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Abstract

An assessment was made on the main growth and productivity indicators in half-sibs progeny planta-
tions of 18 Robinia pseudoacacia L. clones in the region of Ruse, on (M-I-2 D1 (13)) site, on rich, dry and
compacted (Haplic luvisols) grey forest soil, at planting scheme 3.0x1,5 m. The differences in the main
inventory indicators, defining the growth and productivity of the progenies of 18 black locust clones,
confirm good qualities of the progenies of the Bulgarian clones Pordim-10, Pordim-13, Obretenik-1,
Obretenik-6 and Ryahovo-1 and of the Hungarian clones Szajki and Nyirségi. This should be taken into
account in the selection of material for establishment of industrial plantations and plantations for bio-
mass production, as well as in the choice and performance of tending activities.
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Introduction

Black locust (Robinia pseudoacacia L.), as a multipurpose species has an economic,
environmental and social role for wood and biomass production, soil stabilization,
erosion control and restoration of disturbed terrain, agroforestry, source of bio-oil,
fodder, honey etc. The peak of growth in height, diameter and volume occurs before
the age of 20, which ranks it third after eucalypts and hybrid poplars (Pisek et al.
2009).
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In the last 10 years, there has been a decreased interest in Bulgaria regarding the
Black locust, influenced by the fact that in the international database EUFORGEN Ro-
binia pseudoacacia L. is on the list of the 100 invasive species for America and Europe,
although in 13 European countries it is considered a formally invasive species (Brus
et al. 2016). As the species’ potential to adapt to projected climate changes is high, the
importance of the Black locust as both “preferred and rejected” species in Europe is ex-
pected to increase in the future, despite its invasive potential (Vitkova et al. 2017).

Studies on the growth and productivity of Black locust plantations are important
as they provide the guidelines for their management (Dimitrova, 2017; Dimitrova &
Kalmukov, 2019; Kalmukov et al., 1999; Kalmukov, 2009, 2010, 2013; Kraszkiewicz, 2013;
Redei et al. al., 2010, Redei et al. 2011; Stolarski et al. 2013; Tsnov et al. 1992). In our
country, volume-class and assortment-class tables for the Black locust have been devel-
oped, applicable to trees with a diameter of more than 4 cm and a height of more than
6 m (Krastanov et al., 2004). In recent years in Bulgaria and other countries, the Black
locust has been evaluated as one of the promising species for the production of biomass
and energy, in plantations established at a higher density and with a short rotation period
(Gyuleva et al., 2013; Gyuleva, 2014; Redei et al. al., 2010, 2011). The influence of den-
sity, genotype and rotation period on biomass production was analyzed and biometric
models were developed to calculate the aboveground biomass of single-stem and cop-
pice Black locust saplings with both vegetative (Redei et al., 2010, 2011) and seed origin
(Bohm etal., 2011; Gyuleva et al., 2013; Gyuleva, 2014; Stankova et al., 2016; 2018; 2020).

In the 1980s, with the development and improvement of technology for vegeta-
tive propagation of the species by root cuttings, the Black locust management was
placed on a selection basis and a clonal framework was introduced in the breeding of
Robinia pseudoacacia L. in Bulgaria (Naydenov et al., 1981; Broshtilov et al., 1998).
To increase the productivity and wood qualities, plantations were already established
with selected (seed and vegetative) material. The established clonal collections, seed
production gardens, progeny and technological experiments are the basis for choos-
ing a suitable clone and of technology for establishing plantations with an economic
or an ecological function depending on the site conditions. This enables the rational
use of the Black locust’s biological potential, its management and the increase of its
productivity (Kalmukov, 2014).

The aim of the present study is a comparative analysis of the growth and produc-
tivity of plantations from half-sib progenies of Bulgarian and foreign selected Robinia
pseudoacacia L. clones on gray forest soils.

Materials and Methods

The object of investigation are half-sib progeny plantations from 18 branches of Ro-
binia pseudoacacia L. established in 2003 by Assoc. Prof. Kancho Kalmukov on the ter-
ritory of the Ruse State Forest Enterprise, site (M-I-2 D1 (13)), on a rich, dry and com-
pacted (Haplic luvisols) gray forest soil (WRBSR, 2014). The total area of the plantations
is 18 dka. The terrain has a slope of 1° and has a southeast exposure, at altitude of 200 m
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(43°45°04.1”N 26°11’45.2”E). The plot for each progeny is 1 dka with a size of 100x10 m.
330 individuals of one-year seed saplings from each clone of Robinia pseudoacacia L. are
planted at a scheme of 3x1.5 m. The seeds were collected from the autovegetative seed
production garden at the Experimental station for fast-growing forest tree species near
the village of Vardim, Svishtov region. The rows are oriented in an east-west direction.
The plots are separated by a border row of Gleditsia triacanthos L. (Figure 1).

