%, E; 10%, bare rock 30%, height of E.: up to 20 m, granite, trees prefer edge of the mound except for lime,
18.6.2015.

E,: Quercus petraea agg. 4, Tilia cordata 1, Carpinus betulus 1, Sorbus torminalis +

E : Melica uniflora 2, Poa nemoralis 2, Urtica dioica 2, Mycelis muralis 1, Alliaria petiolata +, Brachypodium sylvati-
cum +, Carpinus betulus +, Erechtites hieracifolius +, Fallopia convolvulus +, Hedera helix +, Quercus petraea agg.
+, Rosa canina agg. +, Rubus fruticosus agg. +, Tithymalus cyparissias +, Atropa bella-dona r, Dryopteris filix-mas r

Limbach, former vineyard, up to 100 years old oak forest, southern slope 10°, N 48°18'11.7” E 17°14°00.0”, area 10
x 20 m, cover: E, 65%, E, 75%, E, 2%, height of E,: 20 m, granite substrate, 18.6.2015.

E.: Quercus petraea agg. 4

E : Melica uniflora 4, Poa nemoralis 2, Fallopia convolvulus 1, Ajuga reptans +, Alliaria petiolata +, Brachypodium
pinnatum +, Calamagrostis arundinacea +, Calamagrostis epigejos +, Hedera helix +, Tithymalus cyparissias +,
Urtica dioica +, Quercus petraea agg. +, Veronica chamaedrys +, Acer pseudoplatanus r, Vicia hirsuta r, Campanula
persicifolia r, Carpinus betulus r, Cerasus avium r, Dryopteris filix-mas r, Mycelis muralis r, Prunus spinosa r, Rosa
canina agg. r, Rubus fruticosus agg. v, Stellaria media agg. r, Veronica officinalis r

To illustrate the successionally most advanced stands (the most resembling ‘climax’), this is a sample of ther-

mo- and subacidophilous type of oak-hornbeam forests of Carici pilosae-Carpinetum association in the Little
Carpathians relatively close to our plots published by Kubigek, Simonovi¢ (1980):
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Pezinok-Pezinskd Baba, 300 m a. s. 1, the lower part of the 15° SW slope, over 100 years old, height of E, 22-24
m, covers of E;: 75%, E,: 5-10%, E : 100%, area 40 x 50 m

E.: Quercus petraea 4

E,: Tilia cordata 1.1, Cornus mas 1.1, Quercus petraea +, Carpinus betulus +, Cerasus avium +, Acer campestre
+, Fraxinus excelsior +, Fagus sylvatica +, Corylus avellana +, Crataegus laevigata +

E,: Poa nemoralis 3.3, Melica uniflora 2.3, Carex pilosa 2.2, Luzula luzuloides 2.2, Dactylis polygama 2.2, Brach-
ypodium sylvaticum 2.2, Galium odoratum 2.2, Melampyrum pratense 2.2, Festuca heterophylla 1.2, Bromus
ramosus 1.2, Sanicula europaea 1.2, Melittis melissophyllum 1.1, Pulmonaria officinalis 1.1, Prenanthes purpurea
1.1, Fragaria moschata 1.1, Rubus hirtus 1.1, Mycelis muralis 1.1, Scrophularia nodosa 1.1, Cephalanthera rubra
1.1, Clinopodium vulgare 1.1, Quercus petraea 1.1, Carpinus betulus 1.1, Fraxinus excelsior 1.1, Cornus mas 1.1,
Galium mollugo +.2, Dryopteris filix-mas +.2, Geum urbanum +, Campanula persicifolia +, Viola reichenbachi-
ana +, Impatiens parviflora +, Lathyrus vernus +, Lathyrus sylvestris +, Stachys sylvatica +, Hieracium murorum
+, Digitalis grandiflora +, Rubus idaeus +, Tithymalus amygdaloides +, T. cyparissias +, Veronica chamaedrys +,
Campanula trachelium +, Tilia cordata +, Crataegus laevigata +, Acer campestre +, A. platanoides +, A. pseudo-
platanus +, Clematis vitalba +, Hypericum perforatum +, Rosa canina +, Geranium robertianum +, Cardamine
impatiens +, Cerasus avium +, Sorbus aria +, Epilobium montanum +, Alliaria petiolata +, Galium schultesii +,
Astragalus glycyphyllos +, Sorbus torminalis +

Such floristic composition of the herb layer well illustrates more-less natural forests of the area (e. g., Michalko
et al. 1986).