For the study of each progeny of the Black locust clones, in 2023 trial areas of 0.72 dka
have been set, and only for the Nyirsegi and Pustavagso progenies, the areas are 0.54 dka.

The heights of a representative sample of at least 50% of the trees in each sample
plot were measured with a Vertex IV altimeter with accuracy to 10 cm.

Total caliper measurement of all tree stems in the sample plots was carried out
and the percentage of trees with more than one stem was determined. The diameter
of each stem (D1.30) was determined by measuring two perpendicular diameters at
a height of 1.30 m with an accuracy of 1 cm., and the average diameter (Dav) of the
experimental area was calculated by the arithmetic average of the basal area according
to formula (1):

Dav=\1.274*Gav: 1),

where Dav - average tree diameter (cm)
Gav= Gtotal/N - average tree basal area (m?);
Gtotal - total basal area (m?);
N - total number of the trees .

The stem volumes of the Black locust trees and the growing stock of the sample plots
were calculated through volume-class tables for the Black locust. (Krastanov et al., 2004).

The data were statistically processed. Considering the best approach, the Shapiro-
Wilk test was used to check the normality of distribution of trees by thickness (Sne-
decor, Cochran, 1989), the analysis of variance components (One-way ANOVA) and
Duncan’s multiple range test for comparison between means.

Results

An analytical comparison of the normality of distribution of trees by thickness and the
percentage distribution of trees by degrees of thickness (DT) of the half-sib progenies
of 12 Bulgarian and 6 foreign selected clones of Robinia pseudoacacia L. was performed.

The indicators obtained by a Shapiro-Wilk (W) test were statistically significant
(with cut-off significance levels p >0.05) for almost all progenies except Obretenik-1
and Italica (Table 1). Normally, the maximum number of trees should be concentrated
around the central degree of thickness (*m) in which the average diameter falls. In
some of the progenies this maximum is drawn to the left or right of the central degree
(*c). The concentration of a larger number of trees in the lower degrees of thickness
affects the total percentage to the central degree, which should be around 60%, and in
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Figure 1. Design of the experimental plantation (A) Arrangement of the progenies/families
(B) Plot scheme for one progeny/family.

progenies such as Pordim-5, Obretenik-6, Tsarevets-2 it is over 60%. The percentage
distribution of trees by degrees of thickness varies among the different progenies and
thus affects the values of mean diameter and growing stock.

Table 2 presents the dendrobiometric characteristics of the plantations from half-
sib progenies of the 18 selected Black locust clones. The number of trees per hectare
varies from 1167 for the Pustavagso clone to 1888 for the Nyirsegi clone, the two
clones being represented mostly by single stems. For the progenies of Obretenik-6
and Rozsin clones the number of multi stemmed trees varies respectively from 1.2%
to 14.2%. For the studied period, the percentage of surviving individuals varied from
35% for the Pustavagso progeny to 57% for the Pordim-2 and Nyirsegi progenies, and
for other 11 progenies it was 50-57%.

A one-way Analysis of variance for the height and diameter shows a statistically
significant difference among the progenies regarding the average indicator diameter
(F=2.550, df=17 n p = 0.001) and height (F=1.735, df=17 n p = 0.034).

The applied Duncan’s multi-rank criterion identified differences between the
progenies of the studied clones, the progenies of the Szajki, Rozsin, Obretenik-1 and
Obretenik-4 clones having the best growth in diameter, while the progeny of the Pusta-
vagso clone shows the lowest values for this indicator. In terms of average height, the
progenies of the Bulgarian clones Obretenik-1 and Obretenik-4 have the best growth in
height, followed by those of the clones Pordim-4, Ryahovo-1 and Nyirsegi. The indica-
tor Dav is the average square diameter, which determines the central degree of thickness
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and with the average height of the experimental plot is used to calculate the growing
stock through the developed volume-class tables for Black locust (Krastanov et al. 2004).
Given that Black locust plantations in Bulgaria have been managed for 20-25
years, and the studied progenies are 20 years old and have not been tendered, spe-
cial attention was paid to those with the highest productivity. The comparison of the
progenies in terms of total growing stock shows the superiority of the Hungarian
clone Szajki and the Bulgarian clone Ryahovo-1, whose productivity is over 240,000
m3/ha. Among the other clones Obretenik-1, Obretenik-6, Pordim-10, Pordim13 and
Nyirseji, whose total stock is between 210,000 and 226,000 m3/ha, are of interest.

Discussion

The growth and productivity of the Black locust depends on a number of factors such
as habitat conditions, density, qualities of reproductive materials, cultivation of the
plantations in the first years and tending activities. Bulgarian clones are more resistant
on sites with deeper groundwater, and Hungarian ones to sites with higher groundwa-
ter and lighter in mechanical composition soils (Kalmukov, 2014).