Results and discussion
Primary production of the herb layer of the forests formed on the former vineyard sites

The basic results of the production-ecological analysis obtained from the four sample plots that
represent typical forests on the former vineyards in the region of the Little Carpathians are sum-
marised in Table 1. It contains the following information: type of the forest community, the above-
below-total herb layer biomass (A, B, T) inkg.ha,and a ratio above-belowground biomass (A/B).

In relatively young ash-dominated forest on the rocky mound (plot 1), synanthropic herb
Alliaria petiolata prevail (A — 368.83 kg.ha, B - 13.23 kgha', T - 382.06 kg.ha), while Melica
uniflora is the second most productive species (A - 133.93 kg.ha!, B - 32.52 kg.ha!, T - 166.45
kg.ha). Other species are much less productive. This plot shows the highest ratio of synanthropic
species (A - 70.36%, B — 22.26%, T - 65.24%). With this, the highest ratio of therophytes is related
(A - 73.55%, B — 22.73%, T — 68.15%) - this is the only site where this life form prevails (high
biomass of Alliaria petiolata). The ratio of apophytes is much lower (A - 3.19%, B - 0.47%, T -
2.90%).

The adjacent ash-dominated stand on the former vineyard (plot 2) shows the highest produc-
tion (A - 754.24 kgha', B - 669.70 kg.ha!, T - 1423.91 kg.ha'). The reason is that this forest
represents younger succession stage, where the species composition is made of both natural and
synanthropic species. However, grasses are still the most productive species. Of them, Melica uni-
flora is aleading species again (A — 521.14 kg.ha!, B - 606.67 kg.ha!, T — 1127.81 kg.ha') and Poa
nemoralis is the second most productive species (A - 63.68 kg.ha', B - 29.60 kg.ha', T - 93.28
kg.ha). Grasses together represent almost half of the total biomass. For this site, it was found as
the second highest ratio of synanthropic species (A - 13.35%, B — 0.75%, T - 7.42%). Apophytes
are the least represented (A - 8.67%, B — 3.21%, T - 6.10%). Of the life forms, hemicryptophytes
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prevail and also therophytes are an important biomass component. The ratio of other life forms
is negligible.

The herb layer biomass of the old oak forest on the rocky mound (plot 3) was found to be the
lowest (A - 196.60 kg.ha!, B - 153.20 kg.ha'!, T — 349.80 kg.ha™'), which reflects harsh conditions
for vascular plants on the rocky mound with no or very weakly developed soil. The most produc-
tive species here is Urtica dioica (A - 71.99 kg.ha', B - 58.07 kg.ha!, T - 130.07 kg.ha'), which
is almost 40% of the total biomass. Grasses Melica uniflora (A - 63.19 kg.ha'', B — 14.78 kg.ha™,
T - 77.97 kg.ha') and Poa nemoralis (A - 51.30 kg.ha', 74.05 kg.ha', 125.36 kg.ha™) are the
co-dominant species; their mutual ratio on the total biomass is almost 60%. The ratio of synan-
thropic species is low (under 1%), but on the other hand, apophytes (especially Urtica dioca) are
an important component here (A - 36.6%, B — 37.9%, T — 37.2%). In both oak forests, hemicryp-
tophytes are the absolutely dominant species.

The adjacent old oak forest (plot 4) on the former vineyard is typical by a high production of
grass Melica uniflora, which is decisive dominant species here — its ratio is about 90% of the total
biomass (A - 441.64 kg.ha', B - 466.77 kg.ha', T - 908.41 kg.ha™). The production of other spe-
cies is more-less negligible, a bit higher values are reached only by Urtica dioica (A - 24.56 kg.ha™!,
B -9.89 kg.ha'!, T - 34.45 kg.ha'), Brachypodium sylvaticum (A - 20.61 kg.ha', B - 17.50 kg.ha™!,
T - 38.11 kg.ha) and partly also by Poa nemoralis (A - 8.89 kg.ha'', B - 1.80 kg.ha', T - 10. 69
kg.ha'). Thus, grasses together represent over 93% of the herb layer production here. The ratio of
synanthropic species is very low (A - 0.46%, B — 0.06%, T - 0.26%) and also apophytes are only
minor (A - 5.02%, B - 2.01%, T - 3.52%).

Comparison of the observed sites with the reference site

The floristic composition of the reference forest representing the climax is not the same as in
the observed sites, which represents the various stages of succession. It comprises different
species with different ecological characteristics, and it is richer in species. So, there can be ex-
pected also some differences in the biomass quantity and quality. The biomass production is
higher than those in the observed sites (A — 1385 kg.ha, B — 1463 kg.ha, T - 2848 kg.ha™),
and it has a different structure. There is a difference in the ratio of synanthropic species and
apophytes (Fig. 2) - the younger the forest, the higher is the ratio of synanthropic species
and apophytes, which complies with general patterns of succession. Moreover, forests on the
rocky mounds show higher biomass of synanthropic species and apophytes than the adjacent
forests on the former vineyards of the same age. This can be explained by the characteristic
of the rocky mounds - it resembles ravine-like habitats suitable for nitrophytes, including
synanthropic species and apophytes, and it represents a relatively young successional stage.
When studying the ratio of plant life forms, a high ratio of therophytes in young forests is
distinct, especially on the rocky mounds (A - 73.55%, B — 22.73%, T - 68.15%), where a ma-
jor role is played by Alliaria petiolata, while other sites are dominated by hemicryptophytes
(Fig. 3). The reference site biomass also shows more even distribution - there is a higher
number of biomass co-dominants (Luzula luzuloides, Melica uniflora, Poa nemoralis, Dactylis
glomerata, Sanicula europaea), while the observed sites (especially the former vineyards) are
dominated by only one or two species (Melica uniflora, Alliaria petiolata).
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Table 1. Herb layer biomass of the forest on the former vineyards sites in the Little Carpathians Mts (SW Slovakia) (kg.ha') - continued.

locality Horné OreSany Horné OreSany Limbach Limbach Reference site

biotope rocky mound former vineyard rocky mound former vineyard natural forest

species A B T A/B A B T A/B A B T A/B A B T A/B A B T A/B
Veronica chamaedrys - - - - - - - - - - - - 0.7 0.2 0.9 39 4.0 2.0 6.0 2.0
Tithymalus amygdaloides - - - - - - - - - - - - - - - - 22.0 11.0 33.0 2.0
Rubus hirtus - - - - - - - - - - - - - - - - 32.0 15.0 47.0 2.1

Cephalanthera rubra - - - - - - - - - - - - - - - - 2.0 2.5 4.5 0.8
Bromus ramosus - - - - - - - - - - - - - - - - 12.0 6.0 8.0 2.0
Campanula persicifolia - - - - - - - - - - - - - - - - 8.0 35.0 43.0 0.2
Carex pilosa - - - - - - - - - - - - - - - - 109.0 | 70.0 179.0 | 1.6
Clinopodium vulgare - - - - - - - - - - - - - - - - 1.0 0.5 1.5 2.0
Dactylis glomerata - - - - - - - - - - - - - - - - 151.0 | 124.0 | 275.0 1.2
Digitalis grandiflora - - - - - - - - - - - - - - - - 1.0 6.0 7.0 0.2
Epilobium montanum - - - - - - - - - - - - - - - - 1.5 0.5 2.0 3.0
Fragaria vesca - - - - - - - - - - - - - - - - 20.0 19.0 39.0 1.1
Hieracium lachenalii - - - - - - - - - - - - - - - - 2.5 2.5 5.0 1.0
Hypericum perforatum - - - - - - - - - - - - - - - - 2.5 2.0 4.5 1.3
Luzula luzuloides - - - - - - - - - - - - - - - - 156.0 | 418.0 | 574.0 | 0.4
Melittis melissophyllum - - - - - - - - - - - - - - - - 5.0 7.0 12.0 0.7
Prenanthes purpurea - - - - - - - - - - - - - - - - 4.0 4.0 8.0 1.0
Pulmonaria officinalis - - - - - - - - - - - - - - - - 29.0 38.0 67.0 0.8
Sanicula europea - - - - - - - - - - - - - - - - 192.0 | 162.0 | 354.0 1.2
Viola reichenbachiana - - - - - - - - - - - - - - - - 8.0 13.0 21.0 0.6
Galium mollugo - - - - - - - - - - - - - - - - 6.0 2.5 8.5 2.4
Galium odoratum - - - - - - - - - - - - - - - - 50.0 24.0 74.0 2.1