Although the experiment was not replicated, after two decades of growth, the
effect of initial planting density was more pronounced on diameter growth than on
height growth. The intensity of diameter growth has higher values when the competi-
tion between saplings is less pronounced. For the Black locust it influences strength
after the 5-6th year and clearly manifests itself at larger growing space, as the intensity
of self-pruning decreases with age (Kalmukov, 2009). The results of the present study
confirm this tendency for the progenies with the best diameter growth Szajki and
Obretenik-4 at densities of 1667 and 1694 pcs/ha, respectively.

The number of trees of the studied progenies per hectare has decreased intensively
as a result of self-pruning and poaching. Good growing stock is observed at different
densities from 1667 pcs/ha in the Szajki progeny to 1888 pcs/ha in the Nyirsegi prog-
eny. The higher growing stock at a density of 1667 pcs/ha for the Szajki progeny is due
to good growth in diameter and the bigger number of trees presenting 45.8% above
the central degree of thickness (DT 14) and their distribution with smooth decrease
in the number of trees in the interval from DT 16 to DT 26. For the progeny of the
Obretenik-6 clone at the same density, the growing stock decreased due to the lower
values of the average diameter, as result of the greater number of trees -64%, from the
lower to the central degree of thickness. At the lower densities above 1,800 pcs/ha,
the better growing stock of the Pordim-13 progeny is due to the higher percentage -
54%, of trees in the average thickness grades. The Ryahovo -1 progeny, which has the
same growth in diameter, has a higher growing stock, which is calculated at a larger
height range with a larger stem volume at different degrees of thickness (table 2). Al-
though all progenies had a normal distribution of trees by thickness according to the
Shapiro-Wilk test, variation in their percentage distribution by thickness grades of the
different progenies to the left or right of the central grade affects the stock accumula-
tion. The medium degrees of thickness, represented by the largest number of stems,
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increase the amount of large and medium assortments in the plantations (Ferezliev
et al. 2018). In order to achieve such structure of the plantations, which guarantees
a good growth in diameter and/or productivity, it is necessary to carry out tending
activities. Usually, in the case of Black locust plantations, this is done 6-8 years after
forming the canopy, with the intensity of thinning not exceeding 45-50% of the trees
and keeping no less than 1500-1800 pcs/ha (Kalmukov et al 1999).

The vegetative progenies of seven of the clones are included in the network for
cultivar testing established in Northern Bulgaria by Tsanov et al. in 1992. An assess-
ment of the growth and productivity of 5 of them over a period of 20 years was made
by Broshtilov (2009).

Tsanov et al. (1992), recommended a differentiated use of some of the clones de-
pending on the type of habitat (chernozem, alluvial and gray forest soils), the progeny of
Obretenik-6 clone being distinguished by the highest indicators of average height and
average diameter at the age of 4 on gray forest soil. The vegetative progeny of Obretenik-4
was cited as an example of successful selection with the best growth, productivity and
stem quality on medium-productive sites with cinnamon forest soil (Broshtilov, 2009).
Generally, the progenies of the Ryahovo-1 and Nyirseji clones showed lower values of
the inventory indicators diameter, mean height and total growing stock compared to the
half-sib progenies of the same clones in the present study at the same age.

Studies on the growth and productivity of 7-year-old half-sib progenies of three Black
locust clones on carbonate chernozem in the region of the Svishtov State Forest Enterprise
show the superiority of the Karaisen clone (Dimitrova, 2017; Dimitrova & Kalmukov, 2019).

Half-sib Black locus progenies from the Bulgarian clones Pordim-10, Pordim-13,
Obretenik-1, Obretenik-6 and Ryahovo-1 and from the foreign clones Szajki and Ny-
irseji show good growth and/or productivity on rich and dry gray soil. They can be
used to establish plantations on such a type of habitat, with the same planting scheme
and applying tending activities to increase growth and productivity.

The half-sib progenies of the selected Robinia pseudoacacia L. clones, included in
the present study, are part of the genetic resources of the species available in Bulgaria.
The results add to the existing information on the differentiated use of suitable clones
and technologies to establish plantations with economic and ecological functions, de-
pending on the habitat conditions.

Conclusion

The comparative analysis on half-sib progeny plantations from eighteen clones of Black
locust (Robinia pseudoacacia L.) showed differentiation in growth and/or productivity
between the progenies of the selected clones under the same habitat conditions.

The progenies of the Bulgarian clones Pordim-10, Pordim-13, Obretenik-1,
Obretenik-6 and Ryahovo-1 and the Hungarian clones Szajki and Nyirseji have good
productivity on rich and dry gray soil. This should be taken into account when choosing
material for the establishment of industrial plantations and such for biomass production
in different habitats, as well as when planning and conducting tending activities.
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