Melampyrum pratense - - - - - - - - - - - - - - - - 72.0 3.0 75.0 | 24.0
sum 5345 | 63.6 | 598.1 - 754.2 | 669.7 | 1423.9 - 196.6 | 153.2 | 349.8 | 49.9 | 503.3 | 500.1 | 1003.4 | 39.0 | 1385.0 | 1463.0 | 2838.0 -

Notes: A - aboveground biomass, B - belowground biomass, T - total biomass, A/B - ratio between aboveground and belowground biomass, biomass values are
listed in kg.ha™.
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Comparison with other oak-hornbeam forests

The herb layer biomass estimated on the observed sites is vividly lower than that on the refer-
ence site. However, when comparing our results with those from other oak-hornbeam forests
from western Slovakia (Table 2) obtained by the same method, there is no statistically signifi-
cant evidence (at P = 0.05) to prove that the aboveground biomass in the forests on the former
vineyards is lower than that of the original forests, except for the old oak forest on the rocky

T able 2. Herb layer biomass of the original data and some oak-hornbeam forests in the western Slovakia and
results of the exact binomial test to prove whether the aboveground biomass in forests on former vineyards is lower
than the aboveground biomass in reference forests.

Author(s) Locality Vegetation A B T P-value Sat
type [kg.ha'] | [kg.ha'] | [kg.ha'] 0.05
Kubicek, Jurko (1975) | Little Carici pilosae-
f/ﬁlg)athmns (Cda(:z ?Ile;?erg by 690 nodata | no data - -
Melica uniflora)
Kubiek, Simonovi¢ Nitrianska ak-hornbeam
( 19}:;;)e smene pahorkitina grest . 429 274 703 ) )
Kubicek, Simonovi¢ Little Carici pilosae-
(1980) Carpathians | Carpinetum 1380 1460 2840 - -
Mts.
Somsdk, Kubitek Borska nizina | Melico-Tilietum 160 i )
(1995) lowland
Kollar et al. (2009) Biele Karpaty | Carici pilosae-
Mts Carpinetum 750 905 1655 - -
melicetosum
Kollar et al. (2010) Chvojnicka Carici pilosae-
pahorkatina | Carpinetum 431 510 941 - -
typicum
Original data Little
rpathian: Yonger ash for-
f/l‘tsﬁlo:n: e ro‘C’ky 53449 | 6361 | 598.11 | 0062 | no
Oresany mound
Original data Little Younger ash
f;gp ?I}z:;f ig;fstef’;lgf 75424 | 669.7 | 142391 | 0665 | no
Oresany yard
Original data Little
I(\:;Eathlans Ooi‘i}‘l’:lzof:g“ 1966 | 1532 | 3498 | <001 | yes
Limbach mound
Original data Little
I(\:/;E’)athlans Ooidﬂ‘l’:lgofr‘;;e:rt 50328 | 500.11 | 100339 | 0.062 no
Limbach vineyard

Abbreviations: A - aboveground biomass, B — belowground biomass, T - total biomass, S - significance.
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mound. Also, except for the aforementioned site, the values we estimated fall within the interval
found for the natural oak-hornbeam forests.

Conclusion

When answering the question of impact of the historical vineyard land use on the productiv-
ity of the contemporary forest herb layer, the following can be concluded: the former land
use modified original relief, where the former vineyards have modified soil profile and new
relief forms—rocky mounds—were created. These mounds with no or just shallow soils are
usually much less covered by vegetation; thus, the production of herb layer biomass is lower
here than in the adjacent former vineyards. Moreover, rocky mounds show a higher ratio of
synanthropic species and apophytes than the adjacent former vineyards, and same as for the
ratio of therophytes. The younger the stands on the former vineyards, the higher is the ratio
of synanthropic species, apophytes, and therophytes. On the other hand, when estimating
the production quantity, the values of herb layer production on the former vineyards are
similar to those in the natural oak-hornbeam forests found in the Little Carpathians Mts. and
the adjacent regions, except for rocky mounds covered by the old oak forests, which are less
productive. In other words, the former vineyard land use affects the herb layer production
quality, rather than the quantity.
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